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Preface

We are proud to announce this book entitled Advances in Multidisciplinary Medical
Technologies — Engineering, Modeling, and Findings, which contains selected
articles from the fourth edition of ICHSMT International Congress on Health
Sciences and Medical Technologies, Tlemcen, Algeria, December 5-7, 2019. The
book also contains external chapters from other researchers to enrich the content.

The International Congress on Health Science and Medical Technologies
becomes a template of multidisciplinary efforts aimed towards impacting the scien-
tific progress in several axes of health sciences and medical technologies. It was
idealized by Dr. Abdeldjalil Khelassi and counted with the support of Dr. Wolfgang
Seger. The fourth edition of the congress was held at Tlemcen, Algeria, between
December 5 and 7, 2019.

The editors acknowledge all those who contributed to the previous congress
editions and especially the reviewers, organizers, sponsors, and volunteers of this
fourth one. The reviewing process was realized in two rounds: (1) pre-congress
round, which was meant to select the presentations and posters of the conferences,
and (2) post-congress round, through which an amalgam of chapters were chosen
for publication. All submitted chapters passed by the double-blind reviewing pro-
cess by one to three reputed reviewers.

This book includes 16 chapters by distinct authors organized into two main parts
as follows:

Medical Technologies for the Betterment of Humankind
Medical Technologies Systems

The editors would like to thank the members of the Technical Committee who

helped with the reviews and all the staff at Springer Nature.

Tlemcen, Algeria Abdeldjalil Khelassi
Duque de Caxias, Rio de Janeiro, Brazil Vania Vieira Estrela
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Chapter 1

Empathy and the Quest for Social Ethics:
Their Relevance to Contemporary
Healthcare — The European Perspective

Check for
updates

Valeria Tananska

1.1 Introduction

The present-day definition of personalized medicine is “the science of individual-
ized anticipation of patients’ medical needs and therapy.” Even though physicians
are opening up to the use of promising technologies such as nanorobotics, genetics-
driven medicine, sequencing technology, health informatics, artificial intelligence,
and computer science, the much anticipated big revolution is yet to come and pave
the way to a stronger, better human being [4—-10].

In a best-case scenario, technology assists physicians with more precise diagno-
sis, while ethical and empathetic healthcare professionals address the emotional, as
well as the physical needs of their patients.

And nowadays patients are asking for such a personalized care (Fig. 1.1). They
however view it only in light of more personal attention from and time spent with
physicians. Most patients do not understand what Internet-integrated technology
can do for them — access to more advanced software than the one their hospital can
afford; better qualification of medical personnel via “in time” following of best
practices instituted by larger, medical university hospitals; faster, more accurate
analyses of patient’s condition through second opinion given by off-premise spe-
cialists; prevention of disease, based on global comparison with other similar cases;
lowering the chance of professional mistakes and the synthesis of new medications,
through the work of an AI; and improved security and longevity of storaged indi-
vidual medical test data.

The currently limited use of technology pinpoints additional areas of actual ben-
efit for personalized healthcare, such as an easier access to computer-standardized
medical test data from medical machinery vastly differing in its make, technological
capabilities, and visualization format (Fig. 1.2) [10-12].
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Fig. 1.1 Personalized healthcare [13]

All we need is open minds and the realization of concrete positive advantage.

Certain groups will undoubtedly oppose these proposals for change based on
patient privacy concerns, the lack of advanced technical ability with healthcare pro-
viders, or the cost of implementing new technologies.

Yet, every issue has its solution. Evolution ensues from proactive involvement in
technologies that would secure better medical service, more satisfied patients, and
the future of our species as a whole.

With rising demands for individualized healthcare, personalized medicine is the
route to take. It is the author’s opinion that empathy and effective (rather than reptil-
ian) listening to the patient are an integral part of the new way forward. As such,
they must also be included into healthcare professionals’ curricula, clinical practice,
and counseling [1-3].

The next section discusses in greater debt the viewpoints of the author.

Finally, a conclusion section closes this manuscript.

