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Editor’s Note

ARTIFICIAL Intelligence (Al) represents one of the fastest growing
areas of knowledge, sectors and fields of action globally. This
growth has allowed to mark different positions, where the most
favorable ones are oriented to its unquestionable contribution to
facilitate decision making in various fields of society, as well as other
sectors that mark a strong position for its use to be carried out in
a regulated and measured way due to the scope and risks to which
we are exposed. For this reason, rigorous methods are increasingly
required for the design and development of Al-based computational
models; methods that involve strict mechanisms for their validation,
as well as the analysis of possible risks and scope that they may have
on the field of application where they are being exposed. This type of
aspects would definitely mark a valuable and relevant milestone to
define several paths within which we can find two: 1) if it is definitely
necessary to set limits on the use of Al by establishing increasingly
sophisticated regulatory frameworks on various areas involving data
protection and regulated use of the same, and 2) to remove all barriers
so that it can be exploited openly in all its dimensions in any area of
our society. Hence the importance of analysing the different risks and
threats that Al may present within the particular context in which it
is being applied.

Based on this panorama, this regular edition of the “International
Journal Interactive Multimedia and Artificial Intelligence” presents a
series of papers where proposals are oriented to different fields and
sectors, which make use of diverse approaches, methods, models and
Al-based systems that allow us to have a generalized idea of how
these challenges are being addressed in some fields of our society.
In particular, this regular issue collects research topics focusing
on addressing the problems of evolving recommender systems,
classification models, decision support systems, system modelling,
data analytics, optimization algorithms, image retrieval, deep neural
networks, social network analysis, and the relevance of the design of
User Experience (UX) proposals. In order to provide a brief description
of all the proposals and contributions, following is a summary of the
23 articles present in this regular issue.

In the field of health, in the proposal entitled "Exploring ChatGPT's
Potential for Consultation, Recommendations and Report Diagnosis:
Gastric Cancer and Gastroscopy Reports’ Case”, authors aim to
explore ChatGPT tool as a potential tool in disseminating gastric
cancer knowledge, providing consultation recommendations, and
interpreting endoscopy reports. Through experimentation, authors
found that GPT-4 model of ChatGPT achieved an appropriateness of
91.3% and a consistency of 95.7% in a gastric cancer knowledge test.

For its part, in the paper entitled “A Hybrid Parallel Classification
Model for the Diagnosis of Chronic Kidney Disease”, authors propose
a fast and novel hybrid approach to diagnose Chronic Renal Disease.
The proposed approach is based on the optimization of SVM classifier
with the hybridized dimensionality reduction approach to identify the
most informative parameters for CKD diagnosis.

Within the same subject, in the paper entitled “HDDSS: An
Enhanced Heart Disease Decision Support System Using RFE-ABGNB
Algorithm”, authors suggest a heart disease decision-support system
(HDDSS) that can predict whether or not a person has heart disease.
The main goal of this research work is to use the RFEABGNB algorithm
to improve HDDSS prediction accuracy.

In the same line of health and medical fields, the research entitled

“ResNet18 Supported Inspection of Tuberculosis in Chest Radiographs
with Integrated Deep, LBP, and DWT Features” proposes a TB detection

-4 -

framework using integrated optimal deep and handcrafted features
in order to detect tuberculosis in chest radiography. To carry out this
research, authors proposed a series of stages that include: (i) X-ray
collection and processing, (ii) Pretrained Deep-Learning (PDL) scheme-
based feature mining, (iii) Feature extraction with Local Binary Pattern
(LBP) and Discrete Wavelet Transform (DWT), (iv) Feature optimization
with Firefly-Algorithm, (v) Feature ranking and serial concatenation, and
(vi) Classification by means of a 5-fold cross confirmation.

The article entitled “RGBeat: A Recoloring Algorithm for Deutan
and Protan Dichromats”, authors present a contribution associated
with an algorithm that enhances the color perception of deutan and
protan dichromats but without compromising the lifelong color
perceptual learning. According to the researchers, this is the first
HTML5-compliant web recoloring approach for dichromat people that
considers both text and image recoloring in an integrated manner.

In the proposal entitled “Validity and Intra Rater Reliability of a
New Device for Tongue Force Measurement”, authors present a
method to validate a new device proving that it is accurate compared
to the algometer, more specific the study is oriented to determine the
intra-rater reliability of a protocol to assess the maximum tongue force
in asymptomatic subjects. For instance, authors propose a prototype
device specifically for this study to measure tongue force through
force-sensitive resistor sensors.

In the same field, in the article entitled “Deep Learning Assisted
Medical Insurance Data Analytics With Multimedia System”,
authors present a convolution neural network-based deep learning
infrastructure that performs medical imaging data analysis in various
pipeline stages, including data-loading, data-augmentation, network
architectures, loss functions, and evaluation metrics. The proposed
deep learning approach supports both 2D as well as 3D medical image
analysis. Finally, authors evaluate the proposed system's performance
using metrics like sensitivity, specificity, accuracy, and precision over
the clinical data with and without augmentation.

Changing to the area of optimization, in the work entitled "A
Comparative Evaluation of Bayesian Networks Structure Learning
Using Falcon Optimization Algorithm", authors present and evaluate
a Bayesian network structure learning trough Falcon Optimization
Algorithm (FOA) in order to suggest the best structural solution
to create the FOA. The FOA algorithm is based on the falcon's
searching technique during drought conditions. The suggested
technique is compared to the score metric function of Pigeon
Inspired search algorithm, Greedy Search, and Antlion optimization
search algorithm. The performance of these techniques in terms of
confusion matrices was further evaluated by the authors using a
variety of benchmark data sets.

There are several proposals in optimization as the one in the
paper entitled “Multi-Agent and Fuzzy Inference-Based Framework
for Traffic Light Optimization”, where the authors present a traffic
simulation framework based on agent technology and fuzzy logic. The
objective of this framework is to act on the phase layouts represented
by its sequences and length to maximize throughput and fluidize
traffic at an isolated intersection and for the whole multi-intersection
network, through both inter- and intra-intersection collaboration
and coordination. The system profits from agent communication and
collaboration as well as coordination features, along with decentralized
organization, to decompose the traffic control optimization into
subproblems and enable the distributed resolution. Authors also use
fuzzy technology to handle the uncertainty of traffic conditions.

DOI: 10.9781/ijimai.2023.05.005
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In the field of image recognition, in the paper entitled “Digit
Recognition Using Composite Features With Decision Tree Strategy”,
authors propose a method to identify all the characters of E13B using
feature recognition in order to reduce the use of magnetic ink reader
as specialized and expensive method in the baking industry. Hence
authors found that the proposed method of recognition used, has
relevant correlations to prove its validity and accuracy. The proposed
method was also applied to an embedded device to ensure that the
CPU would be used for verification instead of a high-end GPU.

For its part, in the paper entitled “Cosine Similarity Based
Hierarchical Skeleton and Cross Indexing for Large Scale Image
Retrieval Using Mapreduce Framework”, the authors present a new
method for image retrieval, named Cosine Similarity-based hierarchical
skeleton and cross-indexing, that is proposed to perform the retrieval
process in the MapReduce framework effectively. The feature vector
of the images is converted to binary sequences. The Most Significant
Bit (MSB) of the binary code is used to store the images in the mapper
using the cross-indexing model.

Changing the area, in another article entitled “A Greedy
Randomized Adaptive Search With Probabilistic Learning for Solving
the Uncapacitated Plant Cycle Location Problem”, the authors propose
a mathematical formulation to model the Uncapacitated Plant Cycle
Location Problem, specifically, trough the location-routing problem
aimed at determining a subset of locations to set up plants dedicated
to serving customers.

In the paper entitled “Resource and Process Management With a
Decision Model Based on Fuzzy Logic”, the authors propose a new
aggregation operator in order to solve the problem of the allocation of the
resources to be shared in the context of a distributed processing system
that needs to be coordinated through the mutual exclusion mechanism.

In the field of cloud platforms, in the article entitled “A Hybrid
Secure Cloud Platform Maintenance Based on Improved Attribute-
Based Encryption Strategies”, the authors introduce a hybrid data
security scheme called the Improved Attribute-Based Encryption
Scheme (IABES). This IABES combines two powerful data security
algorithms: Advanced Encryption Standard (AES) and Attribute-
Based Encryption (ABE) algorithm. These two algorithms are
combined to provide massive support to the proposed approach of
data maintenance over the remote cloud server with high-end security
norms. This hybrid data security algorithm assures that the data
cannot be attacked over the server by the attacker or intruder in any
case because of its robustness.

For its part, in the paper entitled “Real World Anomalous Scene
Detection and Classification Using Multilayer Deep Neural Networks”,
a novel methodology termed Bag of Focus (BoF) based training
methodology has been proposed. BoF is based on the concept of
selecting motion-intensive blocks in a long video, for training
different deep neural networks (DNN's). The authors found that the
methodology reduced the computational overhead by 90% (ten times)
in comparison to when full-length videos are entertained.

In the field of Machine Learning Algorithms, in the paper entitled
“RIADA: A Machine-Learning Based Infrastructure for Recognising the
Emotions of Spotify Songs”, authors present the RIADA infrastructure
which is composed by a set of systems able to annotate emotionally
the catalog of songs offered by Spotify based on the users’ perception.
RIADA works with the Spotify playlist miner and data services to
build emotion recognition models through the use of Machine learning
algorithms, music information retrieval techniques, architectures for
parallelization of applications and cloud computing.

Based on a computational model, in the research entitled "Rhetorical
Pattern Finding”, authors research about rhetorical patterns from
a musicological and computational standpoint. The above through

a theoretical examination of what constitutes a rhetorical pattern is
conducted. This examination includes primary sources and the study
of the main composers, a formal definition of rhetorical patterns is
proposed. Among the rhetorical figures, a set of imitative rhetorical
figures is selected for the study, namely, epizeuxis, palilogy, synonymy;,
and polyptoton. Authors design a computational model of the selected
rhetorical patterns to automatically find those patterns in a corpus
consisting of masses by Renaissance composer Tomas Luis de Victoria.

Changing to the field of education, in the article entitled “Mapping
the Situation of Educational Technologies in the Spanish University
System Using Social Network Analysis and Visualization”, the authors
present two different maps based on the data from ICT Sectorial
of CRUE Universidades Espariolas. Together, they illustrate the
penetration of different types of EdTech in Spain’s universities system
and shed light on the strategic interest behind their adoption. The
main goal of the authors for this study, is to produce self-explanatory
maps that can be easily and directly interpreted.

In other side, in the field of recommender systems, in the paper
“Local Model-Agnostic Explanations for Black-box Recommender
Systems Using Interaction Graphs and Link Prediction Techniques”,
the authors propose a local model-agnostic, explanation-by-example
method for recommender systems based on knowledge graphs to
leverage this knowledge requirement. The system only requires
information about the interactions between users and items. Through
the proper transformation of these knowledge graphs into item-based
and user-based structures, link prediction techniques are applied to
find similarities between the nodes and to identify explanatory items
for the user’s recommendation.

In the field of the semantic web, in the article entitled “OntoInfoG++:
A Knowledge Fusion Semantic Approach for Infographics
Recommendation”, the authors propose the OntolnfoG++, which
is a knowledge centric recommendation approach for Infographics
that encompasses the amalgamation of metadata derived from
multiple heterogeneous sources and the crowd sourced ontologies to
recommend infographics based on the topic of interest of the user. The
approach models user topic of interest from the Query Words, Current
User-Clicks, and from standard Knowledge Stores like the BibSonomy,
DBpedia, Wikidata, LOD Cloud, and crowd sourced Ontologies.

Switching topics, in the field of the development of mobile
applications, in the paper entitled “Adaptation of Applications to
Compare Development Frameworks in Deep Learning for Decentralized
Android Applications”, the authors present the results of the analysis
and a comparison of deep learning development frameworks, which can
be adapted into fully decentralized Android apps from a cloud server.

In the field of User Experience (UX), in the paper entitled “On the
Importance of UX Quality Aspects for Different Product Categories”,
the authors conceptualize UX as a set of semantically distinct quality
aspects in order to present several studies that investigate this
dependency between the product category and the importance of
several well-known UX aspects.

Finally, in the same field of User Experience (UX), in the article
entitled “Development of a Shared UX Vision Based on UX Factors
Ascertained Through Attribution”, the authors present an approach
to developing a shared UX vision. This UX vision was developed by
the product team while a collaborative session. The results show that
the present approach for developing a UX vision helps to promote a
shared understanding of the intended UX in a quickly and simply way.

Dr. Paulo Alonso Gaona-Garcia

Universidad Distrital Francisco José de Caldas
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Artificial intelligence (AI) has shown its effectiveness in helping clinical users meet evolving challenges.
Recently, ChatGPT, a newly launched AI chatbot with exceptional text comprehension capabilities, has
triggered a global wave of Al popularization and application in seeking answers through human-machine
dialogues. Gastric cancer, as a globally prevalent disease, has a five-year survival rate of up to 90% when

Artificial Intelligence,
ChatGPT, E-assessment,
Gastric Cancer,
Medicine.

detected early and treated promptly. This research aims to explore ChatGPT's potential in disseminating gastric
cancer knowledge, providing consultation recommendations, and interpreting endoscopy reports. Through
experimentation, the GPT-4 model of ChatGPT achieved an appropriateness of 91.3% and a consistency of

95.7% in a gastric cancer knowledge test. Furthermore, GPT-4 has demonstrated considerable potential in

consultation recommendations and endoscopy report analysis.

I. INTRODUCTION

RTIFICIAL Intelligence (AI) applications in the medical field are

apidly expanding, with computer vision and natural language
processing technologies playing a crucial role in achieving more
efficient and accurate diagnosis and treatment solutions than ever.
Computer vision technology, particularly deep learning algorithms, has
made profound achievements in medical image analysis. For instance,
convolutional neural networks (CNNs) are widely used to detect and
identify various diseases, such as cancer [1], diabetic retinopathy [2],
pneumonia [3], oral anomalies [4] and brain tumor [5]. These advanced
technologies assist physicians in analysing imaging data more accurately,
thus enhancing diagnostic accuracy and reducing misdiagnoses.

In the field of natural language processing (NLP), Al technologies
have made breakthroughs in medical record text mining, disease
risk prediction, and clinical decision support [6]. For example, NLP
technologies can analyse patients’ electronic medical records, helping
doctors quickly access patients’ medical history, past diagnoses, and
treatment plans, thereby improving the efficiency of diagnosis and
treatment. As Al technology continues to advance, the application
prospects of computer vision and natural language processing
technologies in the medical field will become increasingly extensive,
contributing to various domains of healthcare applications.

* Corresponding author.

E-mail address: ccfong@umac.mo

01: 10.9781/ijimai.2023.04.007

A. Gastric Cancer

Gastric cancer is a globally prevalent disease. According to data
from the World Health Organization, gastric cancer is the fifth most
common type of cancer globally and the fourth leading cause of
cancer-related deaths. In 2020, there were over 1 million new cases
of gastric cancer worldwide, and approximately 769,000 people died
from the disease [7]. As the symptoms of gastric cancer are often not
apparent in the early stages, many patients are only diagnosed at late
stages with poor treatment outcomes and prognosis. This makes early
diagnosis and screening crucial for survival. Furthermore, the causes of
gastric cancer are complex and include genetic factors, environmental
factors, lifestyle factors such as poor dietary habits and smoking, and
Helicobacter pylori (H. pylori) infection [8]-[12].

B. ChatGPT

ChatGPT is a large-scale natural language processing model developed
by OpenAl As a general-purpose deep learning language model, it has
extensive applications in all walks of life. By learning from a vast amount
of text data, ChatGPT can understand, generate, and respond to a wide
range of natural language questions, providing assistance and suggestions
to users [13]-[18]. It demonstrates outstanding performance in many
aspects, including question-responding systems, article generation,
summarization, translation, and other natural language processing tasks.
During the development of GPT-4, Open-AI continuously optimized and
improved the model’s performance to meet the needs of more users.
From GPT-3.5 to GPT-4, significant progress has been made, including
higher appropriateness, consistency, and error-correction capabilities.
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C. Purpose of the Study

If gastric cancer is detected and treated early, the patient’s five-
year survival rate could be as good as 90% [19]. Unfortunately, gastric
cancer is often diagnosed at late stages. This lateness of diagnosis is
due to the similarity between early-stage gastric cancer symptoms
and those of common gastric diseases, as well as the fact that most
people are not well informed about the risk factors for gastric cancer.
Therefore, they rarely proactively undergo proper examinations
when experiencing gastric discomfort. The advent of ChatGPT has
transformed many people’s work and lifestyles, promoting a global
wave of Al popularization and application. This article reports insights
into exploring ChatGPT’s potential in disseminating gastric cancer
knowledge, providing consultation recommendations, and endoscopy
report analysis, ultimately benefiting both patients and doctors.

II. MATERIALS AND METHODS

A. Materials

For the medical knowledge test on gastric cancer, we tested
twenty-three questions on five aspects, including concept, prevention,
screening, treatment, and complications. For the consultation
recommendations and endoscopy report analysis, our case materials
were obtained from the Chinese Medical Case Repository, Journal of
Medical Case Reports, and F1000 Research [20]-[26].

B. Methods

The tests were executed on GPT-3.5 and GPT-4, generating three
responses per question. The responses were evaluated in two aspects:

« Appropriateness: If one of the responses is wrong, including
obvious false statements, inaccurate diagnoses, or inappropriate
suggestions, the response will be judged as inappropriate.

« Consistency: The consistency between the three responses is
judged at an approximate level; there are two situations that are
considered consistent in the experiments: being all correct for the
same idea or making the same mistake for the same idea; if they
are inconsistent, they will be considered unreliable.

There are four situations shown in Table I and Fig.1. Thumbs-up
means the response is right and thumbs-down means the response is
wrong. The same color means that all three responses are for the same
idea and are consistent.

TABLE I. EVALUATION OF APPROPRIATENESS AND CONSISTENCY

Appropriate
All thumbs-up
All in same color

All thumbs-up
Have different colors

Inappropriate

All thumbs-down
All in same color

Consistent

Not all thumbs-up

Inconsistent .
neonsisten Have different colors

If inappropriate responses are generated, we tested the error-
correction capability of ChatGPT. We classify its error-correction
capabilities into two categories: automatic error-correction and guided
error-correction.

« Automatic error correction refers to ChatGPT’s ability to detect
and correct errors upon its first attempt after receiving a prompt.

+ Guided error correction refers to ChatGPT’s capacity to identify
errors after a user narrows down the paragraph range, even if it
did not initially detect the error.

In consultation recommendations and endoscopy report analysis
tests, with the support of real pathological diagnostic results, we
focus more on whether ChatGPT can detect abnormalities and the
consistency of the three responses.

Fig. 1. Evaluation of appropriateness and consistency.

III. EXPERIMENT

In this section, we will sequentially introduce the experiments,
including medical knowledge, consultation recommendations, and
endoscopy report analysis tests. The general flow of the experiments
is shown in Fig. 2.

A. Medical Knowledge Test

In this knowledge test about gastric cancer, we tested each
question separately with GPT-3.5 and GPT-4. Three responses were
generated for each question, and we evaluated the appropriateness
and consistency. Table II shows the 23 fundamental questions about
gastric cancer that we used for testing.

TABLE II. EvaALuaTION OF CHATGPT FOR QUESTIONS ABOUT GASTRIC CANCER

Question GPT-4* GPT-3.5*
1. What is gastric(stomach) cancer? C/A C/A
2. What are the stages of gastric(stomach) cancer? C/NA NC/NA
3. According to TNM stage, which stage does earl
gastric(ston%ach) cancer l%el,ong to? ¢ ’ C/A - NC/NA
4. How to prevent gastric(stomach) cancer? C/A C/A
5. How to prevent H.pylori infection? C/A  NC/NA
6. What are the symptoms of H. pylori infection? C/A C/A
7. Who should seek diagnosis and treatment of an H.
pylori infection? ¢ cra cra
8. Is my risk for gastric(stomach) cancer higher if m
family};nember }%as it? ( ) ¢ Y CIA CIA
9. Can gastric ulcers develop into gastric(stomach) cancer? C/A C/A
10. What is gastric(stomach) cancer screening? C/A C/A
11. Are there risks associated with gastric(stomach) cancer
screening? ¢ ( ) cra cra
12. How do I know if I need to be screened for
gastric(stomach) cancer? ca ca
13. Is there anything I should prepare for before the
gastric(stomac}Il) caicer screer}:iné’? C/A - NCONA
14. What are the symptoms of gastric(stomach) cancer? C/A C/A
15. What is cagl.\—positive H. pylori and how does it affect c/A C/A
the risk of gastric(stomach) cancers?

16. Does gastroscopy require anaesthesia? C/A C/A
17.Is it possible for children to get gastric(stomach) cancer? ~ C/A C/A
18. How to treat gastric(stomach) cancer? NC/NA C/NA
19. How to treat stage 0 gastric(stomach) cancer? C/A C/A
20. How to treat early gastric(stomach) cancer? C/A C/NA
21. How to treat advanced gastric(stomach) cancer? C/A C/A
22. What is HER2 testing? C/A C/A
23. Can a patient with gastric(stomach) cancer get pregnant?  C/A C/A

* where C for consistent, A for appropriate, NC for inconsistent, and NA for
inappropriate
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Fig. 2. General flow of the experiments.

Human: Preventing Helicobacter pylori (H. pylori) infection can be challenging, as it is often spread through close contact with an infected person, and can also be
acquired through contaminated food or water. However, there are several steps you can take to reduce your risk of H. pylori infection: Practice good hygiene: Wash your
hands frequently with soap and water, especially before eating or preparing food, and after using the bathroom or changing a diaper. Avoid contaminated food and
water: Drink clean, safe water, and avoid eating food that may be contaminated, such as undercooked meat or shellfish, unpasteurized milk or dairy products, or food
that has been improperly stored or handled. Avoid sharing personal items: H. pylori can be spread through saliva, so avoid sharing utensiis, cups, or other personal items
with someone who may be infected. Get vaccinated: Although there is no vaccine specifically for H. pylori, vaccination against other diseases such as hepatitis A and
B, and human papillomavirus (HPV) can help reduce your risk of infection and may indirectly reduce the risk of H. pylori infection. Avoid smoking: Smoking has been
linked toan increased risk of H. pylori infection, so quitting smoking or avoiding exposure to secondhand smoke may help reduce your risk. If you suspect you may have
been exposed to H. pylori or are experiencing symptoms such as abdominal pain, nausea, or indigestion, talk to your doctor about testing and treatment options. Early
detection and treatment of H. pylori infection can help prevent complications and reduce the risk of gastric cancer. Is it correct?

GPT-4: Yes, the information provided in the paragraph is correct. Jt outlines various steps individuals can take to reduce their risk of H. pylori infection, including practicing good hygiene,
avoiding contaminated food and water, not sharing personal items, getting vaccinated far related diseases, and avoiding smoking. Additionally, it encourages people to consult a doctor if
they suspect exposure to H. pylori or experience related symptoms

Human: Get vaccinated: Although there is no vaccine specijically for H. pylori, vaccination against other diseases such as hepatitis A and B, and human papillomavirus
(HPV) can help reduce your risk of infection and may indirectly reduce the risk of H. pylori infection.

Is it correct?

GPT-4: I apologize far the confusion in my previous response. The statement about vaccination is not correct. There is currently no vaccine far H. pylori, and vaccination against other
diseases like hepatitis A and B, and human papillomavirus (HPV) will not directly or indirectly reduce the risk of H. pylori infection. These vaccinations are important far preventing the
diseases they target, but they have no effect on H. pylori infection risk.

Human: The stages of gastric (stomach) cancerare determined based on the size and extent of the tumor, as well as the spread of cancer to nearby lymph nodes or distant
organs. The stages are as follows:

Stage 0: Also known as carcinoma in situ, the cancer cells are only in the inner lining of the stomach and have not spread to other tissues.

Stage I: The cancer has grown into the deeper layers of the stomach wall but has not spread to the lymph nodes or other organs.

Stage II: The cancer has grown through the full thickness of the stomach wall and may have spread to nearby lymph nodes.

Stage III: The cancer has spread to nearby lymph nodes and may have invaded nearby organs such as the spleen or pancreas.

Stage IV: The cancer has spread to distant organs such as the liver, lungs, or bones.

Doctors use a variety of tests to determine the stage of gastric cancer, including imaging tests like CT scans, MRI scans, and PET scans, as well as endoscopic biopsies
and blood tests. Treatment options for gastric cancer depend on the stage and location of the cancer, but may include surgery, chemotherapy, radiation therapy, targeted
therapy, and immunotherapy.

Is it correct?

GPT-4: Yes, the information provided in the paragraph is correct. It accurately describes the different stages of gastric (stomach) cancer, ranging from Stage 0 (carcinoma in situ) to Stage
IV (cancer that has spread to distant organs). The paragraph also lists various tests that doctors use to determine the stage of gastric cancer and mentions possible treatment options based
on the stage and location of the cancer.

Human: Stage I: The cancer has grown into the deeper layers of the stomach wa/1 but has not spread to the lymph nodes or other organs.

Is it correct?

GPT-4: The statement is not entirely accurate. Stage I gastric cancer is farther divided into two sub-stages, which consider the involvement of lymph nodes:

Stage IA: The cancer has grown into the deeper layers of the stomach wall (either the submucosa or the muscle layer) but has not spread to the lymph nodes or other organs.

Stage IB: The cancer has either grown into the muscle layer of the stomach wall and spread to 1 or 2 lymph nodes, or it has grown through the muscle layer but has not spread to any lymph
nodes or other organs.

Thus, the corree! description of Stage I gastric cancer should account far these sub-stages and their relation to lymph node involvement.

Fig. 3. Example of guided error correction.
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TABLE III. SUMMARY OF CONSULTATION RECOMMENDATIONS

Case ID Pathological confirmation Symptom Keywords Inference results/Possible diseases®
1 Gastric adenocarcinoma & 1. 61-year-old female 1. Gastritis (3)
Pernicious anemia 2. intermittent social alcohol consumption 2. Peptic ulcer disease (3)
3. epigastric pain 3. Gastroesophageal reflux disease (GERD) (2)
4. heartburn 4. Gastrointestinal malignancy (3)
5. decreased appetite
6. weakness
7. unintentional weight loss
2 Gastric adenocarcinoma of the 1. 73-year-old male 1. Recurrent H. pylori infection (2)
fundic gland type, GA-FG 2. discomfort in the upper and middle abdomen 2. Gastritis (3)
3. more than 1 month 3. Peptic ulcer disease (3)
4. H. pylori history 4. Functional dyspepsia (3)
5. Gastroesophageal reflux disease (GERD) (3)
3 Gastric adenocarcinoma of the 1. 52-year-old female 1. Peptic ulcer disease (3)
fundic gland type, GA-FG 2. vague stomach pains 2. Gastritis (3)
3. pains worse when hungry 3. Functional dyspepsia (3)
4. pains be relieved after eating 4. Gastroesophageal reflux disease (GERD) (3)
4 Gastric cancer combined with 1. 81-year-old male 1. Upper gastrointestinal bleeding (3)
duodenal cancer 2. abdominal pain 2. Gastrointestinal bleeding (3)
3. black stools, unformed 3. Gastrointestinal malignancy (3)
4. persistent epigastric pain 4. Peptic ulcer disease (3)
5. abdominal distension unrelated to food intake 5. Gastritis (2)
6. occasional nausea and vomiting 6. Gastric outlet obstruction (2)

~

. weight loss

* where the number in (*) after each possible disease indicates the number of occurrences in the three responses generated by ChatGPT.

After the experiment, the results are recorded and compared to
the ground truth from the golden standards. For GPT-4, 91.3% of
the responses are appropriate with a consistency of 95.7%; for GPT-
3.5, the accuracy is not good, and only 73.9% of the responses are
appropriate with a consistency of 82.6%. GPT-4 has a more powerful
reasoning ability, but that comes with a paid subscription fee, it does
not respond as fast as GPT-3.5. Prior to this, we also found that GPT-4
has higher completeness and expansiveness in its responses.

Next, we will focus only on GPT-4 because the tolerance for errors
is relatively low in medical scenarios. Although GPT-3.5 is fast in
response, it is unsuitable for application in medical scenarios. Based
on our experimental results, a more rigorous statement would be
that GPT-3.5 may be less suitable for this specific scenario of gastric
cancer consultation.

In the responses obtained from the experiment, some were
considered inappropriate. We used these data to examine GPT-4’s
error correction ability (shown in Fig. 3). The prompt we used in the
error correction experiment is:

[Paragraphs to be checked)]

Is it correct?

Unfortunately, under this prompt, GPT-4 does not perform well
in error correction. When the prompt was first sent, GPT-4 did not
immediately detect the paragraph error, but once the scope was
artificially narrowed, GPT-4 still had the ability to correct the error

(Fig. 3). Despite this, it shows that ChatGPT has the potential for error
correction.

B. Consultation and Diagnosis Recommendations

In this experiment, we tested the feasibility of GPT-4 acting as if
it is an “internet doctor” Again, we had ChatGPT generating three
responses for each question. Table III contains some key points
derived from the patients’ chief complaints and ChatGPT’s responses.
The prompt we used is:

[Paragraph]

You are a specialist gastroenterologist,

please make a diagnosis of this case description.

The table presents four cases of patients with gastric cancer;
however, only cases 1 and 4 were suggested as potentially having
gastrointestinal malignancy. All three responses alluded to this
information, emphasizing its significance. These two cases provided
comprehensive information, while the other two cases did not
indicate a risk of gastric cancer for two reasons: the information
provided was insufficient, and there was a lack of critical information.
It is important to note that many gastric diseases share similar
symptoms, and complications may coexist, making diagnosis difficult
with limited information. Consequently, GPT-4 listed several possible
diseases for each case.

To address the issue of insufficient information, there are two
possible scenarios. The first is human-driven, wherein users actively
provide adequate information. This approach is crucial, as ChatGPT
may not necessarily seek additional information but directly guess a
diagnosis, which is beyond the user’s control and may leave patients
uninformed due to a lack of medical knowledge. The second scenario
involves having ChatGPT proactively seeking information, allowing
it to determine the necessary details (Fig. 4). It is crucial to emphasize
the importance of providing sufficient information for accurate
diagnosis, to consider the potential benefits of ChatGPT, and to
actively seek additional information to improve diagnostic accuracy.
For example:

Let's have a conversation. Suppose you are a professional
gastroenterologist, and I am a patient who comes to consult you,
[What specifically do you want to consult] please try to ask for more
information from me to analyze my disease and give me suggestion.

In the realm of gastric cancer and other gastric diseases, GPT-
4 consistently emphasizes the necessity for patients to undergo a
comprehensive evaluation by a healthcare professional. This evaluation
should include appropriate laboratory tests, imaging studies, and
potentially an endoscopic examination to reach a definitive diagnosis
and initiate suitable treatment. It is important to recognize that GPT-4
can only indicate potential risks, and a definitive diagnosis can only be
made following a thorough examination. Additionally, GPT-4 can offer
guidance on diagnostic procedures.
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Clinician: Let's have a conversation. Suppose you are a professional
gastroenterologist, and I am a patient who comes to consult you, please try to ask
for more information from me to analyze my disease and give me suggestions.
GPT-4: Hello, I'm Dr. ChatGPT, a gastroenterologist. I'm here tonhelp you with your
gastrointestinal concerns. To better understand your situation, 1 wi/1 need to ask you a few
questions.

1. Can you please describe your main symptoms, including their severity, frequency, and

duration?

2. Have you noticed any specific triggers for these symptoms, such as certain foods or

activities?

3. Have you experienced any recent changes in your bowel habits (e.g., constipation,

diarrhea, or alternating between the two)?

4. Are you experiencing any pain or discomfort in your abdomen? If so, can you please

describe the location, intensity, and any factors that seem to relieve or worsen the pain?

5. Have you noticed any blood in your stool, or black, tarry stools?

6. Do you have a history of gastrointestinal issues, either personally or in your family?

7. Are you currently taking any medications or supplements?

8. Have you recently los/ or gained weight unintentionally?

Please provide as much detai/ as possible, as this wi/l help me better understand your
situation and provide appropriate suggestions.

Clinician: Let's have a conversation. Suppose you are a professional
gastroenterologist, and I am a patient who comes to consult you. I want to consult
if I have gastric cancer, please try to ask for more information from me to analyze
my disease and give me suggestions.
GPT-4: Hello, I'm glad you've come to consult with me. As a gastroenterologist, I'm here
to help you with any concerns you may have about your gastrointestinal health. To better
understand your situation and give you the most accurate advice possible, I'll need to ask you
sorne questions. Please remember that I am an Al language model and not a real doctor, but
I will try my best to provide helpful information based on your responses.

1. Can you please tell me your age, gender, and any relevant medical history, including any

family history of gastric cancer or other gastrointestinal diseases?

2. What specific symptoms have you been experiencing and for how long?

3. Have you noticed any changes in your appetite, weight, or bowel habits recently?

4. Do you have any history of gastrointestinal problems, such as ulcers, GERD, or gastritis?

5. Are you currently taking any medications, or have you taken any medications recently,

particularly nonsteroidal anti-injlammatory drugs (NSAIDs) or antacids?

6. Do you smoke or consume alcohol? If so, how much and how often?

Please provide as much informat ion as you can so I can better understand your situation and
provide appropriate suggestions.

Fig. 4. Example of ChatGPT requesting information.

C. Endoscopy Report Analysis

The primary objective of this experiment was to assess GPT-
4’s supplementary role in endoscopic examination reports. By
describing the observations made during endoscopy, GPT-4 can assist
in analysing suspicious regions and reconfirming biopsy sites. It is
crucial to note that the focus of this experiment is not on the accuracy
of GPT-4’s analysis of medical mechanisms but rather on its ability
to detect abnormalities. As in previous experiments, three responses
were generated for each query, and if the content of the responses was
not entirely consistent, they could all be used as reference points. The
prompt used in this experiment is as follows:

Gastroscopy report: [Description]
With this description,please give me some diagnostic hints.

Fig. 5 summarizes the results of GPT-4’s endoscopy report analysis.
Through experiments, we find that GPT-4 does have the ability to
analyse endoscopy reports.

IV. DiscussioN

The launch of ChatGPT has changed the way many people work
and live. As a general deep learning language model, it has applications
in many areas. In this experiment, we primarily focus on the medical
field, using gastric cancer as a specific scenario to test ChatGPT’s
application. Our tests revolve around gastric cancer medical knowledge
test, consultation recommendations, and endoscopy report analysis.

First, in the medical knowledge test, we compared the performance
of GPT-4 and GPT-3.5 by testing both models with the same questions,
generating three responses per question. GPT-4’s appropriateness
reached 91.3%, with a consistency of 95.7%. As a general model, it is
already quite powerful without having been specifically trained on a
particular type of data. However, it is important to note that we should
not overly rely on ChatGPT for clinical diagnosis; as it has stated itself,
it is not a doctor who can provide sound advice. According to the
experiment, ChatGPT is prone to making mistakes in certain details
or expressions, such as the specific staging of cancer, and its responses
are not very satisfying in regard to detailed classifications. In the error
correction test, GPT-4 also overlooked many details and did not detect
errors as expected, only considering them after narrowing down the
scope. Of course, this could also be an issue with the prompt. After
ChatGPT’s popularity, prompt engineering has become an important
technology. One thing to note in the medical knowledge test session
is that GPT-4 has tried to provide more comprehensive responses,
including expanding on related but unasked content. However,
by generating three responses to the same question, it sometimes

still misses some key points. Therefore, one suggestion when using
ChatGPT is to generate multiple responses to consider.

In the consultation recommendations test, with rich case
information, we observed GPT-4’s excellent diagnostic assistance
capabilities. However, due to the complex gastric environment in our
body, numerous complications, and similar symptoms across various
gastric diseases, GPT-4’s diagnostic suggestions are within a relatively
broad range. This could serve as preliminary information before
seeking medical attention, but a hospital examination is still necessary
and very advisable for a definite diagnosis.

In the endoscopy report analysis test, GPT-4 also demonstrated
outstanding reasoning abilities, identifying possible diseases based on
the text description of the report, extracting information on suspicious
areas, and suggesting biopsy and pathological examinations. However,
there are limitations to this, as in many cases, biopsies are directly taken
during endoscopic examinations before the report is available, making
the diagnostic assistance a secondary confirmation. Nevertheless, it
can still provide diagnostic suggestions in ordinary gastric disease
endoscopic diagnoses.

In summary, through the experiment, we discovered more things
that ChatGPT can do than expected. We should learn to utilize it
without relying on it and always remember that it is a chatbot, not a
person. Although ChatGPT has a wide range of application potential,
it is important to note that as an Al model, it is not flawless [27].
In some cases, it may not provide accurate responses or suggestions.
Therefore, users should exercise caution when using ChatGPT and
seek professional advice from certified experts when necessary.

V. FUTURE PERSPECTIVES

At present, most of the application of artificial intelligence in gastric
cancer is primarily concentrated on the field of computer vision, such
as autorecognition of gastric lesions under digital endoscopy. This task
of object detection aims to identify suspicious targets from endoscopic
images and classify gastric lesion types. Although the experiments in
this study focus on the field of NLP, we can gain valuable insights from
our endoscopic report analysis experiment. With the advancement of
multimodal research, we believe that natural language processing and
computer vision can be more deeply and effectively integrated in the
future, such as through some automatic co-analysis and generation
of unanimous reports when suspicious areas are detected during
endoscopy inspection. The results of object detection and language
reasoning can also be mutually verified, which would collaboratively
produce a significant contribution to medical diagnosis.
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Case 1 Description:

Gastroscopy report: (1) The gastric mucosa is smooth and free of erosions and ulcers. Local patchy redness is observed in the gastric antrum. The mucosa from the gastric
antrum to the gastric angle is thinned, with visible blood vessels, and atrophy extends beyond the cardia. A yellowish nodular lesion is observed near the cardia at the
gastric fundus. The comprehensive evaluation suggests a presentation a/ter Helicobacter pylori (HP) eradication. (2) A discolored, slightly yellowish lesion is observed
on the anterior wall of the upper gastric body near the greater curvature, measuring approximately 4 mm x 5 mm. Upon closer inspection with a regular endoscope, the
lesion appears slightly elevated with a yellowish hue, with visible dilated blood vessels and black dot-like changes on the surface. Under narrow-band imaging (NBI),
there is a color dijference boundary between the lesion and the surrounding normal mucosa. Under narrow-band imaging-magnifying endoscopy (NBI-ME), there is no
distinct boundary between the lesion and the surrounding normal mucosa. The microsurface structure of the lesion is regular/y arranged, with slightly widened crypt
intervals. No significant irregularities are observed in the microvascular structure. After acetic acid staining, the whitening time of the lesion is shortened. The les ion
becomes more prominent after indigo carmine staining.

Inference results (Possible diseases):

1. Atrophic gastritis (3)

2. Macular tumor near the cardia -> suggest biopsy and histopathological examination (3)

3. Discolored and slightly yellowish lesion -> suggest biopsy and histopathological examination (3)

Case 2 Description:

Gastroscopy report: A 1.0 cm diameter region with slightly red coloration is observed near the cardia on the lesser curvature ofthe stomach, with a slightly depressed
center anda small amount of thin white coating on the surface. The lesion boundary is clear under narrow-band imaging magnijication endoscopy (NBI-ME), with
thickened, tortuous microvessels forming a mesh-like pattern, and partial disappearance of microstructures. In the gastric angle, there is rough mucosa with nodular
changes, measuring approximately 4.0 cm x 5.0 cm. NBI-ME reveals mu/tiple foci of dilated,

thickened, and irregular microvessels in the gastric angle mucosa, with partial fusion of microstructures. On the anterior wall of the gastric sinus near the greater
curvature, there is a 0.8 cm diameter area of rough mucosa. The lesion boundary is clear under NBI-ME, with fused glandular ducts, partial disappearance, and
malformed microvessels. On the greater curvature side of the gastric sinus and body junction, there is a 1.0 cm diameter area with a reddish center. NBI-ME reveals a
brownish coloration of the lesion, with clear boundaries, partial fusion, and even absence of glandular ducts, as well as thickened, malformed microvessels. A 1.0 cm
diameter area of slightly raised mucosa is observed on the anterior wall ofthe gastric sinus. NBI-ME reveals a small amount offused glandular ducts and partially
linear, dilated, and deformed microvessels.

Inference results (Possible diseases):

L. Gastric lesion with slight depression -> suggest biopsy and histopathological examination (3)

2. Rough and nodular mucosa ofthe gastric hom -> suggest biopsy and histopathological examination (3)
3. Gastric sinus lesions -> suggest biopsy and histopathological examination (3)

Case 3 Description:

Gastroscopy report:

Esophagus: The mucosal surface is smooth and moist, with normal vascular patterns.

Cardia: Good closure, with smooth mucosa and no folds.

Gastric fundus: Mucus pool with bile-like fluid present. Smooth mucosa and clear, visible blood vessels. Large folds resembling gyri.
Gastric body: Smooth mucosa, with submucosal blood vessels visible. Regular arrangement of large folds along the greater curvature: normal peristaltic waves can be
seen.

Gastric antrum: Intact morphology, arch-shaped, with smooth and orderly angular notches.

Pylorus: Alternating opening and closing; when open, it appears round with smooth and even edges.

Duodenal bulb: Spherical, with smooth mucosa without folds, presenting a velvety appearance.

Descending duodenum: Circular folds are clearly visible, and the papilla is normal.

Inference results (Possible diseases):
1. The presence of bile-like fluid in the mucus lake may suggest sorne reflux of bite from the duodenum into the stomach. (3)

Fig. 5. Summary of gastroscopy report analysis.
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Chronic Kidney Disease (CKD) has become a prevalent disease nowadays, affecting people globally around
the world. Accurate prediction of CKD progression over time is essential for reducing its associated mortality
and morbidity rates. This paper proposes a fast, novel hybrid approach to diagnose Chronic Renal Disease.
The proposed approach is based on the optimization of SVM classifier with the hybridized dimensionality
reduction approach to identify the most informative parameters for CKD diagnosis. It handles the selection of
features through two steps. The first one is a filter-based approach using ReliefF method to assign weights and
ranks to each feature of the dataset. The second step is the dimensionality reduction of the best-selected subset
by means of PCA, a feature extraction technique. For faster execution of datasets, simultaneous execution on
multiple processors is employed. The proposed model achieved the highest prediction accuracy of 92.5% on
the clinical CKD dataset compared to existing methods - ‘CFS+SVM’ (60.45%), ‘ReliefF + SVM’ (86%), ‘MIFS
+ SVM’ (56.72%), ‘ReliefF + CFS + SVM’ (54.37). The proposed work is also examined on the benchmarked
Chronic Kidney Disease Dataset and achieved classification accuracy of 98.5% compared to the accuracy
with other methods -‘CFS+SVM’ (92.7%), ‘ReliefF + SVM’ (89.6%), ‘MIFS + SVM’ (94.7%). The experimental
outcomes positively demonstrate that the proposed hybridized model is effective in undertaking medical
data classification tasks and is, therefore, a promising tool for the diagnosis of CKD patients. The proposed
approach is statistically validated with the Friedman test with significant results compared to other techniques.
The proposed approach also executes in the least time with improved prediction accuracy and competes with

Chronic Kidney
Disease Diagnosis,
Clinical Dataset,
Hybrid Approach,
SVM Classifier,
Dimensionality
Reduction, Fast
Execution.
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and even outperforms other methods in the literature.

I. INTRODUCTION

HRONIC Kidney Disease (CKD), as known as Chronic Renal

Failure has become a global health problem that results in high
morbidity, mortality, and health care costs. It is a long-term condition
that includes gradual loss of kidney function over time and can be
caused by diabetes, high blood pressure, and other disorders [1].
Chronic Renal Failure leads to difficulties in removing extra fluids from
the body and if this disease gets worse, wastes can build to high levels
in the blood and may develop complications like high blood pressure,
anemia, weak bones, and nerve damage [2]. So, damage to the kidneys
and progression of this disease can potentially lead to renal failure.
Often CKD is detected in individuals at later stages that are at high
risk through advanced screening processes which require dialysis or
a kidney transplant to sustain life [3]. Early diagnosis would facilitate
in-time treatment, and is, therefore, essential to prevent complications.
Data mining techniques can help in predicting the most significant
risk factors related to CKD by using their medical history and plays a
key role in the medical field [4].

* Corresponding author.

E-mail address: vsingh.fet@gmail.com

Moreover, the prevalence of CKD is rising in both developed and
developing countries which is a matter of serious concern. At present,
an estimated one in ten people is suffering from CKD worldwide [5].
Moreover, in the last decade, the US has seen a 30% increase in the
prevalence of CKD [6]. The Global Burden of Disease (GBD) 2015
study by WHO estimated that approximately 5-10 million people
die annually from kidney disease [7]. According to the National
Chronic Kidney Disease Fact Sheet, 2017, 30 million adults in the
US are estimated to have CKD [8]. The NHS Kidney Care examined
the impact of CKD in England and estimated that approximately 1.8
million people are suffering from CKD and that around 40,000 to
45,000 premature deaths each year in people with CKD [9]. Similar
statistics are found in America where 30 million adults are suffering
from Chronic Renal Disease and millions of others are at significant
risk of CKD [10]. In addition, the National kidney foundation [11],
10% of the population worldwide is affected by chronic kidney disease
(CKD), and millions die each year due to restricted access to affordable
treatment. Therefore, effective diagnosis and in-time treatment of
patients are of prime significance. It is crucial to identify the presence
of CKD in individuals at an early stage so that treatments that delay
the progression of renal failure can be applied.

Diagnosis of CKD, which is dependent upon various symptoms,
is a critical task in the medical field. It is an intricate process and
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prone to false assumptions. When diagnosing diseases, the clinical
decision is largely based upon the patient’s symptoms as well as on
the knowledge and experience of the physicians [12]. Also, with the
advancement in medical systems and the availability of new drugs,
it becomes challenging for physicians and doctors to keep up-to-
date with the latest developments in clinical practice [13]. Moreover,
a computer-aided diagnostic system can assist even experienced
physicians in taking medical correct decisions [14]. Thus, automating
the diagnostic process by combining both machine learning
techniques and physician’s experience is of large interest to medical
professionals [15]. Machine learning and data mining techniques are
playing substantial efforts to intelligently convert available data into
useful information to increase the efficiency of the diagnostic process.

In the medical domain, classification techniques are typically
useful for diagnostic problems that have been applied particularly
in the area of disease diagnosis [16]-[18]. The classification system
facilitates correct and in-time diagnosis of diseases which, in turn,
enhances the success rate and reduces the decision-making time [19].
Support Vector Machine (SVM) Classifier, developed by Vapnik in
1995 [20], is a supervised machine learning technique that has been
widely studied and implemented by researchers due to its outstanding
generalization performance. SVM classifier has the potential for
classifying large-scale datasets because it is robust and less sensitive
to the curse of dimensionality. In addition, the appropriate setting of
SVMs’ parameters is extremely important to improve the classification
accuracy [21], [22]. The optimization settings must ensure the
accuracy of the SVM classifier but not increase the computational cost
too significantly. The grid search technique, a widely used method for
optimizing SVM classifier, helps in finding the best parameters to tune
the performance of SVM [23]. With the optimization of parameters
used in kernel functions, the SVM classification accuracy increases at
a significant rate.

Furthermore, to design an efficient diagnostic system, the primary
challenge lies in the identification of the most significant features
from medical datasets. Feature Selection and feature extraction
methods have been extensively used for medical diagnosis to tackle
dimensionality reduction problems [24], [25]. They extract the most
influential features and eliminate irrelevant ones from the data set,
to reduce feature dimensionality and enhance the classification
accuracy. Reducing the dimensionality of datasets helps in lowering
the computational cost and improving the overall computational
efficiency of the learning algorithms. Today hybridized dimensionality
reduction methods with classification methods are being used by
researchers that take advantage of two or more techniques that
accelerate the removal of useless and extraneous features resulting in
better diagnostic accuracy of the classifier [26]-[29].

The core objective of this long-term research work is to improve
the diagnostics of CKD from a computational perspective. For the
effective diagnosis of CKD, this work presents a fast classification
technique based on the optimized SVM method with the inclusion of
hybridized dimensionality reduction approach to identify the most
informative parameters for CKD diagnosis, named RFP-SVM. As a
first process in the proposed approach using the RFPCA method, the
high dimensionality of the dataset is reduced using the hybridized
technique based on ReliefF and PCA method. ReliefF method is
applied in this research work as this method includes interaction
among attributes and captures local dependency between features.
This method is also robust to noisy and incomplete data and can deal
with multiclass problems. PCA is used after the application of the
ReliefF method as it forms uncorrelated variables that maximize the
variability of the data. Furthermore, it reduces the dimensionality of
data, while keeping as much variation as possible. For classification
purposes, efficient optimization of SVM parameters is done using the

grid-search method. SVM has good generalization capability with
the ability to learn with very few samples. So, it is selected for the
proposed technique. Hence, the proposed system is developed with
the blending of dimensionality reduction techniques and optimized
SVM results for the effectual and powerful classification of the CKD
dataset. Thereafter, for faster execution, the proposed method is used
with multiple processors which simultaneously process the CKD
dataset using GPUs and machine workers.

The contribution of the research work can be stated three-fold:
1) first, high classification accuracy is achieved in the diagnosis of
CKD for both clinical dataset and repository dataset. In addition,
the model performs outstandingly well in terms of other evaluation
measures such as precision, specificity, recall, and f-measure 2)
second, the most significant risk factors related to CKD are identified
and the least significant parameters are eliminated from the dataset
using the proposed dimensionality reduction method 3) third, the
diagnostic model executes in the least time as each task is executed
simultaneously with multiple processors.

This research work is presented in the paper under the following
sub-sections. Section II reviews previous research relevant to the
CKD diagnosis and prediction of other chronic diseases using
machine learning techniques. The next section presents the materials
and approaches employed for the research. This also includes the
description of the real-time clinical data and repository dataset
considered for this work. The succeeding section presents a detailed
discussion on the methodology of the proposed system with the design
of the model used for the diagnosis of chronic kidney disease. The
subsequent section illustrates the findings of the work and analysis of
results using various performance evaluation measures. This is then
followed by the benchmarking of the proposed model and statistical
test used for the validation of the proposed technique. Finally, the
closing remarks are provided in the discussion section followed by
the conclusion.

II. LITERATURE SURVEY

Machine Learning techniques have shown success in the prediction
and diagnosis of numerous critical diseases. In recent years, early
diagnosis of the disease, especially finding the best methods to apply
medical treatments for CKD has received great attention among
clinicians and researchers. Many recent studies have demonstrated the
potential of using machine learning classification techniques to aid in
the successful diagnosis of CKD.

In [30], the authors proposed an algorithm to diagnose CKD
using classification algorithms. The authors compared the results of
the proposed approach with different machine learning algorithms
such as KNN, SVM, Naive Bayes and showed the results in terms of
accuracies of different classifiers.

In [31], authors applied six machine learning algorithms, namely:
Random Forest (RF) classifiers, SMO, Logistic Regression, Radial Basis
Function (RBF), Naive Bayes, and Multilayer Perceptron Classifier
(MLPC) to predict CKD and applied ten-fold cross-validation for
validation of the dataset. The authors concluded that the Random
Forest classifier outperforms other classifiers in terms of Area under
the ROC curve (AUC), accuracy, and MCC metrics.

In [32], the authors applied the K-Means Clustering Algorithm with
a single mean vector of centroids, to classify and make clusters of the
varying probability of likeliness of suspect being prone to CKD. The
methodology was demonstrated a dataset from UCI Machine Learning
Repository.

In [33], three machine learning algorithms, namely: Logistic
Regression, Radial Basis Function (RBF), and Multilayer Perceptron
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Classifier (MLPC) were applied by the authors to predict CKD. The
obtained results concluded that the Multilayer Perceptron Classifier
outperforms other classifiers in terms of type I error, type II error,
sensitivity, and accuracy.

In [34], the authors compared the performance of SVM and KNN
classifier on CKD dataset and concluded that KNN outperforms SVM
classifier in terms of accuracy, precision, recall, and f-measure metrics.

In [35], authors predicted CKD through two algorithms Naive Bayes
and Support Vector Machine, and concluded that the SVM classifier
outperforms the Naive Bayes classifier in terms of accuracy, precision,
recall, and specificity. They also compared the execution time of both
algorithms and the SVM classifier executes in less time compared to
the Naive Bayes algorithm.

Almansour et al. [36], for example, predicted CKD using two
classification techniques that include SVM and ANN classifier. Before
applying these algorithms, an appropriate setting is made to search for
optimized parameter values. Subsequently, the classification models
created from the two proposed techniques were developed using the
best-obtained parameters and characteristics. The empirical results
showed remarkable results with a predictive accuracy of 99.75% and
97.75% with the ANN and SVM classifiers, respectively. Sahu et al.
[37] discovered the most significant parameters related to CKD with a
genetic-search-based feature selection technique, named GSBFST. The
authors employed various classifiers for evaluating the performance
of the model. The proposed approach obtained better results in
comparison to the existing algorithms. Akben [38] proposed a novel
method for the early and automatic diagnosis of CKD. In the first phase,
the pre-processing technique was applied to CKD data and in the
second phase, three classification approaches (KNN, SVM, and Naive
Bayes) were applied to the resulting data to diagnose CKD. The results
demonstrated a success rate of the proposed system with the highest
diagnostic accuracy between 96% and 98% of the classifier. Misir et al.
[39] presented an approach to predict CKD using correlation feature
selection with classification approach and achieved good results in
terms of classification accuracy, sensitivity and specificity, and AUC
analysis. The proposed approach produced a reduced set of features
and identified eight significant risk factors related to CKD. Norouzi et
al. [40] predicted the renal failure timeframe of CKD using an adaptive
neuro-fuzzy inference system. The authors used real clinical data
using the ANFIS model to predict GFR values. The results concluded
that the presented model accurately predicts the GFR variations for
the prediction of renal failure. Serpen [41] diagnosed CKD using C4.5
decision trees, formulating a set of diagnostic rules to determine the
highly significant risk factors related to the disease. Authors attained
98.25% accuracy using 3-fold cross-validation approach and identified
primary and secondary indicators associated with the disease.

Machine learning models using appropriate feature selection
and classification methods have been developed from time to time
to support various medical decision-making tasks for the diagnosis
of chronic diseases. The most recent significant work in this area
has been done by Li et al. [42] in which they proposed a fast filter-
based feature selection known as Coefficient of Variation to diagnose
diabetes. This feature selection scheme discarded those attributes that
degrade the performance of the model. The simulation experiments
indicated the superiority of the approach in comparison to nine other
traditional feature selection methods. Shukla et al. [43] developed a
two-stage hybrid method for the classification of six cancer diseases.
The proposed hybrid method (CMIMAGA) aggregates two techniques
- CMIM (Conditional Mutual Information Maximization) and AGA
(Adaptive Genetic Algorithm) to determine highly discriminating
genes from cancer datasets. While CMIM was employed to filter
out irrelevant genes, the AGA method was used as a wrapper that
combined the learning algorithms as a fitness function for finding a

small number of genes with maximum accuracy. The experimental
results demonstrate that the proposed approach with Extreme
Learning Machine (ELM) obtained fairly promising results by
significantly reducing the original dataset with the selection of the
most informative subset of genes and attaining high classification
accuracy compared to other classifiers. The proposed hybrid strategy
also reduced over-fitting and outperformed other filter and wrapper
approaches.

Park et al. [26] diagnosed hypertension using a hybrid feature
selection and classification technique. The hybridization aggregated
symmetrical uncertainty and correlation feature selection with
Bayesian classification. The experimental results concluded that
the presented approach significantly improved the robustness and
performance of the classifier to diagnose hypertension problems.
Mert et al. [44] examined the effects of feature reduction techniques
with the probabilistic neural network using a hybrid approach for
classifying breast cancer datasets. The obtained results indicated that
the proposed method reduced the computational complexity and
enhanced the distinguishing performance of the classifier, showing
the accuracy of 96.31% and 97.01% for ten-fold cross-validation and
leave-one-out cross-validation techniques respectively. A computer-
aided technique using feature selection and classification for the
early diagnosis of Alzheimer-type dementia (ATD) was employed by
Salas-Gonzalez et al. [45]. Researchers also compared the results of
support vector machines and classification trees (CT) using the values
of sensitivity, specificity, and accuracy rate. The analysis of results
indicated that the presented diagnosis technique reached more than
95% accuracy during classification.

To diagnose CKD, the researchers have found the Support Vector
Machine (SVM) classifier to be propitious in improving the diagnostic
performance of the model. Polat et al. [12], for example, employed
Support Vector Machines with effective feature selection methods to
diagnose CKD and achieved 98.5% accuracy with this dataset. Al-Hyari
et al. [46] designed a clinical decision system with an SVM classifier
and obtained 93.14% accuracy to diagnose Chronic Renal Failure.
To increase the diagnostic success rate, an SVM classifier has been
used together with different feature selection and feature extraction
algorithms to reduce the dimensionality of the datasets [47], [48].
The Principal Component Analysis (PCA) is one of these feature
extraction algorithms that has been used with an SVM classifier for
disease diagnosis [49], [50]. Many researchers have applied PCA
with the ReliefF feature selection to eliminate extraneous features
from the dataset [51]. In most of diagnostic systems, pre-processing
before introducing the training data is recommended to increase the
diagnosis success rate of the system.

The extant literature cumulates numerous studies demonstrating
outstanding results from authors who have researched in the field of
SVM classification with dimensionality reduction techniques with
both text and microarray datasets. Besides, researchers are focusing
on hybrid feature selection approaches to reduce the dimensionality
of datasets. The most recent literature contains many studies, which
have been implemented using hybrid structures. Pang et al. [52]
applied ReliefF-SVM based method for the computer-aided diagnosis
of breast tumors, yielding positively appealing results with a 90.0%
accuracy rate, 98.7% sensitivity, and 73.8% specificity rate. Uguz [53]
presented a hybrid system with the aggregation of information gain,
PCA, and SVM classifier. The information gain method was used to
rank each feature based on its importance. Consequently, the most
significant features were identified and passed to the PCA method
for dimensionality reduction. Next, the reduced sets of features are
passed as input to the classifier. The classification performance of the
presented method when compared and evaluated with existing studies
was found to be best performed with an SVM classifier. Chen et al.
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[54] diagnosed hepatitis disease with a hybrid method integrating
Fisher Discriminant Analysis Algorithm and SVM Classifier. The

TABLE II. DETAILS OF CLINICAL CKD DATASET

proposed method was compared with existing methods and the results Features Units I;I;;‘T;l Range
demonstrated that the hybrid method outperformed other methods,
obtaining the best classification accuracy of 96.77%. The literature Age Years - 02-90
provides numerous hybrid feature selection models with the usage Gender - — M-Male, F-Female
of support vector machines with excellent results for the diagnosis Serum_Urea me/dL 15 -39 4.75 - 183.3
of chronic diseases such as Breast Cancer [55], Diabetes [14], Lung Serum_Creatinine mg/dl 0.60 - 1.30 003-11.4
Cancer [56], CKD [12], Heart Disease [57], Hepatitis [54] and many Serum_Uric_Acid mg/dl 26-60 1.55 -12.81
more. Table I gives a glimpse of previously used methods in the Sodium mmol/L 136.0 - 149.0 120.8 - 155.3
literature for the diagnosis of chronic diseases. Potassium mmol/L 35-50 278 - 8.22
Calcium mg/dl 8.6 - 10.3 5.74 - 10.22
TABLE I. AcCURACY ACHIEVED BY OTHER RESEARCHERS FOR THE DIAGNOSIS Total_Protein gm/dl 6.40 — 8.30 4.26 - 8.81
OF CHRONIC DISEASES Albumin gm/dl 3.5-5.0 2.34 - 4.99
Disease Dataset . Accurac Haemoglobin g/dl 11-15 3.9-175
Source Considered Method Applied Achieved z’%) TLC /cumm 4000 — 11000 3000 - 30900
[38] Chronic Kidney Pre-processing + k-NN 96 DLC_Polymorph % 40-75 20-92
Disease ANN 81 DLC_Lymphocites % 20 - 45 5-175
. . DLC_Eosinophil % 1-6 1-12
[58] Heart Disease Vote Technique 87.4 DLC_Monocite % 210 0-9
) Chronic Kidney Platelet 100000/cumm 1.5-4 0.22 - 30.3
[12] Disease SVM 985 RBC Millions/cumm 45-55 1.04 - 8.13
' N PCV % 37 - 47 3.82 - 515
[57] Heart Disease Rule-Based Fuzzy Classifier 78 MCV f 78 — 04 929 — 120.2
) . MCH Picogram 27 - 32 15.6 — 38.9
[52] Breast Tumor ReliefF-SVM 90 MCHC om/dl 30— 35 915 - 419
[59] Chronic Kidney KNN 78.75 CKD - - YN
Disease SVM 78.35
Diabetes 100 B. CKD Repository Dataset Description
[14] Breast Cancer SYM 100 The CKD data was collected from the UCI machine learning
. Genetic Algorithm Based repository [61]. This database was selected for this research because
[56] Lung Disease . 99 L. . . .
Feature Selection it is a commonly used database by machine learning researchers with
SFSP + NN 97.57 records that are most complete. The dataset contains 400 records with
(53] Breast Cancer SBSP+ NN 98.57 some missing values. Table III describes the description and type of
attributes. There are 25 attributes (11 numeric plus 14 nominal) that
[54] Hepatitis Disease FDA + SVM 977 feature in CKD prediction and one attribute serves as the output or the
. PCA + Fuzzy Weighting predicted attribute for the presence of CKD in a patient. The second
(60] Lymph Disease 83.83 shows the type of each attribute and the third column shows the units

Pre-Processing + ANFIS

III. DATASETS AND ALGORITHMS USED

This section presents a brief overview of the datasets and materials
used for this research. The first and second subsection discusses the
clinical CKD dataset and repository CKD dataset used for this work.
The subsequent subsections provide a brief overview of the techniques
used for this work.

A. Clinical Dataset Description (CKD)

Clinical data of 337 suspected CKD patients were collected at
Vasu Diagnostic Centre, Gurugram, India, and is summarized in
Table II. 23 features were recorded for each patient including Age,
Gender, Serum_Urea, Serum_Creatinine, Serum_Uric_Acid, Sodium,
Potassium, Calcium, Total_Protein, Albumin, Hemoglobin, TLC, DLC_
Polymorph, DLC_Lymphocites, DLC_Eosinophil, DLC_Monocite,
Platelet, RBC, PCV, MCV, MCH, MCHC, and CKD. There are 86 missing
values in this clinical dataset. All attributes are numerical except one
attribute (Gender) which is categorical. The second column of Table
II shows the units corresponding to each attribute. The third column
depicts the normal range value of each parameter related to CKD. The
fourth column shows the range of values present in the clinical data
corresponding to each parameter in the CKD dataset.

or values corresponding to each attribute.

C. Data Pre-Processing

Pre-processing is the process of converting raw data into a
purposeful and relevant format. The actual data generally consists of
inconsistent, irrelevant, surplus data containing a large number of null
values. It is crucial to pre-process the dataset before training it on a
classifier in order to improve its prediction ability.

Prior to applying the classification model, both CKD datasets are
first pre-processed and then subjected to dimensionality reduction
techniques. Fig. 1 show the pre-processing techniques used in this
research work.

e | [ | oue | [ Fording
s Scaling Detection 8
Values Values

Fig. 1. Steps of Pre-processing.

In this work, the pre-processing is done in the following steps —

1. Handling Missing Data

Medical data is generally incomplete with missing data, noisy with
errors or outliers and inconsistent containing discrepancies in names
of features. The missing values in the dataset can be handled using
some imputation techniques.
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TABLE III. DETAILS OF REPOSITORY CKD DATASET

Features Description Range
age Age (In Years) 0-90
bp Blood Pressure 0-180
sg Specific Gravity 0-1.025
al Albumin 0-5
su Sugar 0-5
rbe Red Blood Cells normal, abnormal
pc Pus Cell normal, abnormal
pce Pus Cell Clumps present, notpresent
ba Bacteria present, notpresent
bgr Blood Glucose Random 0-490
bu Blood Urea 0-391
sc Serum Creatinine 0-76
sod Sodium 0-163
pot Potassium 0-47
hemo Haemoglobin 0-17.8
pev Packed Cell Volume 0-54
we White Blood Cell Count 0 - 26400
rc Red Blood Cell Count 0-8
htn Hypertension yes, no
dm Diabetes Mellitus yes, no
cad Coronary Artery Disease yes, no
appet Appetite good, poor
pe Pedal Edema yes, no
ane Anaemia yes, no
class Class ckd, notckd

2. Feature Scaling

It refers to putting the values in the same range or same scale so that
no variable is dominated by the other. If it is not done, then the learning
algorithm tends to weigh greater values, higher and consider smaller
values as the lower values, regardless of the unit of the values. There
are essentially different types of feature scaling. However, the most
widely used are standardization and normalization. In standardization,
we compute the transformed values by computing the difference of
each feature value from the mean of all the values of that feature
and then divided by the standard deviation for that feature. This
transforms the data between the range of -1 and +1. The transformed
data has means of 0 and a standard deviation of 1. In normalization, we
compute the transformed values by computing the difference of each
feature value from the minimum of all the values of that feature and
then divide by the difference between the minimum and maximum
value for that feature. This transforms the data between the range
of 0 and 1. Normalization is generally not a good option especially
when the data contains a lot of noise and outliers. In particular, when
there are out, normalization will transform the normal data i.e., the
data without out into a very small range of values which is not very
desirable for machine learning models. So, standardization is used in
this work for scaling of features.

3. Outlier Detection

An outlier is an observation point that is distant from other
observations. An outlier may be due to variability in the measurement,
or it may indicate an experimental error. Many machine learning
algorithms are sensitive to the range in distribution of attribute values
in the input data. An outlier in input data can skew and mislead the
training process of machine learning algorithms. Thereby, resulting
in longer training times, less accurate models, and ultimately poorer
results. Therefore, the generally used approach is to get rid of outliers
before passing the data to the learning algorithms.

4. Handling Categorical Data

Categorical data needs to be encoded as the majority of the
machine learning models are based on mathematical equations,
it will cause some problems if we keep the categorical variables in
equations because we would only want numbers to be there so that we
can meaningfully compute the equations, in other words, we need to
encode these categorical variables into numbers. This can be done by
introducing dummy variables in the dataset in which we have several
columns equal to the number of categories.

D. Dimensionality Reduction Techniques

The performance of the SVM classifier is largely affected by the
usage of dimensionality reduction techniques. Two general approaches
to solve the problem of dimensionality are — a) feature extraction that
transforms the existing features into a lower-dimensional space and b)
feature selection that selects a subset of the existing features without a
transformation [19]. To deal with the issue of “curse of dimensionality”
and to speed up the classification tasks, researchers have proposed
various methods to improve the accuracy of results.

The performance of the SVM classifier significantly improves
if dimensionality reduction techniques are applied before the
classification of data. Hence, researchers use feature selection
and feature extraction techniques extensively to reduce high data
dimensionality. For disease diagnosis, feature selection eliminates
the attributes that are least significant to a particular disease. As
less significant features are removed with dimensionality reduction
techniques, SVM would now be working on features that affect a
particular disease. Due to this, the diagnostic accuracy of SVM also
increases at a significant rate.

PCA is a widely-used feature extraction technique used
for dimensionality reduction that projects data from original
m-dimensional space to a new dimensional space (d<m) with minimal
loss of data. PCA calculates the eigen vectors of the covariance matrix
of the input data. For variance to be maximum, the eigen vector with
the largest eigen value is chosen as the first principal component.
The second principal component is orthogonal to the first one but
with slightly less variance [62]. In a nutshell, PCA is a linear algebra
method that is used for continuous attributes that find new principal
components that are perpendicular to each other and captures
maximum variance of the data.

Suppose we have a set of n-dimensional features X=X1, X2,
X3..XN and want to map it to a lower-dimensional space which is
m-dimensional. The objective of using PCA is to get the features Z=Z71,
72, Z3....ZM where M<N and each of these features is some function
of the original feature set f (X1, X2, X3...XN). So, it is the projection
of a higher-dimensional feature space to a lower-dimensional feature
space so that the smaller dimensional feature set can help in better
classification. Therefore, we need to find a projection matrix W

7=wT% 1)

where W' is a projection from N-dimensional space to
M-dimensional space.

The new projection should contain uncorrelated features. The
mapping to smaller spaces ensures that features are not redundant
and cannot be reduced further. In addition, the features should have
a large variance because if the feature takes a similar value for all the
instances that feature cannot be used as a discriminant. Since we want
the features to be able to distinguish between the different instances, it
is better to have a larger variation between the features.

Another popular method used for dimensionality reduction is
the ReliefF feature selection method proposed by [63] that assigns
relevance scores to each attribute by randomly sampling an instance
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from the data and then finding its nearest neighbor from the same
and opposite classes. The scores corresponding to each attribute are
updated by comparing the attribute values of the nearest neighbors to
the sampled instance. This research focuses on proposing a novel hybrid
dimensionality reduction consisting of the ReliefF method (applied
with an appropriate threshold value) and the Principal Component
Analysis method and is discussed in detail in the next section.

E. Support Vector Machine Classifier

Support Vector Machine classifier (SVM), developed by Vapnik in
1995, is a widely-used technique in which classification is done by
projecting the input data points into n-dimensional vector space and
finding the best hyperplane that maximizes the margin between two
classes. An un-optimized decision boundary could result in greater
misclassifications on the new data. The main goal of SVM is to
identify a separating hyperplane between the positive and negative
classes and to keep the boundary as far as possible. SVM operates by
building a suitable model from the training data and then applying
the constructed model to estimate the class values of the test data.
For non-linear problems, it works by mapping the training data from
low-dimensional space into high-dimensional space with the usage
of kernels. It efficiently solves the quadratic optimization problem
and maximizes its generalization performance for finding the best
separating hyperplane [56]. Although support vector machine
classifier has several benefits, yet its classification performance is
often influenced by the ‘curse of dimensionality’. As the data in
medical datasets are increasing voluminously in terms of several
features and instances, insignificant and redundant features must be
removed before being passed to the appropriate classifier.

The equation of separating hyperplane is given by:

D) = (wx) +w, )

where w and w, are parameters of the classifier model to be
evaluated given a training set D

The hyperplane should satisfy the following inequality:

yilw*x;) +w, =1

®)

Given a training set of labeled pairs (x, y) where i =1, 2..., m.
The SVM classification determines the solution of the following
optimization problem:

L1 T N
min-w" w+C Y, &
w,b,e 2 Zl_l t

4)
subject to
ywT @(x) +b)=>1—¢g
fore; >0 )

where € is the slack variable, C is the user-specified penalty
parameter, @ is the Radial Basis kernel function.

Besides, the generalization ability of the SVM classifier highly
depends on the appropriate model selection. The performance of
the SVM classifier is highly dependent on the selection of the kernel
function and the kernel function parameters, and the key to enhancing
the classification accuracy is to select the appropriate values of the
parameters. The grid search technique, a widely used method for
optimizing SVM classifier, finds the optimal parameters to tune the
performance of SVM. In this work, the RBF kernel function is used and
the parameters that should be optimized for the RBF kernel function
are the penalty parameter C and the gamma parameter.

IV. PROPOSED DI1AGNOSTIC MODEL DESIGN

In this paper, a fast hybrid model, ie., RP-SVM, is developed to
undertake CKD classification problems. The diagnostic system possesses

two important implications, i.e., fast learning with high performance
and identification of the most significant factors related to CKD. The
framework of the proposed hybrid approach (R .P-SVM) is described in
two phases. The proposed approach consists of two phases. In the first
phase shown in Fig. 2, the proposed dimensionality reduction approach
is applied to discover the most informative parameters related to CKD
and to eradicate extraneous features form the CKD dataset. The second
phase (Fig. 3) basically improves the SVM learning and classification
accuracy through efficient parameter optimization. Both phases are
applied using parallel execution functionality using GPUs and machine
workers to speed up the computation.

A. Data Pre-processing

To perform data pre-processing, the original CKD dataset is verified
for the management of missing data, detection of outliers, scaling of
features and management of categorical values. While the clinical
CKD dataset contains 337 instances and 23 features, the CKD dataset
taken from online repository contains 400 instances and 25 attributes.
The primary aim of this work is to determine whether the person is
diagnosed with CKD or not.

As seen in Fig. 1, the CKD dataset is first taken as input into the
system. Next data pre-processing techniques are applied to convert it
into an appropriate format.

First, both CKD datasets are checked for missing values. There are
242 patients with missing values in their records in the repository
dataset and a total of 86 missing values in the clinical dataset. The
features containing more than 30% missing values have been
eliminated. To remove numerical missing values, first, the mean
values across the column are calculated and then the missing data
is replaced by the mean of the values in the column containing the
missing data. For removing non-numerical values, authors first find
the most frequently occurring value and use that value in place of the
missing value.

Then, authors apply standardization on both sets of data to put all
the entities on the same scale. For feature scaling, standardization is
applied on both CKD datasets to transform the data between the range
of -1 and +1 using the formula shown in equation (6).

x—-mean(x)

X E e—
transformed standard deviation(x)

(6)

Subsequently, both datasets are checked for outliers. For the
eradication of outliers, first, the median across the column is calculated
and then the values that are three times away from the median are
discarded i.e., those values that are three times greater or smaller than
the median are excluded from the dataset.

The last step in data pre-processing is the handling of categorical
variables. While the repository dataset contains 14 nominal values,
clinical data contains two categorical variables (Gender and Class).
Categorical values are converted into numerical form by introducing
dummy variables in the dataset in which authors have a number of
columns equal to the number of categories. For variables that contain
two values such as “gender”, the corresponding values are replaced by
binary values - 0 and 1.

B. Elimination of Extraneous Features

With the rapid growth of large-sized medical data sets in recent
years, the need for diminishing the dimensionality of data has risen
significantly. Feature selection and feature extraction play a vital role
in reducing surplus and extraneous features from disease datasets to
speed up the computation as well as to enhance diagnostic accuracy.
The main idea of using feature selection is selecting a subset from
the original set of attributes to eliminate those parameters that do not
contribute to the medical diagnosis. This research presents R PCA-
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SVM based hybrid approach in which the dataset is reduced using
appropriate feature selection using the ReliefF method and feature
extraction using the PCA method. The approach presented for the
elimination of extraneous features is named as R, PCA method. This
has been done to achieve good performances on running speed or/and
classification accuracy.

In the first stage, the first R PCA method is employed for feature
selection, which relies on the ReliefF method for ranking the
importance of each feature based on weight values and help to reduce
the computing complexity of the method, and then redundant and
unrelated features are filtered out using the PCA method, and thereby
extracting the dataset with most significant features. The dataset with
a reduced set of features is then passed to the learning algorithm.

Fig. 2 shows the model for the proposed hybrid dimensionality
reduction method R PCA which takes pre-processed CKD dataset as
input into the system. Thereafter, the ReliefF method is applied to the
dataset that yields a Weight Matrix (W). The weight matrix contains
the weights respective to each attribute of the CKD dataset. Based
on the weight of each feature, a rank is assigned to all the features
of the dataset. Subsequently, the appropriate threshold is applied to
select only relevant features from the dataset. The threshold value is
dynamically calculated from weights generated by the ReliefF method.
After repeated experiments, the threshold ‘theta’ is taken as mean
(W). Then, oust those features whose weight (Wx) is lesser than the
threshold (theta). By choosing among those with a large W value (i.e.,
those that exceed a threshold ‘theta’), the final selection of attributes is
performed. The resultant creates a list of features (L) with the removal
of irrelevant features from the CKD dataset.

(
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Fig. 2. Proposed Model (Phase I).

This generated list (L) with the selected features is then passed
to the PCA method to remove redundant features from the dataset.
PCA provides principal components corresponding to each feature
and forms uncorrelated variables that maximize the variability of the
data. The redundant attributes are eliminated by considering 70% of
the principal components.

The proposed dimensionality reduction method is implemented
on parallel processors using GPUs and machine workers to decrease
the computational time. The whole work is divided among n-workers
where n ranges from 2 to 16.

Finally, the CKD dataset with reduced dimensionality is passed
onto the learning algorithm, that is, the second phase of the research.

Then, the weight matrix is divided into n-equal sets which are
further assigned to machine workers ranging from 1 to n. After that,
machine workers are parallelly executed to faster computations. In
each set of execution, the weights higher than the set-out threshold
value are selected and features are selected corresponding to selected
weight values. Next, the selected columns which satisfy the threshold
are merged. In all, the work is divided among n-workers in which
computations are done simultaneously and features whose weights
exceed the threshold are selected and sent to further stages.

C. Speeding Up and Tuning SVM Classification

SVM classification is a supervised learning method that identifies
the hyperplane separating the two classes. The primary role of SVM
is to separate labelled data based on a line maximizing the distance
between the two classes. It uses the kernel trick to handle the non-
linear cases by projecting the data to a high-dimensional feature space.
To develop an accurate classification model, it is crucial to select a
powerful machine learning algorithm and to tune up its parameters.
The SVM in this work uses a Radial Basis Function (RBF) kernel and
employs a grid-search method to gather and process all possible
combination of hyper-parameters — Cost, Epsilon, and Gamma.

Hyper-parameters are the parameters that can’t be directly learned
in the regular training process. For example — learning rate for logistic
regression, number of trees in random forest classifier, cost and
gamma values in SVM classifier, number of hidden layers in a neural
network. The optimization of hyperparameters ensures high accuracy
of SVM classifier and it also don't increase the computational cost too
significantly They help us find the balance between bias and variance
and thus, prevent the model from overfitting or underfitting. Grid search
is a method to perform hyper-parameter optimization, that is, it is a
method to find the best combination of hyper-parameters. It is usually
applied with a cross-validation method with different combinations
of hyper-parameters. Each of these combinations of parameters,
which correspond to a single model, can be said to lie on a point of
a grid. The goal is then to train each of these models and evaluate
them using cross-validation. The hyper-parameter combination which
performs best is selected for training and testing the model. In this
work, the best combination of SVM hyper-parameters is the one that
produces maximum classification accuracy, minimum Mean Absolute
Error (MAE), and least execution time. Since the RBF kernel function
is applied in this work, the diagnostic performance of SVM depends
heavily on an appropriate choice of its parameters. Tuning the kernel
parameter gamma (o), epsilon (€) and the penalty parameter (C) would
increase the efficiency of the SVM classifier. Fig. 3 shows phase II of
the proposed model.

As shown in the Fig. 3 model, the resultant CKD dataset after
the application of the proposed hybrid dimensionality reduction
approach is passed onto the Phase II of the research. In this phase,
the optimization of SVM parameters is done to obtain the best values
of ‘cost’, ‘epsilon’, and ‘gamma’. A grid search is conducted to find
the best parameter values using 10-fold cross-validation. Every single
possible combination of hyper-parameters - cost, gamma, and epsilon
was tried. Use a set of possible values for each parameter and create
a variable to store the model's accuracy for each set. Then create a
nested for-loop where for every value of C, authors tried every value
of epsilon and gamma. A similar process is used with the other two
parameters. Inside the loop, train the model and score it, and then
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compare its score to the best score. If it is better, update the values
accordingly. The best parameter values are then applied to the testing
subset and the highest classification accuracy is recorded. This process
would run for every hyper-parameter value until it finds the optimal
ones. In this work, 10-fold cross-validation method is used to calculate
classification accuracy. In the 10-fold cross-validation method, the
training set is divided into ten subsets of equal size. Subsequently,
the 10th subset is tested while the classifier trains the remaining 9
subsets. Various combinations of (C, gamma, epsilon) are tried, and
the one with the best cross-validation accuracy, minimum Mean
Absolute Error (MAE), and least execution time is used to create the
model for training. After obtaining the predictor model, the prediction
is conducted on each testing set accordingly. Fig. 4 shows the pseudo-
code of the model.

[ Hybrid Dimensionality Reduction Result]

Parameter Optimization

Apply Cross Apply Grid Get best values
Validation to Search Method of parameters
set Training & on Cost, Epsilon using Training
Testmg Data and Gamma Data

DDD\ Co00™
0000 00a0
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Testing Data

Parallel Processing using
Parallel Workers,
GPU Arrays
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Parallel Processing using
Parallel Workers,
GPU Arrays

Fig. 3. Proposed Model (Phase II).

The procedure is shown as follows:

i) Consider a grid space of (C, gamma, epsilon) with C belongs
to {1/2,1,2,8,10,50,100}, gamma {1/50,1/10,1/5,1/2,1.5,2,5,10} and
epsilon {0.001, 0.01, 0.1}.

ii) For each combination (C, gamma, epsilon) in the search space,
conducting k-fold CV on different training—-testing partitions;

iii) Choose the parameter (C, Gamma, and Epsilon) that leads to the
highest classification rate, least mean squared error, and least
execution time.

iv) Use the best parameter to create a model for training the data set
and then later use it for prediction.

For the grid search method, to execute with the least execution
time, the concept of machine workers executing in parallel has
been applied. Simultaneous computations using GPUs and machine
workers are carried out while optimizing the SVM parameters- cost,
epsilon, and gamma. To obtain the best values of SVM parameters,
first, a GPU array is created for each of the parameters - cost, epsilon,
and gamma, and a mesh grid is formed using these values. After that,
the workers are assigned to GPU arrays that are executed parallelly to
get the values of the best parameters. The best parameter selected is
based on the calculation of Mean Absolute Error (MAE) and Time. For

Step 1: Load and Store Raw Dataset in variable DS
Step 2: Set wk as number of machine workers
Step 3: Divide DS to prepare array of sets SD with length wk
Step 4: Apply Pre-Processing method, preProcess(preprocess_name)
Initiate Parallel Execution
Create temporary blank List, LTemp
If (no preprocess_name)
preprocess_name = Missing_Values Removal
EndIf
ForEach set Array SD(SD,)
Iterate every column, CTemp, in set SD,
If (Pre-process required CTemp)
Pre-process the data in colymn with methodName
Update CTemp and push in LTemp
Else
Push CTemp in LTemp without pre-processing
EndIf
EndForEach
Store LTemp as PDS (Pre-processed complete dataset)
Remove existing data from DS and store PDS in DS
Terminate Parallel Execution
Step 5: Execute Step 3 & Step 4 for below processes
preprocess_name = Feature_Scaling
preprocess_name = Outlier_Detection
preprocess_name = Categorical_Vaues
Step 6: Hybrid Dimensionality Reduction
Initiate Parallel Execution
Create temporary blank List, HDRTemp
Apply ReliefF method on PDS. Store output weights as W
Calculate dynamic threshold (theta) using weights
Divide Win array of set W, with wk as length
ForEach set in Affay W, (W)
If (weight of column >= theta)
Push con-esponding column in HDRTemp
EndIf
EndForEach
Apply PCA method on HDRTemp
Select 70% of Principal Components. Store result as HDR
Terminate Parallel Execution
Step 7 : Initialize GPU Array gCost/gEps/gGamma for Cost/Eps ilon/Gamma
Step 8 : Parameter Optimization
Initiate Parallel Execution
Apply Grid_Search_Method on gCost/gEps/gGamma
Apply Cross_Validation to prepare training and testing data of HDR
Divide training data to prepare all'ay of sets TD with length wk
ForEach set in Array TD (TD,)
Apply above set of values on training data
Store best parameters values pair as (bCost/bEps/bGamma), if
Mean Absolute Error, Time are least and Accuracy is high
EndForEach
Terminate Parallel Execution
Step 9 : Use best parameters on testing data to store performance results

Fig. 4. Pseudo-code of the model.

the least value of MAE and time, the parameters are selected. Once all
the workers are executed, n-sets of the best parameters are received.
Out of those n-sets of values, the best pair out of all pairs is selected.
Using the best pair, SVM classification is applied on the resultant
dataset from Stage 1 and various performance metrics are recorded.