1.2 Reflections on Empathy, Social Ethics, and Healthcare

Empathy is a type of one- or two-sided communication of emotion. Its practice

requires a minimum of two people — an empath willing to relate to the transient

mental plight of another and an empathee — the original source of such feelings.
Empathy is a product of necessity.
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It stems from the evolutionary instinct to avoid danger and improve survival odds
(while maximizing personal character growth) by steering away from self-
capsulation, moving instead towards sharing resources and knowledge with others.

If history has shown us anything, however, it is that life with others is...well,
complicated.

People have diverging needs, as well as a relentless desire to overcome and over-
power all other egos. A hierarchical governing system, wars, and crime have been
the obvious outcome.

To combat human nature and to survive in this world of our own making, we
need higher guidance — a code of ethical conduct, supported by law and, in case of
infringement, remediation.

Under the preeminent rule of a deity, God is the source of such guidance, as well
as the objective adjudicator of its observance. He judges both the unrealized intent
to do wrong (or advance one-self at the expense of others) and the actual deed to that
effect. Non-compliance means just, perpetual punishment in the afterlife.
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God is the only one that extends empathy. He does so solely to the deserving, the
compliant, and the truly repentant. Everyone else must endure hardship — either
because they have committed a sin, or because God tests the resolve of their
character.

As He rarely communicates directly with his flock, God has chosen people quali-
fied to interpret (the clergy) and implement (a ruling class) His word with the many.

But, in some realms in Europe, the interpreters lost their way. They sought to
disbalance the system and usurp rulers’ place. An additional irritant was the sale of
indulgences, promising God’s grace in writing off unethical or criminal behavior.

Widespread injustice to the many (committed not by God, but by fellow men)
created pre-conditions for social upheaval. Fearing power displacement, the rulers
reacted. With the inside help of like-minded religious reformers, they legislated an
alternative view of God’s ethics — their own.

Coded under the maxim cuius regio, eius religio (“whose realm, his religion”),
rulers kept their judicial and executive privileges in the temporal world. Yet, they
empowered themselves to connect directly to God and interpret His wisdom.

In so doing, rulers showed continuity. The new ethics incorporated God’s teach-
ings but applied them firmly to the needs of the state. Moral values were de-
generalized and greatly expanded. Now they aimed at resolving frequently occurring
social issues.

Within each realm, the resulting interpretation was not deemed a heresy, but
acquired the power of law. Rulers’ gave their subjects the new version of God’s eth-
ics in the vernacular.

The clergy got back to its preordained position of a repository of faith and ethical
conduct.

Rulers and clergy worked together once more for the greater good of the many.

Desired stability however, was not achieved fast enough. To make matters worse,
the former drivers of change (the rulers) got corrupted with power. They disregarded
the ruled and degenerated into breaking their own ethical logic.

History repeated itself, only this time the opposing factions were different.

Lacking leadership qualities to incur change, the ruled joined effort with nobles-
reformists. In some states, violent acts of divergence occurred (e.g., the French
revolution). Defecting rulers were reminded of majority power. The many decided
they would govern themselves.

The ensuing ethical shift sought to prevent further social injustice. Like its pre-
decessor, it did not build from the start. It revised a previous version.

Governance was divided between a legislative, executive, and judicial branches,
intended to balance each other out. Extreme forms of nepotism and ego-centrism
were curbed through election to a temporary mid- and low-level governing position.
The rise of a middle class began.

The Enlightenment (eighteenth century) and the Age of Reason (nineteenth cen-
tury) followed. Both intellectual movements studied the individual in terms of cre-
ational impulse, physical and mental development, and health.

Europe’s rapid industrialization, and several armed conflicts later, highlighted
the next set of issues. Humanistic ideas had relaxed into hypocritical ranting.
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Rulers and middle class enjoyed the comfort of their social position, while the
rest of society struggled. Disease, death, and economic desperation run rampant. No
longer would occasional acts of “noblesse oblige” (“nobility obligates™) towards the
poor and the underprivileged suffice, when sustainable care was needed.

The poor took to the streets demanding their social justice.

Even with remedy in sight, society still lacked in equal representation. Economic
outcasts were followed by women and people of color, who asked to join the elec-
torate. Limited consideration was subsequently given to sexual orientation.

Which brings us to present day social life and its understanding of ethics.

Today, we, Europeans, believe that we have ethically evolved. Our social and
personal acts are moved by God’s universal empathetic guidance. But we uphold it
ourselves. We fight for our human rights. We do not expect that someone else will
do it for us.

We would like to think that in so doing, we have broadened our mental horizons;
that we have become more self-aware and considerate to each other.

Yet, an ethically driven society engineered in strife is never a done deal, rather a
work in constant need of adjustment.

Below the surface, tensions persist, especially at the individual level.

The current bone of contention is that socio-political maneuvering around groups
with common complaints has trampled personal value. Nowhere is it more ostensi-
bly felt than in healthcare provision.

Patients increasingly claim that contemporary medicine has shifted in focus. It
has abandoned pursuit for the holistic healing of individual people in favor of
Fordist concerns like economy and efficient hospital stay turnover.

The result is limited bio-chemical testing culminating in treatment of illness
types and inanimate clinical cases. To top it all, empathy for patient’s experience
with the disease in a thus devolved healthcare system is totally missing.

The critics are correct, but only partially. Daily overload of responsibilities
should not detract from empathetic professional treatment. Healthcare staff should
be committed to patients’ mental as well as physical plight.

Yet, one should not forget that healthcare providers are (on occasion) themselves
using the system. It would be wrong to point fingers solely at the medical corps, just
because (in the absence of a concrete box punching bag) it means the front line for
direct, emotional bashing.

A far more insidious culprit hides elsewhere.

We have been trapped in a whirlpool of continuous time discordance. Social eth-
ics has evolved faster than the ability of the state to accommodate longer life expec-
tancy with a shrinking healthcare- and tax-paying work force.

The latter (aged between 21 and 68, and the ceiling is ever rising) pays for the
healthcare provision of:

e Themselves

e At least two retired live generations before them

* People with special medical needs

e The unemployed

* The incoming younger generation (at present — too young to socially contribute)
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Ironically, state’s work force has no right to be ill (at least, not for long). Sick
leave exacerbates monetary losses — once, by using healthcare service and, second,
time — by not making a full deductible towards it.

Breaching the gap between financial inflow and outflow in healthcare today is
surely an uphill battle.

To resolve the predicament in times of external peace, policy-makers are faced
with two choices: to borrow the outstanding amount from a bank (and indebt the
work force of today and tomorrow) vs. to tap into annual taxation (and effectively
charge the work force of today twice for the same service).

Unable to decide which option leads to the greater evil, most European states
favor the third way — of a more ethical, hybrid option.

Yet, social justice has been breached. Some individuals take far more than their
fair share from state’s healthcare. Complaints are therefore raised of depleting
resources.

Interestingly enough, not everyone who voices concern belongs to the health-
care- and the tax-paying stratum.

Playing on the empathic nature of others, a group of social dependents have
engaged in egocentric predatory practice. They demand more and free healthcare
dividends.

The argument for the “necessary,” indeed “life-saving” handouts is a breach of
contract with society, biology, and other states. The victims cannot lead productive
lives due to lack of work opportunities, invalidation, or a repressive regime func-
tioning elsewhere.

Any opposing opinion (or attempt at discussion) is met with immediate rebuttal.

Unfortunately, the rising trend of social extortion, based on the prevailing ethical
norms in European states, is supplemented with another “bonus.”

Big hospitals are increasingly targeted by patients who, for the lack of a better
term, “forget” all decorum, ethics, and civility. They jump the waiting line by faking
stronger pain and a greater physical emergency.

Emotionally blackmailed into effective action, physicians prioritize by bringing
forward the pushy, while leaving behind the socially compliant patients.

Another injustice is served. The rationale behind contemporary European ethics
gets tested.