Therefore, in this phase, an optimized SVM algorithm is developed
that works efficiently with both CKD datasets. Instead of running
it on one single processor, the model is extended to build a parallel
variant using GPUs. The parallel implementation performs all matrix
computations on the GPUs. The GPUs can run multiple concurrent
processes at a time. Therefore, parallel computations of the optimized
SVM classifier are done implicitly.

Using this method, all the possible combinations of parameter values
are evaluated and the best combination yielding maximum accuracy is
retained. With the optimized SVM parameters, classification is applied
on both CKD datasets and assessed based on accuracy.
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V. EXPERIMENTAL ANALYSIS

The experiments have been performed on the Chronic Kidney
Disease Dataset for the diagnosis of patients suffering from CKD.
The datasets have been described in the previous sections in detail.
Datasets are obtained from two different sources. One is a disease
clinical CKD dataset that contains 337 instances and 23 features and
is obtained from the ‘Vasu Diagnostic Centre, Gurugram, India’. The
other CKD data consisting of 400 instances and 25 features are taken
from UCI machine learning repository. To validate the efficacy of the
proposed diagnostic model, several useful performance metrics in
medical applications that include accuracy, precision, recall, f-measure,
specificity are computed. The produced results are analyzed and
compared with those from other methods published in the literature.
The parameters used to evaluate and compare methods are the
Number of Selected Features, Execution Time, and Classification
Accuracy. Execution time is machine-dependent, so the algorithms
have been implemented and compared on the same machine. The
classification accuracy is calculated using 10-fold cross-validation
strategy for the training and testing sets. The training set consists of
70% of the values and the test set consist of 30% of values. For each
method, obtain the average classification accuracy, several selected
features, runtime found under each algorithm and each dataset. The
outcomes positively demonstrate that the hybrid diagnostic model is
effective in undertaking medical diagnostic tasks.

The proposed method is implemented in MATLAB 2018a software
using parallel processors. The processor(s) used for the experiments is
‘2 x Intel Xeon E5-2650V2’ and ‘Matrox G200eW’ as GPU.

A. Evaluation Parameters

The diagnostic accuracy of the proposed model is measured
in terms of the following evaluation measures the details of which
are described below. The proposed approach is measured based on
performance measures that are computed from a confusion matrix
that contains four terms - True Positive (T,), True Negative (T, ), False
Positive (F,), and False Negative (F,) where,

T,: stated as the number of instances estimated positive that is
actually positive.

F,: stated as the number of instances estimated positive that are
actually negative.

T,: stated as the number of instances estimated negative that are
actually negative.

F;: stated as the number of instances estimated negative that are
actually positive.

Most charts graphs and tables are one column wide (3 1/2 inches
or 8.89 c¢cm) or two-column wide (7 1/16 inches or 17.93 cm). We
recommend that you avoid sizing figures less than one column
wide, as enlargements may distort your images and result in poor
reproduction. Therefore, it is better if the image is slightly larger, as
a minor reduction in size should not have an adverse effect on the
quality of the image. If the size is changed, keep the proportion so that
images and graphics do not distort.

1. Accuracy (A )

This evaluation metric estimates the proportion of exact predictions
and the total number of predictions made by the classifier. It is stated as:
Tp + TN

Ac = — BTN
Tp+ TN + Fp + Fy

(7)
2. Recall (R.)

This evaluation measure estimates the proportion of positive
patterns that are perfectly classified. The larger value of recall implies

that the classifier returns most of the positive results. It is defined as:
Tp
Tp +FN

Re= (®)

3. Specificity (S,)
This performance measure estimates the proportion of negative
patterns that are perfectly classified. The larger value of specificity
implies that the classifier returns most of the negative results. It is
stated as:
TN
Ty +Fp

Sr= )

4. Precision (P,)

This performance measure estimates the fraction of perfectly
predicted positive observations to the total predicted positive
observations. It is defined as:

Tp
Tp +Fp

Pr=

(10)

5. F-Measure (F, )

It is a single evaluation metric that merges both precisions and
recalls via their harmonic mean. The mean inclines towards the
smaller of the two components. So, if the value of either precision or
recall is small, the value of F, will be small. It is stated as:

2 X(R¢ X PR)

Fum =
MZ TRe+PR)

(11)
where F, lies in the range 0,1.

6. Mathew's Correlation Coefficient (M)

This is one of the powerful performance metrics which, in essence,
is a correlation coefficient between the observed and predicted binary
classifications. It is considered a balanced measure as it involves values
of all the four quadrants of a confusion matrix. The range of values
of M, lies between -1 to +1. A model with a score of +1 indicates a
completely correct classifier and a score of -1 indicates a completely

wrong classifier. It is stated as:
Mec Tp* Tn—Fn+Fp
V(Tp+FN)(Tp+Fp)(TN+FN)(TN+Fp)

(12)
7. Fall Out (F,)

This performance metric, also known as False Positive Rate,
signifies the proportion between the incorrectly classified negative
samples to the total number of negative samples. In other words, it is
the proportion of the negative samples that were incorrectly classified.
It is stated as:

Fp
Fp+TnN

Fpr

(13)

8. Miss Rate (F,,)

Also known as False Negative Rate, miss rate implies the percentage
of positive samples that were incorrectly classified. It is stated as:

Frp=—N—
R FN +Tp

(14)
B. Results and Analysis

This section depicts the results and their analysis based on various
factors on the CKD dataset. A detailed analysis has been done
to determine the efficacy of the approach based on the proposed
dimensionality reduction method, proposed classification technique,
and proposed parallel execution functionality for both CKD datasets.
The results have also been compared with existing feature selection
and classification techniques in the literature.
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1. Assessment of the Efficacy of Proposed Approach on Both CKD
Datasets

Table IV and Table V exhibits the effect of applying the proposed
approach on both the clinical CKD dataset and repository CKD dataset.
The proposed dimensionality reduction approach yields excellent
results by reducing irrelevant and redundant features from both
CKD datasets. As Table IV unveils, the presented method eliminates
approximately 68% from the clinical CKD dataset. Likewise, for the
repository dataset, the dimensionality significantly reduces to 41.6%
with the presented approach.

The diagnostic performance of the proposed -classification
approach is assessed based on various evaluating metrics — Accuracy,
Recall, Specificity, and Precision. The proposed model yields excellent
results in terms of all evaluating metrics with both CKD datasets. The
columns 5 through 8 of Table IV and Table V depicts the accuracy
of the proposed system, which in turn, shows the ability of the
classifier to meaningfully classify positive and negative classes. For
the repository dataset, the proposed approach achieves a classification
accuracy of 98.5% with specificity and precision as 96.29% and 98.11%
respectively. Likewise, the results are outstanding with a clinical
dataset with a classification accuracy of 92.5%. The proposed model
correctly classifies 311 instances out of 337 instances with recall and
precision values as 96.49% and 94.82% respectively.

The performance of the proposed technique is also compared with
existing feature selection techniques that have been applied with
standard SVM classifier on both CKD datasets. The existing feature
selection techniques considered are - ‘Correlation Feature Selection
(CFS)’, ‘Mutual Information-Based Feature Selection (MIFS)’, ‘ReliefF
Feature Selection’, ‘ReliefF + CFS’ method. The results of the proposed
technique are found to be better compared to other existing techniques
in terms of all evaluating metrics.

a) Analysis on Clinical CKD Dataset

For clinical datasets, the proposed approach yields superior results
compared to other existing well-known methods in the literature. It
selects the seven most significant risk factors related to CKD. The
details of identified risk factors are given in section V.C. The diagnostic
accuracy of the proposed approach is very high (92.5%) compared to
the accuracy with other methods - ‘CFS+SVM’ (60.45%), ReliefF + SVM
(86%), ‘MIFS + SVM’ (56.72%).

While the ‘CFS’ and ‘ReliefF + CFS’ method selects three and four
important features respectively from the clinical dataset, the proposed
technique identifies the seven most significant risk factors related to
the CKD. Although MIFS and ReliefF feature selection methods select
seven and eight important features respectively, the performance of
the classifier is not good with the two methods. As can be seen from
Table IV and Fig. 5, the performance of the ‘MIFS+SVM’ method is very
poor compared to the proposed approach. It executes with accuracy,
recall, specificity, and precision values as 56.72%, 46.43%, 64.1%, and
48.15% respectively, which are very less compared to the proposed
approach. Similarly, the ‘ReliefF + SVM’ method executes with
precision and accuracy as 47.3% and 86% respectively which are very
less compared to the proposed approach (Precision: 94.82%; Accuracy:
92.5%). Likewise, the ‘ReliefF + CFS + SVM’ method executes with
recall and precision values as 64.71% and 38.6% respectively which is
very less compared to the proposed approach.

In all, it can be concluded that the proposed approach selects
the most significant factors related to CKD that are verified with
pathologists. This shows the effectiveness of the proposed approach in
terms of dimensionality reduction and classification metrics compared
to the existing techniques presented in the literature.

TABLE IV. REsuLTs CORRESPONDING TO CLINICAL CKD DATASET

o f
Feature Selection Total Selected ];2 Z%::LS A R S P
Technique Features Features - ° N ¥ R
Eliminated
Correlation Feature
Selection + SVM 22 11 50 60.45 51.22 64.52 38.89
Mutual Information
Based Feature 22 12 45.45 56.72 4643 64.1 48.15
Selection + SVM
ReliefF Feature
22 8 63.63 86.01 97.22 844 473
Selection + SVM 7 7
ReliefF + CFS +
SVM 22 7 68.18 5437 6471 49.28 38.6
RP-SVM (Proposed) 22 7 6818 9253 9649 70 94.82
Accuracy  Recall  Specificity  Precision
100
90
80
70
60
o
s
T a0
30
20
10
0
CFS + SVM MIFS + SVM ReliefF + SVM  ReliefF + CFS RFP-SVM
+SVM (Proposed)

Technique

Fig. 5. Graphical representation for Clinical CKD Dataset.

b) Analysis on Repository CKD Dataset

Table V exhibits the results on the CKD dataset taken from the
UCI repository. Similar to the clinical dataset, experimental results
demonstrate the superiority of the proposed approach for this
dataset compared to other existing methods in the literature. With
the proposed dimensionality reduction approach, the size of the
dataset reduces from 24 features to 10 features, thereby, eliminating
approximately 58% of features from the CKD dataset. The diagnostic
accuracy of the proposed approach for this dataset is extremely high
(98.5%) compared to the accuracy with other methods - ‘CFS+SVM’
(92.7%), ReliefF + SVM (89.6%), ‘MIFS + SVM’ (94.7%).

The presented approach performs outstandingly well in terms of all
evaluating metrics compared to other methods. As can be seen from
Table V and Fig. 6, the values of specificity and precision with ‘ReliefF
+ SVM’ method are 84.38% and 89.36% respectively, while the values
with the proposed approach are found to be higher with 96.29% and
98.11% respectively.

TABLE V. REsurts CORRESPONDING TO REPOSITORY CKD DATASET

Feature Selection Total Selected %age of

Techni Featu Featur Features A, R, S;
echnique catures  Features . .~ 4

Correlation Feature

Selection + SVM 24 15 37.50 92.71 94.83 89.47

Mutual Information

Based Feature Selection 24 16 33.33 9479 9355 97.06

+SVM

ReliefF Feature Selection 2 1 5416 8061 9333 8438

+SVM

ReliefF + CFS + SVM 24 10 58.33 91.67 9322 89.19

RP-SVM (Proposed) 24 10 58.33 98.50 100 96.26
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Fig. 6. Graphical representation for Repository CKD Dataset.

While the specificity values with ‘CFS+SVM’, ‘ReliefF + SVM’
and ‘ReliefF + CFS + SVM’ method are 89.47%, 84.38% and 89.19%
respectively, the proposed approach executes with higher value of
specificity i.e., 96.29%. Similarly, the proposed approach outperformed
‘ReliefF+ SVM’ and ‘CFS+ SVM’ techniques in terms of precision with
98.11% precision.

Finally, it may be concluded from Tables IV and V that the proposed
hybrid approach performs better than the existing techniques in the
literature.

2. Comparison of the Proposed Hybrid Approach With Other
Classification Techniques Based on Various Evaluation Metrics
for CKD Dataset

The performance of the proposed hybrid approach is also compared
with other classification techniques based on various evaluation
metrics for both CKD datasets. For the clinical dataset, the logistic
regression technique and k-Nearest Neighbor (KNN) classifier yield
an accuracy of 88.12% and 83.17% respectively. The proposed approach
outperformed these techniques with an approximate increase of
4.4% and 9.1% respectively. Likewise, for the repository dataset, the
proposed classification technique increases the accuracy of the SVM
classifier from 95.65% to 98.5%. With the application of Ensemble
-Boosted Trees, the accuracy comes out to be 60.87% which is very less
compared to the proposed approach. Lastly, it may be concluded from
Table VI and Table VII, the classification accuracy turns out to be best
with the proposed system compared to other classification systems.
Not only accuracy but it can also be seen that the proposed approach
outperforms other techniques in terms of all performance metrics for
both CKD datasets.

TABLE VI. COMPARISON OF PROPOSED APPROACH WITH EXISTING
CLASSIFICATION ALGORITHMS ON CLINICAL DATASET

Algorithm A, R, S, P, F, F, F, M,
Logistic o015 8705 8889 9733 1111 1205 9241 67.26
Regression

K-I.\Iearest 83.17 84.52 76.47 94.67 2353 1548 8931 522
Neighbor

Ensemble

-Boosted 74.26 74.26 - 100 - 25.74 85.23 -
Trees

Support

Vector 87.13 86.05 93.33 98.67 6.67 1395 91.93 64.56
Machines

RFP-SVM 92.53 96.49 70 94.82 30 3.50 95.65 69.48
(Proposed)

TABLE VII. COMPARISON OF PROPOSED APPROACH WITH EXISTING
CLASSIFICATION ALGORITHMS ON REPOSITORY DATASET

Algorithm A, R, S, P, F, F, F, M,
Logistic o0 o5 9756 9286 9524 7.4 244 9639 9097
Regression

Ensemble

-Boosted 60.87 60.87 - 100 - 39.13 75.68 -
Trees

Support

Vector 95.65 9535 96.15 97.62 3.85 4.65 96.47 90.85
Machines

RFP-SVM 98.50 100 96.29 98.11 3.7 0 99.04 97.2
(Proposed)

3. Analyzing of the Results of Parallel Execution With N-processors
in Multiple Iterations for CKD Dataset With Respect to Time

For faster processing of CKD datasets, the proposed hybrid approach
is executed parallelly with n-processors. The value of n varies between
2 and 16. The results are iterated 5 times to record execution time
for both CKD datasets corresponding to each value of the processor.
The clinical CKD dataset contains 23 features and 337 instances. For
each value of processor ranging from 2 to 16, the execution time is
recorded for five iterations. In each iteration, it took approximately 4
sec to execute this dataset. Similarly, the repository dataset with 400
instances and 25 features, the proposed approach took approximately
5.2 sec for the execution of the dataset. As Table VIII and Table IX
unveils, for most of the iterations, the proposed approach works best
with 4-processors in each iteration for this dataset and shows the
remarkable performance in terms of reduction of execution time with
the proposed parallel execution approach.

TABLE VIII. ANALYSIS OF PARALLEL EXECUTION ON CLINICAL CKD DATASET
(TIME IN SECS)

I;::;:Z:s/ ‘Worker-2 Worker-4 Worker-6 Worker-8 Worker-10 Worker-12 Worker-14 Worker-16

Iter I 4.04 4.03 4.18 4.11 4.11 4.32 4.51 4.52
Iter II  4.16 3.95 4.06 3.9 4.24 4.11 4.29 4.36
Iter III  4.05 4.08 4.02 4.2 4.07 4.13 4.89 4.26
Iter IV 4.08 4.05 4.05 4.06 4.13 4.29 4.21 4.16
IterV 413 4.1 4.02 4.05 4.32 4.05 4.15 4.04

TABLE IX. ANALYSIS OF PARALLEL EXECUTION ON REPOSITORY CKD DATASET
(TIME IN SECS)

I:;:_tl::ls/ Worker-2 Worker-4 Worker-6 Worker-8 Worker-10 Worker-12 Worker-14 Worker-16

Iter I 5.39 5.28 5.29 5.29 5.45 5.21 5.21 5.3
Iter II  5.32 5.22 5.23 5.27 5.39 5.22 5.24 5.21
Iter III  5.44 5.29 5.22 5.26 5.49 5.34 5.34 5.23
Iter IV 5.56 5.01 5.43 5.39 5.27 5.47 5.48 5.26
IterV. 533 5.31 5.23 5.32 5.43 5.52 5.53 5.29

C. Significant Risk Factors Identified Using the Proposed Approach

This section of the paper discusses the most significant risk factors
related to CKD that are determined with the proposed approach. The
most critical risk factors are identified corresponding to both CKD
datasets. The identified parameters related to the clinical dataset are
also confirmed with senior pathologists. Table X indicates the most
crucial factors for clinical data as well as repository dataset that should
be considered while diagnosing CKD disease.
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TABLE X. MosT SIGNIFICANT Risk FACTORS

Clinical CKD dataset Repository CKD dataset

Age Blood Pressure

Serum_Urea Specific Gravity
Serum_Creatinine Albumin

Potassium Red Blood Cells
TLC Pus Cell

DLC_Polymorph Serum Creatinine

DLC_Lymphocites Packed Cell Volume

Red Blood Cell Count

Hypertension

Diabetes Mellitus

VI. BENCHMARKING OF THE PROPOSED APPROACH

Benchmarking is a widely used method that compares the
performance of a model against the performance attained by state-of-
the-art models. This technique is used in this research to determine
whether the presented diagnostic framework has attained acceptable

squared table, the null hypothesis is either accepted or rejected. The
decision rule then states that the null hypothesis should be rejected if
F is greater than the critical value.

Table XII shows the ranking of different classification algorithms
based on different evaluation parameters of the Clinical CKD Dataset.
Likewise, Table XIII depicts the ranking table of the Repository CKD
Dataset. The Friedman statistical test is applied separately on both
CKD datasets to check their validity.

For Clinical CKD Dataset, putting values of d=8, ¢g=5, R (30, 18, 12,
26, 34) in equation (15), F, is achieved as 16. From the chi-squared table
for the value of q and degree of freedom (0.05), the critical value is 9.49.
Since F, is higher than the critical value (9.49), the null hypothesis
(H, ) is rejected; hence, there exists a statistically significant difference
between all approaches.

For Repository CKD Dataset, putting values of d=8, g=4, R (21, 11,
19, 29) in equation (15), F, is achieved as 12.3. From chi-squared table
for the value of q and degree of freedom (0.05), the critical value is
7.5. Since F, is higher than the critical value (7.5), the null hypothesis
(H, ) is rejected; hence, there exists a statistically significant difference
between all approaches.

TABLE XII. RANKING FOR THE CLINICAL CKD DATASET

accuracy as compared to the accuracy achieved by the already existing Algorithm Logistic =~ K-Nearest Egi‘::f[l;he S{:’C}:Z? RP-
studies. The classification accuracy of the proposed hybrid approach & Regression Neighbor — * =™ .~ SVM
on the CKD dataset gathered from UCI machine learning repository
. . . L. Accuracy 4 2 1 3 5
was compared against the other four studies used in the existing Recall . ) . s s
work. Table XI shows the comparison of the accuracy of the proposed eca, —
. . . Specificity 4 3 1 5 2
approach against the accuracy of the approaches used in the existing —
studies. Based on Table XI, it can be deduced that the presented Precision 3 L > 4 2
classification model has performed better as compared to the state- Falll out 3 4 1 2 >
of-the-art models. Based on the comparison, it is apparent that this _Miss Rate 4 2 1 3 5
research has generated higher accuracy with using the proposed —F-Measure 4 2 1 3 5
hybrid technique. MCC 4 2 1 3 5
Ranks 30 18 12 26 34
TABLE XI. MOST SIGNIFICANT Risk FACTORS
Source Approach Used Attained Accuracy (%) TABLE XIII. MoST SIGNIFICANT Risk FACTORS
The Proposed Model 98:5 Aleorithm Logistic Ensemble Support Vector R P-
Rady et al. [64] Multi-Layer Perceptron 77.29 & Regression  -Boosted Trees Machines SVM
Akben [38] Unit Synchronization + k-NN 96 Accuracy 3 1 2 4
Sinha et al. [59] Support Vector Machine 78.35 Recall 3 1 2 4
Sinha et al. [59] k-Nearest Neighbor 78.75 Specificity 2 1 3 4
Precision 1 4 2 3
Fall out 4 1 3 2
VII. STATISTICAL VALIDATION TEST Miss Rate 3 1 2 4
F-Measure 2 1 3 4
The effectiveness of the proposed approach used in this work is MCC 5 . 5 .
validated through ‘Friedman-Test’ [65]. It is a widely used non-
Ranks 21 11 19 29

parametric approach that efficiently tests the null hypothesis of
identical populations.

In this test, first, the null hypothesis (H, ) and alternative hypothesis
(H,) are formulated in the beginning. Here, they are stated as follows:

H_: No difference between all approaches

H : Difference between all approaches

Next, the significance level (alpha) and test statistics are stated.
Here alpha value is 0.05 i.e., 5% significance level. The test statistics
are used to compare the rank of p-algorithms over d-datasets and is
defined as:

It ranks all the models as mentioned in Table XII, Table XIII, and
depending on the test statistics and calculations, it determines the
value of F, from equation (15). Next, from the critical value of the chi-

VIII. DiscuUssION

This research work has proposed an influential method for
diagnosing CKD that can be used as a screening tool to assist in
decision-making for preliminary medical diagnosis. The research has
been carried out on the clinical CKD data collected from a diagnostic
center that contains 337 instances and 23 features. The benchmarked
CKD dataset from the UCI repository that contains 400 instances, and
25 attributes is also considered in this work and results are compared
with the algorithms used in the literature. The presented model using
hybridized dimensionality reduction method along with parallel
classification model can diagnose CKD by capturing the knowledge
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inherent in the CKD dataset accurately as indicated by all performance
metrics described in section V.A.

The dimensionality reduction and classification results on the
clinical and repository dataset presented in Tables IV and V signify
that the identified significant features have enhanced the accuracy
compared to existing machine learning techniques. Table X depicts
the most critical risk factors that are determined from the proposed
approach corresponding to both CKD datasets. The identified
significant risk factors are confirmed with pathologists to confirm the
effectiveness of the results. This confirms the findings presented in
Section V on the significant attributes in the prediction of CKD.

According to the results depicted in tables IV through VII, the
prediction model developed using the hybridized approach, R ,P-SVM,
achieved the highest accuracy of 98.5% for the repository dataset
and 92.5% accuracy for the clinical dataset. Tables VI and VII signify
the superiority of the proposed approach over other classification
algorithms used in the past by various researchers. Tables VIII and
IX present the analysis of the results of proposed parallel execution
functionality with n-processors in multiple iterations for both CKD
datasets. Table XI shows the evaluation results which compare
the proposed model with state-of-the-art algorithms. Finally, the
predictive model is statistically checked in section VII to confirm the
validity of the results.

Overall, this research work demonstrates that the proposed hybrid
parallel classification model identified significant features and has
significantly improved the diagnostic performance of CKD. Since R P-
SVM outperforms other existing feature selection and classification
methods, it was identified as the best performing technique among all
other techniques. The experimental results have encouraged further
research to examine other hybrid methods using different combinations
of machine learning algorithms to improve the performance of the
prediction models. Furthermore, the proposed methodology used in
this work through machine learning techniques is readily applicable to
many other realms of medicine as well. Other diseases, such as diabetic
kidney disease, may also be predicted by considering the diabetic
dataset and analyzing the attributes of the patients who are suspected
to be positive with the algorithm. This research work reaffirmed the
potential ability of machine learning algorithms to classify patients
into appropriate categories to assist with the assessment process for
their risk of developing a particular disease.

IX. CoNcLUSION AND FUTURE SCOPE

As Chronic Renal Failure progresses slowly, early diagnosis and
in-time treatment are the only ways to reduce the mortality rate.
Classification techniques are gaining significance in the healthcare field
because of their ability to classify disease datasets with high precision.
This research work presents a fast, novel classification system to
diagnose renal disease based on real clinical data. This diagnostic
system is based on the efficient optimization of the SVM classifier with
the hybridized dimensionality reduction approach to identify the most
significant risk factors parameters related to CKD. The performance of
the developed model is assessed in terms of diagnostic accuracy, recall,
precision, specificity, and decisions made by experienced physicians.
The obtained results showed the proposed approach to be the most
accurate for the repository dataset (98.5%) when compared to state-
of-the-art algorithms. The results are also outstanding with a clinical
dataset with a classification accuracy of 92.5%. The best prediction
model was created using the seven significant parameters for clinical
data when insignificant features are removed from the dataset.
Therefore, it may be concluded that the proposed approach executes in
the least time with high classification accuracy and competes with and
even outperforms other methods in the literature.

The contribution of the research work can be stated three-fold:
1) first, high classification accuracy is achieved in the diagnosis of
CKD for both clinical dataset and repository dataset. In addition,
the model performs outstandingly well in terms of other evaluation
measures such as precision, specificity, recall and f-measure 2)
second, the most significant risk factors related to CKD are identified
and the least significant parameters are eliminated from the dataset
using the proposed dimensionality reduction method 3) third, the
diagnostic model executes in the least time as each task is executed
simultaneously with multiple processors. The model supports but
does not replace physician’s diagnostic process and can assist in
taking effective clinical decisions by medical professionals. It can be
used as a screening tool to assess and evaluate the utility of extracted
knowledge for use in preliminary diagnosis by non-specialist medical
professionals for effective decision-making. Overall, the most
significant result of the work is an improvement in the diagnostic
power of the whole diagnostic process.

The major bottleneck of this research work was that the clinical
dataset had to be provided by expert pathologists; this caused long
delays in data acquisition and a certain reluctance to accept the
procedure in everyday practice.

This research can be extended with the application of the proposed
approach on a large-scale real-world dataset. Further research can
be carried out to test different combinations of machine learning
techniques in CKD prediction. Additionally, new hybrid dimensionality
reduction methods can be applied to get a broader perspective on
the informative parameters related to CKD disease to enhance the
prediction accuracy. Also, research can be further tested with deep
learning methods by collecting higher dimensionality datasets.
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ABSTRACT KEYWORDS
Heart disease is the leading cause of mortality globally. Heart disease refers to a range of disorders that affect ABGNB Algorithm,
the heart and blood vessels. The risks of developing heart disease become minimized if heart disease is detected Heart Disease Prediction,
early. Previous studies have suggested many heart disease decision-support systems based on machine learning Machine Learning,
(ML) algorithms. However, the lower prediction accuracy is the main issue in these heart disease decision- Recursive Feature
support systems. The proposed work developed a heart disease decision-support system (HDDSS) that can Elimination, UCI Heart
predict whether or not a person has heart disease. The main goal of this research work is to use the RFE- Disease Dataset.

ABGNB to improve HDDSS prediction accuracy. The Cleveland heart disease dataset is used for training and
validating the proposed HDDSS. The two significant stages of HDDSS are the feature selection stage and the
classification modeling stage. The recursive feature elimination (RFE) technique is used in the first stage of
HDDSS to select the relevant features of the heart disease dataset. In the second stage of HDDSS, the proposed
Adaptive boosted Gaussian Naive Bayes (ABGNB) algorithm has been used to construct a classification model
for training and validating a heart disease decision-support system. An output of HDDSS is analyzed using
various classification output measures. According to the results obtained, our proposed method attained a
predictive performance of 92.87 percent. This HDDSS model would perform well when compared to other
heart disease decision-support systems found in the literature. According to our experimental analysis, the
RFE-ABGNB focused heart disease decision-support system is more appropriate for a heart disease prediction.

DOI: 10.9781/ijimai.2021.10.003

I. INTRODUCTION classifier used to build an HDDSS that predicts heart disease in people
by evaluating heart disease risk factors. The HDDSS utilizes the UCI
HE/\RT disease is the leading cause of the increasing mortality rate  heart disease dataset (UCI) for training and validating the proposed
in humans. The risk of heart disease is more in patients with ABGNB classifier. The HDDSS model will predict the probability of
uncontrolled diabetes, low high-density lipoprotein (HDL), increased  developing heart disease using the patient heart disease risk factors
low-density lipoprotein (LDL), higher Body Mass Index (BMI), as input. The HDDSS efficiency has been evaluated using various
smoking, and high blood pressure [1], [2]. As a result, predicting the  classification performance measures.
onset of heart disease at an early stage is essential for controlling risk
factors and preventing heart disease. The main objective of this paper
is to build a heart disease decision-support system (HDDSS) using the
RFE-ABGNB model. This HDDSS can predict heart disease risk and
can be used to diagnose and prevent heart disease at an early stage
(3], [4].

The HDDSS uses the RFE-ABGNB, which is a machine learning
approach, to predict heart disease. Recursive feature elimination (RFE)
is a feature selection method used by HDDSS to select the relevant
input features from a heart disease dataset. The Adaptive Boosted
Gaussian Naive Bayes Algorithm (ABGNB) is a proposed ensemble

The remainder of the paper is structured as follows: Section II
reviews relevant state-of-the-art research in the automated heart
disease diagnosis system; Section III describes the proposed model; and
Section IV illustrates and assesses the proposed model’s experimental
results. Section V depicts the conclusion of the proposed work.

II. RELATED STATE-OF-ART WORK

Machine learning (ML) techniques are increasingly being utilized
to predict heart disease. This section discusses the state-of-art
approaches to develop a heart disease decision-support system using
ML algorithms. The Cleveland heart disease dataset is used as an
* Corresponding author. input in all examined literature to build a heart disease prediction
E-mail address: dilsathveltech123@gmail.com model. Haq, Amin Ul et al. [5] developed a hybrid intelligent system
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framework for predicting heart disease. This model uses three
feature selection techniques such as Relief feature selection method,
the minimal-redundancy-maximal relevance method, least absolute
shrinkage and selection operator methods (LASSO) for selecting
the best features of the input dataset. Logistic regression, K-nearest
neighbor, Artificial neural network, Support vector machine (SVM),
decision tree, and naive Bayes are among the ML classifiers used to
classify the selected features. Various classifier performance measures
have been used to test the proposed classifier results. According to
the results of the performance analysis, logical regression and support
vector machine outperforms other classifiers. Logistic regression got
84% accuracy before feature selection and achieved 89% after the relief
feature selection algorithm. SVM obtained 86% accuracy before feature
selection and 88% after the LASSO feature selection method. The
results of this study show that integrating feature selection techniques
into machine learning classifiers increases classifier accuracy.

This research paper [6] compared the performance of three machine
learning algorithms such as BayesNet (BN), SVM, functional trees (FT)
for effective diagnosis and monitoring of the consequences of heart
disease. In this work, the BayesNet algorithm and SVM achieved
83.8% accuracy, and Functional trees achieved 81.5% accuracy. Then,
the Best first selection algorithm is applied to select the best feature.
The accuracy of the classifiers is improved by about 3% this time after
they trained using the selected features. Thus, BayesNet’s accuracy
increased to 84.5 percent, SVM achieved 85.1 percent accuracy, and
Functional trees achieved 84.5 percent accuracy.

Mohan et al. [7] proposed a hybrid machine learning model called
Hybrid random forest with a linear model (HRFLM) for predicting
cardiovascular disease. HRFLM-based heart disease prediction model
gave a prediction accuracy level of 88.7% which is above other ML
classifiers such as naive bayes, generalized linear model, logistic
regression, deep learning, decision tree, random forest, gradient
boosted trees, SVM, VOTE classifier.

This research paper [8] used various machine learning classification
algorithms such as SVM, k-nearest neighbor(K-NN), artificial neural
network (ANN), naive bayes (NB), logistic regression (LR), decision
tree (DT) for the identification of heart disease. This model used
a feature selection algorithm called the fast conditional mutual
information algorithm (FCMIM) to improve classifier accuracy with
improved classifier execution time. The performance of the FCMIM
method has been compared with other feature selection algorithms
like Relief, Minimal-redundancy-maximal-relevance (mRmR), Least-
absolute-shrinkage-selection-operator algorithm (LASSO), Local
learning-based features selection algorithms (LLBFS). This outputs
analysis exhibits that the FCMIM outperforms other four feature
selection method on the specified ML algorithms.

Chen et al. [9] developed a heart disease prediction system (HDPS)
using Learning vector quantization (LVQ) which is a prototype-based
classification algorithm that works based on Artificial intelligence
network concepts. HDPS achieved an accuracy score of 80%, sensitivity
of 85%, and specificity of 75%.

Hidayet takci [10] proposed an improved heart attack prediction
system to decide the best machine learning approach and the best
feature selection technique for predicting heart disease. This author has
done a comparative analysis of ML algorithms such as c4.5 classifier,
Classification-Regression Tree, SVM, Iterative Dichotomiser 3, K-NN,
Multi-layer perceptron (MLP), Naive bayes, Logistic regression models,
and feature selection methods like reliefF, Forward-logit, Backward-
logit, Fisher filtering. This model uses a Statlog heart disease dataset
which is a publicly available dataset. A computer-aided heart disease
diagnosis system is built using a combination of feature selection and
classification algorithms in this model. Based on the comparative

analysis outcomes, a SVM with a linear kernel is suggested as the
best classification model when combined with the reliefF feature
selection method. This model indicates that Linear kernel SVM with
ReliefF feature selection algorithm is more efficient at predicting heart
disease, with an accuracy of 84.81 percent.

Thippa Reddy et al. [11] developed an automated heart disease
prediction model using a firefly and BAT swarm intelligence-based
OFBAT-RBFL algorithm. This model focuses on three publicly
accessible heart study datasets from the UCI machine learning
repository: Hungarian, Cleveland, and Switzerland. The Fuzzy logic
model is used to make a classification model by generating fuzzy
system rules using the selected features. Then OFBAT algorithm is
applied for selecting relevant fuzzy rules, enhance the performance
of the prediction model, and optimizing the output rules of the fuzzy
logic system. The outcome of the experiment indicates that the RBFL
algorithm outperforms the existing ML model by achieving 78 percent
accuracy.

This related study demonstrates how researchers have used feature
selection approaches and machine classifiers to develop an automated
heart disease diagnosis model. The motivation of this study is to
enhance the accuracy of the heart disease prediction model using
improved feature selection and machine learning classifier. The
following is the contribution of this suggested work: (1) Recursive
feature elimination algorithm is used to select a relevant feature of the
input dataset, (2) For building a heart disease decision-support system,
the ABGNB is proposed and used as a classifier.

III. PROPOSED METHODOLOGY

The proposed HDDSS has been developed using the RFE-ABGNB
methodology, which combines the recursive feature elimination
method (RFE) for identifying significant heart disease risk factors
with the adaptive boosted Gaussian Naive bayes (ABGNB) algorithm
for training and validating the HDDSS. The development of HDDSS
consists of two main stages: In the first stage, the recursive feature
elimination algorithm is applied to the UCI input dataset to determine
the optimal heart disease input features. In the second step, the proposed
ABGNB classifier train and validate the heart disease prediction model
using selected inputs from the RFE algorithm. The results obtained
from the ABGNB classification model are evaluated with other
machine learning (ML) models such as Naive bayes (NB), K-nearest
neighbor (K-NN), SVM, and Decision tree (DT). For measuring the
efficiency of the proposed model, different classification performance
metrics [12] were used, namely, Classifier Accuracy, Misclassification
rate, Sensitivity, Specificity, Precision, F-Score, Receiver operating
characteristic curve. This proposed system’s process flow diagram is
shown in Fig. 1.

A. Dataset Description

This work uses a Cleveland heart disease dataset from the UCI
repository; this is available online [13]. This dataset consists of data
about 303 individuals (303 samples), 13 heart disease predictors, and
one class attribute with binary outcomes as 1 (heart disease-Positive)
and 0 (heart disease-Negative). Heart Disease-Positive indicates
the patient has a heart disease problem, and heart disease-Negative
implies the patient has no heart disease. The input dataset contains
164 samples of the positive class and 139 samples of the negative class.
There are no missing values in this dataset.

B. Recursive Feature Elimination

Feature selection is one of the data preprocessing procedures for
identifying and selecting the features most associated with the output
variable. The feature selection step is necessary for this proposed

_30_



Regular Issue

UCI Heart disease

dataset

RFE algorithm

v

Dataset Splitting

[

.

[ Training set

.

Validation set for
hyperparameter
tuning

v

Model training
using ABGNB ‘

Test set for
model evaluation

classifier

v

Heart Disease Decision
Support System
(HDDSS)
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model for choosing relevant input features from the dataset by
dropping irrelevant, redundant, noisy features [14], [15]. Keeping
irrelevant features in our dataset may reduce the outcomes of the
machine learning model.

For feature selection, the proposed work uses recursive feature
elimination (RFE) [16]. The RFE algorithm is a recursive method to
find out the statistical significance of the features. The statistical
significance has calculated using criteria called hypothesis testing.

Hypothesis testing uses a p-value which is an observed significance
value of input feature and it is a probabilistic measure to evaluate the
hypothesis [17]. The statistical relationship exists between the input
and output feature if the p-value of an input feature is less than the
significance threshold (a). RFE uses 0.05 as the threshold value (@)
[18]. The RFE algorithm begins with the full feature set D, consisting
of input features p,, p,, ... p,,, and then recursively prunes irrelevant
features based on the hypothesis statement given in equations (1) &
(2) at each iteration until the p-value of features is smaller than the
threshold value (a). Fig. 2 depicts the steps of the RFE algorithm.

RFE uses two kinds of hypothesis called the null hypothesis and
alternate hypothesis for selecting optimal features of input dataset D_.
Statements of a null hypothesis and alternate hypothesis are explained
below:

Null Hypothesis: This hypothesis states that there is no relationship
between the selected input feature and output feature when the
p-value of the selected input feature is greater than or equal to the
threshold value. According to this assumption, the input feature with a
p-value greater than the threshold level is eliminated. In Equation (1),
this null hypothesis statement is given as:

Hy:p =«

1)

Alternative Hypothesis: This hypothesis states that a strong
relationship exists between the input feature and the output feature
when the p-value of the input feature is less than the threshold values.
According to this assumption, the input feature with a p-value lower
than the threshold level is selected. In the following Equation (2), the
alternative hypothesis is given as:

Hpyp<a )

Where H, is a Null Hypothesis, H_ is an Alternate Hypothesis, y is
a p-value of an input feature, and « is the threshold value. The RFE
algorithm utilizes logistic regression to find the p-value of the input
features to prove the alternative hypothesis claim by rejecting the null
hypothesis statement. Logistic regression uses a logit function that is
a form of statistical model [19] to determine the relationship between
the selected input features and the output features by measuring the
logarithm of odds as in Equation (3).

prob
) = Bo + Bip:

logit(p;) = lo (—
git(p;) = log T—prob )

Where prob is the probability of selected input features, p, is the
input feature, logistic regression parameters are § and f8,. Algorithm 1
illustrates the RFE algorithm.

Algorithm 1. Recursive Feature Elimination

Input: data set D_ which consists of N training samples D_ = ((p,, q,),
®, q,) - (P q,)) and p, € P; q, € Q are the corresponding class
labels of D_associated with p,. Value of Q € {1, 0}.

1: Assign Threshold value = 0.05.
2: State the Null Hypothesis and Alternate Hypothesis.

3: Load the dataset D_ with all input features.

4:

5: Reject the alternative hypothesis if the p-value of the selected

Calculate the p-value of each input feature using logit function.

input feature is greater than or equal to a, and remove that
feature from full feature set D_.

: Iterate the step 4-step 5 till getting the significant features with p-
value lower than a.

Output: D_, - Selected input features of D_for training and
validating the ABGNB classifier.

C. Classification Model Using Adaptive Boosted Gaussian Naive
Bayes Algorithm

Classification modeling is the next step in this proposed method.
This process starts with a target dataset, which contains relevant
input features obtained using the RFE algorithm. The dataset has been
divided into three segments: 80% data for the training phase, 10% for
the validation phase, and 10% for the testing phase. This classification
modeling has two stages, which are the model training phase and the
model validation phase. The ABGNB algorithm is needed to train the
HDDSS. The training phase entails developing an HDDSS via learning
the training algorithm (ABGNB) parameters and training dataset.
Model validation is the second phase of this classification model;
training results are evaluated during this phase using a validation
dataset for tuning the AGBNB classifier hyper-parameters for
improving efficiency and minimize the loss function of the ABGNB
classifier. A test set is used to evaluate the final prediction model’s
working capacity using different classifier performance metrics.

1. Training Phase of ABGNB Classifier

During the training phase, an HDDSS has been developed using an
ABGNB classifier. ABGNB is an ensemble of the Adaboost algorithm
and Gaussian naive bayes, which outperforms conventional machine
learning algorithms in prediction accuracy [20], [21]. The proposed
ABGNB classifier utilizes the Adaboost algorithm to improve the
prediction efficiency of the gaussian naive bayes classifier.

The Adaboost model has been trained with bootstrapped samples of
the training dataset and the gaussian naive bayes algorithm. Bootstrap
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Fig. 2. Workflow of Recursive Feature Elimination Algorithm.

sampling avoids overfitting and improves the performance of training
algorithms [22]. The Adaboost methodology aims to provide a correct
prediction for each training instance in each iteration by training the
gaussian naive Bayes classifier with differently weighted training
samples.

During the first iteration of the training process, all samples in the
training set are assigned the same weight, and the accuracy of the
training phase will be measured after the first iteration. The weight of
the misclassified samples is updated during the second iteration of the
training phase to motivate the incorrect prediction in the training set,
and the process continues for each iteration (s) of the training phase.
Consequently, the Adaboost classifier constructs a linear hypothesis
h,: P—Q by the ensemble of weak hypothesis generated in iteration s,.
The resulting linear hypothesis h, minimizes the misclassification rate
by correctly classifying the given sample p, according to the class label
q, Adaboost generates a final hypothesis by linearly combining the
weak hypothesis h,,h,, ... h \ for T steps and minimizing the weighted
error of all training samples.

In the ABGNB framework, Gaussian Naive Bayes (GNB) algorithm is
used as a base estimator in the Adaboost classifier to calculate the class
membership probability of an input sample (Prob(p, | q)) using Gaussian
probability density function which is given in the Equation (4).

1 _(pi-w?
GPDF (py, Uciassis Oclassi) = J—m exp 20° @)
So that Prob(p, | q) is calculated as in Equation (5)
Prob(p; | @) = GPDF (p;, tciassi» Ociassi) (5)

Where GPDF(p, i, ., 0,,.) is the gaussian probability density
function of an input sample p; 7 is the mathematical constant value,
o and p are the standard deviation and mean value of input features
for each class label, exp is the mathematical constant. u . is a mean
value of input features of each class label that can be calculated using
Equation (6).

N

Helassi = 1/N * Z Pi

i=1

(6)

Where N is the total training samples and p, is the input value of
training dataset D. 0, is a standard deviation value of each class
label that can be calculated using Equation (7).

(i —1)?
N

Oclassi =
@)

This ensemble of gaussian naive bayes and Adaboost classifier
(ABGNB) has more advantages as an increase in prediction accuracy
and reducing overfitting problem over traditional ML algorithms. Fig.3
shows the graphical illustration of the ABGNB classifier.

2. Hyperparameter Tuning Phase of ABGNB Classifier

It is a validation phase used for tuning the hyperparameters of the
ABGNB algorithm. The ABGNB hyperparameters are tuned using
the grid search optimizer [23]. This grid search optimizer selects the
best hyperparameter values from the hyperparameter search space.
Hyperparameters are parameters used by machine learning classifiers
to monitor and regulate the classifier’s learning process. Tuning
the hyperparameter of the classifier helps to improve the classifier
prediction accuracy [24]. Grid search builds and evaluates a model
for every combination of hyperparameters provided. Grid search finds
the best ABGNB hyperparameter from the hyperparameter search
space, and then the model is retrained with the new parameters. The
validation dataset is used to measure the model’s accuracy after the
hyperparameters are tuned.

The generic hyperparameter statement of ML classifiers are defined
below: Consider y as an ML algorithm with a M hyper-parameters
(H). The hyperparameter search space of ML classifier is denoted as
H=HH, X H,..xH,. A grid search method was used to optimize the
ABGNB classifier’s accuracy in this proposed HDDSS, as shown in
Equation (8).

ABGNB Perf = argmax, f(ABGNB,H, D,) ®)

Where ABGNB Perf returns the set of optimised hyperparameters
which maximise ABGNB classifier efficiency, H denotes the
hyperparameters of ABGNB classifier, D, denotes the validation
dataset, argmax, fis the grid search optimization function on ABGNB,
H, D, to maximise the accuracy score of training and hyperparameter
tuning phase. Algorithm 2 describes the steps of the ABGNB algorithm
in detail.

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS

The various experimental analysis is performed on the proposed
HDDSS to demonstrate the efficiency of the Adaptive Boosted
Gaussian Naive Bayes Classifier with Recursive Feature Elimination.

A. Characteristics of Input Dataset

The proposed ABGNB and other ML classifiers are trained and
validated using the UCI heart disease dataset. The characteristics of
the input dataset are specified in Table I. The input features of the UCI
dataset are mentioned in Table IL
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Algorithm 2. Adaptive boosted Gaussian Naive Bayes

ABGNB Input: Training data set D, which consists of N training

samples D =((p,,q,), (p,4,), - (P, q,)) and p,€ P; q,€ Q are
the corresponding class labels of D_associated with p,. Value of

Qe {1,0}.
ABGNB Parameters:

« base_learner: Gaussian Naive Bayes is used to train the Adaboost
Classifier.

« t=1,2,..., T iterations
« est_gnb:Number of weak learners to be generated in each iteration
+ Ir:learning rate

ABGNB Output: hypup (p) is a final hypothesis with improved
classification performance.

1: Load D= (P, 4,), (P 4,)» -+ (P 44))
2: Initialize weight of data sample (p):

1
w(p;) = N

for all p,i=1,2,.,N;Nisa total training samples
3:fort=1toTdo

4:  for est gnb=1to T do

5 Generate a vector r with initial weight w,

6: Apply bootstrap sampling on D, to create a subset called s

7 Calculate likelihood of feature subset using Gaussian
probability density function called GPDF(s, ,r)

8: Build weak hypothesis of gaussian naive bayes model
hypgnb (p) using majority voting scheme

9: endest gnb

10: Get Weak hypothesis hypgnb (p) — {1, 0} with error rate

sum(w; * terror(i))
ey =

sum(w;)

where e, is a weighted sum of an error rate, w, is the weight
for each training sample i, terror is the prediction error for training
sample I

11: Update the weight of incorrect samples for i = 1, 2, .., N in each
subset s _

Wi * exp (_awqihypgnb (pi))

Zw

Sm+1 @ =

where w, is the weight of specific training sample, z, is
the normalization constant; a, is the parameter to increase the
generalization of abgnb classifier

12: end for t
13: Output the final hypothesis hypop p):

T
14: Calculate training error of ABGNB using D, where D, is a
validation dataset;

hyDPop (P) = SIGN <Z AywhyPgnp (D)

1

15: Use grid search for selecting optimal hyperparameter of ABGNB
from hyperparameter search space and retrain the model with
optimized parameters.

16: If Validation error > Training error, Stop the retrain

17: Calculate performance of final model hypgp (p) using test dataset

TABLE 1. CHARACTERISTICS OF UCI HEART DISEASE DATASET

Number Number of
Dataset of input Classes in N;;::’T of
Attributes output attribute ples
dis(ejacsle}:iest:set 13 2 303
TABLE II. INpuT FEATURES OF UCI HEART DISEASE DATASET

S.No | Feature Code Description of features
1 AGE The individuals’ age
2 GEN The gender of an individual
3 Cp The chest pain type of an individual
4 RBP The resting blood pressure value
5 CHOL The serum cholesterol
6 FBS An individual’s fasting blood sugar value
7 RESTECG ECG resting value
8 MAXHR Maximum heart rate achieved
9 EIA Exercise included angina
10 OPK Old Peak Value
11 PESS Peak exercise ST segment
12 CF Number of major vessels colored by fluoroscopy
13 THAL The thalassemia

B. Performance Evaluation Measures of the Proposed Model

This HDDSS uses many classification performance metrics.
Almost all evaluation measures of this proposed work are based on
a Confusion matrix. This matrix assesses the classifier performance
via four components named True Positive (tp), True Negative (tn),
False Positive (fp), and False Negative (fin). True positive is a correctly
labeled positive sample, True negative are the correctly labeled
negative samples, False positive are falsely labeled negative samples,
and False Negative is falsely labeled positive sample. The components
of the confusion matrix (cm) have given in Equation (9) below.

tp fp
fn tn 9)

Equations (10)-(17) define seven classification measures for
evaluating the HDDSS model. Classifier Accuracy (Acc) is the overall
effectiveness of the classifier. Misclassification rate (MCR) is the total
number of incorrect predictions in the training sample. Sensitivity
(Sen) refers to the number of positives that were supposed to be
positive. Specificity (Spe) is the percentage of samples correctly labeled
as a negative compared to the total negative samples. The number of
true positives divided by the total number of true positives and false
positives equals precision (Pre). F- Score (FS) is the weighted harmonic
mean of the test’s sensitivity and precision.

-

tp +tn
c=——"—""—""+—
tp+tn+ fp+ fn (10)
+ fn
McR=—JPHIM
tp+tn+fp+fn (11)
t
Sen=—P
tp+fn (12)
s tn
pe=——
tn+ fp (13)
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Fig. 3. Graphical Representation of Adaptive Boosted Gaussian Naive Bayes Algorithm.

tp
e =——
tp+ fp (14)
FS = 2
TT1 1
Recall " Pre (15)

The recall is known as sensitivity in equation (15). The receiver
operating characteristic curve (ROC) has been evaluated using the
True positive rate (tpr) and false-positive rate (fpr). The best classifier
shows a ROC value of 1, and the worst classifier shows a ROC value
below 0.5. The equation of ROC has given below:

tpr = _tp

Pr=t+fn (16)
_fr

= v m 17)

C. Experimental Result of Recursive Feature Elimination

HDDSS uses the Recursive Feature Elimination (RFE) for selecting
the relevant input features for predicting heart disease. This algorithm
uses a threshold value (alpha value) of 0.05 to choose the relevant
input features of the heart disease dataset. The alpha value has been
compared to the p-value of the input feature. If the p-value of the input
attribute is less than the alpha value, then it is considered an optimal
feature for predicting heart disease, so RFE selects it; otherwise, it will
reject. Table III displays the p-values of the input features of the heart
disease dataset. This table illustrates how the RFE algorithm selects
optimal input features of the UCI heart disease dataset based on the
p-value of the input features.

REFE selected seven input features from the heart disease dataset for
classification modeling based on their p-values. Table IV displays the
selected input features of the input dataset based on the RFE.

TABLE III. THE RFE ALGORITHM SELECTS OPTIMAL INPUT FEATURES OF THE
UCI HEART DISEASE DATASET BASED ON THE P-VALUE OF THE INPUT FEATURES

Feature Compared with Select / Reject
Code p-value alpha -value (0.05) the Feature
AGE 0.832 Greater than alpha Rejected
GEN 0.000 Less than alpha Selected

CP 0.000 Less than alpha Selected
RBP 0.060 Greater than alpha Rejected
CHOL 0.221 Greater than alpha Rejected
FBS 0.947 Greater than alpha Rejected
RESTECG 0.181 Greater than alpha Rejected
MAXHR 0.026 Less than alpha Selected
EIA 0.017 Less than alpha Selected
OPK 0.012 Less than alpha Selected
PESS 0.098 Greater than alpha Rejected
CF 0.000 Less than alpha Selected
THAL 0.002 Less than alpha Selected

The efficiency of the proposed RFE feature selection algorithm has
been compared to other feature selection methods, such as sequential
forward selection (SFS) [25], sequential backward elimination (SBE)
[25], univariate feature selection (UFS) [26]. Table V shows the feature
selection parameters, such as the objective function and the number of
features selected, for different feature selection methods like RFE, SFS,
SBE, and UFS algorithms. All of the above feature selection methods
are used for choosing the best feature from a heart disease dataset,
and the selected attributes are utilized to build an HDDSS; Table
VI displays an output assessment of the RFE with other ML feature
selection methods. It is evident from Table VI that the suggested RFE
performs better than the other ML feature selection algorithms for the
UCI heart disease dataset.
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TABLE IV. OpTiMAL INPUT FEATURES OF A HEART DISEASE DATASET BASED
oN THE RFE ALGORITHM

Input features selected by RFE for developing
Dataset HDDSS
UCT heart disease GEN, CP, MAXHR, EIA, OPK, CF, THAL
dataset

TABLE V. PARAMETER SETTING OF VARIOUS MACHINE LEARNING FEATURE
SELECTION ALGORITHMS

Feature selection
Algorithm Parameter Value
Lo . Gini Index
Objective function
SFS Entropy
Number of features selected 7
Lo . Gini Index
Objective function
SBE Entropy
Number of features selected 7
UFS Objective function Chi-square
Number of features selected 7
Objective function LOgISt.l ¢
Proposed RFE regression
Number of features selected 7

TABLE VI. OutpuT ASSESSMENT OF THE RFE WiTH OTHER ML FEATURE
SELECTION METHODS FOR HEART DISEASE DATASET UTILIZING THE PROPOSED

ABGNB CLASSIFIER
Feature
. Acc | MCR | Sen | Spe | Pre FS | ROC
Selection
SFS +
.. 75.18 | 24.82 | 75.62 | 80.63 | 75.5 | 74.94 | 75.59
Gini Index
'Sl.3E+ 83.92 | 16.08 | 83.61 | 80.35 | 83.4 | 84.74 | 83.19
Gini Index
SFS + Entropy 80.49 | 19.51 | 80.3 | 83.46 | 80.63 79 80.32
SBE + Entropy 80.34 | 19.66 | 80.56 | 73.14 | 80.67 | 81.64 | 80.64
[.jFS+ 88.49 | 11.51 | 88.76 | 86.31 | 85.01 | 88.34 | 88.69
Chi-square
Proposed RFE 92.87 | 7.13 | 93.45 | 90.76 | 91.64 | 92.08 | 92.42

D. Experimental Result of Classification Modeling

In this phase, the selected input features of the heart disease dataset
fed into the ABGNB classifier along with the target feature. Repeated
10 x 5 stratified cross-validation is applied during the validation
process to build a generalized classifier on an independent dataset and
avoiding over-fitting problems. This process is where the 10-fold cross-
validation has been repeated five times, in which the data samples
being shuffled during each repetition, providing a different split of
the given data. The grid search optimizer then adjusts the ABGNB
classifier hyperparameters to improve the efficiency of the trained
model. The ABGNB classifier’s hyperparameter range is described in
Table VIL

The classification performance of the ABGNB classifier is compared
with other Machine Learning models, namely, Naive bayes (NB) [27],
K-Nearest neighbor (KNN) [28], Support vector machine (SVM) [29],
Decision tree (DT) [30]. Table VIII shows the output of the proposed
ABGNB classifier with other conventional ML classifiers on the heart
disease dataset before using the RFE algorithm.

Table IX shows the output of the proposed ABGNB classifier
compared to other ML classifiers on the heart disease dataset after
implementing the RFE feature selection method. It’s worth noting that
the proposed ABGNB classifier performs well on the heart disease
dataset and has a high accuracy score of 92.87%.

TABLE VII. HYPER PARAMETER SEARCH SPACE OF ABGNB CLASSIFIER

Proposed Hyper.paran.leter Selected Hyper
g Hyperparameter configuration parameters by
Classifier !
space grid search
No. of weak learner | [10, 50, 100, 500] 500
ABGNB Learnine rate [0.0001, 0.001, 0.01, 01
Classifier g 0.1, 1.0] :
Random state [50,30,40] 40

TABLE VIII. PERFORMANCE COMPARISON OF ABGNB CLASSIFIER WITH OTHER
ML ArLGoRITHMS ON HEART DISEASE DATASET BEFORE USING THE SUGGESTED
RECURSIVE FEATURE SELECTION

Classifier Acc | MCR | Sen Spe Pre ES ROC
NB 86.31 | 13.69 | 8052 | 93.31 | 9245 | 86.74 | 86.41
KNN 7523 | 24.77 | 80.41 | 7054 | 73.15 | 76.75 | 75.78
SVM 7042 | 29.58 | 87.27 | 53.97 | 6539 | 75.04 | 70.57
Decision Tree | 80.49 | 19.51 | 83.65 | 7648 | 78.17 | 81.37 | 8037
%‘g’;;d 90.12 | 9.88 | 87.56 | 93.14 | 93.45 | 90.67 | 90.47

TABLE IX. PERFORMANCE COMPARISON OF PROPOSED ABGNB CLASSIFIER
WrTH OTHER TyPicAL ML ALGORITHMS ON HEART DISEASE DATASET AFTER
APPLYING THE SUGGESTED RECURSIVE FEATURE SELECTION

Classifier Acc | MCR | Sen Spe Pre ES ROC
NB 905 | 95 | 85.86 | 9517 | 95.49 | 90.34 | 80.19
KNN 80.31 | 19.69 | 85.17 | 745 | 789 | 82.04 | 60.14
SVM 73.16 | 26.84 | 87.06 | 58.76 | 7037 | 77 | 48.37
Decision Tree | 79.24 | 20.76 | 70.46 | 86.27 | 8531 | 77.52 | 57.06
I:glg;;d 92.87 | 7.13 | 9345 | 90.76 | 91.64 | 92.08 | 84.67

Table X compares the performance of the proposed HDDSS to the
output of other heart disease prediction models. The purpose of this
analysis (Table X) is to show how the proposed classifier, the adaptive
boosted Gaussian Naive Bayes classifier, outperforms previous studies

in terms of prediction accuracy.

TABLE X. THE OuTPUT OF THE PROPOSED HDDSS COMPARED TO OTHER
HEeART D1SEASE PREDICTION MODELS OUTPUT

Author(s) Year Method nghes.t
Accuracy (in %)
Hag et al. [5] 2018 Relief + Logistic 89
Regression
Best first search +
Otoom et al. [6] 2015 BayesNet 84.5
Mohan etal [7] | 2019 | Tybridrandom forest 88.7
with a linear model
Li, Jian Ping et al [8] | 2020 FCMIM -SVM 92.37
Learning vector
Chen et al. [9] 2011 quantization 80
. Linear kernel SVM +
Hidayet et al. [10] 2018 ReliefF 84.81
Thippa Reddy et al. Rule Based Fuzzy Logic
(1] 2017 Model 78
David et al. [31] 2018 Random Forest 81
Das et al. [32] 2020 K-NN 86.84
Apurv Garg et al. [33] | 2021 K-NN 86.88
Proposed Method - RFE + ABGNB 92.87
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E. Discussions

The proposed research aimed to demonstrate that the RFE and
ABGNB classifiers could reliably predict heart disease. The RFE is being
used to select relevant input features from the heart disease dataset.
RFE selects optimal features using the p-value of an input feature. Table
IIT shows how the p-value of the input feature is utilized to choose
the best input features. RFE selected seven relevant input features for
building the proposed HDDSS, as shown in Table IV. The efficiency of
the RFE has been compared to that of other feature selection methods
such as sequential forward, sequential backward, and univariate feature
selection in the proposed framework. The performance of these feature
selection methods has been illustrated in Table VI. Table VI shows that
the RFE is the best feature selection procedure for the UCI heart disease
dataset, exceeding other feature selection strategies in identifying
the best features from the input dataset. RFE outperformed other ML
feature selection methods in terms of recall, precision, F-score, and ROC
shows, resulting in improved classification performance. HDDSS has
been developed using the proposed ABGNB classifier with the relevant
input features and the target feature. The performance of the ABGNB
has been compared to that of other machine learning models such as
naive Bayes, KNN, SVM, and Decision tree classifiers. Tables VIII and
IX illustrate that the proposed ABGNB classifier outperforms other ML
classifiers before and after using the suggested RFE approach on the
heart disease dataset. The prediction accuracy of the ABGNB algorithm
was 90.12 percent before using the RFE algorithm and 92.87 percent after
using the RFE algorithm, meaning that the RFE algorithm enhanced the
ABGNB algorithm’s prediction accuracy by 2 to 3 percentage points.
Table IX confirms that the ABGNB classifier has the best accuracy of
92.87 percent, meaning that ABGNB can differentiate between positive
and negative samples. Table IX also shows that the proposed ABGNB
classifier outperforms other ML classifiers on different performance
metrics for the heart disease dataset. Table X demonstrates that the
proposed heart disease prediction model (HDDSS) outperforms most
of the present literature for increasing prediction accuracy. According
to this study, the proposed HDDSS outperformed other heart disease
prediction models and is suitable for assessing the risk of heart disease
in a patient.

V. CONCLUSION

This research aims to build an enhanced heart disease decision-
support system for the prediction of heart disease. This automated
diagnosis system has been experimented on the UCI heart disease
dataset. This proposed HDDSS utilizes the Recursive feature
elimination method for selecting the most relevant input features of
the heart disease dataset. The ABGNB classifier ensembled with a grid
search optimizer for enhancing the prediction accuracy of HDDSS.
The experiment result illustrates that the RFE+ABGNB method gives
better performance than other compared ML models on the heart
disease dataset. This suggested method achieves 92.87% prediction
accuracy with 93.45% sensitivity on the UCI heart disease dataset. The
analysis of the proposed system showed that the proposed ABGNB
with recursive feature elimination provides better heart disease
prediction performance on the UCI heart disease dataset. The proposed
model’s efficiency can be improved even more using an automated
regularization technique.
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ABSTRACT KEYWORDS
The lung is a vital organ in human physiology and disease in lung causes various health issues. The acute Algorithms,

disease in lung is a medical emergency and hence several methods are developed and implemented to detect
the lung abnormality. Tuberculosis (TB) is one of the common lung disease and premature diagnosis and
treatment is necessary to cure the disease with appropriate medication. Clinical level assessment of TB is
commonly performed with chest radiographs (X-ray) and the recorded images are then examined to identify
TB and its harshness. This research proposes a TB detection framework using integrated optimal deep and
handcrafted features. The different stages of this work include (i) X-ray collection and processing, (ii) Pre-
trained Deep-Learning (PDL) scheme-based feature mining, (iii) Feature extraction with Local Binary Pattern
(LBP) and Discrete Wavelet Transform (DWT), (iv) Feature optimization with Firefly-Algorithm, (v) Feature
ranking and serial concatenation, and (vi) Classification by means of a 5-fold cross confirmation. The result
of this study validates that, the ResNet18 scheme helps to achieve a better accuracy with SoftMax (95.2%)
classifier and Decision Tree Classifier (99%) with deep and concatenated features, respectively. Further, overall

Classification, Deep
Learning, Radiographs
Tuberculosis.

performance of Decision Tree is better compared to other classifiers.

I. INTRODUCTION

UNGS are one of the chief internal organs in human physiology

and infectious and acute disease in the lung will always lead to a
medical emergency. Even though several preventive actions are taken,
the occurrence rate of the infectious disease is steadily increasing due
to different causes and appropriate recognition and treatment will
help in reducing the impact of the syndrome and its spread.

An infection in the lungs will cause a severe respiratory problemand
untreated lung disease causes increased morbidity and mortality.
Tuberculosis (TB) is a communicable disease in the lungs, which
causes a severe diagnostic burden globally. The occurrence rate of TB
in a person is closely associated with the immune system and a weaker
immune system will increase the chance of having TB [1] - [4].

TB is a communicable illness, which is initiated by a bacteria named
Mycobacterium-Tuberculosis and the bacteria will spread through the

* Corresponding author.

E-mail address: pablo.moreno@unir.net

DOI: 10.9781/ijimai.2023.05.004

air from an infected person. The discussion by Zaman [5] points to
TB as one of the earliest diseases in mankind and along with the lung,
it will affect sensitive organs, such as the brain, kidneys, spine, and
intestines. TB easily affects people having a lower immune system and
the happening rate of TB is progressively raising in low- and middle-
income countries and causes a severe diagnostic burden. The report
of World-Health-Organization (WHO) lists TB among one of the
top 10 causes of death and hence several awareness and vaccination
programs are regularly conducted to reduce TB. This report points out
that, around 10 million global populations are infected with TB and
this infection is small in children (12%) compared to adults and the
elderly. Further, TB is found more in men (56%) compared to women
(32%) and appropriate prevention and medication are necessary to
control the occurrence rate and spread of TB [6].

The infection level of TB in a person is primarily tested using; (i) TB
skin test and (ii) TB blood test [7], [8]. When the above tests confirm
the risk of TB, the person is then diagnosed with bio-medical imaging
procedures, such as Computed-Tomography (CT) scan and Chest
Radiograph (X-ray) scan. Chest X-ray is widely preferred in detecting
TB infection compared to CT because of its simplicity, reputation, and
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cost. The recorded X-ray slices are then inspected by an experienced
pulmonologist and based on the detected infection score; the doctor
will plan for necessary medication/treatment to cure the patient. In
recent years computerized diagnostic procedures are widely employed
to support doctors in detection, decision making, and treatment
planning processes. Further, the employment of Artificial Intelligence
(AI) and Deep-Learning (DL) schemes helped in increasing the
diagnostic accuracy and speed of computerized methods employed in
hospitals [9]-[11].

The recent literature confirms the implementation of pre-trained/
customary Deep-Learning-Procedure (DLP) to detect disease in various
bio-medical image modalities [12]-[14]. Pre-trained schemes are widely
employed due to their simplicity, readiness, and adaptability and a
number of X-ray detection with pre-trained DLP confirmed its merit in
accurately detecting the disease with appropriate clinical significance.

This research aims to develop a TB detection framework to inspect
X-ray slices with improved accuracy. The proposed scheme consists
of the following phases: (i) Image collection and initial processing, (ii)
Employment of DLP to mine the deep features, (iii) Image enhancement
and feature extraction using weighted Local Binary Pattern (LBP)
and Discrete Wavelet Transform (DWT), (iv) Feature optimization
using Firefly-Algorithm (FA), (v) Feature ranking and serial feature
concatenation and (vi) Binary classification and validation.

This framework considered pre-trained DLP, such as AlexNet,
VGG16, VGG19, ResNetl8, ResNet50 and ResNet101 for the
demonstration [15]-[18]. An experimental investigation is performed
using X-ray images considered in the research work of Rahman et al.
[19] and this experimental investigation confirms that ResNet18 with
SoftMax helped to get better TB detection accuracy (95.2%) with deep
features. Further, the ResNet18 scheme executed with a Decision Tree
(DT) classifier helped to achieve a TB detection accuracy of 99% with
integrated deep, LBP and DWT features. This research confirms that
the pre-trained ResNet18 along with the proposed features helped to
acquire an improved TB screening on the adopted image datasets.

The main contributions of this research include:
(i) Assessment of pre-trained DLP on chosen image database
(ii) Firefly algorithm supported feature optimization

(iii) Validating the significance of the proposed technique with similar
existing works.

The remaining sections of this study are structured as follows:
Section II presents the motivation behind this research, Sections III
and IV present the context and methodology. Section V presents
experimental results and discussions, and the conclusion of our
research is presented in Section VI.

II. MOTIVATION

In the literature, a considerable amount of TB screening measures is
presented using pre-trained/customary DLP and every method helps
to get an appropriate result.

The proposed research is motivated by the recent works of Rahman
etal. [19] and Rajakumar et al. [20] who invented a pre-trained DLP to
examine the TB in X-ray images and attained considerable accuracy.
Particularly, the work of Rahman et al. [19] presented two schemes;
(i) Without segmentation and (ii) With segmentation and the overall
detection performance of the TB detection framework is claimed to be
superior compared to alternatives.

Employment of Convolutional Neural Network (CNN) segmentation
and classification is a challenging as well as computationally complex
task even though the pre-trained CNN schemes are adopted. The recent
literature claims that the integration of the deep and handcrafted

features helps to achieve better disease detection irrespective of the
image modalities [21].

Hence, in this research, a Disease Detection Framework (DDF) is
proposed to improve TB detection accuracy using pre-trained DLP
with integrated features.

III. RELATED WORK

The development of clinically significant DDF is necessary for
accurate recognition and analysis of TB from X-ray images. In the
literature, a number of DDF are presented using various Al and DLP
techniques to recognize TB.

TB detection with a chosen AI/DLP involves in; clinical grade
image collection and processing, DDF implementation for disease
diagnosis, sharing the findings to the pulmonologist for decision
making, treatment implementation and curing the patient. In this
work, DDF development and implementation play a major role in
automatic TB detection systems and the findings of this scheme can
also be preserved to create disease models to improve the TB diagnosis
process. Some chosen earlier DDFs proposed to identify the TB in
X-ray are summarized in Table L

TABLE 1. OUTLINE OF RECENT TB DETECTION METHODS USING X-RAY

Reference Procedure Database Findings
Afzali et al. Contouf—supported shape Montgomery Accuracy
[22] descriptor method to dataset [23] 02.86%
distinguish the TB in X-ray '
Hijazi et al. Integra‘téd Canny edge Montgomery Accuracy
[24] recognition and DLP is and Shenzhen 80.77%
discussed to detect TB. datasets [23] '
DLP with seven
convolutional and three fully =~ Montgomery
I{’;I()éasjet connected layers is employed and Shenzhen A;:l;rga;y
’ to detect TB and achieved datasets [23] o
94.73% overall accuracy.
Rahman et Im.plementa'tlon of DLP IEEE-Dataport Accuracy
with and without lung
al. [19] L [26] 96.47%
segmentation is discussed.
A dual deep scheme with Montgomer Accuracy
Rajakumar integrated VGG16 and and S}%enzhe}; 98.60%
etal. [20] VGG19 is presented to detect datasets [23] (with CNN
the TB in X-ray pictures. ’ segmentation)
. Detection of TB using Montgomery
R;)lh 1[1;'(;]6 t AlexNet and VGG16 are and Shenzhen A;;l;rsa;y
' presented. datasets [23] o
VGG-UNet based joint
segmentation and
Kadry et classification using deep IEEE-Dataport Accuracy
al. [28] and handcrafted features [26] 99.22%
optimized with spotted
hyena algorithm.
Ramyaet  VGG19 based TB detection  IEEE-Dataport Accuracy
al. [29] using seagull-algorithm. [26] 98.62%

Earlier works in the literature implemented customary/pre-trained
DLP to inspect the X-ray imagery related to TB using Montgomery
dataset [23], Shenzhen dataset [23] and IEEE-Dataport [26] and every
method discussed its merit on the considered database. The work
of Kadry et al. [28] implements VGG-UNet scheme and achieves
a detection accuracy of 99.22%. This approach is complex and time
consuming compared to the proposed work, since it implemented
segmentation and the classification task. The proposed research
initially implemented the pre-trained DLP and tested its performance
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using SoftMax with a 5-fold cross-validation and confirmed that the
ResNet18 provides better accuracy on the considered database.

After confirming the performance with deep features, the
handcrafted features like LBP and DWT are then extracted from the
test images and are then reduced using the FA. The reduced deep,
LBP and DWT features are then successively concatenated, and the
obtained feature vector is then considered to test the performance of
the proposed DDF with SoftMax and other binary classifiers found in
the literature [30]-[33].

The experimental outcome of this research confirms that ResNet18
with DT offers better TB detection compared to other methods.

IV. METHODOLOGY

Computerized disease screening is widely preferred in hospitals to
decrease the investigative burden of doctors [34]-[36]. In most cases,
computerized approaches are operated by skilled workers under the
supervision of the doctors and the result (report) generated by the
computer algorithm is shared with the doctor along with the patient
information [37]-[39]. The doctor verifies the report and plans the
necessary treatment procedure for the patient.

This work proposes a DLP-based DDF to distinguish TB in X-ray
images and to improve TB detection accuracy, the image enhancement
methods, such as LBP and DWT are adopted and integrated with the
DLP. Fig. 1 depicts the basic framework proposed to examine the
X-ray images of normal and TB class using the pre-trained ResNet18
scheme. Implementation of the pre-trained DLP-based TB detection
is implemented using Python® software and other works, such as
feature extraction (LBP and DWT) and FA-based optimization are
implemented in Matlab® and the outcomes are then evaluated in
Python’s workspace.
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Fig. 1. TB detection framework with ResNet18.

In this work, the required test images of Normal/TB class are
collected from the benchmark datasets, and then every image is
resized to 230x230x3 pixels. After the resizing, the test image database
is separated into two sections, forming training and validation sets.
The training set is initially considered to train the pre-trained models
with a chosen image dimension (227x227x3 pixels for AlexNet and
224x224x3 pixels for the remaining DLP).

After the training, the performance of DDF is then verified using
the validation images with a 5-fold cross-validation process and the
necessary metrics, such as Accuracy (ACC), Misclassification (MIC),
Precision (PRE), Sensitivity (SEN), Specificity (SPE), F1-Score (F1S)
and Negative Predictive Value (NPV). Initially, the performance of the
proposed scheme is tested using SoftMax and then, other well-known
classifiers, such as Naive-Bayes (NB), Linear-Discriminant analysis
(LD), Decision-Tree (DT), Random-Forest (RF), K-Nearest Neighbor
(KNN) and linear kernel Support-Vector-Machine (SVM) are considered.

This procedure is initially implemented using only the deep features
and then repeated using FA optimized Deep, LBP and DWT feature set
and the results are presented and discussed.

A. Image Database

The necessary test images for this research are acquired from the
dataset by Rahman et al. [19] found in [26]. It consists of 7000 images
(3500 TB and 3500 normal) of high clinical grade.

In this work, the test images which are having cropped sections are
ignored and only 5000 images (2500 TB and 2500 normal) alone are
considered for experimental investigation.

Before using the test images, every image is resized into 230x230x3
pixels, in which 90% (2250 images) images are considered for training
the DLP and 10% (250 images) are utilized for validation. Further, the
combined training and validation images are considered to test the
performance of this scheme with 5-fold cross validation to prevent
overfitting. Some sample test images of the dataset considered in this
work are presented in Fig. 2.

Normal

Tuberculosis

Fig. 2. Sample test images representing the normal and TB class X-ray.

B. Deep-Learning Procedure

Implementation of pre-trained/customary DLP is widely adopted to
examine the clinical images recorded with a range of modalities and
the DLP developed for a particular modality will work well on other
modalities when it is trained with the new database of interest.

Developing and implementing a customary DLP is computationally
complex, and it needs a considerable number of images to test and
validate the performance. Hence, pre-trained DLPs are widely adopted
to screen the medical images recorded with varied modalities. The
conventional pre-trained DLPs are trained with the ImageNet database
and a transfer-learning methodology helps to implement these
schemes towards the new medical dataset which is to be examined.

In the proposed research, the pre-trained schemes, such as AlexNet,
VGG16, VGG19, ResNet18, ResNet50 and ResNet101 are considered
to categorize the considered X-ray image dataset into Normal/TB
class. Initially, the performance of these DLPs is tested using SoftMax
classifiers and the attained outcome confirms that the ResNet18 helped
to get a better accuracy compared to other methods.

Table II presents the information regarding the DLPs and their
network parameters considered in this study. To implement a fair
assessment, every network is assigned with similar parameters and the
classification accuracy alone is adopted as the performance evaluation
metric. In every image case, data augmentation is employed using;
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TABLE II. THE IN1TIAL PARAMETERS FOR THE CONSIDERED DLP

Parameter AlexNet VGG16 VGG19 ResNet18 ResNet50 ResNet101
Initial weights Imagenet Imagenet Imagenet Imagenet Imagenet Imagenet
Epochs 100 100 100 100 100 100
Optimizer Adam Adam Adam Adam Adam Adam
Pooling Average Average Average Average Average Average
Hidden-layer activation Relu Relu Relu Relu Relu Relu
Classifier activation Sigmoid Sigmoid Sigmoid Sigmoid Sigmoid Sigmoid
Training data 2250 2250 2250 2250 2250 2250
Validation data 250 250 250 250 250 250
Total features 1000 1000 1000 1000 1000 1000
horizontal flip, vertical flip, rotation=20°, zoom=0.2, width shift=0.2, LBPy, (1xs59) = W4(1,1)' W4(1,2)""* W4(1,59) (4)

height shift=0.2, and shear range=0.1.

These images help the DLP to understand the information in the
test pictures appropriately.

The ResNet18 has a simple structure compared to its variants and
in the proposed work, this scheme helped to get better classification
accuracy and therefore this architecture was considered to detect TB
using deep and integrated deep, LBP and DWT features.

C. Handcrafted Features

The performance of automatic medical image examination is
monitored by the features extracted from the test images considered
for the assessment.

These features represent the technical information existing in
the images and play a vital role in automatic segmentation and
classification tasks in machine learning as well as DLP. The choice
of a particular feature extraction procedure depends on; (i) Image
modality, (ii) Methodology and (iii) Insight obtained from earlier
literature. The previous works in the literature verify the use of LBP
and DWT features to examine a class of images [40],[28],[29].

1. Weighted Local Binary Pattern

If LBP is an approved technique to mine the pixel level information
from grayscale images and every LBP-treated image will help to get
a one-dimensional feature vector of size 1x1x59. Recent procedures
considered the LBP technique to mine the features from the normal/
disease class images and in this work, the LBP of varied weights (W=
1 to 4) discussed in Gudigar et al. [40] is considered.

Fig. 3 presents the weighted LBP enhanced TB class X-ray image
and Fig 3(a) to (d) presents the images enhanced with various weights.
Every X-ray picture is treated with this technique with chosen weights
and the necessary features of size 1x1x236 are mined.

For the normal class X-ray images, approximately similar results
are obtained. Other information related to the LBP features can be
found in [16].

(a) W=1 (b) W=2 (c) W=3 (d) W=4

Fig. 3. Weighted LBP treated TB class X-ray pictures for W=1 to 4.

The LBP features of this study can be found below:
LBPy, (1x59) = Wl(1,1)'W1(1,2)"'"W1(1,59) 1)

LBPy, (1x59) = Way.19 Waa2y - Waa 59 @

LBPy; (1xs9) = W3(1,1)' W3(1,z)' s W3(1,59) (3)

LBProtar (1x236) — LBPW1 (1x59) T LBPWZ (1x59) T
LBPW3 (1x59) + LBPW4 (1x59) (5)

Eqns. (1) to (4) present the features extracted for W=1 to 4
respectively and Eqn. (5) presents the arithmetic sum of total features
extracted from all four images

2. Discrete Wavelet Transform

The concept of DWT-based feature extraction is one of the most
widely adopted techniques and in this method, the chosen test image
(RGB/grayscale) is divided into 4 sections, such as approximate- (LL),
vertical- (LH), horizontal- (HL) and diagonal-coefficients (HH) and
from every picture, necessary features are extracted as discussed in
the work of Mirniaharikandehei et al. [41].

This work pointed out the essential 13 features to be extracted from
the DWT treated images (contrast, correlation, energy, homogeneity,
mean, standard-deviation, entropy, root-mean-square-level, variance,
smoothness, kurtosis, skewness, and inverse-difference-moment) as
discussed in the earlier research.
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Fig. 4. Normal/TB class X-ray images enhanced with DWT approach.

Fig. 4 presents the DWT enhanced X-ray images and in this work,
Jet colour map is considered to differentiate the normal and TB class
pictures. Fig 4(a) presents the normal image and Fig 4(b) denotes the
image with TB infection. The test image of size 224x224x3 pixels
is divided into 4 equal sub-sections with a dimension of 112x112x3
pixels which gives a total feature vector of 1x1x52 (13 features x 4 sub-
sections= 52 features).

The DWT features obtained from all 4 image sections are presented
below;

DWT,, (1x13) = LL(1,1):LL(l,z):---rLL(1,13) (6)
DWT.y (1x13) = LH(1,1):LH(1,2)'---:LH(1,13) (7)
DWTy, (1x13) = HL(1,1)'HL(1,2)' veey HL(1,13) (8)
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DWTyy (1x13) = HH(1,1y, HH(1,2y, - - -, HH(1 13y 9)

DWTrotar (1x52) = LL(1x13) + LH(1x13) +HL (1x13) + HH(1><13) (1())

Eqns. (6) to (9) present the features extracted in LL, LH, HL and HH
respectively, and Eqn. (10) presents the arithmetic sum of total features.

D. Firefly Algorithm-Based Feature Optimization

Feature reduction with a preferred statistical/heuristic scheme
is commonly adopted in automatic data assessment to reduce the
over-fitting problem and implementation of conventional statistical
procedure (Student’s t-test) is commonly adopted in the literature to
reduce the features in medical data assessment [15]. Along with the
statistical method, heuristic algorithm-supported feature selection is
also widely considered by researchers to select the optimal feature set.

In this work, the Brownian-walk Firefly Algorithm (BFA) is
employed to select optimal values of deep, LBP and DWT features and
after the selection, serial integration of features is employed to form a
new 1D feature vector of reduced size.

BFA is an improved form of FA, in which the search process is
monitored by a slow and steady Brownian-walk operator [42]. When
this scheme is implemented, the agents (artificial fireflies) are allowed
to slowly explore the normal/TB class features and select the features
whose Hamming-Distance (HD) is large.

Fig. 5 presents the feature selection procedure using the BFA and
this technique helps to reduce the original features (F & F') of Normal/
TB class image into a reduced set (S) using HD' (F & F') as the
objective value. This procedure helped to reduce the deep, LBP and
DWT features to an optimal value and the workflow of this technique
is presented in Fig. 6 shows the implementation of the proposed
scheme to optimize the Deep/LBP/DWT features.

v

Initialize the Firefly Algorithm
with necessary parameters

v

Collect the raw features
(Deep, LBP, DWT)

v

Employ the FA optimization
and reduce the features

v

No

Is Hamming Distance
is maximum?

¢ Yes

Use reduced features to get the
concatenated 1D feature vector

v

Fig. 5. Feature selection with BFA — Flowchart.

In this work, the initial parameters for the BFA are allocated as;
number of agents=30, search operator=Brownian motion, monitoring
parameter=maximization of HD and number of iterations (Iter, )=
1000. The search will be stopped after finding the necessary feature
vector from the chosen features and in this work, the optimized values
of the features of each case are presented in Eqns. (11) to (13).

Optimized features

[5]eco[s]

Brownian-walk Firefly Algorithm
HD, . (F F)
|

(Computing “Hamming Distan¢e”
between Normal/TB set) |

|
| | |
1 ‘ Tuberculosis ‘

Fig. 6. Feature optimization with BFA - Flowchart.

S Net18peep (1xa14) = De€p(y,1y, Deep(y 2y, ..., Deep(ya1a) (11)
LBP(1xg3) = LBP(1,1), LBP(4,3), ..., LBPP(4 83, (12)
DWTyy (1x13) = HH(1,1)'HH(1,2)'---'HH(1,13) (13)
Concatenated Features ixsssy = S Net18peep(1xa1a) +

LBP(1xg3) + DWT(1x36) (14)

Eqns. (11) to (13) present the BFA selected features of Deep, LBP
and DWT and all these features are then serially combined to get a
new feature vector as presented in Eqn. (14). This feature vector is
then adopted to train and confirm the binary classifiers.

E. Performance Validation

The merit of the proposed TB detection framework is tested and
authorized using the well-known binary classifiers, such as SoftMax,
NB, LD, DT, RF, KNN ad SVM and the necessary information
about these techniques can be obtained from [17]-[20]. During the
performance evaluation, the necessary metrics, such as ACC, MIC,
PRE, SEN, SPE, F1S and NPV are computed and based on these values;
the merit of the proposed DDF is verified.

The mathematical expressions of these metrics are presented in
Eqns. (15) to (21) [16], [4], [43]:

ACC = % (15)
MIC =1 - ACC (16)
PRE = —"— a”)
SEN = ——— (19)
SPE = TNTJerFP (19)
FIS = oty (20)
NPV = TNT-iI—VFN (21)

where FP, FN, TP, and TN represents false-positive, false-negative,
true-positive, and true-negative, respectively.

V. EXPERIMENTAL RESULTS AND DISCUSSION

This part of the work reveals the investigational result achieved
by the proposed DDF and this scheme is implemented using a
workstation of; Intel i5 2.5 GHz CPU with 16GB RAM and 4GB VRAM
and equipped with Python®.

In this work, 2500 images of Normal/TB class images are considered
for the assessment, in which 90% of images (2250) are considered for
the training and 10% images (250) are used for the validation process.
During the deep-feature supported classification with a 5-fold cross-
validation, SoftMax based binary-classification is implemented and
the attained performance metrics are evaluated.
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The experimental outcome confirms that ResNet18 combined with
the SoftMax helps to achieve a classification accuracy of >95%, which
is better compared to other DLP adopted in this study. Due to its
performance, the ResNet18 scheme is then considered to construct the
necessary DDF to examine the X-ray pictures.

ResNet18 consists of four separate levels as presented in Fig. 1 and
each layer learns based on the information available in the images.
The learned pixel information obtained from all these four levels is
presented in Fig. 7, in which Fig. 7(a) to (d) represents the outcomes
of levels 1 to 4, respectively. The final level result is then connected
to the fully connected layer, which then presents a 1D learned (deep)
features with size 1x1x1000.

(a) Levell (8x8) (b) Level2 (10x12)

(c) Level3 (16x16) (d) Level4 (22x23)

Fig. 7. Various convolutional-layer outcomes of ResNet18.

This feature is initially employed to train and authorize the SoftMax
classifier existing in the DLP, and the attained results are presented in
Fig. 8 and Table III. Fig. 8(a) and (b) present the accuracy and loss
value achieved for the ResNet18 scheme and Fig. 7(c) and (d) depict
the confusion matrix and the Receiver Operating Characteristic (ROC)
curve (p-value >0.981) achieved with SoftMax.
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Fig. 8. Classification results achieved with ResNet18 with SoftMax.

In this work, a 5-fold cross-validation is considered, and the best
result is selected as presented in Table IV. In this table, Fold5 presents
the best accuracy compared to other folds. Table IIl and IV values
are graphically compared as presented in Fig. 9 (spider-plot). Fig 9(a)
confirms the merit of ResNet18 and Fig. 9(b) verifies the merit of
considered validation (Fold5).

TABLE IIIl. EXPERIMENTAL CROSS-VALIDATION OUTCOME OBTAINED FOR
Various DLP WiTH SoFTMAX

Method TP FN TN FP ACC MIC PRE SEN SPE Fi1S° NPV

AlexNet 237 14 238 11 0.9500 0.0500 0.9556 0.9442 0.9558 0.9499 0.9444

VGG16 238 10 236 16 0.9480 0.0520 0.9370 0.9597 0.9365 0.9482 0.9593
VGG19 239 11 236 14 0.9500 0.0500 0.9447 0.9560 0.9440 0.9503 0.9555
ResNet18 233 11 243 13 0.9520 0.0480 0.9472 0.9549 0.9492 0.9510 0.9567
ResNet50 233 11 242 14 0.9500 0.0500 0.9433 0.9549 0.9453 0.9491 0.9565

ResNet101 232 12 242 14 0.9480 0.0520 0.9431 0.9508 0.9453 0.9469 0.9528

Accuracy
10

Negative Predictive Value
& Misclasification

Fold1
Fold2
Fold3
Fold4
Fold5

F1-Score 1 Precision

Specificity

Sensitivity

(b) Spider-Plot for 5-fold cross validation of ResNet18 with SoftMax

Fig. 9. Spider plot demonstration of various DLP outcomes with SoftMax.
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TABLE V. 5-FoLp Cross-VALIDATION REsULT OF RESNET18 WITH SOFTMAX

Features Classifier TP FN TN FP ACC MIC PRE SEN SPE F18® NPV
SoftMax 233 11 243 13 0.9520 0.0480 0.9472 0.9549 0.9492 0.9510 0.9567

NB 240 10 241 9 0.9620 0.0380 0.9639 0.9600 0.9640 0.9619 0.9602

LD 238 12 243 7 0.9620 0.0380 0.9714 0.9520 0.9720 0.9616 0.9529

Deep features DT 238 8 244 10 0.9640 0.0360 0.9597 0.9675 0.9606 0.9636 0.9683
RF 234 14 241 11 0.9500 0.0500 0.9551 0.9435 0.9563 0.9493 0.9451

KNN 239 12 240 9 0.9580 0.0420 0.9637 0.9522 0.9639 0.9579 0.9524

SVM 242 7 237 14 0.9580 0.0420 0.9453 0.9719 0.9442 0.9584 0.9713

SoftMax 252 1 234 13 0.9720 0.0280 0.9509 0.9960 0.9474 0.9730 0.9957

NB 245 7 241 7 0.9720 0.0280 0.9722 0.9722 0.9718 0.9722 0.9718

LD 251 3 239 7 0.9800 0.0200 0.9729 0.9882 0.9715 0.9805 0.9876

Deep + LBP + DWT DT 249 3 246 2 0.9900 0.0100 0.9920 0.9881 0.9919 0.9901 0.9880
RF 248 5 240 7 0.9760 0.0240 0.9725 0.9802 0.9717 0.9764 0.9796

KNN 246 2 243 9 0.9780 0.0220 0.9647 0.9919 0.9643 0.9781 0.9918

SVM 243 5 248 4 0.9820 0.0180 0.9838 0.9798 0.9841 0.9818 0.9802

RF

SVM

(a) Performance with deep-features

(b) Performance with FA optimized Deep+LBP+DWT

Fig. 10. Glyph-plot comparison of the performance of ResNet18 for various classifiers with deep and integrated features.

TABLE IV. 5-FoLb CroSs-VALIDATION RESULT OF RESNET18 WITH SOFTMAX

Method TP FN TN FP ACC MIC PRE SEN SPE Fi1S' NPV

Fold1 237 14 238 11 0.9500 0.0500 0.9556 0.9442 0.9558 0.9499 0.9444

Fold2 238 10 236 16 0.9480 0.0520 0.9370 0.9597 0.9365 0.9482 0.9593
Fold3 239 11 236 14 0.9500 0.0500 0.9447 0.9560 0.9440 0.9503 0.9555
Fold4 233 11 243 13 0.9520 0.0480 0.9472 0.9549 0.9492 0.9510 0.9567
Folds 233 11 242 14 0.9500 0.0500 0.9433 0.9549 0.9453 0.9491 0.9565

Foldl 935 12 242 14 0.9480 0.0520 0.9431 0.9508 0.9453 0.9469 0.9528

The achieved result of this experiment confirms that the deep
feature-based classification helped to get an accuracy >on95% with
SoftMax. To verify other classifiers’ merit, this experiment is repeated
using the deep features and the attained results are then compared and
in Table V and Fig. 10. Fig 10(a) verifies that the binary classification
with the DT helps to get better accuracy (>96%) on the considered
X-ray picture dataset with deep feature.

In order to improve the accuracy further, the integrated deep, LBP
and DWT features (Eqn. (14)) are considered, and the experiment is
repeated with various classifiers using 5-fold cross-validation. The
outcome of this experiment is also presented in Table V and Fig 10(b)
verifies that the classification with DT helps to get a better result (99%)
compared to other approaches.

The Glyph-plot of Fig 10(b) confirms that the texture formed by DT
is big compared to the alternatives, which verifies the overall merit of

the DT classifier. This experimental investigation confirms that the
ResNet18 with DT classifier helps to get better TB detection using the
X-ray images. Further, the proposed DDF is tested using deep-feature
and integrated features and the outcome verifies that the integrated
feature supported DDF works well compared to the alternatives.

This research work confirms that the proposed scheme helps to get
a TB detection accuracy of 99%. To verify the merit of this scheme, the
results of Rahman et al. [19] and Rajakumar et al. [20] are compared
with the outcome of the proposed scheme along with other methods
discussed in Table L.

Proposed work 99.00
Ramya et al. [30] 98.62
Kadry et al. [29] 99.22
Robhilla et al. [25] 97.25
Rajakumar et al. [24] 98.60
Rahman et al. [23] 96.47
Hooda et al. [11] 94.73
Hijazi et al. [10] 89.77
Afzali et al. [1] 92.86
0 10 20 30 40 50 60 70 80 90 100

Accuracy (%)

Fig. 11. Performance evaluation of the result of proposed work with recent
existing works.
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Fig. 11 presents the evaluation of the proposed scheme with the
existing scheme and this comparison confirms that the classification
accuracy of the proposed technique is better compared to the earlier
works. Further, these results outperform the results of dual-deep
features of Rajakumar et al. [20] and CNN segmentation combined
classification of Rahman et al. [19] on the chosen image database.
In the future, the performance of the REsNet18 supported DDF can
be tested and validated on other existing TB datasets and clinically
collected X-ray images.

VI. CONCLUSION

Tuberculosis (TB) causes severe lung problems and early screening,
and treatment will reduce the impact. X-ray-supported TB detection is
a common clinical scheme, and the recorded X-ray is then examined
by radiologists and pulmonologists to detect the infection rate and
plan the treatment.

Computerized X-ray detection is very common in hospitals and
to support computerized screening of TB, this work proposed a DDF
using the pre-trained DLP. This work initially executes a performance
assessment of the DLPs such as AlexNet, VGG16, VGG19, ResNet18,
ResNet50 and ResNet101 existing in the literature and finds that
the ResNet18 along with SoftMax classifier helps to get a better
classification result.

To improve the result of this scheme, the deep features are then
optimized with FA and then combined with FA-optimized LBP and
DWT features. This scheme helps to get a reduced 1D feature vector
of dimension 1x1x544, which is then considered to train and validate
the classifiers.

The DT classifier with a 5-fold cross-validation helped to get
a classification accuracy of 99% with this feature vector and it is
close to the earlier work implemented with CNN segmentation and
classification. This outcome substantiates that the developed DDF
helps to obtain an improved TB screening compared to the earlier
methods. In the future, this scheme can be considered to evaluate the
other X-ray image dataset in the literature and clinically collected
X-ray images.
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Deutan and protan dichromats only see exactly two hues in the HSV color space, 240-blue (240°) and 60-yellow
(60°). Consequently, they see both reds and greens as yellows; therefore, they cannot distinguish reds from
greens very well. Thus, their color space is 2D and results from the intersection between the HSV color cone and
the 60°-240° plane. The RGBeat recoloring algorithm’s main contribution here is that it is the first recoloring
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algorithm that enhances the color perception of deutan and protan dichromats but without compromising the

lifelong color perceptual learning. Also, as far as we know, this is the first HTML5-compliant web recoloring
approach for dichromat people that considers both text and image recoloring in an integrated manner.

I. INTRODUCTION

BOUT 5% of the world population is affected by color vision

deficiency (CVD), also called color blindness. This visual
impairment hampers the color perception, ending up by limiting the
overall perception of CVD people about the surrounding environment.
A CVD individual may not distinguish between two different colors,
which often originates confusion or a limited understanding of the
reality, including web environments, whose web pages are plenty of
media elements like text, still images, video, and sprites.

A. Color Vision

In the human eye, there are two types of cells in the retina: rods
and cones. Rod cells only function in scotopic (dark) conditions so
that they add up nothing to our perception of lightness and darkness
in photopic (bright) conditions. That is, rods are responsible for our
vision in light-absent environments (i.e., night vision), while cones are
responsible for our perception of color.

There are three types of cone cells: L-cones (also known as red
cones), M-cones (or green cones), and the S-cones (or blue cones),
depending on their sensitivity to the type of wavelengths of light: long
(L) wavelengths, medium (M) wavelengths, and short (S) wavelengths,
respectively. The tristimulus theory tells us that the perception of
color results from the combination of the light stimulation of those
three types of cones [1].
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di.ubi.pt (A. J. P. Gomes).
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B. Color Vision Anomalies

Typically, human beings are trichromats, ie., they see the
entire visible light spectrum because their three types of cones are
working correctly, as illustrated in Fig. 1(a). CVD, sometimes called
color blindness, is the result of the misfunctioning of some cones.
Accordingly, CVD fits in one of the following categories: anomalous
trichromacy, dichromacy, and monochromacy [2].

Anomalous trichromacyis the less severe CVD type and occurs when
(at least) a kind of cone cell does not work correctly, either because they
are not distributed regularly on the retina or because their sensitivity
is weak [3] and [4]. Consequently, there exists a displacement of the
sensitivity curve of the corresponding color channel, changing the way
one perceives the color as a whole, i.e., in a distorted fashion. Vision
anomalies depend on the type of affected cone cells [5]. Protanomaly,
also known as red-weak vision, denotes the existence of anomalous
L-cones. Deuteranomaly, also known as green-weak vision, indicates
the existence of anomalous M-cones. Tritanomaly, also called blue-
weak vision, shows the existence of anomalous S-cones. In conformity
with the MPEG-21 standard [6], the degree of CVD severity for
anomalous trichromats continuously varies in the interval [0.1, 0.9].
For example, those with a severity degree of 0.1 have a minor color
vision distortion, while those with a severity degree of 0.9 almost see
colors as dichromat people do because dichromacy corresponds to a
severity degree of 1.0.

Dichromacy occurs when cones of a given sort do not work, mainly
because those cones do not exist on the retina. So, the color perception
is found on the other two channels, significantly reducing the color
spectrum perceived by dichromat individuals. Depending on the type
of inexistent cone cells, the anomaly calls protanopy, deuteranopy, and
tritanopy, which accounts for the absence of the L-, M- and S-cone
cells, respectively. Thus, all colors visible for trichromat people appear
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Fig. 1. Degrees of severity of color vision deficiency and its dichromat subtypes: (a) regular trichromat people; (b) deuteranope (or deutan) people; (c) protanope
(or protan) people, and (d) tritanope (or tritan) people. Simulation of (b)-(c) using Brettel et al’s algorithm [7] and (d) using Petrich’s algorithm [8].

as two monochromatic hues for people with dichromacy: blues and
yellows, both for people with deuteranopy and protanopy, and reds
and bluish cyans for tritanope people [7], as illustrated in Fig. 1.

Monochromacy is the most severe CVD type due to the absence or
non-functioning of two or three types of cone cells. This fact results
in a rather severe reduction of the chromatic domain perceived by
the individuals. There are two types of monochromacy: blue cone
monochromacy, when only the S-cone cells are working [9], and rod
monochromacy, when all types of cones are either missing or non-
functioning for some reason. The blue-cone monochromacy leads to a
gray-scale vision, yet some shades of blue may be noticeable [10]. Rod
monochromacy, also known as achromatopsia, leads to a total lack
of color experience and a low visual acuity, which is related to poor
vision and high sensitivity to light [11] and [12].

Finally, let us mention that CVD has a prevalence of 5% in the
Caucasian population on average, though its incidence is about
8% on men and 0.5% on women. Also, the prevalence of each CVD
type decreases as the severity increases. Indeed, it is about 75% for
anomalous trichromacy, 25% for dichromacy, and 0.00001% for
monochromacy [13].

C. Contributions

RGBeat recoloring algorithm aims to help deutan and protan
dichromat people. Like other recoloring algorithms, RGBeat aims at
minimizing or even eliminating the likely confusion between reds and
greens. Recall that deutan and protan dichromat people can distinguish
some reds from greens, i.e., they can identify some reds because they
have learned that such colors are reds. Nevertheless, dichromat people
see reds as greenish colors. Indeed, lifelong color perceptual learning
of each dichromat individual plays an important role to overcome part
of ambiguity between reds and greens.

However, unlike other recoloring algorithms, RGBeat eliminates the
color ambiguity as much as possible without compromising the lifelong
color perceptual learning experienced by each dichromat individual. For
this purpose, the following properties (or requirements) must be satisfied:
color consistency, color naturalness, and color contrast. The challenge is
how to increase the contrast between (confusing) colors and, at the same
time, to maintain the consistency and naturalness of color.

The key contributions of the RGBeat recoloring algorithm are the
following:

It enhances the color perception of deutan and protan dichromats
without undermining their lifelong color perceptual learning.

It increases the contrast between confusing colors, though
maintaining the color consistency and naturalness.

It applies to HTML5-compliant web environments, including
images, video, and text.

It performs very fast because it only operates on the range of reds,
making it feasible to recolor video in real-time.

The first contribution above concerns the research gap we have
identified in the literature. Indeed, keeping the color perceptual learning
of each dichromat person must be a priority for any recoloring algorithm.

D. Article Organization

The remainder of this article organizes itself as follows. Section II
reviews prior recoloring algorithms against relevant requirements:
color consistency, color naturalness, and color contrast. Section III
details our recoloring algorithm, called RGBeat. Section IV approaches
the text and background color adaptation, while Section V approaches
color adaption for still images. Section VI presents the qualitative,
quantitative, and performance results of RGBeat and competitor
methods. Section VII describes usability testing and assessment of
RGBeat and its competitor methods. Section VIII discusses the research
work behind RGBeat. Section IX concludes the paper, pointing out
some hints to future work in browser recoloring and adaptation, as
needed for color-blind people.

II. RELATED WORK

Dichromat people only see two distinct hues, although with
different values of saturation and brightness. More specifically, deutan
and protan dichromats see blues and yellows, respectively; in turn,
tritan dichromats see reds and greenish blues. For example, as shown
in Fig. 1, a deutan dichromat sees a weakly saturated yellow as a moss
green. Besides, reducing the chromatic range to two hues may confuse
what is seen in a given image (see Fig. 1).

As said above, the colorblind can distinguish some reds from
greens because they have learned that some of such colors are reds.
Indeed, the color perceptual learning of each dichromat individual
is an essential tool to resolve the red-green ambiguity, even if it is
partially. Consequently, in designing a new recoloring algorithm, it is
of paramount importance to preserve the color perceptual learning of
each dichromat individual. Thus, any contrast-based algorithm must
apply minor contrast differences; otherwise, we end up undermining
the color perceptual learning of each individual. Therefore, the
challenge here lies in increasing the contrast between (confusing)
colors and preserving the color consistency and naturalness. For more
details, the reader is referred to Ribeiro and Gomes [14], a survey on
recoloring methods based on these three concepts: color consistency,
color naturalness, and color contrast.
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Color consistency guarantees that if two colors are identical, the
corresponding mapped colors will remain identical, independently
of the set of colors subject to remapping. Note that the lack of color
consistency creates bewilderment in the perception of the colorblind.
Color consistency is an essential requirement that is gaining
significance in recent recoloring methods [15]-[19], though others
avoid approaching it [20] and [21]. Its importance stems from the fact
that it prevents us from adding more color ambiguity to the typical
ambiguity of reds and greens inherent to the colorblind. For example, let
us consider that a pink hue maps to a magenta hue; one says that such
color mapping is consistent when such pink always maps to the same
magenta. Color consistency is vital for recoloring video; otherwise, it
would be tough to maintain the temporal color consistency.

Color naturalness has to do with minimizing the perceptual
difference between a color and its corresponding remapped color.
This difference should be as low as possible so as not to break up
the perceptual learning of the colorblind. Some works address this
property [21]-[26]. However, others [27] and [28] do not show any
concern about color naturalness.

Color contrast stems from increasing the perceptual difference of
neighboring elements in an image to enhance the perception of the
colorblind. In a way, color naturalness and contrast are contradictory
requirements that make recoloring algorithms challenging to tune-up.
For further details about color contrast in recoloring algorithms, the
reader is referred to [23], [24] and [29]. However, this requirement has
not been considered by other algorithms [21] and [22]. Interestingly,
some algorithms create higher color contrast, although not referring
to this goal explicitly [30].

Considering the three properties of color above, we developed a
recoloring algorithm for dichromat people, RGBeat, which reduces the
space for color ambiguity at the cost of a few colors that only slightly
conflict with their perceptual learning. The reduction of color ambiguity
between reds and greens occurs by increasing the color contrast between
confusing colors. As will be seen ahead, we compare RGBeat to other two
methods, which are due to Iaccarino et al. [24] and the Ching-Sabudin
[30]. We selected these two methods among all those we may find in the
literature because they satisfy the following requirements:

They are color-consistent, a condition to prevent adding more
confusion in the color perception.

They preserve either color naturalness or increase color contrast.

They apply to true-color images.

III. RECOLORING ALGORITHM

RGBeat recoloring algorithm was designed for deuteranopy
and protanopy simply because they are the most common types of
dichromacy, and their color perception is quite similar.

L —

————

(@) (b)

A. Leading Idea

As shown in Fig. 2, deutan or protan dichromats only perceive two
hues, yellow (60°) and blue (240°), yet with more or less luminance
and saturation. We know that those people see greens as yellows, but
they perceive them as unsaturated greens, i.e., they faintly perceive
greens. Also, deutan or protan dichromats see reds as dark unsaturated
yellows. Consequently, deutan and protan dichromats confuse reddish
and greenish colors, though they can distinguish some reds from
greens, which stems from their lifelong color perceptual learning.

@ (b) (© @

Fig. 2. HSV cone sections: (a) a section with value = 100%, as seen by trichromat
people; (b) a section with value = 100%, as seen by deuteranope people; (c) a
section with value = 75%, as seen by trichromat people; and (d) a section with
value = 75%, as seen by deuteranope people. Deuteranope simulation based on
Vienot et al’s algorithm [31].

Thus, the leading idea of our algorithm is to reduce the confusion
between reds and greens further so that only reds will be subject to a
recoloring procedure. For that purpose, as mentioned in the previous
section, it is crucial to preserve the color perceptual consistency and
slightly increase the color contrast for reds to preserve the color
naturalness as much as possible.

B. HSV Color Domain of Deuteranopy and Protanopy

In comparison to the color range seen by trichromat people, the
color range seen by deutan or protan dichromats is quite limited. This
turns up more evident when we consider HSV colors, as illustrated in
Fig. 3. The HSV color space is a cone such that H € [0°,360° stands
for the hues (or color wheel), S € [0, 100] denotes the saturation range,
which increases from the cone apex to base and perpendicularly to
cone axis, and V € [0, 255] the brightness value, which increases from
the apex to base of the cone [32]. In Fig. 3(a), we see the entire cone of
colors seen by trichromat people, while the colors seen by deutan and
protan dichromats map onto colors in the 60°/240° plane, which cuts
the cone into two parts (cf. Fig. 3(b)).

As noted above, the deutan or protan dichromats only see yellows
and blues. However, contrary to the general idea that such blues and
yellows include multiple hues, protan and deutan people only see
the yellow hue of 60° and the blue hue of 240°. In truth, they only
see these two hues with more or less saturation and brightness. Our
experiments confirmed this by using the simulation algorithm due to
Brettel et al. [7], converting then the color to the HVS color space

©

@

Fig. 3. The HSV color space when seen by: (a) trichromat people; (b) deuteranope people (deuteranope half planes); (c) and (d) deuteranope people, with the
color projection lines, joining colors seen by trichromat and deuteranope people, being (c) a lateral view and (d) the top view. Deuteranope simulation based on

Vienot et als algorithm [12].
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[33]. We constructed the deuteranope color gamut in the HSV color
space by varying R, G, and B in the range [0, 255], converting RGB to
RGB, (ie., using the method proposed by Vienot et al. [31]), and
RGB, ,  to HSV afterward. This deuteranope color gamut reduces
to two coplanar triangles, resulting from the intersection between a
plane and the HSV cone (see Fig. 3). We can obtain a similar planar
color gamut in the LMS color space [7] and CIE XYZ color space [34]
for deuteranope people.

As shown in Fig. 3(c), the visual system of a deutan dichromat
transforms the conical HVS color space (Fig. 3(a)) into a triangular color
space (Fig. 3(b)). In other words, each hue of the HSV cone projects
onto a triangle belonging to the plane defined by the apex, 60°-hue
point and 240°-hue point. As illustrated in Fig. 3, such color projection
entails a change of saturation and brightness (usually a loss). It is
clear that colors projected onto the yellow part of the triangle ]150°,
330°[ noticeably lose value (brightness), while colors projected onto
the blue part tend to keep value (brightness) unchanged. Regarding
saturation, no significant changes occur (see Fig. 3(d)). When there is
a change, the saturation may increase or decrease (although slightly).
The behavior of the protan dichromat’s projection is similar, though
shades are slightly different.

C. RGBeat Recoloring Procedure

A glance at Fig. 2 shows us that deutan or protan dichromats tend
to see reds as dark unsaturated greens, so that a pure red is seen as
dark green, not to say black. As shown in Fig. 3, greens and reds are
seen similarly by deutan or protan dichromats; hence, their well-
known red-green confusion, also known as colorblindness. With this
problem is mind, we decided not to change the saturation S € [0, 100]
neither the brightness (value) V € [0, 255] in the HSV model; we only
changed hues as follows:

Hues in the range ]0° 60°[ (range of reds and oranges) squeezed
into the range ]30°, 60°[.

Hues in the range ]300°, 360°] (range of reds, pinks, and magentas)
squeezed into the range [300°, 330°].

The remaining hues in the range [60° 300°] remain unchanged.
This way, those deutan or protan dichromats end up having fewer
dark hues (yellows and blues) in the range of reds (for trichromats).
So, we ensure the fulfillment of the requirements of color consistency
and naturalness. However, despite the soundness of this recoloring
approach, we can ask ourselves about its actual help for colorblind.
Indeed, it is convenient here to recall that:

+ Reducing the hue range seems to us a good decision because
we are just eliminating the subrange of confusing hues, i.e.,
the reds in this case. For example, in Figs. 4 and 5, we see that
a deutan cannot distinguish a green flower from a red flower,
but a deutan can easily distinguish them with our recoloring
technique. In short, the question is not reducing the hue range
but cutting off the subrange of reds after mapping reds to close
hues as much as possible. The purpose is thus to be able to
discriminate confusing hues.

We must carry out the mapping of hues reducing at the same time
the impact on the perceptual learning of the deutans as much as
possible, i.e., without affecting the color naturalness that much. So,
it makes sense to remap hues according to our technique, which
keeps the color consistency while increases the contrast.

Before proceeding any further, let us recall that the hue compression
of ]0°, 60°[ corresponds to the following non-linear interpolation
formula:

60— H )
60

H’=H+H.( (1)

while the hue compression of ]300°, 360°[ is given by
360 — H )
@

60
1. Mapping hues from ]0°, 60°[: Let us consider the color (R, G, B), with
R, G, B € [0, 255], being the corresponding normalized color (r, g, b)
given by

r= R/255

H’=H+(300—H).(

g=G/255 b=B/255

®)

Let us also assume that the values of S and V remain unchanged. We
know that by only changing the value of H in the range ]0°, 60°[, we
only change the value of G in the RGB color space. Indeed, considering
H €]0°, 60°[, the HSV-RGB conversion formula due to Smith [33] sets
that

R=V G=V(1-S(1—-6H) B=V(1-5)

©)

Since we stated that S and V remain unchanged in the HSV model,
we conclude that G is the only RGB parameter that changes because of
changing the parameter H in the HSV color space.

In these circumstances, we have R=max(R, G, B), B=min(R, G, B),
and G € [B, R], being these equalities also valid for the (normalized)
rgb colors. In other words, the values of R and B (resp., r and b) remain
unchanged for H € ]0°, 60°[.

Now, recalling the RGB-HSV conversion formula due to Smith [33],
and considering ]0°, 60°[ the domain of H, we get
—-b
H = 60. (g—>

r—>b (5)

But we know that varying H in ]0°, 60°[ only provokes changes in
the value of g. So, replacing the value of H given by Eq. (5) into Eq.
(1), we have

g-—»b
/ 60 — 60
-b -b -b ( - )
60.<g—>=60(g )+60(2=) r-g
r—g r—g r—g 60 (6)
or, equivalently,
" _ r-g
9 =9+ b)(r_b) @

The novelty about the hue mapping of ]0°, 60°[ translates itself into
a color mapping in the RGB color space given by Eq. (7). That is, there
is no need to convert from RGB into HSV and vice versa. In short, we
have only to remap the rgb reddish colors in conformity with Eq. (7),
since ' = r and b’ = b. Note that in the range ]0°, 60°[ any hue H has
more red than green (r > g); cf. line 1 of Algorithm 1.

2. Mapping hues from ]300°, 60°]: Let us also assume that the values
of S and V remain unchanged. By only changing the value of H €
1300°, 360°], we end up only changing the value of B in the RGB
color space. Accordingly, we have R=max(R, G, B), G=min(R, G, B),
and B € [G, R], and the same applies to (normalized) RGB colors.
Therefore, the values of R and G (resp., r and g) remain unchanged for
H € [300°, 360°].

Now, taking into the account the RGB-HSV conversion formula due
to Smith [33], with H € [0°, 360°], we get

g-—b

H = 60.(—)+360
r—g

®)

But we know that varying H € ]300°, 360°] only provokes changes
in the value of B. So, replacing the value of H given by Eq. (8) into Eq.

(2), we obtain
T )
g

b=g—(g—b)(2+
g—(g ( o
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Note that in the range ]300° 360°[ any hue H has more red
than blue (r > b); cf. line 1 of Algorithm 1. In short, the recoloring
procedure that builds upon Egs. (7) and (9) translates itself into a color
remapping in the RGB color space, as shown in Algorithm 1, not being
necessary to make the RGB-HSV conversion, and vice versa, explicitly.
This simplification constitutes a significant gain in processing time.

3. Changes in perceived chroma and luminance: The algorithm relies
on —though it does not explicitly use— the HSV colour space. It
maintains each color’s saturation S and value V during recoloring.
However, this does not mean that perceived chroma and perceived
luminance hold. Indeed, as explained below, maintaining S and/or Vin
HSV space during recoloring does not maintain the perceived chroma
nor perceived luminance of the color.

Regarding perceived chroma, its change is a result of changing
the hues to close hues according to Egs. (1) and (2); for example, an
orange is mapped to a yellowish orange. Recall that we tried to reduce
the color mapping to a minimum in order not to provoke significant
perceived changes in the perceptual learning of deutan and protan
dichromats.

As regards to changing the perceived luminance, it is not so
obvious because the values of S and V remain unchanged. According
to Poynton [35], the perceived luminance is given by

L =0.299R + 0.587G + 0.114B (10)

so that, taking also into consideration Eq. (4), we conclude that
changes in G provokes changes in L; the values of R and B remain
unchanged because the values of S and V do not change in the
recoloring procedure. Thus, increasing the value of G results in an
increase in the value of L; consequently, the contrast also increases,
eliminating the confusion between reds and greens.

Algorithm 1: RGBeat

Input:r, g, b

Output:r, g’ b’

1 if (r > g) A (r > b) then // reddish hues

2 if (g > b) then // reddish hues with g>b

3 glegt@-b(r—g)/ b)) (7)
4 end

5 else // reddish hues withb>g

6 b'eg-(g-b)2+@g-b)/-g) )
7 end

8 end

Algorithm 2: TextRecoloring

Input: HTMLDocument

1 css[ ] « style sheets of HTMLDocument
2 n < number of style sheets in css[ ]

3 fori<1 tondo

4 css[i] «i-th style sheet

5  m < number of CSS rules of css[i]

6 forj«<1 tomdo

7 cssrule[j] <j-th CSS rule

8 if cssrule[j].color then

9 [R, G, B] « cssrule[j].color

10 cssrule[j].color < RGBeat([R, G, B])
11 end

12 if cssrule[j].backgroundcolor then

13 [R, G, B] < cssrule[j].backgroundcolor
14 cssrule[j].backgroundcolor < RGBeat([R, G, B])
15 end

15 end

16 end

IV. TExT RECOLORING FOR HTML DOCUMENTS

Algorithm 2 was designed for recoloring text in HTML documents
using RGBeat. It involves three main steps, namely:

1. Accessing to all cascading style sheets (CSS) associated with such
web page and to all CSS rules associated with each style sheet.

Recoloring each text block by changing its corresponding CSS rules
whenever necessary. This task performs by changing the color
and background-color properties associated with each CSS rule.

Rendering the HTML web page with the modified CSS rules,
which is an automatic process provided by any web browser.

Alg. 1 (RGBeat)is used in Alg. 2 to change both text and background.
To dynamically access and update the content, structure, and style
of an HTML document, we use the HTML Document Object Model
(DOM) as a programming interface for Javascript. Indeed, tasks like
accessing each style sheet, each rule defined in a style sheet, each
value of the rule properties, as well as determining the number of style
sheets associated with an HTML document, and the number of rules
defined in each style sheet, are all done using DOM object methods.

Thus, recoloring text blocks of a web page is done by changing the
CSS rule objects associated to text blocks of an HTML document. This
recoloring procedure operates on the CSS rules instead of being on
the text blocks themselves. The recoloring procedure of all text blocks
of an HTML document corresponds to Alg. 2. Recall that an HTML
document usually is tied to a set of CSSs, so that we need to retrieve
this set of CSS using the Javascript statement var css = document.
styleSheets; (cf. line 1 in Alg. 2).

V. IMAGE RECOLORING FOrR HTML DOCUMENTS

Recoloring a single M X N image is described in Alg. 3. This
algorithm calls the RGBeat algorithm (cf. Algorithm 1) for every single
pixel of the image. Alg. 3 applies to all images associated with a given
web page, as described in Alg. 4.

Algorithm 3: ImageRecoloring
Input: Image, width, height
1 for i < 0 to width-1 do

2 forj« 0to height-1do
3 R « Imagel[i][j].R
4 G < Image[i][j].G
5 B « Imageli][j].B
6 [R, G, B] « RGBeat([R, G, B])
7 Image[i][j].R< R
8 Image[i][j].G < G
9 Image[i][j].B < B
10 end
11 end

Algorithm 4: HTMLDocumentImagesRecoloring

Input: HTMLDocument

Images][] « set of HTMLDocument’s images

n < number of images in Images[ ]

fori<0Oton—1do

width « Images[i ].width

height < Images][i].height
ImageRecoloring(Images|i ], width,height)

1
2
3
4
5
6
7 end

Recoloring starts with retrieving images from the HTML document
(cf. line 1 in Alg. 4). The recoloring occurs in line 6, where one calls
the procedure ImageRecoloring (i.e., Alg. 3), which in turn calls the
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procedure RGBeat (i.e., Alg. 1) to adapt the color of each pixel. As seen
above, RGBeat also applies to recoloring of text and backgrounds from
the CSS style sheet rules. Recall that the HTMLS5 specification provides
a 2D context (or even a 3D context) to a canvas to get a pixelized image.

VI. QUALITATIVE, QUANTITATIVE, AND TIME RESULTS

As argued above, we designed the RGBeat recoloring algorithm for
deutan and protan dichromat people because of the following: first,
they are the most common dichromat people; second, deutan and
protan people perceive colors in a very similar manner. As shown
above, the RGBeat algorithm applies to text, still images, and video, no
matter whether they are on web pages or not.

A. Setup

Before proceeding any further, let us say that we obtained all
experimental results using a laptop equipped with a 32-bit Microsoft
Windows operating system running on an Intel Pentium Dual CPU
T2330 1.60GHz, with 3G RAM. Besides, the algorithms described
in this paper were coded in Javascript programming language for
HTMLS5 web browsers, in particular for Chrome.

B. Methodology

For a fair comparison with the RGBeat, we selected the recoloring
algorithms due to Iaccarino et a [24] and Ching and Sabudin [30]
because they share several features, namely:

They apply to both deuteranopy and protanopy.

+ They use a phenomenal color space. Recall that a phenomenal
color space uses hue, saturation, and brightness as classifying

descriptors [32], [36] and [37].

They likely are some of the fastest color mapping methods based
on phenomenal color spaces.

Taccarino et al’s method [24] tends to preserve color naturalness
at the cost of not reinforcing too much contrast. On the other
hand, Ching and Sabudin [30] reinforces the contrast but does not
preserve color naturalness.

We also implemented the algorithms proposed by Vienot et al. [31].
These algorithms simulate how deutan and protan people see the colors
(see Fig. 4(b) to (d)). Also, we have carried out two sorts of evaluation
of the methods: qualitative and quantitative. The qualitative evaluation
is visual and subjective, in the sense that we attempt to grasp which is
the best method in recoloring process. The quantitative evaluation is
objective because it is based on mathematical metrics or formulas and
works here as a way of confirming our subjective, visual evaluation.

C. Qualitative Evaluation

As known, deutan and protan people only see some yellows and
some blues, although with varying saturation and brightness. Thus,
yellows and blues must remain unchanged after the recoloring a given
image. Interestingly, greens look unsaturated greens, but indeed they
are little saturated yellows. As shown in Fig. 4, the three algorithms
leave the yellows unchanged somehow; the same applies to blues (Fig.
5). Note that the original image in Fig. 5 exhibits the primary colors:
red, green, and blue.

The differences between those three algorithms become noticeable
when recoloring adjacent image elements that people with dichromacy
perceive as similar. Recall that deutan and protan people mistake
reddish colors (including pinks and oranges) with greenish colors. A
glance at Figs. 4-5 shows the following:

Iaccarino et al’s: Taccarino et al’s recoloring technique [24] does
not significantly improve the original images when seen by deutan or
protan people, though the yellows seem less vivid.

Ching and Sabudin’s: On the other hand, Ching and Sabudin’s
technique [30] maps reds into yellows, which results in a loss of
contrast between reds and yellows, i.e., between a primary color and a
secondary color. Even worse it is the fact that greens map onto weak
blues, so that deutan and protan people can no longer see greens (yet
in the form of little saturated yellows).

RGBeat: Our recoloring technique preserves the colors seen by
people with deuteranopy and protanopy, i.e., yellows and blues. Reds
concerning hues (via RGB-HSV conversion) greater than zero (i.e., reds
closer to oranges and yellows) map onto darkish yellows, while reds
concerning hues less than 360 (i.e., reds close to pinks and magentas)
are mapped to greyish blues.

D. Quantitative Evaluation

As mentioned in section I-B, RGBeat aims at eliminating the
red-green ambiguity as much as possible. However, unlike other
recoloring algorithms, RGBeat eliminates such color ambiguity
without compromising each dichromat individual’s lifelong color
perceptual learning. Consequently, according to Ribeiro and Gomes
[14], RGBeat must preserve the following properties: consistency,
naturalness, and contrast.

1) Consistency-based Evaluation: The three benchmarking
algorithms are all consistent in terms of recoloring. This means that
the equally colored pixels of an image will exhibit the same color after
applying the same recoloring procedure.

Normal view

Deuteranope view Protanope view

(d) Image recoloring using our RGBeat algorithm.

Fig. 4. (a) Images without recoloring as seen by trichromat people (left),
deuteranope people (middle), and protanope people (right); (b) images recolored
by Iaccarino et al’s algorithm as seen by trichromat people (left), deuteranope
people (middle), and protanope people (right); (c) images recolored by Ching-
Sabudin algorithm as seen by trichromat people (left), deuteranope people
(middle), and protanope people (right); (d) images recolored by the RGBeat
algorithm as seen by trichromat people (left), deuteranope people (middle),
and protanope people (right).

2) Naturalness-based Evaluation: As seen before in Section III,
the color naturalness ensures that a mapped color will be close to
the original color, as perceived by deutan and protan dichromats.
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According to Flatla et al. [21], the naturalness of an image has the
following formulation:

1 n
v= —ZA(PL-,P{‘)
=1 (11)

where n = Wx H denotes the image resolution, P, the color of the
i-th pixel, and P;" the color of the i-th pixel after the recoloring, while
A(P, P) denotes the color difference between P, and P," in conformity
with the CIE76 color-difference formula expressed in CIE Lab space
coordinates given by

8= (L = L)+ (@i - ap? + (b = b)? 2

where (L, a, b) and (L, a,, b,) represent the Lab colors of P, and

P, respectively. The smaller the value of v, the more natural is the
recoloring procedure of each image.

Normal view

Deuteranope view Protanope view

(b) Image recoloring using Iaccarino et al.’s algorithm.

% ‘V‘
i &

(d) Image recoloring using our RGBeat algorithm.

Fig. 5. (a) Images without recoloring as seen by trichromat people (left),
deuteranope people (middle), and protanope people (right); (b) images
recolored by Iaccarino et al’s algorithm as seen by trichromat people (left),
deuteranope people (middle), and protanope people (right); (c) images
recolored by Ching-Sabudin’s algorithm as seen by trichromat people (left),
deuteranope people (middle), and protanope people (right); (d) images
recolored by our algorithm as seen by trichromat people (left), deuteranope
people (middle), and protanope people (right).

Eq. (11) applies to trichromats. However, it also applies to deutan
and protan dichromats since we consider that P, and P," are the colors
seen by them before and after the recoloring procedure, respectively.
The naturalness benchmarking of the three algorithms was carried out
regarding a dataset of 100 still images (Fig. 6 shows 15 of them) possessing
reddish colors (i.e., confusing colors for deutan and protan dichromats):

Iaccarino et al’s: Regarding naturalness, Iaccarino et al.’s recoloring
technique [24] ranks second, with a mean score of v =8.6 for the
entire image dataset. We can explain this relatively high score as
follows. First, even though Iaccarino et al’s algorihm changes almost
all colors, only a few of them change noticeably. Second, the hue

rotation resulting from recoloring does not exceed 45° (albeit the
cumulative adjustments in saturation and lightness). At the same time,
the remaining colors suffer a less pronounced change (about 10% in
saturation and lightness).

Ching and Sabudin’s: The algorithm proposed in [30] ranks third
in terms of naturalness, with a mean score of v = 20.76 for the entire
image dataset. The reasons behind this high score are twofold. First,
this happens because 2/3 of colors are subject to recoloring. Second,
the reddish hues in the range [-60°, 60°] suffer a rotation that may
attain 120°, and the same applies to greenish colors.

RGBeat: Our technique ranks first regarding naturalness, with a
mean score of v = 3.8 for the entire image dataset. To explain this fact,
recall that 2/3 of colors remain unchanged, mainly because only those
satisfying the condition R > G, B end up being changed. Furthermore,
the remapped colors are subject to a rotation with a maximum
amplitude of 30°.

Fig. 6. Still images of a dataset with 100 images (350°270 resolution) that we
used to study and benchmark algorithms in respect to the following properties:
naturalness, contrast, and performance. All images possess reddish colors (i.e.,
confusing colors for deuteranope e protanope people), whose hues are in the
range [-60°, +60°].

3) Contrast-based Evaluation: The contrast benchmarking of the
three techniques was accomplished using the squared Laplacian (cf.
[38]) as follows:

W H
C= i D, 0, G’
“WxH oY
x=1y=1

where W x H denotes the image resolution, while G(x, y) is given by:

(13)

x+1 y+1
6(xy) =) )= 1GYI+ Y 1166y) = 1))
i=x—1 j=y-1 (14)
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where I(x, y) is the intensity of the pixel (x, y), which in turn is
given by (cf. [35]):
B

R G
0.299 —+0.587 —=+ 0.114 —

1Goy) = 255 255 255

(15)

The computation of contrast C through Eq. (13) applies to any
color space. Using Eq. (13), we measured the contrast of the entire
image dataset in the deutan (resp., protan) color space. We used
the simulation algorithm due to Vienot et al. [31] to generate the
entire image dataset as seen by deutan people. Therefore, our
quantitative evaluation of contrast took place in the deutan color
space. More specifically, in the deutan color space, we obtained
a mean contrast value of €=0.0418 for the entire deutan image
dataset before applying any recoloring procedure.

The contrast-based evaluation of the benchmarking algorithms
output the following results:

Iaccarino et al’s: Based on our testing, the algorithm due to Iaccarino
et al. [24] does not show any contrast improvement because the mean
contrast (in the deutan color space) after recoloring all dataset images is
0.0417, i.e., slightly lower than the mean contrast before recoloring. We
explain this fact by the small changes in hue, saturation, and brightness
inherent to the recoloring procedure of the Iaccarino et al. algorithm.

Ching and Sabudin’s: Regarding Ching-Sabudin’s technique [30],
we noted its ability to enhance the contrast since the entire dataset
of images scored 0.047 in mean contrast (in the deutan color space),
featuring an increase of 12.4% relative to the mean contrast before
recoloring. However, this contrast increase arises at the cost of some
loss of naturalness. Indeed, the recoloring procedure remaps 2/3 of
colors; but, more importantly, it is the fact that reddish hues in the
range [-60°,60°] are all mapped to yellows, when it would be more
natural to remap hues in the subrange [-60°,0°[ to blues and hues in the
subrange [0°,60°[ to yellows.

RGBeat: Our technique also improves the contrast, but not so much
as Ching-Sabudin’s technique; it scored 0.045 in mean contrast (in
the deutan color space), featuring an increase of 7.7% relative to the
dataset images before recoloring. Recall that our recoloring technique
only operates on the hue range [-60°,60°] (i.e., confusing hue range), so
that hues in the subrange [-60°,0°[ are mapped to blues, while hues in
the subrange [0°,60° are mapped to yellows.

Summing up, considering the color consistency, naturalness, and
contrast requirements to maintain each dichromat individual’s lifelong
color perceptual learning, RGBeat performs better than Iaccarino
et al’s and Ching-Sabudin’s algorithms. Indeed, they are all color-
consistent, but RGBeat is the only one that is capable of enhancing the
contrast with negligible loss of color naturalness.

E. Time Performance Evaluation

We encoded the three benchmarking algorithms in JavaScript.
To assess their time performance, we used ten offline web pages
containing a total of 160 images. Each page incorporates 16 images
with identical resolution n X n, but the resolution increases 100 pixels
wide and 100 pixels high from page to page, i.e., we have images with
resolutions of n X n, with n = 100, 200, ..., 1000. Fig. 7 shows how the
algorithms behave over images with increasingly higher resolutions.
More specifically, Fig. 7(a) shows how much the average time spent by
those algorithms depends on the resolution of the images, while Fig.
7(b) features the average time per pixel for each collection of images
with identical resolution.

As expected, considering those three algorithms, the average time
to recoloring images increases with the resolution (Fig. 7(a)). However,
the average time per pixel decreases with the resolution, converging
to a minimum that keeps constant when n — oo (Fig. 7(b)). Therefore,

the time complexity of the three algorithms is linear. To explain this
fact, remind that not all the pixels are subject to recoloring. RGBeat is
faster than laccarino et al’s and Ching-Sabudin’s algorithms because
its time spent per pixel is shorter than for the other two algorithms.
Indeed, the average time per pixel is about 1.4ms, 0.8ms, and 0.06675ms
for the algorithms of Iaccarino et al, Ching-Sabudin, and RGBeat,
respectively, when n — co.
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Fig. 7. Recoloring time performance: (a) average time per image against image
resolution; (b) average time per pixel against image resolution.

VII. USABILITY ASSESSMENT

In section VI, we compared RGBeat with the other two methods
from the algorithmic point of view. To make sure about the quality of
the results produced by those algorithms, we proceeded to usability
testing, i.e., testing from the user’s point of view.

A. The Universe of CVD People

Testing involved a universe of thirteen CVD male volunteers, with
ages between 17 and 69 years old. These individuals previously did the
D-15 Color Arrangement Test [39]. The results of this test revealed the
following distribution:

2 people with strong protanomaly (ages 32 and 49);

1 person with moderate protanomaly (age 27);

5 people with strong deuteranomaly (ages from 49 to 69);

4 people with moderate deuteranomaly (ages from 17 to 46);

1 person with deuteranopy (age 35).

We extended the usability testing to deutan and protan trichromat
people because those with moderate or strong anomalies may have as
poor color discrimination as dichromat people [5].

B. The Questionnaire

Although some authors have adopted the Law of Comparative
Judgment (LCJ) of L.L.Thurstone for statistical studies [25] [26], we do
not follow that pathway because LCJ does not allow the comparison of
four alternatives simultaneously. Instead, we use descriptive statistics
techniques to compare more than two methods simultaneously [40]
and [41]. More specifically, we have used questionnaires as one of
such descriptive statistics techniques.

In the makeup of the web questionnaire (see http://rgbeat.ipcb.pt),
we considered five categories of images: visualization of information
(InfoVis), indoor scenes (Indoor), outdoor scenes (Outdoor),
visualization of scientific information (SciVis), and signage (Signage).
We elected six images for each category, making up 30, precisely
those depicted in Appendix. We selected these images regarding the
importance of using a representative set of images (see Shaffer and
Zhang [41]) to reduce the sampling error and, consequently, get a
significant statistical confidence interval.

The questionnaire was designed for web browsers (via Google
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MWA: method without adaptation; IACC: Iaccarino et al.; CHING: Ching-Sabudin.

Fig. 8. Distribution of the preferences per image category and per recoloring method: a) InfoVis; b) Indoor; c) Outdoor; d) SciVis; e) Signage; and (f) Overall.

Forms) so that each category of images corresponds to a separate
web page of the questionnaire. Each of these five pages displays
6x4 images, i.e., six rows of 4 optional images organized randomly
in a horizontal manner. Each row includes the original image and
more three recolored images produced by the above recoloring
algorithms (Iaccarino et al., Ching-Sabudin, and RGBeat); these four
images concerning the same scene appear randomly in each row. The
questionnaire asks the volunteer for his/her preference order (i.e.,
from 1 to 4) among four images of each row, considering the criteria
of naturalness and contrast. Note that this ranking scale is adequate to
situations where the ranking involves a maximum of five alternatives
[42]. Then, the image ranked first is assigned the score 4, the second
the score 3, the third the score 2, and the fourth the score 1 (see [43]
for further details about the design of questionnaires). Four specialists
on visual representation and color vision deficiency researchers did
validate the questionnaire.

C. Data Collecting

Fig. 8 shows the raw quantitative results of the questionnaire, where
the CVD people’s preferences are expressed relative to five categories
of images mentioned in Section VIIB (see Figs. A1-A5 in Appendix A).
Considering that we have a universe of 13 respondents and six images
per category, the data sample size for each category is 78 responses (=
6°13). For example, for the InfoVis category in Fig. A1, the data sample
of the RGBeat is 78, as a result of summing up 16 responses with score
1, 30 responses with score 2, 27 responses with score 3, and 5 responses
with score 4. That is, we used scoring in the range [1,4], which has to
do with the number of recoloring methods under benchmarking, those
three above and the method without any adaptation (original images).
Note that the overall data show up in Fig. 8(f).

D. Data Analysis

We carried out data analysis based on descriptive statistics.
Specifically, our descriptive statistics-based analysis builds upon
data collected from the questionnaire. For that purpose, we used
two descriptive analysis tools: (i) box-and-whisker diagrams; (ii)
coefficient of variation. The box-and-whisker diagram is a type of
data visualization tool that allows us to display the distribution (and,
inherently, the concentration) of preferences of the CVD people, while
the coefficient of variation is a metric that quantifies such dispersion/
concentration of preferences.

The box-and-whisker diagram is a data visualization tool to
examine datasets graphically in a quick manner. Its central box at least
features 50% of the preferences of the respondents relative to each
method. This box consists of the second and third quartiles, separated
by the median of the data sample (78 responses). A horizontal
straight-line segment represents the median; a cross represents the
arithmetic mean.

A glance at the diagrams depicted in Fig. 9, which represent the
data listed in Fig. 8, shows us the following regarding each category
of images:

« Infovis: The method without adaptation (MWA, for brevity) (i.e.,
original images without adaptation) and Iaccarino et al’s method
gathered more than 56% of preferences with the top scores 4 or 3
(see Fig. 8(a) and Fig. 9(a)). Looking at box-and-whisker diagrams of
these methods, we observe that their averages are similar (cf. Table
I). However, Iaccarino et al’s method preferences are much less
dispersed, as its box is smaller than the others. Indeed, Iaccarino et
al.’s standard deviation is less than the MWA’s (cf. Table I), and the
same applies to the coefficient of variation. Thus, for InfoVis-type
images, the best solution is to use Iaccarino et al.’s method.

« Indoor: In this case, either MWA or RGBeat reunites 70% of the
preferences with scores 4 and 3. Besides, their arithmetic averages
are similar (see Fig. 8(b) and Fig. 9(b)). Consequently, even looking
at their box-and-whisker diagrams, it is difficult to say which is
the top-ranked method of those two methods for Indoor-type
images because they have similar visual dispersion (i.e., boxes of
the same size). However, we see in Table I that RGBeat’s standard
deviation is less than the MWA’s. Additionally, RGBeat’ coefficient
of variation is also less than the one of the methods without
recoloring. Thus, we conclude that RGBeat ranks first for Indoor-
type images.

+ Outdoor. The results are similar to those obtained for the Indoor
category. Indeed, MWA and RGBeat were scored with 4s and 3s in
more than 68% of the preferences (see Fig. 8(c) and Fig. 9(c)). Note
that their arithmetic averages and dispersion boxes are visually
indistinguishable in their box-and-whisker diagrams, so we
cannot draw any conclusion about the top-ranked method of those
two for Outdoor-type images. However, from Table I, we observe
that the RGBeat’s coefficient of variation (and standard deviation)
is less than the MWA’s. Thus, RGBeat ranks first in this category.

+  SciVis: MWA got the higher scored preferences, with approximately
50% of preferences, and scored 4 (see Fig. 8(d) and Fig. 9(d)).
Besides, its arithmetic mean is much higher than for the other
methods, which aligns with the fact that its coefficient of variation
is smaller than for any other method (cf. Table I). Thus, in SciVis-
type images, the best solution is to leave them as they stand, i.e.,
without color adaptation.

+ Signage: Ching-Sabudin’s method reached 68% of responses scored
as 4. Therefore, its arithmetic mean is higher than other methods’
one (see Fig. 8(e) and Fig. 9(e)), but its dispersion is significant. On
the other hand, Iaccarino et al’s method ranks second in terms
of mean, but its coefficient of variation is smaller than any other
method’s one. Thus, in Signage-type images, Iaccarino et al’s
method ranks first.
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Fig. 9. Box-and-whisker diagrams of the distribution of the preferences per image category and per recoloring method: a) InfoVis; b) Indoor; ¢) Outdoor; d)
SciVis; e) Signage; and (f) Overall. The mean is represented through a cross and the median by the horizontal line closer to the mean mark.

TABLE I. StaTI1STICAL RESULTS

Category Metric MWA  Iaccarino et al. Ching-Sabudin  RGBeat
X 2.69 2.63 2.41 2.27
InfoVis o 1.231 0.941 1.343 0.863
v 46% 36% 56% 38%
X 3.04 2.03 1.99 2.95
Indoor o 0.973 1.081 1.168 0.771
v 32% 53% 59% 26%
X 3.00 2.31 1.72 2.97

Outdoor o 0.953 0.916 1.237 0.805
v 32% 40% 72% 27%
X 3.10 2.17 2.23 2.50
SciVis o 1.014 1.144 1.194 0.864
v 33% 53% 54% 35%
X 2.13 2.58 3.06 2.23
Signage o 1.121 0.782 1.390 0.852
v 53% 30% 45% 38%

Statistical metrics: X: arithmetic mean; o: standard deviation; v: coefficient
of variation.

In short, the RGBeat method ranks first in two categories, Indoor
and Outdoor. Hence it preserves the naturalness more than any other
method (see Section VI-D). On the other hand, Iaccarino et al’s method
gets on top in two other categories, InfoVis and signage, although it
ranks second in terms of naturalness. However, its contrast varies only
-0.24% compared to the contrast of the original images, while RGBeat’s
contrast is +7.7% (see Section VI-D).

Interestingly, the MWA ranks first in the SciVis category, i.e., there
is no variation in naturalness and contrast for apparent reasons.
These results show us that the recoloring process must not noticeably
change the colors for SciVis-type images to preserve the individual’s
perceptual learning as much as possible. Recall that RGBeat only
changes the red hues to close hues, whereas Iaccarino et al’s method
changes all hues to close hues. In contrast, the Ching-Sabudin method
provokes significant color changes, i.e., the distance between an
original hue and the mapped hue is greater than for the other two
adaptation methods.

Overall, RGBeat ranks first because it ranks first in two categories
(Indoor and Outdoor) and second in three categories (InfoVis, SciVis,

and Signage), which explains why its coefficient of variation (34%)
is lower than in any other method (see Table I). Moreover, it is the
only method that outperforms the MWA, i.e., RGBeat images are
perceptually better than original images.

VIII. DiscussioN

Now, we are in a position of highlighting important points of the
RGBeat algorithm and its discussion, namely:

« Color perceptual enhancement. Adaptation methods are worthy of
being investigated because they may enhance the perception of
CVD people. Recall that RGBeat makes a noticeable enhancement
relative to the original images (MWA). We have also learned that
we cannot change the colors too much if we strike on preserving
each individual’s perceptual learning; otherwise, the naturalness and
contrast may change significantly. We have demonstrated that it is
possible to increase the color contrast without compromising the
image naturalness and perceptual learning of CVD people, resulting
in an augmented perception of CVD people. As shown in Table I,
RGBeat is the only method that performs better than MWA because
its coefficient of variation (34%) is less than the MWA’s (40%).

Mathematical formulation. RGBeat’s mathematical formulation
builds upon RGB and HSV color models, from which we have
derived recoloring formulas that exclusively operate on the RGB
color model (cf. Egs. (7) and (10)).

Deuteranope and protanope’s color space. By using Brettel et al’s
simulation [7], we show that the deutan and protan color space is
2D, i.e., it consists of two coplanar half-planes (see Fig. 3), because
deutan and protan individuals only see two different hues: 60°
(yellow) and 240° (blue). A similar result was achieved by Brettel
et al. for LMS color space and Meyer and Greenberg [34] for CIE
XYZ color space.

Generality. We have shown that RGBeat also applies to images
and text in HTML documents. Supposedly, it also applies to video
because a video is a sequence of frames. Considering RGBeat spends
0.06675ms per pixel (see Section VI-E) on average, we conclude that
recoloring video in real-time is feasible for images with 623,220
pixels; for example, RGBeat can recolor youtube videos in the
format 16:9 with resolutions 854x480 at most in real-time.
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« Time performance. RGBeat attains real-time performance and thus
outperforms the other two adaptation methods, primarily because it
avoids the explicit conversion between the RGB and HSV color spaces.

Summing up, our method guarantees a balanced trade-off of four
requirements, color consistency, naturalness maintenance, contrast
improvement, and speed. At the same time, it is capable of augmenting
the perception of CVD people.

IX. CONCLUSIONS

We have introduced a recoloring method, called RGBeat, that
applies to HTML documents, including their images, videos, and
text. The main novelty of this method is that it is the only one that
produces images that are perceptually richer than the original images.
RGBeat was capable of this accomplishment by stressing naturalness
maintenance, which imposes limits to the increasing of contrast.
Furthermore, RGBeat has revealed quite fast because it only operates
on the range of reds, making it feasible to recolor video in real-time.

We have also developed an extension for the Chrome browser that
automatically allows for online adaptation of web pages and their
contents (e.g., text, still images, and video). Shortly, we intend to use
some multi-threading or parallel processing tools (e.g., Web Workers
API) to further speed up color-adaptive browsers in real-time.

APPENDIX A

As mentioned above, we used six images of each of the five datasets
(InfoVis, Indoor, Outdoor, SciVis, and Signage) in the usability testing
and assessment. Figs. A1-A5 show such images, as well as their
corresponding images recolored by the three benchmarking algorithms.

MWA laccarino et al.  Ching-Sabudin RGBeat

Fig. Al. Six images of the InfoVis dataset and recoloring algorithms.
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MWA laccarino et al.  Ching-Sabudin RGBeat

Fig. A2. Six images of the Indoor dataset and recoloring algorithms.

MWA laccarino et al.  Ching-Sabudin RGBeat

Fig. A3. Six images of the Outdoor dataset and recoloring algorithms.
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Fig. A4. Six images of the SciVis dataset and recoloring algorithms.
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Fig. A5. Six images of the Signage dataset and recoloring algorithms.
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ABSTRACT KEYWORDS

Background. The tongue is made up of multiple muscles both extrinsic and intrinsic. The hyoid, jaw and
maxillary complex contain the tongue, which hangs between these structures forming an important
biomechanical system. This organ has to work in coordination with craniofacial structures to ensure normal
orofacial functioning. There are different devices on the market for tongue force measurement. However,
they are not accessible for patients due to their size and very high prices. Likewise, other devices have not yet
carried out validity and reliability studies. The purpose of this study was to validate a new device proving that
it is accurate compared to the algometer. Moreover, the study wanted to determine the intra-rater reliability
of a protocol to assess the maximum tongue force in asymptomatic subjects. Material and methods. This is an
observational-longitudinal study with repeated measurements. A prototype device was developed specifically
for this study to measure tongue force through force-sensitive resistor sensors. The prototype system was
equipped with a device to perform and transmit the measurement and a C++ programming software in the
computer to take data from the session. Different formulas were made to calibrate the system. For validity, the
force measured by the prototype and the algometer was compared. For intra-rater reliability, 29 asymptomatic
Spanish subjects were recruited, and a standardized protocol was carried out for the tests. Results. Experiments
to assess validity showed a strong correlation (r>0.97) and an excellent reliability (ICC>0.90) between devices.
On the other hand, the intra-rater reliability analysis showed an excellent ICC (0.93) with a 95% CI of 0.86 to

Device, Reliability,
Temporomandibular

Validity.

Disorders, Tongue Force,

0.97 and a MDC, of 6.26N. Conclusion. We demonstrated good validity values and high intra-rater reliability
for the prototype device for the maximum tongue force.

DOI: 10.9781/ijimai.2022.02.001

I. INTRODUCTION

HE tongue is a muscle formed by extrinsic and intrinsic muscles

which are responsible for tongue movements and tongue shape
changes, respectively [1]. This organ belongs to the stomatognathic
system and has to work in coordination with other craniofacial
structures for the normal orofacial functions [2]. The hyoid, jaw and
maxillary complex contain the tongue, which hangs between these
structures forming an important biomechanical system [1], [2]. The
main functions the tongue participates in are swallowing, mastication

* Corresponding author.

E-mail address: hector.beltran@uclm.es

and speech, highlighting its important role during the oral and the
pharyngeal phases of swallowing [3], [4]. In swallowing, the tongue
has to generate a specific pressure to control and push the food bolus
ensuring a well transportation from the oral cavity to the stomach.
The applied force depends on the type of food bolus and must have to
be coordinated with the jaw and hyoid movements [5]-[11]. During
the tongue pressure against the anterior part of the hard palate, the
hyolaryngeal complex has to elevate itself allowing a decline of the
epiglottic cartilage to protect the airway. This coordinate process
decreases the risk of suction increasing safety in the swallowing
process. Therefore, any disturbance or pathology in one of these
structures may result in a malfunctioning of the others. That is why,
a reduction in tongue force could avoid the correct formation and
placement of the food bolus. Moreover, a well propel and transport
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could be compromised with a drop in the tongue force. Likewise, the
amount of waste accumulated in the oral and pharyngeal cavity could
be increased and other symptoms associated with dysphagia can also
be generated [5]-[11].

Different studies have shown changes in tongue force in orofacial
pathologies, such as swallowing disorders, motor speech disorders,
oromotor deficits or temporomandibular disorders [2], [12], [13].
Interest in studying tongue force in pathologies where these organ
functions are limited or affected has led to the design of measuring
systems with different force or pressure sensors. Some of these
systems are dynamometers, miniaturized pressure transducers and
electromyographic monitoring techniques. Their purpose is to offer
an objective characterization [14].

In this study, a lower-cost system available for use at home to
assess and train tongue force with different dynamics is presented.
The importance of this device’s implementation lies in its ability to
reduce social and health care costs and waiting lists of the health
system, as well as promoting patient independence at home. Because
this prototype system is portable, handy and has an intuitive interface,
it becomes a tool not only for professionals, but also for patients. All
these things are very important to ensure home treatments based
on exercises that offer patients feedback about their measurements.
Moreover, these home training exercises may allow patients to
maintain long-term effects of the therapy and avoid the overcrowding
of health care services [15].

At this time, there are similar devices in the market which research
has demonstrated to be useful in measuring tongue force in several
scenarios [16]-[18]. However, these devices present some limitations
when compared to the prototype of this study (Table I). This is because
certain systems, such as the Iowa Oral Performance Instrument (IOPI),
involve an expense of around 800-2000€, whereas the complete product
presented in this study costs 90-100€ (estimated price) [19]. In addition,
non-portable devices such as the Kay Swallowing Workstation
(KSW) decreases the possibility of being accessible for patients [18].
Furthermore, the limited durability of the system components of
other devices is another shortcoming that we try to eliminate in our
system by using force-sensitive resistor (FSR) sensors. These sensors
do not present mobile parts, which reduces the risk of breaking or
wearing out. Moreover, they are not significantly affected by the noise
or vibration and can operate between -30° and 70° degrees [20]-[22].
In addition, allergies have to be considered since they are intraoral
measurements. The current literature does not mention tongue force
devices made with hypoallergenic materials. Some studies show
devices made with latex materials [23], while other researches do not
provide information about the intraoral system’s materials [3], [18],
[19]. For this reason, we developed a device which provides a single-

use hypoallergenic protection covering the FSR sensor like a sleeve
made of nitrile.

Based on the above, the aim of the study is to validate the new
device comparing the measurements to the algometer. The research
also aims to determine the intra-rater reliability of a protocol to assess
the maximum tongue force in asymptomatic subjects.

II. METHODS

This study is an observational-longitudinal study with repeated
measurements. The research was approved by the ethical committee
of the Centro Superior de Estudios Universitarios La Salle (CSEULS-
PI-036/2019). For the intra-rater reliability, asymptomatic individuals
were recruited from the Hospital Universitario La Paz according to the
Guidelines for Reporting Reliability and Agreement Studies (GRRAS)
2010 [24].

The research team was composed of a biomedical engineer and
four experienced physical therapists. The biomedical engineer and
two of the physical therapists (involved in the study) developed
the measurement system for the validity, while the other physical
therapists carried out the intra-rater reliability. Finally, all the data
collected was analyzed by one of the assessors.

A. Study Description
1. Validity

Participants were not needed for the validity process. The biomedical
engineer and two experienced physical therapists developed the
measurements with the device and an algometer.

Wagner algometer (FPX25, Wagner Instruments, Greenwich CT,
USA) was used in this study. The algometer is a device that can
be used to standardize the intensity of palpation or to measure the
degree of pressure used to evoke a painful response. It is a system
that can be used to make kinesthetic measurements in an objective
way. The algometer consists of a flat circular rubber tipped probe
of 1 cm diameter attached to a soft-grip handle piston connected to
a pressure sensitive strain gauge transducer, called a load cell. The
force applied to the end of the probe is transmitted to the load cell
and a voltage output is produced. This voltage output is directly
related to the pressure exerted and allows for its calculation. Finally,
the result is displayed on the LCD numerical display in lbf, Kgf, N
or ozf. Furthermore, the device presents a calibration mechanism
to measure and represent values in a graduate scale expressed as
Newton or Kgf. These characteristics make the algometer suitable
as comparison equipment.

TABLE I. ComPARISON BETWEEN THE MoST COMMON TONGUE DEVICES IN THE MARKET

Item New Device I0PI KSw MOST
System Computerized system with 1 Silicon air-filled bulb Compu-teri-zed system with 3 Comput-eri?ed system With-4—5
FSR sensor air-filled sensors sensors inside 1 intraoral piece
Stabsl::z’ozi the Good Poor Poor Good
Size Small Small Large Medium
Portability Portable Portable Non-portable Portable
Price Cheap (90-100€) Expensive (1.190€) Unknown Expensive (800-34.000€)
Reliability Yes Yes No Yes
Validity Yes No No No
Vlz‘;ﬂg;;ion Excellent Good Excellent Good
Data integrity Good Poor-movement artefacts Good-with fixed sensors Good
Patient usage Hand held device Hand held device Fixed position Fixed position
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2. Reliability

A total of 32 asymptomatic Spanish subjects were recruited from
the Hospital Universitario La Paz. Three subjects had to be excluded
so a total of 29 asymptomatic participants were included in the
study. The study was publicly advertised in different places so that
people interested in the trial could participate. A non-randomized
convenience sampling was performed for this study.

The whole procedure was developed from September 2019
to December 2019. The inclusion criteria were as follows: age
between 18 and 65 years old; had not experienced any craniofacial/
temporomandibular/neck pain; had no facial palsy caused by a
primary muscle disorder; and had no significant history of chronic
pain disorder.

The exclusion criteria were: a surgery or history of traumatic
injuries of the neck/head/face/tongue/teeth/jaw; cancer or an active
infection of the neck/head/mouth; rheumatic disorders; neurological
disorders; and pregnancy.

B. Instrumentation

For this study, a prototype device was specifically designed and
developed to measure tongue force. The system consists of two main
parts: device and software. The device is in charge of performing the
measurement and transmission of the tongue force, while the software,
located in the PC, allows taking data from the session (movement to be
measured and time measured) and from patients (name, date of birth,
sex and pathology) (Fig. 1). Moreover, the software shows tongue force
in real time and stores the data corresponding to the session in an
Excel database.

The device employs a piezo-resistive sensor to acquire force. This
sensor, known as FSR sensor, is a type of technology which resists
changes while a pressure is applied on the active surface. There is a
negative correlation between resistance and force exerted. This means
that the greater the force exerted, the lower the resistance that is
generated [25]. For measurement of tongue force in the current study,
a circular FSR sensor (Model: 402, Interlink Electronics, CA, USA) with
0.46 mm nominal thickness, an area of 12.7 mm diameter at the top
and a measurement range of 0 to 10 kg was chosen [20]. This type
of sensor has proven to be a good option compared to others on the
market when dynamic measurements are required [22].

To measure the resistance of the FSR sensor, a voltage divider circuit
was built with two resistors arranged in series, where one of them is
the FSR [20]. The following formula was then applied to measure the
FSR resistance (R_FSR):

R
Rpsg = W - VR)
Ve €]
V: input voltage, VR: resistance voltage, R: resistor. In our case,
V=5VandR = 10 kQ

The resistance voltage was measured with a C++ program
developed in Arduino UNO, which uses an analog to digital converter
(ADC) module of a 10-bit Atmega328P microcontroller to transform
the analog signal to a digital signal whose values are between 0 and
1023.

Since the variation of the resistance is not linear, it was decided to
use conductance to calculate the force, as this allows interpretation on
a linear scale. The conductance (C) is the inverse of the resistance, i.e.:

_1
Crse ="~/ Rpsr (2)

Using the information provided in the sensor’s own datasheet [20],
an approximate calculation of the force was made by relating it to the
conductance and dividing it into two force ranges (from 0 to 1 kg and
from 1 to 10 kg). For the small force range (0 to 1 kg) the following
linearized approximation of the force-conductance relationship was
used:

Frsg[N] = CFSR/ 80 (3)

Likewise, for the big force range (1 to 10 kg), the following linearized
approximation of the force-conductance relationship was used:
Frsr[N] = CFSR/g() + 1000/80 (@)
This information is sent in real-time via USB communication to the
PC, where it is displayed at the same time and it can be collected by the
software developed in Java-based Processing. The interface has been
designed and developed to be simple and intuitive for use in the clinical
environment. This user-friendly interface, available for Windows,
MacOS and Linux operating systems, facilitates the use of the system
and the performance of specific measurements for a predetermined
period of time by the professional for subsequent registration. In
addition, it has been adapted for use on computers with different
screen sizes. Currently, the movements enabled for recording in the
interface are: lip to lip, tongue protrusion, tongue elevation, tongue
depression, right tongue lateralization and left tongue lateralization.
However, the system allows us to measure any type of movement, as
long as the force is applied to the active surface of the sensor.

During measurements on subjects, a single-use hypoallergenic

Fig. 1. Spanish prototype device interface view. a: Configuration screen view; b: Measurement screen view.
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protection made by nitrile is used to isolate the system from the
patient so that the same system and sensor can be used between
patients. In addition, this protection allows us to isolate the sensor
from the temperature, which can be added by inserting it in the mouth
to make the corresponding measurement. Due to this insulation, the
temperature does not seem to be a parameter that can influence the
measurement made.

C. Procedure

1. Validity Procedure

For the validation of the system, conditions were set-up in order
to reproduce the environment in which the measurement was going
to be performed. In addition, an algometer was used to validate the
measurements that the system collected. For this purpose, the system
remained fixed on a flat horizontal surface to maintain the position and
avoid possible variations that can be introduced by an uneven surface.
The sensor was covered by the hypoallergenic protection, as is carried
out in measurements with patients. The purpose was to imitate the
actual measuring environment and limit the influence of temperature.
With the help of some markers on the table, the algometer was placed
so that it was always in contact with the same point of the sensor and
supported by the sensor’s entire active surface. The perpendicularity
between algometer and FSR sensor was maintained during the
experiment with the help of a level and two vertical supports to which
the algometer was fitted. The aim of this was to maintain repeatability
during the whole experiment.

Once all the experimental conditions were configured, the
measurement process started connecting the device and opening the
software for 5 minutes to stabilize the whole system. Measurements
corresponding to 2N, 5N, 10N, 15N, 20N, 25N, 30N, 35N, 40N were
obtained in the algometer for each FSR sensor. The adjustment to the
desired value was made by gradually increasing the pressure, and
independently for each measurement, for approximately 10 seconds.
During the last 3 seconds a camera system was used to record the
matching values of the measurement system and algometer and their
subsequent analysis.

2. Reliability Procedure

Asymptomatic subjects the reliability
measurements. First of all, an informed consent was given to the
participant. Secondly, they filled out some sociodemographic data and
questions to know if they fulfilled the inclusion criteria. They were
then asked about their initial subjective perception of fatigue before
starting the measurements to ensure the subject started without
it, and the assessor checked the proper functioning of the system.
This variable was measured using a numeric verbal fatigue scale
that consists on asking subjects quantify their perception of fatigue
between 0 (“no fatigue”) and 10 (“maximum fatigue conceivable”) [26].
After that, participants sat down in front of the device and put a single-
use hypoallergenic protection covering the sensor like a sleeve made
of nitrile. They had to protrude the tongue pressing the sensor with
the tip of their tongue against the anterior part of the hard palate (Fig.
2) for 10 seconds with a verbal feedback from the assessor. This allows
to assess tongue fatigue. They rested for 5 minutes and were again
asked about their subjective perception of fatigue to ensure the subject
performed the measurement without it. Finally, they repeated the
measurement again trying to replicate the way the first measurement
was conducted. All measurements were collected in a specific results
paper for each subject, which were kept by the principal investigator.

were recruited for

D. Sample Size Calculation

Sample size was calculated using the method based on the Intraclass
Correlation Coefficient (ICC) [27], [28]. Based on the ICC obtained

Fig. 2. Force pressing tongue against the superior part of the hard palate.

with the first 10 subjects of the present study, it was estimated that our
ICC under the alternative hypothesis was 0.90. A sample of 26 with 2
observations per subject was needed to achieve 80% power to detect
an ICC of 0.90, when the ICC under our null hypothesis was 0.75 using
an F-test with a significance level of 0.05. The final sample size was 29
to allow for possible dropouts (10%).

E. Statistical Analysis

1. Experiment to Assess the Validity of the Device

Some measures were made simultaneously to compare the algometer
and our device with two different FSR sensors. Those measures were
made in some specific values of the algometer: 2N, 5N, 10N, 15N,
20N, 25N, 30N, 35N and 40N. Thus, a total of 9 measurements for
each FSR sensor were made. Those sensors will be named FSR-A and
FSR-B to make it easier for the reader to understand the experiments.
Two tests were made: the first one comparing algometry with FSR-A
and the second one comparing algometry with FSR-B. Secondarily, a
third comparison was made combining the data of test 1 and test 2.
All tests included the Shapiro-Wilk test to assess normal distribution
of the data, Pearson’s Correlation test to analyze algometry-device
correlation, the Student’s t test to assess algometry-device mean
differences, and the intraclass correlation coefficient (ICCM) to assess
agreement between devices. Pearson’s correlation test values above
0.60 were considered a strong correlation [29]. Finally, another ICC, |
was made to assess reliability between FSR-A and FSR-B.

2. Reliability Analysis

A total of 5 ICC, were calculated using SPSS statistical software
(SPSS, Inc, Chicago, IL, USA): 4 included in the validity experiment
and 1 to assess intra-rater reliability with healthy volunteers. The
ICC,, was designated as the two-way analysis of variance mixed
model for absolute agreement of single measures. Interpretation of
the ICC was performed according to previously published categories:
<0.50 is poor agreement, 0.50-0.75 is moderate agreement, and >0.75 is
good to excellent agreement [30].

Bland-Altman plots were constructed only for intra-rater reliability
using mean differences between measurements [31]. Limits of
agreement (LOA) were calculated as mean differences + (standard
deviation multiplied by 1.96) [32]. Calculation of the occurrence of
systematic or random changes in the data means that it was performed
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TABLE ILA. PEARSON’S CORRELATION AND STUDENT’S T TEST FOR VALIDITY TESTS (NEWTONS)

Test 1 Algometry FSR A Partial results Total results

20.28 + 13.37 18.5 £15.1 r=0.99 p<0.01

SW: p=0.83 SW: p=0.54 t=2.08 p=0.07
Test 2 Algometry FSR B Partial results

1=0.97 p<0.01

20.25 £ 13.31 20.8 + 18.0 r=0.97 p<0.01 £20.56 =0.58

SW: p=0.83 SW: p=0.25 t=-0.28 p=0.79 =000 p=0-
Total (test 1 + test 2) 20.27 + 12.94 19.7 £ 16.1

SW: p=0.25 SW: p=0.09

TABLE IL.B. BETWEEN-DEVICE AND FSR A- FSR B RELIABILITY TESTS (NEWTONS)

Measure Mean difference ICC (95% CI) SEM MDC90
Algometry - FSR A 1.77 0.98 (0.88 to 1.00) 1.96 4.57
Algometry - FSR B -0.55 0.94 (0.75 to 0.99) 3.76 8.78
Algometry - FSR total 0.61 0.95 (0.88 to 0.98) 3.23 7.53
FSRA-FSRB 0.45 0.97 (0.85 to 0.99) 2.80 6.53

Results are showed as mean + standard deviation.
SW: Shapiro-Wilk test; ICC: intraclass correlation coefficient; CI: confidence interval

SEM: standard error of measurement; MDC: minimal detectable change; FSR: force-sensitive resistor.

TABLE III. INTRA-RATER RELIABILITY ANALYSIS AND BLAND-ALTMAN PLOT (NEWTONS)

Reliability Analysis

Measure 1 19.89 +9.59 2
Measure 2 19.44 +10.82
ICC (95% CI) 0.93 (0.86 to 0.97)
SEM 2.68

MDC90 6.26
Bland-Altman Plot

Mean difference 0.45+3.79°

95% CI mean difference -0.93 to 1.83 "
Limits of Agreement -6.98 to 7.88

* data showed as mean + standard deviation; ® 0 is included in the CI (p >0.05)

ICC: intraclass correlation coefficient; CI: confidence interval; SEM: standard error of measurement; MDC: minimal detectable change.

through a calculation of 95% confidence intervals of the mean
differences between the values of the measurements.

Measurement error was expressed as SEM. The SEM was calculated
as \/(RMS) X \/(1 — I1CC), with RMS being the root mean square [30].

Responsiveness was determined with minimal detectable change at
90%, which was calculated as SEM x 1.65 x V2 [33], [34]. The MDC,,
expresses the minimal change required to be 90% confident that the
change observed between two measurements reflects a real change
and not a measurement error.

III. RESuLTs

A. Experiments to Assess the Validity of the Device

All measures showed normal distribution in the Shapiro Wilk test
(p>0.05). Both partial and total results showed a strong correlation
between devices (r>0.97) and no statistically significant mean differences
(p>0.05). In addition, between-device reliability analysis and reliability
analysis for both FSR measures showed an ICC > 0.90. The results of all
the experiments are summarized in Tables Il.a and ILb.