Will we ever reach a stable, universal, empathy-driven co-habitation?

The answer lies ahead. Until then, the social experiment continues.

1.3 Conclusions

This text tackles the concepts of empathy and ethics as they evolved throughout his-
tory and gradually became incorporated into the European healthcare sector. It also
addresses current stresses on the thus created system.

The discussed issues impact all stakeholders — policy-makers, medical person-
nel, and patients [1, 2]. They can be resolved in two ways: first, through public
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discourse and measures without compromise on European guiding ethical princi-
ples of social justice and, second, through technology — to streamline and widen
data distribution and utilization, as well as improve patient survival outcomes, and
telemedicine aimed at integrating remotely living patients, cut down on operational
hospital costs and opportunist patient behavior therein.

Medicine is a profession guided by noble principles, but they must be reconciled
not only downwards, with individual patient needs, but also upwards — with the
politico-economic needs of the state, as substantial finances are needed to operate a
state healthcare system. Since the latter often works at a loss (due to catering for
unpaid emergency cases, rising prices of used goods and services, and general
redundancies), it must receive direct contributions from the end beneficiaries
(patients), pharmaceuticals (providing needed quality medicines in exchange for
operating rights), and, ultimately, the manager/overseer of the healthcare system —
the state.
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Chapter 2

Conceptual Model of Professional
Supervision Study Based on Data Mining:
A Study in the Regional Council

of Nutritionists of the 4th Brazilian Region
(Rio de Janeiro and Espirito Santo States)

Anderson Luiz Ignacio de Lima, Rosane Justino de Sousa Lima,
and Henrique Rego Monteiro da Hora

2.1 Introduction

A society provided by information technology is capable of producing a high
amount of data, whose relevance grows at the same exponential pace [1-3], and it is
no different in areas related to public health [4-6]. The availability of these large
volumes of data, coupled with the application of artificial intelligence techniques,
can solve health problems, hitherto not possible [7-9].

In this context, some studies present the use of mathematical tools for the treat-
ment of data within the health area and report the achievement of satisfactory
results. Bernstein et al. use statistics to compare the results of the statistical model
versus clinical evaluation made by specialists for cases of unplanned readmission
within 30 days after patient discharge and, thus, to estimate the risk, in addition to
clinical intuition [10]. For the authors, the statistically driven model performed bet-
ter than the clinically oriented model, helping to improve surgical quality and
reduce costs.

Gibbons et al. [11] and Hautemaniere et al. [12] use mining techniques to moni-
tor professional practice. Gibbons et al. use feedback text mining to assess variation
in the professional performance of doctors in the United Kingdom [11], and
Hautemaniere et al. use data mining to identify possible deaths from hospital infec-
tions [12]. Both concluded the applicability of the methods presented, indicating
that their findings can inform future predictive models of performance and support
the evaluation to improve the quality of professional practice.
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Some of the purposes of the Regional Council of Nutritionists are to guide,
supervise, inspect, and discipline the exercise of the profession, seeking the quality
of services related to food and nutrition (Federal Brazilian Law N 6.583 [13]). In the
inspection actions, one of the tools used by the inspectors is the technical visit
scripts that were prepared based on the Resolution for the definition of the areas of
activity of the nutritionist and their attributions (Resolution CFN N 380 [14]). These
scripts are available at http://www.crn4.org.br/fiscalizacaoroteiro-de-visita-tecnica.
php to permit the insertion of the data generated from the visits in a proprietary
platform.

The set of data accumulated over the carried out inspections make up a precious
material. Descriptive statistics can treat this information, and data mining tech-
niques can expose behavior patterns of companies and supervised professionals.
The resulting knowledge, if known and exposed, has excellent potential for use in
the management of inspections and subsidizing future decision-making.

In this scenario, this article aims to generate useful information from the data-
bases available in the information system of the Regional Council of Nutritionists
of the 4th Region (CRN4), through data mining techniques, to expose behavior pat-
terns of observed variables. This area comprises the states of Rio de Janeiro and
Esprrito Santo.