B. Intra-rater Reliability

A total of 32 subjects were recruited for eligibility. Of those,
3 subjects did not meet the inclusion criteria because they had
temporomandibular joint disorder diagnosed. Finally, 29 healthy
subjects were included in the reliability analysis (17 men and 12
women aged 40.18 + 14.99). The Shapiro-Wilk test showed normal

distribution of the data (p>0.05). Descriptive data, ICCSJ, SEM, MDC,|
and the Bland-Altman analysis with 95% CI and LOA are summarized
in Table III. The ICC obtained was excellent (ICC = 0.93), with a 95%
CI of 0.86 to 0.97. Graphical representations of the Bland-Altman plot
are shown in Fig. 3.
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Fig. 3. Bland-Altman plot.
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IV. DiscussioN

The main objective of the present study was to verify the validity
and intra-rater reliability of a new device for the measurement
of maximum tongue force using an FSR sensor. To the authors’
knowledge, this is the first validity and intra-rater reliability study of a
device that uses an FSR sensor to measure tongue force.

At present, there is no test or device that has become the gold
standard for measuring tongue force [35]. Although the IOPI is the
most studied and used device for assessing tongue force [16], [17],
[36], [37], it still does not have a validity study. In addition to the
IOPL, there are different devices to measure tongue force, such as the
Madison Oral Strengthening Therapeutic (MOST) [38] and the KSW
[39], but they have not conducted validity studies either. For this
reason, we do not have enough data to compare our validity results
with other tongue force measurement devices. However, we know that
the Interlink 402 FSR sensors used in this research have demonstrated
great precision in force measurements for dynamic exercises against
other FSR sensors [22]. FSR sensors have shown a reliability of the
93% for bite force measure in several dentistry studies [40]. Moreover,
Ahmed et al. observed an accuracy of over 95% in dynamic exercises
for FSR sensors based on previous results [22], [25]. These sensors
are characterized by their easy integration, their small size, their low
weight and their low cost. All of this combined with the existing
scientific literature supporting their reliability are the main reasons
they are chosen for noninvasive force measurements [22], [41]-[43].

The Adam et al. study showed a good intra-rater reliability for the
IOPI with high or very high ICC (0.77-0.90) in asymptomatic subjects
(n=51) with an average age of 28.2 = 9.3 [16]. Further, White et al.
reported an excellent intra-rater reliability (ICC 0.92) for the KSW,
with a 95% IC (0.85-0.97) in asymptomatic subjects with an average
age of 64.7 £ 10.2 [3]. From our perspective, the device presented in
this research seems to be a very good choice since the intra-rater
reliability is slightly higher than the IOPI and very similar to the KSW.
Its advantage over the KSW is its greater portability. There are few
studies in which standard values of tongue pressure measurements
were considered [44], [45]. In all those studies, the IOPI device or an
IOPI-like design device was used. For example, Utanohara et al. showed
an average maximum tongue pressure between 41.7 kPa (kilopascal) in
young subjects to 31.9 kPa in old subjects, using a disposable tongue
pressure measurement device with an IOPI-like design [44]. Also,
Crow et al. carried out a similar experiment using IOPI and showed
similar results (66.7 to 74.8 kPa) [45]. Note that both devices expressed
results in pressure units (kPa) while our new device expressed results
in force units (Newtons) so we cannot directly compare results. If
our results were transformed to pressure units, it could be obtained,
approximately, 155.5 kPa as maximum tongue force. This difference
could be justified because the measurement protocols of the IOPI
and our sensor are different. Crow et al. mentioned a protocol of
measurement [46] in which it can be observed that raising the tongue
and compressing the bulb of the IOPI onto the hard palate is not the
same movement than making a protrusion of the tongue against the
posterior side of superior incisor and palate with the tip of the tongue.

Regarding the SEM and MDC, values, the results for the studied
device were relatively low. It has to be considered that the way the
SEM is calculated may differ between studies. Adams et al. used the
standard deviation and our research used the RMS [16]. The RMS has
been considered an alternative way to calculate the SEM, avoiding the
uncertainties generated by the selection of the ICC type [30]. However,
the low results for the SEM and the MDC,, indicates an agreement
between studies in spite of the differences mentioned.

The available scientific evidence examines other devices that
measure tongue force, such as the MOST or ad hoc devices, some

of which have been compared with and formed partnerships with
the IOPI and the KSW [18]. Nevertheless, there is an important
limitation since these other devices have not yet carried out validity
and reliability studies [18], [23], [47], [48]. For this reason, we cannot
compare our results with these ad hoc devices. However, we can point
out the existing differences between the devices on the market and the
device used in this research. First of all, many of them have a limited
durability because of the components used. Secondly, they have very
high prices, poor stability systems or sensors that keep the mouth open,
which affects the position of the different orofacial structures and
hence tongue position [23], [48]-[50]. In contrast, the studied device
is cheaper (90-100€), brings more stability due to the smooth sensor
surface, and its small size avoids affecting the anatomical systems.
Moreover, the device of this study uses hypoallergenic materials while
the others do not, and this may be an important consideration when
working with intraoral measurements [23], [48]-[50].

Finally, it should be highlighted that the main purpose of these
devices is to quantify maximum tongue force of the different
movements and tongue pressure. In addition, they may help in the
diagnosis and strengthening of the tongue muscles. As a result,
reliability studies like those developed by the IOPI, the KSW and the
device proposed in this research are needed. Furthermore, validation
of all devices is required in order to support their clinical use, as has
been carried out in this study. These studies are needed in order to
compare devices and select the best option.

A. Clinical Implications

From a clinical point of view, having validated instruments proves
to be of great value. In this case, the instrument is a tongue force
resistance device that could have an important positive impact on the
treatment of patients with tongue disorders. Some of these primary
tongue disorders could be orofacial cancer, swallowing disorders or
disturbances associated with dysarthria. Other secondary tongue
disorders may also benefit from this device, such as temporomandibular
disorders. This is because some research has observed significant
changes in tongue force in patients with this pathology [12], [13].
In this study, we assessed the protrusion movement of the tongue
against anterior part of hard palate. That movement could be done
by the action of the genioglossus, a midline muscle that can influence
tongue shape and protract the tongue body [51]. This muscle has been
identified as one of the core muscles of the tongue [52] and it is related
with both functions: speech and swallowing [52], [53]. That is why,
we consider that this research has important clinical implications
because this new device can be used to assess objectively protraction
movement of the tongue, but also it could be used as a training tool for
improving speech and swallowing.

On the other hand, it should be noted that the 1 maximum
repetition (IMR) system, a recognized system for assessing muscle
strength, cannot be applied to an organ like the tongue. Moreover,
this apparatus allows us to calculate the desired percentage through
the force peak, based on the value established by it [36]. Although the
subjects of this study did not see the screen while they were doing
the force, it would also enable patients and professionals to develop
force and resistance training with the visual biofeedback the system
includes.

Moreover, future research lines should assess the utility and
effectiveness of this device in tele rehabilitation processes. These are
currently booming, and the device presented in this study could increase
the quality of patient’s assessment and monitoring in a home treatment.

Finally, an important point to be considered is the need to make
technology available to as wide a population as possible. Having access
to the device will allow professionals to get objective measurements
in the clinic for giving specific exercise doses. This also, will promote
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patient independence at home controlling the training and observing
the progression. For this reason, a key component of the healthcare
system is to develop reliable and useful tools with lower prices like
this device. Likewise, the portability and intuitive interface of this
prototype system makes it a tool which could reduce social and health
care costs and waiting lists of the health system.

Future studies need to be developed to know the inter-rater
reliability and determine normality values in asymptomatic subjects
and temporomandibular or speak disorder patients. The authors of
this work also recommend planning quality clinical trials to verify the
effects of different types of tongue exercises in patients with tongue
disturbance pathologies.

B. Limitations

The present study has some limitations. First, convenience
sampling was used due to the impossibility of accessing big databases
for a simple random sampling.

Second, all the participants were asymptomatic, so statistical
results have to be carefully considered when used in populations with
pathology.

Third, this study has not considered the sensor deformation inside
the mouth of the patients while tongue pressure is taking place. We
recognize the need to work on future improvement of the device,
adding a further element that eliminates the deformation of the sensor
during tongue pressure. Moreover, this improvement needs to consider
adding a sensitive feedback, as a grooved part, in order to facilitate a
specific tongue pressure point for the patient.

Fourth, another current limitation is that the sensor can be damaged
due to intra-oral misuse. Although sensor damage is complicated due
to it resists millions of measurements without altering its operation,
it could be damage if patients bite the sensor. That is why, work is
underway to isolate and protect this sensor in order to solve this type
of problem in the future. Nevertheless, the device has been designed in
such a way that the replacement of these sensors can be done easily. In
addition, they are very cheap sensors (4-7€).

V. CONCLUSION

The data obtained in this study suggest that this new device can be
used by clinicians due to the good validity values and high reliability
shown (ICC =0.93) for intra-rater evaluation of the maximum tongue
force. It allows to obtain objective measurements of tongue force in
clinical practice in order to help clinicians with the diagnosis process
and treatment progression. This device also has a low economic cost,
is easy to handle and has various utilities, making this tool a great
alternative in the measurement of tongue force-endurance due to the
few ones that are available in the market have these limitations.
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Big Data presents considerable challenges to deep learning for transforming complex, high-dimensional, and
heterogeneous biomedical data into health care data. Various kinds of data are analyzed in recent biomedical
research that includes e-health records, medical imaging, text, and IoT sensor data, which are complex,
badly labeled, heterogeneous, and usually unstructured. Conventional statistical learning and data mining
methods usually require first to extract features to acquire more robust and effective variables from those
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latest advancements based on deep learning technologies for obtaining end-to-end learning techniques from
complex data. The abstractions of data are represented using the multiple layers of deep learning for building
computational models. Clinician performance is augmented by the prospective of deep learning models in
medical imaging interpretation, and automated segmentation is used to reduce the time for the diagnosis. This
work presents a convolution neural network-based deep learning infrastructure that performs medical imaging
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specificity, accuracy, and precision over the clinical data with and without augmentation.

I. INTRODUCTION

CCORDING to recent reports, the present society produces data

more quickly than in any other decade, making numerous
doors open for various prediction strategies and making it difficult
for analysts [1]. Multiple industries become progressively dependent
on excellent data quality, and the interest in the sound factual
examination of these data is rising in like manner. In the insurance
sector, the provision of information has always been believed to be
relevant. The insurance provider shall be entitled to the cases arising
from this Arrangement in the form of an agreement to provide a
client and shall retain reserves to cover any future obligations. For all
possibilities taken into account, the insurance premium has to be paid
before the real costs are identified. It is referred to as the reversal of
the creation cycle. It infers that the exercises of reserving and pricing
are firmly interconnected in actuarial practice. From one perspective,
statisticians need to decide a reasonable cost for the insurance items
they need to pay. Setting the excellent levels charged to the insured's
is done in a data-driven way where prediction models are fundamental
and essential.

Hazard based estimating is essential in a serious and well-working

* Corresponding author.

E-mail address: sunday@jiangnan.edu.cn

insurance market. An insurance organization must then protect
its solvency and hold money to satisfy outstanding liabilities [2].
Therefore, holding statisticians should foresee, with most extreme
exactness, the aggregate sum expected to pay guarantees that the
insurance provider has legitimately conceded to cover for. These
reserves structure the primary thing on the risk side of the insurance
organization’s financial record and accordingly have a significant
economic effect. This exploration aspires to advance new, precise, and
accurate models for the actuarial work field. Non-life (for example,
engine, fire, obligation), life, and well-being backup plans are
continually faced with the difficulties of quickly expanding facilities
for information assortment and data collection, stockpiling, and
investigation. Anyway, utilizing their best-in-class approaches for
the insurance business won’t have the option to plan a satisfactory
reaction to these difficulties and associations with the controls of
measurements and considerable information investigation.

Besides, the expanded spotlight on inward hazard and the
changing administrative rules encourages the importance of improved
apparatusesforactuarialmodeling of the prediction models. Specifically,
the European Solvency II Directivel forces new necessities to upgrade
policyholder security. With these new administrative rules’ ongoing
presence, the estimation of future incomes and their vulnerability
turns out to be progressively significant [3]. Simultaneously, actuarial
prediction models need to consent to existing and pending guidelines.
Throughout strategies to survive with complex problems, conventional
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machine learning approaches are not adequate. High performance
deep learning computing offers the ability to manage massive medical
image data for precise and efficient diagnosis. Deep learning helps to
pick and extract characteristics and create new ones. It diagnoses the
illness and the predictive objective and offers actionable prediction
models to effectively support doctors. The Gender Directive2 has
denied the utilization of sex as a hazard factor in insurance estimating,
and antidiscrimination laws may advance sooner rather than later,
further constraining the legally binding opportunity of insurance
organizations.

Demonstrating guarantee losses — alternatively called guarantee
sizes or severities — is urgent when evaluating insurance items,
deciding capital necessities, or overseeing dangers inside money
related establishments. For example, different essential circulations, the
gamma or lognormal, have been utilized to demonstrate nonnegative
losses [4]. These parametric conveyances are not frequently suitable
for actuarial information, which might be multimodal or substantial.
Besides, while building aggregate hazard models or joining actuarial
dangers from numerous business lines, these serious appropriations
don’t prompt a systematic structure for the relating total loss
circulation. While numerical or recreation calculations are accessible,
it is considered advantageous to use routine procedures whenever the
situation allows. There is continuously a tradeoff between scientific
effortlessness from one perspective and practical demonstrating
modeling on the other. Fig. 1. shows the essential features involved
in modeling insurance data. It offers the basic features involved in
insurance data collection, analysis, and modeling the same.
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Fig. 1. Insurance Data Modeling.

These days, insurance organizations monitor all kinds of data for
every individual case. Rich information sources record, for instance,
the event occurrence date, the announcement of a reporting delay, the
date and measure of every payment loss, and the settlement date. Many
recent forensics advancements [5] monitor the insurance company
databases for data theft and attacks over insurance data stored in the
cloud [6]. The current strategies for claims holding are intended for
totaled information, yet numerous valuable data is lost through this
information compression. For considering all the useful information
for analytics and establish new relations, deep learning models are
considered. In any case, data accessible to play out the prediction work
originates from two sources; a group of client characteristics (e.g.,
client socioeconomics and insurance enlistment data) and the historical
backdrop of client emergency clinic affirmation claims. Big data can
potentially expose connections, secret trends and other observations
by analyzing massive data sets. And data from the learning of machine
healthcare led to the discovery of human genomes or medicines for life
threatening diseases such as cancer.

The last can be considered as a period of inconsistent occasions.
Besides, every hospitalization occasion would itself be communicated

as a succession of emergency clinic administrations used by the
patient during that specific stay. While it is clear to straightforwardly
introduce the principal kind of data as features to a characterization
calculation, data mining of time arrangement and point forms, for
example, the hospitalization occasions depicted above, is yet an
ongoing research territory [7] [8]. It is somewhat testing to remove
irrelevant data in a valuable way. The general planning of recorded
medical clinic visits for prediction appears to contain unrelated yet
significant data that may prompt progressively exact forecasts if it is
very well used for insurance data creation.

II. RELATED WORKS

Shi et al. [9] designed HFDA, an ensemble Artificial Intelligence
way to deal effectively and distinguish the clinical insurance claims
implemented in an online clinical insurance claim framework in
China. Tooth et al. [10] proposed another client profitability technique
for the insurance business by including risk reserve. The proposed
scheme can gauge the genuine insurance client commitment viably
by thinking about the recorded buying conduct and foreign income.
Wang et al. [11] proposed a novel deep learning model for accident
coverage extortion discovery that utilizes Latent Dirichlet Allocation
(LDA)- based content examination. In the proposed strategy, LDA is
first used to detect the content features covering up in the accident
cases’ content depictions. Deep neural systems are prepared on the
information, incorporating the content features and conventional
numeric features for distinguishing fake cases.

Koutsomitropoulos et al. [12] developed OWL metaphysics to
recognize insurance forms and delineate information volumes gathered
in customary information stores. Under thinking, many semantic
questions were shown utilizing the vocabularies in the ontology that
can simplify examination and derive understood realities from this
information. Lin et al. [13] developed a heuristic bootstrap testing
approach joined with the hybrid learning calculation for the insurance
business data mining. A parallel analysis that utilizes the equal
registering ability and memory cache system improved by Spark and
used F-Measure and G-intend to assess the calculation’s accuracy. The
insurance business information from China Life Insurance Company
is used to investigate the proposed model efficiency.

Ren et al. [14] proposed a survival forecast model dependent
on graph pattern mining. In the first place, every patient’s medical
coverage information is developed as a Heterogeneous Information
Network (HIN). At that point, visit designs are mined from these HINs,
and each successive example is viewed as an element called “design
highlight” Finally, the survival time is given by an improved random
forest, which can consider the edited information from the graph data
mining. The investigation is carried out on a genuine medical coverage
informational collection to investigate the utilization of factual
strategies to make a standard based heuristic motor that works with
self-learning Decision Trees. Rayan et al. [15] present an ensemble
system that consolidates expertise in the domain and unsupervised
learning procedures to recognize false cases. The examination group
is implied with a weighted module of extraordinary circumstances
posting the most probable fraud cases with proactive and review
investigation comments.

Chae et al. [16] inspected the information disclosure attributes and
data mining calculations to investigate how they can produce accurate
results and give regular data to hypertension prediction using the
Korea Medical Insurance Corporation database. In particular, this
examination approved the intensity and core ability of data mining
calculations by contrasting the presentation of the decision tree,
logistic regression, CHIAD (Chi-squared Automatic Interaction
Detection), and C5.0 (a variation of C4.5) utilizing the test set of 4588
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recipients and the evaluation set of 13,689 recipients. Viveros et al.
[17] addressed the viability of two data mining methods in breaking
down and recovering unknown personal conduct standards from
gigabytes of information gathered in the medical coverage industry.
A scene (claims) database for pathology administrations and a general
professionals database were utilized for the analysis. Affiliation
rules were applied to the scene database; neural segmentation was
used to overlay the two databases. The outcomes acquired from this
investigation show the potential estimation of data mining in medical
coverage data frameworks by distinguishing designs in the pathology
administrations and arranging the general professionals into groups
mirroring their practices’ nature and style. The methodology produced
a higher percentage of results that couldn’t have been acquired
utilizing traditional procedures.

Jiang et al. [18] presented four significant difficulties existing in
artificial intelligence in genuine business models. Standard artificial
intelligence calculations can commonly be applied to traditional
informational indexes, which are ordinarily homogeneous and adjusted.
A proficient cost-sensitive parallel learning framework (CPLF) was
used to improve insurance tasks with an in-depth learning approach
that doesn’t require preprocessing. The methodology contains a
novel, unified; start to finish a cost-effective neural system that
learns genuine heterogeneous information. An explicitly structured
cost-delicate grid that consequently produces a powerful model for
understanding minority arrangements and the parameters of both the
cost-effective lattice and the half breed neural system is, on the other
hand, yet mutually upgraded during processing. CPLF-based design
for a certifiable insurance knowledge activity framework showed a
misrepresentation discovery and arrangement restoration during this
framework’s investigation. Wang et al. [19] applied a linkage of the
Knowledge Discovery in Databases (KDD) procedure to examine the
call community information of the NHIA. The practical techniques of
handling, determination, data mining, and assessment for two kinds
of data mining investigations: information arranging and information
affiliation, Moreover, the investigation results and counsel experts in
NHIA for the expert assessment about those outcomes and existing
medical coverage arrangements showed the establishment of using
intelligence paradigms in the medical insurance field. Senthil Murugan
and Usha Devi [20] — [21] have proposed a hybrid classification
technique for analyzing many data. Additionally, decipher, and reach
determinations from these outcomes using information representation
are presented for supportability.

Sato et al. [22] built a novel examination system dependent on past
investigations that led with clinical scientists and structured a UI that
encourages the development of the preparation rationale in a basic
and straightforward way. By indicating the execution consequence
of commonplace investigations of insurance information, the created
system’s viability is examined. Umemoto et al. [23] meant recognizing
the changes in the prescription patterns and distinguishing its
motivation through an investigation of Medical Insurance Claims
(MICs), which involve the details of clinical expenses charged to
medical safety insurance providers. The methodology is two-crease.
Firstly, proposed an inactive variable model that recreates doctors’
drug conduct to precisely imitate month to month medicine time
arrangement from the MIC information, where medicine interfaces
between the illnesses and meds are absent. Secondly, applied a state-
space model with intercession factors to deteriorate the month-
to-month remedy time arrangement into various parts, including
regularity and auxiliary changes. Testing is fair to extract unnecessary
information practically. If it is very well used for insurance data
production, the general planning of reported medical clinic visits
for prediction tends to include insignificant essential data that can
increasingly prompt accurate forecasts.

III. PROPOSED METHODOLOGY

In the recent year, deep learning methods become well known
for their high accuracy rate and immense domain applications in
various research fields, including image processing [24], [25], speech
recognition [26], [27], computer vision [28], [29], authentication
system [30]. Convolution neural networks (CNNs) feed-forward
artificial neural network (FANN) expectant by standard procedures
proposed to classify unique patterns straight away from medical and
non-medical image data. Motivated by the great success of CNN in
medical research, we employed CNN to target breast cancer tumor
segmentation and classification. In convolutional neural networks,
convolutional layers are the key building blocks used. The fast
application of a variable to an input that results in inactivation is a
convolution. Convolution of deep learning infrastructure focused on
the neural network that performs medical imaging data analysis at
different pipeline levels, including data loading, data increase network
architectures, loss functions, and evaluation metrics.

In this paper, we present a new deep learning-based CNN framework
architecture to segment and classify breast tumors into two classes
(B-Benign and M-Malignant) by the use of CNN fine-tuned models.
The proposed system consists of various pipeline stages, including
data loading; patch extraction, selection, image segmentation, data
augmentation, deep feature extraction, deep feature selection, and
classification. The proposed system’s detailed flow is shown in Fig.
2., whereas each pipeline stage’s detail is described in subsequent
sections. Models of deep learning are developed using neural networks.
A neural network takes in inputs, and then processed in hidden layers
using weights that are changed during preparation. The model spits
out a forecast then. For making better predictions, the consequences
are adapted to identify trends. A deep learning model is designed to
continuously analyze data similar to how a person might conclude with
a logic structure. A layered system of algorithms called deep learning
applications to use an artificial neural network. The architecture of an
artificial neural network is inspired by the human brain’s biological
neural network, leading to a learning mechanism that is far more
capable than that of traditional models of machine learning.

A. Data Loading

In this stage, medical image files are loaded from a medical file
format data set. Medical images are stored in different file formats
as compared to many other computer vision tasks. These file format
stores metadata information like acquisition information (specifies
scanner parameter, modality types, etc.), spatial information (including
anatomical point of reference and voxel anisotropy), and patients’
data. Deep learning is a type of machine learning in which a model
learns directly from pictures, text, or sound to perform classification
tasks. Typically, deep learning is applied using the design of neural
networks. The term deep refers to the number of layers in the network;
the more profound the network, the more layers. The processing of
medical imaging refers to the handling of images using a computer.
This processing requires many methods and practices, such as image
collection, storage, presentation, and communication.

B. Medical Image Segmentation

1. Patch Extraction

From the image file, we perform patch extraction over each image
Im of size P X Q; this image is then divided into patches Pch, with a size
of 256 x 256 pixels with no overlapping. For each image, the number
of patches was different as the size of each image is different.

2. Patch Selection

Each image patches Pch. are partitioned into sub-region SR, SR,,

SR,, SR,, SR, such that ULOSR,.: Pch, where U representing the union
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Fig. 2. Proposed Methodology for Tumor Segmentation.
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of all four regions. Only those regions are selected that contain tissue

sections. Each patch has some noisy background data that is removed

using the homogeneity factor, which is defined in (1):

Z I Pr jk
K=l a4)j—k]

Hy = ¥j (1)

Where, Pr, is relative position probability of pixel pair (j, k), and
I his distinct level of intensity was computed for every patch and
optimized up to 60% threshold. Each patch belongs to the tissue region.
Patching technology is an effective means of marking the structures
of the brain and of other animals. In general, these approaches mark
each of the voxels of a key growth by contrasting the image patch
centered on the voxel with patches from the Atlas library. A search
window is typically used locally based on the target voxel. Various
patch-based mark fusion processes are proposed for effective and
stable segmentation and illustrated. For works using non-rigid
registration, comparable findings have been published. In a variety
of computer vision tasks, including texture synthesis, painting and
super-resolution, patch-based techniques recently showed high
efficiency. Non-local denoising has led to the promotion of the field
and to the development of many patch-based segmentation techniques
for medical imaging applications.

The algorithm for patch extraction and patch selection is presented
below:

Algorithm 1: Patch Extraction and Patch Selection

1. Extract the Patches Pch, of size 224 x 224 pixel from Im,, ,
2. Partitioned patches into subregion SR, SR,, SR,, SR., SR,.
3. Select Patches based on tissue section region such that for i=0 to 4:
Begin:
U?_oSR,=Pch,
End
6. Background noise removal using homogeneity factor for pixel
pair (j, k).
7.Forj=1tol:
Begin: For k =1 tol:
Begin:
I
-y Y
T4 4 1+l—k
End

3. HCNN Based Image Segmentation

In the process of segmentation, background tissues are removed
from the tumor region in the image. For segmentation, two methods
are employed.

+ Region-Based Approach in which segmentation is performed
based on similarity detection. Few Region-Based approaches
include Region growing, merging, and splitting using quad tree

decomposition.

Boundary Based Approach in which detection of discontinuity is
performed and then linked to form boundaries of region.

A blend of distinct methods is implemented to maximize the
segmentation outcomes. A region-based segmentation and picture
analysis with application to medical images has been carried out in this
paper. Clustering, object detection, and boundary detection are among
the most critical measures in image segmentation. Segmentation
of related structures is of utmost significance for several image
processing and visualization activities both within and outside the

medical image domain. As a result of non-optimal parameter settings,
images segmented by area rising techniques often contain either
too many regions or too few regions. A blend of distinct methods is
implemented to maximize the segmentation outcomes.

The algorithm for boundary detection helps to find the right
boundary for noisy pictures. The convergence between the original
image and the corresponding mask provides insight into vector data.
Finally, the algorithm for boundary detection is implemented to yield
accurate input image boundaries.

In this paper, we perform Region of interest extraction using a deep
learning-based fully automatic technique called Hierarchical CNN
(HCNN). HCNN is different from traditional CNN because of its in-
depth image processing. The architecture of HCNN consists of three
hierarchical layers, which are fused at fully connected layers. Every
pixel of the image is segmented, and the result of segmentation is then
merged into the mask after input pixel segmentation. Fig. 3. represents
the architecture of HCNN, including convolution layer, pooling layer,
Rectified Linear Units Layer (RerLU), and fully connected layer.

Convolution Layer: 1t performs input image convolution using
convolution kernels, which is represented in (2)

(R®),y = (Wt* x Pch), ,, + bs* @

Where * represent the convolution to the input image patches
Pch, Wt* and bs* represent weight and bias between two neurons,
whereas k represent convolution kernel index. (R)),, represent the
convolution response between k™ kernel and pixel with center (x,
y). To control the size of output volume of the convolution layer, we
use three parameters: depth (number of convolution kernel), stride
(control kernel shift amount), and padding (control the spatial size of
convolution output volume).

Rectified Linear Units Layer (ReLU): 1t is used as an activation
function that sets all the negative value to zero using the non-linear
activation function shown in equation (3)

g(R) = max(0,R) 3)

Where R represent convolution response output.

Pooling Layer: This layer performs non-linear transformation to
reduce spatial dimension and noise elimination activated from the
preceding layer. There are different down-sampling strategies used
that perform pooling operations, including stochastic pooling, average
pooling, and max pooling. Amongst all, Max pooling is most famous
for its high-speed performance and convergence optimization.

Fully Connected Layer-: It connects every neuron of the preceding
layer to all neurons of this layer, called a fully connected layer. The (4)
describes it:

(rk)x,y = Zf (4)

Where, f represent f * neuron index of input, r* represent k*
neuron output, Wt and bs* represent weight and bias between two
neurons Pch/ and r* In our proposed work, we concatenate the
output of all the three convolutions at this layer. Health analytics
analyses existing and past awareness of the market for predicting
trends, increased scope and much better control the dissemination of
diseases. It will include opportunities to enhance health safety, clinical
data, diagnosis and organizational management. To overcome many
technological challenges and issues that need to be solved to realize
this opportunity, the motivational aspect of data analytics and mobile
computing is critical for healthcare systems. New capabilities such as
artificial learning, data analytics, and computational power have to be
upgraded to provide more intelligent and skilled healthcare services
for people in advanced healthcare systems.

(Wt = Pch,),., + bs*
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Fig. 4. Data Augmentation using CSR, CGSR, and CSR-CGSR Algorithms.

After performing these steps, a post-processing step is performed
to eliminate the noise from the segmented image. The algorithm of the
HCNN model for tumor segmentation is mention below:

Algorithm 2: Image Segmentation using HCNN model
1. Input: Image Patches Pch, Weight Wt* and bias bs*
2. Array Initialization: Number of filter — NOF[5] = {48,128,192,
192,64}
Number of pixel in Imagepatches Pch,=224x224;
2. Output: Segmented Image patches Pch,'
3. # Three Layer HCNN : for i = 0 to 2:
# HCNNLayer 1: For j =0 to 4
Begin:
Number of kernel: NOK = NOF [ ];
if (j < 2) then
Convij: Conv(NOK, 5, 5, ImagePatch,, , = (Pch, Pch, 5))
(RY,, = (Wt Pch),  + bs*
else
Conv: Conv(NOK, 3,3, ImagePatch,, = (Pch, Pch, 3))
(RY,, = (Wt Pch)  + bs*
ReLuI.j: g(R) =max(0, R)

MaxPooIi].:

pool = (3,3);

stride = (2, 2);
End:

End:
4. # FullyconnectedLayer 1: Fusion of out put of all three HCNN layer
(Fy =Y W« Pk, + bs*
f
5. Output: segmented Image Pathes Pch’
6. Exit

C. Data Augmentation

This technique is used to increase the size of the training dataset
and reduce overfitting. Data augmentation methods employed for
geometric transformation invariance are rotation, shear, skewness,
contracting/stretching, and flipping. In contrast, for noise invariance,
the techniques used are edge detection, Gaussian blur, sharpen,
shadow, and embossing. To make the training model robust and
increase the training dataset, we propose three different combinations
of augmentation: CSR (Contracting/Stretching, Skew, Rotate), CGSR
(Contrast, Gaussian Blur, Skew, Rotate), CSR-CGSR (Contracting/
Stretching, Skew, Contrast, Gaussian Blur, Skew, Rotate). The complex
transformation of Image patches is shown in Fig. 4.

D. DCNN Based Feature Extraction With SVM Classification
(DFESC) Model

1. Feature Extraction

Feature extraction was carried out by passing the augmented image
patches through the pre-trained fine-tuned VGG-19 network. DCNN
based VGG-19 network is most popularly used because of its simplicity
as it uses only three x three convolutional layers piled up on top of
each other to increase depths. For dimensionality reduction, down-
sampling of the input image (including image convolution, hidden-
layer output matrix, etc.) is employed in this network. It consists of 19
layers, including five stages of 16 convolutional layers, rectified linear
units (ReLU) activation, pooling layer of max type, and three fully
connected (FC) layers. For better classification accuracy, the last FC
layer is connected to the SVM classifier rather than the softmax layer
that performs classification.

For feature extraction, first augmented image patches are
normalized to zero mean and unit variance before feed into the VGG-
19 network. The architecture VGG-19 based DFESC model is shown in
Fig. 5 in which the first two layers of convolutional are trailed by max-
pooling layer, and the same arrangement is continued for succeeding
two layers as shown in Fig. 6. The remaining eight layers are arranged
in a group of four convolutional layers followed by max pooling. This
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Fig. 5. Architecture of DCNN based Feature Extraction with SVM Classification (DFESC) Model.

Algorithm 3: Data Augmentation using CSR, CGSR, and CSR-CGSR
Algorithm

« Input: Segmented Image Patches,

« Transformation parameter: Rotation (-90°, -45°,90°,45°), Gaussian Blur
(6=0.5,1.0,2.0.5), Contrast (lightness value =1.00, 1.5, 2.0, 0.25), Skew
(Left, Right, Forward, Backward).

« Output: Augmented Image Patches

« Perform Data Augmentation using CSR, CGSR, and CSR-CGSR
Transformation Algorithm

« CSR Augmentation Algorithm:

i.  First, split the segmented image patch database into two equal sets.

Apply Contracting/Stretching transformation to 50% segmented
image patches, and the remaining 50% image patches are undergone
through skew transformation.

ii.

Contracting/Stretching (CS) transformed images again split equally
into two sets.

ii.

iv. The applied skew transformation over 50% CS transformed image,
and the rest of 50% CS transformed image is stored in CSR dataset.
v. Skew transformed images again, split equally into two sets.
vi. Applied rotation transformation over 50% skew transformed images,

and the rest of 50% skew changed ideas is stored in the CSR dataset.
» CGSR Augmentation Algorithm:

First, all segmented images are modified by the application of
contrast transformation.

i
ii. Transformed Contrasted images are then passed through Gaussian
filters.

Shadow transformation is then further applied to images passed out
from the Gaussian filter.

ii.
iv. Shadow transformed images then split equally into two sets.

. Applied rotation transformation over 50% shadow transformed
images, and the rest of the 50% shadow transformed image is stored
in the CGSR dataset.

CSR-CGSR Augmentation Algorithm: Two augmentation techniques
CSR and CGSR, are combined.

Initially, image transformation is performed according to the CSR
transformation workflow, including Contracting/Stretching (CS),
skewing, and rotation.

Afterward, CSR transformed images then go through CGSR
transformation, including contrast reduction, Gaussian blurring,
shadowing, and rotation.

All the transformed images are then stored in a CSR-CGSR dataset.

Vi.

Vii.

Vviii.

arrangement is then connected to the last three thoroughly combined
(FC) that contains 4096, 4096, and 1000 nodes, respectively. The
outcome from these layers resulted in 4096, 4096, and1000 features,
respectively.
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Fig. 6. Architecture of VGG-19 DCNN Based Feature Extraction.

2. Feature Selection

To reduce redundancy, we perform feature selection using bagged
decision tree [31] algorithms like Extra Tree and Random Forest.
Using these algorithms, we determine the significance of features and
then select the quality based on their ranks using (5) in which a part
with 95% significance is considered.

Significance of Selected Feature = 0.95 * Significance (5)

3. Dataset Splitting

Selected feature vectors are then into three parts for training,
validation, and testing. In this study, we hierarchically split the dataset.
First, the dataset is divided into training and testing datasets in the
percentage ratio of 85:15. The training dataset is then further divided
into training and validation sets with a percentage ratio of 90:10. A
diagrammatic view of the data split is shown in Fig. 7.

Fig. 7. Dataset Splitting.

4. SVM Classification

In this work, augmented feature vectors are combined with SVM
classifiers that minimize classification error by determining the best
possible separating hyperplanes. With a given labeled feature pair
(pf, qf) where b, represent feature vector and q: € (+1, —1) represent
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whether a given instance corresponds to the class or not. The (6)
defines the formation of binary SVM cost function:

é xX"x+CYr &
subjecttoqy . (xT(b(pf) + y)Z 1-¢,620 ©)

Where x and y represent separating hyperplane parameter, &,

represent penalty error for aloose variable (located at the erroneous side
of hyperplane margin), C, represent control parameter for regularization
that tradeoff between hyperplane margin and penalty error £, O(p)
Represent the input vector non-linear transformation function.
The two separatings hyperplane can be defined as x" @ @)t+y=1
and x” @ (p)+y =0, while margin width is defined as ﬁ We use the

radial basis function (RBF) kernel is used for SVM classifier, which is
defined in (7):

K(pf' pg) = (D(pf)T(D(pg)= e—yllpf—pg”Z @)

Algorithm 4: DCNN based Feature Extraction with SVM classification

1. Input: AugmentedImage Aug,= 224 X 224 X 3;
2. Array Initialization : Number of filter — NOF [5] = {64, 128, 256, 512};
3. Feature extraction using VGG-19 net
4. fori=1to8step 1
Number of kernel: NOC = NOF, [i];
Begin:
if (i < 2) then
Begin:
forj=1to2step 1
Begin:
conv, : performconv(NOK, 3, 3; stride = 1);
(Rk )y = (Wik* Aug),  + bsk
ReLu, ;
g(R) =max (0, R)
End
MaxPool:
pool . =(2,2);

size

stride = (2, 2);

End
else if ( = 3 && i <5) then
Begin:
forj=1to 4 step 1
Begin:
conv; performconv(NOK, 3, 3; stride = 1);
(R¥ oy = (Witk* Aug), + bs*
ReLu, ;:
g(R) =max (0,R)
End
MaxPool:
poolsize: 2, 2);
stride = (2, 2);
End
else
Begin:
FC: Extract Feature
ReLu: Set all negative value to zero
drop;: Perform 50% dropout
End:
End
5. Perform features election using bagged decision tree algorithm by
estimating significance
Significance of Selected Feature = 0.95 * Significance
6. Perform SVM classifcation using RBF kernel

IV. EXPERIMENTAL RESULTS

A. Dataset Description

DDSM [32] and CBIS — DDSM are the standard dataset containing a
medical image of tumors for breast cancer detection and classification.
CBIS - DDSM [33] is the latest version dataset that digitized
mammogram images in DICOM standard format, while DDSM
contains a lossless-JPEG design. These datasets were downloaded
from the website of CBIS-DDSM that consist of 2478 mammography
medical image of 1249 female, and these include mediolateral and
craniocaudal (CC) oblique view. In this study, each oblique was
considered as a separate image. The application of most of the sensors
is now focused on evaluating the time domain of acquired sensors,
typically by the magnitude and frequency of movement. However,
this tentative analytical approach can neglect certain valuable sensing
signals, such as identification information

We split the dataset images into three sets: a training set containing
1903 images, a validation set consisting of 199 photos, and a testing
set with 376 illustrations. CBIS-DDSM dataset consists of pixel-based
annotation for the Region of interest (ROI) with the label: Benign and
Malignant. These labels are then further elaborated based on ROI as
mass or calcification. Convert the downloaded mammogram images
into PNG format and without cropping downsized images to 1152X896
using interpolation.

As we propose patch-based analysis, segmentation, and
classification; therefore, we created two patch datasets by sampling
patches of the image from the background and ROI region. We
extract all image patches of 224x224-pixel size, and this patch size
is sufficiently large enough that cover almost all ROI annotation.
All patches were classified into one of the five categories: benign
calcification, malignant calcification, soft mass, malignant mass, and
background.

B. Performance Evaluation

In this section, we discuss the performance of the proposed
system for multi-class breast cancer tumor classification. Therefore,
performance evaluation of proposed DCNN based Feature Extraction
with SVM classification (DFESC) model is discussed for two cases:
Before Augmentation and After Segmentation. For the performance
assessment of complex structures, there are many methods. However,
most of the approaches proposed in the field of medical image
processing only face the problem of identifying different metrics that
allow precision from a strictly geometric and quantitative point of view
to be assessed. Finally, potential future directions for performance
assessment research in medical image segmentation are suggested.
In essence, data integrity means that the data is correct and has not
been wrongfully changed in any way. Inaccurate records can become
a significant health concern for patients and an immense liability
for providers, leading to fraud, misuse, lack of data, and incorrect or
inadequate treatment.

In case 1, classification is performed over the original dataset
(without augmentation), while in case 2, classification is performed
over an augmented dataset, which is generated by using the proposed
data augmentation algorithm (CSR, CGSR, CSR-CGSR). Classification
result of proposed DFESC model with and without augmentation is
shown in Fig. 8(a) and 8(b), whereas. Their corresponding confusion
matrix analysis is shown in Fig. 9(a) and 9(b).

Fig. 8(a) and 8(b) showed that the proposed DFESC model with
data augmentation algorithm predicted all five classes correctly with
higher probability than without augmentation. It was also observed
that background class is easily expected while malignant calcification
class is hardest to predict.
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Based on the confusion matrix analysis, we formulate the
proposed (DFESC) model’s accuracy for both cases. Fig. 9 represents
classification accuracy based on confusion matrix analysis for CBIS -
DDSM dataset using the proposed classification model for both cases.
Fig. 10 observed that classification accuracy after augmentation for
background, benign calcification, malignant calcification, benign mass,
and malignant mass are 99%, 96%, 94%, 97%, and 95%. In comparison,
accuracy before augmentation is 96%, 91%, 93%, 92%, and 89% for
background, benign calcification, malignant calcification, benign
mass, and malignant mass. Based on this result, the data augmentation
algorithm improves the classification accuracy up to a greater extent.

The overall classification accuracy with and without augmentation
for the proposed DFESC model using the CBIS-DDSM dataset is
shown in Fig. 11. It is marked from Fig. 11 that with the inclusion of
the proposed data augmentation algorithm, the accuracy is improved
largely. Accuracy starts from 40% for without augmentation while 58
% for the first epoch with augmentation dataset. In addressing these
healthcare problems, big data analytics will help. With the help of
predictive analytics, healthcare providers will cut healthcare costs and
provide quality care. Big data frequently helps to minimize prescription
mistakes by improving financial and administrative productivity and
reducing hospital admissions.

Further, we assess the performance of the proposed work by
computing AUCs per-image over an independent test set for two
cases: Without Augmentation and With Augmentation. In case
1, classification is carried out over the original dataset (without
augmentation), while classification is carried out over the augmented
dataset in case 2, generated using the proposed data augmentation
algorithm (CSR, CGSR, CSR-CGSR). The overall classification
accuracy for the proposed DFESC model using the CBIS-DDSM
dataset with and without augmentation is shown in Fig. 11. The
accuracy is significantly enhanced with the inclusion of the submitted
data augmentation algorithm.
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Case 1: Without Augmentation

First, we classify the tumor into 5- class over the original dataset
(without augmentation) using the proposed DCNN based Feature
Extraction with SVM classification (DFESC) model. Next, we generate
a ROC curve with AUC computation for the DFESC model without
performing augmentation. The ROC curve without augmentation
into 5-class is shown in Fig. 12. The corresponding computed AUC
values from the ROC curve are 0.91,0.98,0.97, 0.95, and 0.99 for benign
calcification, malignant calcification, benign mass, malignant mass,
and background. Overall average AUC of the proposed DFESC model
before augmentation is 0.96.
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Fig. 12. ROC curve for Proposed DFESC model without augmentation.

Case 2: With Augmentation

In this case, we first augmented the original data using the
proposed data augmentation algorithm (CSR, CGSR, CSR-CGSR)
and then applied this augmented data to our proposed DCNN based
Feature Extraction with SVM (DFESC) model for classification. Fig.
12 represents the ROC curve for benign calcification, malignant
calcification, benign mass, malignant mass, and background class with
an AUC of 0.990, 0.994, 0.991, 0.990, and 0.998 augmentations. Overall
average AUC of the proposed DFESC model after augmentation is
0.994.

The ROC curve represented in Fig. 12 (without augmentation) and
Fig. 12 (with augmentation) observed that classification accuracy
for augmented data is higher for each class compared to without
augmentation. Subsequently, compare the proposed DFESC model’s
performance using data augmentation algorithm with other CNN
architecture, including ResNet, AlexNet, VGG-19, VGG-19 +ResNet.

The performance comparison for all classification models using the
ROC curve is shown in Fig. 13. It is evident from Fig. 14 that the
proposed System represents a high AUC of 0.98 while the AUC of
ResNet, AlexNet, VGG-19, VGG-19 +ResNet are 0.92, 0.88, 0.87, and
0.89. It shows that classification accuracy is high if the SVM classifier
performs classification using RBF kernel over the feature extracted
from the VGG-19 based DCNN.
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V. CONCLUSION

Deep Learning achieves a high level of accuracy in detecting and
classifying multi-class breast cancer tumors. In this paper, we propose
a combined approach based on deep learning and machine learning
methods that perform classification over augmented data, resulting
in better accuracy than other classification techniques. Authors
suggest -fold method: Firstly, Authors employed Hierarchical CNN
approach for tumor segmentation; Secondly, we propose three data
augmentation algorithm-CSR, CGSR, and CSR-CGSR that perform
augmentation over the segmented image; thirdly, we proposed VGG-
19 CNN based feature extraction followed by feature selection using
bagged decision algorithm (Random Forest, Extra Tree); finally, we
perform classification using multi-class SVM classifier that classifies
the breast cancer tumor image into five different classes: benign
calcification, malignant calcification, benign mass, malignant mass,
and background with high accuracy. Authors evaluate our proposed
system’s performance by performing the classification using the
proposed DFESC model over original data and augmented data. From
the simulation result, we observed that classifying the tumor using
the DFESC model over augmented data achieves higher accuracy
than without augmentation. Subsequently, the Authors perform a
comparative analysis of different deep learning CNN architecture
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(like ResNet, AlexNet, VGG-19, VGG-19+ResNet) with our proposed
data augmentation based DFESC model. Form the comparison ROC
curve, the Authors determine that the proposed method outperforms
other CNN architecture. In the future, this work can be extended for
fine-grained classification of each class with the examination of light-
weight CNN architectures to steadiness the accuracy and efficiency.
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by the results of our experiments.

I. INTRODUCTION

N machine learning, Bayesian networks (BN) are one of the main

analytical models for developing the probabilistic structure of
knowledge [1]. They may be used in a variety of contexts, including
knowledge design, argumentation, and inference [2]. There are
two stages to learning a Bayesian network: parameter learning and
structure learning. The focus of this paper is on Bayesian network
structure learning. In structure learning, three procedure is needed
such as strategies on the conditional independence, calculating score
for optimization technique, and combining different approaches
[3]. In Bayesian network, directed acyclic graph (DAG) is the main
structure, and this structure contain two components key: parameters
and network structure. The structure displays interrelationships
between variables, whereas the parameters represent conditional
probabilities. Without a great search technique, it's hard to solve the
Bayesian network's learning structure. Meanwhile, although learning
the Bayesian network structure from a dataset to produce the best

* Corresponding author.

E-mail address: hoshang.awla@soran.edu.iq

result is NP-hard [4] a lot of work has gone into developing estimate
methods for learning the network structure. Generally, constraint
based approach and score-and-search strategy are two different
mechanism in structure learning of Bayesian network [5]. The main
mechanism for searching on the Bayesian network space is score and
search mechanism, and continuously evaluate each potential network
structure until the correct metric value is found.

Score-based methods utilize a metric to quantify the network and
data available before looking for a structure that maximizes the score [6].
The scoring function method was implemented using two key criteria:
one of them is Bayesian score, and the second is Information-theoretic
score. Information-theoretic score has been used by the Normalized
Minimum Likelihood (NML), BDeu (Bayesian Dirichlet equivalent
uniform ("u" for uniform joint distribution), Bayesian Information
Criterion (BIC) and log-likelihood (LL), Minimum Description Length
(MDL), and Akaike Information Criterion (AIC) [7]. The Bayesian
score is used in K2, BDe (Bayesian Dirichlet ("e" for likelihood-
equivalence), BD (Bayesian Dirichlet), and Mutual Information Tests,
(MIT) [8]. There are several sorts of search strategies for discovering
the optimal solution to the structure learning issue. Simulated
Annealing Algorithm ([7], Particle Swarm optimization [9], Ant
Colony Algorithm [10], Antlion optimization [3], Hybrid Algorithms
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([11], [12], [13], [14], [15] [16]), Bacterial Foraging Optimization
[17]., Breeding Swarm Algorithm (20), Genetic Algorithms (GOMEA)
[18][19], Falcon optimization is another reducing met heuristic for
Bayesian network structure learning. These findings suggest and
examines this method for addressing the Bayesian network structure
learning difficulty. BNs are increasingly useful mechanisms for risk
assessment, risk evaluation, resource planning for data science and
environmental management.

BNs is simple and straightforward graphical presentation that is
used to manage causal inference and risk monitoring, so they have a
lot of benefits over regression-based methods. The Bayesian network
is frequently used this to clearly visualize the connection between
the emergence of several major illnesses and patient related variables
during the time [22]. The rest of this paper will be arranged as follows.
The notion of structure learning in Bayesian networks is introduced
in Section II. The Falcon Optimization Search Algorithm in Section
I1, is briefly introduced. In section IV, we go through the approach in
depth and show the results of the experiment. Section V contains the
conclusions.

II. STRUCTURE LEARNING OF BAYESIAN NETWORKS

The Bayesian network is essentially made up of two parts: (G, P).

The DAG G(V; E) denotes a collection of conditional probable
distributions (CPD) that includes all variables Xi. P = P (Xi | Pa (Xi)
denotes a set of conditional probability distributions (CPD) that
includes all parameters Xi (vertices from a graph). Pa(Xi) commonly
denotes the parents of the node Xi in G [29]. Probabilistic as a simple
pairing for a (G; P) network may be outlined to apply this equation (1):

Py X) = | [ PXUIPaCD) o
i=1 1

A scoring function, is based on a number of factors, including
Bayesian techniques, information and entropy, and the length of the
minimal description [30]. Bayesian network posterior probability may
be stated as follows using Bayesian inference rules:

P(GID)=P(DI|G)- P(G)/Z P(D | G")P(G") o
G’ 2

P(G") is the posterior probability and reflects the parameters of the
model in equation (2). As a result, as long as the minimum probability
of all potential structures is known, It is possible to establish the prior
probability of the network structure. [31]. P(D|G) stands for marginal
likelihood and is defined: P(D) is used as a normalizing constant:

P(D1G) =J- P(D1G,0)P(0 | G)do 3)

P(D) in Byesian network structure is supposed to be independent of
network G. Structure learning methods compare the present and prior
scores of the structure using score-based methods. [32] is the final
representation of the score:

14
BDe (G,D) = 1_[ BDe(Xi,
i=1
2o (O T(ai) 1 T + nijk)
MXi) = 1_[ 1_[ [I‘(aij + nij) T(aijk) }
i=1 j=1 k=1

where:

©)

p is the number of nodes in G;

ri is the number of classes regarding node Xi;

qi is the number of preparations from the groups of Xi's parents;
nijk denotes the amount of participants who might have node Xi's
jth class and its parents’ kth arrangement.

III. FALcoN OPTIMIZATION ALGORITHM

Metaheuristics are algorithms that are inspired by nature and
are used to find approximate solutions to computationally difficult
optimization problems. Metaheuristics have been used to exploit
swarming characteristics of animals such as the Firefly-BAT [33],
Cuckoo [34],GWO [35], Deep multi-model fusion [36]antlion, pigeon,
fish, bee, and others. Homogeneity, adaptability, illation-free tools, and
the capacity to avoid local optima are all characteristics of metaheuristics
[37]. The suggested metaheuristic algorithm in [38] was inspired by
the falcon's hunting activity. The For probabilistic inhabitants’ tasks,
the Falcon optimization search algorithm is a dependable and stable
process that encourages parameter values for its three item resolution.

The proposed strategy was inspired by the chasing style of falcons
when on the hunt for prey while in flight. Falcons strategy foe hunting
is determined by their needs. However, specific strategies emerge.

Based on several studies [39], [40]. Falcons are high-performance
fliers among birds. The suitable targets are examined for the
boundaries of flying achievement in distinct stages of heightened
hunting [41]. Determining the physical power of flight, calculating
average flight velocities, and responding to wind are some of the flight
implementation strategies in the framework. [41]. Falcons are one of
the fastest animals on the planet, with stoops reaching speeds of above
300 km/h. Falcons can breathe freely due to little thin tubercles in their
noses that direct air via high-speed stoops. The majority of the hunting
will be done in the morning and at night. The predominant source of
food is small-medium-sized birds, with insects such as cicadas, moths,
and locusts arriving only occasionally [42].

Falcons approach their prey in a number of ways while flying. The
route is divided into two sections: the first section is logarithmic curve
in which the falcon keeps it's own head straight whereas peering
slantingly the prey in the outcomes acuity, the second one is a straight
segment in which the falcon wants to fly to a prey if in the vision and
dives when it becomes close to it. As a result, the falcons mainly obtain
a movement which can be separated into three phases: the First Phase,
which involves prey exploration; the Second Phase, which involves
improving the look into the logarithmic curve; and Third Stage, which
involves the dive itself, which can lead to the success outcome, like as
picking a prey. Instead, depending on its prior experiences, the falcon
immediately changes its behavior. The five steps of a quick method to
adopting FOA are shown below [38].

Step 1: Determine the parameters of the optimization task, such as
falcons number (NP), limit of speed (Vmax), rate of (cc) cognitive rate,
the social constant (sc), the following constant (fc), probability of dive
(DP), and the alertness probability (AP) (AP).

Step 2: Based on the boundary conditions where each falcon's
position is established, assign the falcons' velocity and location
in a D-dimensional space at random, while keeping the number of
NP candidates in all D dimensions in mind. Between the Vmax and
Vmin limitations, which are established as follows, the velocities are
generated at random:

Vmax = 0.1*ub

©)
(6)

Where ub denotes the upper border of each dimension's boundary
region. Create the pairings of values (pAP, pDP) for each falcon at
random to compare with the awareness and dive probability.

Step 3: Find the best (xbest) and global (gbest) locations by
calculating the fitness value. This fitness value, of, is calculated
for each bird. The chosen positions will be utilized to create new
locations based on the logic that governs the dive's movement and the
probabilities of awareness.

Vmin = — Vmax
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Algorithm: Structure Learning of Bayesian Network based on falcon optimization algorithm

INPUT: - datasets

Population size, NP;

Maximum speed, Vmax;

Values of cognitive Cc, social, Sc and following Fc, constant.
Value of awareness Probability (AP) and Dive probability (DP);

my

OUTPUT: - learning Bayesian Network

1. The initialized empty structure and initialize parameters of FOA algorithm (dimension space D_"s

t :maximum number of iteration number: X __:upper boundary, and X . : - lower boundary
ax max min

"

size of population NP, the constant

value ofCc, Sc and Fc, Awareness AP and Dive DP probability, the number of iteration number, upper boundary and lower boundary,

(Glsest i t) .

2. Set the velocity and position for all Falcon randomly. Comparing each falcon by BDe score function, and find the best in the current position

t
(Pbest id)‘
For loop to maximum iteration number

For loop to size of population

S ok W

if pAP < AP, update falcon velocity (V, d) using equation 7.
else if pDP > DP update faicon velocity using Equation 8 .

Generate the random value pAP,pDP. Select a new best position by comparing the BDe score function of each falcon.

else compare the score function of the current and previous one if its better update falcon velocity using Equation 9 otherwise use equation 10.

7. Update the position X.

8. Evaluate BDeu score function of new position (X{ )

a. If current position (X! ,) is better than the best position (Pl ; ;) then update the best position by (Pl ;o) = (Xfa))
b. If (Giest .a) < current position then update the best solution for global by (Giest ia = X1, B))

c. The best score value and solution are saved.

d. IfX . =X, stop the iteration process, and the results are present. If not, move into Step 5.

min

9. Return the maximum BDe score.

Fig. 1. FOA for Bayesian Network Structure learning.

Step 4: Make new locations, repositioning the falcon as required.
Based on its own and other falcons' experiences, the falcon examines
the pAP to the aware probability AP, and if the attention probability
AP is greater than the pAP, the falcon avoids pursuing preys:

Xiter + 1 = Xiter + Viter + cc (Xbest, Xiter) + sc (gbest, Xiter) (7)

where Viter represents existing velocity and Xiter represents the
falcon's current location.

Compare the probability of dive DP with pDP if AP is smaller than
PAP. If DP is smaller than pDP, the falcon (Xchosen) selects one of the
targets as prey and completes the first phase in the hunting process.
The logarithmic spiral is calculated as follows:

Xiter +1 = Xiter + |Xchosen = Aiter |exp (bt)COS (27Tt) (8)

where a fixed number is b and takes the position of the logarithmic
spiral that matches 1, and number as a random will be t in the range
(-1,1) that defines the falcon's next exact location [38].

While AD is more than pAP, compare the preferred prey's score
function to the falcon's scoring function, and the falcon will follow the
preferred prey wherever it is most suitable, like in a dive step:

Xiter +1 = Xiter + Viter 1+ fc *rand (Xchosen — xiter) 9)
The falcon, on the other hand, continues to fly around the optimal
position:

Xiter +1 = Xiter + Viter 1+ cc " * rand (Xbest, Xiter)

(10)

Later, new location is assessed in terms of velocities and location
bounds. The new scoring function is then computed, as well as the
updated values of gbest and Xbest.

Step 5: After that, the assessments from step 4 are repeated until the
iterations of maximum number (itermax) is obtained. Fig. 1 shows the
falcon optimization method for structure learning Bayesian networks
as a proposed technique. Falcon GO, which illustrates a DAG using
arcs in Fig. 2, tries addition, move, reversal, and deletion, going to
new solutions G1, G2, G3, and G4.G3 will be chosen since it has the
greatest score; the falcon will then continue to investigate using a
similar strategy to arrive at G+3 as the next alternative. If the G+3
BDeu score is higher than the G+1 BDeu score, the G+3 BDeu score is
used, the falcon will do a similar operation. The methods iterate while
the score of BDeu is fix or repetition loop reaches its maximum length.
During the whole operation, the falcon must pick between deletion,
movement, reversal, and addition.

Move

Addition

Addition

Deletion

Fig. 2. Searching steps for one Falcon [12].
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TABLE I. Score FuncTioN CALCULATION FOR PIO, ALO, FOA, AND GREEDY WITHIN EXEcUuTION TIMES OF 2, 5, AND 60 MINUTES

FOA PIO ALO Greedy FOA PIO ALO Greedy FOA PIO ALO Greedy
Dataset 2-Min 2-Min 2-Min 2-Min 5-Min 5-Min 5-Min 5-Min 60-Min 60-Min  60-Minu  60-Minu
Hepatitis  -1016.3403 -1327.73  -1326.58 -1350.16 -1011.875 -1327.73 -1327.73  -1350.16 -1010.015  -1327.73 -1327.7 -1350.16
Parkinsons -1598.9078 -1486-86  -1488.52 -1732.76 -1598.9078 -1439.09 -1441.27 -1721.16  -1598.9078 -1439.09 -1442.87 -1700.36
Imports -1773.194  -1811.99  -1811.99 -1994.15 -1768.8996 -1811.99 -1811.99 -2012.21 -1755.3093 -1811.99 -1811.25 -1995.76
Heart -2348.9413  -2426.8 -2424.49 -2576.93 -2335.4483 -2423.8 -2424.81 -2560.43 -2325.483 -2423.8 -2422.57 -2527.44
Mashroom -3345.924 -3160.87 -3162.28 -3734.22 -3345.924 -3160.87 -3162.45 -3706.66  -3000.9687 -3160-87 -3019.91 -3588.69
‘WDBC -6668.5114 -6660.43  -6658.43 -8089.41 -6603.9566 -6660.43 -6662.24 -7954.65 -6574.2007 -6660.43 -6662.25 -7841.35
win95pts  -45978.549 -46779.5  -46772.8 -83749.3 -43850.275 -46779.5 -46779.5 -83150.7 -39814.781 -46779.5 -46780 -81779.5
Sensors -60343.344 -60710.3  -60341.9 -69200.3 -59895.45 -60710.3 -60343.3 -69150 -58291.874 -60710.3 -60343.3 -68364
Hepar -160095 -160095 -160095 -169497 -160082 -160095 -160095 -169881 160055 -160095 -160095 -168871
Letter -173090.07  -175200 -175185 -184307 -173090.07 -175200  -175200 -184916 -173090.07  -175200 -175200 -184118
Epigenetics -177511.65 -176636 -176641 -225346 -176451.98 -176636 176637 -224172 -176235.58  -176636 -176642 -217246
Adult -20598.489  -207809 -207805 -211844 -20551.489 -207809 -48572 -211781 -20535.927  -207809 -207457 -211762

IV. EXPERIMENTAL EVALUATION

A common assessment approach is used to evaluate the performance
of FOA, which employs probabilistic datasets collected from
prominent Bayesian networks benchmarks. A PC with the following
characteristics serves as the experimental platform: The method is
implemented in Java and runs on a 4GB RAM, 2.1GHz CPU, Core i3,
operating system (Ubuntu 14.04). We looked examined the suggested
algorithm's characteristics in a number of static datasets, including:
Asia (8 variables, 8 arcs, and 3000 instance), Static Banjo (33 variables
and 320 instance), Letter (17 variables and 20000 instance), Heart(22
variables and 267 instance), Epigenetics ( 30 variable and 72228
instance), Alarm (37 variables, 46 arcs, and 10000 instance ), Hailfinder
(56 variables, 66 arcs, and 2656 instance), WDBC (9 variables and 1000
instance), Hepar (70 variables, 123 arcs, and 350 instance), Water (32
variables, 66 arcs, and 10083 instance), Child (20 variables, 25 arcs,
and 230 instance), Imports(22 variables and 205 instance), Sensors(25
variables and 5456 instance), Insurance (27 variables, 52 arcs, and 3000
instance), win95pts (76 variables, 112 arcs, and 574 instance), Andes
(223 variables, 338 arcs, and 500 instance), Hepatitis(35 variables and
137 instance), Soybean (35 variables and 307 instance), Lucas01(10
variables and 10000 instance), Adult (16 variables and 30162 instance),
Parkinsons (23 variables and 195 instance), Mushroom (23 variables,
1000 instance), and Lucap02 (143 variables and 10000 instance) [43].

The learning datasets we looked at stationary sets, and this study
is built on the assumption of stationary data. Extending the FOA
technique to Andes and sensor benchmarks or other types of stream
data sets in online is a hard task that may attempted after a thorough
evaluation of its effectiveness on stationary data sets.

The authors used relevant metrics for the datasets to compare
the outcomes with Pigeon optimization algorithm (PIO), Greedy
Search (GS), and Antlion optimization algorithm (ALO). We assessed
all techniques under the identical settings after determining the
parameters of the FOA algorithm. For the experiments in the FOA, the
following values were used: N is the population size, AP= 0.3, and tmax
is 1,000. Sc = 3, Cc = 2, Fc = 4, (t) is a random value within the range
of [-1,1], Vmax = 0.1 ub (ub is 100, and Vmax is 10), and DP is 0.85
are fixed value of the FOA's optimization. Pigeon Inspired algorithms
have parameters such as dimension space D, population size Np, factor
R for map and compass, number of iterations Nc1 max and Nc2 max
for two operators, and Nc2 max > Nc1 max.The Antlion optimization
algorithm parameters are: dimension space D, population size NE,
number of iterations, upper and lower boundaries (Xmax and Xmin),
and Xmax > Xmin. The algorithms were implemented in three distinct
time frames: two minutes, five minutes, and 60 minutes.

Table I displays the scores for those algorithms which is known

in this paper in the specified datasets, as well as time values. In all
circumstances, the recommended approach outperforms the default
Greedy Search, Antlion Algorithms, as indicated in the table. This
illustrate that FOA obtain the best score in the quickest time possible.

Confusion matrix implemented for all data sets and network
structure to assess the efficacy of structure identification. The metrics
FN, TP, TN, and FP, the criteria Sensitivity (SE), F1 Score, Average
Hamming Distance (AHD), and Accuracy (Acc), have been computed
for each network per method.

iy = TP
sensitivity _TP+FN (11)
~ TP + TN

AU = TP ¥ FP+ TN + FN (12)
o1 Seore = 2TP

O T TP+ FP+FN (13)
D - FN + FP

" TP+TN+FP+FN (14)

Defining these metrics illustrated as: A TP is a learning network
arc (vertex or edge) that is located in the correct location. The arc
that travels through neither the learning nor the regular networks is
known as TN. The arc of the learning network, not the arc of a regular
network, is FP. The FN is the arc in a conventional network, but not
in a learning network. PIO, FOA, ALO, and Greedy Sensitivity Results,
are illustrate in Fig. 3. The FOA produces best values than the PIO,
Antlion, and Greedy search in diffrent datasets.

As demonstrated in Fig. 4, the suggested technique has higher
accuracy values in the most dataset than the PIO, ALO, and Greedy
methods. The suggested FOA Learning Algorithm is effective in
determining the correct structure. As a consequence, in most datasets,
the Iterative FOA method outperforms other algorithms in terms of
prediction accuracy, and the FOA also outperforms other algorithms
findings, we utilized F1 as a metric of the model's accuracy for
performance metrics.

The Falcon optimization algorithm's performance is evaluated
using the Precision, Recall, F1-score. In these cases, Precision is the
The number of total network edges in anticipated BN splited with
the number of successfully identified directed edges. Recall is achived
by dividing the directed edges number identified by total number for
edges in the BN. It recognizes that the harmonic average of accuracy
and recall is F1. The scenario is depicted in Fig. 5. FOA, ALO, PIO, and
Greedy searches are compared. As demonstrated in Fig. 5, the suggested
approaches outperform the ALO, Greedy search, and PIO methods.
Furthermore, accuracy is an important criterion for measuring model
performance since the model's ultimate purpose is to provide a
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useable illustration of the real world. In terms of Hamming distances,
the proposed approach beats the DAG space algorithm, which is
always much smaller. Because local networks are entirely focused
on exploration rather than inference, main assessment measures for
BN structure learning is hamming distances because it directly suits
the structure of learners. The Average Hamming Distances for the
methods presented are shown in Figure 6. The findings show that the
proposed strategy delivers higher performance values than the other
strategies we looked at.

V. CONCLUSION

The authors have focused on Bayesian network structure learning
and used Falcon Inspired Optimization method to tackle the problem.
We employed the search and score strategy using the FOA algorithm as
search function and BDeu as the scoring function. FOA is a stochastic
optimization technique based on falcon navigational behavior.

FOA is a method for locating a discrete solution search space that
may be applied to any task. The falcon can employ FOA to lead a
logarithmic spiral to the lowest usable solution space, which allows
for quicker concentration to the global extremum. The proposed
technique has a greater search capability, which implies it can find
better structure solutions, calculate THE VALUE score function, and
properly measure network structure. The strategies help to speed up
global convergence and improve global search efficiency. We want
to investigate other important aspects of the FOA, such as efficiency,
resource use, and run time analytics, BY using THE BEST data sets and
experimental configurations.
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delay and the time spent in the network compared to multi-agent-based adaptative signal control systems.

I. INTRODUCTION

HE optimization of signal light control in urban areas is at the

forefront of research in the field of Artificial Transportation
Systems (ATS). ATS can be implemented by different approaches
and technologies. The widely used artificial intelligence techniques
for optimizing traffic signals are the Genetic Algorithm, Artificial
Neural Network, Fuzzy logic, Multi-Agent System (MAS), Case-
Based Reasoning, and Reinforcement Learning (RL). In this paper, we
combine agent technology and fuzzy logic to design a cooperative real-
time traffic signal optimization system, where the signal control plan
is frequently updated to meet the non-stationary traffic state. Agent
technologies have been widely accepted as one of the most responsive
tools to deal with a wide-reaching distributed system. That’s why
agent-based systems are well suited for the traffic and transportation
domain, since these systems are geographically distributed in a non-
stationary environment [1]. Agents can use perceptive data and
received information from other agents to achieve their goals. Each
agent can cooperate with neighboring agents and adjust his reactions
in real time to his surroundings as they change. Therefore, multi-
agent technology treats a complicated system in a distributed manner;
it splits the complex control system into simple subtasks, therefore
allowing parallel and fast decision-making [2].

* Corresponding author.

E-mail address: a.ikidid@gmail.com

With this being considered, the Multi-agent Cooperative Traffic
Signal Optimization (MCTSO) is proposed to maximize the signalized
intersection throughput and reduce congestion in urban arteries
with three contributions: (1) the real-time optimization is introduced
to adapt the system in a timely way to the continuously changing
conditions and disturbances, supported by online monitoring of the
optimum indicators to detect congestion and maintain the system not
far off from the suitable operating point as much as possible. (2) Two-
stage coordination, including intra-junction coordination, which is
enabled to prioritize the higher congested stream, and inter-junction
coordination, which is used to generate a fluidized scenario downstream
of the congested stream, is used. (3) Distributed collaboration control,
splitting the network into sub-areas whose control is easier, is used to
allow parallel-tasking. Therefore, the functionality of an MAS will not
reside in the agents themselves, but will be ubiquitously distributed to
allow the system to perform tasks in parallel, avoiding an additional
computational cost [3].

In this article, we propose a distributed and adaptative, as well
as online, optimized traffic signal control scheme enabled by a
decentralized multi-agent system, where each group of agents
represents a signalized intersection control unit, each group
coordinates and collaborates with adjacent surrounding groups, and
each group achieves local optimization, taking into consideration
global network optimization. We use an artificial fuzzy logic algorithm
to tackle the fuzzy condition of the road environment. Our proposed
MCTSO differs from existing approaches due to agent specialization.
The group contains specialist agents for each role, and it is designed
and adapted to a specific task, which allows us to improve the agent
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efficiency and make its role more accurate. Additionally, in MCTSO
the combination of two-stages of coordination and collaboration
aims to develop a clearer view of the environment, make decisions of
common benefit, and avoid local optimization.

The rest of the paper is organized as follows: The second section
analyzes and discusses the related works about intelligent traffic signal
control and artificial intelligence techniques. The third section gives
a global overview of the traffic control problem. The fourth section
details the proposed multi-agent system. The fifth section provides
the detailed results of the simulation tests carried out on the AnyLogic
platform. Finally, we conclude in the sixth section.

II. RELATED WORKS

The MAS is rapidly growing as one of the most powerful popular
technologies proposed to solve complicated problems in different
fields, such as electrical engineering, computer science, electronic
commerce, civil engineering, and transportation systems.

In a transportation system and with the diversity of actors involved,
agent technology can be used in the various components of the system,
such as drivers and vehicles [4] [5], traffic light [6], phases [7], and to
handle diverse aspects, e.g., congestion [8], the green transportation
system [9], and route guidance[10]. In urban traffic networks,
signalized intersections are one of the most important and influential
ingredients, and the traffic signal is the most utilized instrument for
scheduling and managing traffic flow. In what follows we analyze and
discuss succinctly several studies that use a multi-agent system and
artificial intelligence techniques to perform intelligent traffic signal
control.

Regarding the architecture of multi-agent-based signal control, most
approaches usually divided the road network into regions or sub-parts
that cover one or more intersections. These sub-parts are controlled by
a cell of one or more agents. The organizational structure of agents can
be modeled in various ways. The organizational structure determines
the interactions, roles, and structures of the agent’s community. It can
be designed in many forms, such as flat, hierarchical, holonic, teams,
and federation [11].

Many studies have reported using a hierarchical scheme to
manage the traffic signal. Jin and Ma [12] use reinforcement learning
to introduce a hierarchical multi-agent-based control scheme. The
agents are categorized as the region agent (RA), intersection agent
(IA), and turning movement agent (TA), listed in the order of the
hierarchy. Communication and cooperation between agents at equal
levels are elevated through the decentralized representation of the
framework. Nevertheless, agents at the lower level have to reach an
accord between their own goals and those given by the agents on the
next level up. Like Jin and Ma, Xu et al. [13] introduced a three-layer
optimizing control system that includes intersection controller agents
(ICAs), sub-zone controller agents (SZCAs), and network controller
agents (NCAs), which represent the lowest, middle, and highest
layers, respectively. The interaction takes place across all levels to
optimize the signal timing strategy, while coordination is granted by
the SZA. Nonetheless, besides the overcharge data at higher levels,
the focal decision process might produce a bottleneck in these levels,
lengthen the response time, and limit the system’s scalability. Flat [14]
and holonic [15] structures are also proposed for multi-agent-based
traffic signal control. Otherwise, it is widely recognized that there is
no specific operating multi-agent architecture that is absolute for all
traffic signal control systems; additionally, various operating models
can be combined.

Pre-timed signal control cannot adapt to the non-stationary traffic
state. It has been a while since interactive system control became a

trend in traffic management. The first appearance of adaptative
traffic control was in the last decade of the second millennium, with
the release of the cycle and offset optimization technique (SCOOT)
in the 1980s, the Sydney cooperative adaptive traffic system (SCATS),
and the green link determining (GLIDE) system. Thereafter, these
adaptative control systems were implemented in many countries to
manage traffic control in metropolitan areas, and others have been
developed ( for a review of the self-adaptive traffic signal control, see
[16]).

Recently, more focus has been placed on multi-agent-based systems
for urban traffic management [17]. It has been proposed that several
transport system problems be solved in a distributed manner. However,
disturbance management requires particular abilities that a MAS
cannot guarantee alone. Consequently, to create intelligent traffic
signal controllers, a MAS integrates various intelligent techniques.
For example, many models combined the multi-agent approach with
the RL approach to optimize a signal timing plan [18]. The agents
employ their ability to communicate with the environment to learn
and optimize their decision-making behavior. Foremost among the
model-free RL methods, Q-learning (QL) is the model most used
by researchers using multi-agent reinforcement learning (MARL) in
intelligent traffic light control. A work [19] uses fuzzy Q-learning
and agent technologies to develop a traffic lights control framework.
Each agent interacts with neighbor agents by getting a reward from
each decision. . The control decision is made by using the number of
vehicles input to schedule green phase duration. The aim is to maximize
the reward and decrease average delay time. El-Tantawy et al. [20]
improve the travel time and overall delay using QL and a decentralized
junction-based model. The model-free RL can be implemented when
dealing with a non-deterministic model of the environment, as it does
not require pre-assignment of the environment.

Concurrently, some researchers investigated the potential of
fuzzy-logic-based control, which has a rule-based inference system
and is based on human reasoning. FL is suitable for handling the
control of a single intersection [21] characterized by uncertainty,
fuzzy circumstances, inexact data, and typically controlled by rules.
Because the MAS has a restricted capability to deal with fuzzy
circumstances, the incorporation of an MAS and fuzzy inference can
show considerable effectiveness in enhancing signal settings in traffic
light control [22] [23].

In these studies, the cooperation mechanism is limited at the inter-
junction level, which reduces the local control efficiency in favor
of global control. Also, the concentration of fuzzy logic in one level
creates an overload at fuzzy components. Our proposed multi-agent
control system is a model based on the two levels of coordination and
collaboration, local at the intersection and within the surrounding
neighbors. Each intersection is represented by a controller group
in which the decision is made via two levels of fuzzy logic and
coordination with adjacent group controllers.

III. TRAFFIC CONTROL PROBLEM DESCRIPTION

According to the US Census Bureau, metropolitan areas will
contain 6.7 billion people [24]. This growing urbanization increases
the traffic road demand because of a high number of vehicles seeking
to use the road infrastructure. Road traffic in urban areas is a nested
phenomenon, on the one hand because of the many contributors
that act autonomously and on the other hand because of the
uncertainty of the road network. When the number of vehicles on an
infrastructure exceeds its capacity, traffic congestion occurs, resulting
in slow movements and queues that stretch over time. Therefore, the
congestion is a parallel evolutionary anomaly, in both space and time.
Consequently, to inexpensively mitigate this anomaly, we can optimize
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traffic space occupation with an acceptable delay. Signal control is the
basic method and an effective one to alleviate congestion as well as
to fluidize traffic at the intersection [25]. Optimized signal control
can significatively increase infrastructure capacity and reduce travel
time [26]. Additionally, it helps to reduce fuel consumption and the
emission of air pollutants and improves the health of citizens, too [27].

A. Signalized Intersection Features

A road intersection is a crossing of several roads that contains three
functional zones (Fig. 1) managed by a tricolor traffic light; the red
queues the vehicles in a storage area, the green gives access to the exit
zone through the conflict zone, and the yellow is a transition period
from green to red to allow the vehicles to evacuate the conflict zone.

Exit area
Storage area

Fig. 1. Functional areas of an intersection of two one-way roads.

B. Intersection Network Modeling

The intersection network is viewed as a disturbed system that is
modeled by a strongly connected oriented graph G = (C, A), where
(C) is a set of nodes that represent the intersections and (4) is a
set of arcs that represent the links that connect these intersections.
Each intersection, as a component of the disturbed system, has
its own requirements; therefore, it coordinates with its adjacent
intersection. Two intersections connected by an arc are considered
adjacent. Adjacent intersections cooperate and share their data to
achieve a common goal of the system, which is to optimize traffic flow
management.

Each arc A is bounded by two intersections: i, the initial junction
and the arc flow origin, and j, the terminal junction and the arc
flow destination. Downstream of an arc is the group of succeeding
arcs Succ(Ai].) = {A].k, (i, j, k) € C}, where the outflows of the arc
can be routed. Upstream of an arc is the set of predecessor arcs

pred(Aij) = {4,,(i, j,K) € C} where the inflows of the arc arrive.

An arc is characterized by static information, such as the storage
area length and max capacity, and dynamic information, namely the
state of the traffic signal at the stop line of the arc (green or red). The
concentration T (1) at a given segment is the number of vehicles N (in
private vehicle units, PVUs) using this segment at a time t, relative to
the segment length.

A

Ta(® =T(p > p+4p,0) = -

1)

An intersection has a set of incoming arcs E(i) = {Aﬂ, (i, ) et
and a set of outgoing arcs S(i) = {Aﬁ, (i, j) € C}. All intersections are
controlled by a signal light, concerning the colors to be used and also
their succession or order of appearance. A green phase is a lap of time
during which a group of compatible arcs is activated, i.e., the arc flows
are allowed to cross the intersection. The cycle is the appearance order

of all of the phases, and a traffic control strategy is the scheduling

method that defines how the phases participate in the cycle and their
layout (length and sequence). Fig. 2(a) shows an intersection with 4
incoming and outgoing arcs and 4 adjacent intersections. Fig. 2(b)
gives a representation of a cycle, phase, and the arcs that are activated
during each phase.

A13 1 A31
©, = @o = @
23 o ”3 ° A34
A35 }Asa
(a)
Ph Arc
ase
A13 Aﬁl A23 A32 A43 A34 A53 A35
e1 1 1 0 1 0 1 0 1
S le2| o 1 1 1 0 1 0 1
(<]
& | ¢3 0 1 0 1 1 1 0 1
4 0 1 0 1 0 1 1 1

(b)

Fig. 2. Representation of activated and not-activated arcs in a 4-phase traffic
light intersection. (a) Intersection with 4 incoming arcs and 4 outgoing arcs;
(b) truth table of 4-phases and the arc cycle for each phase.

An intersection is considered congested if it does not manage to
evacuate all of the storage areas of the activated arcs after a green
phase time; in other words, it is considered congested if the stop time
of an incoming arc exceeds the cycle time duration.

IV. AGENT MODELING

The organizational design of the urban traffic-responsive control
system (UTCS) is spatially and functionally distributed. Each
intersection is viewed as a network sub-section and controlled by
a community of autonomous, cooperative, and intelligent agents.
Commonly, agents are perceived as analyzing at a level with an
abstraction upper than components and objects, which makes a MAS
suitable for complex and distributed problems.

The proposed MAS has a decentralized architecture with two
levels of collaboration. Each signalized intersection is controlled by
an intersection control group (ICG), which defines the signal control
strategy. This strategy optimizes phase layouts while it is executed to
meet the continuously changing surrounding environment, whereas
the control of the whole intersection network is fully distributed and
is accomplished through the collective and coordination capability
of ICGs. In sum, the system goal is achieved with two levels of
coordination, which are the following:

Inter-junction collaboration: This allows coordination between
connecting ICGs.

Intra-junction collaboration: This allows interactions between the
agents belonging to the same ICG.

We build our MAS by applying the concept of the model-driven
architecture (MDA) [28] to construct our system. We propose to create
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an increasingly detailed system from the abstract to a concrete concept
following a process in five stages as follows:

1. Select the organizational structure of the MAS.
2. Analyze the system requirements.
3. Structure the UTCS into groups of agents.
4.
5. Implement the generic structure of an agent-oriented system in

the AnyLogic simulator.

Identify agents and roles.

A. The Organizational Structure of the MAS

The selection of the organizational structure is a very essential
stage in MAS development and has an impact on the succeeding
stages. Various specifications drive the definition of the organizational
structure, including the environment characteristics, the architecture
of the real-world organization, the ability of the MAS to support the
computation and coordination complexity of the scenario, and the
necessity of respecting the organizational rules and minimizing the
complexity of the design.

Our proposed MAS has a decentralized architecture with two levels
of collaboration based on the metamodel AALAADIN [29], which is
built on three main notions: agent, group, and role. Fig. 3 shows a
diagram of this model.

Agent: The agent is defined as an active entity that communicates
and plays a specific role inside its group. The metamodel does not pose
any constraint on the internal architecture of agents.

Group: The group is an atomic aggregate of agents sharing services
with other groups. Each agent belongs to a group; in our case, the
concept of belonging to a group is limited to one group.

Role: The role is an abstract representation of an agent’s tasks,
function, or activities. Each agent can have multiple roles, and each
role is accomplished by an agent group.

We define the organizational structure as a decentralized set of
group sharing services.

belongs

1

belongs
Agentlnrole
structured
by
uses have
Role

* *

Fig. 3. Organizational structure of the group of agents.

B. Analyzing the System Requirements

The functional architecture of the UTCS includes a set of
components. Fig. 4 represents the main components of a regulation
system. These components generate an optimized traffic control
strategy based on the following scenario:

The optimization process is initialized after each recurring interval
to update the traffic signal control plan.

The captures are placed at the stop line of the incoming arc to develop
a local view of the traffic conditions by observing the storage areas.

+ The incoming arcs are monitored to define and update the
arc traffic state indicators. These indicators are calculated by
observing the local state collected by the captures and considering

that of succeeding arcs.

During the optimizing process, if the degree of saturation in the
downstream is intolerable, the upstream indicators are adjusted to
slow evacuation and relieve saturation.

The coordinator provides the traffic condition stat of connecting
intersections and shares the local intersection stat.

The phase managers use the traffic state provided by arc monitors
to define the phases’ states and request a traffic signal control
update.

The cycle time is prefixed and divided between all intersection

phases. Unused lap time will be reallocated to other phases or
subtracted from the cycle time.

The intersection controller updates the control strategy during the
progress of the cycle.

Each arc has a right to green time one and one time only in the
cycle, and all the links with at least one queued vehicle at the stop
line should have green time.

The pedestrian phase is outside of the scope of our approach.

succeeding arcs stat

Coordinator arc state indicators Arc Monitors

Captures

Monitoring data collection

Exchange data Phases Managers
with connecting
intersection |
Update control plan request

Road Network

Legend

Component intersection controller — | | traffic control
strategy
[] Object [] Update

Fig. 4. Components of intersection control.

C. Structure the UTCS Into Groups of Agents

We assume that the structural aspect of a MAS consists of two
parts: a classification structure and a role structure (see section D). The
classification structure indicates how agent groups are determined
and how they interact with each other. This classification is based on
the roles of agents and their social interactions. To structure the agent
community into groups, we rely on the classic software engineering
rule: high cohesion and low coupling. Therefore, agents sharing more
roles and goals will be in the same group, and agents that do not share
roles, or have few common roles, are placed in two distinct groups.

The representation of a UTCS by a MAS is based on a mapping
between the UTCS and MAS that we propose (Table I). Commonly,
each intersection is managed by a group control that consists of five
main components: an arc monitor for each incoming arc; two phase
managers, one for the green phase and the other for the red phase; a
coordinator; and an intersection controller.

TABLE 1. ALIGNMENT oF UTCS / MAS

UTCS component Agent Group

Arc monitor

Phase managers Intersection Control Group

(ICG)

Coordinator

intersection controller

D. Identify Roles and Agents

The MCTSO applied to the signalized intersection network contains
a set of ICGs. Each ICG was assigned to an intersection and charged
with full control over the incoming streams. Each ICG includes
a number of agents classified into 5 types: an ARC agent, which is
associated with each incoming arc, two Phase agents (the Active Phase

_91_



International Journal of Interactive Multimedia and Artificial Intelligence, Vol. 8, NO2

agent (APA) manages the current green phase and the Inactive Phase
agent (IPA) manages other phases), a Coordinator agent (CA), and a
Decision agent (DA).

1. ARC Agent

Each incoming arc is managed by an agent. The goal of this kind
of agent is to monitor the arc storage area in a timely and continuous
manner. Arc agents have only a local view of the environment. To
minimize the complexity degree of the system, no agent can have a full
overview of the network. They use sensors placed at the stop line that
cover the whole storage zone to define the arc state, taking into account
the outflow streams. Depending on the signal state at the arc stop line,
the arc stat is defined by the urgency indicators when the signal is
red, which are the stop ratio (SR) and congestion ratio (CR). They are
calculated using data collected from sensors and the congestion ratio
from downstream (CRd) received from the Coordinator agent. When
the signal is green, the arc stat is defined by extend indicators, which
are the CR and CRd.

SR (2) represents the waiting time ratio of vehicles in the storage
area and is defined as the duration of elapsed red time since the last
switch (¢,) divided by the cycle length (c) minus the total yellow signal
length (t,). CR(3) is the number of enqueued vehicles in the arc storage
zone over the capacity of the arc.

SR ="
c-ty

@)

T¢
Tmax

CR
®)

where Tmax is the maximum concentration of vehicles in the arc; T,
is the concentration at an instant t; ¢_is the vehicle stop time on the red
signal; c is the cycle length; and ty is the yellow signal length.

To reduce the phase transitions when there is no traffic, arcs waive
their green turn by setting the urgency indicators or extend indicators
equal to 0 when

There are no enqueued vehicles in arcs, since the empty arc does
not need green time.

The CRd is equal to or greater than 1, which means that the
concentration downstream surpasses or reaches its maximum
capacity, since the congested outgoing arc is not able to get more
inflow.

This type of agent will be conscious of all of the other intersection
agents. It cooperates with the Coordinator agent to define the arc
traffic condition state, with the phase agents to propose the suitable
phase layout update and with the Decision agent to implement the
optimized control strategy.

2. Phase Agents

A phase is seen as a state machine. This automaton has two states:
Active and Not Active (Fig. 5). Depending on the states of a phase, we
have adopted two agents to manage all phases in an intersection: the
APA, which manages the activated phase, and the IPA, which manages
the not-activated phases.

Extend current green phase

D Active

Selected to
green time

Not Active ﬁ

Extend current green phase

Change current
green time

Fig. 5. Phase state.

The goal of the APA is to maximize the green time allocated to the
arcs that make up the current green phase, while the IPA’s goal is to
reduce the stop time of the other phases. The phase agents compete;
each agent seeks to extend its active time and otherwise limit the time
of the other phase agents.

a) IPA

The IPA controls the phase sequences. It selects a phase from all
phases, except the current phase and the already activated phase in the
cycle, to be a candidate for the next green time. This agent examined
the urgency degree of approved phases by evaluating arc urgency
indicators provided by arc agents; a phase is represented by the most
urgent arc. The phase urgency degree is obtained by the fuzzy process
after the verification of the max/min constraint.

Selection of candidate phase:

The candidate phase is calculated through the collaboration and
coordination with the Arc and Coordinator agents. The IPA is the
controller of phase scheduling and sequence. It proposes an advisable
phase order for the current traffic state. The flowchart of the candidate
phase selection process is presented in Fig. 6 and consists of six steps:

Step 1. The IPA starts the phase selection process by creating
a collaboration-group and initializes it to the list of all intersection
arc agents classified in the phase set (one arc agent may belong to
many phases).

Step 2. The IPA sends a request to the collaboration-group members
to inform them that the phase selection process has been started and
orders them to begin calculating the arcs’ urgency indicators.

Step 3. Each arc agent of the collaboration-group calculates its
urgency indicators.

Step 4. The IPA receives all responses and calculates the urgency
degree of each phase using a fuzzy selection mechanism. The highest
urgency phase will be selected and suggested to receive green time.
The selected phase and its urgency degree value will be sent to the
Decision agent.

Step 5. If the suggested phase gets the green time, the IPA removes it
from the collaboration-group list; it also removes their arc agent if they did
not belong to other phases of the current collaboration-group members.

Step 6. The phase selector waits a predetermined time (min. red
time) and returns to step 2 while the collaboration-group is not empty.

]
s

[ Get Arcs urgency indices ]

l

{ Fuzzy inference mechanism }

l

Phases Priority

l

[Select highest priority phase]

v

No
Candidate
activated

Send selected phase and
priority degree to DA

No

Remove it from list

Delay
MinRedTime

Collaboration-group
is empty?

Fig. 6. Flowchart of the candidate phase selection process.
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Fuzzy selection mechanism:

The IPA combines the inputs CR, CRd, and SR to create the urgency
degree output of the candidate phases. The outputs of the phase agents
are used as input in the DA process to make the final decision.

The membership functions SR, CR, and CRd are standardized.
According to this, there are four membership functions, including
Small (S), Medium (M), Large (L), and Very Large (VL), for these
inputs. The linguistic variables as well as the membership functions
are shown in Fig. 7. The technique used in all of the defuzzification
process is the Center of Gravity (COG) method.

INPUT_VAR

1,00
-3
£ 075
2 0,50
§
£ 025

0,00

0,0 0,5 1,0 1,5 2,0 2,5 3,0

ASAVLAL M

Fig. 7. Membership functions of inputs.

To define the most appropriate phase for green time, a set of rules is
defined for the phase selection process. Fig. 8 shows several rules that
were used to perform the system simulation. The “AND” operation is
performed by using the max t-norm (Lukasiewicz).

RULE IF CR IS MAND CRd IS S AND SR IS S THEN UrgencyDegree IS S
RULE IF CR IS MAND CRd IS S AND SR IS M THEN UrgencyDegree IS M
RULE IF CR IS MAND CRd IS S AND SR IS L THEN UrgencyDegree IS L
RULE IF CR IS MAND CRd IS MAND SR IS S THEN UrgencyDegree IS S
RULE IF CR IS MAND CRd IS MAND SR IS M THEN UrgencyDegree IS M
RULE IF CR IS MAND CRd IS MAND SR IS L THEN UrgencyDegree IS L
RULE IF CR IS MAND CRd IS L AND SR IS S THEN UrgencyDegree IS S

Fig. 8. Fuzzy rules of phase urgency degree determination process.

b) APA

This type of agent is charged with managing the activated phase.
Its goal is to maintain if possible the green time for the current phase
until it has evacuated all of its enqueued vehicles. Using the extended
indicator provided by active arc agents, it calculates the phase extended
degree. The extended degree indicates the extended green time need
level. To define the extension need degree, the APA collaborates with
the set of arc agents involved in the current green phase.

The phase extender process is executed after each 1/3 of allocated
green time, which the same as the min. red time. This will synchronize
the two-parallel process of phase agents. The APA starts the extend
process by sending a request message to the agents managing the
active arcs demanding the extend indicators.

The extended indicators of all active arcs will be passed into the
fuzzy mechanism to determine the phase extend degree and send it to
the DA to request an extension. As mentioned previously, the input CR
and CRd are standardized. An example of the rules used to define the
extended degree is shown in Fig. 9.

RULE IF CRIS S AND CRd IS M THEN ExtendDegree IS PNo
RULE IF CRIS S AND CRd IS L THEN ExtendDegree IS PNo
RULE IF CRIS M AND CRd IS S THEN ExtendDegree IS PYes
RULE IF CRIS M AND CRd IS M THEN ExtendDegree IS Maybe
RULE IF CRIS M AND CRd IS L THEN ExtendDegree IS PNo
RULE IF CRIS L AND CRd IS S THEN ExtendDegree IS Yes

Fig. 9. Fuzzy rules of phase extend degree determination process.

3. Coordinator Agent

The objective of the CA is to coordinate with the connecting control
group. It represents the communication interface agent of the ICG and
plays a mediator role in all external communications. It exchanges
the state of incoming arcs with the adjacent CA group member. It
takes the succeeding arcs stat request from the local arc agents and
contacts the CAs of the appropriate groups to get the requested data
and response to the request. For its part, it provides the local arc stat to
other groups. The CA controls all of the interaction flow with the ICG
outside the environment, and it assures coordination and collaboration
with others.

4. Decision Agent

The DA is the agent axis of our architecture; it decides to extend
the active phase or switch to the selected phase. The decision is made
in a collaborative way to avoid local optimization. The DA receives
simultaneous requests from phase agents and then decides via fuzzy
inference to either extend the current phase or to switch to the
candidate phase. This agent sends the final decision to the phases and
arc agents in real time.

The DA starts the decision process by checking the parameters of
the phases to evaluate if the max. elapsed time of red and green time
is reached. Then, it uses a fuzzy mechanism to make the decision and
informs the phase and arc agents. Fig. 10 shows the decision-making
process.

Start process

+ v
Get Extended Get SelectedPhase
request request
{ {

Cycle is
end?

Back to ISA

G_Max

4 is Reached

v
Set Active phase
to selectedPhase

Inform Phases
agents

Fuzzy mechanism

Extended the
active phase

Fig. 10. Fuzzy decision mechanism.

The DA uses the phase urgency degree and extend degree provided
by the phase agents to make the final decision. As in Fig. 11, there are
five membership functions, including Zero (Z) Low (L), Medium (M),
High (H), and Very High (VH), for the phase urgency degree. For the
extended degree, there are five membership functions, including No
(N), Perhaps No (PNo), Maybe Yes (MYes), Perhaps Yes (PYes), and Yes
(Y). Finally, there are only two membership functions for the decision
to switch to a candidate phase: No and Yes.

The decision-making process is based on a set of fuzzy rules. Fig. 12
shows an example of these rules.
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Fig. 11. Membership functions.

RULE 13 : IF ExtendDegree IS Mybe AND UrgencyDegree IS Mybe THEN Decision IS No ;

RULE 14 : IF ExtendDegree IS Mybe AND UrgencyDegree IS PYes THEN Decision IS Yes ;
RULE 15 : IF ExtendDegree IS Mybe AND UrgencyDegree IS Yes THEN Decision IS Yes ;
RULE 16 : IF ExtendDegree IS PYes AND UrgencyDegree IS No THEN Decision IS No ;
RULE 17 : IF ExtendDegree IS PYes AND UrgencyDegree IS PNo THEN Decision IS No ;

RULE 18 : IF ExtendDegree IS PYes AND UrgencyDegree IS Mybe THEN Decision IS No ;

Fig. 12. Fuzzy rules of the decision process.

The interaction of different agents in the designed MCTSO is
illustrated in Fig. 13. All agents have a communication model to
perceive their environment and handle the exchanged data flow
within the agent society. A common Agent Communication Language
(ACL) has been used to fulfill the communication model goals.

¢ Control

Exchange data
g ICG
L i p ~
ICG .
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Current phase Agent
extended degree . _ Extend indicators Local stat .
[ — ) — >
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Inactive
Phase Agent
RN R S (]
! ° iControl . = ¥ =
: ‘«——| M Decision Neiboring stat
SN NI Agent Arc
l\ I e \
Elected phase [\ Urgency indicators
urgency degree Active
Phase Agent
P N J

° < Control 1cG

" Exchange data

Fig. 13. The architecture of the MCTSO.

V. EXPERIMENTAL RESULTS AND PERFORMANCE ANALYSIS

The performance of the proposed system is validated and designed
in the ANYLOGIC simulator, which is used to handle both the agent
modeling and traffic simulation using a virtual road network that is
shown in Fig. 14. It consists of 9 intersections controlled by 9 ICGs.

Fig. 14. Road network.

The fuzzy inference mechanism has been programmed in the JAVA
language, using jFuzzyLogic, an open-source Fuzzy Logic library, and
an FCL language implementation, which offers a fully functional and
complete implementation of a fuzzy inference [30]. To link jFuzzyLogic
to AnyLogic, we add the jFuzzyLogic library to Java external libraries
in AnyLogic [31].

Fig. 15 describes the procedure of setting up a simulation for the
MCTSC system. First, the road network is extracted in image format.
AnyLogic is then used to convert the image into a simulation network.
After obtaining the simulation network, vehicle mobility is generated
using an origin-destination matrix. The arrival rate is adjusted to
simulate the different scenarios of traffic demand. Then, the agent-
based-modeling approach of AnyLogic is used to implement agents,
and jFuzzyLogic library to handle the fuzzy decisions.

Simulation of
urban traffic

Traffic conditions
Traffic light information

Agent Modelling

~»  Results

Scenarios

Road network update control

strategy

Origin-destination
matrix

Control
variables

State
variables

Jfuzzy Logic

fuzzy
knowledge base

Fig. 15. The procedure of simulation.

A. Experimental Setup

In the study area, the frequency of entry at the source point is
adjusted to simulate the varying traffic demand from the peak hour
to the slack period. During the simulation, new vehicles are generated
with an origin-destination matrix (OD). The OD simulates requests
for network uses and represents possible situations of urban traffic
conditions. The evaluation is carried out at both local intersections, to
evaluate the local optimization, and for the whole network, to evaluate
a global optimization.
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Arcs are monitored up to the storage area length. We assume that
the arc storage area can be varied proportionally to the lane number
and the length of the given link. For links longer than 400 m, we
monitor the point 150 m from the stop line, or 30 PVU, with 5 m as the
typical car length, and all of the links in the other cases.

B. Results and Analysis

We assess the performance of MCTSO by referring to two control
methods, namely the adaptative traffic signal optimization and
adaptative multi-agent traffic signals control proposed by [32]:

Adaptative traffic signal optimization (ATSO): standard version of
the proposed MCTSO without agents.

Adaptative multi-agent traffic signals control (AMTSC): represents
a control traffic signals method based on multi-agent systems to
control the traffic signals. The agents are organized in holonic
architecture and a holonic Q-learning method is adopted to learn
signals timing in two holarchical levels.

Since a feasible approach should smoothly deal with different traffic
conditions, all control systems are tested on similar conditions and
under 3 different scenarios: the first scenario allows the assessment
of the performance of methods under low traffic demand, with 18000
PVU/hour as arrival rate. The second scenario describes medium traffic
demand and represents a moderate congestion situation, with an arrival
rate of 27000 PVU/hour. The third scenario provides results for high
traffic demand with an arrival rate of 36000 PVU/hour. Each method is
run for 180 minutes in each scenario case. Each case is repeated for 50
iterations to increase the reliability of the collected results.

In this study, the vehicle travel time and travel speed are chosen
to build up an overview of the general performance of the control
methods. The travel time represents the time between the departure
of the vehicle from the origin point and the arrival at the destination
point. Such criteria will provide us with the optimization level of
our approach, and it includes the average stop time and network
throughput indices.

Table II depicts the average vehicle’s travel time and speed for
each assessment scenario. It particularly shows that MCTSO allows
the fastest travel time under all scenarios, and by consequence
improves the number of vehicles that can use the network and reach
their destinations compared to the other control methods. The results
show that all control methods have acceptable performance under
the first scenario, due to the low level of traffic flow. Increasing the
arrival rate causes the congestion to get worse; the ATSO method
presents an unacceptable travel time and speed. Thus, ATSO is not
proficient with medium and higher congestion levels. At the higher
level of congestion, our proposed method optimizes both travel
time and speed, and it reduces these criteria compared to other
controllers. We notice that in low traffic demand the average travel
time attained by our proposed framework is 16,71% lower than that
in ATSO, 6,82% than the AMTSC. While in medium traffic demand
the corresponding improvement of the proposed framework is 20,36%

and 11,08, respectively. The improvements become more important in
high traffic demand and attain 37,65% compared to ATSO and 22,05%
compared to AMTSC. As to the average travel speed, we observed that
the MCTSO provided 8,26% according to the ATSO model and 4,82%
improvement according to AMTSC in low traffic conditions, while this
improvement rises 20,91% and 13,21% according to ATSO and AMTSC
respectively in normal traffic density. In a heavy density scenario, the
proposed model has better speed performance about 26,57% compared
to the ATSO model and 16,76% compared to AMTSC. Furthermore, the
standard deviation of the vehicle’s travel time and travel speed of the
proposed approach is lower than that in the other control methods.
A high standard deviation means that there is a large amount of
variability among the data, while a low standard deviation means that
the data is less spread, thus very reliable. Consequently, the proposed
approach is more reliable.

In addition, the ANOVA two factor with replication test yields a
p-value of ~ 0 (3,39E-40 for travel time and 2,18E-97 for travel speed)
that is much smaller than the 0,05 level of alpha significance, meaning
that the changes in used control methods had statistically a significant
impact on the travel time in different traffic demand.

The reduction in travel time is due to the reduction in the set of
key performances and by consequence, in a set of intersection indices.
Fig. 16 summarizes the intersection metrics’ key performances.
The measurements are first locally aggregated in each intersection
and at each time over evaluation scenarios; then, the performance
average and other indices are calculated. The measurements show
that MCTSO outperforms other controllers’ methods in almost all
metrics. Unfortunately, other methods failed to optimize green time
management to mitigate traffic conditions.

Regarding the indices in Fig. 16, our proposed controller gives
more throughput cars with less green time in all scenarios. This is due
to optimizing the splitting of green time over all phases, reutilizing
unused green time in phases with no cars in the storage zone. Also,
the reduction in the average red time minimizes the travel time. The
results also show a reduction in the number of cycles per intersection,
which means that the system is suspended due to an empty storage
zone in all intersection arcs. This augments the performance of the
control system and makes evacuating the surrounding intersection
more likely.

The results show that the proposed system is a practical approach
and works smoothly with different traffic conditions.

VI. CONCLUSIONS

In this paper, a Multi-agent Cooperative Traffic Signal Optimization
(MCTSO) is proposed to reduce congestion on urban roads by
optimizing traffic light control with three contributions. First, the
MCTSC interactive system involves real-time optimization. Second,
there are two levels of coordination, the inter-junction and intra-
junction, to avoid local optimization and build a control strategy

TABLE II. PERCENTAGE IMPROVEMENT IN TRAVEL TIME AND SPEED OVER THE OTHER CONTROL METHODS

low traffic demand medium traffic demand high traffic demand
Parameters ATSO AMTSC MCTSO ATSO AMTSC MCTSO ATSO AMTSC MCTSO

Avg. travel time (s) 76,00 69,56 65,12 96,00 88,60 79,76 130,96 116,12 95,14
Standard deviation of delay 7,84 6,78 4,07 7,62 6,77 4,55 7,33 6,57 4,55
improvement travel time (%) 16,71% 6,82% N/A 20,36% 11,08% N/A 37,65% 22,05% N/A
Avg. travel speed (km/h) 38,76 40,03 41,96 29,13 31,11 35,22 22,51 24,4 28,49
Standard deviation of delay 8,34 7,76 5,08 7,86 7,49 4,15 8,61 6,26 4,22
improvement travel time (%) 8,26% 4,82% N/A 20,91% 13,21% N/A 26,57% 16,76% N/A
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Fig. 16. The intersection metrics’ key performances. The first chart shows the average green time assigned to active phases, the second chart shows the average
red time assigned to inactive phases, the third chart shows the average number of cycles, and the fourth chart shows the average intersection throughput. All
these measurements had been taken for each method and under different scenarios.

that takes into consideration all connecting intersections. Third,
distributed control restricts the cooperative scope in neighbors and
allows the parallel control.

The proposed system can handle a large multi-intersection
network with many alterations in the road infrastructure, and hence
facilitates extensibility. The system also increases the robustness and
throughput of the network, as shown in the simulation executed in
the AnyLogic simulator. The performance of the proposed approach
has been compared to the same approach without agents and
another adaptative multi-agent optimization. In these performance
comparisons, the average travel time and speed were selected as
signaling performance criteria. In low traffic demand scenarios,
the proposed Multi-agent Cooperative Traffic Signal Optimization
model provided 16,71%-6,82% improvement in average travel time
and 8,26%-4,42% improvement in average travel speed compared
to both adaptative traffic signal optimization and adaptative multi-
agent traffic signals control respectively. These improvement values
become more important when traffic demand increases and the traffic
congestion goes worst, and they are respectively up to 37,65%-22,05%
for average travel time and to 26,57%-16,76% for average travel speed
compared to adaptative traffic signal optimization and adaptative
multi-agent traffic signals control models in high traffic demand.
Both local and network performance keys are investigated based on
the computational experiments in different traffic condition scenarios.
The proposed agent-based optimization shows a better result and can
adapt smoothly with different traffic demands. It can significantly
optimize performance keys such as travel time, stop time, intersection
throughput, and so on.

In the future, the framework shall be further extended to other traffic
control fields. For traffic signal control, one extension of this approach
is to include priority vehicles and add the special management of
priority links. Meanwhile, it is necessary to develop the intelligent
optimization approach for operations concerning large uncertainties
in the road network, such as disturbances and emergencies.
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At present, check transactions are one of the most common forms of money transfer in the market. The
information for check exchange is printed using magnetic ink character recognition (MICR), widely used in
the banking industry, primarily for processing check transactions. However, the magnetic ink card reader is
specialized and expensive, resulting in general accounting departments or bookkeepers using manual data
registration instead. An organization that deals with parts or corporate services might have to process 300 to
400 checks each day, which would require a considerable amount of labor to perform the registration process.
The cost of a single-sided scanner is only 1/10 of the MICR; hence, using image recognition technology is
an economical solution. In this study, we aim to use multiple features for character recognition of E13B,
comprising ten numbers and four symbols. For the numeric part, we used statistical features such as image
density features, geometric features, and simple decision trees for classification. The symbols of E13B are
composed of three distinct rectangles, classified according to their size and relative position. Using the same
sample set, MLP, LetNet-5, Alexnet, and hybrid CNN-SVM were used to train the numerical part of the artificial
intelligence network as the experimental control group to verify the accuracy and speed of the proposed
method. The results of this study were used to verify the performance and usability of the proposed method.
Our proposed method obtained all test samples correctly, with a recognition rate close to 100%. A prediction
time of less than one millisecond per character, with an average value of 0.03 ms, was achieved, over 50
times faster than state-of-the-art methods. The accuracy rate is also better than all comparative state-of-the-art
methods. The proposed method was also applied to an embedded device to ensure the CPU would be used for
verification instead of a high-end GPU.

DOI: 10.9781/ijimai.2022.12.001

[. INTRODUCTION need to rely on the computing power of the cash register to directly

read the barcode. The identification is implemented on the reader. For

IT is important to determine whether a scanned image for recognition
can be used without employing a magnetic ink reader. Several studies
on using images for character recognition and handwritten characters
have been conducted. However, recently researched architecture,
such as deep learning, is not suitable for embedded devices because
the high computational resources and elapsed time cannot meet the
requirements of a compact embedded system.

A. Motivation

The scanner market has begun to shrink, and scanner manufacturers
have turned to special-purpose scanners or readers. Considering
the common barcode reader on the market as an example, barcode
recognition may be achieved with mobile phones or software; however,
in commercial applications, customers prefer a device that does not

* Corresponding author.

E-mail addresses: 1110154101 @nkust.edu.tw (C. H. Chen),
elone.huang@nkust.edu.tw (K. W. Huang).

the cash register, the reader is just a HID (Human Input Device), just
like someone helping you type. This application scenario is used on
magnetic ink character recognition (MICR) as well. We want to design
a device like a MICR reader, which means that we need to complete
image recognition and HID output on a single-board controller. This
requirement necessitates a simple algorithm that does not require
additional GPU or NPU devices—the primary goal of the current
research. Assuming that the recognition speed of each character is 50
ms, the total recognition time of one check can be computed to be
1,400 ms. This value is more than one second and hence, does not meet
the recognition time requirement. The desired computation time is not
achievable using the technologies proposed in recent years. Hence,
smaller data features and simpler recognition decisions are needed to
accomplish the desired computation time.

We cannot use the image of a character to reduce the amount
of information required for recognition. Instead, a method must be
developed to reduce the amount of required information for quick
calculations. Before using an image as input data for machine learning
or deep learning, 1050 pixels need to be processed. This value is
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greater than the 784 pixels of MNIST’s handwritten digital database
[1]. Additionally, more explicit features are needed to classify the
input data, which can reduce the required amount of input data
during classification and facilitate faster decisions and classification.
The specifications for checks were defined by the International
Standards Organization in 1977, and the latest version is ISO 1004-
1:2013, comprising 10 numbers and 4 symbols. E13B is one of the
two primary MICR fonts used for printing checks and other payment
documents. This font is popular in North America and most of Asia,
while the other major MICR font, CMC?7, is the standard font used in
most of Europe and South America. The E13B font uses characters
with unique characteristics designed to produce a distinctive pattern
when scanned by a magnetic reader. Both the CMC7 and E13B are read
using the unique magnetic characteristics of the font. The characters
of E13B are read by detecting the strength of the magnetic signal in a
continuous "waveform" pattern from left to right, while CMC7 is read
like a barcode, performing a series of "on/off" tests from left to right.

The first and second rows consist of 1, 2, 3, 4, 5, and 6, 7, 8, 9, 0,
respectively, as shown in Fig. 1.

aciL5
E7890

Fig. 1. lllustration of E13B font digits.

The E13B [2] font is specifically defined for MICR, comprising ten
digits (0-9) and four symbols. The symbols comprise three separate
squares or rectangular symbols with specific arrangements, as shown

in Fig. 2.
| l Transit ' Amount

. On-Us Dash

Fig. 2. Illustrations of the E13B font symbols.

In this study, we propose a method to identify all the characters
of E13B using feature recognition and relevant correlations to prove
the validity and accuracy of the proposed method. Five sets of control
groups are applied using the same sample neural network model for
training: a four-layer and five-layer MLP [3]-[5] network structure,
LeNet-5, Alexnet and hybrid convolutional neural network-support
vector machine (CNN-SVM) control groups [6]. Artificial neural
networks, such as the relatively new LeNet-5 [7]-[11] have made
considerable progress in character recognition.

The neural networks of the five control groups used herein have
all ten recognition categories consistent with E13B digital fonts. In
this study, we use statistical features [12]-[20] such as image density,
pattern, and target relative position features, using a decision tree
diagram [21] to achieve classification.

B. Contribution

A low-energy-consuming algorithm is the main contribution of this
research. For the sake of accuracy, advanced research continuously
increases the depth of the neural network and the input parameters,
but this research direction cannot meet the requirements of special-
purpose scanners. Restricted by the hardware of special-purpose
scanners, computational requirements and I/O requirements of
image data limit the feasibility of neural networks for use in image
recognition. Although this study uses a more traditional approach to
image recognition, the text features are captured more creatively, and
the decision tree is not trained by machine learning but by general
logic because of the need to work around the design in cases where
there is a limit on computational resource consumption.

We used a laptop with an i5-2520m 2.5Ghz CPU and 4GB RAM for
verification. The process in this experiment used the CPU instead of
GPU to demonstrate the cost-effectiveness of the proposed method. Our
proposed method obtained all test samples correctly, with a recognition
rate close to 100%. A prediction time of less than one millisecond per
character, with an average value of 0.03 ms, was achieved, over 50 times
faster than state-of-the-art methods. The accuracy rate is also better
than all comparative state-of-the-art methods.

The remainder of this paper is organized as follows. The literature
review is presented in Section II. The research methodology is
described in Section III. The performance evaluation is outlined in
Section IV. Finally, conclusions and suggestions for future research are
provided in Section V.

II. LITERATURE REVIEW

Text recognition can be divided into several stages. In addition to
the pre-processing of the image and the layout segmentation of the text
[22], past research papers can be roughly divided into two aspects, one
is feature extraction and the other is classifier. Fumitaka and Shridhar
used the static Zoning topo to represent the contour of a character
[23]. According to the direction of the contour, it is divided into four
groups, namely horizontal, vertical, and diagonal in both directions
(45° and 135°). The number of contours in each group is its features.

Singh and Budhiraja proposed several features for recognizing
handwritten Gurmukhi text, such as projection histogram features,
zoning, distance profile features, and background directional
distribution features [24].

Verma and Aki published a study on feature extraction methods
and classification techniques used in OCR systems [25]. The features
used in the study were statistical features and structural features. In
their research, statistical feature techniques include zoning, moments,
projection histograms, n-tuples, crossing and distances etc. Structural
features included convexities, concavities, number of end points,
number of holes, etc.

Dimpy et al. proposed a feature extraction of pneumonia data using
DensenNet-169 architecture [26]. The original image database was a
3-channel image that was resized from 1024 x 1204 to 224 x 244 pixels.
The resizing reduces the need for heavy computation and speed up
the processing. After feature extraction through DenseNet-169, a one-
dimensional vector of 50,176 x 1 was obtained and input to a different
classifier. The findings of this study showed that the best classifier
model was SVM (RBF kernel) with an AUC value of 0.80022.

Aimin Yang et al. proposed a feature extraction approach for
recognizing tumors by using a local binary model algorithm for image
preprocessing [27]. The local binary patten and convolutional neural
network algorithm are used to image and extract features from tumor
CT images in the medical field, and the recognition rate of this method
for medical images was 99.7%.
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Lehal proposed a powerful font-independent Gurmukhi OCR
system [28]that used four classifiers. The first two classifiers are a
binary tree classifier and k-NN classifier. They operate sequentially
and use structural features for feature extraction. The third classifier
is an SVM using a Gabor filter with a vector size of 189. The fourth
classifier is also an SVM, which operates on certain structural and
statistical features and achieved a 98.18% accuracy.

Kobayashi et al. proposed the use of histogram of gradient (HOG) to
extract candidate features from an image located in a grid. Moreover,
they applied principal component analysis to obtain vectors [29]. This
method used linear SVM to detect the pedestrian/non-pedestrian and
achieved an accuracy of 99.3%.

Singh et al. proposed the use of the Gabor filter for handwritten
Gurmukhi character recognition [30]. They performed 5-fold cross-
validation on the entire database using the RBF-SVM classifier and
achieved 94.29% accuracy.

Shawon et al. proposed a Bengali handwritten letter recognition
using 76 features and MLP as a classifier [31]. The feature set developed
for recognizing handwritten characters of the Bengali alphabet
consists of 24 shadow features, 16 centroid features and 36 longest-
run features. The recognition accuracy of the MLP designed to process
this feature set was 86.46% and 75.05%, respectively, on the training set
and test set samples. This method is useful for the development of a
complete OCR system for handwritten Bengali text.

Rajinikanth et al. proposed a meta-heuristic algorithm to solve the
multi-thresholding of RGB scale images by using entropy value [32].

Acharya et al. published a new image dataset for the Devanagari
script called the Devanagari Handwritten Character Dataset (DHCD)
[33]. It consisted of 92,000 images across 46 unique classes of characters
of Devanagari script segmented from handwritten files. In addition,
they proposed a deep learning architecture (CNN) for the recognition
of these characters. The accuracy of the proposed system was 98.47%
using the DHCD dataset.

Ramadhan et al presented a comparative analysis of the accuracy
and process length of each algorithm [34]. The use of K-Nearest
Neighbor (KNN) and Decision Tree (DT) algorithms to detect
DDoS attacks was analyzed. In addition, they used the CICIDS2017
dataset, which consists of the world PCAP data format. The results
of their study showed that the accuracy of the DT algorithm in
detecting DDoS attacks was higher than the KNN value algorithm.
The accuracy of DT was 99.91%, while the accuracy of k-NN was
was 98.94%.

Assegie et al. proposed a method for recognition of handwritten
numbers using a decision tree classification model [35]. Decision
tree classification is a machine learning method that uses predefined
labels from past known sets to determine or predict classes for future
datasets for which the class labels are unknown. They used a standard
Kaggle digits dataset to train and recognize handwritten digits using a
decision tree classification model. This experiment was trained using
a Kaggle dataset containing 42,000 rows and 720 columns. The method
had an accuracy of 83.4%. Based on its accuracy, we can see that a
decision tree classification model for handwritten number recognition
is quite efficient.

Ahlawat et al. proposed a hybrid model of CNN-SVM, a hybrid model
of a powerful convolutional neural network (CNN) and supporting
machine (SVM) [36], for handwritten digit recognition in the MNIST
dataset. A hybrid model of CNN-SVM was proposed for handwritten
digit recognition that utilized automatic feature generation of CNN
and output prediction using SVM. Experimental results show that
their proposed method achieved a classification accuracy of 99.28% on
the MNIST dataset.

Barbhuiya et al. proposed a sign language recognition system using
Alexnet and VGG16 for feature extraction with SVM as a classifier
[37]. The system uses Alexnet and VGG16 to pre-train the American
Sign Language dataset, and then uses SVM to pre-train the feature
classification, enabling the classification of gestures. The proposed
American Sign Language recognition system, has been compared with
some state-of-the-art recognition approaches, including both a random
70-30 and leave-one-subject-out validations. The proposed method
using the modified AlexNet and SVM classifier has a recognition
accuracy of 99.82%, which is the highest among the compared methods
using a random 70-30 cross-validation.

Varun et al. proposed a multi-classifier for classifying imbalanced
financial news datasets [38]. The proposed architecture uses the
SMOTE method to generate similar synthetic samples, which can
balance the original imbalanced dataset. Past research has proven
that imbalanced datasets have adverse effects on machine learning,
thus making the author ensure that the dataset was balanced in his
architecture. The proposed architecture was compared with other
compared architectures, with the worst recognition accuracy of 34%
and the best recognition accuracy of 99%. The proposed architecture
achieved a recognition accuracy of 100% with a dataset balanced by
random forest with SMOTE.

Manju et al. proposed an RGB and RGB-D static gesture recognition
method [39] using the fine-tuned VGG19 model. The fine-tuned
VGG19 model uses feature concatenation layers from RGB and RGB-D
images to improve the accuracy of the neural network. The proposed
model was compared with different CNN models, such as VGG16,
CaffeNet, VGG19, and Inception V3, which were not fine-tuned. It
achieved 94.8% accuracy using the test results of the ASL dataset.
The maximum recognition accuracy of these four models was 88.15%,
much lower than that of the proposed model.

III. METHODOLOGY

In this study, 24,000 E13B digits were extracted from 1,079 check
samples. The treatment and control groups were used to verify the
recognition rates. The treatment group utilized the multi-feature
method and directly classified the 24,000 samples to obtain the
recognition results. The control group worked with a two-layer and
three-layer MLP, LeNet-5, AlexNet and CNN-SVM using the k-Fold
cross-validation method, where k was 2, 5, and 10 [40].

A. Collecting Data

For this study, 1,079 checks were collected from related companies,
and 24,000 characters were extracted from them to train the AT model.
The study methodology did not require a physical copy of the checks
owing to its feature characteristic recognition.

The check is an important accounting document of expenditure
or income in the company; it is confidential information within each
company. We have legally collected nearly 2,000 Taiwan check samples
from our customers through Plustek Inc. After discarding the bad samples,
the remaining 1,079 checks were used in this study. These check samples
are based on company confidentiality principles, even though Plustek
Inc. has eliminated the customer’s astute data before providing the check
images for this study. In principle, these check images cannot be made
public, but images and labels that have been cut into single characters
can be provided free of charge for academic purposes or licensed to other
for-profit organizations for commercial use.

Using the control group of the neural network of the MLP model,
we applied the k-fold cross-validation method by dividing the data
into k groups. Three groups with k = 2, 5, and 10 were used to validate
the accuracy and speed of the proposed method. Fig. 3 represents the
checks used in Taiwan; the information on the MICR is shown as the
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Fig. 2 that identified as “Transit” check number “Transit” "OnUs”
bank’s routing number "OnUs” interchange code "Transit” account

» 3

number *Transit” ’Amount” amount ’Amount”.
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Fig. 3. Checks used in Taiwan. (The amount and the respective symbol are not
displayed in this image because the check has not been cashed and processed
in the clearing house).

Fig. 4 shows a check used in the United States. The information
on the MICR is shown as the Fig. 2 that identified as “Transit” check
number “Transit” “OnUs” bank’s routing number "OnUs” account
“Transit” “Amount” amount “Amount”. Although the format of
Taiwan’s check is different from that of the United States, it conforms
to the ISO 1004-1:2013 standard. In Taiwan, the check format has an
additional clearing house code after the bank code because Taiwan
uses a computerized exchange system to automatically exchange each
clearing house’s notes.

INRAMI Deutsche Bank Trust Company Delaware 000008011210
DATE 06 09 2020
MM DD YYYY
VOID IF NOT CASHED IN 90 DAYS
RECORD # 2
gerareanen 8,076.16
PAY Eight Thousa eventy Six And 16/100 US Dollars
TO THE
ORDER
OF

000804 240" 10342003801 0OSB0O249

Fig. 4. Checks used in the United States.

B. Pre-Processing

The following algorithm is used for pre-processing, where the
background is separated from the foreground, the foreground is the
text, and the background is the non-text area. HTGS(k) is a statistical
histogram, whose value can be evaluated using the formula given
below, where k is the grayscale ranging from 0 to 255, p represents
each pixel, and gray is the grayscale value that utilizes the average of
the R, G, and B channels. The HTGS(k) can be calculated as indicated
in Eq. (1):

HTGS(k) = |{p | k = [(Gray(p) + LastGray(p))/2],

50 < Gray(p) < Mean,

|Gray(p) — LastGray(p)| > 40} (1)

where LastGray represents the grayscale value of the previous
image and Mean represents the average grayscale value of the
image. The obtained value of HTGS(k) is equal to k_, which is the
binarization threshold of the entire area.

C. Characters in Digit Recognition

1. Statistical Features

The statistical feature of this method utilizes the surface density
component to divide an image into four equal blocks: upper left (UL),

lower left (LL), upper right (UR), and lower right (LR), as shown in Fig.
5. The density refers to the ratio of the black dots to the total area. The
number of black dots in the upper-left block is denoted by nUL. The
density in the upper left block (dUL) can be obtained by dividing the
quarter of the total area (Width*Height) with nUL. The formulae are
as follows:

1. Area = |(Width/2)| « |(Height/2)|

2. nUL = black pixel count in Upper Left Block.
3. dUL = nUL/Area; Density in Upper Left Block.
4. nLL = black pixel count in Lower Left Block.
5. dLL = nLL/Area; Density in Lower Left.

6. nUR = black pixel count in Upper Right Block.
7. dUR = nUR/Area; Density in Upper Right.

8. nLR = black pixel count in Lower Right Block.
9. dLR = nLR/Area; Density in Lower Right.

A description of the examined objects and tools used during the
experiment, and the factors that could affect the experimental results
are discussed in subsequent sections.

Fig. 5. Schematic of statistical features.

2. Pattern Features

The E13B font used in the check is composed of ten numbers
ranging from 0 to 9 and four symbols. The numbers and symbols are
identified separately in this study. The pattern features were analyzed
by calculating the total number of black pixels in an area. Six probes
were designed for the digit characters 3, 5, 6, 8, and 0. These feature
labels distinguish the five-digit characters, as shown in Fig. 6. Probe,
detects the blank area of the number 6 in the upper-right corner.
There is a visible empty block with an E13B print on number 6, which
indicates that the block should not contain any black pixels.

[ [} D
=
Fig. 6. Schematic of geometric features.

In Table I, the coordinates of the rectangles are denoted by (X,
Y, W’, H’), where X’ and Y’ are the coordinates of the leftmost and
highest points of the rectangles, respectively, and W’ and H’ are the
widths and heights of the rectangles, respectively. The width and
height of image are represented by W and H, respectively. Probe,,
Probe,, Probe-Upper, Probe,-Lower, Probe,, and Probe, denote the
number of black pixels in the six rectangles, respectively.
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TABLE 1. REFERENCE LABELS FOR EACH COORDINATE

Label Coordinates (X', Y’, W’, H’)

Probe, W/3,H/4,
W-(W/3)*2),W-H/4) "2

Probe, (W/5)*2,H/3,W/5H/12

Probe_-Upper 0,(W/4),W/2,H/7
0,(H/6)*4,W/2,H/7
W/2,(H/6),W/2,H/6

W-(W/4),0,W/4H/4

Probe_-Lower
Probe,
Probe,

3. Decision Tree

The recognition of numbers uses hybrid features from density
features and geometric features, based on those decision conditions to
create a decision tree model. As shown in Fig. 7, the three numbers 0, 2,
5 have unique features that can be easily classified, while the remaining
numbers are divided into two groups using density features. The first
group consists of 3, 7, 9, and the second group consists of 1,4,6,8. The
detection area of Probe, is binarized without any black pixels, i.e., the
threshold value of Probe, binarization is calculated using the HTGS
method. If the result is not zero, the second set of feature conditions
is compared. The number 2 is the only one of the ten numbers whose
dLL is larger than its dUL and whose dUR is larger than its dLR. Hence,
if the candidate being tested has the above-mentioned features, then
the number is classified as 2.

If the result is not 0 or 2, a third set of feature conditions is compared.
The next feature condition is the geometric feature Probe,-Lower and
Probe_, and both are zero. If the candidate has this feature, then the
candidate can be predicted to be number 5.

The fourth set of feature conditions divides the numbers into two
groups, that is, (3, 7, 9) and (1, 4, 6, 8). The fourth decision condition is
that the dUR must be larger than the dLL. If this condition is met, the
number is in the first group. If the condition is not met, the number is
in the second group.

(1) Probe_0

Yes No

(2) dLL>dUL and
dUR > dLR
Yes No

result =
0

(3) Probe_3_Lower == 0
and Probe_5==

Yes No

result
=2

regglt (4) dUR>dLL

Yes No

(5) dLR > dUR && (7) dLR> dUR &&

Probe_3_Upper == 0 && dLL > dUL
Probe_3_Lower ==
Yes No
Yes No
(9) Probe_5 ==0 &&
. (6) dUR > dLR (O)AH=0 Pl & awr =0
resgit= && dUL > dLL
Yes No Ves/\No
Yes No
result = (10) dUL > dUR result result
&& Probe_6 == 0 =4 =%
I'eSI7I|f = resl;lt = VeNO

result = result =
6 8

Fig. 7. Decision tree for digit recognition.

The fifth set of feature conditions divide the remaining numbers
into two groups. The first group consists of 3 and the second consists
of 7 and 9. The condition is that the dLR must be larger than the dUR.
The sixth feature conditions are that dUR must be greater than dLR and
dUL must be greater than dLL. If the condition is met, the candidate is
predicted to be 7 and if not, it is predicted to be 9.

For the group of numbers 1, 4, 6, 8, a seventh set of feature conditions
is used. The condition is that the dLR must be larger than dUR and
dLL must be larger than dLR. The numbers 1, 4, 6, 8 are divided into
two groups, 1, 6, 8 and 4. The next group is 1, 6, 8, and the decision
condition is the eighth group of the feature conditions , which is the
geometric feature detection area Probe,. If there is a black pixel in
Probes, the candidate can be predicted as number 1. If there is no black
pixel, then the number can be either 6 or 8. A tenth set of feature
conditions to be passed is that the dUL must be larger than the dUR
and the geometric feature detection area Probe, is zero. If both these
conditions are met, the candidate is predicted to be 6 and if not, it is
predicted to be 8.

For the last number 4, the ninth set of feature conditions is
compared, wherein if the values of the geometric feature Probe, and
Probe -Lower are zero, the candidate can be predicted to be 4. If this
set is not valid, the candidate is not an E13B number and will predicted
to be not a digit number that will be classified into the x.

The following illustrates the decision path for each number:
1. Number 0 : (1)
2. Number 1: (1), (2), (3), (4), (7), (8)
3. Number 2 : (1), (2)
4. Number 3 : (1), (2), (3), (4), (5)
5. Number 4 : (1), (2), (3), (4), (7), (9)
6. Number 5 : (1), (2), (3)
7. Number 6 : (1), (2), (3), (4), (7), (8), (10)
8 1),(2), 3
9 1),(2), 3
1) )

5

), (1),
. Number 7 : (1), (2), (3), (4), (5), (6)
. Number 8 : (1), (2), (3), (4), (7), (8), (10)
10.Number 9 : (1), (2), (3), (4), (5), (6)

According the pseudo code as showing in Algorithm 1. From the
above decision-making, it can be inferred that number 0 is compared
once, number 2 is compared twice, number 5 is compared three times,
number 3 is compared five times, numbers 1, 4, 7, and 9 need to be
compared six times, and numbers 6 and 8 require seven comparisons.
Therefore, it can be concluded that the maximum number of
comparisons for this decision tree is seven, the minimum number of
comparisons is one, and the average number of comparisons is 4.6.

D. Symbol Recognition

The difference between symbols and digits is that symbols are
divided into three targets, whereas digits are not. Therefore, the
comparison methods differ. The comparison method applied in this
study comprises the following steps. First, the selected symbolic
targets are placed in a queue of length 3 from left to right, and the
relative positions of targets 1 and 2 are compared. If they are valid, the
next target is compared. If not, target 1 is discarded, target 2 moves to
the position of target 1, and target 3 moves to the position of target 2.
This comparison model test is repeated.

The conditions for symbol comparison are detailed in Table II, and
the comparison flow is illustrated in Fig. 8.
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Algorithm 1: Pseudo code for proposed decision tree

1 Input: statistics features: dUL dLL dUR dLR and
2
3 Output: classification result of input data
if number of Probe, == 0 then

result = "0";

'S

5
6
7 result = "2";

8 else if number of Probe,-Lower ==0 and number of Probe_==0 th
9 result = "5" ;

10 else if density in Upper Right > density in Lower Left then

11

12 result = "3";
13

14 result = "7";
15 else

16 result ="9" ;
17

en

geometric features : Probe, Probe, Probe,-Upper Probe -Lower Probe, Probe,

else if density in Lower Left > density in Upper Left and density in Upper Right > density in Lower Right then

if density in Lower Right > density in Upper Right and number of Probe,-Upper == 0 and number of Probe,-Lower ==0 then

else if density in Upper Right > density of Lower Right and density Upper Left > density in Lower Left then

else if density in Lower Right > density in Upper Right and density in Lower Left > density in Upper Left then

18 if number of Probe >0 then

19 result = "1";

20 else if density in Upper Left > density in Upper Right and number of Probe, == 0 then
21 result = "6" ;

22 else

23 result ="8" ;

24 else if number of Probe,-Lower >0 and number of Probe .==0 then

25 result = "4";

26 else

27 something else;

28 return result

TABLE II. RELATIVE FEATURE CHART

Item Conditions

Condition 1

Condition 2 greater than that of both of Targets 1 and 2.

Condition 3
Condition 4

Condition 5

The distance between Target 2 and 1 is greater than 2 and less than 10.

Height of Target 1 is greater than that of Target 2, and height of Target 2 is greater than that of Target 3. Additionally, the width of Target 3 is

The correlation height of Target 1 is greater than that of Targets 2 and 3, and the y-axis position of Target 1 is greater than that of Targets 2 or 3.
The relative y-axis distance of Target 3 is less than that of Target 2, and relative y-axis distance of Target 2 is less than that of Target 1.

The correlation height of Target 1 is greater than that of Target 3, and the correlation width of Target 2 is greater than that of Target 3.

IV. EXPERIMENTAL RESULTS

The accuracy rate of character recognition was calculated using
the above-mentioned characteristics along with the decision-making
process. The complete data set consisted of 24,000 E13B characters.
The control experiment was conducted with the same data set in Two
Layer MLP, Three Layer MPL, LetNet-5 [7], AlexNet [11] and CNN-
SVM [36]. The data of this study and the control group were compared
to verify the validity and performance of the proposed method.

A. Comparison Algorithms

1. Multilayer Perceptron

The control group is divided into two groups of multi-layer
perceptron hidden layers; in two sets and three sets of hidden layers,
respectively. The input is a 28 x 28 pixel image, and uses one applicable

channel at a time. There are 784 neurons (1 x 28 x 28 input neurons);
each input layer is between 0 and 1, and a pixel value between 0-255
is converted to a floating-point number between 0 and 1. Next, the
28 x 28 matrices are converted into a single layer before input, and the
28 columns are converted into a 784 one-dimensional array, referred
to as the first input layer. In the first set of the two hidden layers, as
shown in Fig. 9, 256 neurons are arranged in the second hidden layer,
and ten neurons in the third hidden layer. The fourth layer acts as the
output layer. As shown in Fig. 10, three hidden layers are arranged
in the second control group, with 512 neurons in the second hidden
layer, 256 neurons in the third layer, and ten neurons in the fourth
layer. The fifth layer acts as the output layer. The output consists of
digits ranging from 0-9, and thus, according to the softmax function,
the final output contains ten neurons.
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Fig. 8. Flow chart of proposed algorithm.

Neural networks mimic the chain of responses generated by the
stimulation of the brain’s nerve cell. Transferring neurons between
each layer eventually yields an output result.

2. LeNet-5

LeNet-5 is a convolutional network algorithm proposed by LeCun
in 1998 [7]. This network is also the basis of today’s deep learning
models. We will use this algorithm as another control group for our
experiments. The first layer of LeNet-5 is a 32*32 grayscale image,
implying that it is a two-dimensional array with only one channel,
which is different from the three channels of an RGB image. The
second layer is a 2 x 2 Max pooling layer with a stride of 2. The output
of this layer is 14 x 14 x 6. The third layer consists of 16 convolutions
of size 5 x 5, with a stride of 1. The fourth layer is a pooling layer that
is the same as the second layer with a stride of 2. The output layer is
the fifth layer with 120 convolution kernels. The sixth layer is a fully
connected layer, and the hidden layer has 84 neural nodes. The last
layer consists of 84 hidden nodes corresponding to 10 outputs.

3. Alexnet

Alexnet is a CNN proposed by Alex Krizhevsky in 2012 [11] and it
won the ImageNet LSVRC competition in the same year. We used this
algorithm as another control group for our experiments. The AlexNet
architecture has eight layers and uses a total of five convolutional
layers and three fully connected layers, which is deeper than the
LeNet-5 model. The first to fifth layers are convolutional layers, where
a Maxpooling layer of size 3 x 3 and stride of 2 is used after the first,
second and fifth convolutional layers . The input layer is larger than
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LeNet-5 and can input 224224 pixel color images. Unlike LeNet-5,
which adopts average pooling, the stride is smaller than the size of
the mask, and 2 < 3 can repeat the inspection of features, avoiding
important features being discarded during pooling, resulting in better
feature calculation results. The sixth, seventh, and eighth layers are
fully connected layers. Although the E13B samples in this study were
not large images, this method was used as a control group to highlight
the comparison of computational power and accuracy.

4. Hybrid CNN-SVM

Ahlawat and Choudhary [36] proposed the hybrid CNN-SVM
architecture. As this architecture was proposed in recent years, we
incorporated this architecture as a control group in our study, in
addition to using MLP, LeNet-5, and Alexnet. This architecture uses
CNN to extract the features of the image after two convolutions.
The input, a 28 x 28 single-channel image, is taken through the first
layer using a 5 x 5 filter for convolution operations. The output from
this stage is six 24 x 24 feature maps, which are then input to the
second layer. Alternatively, the 5 x 5 filter can be used for convolution
operations to obtain sixteen 24 x 24 feature maps. A total of 576
neurons were flattened after convolution as a classification feature for
the SVM.

B. Comparison Results

As shown in Table III, 24,000 characters were extracted from the
1,079 check specimens. The number of correct characters recognized
in this study was 24,000, whereas the number of incorrect characters
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recognized was zero. Table IV shows the results of the two-layer MLP.
The recognition rate of the control group at k = 2, 5, and 10 was calculated
to be 96.29% on average, while the experimental group recognition rate
was 100%. This shows the superiority of the proposed method compared
to the two-layer MLP model, which is trained by the artificial neural
network in accordance with the accuracy of character recognition.

TABLE III. TREATMENT GROUP ACCURACY RESULTS

Test Model
Proposed Method

Tests Errors

24,000 0

Accuracy
100%

TABLE IV. Two LAYER MLP Accuracy REsuLT

k Total Tests Number of Errors  Accuracy

2 24,000 63 99.74%

5 24,000 1816 92.43%

10 24,000 794 96.69%
Average: 96.29%

Table V shows the results of the three-layer MLP. The recognition
rate of the control group at k = 2, 5, and 10 was calculated to be 99.64%
on an average, while the experimental group recognition rate was
100%. This shows the superiority of the proposed method compared
to the three-layer MLP model, which is trained by the artificial neural
network in accordance with the accuracy of character recognition.

TABLE V. THREE LAYER MLP AccUrAcY RESULT

Total Tests Number of Errors  Accuracy
2 24,000 73 99.70%
5 24,000 125 99.48%
10 24,000 59 99.75%
Average: 99.64%

Table VI shows the results of LeNet-5. The recognition rate of the
control group at k = 2, 5, and 10 was calculated to be 99.83% on an
average, while the experimental group recognition rate was 100%.
This shows the superiority of the proposed method compared to the
LeNet-5 model, which is trained by the artificial neural network in
accordance with the accuracy of character recognition.

TABLE VI. LENET-5 ACCURACY RESULT

k Total Tests Number of Errors  Accuracy

2 24,000 120 99.5%

5 24,000 3 99.99%

10 24,000 2 99.99%
Average: 99.83%

As shown in Table VII, the recognition rate of the control group
at k = 2, 5, and 10 was calculated to be 99.99% on an average, while
the experimental group recognition rate was 100%. This shows the
superiority of the proposed method compared to the Alexnet model,
which is trained by the artificial neural network in accordance with
the accuracy of character recognition.

TABLE VII. ALEXNET ACCURACY RESULT

k Total Tests Number of Errors  Accuracy

2 24,000 2 99.99%

5 24,000 4 99.98%

10 24,000 3 99.99%
Average: 99.99%

Table VIII shows the results of the CNN-SVM. The recognition rate
of the control group at k = 2, 5, and 10 was calculated to be 99.99% on
an average, while the experimental group recognition rate was 100%.

This shows the superiority of our method compared to the CNN-SVM
hybrid model, which is trained by the artificial neural network in
accordance with the accuracy of character recognition.

TABLE VIII. CNN-SVM Accuracy REsULT

k Total Tests Number of Errors  Accuracy

2 24,000 3 99.99%

5 24,000 2 99.99%

10 24,000 2 99.99%
Average: 99.99%

Table IX and Table X show a comparison between the average
character recognition time of the treatment and control groups. The
average recognition time per character for the treatment group was
0.03 ms, and the average character recognition time for the fastest
control group was 1.60 ms per character. The speed of character
recognition in the treatment group was significantly higher than that
of the control group.

TABLE IX. ELAPSED TIME FOR RECOGNITION OF THIS STUDY

Test Model
Proposed Method

Elapsed time Per Character (ms)
0.03

TABLE X. ELAPSED TIME FOR RECOGNITION OF THE Focus GRoup

Test Model k=2 k=5 k=10 Average
Two Layer MLP 1.54 1.58 1.67 1.60
Three Layer MLP 1.95 1.77 1.78 1.83
LeNet-5 1.79 2.73 4.08 2.87
AlexNet 66.23 63.71 68.00 65.98
CNN-SVM 1.25 2.73 4.72 2.9

V. CONCLUSION

Because E13B is a font for machine reading, traditional feature
recognition can be used for stable and convenient font recognition.
This approach reduces reliance on hardware, enhances the judgment
of exceptions, and reduces the computational cost of the recognition
algorithm. Moreover, the method proposed in this study is suitable
for embedded platforms or thin clients. A small sample can yield a
reasonably high accuracy rate for fixed fonts; the only drawback is
that the training process has a long lead time, including real-time
corrections of exceptional cases. The aim of this study is to determine
the accuracy and speed of character recognition of E13B fonts. The so-
called adequate sample eliminates the standard stamps or signature-
related targets in the check, and only retrieves E13B. Additionally,
filtering noise and partitioning contents were not within the scope
of this study and were thus excluded. One limitation of the proposed
method is that if the last decision point in the decision tree does not
match the feature combination shown in Fig. 7, the output value
will be x. However, as x is not a number between 0 and 9, such an
output will cause errors during runtime. Using decision trees and
comprehensive features has the advantage of speed, but this approach
cannot output any confidential information. If there is an exception
in the decision tree, it will output x. The addition of exception
handling is therefore necessary but can be disadvantageous. In future
research, this comprehensive feature can be used for shallow and low-
dimensional deep learning. The trained model will be able to perform
basic functions of accurate identification with high output accuracy.
It will also be faster than general high-dimensional deep networks.
The decision tree used in this study also constitutes the identification
core of a dual classifier. Such an approach mitigates the drawback
of decision tree results that cannot be classified correctly under
exceptional conditions and enables better identification.
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ABSTRACT KEYWORDS

The imaging data in various fields like industries, institutions, medical, and so on has grown exponentially
in recent years. An innovative software solution is required for the efficient management of image data. The
MapReduce framework is used for large-scale image data processing. Various cross-indexing techniques are
developed to transform the image into binary sequences but retrieving the image from the reducer on the
feature vector results in a major challenge. Image retrieval using large-scale image databases attained major
attention, where cross-indexing plays a key role in the research community. Therefore, in this research, a
new method for image retrieval, named Cosine Similarity-based hierarchical skeleton and cross-indexing, is
proposed to perform the retrieval process in the MapReduce framework effectively. The feature vector of the
images is converted to binary sequences. The Most Significant Bit (MSB) of the binary code is used to store
the images in the mapper using the cross-indexing model. The image retrieval process is achieved through
the reducer based on the tanimoto similarity measure. The binary sequence for the query image is calculated
based on the feature vector. The MSB bit of the binary code is matched with the MSB code of the images in
the mapper to achieve the retrieval process. The proposed method effectively achieved better performance
through the cross-indexing model with the usage of the feature vector. The performance of the proposed
method is compared with the existing techniques using the UK bench dataset. The proposed method attains the
values of 0.784, 0.729, 0.75, 31.23, 17.84secfor F1-score, precision, recall, computational cost, and computational
time with the query set-1 by considering four mappers.

Cosine Similarity, Cross
Indexing, Hierarchical
Skeleton, Image
Retrieval, Tanimoto
Similarity Measure.
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I. INTRODUCTION

IN the multimedia environment, the large-scale information
processing system attracted significant attention in the research
area due to the growth of information, such as videos and images [1].
However, to search an image in the huge volume of the dataset with
high accuracy based on the semantic features has become a significant
problem. A single image can convey more details than the usage of the
number of words, such that image retrieval is considered an important
topic in the research area for the past few decades [2]. One of the
most challenging issues is helping the users retrieve their estimated
images from the huge database [3]. Image retrieval is the process of
finding the suitable image with the appropriate content or feature
based on the image set or image content description. Due to the issues
in human cognition and the subjectivity of image content, defining the
universal and efficient image retrieval process becomes a challenging
task. Therefore, the image retrieval process has become an important
area in the information retrieval and the computer vision field in

* Corresponding author.

E-mail address: zhongqianwen77@gmail.com

recent years [4]. Two different stages are used: cognitive load-based
complexity and the second complexity classification to address the
complexity of imager retrieval [5]. Moreover, generating digital images
is rapidly increased in the advancement of network and multimedia
technology. Due to the huge amount of data information, retrieving
it securely and rapidly requires considerable effort [6], [7]. Secure big
data transmission should require efficient sharing in all environmental
conditions [8].

Due to the enormous amount of digitized image creation, the image
retrieval process has become a complex issue because encryption is
required while transmitting the image [9], [10]. The image sharing
between different entities is done by encrypting the image [11].The
Content-based image retrieval (CBIR) model is developed to perform
the retrieval process, which effectively retrieves the suitable images
according to the low level features, like texture, shape, and color [12].
The main aim of the CBIR is to retrieve the images from the large
database with the most related visual information. It is required to
analyze the image content to perform the content-based retrieval.
Hence, similarity measurement and the feature representation factor
are crucial elements in CBIR, but there is a challenging issue in CBIR
called semantic gap [1]. CBIR is effectively used to manage the huge
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volume of image database [13]; hence it acts as a possible solution
in image retrieval. Furthermore, quick access to the large database
needs an efficient and effective computing model. Therefore, the
Hadoop framework is considered a suitable distributed computing
scheme in the retrieval process based on the MapReduce framework.
The MapReduce framework is widely used as the parallel device in the
computing environment that processes the data based on peta byte
and terabyte scales. Facebook, Google, and Amazon are the largest
users in the MapReduce computing model, allowing the processes
of the data in a distributed manner with intensive computing over
different machines [14]. Due to the presence of semantic gap, the
accuracy of the CBIR model was not adequate, such that the gap exists
between the visual low level features, like colors and textures, and the
high level image concepts are usually used by the user in the searching
process [12], [15].Compressing the image before the transmission will
help improve the accuracy of the image [16].

Due to the enormous growth in large-scale data technology, the
application of image processing shows the characteristic features
of large-scale processing technology in the image retrieval model.
In general, some of the recent works are developed to acquire the
fast searching time based on the large scale processing technology,
such that the authors in [2] and [17] revealed to enhance the CBIR
model in Hadoop. In [4], a new method is developed that focuses on
the enhanced parallel K-Means algorithm based on the MapReduce
scheme [18]. However, Artificial intelligence (AI) is considered a
machine learning technique that attracted significant attention in the
past decades [1], [19], [20]. The Al model’s key objective is to allow
computers to handle real-world tasks and simulate human intelligence.
Minimizing the semantic gap in the CBIR model is essential in image
retrieval. Some efforts are taken to reduce the gap in the machine
learning methods. Especially, the deep learning methods attained
significant progress in the recent years in image retrieval [21], namely
deep brief network [22], deep Boltzmann machine [23], deep neural
network [24], Region-based Convolutional Neural Network (R-CNN)
[25], and so on. Among these methods, the deep convolutional neural
network (DCNN) attained a great achievement in computer vision, like
image classification, object recognition [26], and image segmentation
(1], [27].

This research focuses on a new method for image retrieval based on
the proposed CS-based hierarchical skeleton and cross-indexing. The
features extracted using the Speeded-Up Robust Features (SURF) and
CS-based hierarchical skeleton are converted to the binary sequences
to perform the retrieval process effectively. The performance of the
proposed method is increased with the representation of binary
sequences rather than computing it through the decimal value. The
cross-indexing increases retrieval performance by storing the image
in the mappers using the feature vector. The feature vector enables the
binarization of features to enhance the efficiency of the image retrieval
process. The images retrieved from the mappers are responded to the
user through the reducer in the MapReduce framework.

The contribution of the paper is image retrieval using MapReduce
Framework with CS-based hierarchical skeleton and cross-indexing.
The CS-based hierarchical skeleton and cross-indexing effectively
enable the retrieval process by achieving better performance through
the cross-indexing model. The conversion of features from the decimal
to the binary sequences increases the performance of feature vector,
which effectively makes the cross indexing model store the images
in the mappers. The tanimoto similarity measure provides robust and
accurate results in the perspective of retrieving the images.

The paper is organized as follows: Section II describes the
motivation of the image retrieval model. Section III elaborates the
proposed CS-based hierarchical skeleton and cross-indexing for image
retrieval using the MapReduce framework. Section IV describes the

results and discussion of the proposed image retrieval method, and
finally, section V concludes the paper.

II. MOTIVATION

In this section, the image retrieval method’s motivation is discussed
using various existing retrieval techniques, which motivates the
researchers to develop a new model based on the CS-based hierarchical
skeleton and cross-indexing.

A. Literature Survey

Various existing image retrieval methods are surveyed in this
section: Bai, C et al. [1] developed a DCNN model for retrieving the
large-scale images. It used the features of convolutional layers and
attained a better extraction process. It was highly suitable for a large
volume image database for mapping the high-dimensional feature
vectors into the binary codes. The performance of the online retrieval
processing time was very less. Sakr, N.A et al. [2] introduced a Chain
Clustering Binary search tree (CC-BST) algorithm to model the visual
statements to represent the features of an image. It was an effective
solution in the retrieval mechanism for high-dimensional features. It
offered a significant enhancement in the time cost factor than other
competitive systems. However, it utilized more time to perform the
retrieval process. Gao, X et al [3] introduced a progressive image
retrieval model to guarantee image quality. This model was parallelized
using the MapReduce framework and attained enhanced performance
with the MapReduce framework. It failed to use the adaptive learning
methods. Cao, J et al. [4] modeled a parallel k-Means algorithm for
selecting the cluster center in the image retrieval process. It maximized
retrieval accuracy and reduced the overhead of retrieval time. To
expand the node number in the Hadoop distributed platform, and the
adjustment of relevant parameters used for retrieval in the system was
not considered.

Xibing, S et al [28] developed a MapReduce-based remote
sensing image retrieval method to increase the efficiency of the
retrieval process. It accurately retrieved the remote sensing image
and attained better retrieval efficiency and accuracy. However, the
node’s information processing capacity was not effectively used to
enhance the data efficiency at each node. Meng, Z [29] developed a
remote sensing image retrieval algorithm. It effectively extracted the
texture and the color features. It increased the retrieval accuracy and
the efficiency of image retrieval. It failed to balance the system load.
Mezzoudj, S et al. [18] developed a Content-Based Image Retrieval
System using Spark (CBIR-S). It attained better performance with the
spark. It failed to use the efficient model in terms of accuracy with
larger datasets and clusters. Li, X et al. [30] introduced a parallel data
processing model. It attained better performance in the single node
system at both the capability and the retrieval speed of dealing with
the huge volume of data. The accuracy of the searching process was
effective only for few features.

B. Challenges

Some of the challenges associated with the image retrieval methods
are explained as follows:

+ Due to the various manners of viewing the image among the
computer and human, there exists a gap in the CBIR approach.
As no direct link is established between the low and high-level
features, the semantic gap arises. However, it is a complex issue to
solve the gap problem [1].

« With the enormous growth in the large-scale multimedia
technology on the internet, especially images, constructing the
CBIR system in the large scale environment becomes a challenging
issue, as it used a large execution time [18].
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Fig. 1. Schematic diagram of the proposed CS-based hierarchical skeleton and cross-indexing.

+ When a new image query is given to retrieve the specified object
from the database, matching the image with the large pair of

image sets poses a significant challenge [31].

The explosive growth in the images also faces numerous
challenges. One of the key challenges is helping the user retrieve
their expected contents from the large volume database [3].

The CCBST model developed in [2] was highly suitable to retrieve
the images present at the top level based on the user query, but
categorizing the features remains a crucial challenge in computer-
based applications.

III. PRoPOSED COSINE SIMILARITY-BASED HIERARCHICAL
SKELETON AND CROSS-INDEXING FOR IMAGE RETRIEVAL USING
MAPREDUCE FRAMEWORK

Image retrieval is a major consequence in the research domain to
specify images based on the feature vector. Even though various image
retrieval methods are available, defining the feature-based image
representation poses a major challenge. Hence, a new method named
CS-based hierarchical skeleton and cross-indexing is proposed in this
research to solve the above issues. Initially, the input image is passed to
the feature extraction stage, where the features are effectively extracted
using the SURF and CS-based hierarchical skeleton. After extracting
the features, the binarization of the feature vector is performed on
the extracted features. Then, the binarization of the feature vector is
given as the input to cross-indexing. The cross-indexing is performed
in the mapper based on the binary sequences of the feature vector.
Finally, the retrieval process is carried out through the reducer in the
MapReduce framework based on the tanimoto similarity measure. Fig.
1 shows the block diagram of the proposed cross-indexing method.

A. Get the Input Image

At first, the input image used to perform the retrieval process using
the MapReduce framework is collected from the dataset. Equation (1)
refers to the database @ with n number of images.

a={M,M,,...M,...M,} )

where, a represents the database, and M denotes the images, M,
represents the total number of images.

B. Feature Extraction

Feature extraction is the process to reduce the dimensionality value
through which the original input image is reduced to a manageable
form. Feature extraction is highly important in the image retrieval
mechanism to minimize the number of resources required to process
the image without losing the relevant or important information.
Feature extraction helps to minimize redundant values, which
facilitates the speed of the retrieval process. The input image M. is
selected to perform the feature extraction process using SURF and CS-
based hierarchical skeleton.

i) SURF: The input image M, is applied to the feature extraction
module named as SURF, where the features from the image are
effectively extracted and is denoted as f;. SURF [32] uses the
determinants of hessian matrices for locating the significant points
of images based on the location and scale. Here, the dominant
orientation is determined by computing the sum of all the
responses that lies in the sliding orientation window with an angle
of 60 degrees. SURF effectively extracts the robust features locally
through the hessian matrix and the distribution-based descriptor.
It uses the hessian detector to subtract the pyramid layers. Hessian
detector identifies the interesting points or interest features for
modifying the viewpoints. Here, the scale space is divided into
various octaves and levels to achieve the scale invariance by
examining the interesting points. The scale points are used to
construct the pyramid levels based on the sub-sampling and
Gaussian kernels. Non-maximal suppression of hessian matrices
is the heart of SURF, which approximates the kernel with the
rectangular box named as box filter. SURF is computationally
faster and simpler without losing the performance. It is robust
and stable because it has Hessian based detector. Moreover, surf
uses only 64 dimensional vector. Equation (2) refers to the features
extracted using the SURF based on the hessian matrix.

Uaa(yrz) Uab(y'z)
Uab (y' Z) Ubb (y. Z) (2)

where, X(y, z) denotes the Hessian matrix, U0 2 and U,
z) denotes the convolution of the image with the second-order
derivative of Gaussian A(z). Equations (3) and (4) define the terms

U,,2) and Uy, 7).

fi=X(.2) =

Uaa,2) = ] (p) * ZZTzl(Z) (3)
Ua (3,2 = @) * 52 2(2) @

J(p) denotes the integral image and p = (p, g)" is used to store the
sum of all the pixels in the rectangular area. Here, f| it represents
the features extracted using SURF. Accordingly, the features
extracted using SURF are specified in the matrix form as depicted
in Fig. 2.

2 10 12 8 7
4 8 3 15 20
25 30 31 17 35
4 9 6 21 37
40 39 18 15 25

Fig. 2. Features extracted using SURF.
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The output obtained from the SURF is in the form of a matrix and
the pixel values are specified in the decimal format.

ii) CS-based hierarchical skeleton: The input image M; is applied
to the CS-based hierarchical skeleton feature extraction module
in order to extract the features, which is further used to achieve
the image retrieval process. Moreover, the features extracted by
the CS-based hierarchical skeleton feature extraction module are
represented as f,. CS-based hierarchical skeleton [33] is highly
effective in extracting the features from the image. The CS-based
hierarchical skeleton is derived by inheriting CS features with the
hierarchical skeleton. The major advantage behind the CS-based
hierarchical skeleton is that it provides additional information to
the image retrieval process through which the accuracy of the
retrieval mechanism is enhanced. It does not require any extra
computational cost and effectively captures the topological and
geometric features at various levels based on the skeleton pruning.
The CS-based hierarchical skeleton takes the benefit of skeleton
pruning, which eliminates the skeleton branches of insignificant
parts of the shape. Equation (5) refers to the features extracted
using the CS-based hierarchical skeleton.

fa =441, 02) = A1(41,42) + 42(q1, 92) (5)
Equations (6) and (7) define the terms 4, (q,, q,) and 4, (q,, q,).
_ #(41.92)k(q1)k(q2)
41000 == S ©)
Ay(q1,92) = k(q1).k(q2) Cos(ﬂ(lh: ‘b)) (7)

where, 1 (q,, q,) denotes the angle of corner location of g, and
q,, k denotes the length function, and f, represents the features
extracted using CS-based hierarchical skeleton. The above
equation (6) is modified with the CS measure based on the Cosine
of two non-zero vectors using Euclidean dot product. Accordingly,
the features extracted using a CS-based hierarchical skeleton are
specified in the matrix form as represented in Fig. 3.

0 1 0 0 1
1 1 0 0 1
1 0 1 1 1
0 1 1 1 0
1 0 1 0 1

Fig. 3. Features extracted using CS-based hierarchical skeleton.

The output features obtained from the CS-based hierarchical
skeleton are in the form of a matrix, and the pixel values are specified
in the binary format.

C. Binarization of Features

The binarization process is required in the image retrieval process
to enhance the retrieval accuracy in the MapReduce framework.
Binarization is a tool in the image retrieval process for specifying
the interested region image and its background. It is converting the
pixel values of the image into the binary equivalent vector form
to differentiate the interesting regions. The binarization process
is performed by applying the 3 X3 non-overlapping windowing
mechanism to the feature matrices. In the binarization process, the
pixel values are separated into two binary forms as either ‘0’ or ‘1’ based
on the values of the Hessian matrix. The output features obtained from

the SURF and CS-based hierarchical skeleton are allowed to perform
the binarization process to generate the binary vector for the pixel
values. The output features extracted from the SURF are in the form
of a matrix with decimal pixel values. Hence, it is required to convert
the matrix from the decimal to the binary format. The binarization of
features will generate the binary vector by applying the 3 X 3 non-
overlapping window to the binary form matrix. Here, the output
obtained from the SURF is the decimal value matrix, while the output
obtained from the CS-based hierarchical skeleton is the binary form
matrix.

Let us first convert the output features obtained using SURF from
the decimal form matrix into the binary form matrix by averaging the
neighborhood pixels. Let us consider the first decimal pixel value 2’
from Fig.2, and form a 3 X 3 matrix using the pixel’s neighboring pixel
value ‘2’, which is depicted in Fig. 4.

0 0 0
0 2 10
0 4 8

Fig. 4. A 3 X 3 matrix formation for pixel value ‘2’.

Let us select the pixel value ‘2’ and take the average of neighborhood
pixel values to generate a decimal form matrix. For the pixel value
‘2’, the value obtained by averaging the neighborhood pixels is
2.75, compared with the original pixel value ‘2. When the original
pixel value is smaller than the pixel value obtained by averaging the
neighborhood pixels, then the binary value placed in the binary form
matrix is ‘0”. If the original pixel value is greater than the pixel value
obtained by averaging the neighborhood pixels, then the binary value
‘1’ is placed in the binary form matrix. Similarly, the entire pixel values
present in the matrix of Fig. 2 are converted into the binary form
matrix as depicted in Fig. 5.

0 1 1 1 1
1 0 1 0 1
1 0 0 1 0
0 1 1 0 0
1 0 0 1 1

Fig. 5. Binary representation of the features extracted using SURF.

The binary form of the features extracted from the CS-based
hierarchical skeleton and SURF is represented in Fig.3, and Fig.5,
respectively. From the binary matrix, the binary vector of the pixel
values is computed by applying the 3 X 3 non-overlapping windowing
process.

i) Computethe binary vector for SURF features: The binary matrix
generated for the features obtained using SURF is represented in
Fig. 5. The binary matrix value is converted into the binary vector
by applying the 3 x 3 non-overlapping windowing process. Let
us form a 3 x 3 binary matrix including all the pixel values from
Fig. 5 and apply the 3 X 3 non-overlapping windowing process to
generate the binary vector, which is shown in Fig. 6.

-111-



International Journal of Interactive Multimedia and Artificial Intelligence, Vol. 8, NO2

0 1 1 0 1 1

1 0 1 1 0 0

1 0 0 0 0 0
(a) (c)

1 1 0 0 0 0

0 1 0 1 1 0

1 0 0 0 0 0
(b) (d

Fig. 6. 3 X 3 binary matrix formation for SURF features.

The binary matrix representation for the SURF-based features is
partitioned into various 3 X 3 binary matrices and is represented
in Fig. 6 a), Fig. 6 b), Fig. 6 c), and Fig. 6 d), respectively. The binary
values are grouped as 011101100, 110010100, 011100000, and
000110000 and are converted into the decimal form. The binary
values present in each of the 3 X 3 matrix is converted into the
decimal format and is specified as 236 for Fig.6 a), 404 for Fig.6
b), 224 for Fig. 6 c), and 48 for Fig. 6 d), respectively. Therefore,
the binarization of the feature vector is formed using the decimal
values and is represented in Fig. 7.

236 | 404 | 224 48

Fig. 7. Binarization of feature vector based on SURF features.

ii

=

Compute the binary vector for CS-based hierarchical skeleton
features: The binary matrix generated for the features obtained
using the CS-based hierarchical skeleton is depicted in Fig. 3. Here,
the binary vector for the pixel values is generated by applying the
3 X 3 non-overlapping windowing process to the binary matrix. Let
us form the 3 X 3 binary matrix including all the pixel values from
Fig. 3 and apply the 3 x 3 non-overlapping windowing process to
generate the binary vector, which is represented in Fig. 8.

0 1 0 0 1 1

1 1 0 1 0 1

1 0 1 0 0 0
(a) ()

0 1 0 1 0 0

0 1 0 0 1 0

1 1 0 0 0 0
(b) (@

Fig. 8. 3 X 3 binary matrix formation for CS-based hierarchical skeleton
features.

The binary matrix representation for CS-based hierarchical
skeleton features is partitioned into various 3 X 3 binary matrices and
is represented in Fig. 8 a), Fig. 8 b), Fig. 8 c), and Fig. 8 d), respectively.

The binary values are grouped as 010110101, 010010110, 011101000,
and 100010000 and are converted into the decimal form. The binary
values present in each of the 3 X 3 matrix is converted into the decimal
format and is specified as 181 for Fig. 8 a), 150 for Fig. 8 b), 232 for Fig.
8 ¢), and 272 for Fig. 8 d), respectively. Therefore, the binarization of
feature vector is formed using the decimal values and is represented
in Fig. 9.

181 | 150 | 232 | 272

Fig. 9. Binarization of feature vector based on CS-based hierarchical skeleton
features.

Finally, the resultant binarization of feature vector obtained based
on the SURF features is added with the resultant binarization of feature
vector obtained using the CS-based hierarchical skeleton features
in order to perform the cross-indexing process using MapReduce
framework. Fig. 10 portrays the binarization of the feature vector.

236 | 404 | 224 48
181 | 150 | 232 | 272
417 | 554 | 456 | 320

Fig. 10. Binarization of feature vector.

By adding the feature vector of SURF-based features with the feature
vector of the CS-based hierarchical skeleton, the feature vector’s final
output is generated based on the decimal representation. Finally, the
decimal form of the feature vector is converted into the binary format
and is denoted as P. P specifies the binary equivalent of the decimal
value H; (H= 417 + 554 + 456 + 320).

D. Proposed Cross Indexing Based on the Feature Vector

Cross indexing is the process of transforming the features into
binary codes to simplify the retrieval process. The features of the
images are indexed with the binary value to make the retrieval process
more effective. Most of the existing techniques failed to perform the
mapping process to save the images in the mapper. The cross-indexing
model [34] executes the binarization of the feature vector to make the
image retrieval process highly robust and effective. The output of the
binarized feature vector is used to perform cross-indexing based on the
MapReduce framework. The feature vector for the input image M, is
denoted as P, which specifies the binary equivalent of H. The MSB of P
is considered to record the image in the mappers. Based on the MSB of
the features, the input images are placed in the mappers simultaneously.

The proposed CS-based hierarchical skeleton and cross-indexing
effectively perform the image retrieval process based on the MSB code
of features. Hence, it is required to transform the feature vector in the
respective binary equivalent. Saving the images in the mappers based
on the MSB code helps increase the retrieval process’s efficiency, which
further increases the overall system performance. When the MSB bits
are selected to two bits as, 00, 01, 10, and 11, it requires four different
mappers, namely 00 in mapper 1, 01 in mapper 2, 10 in mapper 3, and
11 in mapper 4, to save the images. When the MSB bits are selected
as 000, 001, 010, 011, 100, 101, 110, and 111 by considering three bits,
then it requires eight different mappers, such as 000 in mapper 1, 001
in mapper 2, 010 in mapper 3, 011 in mapper 4, 100 in mapper 5, 101 in
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mapper 6, 110 in mapper 7, and 111 in mapper 8 for saving the images.
Hence, based on the MSB bits of the binary feature vector, the images
are stored in the mappers. For example, if the input image and their
MSB bits of the image are given as 10, then the image will be stored
in mapper 3. Similarly, the MSB bits for all the incoming images are
verified based on the MSB feature code. The images are stored in the
mapper through the MapReduce framework.

E. Image Retrieval Using MapReduce Framework

Image retrieval is the process of extracting the images based on
the feature vector. The binary sequence for each image is computed
and stored in the mapper based on the MSB code of the features. The
retrieval process is carried out using the reducer in the MapReduce
framework. The MapReduce framework consists of two different tasks,
namely mapper and reducer. The images are stored in the mapper based
on the MSB bits of the feature vector, whereas the retrieval process is
performed using the reducer. Based on the binary sequence, the images
are stored in different mappers. Similarly, there exist various reducers
through which the retrieval process can be achieved. The number of
reducers is equivalent to the number of mappers present in the image
retrieval process. When the user sends the request to retrieve the
mapper’s image, the query image will be transformed to the vector
form by considering the binary sequences. The process of converting
the query image into the binary sequence is done using the tanimoto
measure. Equation (8) refers to the tanimoto measure.

_ SPLi XeRe
- 2 2
Yh XE+E7E RE— X2 XeRe (8)

where, S represents the tanimoto measure, X, and R, represents the
feature vector of query image and mapper image, respectively. For
each user query image, the binary sequence of the feature vector is
calculated based on the tanimoto similarity measure. The MSB code
of the binary sequences is selected as either two-bit or three-bit
sequence, and the MSB code is verified with the mapper. As the images
are saved in the mapper based on the MSB code, it must convert the
query image into a binary representation. When the MSB code of the

query image is verified with the mapper’s MSB code, then the image
is retrieved through the reducer in the MapReduce framework. When
the query image is matched with the mapper 3, then the image in
mapper in mapper 3 is retrieved through reducer 3. If the query image
is matched with the image present in mapper 4, then the matched
image is retrieved through reducer 4, respectively. Fig. 11 portrays
the image retrieval process based on the feature vector using the
MapReduce framework.

In Fig. 11, the user sends the query image to the mapper in order to
retrieve the matched image result. The binary sequence for the user’s
query image is calculated in the MapReduce framework based on the
feature vector. However, the MSB code of the binary sequence is 01.
The request is to the mapper 2, where the matched results are gathered
and retrieved through reducer 2 using the tanimoto similarity measure.