2.1.1 Data Mining

The vast amount of data available in the companies’ databases hides much knowl-
edge. Data mining transforms raw data into valuable information to assist decision-
making [15].

According to Berson, Smith, and Thearling [16], data mining explores databases
through tens of hundreds of different points of view. The difference between data
mining and statistical techniques is in the use of the data itself for the discovery of
patterns and not in the verification of hypothetical patterns.

Databases store knowledge that can help improve business, and traditional tech-
niques only allow to verify hypotheses that are, approximately, only 5% of all the
relationships found by these methods. Data mining can discover other unknown
relationships: the remaining 95% [15].

Therefore, data mining is a set of techniques that involve mathematical methods,
algorithms, and heuristics to discover patterns and regularities in large data sets.


http://www.crn4.org.br/fiscalizacaoroteiro-de-visita-tecnica.php
http://www.crn4.org.br/fiscalizacaoroteiro-de-visita-tecnica.php

2 Conceptual Model of Professional Supervision Study Based on Data Mining... 13

2.1.2 Methodology
2.1.2.1 Research Classification

For its nature, this research is applied, because it uses techniques consolidated in the
academy to solve problems and local realities. From its approach, the study is con-
sidered quali-quantitative. It is qualitative regarding data collection and composi-
tion of the variables of interest available in the form of the inspection script.
Moreover, it is quantitative in the treatment of these variables when they are submit-
ted to data mining algorithms [17].

For its objectives, the research is descriptive, since, from a set of data, it exposes
the reality present in it without explaining its occurrence. Finally, for its procedures,
the research is classified as a survey in data collection, bibliographic in its theoreti-
cal foundation, and case study, in the analysis of the object of study [18].

The research strategy was organized and structured in four sequential steps:

1. Definition and data collection

2. Data selection, pre-processing, and transformation
3. Data mining

4. Analysis and discussion of results

2.1.2.2 Definition and Data Collection

The data needed for the present research had identification restrictions, were made
available, are the property of the Regional Council of Nutritionists of the 4th
Brazilian Region (CRN4), and are the last of the inspections carried out by the
CRN4 inspection team.

The research project was submitted to Plataforma Brasil, receiving the Certificate
of Presentation for Ethical Appreciation under number 94572518.3.0000.5583, and
obtained a substantiated opinion from the Research Ethics Committee, approving
the project regarding ethical aspects. The CRN4 and the author signed the
Institutional Cooperation Agreement Term sealing the commitment to exchange
data and information to improve the inspection of professional practice, as well as
working conditions, to promote policies in favor of the category.

All information and exclusive technical data, considered confidential by CRN4,
provided under the agreement, were received and kept confidential. The collected
data underwent treatment and anonymization not to allow the identification of the
information holder.

The databases comprise the forms of the Technical Visit Routes (RVT) available
at http://www2.crnd.org.br/pg/fiscalizacao/visitasdefiscalizacao, which are used in
inspections and registered in the proper system for that purpose.

Technical visits are carried out with the nutritionist professional to guide and
monitor professional practice.
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The Technical Visit Routes are instruments developed to guide the visit of the
Fiscal Nutritionist, enabling the gathering of information related to the professional
practice and the support and guidance to the expert. They rely on the legislation of
the CFN/CRN System that establishes the duties of professionals in the various
areas of activity and on health legislation, seeking to contemplate the main manda-
tory aspects in a performance compatible with excellent quality standards [19].

This work uses the databases of four Technical Visit Routes, namely:

— Collective Feeding — Food and Nutrition Unit (FNU)

— School Feeding (SF)

— Clinical Nutrition — Hospital and Similar Institutions (HSI)

— Clinical Nutrition — Long-Term Institution for the Elderly (LTIE)

The records obtained and used are related to the results of the inspections carried
out during the period from 2014 to 2018, covering the states of Rio de Janeiro and
Esprrito Santo.