IV. RESULTS AND DiscUssION

The proposed method is evaluated with respect to the existing methods
based on precision, F-measure, and recall parameters. The analysis is
done by employing two images taken from the UK bench dataset.

A. Experimental Setup
The experimentation is done in MATLAB tool using PC with 4 GB

RAM, Windows 10 OS, and Intel I3 processor. The proposed method
employs two different images to analyze the performance.

1. Description of Datasets

The UK bench dataset [35] is designed by Nister and Stewenius.
The dataset is a collection of several research domains, which include
computer vision and image retrieval. The dataset is published in 2006
with open source_media collection.

2. Performance Metrics
The Proposed CS-based hierarchical skeleton system’s performance,

the metrics like Precision, Recall, F1-score, computational cost, and
computational time have been considered.

Binarization of features

~
27U
-7, ~

\ ~

-

-

/ \ ~
00 )~ o1 ) _(10)~, 11
e / \ RN

/ \ ~
7 Cross indexing based on the feature vector N
' » < S a
Mapper 1 Mapper 2 Mapper 3 Mapper 4
) 4

\
\
[
[
Query image - — I
[
:
[
[

v
Reducer 1

|

|
A 4

Reducer 2

Image retrieval

Reducer 3 Reducer 3

Image retrieved

Fig. 11. Image retrieval based on the feature vector using MapReduce framework.
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Retrieval 1 Retrieval 2

Retrieval 3 Retrieval 4

@
Fig. 12. Experimental results of proposed CS based hierarchical skeleton using a) Original image b) Extracted SURF feature c) Hierarchical skeleton image

d) Query image e) Retrieved images from four reducers.

3. Comparative Methods

The analysis is made using comparative methods like Deep
convolution neural network (DCNN) [1], Progressive image
retrieval [3], MKSIFT+ Cross indexing [34], and Proposed CS-based
hierarchical skeleton.

B. Experimental Results

This section elaborates the analysis of performance using images
taken from UK bench dataset. Fig. 12 represents the experimental
results of the proposed method using two different input images. Fig.
12a) represents two input image obtained from the UK bench dataset.
Fig. 12b) represents the image in which the SURF features are extracted
using the provided input image. Fig. 12c) portrays the hierarchical
skeleton feature extracted from the input image. The query image is
provided for retrieving required images, which is represented in Fig.
12d). Finally, Fig. 12e) illustrates the retrieval images obtained from the
four sets of reducers.

C. Comparative Analysis

The comparison between proposed CS based hierarchical skeleton
and existing techniques is done based on Recall, F-measure, and
Precision using two images. The methods are analyzed using four and
eight mappers using two query sets.

1. Analysis Using Four Mappers

The analysis of methods using four mappers with two query sets is
elaborated in the subsections. The effectiveness of proposed method is
evaluated using precision, recall and F1-Score parameters.

a) Based on Query Set-1

Fig. 13 presents the analysis of methods using four mappers
considering query set-1 in terms of Fl-score, precision, and recalls
parameters. Theanalysisbased onF1-Score using query set-1isillustrated
in Fig. 13a). When the number of retrieval is 2, the corresponding F1-
Score values computed by existing DCNN, Progressive image retrieval,
MKSIFT + Cross indexing, and Proposed CS-based hierarchical
skeleton are 0.664, 0.719, 0.720, and 0.778, respectively. Likewise, for
4 retrievals, the corresponding F1-Score values computed by existing
DCNN, Progressive image retrieval, MKSIFT + Cross indexing, and
Proposed CS-based hierarchical skeleton are 0.721, 0.686, 0.727, and
0.784, respectively. The analysis based on precision parameter using
query set-1 is illustrated in Fig. 13b). When the number of retrieval
is 2, the corresponding precision values computed by existing DCNN,
Progressive image retrieval, MKSIFT + Cross indexing, and Proposed
CS-based hierarchical skeleton are 0.742, 0.764, 0.776, and 0.816,
respectively. Likewise, for 4 retrievals, the corresponding precision
values computed by existing DCNN, Progressive image retrieval,
MKSIFT + Cross indexing, and Proposed CS-based hierarchical skeleton
are 0.646, 0.650, 0.660, and 0.729, respectively. The analysis based on
recall parameter using query set-1 is illustrated in Fig. 13c). When the
number of retrieval is 2, the corresponding recall values computed by
existing DCNN, Progressive image retrieval, MKSIFT + Cross indexing,
and Proposed CS-based hierarchical skeleton are 0.55, 0.6, 0.6, and 0.65,
respectively. Likewise, for 4 retrievals, the corresponding recall values
computed by existing DCNN, Progressive image retrieval, MKSIFT +
Cross indexing, and Proposed CS-based hierarchical skeleton are 0.7,
0.65, 0.7, and 0.75, respectively. The analysis based on recall parameter
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using query set-1 is illustrated in Fig. 13d). When the number of
retrieval is 2, the corresponding computational cost values computed
by existing DCNN, Progressive image retrieval, MKSIFT + Cross
indexing, and Proposed CS-based hierarchical skeleton are 34.870,
32.985, 33.931, and 32.772, respectively. Likewise, for 4 retrievals, the
corresponding recall values computed by existing DCNN, Progressive
image retrieval, MKSIFT + Cross indexing, and Proposed CS-based
hierarchical skeleton are 49.185, 46.814, 48.585, and 46.285, respectively.
The analysis based on recall parameter using query set-1 is illustrated
in Fig. 13e). When the number of retrieval is 2, the corresponding
computational time values computed by existing DCNN, Progressive
image retrieval, MKSIFT + Cross indexing, and Proposed CS-based
hierarchical skeleton are 30.059, 27.238, 28.403, and 26.189, respectively.
Likewise, for 4 retrievals, the corresponding recall values computed by
existing DCNN, Progressive image retrieval, MKSIFT + Cross indexing,
and Proposed CS-based hierarchical skeleton are 34.597, 32.512, 33.909,
and 29.9830, respectively.

b) Based on Query Set-2

Fig. 14 presents the analysis of methods using four mappers
considering query set-2 in terms of Fl-score, precision, and recalls
parameters. The analysis based on F1-Score using query set-1
is illustrated in Fig. 14a). When the number of retrieval is 2, the
corresponding F1-Score values computed by existing DCNN,
Progressive image retrieval, MKSIFT + Cross indexing, and Proposed
CS-based hierarchical skeleton are 0.648, 0.638, 0.648, and 0.707,
respectively. Likewise, for 4 retrievals, the corresponding F1-Score
values computed by existing DCNN, Progressive image retrieval,
MKSIFT + Cross indexing, and Proposed CS-based hierarchical
skeleton are 0.580, 0.562, 0.579, and 0.634, respectively. The analysis
based on precision parameter using query set-1 is illustrated in Fig.
14b). When the number of retrieval is 2, the corresponding precision
values computed by existing DCNN, Progressive image retrieval,
MKSIFT + Cross indexing, and Proposed CS-based hierarchical
skeleton are 0.680, 0.626, 0.682, and 0.735, respectively. Likewise, for
4 retrievals, the corresponding precision values computed by existing
DCNN, Progressive image retrieval, MKSIFT + Cross indexing, and
Proposed CS-based hierarchical skeleton are 0.575, 0.527, 0.570, and
0.635, respectively. The analysis based on recall parameter using
query set-1 is illustrated in Fig. 14c). When the number of is 2, the
corresponding recall values computed by existing DCNN, Progressive
image retrieval, MKSIFT + Cross indexing, and Proposed CS-based
hierarchical skeleton are 0.484, 0.517, 0.551, and 0.556, respectively.
Likewise, for 4 retrievals, the corresponding recall values computed
by existing DCNN, Progressive image retrieval, MKSIFT + Cross
indexing, and Proposed CS-based hierarchical skeleton are 0.591, 0.595,
0.596, and 0.727, respectively. The analysis based on computational
cost parameter using query set-1 is illustrated in Fig. 14d). When
the number of is 2, the corresponding precision values computed
by existing DCNN, Progressive image retrieval, MKSIFT + Cross
indexing, and Proposed CS-based hierarchical skeleton are 41.615,
33.598, 32.079, and 31.238, respectively. Likewise, for 4 retrievals,
the corresponding precision values computed by existing DCNN,
Progressive image retrieval, MKSIFT + Cross indexing, and Proposed
CS-based hierarchical skeleton are 49.680, 42.376, 42.356, and 37.742,
respectively. The analysis based on computational time parameter
using query set-1isillustrated in Fig. 14e). When the number of retrieval
is 2, the corresponding precision values computed by existing DCNN,
Progressive image retrieval, MKSIFT + Cross indexing, and Proposed
CS-based hierarchical skeleton are 21.540, 16.656, 18.112, and 15.838,
respectively. Likewise, for 4 retrievals, the corresponding precision
values computed by existing DCNN, Progressive image retrieval,
MKSIFT + Cross indexing, and Proposed CS-based hierarchical
skeleton are 22.942, 21.019, 22.481, and 19.505, respectively.

2. Analysis Using Eight Mappers

The analysis of methods using eight mappers with two query sets
is elaborated in subsections. The efficiency of proposed method is
evaluated with precision, recall and F1-Score measures.
a) Based on Query Set-1

Fig. 15 presents the analysis of methods using eight mappers
considering query set-1 in terms of Fl-score, precision, and recalls
parameters. The analysis based on F1-Score using query set-1
is illustrated in Fig. 15a). When the number of retrieval is 2, the
corresponding F1-Score values computed by existing DCNN,
Progressive image retrieval, MKSIFT + Cross indexing, and Proposed
CS-based hierarchical skeleton are 0.619, 0.675, 0.681, and 0.758,
respectively. Likewise, for 4 retrievals, the corresponding F1-Score
values computed by existing DCNN, Progressive image retrieval,
MKSIFT + Cross indexing, and Proposed CS-based hierarchical
skeleton are 0.676, 0.648, 0.686, and 0.735, respectively. The analysis
based on precision parameter using query set-1 is illustrated in Fig.
15b). When the number of retrieval is 2, the corresponding precision
values computed by existing DCNN, Progressive image retrieval,
MKSIFT + Cross indexing, and Proposed CS-based hierarchical
skeleton are 0.670, 0.611, 0.650, and 0.734, respectively. Likewise, for
4 retrievals, the corresponding precision values computed by existing
DCNN, Progressive image retrieval, MKSIFT + Cross indexing, and
Proposed CS-based hierarchical skeleton are 0.557, 0.491, 0.550, and
0.618, respectively. The analysis based on recall parameter using query
set-1 is illustrated in Fig. 15c). When the number of retrieval is 2, the
corresponding recall values computed by existing DCNN, Progressive
image retrieval, MKSIFT + Cross indexing, and Proposed CS-based
hierarchical skeleton are 0.519, 0.570, 0.597, and 0.629, respectively.
Likewise, for 4 retrievals, the corresponding recall values computed
by existing DCNN, Progressive image retrieval, MKSIFT + Cross
indexing, and Proposed CS-based hierarchical skeleton are 0.693, 0.620,
0.658, and 0.705, respectively. The analysis based on computational
cost parameter using query set-1 is illustrated in Fig. 15d). When
the number of retrieval is 2, the corresponding precision values
computed by existing DCNN, Progressive image retrieval, MKSIFT
+ Cross indexing, and Proposed CS-based hierarchical skeleton
are 41.615, 33.598, 32.079, and 31.238, respectively. Likewise, for 4
retrievals, the corresponding precision values computed by existing
DCNN, Progressive image retrieval, MKSIFT + Cross indexing, and
Proposed CS-based hierarchical skeleton are 49.680, 42.376, 42.356,
and 37.742, respectively. The analysis based on computational time
parameter using query set-1 is illustrated in Fig. 15e). When the
number of retrieval is 2, the corresponding precision values computed
by existing DCNN, Progressive image retrieval, MKSIFT + Cross
indexing, and Proposed CS-based hierarchical skeleton are 28.804,
27.858, 28.516, and 27.510, respectively. Likewise, for 4 retrievals,
the corresponding precision values computed by existing DCNN,
Progressive image retrieval, MKSIFT + Cross indexing, and Proposed
CS-based hierarchical skeleton are 34.171, 32.572, 33.308, and 31.160,
respectively.
b) Based on Query Set-2

Fig. 16 presents the analysis of methods using eight mappers
considering query set-2 in terms of Fl-score, precision, and
recalls parameters. The analysis based on F1-Score using query
set-1 is illustrated in Fig. 16a). When the number of retrieval is 2,
the corresponding F1-Score values computed by existing DCNN,
Progressive image retrieval, MKSIFT + Cross indexing, and Proposed
CS-based hierarchical skeleton are 0.648, 0.638, 0.648, and 0.707,
respectively. Likewise, for 4 retrievals, the corresponding F1-Score
values computed by existing DCNN, Progressive image retrieval,
MKSIFT + Cross indexing, and Proposed CS-based hierarchical
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TABLE 1. COMPARATIVE ANALYSIS

Mappers Query set Metrics DCNN ngll:zi::s:lm age MKSIFT + Cross indexing hIi)::;:' z;ei(ciafil-z;::gn
F1-score 0.721 0.686 0.727 0.784
Precision 0.646 0.65 0.66 0.729
Qsilterly Recall 0.7 0.65 0.7 0.75
cc 34.87 32.98 33.93 32.77
Using 4 CT 30.05 27.23 28.4 26.18
mappers Fl-score 0.58 0.562 0.579 0.634
Precision 0.575 0.527 0.57 0.635
%zterzy Recall 0.591 0.595 0.596 0.727
cC 41.04 40.13 39.56 38.09
CT 21.54 16.65 18.11 15.83
Fl-score 0.676 0.648 0.686 0.735
Precision 0.557 0.491 0.55 0.618
%:terly Recall 0.693 0.62 0.658 0.705
cC 41.61 33.59 32.07 31.23
Using 8 CT 28.804 27.858 28.51 27.51
mappers F1-score 0.58 0.562 0579 0.634
Precision 0.584 0.588 0.552 0.633
%;erzy Recall 0.546 0.635 0.689 0.703
cc 45.019 40.46 40.89 39.519
CT 19.598 18.36 18.818 17.844

skeleton are 0.580, 0.562, 0.579, and 0.634, respectively. The analysis
based on precision parameter using query set-1 is illustrated in Fig.
16b). When the number of retrieval is 2, the corresponding precision
values computed by existing DCNN, Progressive image retrieval,
MKSIFT + Cross indexing, and Proposed CS-based hierarchical
skeleton are 0.782, 0.780, 0.740, and 0.822, respectively. Likewise,
for 4 retrievals, the corresponding precision values computed
by existing DCNN, Progressive image retrieval, MKSIFT + Cross
indexing, and Proposed CS-based hierarchical skeleton are 0.584,
0.588, 0.552, and 0.633, respectively. The analysis based on recall
parameter using query set-1 is illustrated in Fig. 16c). When the
number of retrieval is 2, the corresponding recall values computed
by existing DCNN, Progressive image retrieval, MKSIFT + Cross
indexing, and Proposed CS-based hierarchical skeleton are 0.477,
0.498, 0.504, and 0.511, respectively. Likewise, for 4 retrievals, the
corresponding recall values computed by existing DCNN, Progressive
image retrieval, MKSIFT + Cross indexing, and Proposed CS-based
hierarchical skeleton are 0.546, 0.635, 0.689, and 0.703, respectively.
The analysis based on computational cost parameter using query
set-1 is illustrated in Fig. 16d). When the number of retrieval is 2,
the corresponding precision values computed by existing DCNN,
Progressive image retrieval, MKSIFT + Cross indexing, and Proposed
CS-based hierarchical skeleton are 45.019, 40.466, 40.899, and 39.519,
respectively. Likewise, for 4 retrievals, the corresponding precision
values computed by existing DCNN, Progressive image retrieval,
MKSIFT + Cross indexing, and Proposed CS-based hierarchical
skeleton are 55.060, 48.264, 49.594, and 42.798, respectively. The
analysis based on computational time parameter using query set-
1 is illustrated in Fig. 16e). When the number of retrieval is 2, the
corresponding precision values computed by existing DCNN,
Progressive image retrieval, MKSIFT + Cross indexing, and Proposed
CS-based hierarchical skeleton are 19.598, 18.360, 18.818, and 17.844,
respectively. Likewise, for 4 retrievals, the corresponding precision
values computed by existing DCNN, Progressive image retrieval,
MKSIFT + Cross indexing, and Proposed CS-based hierarchical
skeleton are 26.106, 25.686, 25.692, and 25.000, respectively.

D. Comparative Discussion

Table I illustrates the analysis of methods using four and eight
mappers along with two query sets. The analysis is done by adapting
the maximal performance attained by each methods using precision,
F1-Score and recall parameters. Considering four mappers, the
proposed method attained better performance with maximal F1-
Score of 0.784, maximal precision of 0.729 and maximal recall of 0.75,
minimal computational cost of 32.77, and minimal computational time
of 26.18 for query set-1. Using eight mappers, the proposed method
attained maximal F1-Score of 0.735, and maximal recall of 0.705 for
query set-1. The maximal precision is obtained in query set-2 with
precision value of 0.633. Also, using 8 mappers, the proposed method
has the minimal computational cost and computational time of 31.23
and 17, 84 sec, respectively for query set-1. From the analysis, it is
noted that the best performance is achieved by proposed method,
which shows its effectiveness in image retrieval.

The proposed CS-based Hierarchical Skeleton and Cross Indexing
for Large Scale Image Retrieval Using Mapreduce Framework has
the better results than the existing methodologies. This is happened
because the proposed method has the benefit like low complexity for
sparse vector. The cross indexing in image retrieval mechanism helps
to improve the accuracy of image retrieval.

V. CONCLUSION

In this research, a new image retrieval method using CS-based
hierarchical skeleton and cross indexing is proposed to perform the
image retrieval mechanism based on the feature vector. The proposed
method effectively achieves better retrieval performance through the
cross indexing model. The features extracted using SURF and CS-
based hierarchical skeleton are transformed into the binary sequences.
The feature vector with the representation of binary code ensures the
effectiveness of retrieval process based on the MSB code. The images
stored in the mapper are retrieved based on the binary sequences
using the tanimoto similarity measure. The retrieval process is carried
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out through the reducer in the MapReduce framework based on the
MSB code of the binary sequences. The proposed image retrieval is
effectively operated with the binary sequence rather than considering
the decimal value. The proposed attained better performance with the
values of 0.784, 0.729, 0.75, 31.23, and 17.84sec for F1-score, precision,
recall, computational cost and computational time with the query
set-1 by considering 4 mappers. The proposed image retrieval is
widely useful in large scale image processing field for image retrieval
in effective and efficient manner on cloud environments. Moreover
it is helpful in the medical field for the diagnosis aids. In future, the
performance of image retrieval mechanism will be increased by some
other model for saving the image in the mapper.
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In this paper, we address the Uncapacitated Plant Cycle Location Problem. It is a location-routing problem Greedy Randomized
aimed at determining a subset of locations to set up plants dedicated to serving customers. We propose a Adaptive Search
mathematical formulation to model the problem. The high computational burden required by the formulation Procedure, Probabilistic
when tackling large scenarios encourages us to develop a Greedy Randomized Adaptive Search Procedure Learning Model,
with Probabilistic Learning Model. Its rationale is to divide the problem into two interconnected sub-problems. Uncapacitated Plant

The computational results indicate the high performance of our proposal in terms of the quality of reported
solutions and computational time. Specifically, we have overcome the best approach from the literature on a

wide range of scenarios.

I. INTRODUCTION

LOCATI()N*ROUTING problems are a family of hard combinatorial
optimization problems found in the field of distribution network
design. The objective is to open a subset of depots in potential locations
with the aim of fulfilling the demand of customers by means of a fleet of
vehicles. Traditionally, these optimization problems have been tackled
separately. However, the evolution of computers, the emergence of
new optimization techniques, and the necessity of holistic solutions
for new problem applications have aroused a renewed interest in their
joint solution.

Nowadays, in city and last-mile logistics, freight transportation
stakeholders and service providers have to regularly redesign and
improve their logistics processes to satisfy customers requirements
while reducing infrastructure and transportation costs. The design of
transportation networks in the context of less-thana- truck deliveries
leads to the definition of the Uncapacitated Plant Cycle Location
Problem (UPCLP).

The UPCLP is an NP-Hard optimization problem whose main goal
is to select a subset of locations from a bigger set of potential locations
where establish plants to serve a determined set of customers. The
number of plants is unknown in advance, but it is important to remark
that due to the operations required to create a plant, both the set up
and the assignment of a customer to it have a specific cost. Each plant

* Corresponding author.

E-mail address: ilopezpl@ull.edu.es

Cycle Location Problem.

DOI: 10.9781/ijimai.2022.04.003

has one vehicle to serve all its customers following a determined route
that also have an associated cost. A solution for the UPCLP solves two
different subproblems:

+ Obtaining the set of locations where open the plants to serve all
customers, minimizing the cost to open the plants and assigning
every customer to a determined plant.

+ Determining the routes followed by the vehicles to serve its
assigned customers with the less possible cost.

In the strong sense, this problem combines two well-known
optimization problems: the Uncapacitated Facility Location Problem
[1] and the Multi-Depot Travelling Salesman Problem [2]. Section III
explains the UPCLP in detail.

The applications for the UPCLP are those related to the location of
plants where the service or freights distributed to customers are not
affected by plant or vehicle capacity constraints. Related applications
can be found in humanitarian logistics [3], telecommunications [4],
[5], distribution system design [6], postal delivery [7], [8], among
others.

The main goals of the present paper are described as follows:
+ Proposing an optimization model for the UPCLP.

« Developing a metaheuristic approach based on the paradigm of
the Greedy Randomized Adaptive Search Procedure (GRASP)
that incorporates a probability distribution for selecting locations
within the UPCLP. Its goal is to obtain faster solutions than the
optimization model, and on the other hand, provide feasible
solutions for larger scenarios that may appear in practical cases
and where the optimization model is unable to provide a solution.
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+ Assessing the performance of the GRASP in comparison with
the best approach so far and our optimization model on problem
instances from the literature. Additionally, with the aim of
evaluating our metaheuristic on structured scenarios, a set of
instances adapted from TSPLIB [9] to simulate largescale scenarios
are also tackled.

The remainder of this work is organized as follows. Section II
reviews the literature related to the UPCLP. Section III explains the
detail of the UPCLP. Afterwards, Section IV presents an optimization
model of the UPCLP. Section V describes a GRASP with Probabilistic
Learning Model to solve the UPCLP from an approximate standpoint.
Section VI discusses the applicability of the optimization model and
a metaheuristic approach to realistic scenarios and checks their
performances in comparison with a previous approach. Finally,
Section VII extracts the main conclusions from the work and suggests
several lines for further research.

II. LITERATURE REVIEW

The interest in location-routing problems by the scientific
community has increased over the last years. One of the seminal papers
in the field can be attributed to Watson-Gandy and Dohrn in 1973, as
indicated in [10]. The main reason for the joint treatment of decisions
concerning the location of plants and vehicle routing is found in that
solving them independently gives rise to only suboptimal results in
most cases. The suboptimality of the results has been demonstrated in
a multitude of works published in the literature. This is the case of the
two-phase tabu search proposed in [11].

Evidence of the increasing interest is the fact that numerous
surveys dedicated to the analysis and classification of works related
to location-routing problems have been published so far. Some
outstanding examples are the papers [12], [10], [13], [14], and [15].
New variants and applications of location-routing problems are also
discussed in [16].

The interest in this kind of problem has arisen from several practical
fields. This is the case of waste management. The work [17] aims to
identify the best place to open treatment centers and how to route the
hazardous waste derived from industrial activity to disposal centers in
aregion of Turkey. In this case, the optimization goal is to minimize the
transportation risk and the total cost associated with the fixed annual
cost of opening a treatment technology and a disposal facility. The
authors propose a mixed-integer programming model that incorporates
constraints to handle mass balance or the minimum amount of waste
required for technology. Furthermore, [18] introduces an improved
metaheuristic with a specially-designed directed local search procedure
to solve a general two-echelon multi-objective location routing
problem in waste collection. In particular, two-echelon transportations
must first collect waste generated in demand nodes to collection
centers. Then, the waste must be transported while considering flow
constraints and capacity constraints. [19] uses a K-Means clustering
combined with an Ant Colony Optimization (ACO) to find the shortest
routes between 2 nodes in a network of IoT devices optimizing
the Quality of Service of the network. This paper divides the whole
network into clusters depending of the types of subnetworks, which
optimizes the routes creation. Lastly, [20] focuses on the capacitated
location routing problem, where each depot has a fixed opening cost
and a known capacity to satisfy the customers’ demand. Also, the
vehicles have capacities and travelling costs. Thus, the optimization
criterion is to minimize the total cost, composed of depot, travelling,
and vehicle costs. The problem is solved by means of a a hybrid genetic
algorithm that explores unfeasible solutions and presents a high
competitive performance in comparison with other approaches found
in the literature in terms of solution quality and time efficiency.

Other practical applications of location-routing problems are
telecommunication network design, electric vehicle transportation,
good distribution or airline topologies, among others. For example,
[21] addresses the problem of designing synchronous digital hierarchy
rings in the context of mobile communications access networks. The
problem consists in finding the number and type of the base station
controllers to locate at each potential site and, on the other hand,
in defining synchronous digital hierarchy rings such that each base
transceiver station is in exactly one ring. The authors propose a
mixed integer programming model and a heuristic method to solve
the problem in realworld instances. [22] seeks to find the number
and location of electric vehicle battery swap stations with an optimal
route plan based on stochastic customer demands. The problem is
solved by means of a hybrid variable neighbourhood search algorithm
that combines a binary particle swarm optimization. [23] presents a
transportation location routing problem in which the goal is to satisfy
the demand of clients from a set of plants with maximum capacity and
through intermediate eligible points called city distribution centers,
which are sites dedicated to receive products from the plants and
deliver them to the clients. The objectives are minimizing the total
operation cost of the system and maintain balance in the vehicle
operator’s workload. Lastly, [24] includes a set of hubs to improve the
routes followed by planes on iranian airspace, using a Multi-objective
Genetic Algorithm to set the best places to locate these hubs.

Due to their performance, metaheuristics have become attractive
alternatives to address location routing problems. Representative
examples of these techniques have been proposed so far. Some of
them are variable neighborhood search [25], multiple ant colony
optimization algorithm [26], Simulated Annealing [27], Particle Swarm
Optimization [28], hybrid PSO with Path Relinking [29], Tabu Search
[30], GRASP with Path Relinking [31], and clustering analysis [32].

In spite of the existence of a wide corpus of papers in the literature
about location-routing problems, the works briefly described in the
following are of special interest in this paper. [33] introduced the
Uncapacitated Plant Cycle Location Problem and proposed a preliminary
version of the technique presented in the paper at hand. [34] presents
a strategic problem that can be seen as a generalization of the location-
routing problem in which the Capacitated Facility Location Problem
and the Multi-Depot Vehicle Routing Problem are combined. The
mentioned problem considers costs derived from vehicle usage, vehicle
and location capacities, and customer demands. Similar multiroute
capacitated approaches have been recently considered in [35], [36], and
[37]. Moreover, [38] presents a multiobjective application of location-
routing problems to home-to-work bus service. On the other hand, [39]
proposes a MIP model and a Branch-and-Cut algorithm to solve several
two-level network design problems. Furthermore, [40] and [41] address
the PCLP with maximum service capacity constraints associated with
the plants to set up. In the first paper, the authors propose a Branch
and Cut, even guarantees the optimality of the reported solutions, it
requires extremely large computational times (more than 1 hour) in
a multitude of cases. In the latter paper, a tabu search is proposed
in which an initial solution is obtained from an optimization model.
Lastly, [42] proposes a metaheuristic approach based upon the Honey
Bees Mating Optimization algorithm for solving the UPCLP. The
computational results indicate the algorithm provides highquality
solutions in reasonable computational times.

III. UNcAPACITATED PLANT CyCLE LOCATION PROBLEM

The Uncapacitated Plant Cycle Location Problem (UPCLP) is
a deterministic optimization problem that seeks to select a subset
of locations to set up plants with the aim of serving customers
geographically distributed on a two-dimensional scenario.
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Input data of the UPCLP is a set of m potential discrete locations
(e.g., places with the required technical equipment, safety places, etc.),
denoted as M, in which to place plants (e.g., industrial infrastructures,
hubs, health-care services, warehouses, cross-docking centers, etc.) to
serve a well-known set of n customers, denoted as N. Each available
location, j € M, could have at most one plant. This way, the set of plants
is denoted as P S M. The number of plants set up at the available
locations is k < m, but unknown in advance. That is, |P| = k. In this
regard, setting up a plant at location j € M incurs a fixed cost, denoted
as 0; = 0, which indicates, according to the application field, the
opening cost, time required to establish a medical camp, etc.

In the UPCLP, each plant can serve an unlimited number of customers
whereas each customer must be served directly by exactly one of the
plants (i.e., single-echelon approach). However, assigning a customer
i € N to a plant at location j € M gives rise to a fixed cost, denoted as
c. =0, which indicates the cost of providing service to the customer.
Without loss of generality, it is assumed that a given customer can
be assigned to a plant at any location. The plant where a customer i
€ N is assigned to is denoted as o(i) € P. The set of customers served
from a given location j € M is denoted as N, where N=U,, Nand N,
NN,=9,Vj Jj' € M. It should be noted that 'N-H whenever 1o plant
is set up at location j € M. Furthermore, the set of customers assigned
to a given plant must be served following a delivery route. In this
regard, the travel cost between two customers or locations, i, j E NU M,
is symmetric and denoted as d > 0, where d d All the travel costs
satisfy the triangle inequality [43]

The previous description of the UPCLP indicates the following
decisions have to be made: (i) selecting a subset of locations in which
to set up plants, (ii) determining which each plant serves a subset of
customers, and (iii) building vehicle routes to serve the customers (i.e.,
the sequence in which those customers associated with each plant are
going to be served).

Fig. 1. illustrates an example of the UPCLP composed of m=5
locations and n = 25 customers. In this case, k = 2 plants have been set
up. One of the plants serves customers 1, 10, 11, 19, 7, 8, 18, 5, 17, 14, 15,
2, 13, and 6, whereas the other plant serves the remaining customers.

20

24

O Location
@ Plant
® Customer

23

Fig. 1. Example of the Uncapacitated Plant Cycle Location Problem composed
of m = 5 locations and n = 25 customers.

Finally, it worth mentioning that, whenever the UPCLP consists of
only one location in which to place plants to serve the customers (i.e.,
m = k =1) and all the assignment costs are equal (i.e, ¢, =1; Vi€ N;
j € M, where r is a non-negative value), the UPCLP reduces to the
Travelling Salesman Problem [44]. Consequently, in the strong sense,
the UPCLP belongs to the NP-hard class of optimization problem.

IV. OrPTIMIZATION MODEL

In this section, we present a Mixed-Integer Linear Programming
(MILP) model aimed at solving the Uncapacitated Plant Cycle Location
Problem (UPCLP). With this goal in mind, in the following we firstly
introduce the families of variables used in the model:

u, Integer variable associated with customer i € N

1if the edge (i,)) is included in the solution, where i,
j€MUN. 0, otherwise

Y, 1 if a plant is set up at location j € M. 0,
otherwise
z; 1 if customer i € N is assigned to a plant set up

at location j € M. 0, otherwise

The objective function of the MILP is to minimize the costs derived
from (i) setting up plants, (ii) assigning customers to the plants, and
(iii) routing the customers, as shown in (1):

minZoj " Yj +Z ZCU "zt

jem ieN jeM

dij - X
iEMUN jJEMUN (1)

Each customer is assigned to exactly one plant, as seen in (2):

Zzi}- =1,VieN

jem (2)

Each plant can serve an unlimited number of customers, as shown
in (3):

ZZU =< Myimie * YJ'Vj EM
o ®)

where parameter n, . has to be equal to or larger than n for
modeling the uncapacitated version of this problem with regards to
facilities. For switching to the capacitated version, then n,, has to be
less than n (leading to the PCLP). Finally, note that in our case, this
constraint is redundant and can be omitted.

Degree constraints aimed at ensuring that each customer has
previous (4) and next (5) nodes in its route:

x;r =1,VieN

v @)
x; =1,VieN

v )

Degree constraints aimed at ensuring that each location has
previous (6) and next (7) nodes only if a plant has been set up:

inj =yj,Vj eEM

ten (6)
Zxﬂ =y, VjEM
fen @)

Subtour elimination constraints in which all the customers can be
served along the same route can be seen on equations (8) and (9):

u—uy+n-xpy; <n—1,vi,i' EN,i#i (8)
1<y, <nVieN 9)

The edge (i; ) can be used if and only if customer i € N is assigned
to a plant set up at location j € M, as seen in (10):

X < 2, Vi€EN,Vj €M (10)

Constraint (11) restricts if customers i, i'€ N are assigned to plants
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set up at different locations, j, j'€ M, then they cannot be in the same
route:

Xpp+ 2y + 20y S 2,V EN, i #1,V),j €M,j# ]

(11)

Finally, the domain of the decision variables is defined on equations
(12), (13) and (14):

x;j €{0,1} Vi,jEMUN (12)
y; €{0,1} VjeM (13)
z;;€{0,1} VieN,jeM (14)

V. GREEDY RANDOMIZED ADAPTIVE SEARCH PROCEDURE
WiTH PROBABILISTIC LEARNING MODEL

A Greedy Randomized Adaptive Search Procedure [45] with
Probabilistic Learning Model (GRASP-PLM) is here presented to solve
the Uncapacitated Plant Cycle Location Problem (UPCLP). In general
terms, a GRASP is an iterative metaheuristic based upon two main
components: a constructive phase aimed at building feasible solutions
and an intensification phase dedicated to improving the quality of
the found solutions. The high performance of the GRASP when
tackling a wide range of heterogeneous combinatorial problems from
the literature encourages us to consider it as a promising candidate
to solve the UPCLP. The GRASP-PLM includes a joint probability
distribution that allows selecting a subset of locations to set up plants.

The rationale behind our GRASP-PLM is to split the UPCLP into the
following two interconnected sub-problems to be solved consecutively:

1. High-level Problem (HP). Determining the subset of locations in
which to set up plants to serve the customers (i.e., P S M).

2. Low-level Problem (LP). Given the plants, assigning the customers
to the plants and determining the delivery routes to serve them.

The pseudocode of our GRASP-PLM is depicted in Algorithm 1.
The first step is to obtain a solution of the HP, s,, , by sampling the
PLM (line 3). This process is described in Section A. Once the plants
have been set up, the assignments and routes of the customers are
determined by means of a constructive phase (line 4). This phase gives
rise to a feasible solution of the UPCLP, denoted as s. A local optimum,
S,ep 18 achieve from s. The PLM is updated in those cases in which
the best solution found by the search is improved (lines 6-9). Lastly,
the search is finished when a certain stop criterion is met (lines 2-10).

Algorithm 1. Pseudocode of the GRASP-PLM for the Uncapacitated
Plant Cycle Location Problem

1:5, -0

best

2: while (stop criterion is not met) do

3: s, < Get high-level solution from the probabilistic learning

model
4: s« Assign customers and determine routes associated with the
plantsins,

s, .« Apply local search to s

local

5

6: if (f(s,,) f(s,,) then
7: Shest < Stocal

8

9

Update probabilistic learning model with s,

end if
10: end while

11: Return's,

A. High-Level Problem

The High-level Problem (HP) seeks to determine a subset of
locations to set up plants aimed at serving the customers. The main
decisions to make at this point are to (i) determine the number of those
plants to set up and (ii) select a non-empty set of locations to set up
plants. With these goals in mind, we propose to use a Probabilistic
Learning Model (PLM). It is composed of the following vectors of
probabilities:

1. v,. It is a vector of m elements, where v, (i) is the probability of
opening i plants. This probability is formally defined as follows:

JAV)

= Vi=12,..m
X fi()

vi(D) =
(15)
where f,(i) is the number of times i plants have been open in a
previous high-quality solution found during the search. Initially,
fD=1vi=12,.,m

2. v,. It is a vector of m elements, where v, (i) is the probability of
setting up a plant at location i. This probability is formally defined
as follows:

L®
L o ()

v,(0) = Vi=12,...m

(16)

where f,(i) is the number of times a plant has been set up at
location i € M in a previous high-quality solution found during the
search. Initially,fz(I) =1,Vvi=12,..,m.

A two-step process is carried out to sample solutions from the
PLM. Firstly, a random probability is generated, denoted as p, € [0 ..
1]. This probability allows to determine the number of plants to set up,
1 < k< m, as follows:

k =argmax;-1..m {Z v () | Z v () < Pl}
=1

j=1

(17)

Finally, once the number of plants is known, a set P composed of
k locations must be defined according to the probabilities in v,. The
pseudocode of this process is depicted in Algorithm 2. At each step, a
probability p, € [0 ... 1] is generated. The location with the maximum
cumulative probability no greater than p, is selected. The process
finishes when k different locations have been selected. It should be
noted that P constitutes a solution of the HP.

Algorithm 2. Pseudocode of selection of locations in which to set up
plants

1:P<9

2: while (|P| < k) do

3:  p, < Generate random probability

4: le argmaxizl,z,...,m{zi':l v () | Bica v () < P2}
5 PePu(l

6: end while

7: Return P

As indicated in Algorithm 1, the PLM is updated every time a new
best solution, s is found during the search. This means that, if

best’
|P| = kins,,, the following operations are carried out:

fitk) = fi(k) +1 (18)

£ =fO+1vIeP (19)

This way, the influence of selecting k plants and the relevant
locations are increased for the following sampling process according
to equations (15) and (16), respectively.
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Fig. 2. Average objective function value and average computational time of the GRASP-PLM on a subset of problem instances.

B. Low-Level Problem

The solutions of the HP are not feasible solutions of the UPCLP. In
order to overcome this fact, we must still determine the assignments
of customers to plants and the routes to serve them. For this purpose,
we use a GRASP.

The constructive phase of our GRASP builds a feasible solution of
the UPCLP iteratively. At each step, one non-assigned customer is
considered to be part of the solution. This customer can be assigned
to one of the k plants defined by the high-level solution previously.
Additionally, given a customer and a plant to serve it, this customer
can be routed between each pair of consecutive nodes in the route of
that plant.

A greedy function, g : (a, b, ¢, p) — R, evaluates the impact on the
objective function value of including the customer b € N between the
consecutive customers or locations a, c € M U N in the route of the
plant p € P. That is:

g(a,b,c,p) = dgp + dpc — dgc + Chp (20)

This impact on the objective function value originates in adding
edge (a, b) and (b, ¢), assigning customer b € N to plant p € P, and
removing edge (a, ¢).

All the possible positions in which non-assigned customers can be
placed in the routes of the selected plants are evaluated according to
g (+,++). These possibilities are ordered incrementally based on their
impacts on the objective function value. The w > 0 best possibilities
constitute a Restricted Candidate List (RCL). The value of parameter
w is set by the user. At each step, one candidate is extracted from the
RCL according to the roulette wheel selection and the involved non-
assigned customer is included in the solution under construction. The
process finishes when all the customers have been assigned and routed.
Consequently, a feasible solution of the UPCLP is, at this point, obtained.

The optimality of the solutions reported by the constructive phase
is not guaranteed. The reason is found in using a greedy but myopic
function to evaluate the impact of including non-assigned customers
into the solutions under construction.

We propose an intensification phase based upon local search
to explore the current region of the search space. With this goal
in mind, we consider a single one-point movement to explore
the neighbourhood of each solution obtained after applying the
constructive phase. Given a feasible solution of the UPCLP, the
one-point movement relocates a customer into a new position, in
the same, different, or new route. We evaluate the impact on the
objective function value of applying the one-point movement

to relocate each customer into each possible target position.
Particularly, removing a customer i € N from its current position in
a route is computed as follows:

U@ = dpysy — (dp(i)i + disi) — Cioy) T 96y - P 1)) (21)

where p(7) and s(7) denote the previous and next nodes of customer
i in its route, whereas ¢ (i, @) is a binary variable that takes value 1 if
and only if the route of i contains exactly o customers (i.e., IN, | = Q).
It should be noted that, a plant can be removed from the solution when
its route contains only one customer and this is relocated. Similarly,
relocating a customer i € N before another node j € M U N is computed
as follows:
2-dij + ¢+ o,
dp(pi +dij + cij = dp(jp

iff eMand @ (j,0) =1
iff eMand @ (j,0) =0
otherwise

y(@j) =

dp(it dij + Cio) — dp(i)s (22)

The first case corresponds to those scenarios in which customer i is

included in a new route starting from a plant set up at location j € M.

The remaining cases refer to those environments in which i is placed
before a plant or another customer, respectively.

According to equations (21) and (22), the impact on the objective
function value of relocating a customer i € N from its current position
to the previous position of node j € M U N is computed as follows:

h(i,j) = u@ +y@@.)) (23)

Finally, it is worth mentioning that the customers are randomly
selected to be relocated. The travel costs between a customer i € N to
relocate and the remaining nodes are sorted in increasing order so that
we first evaluate relocating I before those nodes at minimum travel
cost. In addition, at each step, the best improving neighbour solution
is chosen.

VI. COMPUTATIONAL EXPERIMENTS

This section is dedicated to assessing the optimization model’s
performances introduced in Section IV and the Greedy Ran-
domized Adaptive Search Procedure with Probabilistic Learning
Model (GRASP-PLM) presented in Section V. In this regard, all the
computational experiments presented hereunder have been conducted
over the benchmark suite proposed in [42] and in-stances adapted
from the TSPLIB [9]. All the problem instances are published to be
freely used by the research community'. The mathematical model
has been executed with CPLEX 12.3, set to all-default. Our proposed

! https://sites.google.com/site/gciports/plantcycle
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optimization technique has been im-plemented in Java Standard
Edition 7. In all cases, we have used a computer equipped with an Intel
i7-3.50 GHz and 16 GB of RAM and performed 10 executions of each
problem instance.

A. Parameter Setting

We have carried out a parameter setting before applying the
GRASP-PLM. The parameters whose values must be determined are
the size of the Restricted Candidate List (RCL), denoted as w, and the
number of iterations to perform.

Fig. 2. shows the average objective function value of 10 executions
over a subset of problem instances with different sizes and the average
computational time required by our GRASP-PLM when varying w
from 2 up to 20.

As can be checked, there is a strong tendency to improve the
quality of the solutions reported by the GRASP-PLM when increasing
the number of elements included in the RCL. However, increasing the
value of w gives rise to require larger computational times. The reason
is that considering a large number of elements allows the search to
have a relevant diversity, but it is harder to build the RCL at each step.
This is because every solution must be evaluated before including it
in the RCL, with its corresponding computational cost. In order to
obtain a good balance between quality and computational time, in
the remainder of this paper, we have executed our GRASP-PLM with
w=12.

With the aim to determine if there are significant differences
between the groups of solutions obtained with different values of w,
the Friedman test [46] is applied to the average objective function
value of these solutions. The significance level of this test is 0.05,
which indicates that there are statistically significant differences
among the solutions under analysis. Fig. 3. shows the interquartile
range returned by the Friedman test for every possible values of w.
Depending on its interquartile range, every group of solutions is
classified on different groups, identified by letters. Groups of solutions
classified with the same letter do not have significant differences
between them. As can be observed on this graphic, results with
€ [12,20] belong to group f, which implies that their solutions do
not have significant differences. This consolidates the decision of
using w = 12 in the subsequent computational experiments.

Moreover, when assessing the number of iterations, we have
evaluated the average objective function value for the different groups
of instances for 1000 iterations and w = 12. Fig. 4., Fig. 5., and Fig. 6.
show the results when n =10, 25, 100, respectively. As can be checked,
when the iterations are increased, the average quality in terms of
objective function value increases. However, it should be noted that

the performance improvement is accompanied by a linear increase
of the computational time. In the following experiments, we have
selected 100 as a number of iterations to perform for each instance
on the basis of maintaining a suitable and competitive performance in
terms of computational time with the other approach reported in the
literature [42].
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Fig. 3. Results of Friedman’s test with different values of RCL size (i.e., w).

B. Performance Evaluation

Tables I and II show the results obtained by the optimization
model introduced in Section IV, the Honey Bees Mating Optimization
algorithm (HBMO) proposed in [42], and our GRASP-PLM on a wide
range of small-, medium-, and large-size instances proposed in [42]. In
this case, column Instances reports the characteristics of the problem
instances under analysis. For each problem instance, the number of
customers, n, the number of locations, m, and the cost to set up a plant,
0, are shown. In Table I, the computational results for the small- and
medium-size problem instances are reported. These instances have a
number of locations ranging from m = 5 up to m = 25, the number of
customers ranges from n = 10 up to n = 25, whereas the cost to set up
plants ranges from 0, = 1 up to 0, = 1000. On the other hand, Table II
shows the results for the large-size problem instances. These instances
have a number of locations ranging from m = 50 up to m = 100, the
number of customers ranges from n = 50 up to n = 100, whereas the
cost to set up plants ranges from 0, = 1 up to 0, = 1000. Each entry of
the tables corresponds to a group of 5 problem instances. Hence, the
average values are reported for each case.
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Fig. 4. Average objective function value and average computational time of the GRASP-PLM over the subset of problem instances with n = 10.
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TABLE I. COMPUTATIONAL RESULTS FOR THE SMALL- AND MEDIUM-SIZE PROBLEM INSTANCES

HBMO GRASP-PLM
Instances CPLEX
Deviation (%) t(s.) Deviation (%) t(s.)
n__m o, Opt. t(s.) Min.  Avg.  Max. Min. Avg. Max. | Min. Avg. Max. Min. Avg.  Max.
10 5 1 6003.0 0.21 0.32 0.46 1.00 0.33 0.35 0.38 0.00 0.04 0.04 <0.01 0.01 0.01
250 6105.6 0.13 0.00 0.88 1.38 0.35 0.39 0.42 0.00 0.00 0.00 <0.01 0.01 0.01
500 6362.2 0.15 0.00 0.36 0.90 0.50 0.52 0.53 0.00 0.00 0.00 <0.01 0.01 0.01
964 6735.8 0.19 0.00 0.52 1.90 0.44 0.48 0.61 0.00 0.00 0.00 <0.01 0.01 0.01
1000 7956.6 0.20 0.35 0.35 0.35 0.52 0.56 0.60 0.00 0.02 0.20 <0.01 0.01 0.01
10 10 1 4291.2 0.23 0.69 0.77 1.07 0.27 0.27 0.28 0.00 0.00 0.00 0.01 0.01 0.02
13 5106.2 0.40 0.99 2.52 3.74 0.27 0.30 0.33 0.00 0.00 0.00 0.01 0.01 0.02
250 5785.2 1.26 0.00 1.48 4.54 0.31 0.35 0.38 0.00 0.00 0.00 0.01 0.01 0.02
500 6655.4 0.79 0.00 1.56 4.36 0.30 0.45 0.71 0.00 0.00 0.00 0.01 0.01 0.02
1000 8042.2 0.74 0.01 1.34 3.02 0.34 0.44 0.59 0.00 0.01 0.08 0.01 0.01 0.02
25 10 1 8616.0 41.84 0.23 0.58 1.31 0.79 0.85 0.93 0.00 0.00 0.03 0.05 0.06 0.06
250 | 10206.2 89.28 0.57 1.35 1.89 0.58 0.67 0.81 0.00 0.04 0.16 0.05 0.06 0.06
500 | 12048.2 101.83 1.14 2.85 4.27 0.62 0.81 1.14 0.00 0.39 0.91 0.05 0.06 0.06
508 | 11823.8 422.96 0.83 2.47 5.21 1.16 1.78 2.46 0.00 0.11 0.33 0.05 0.06 0.07
1000 | 13524.8 114.33 1.65 4.83 7.68 1.21 1.82 2.88 0.26 1.54 3.56 0.05 0.05 0.06
25 25 1 6042.4 20.95 0.33 0.66 0.87 0.49 0.51 0.54 0.00 0.00 0.00 0.10 0.10 0.11
70 7501.8 84.99 1.21 1.71 2.42 0.45 0.48 0.52 0.00 0.00 0.00 0.09 0.10 0.10
250 9610.6 75.62 4.94 6.41 7.38 0.45 0.49 0.53 0.00 0.14 0.41 0.09 0.10 0.11
500 9989.4 98.23 6.06 10.42 14.23 0.48 0.59 0.81 0.02 0.34 1.02 0.09 0.10 0.10
1000 | 13096.2 1970.58 2.34 8.73 17.94 0.72 1.38 2.44 1.71 3.47 5.41 0.09 0.09 0.10
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TABLE II. COMPUTATIONAL RESULTS FOR THE LARGE-SI1ZE PROBLEM INSTANCES

HBMO GRASP-PLM
Instances
Objetive function value t(s.) Objetive function value Deviation (%) t(s.)
n m Op Min. Avg. Max. | Min.  Avg. Max. Min. Avg. Max. Min. Avg. Max. | Min. Avg. Max.
50 50 1]9091.40 9149.40 9208.60 | 0.94 1.00 1.07 9038.20 9046.60 9055.80 | -0.59 -1.12 -1.66 | 0.58 0.60 0.62

250 |14852.20 15071.80 15333.00| 0.89 0.94 0.99 | 13415.60 13498.14 13607.60 | -9.70 -10.48 -11.30 | 0.56 0.58 0.59
454 |19277.60 20717.64 22103.20| 0.85 0.94 111 16770.40 16991.82 17205.20 | -12.96 -17.95 -22.10 | 0.53 0.55 0.57
500 {19510.60 20606.24 21977.20| 0.92 1.06 1.24 | 16653.60 16962.30 17270.40 | -14.56 -17.65 -21.33 | 0.53 0.55 0.58
1000 |20792.20 23732.60 26991.40| 1.10 2.36 4.68 |20391.60 21086.86 21981.00 | -4.20 -11.98 -19.96 | 0.52 0.55 0.57

100 50 1 [16384.60 16457.72 16541.00| 2.17 2.27 2.38 15908.80 15935.32 15968.00 | -2.87 -3.15 -3.45 | 249 252 255
250 | 24173.00 24686.96 25271.20| 2.25 2.44 2.75 | 21545.00 21782.50 21950.60 | -10.62 -11.56 -12.97 | 2.18 226 2.32
500 |31267.40 32430.72 33239.60| 2.25 2.63 3.44 | 26571.80 27178.06 27610.40 | -15.03 -16.21 -16.95 | 2.12 2.18 2.24
964 | 35864.00 37897.32 40118.40| 3.23 6.23 11.24 | 31073.60 32194.08 33181.20 | -13.30 -15.03 -17.21 | 2.04 207 2.13
1000 |36165.20 38626.20 41159.60| 3.41 5.42 8.86 |31509.40 32783.08 33630.60 | -12.65 -14.94 -18.08 | 2.04 2.10 2.15

100 100 1{13024.00 13124.72 13226.40| 2.58 2.68 276 | 12783.20 12804.74 12835.40 | -1.84 -2.43 -2.95 | 402 4.07 411
13 113023.20 13097.48 13161.80| 2.61 2.68 2.76 12856.20 12884.52 12930.20 | -1.28 -1.62 -1.75 | 4.04 4.09 4.13
250 |24269.00 24911.24 25434.60| 2.47 2.58 2.70 | 21164.80 21417.90 21599.40 | -12.79 -14.03 -15.08 | 3.62 3.74 3.84
500 |{31830.00 33783.60 36248.20| 2.44 2.64 2.87 | 26217.40 26825.74 27344.60 | -17.59 -20.57 -24.55| 3.50 3.63 3.74

1000 |37435.60 40444.72 44159.60| 3.16 4.46 6.19 | 32248.20 33400.64 34472.20 | -13.63 -17.17 -21.51| 3.41 3.54 3.69

TABLE III. COMPUTATIONAL RESULTS FOR PROBLEM INSTANCES ADAPTED FROM THE TSPLIB [9]

GRASP-PLM
Instances CPLEX
Objetive function value Deviation (%) t(s.)

name nom o, Ob;j. Gap (%) t(s.) Min. Avg. Max. Min. Avg. Max. | Min. Avg. Max
burmal4 11 3 1 57.0 0.00 0.13 57.00 57.00 57.00 0.00 0.00 0.00 0.05 0.08 0.31
250 323.0 0.00 0.17 323.00 323.00 323.00 0.00 0.00 0.00 0.05 0.08 0.23

500 569.0 0.00 0.11 569.00 569.00 569.00 0.00 0.00 0.00 0.04 0.05 0.06

1000 1070.0 0.00 0.07 1070.00 1070.00 1070.00 0.00 0.00 0.00 0.05 0.06 0.07

ulises22 1 5 1 209.0 0.00 9.10 215.00 215.00 215.00 2.87 2.87 2.87 0.14 0.15 0.15
250 520.0 0.00 13.48 520.00 520.00 520.00 0.00 0.00 0.00 0.12 0.13 0.14

500 786.0 0.00 3.92 786.00 786.10 787.00 0.00 0.01 0.13 0.12 0.13 0.13

1000 1345.0 0.00 5.05 1345.00 1345.00 1345.00 0.00 0.00 0.00 0.12 0.13 0.14

dantzig42 | 32 10 1 2519.0 26.03 3600.00 2243.00 2243.00 2243.00 | -10.96 -10.96 -10.96 0.67 0.70 0.85
250 3331.0 10.60 3600.00 3195.00 3284.20 3357.00 -4.08 -1.40 0.78 0.60 0.64 0.66

500 3574.0 0.00 1809.00 3600.00 3633.50 3723.00 0.73 1.66 4.17 0.60 0.63 0.67

1000 4536.0 0.00 1294.07 4536.00 4551.30 4571.00 0.00 0.34 0.77 0.56 0.61 0.85

hk48 36 12 1 33158.0 20.60 3600.00 33833.00 33956.00 34053.00 2.04 241 2.70 0.92 1.01 1.15

250 | 41256.0 30.85 3600.00 | 36405.00 36441.50 36482.00 | -11.76 -11.67 -11.57 | 0.91 0.94 0.96
500 | 42324.0 31.64 3600.00 | 35588.00 35596.40 35609.00 | -15.92 -15.90 -15.87 | 0.86 0.90 0.94
1000 | 41308.0 27.41 3600.00 | 37827.00 38205.10 38378.00 | -8.43  -7.51 -7.09 0.90 0.95 1.01

lin105 79 26 1 — — - 59713.00  60758.70  61868.00 - — — 7.72 7.96 8.26
250 - - — 67029.00 67176.80 67332.00 - — - 7.96 8.52 10.00

500 - - - 65138.00  66055.60 67283.00 — — - 7.64 8.02 8.53

1000 - - - 67328.00 68483.50 69016.00 — - - 7.63 7.93 8.51

pris52 114 38 1 — — - 442586.00 459030.10 471043.00 — - — 2377 2446  25.95
250 — — — 432127.00 447690.30 463756.00 — — — 2399 25.05 2591

500 — - - 477308.00 496260.80 505313.00 - - - 2515 2539  25.72

1000 - - - 461980.00 474970.20 490027.00 - - - 24.17  24.61 2498
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Column CPLEX in Table I reports the objective function value (Opt.)
and computational time (t (s.)), measured in seconds, required by
CPLEX when solving the optimization model. Columns HBMO and
GRASP-PLM show the results obtained by the approximate techniques.
In each case, the deviation (Deviation (%)) in terms of objective
function value in comparison with the solutions obtained by CPLEX
and the computational times (¢ (s.)) are shown. The minimum (Min.),
average (Avg.), and maximum (Max.) deviations are reported in both
cases. Similarly, the minimum (Min.), average (Avg.), and maximum
(Max.) computational times used by the techniques are shown.

As can be checked in Table I, GRASP-PLM outperforms HBMO in
terms of quality of the solutions and computational time. It should be
noted that the deviations corresponding to the worst solutions reported
by GRASP-PLM are still better than the average deviations reported
by HBMO. Concerning the computational time, GRASP-PLM exhibits
a competitive performance in comparison with HBMO and CPLEX.
In this regard, GRASP-PLM maintains a stable temporal performance,
requiring at most about 0.11 seconds on average. This computational
advantage added to the relevant robustness shown by GRASP-PLM
in terms of average deviations and difference between the best and
the worst average deviations, makes our algorithm a competitive and
suitable approach when tackling scenarios of this size.

Table II shows the computational results for the large-size problem
instances. In this case, due to the fact that CPLEX is not able to provide
a feasible solution, only the results obtained by the approximate
approaches are reported. Namely, columns HBMO and GRASP-PLM. The
objective function value (Objective function value) and computational
time (t (s.)) are provided for each one. These columns include the
minimum (Min.), average (Avg.), and maximum (Max.) computed values
based upon the 10 executions. Moreover, we also provide the deviation
(Deviation (%)) in terms of objective function value calculated in
comparison with those objective function values provided by HBMO.

The computational results reported in Table II indicate that
GRASP-PLM clearly improves HBMO on the basis of the quality of
the solutions found. It should be noted that GRASP-PLM presents an
average improvement of about 20% for a group of problem instances.
Even though the computational times required by both methods are
quite similar, it should be highlighted that GRASP-PLM presents a
stable performance in terms of the difference between minimum
and maximum computational times. On the other hand, as can be
checked, HBMO reports the worst performance in this aspect. Hence,
at the light of these results, it concludes that GRASP-PLM is also a
competitive approach for large-size scenarios.

With the goal of checking if there are significant differences
between the results obtained by the GRASP-PLM in comparison
with those returned by the HBMO, the paired-sample Wilcoxon
test is applied [47]. This test is performed with the results from the
experiments summarized in Tables I and II, with a significance level of
0.05. This test concludes that there are significant differences between
the solutions reported by both algorithms.

The performance of the GRASP-PLM has also been checked on
representative problem instances adapted from other problems. In
this case, the instances included in the TSPLIB [9] for the well-known
Travelling Salesman Problem [44]. Concretely, a subset of points is
randomly selected to be potential locations in which to set up plants,
whereas the remaining points are customers.

The computational results for the instances adapted from TSPLIB
are reported in Table III. As can be checked, as long as the size of
the instances increases the performance of CPLEX in terms of quality
of the solutions is compromised. Specifically, CPLEX is not able to
provide a feasible solution for the largest instances (1in105 and pr152)
within a time limit of 3600 seconds. Nevertheless, GRASP-PLM

provides a feasible solution in all the cases. For the problem instances
where both, CPLEX and GRASP-PLM, provide feasible solutions, we
report the deviation of GRASP-PLM with respect to the best solution
provided by CPLEX. In this regard, although GRASP-PLM is not able
to provide the best solution in some cases, its temporal performance
greatly outperforms CPLEX and maintains a similar performance
regardless the variation of the value of 0.

VII. CoNCLUSIONS AND FURTHER RESEARCH

In this paper, a mathematical model and a metaheuristic approach
based on Greedy Randomized Adaptive Search Procedure with
a Probabilistic Learning Model (GRASP-PLM) for solving the
Uncapacitated Plant Cycle Location Problem (UPCLP) have been studied.
In order to evaluate their performances, extensive computational
experiments over a wide range of problem instances from a benchmark
suite proposed in the related literature is performed. Thus, these
problem instances have been solved using both, the mathematical
model implemented in a general purpose solver (i.e., CPLEX) and our
GRASP-PLM. Moreover, we also report a comparison for these problem
instances with an approximate approach published in the literature
based on the Honey Bees Mating Optimization algorithm (HBMO)
[42], which returns good quality solutions in short computational times
when solving the UPCLP. Finally, a new set of instances from the well-
known TSPLIB has been adapted in order to evaluate the performance
of our approaches in different structured instances.

The computational results show that our GRASP-PLM exhibits
a competitive performance in terms of computational times for the
small- and medium-size problem instances in comparison with the
computational times required by CPLEX and HBMO. Specifically,
GRASP-PLM outperforms HBMO on the basis of the average objective
function value. This improvement becomes even more substantial
when tackling large-size problem instances, where CPLEX is not
even able to provide a feasible solution. Unlike CPLEX, GRASP-PLM
provides high-quality solutions through short computational times. It
also reports a stable and slight increase in computational time when
the problem size increases.

Considering the computational results provided in this work, we
can claim that GRASP-PLM is an advisable algorithm for tackling
the UPCLP in practical environments, being especially suitable in
large-scale scenarios. It provides high-quality solutions by means of
short computational times, in the range of a few seconds. Another
outstanding characteristic exhibited by GRASP-PLM for this problem
is that the variance of time and quality is quite stable in terms of the
difference between the minimum and maximum values.

For future work, we intend to extend this model and algorithm to
emergency scenarios. In these scenarios, we usually have several types
of locations and vehicles and we have to schedule them for providing
care to the victims as soon as possible. Lastly, the UPCLP can be
studied assigning priorities to the customers, which can be applied
also on emergency scenarios.
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The allocation of the resources to be shared in the context of a distributed processing system needs to be Aggregation Operators,
coordinated through the mutual exclusion mechanism, which will decide the order in which the shared Communication

resources will be allocated to those processes that require them. This paper proposes an aggregation operator,
which can be used by a module that manages the shared resources, whose function is to assign the resources
to the processes according to their requirements (shared resources) and the status of the distributed nodes in
which the processes operate (computational load), by using 2-tuple associated to linguistic labels.

I. INTRODUCTION

DISTRIBUTED systems, composed of multiple nodes and multiple
processes, cooperatively performing a given function, require
the use of decision models that allow the use of shared resources to
groups of processes that require them, accessed through the mutual
exclusion mode.

Solutions proposed for this problem are found in [1] and [2],
where the main synchronization algorithms in distributed systems
are described. [3] presents an efficient solution, also fault-tolerant, for
the problem of distributed mutual exclusion. [4], [5] and [6] present
algorithms for the management of mutual exclusion in computer
networks. [7] focuses on the main algorithms for the management
of distributed processes, distributed mutual exclusion and distributed
global states.

Solutions proposed for this problem are found in [1] and [2],
where the main synchronization algorithms in distributed systems
are described. [3] presents an efficient solution, also fault-tolerant, for
the problem of distributed mutual exclusion. [4], [5] and [6] present
algorithms managing mutual exclusion in computer networks. [7]
focuses on the main algorithms for the management of distributed
processes, distributed mutual exclusion and distributed global states.

In distributed systems, the allocation of resources to processes must
be done considering the priorities of the processes and the workload
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status of the computational nodes in which the processes are executed.

Besides, solutions that we could call classic for several types of
distributed systems have been proposed in [8], [9], [10], [11] and [12].
Also, in [13] and [14] works focused on ensuring mutual exclusion are
presented. [15] presents an interesting distributed solution based on
permissions and [16] a solution based on process priorities. A solution
using consensus in resource allocation is presented in [17].

There are practical situations in which problems must be solved by
having vague and imprecise information. This means that information
is not always evaluated accurately with quantitative values, but with
qualitative values. This was solved by [18], by incorporating the
concept of the linguistic variable and applying it to decision making
as well as explained in [19]. Also [20] expressed that computing with
word (CWW) is a methodology in which words are used instead of
numbers for computation and reasoning and where fuzzy logic plays a
fundamental role in CWW and vice versa.

As mentioned in [21], based on the concept of symbolic translation,
Herrera and Martinez proposed the 2-tuple linguistic representation
model, which expresses linguistic assessment information using the
linguistic 2-tuple (s, a), where the semantic element s, is a linguistic
label from a predefined linguistic variable, S, and « is a numerical value
that represents the symbolic translation. Also, Zhang et al. introduced
interval-valued hesitant fuzzy soft sets by combining the interval-
valued hesitant fuzzy set and soft set models and evaluated their
operations. Tao et al. presented the 2-tuple linguistic soft set method,
incorporating the 2-tuple linguistic term set and soft set, to solve
complex group decision-making problems. Today, soft set methods are
widely applied to solve real-life decision-making problems (e.g., Ali
and Shabir; Chang; Deli and Cagman; Tang; Chang; Chang et al.). The
use of various algorithms to counteract uncertainty and incomplete
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information when trying to solve multi-criteria decision-making
problems (MCDM), where generally precise values and a single set of
linguistic terms are insufficient to deal with the complexity of selection
problems, where experts hesitate among sets of linguistic terms to
determine the values of evaluation attributes in said problems.

Different words can have different meanings for different people.
Answer about how can a Computing With Words (CWW) engine
be validated, what Fuzzy Set models should be used or what choices
should be made to keep the design of the CWW engine as simple as
possible, are analyzed and founded in [22].

The new decision models for allocating shared resources could be
executed in the context of a shared resource manager for the distributed
system, which would receive the shared resource requirements of the
processes running on the different distributed nodes, as well as the
computational load state of the nodes.

It has been worked with fuzzy variables using linguistic labels and
2-tuple to avoid losing precision in computing with words.

A computational model has been presented in [23], called
2-tuple linguistic computational model, in which a parameter was
incorporated to the basic linguistic representation to improve the
accuracy of linguistic calculations.

The fuzzy linguistic approach, although with the limitations at the
moment of being used in fusion processes on the linguistic values,
is used successfully in the resolution of many problems and presents
tools to improve the application of the fuzzy linguistic approach, in
relation to the loss of information caused by the need to express the
results in the initial expression domain, which is discrete through
an approximate process and implies a lack of precision in the final
results of the fusion of linguistic information. Linguistic information
is expressed through a 2-tuple, composed of a linguistic term and a
numerical value evaluated at [-0.5, 0.5], which allows to represent the
information obtained in an aggregation process. Together with the
2-tuple representation, a computational technique for word computing
(CWW) is developed [24].

A clear explanation about main CW concepts can be found in [25]:
granules and linguistic variables. A granule is defined as a clump of
objects (or points) which are drawn together by indistinguishability,
similarity, proximity, or functionality.

An example of granularity is a system that is composed of several
smaller subsystems and these smaller subsystems are in turn divided
into even smaller ones. The decomposition of the whole into parts
(granulation) is, in general, hierarchical in nature.

A linguistic variable is a variable whose values are not numbers
but words or sentences in a natural or artificial language. The main
purpose of using linguistic values (words or sentences) instead of
numbers is that linguistic characterizations are, in general, less specific
than numerical ones, but much closer to the way that humans express
and use their knowledge.

Other models have been presented in [23], [26], [27], [28] and [29].
These works show different advantages of this formalism to represent
linguistic information over classical models.

It is a continuous linguistic domain, where the linguistic calculation
model is based on linguistic tuples and performs word computation
processes easily and without loss of information, therefore, the results
of the word computation processes are always expressed in the initial
linguistic domain.

Due to these advantages, this model of linguistic representation
will be used to achieve the development of a procedure for the fusion
of linguistic and numerical information.

The 2-tuple model of linguistic representation represents linguistic
information by means of a 2-tuple, (s, @). In this work it will be used to

represent the load of the nodes, nodal preferences, and final priorities.
An example of this can be seen in Table I.

The symbolic translation of a linguistic term s, € S = {s, .., s}
consists of a numerical value a, € [-.5, .5) that supports the “information
difference” between an information count 8 evaluated in [0, g] obtained
after a symbolic aggregation operation (acting on the order index of
the labels) and the closest value in [0, .., g] that indicates the index of
the closest linguistic term in S (s,).

TABLE 1. 2-TupLE LINGUISTIC WEIGHTED AVERAGE SCORE

Criteria

Aggregate
c1 c2 c3 c4 cs Weight
A1 (S5,0.00) (S5,031) (S6,0.33) (S5,0.50) (S5, 0.00)
A2 (85,0.00) (S6,0.00) (S2,0.00) (S5,031) (S6,0.00) (S5,-0.21)
A3 (85,031) (S5,0.50) (S3,0.00) (S6,0.00) (S5,0.00) (S5,-0.31)
A4 (85,0.00) (S5,0.50) (S5,0.50) (S5,0.00) (S5,0.31)  (S5,-0.15)
A5 (S4,0.00) (S5,0.50) (S4,0.00) (S5,0.50) (S4,0.00)  (S4,0.19)

Distributed systems are used in multiple solutions around the
world, smart container management, connected smart plants, banking
networks, the world wide web, etc., as seen in Fig 1.

SO M

A

Fig. 1. Samples of the internet of things, smart cities, industry 4.0 (industrial
robotics), etc.

In this paper, a new aggregation operator will be presented
specifically for the problem. This falls under the category of OWA
operators, more specifically Neat OWA. This will present an innovative
method for shared resource management in distributed systems.

The structure of this document is as follows: section II gives
guidelines about the premises and data structures to be used, section
IIT describes the steps of the proposed aggregation operator, section
IV explains details of an example of application of the proposed
aggregation operator, section V presents the conclusions and future
work and section VI mentions acknowledgement.

II. DATA STRUCTURES TO BE USED

The following premises and data structures will be used.

These are groups of processes distributed in process nodes that
access critical resources. These resources are shared in the form of
distributed mutual exclusion and it must be decided, according to the
demand for resources in the processes, what the priorities will be for
assigning the resources to the processes that require them (in order to
be assigned in the processes, only the available resources will be taken
into account, that is, those that have not yet been assigned in certain
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processes. All the premises, resources and processes running in the
different nodes, groups, cardinals, criteria, and categories to evaluate
the different weights and calculations required are those mentioned
in [30].

III. DESCRIPTION OF THE AGGREGATION OPERATOR

The proposed operator consists of the following steps:
A. Calculation of the current computational load of the nodes.

B. Establishment of the categories of computational load and the
vectors of weights associated with them.

C. Calculation of the priorities or preferences of the processes
considering the state of the node (they are calculated in each node
for each process).

D. Expression of the calculated values in terms of 2-tuple using a set
of linguistic labels.

E. Calculation of the priorities or preferences of the processes to
access the shared resources available and determination of the
order and to which process the resources will be allocated.

Each of the steps above is described below.

A. Calculation of the Current Computational Load of the Nodes

To obtain an indicator of the current computational load of each
node, different criteria can be adopted; in this proposal the criteria will
be the percentage of CPU usage, the percentage of memory usage and
the percentage of use of input / output operation. The computational
load of each node, the number of criteria to determine the load of the
nodes, the criteria that apply and the calculation of the computational
load of each node, are those mentioned in [30].

B. Establishment of the Categories of Computational Load and
of the Vectors of Weights Associated Thereto

The current computational load categories of each node, the number
of categories to determine the load of the nodes, the categories that
apply, the vectors of weights associated with the current computational
load categories of each node. In this proposal, the criteria will be those
used in [30].

Establishmentofvectorsof weights(same forallnodes): weights={w,}
coni=1, .., a(categories number of computational load) yj =1, ..., e
(maximum number of criteria).

C. Calculation of the Priorities or Preferences of the Processes
Considering the Status of the Node (They Are Calculated in Each
Node for Each Process and Could Be Called Nodal Priorities)

These priorities are calculated at each node for each resource
request originated in each process; the calculation considers the
corresponding weight vector according to the current load of the node
and the vector of the values granted by the node according to the
evaluation criteria of the request.

The valuation vectors that will be applied for each request of a
resource by a process, according to the criteria established for the
determination of the priority that in each case and moment will fix
the node in which the request occurs, are the following: valuations
(ryp) ={cp,}coni=1,..,n (node where the resource resides), j = 1,
.., I (resource on node i), k = 1, .., n (node where the process resides),
=1, .., p (process at node k) and m = 1, ..., e (valuation criteria of the
requirement priority). As can be seen in Table II.

TABLE II. VALUATIONS ASSIGNED TO THE CRITERIA TO CALCULATE
THE PRIORITY OR PREFERENCE THAT EAcH NoDE WiLL GIVE TO EACH
REQUIREMENT OF EACH PROCESS ACCORDING TO THE NODE LoAD

Resources - Processes Criteria

" Py p, cp,, cp,
"y Pu o, v, - <,
T Py cp, cp, cp,

D. Expression of the Calculated Values in Terms of 2-Tuple Using
a Set of Linguistic Labels

The valuations expressed in a linguistic format using the linguistic
and semantic labels mentioned can be seen in Fig. 2, where in the
abscissa are indicated the linguistic labels and in the ordinates the
values of probability of belonging to them.

Probability
of belonging

label 1

label 2

label i label n-1  label n

Linguistic labels

Fig. 2. Representation of the label set.

The next step is to transform these values into the 2-tuple format,
considering the linguistic labels proposed above. Therefore, each
criteria value will have to be compared with the average value of
each label, the minimum difference of that comparison will be the
appropriate label [24].

The first element of the 2-tuple will be the linguistic value of that
label. The second element will be the difference between the value of
the searched criteria and the average value of the selected label.

dm = the minimum difference between the cp  differences and the
most representative value of each language label.

Label valuations (r,; p,,) = 2-tuple = T(label ; dm ) where the sub-
index m corresponds to the linguistic labels defined above, as can be
seen in Table IIL.

TABLE III. VALUATIONS ASSIGNED TO THE CRITERIA FOR CALCULATING THE
PRIORITY OR PREFERENCE THAT EACH NODE WILL GIVE TO EACH REQUIREMENT
oF EacH PROCESS ACCORDING TO THE 2-TUPLE LOAD OF THE NODE

Resources -
esources / 2-tuple criteria

Processes
Py, T(label ; dm ) T(label ;dm ) T(label ; dm)
Iy P T(label ; dm ) T(label ;dm ) T(label ; dm)
TPy T(label ; dm) T(label ;dm ) T(label ; dm)

To sum up, the nodal priority (to be calculated at the node where
the request occurs) of a process to access a given resource (which can
be at any node) is calculated by the scalar product of the mentioned
vectors: nodal priority (ryp)=2w, * T(label ; dm, )= T(label ; dm,)
= NPT,,, (Nodal Priority Tuple) with o indicating the weights vector
according to the load of the node, all other sub-index maintaining the
meanings explained above. With m and n indicating the corresponding
linguistic label within the adopted set defined above.
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This nodal priority must be transformed into the 2-tuple format,
considering the linguistic labels already mentioned. Therefore, it will
be necessary to compare each nodal priority value with the average
value of each label, the minimum difference of these comparisons will
indicate the corresponding label.

E. Calculation of Process Priorities or Preferences to Access
Available Shares. In Addition, Determining the Order in Which
the Resources Will Be Allocated, and to Which Process Each
Resource Will Be Allocated

Table IV is used to calculate the final priorities, in which the
priorities or nodal preferences calculated in the previous stage are
placed; in this table each row contains the information of the nodal
priorities of the different processes to access a certain resource.

Next, it is necessary to calculate the vector of final weights that
will be used in the process of aggregation to determine the order or
priority of access to the resources.

final weights = {Wf;d} conk=1,..,n(number of nodes)and =1, ..., p
(Maximum number of processes per node), where np is the number of
processes in the system and pryg, is the priority of the process group to
which the process belongs (explained in the previous section).

TABLE IV. NoDAL PRIORITIES OF THE PROCESSES TO ACCESS EACH RESOURCE

IN 2-TUPLE
Resources 2-tuple
rll NPTllll NPTIIH NPTllnp
r, NPT NPT NPT
ij ij11 ijkl ijnp
r NPT NPT NPT

nr nril npkl nrap

The next step is to normalize the newly obtained weights by
dividing each by the sum of all of them.

Thus, a normalized weight vector (in the range of 0 to 1 inclusive)
is obtained and with the restriction that the sum of the elements of the
vector must give 1:

Z {nwf,} = 1 with k = 1, .., n (number of nodes) and I = 1,.., p
(maximum number of processes per node).

The nodal priorities taken row by row for each resource will be
scalar multiplied by the normalized final weight vector. In this way, it
is possible to obtain each process’s final global access priorities to each
resource. It is indicated below how the order or priority with which
the resources will be allocated is obtained and to which process each
one will be assigned.

overall final priority (r; P = NPT, = FGPT,, (Final Global Priority
Tuple) with r;; indicating the resource j of node i, NPT, is the 2-tuple
format, ij indicating the resource j of node i, kI the process I of node
k and the product of the overall final priority of the process to access
such resource, as can be seen in Table V.

TABLE V. FINAL GLOBAL PrIORITY TUPLE

Resources Nodal Process Priorities
rll FGPT‘IIH FGP’I‘IU(I FGPT‘II"{J
r FGPT, FGPT, FGPT,

ij ij1 ijkl ijnp
r FGPT FGPT FGPT

nr i1 pkl mp

The next step is to normalize Table V between extreme values.
This will be done using the maximum, minimum and range values
calculated from Table VI and represented in Table VII.

TABLE VI. CALCULATION OF THE MAXIMUM, MINIMUM AND RANGE VALUES

Label Value
Maximum Value ~ Maximum (FGPTW)
Minimum value Minimum (FGPTW)

Range Maximum (FGPTL_jH) - Minimum (FGPTU_H)

TABLE VII. NoRMALIZED FINAL GLOBAL PRIORITY TUPLE

Resources 2-tuple
rll NFGPTl 111 NFGPY‘l 1kl N}:‘GP’I‘I 1np
NFGPT, NFGPT, NFGPT,
ij ij11 ijkl ijnp
r NFGPT NFGPT NFGPT

nr nril npkl nrnp

The greater of these products made for the different processes in
relation to the same resource will indicate which of the processes will
have access to the resource.

The addition of all these products in relation to the same resource
will indicate the priority that will have that resource to be assigned,
in relation to the other resources that will also have to be assigned.
This is what will be called Linguistic Distributed Systems Assignment
Function (LDSAF). Refer to (1).

LDSAF(rI,},) =3 NFGPTUH = resource allocation priority r, (1)

By calculating the LDSAF for all resources a 2-tuple vector will
be obtained, and by ordering its elements from highest to lowest,
the priority order of allocation of resources will be obtained. These
must be normalized guaranteeing that the 2-tuples obtained are in the
interval [0, 1]. The maximum, minimum and range values can be seen
in Table VIIL

TABLE VIII. VALUATIONS TO NORMALIZE THE LDSAF

Label Value
Maximum Value =~ Maximum (LDSAF U »
Minimum value Minimum (LDSAF, jkl)

Range Maximum (LDSAFW) ~ Minimum (LDSAF,,)

L

In addition, as already indicated, the largest of the products NFGPT,,
for each resource will indicate the process to which the resource will

be assigned.
This is what will be called Normalized Linguistic Distributed
Systems Assignment Function (NLDSAF). Refer to (2).

NLDSAF(r,.j) =3 (NFGPTW /(maximum (NFGPTl.jk,) - minimum
(NFGPTU.H))) = I, resource allocation priority normalized between
extreme values (2)

This can be seen in Table IX.
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TABLE IX. ORDER OR FINAL PRIORITY OF ASSIGNMENT OF RESOURCES AND
ProcEss To WHICH Is ALLOCATED EACH RESOURCE IN THE FIRST ITERATION

Order of allocation of resources  Process to which the resource will be assigned

py of the Max(NFGPTW)

1°: rij of the Max(NLDSAR(rij)) for the selected r
i

2°: rij of the Max(NLDSAK(rij))
for unallocated r

Py of the Max(NFGPTW)
for the selected r

Py, of the Max(NFGPT
for the selected T

last: r, no assigned i)

The next step is to repeat the procedure but removing the requests
of already made allocations; it must be noted that the assigned
resources will be available once they are released by the processes,
and can therefore be allocated to other processes. Table VIII should be
recalculated by omitting the resource allocations already done.

F. Considerations for Aggregation Operations

The characteristics of the aggregation operations described allow to
consider that the proposed method belongs to the family of aggregation
operators Neat-OWA, which are characterized by [31] and [32].

The values of the variables are expressed by sets of linguistic labels
and 2-tuples [33], thus generalizing the model proposed in [30].

IV. ExAMPLE AND DISCUSSION OF RESULTS

This section will explain in detail an example of application of the
proposed aggregation operator. The distributed processing system,
premises, resources, and processes running in the different nodes,
groups, cardinals, criteria, and categories to evaluate the different loads
and calculations needed, are those mentioned in [30], corresponding
to steps A and B.

Calculation of the priorities or preferences of the processes taking
the status of the node into account (they are calculated in each node
for each process and could be called nodal priorities).

The valuation vectors are applied for each requirement of a
resource made by a process, according to the criteria established for
the determination of the priority that in each case and moment fixes
the node in which the request occurs.

A. Expression of the Calculated Values in Terms of 2-Tuple Using
a Set of Linguistic Labels

The valuations expressed in a linguistic format using the linguistic
and semantic labels mentioned, with minimum, medium and maximum
values, can be seen in Fig. 2 and Table X.

TABLE X. PROPOSALS FOR PRIORITY ASSESSMENT

EH: Extremely High 0.83 1.00 1.00
VH: Very High 0.67 0.83 1.00
H: High 0.50 0.67 0.83
M: Medium 0.33 0.50 0.67
L: Low 0.17 0.33 0.50
VL: Very Low 0.00 0.17 0.33
EL: Extremely Low 0.00 0.00 0.17

The next step is to transform these values into the 2-tuple format,
considering the linguistic labels proposed above. Therefore, it will
be necessary to compare each criterion value with the average value
of each label, the minimum difference of this comparison will be the
appropriate label.

The minimum difference between the differences of each criterion
and the most representative value of each language label will be the
most representative value.

The first element of the 2-tuple will be the linguistic value of that
label, while the second element will be the difference between the value
of the searched criterion and the average value of the selected label.
This can be seen in Table XI, where “Process Priority” is represented
by the methods considered traditional [2], [3] and [4].

As mentioned in the previous stage, each vector of evaluations
of each requirement is scalar multiplied by the vector of weights
corresponding to the current load category of the node to obtain the
priority according to each criterion and the nodal priority granted to
each requirement. This can be seen in Table XII.