2.1.2.3 Data Selection, Pre-processing, and Transformation

The stage of data pre-processing, according to [20], belongs to the Knowledge
Extraction Process (KDD), where data mining is a critical stage. After data selection
and before applying the data mining techniques, there is the selection and transfor-
mation stage. In this step, the original attributes of the database are converted and/
or adapted to apply data mining.

In this step, the collected data are prepared for the mining process. They can be
generalized and aggregated, or even new attributes can be created or deleted to
understand the problem domain better. A typical procedure is the discretization or
transformation of data into categories or quantitative ranges, for a better interpreta-
tion of the problem domain [21].

The database made available by CRN4 is presented in an Excel file. It comes in
an unstructured form, requiring the use of a data dictionary for compatibility, use,
and understanding of the data. After the application of the data dictionary, the vari-
ables “outcome” and “non-outcome” were identified, the necessary transformations
were made, and then a comma-separated values (CSV) extension file was generated
for reading by the analysis software. At the end of this stage, the database started to
have a new configuration of attributes.

The analyzed RVTs also had a section with mandatory activities by the nutrition-
ist, subdivided into Qualitative and Quantitative Indicators. Each indicator with the
attributes that compose it with specific domain values for each indicator, namely,
“Minimum Standard,” “Standard Target,” and “Does not reach minimum standard”
for the attributes of the Qualitative Indicators and “Yes,” “No,” “Sometimes,” and
“Not applicable” for the characteristics of the Quantitative Indicators. The attributes
and domains were transformed, consolidating the attributes that make up the indica-
tors into a single attribute for each indicator. In this way, the new attributes became
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“Quantitative Indicators” and “Qualitative Indicators,” having as domains “Meets”
and “Does not meet.”

To define the final outcome, it was considered as “Meets” only the cases in which
all the original attributes have been met as “Minimum standard,” “Meta-standard,”
or “Yes,” as the cases where only one attribute has been classified as “Does not
reach the minimum standard,” “No,” or “Sometimes” indicates that the mandatory
activities of the nutritionist are not being fulfilled.

Some specific attributes of each RVT were also transformed, which were replaced
by intervals, taking into account the resolutions in force that deal with the minimum
numerical parameters of reference for the nutritionist’s performance and the mini-
mum numeric parameters within the scope of the School Feeding Program. For the
Collective Feeding RVT — Food and Nutrition Unit (FNU), it was used as a domain
of the attributes related to the number of meals, intervals according to the updated
version (Resolution CEN N” 600, 2018). In this way, the number of small meals was
converted into large meals, as directed in the Resolution, and only the large meal
reference was utilized. The intervals became the same used as parameters of that
Resolution.

The attributes of the School Feeding RVT, referring to the number of students,
were also transformed, making them compatible with CFN Resolution No. 465 [22].

The number of beds referring to the RVT Clinical Nutrition — Hospitals and
Similar Institutions was also transformed to adapt to the current Resolution
(Resolution CFN No. 600 [23]). The quantities were considered according to its
complexity, with the beds of medium complexity with intervals every 30 beds, and
high complexity, with intervals every 15 beds.

The changes made regarding the RVT Clinical Nutrition — Long-Term Institution
for the Elderly (LTIE) refer to the number of elderly people served. This quantity
lists both the number of nutritionists per number of older people served and the
necessary weekly technical workload, as CFN Resolution No. 600 [23].

2.1.2.4 Methodological Procedures and Analysis Techniques (Data
Mining)

The algorithms were executed using the data mining tool Waikato Environment for
Knowledge Analysis (WEKA), details in [24]; this has machine learning algorithms
that can be used to extract relevant information from a database of data. The tool
was adopted, according to the following reasons:

(i) Open-source tool and free of cost
(i) Have several versions of algorithms used in data mining
(iii) Awvailability of statistical resources to compare the performance of the algo-
rithms and present several resources for data analysis

To assess the knowledge generated with the processing of the study base, data
mining was performed using supervised learning for classification problems, and
the classifier algorithm selected was J48 from WEKA, which offers a set of rules
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that are easy to interpret by humans. The J48 algorithm is one of the most used in
data mining, according to [25]. It uses machine learning with the divide-to-conquer
scheme that decomposes a complex problem into simpler subproblems, and recur-
sively the same strategy is applied to each subproblem [26].