TABLE XI. THE VALUATIONS ASSIGNED TO THE CRITERIA TO CALCULATE
THE PRIORITY OR NODAL PREFERENCE THAT EacH NODE WILL GRANT EACH
REQUIREMENT OF EACH PROCESS ACCORDING TO THE NODE LoAD

Res./Proc. Criteria
%CPU Process Priority %VM

by, T(EB;0.0250) T(EB;0.0800) T(M;-0.0500)

ruby, T(EB;0.0350) T(EB;0.0300) T(MB;0.0833)
P, T(EB;0.0200) T(MB;-0.0767) T(MB;-0.0667)
TPy T(EB;0.0250) T(EB;0.0800) T(MB;0.0333)
T.by, T(EB;0.0300) T(MB;-0.0717) T(B;0.0667)

D0 T(EB;0.0250) T(EB;0.0600) T(MB;-0.0667)
TPy, T(EB;0.0350) T(EB;0.0600) T(M;-0.0500)

TP T(EB;0.0400) T(MB;-0.0767) T(MB;0.0833)
by T(EB;0.0300) T(MB;-0.0767) T(MB;-0.0667)
Py T(EB;0.0200) T(EB;0.0500) T(MB;0.0333)
1P T(EB;0.0450) T(EB;0.0500) T(B;0.0667)

by, T(EB;0.0350) T(EB;0.0800) T(MB;-0.0667)
TPy T(EB;0.0450) T(EB;0.0400) T(M;-0.0500)

1P T(EB;0.0100) T(MB;-0.0767) T(MB;0.0833)
TPy T(MB;-0.0467) T(MB;-0.0667) T(EB;0.0300)

" Ds T(EB;0.0400) T(EB;0.0600) T(EB;0.0700)
TPy, T(EB;0.0200) T(MB;-0.0267) ...  T(EB;0.0800)
Ty T(EB;0.0800) T(EB;0.0800) T(EB;0.0200)
1Py T(MB;-0.0467) T(MB;0.0133) T(EB;0.0200)
ToPa T(B;-0.0333) T(EB;0.0700) T(MB;-0.0667)
7D T(MB;0.0733) T(EB;0.0800) T(MB;-0.0067)
TyoPay T(MB;0.0133) T(MB;-0.0767) T(MB;-0.0067)
Tyobs, T(MB;-0.0467) T(MB;-0.0767) T(EB;0.0800)
e T(MB;0.0133) T(EB;0.0700) T(MB;0.0133)
TPy, T(MB;0.0133) T(EB;0.0700) T(MB;-0.0667)
ToPay T(MB;0.0133) T(EB;0.0600) T(MB;-0.0667)
e T(B:-0.0333) T(MB;-0.0767) T(MB;-0.0667)
TPy T(MB;0.0133) T(MB;-0.0767) T(MB;-0.0467)
Py T(B:-0.0633) T(EB;0.0500) T(MB;-0.0267)
. T(MB;0.0433) T(EB;0.0600) T(MB;-0.0467)
ToPss T(B;-0.0633) T(EB;0.0800) T(EB;0.0600)
r.p,  T(MB;-0.0467) T(EB;0.0800) T(MB;-0.0067)
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TABLE XII. THE VALUATIONS ASSIGNED TO THE CRITERIA TO CALCULATE
THE PRIORITY OR NODAL PREFERENCE THAT EacH NoDE WILL GRANT EACcH
REQUIREMENT OF EACH PROCESS ACCORDING TO THE NODE LOoAD

Resources/ Criteria
Processes %CPU Process Priority %VM
by T(M;0.000) T(VH;-0.0333) T(VH;0.0667)
r,P), T(H;0.0333) T(L;-0.0333) T(M;0.0000)
by T(L;0.0667) T(VH;0.0667) T(VL;0.0333)
TPy T(M;0.0000) T(VH;-0.0333) T(L;0.0667)
Py T(H;-0.0667) T(EH;-0.05) T(VH;-0.0333)
0. T(M;0.0000) T(H;-0.0667) T(VL;0.0333)
1P T(H;0.0333) T(H;-0.0667) T(VH;-0.0333)
rupy  T(VH;-0.0333) T(VH;0.0667) T(L;0.0667)
TP T(H;-0.0667) T(VH;0.0667) T(VH;-0.0333)
TPy T(L;0.0667) T(M;0.0000) T(L;-0.0333)
TPy T(VH;0.0667) T(M;0.0000) T(L;-0.0333)
by T(H;0.0333) T(VH;-0.0333) T(H;-0.0667)
TPy T(VH;0.0667) T(L;0.0667) T(H;-0.0667)
Tbus T(VL;0.0333) T(VH;0.0667) T(H;-0.0667)
ToPs T(H;-0.0667) T(M;0.0000) T(L;-0.0333)
TPy T(VL;0.0333) T(L;-0.0333) T(H;0.0333)
TPy T(VL;-0.0667) T(H;0.0333) T(VH;-0.0333)
TP T(L:0.0667) T(L:0.0667) T(VL;0.0333)
TDs T(H;-0.0667) T(VH;0.0667) T(VL;0.0333)
TPy T(EH;0.0000) T(H;0.0333) T(M;0.0000)
TPy T(EH;0.0000) T(VH;-0.0333) T(M;0.0000)
P T(VH;-0.0333) T(VH;0.0667) T(VH;-0.0333)
TPy T(H;-0.0667) T(VH;0.0667) T(VH;-0.0333)
1Dy T(L;0.0667) T(H;0.0333) T(L;0.0667)
TPy T(H;-0.0667) T(H;0.0333) T(VH;0.0667)
Ty T(H;-0.0667) T(H;-0.0667) T(M;0.0000)
Ty T(H;-0.0667) T(VH;0.0667) T(M;0.0000)
1Py T(H;-0.0667) T(VH;0.0667) T(H;-0.0667)
"oPs T(VH;0.0667) T(M;0.0000) T(H;0.0333)
Iy T(H;0.0333) T(H;-0.0667) T(H;-0.0667)
Ty T(VH;0.0667) T(VH;-0.0333) T(L;-0.0333)
Ty T(L;0.0667) T(VH;-0.0333) T(VH;-0.0333)

In summary, the nodal priority (to be calculated at the node where
the request occurs) of a process to access a given resource (which
can be at any node) is calculated by the scalar product of the vectors
mentioned above.

This nodal priority must be transformed into the 2-tuple format,
considering the linguistic labels already mentioned. Therefore, it will
be necessary to compare each nodal priority value with the average
value of each label, the minimum difference of these comparisons will
indicate the corresponding label.

B. Calculation of the Priorities or Preferences of the Processes

to Access the Shared Resources Available (Calculated in the
Centralized Resource Manager) and Determining the Order in
Which the Resources Will Be Allocated, and Which Process Each

Resource Will Be Assigned

Table XIIT and Table XIV are used to calculate the final priorities,
in which the priorities or nodal preferences calculated in the previous
stage are placed; in this table each row contains information of the
nodal priorities of the different processes to access a certain resource.

TABLE XIII. NoDAL PRIORITIES OF THE PROCESSES TO AcCESs EACH RESOURCE

IN 2-TupLe (P, , P, P )

117 713> 7 23

Resources Nodal Process Priorities
P Py Py
r11 NPT(H;0.0483) NPT(H;0.0483) -
r, NPT(M;-0.0050) NPT(M;0.0350) NPT(H;-0.070)
Iy - ... NPT(H;0.0733) -
I NPT(L;0.0217) NPT(M;-0.060) -
T NPT(M;-0.0150) NPT(M;-0.050) -
T NPT(VH;-0.0483) ... - -
T, NPT(L;0.0717) ... - NPT(L;-0.0008)
r - ... NPT(H;-0.0370) NPT(M;-0.0400)
I - ... NPT(;-0.070) NPT(M;0.0200)
T - ... NPT(H;-0.0517) NPT(H;-0.0317)

TABLE XIV. NODAL PRIORITIES OF THE PROCESSES TO ACCESs EACH RESOURCE

IN 2-TupLE (P,

34’

P37)

Resources Nodal Process Priorities
p34 T
r, = .. NPT(H;0.0533)
r, NPT(H;0.0058) NPT(VH;-0.0733)
r, NPT(H;0.0658)
r, - .. NPT(H;0.0283)
r, NPT(VH;-0.0708)
r. NPT(H;0.0083)
r. NPT(M;0.0700)
r, NPT(H;0.0258)
r NPT(FH;0.0083) NPT(H;-0.0192)
T NPT(H;-0.0492) NPT(H;-0.0541)

Next, the final weight vector to be used in the final aggregation
process to determine the order or priority of access to resources must
be calculated. In addition, the recently obtained weights will have to
be normalized by dividing each one by the sum of all of them.

The nodal priorities indicated in Table XIII and Table XIV taken row
by row, i.e., for each resource, will be multiplied by the final standardized
weight vector mentioned above. See in Table XV and Table XVI.

TABLE XV. FINAL GLOBAL PrioriTy TUuPLE (P, , P, P

13° 23)

Nodal Process Priorities

Resources 'y N P s
r, NPT(EL;0.069) NPT(EL;0.069) -
T, NPT(EL;0.048) NPT(EL;0.052) NPT(EL;0.058)
T - NPT(EL;0.072) -
T, NPT(EL;0.034) NPT(EL;0.043) -
T NPT(EL;0.047) ... NPT(EL;0.044) -
Ty NPT(EL;0.076) ... - -
T, NPT(EL;0.039) ... - NPT(EL;0.032)
T - ... NPT(EL;0.061) NPT(EL;0.045)
T - ... NPT(EL;0.058) NPT(EL;0.050)
T - NPT(EL;0.06) NPT(EL;0.061)
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The next step is to normalize Table XV and Table XVI between the
extreme values. To do this, subtract the numerical value of the 2-tuple
from the minimum value of both tables and divide it by the range,
which is the difference between the maximum and minimum values of
the two. As can see in Table XVII and Table XVIII.

The largest of these products made for the different processes in
relation to the same resource will indicate which of the processes will
have access to the resource.

TABLE XVLI. FINAL GLOBAL PrioriTy TUPLE (P, P )

347 7 37,

Nodal Process Priorities

Resources
p34 t p37
r, - NPT(EL;0.07)
T, NPT(EL;0.065) NPT(EL;0.074)
T NPT(EL;0.071) -
T, - NPT(EL;0.067)
r, NPT(EL;0.074) ... -
Ty NPT(EL;0.065) -
T NPT(EL;0.055) -
T, NPT(EL;0.067) -
Ty NPT(EL;0.065) NPT(EL;0.063)
Ty NPT(EL;0.060) NPT(EL;0.059)

TABLE XVII. NORMALIZED FINAL GLOBAL PRrIORITY TUPLE (P PH, P23)

1’

Nodal Process Priorities

Resources
P, P Dy
r, NFGPT(VH;0.06) NFGPT(VH;0.06) ... -
r, NFGPT(M;0.060) NFGPT(H;-0.046) ... NFGPT(VH;-0.052)
T, - ... NFGPT(EH;-0.068) ... -
r, NFGPT(L;0.014) NFGPT(M;-0.023) ... -
T NFGPT(M;0.045) NFGPT(M;-0.008) ... -
T NFGPT(EH;0.00) ... - -
T, NFGPT(M;-0.076) ... - NFGPT(L;0.007)
r - ... NFGPT(VH;-0.068) ... NFGPT(M;0.051)
Ty - ... NFGPT(H;0.053) NFGPT(H;-0.017)
T - ... NFGPT(H;0.075) ... NFGPT(VH;-0.061)

TABLE XVIII. NORMALIZED FINAL GLOBAL PRIORITY TUPLE (P3 " P37)

Nodal Process Priorities

Resources
Py, “' by,
r, - NFGPT(VH;0.068)
Ty ... NFGPT(VH;-0.004) NFGPT(EH;-0.038)
T ... NFGPT(EH;-0.080) -
T, - NFGPT(VH;0.030)
T, NFGPT(EH;-0.034) ... -
Ty NFGPT(VH;-0.00) . -
T ... NFGPT(H;0.007) -
Ty ... NFGPT(VH;0.026) -
Ty NFGPT(VH;-0.00) NFGPT(VH;-0.042)
Ty NFGPT(H;0.079) NFGPT(H;0.072)

The summation of all these products in relation to the same resource
will indicate the priority that this resource will have to be assigned, in
relation to the other resources that will also have to be assigned. This
constitutes the Linguistics Distributed System Assignment Function
(LDSAF). Refer to (3).

LDSAF(r)) = X NFGPT,,, = r, resource assignment priority 3)

By calculating the LDSAF for all resources, a 2-tuple vector will
be obtained and, by ordering its elements from highest to lowest, the
priority order of resource allocation will be obtained, which should be

normalized ensuring that the 2-tuples obtained are in the interval [0,
1]. As can be seen in Table XIX.

TABLE XIX. VALUATIONS TO NORMALIZE THE LDSAF (FIRST ITERATION)

Label Value
Maximum Value 5.2364
Minimum value 1.8255

Range 3.4109

In addition, as indicated above, the largest of the NFGPTW for
each resource will indicate the process to which the resource will be

assigned.

The result of normalizing the 2 tuples constitutes what will be called
Normalized Linguistics Distributed System Assignment Function a
(NLDSAF). Refer to (4)

NLDSAF(r)) = X (NFGPT,,, / (Maximum (NFGPT,, ) - Minimum
(NFGPTI.].H))) = I resource assignment priority normalized
between extreme values 4)

This can be seen in Table XX.

TABLE XX. NORMALIZED LINGUISTICS DISTRIBUTED SYSTEM ASSIGNMENT
FuNcTioN ORDERED By HIGHEST PRIORITY RESOURCE (FIRST ITERATION)

Assignment order of Priority of the Process at which assign
resources resource the resource
r T(EH;0.0000) ,,

r, T(EH;-0.0326) Py
., T(H;-0.0028) .,
r, T(H;-0.0355) o,
r, T(M;0.0423) .,
r, T(M;0.0337) .,
r, T(M;0.0274) Do
r, T(M;-0.0334) .,
r, T(L;-0.0591) .
r, T(EL;0.0000) .,

The next step is to repeat the procedure but removing the requests
of already made allocations; it must be noted that the assigned
resources will be available once they are released by the processes
and can therefore be allocated to other processes. Table XIX should
be recalculated by omitting the resource allocations already done. As
can see in Fig. 3.
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Fig. 3. Process of self-regulation and calculation of NLDSAF.
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Since the system regulates itself by releasing the resources already
assigned to the processes in the previous step, and because there are
resource requests from the processes that have not yet been satisfied,
the calculations in Table XIX and XX are repeated with their respective
values, omitting the processes already completed.

Normalized the 2-tuples in the second iteration can be seen in Table
XXI.

TABLE XXI. VALUATIONS TO NORMALIZE THE LDSAF (SECOND ITERATION)

Label Value
Maximum Value 4.8503
Minimum value 1.2514

Range 3.5989

The result of normalizing the 2-tuples for the second iteration can
be seen in Table XXII.

TABLE XXII. NORMALIZED LINGUISTICS DISTRIBUTED SYSTEM ASSIGNMENT
FuncTioN ORDERED BY HIGHEST PRIORITY RESOURCE (SECOND ITERATION)

Assignment order of Priority of the Process at which assign
resources resource the resource
» T(EH;0.0000) p,,

r, T(VH;0.0758) P.,

r, T(H;-0.0392) Py
. T(M;0.0813) P,

I, T(M;-0.0076) Py
. T(M;-0.0298) D,

. T(M;-0.0347) p,,

r,, T(M;-0.0676) P,

. T(VL;0.0173) P,

» T(EL;0.0000) P,

The final tables with the results of all the iterations will be shown

below.

The valuations to normalize the LDSAF of each iteration can be
seen in Table XXIII.

TABLE XXIII. VALUATIONS TO NORMALIZE THE LDSAF (OF EACH ITERATION).

Maximum Value Minimum value Range Iteration
5.2364 1.8255 3.4109 1
4.8503 1.2514 3.5989 2
4.1598 0.8147 3.3451 3
4.0308 0.5616 3.4692 4
3.9955 0.4695 3.526 5
3.6488 0.2681 3.3807 6
2.6775 0.0000 2.6775 7
2.4275 0.0000 2.4275 8
2.9932 0.0000 2.9932 9
1.5946 0.0000 1.5946 10
1.0000 0.0000 1.0000 11
0.0169 0.0000 0.0169 12

The result of normalizing the 2 tuples for each iteration can be seen
in Table XXIV, ordered by highest priority resource (of each iteration).

V. EXAMPLE OF A DECISION MODEL APPLIED TO ONE OF THE
TRADITIONAL ALGORITHMS

A particular case of the proposed decision model is to visualize
how some of the methods considered traditional in this work, are a
particular case of this method.

As the traditional methods do not consider groups of processes,
the calculation will only be done with independent processes and the
column that considers whether a process is part of a group of processes
should be disabled, see Table XXV.

TABLE XXV. WEIGHTS ASSIGNED TO THE PROCESSES FOR THE CALCULATION
OF PRIORITIES

Processes Group of processes Independent processes
Py - wf, =1/np
Pu - wf,=1/np
2 - wf, ,=1/np

The methods considered traditional do not consider most of
the criteria contemplated in the proposed model (in addition to
not considering the representation by means of linguistic labels
or 2-tuples), they are only based on the calculation of the “Process
Priority” criterion. The weights assigned to the criteria in Table XX VI,
to calculate the global priority, only the “Process Priority” criterion
will be considered, disabling the other criteria.

For each requirement of a resource made by a process, the
assessment vectors are applied according to the criteria established for
the determination of the priority. This is done in the node where the
requirement occurs. To obtain the node priority, each rating vector of
each requirement must be scaled and multiplied by the weight vector
corresponding to the current load category of the node.

TABLE XXVI. WEIGHTS ASSIGNED TO THE CRITERIA FOR CALCULATING

PRIORITY
Categories Process priority Other Criteria
High 0.1000 -
Medium 0.2000 -
Low 0.1000 -

Although the decision model obtains the information of all the
criteria, it should be noted that for the traditional methods, from the
weight vector Table XXVI, only the criterion “Process Priority” will
affect the calculation of the priority.

The valuations assigned to the criteria for calculating the priority
or preference that each node will give to each requirement of each
process according to the node load, will be those used in TABLE XII.
To calculate the priorities or preferences of the processes, taking into
account the state of the node, Table XX will be used, but disabling
all the criteria, except “Process Priority”. Nodal priorities, final
weights and overall process priorities for accessing resources must
be calculated.

Table XXVII, Table XXVIII, Table XXIX, Table XXX and Table XXXI
are constructed from the nodal priority values, which for this example
matches the “Process Priority” criteria.
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TABLE XXIV. CONCATENATED NORMALIZED LINGUISTICS DISTRIBUTED SYSTEM ASSIGNMENT FUuNcTION (CNLDSAF)

Assignment order Priority of the Process at which . Assignment order Priority of the Process at which .
of resources resource assign the resource Tteration of resources resource assign the resource Tteration
., T(EH;0.0000) P 1 . T(H;-0.0777) ., 5
r, T(EH;-0.0326) b, 1 r, T(M;-0.0467) P 5
n T(H;-0.0028) P, 1 r, T(L;0.0674) P 5
3 T(H;-0.0355) . 1 r, T(L;-0.0824) Py 5
” T(M;0.0423) P, 1 r T(VL;0.0273) Py, 5
r, T(M;0.0337) P, 1 r, T(VL;-0.0591) P 5
r, T(M;0.0274) Po 1 r. T(EL;0.0230) P, 5
., T(M;-0.0334) Py, 1 ., T(EL;0.0000) Py 5
. T(L;-0.0591) P 1 ., T(EH;0.0000) P, 6
r, T(EL;0.0000) P, 1 r, T(VH;-0.0133) P 6
r, T(EH;0.0000) Pu 2 r, T(M;0.0638) Po 6
3 T(VH;0.0758) P, 2 r, T(L;0.0275) P 6
n T(H;-0.0392) Py 2 r T(L;-0.0106) P 6
n, T(M;0.0813) P 2 ., T(VL;0.0815) Py, 6
r, T(M;-0.0076) Py 2 r, T(VL;0.0443) P 6
r, T(M;-0.0298) Py 2 r, T(VL;-0.0604) P 6
3 T(M;-0.0347) P, 2 r, T(EL;0.0032) P 6
, T(M;-0.0676) P, 2 r, T(EL;0.0000) Pu 6
T T(VL;0.0173) P, 2 . T(EH;0.0000) Py 7
’ T(EL;0.0000) P 2 r, T(VH;-0.0348) P 7
., T(EH;0.0000) P, 3 n T(M;0.0040) P 7
r, T(VH;0.0758) P, 3 r, T(VL;0.0742) P 7
. T(H:-0.0392) Py 3 r T(VL;0.0682) Py, 7
3 T(M;0.0813) ., 3 r, T(VL;0.0631) P, 7
r, T(M;-0.0076) P 3 r, T(VL;0.0580) P 7
r, T(M;-0.0298) P 3 ., T(VL;-0.0553) P, 7
3 T(M;-0.0347) Py, 3 ., T(EH;0.0000) Py 8
r, T(M;-0.0676) P, 3 r, T(EH;-0.0210) P, 8
- T(VL;0.0173) Pu 3 r, T(M;-0.0299) Py 8
r, T(EL;0.0000) P 3 r, T(VL;0.0191) Py 8
., T(EH;0.0000) . 4 ., T(VL;0.0110) Py, 8
3 T(VH;0.0255) Py 4 r, T(VL;0.0078) Py, 8
, T(H;-0.0739) P 4 r, T(VL;-0.0035) P 8
r, T(M;-0.0178) Pos 4 r, T(EH;0.0000) Py 9
r, T(M;-0.0721) P 4 ., T(VH;-0.0117) P, 9
3 T(L;0.0082) P 4 n T(L;-0.0534) Py 9
r, T(L;-0.0337) Py 4 r, T(EL;0.0000) Py, 9
r, T(L;-0.0762) Py 4 r, T(EH;0.0000) Py 10
r, T(EL:0.0489) Py 4 r T(VH;0.0734) P 10
; T(EL;0.0000) P 4 r, T(EH;0.0000) Py, 11
n, T(EH;0.0000) P 5 ., T(H;-0.0196) Py 11
r, T(VH;0.0431) , 5 r, T(EH;0.0000) P 12
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TABLE XXVIIL. NoDAL PRIORITIES OF THE PROCESSES TO ACCEss EAcH
RESOURCE IN 2-TUPLE (p,,, p,. P,;)

TABLE XXXI. NoDAL PRIORITIES OF THE PROCESSES TO AcCEss EAcH
RESOURCE IN 2-TUPLE (p,, p,.. P,,)

2 j 2 Py

r,  NPT(EL;0.0800) NPT(VL;-0.0667) NPT(EL;0.0600)
r,  NPT(EL;0.0300) NPT(EL;0.0800) NPT(VL;-0.0767)
r, - - NPT(VL;-0.0767)
r,  NPT(VL;-0.0767) NPT(EL;0.0800) NPT(EL;0.0500)
r,  NPT(EL;0.0800) NPT(EL;0.0800) NPT(EL;0.0500)
r,,  NPT(VL;-0.0717) - -

r,  NPT(EL;0.0600) - -

r, - NPT(EL;0.0300) NPT(EL;0.0800)
r, - - NPT(EL;0.0400)
r, - NPT(EL;0.0300) NPT(VL;-0.0767)

TABLE XXVIII. NODAL PRIORITIES OF THE PROCESSES TO ACCEss EAcH
RESOURCE IN 2-TUPLE (p,, p,,, P,,)

p21

PZZ

P23

NPT(VL;-0.0267)
NPT(VL;-0.0267)
NPT(VL;-0.0667)
NPT(VL;-0.0667)

NPT(VL;0.0133)

NPT(EL:0.0800)

NPT(VL;-0.0467)
NPT(VL:0.0133)

NPT(EL;0.0800)

NPT(VL;-0.0067)

NPT(VL;-0.0667)

NPT(EL;0.0600)
NPT(VL;-0.0267)
NPT(EL;0.0800)
NPT(VL;0.0133)

TABLE XXIX. NoDAL PRIORITIES OF THE PROCESSES TO AcCEss EAcH
RESOURCE IN 2-TUPLE (p,,, p,., p,)

Py Pys Py
r,  NPT(VL;-0.0667) - -
r,  NPT(VL;0.0133) - -
r, - - NPT(EL;0.0700)
r, - NPT(EL;0.0800) -
r, . . .
r,,  NPT(VL;-0.0067) - -
r,  NPT(EL;0.0600) - -
r, - - NPT(EL;0.0700)
r, - - -
r - - NPT(VL;-0.0767)

TABLE XXX. NODAL PRIORITIES OF THE PROCESSES TO ACCEss EACH
RESOURCE IN 2-TUPLE (p,,, p,.. P,,)

Py Pss Py

r,  NPT(VLi-0.0767)  NPT(EL;0.0600) -

r,  NPT(EL;0.0800) NPT(EL:0.0300)  NPT(EL;0.0700)
r,  NPT(VL;-0.0767)  NPT(EL;0.0300)  NPT(EL;0.0800)
r, - NPT(EL;0.0800) -

r, - NPT(EL;0.0700)  NPT(VL;-0.0767)
r,  NPT(EL;0.0600) NPT(EL:0.0600)  NPT(VL;-0.0767)
r, - - NPT(EL:0.0700)
r, - - NPT(EL:0.0700)
r, - NPT(EL;0.0400)  NPT(EL;0.0600)
r, - NPT(EL;0.0600)  NPT(VL;-0.0767)

p35 P36 P37
r, - NPT(EL;0.0800) NPT(VL;-0.0767)
r, NPT(VL;-0.0767) NPT(EL;0.0800) NPT(EL;0.0500)
r, NPT(VL;-0.0767) NPT(EL;0.0800) -
T, - NPT(EL;0.0700) NPT(EL;0.0600)
T, NPT(EL;0.0800) NPT(EL;0.0800) -
T ) - -
T, NPT(EL;0.0600) NPT(EL;0.0800) -
r, NPT(EL;0.0800) NPT(EL;0.0800) -
r, NPT(EL;0.0400) NPT(EL;0.0800) NPT(EL;0.0800)
r, NPT(EL;0.0800) NPT(EL;0.0800) NPT(EL;0.0800)

As mentioned, traditional methods do not consider groups of
processes. The calculation will only consider that the processes are
independent. In the example there are 15 processes and the calculation
of the weights is Wfij equal to 1/np for independent processes, where
np is the number of processes in the system (15), the calculation for
the weights of each process (wp,) is equal to 1/15. For the calculation
of the standardized weights (nwpij) each wp, value is divided by the
sum of all wp,, this can be seen in the tables above. The final weight
vector to be used in the final aggregation process should be calculated
to determine the order or priority of access to resources. In addition,
the recently obtained weights should be normalized by dividing each
one of them by the sum of all of them. For this particular situation,
all processes will have the same weight value, since they are only
considered as independent processes. The normalized weight vector
will have the same value for all processes, this value will be 1/15,
which results in 0.0066.

The nodal priorities indicated in Table XXVII, Table XXVIII, Table
XXIX, Table XXX and Table XXXI taken row by row, that is, for each
resource, will be multiplied by the normalized weight vector (nwp,).
This can be seen in Table XXXII, Table XXXIII, XXXIV, Table XXXV
and Table XXXVI.

TABLE XXXII. NODAL PRIORITIES OF THE PROCESSES TO ACCESs EACH
RESOURCE IN 2-TUPLE (p,,, p,,, P,,)

pll PIZ p13

r,  NPT(EL;0.005) NPT(EL:0.007) NPT(EL:0.004)
r,  NPT(EL0.002) NPT(EL:0.005) NPT(EL:0.006)
r, - - NPT(EL:0.006)
r,  NPT(EL;0.006) NPT(EL:0.005) NPT(EL:0.003)
r,  NPT(EL;0.005) NPT(EL:0.005) NPT(EL:0.003)
r,  NPT(EL;0.006) - -

r,,  NPT(EL;0.004) - -

r, - NPT(EL:0.002) NPT(EL:0.005)
r, - - NPT(EL:0.003)
r, - NPT(EL;0.002) NPT(EL;0.006)

TABLE XXXIII. NODAL PRIORITIES OF THE PROCESSES TO AcCEss EAcH
RESOURCE IN 2-TUPLE (p,, p,,, p,,)

PZ] PZZ P23
T ) - )
r, NPT(EL;0.009) - NPT(EL;0.007)
r, NPT(EL;0.009) - -
r, - NPT(EL;0.008) -
r, NPT(EL;0.007) NPT(EL;0.012) -
T, NPT(EL;0.007) - -
T, - - NPT(EL;0.004)
r, NPT(EL;0.012) NPT(EL;0.005) NPT(EL;0.009)
r, - - NPT(EL;0.005)
T, NPT(EL;0.005) NPT(EL;0.011) NPT(EL;0.012)
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TABLE XXXIV. NODAL PRIORITIES OF THE PROCESSES TO AcCEss EAcH
RESOURCE IN 2-TUPLE (p,,, p,.. P,,)

p24 P25 P3l
T, NPT(EL;0.007) - -
r, NPT(EL;0.012) - -
LR - - NPT(EL;0.005)
T, - NPT(EL;0.005) -
Ty - - -
T, NPT(EL;0.011) - -
T NPT(EL;0.004) - -
r. - - NPT(EL;0.005)
Ts - - -
T - - NPT(EL;0.006)

TABLE XXXV. NoDAL PRIORITIES OF THE PROCESSES TO ACCESs EACH
RESOURCE IN 2-TUPLE (p,,, p,,, p,,)

p32 p33 p34

r, NPT(EL;0.006) NPT(EL;0.004) -

r, NPT(EL;0.005) NPT(EL;0.002) NPT(EL;0.005)
r, NPT(EL;0.006) NPT(EL;0.002) NPT(EL;0.005)
r, - NPT(EL;0.005) -

r, - NPT(EL;0.005) NPT(EL;0.006)
r, NPT(EL;0.004) NPT(EL;0.004) NPT(EL;0.006)
r, - - NPT(EL;0.005)
r, - - NPT(EL;0.005)
r, - NPT(EL;0.003) NPT(EL;0.004)
r, - NPT(EL;0.004) NPT(EL;0.006)

TABLE XXXVI. NODAL PRIORITIES OF THE PROCESSES TO AcCEss EACH
RESOURCE IN 2-TUPLE (p,, p,.. P,,)

p35 p36 p37
r, R NPT(EL;0.005) NPT(EL:0.006)
r, NPT(EL;0.006) NPT(EL;0.005) NPT(EL;0.003)
r, NPT(EL;0.006) NPT(EL;0.005) -
r, - NPT(EL;0.005) NPT(EL;0.004)
r, NPT(EL;0.005) NPT(EL;0.005) -
r23 - - -
. NPT(EL;0.004) NPT(EL;0.005) -
r, NPT(EL;0.005) NPT(EL;0.005) -
r, NPT(EL;0.003) NPT(EL;0.005) NPT(EL;0.005)
r, NPT(EL;0.005) NPT(EL;0.005) NPT(EL;0.005)

The next step is to normalize Table XXXII, Table XXXIII, Table
XXXIV, Table XXXV and Table XXXVI between the extreme values.
To do this, you must subtract the numerical value of the 2-tuple by the
minimum value of all of them and divide it by the range. The range is
the difference between the maximum value and minimum value of the
tables already mentioned. This can be seen in Table XXXVIIL

TABLE XXXVII. NORMALIZATION ASSESSMENTS

Label Value
Maximum Value 0.012
Minimum value 0.002

Range 0.010

The result of this standardization can be seen in Table XXXVIII,
Table XXXIX, Table XL, Table XLI and Table XLII. The largest of these
products made for the different processes in relation to the same
resource will indicate which of the processes will have access to the
resource.

TABLE XXXVIII. NoDAL PRIORITIES OF THE PROCESSES TO AcCEss EAcH
RESOURCE IN 2-TUPLE NORMALIZED (p,, p,,. P,,)

Pu Py P

., NFGPT(L;0.000)  NFGPT(M;-0.033)  NFGPT(VL;0.033)
., NFGPT(EL0.000)  NFGPT(L;0.000) NFGPT(L:0.067)
r, - - NFGPT(L:0.067)
r,,  NFGPT(L;0.067) NFGPT(L:0.000) NFGPT(VL;-0.033)
.. NFGPT(L;0.000) NFGPT(L:0.000) NFGPT(VL;-0.033)
r,  NFGPT(M;-0.067) - -

-, NFGPT(VL;0.033) - -
r, - NFGPT(EL;0.000) NFGPT(L:0.000)
r, - - NFGPT(EL;0.067)
r, - NFGPT(EL;0.000) NFGPT(L:0.067)

TABLE XXXIX. NoDAL PRIORITIES OF THE PROCESSES TO ACCESs EAcH
RESOURCE IN 2-TUPLE NORMALIZED (p, , p,,. P,,)

P,y Py, Poy
Lot - : :
r, NFGPT(H;0.067) - NFGPT(M;-0.033)
r NFGPT(H;0.067) - -

TABLE XL. NoDAL PRIORITIES OF THE PROCESSES TO ACCESs EACH RESOURCE

NFGPT(M;-0.033)
NFGPT(M;-0.033)

NFGPT(EH;0.000)

NFGPT(L;0.000)

NFGPT(H;-0.067)
NFGPT(EH;0.000)

NFGPT(L;0.000)

NFGPT(VH;0.033)

NFGPT(VL;0.033)
NFGPT(H;0.067)
NFGPT(L;0.000)

NFGPT(EH;0.000)

IN 2-TuPLE NORMALIZED (p,, p,., P,,)

Py, Pss Py,
r, NFGPT(M;-0.033) - -
r,  NFGPT(EH:0.000) - -
S - - NFGPT(L;-0.067)
r, - NFGPT(L;0.000) -
r, - - -
r,,  NFGPT(VH;0.033) - -
T, NFGPT(VL;0.033) - -

TABLE XLI. NoDAL PRIORITIES OF THE PROCESSES TO ACCESS EACH RESOURCE

NFGPT(L;-0.067)

NFGPT(L:0.067)

IN 2-TuPLE NORMALIZED (p,,, p,,, P,,)

P, P, Py,

r,  NFGPT(L;0.067)  NFGPT(VL:0.033) -

., NFGPT(L;0.0000 ~ NFGPT(EL;0.000)  NFGPT(L;-0.067)
.. NFGPT(L;0.067) ~ NFGPT(EL;0.000)  NFGPT(L;0.000)
r, - NFGPT(L;0.000) -

. - NFGPT(L;-0.067) NFGPT(L;0.067)
- NFGPT(VL;0.033) ~ NFGPT(VL;0.033)  NFGPT(L;0.067)
r, - - NFGPT(L;-0.067)
r, - - NFGPT(L;-0.067)
- - NFGPT(EL;0.067)  NFGPT(VL;0.033)
r, - NFGPT(VL;0.033)  NFGPT(L:0.067)
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TABLE XLII. NODAL PRIORITIES OF THE PROCESSES TO AcCEsS EACH RESOURCE
IN 2-TuPLE NORMALIZED (p,, p... p,,)

P35 P36 p37

r. - NFGPT(L;0.000) NFGPT(L;0.067)
r, NFGPT(L;0.067) NFGPT(L;0.000) NFGPT(VL;-0.033)
T NFGPT(L;0.067) NFGPT(L;0.000) -

. - NFGPT(L;-0.067) NFGPT(VL;0.033)
r, NFGPT(L;0.0000) NFGPT(L;0.000) -

L) - - -

T, NFGPT(VL;0.033) NFGPT(L;0.000) -

r., NFGPT(L;0.000) NFGPT(L;0.000) -

r, NFGPT(EL;0.067) NFGPT(L;0.000) NFGPT(L;0.000)
r, NFGPT(L;0.000) NFGPT(L;0.000) NFGPT(L;0.000)

The sum of all these products in relation to the same resource
will indicate the priority that should be assigned to this resource,
in relation to the other resources that should also be assigned. This
constitutes the Linguistic Distributed System Assignment Function
(LDSAF). Refer to (5).

LDSAF(rI.j) =3 NFGPT,.].H with r, resource allocation priority (5)

When calculating the LDSAF for all resources, a 2-tuple vector will
be obtained. Sorting their elements from highest to lowest, you will
get the priority order of resource allocation. This should be normalized
by ensuring that the 2-tuples obtained are in the range [0, 1]. This can
be seen in Table XLIIL

In addition, as indicated above, the largest of the NFGPTW of
each resource will indicate the process to which the resource will be
assigned.

TABLE XLIII. ASSESSMENTS TO NORMALIZE THE LDSAF

Label Value
Maximum Value 4.5999
Minimum value 1.4003

Range 3.1996

The result of the standardization of the 2-tuples constitutes
what will be called the Normalized Linguistic Distributed System
Assignment Function (LDSAF). Refer to (6).

LDSAF(rI.j) =X (NFGPT,.].H/ (Maximum (NFGPT, ) - Minimum

ijkl-
(NFGPT,.].H)) =r; priority of resource allocation normalized

between extreme values (6)

This is shown in Table XLIV.

TABLE XLIV. AsSESSMENTS TO NORMALIZE THE LDSAF

Order of resource

Priority of assignment Process selected

assignment

Ty T(EH;0.0000) Py
T, T(EH;-0.0625) D,y
T, T(H;0.0209) Py
" T(H;0.0209) Py
T T(M;-0.0418) Py
; T(M;-0.0626) Py
r, T(L;0.0417) P,
r, T(L;0.0311) D,
r, T(EL;0.0000) .
- T(EL;0.0000) D,

The next step is to repeat the procedure but eliminating the
requests for assignments already made. It should be noted that the
allocated resources will be available once the processes release them
and therefore, they can be allocated to other processes. The system
is self-regulating by releasing the resources already assigned to the
processes in the previous step.

The resource requests from the processes that have not yet been
satisfied, that is, the calculations in Table XLIII and Table XLIV are
repeated with their respective values, omitting the processes already
completed.

The result of the concatenation of all allocation rounds for this
example can be seen in Table XLV. The diagram in Fig. 4 shows a
graph that allows the flow and relationship between the different
rounds of resource allocation to processes to be represented.

Round Resource Process

23

1 37

2 | 33 34

3 12 | 13

I 31 1

25

5 \ 11 ”

22 22

° 21 31

7 12

8 3 32

9 32 35

10 23 36
1 24

12 33

24

Fig. 4 Flow and relationships between different rounds of resource allocation.

VI. CoMPARISON OF RESULTS OBTAINED WITH TRADITIONAL
METHODS

Table XLV of this scenario is compared to Table XXIV of scenario
E1 and look for each first round allocation of the latter in Table XLV.

In Table XLVI you can see the order of assignments for the first
round of the E1 scenario, while Table XLVII represents the order in
which the same assignments appear but for the traditional method,
in which round they appear and in which position with respect to
each round.

TABLE XLVI. VALUES CORRESPONDING TO THE FIRST ROUND OF ITERATION OF
Scenario E1 (ONLDSAF)

Pos. Resource 2-tuple Process Round
1 I T(EH;0.0000) D, 1
2 r, T(EH;-0.0326) P, 1
3 r, T(H;-0.0028) 3 1
4 . T(H;-0.0355) P, 1
5 r, T(M;0.0423) 3 1
6 r, T(M;0.0337) P, 1
7 . T(M;0.0274) P 1
8 r, T(M;-0.0334) ' 1
9 - T(L;-0.0591) , 1
10 r, T(EL:0.0000) P, 1
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TABLE XLV. CONCATENATION OF ALL ASSIGNMENT ROUNDS (CNLDSAF) FOR TRADITIONAL METHODS

Resource 2-tuple Process Round Resource 2-tuple Process Round
r. T(EH;0.0000) D 1 r, T(H;0.0257) b, 5
. T(EH;-0.0625) s 1 r, T(M;0.077) P 5
r, T(H;0.0209) ., 1 r, T(M;0.0001) p,, 5
r, T(H;0.0209) P, 1 r. T(M;-0.0769) P, 5
. T(M;-0.0418) ., 1 r, T(M;-0.0769) P, 5
. T(M;-0.0626) P, 1 r. T(VL;-0.0513) b, 5
r, T(L;0.0417) P, 1 r, T(VL;-0.0513) P, 5
- T(L;0.0311) P 1 r, T(EL;0.0000) P, 5
» T(EL;0.0000) Py 1 T, T(EH;0.0000) ., 6
r, T(EL;0.0000) P 1 r, T(VH;0.0714) P, 6
- T(EH;0.0000) P, 2 r, T(H;0.0000) P, 6
, T(EH;-0.079) p,, 2 r, T(M;0.0238) P 6
r, T(H;-0.0613) P 2 T, T(M;-0.0714) P 6
. T(H;-0.0614) , 2 r, T(L;0.0000) Po 6
r, T(M;-0.0001) P,y 2 r, T(L;0.0000) Pe 6
r, T(M;-0.0791) P 2 T T(EL;0.0476) Py 6
r, T(L;0.0351) P, 2 T T(EL;0.0476) Py 6
s T(VL;0.0832) P, 2 T T(EL;0.0000) Py 6
y T(EL;0.0000) P, 2 ry T(EH;0.0000) Py 7
" T(EL;0.0000) .. 2 r, T(VH;0.0556) P, 7
T T(EH;0.0000) P, 3 r, T(H;-0.0556) . 7
, T(EH;-0.0333) D, 3 r, T(M;-0.0556) P, 7
. T(H;0.0335) ., 3 r, T(L;0.0000) P, 7
r, T(M;0.0669) P, 3 r, T(L;-0.0556) P, 7
. T(M;0.0666) P, 3 T, T(VL:0.0556) P, 7
. T(M;-0.0001) P, 3 r, T(EL;0.0556) b 7
r, T(M;-0.0665) D, 3 r. T(EH;0.0000) Do 8
- T(VL;0.0832) »,, 3 r, T(VH;0.0128) Do 8
y T(EL;0.0333) ., 3 r, T(M;-0.0385) P, 8
r, T(EL;0.0000) . 3 r, T(L;-0.0256) b, 8
- T(EH;0.0000) »,, 4 r, T(VL;0.0641) P, 8
. T(EH;-0.069) P, 4 r, T(VL;-0.0128) P, 8
r, T(H;0.0231) »,, 4 T T(EH;0.0000) p, 9
r, T(H;-0.0803) P, 4 r, T(VH;-0.0833) b, 9
. T(M;0.0517) P, 4 r, T(L;-0.0833) P, 9
r, T(M;-0.0172) P, 4 r, T(EH;0.0000) P, 10
r, T(M;-0.0516) P 4 r, T(H;0.0000) P, 10
., T(VL;0.0402) P, 4 r, T(EH;0.0000) P, 11
r T(VL;-0.0632) P 4 r, T(M;0.0000) Py 11
- T(EL;0.0000) P, 4 r, T(M;0.0000) b, 11
T T(EH;0.0000) P, 5 T T(M;0.0000) P, 11
r, T(EH;-0.0769) Py 5 r, T(EH;0.0000) »,, 12
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TABLE XLVIIL. VALUES CORRESPONDING TO THE SAME PROCESS RESOURCE
AsSIGNMENTS FROM THE ONLDSAF TABLE oF THE FIRsT E1 ITERATION FOUND
IN THE CNLDSAF TABLE OF THE TRADITIONAL METHODS

Pos. Resource 2-tuple Process Round
1 . T(EH;0.0000) , 1
2 r, T(H;0.0000) »,, 10
4 r T(L;-0.0256) P, 8
5 r, T(M;0.0517) P, 4
3 r, T(H;0.0335) P, 3
6 r, T(L;-0.0556) »,, 7
6 r, T(M;-0.0791) Pu 2
10 r T(EL;0.0000) P, 4
8 r. T(VL;0.0832) P 3
9 r, T(EL;0.0000) p., 2

The first element of Table XLVII, assignment of 7, to p,,, is the only
one that occurs in the same iteration (first), all other assignments in
the example of traditional methods occur in different rounds and in
different positions. It has been seen that in this comparison, the results
of assignments in the traditional methods are not the same as those
in the proposed model. This is because traditional methods consider
only one type of criterion (process priority), and do not consider the
number of processes, %CPU, %Mem, %MV, etc., that is, the load of each
node and the overall state of the system.

In this sense, it can be said that besides being the traditional
methods, a particular case of the proposed method. This new model
allows a more approximate evaluation to the real state of the system,
which would allow to obtain better results in the assignments.

The global model, for the example of the traditional methods, does
not consider the collection of information on the overall state of the
system, nor the predisposition (nodal priority), nor the load of the
node, only the process priority is considered.

It should be noted that the results obtained are adjusted to each
particular scenario. That is, when the conditions of the scenario
change, the results obtained in the application of the Decision Model
may be different.

The Fig. 5 shows the different values of the nodal loads. It is
observed that the process p, requests the resource r,,, whose nodal
load has a value of 6.4. By the intensity of the color, you can see that
this node is highly loaded.

In the traditional methods, the order of assignment is made only
considering the initial priority of the processes. Following this
premise, the assignment of resource r,, to process p, is made in the
first position.

processes

w o 0N = S 0O v 0o =

m 12 13 21 22 23 24 25 31 32 33 34 35 36 37

0 3.2 6.4

Fig. 5. Heat map showing sample values of nodal loads. The heat map has been
created with AMCharts v4 JavaScript library.

As explained above, the proposed method evaluates a set of criteria
(including initial priority and nodal load) to determine the order of
allocation. Considering that, the same assignment of the previous
example, for this method, is in position 56. This is because the node
where the assignment is made is heavily loaded. This can be seen in
the Table XLVIIL

TABLE XLVIII. COMPARISON OF THE TRADITIONAL METHOD WITH THE
PrOPOSED METHOD

Nodal Traditional Method Proposed Method
Preference Process Resource Pos. Process Resource  Pos.
64 P}ﬁ r13 1 p36 r13 56
62 p32 rZZ 2 pSZ r23 48
6.2 j2n r, 3 j2. r, 35
6.1 j2 T, 4 Py r, 54
60 p}? rIZ 5 pKZ rl) 62
60 p32 r13 6 p32 r13 26
6.0 j2 r, 7 Py r, 55
6.0 Py T, 8 j2 r, 6
59 p34 r22 9 p34 r22 23
5.9 P, Ty 10 Py [ 28

VII.DiscussioNs AND COMMENTS

It highlights the dynamism, the magnitude of the nodes, processes
and the number of requirements that can be applicable to large
systems, through a global solution, or to systems with fewer nodes and
requirements. The load of traffic, processes and requirements varies,
so that systems that were operating stop operating because they end
and others appear, or because nodes with resources and processes
that are needed are activated. The nodes can be active, but they are
incorporated to the algorithm when some process requests some
resource, or some resource is requested by another process of another
node. A node can be active but not part of the assignment evaluations.

In each node, an interface is defined between the applications
and the operating system, which through a Runtime (software at
runtime complementary to the operating system) included in that
interface, manages the processes and shared resources, and defines
the corresponding scenario, as can see in Fig. 6.

In addition, the Runtimes interact with each other to exchange
information and in one of the nodes there is a global coordinating
Runtime that evaluates and executes the decision model and the
corresponding aggregation operator.

Here the decision model is executed with its aggregation operators

I_I_| —_

O+—

M
Access to

resources
on the part of
the processes

Runtime manager
of processes
and resources
distributed

Operating

This is replicated
system B

Applications
PP for each node

O+—

T
This Runtime is indicated by the type of scenario required by
applications, processes and process groups

Fig. 6. Runtime global coordinator.

The proposed model manages to establish a consensus that allows
groups of processes to access all their resources sequentially and
that these cannot be removed until the same group of processes
that maintains them, releases them. The order of allocation will be
determined by the overall average priority of all the allocations of
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each group. The distributed system constantly regulates and updates
the local status of each node. The decisions of access to the resources
modify these states so it must be readjusted repeatedly, guaranteeing
the mutual exclusion, and reordering new priorities. The method
should be repeated whenever there are groups of processes that
require shared resources.

An important feature to note about the Neat OWA operators used
is that the values to be added do not need to be ordered for processing.
This implies that the formulation of a neat operator can be defined
using the arguments directly instead of the sorted elements.

In the proposed aggregation operator, the weights are
calculated based on the context values from which the values to
be aggregated arise.

The characteristics of the Decision Model allow us to evaluate the
possible alternatives and consequences and thus be able to clearly
define the objectives. The best optimization has been achieved by
selecting the best possible alternative in each particular case. As the
main objective of the proposed model, the environment of distributed
execution of processes was considered, the access to shared resources
was established according to different consensus requirements.
This allows the generation of the sequence of resource allocation
to the processes that request them by using the most appropriate
aggregation method for each possible scenario, respecting the mutual
exclusion in the access to such resources. It has been explained that
the decision model uses a Runtime that manages the shared processes
and resources and defines the corresponding scenario. The traditional
models have been compared by means of an example of application
with respect to the proposed model and the considerations of the
aggregation operators developed have been commented on.

The aggregation method used, and the data structure mentioned in
this work are not fully covered by traditional methods, for example,
do not contemplate the predisposition (nodal priority), node load,
the nodal state (nodes, processes, groups, resources.) or the overall
system state, for the calculation of priorities in resource allocations
to processes.

VIII. CONCLUSIONS

The proposed model makes it possible for the distributed system
to self-regulate repeatedly according to the local state of the n nodes,
resulting in an update of their local states, as a consequence of the
evolution of their respective processes and the decisions of access to
resources: the distributed system in whose groups of processes access
to critical resources is executed, produces access decisions to resources
that modify the state of the system and readjusts it repetitively, also
guaranteeing the mutual exclusion in access to the shared resources,
indicating the priority of granting access to each resource and the
process to which it is assigned. This process is repeated if there are
processes that request access to shared resources.

In this work, fuzzy logic has been used as a tool to innovatively
solve the management of resources and processes in distributed
systems. The use of the 2-tuple linguistic model allows to improve
accuracy and facilitate word processing by treating the linguistic
domain as continuous but maintaining the linguistic base (syntax and
semantics), through symbolic translation.

What makes the proposed method innovative is that it allows system
self-regulation, respects the initial priority of the processes, maintains
the status of the nodes updated through the self-regulation, the mutual
exclusion is guaranteed, the symbolic translation is incorporated for
nodes that use different types of tags, the collaborative nodal priority is
established that collaborates in the self-regulation of the system and also
includes traditional methods as particular cases of the proposed method.

A prototype simulator has been developed to evaluate the
performance of the new decision models and aggregation operators
proposed against the main traditional models.

In this research, a software has been developed that simulates
the execution of a central runtime of a node located in a distributed
system, it is a web application that has been developed with the php
language.

When evaluating the results obtained with the simulator, it was
possible to verify that the solution produced contemplates an adequate
workload balancing, according to the theoretical support used for the
development of the simulator. It was also possible to demonstrate that
the proposed theoretical solution is more adequate than traditional
algorithms that allocate resources to processes only according to the
priority of the processes. The values for the figures 4 and 5 has been
obtained from the simulator.

For future work, it is planned to develop variants of the proposed
method considering other aggregation operators (especially the OWA
family) and the possibility of being used by a resource manager shared
(instead of centralized as in the proposed method).

It is also planned to continue the development of a simulator with
other scenarios.
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ABSTRACT KEYWORDS

In the modern era, Cloud Platforms are the most needed port to maintain documents remotely with proper security Advanced Encryption

norms. The concept of cloud environments is similar to the network channel. Still, the Cloud is considered the Standard (AES),

refined form of network, in which the data can easily be stored into the server without any range restrictions. The Attribute-Based

data maintained into the remote server needs a high-security feature, and the processing power of data should be Encryption (ABE), Cloud

high to retrieve the data back from the respective server. In the past, there were several security schemes available Security, Improved

to protect the remote cloud server reasonably. However, the attack possibilities over the cloud platform remain; Attribute-Based

only all the researchers continuously work on this platform without any delay. This paper introduces a hybrid Encryption Scheme

data security scheme called the Improved Attribute-Based Encryption Scheme (IABES). This IABES combines (IABES).

two powerful data security algorithms: Advanced Encryption Standard (AES) and Attribute-Based Encryption
(ABE) algorithm. These two algorithms are combined to provide massive support to the proposed approach of
data maintenance over the remote cloud server with high-end security norms. This hybrid data security algorithm
assures the data cannot be attacked over the server by the attacker or intruder in any case because of its robustness.
The essential generation process generates a credential for the users. It cannot be identified or visible to anyone as
well as the generated certificates cannot be extracted even if the corresponding user forgets the credentials. The
only way to get back the certification is resetting the credential. The obtained results prove the accuracy level of
the proposed cypher security schemes compared with the regular cloud security management scheme, and the
proposed algorithm essential generation process is unique. No one can guess or acquire it. Even the person may be
the service provider or server administrator. For all, the proposed system assures data maintenance over the cloud
platform with a high level of security and robustness in Quality of Service.

DOI: 10.9781/ijimai.2021.11.004

I. INTRODUCTION interventions. This paper introduces a new hybrid methodology,
which integrates the two best algorithms and operates the proposed
LOUD Computing environments are supporting users to manage cloud server system accordingly, called Improved Attribute-Based
their data globally over the remote server with the high end of Encryption Scheme (IABES).
security. The cloud server processes data remotely and provides the
resulting features to the client port without any hurdles.

This proposed algorithm combines two powerful algorithms such
as Advanced Encryption Standard (AES) and the Attribute-Based
Many research papers illustrated that cloud computing Encryption (ABE)Mechanism. The concept of AES follows the Rijndael
environments are highly secure and robust in their performance and  process, which is formed as a cipher-block with a 256-bit encryption
cipher policies [1],[2],[3],[4]. However, the problems in the cloud technique. Each block is divided into 128-bit capacity with associated
environment usually sustain until now. The issues are growing every  essential space. This is one of the powerful crypto algorithms usually
day, and the researchers are identifying many new mechanisms day by  followed over many real-time applications such as banking, mobile
day to tackle these security issues [5], [6]. applications, etc. The next one is called ABE, in which the algorithm
The cloud computing environment requires a new methodology is operating based on the attributes and process the data accordingly

to avoid security issues and provide a high-level security measure based on cipher keys [7], [8], [9].
to the proposed approach in an exemplary manner without any This is also a robust security principle, allowing users to maintain
the data into the server end without any hurdles. But instead of
keeping the public crypto keys, in this ABE approach, a new essential
* Corresponding author. generation standard is followed based on user input attributes and
E-mail address: abhishek kumar@chitkara.edu.in based on that input attributes. The keys are generated, and the input
data or document is encrypted [10], [11], [12]. So, that the encryption
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standards are highly unique with such systems [13], [14], [15]. There
are several approaches which has been covered the scenario of
different ciphertext policies and other aspects for dealing the problems
in different types of security system [16], [17], [18], [19].

However, the individuality of above mentioned two algorithms are
working fine, but in the case of higher-end security threats, both of
these algorithms struck up into a specific range [5], [8], [10]. So, that a
new algorithm is designed based on the efficiency of the two separate
algorithms, such as ABE and AES, and named the hybrid algorithm
as IABES. It adapts the benefits of mentioned two algorithms and
provides the ultimate security features over the proposed cloud server
management system. The submitted paper is intended to make the
new algorithm concentrate on security threats concerning different
attack possibilities such as the Query-Regeneration attack, Query
Modification attack, Searchable-Query attack and the Query-Removal
attack. These different kinds of security threats are handled adequately
over the proposed system with an advanced cipher handling algorithm.
These attacks are coming under the SQL Injection attack category,
which will be illustrated in detail below.

A. Query-Regeneration Attack

The attackers or intruders usually attack the server from the client
end only and generate a query to regenerate multiple data over the
standard table presented into the server end. For example, the table
contains ten numbers of records with different unique identities;
this kind of Query-Regeneration attack creates duplication over the
proposed system server end, which will automatically degrade the
performance of the entire server management system. The attackers
usually try these kinds of attacks to copy the whole server data and
place it again into the weak node presented into the network.

B. Query Modification Attack

The attackers try to modify the data available into the server using
Query Modification logic. The data presented into the server must be
integrity enabled and robust against multiple scenarios of attacks. But
in the regular cloud server maintenance system, the usual attack is
called a query modification attack. Consider the design of government
organization; if the quotation is raised for some commercial contract,
if the attackers modify the quoted amount, the complete reference gets
spoiled. These kinds of attacks are presented based on modification
attack over the server. It is considered one of the most dangerous
query attacks in the information technology industry.

1. Searchable-Query Attack

The attackers not only try to attack the data or document presented
over the remote server instead attempted to view the records submitted
over the server without having any access control norms and proper
credentials. For some of the weak cloud servers, the attacker can easily
surf and get the records without the knowledge of the respective data
owner. This kind of attack is usually raised to identify an individual’'s
personal or official details and target the corresponding individual
based on private information. This kind of attack is also crucial to
concentrate more on it over the proposed data handling approach over
the proposed system.

2. Query-Removal Attack

This kind of Query Removal attack is composed to remove the data
presented into the server, which causes some severe reflections over the
cloud server management scheme. Because of the removal, the entire
trust over the server will lack, and this removal problem raises many
legal issues in the industry. For example, if the organization maintains
the employee salary records into the server means, the documents
need to be robust in all ways. Suppose any intruder removes the basic
pay of all employees in the server or deletes all employee records

over the server means. In that case, entire operations are collapsed
on the company and employees facing massive trouble. This has also
happened in most server mediums; that is why all are periodically
back up the server with some proper intervals.

All these issues are handled using our proposed approach of
Cloud-based data maintenance concerning Improved ABE Scheme
IABES. This proposed algorithm has taken care of all these mentioned
injection attacks, provides the problem accessible server to the users
in a suitable manner, and provides the high-level security threats
elimination mechanism to real-world cloud servers.

The significant motivation behind this study is that, in the modern
era, the cloud computing platform is being used at a very high level.
In today’s technology era, the importance of data is immense. Given
the increased importance of data, its security needs to be taken very
seriously. Even though people are using cloud storage in abundance,
there are still many apprehensions regarding the safety of the data,
which proves to be an important and significant reason for reducing
the use of cloud systems. And due to this, the use of cloud storage
remains limited and compressed.

The main objective of this research is to provide a high degree of
security to the data stored in the cloud storage. So that the data can be
protected from attackers or intruders and its use can be promoted. The
processing power of the data must be high to retrieve the data from
the respective server. Hence, managing data access time is also an
essential part of cloud storage systems to maintain the meaningfulness
of data availability and data security. To provide tight security to the
data without compromising on the processing power and provide
seamless access to the data is the study’s main objective.

The rest of this paper have been arranged in the following manner:
Section II illustrates the proposed system methodologies in detail
with proper algorithm flow. Section III demonstrates the result and
discussion portion of the paper, and the final section, Section IV,
illustrates the concept of conclusion and future scope.

II. PROPOSED SYSTEM

It is difficult to find out the intruders and trace them over the
digital world in this modern era. The security mechanisms available
nowadays provide acceptable security norms to the clients to preserve
their data safely. But the consistency and stability of such security
mechanisms are still raising an issue to manage the data integrity
over different levels. The proposed system is intended to provide an
efficient data security and integrity maintenance scheme, which will
be suitable for all kind of textual data maintenance over the cloud
server in an intelligent manner.

A. Components of IABES

+ User: It is an entity that is going to consume the services of cloud
storage.

« Authentication: This is an essential component in architecture.
Through this, the identity of the participant or user is checked
by the system. If a user wants to join this system and go for its
services, he has to first go through the proposed authentication
process. He has to prove his identity that he is an Authorized and
Authentic user.

« Text Uploading: As soon as the system confirms that the user is
authentic, the user gets permission to upload the data.

« Secure Data: When the data is uploaded, then the process of
securing the information is started. In this process, encryption
and decryption is an important addition. Some algorithms for
encryption and decryption have been proposed in this study.

« Cloud server: The cloud server is included as an essential

-151-



International Journal of Interactive Multimedia and Artificial Intelligence, Vol. 8, NO2

component in this architecture. The data uploaded by the user will
be stored in encrypted form on the cloud server itself so that the
user can access the data anywhere and anytime via an internet
connection. Just as the uploading of data has to go through
authentication to access the data, the user must also follow this
authentication process.

The significant contributions of the proposed algorithm IABES are

as follows:

B.

In this proposed approach, the attackers or intruders who share
their unique secret keys to others, whatever may be the purpose,
needs to be traceable from our proposed logic. The present system
needs to generate random access to extract some portion of the
user identities and develop a new secret key so that the generated
private key cannot be guessed or identified by the attackers in
any case.

The proposed approach of secure hashing allows the user to
generate dynamic user credentials (refer to Fig. 1.) concerning
the user’s identity and the random key generation process.
With these associations, a new dynamic credential is generated,
and that will be forwarded to the user mail with decrypted
mode. The respective user can only get to know the credential
ultimately until and unless without the user knowledge. It won’t
be shared with anyone, and this credential cannot be breakable
by anyone because we know that the secure hashing technique
is a unidirectional encryption scheme using this SHA based data
hashing and storing those credential values to the server so that
the server administrator cannot retrieve the credentials from
the server. Since each characteristic of the clients is analyzed
based on the tracing values stored on the server end when the
feature contained in the key satisfies the access control norms of
the server, that would be able to be decoded effectively, and the
particular user only can access all the features of the proposed
approach. Contrasting and the related detectable ABE Scheme, it
is of functional significance to present the idea of the secret key
into the noticeable proposed system so that our proposed method
is nearer to the genuine circumstance.

Under the suspicion of the proposed approach, the developed
hybrid algorithm of IABES is demonstrated to enhance protection
from the plaintext attack in the standard model, and the trial
results show that the proposed scheme of IABES is viable in the
cloud condition. The proposed approach, Improved ABE Scheme
(TIABES), is intended to provide security and proper access control
norms over the cloud server with the help of the following
procedures: User Attribute Segregation Secret Key Generation
Process, Encryption Process and Decryption Process. All these
processes are described below. The architectural view of the
proposed system is shown in Fig. 2.

User Attribute Segregation

This attribute segregation process as illustrated in Fig. 3., gathers

the user attribute such as name, mobile number and email-id from the
respective user and process the collected data with the segregation
principle. For example, the User X identity is grasped and segregates
the required features from that collected attribute employing data split
logic over the proposed approach. The collected attributes are used to
generate the dynamic credential of the user. This logic is used only to
extract the attribute from the user identities, which is sufficient for the
credential; instead, it generates a robust cloud network credential for
further access. The process is shown in Algorithm 1.
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Algorithm 1: User Attribute Segregation

Input: User Attributes (Name, Mobile Number, Mail-ID and Contact)
Output: Segregated Portion of User Credential.
Step-1: Collect user input identities from the client end web portal.
Input =id, idwp
Step-2: Check for valid identities. In this step, the accumulated
information from Step-1 is validated and allowed the user once the
given identities are correct.
Validate(Input(id,, idwp))
Step-3: Establish the connection between Client end and the Server
end. Check whether the given attribute is duplicate or unique.
Conn(Client,Server))
Obj,== Input ?- return(True):0bj,,, = Input ?

- return(True):0bj,, = Input?

— return(True):return(False)
Step-4: Once the return statement returns false means, the identity
is unique.
Step-5: Generate new object for String Segregation Obj,_
Step-6: Assign the segregated content of the user identity to created
string object.
Objstr :2?=0 1(1,2, eay TL)
Step-7: User attributes segregated and returned to further process

of key generation.
Generates
Sua > P(KEYGeneration)

Here ‘S’ denotes Segregated attributes, and ‘P’ denotes the process.

C. Secret Key Generation and Processing

The secret key generation process is dependent on the Attribute
Segregation process over the proposed approach of IABES. The
processed attributes from the user attribute segregation scheme are
collected over this approach as an input and generate the random key
based on the RandomClass function and merge the created random
key with the already segregated user attribute. So, that the generated
secret key is ultimately vital to compare to any other traditional
approaches. No one can judge this kind of secret keys, or it cannot
be guessable to others. As well as the created secret key is not only
enough for authentication, because of providing high-level security
norm, the dynamic one-time password will be generated and send to
the respective users’ mail-id after verifying the credentials given by
the user. The system allows the user to proceed further once the given
high secured one-time password is correct; otherwise, it blocks the
user to proceed further. It is shown in Algorithm 2.

n=pqem=(@-1(q-1)
el<e<@(n) ged (e, p(n) =1
d = e ' modp(n)

Where,

P, Q — Prime Numbers

n — Composite Numbers

D. Encryption Process

The proposed system follows the Improved ABE Scheme as
illustrated in Fig. 4., which integrates two powerful cipher algorithms:
AES and ABE.

The AES scheme is a traditional scheme that encrypts the given
text document or text data into cipher form based on the Rijndael
encryption scheme with 256-bit operational frequency and an essential
algorithm over the innovative real-world application at present. The
proposed system algorithm integration is called ABE, the encryption
algorithm but the difference between AES and ABE is based on key

-153 -

Algorithm 2: Secret Key Generation and Processing
Input: Segregated User Attribute Segg
Output: Secret Key Sk.

Step-1: Collect the segregated user attribute from segregation
process as:

attr

ield
SegregationProcess paaa SgAttr

Step-2: Initiate the function for generating random key, using
Random_Class Rc.

Create Function and assign new object New,, to Random_Class Rc.
Provide int,, and int values as a parameter to the Random_Class
Rc as:

Function Integer Key,, . (int,  int 3 Rc < NewObyj;

Step-3: The Rc methodology takes min value and max value
parameter as an input and generates a new random key between
these given parameter values.

. . Generates
Ntyin, Mbmax ——— Randomy,,,

Step-4: Return the generated random value to the required function.
Return —» RandomKey — RequiredFunction

Step-5: Random value retained and stored that into a new variable
called Rn as: Rn = RequiredFunction(int,, , int )

Step-6: Concatenate the generated random value Rn and Obj

to generate a new credential to user as:

String,,,, = Rn + Obj,,

Send this Cred to the respective user mail-id;

Step-7: Authenticate process required the given credential and one
time password to access the system further.

Step-8: Checks the input credential with the existing server
credential over encrypted form.

Step-9: Checks the one-time password with server session password.
Step-10: Allows the user to proceed further, if credential and the
one-time password matched with the server credential and the
server session.

Step-11: Access Control provided properly based on the generated
secret key

Plain Text

’ Store the encrypted bytes

New object creation '

Encryption
Generated key storage Temporary encrypted
space (bytes) data storage space

Memory Stream
creation for
Cipher values

Cipher values

Encrypted Text

Fig. 4. Detailed work flow of encryption.
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generation. In the ABE, the key generation process is based on user
attributes, and the ABE generates the symmetric key for processing.
All these features are integrated and make the hybrid algorithm
process the entire system more securely. The Algorithm 3 explains
the encryption process in detail. The following algorithm explains the
encryption process in detail.

C=EK,P)
P=D(K, E(K, P))
Where:

C - Cipher Text,

E - Encryption

K, — Encryption Key
K, - Decrypton Key

Algorithm 3: Encryption Algorithm

Input: Text Data or Document from user end as Plain,,

Output: Encrypted Cipher Data (Cipher text) as: Cipher,,,

Step-1: Collect the Plain text or data from user end.

Step-2: Generate the string variable called Enc_Key and assign the
generated smart credential from Algorithm2 as:

Enckey « String,.....

Step-3: Create a byte variable to store the encrypted bytes as:

Byte, .0 < Encoding_Unicode_GetBytes.GetBytes(Enc_Text)
Step-4: Create a new object to perform encryption based on
advanced encryption procedure with respect to Rijndael process as:
AES_Encryptor,, . <« AES .Create()
RFC_2898_Derive_By’cesDerive A Bytes

< new (RFC_2898_Derive_Bytes(Enc,,, Byte
0,49, 0,50, 0,51,--0,n

Step-5: Generate the key storage space with respect to Derived_Bytes
over Step-4 as:

Encryptor

var[lOO]))

StorageSpace, < Derived, stes
Step-6: Generate the temporary encrypted data storage space
with respect to Derived_Bytes over Step-3 and key storage space
generated over Step-5 as:
Encryptor, < Derived,  .getBytes(32)
Encryptor, <« Derived, .getBytes(16) + Enc,

Step-7: Create Memory,, for storing the cipher values one by
one to the generated encrypted data storage space over Step-6.

Memorystream . < Memory,
Step-8: Store the encrypted data to the storage space in byte
format.

)

Memorystream,p;, Enc_Create_Encryptor().}

CryPtOstream { Crypto_Stream_Mode[Write]
Step-9: Return the encrypted text.

return — Cipher.

Text

E. Decryption Process

The proposed system decryption process illustrated in Fig. 5., is just
a reverse of the encryption process, in which it is associated with the
AES procedure.

Still, the variation over here is the key used to decrypt the data
is unique compared to the traditional approach, which is extracted
from the user attributes, and the dynamically generated key is mailed
to the receiver. The receiver needs to provide the correct dynamic
secret access to the system to decrypt the data. In this case, the given
key is the valid means. The data is decrypted and allows the user
to download the same otherwise, and the system blocks the user to
proceed further. The algorithm 4 clearly illustrates the process of
decryption straightforwardly.

’ Cipher Text

New object creation
for decryption

Decryption

Temporary decrypted
data storage space

Memory Stream
creation for
decrypted plain values

Decrypted values

Decrypted Text
Fig. 5. Detailed work flow of decryption.

P=D(C)

Where:

C - Plain Text,

D - Decryption Function
P — Plain Text

Algorithm 4: Decryption Algorithm
Input: Encrypted Cipher Data Cipher,, .
Output: Decrypted Text Data or Document Dec,, ,
Step-1: Collect the Cipher text from the server end.
Step-2: Generate the string variable called Dec,,, and assign the
generated smart credential from Algorithm2.
Deckey « String__,
Step-3: Create a byte variable to store the decrypted bytes as:
Byte, .00 < Encoding_Unicode_GetBytes.GetBytes(Dec_Text)
Step-4: Create a new object to perform decryption based on
advanced encryption procedure with respect to Rijndael process.
AES Decryptor,, .. < AES_Dncryptor.Create()
RFC_2898_Derive_Bytes, . . stes
< new (RFC_2898_Derive_Bytes(Dec,, " Byte
0,49,0,50,0,51,---0,n
Step-5: Generate the key storage space with respect to
Derived_Bytes over Step-3.
StorageSpace,, « DerivedBytes
Step-6: Generate the temporary decrypted data storage space with
respect to Derived_Bytes over Step-3 and decryption key storage
space generated over Step-5.
Decryptorkey « Derived_Bytes.getBytes(32)
Encryptor < Derived_Bytes.getBytes(16) + Deckey
Step-7: Create a memory stream for storing the decrypted plain
values one by one to the generated decrypted data storage space
over Step-6.

var[loo]))

tream
Step-8: Store the decrypted data to the storage space in byte format.
Memorystream,y;, Dec_Create_Encryptor (),}
Crypto_Stream_Mode[Write]

Memorystream . < Memory
obj s

Cryptostream {

Step-9: Return the decrypted text.
return — Dec,
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III. RESULTS AND DiscUSSION

In this summary, the experimental analysis of the proposed
algorithm Improved ABE Scheme is to be discussed transparently with
a practical graphical outcome. The entire process estimation proves
the performance ratio of the proposed system with IABES is high
compared to the classical cloud service structure. The proposed system
performance and accuracy measures are estimated in terms of cost and
time required to process the entire system over a real-time working
environment. The whole programming and analysis are composed
by using Microsoft supported tool platform, and the resulting units
are properly accumulated pleasingly. The graphical estimations prove
the resulting summary of the proposed approach and the proposed
encryption and decryption accuracy levels in detail. Table I illustrates
the performance measures of the proposed method, and that has been
compared with many existing algorithms.

Table I shows the proposed IABES approach for evaluating the
performance of key generation process. On the other hand, the
ARMAX [20], took 29.61 milliseconds as response time with 80%
robustness and 92% of accuracy. Whereas, the proposed approach took
very less response time of 10.26 milliseconds, and achieved 92% of
robustness with 98% of accuracy.

TABLE 1. PERFORMANCE MEASURES OF PROPOSED APPROACH

Algorithm  Response Duration (ms) ~ Robustness (%)  Accuracy (%)
[20] 29.61 80% 92%
IABES 10.26 92% 98%

Fig. 6. illustrates the evaluation of the Secret Key generation process
and its time requirement of the proposed system, which is explained
in terms of several taken user attributes and key generation duration.

Key Generation Time (ms)

1200

1000

800

600

400

200

0 5 10 15 20 25 30 35 40 45 50

Fig. 6. Proposed algorithm key generation time evaluation.

Fig. 7. illustrates the proposed algorithm encryption time evaluation
concerning the evaluation of processing time in milliseconds versus
the number of user attributes taken for processing. Fig. 8. illustrates
the proposed algorithm decryption time evaluation concerning the
evaluation of processing time in milliseconds versus several users’
attributes taken for processing. Fig. 9. illustrates the impact of the
number of attributes used by users on the time cost. To analyze the
effect of the number of attributes used by users on time cost, we set the
total number of attributes to 21 and change the number of attributes
used by users, the number of nodes in the access tree, and the access
tree’s depth shift together. This can affect KeyGen(R) and test as
previously analyzed. The change in the number of attributes used by
users will also affect the time consumption of the proposed algorithm.
The impact is observed that the time cost of the proposed algorithm

has a positive linear correlation with the number of attributes used
by users. The proposed approach needs to bind attributes to the
ciphertext, and computing the corresponding cost and time for each
attribute results in a longer encryption time [21]. Fig. 10. illustrates
that the impact of the number of keywords in the cipher-text on the
time cost [21].

Encryption Time (ms)
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Fig. 7. Proposed algorithm encryption time evaluation.

Decryption Time (ms)
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Fig. 8. Proposed algorithm decryption time evaluation.
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Fig. 9. Impact of the number of attributes used by users on the time cost.

IV. CoNcLUSION AND FUTURE SCOPE

This paper demonstrates the performance and security features
of the proposed algorithm Improved ABE Scheme (IABES). It shows
the accuracy levels as high over the result and discussion section.
This paper provides the secure hashing principle to prove the access
control security in a detailed manner over the proposed system
summary section. The hashing algorithm provides deep security
to the users during authentication into the system with complete
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Fig. 10. Impact of the number of keywords in the cipher text on the time cost.

access control. The key generation process is handled through ABE
logic, in which it accumulates the secret processing key from user
attributes instead of using a general symmetric key principle. So, the
proposed algorithm’s security and processing nature are high as well
as the proposed algorithm time efficiency is proved over the result
and discussion section. The time accuracy and consumption scenario
will diversely prove the cost efficiency of the proposed approach.
The entire work is more suitable to provide cloud storage security to
the data maintenance scheme with proper access control norms. In
future, the work is further extended by adding some deep learning or
machine learning algorithms to train the machine based on security
threats. That kind of artificial intelligence approaches improves the
efficiency of the overall system in terms of robustness and accuracy.
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Surveillance videos record malicious events in a locality utilizing various machine learning algorithms for detection.
Deep-learning algorithms being the most prominent Al algorithms are data-hungry as well as computationally
expensive. These algorithms perform better when trained over a diverse and huge set of examples. These modern
Al methods have a dire need of utilizing human intelligence to pamper the problem in such a way as to reduce
the ultimate effort in terms of computational cost. In this research work, a novel methodology termed Bag of
Focus (BoF) based training methodology has been proposed. BoF is based on the concept of selecting motion-
intensive blocks in a long video, for training different deep neural networks (DNN's). The methodology reduced
the computational overhead by 90% (ten times) in comparison to when full-length videos are entertained. It
has been observed that training networks using BoF are equally effective in terms of performance for the same
network trained over the full-length dataset. In this research work, firstly, a fine-grained annotated dataset
including instance and activity information has been developed for real-world volume crimes. Secondly, a BoF-
based methodology has been introduced for effective training of the state-of-the-art 3D, and 2D Convolutional
Neural Networks (CNNs). Lastly, a comparison between the state-of-the-art networks have been presented for
malicious event recognition in videos. It has been observed that 2D CNN even with lesser parameters achieved a
promising classification accuracy of 98.7% and Area under the curve (AUC) of 99.7%.
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for understanding motion information. Training on a large set of full-
length videos is a computationally expensive problem. So, a human
intelligence-based solution is needed to design data for algorithms in
such a way as to avoid redundant information in the full-length video,
to reduce the computational overhead for training DNN's. Considering
the importance of human intelligence-based methodology for training

I. INTRODUCTION

OWADAYS surveillance cameras are installed at decisive locations
across the city. The surveillance videos can record various
malicious activities in its locality. To reduce the impact of crimes
recorded by CCTV cameras, timely detection of the activity is needed

for prompt actions by the concerned authorities. The network of
CCTV cameras is monitored through a central control room operated
round-the clock by human observers. However, firstly a large expert
task force is required to monitor these hundreds of video streams.
Secondly, the probability of detecting anomalous activities decreases
with an increase in the number of video streams and the time of
attention. According to [1] an operator may efficiently monitor a video
stream for about 12 minutes continuously, after which he may miss up
to 45% of screen activity. After 22 minutes this miss-rate may even
elevate to 95%. Thus, to improve the efficiency of surveillance systems,
various technological solutions have been adopted to continuously
analyze the CCTV recordings. The solutions are based on various
machine learning algorithms. Deep-learning being the most effective
earning technique is data-hungry and required huge computation.
Currently, deep neural networks are trained over a large set of videos

* Corresponding author.

E-mail address: atifjan@uetpeshawar.edu.pk

DNN's, we propose BoF methodology. Comprising of a dataset for the
identification of volume crimes in public places for training learning
systems has been introduced.

Various approaches have been entertained to develop a system for
automatic detection of abnormal behaviors in CCTV recording. The
initial studies in abnormal event detection were focused on object
tracking (2], [3], [4], where a moving object is considered abnormal if
its trajectory doesn’t follow the fitted model during the training period.
Trajectory analysis can perform well in the case of an individual
moving object in a scene but is less effective for complex and crowded
scenes. Such efforts are less effective in tracking the motion of
abnormal shapes. Handcrafted feature extraction techniques are also
exploited for anomaly detection [5], [6]. The fundamental problem
with the mentioned approach is that the selection of efficacious
features, which was resolved through deep features by Gong et al
[7]. They have used unsupervised deep learning-based features for
addressing anomaly detection. Usually, deviation from the normal is
considered as an anomaly in unsupervised learning; however, this may
not be the case due to the existence of a _ne line between normal and
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abnormal behavior, which results in a large number of false alarms.
The strongest approach used so far is supervised deep learning
algorithms. In supervised deep learning techniques, various labeled
datasets are used for the detection of a particular group of activities.
The latest approach used by Sultani et al. is Multiple Instance Learning
(MIL) for real-world anomaly detection. They introduced an assorted
dataset of 13 real-world malicious activities. They managed to achieve
a classification accuracy of 28%. The developed dataset contains a very
diverse set of classes. Nevertheless, class labels are assigned to whole
videos while only a part of these videos contained the occurrence of
the actual event. This causes MIL to perform poorly leading to low
classification accuracy. We in this research, acquired a subset of the
above mentioned dataset to address volume crimes consisting of
four frequently occurring abnormalities (assault, fight, shooting,
vandalism). Some of these examples are illustrated in Fig. 1.

Shooting Fignting Assault

Vandalism

Fig. 1. Sequence of frames taken from video stream can related to different
malicious events e.g. Assault, Fighting, Shooting, and Vandalism.

State-of-the-art models implemented for understanding motion
information in videos adopt the methodology of training network on
full-length videos. The conventional methodology trains the networks
on redundant data having almost similar motion information and thus
creates a computational overhead during the training process. The
work presented here provides a mechanism where a properly labeled
dataset is developed in which each video instance is labeled based on
the type of activity present in it to make it suitable for supervised
learning methodology. Furthermore, a BoF-based methodology for
training networks has been introduced. The proposed methodology
reduces the computational overhead for training a deep-learning
network for understanding motion information in videos, without
affecting the overall accuracy of the network. In addition to properly
arranging the training datasets, the most effective concept of
intermediate frame fusion and early frame fusion for Spatio-temporal
analysis of videos has been adopted and deployed using state-of-the-
art 2D, and 3D CNN. This research work has three tier contributions
including:

1. Development of dataset for anomalous activity detection.
2. Development of BoF based methodology for training networks.

3. Validation of the proposed methodology for training deep-
learning networks over state-of-the-art 3D-CNN, and 2D-CNN
based networks developed for understanding motion information
in videos.

The remainder of this paper is organized as follows: Section II

reviews the related work in anomalous activity detection. Section III
presents the architectures of the proposed models including problem
formulation and its implementation details. Section IV explains the
experimental setup including dataset while section V provides the
results and analysis. Section VI concludes the paper.

II. RELATED WORK

In this section, we will be discussing various approaches entertained
in past for malicious activity detection using Spatio-temporal
CNNs. Generally, malicious activities are anomalous parts of the
video sequence; however, it could be observed in the literature that
maliciousness of the activity in the given video sequence has been
contextually specified according to the target application. According to
[4], the definition of malicious activities changes with the scenario. It is
a complicated task to differentiate the malicious event from the rest of
the video recording at the given instance. Some of the malicious events
identified in CCTV footages have been shown in Fig. 1. The following
subsections present the overview of various approaches used for the
detection of context-sensitive anomalies and established anomalies.

A. Context Sensitive Anomalies

Object tracking as abnormal motion in restricted areas, running, and
loitering are often considered as an anomaly in a sensitive environment.
Such type of movements in a video sequence are detected by various
trajectory analysis techniques [8], [4]. Calderara et al. considered inter
node transition pattern in a graph as trajectory for abnormal motion
detection [2] while Morris et al. found the interesting node using
Gaussian Mixture Model and then Hidden Markov Model for the same
purpose [9]. Moreover, techniques based on low level local features
have been used for detection of abnormal motion [10], [11], [6]. Ermis
et al. constructed a probabilistic model for abnormal motion detection
by generating behavior cluster derived from behavior profile [12].
Reddy et al. exploited ground truth segmentation in combination with
the motion and size feature modeled by kernel density estimation [11].
This approach claims its effectiveness in detecting abnormal object in
crowded scenes. Xiao et al. used hybrid combination of sparse semi
non-generative matrix factorization (SSMF) and histogram of non-
negative coefficient (HNC) for anomaly detection in surveillance
videos [6]. In their work only normal data is used for parameter tuning
and deviation from normal motion is considered as an anomaly. Li et
al. [13] proposed a Spatio-temporal model for anomaly detection in
complex and crowded scene. Dynamic texture model in combination
is used for considering both dynamics and appearance information.
In proposed model spatial saliency score is computed using a center-
surround discriminant. Whereas, temporal saliency score is produced
using a model of normal behavior learned from data. Although, all of
these techniques performed well for abnormal motion detection such
as running in a scene and walking in the wrong direction, however,
they are specifically designed for tracking objects in image sequence.

B. Established Anomalies

Anomaly detection remained in focus for the last decade to detect
the abnormal human behavior in surveillance videos. A group of
researchers working in the area of ensuring safety of pedestrian
walkways focused on the detection of non-pedestrian entities in
public walkways [13], [19], [22]. Li et al. [13] proposed the Real Time
Volume Crime Detection and Classification using Deep Learning. [14]
proposed the use of Spatio-temporal information Center-surround
discriminant saliency detector and normal behavior model for
extracting spatial and temporal saliency score respectively, for the
categorization of pedestrian abnormalities. Tahboub et al. [14] used
local binary pattern in combination with random forest for detecting
pedestrian anomalies. Ravan et al. [3] used generative adversarial
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TABLE 1. Ex1STING DATASETS FOR MALICIOUS ACTIVITY DETECTION

Name of Dataset Total Videos Environmental Conditions Identified Anomalous Activities
UCSD PED1 170 Outdoor Non-pedestrian entities, and walking across walkways
UCSD PED2 28 Outdoor Non-pedestrian entities, and walking across walkways

Subway Entrance 1 Indoor Wrong direction, no payment, and loitering
Subway Exit 1 Indoor Wrong direction, no payment, and loitering

Avenue 37 Outdoor Running, and Throwing object
UMN 5 Outdoor, Indoor Running
Hockey Fight 1000 Playground Fighting
The Movies 200 Outdoor, Indoor Fighting
UCF Crimes 1900 Outdoor, Indoor Abuse, Accident, Arrest, Burglary Explosion, and Fighting

network for learning normal pattern of public walkways and deviation
from the learned pattern is considered as an abnormality. Ameer et
al. [15] proposed combination of connected component analysis,
histogram of oriented gradient and Gaussian mixture model for non-
pedestrian object detection. Khan et al. [7] used Gaussian discriminant
model in combination with k-means clustering for classification
of events recorded in surveillance videos installed in pedestrian
walkways. Various applications of the anomaly detection have been
previously validated with certain benchmark dataset listed in Table
I. These include some of the prominent datasets of UCSD (PED1,
PED2), Avenue, Subway Entrance, Subway Exit, and UMN. Most of
these datasets have been developed for identification of a particular
set of anomalies in specific environments e.g., UCSD is used to identify
non-pedestrian entities and walking across walkways, Subway dataset
is for identifying walking in wrong direction, non-payments, and
loitering, while Avenue, UMN, Hockey Fight, and The Movies datasets
have been used for identification of single activity mostly fighting.
Moreover, these datasets have been developed with the help of actors
and does not provide any real-life situation in any of their videos [16].
We can conclude that the approaches discussed in the previous section
mainly targeted contextual anomalies tested over fabricated datasets
in which anomalous scenes are acted by the actors. Considering the
importance of detecting real-world anomalies recorded in real-time
CCTV footage to assist security agencies. Sultani [16] introduced UCF
crimes dataset incorporating 13 real-world anomalies and proposed
multiple instance learning (MIL) for the classification of abnormal
activities. The dataset is developed by downloading videos of CCTV
recordings from live leaks and youtube. Each video is labeled according
to the type of anomaly recorded in that video.

According to Sultani the developed dataset is weekly annotated.
The proposed algorithm achieved a classification accuracy of 28%,
thus, a state-of-the-art solution for detecting real-world abnormality
in CCTV recording is still a dream.

C. Spatio-temporal Analysis

Spatio-temporal analysis is usually desired for identification of a
function between spatial and temporal data to affect the performance
of any process. While it defines a relation between GPS coordinates
and its time instance for activity recognition in [17] and a relation
between location and time of the day for prediction of criminal
activity in [18], it links the spatial information of each frame of
a video sequence to its temporal distribution in [19]. Extraction
of useful information from a video sequence relies not only on the
visual information spread spatially in each static frame but also on
the complex motion information distributed along the continuous
sequence of frames. Previously, hand-crafted features are used for
obtaining appearance and motion information from video streams [20],
[14]. However, these hand-crafted features contain less discriminant
information and recent deep supervised and unsupervised features
are employed for different applications [16]. More advanced, Spatio-

temporal convolutional neural networks (CNN) [21] are introduced to
learn appearance as well as motion information in video stream [19]
which previously gained popularity in area of action recognition [22],
[23] and hand gesture recognition [24]. Inspired from the popularity
of Spatio-temporal CNN’s, we in this research propose the use of a
similar CNN modified for malicious activity detection.

In this research, we have developed a dataset specifically to identify
malicious events in a video stream. For this purpose, videos are taken
from UCF crimes dataset and are annotated for instance recognition
task. Followed by a BoF based training mechanism to reduce the
computational overhead. The proposed methodology is then verified
by training state of the art Spatio-temporal CNN’s developed for
understanding motion information in videos.

III. PROPOSED FRAMEWORK

Instance recognition in videos demands analysis of the information
spread across spatial and temporal domains of video sequence. We can
acquire semantic information of the scene from spatially distributed
objects in a single frame, while sequence of such consecutive frames
provides the positional changes of objects, hence enabling us to
understand the overall activity in the video stream. To perform this
task through CNNs, we have designed a framework that takes in
samples of the video stream and outputs the activity performed
in each sample. The overall architecture has been divided into the
modular phases of video processor, feature extraction, and instance
recognition. The overall architecture is presented in Fig. 2.

A. Video Pre-Processing

Videos consist of a sequence of stationary image frames. For the
interpretation of useful information through convolutional neural
network from these videos, all video frames are processed for
understanding motion information in full length video. So, training
data on full length video creates a huge computational overhead. To
train CNN’s for understanding motion information in videos, we have
designed a framework for training CNN’s over a defined set of frames
i.e. BoF containing key information required for understanding motion
in particular videos. The overall proposed framework is divided into
modular phase of BoF extraction, block formation, block selection, and
down framing.

BoF Extraction The set of frames containing the activity in full
length video recording has been termed as BoF. Initially BoF has been
determined in each video. The process of BoF extraction is given in
Fig. 3. The figure shows that only a portion of the full-length video
labeled as assault contains the actual activity. So, 128 out of 294 frames
have been considered as a BoF. The same process has been repeated
for all videos in the dataset and thus reduced the training data by
removing the unwanted information for understanding. A comparison
of total frames in dataset and the number of frames in the set of BoF’s
has been mentioned in Table II.
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Fig. 4. The Process of block formation, block selection, and down sampling is illustrated in the figure.

TABLE II. COMPARISON OF FRAMES IN THE ORIGINAL DATASET AND IN THE Block Selection and Down Sampling The set of blocks B obtained in

REDUCED DATASET previous section consists of total N blocks. 1/3rd of the total blocks
is randomly selected for training the CNN’s. Let the set of randomly
selected blocks is represented by R this step is based on the fact that

Activity  Total Frames Framesin BOF Frames in Training set

Assault 129,284 34,912 9,152 consecutive blocks will contain almost same motion information. Each
Fighting 258,144 124,608 20,768 block of set R is then down sampled to block s by removing alternating
Shooting 146,624 56.768 9.472 frame to avoid redundant information in consecutive frames. The

process of down framing has been presented in Fig. 4. The overall
Vandalism 146,400 84,352 14,059

process of block formation could be expressed mathematically by
Total 564,152 265,728 53,451 Equation (2) whereas J(.) represents the unit impulse function. Table II
shows that only 10% of the total frames have been selected for training

Block Formation The BoF is then divided into blocks of 64 frames  the networks. Thus 90% of the redundant data has been avoided during
each. The block of 64 frames covers a video length of almost 2sec. the training process.

process of block formation is mentioned in the first section of Fig. 4.
The whole process of block formation is expressed mathematically in
Equation (1). Considering the sequence of discrete frames from BoF
expressed as X[n] we can present the mth block Bm as:

Bm = X[n](u(n — 64m) —u(n — 64(m + 1))) 1)

S[n] = Sk, R[K]S[n - 2k] @)

B. Feature Extraction

Deep CNNs have been extensively used for feature extraction
in various image domains. They proved to extract much more
where u(n) represents the unit step function. representative features from images compare to previous hand-crafted
approaches that relied mostly on local features in images. To validate
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the concept of BoF based training mechanism, we have explored
two types of deep learning architectures for extracting features from
the given block of video stream. Both of these networks have been
developed in such a way that take the block of video and extract a
single dimensional feature.

3D CNN based Feature Extractor We believe motion information
of the objects to be equally important for instance recognition in
addition to the spatial distribution of objects in a given frame. For this
purpose, we developed a CNN network comprising of 3D convolution
layers that could learn spatial as well as temporal features from the
given block of the video sequence. The proposed model is obtained by
removing a few convolution layers from the standard C3D network to
reduce the network complexity. Our 3D CNN feature extractor uses
5-tiered 3D convolution layers followed by 2 fully connected layers to
learn a single-dimensional feature vector. Each 3D convolution layer
is followed by a Max-pooling layer with stride 2x2x2 to transform the
object and motion information from spatial and temporal dimension to
depth. This transformation leaves us with a frame size of 4x4x2x256.
Recently, 3D-CNN gained popularity in the area of action recognition
[6], [23], [17]. Inspired by the performance of 3D-CNN in the field of
action recognition, we developed the model in Fig. 5.

Vlx,y,2] = Sig S SN Ml j KISTx — by = j,z — k] )

2D CNN based Feature Extractor Network parameters of proposed
system are 24,109,437. In order to reduce the network parameter,
the dimensions of input block are reduced from (112x1x12x3x32) to
(112x112x32) by converting each frame to grayscale. Conversion to
grayscale does not affect the system performance in case of activity
detection due to the fact that activity detection procedure is not

sensitive to the color tone in video frames. The gray-scale block is then
fed to 2D CNN of same number of convolution layers and dense layers.
Thus, reduces the network parameters to 13,722,437. Block diagram of
the proposed system based on 2D-CNN is given in Fig. 6. In the figure,
the last layer represents the feature vector. The feature vector is then
fed to two fully connected layers and an output layer. The number of
neurons in fully connected layers and dense layer are same as that in
3D-CNN. For instance, S is the block of 32 gray-scale frames of a video,
S, is the kth frame of block S, h is the 2D filter of dimension L _M.
The mathematical process for considering temporal as well as special
information is shown in Equation (4).

VI, y) = S8 S0 NS AL 1Sl = 1y = ] @

C. Instance Recognition

The objective of the research is to detect the combination of frames
in a video stream with one of the categories of the volume crimes
mentioned earlier on. For this purpose, features of the block acquired
in section IIL.B are classified through various classification algorithms
including Gaussian Naive Bays, Decision Tree, Support Vector
Machine (SVM), k-Nearest Neighbor, and Softmax. All these classifiers
are developed in such a way to address both instance detection (binary
classification) and instance classification (multi-class classification).
Among all these, softmax classifier has been designed with softmax
activation optimizing the binary cross entropy loss and categorical
cross entropy loss with detection and classification, respectively. Both
of these losses are mathematically presented as:

Ly = =3I t;log(p) + (1 = t) log(1 = py) )
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Fig. 7. Annotation of video sample labeled as Assault in original dataset.

Le = ==X, Xty log(piy) ©

where N represent total number of training examples (blocks), t is
target value, p is predicted value, and C denotes the number of classes
for multi-class-classification.

IV. EXPERIMENTAL SETUP

We have developed a unified framework for the tasks of detection
and classification. For the case of instance detection, the block is
identified as a normal or anomalous event. This is like the concept

B. Experimentation

We have conducted experiments for detection and classification
using 3D-CNN and 2D-CNN features with various classifiers explained
in section IIL.3. Hyper parameters setting for 2D and 3D CNNs are
listed in Table III. We have performed our experiments on Intel Core-i5
with 8Gb RAM and Nvidia GTX 1050Ti Graphical Processing Unit.
In each experiment Stochastic Gradient Descent optimizer is used for
learning weights.

TABLE III. HYPER PARAMETER CHOICE FOR 2D-CNN AND 3D-CNN

K duced in 25 hich dered hi hat d 't Jook Parameters 2D-CNN 3D-CNN
introduced in [28] whic c.0¥151 Iere everything that doesn't 99 No. of Epochs 140 70
normal as anomaly. In classification, on the other hand the specific = )
.. . . . . ops Initial Learning rate 0.001 0.001
type of activity associated with each of volume crime is identified.
. . . e Momentum 0.9 0.9
Technically, detection performs a binary classification task (0; 1) )
while in classification we perform a multi-class classification task (0; Kernel Size (33) (33,3)
Pooling window (2,2) (2,2,2)

1; 2; 3; 4) with the same framework given in Fig. 2. Both tasks have
been validated through the dataset developed specially for malicious
instance recognition.

A. Dataset

Apart from the methodology for effective training of CNN’s, this
research work is also focused on the anomaly detection in safe-city
environment, this is why the subset of a very recent dataset (UCF
crimes) developed for real-world anomaly detection in surveillance
videos has been considered. The dataset consists of CCTV footages
of real-world anomalies from Liveleaks, and Youtube including 13
real-world anomalies containing 1900 videos spanned over 128 hours.
For this research, a subset of four most crucial anomalies (shooting,
assault, fighting, and vandalism) are annotated for in-video event
recognition. This is carried out by specifically separating normal
frames from the ones that contain anomalous activity. The process has
been demonstrated in Fig. 7. Previously, it was very difficult to use the
video labeled as assault, it was observed that videos labeled as (Assault
039) contain (43:8%) frames belonging to normal activity and the rest
belonging to the assault. Each video in our dataset consists of frame-
level labels for its class annotated by three skilled annotators through
visually inspecting each video stream.

V. RESULTS AND ANALYSIS

We have conducted numerous experiments for detection and
classification using features extracted from 2D and 3D-CNNs. The
performance of the mentioned model is evaluated based on the
performance metric like AUC, accuracy, and false-positive rate. This
section provides a performance comparison of our proposed system.
Table IV summarizes the results.

A. Anomalous Event Detection

From the results on event detection using different features, it was
observed that 2D CNN outperforms 3D CNN achieving the overall
detection accuracy of 99:0%. Although, all the classifiers equally
performed well for both type of features, however, Softmax classifier
outperforms the rest in detecting malicious video events as shown in
Table IV. Similar patterns have been observed in confusion matrices
and t-SNE plots of the detection process as shown in Fig. 8 and 11
respectively.

TABLE IV. ComPARIsON OF THE FEATURES FROM 2D CNN AND 3D CNN WiTH OTHER CLASSIFIERS

Classifier 2D CNN Detection 3D CNN Detection 2D CNN Classification 3D CNN Classification
Gaussian Naive Bays 98.80 98.67 88.83 88.72
Decision Tree 98.88 98.65 74.41 74.41
Support Vector Machine 97.80 98.57 74.41 74.41
K Nearest Neighbor 98.86 98.69 82.15 81.80
Softmax 99.00 98.10 98.80 97.80

-163 -



International Journal of Interactive Multimedia and Artificial Intelligence, Vol. 8, No2

2 Normal 0.01 2 Normal 0.02
3 3

= =

= 2

2 Activity 0.01 2 Activity 0.02

Normal Activity Normal Activity
Predicted Label Predicted Label
(a) 2D-CNN (b) 3D-CNN

Fig. 8. Confusion Matrix for 2D features and 3D features using Softmax
classifier.

B. Anomalous Event Classification

For classification of the event among one of assault, fighting,
shooting, vandalism, and normal, the features from 2D and 3D CNN
have been extracted in similar manner and evaluated with various
classifiers. It is observed that the performance of Softmax classifier
combined with 2D features is much better in comparison to the rest of
classifiers. Overall classification accuracy of 98:89% has been achieved
for this specific task. Even though, 3D features also performed well in
classification; however, the number of network parameters in 2D CNN
are much less as compared to 3D-CNN.
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C. Extended Analysis on Anomalous Event Classification

We also presented the results in terms of detail performance metrics
including Precision, Recall, and F1-Score for each class of anomalous
events. Mathematical expressions for Precision, Recall, and F1-Score
are given in equations (7-9), respectively. Upon observation of table
VI, we concluded that 2D-CNN performs better for each class in
comparison to the 3D-CNN. A similar phenomenon could be observed
in the recall score for the shooting as 0:846 and 0:916 for 3D-CNN
and 2D-CNN, respectively. Fig. 10 and 9 show the confusion matrices
and t-SNE plots for event classification using 2D and 3D features with
Softmax classifier. It should be noted that visibly separable clusters
could be seen in t-SNE plots which validates the accuracy achieved for
the given task of classification.

True Positive

Precision = — —
True Positive +False Positive (7)
True Positive
Recall = — -
True Positive +False Negative (8)

2XPrecissionXRecall
Fl=—r—
Precision +Recall (9)
D. Comparison With the State-of-the-art

We have also compared our approaches with the state-of-the-art
techniques using 14 UCF crimes dataset. It is observed from Table V

Classes .
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Fighting ﬁ,
o Normal , L'}
B Shooting <4 'g

B Vandalism

Fig. 9. t-SNE plots for 2D features and 3D features using Softmax classifier.
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Fig. 10. Confusion Matrix for Classification Task for 2D features and 3D features using Softmax classifier.
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TABLE V. COMPARISON OF OUR APPROACH TO THE STATE-OF-THE-ART TECHNIQUES USING THE DATASET PROPOSED BY [21]

Authors Technique Accuracy AUC False Positive
Sultani ef al. [16] MIL 28.4 75.41 1.9
Khan et al [7] GDA - 64.30 -
Ours 2D CNN 98.8 99.7 1.2
Ours 3D CNN 97.4 99.5 0.7
TABLE VI. EXTENDED ANALYSIS ON ANOMALOUS EVENT CLASSIFICATION
Technique Activity Precision Recall F1 Score
Normal 0.997 0.990 0.993
Assault 0.993 0.944 0.968
ResNet3D [29] Fighting 0.955 0.998 0.976
Shooting 0.941 0.971 0.955
Vandalism 0.994 0.96 0.976
Normal 0.996 0.995 0.995
Assault 0.996 0.944 0.970
(2+1) D [26] Fighting 0.984 0.994 0.989
Shooting 0911 0.988 0.948
Vandalism 0.994 0.965 0.979
Normal 0.993 0.996 0.995
Assault 0.967 0.965 0.966
P3D [30] Fighting 0.994 0.986 0.990
Shooting 0.953 0.956 0.955
Vandalism 0.990 0.986 0.988
Normal 0.985 0.996 0.991
Assault 0.933 0.929 0.931
3D-CNN Fighting 0.968 0.963 0.965
Shooting 0.962 0.846 0.900
Vandalism 0.966 0.912 0.938
Normal 0.993 0.997 0.995
Assault 0.986 0.965 0.975
2D-CNN Fighting 0.985 0.990 0.988
Shooting 0.955 0.916 0.935
Vandalism 0.952 0.943 0.948
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that our approach is performing far better on 5 classes as compared to
the rest of the techniques using MIL and GDA techniques. Moreover,
our approach achieves the least false positive rate of 0:7% for our 3D
CNN. It is observed that the proposed 2D model outperforms the
performance of 3D model in case of the activity detection and manage
to achieve false positive rate of 0.1. Furthermore, the model is suitable
for real time application due to its low false positive rate and high
frame processing rate that is 1000 frames/sec. Also, the proposed
methodology for training CNN’s is further verified by training three
(ResNet3D [29], (2+1)D [26], and P3D [30]) well known algorithms
for video understanding. Validation results of the trained model on
the data samples removed from the dataset following the proposed
methodology discussed in section III.A are mentioned in Table VI. It
has been observed that training the state-of-state-of-the-art algorithm
by following the methodology mentioned in section III.A performed
in its order of popularity. Hence, it is verified that even training on
10% of video frames are enough for understanding motion information
in video, and thus reduces the computation overhead during training
process by 90% irrespective of the network used.

VI. ConcLUSION AND FUTURE WORK

Lack of implementable software solutions for the identification
of real-world malicious activities from video streams in a safe city
environment requires a blend of computer vision and machine learning
algorithms. In this regard, a training mechanism has been introduced to
reduce the computation required for training the learning algorithms.
The proposed training methodology achieved a promising accuracy
even reducing the computational overhead by 90%. Also, an optimal
solution for the analysis of temporal frames extracted from CCTV
recordings is proposed. Our proposed models managed to achieve
high accuracy for not only the identification of malicious events but
also classification of real-world volume crimes including assault,
fighting, shooting, and vandalism in a video sequence. Furthermore,
our models are also suitable for real-time applications due to their high
frame processing rate and low false alarm rate, with high classification
accuracy of 98.7% and AUC of 99.7% on four classes.

The system can further be modified for other classes of crimes
including but not limited to burglary, riots, attempted murder, arson,
explosion, robbery, theft, and arrest etc. In order to get a unified
framework for the detection of multiple malicious activities recorded
by a CCTV camera, we need to train the same system with the data for
the above-mentioned events.
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The music emotions can help to improve the personalization of services and contents offered by music
streaming providers. Many research works based on the use of machine learning techniques have addressed
the problem of recognising the music emotions during the last years. Nevertheless, the results obtained are only
applied on small-size music repositories and do not consider what the users feel when they listen to the songs.
These issues prevent the existing proposals to be integrated into the personalization mechanisms of the online
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music providers. In this paper, we present the RIADA infrastructure which is composed by a set of systems
able to annotate emotionally the catalog of songs offered by Spotify based on the users’ perception. RIADA
works with the Spotify playlist miner and data services to build emotion recognition models that can solve the
open challenges previously mentioned. Machine learning algorithms, music information retrieval techniques,

architectures for parallelization of applications and cloud computing have been combined to develop a complex
result of engineering able to integrate the music emotions into the Spotify-based applications.

I. INTRODUCTION

CURRENTLY, the music streaming services are facing the chal-lenge
of offering personalised media contents to their users [1]. The
huge size of their music catalogs has promoted the develop-ment of
innovative tools that help users to find among so many choices the
songs that best suit their tastes. Most of these tools analyse the users’
profiles and listening habits applying artificial intelligence techniques
(such as collaborative filtering or content-based filtering), and then
make personalised music recommenda-tions to the users [2]. These
automatic tools are compatible with other types of content access
services, for example, with services that publish the playlists created
by other users or with social networks in which the users can share
their listening experience. In all these solutions there are some factors
that play a relevant role in the process of selecting the music, such
as the musical genre and the popularity of the songs, the listening
context and the activity that the user is doing, or certain cultural
criteria, for instance. Nevertheless, other interesting factors have not
had too much prominence among the tools offered by the streaming
ser-vices, for example, the music emotions.

The relationship between music and emotions has been widely
studied during the last years and the interest of including the users’
emotions as a factor for the content personalization has promoted the
research area commonly refereed to as Music Emotion Recognition
(MER) [3]. The goal of this area is to annotate automatically the songs
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from an emotional point of view. These annotations usually represent the
perceived or the felt emotions by the users when listening the songs, that
is, the perception of emotions or the induction of emotions [4]. These two
emotional dimensions are clearly different: the former is related to the
emotions expressed by the music through the songs’ structure and sound
properties, whereas the second depends on the listener’s experience and
is influenced by her/his mood and context, among other factors. During
the last years machine learning and deep learning techniques are being
widely used to determine automatically both types of emotions in order
to improve the music retrieval and recommendation systems [5].

The MER systems that work with perceived emotions are mainly
based on the songs’ audio. These audio files are processed by
specialised tools in order to extract the acoustic characteristics of the
songs, called audio features. Then, some of these features are manually
selected and used to build a recognition model that acts as a classifier.
The recognition function determines the emotions that the listener
perceives when listening to an input song from its audio features. The
resulting emotions are finally translated to affective tags that enhance
the songs’ attributes. Although most of these recognition approaches
obtain acceptable accuracy results, some works focus on including new
features that can improve the classifiers, for example, features related
to the songs’ lyrics [6], [7]. On the other hand, the deep learning
based approaches automate the extraction of features by providing
more expressive representations of the music low-level and high-
level characteristics [5]. Learning algorithms (mainly, different classes
of neural networks [8]-[10]) are applied on music spectrograms for
determining gradually the features of interest, and then for finding
the relationship between these features and the output emotional
categories. These solutions require less domain knowledge than
machine learning approaches, but have a higher computational cost.
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Regardless of the learning method applied, the previous solutions
present some drawbacks. Firstly, the lack of public large-size datasets
that contain high-quality annotations about the songs’ emotions. The
reference datasets in the field of MER research are usually small (most
of them have between 250 and 2, 000 songs) and have not solved the
challenge of the subjective perception (the annotations are usually
based on the users’ feedback, which is influenced by different emotional
and contextual factors that cause the quality of these annotations less
than desirable) [11]. Secondly, their emotion recognition methods are
usually applied on their own datasets or some of the reference datasets
(mainly, the MediaEval Database for Emotional Analysis in Music [12]
or the MIREX mood dataset [ 13]), but not on the music catalogues of the
streaming services. The application to these catalogues would require
to develop systems that integrate the recognition solutions with the
technological infrastructure of the streaming providers. Thirdly, there
is no consensus on which type of learning method is the best option,
and it is even difficult to compare the existing approaches between
them. Each proposal applies different feature extraction algorithms,
selects different features to build the models, creates the models from
different datasets and/or validates the results with different metrics
and methodologies [3]. And, finally, most of the approaches determine
the emotions perceived by the listeners, instead of considering the
emotions that they feel. The problem of determining the emotional
response of each user is complex. Nevertheless, wearable technology
is demonstrating to be a good opportunity to make progress on the
recognition of the listeners’ feelings [14].

In this paper, we propose an infrastructure of services, called
RIADA, for annotating emotionally the catalog of songs available
in Spotify. The infrastructure interacts with the Spotify service
platform and can be used to include the emotional dimension in the
music recommendation services offered by the streaming provider.
As part of the solution, we have built an automatic music emotion
recognition system that classifies and annotates the songs according
to the emotions perceived by the listeners. These emotions have been
deduced from the playlists that the registered users publish in Spotify.
The recognition system is based on machine learning techniques and
the audio feature services available in the provider’s service platform.
A parallel version of the system has been programmed to be deployed
and executed on cloud environments in order to be applied on large-
size music datasets. The main contributions of the proposal with
respect to the existing solutions are:

« it consists in a complex result of engineering able to solve a real-
life problem related to the emotion recognition,

« the Spotify playlists have been used for deducing the emotions that
the users perceive when listening to certain types of songs and for
creating the dataset of annotated songs involved in the building of
the recognition models,

+ the emotion recognition is based on a set of multi-label
classification models that work from the information published by
the Spotify data services,

« finally, the system prototype has been successfully tested in a real
cloud-based operating environment and, therefore, it has achieved
a TRL-6 maturity level in the scale Technology Readiness Level [15].

The rest of the paper is structured as follows. Section II presents a
review of the music emotion recognition systems based on machine
learning techniques. It also reviews the music systems that have been
programmed by integrating the Spotify services paying attention
to those that consider the users’ emotions. Section III describes the
software architecture of the RIADA infrastructure. The process of
building and validating the emotion recognition models is presented
in detail in Sections IV and V. Section VI details the parallel and
cloud-based implementation of the recognition system and shows its

application to large-size music repositories. And, finally, Section VII
discusses the main conclusions obtained and the future work.

II. RELATED WORK

In this section, a review of the Music Emotion Recognition (MER)
systems based on machine learning techniques and theSpotify-based
systems that combine music and emotions are presented.

A. MER Systems Based on Audio Features and Machine Learning

There are many research works that propose automatic systems for
the recognition of music emotions based on the combination of audio
features and machine learning methods [3], [11]. These proposals
differ from each other in terms of the method used for extracting the
music features, the form of mapping those music features to emotions
and, finally, the machine learning algorithms applied in the building
of the recognition systems. In the following paragraphs these three
issues are detailed from the perspective of the existing solutions in the
field of MER research.

The first step of a typical MER system is the extraction of music
features. In this review we are specially interested in those features
extracted directly from the songs’ audio files, called audio features.
Several studies have analysed the relationship between certain audio
features and the emotions that they produce in the listeners [16], [17].
Unfortunately, there is no consensus about which audio features are
most appropriate to recognise the music emotions. Therefore, the
process of feature selection is a difficult task that is usually based
on researchers’ experience and knowledge. This problem gets worse
since there is a wide variety of processing audio tools that can be
used for the feature extraction, such as MIR toolbox [18], Marsyas
[19], PsySound [20], OpenSmile [21] or JAudio [22]. These tools apply
different processing methods and, therefore, they compute different
features. For this reason many works combine these toolkits for
obtaining a large variety and number of features. Intuitively, we may
think that it is a good option for increasing the accuracy of emotion
recognition models, but some experiments have demonstrated that too
many features lead to performance degradation [23].

On the other hand, it is necessary to determine and represent the
emotions ascribe to the songs (the perceived or induced emotions,
as was discussed in the introduction). This relationship between
emotions and songs is affected by a strong subjectivity, because it
depends on the listeners’ character, musical preferences, genre or
cultural factors, for instance. Therefore, the process of annotating
manually the music emotions requires to involve many and diverse
participants and, as consequence, it is time-consuming and prone to
faults and impressions. With respect the representation of emotions,
two different models are usually used in the field of the MER research:
categorical and dimensional models [24]. The former conceptualise
the emotions as a set of distinct categories (such as the Hevner model
[25] or the MIREX mood clusters [13]); whereas the seconds map
the emotions onto a two-dimensional space characterised by those
emotions’ feeling and intensity (such as the Russell’s affective model
[26], the Tellegen-Watson-Clark model (TWC) [27] or the Thayer model
[28]). Most of the MER systems use the Russell's model, probably the
most popular dimensional model in the development of emotion-based
systems. Some proposal even work with simplifications or variations
of this affective model. According to the presented in the above
paragraphs, the creation of datasets that can be used for building
MER models is a complex and difficult process. Most of these datasets
are small in size and usually contain the songs’ audio features and
annotations that describe the emotions perceived by the users when
listening to those songs. There is some reference datasets in the field
of MER research, such as the MIREX mood dataset, which is the largest
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one, containing about 2, 000 songs [13], the DEAM dataset (Database
for Emotional Analysis of Music) composed by 1, 800 songs [12], or the
Allmusic dataset composed by 900 songs. A more detailed description
of the released and freely available datasets can be found in [11].
The advantage of using these datasets is that their songs are already
emotionally annotated. In particular, the annotations of the MIREX
dataset are based on their mood clusters (a categorical approach),
and the annotations of DEAM and Allmusic on the Russell’'s model (a
dimensional approach). In any case, the challenge of having large-size
datasets that contain the appropriate audio features and the emotional
annotations with low levels of subjectivity is still open.

Finally, the different methods based on machine learning that are
applied in the creation of computational models able to annotate
automatically the songs’ emotions are revised. We are interested in
those methods that use the combination of audio features and emotion
annotations. Most of these MER solutions are based on classification
algorithms. Their goal is to obtain one or more emotion labels from
the input song’s features (single-label and multi-label classification,
respectively). Recently, the multi-label classification has gained
popularity because it takes in account the inaccuracy of human
annotations and classifies each song into a number of different emotion
categories. Different machine learning algorithms have been used for
creating these classifiers, such as Support-Vector Machines (SVM) [29]-
[32], Random Forest (RF) [33]-[35], K-Nearest Neighbor (KNN), Decision
Trees (DT) [36], Naive Bayes (NB) [33], [37], [38], Linear Discriminant
(LD) [39] or Gradient Boosting Machines (GBM) [40], etc. Among these,
SVM is the most used and a good option option for recognising the
music emotions from the songs’ audio features [33], [34], [39], [40].
This supervised method usually achieves good accuracy results with
low computational power. Nevertheless, during the last years SVM has
been usually combined with other classification methods in order to
improve the classification results [41], [42]. In [3] a detailed review of
the emotion classifiers proposed between 2003 and 2017 is presented
and discussed (Table 4, pages 384-386). Regardless of the classification
method used for the MER, in many cases is necessary to reduce the
dimension of the feature space before building the recognition models.
The choice of the appropriate features is many times more important
than the machine learning method selected. Principal Component
Analysis (PCA) [30], [33], [40], [43] and the ReliefF algorithm [32],
[39] are two techniques commonly used for the feature reduction
in the field of the MER research. These techniques help to create a
more meaningful representation of the feature space by selecting the
features of interest from the recognition point of view, and to improve
the final results obtained by the emotional classifiers.

As conclusions, firstly, it is difficult to compare the results of
the reviewed proposals because they work with different feature
extraction tools, heterogeneous emotion annotated datasets and
different classification strategies and methods. The same conclusion
was reached by [44], as part of its interesting state of the art about
the MER systems based on audio features. And, secondly, future
MER solutions should address some drawbacks of interest, such as to
avoid the necessity of having the audio of the songs for extracting
their features, to have available large-scale reference datasets, or to
improve the accuracy of learning-based recognition by applying a
multi-method approach.

B. Music Intelligent Systems Based on Spotify

In recent years, a wide variety of intelligent systems based on the
Spotify services have been proposed. We are especially interested in
those that extract knowledge from the songs’ audio features and that
help users to discover songs and to create their playlists. Within this
review, our focus is set on how these proposals integrate the emotional
dimension into their solutions.

Spotify offers a data service for accessing the audio feature of
the songs available in its music catalogue. These features have been
used to predict the future success of a song [45]-[47] or to determine
the influence of music on the walking practice in urban space [48],
for instance. These solutions analyse the audio features that are
determinant for explaining the popularity of a song or the different way
of walking, respectively, and then use these features to create machine-
learning models (mainly, regression models) that solve the problem.
On the other hand, the Spotify audio features have been also used for
making music recommendations [49]-[52]. These recommendation
systems combine the user preferences with the features of songs that
she/he usually listens to. The preferences are determined by utilizing
the users’ past interactions [52] or by processing the messages
published by those users in social networks, such as Twitter [51] or
Facebook [50]. Then, different content and collaborative filtering
techniques are applied to determine the similarity between songs
based on their audio features and the similarity between users based
on their preferences in order to make the recommendations. The
same approach is even used by Spotify as part of its recommendation
algorithms [53]. As conclusion, despite the recent interest in using the
songs’ audio features to develop Spotify-based intelligence systems,
these solutions ignore the music emotions.

Other works related to the exploitation of playlists created on
Spotify consider the emotions. These works apply different procedures
for determining the emotions of playlists, as will be presented in the
following paragraphs.

In some cases, these emotions are deduced by applying natural
language processing over the titles of the songs contained in the
playlist [54] or over the songs’ lyrics [55]. In [54] the songs’ titles
are concatenated to build a sentence, and then linguistic analysis
techniques are used to infer the emotions that will be possibly
produced in the listeners. The author concludes that the results are
not as expected and only the affection of love may be detected. On
the other hand, in [55], a music emotion recognition method based
on the sentimental analysis of the words contained in a song’s lyric is
proposed. The method consists in the building of a recognition model
that combines machine learning and natural language processing
techniques. This model is trained using the dataset MoodLyrics4Q and
manually applied over a reduced dataset of songs in order to validate
the approach.

In other cases, the emotions of a Spotify playlist are recognised
by processing the audio features of the songs included in it [56]. A
Support Vector Machine model classifies each song of the playlist as
happy, sad or angry, and then a voting strategy is used to determine
the emotion of that playlist. The classifier recognises the emotions
from some of the audio features offered by Spotify for describing their
songs. Despite the similarities with our work, this proposal is a work
in progress that presents some relevant weaknesses: the dataset used
for building the model was manually created and consists of a small
number of songs (579 songs) reducing the reliability of the classifier,
only 3 different emotions are recognised, the features used in the
recognition were intuitively selected and are a restricted set, and
finally the results are not formally validated (a playlist is only labelled
as example).

Instead of analysing the existing playlists, other works provide tools
for searching Spotify songs applying emotional criteria and supporting
the creation of new playlists. In [57], the users classify emotionally
the songs based on their personal experience listening to music.
Each song is manually annotated using a colour scale that represents
the different vibes produced in the listener. It makes difficult the
application of this solution to large-size repositories of songs. Then, an
user can introduce an input colour and find songs that could produce
the desired effect. As an alternative, in [58], a prototype for searching
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Spotify songs according to the user’s mood is presented. The emotions
of the songs are not explicitly recognised, but the authors assume
that certain Spotify audio features can be mapped directly to moods
(the validation of this assumption is not discussed). The mood-based
search of songs is programmed applying similarity techniques over
the features of interest and integrated into a prototype of application.

III. DESCRIPTION OF THE PROPOSAL

In this section a high-level description of the RIADA infrastructure
is presented. It is composed of a set of systems that collaborate for
annotating emotionally the Spotify songs using net-accessible data
resources. The semantics of these annotations and the affective
model used for representing them are two relevant issues that are
discussed in advance. After that, the architecture of the proposed
system is presented.

A. Music and Emotions

The goal is to build a large-size database of emotionally annotated
songs. These annotations represent the emotions that a user perceives
when she/he listens to a song. In this subsection, the music data
source and the affective model selected for implementing the songs’
annotation are briefly explained. Spotify is the most popular online
music streaming provider with more than 35 million of songs and 100
million of subscribers. Besides, it has recently published a platform
of Web services and online tools for accessing the songs’ metadata,
searching the registered users’ playlists, browsing the listeners’ habits
or making simple music recommendations [59]. These data services
are available for encouraging the development of novel Spotify-based
applications. As today, the emotions that the user perceives or feels
when listening to the songs have not been included in the data offered
by the music provider. Nevertheless, other data available on its platform
could be combined in order to integrate the emotional dimension in its
products, and to solve the open challenge of annotating a large-size
catalog of songs.

On the other hand, the Russell’s affective model has been selected for
representing the emotions [26]. In this model, the affective states are
represented over a two-dimensional space defined by valence (X-axis)
and arousal (Y-axis) dimensions. The valence represents the intrinsic
pleasure/displeasure (positive/negative) of an event, object or situation,
and the arousal the feeling’s intensity. The combination of these two
dimensions (valence/arousal) determines four different quadrants:
the happy (positive/positive), the angry (negative/positive), the sad
(negative/negative) and the relaxed (positive/negative) quadrant.
Then, each emotion is mapped to a point in the two-dimensional space
and, therefore, is also located into one of the mentioned quadrants.
Alternately, the emotions can be also represented as a probability
vector of four values, one per each of the Russell’s quadrants. These
values are the probability that the emotion represented belongs to the
corresponding quadrant. For example, the “I want to hold your hand”
song by “The Beatles” has the following emotional annotation [0.174,
0.765, 0.155, 0.006] which represents that is a happy song with a 0.765
probability (the sad, angry and relaxed probabilities are 0.174, 0.155
and 0.006, respectively).

Therefore, the proposal consists of annotating the songs considering
the four quadrants of the Russell’s affective model. The probability of
that the emotions ascribe to a song belong to each of those quadrants
is mainly estimated from the song’s audio features. Those features can
be obtained from the Spotify data services and, therefore, are available
without the need for having the song’s audio file. This last issue is very
important from our proposal point of view because it will allow us to
apply the solution on a large-scale, although it involves delegating the
feature extraction process to Spotify.

B. Architecture of the Proposed System

The RIADA infrastructure presented in this section is composed
of the set of software systems that are responsible for creating
and updating the database of emotionally annotated songs. The
infrastructure has been integrated into a multi-tier architecture [60],
[61] in order to make easier the logical and physical decomposition in
different tiers of functionality involved in the global solution.
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Fig. 1. High-level architecture of the solution.
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As shown in Fig. 1, the solution has been divided in three tiers:
the music data provider tier, the RIADA infrastructure tier and, finally,
the application tier. The first is composed of the online services
and the tools offered by the music data providers, in particular, the
Spotify and AcousticBrainz [62] solutions have been integrated into
this data tier. The second tier contains the systems involved in the
annotations processes and the resulting database of annotated songs.
These systems works with the music data providers for building the
music emotion recognition models and applying these models over the
Spotify catalog of songs. The RIADA database is the interface of this
second tier from the applications point of view. These RIADA-based
applications constitute the last tier of the architecture.

Following the different functional elements of the system are
described in more detail. The music data tier is mainly composed
of the net-accessible services integrated into the Spotify Developer
Platform. These offer a set of Web APIs that allow to access the music
database of the provider and to retrieve information about Spotify
songs and the most popular playlists published by registered users.
Additionally, the AcousticBrainz services have been also included
in this data tier, and provide functionality for extracting the songs’
acoustic characteristics and for accessing to high-level data computed
from those characteristics. Some of these high-level data are related
to the mood.

On the other hand, the core component of the RIADA infrastructure
is the music emotion annotation system (represented in the right
side of the RIADA tier). It consists of a Music Emotion Recognition
(MER) system which integrates a set of machine-learning models for
annotating emotionally Spotify songs. These models work with the
songs’ audio features and predict the emotions that the users perceive
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when they listen to each of these songs. Then, these predictions
are translated to emotional labels (probability vectors based on the
Russell’s quadrants) which are stored into the RIADA database. In the
recognition process is involved the Music Data Retrieval (MDR) system
which is responsible for interacting with the Spotify data services in
order to get the information needed to make the emotional predictions.
Note that the annotation system has been programmed implementing
parallelism techniques to be applied over large-sized catalogs of songs,
as will be presented in Section VI.

A fundamental component of the MER system are the machine
learning models used for the emotion recognition. Before building
these models, it is necessary to have a dataset of songs emotionally
annotated. In the proposal, this dataset is created by the Playlist Data
Retrieval (PDR) system. Its functionality is based on the Spotify Playlist
miner API which aggregates the top songs from the most popular
playlists created by the Spotify’s users. The PDR system processes
the names and descriptions of these top songs and from that textual
information deduces the emotions that the users can perceive when
listening to them. This process is explained in detail in Section IV.

Then, a Machine learning process is responsible for building the
recognition models from the dataset of annotated songs. This process
implements a multi-model hybrid method in which a different model is
created for recognising the emotions contained in each of the Russell’s
quadrants. A detailed description of the process will be presented in
Section V. Finally, the models are integrated into the MER system in
order to support the massive annotation of Spotify songs.

Finally, the emotionally annotated songs are stored into the RIADA
database. The attributes and annotations of these songs are stable and
do not require to be downloaded or computed again. Nevertheless, as
Spotify is continuously adding new songs to its online catalog, it is
necessary to update periodically the contents of the RIADA database.
These updates are made by executing the music emotion annotation
system previously presented. The system can be configured to work in
update mode, and in this case it will process and annotate those songs
that are not already included in the database.

IV. CREATION OF A DATASET BASED ON THE SPOTIFY
PLAYLISTS

A dataset of emotionally annotated songs has been created to be
used in the building and training of the emotion recognition models.
Spotify provides certain information about its playlists, but not about
the emotions that the users perceive when they listen to those playlists.
In this work, a method for deducing those emotions from the playlists
that are available through the Spotify Playlist miner is presented.
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Fig. 2. Description of the data preprocessing process.
Fig. 2 shows the process followed for creating the dataset of

annotated songs and the tools involved in it. Before starting the
process, a set of keywords have been defined for each Russell’s

quadrant. These keywords correspond with emotions mapped to each
particular quadrant, for example, the keywords happy, joy, motivating
or excited are some of those included in the Happy quadrant.

The process begins executing the task Search of songs by keywords.
This task invokes to the Spotify Playlist miner API which returns
aggregations of songs contained in the most popular playlists
published by the Spotify’s users. These aggregations are created from
search criteria based on keywords which are matched with names
and descriptions of published playlists. We have assumed that a
song contained into a playlist called “Motivating music for running”
is likely that conveys positive energy and emotions. Therefore, that
song could be annotated as happy. Considering this, a set of requests
are executed for each quadrant. The search criterion of a request
contains a subset of the keywords defined for the quadrant of the
interest and some unwanted keywords. These latter are selected from
among those included in the other three quadrants. Different non-
repeating combinations of keywords have been calculated for each
quadrant in order to determine its set of search criteria. For example,
“Happy AND Joy AND Motivating AND NOT Sad AND NOT Relaxed”
or “Joy AND Motivating AND NOT Angry” are some of the criteria
configured for getting songs that are probably contained in the happy
quadrant. In the future these criteria could be improved by analysing
the combinations of keywords that return the most appropriated
playlists. Sentiment analysis techniques based on text could be applied
for deducing the playlists’ emotions from the titles or the lyrics of
their songs, such as in [56] or [55], respectively. Each playlist could be
emotionally characterised from the emotions obtained, and then the
results contrasted with the quadrant of interest in order to evaluate the
quality of the search criteria. In any case, the result of this first task is
a set of candidate songs for each Russell’s quadrant.

Secondly, since the songs returned by the miner have an attribute
that represents their popularity, the task Selection by popularity
processes these songs to select the most popular. The selection is
achieved by applying the inverse frequency, a numerical statistic
widely used in the field of information retrieval that is intended to
reflect how important a song is in the returned playlists. Those
songs that have an inverse frequency greater than 2.5 are discarded
(this threshold have been experimentally determined). Then, the best
ranked songs are filtered to remove those that appear in more than
one quadrant, and therefore that could generate confusion in the
creation and training of future classification models (task Cleaning
of duplicates). Finally, the songs of each set are annotated with their
respective label (in the case of the example, they will be annotated
with the label Happy) in order to create an unique dataset of annotated
songs (task Creation of annotations).

The last task of the process consists in completing the data of
annotated songs. The general purpose attributes (such as the artist, the
album, etc) and the audio features of these songs are obtained from the
Spotify Web data services. More specifically, the list of audio features
returned by Spotify is: loudness, energy, tempo, acousticness, valence,
liveness, speechiness, instrumentalness, danceability, key, duration,
and mode. The definition, unit of measurement and representation
format of these features are available in [63], as part of the specification
of the Spotify AudioFeaturesObject. All these data are recorded jointly
with the emotional annotation into the dataset as result of the task
Inclusion of data and features.

Finally, the results of the data processing stage are briefly
summarised. At the beginning of the stage, we obtained 83,078 Spotify
songs from the Playlist Miner. More specifically, the number of songs
for each of the four requests was: 19,092 songs that probably convey
emotions located into the Happy quadrant, 17,661 into the Angry
quadrant, 23,931 into the Sad quadrant, and 22,394 into the Relaxed
quadrant. After applying the inverse frequency, there were selected
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3,055 songs for the Happy, 1,817 for the Angry, 2,943 for the Sad,
and 1,671 for the Relaxed quadrants. This selection process reduces
significantly the number of available songs, but increases confidence
in results concerning the users’ perceived emotion. Finally, the songs
located into more than one quadrant were eliminated, obtaining a final
dataset composed of 1,644 songs for the Happy, 1,307 for the Angry,
1,737 for the Sad, and 504 for the Relaxed quadrant. Therefore, the
prepared data database used for the training of the models contained
a total of 5,192 songs.

V. BUILDING OF SPOTIFY-BASED LEARNING MODELS

Once presented the dataset of annotated songs, the three stages
directly involved in the building of the machine learning models
are following described: the analysis and extraction of the features
of interest, the application and the training of algorithms, and the
validation of the models. Besides, an experiment with real users has
been carried out to corroborate the validity of these models before
integrating them into the Music emotion recognition system.

A. Analysis and Extraction of Features

Aswill be discussed later, we have decided to build four classification
models to recognise the music emotions, one per each of Russell’s
quadrants. Each model will predict whether or not the emotions that the
users perceive when they listen to a song belong to the corresponding
quadrant. The decision of considering four different hypothesis aims
at creating more accurate models. Nevertheless, it is necessary to
identify first the audio features that must be involved in the building
of these models. We have decided to analyse these features from the
perspective of each Russell’s quadrant, that is, we are supposing
that a feature may be significant to identify a class of emotions, but
irrelevant to others. In the literature this analysis is usually carried
out by applying three different approaches [3]: by selecting the same
features used in other similar research works, consulting the opinion
of music experts, or evaluating and interpreting certain statistical tests
frequently used in the machine learning field.

In this paper, we have applied a combination of the three approaches.
Firstly, statistical tests have been calculated to evaluate the degree of
features’ relevance in each quadrant. Then, the test results have been
contrasted with the conclusions published by other similar works in
the field of MER research and refined by a group of music experts in
order to determine the features to be finally selected. Table I shows
the result for each quadrant after calculating the tests (first step).
Additionally, the audio features selected after considering the research
works and the experts’ conclusions have been highlighted in green
color (second and third steps).

TABLE 1. ANALYSIS OF SONGS’ AUDIO FEATURES

Happy Angry Sad Relaxed
valence acousticness energy instrumentalness
acousticness energy acousticness energy
danceability speechiness valence loudness
energy loudness loudness acousticness
instrumentalness| danceability liveness valence
loudness liveness duration danceability
duration tempo tempo speechiness
speechiness instrumentalness| instrumentalness| duration
tempo mode key tempo

key duration mode mode

mode valence danceability liveness
liveness key speechiness key

In more detail, three statistical tests have been calculated,
specifically, the Chi Squared, ANOVA F-value and Mutual information
tests. These tests order the features from most to least relevant. Then,
a voting strategy has been applied to combine the results of the three
tests, as shown Table I for each quadrant.

Then, the features considered in other Music Emotion Recognition
systems have been reviewed [3], [44]. Most of these systems work
with features extracted from the audio of the songs. In general, they
are mainly interested in extracting timbral and rhythmic features and
in determining the intensity of the songs. Each solution uses a different
audio processing tool, which makes it difficult to compare their results
(it is even unknown how the features are calculated by Spotify).
Nevertheless, these conclusions can be interpreted from the Spotify point
of view. According to our interpretation, acousticness, instrumentalness
or speechness are audio features related to the songs’ timbre, tempo
or danceability to the rhythm, and finally energy and valence to the
intensity. Therefore, those Spotify audio features must be included in
the final selection. For example, the tests determined that the valence
and danceability features could have a low relevance for the Angry and
Sad quadrants, respectively. However, after analysing the existing MER
proposals we have decided to include them among the selected features.

Thirdly, an activity was organised with the participation of three
music experts. The goal was to gather their opinions about the
importance that the Spotify audio features can have in the emotion
recognition. The activity had two stages. In the first each expert
individually studied the information published by Spotify about
these features (definition, units of measurement, feature extraction
procedures, etc.) and listened to a collection of songs for understanding
the intrinsic nature of those features. Then, the second stage consisted
of a discussion group in which the experts contrasted their individual
opinions and collaboratively made a list of the most relevant features.
They concluded that the most significant features are: energy, valence,
danceability and tempo. These conclusions are consistent with those
of the existing proposals [3] and reinforce the decision to include the
valence and danceability features for the case of the Angry and Sad
quadrants. Besides, they believed that the features key and duration
are the least relevant ones. The rest of features could have a moderate
influence depending on the emotion to be recognised.

Therefore, the final proposal consists of using different audio
features for building of each classification model (this type of
approach was already considered by [64]). As described above, the
audio features that have been finally selected for each classification
model are represented in green color in Table I.

B. Model Selection and Training

In this stage, the goal is to build a machine learning model for each
of Russell’s quadrant. The target function of these models is defined
as: the input are the song’s audio features, while the output is a pair
of values (a logical value and a real value) that predicts whether the
emotions perceived by the listeners are located into the corresponding
quadrant. Therefore, the emotional annotation of a Spotify song will
consist of two vectors of four values. For example, the “I want to hold
your hand” song by “The Beatles” will have the following emotional
annotation ([true, false, false, false], [0.765, 0.155, 0.174, 0.006]) which
represents that is a happy song with a 0.765 probability. The angry,
sad and relaxed probabilities (0.155, 0.174 and 0.006, respectively) are
lower than the classification threshold and, therefore, the song is also
classified as not sad, not angry and not relaxed.

For the building of the models, three types of machine learning
algorithms have been considered: Support Vector Machine (SVM),
K-Nearest Neighbours (KNN) and Random Forest (RF). These have been
widely used with good results in the recognition of emotions [65],
[66]. Nevertheless, we have also considered the possibility that the use
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of an unique algorithm is not the best option for building the different
classification models. Therefore, the best machine learning algorithm
for each quadrant (its model) is also studied.

Before comparing the algorithms, there must be defined the positive
and negative datasets that will be used in the training and testing of
the resulting models. The starting point is the dataset of annotated
songs that was created during the preprocessing stage (described in
Section IV). For each quadrant, this dataset has been been divided
into two parts. On the one hand, the songs that were annotated with
the emotional value of that quadrant and, on the other hand, the rest
of songs. For example, for the Happy quadrant, the first dataset is
composed by the songs annotated as happy (positive class), and the
second by those annotated as angry, sad and relaxed (negative class).
This partitioning strategy has been replicated for the four quadrants.

Then, the three selected machine learning algorithms have been
applied in the building and training of the models. The choice of input
audio features is determined by the results of the previous analysis.
Besides, the range of input hyperparameters has been varied in order
to find the best configuration. The library Scikit randomized search has
been used for this evaluation since it provides an efficient procedure
for the analysis of the possible permutations [67].

Table Il shows the results for the different combinations of algorithms
and quadrants. The best combinations have been highlighted in green
color. Each of these combinations has been configured with the optimal
input of audio features and hyperparameters. The models have been
trained by performing a Repeated 5-fold cross validation. The use of this
validation approach is especially important when the models are built
from small-sized or unbalanced datasets, as in this case. A ratio 70/30
was applied to split the original dataset into two sets, a training set and
a testing set. This ratio was experimentally chosen and it seems to be a
good option for this specific classification problem. The data splitting
was manually made to maintain the original percentage of songs of
each quadrant in the training and testing datasets. Besides, the cross
validation was configured to use the Stratified library of Scikit learn
to preserve the percentage of samples for the positive and negative
classes. As conclusions, Random Forest models offer good accuracy and
F1-score results for the four quadrants. These results contradict the
initial assumptions of applying different algorithms for building the
model of each quadrant in order to improve the models’ accuracy. The
mean accuracy is 88.75%, a good result compared to the other similar
studies presented in Section IL

TABLE II. COMPARATIVE OF DIFFERENT MODELS/QUADRANTS

Algorithm Tests Happy | Angry | Sad | Relaxed
accuracy | 0.767 0.872 | 0.8036 0.929
f1 0.752 0.821 0.783 0.733
SVM —
precision | 0.7475 | 0.8435 | 0.7792 | 0.8624
recall 0.7715 | 0.8059 | 0.7991 | 0.6801
accuracy | 0.843 0.876 0.842 0.935
f1 0.822 0.824 0.816 0.784
K-NN —
precision | 0.8256 | 0.8516 | 0.8185 | 0.8505
recall 0.8198 | 0.8055 | 0.8142 | 0.7428
accuracy | 0.844 0.899 0.862 0.945
f1 0.820 0.860 0.839 0.801
Random forest —
precision | 0.8307 | 0.8828 | 0.8488 | 0.9299
recall 0.8083 | 0.8446 | 0.8353 | 0.7392

The confusion matrices of the Random Forest models reaffirm the
good performance of the classification models, as can be seen in Fig. 3.
Nevertheless, it is also important to analyse the false positives in order
to understand where the models fails.

Table III shows a comparison of the predictions (rows) versus
the true emotions (columns) for each quadrant. The diagonal of the
matrix corresponds to the true positives (highlighted in grey color),
while the rest of values in each row corresponds to false positives.
Firstly, the results of the models Happy and Angryhave been analysed.
As explained, these two affective quadrants have the same arousal
(the feeling’s intensity), but different valence (the intrinsic pleasure/
displeasure) in the Russell affective model. The model Happy predicts
91 false positive of which 40 were incorrectly annotated as angry (48% of
the total false positives), and the model Angry predicts 50 false positive
of which 39 are songs that were annotated as happy (78% of the total).
Therefore, these wrong predictions may be due to the valence of those
songs is near zero (the zero value represents the axis that separates the
two quadrants), and in those cases the models are not able to classify
correctly. On the other hand, the results of analysing the models Sad
and Relaxed are similar (both quadrants have the same arousal, but
different valence again). In this case, the model Sad predicts 96 false
positives of which 50 were annotated as relaxed (49% of the total), and
the model Relaxed predicts 7 false positives having been all these songs
annotated as sad. As conclusion, we suppose that the songs that are
mapped to a point close to the affective quadrants’ axis may be wrong
classified in some cases. Nevertheless, the results of models are good
being the percentage of false positives very low.

Emotion (angry) Emotion (happy)
True False True False
True | 1201 50 True | 1582 91
Prediction
False | 106 | 3835 False | 155 | 3364
Emotion (sad) Emotion (relaxed)
True False True False
True | 1526 96 True | 425 7
Prediction
False 118 3452 False 79 4681

Fig. 3. Confusion matrices of the Random Forest models.

TABLE III. MATRIX OF PoSITIVE PREDICTIONS VERSUS TRUE EMOTIONS

Happy  Angry Sad Relaxed
Happy | 1582 40 29 22
Angry 39 1201 8 3
Sad 24 22 1536 50
Relaxed 0 0 7 425

C. Validation of the Models

The next stage is the validation of the models. From a methodological
point of view, we have selected music database published by the project
AcousticBrainz [62] for analysing the accuracy of the models built in
the previous stage. This repository contains over 11 million of songs,
but the version that can be downloaded is only composed by half a
million (songs released before 2015). Each song has an attribute that
represents the emotion conveyed by it. More specifically, this attribute
is a vector of four numerical values, where each of them determines
the probability of conveying an emotion belonging to a Russell
quadrant. These values have been generated from users’ opinions
published in the music Website Last.fm. For that reason, these values
can be especially interesting for validating the decision of creating
the emotional annotations from the Spotify playlists (in both cases,
the users’ opinions and the metadata of the playlists represent the
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emotional perception that the users have of the songs) and of building
the recognition models using these annotations.

The downloaded dataset has been preprocessed for selecting those
songs that have a high probability value in one emotion and a low
probability value in the other three (in other words, a quadrant stands
out from the others). After the preprocessing, the dataset size has been
reduced to 60,000 songs (around 15,000 songs per quadrant in order to
have a balanced sample). Then, the audio features of these songs have
been obtained by invoking the Spotify Web data services. In this way,
the features and an emotion for each song contained into the dataset
are obtained. Afterwards, the goal is to validate the models using this
set of AcousticBrainz songs.

Table IV shows the validation results. In general, the results get
worse with respect to those presented in Table II: the average accuracy
drops from 0,887 to 0,724, and the average f1 from 0,83 to 0,696.
Nevertheless, these results were expected because two different types
of annotations are “compared”: the emotions deduced from the Spotify
playlists (used for building the classification models) and the emotions
extracted from users’ opinions (for validating them). In any case, the
most important issue is that the accuracy results are still quite good,
with a mean accuracy over 72%. Besides, these results are interesting
since the Random Forest models are particularly sensitive to changes
in input data. Therefore, it is concluded that the Random Forest models
can be a good option to recognise the emotions that the users perceive
when they listen to Spotify songs.

TABLE IV. RESULTS OF THE MODEL VALIDATION

Model Test Happy | Angry | Sad | Relaxed
accuracy 0.694 0.705 0.771 0.729
Random forest
f1 0.623 0.700 0.745 0.719

D. Assessment With Real Users

As a complement to the AcousticBrainz-based validation, an
experiment with real users has been programmed to corroborate the
validity of the resulting annotations. In the design of the experiment
the “Pick-A-Mood” (PAM) model [68] has played a relevant role. PAM a
cartoon-based pictorial instrument for representing the possible user’s
emotional states based on the Russell’s affective model. In particular,
PAM expresses eight different mood states, two for each of the four
quadrants: excited and cheerful (happy quadrant), irritated and tense
(angry quadrant), sad and bored (sad quadrant), and relaxed and calm
(relaxed quadrant). Also, the model includes a neutral state. The added
value of PAM is that its visual representation requires little time and
effort of the respondents, which makes it suitable for the design of
experiments in which the users must introduce their emotions.

At the beginning, a playlist composed by 12 Spotify songs was
created, three songs of each of Russell’s quadrants. These songs
were selected from the dataset annotated emotionally using the
Random Forest models, and randomly ordered in the new playlist. The
experiment consisted in playing each of the songs and in asking the
user what emotions she/he perceived when listening to that song. The
user must listen to the entire song before responding the question
since we are interested in annotating at the song level (the Spotify
audio features used for creating the classification models are calculated
processing the entire audio of songs). A Google form survey has been
created to gather the users’ responses. The survey presents a visual
representation of the PAM model after playing a song and allows the
user to select a maximum of two emotional states. The duration of the
experiment is about 40 minutes (three and a half minutes per song,
approximately).

In the experiment 25 users participated. Table V summarises the
results obtained. The structure of the table is the following. It has 12

data rows, one for each song (S,-S,,). Each row contains information
about the emotions perceived by the users when listening to the song
Si (these have been determined applying the recognition models built
and are represented in the columns Em _ and Em_ . ), and about
the users’ responses after listening to that song (rest of columns). The
column Emmain determines the emotion the listener is most likely
to perceive and the corresponding probability value. For example, the
song S1 (“Sorry, 'am a lady” by the duo “Baccara”) was annotated as
([true, false, false, false], [0.66, 0.084, 0.014, 0.28]) which represents that
is a happy song with a 0.66 probability (column Em__ ). Likewise, the
column Em_ . determines the emotional quadrant with the second

highest probability value. Considering the previous example, the song
S1 is relaxed with a 0.28 probability.

On the other hand, the rest of columns contains the users’ responses,
specifically, a column for each of the PAM states (from Excited to Calm).
These columns have an integer value that represents the number of
users that perceived the corresponding emotion. In green color it has
been highlighted the most selected emotion, and in yellow color the
second most selected. These eight columns are grouped according to
the Russell quadrants, for example, the columns Excited and Cheerful
correspond with the quadrant Happy, as is represented at the headline
of the table. An extra column has been added to represent the response
“Don’t Know” (the column DK).

Following, the results obtained are briefly discussed:

+ The users mostly perceived a happy emotion (Excited or/and
Cheerful) when they listened to a song annotated as happy (songs
51-S3). The same good results are achieved when they listen to a
song annotated as angry (songs S-S ). The most of users respond
that they perceive a Tense or/and Irritated emotion, the two states
corresponding with the quadrant Angry.

+ The results of the songs sad (songs S -S) are not as conclusive as
in the two previous cases. The users mostly ascribed relaxed and/or
sad emotions when listened to these songs. Although the majority
of opinions correspond with these two quadrants, the responses
lean towards the quadrant Relaxed. This fact can be due to both
quadrants have the same arousal in the Russell model, but they differ
in the intensity of the emotion. It could have influence in the users’
responses. Besides, the high probability values of secondary emotions
could have also influence in the users’ opinions. For example, the
songs S and S, have high values of relaxed probability, and it could
also affect to the responses. As conclusion, the results are not as
satisfactory as in the previous cases, but they are not bad either.

« Finally, the high probability values of secondary emotions seems
to influence the results of the songs relaxed (songs S,-S,,). For
example, the users mostly perceived a happy emotion when they
listened to the song S, . Its value of happy probability is 0.45 and,
therefore, it is high value. Besides, it is important to remark that the
rest of user responses concentrate on the quadrant Relaxed (9 users
felt relaxed). The same applies to the song S11, but in this case the
quadrants Sad and Relaxed are the most selected (the value of sad
probability is also high in this case). Finally, the song S, is clearly
relaxed, from the users point of view. Therefore, in our opinion,
the results are good and show an interesting correlation between
the emotional annotations and the users’ opinions. We think that
we should have also included into the playlist some relaxed song
in which the secondary emotion had a low probability value.

As conclusion, although the number participants and the number of
songs played regarding the size of the Spotify catalog are low, the results
obtained are very promising. And, therefore, the method of emotional
labelling based on the Spotify playlist and the Random Forest models
built from those annotations can be a good approach for determining
the emotions that the users perceive when listen to these songs.
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TABLE V. REsuLTs oF EXPERIMENT WITH REAL USERs

Happy Angry Sad Relaxed
E :2 b E g T T E
Em,, P T E|E| £ E| £ 5|

s - B I R L 2 2|9
S, happy 0.66 relaxed 0.28 4 19 0 3 0 1 1 0 1
S, happy 0.73 angry 0.25 13 11 0 2 3 7 0 2 1
S, happy 0.68 angry 0.14 9 13 0 5 0 0 0 0 2
S, angry 0.61 happy 0.42 8 0 15 11 1 1 0 0 0
S, angry 0.62 happy 0.51 6 1 14 12 0 0 0 0 1
S, angry 0.59 happy 0.40 5 2 11 13 0 0 0 0 0
S, sad 0.66 relaxed 0.32 4 0 1 2 1 4 13 8 0
S, sad 0.94 relaxed 0.58 1 1 0 3 5 10 6 4 4
S, sad 0.56 happy 0.49 1 1 0 3 3 7 8 8 2
S relaxed 0.61 happy 0.45 12 7 0 0 1 1 6 3 4
S, relaxed 0.66 sad 0.50 1 1 1 0 2 9 6 12 0
S, relaxed 0.59 happy 0.48 5 5 0 0 1 4 7 11 1

VI. AN AUTOMATIC SYSTEM FOR ANNOTATING EMOTIONALLY
SONGS

In this section the design of the two systems involved in the
annotation of songs is presented in detail: the Music Data Retrieval
(MDR) system and the Music Emotion Recognition (MER) system. The
goal is that these systems work automatically and are able to process
efficiently a large number of songs by using the classification models
previously created.

A. Description of the Annotation Process

Fig. 4 shows the stages and the data involved in the process
proposed for annotating emotionally the Spotify songs. The green
stages represent interactions with the Spotify data services; whereas
the red stage represents the recognition actions executed by the MER
system. The input is a database of artists which was previously
created applying mining techniques over the data services offered by
the music provider. The output is the RIADA database.
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Fig. 4. Stages and data involved in the annotation process.
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The MDR system is responsible for executing the first part of the
process. It consists of a sequence of invocations to the Spotify data
endpoints. Firstly, the Artists endpoint is invoked for getting the list
of albums published by each artist. Then, each album is individually
processed. A request to the Albums endpoint is executed for getting
information about all the songs (or tracks in Spotify terminology)
contained into that album. Each track contains a unique Spotify ID
that will be reused to identify the song in the RIADA database. This

decision facilitates the integration of the Spotify tools in the RIADA-
based future applications. Optionally, the metadata of each song can
be also obtained invoking the Tracks endpoint. An independent request
is executed for each song of the album. Some metadata of the songs
can be finally stored into the RIADA database (in grey color), if their
are available, for example, the song’s author, album, title, musical
genre, or year of publication.

Subsequently, the MER systemisin charge of annotating emotionally
these songs, as shown in the right side of Fig. 4. Before, it must obtain
the audio features of the songs invoking again the Tracks endpoint (a
request for each song). Then, the MER processes each song’s features
and applies the four Random Forest models to compute the emotions
that the users will perceive when listen to that song (specifically, the
probability vector based on Russell’s quadrants that represents those
emotions). Finally, the MER creates a RIADA song structure which
contains the song’s Spotify ID, the emotional annotations and the
metadata obtained during the retrieval phase.

Obviously, the data retrieval is a time consuming task due to it
involves a large number of invocations to the endpoints and requires to
process a large number of response files (in JSON format) for extracting
the information of interest. These invocations are independent of each
other, making possible to apply parallelism techniques to improve the
efficiency of the systems involved. On the other hand, the emotion
recognition also consists of a large-size bag of independent tasks (the
execution time of each task is relatively small), and therefore it also
requires high computing capacity for achieving an efficient processing.

B. Architectural Design of the System

The two systems involved in the annotation process have been
designed according to the master-worker architecture [69]. It is a
high-level design pattern that facilitates the parallel execution of
applications composed by a set of independent tasks. The pattern
consists of two class of processes: a master and a pool of workers. The
former is responsible of assigning tasks to workers and guaranteeing
that all of them are correctly completed; whereas the workers simply
execute the assigned tasks. This architectural model is highly scalable
by increasing (or decreasing) the size of pool of workers according to
the execution requirements.

The master-worker architecture requires an asynchronous
communication mechanism that makes possible the uncoupled
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interactions between the processes involved. Message brokers have
been usually used for this purpose, demonstrating their adaptability
and effectiveness in this model of architectural solutions.
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Fig. 5. Components and connectors of the architecture.

Fig. 5 shows the concrete design of the solution. It consists of two
master-worker systems, one for implementing the MDR system and
another for the MER system, connected between them by a shared
database that contains the songs available in the music provider. Each
master-worker system coordinates their processes through a broker
based on message queues. Two queues have been internally declared:
the pending tasks queue, in which the master publishes the tasks to
be executed by some of the workers, and the execution states queue,
in which the workers report to the master about the final state of
executing each of their tasks (this state also includes the performance
metrics concerning the execution of the task). On the other hand, both
master-worker systems create their tasks from the data available into
their input databases, and store the results computed by the workers
into an output database. The granularity of the tasks depends on the
restriction imposed by Spotify on the use of its services.

The process of getting the metadata of the songs published by 50
artists is an independent task in the MDR system. The master accesses
to the database of artists, creates tasks that contains the identifiers of
the artists to be processed (in blocks of 50), and then publishes these
tasks into the broker. The workers execute the pending tasks when
they are available, store the songs discovered into the output database,
and finally notify the execution state of the task. These states are
then used by the master for applying fault recovery strategies based
on retrying the failed tasks and for generating reports of execution.
On the other hand, in the MER system a task consists in annotating
emotionally 50 songs, being the behavior of the system similar to
that described above. In this case, the workers are responsible for
getting the songs’ audio features and for determining the emotional
annotations applying the Random Forest models.

C. Cloud-based Deployment and Performance Analysis

A generic master-worker architecture has been programmed using
the Python programming language. Besides, it integrates a RabbitMQ
server as message broker in order to the processes can be executed and
deployed in distributed computing environments, such as in a cloud
infrastructure, for instance.

Fig. 6 shows the system configured for annotating emotionally
the songs available in Spotify. The processes are executed on virtual
machines of the OVH cloud (https://www.ovh.com/). Each master
is running in a dedicated virtual machine in which it has been also
deployed its input database. These databases have been designed and
managed using MongoDB technology. The workers are running on
a pool of machines so that these instances’ computing resources are
always busy. The message server has been installed as a service in the
CloudAMQP (https://www.cloudamqp.com/), and therefore it is also
deployed over cloud-based resources. Finally, the RIADA database in
which the final results are stored has been installed in mLab, a cloud

database service that hosts MongoDB repositories (https://mlab.com/).
Therefore, the technological solution has been deployed and executed
in a real environment. According to the Technology Readiness Levels
scale (TRL, [15]) this solution has achieved a TRL-6 level, being a
system prototype that may evolve into a final product.
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Fig. 6. Deployment over the OVH cloud resources.

A set of experiments have been also programmed for demonstrating
the flexibility of the system to adapt to different resource provisioning
scenarios and for analysing the scalability of the solution. Each
experiment has consisted in annotating 750, 000 Spotify songs.
Different computing instances have been hired for the execution of
the master process, and different sizes of pools configured for the
workers. These instances have been selected from those available in
the OVH cloud on the basis of the authors’ experience. In the future
the selection criterion could be based on optimization techniques able
to reduce the execution costs of the provisioning and to maximise
the system performance. The use of these techniques would imply a
detailed evaluation of the behavior of the deployed system, which it is
out of the scope of this paper.

Table VI shows the results of the experiments. The table is structured
as follows. The first column defines the type of OVH virtual machine
(VM) hired to execute the master. The second column determine the
number of the VM instances that compose the pool in which the
workers are being executed. In all the cases, the pool is composed by
b2-7 computing instances, a general purpose virtual machine provided
by OVH (2 cores at 2 GHz with 7 GB of RAM and a SSD storage of 50
GB). The MDR system executes a worker in each instance of its pool
(these workers are continuously invoking to the Spotify data services
-more than 60, 000 requests per experiment-, and the streaming
provider generates response delay when two or more processes invoke
it from the same machine), and the MER system executes two workers
per instance (the number of interactions with Spotify is less, around
25, 000 requests). The third column is the total execution time needed
for annotating all the songs. It is the sum of the times required to
complete the execution of the MDR system and the MER system.
The execution times of both systems are broken down in the fifth
and sixth columns (these represent the CPU time considering all the
cores involved and the real time needed to complete the execution,
respectively). Finally, the last column is the mean execution time to
complete a task in each of the parallel systems.

The first row of Table VI presents the results of executing
sequentially the annotation system (the MDR system and the MER
system are only composed by a worker). The total execution time is
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TABLE VI. PERFORMANCE RESULTS OF THE DIFFERENT CLOUD-BASED EXPERIMENTS

Master VM Number of Total time Svstem CPU time User time Mean time per task
VM instances | (hh:mm:ss) Yy (hh:mm:ss) | (hh:mm:ss) (in seconds)

MDR 1:19:15 1:19:15 47.55
b2-7 1 11:31:35

MER 10:12:20 10:12:20 2.51

MDR 1:14:23 0:38:12 44.63
b2-7 2 3:01:51

MER 9:34:30 2:23:39 2.35

MDR 1:21:35 0:28:09 48.95
b2-7 3 2:00:24

MER 9:13:08 1:32:15 2.25

MDR 1:14:09 0:15:44 44.49
b2-7 4 1:37:56

MER 10:54:54 1:22:12 2.68

MDR 1:08:19 0:12:34 44.49
b2-7 5 1:18:58

MER 11:01:09 1:06:24 2.70

MDR 1:36:52 0:20:46 58.12
r2-15 5 1:26:02

MER 10:49:43 1:05:16 2.65

MDR 1:35:01 0:19:27 57.01
c2-7 5 1:17:25

MER 9:36:59 0:57:58 2.42

more than 11 hours. Then, different experiments increasing the number
of virtual machines are executed, from 2 instances to 5 instances (rows
2-5, respectively). The speedup obtained (considering this metric as the
ratio between the sequential execution time and the parallel execution
time of each experiment) is near to the number of workers that are
being executing: 3.7X in the case of 2 instances and 4 workers, 5.7X in
the case of 3 instances and 6 workers, 7.6X in the case of 4 instances and
8 workers, and finally 8.8X in the case of 5 instances and 10 workers.
This behavior is a good result from the parallelization point of view.
On the other hand, we have also evaluated the possibility of executing
the master in other type of virtual machine, for example, in an instance
with optimised CPU/RAM ratios and accelerated IOPS (specifically, a
r2-15 instance, with 2 cores with 5 GB of RAM, a SSD storage of 50
GB and a public network connection of 250 Mbps guaranteed), or in
an instance for processing parallel workloads (a c¢2-7 instance, with 2
cores at 3 GHz with 7 GB of RAM, a SSD storage of 50 GB and a public
network connection of 250 Mbps guaranteed)). The results are shown
in the two last rows of Table VI. The execution times are similar to
those obtained in the experiment in which the master is executing
in a b2-7 instance (a pool of 5 instances), but a small improvement is
observed in the MER execution time when a c2-7 instance is hired.

D. A Prototype of RIADA-based Application

After executing the cloud-based system, the RIADA database contains
the emotional annotations of 10 million of Spotify songs. As discussed in
Section ITI, this database can be reused for developing different emotion-
based applications. A Web application for searching songs applying
emotional criteria has been developed as an example of RIADA-based
application. The application also allows to filter the results according
to the songs’ musical genre or popularity, and to play a fragment of the
songs found (30 seconds) through the Spotify music streaming service.
Fig. 7 shows the interface of this application which is available in
https://riada.djrunning.es/. It is hosted on OVH hosting service and its
back-end is running on an OVH virtual private server. This back-end
works directly with the RIADA database deployed in mLab.

VII. CoNCLUSIONS AND FUTURE WORK

The paper presents the systems involved into the RIADA
infrastructure. These systems collaborate among them to annotate
emotionally the Spotify catalog of songs. The processes of building
the required machine learning models and of using those models
to recognise the music emotions are based on the playlist and data

Archivo_Editar_Ver Historial Marcadores Herramientas Ayg\ﬁm el (S

RIADA x -

«>C0 ©a Grunninges we @ neoeom =

RIADA a web app to find songs based on emotions

All data s provided by Spotify
Select an emotion or genre to filter the songs

AL NONIFRVE © Relared @ Sad @ Angry

ALL  Blues Classical Country Dance  Electronic Jazz  latin  NewAge [N Re&B/Soul

Hip-Hop/Rap

Reggae  Rock  Soundirack

Sort by popularity/emation:

L —

Fig. 7. Web interface of the search application based on RIADA.

services provided by Spotify. The integration of these services allows
to apply the solution to a large-size catalog of songs, and it is an
alternative to the usual approach based on the processing of songs’
audio files. Besides, a parallel implementation of the RIADA systems
has been proposed in order to improve the efficiency of the annotation
processes. It is based on the master-worker architecture and has been
deployed in different cloud-based environments.

On the other hand, the playlists published by the Spotify registered
users play a relevant role in the solution. These playlists have been
used to extract knowledge about what the users emotionally perceive
when listen to a song, and then this knowledge has been applied
in the building of the emotion recognition models. The proposal is
innovative and it considers explicitly the user point of view. The
resulting recognition models have been validated by using the
AcousticBrainz dataset and by involving real users, obtaining good
results in both cases. Moreover, the validation based on AcousticBrainz
is interesting because it demonstrates that the models are only applied
on the Spotify songs, but they can be applied successfully on other
music repositories.

Although it has not been included in the paper, other alternatives
to our recognition approach have been studied, for example, the
possibility of building only one model able to solve a multi-class
classification problem. In that case, the target function of this multi-
class model was defined as: the input are the song’s audio features,
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while the output is a vector of four logical values ([is_happy, is_angry,
is_sad, is_relaxed]) that determine in which Russell’s quadrants
could be located the emotions perceived by the listeners. We have
built various models applying different machine learning algorithms
and using the same dataset of songs. The Random Forest models
are again the best option, obtaining an accuracy and f1 of 0.78 and
0.75, respectively. Therefore, the results are slightly worse than our
proposal. In our opinion, the good results of our approach are due
to: the splitting of the classification problem into four subproblems
simplifying the classification constraints to be considered, and the
adaptation of the building model stages (the selection of features and
algorithms, and the training of models) to the characteristics and
particularities of each quadrant.

Finally, some of the challenges that could be addressed in the future
are briefly outlined:

« despite the good results obtained, to validate experimentally that
the hypothesis formulated for annotating songs from playlists are
really suitable in order to obtain an accurate dataset

+ to publish the dataset (or a part of the dataset) so that it can be
reused by other MER researchers (the Spotify terms of service and
developer policies are being studied in order to find a viable option
for its publication)

« to include the songs’ lyrics in the emotion recognition in order to
propose a multi-modal approach

« to explore the possibility of building Spotify-based accurate models
able to recognise the emotions of each song’s segments

« to build alternative recognition models based on fuzzy logic and to
compare them with the models presented

+ to analyse the execution behavior of the cloud-based system in
order to optimise its configuration and to reduce the costs of its
resource provisioning

+ to create an emotion-aware music recommendation system based
on the RIADA functionality and the content personalization and
recommendation services provided by Spotify

+ to reuse the RIADA technology for the generation of affective
playlist. It is an open and interesting challenge in the field of the
affective computing

« and, finally, to use wearable devices to detect the emotions
induced to the listeners through the music. These devices could be
used to include a new emotional dimension into the dataset or to
study the correlation between the perceived emotions (the songs’
annotations) and the induced emotions
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In this paper, we research rhetorical patterns from a musicological and computational standpoint. First, a
theoretical examination of what constitutes a rhetorical pattern is conducted. Out of that examination, which
includes primary sources and the study of the main composers, a formal definition of rhetorical patterns is
proposed. Among the rhetorical figures, a set of imitative rhetorical figures is selected for our study, namely,
epizeuxis, palilogy, synonymia, and polyptoton. Next, we design a computational model of the selected
rhetorical patterns to automatically find those patterns in a corpus consisting of masses by Renaissance
composer Tomas Luis de Victoria. In order to have a ground truth with which to test out our model, a group
of experts manually annotated the rhetorical patterns. To deal with the problem of reaching a consensus on
the annotations, a four-round Delphi method was followed by the annotators. The rhetorical patterns found
by the annotators and by the algorithm are compared and their differences discussed. The algorithm reports
almost all the patterns annotated by the experts and some additional patterns. The algorithm reports almost all
the patterns annotated by the experts (recall: 98.11%) and some additional patterns (precision: 71.73%). These
patterns correspond to rhetorical patterns within other rhetorical patterns, which were overlooked by the
annotators on the basis of their contextual knowledge. These results pose issues as to how to integrate that
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contextual knowledge into the computational model.

I. INTRODUCTION

IN this work, we study rhetorical patterns, in particular rhetorical
patterns by repetition, from a musicological and computational
standpoint. This kind of pattern is associated to highly imitative
music of contrapuntal nature in the Renaissance and Baroque eras.
To the best of our knowledge, rhetorical patterns have received
very little attention in the modern musicological literature. The
contribution of this research follows a path that starts by establishing
a conceptual framework for the definition and characterization of
rhetorical patterns, which is a question in need of further research
in musicology; see Section II. After that, issues have arisen when
annotating these patterns —including the problem of subjectivity
and consensus-reaching—, are examined. Manual annotations are all
at the same time valuable, cognitively demanding, time-consuming,
and prone to error. Furthermore, when a corpus of music is relatively
large, manually detecting all the patterns is not feasible and is often
unrealistic. Therefore, in this study, we also took into account those
patterns that the experts overlooked in their annotations. In our case,
manual annotations by experts were needed to understand better the
nature of rhetorical patterns as well as to provide ground truth to
test the pattern-discovery algorithm. Moreover, when a set of experts
annotate some music, the problem of reaching consensus among them
soon arises. In order to tackle this problem, a consensus-reaching
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scheme, called Delphi, was implemented. Both the issues of manual
annotations and consensus-reaching are addressed in Section II.A. We
also built a computational models for the rhetorical patterns, which
included formal computational definitions of the rhetorical patterns
(Section IL.B). To automatically extract and mine rhetorical patterns,
we used an existing pattern-finding algorithm, the BIDE algorithm.
We then proceeded to test our method on the work of Tomas Luis de
Victoria (details in Section II.C) by determining whether the category
of a discovered pattern matches the category assigned by annotators.
A classification task —whether a discovered pattern is an annotated
pattern—was set up and performance measures were computed and
analyzed (Section IV). It turned out that the algorithm predicted the
correct category for most of the annotated patterns (recall: 98.11%),
but interestingly enough, it also found additional patterns that were
overlooked by the experts (precision: 71.73%). Lastly, the paper comes
to an end where conclusions about the results obtained in this research
are discussed.

Musicologists and other musical scholars can benefit from this
work in many ways. First, we proposed a conceptual framework for
rhetorical patterns. That framework unifies different definitions given
in the literature (see Section IL.B) and proposes a rigorous definition
of the main rhetorical patterns found in the Renaissance and Baroque
music. Second, to have the possibility of searching for rhetorical
patterns in large corpora of music is highly advantageous. Manual
annotation of patterns is a prone-to-error and tedious task. As we will
see in this paper, algorithms can detect some patterns that are dijcult
to detect by the experts. Third, we made use of a novel method to
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reach consensus among experts, the Delphi method. To the best of our
knowledge, such method have hardly been used in research involving
consensus-reaching in musicology. Finally, the results obtained in this
work open new venues for further research, especially the sub-pattern