As aresult of the J48 algorithm application, the classifier outputs a precise model
as a decision tree. The use of the decision tree serves to enhance and assist in mak-
ing decisions more logically and rationally. The method assists in the decision pro-
cess, as it allows the analysis of complex scenarios, and the graphic model favors
the exploration of all the possibilities and results of a given decision, guiding in the
best problem-solving.

The J48 algorithm employs the standard WEKA configurations with a tenfold
cross validation test configuration to evaluate the model generalizability. Adjustments
were made to the parameters “confidenceFactor” and “minNumObj,” to have better
assertiveness in the results.

At the time of mining, for each RVT, two forms of data processing were per-
formed, with the outcome of the attributes of the mandatory activities of the nutri-
tionist, the first referring to the Qualitative Indicators and then the Quantitative
Indicators. That is, in each processing, the decision trees were generated consider-
ing as an outcome the attributes of the mandatory activities of the nutritionist.

Regarding the period and region studied, this research used the RVTs registered
between the years 2014 and 2018, in the states of Rio de Janeiro and Espirito Santo.
Thus, all records that did not meet these criteria were discarded.

2.2 Discussion

In this section, the results obtained after applying the J48 classifier algorithm to the
studied database are presented. The results were separated into topics with respect
to their RVTs. The initial analyzes are done separately. In the end, a cross analysis
between the RVTs is made, as well as a comparison with the works already pub-
lished on the theme.

2.2.1 Collective Feeding — Food and Nutrition Unit (FNU)

In this subsection, the results obtained through data mining, performed on the
“Collective Feeding FNU” basis between the years 2014 and 2018, in the states of
Rio de Janeiro and Espirito Santo are presented. The results were obtained after the
application of the J48 classifier algorithm consolidated on the studied database,
considering both the Qualitative Indicators Outcome and the Quantitative Indicators
Outcome.
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2.2.1.1 Qualitative Indicators

Through the decision tree, it is possible to infer that the use of Standardized
Operating Procedures (SOP) is a critical item, and its nonuse suggests that the
establishment will also not comply with the mandatory activities of the nutritionist.

However, considering that the use of SOP occurs as a technical-administrative
resource, attention is now focused on the use of technical reports/nonconformities,
which, if unused, suggests that it will not comply with the mandatory activities of
the nutritionist.

The number of sources of technical updates was also shown to be an essential
factor in raising awareness, indicating that greater coverage in the information chan-
nels suggests a higher rate of compliance with mandatory activities (Fig. 2.1).

2.2.1.2 Quantitative Indicators

For the decision tree generated from the Quantitative Indicators, the indication is
that if there is no supervision of the periodic control of rest-intake, then the monitor-
ing and guidance of the nutrition trainees become the relevant factor, in which the
cases where this monitoring occurs suggest that the mandatory activities of the
nutritionist are being fulfilled. In contrast, with the supervision of the periodic con-
trol of rest-intake, the use of technical reports/nonconformities becomes the driver,
where their nonuse indicates the nonfulfillment of mandatory activities.

The indicator of periodic control of rest-intake is presented as a complementary
activity of the nutritionist at FNU in Resolution CFN No. 380 [14]; however, with

Standardized Operating
Procedures - POP

=Yes =No
Technical reports / non- | Does not meet (18.56/1.0) ‘
conformities
=No =Yes _—
| Does not meet (42.77/12.0) | Number of technical update
sources in the last 5 years
<=2 =2
Adequate sanitary
Does not meet (17.67/7.0) | installations, maintained
and sanitized
=Yes =No
| Meets 82.97/23.97) | | Does not meet (12.47/5.0) |

Fig. 2.1 Decision tree — FNU — qualitative indicators outcome
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Supervises periodic rest-
intake control

. —
Sometimes N/A

Meets (24.5/5.5) Pais “es Meets (40.5/11.5)
Monitors and guides Technical reports / non-
nutrition trainees conformities

— =No

_ =No T =Yes
—Yes

| Does not meet (206.67/67.0) | Meets (81.0/31.0) | l Does not meet (57.67/22.0)

. =Sometimes | Meeis (162.34/42.34) |

l Does not meet (58.33/9.0) ” Does not meet (10.83/5.0) ‘

Fig. 2.2 Decision tree — FNU — quantitative indicators outcome

the update to Resolution No. 600 [23], this activity became mandatory. The result
presented in the decision tree of the periodic control of rest-ingestion as root node
of the tree corroborates and reinforces the importance of this activity, as also identi-
fied by the CFN itself, which is now considered a mandatory activity in the new
version of the Resolution that defines the areas of activity of the nutritionist and
their duties and indicates minimum numerical parameters of reference, by area of
activity, for the effectiveness of the services provided to society (Fig. 2.2).

2.2.2 School Feeding

In this section, the results obtained through data mining, performed on the “School
Feeding” basis, are presented.

2.2.2.1 Qualitative Indicators

The tree demonstrates that the use of specific computer programs helps in fulfilling
the mandatory activities of the nutritionist, as it facilitates and streamlines the daily
routine of the nutritionist.

For cases where specific programs are not used, the execution of the annual plan
within the scope of the National School Feeding Program (PNAE) [27] becomes
decisive, where only when executed does it present possibilities of fulfilling manda-
tory activities (Fig. 2.3).
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Gamputer programs - speciﬁD

=No =Yes

Meets (397/097) |

=Sometimes T R

e

—— .
N/A =Sometimes

| Does not meet (1.58) | Registration weekday | Meets (3.47/0.47) | | Meets (0.0) |

<=3 >3

Does not meet (3. 4‘”17 [—Meels (7.56/1.56)

Fig. 2.3 Decision tree — school feeding — qualitative indicators outcome

Executes annual plan within
the scope of the PNAE

N — | — =NA —

~Yes  ~Sometimes | Meess (4.08008) |
Does not meet (13.5/2.0) | ( Participates in the technical

evaluation process of food and
utensil supphers

[ Does not meet (6.58/2.0) |

—
Yes — ‘NO =Sometimes =N/ “\
Meets (27.17/8.17) ]l Does not meet (5.83/1.0) " Meets (1.83/0.83) ” Meels(OfO} |

Fig. 2.4 Decision tree — school feeding — quantitative indicators outcome

2.2.2.2 Quantitative Indicators

The execution of the annual plan strongly influences the Quantitative Indicators
within the scope of the PNAE since the decision tree generated, the situations where
the execution of the plan was not carried out, showed tendencies in not meeting the
outcome of the mandatory activities [27]. On the other hand, in case of implement-
ing the plan, the item that becomes important is the participation in the process of
technical evaluation of the suppliers of foodstuffs and utensils, where if there is no
participation, it suggests that the requirement is not met (Fig. 2.4).
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2.2.3 Clinical Nutrition — Hospital and Similar Institutions

In this section, the results obtained through data mining presented based on “Clinical
Nutrition — Hospital and Similar Institutions™ are presented.

2.2.3.1 Qualitative Indicators

The use of equipment for anthropometric assessment proved to be necessary for the
conclusion of the qualitative outcome, because, when not used, they indicate that
the mandatory activities of the nutritionist are also not being met. However, if
anthropometric assessment equipment is being used, the fact that there is a technical
supervisor indicates a higher incidence of compliance with mandatory activities.
This fact can be explained by the presence of a superior accompanying the activities
of the other nutritionists. If there is no technical supervisor, carrying out studies and
research in your area of activity becomes of significant influence, suggesting that,
when this fact is true, it also tends to meet the mandatory activities of the nutritionist
(Fig. 2.5).

For the Quantitative Indicators, the most relevant item is the professional’s spe-
cialization. However, if the hospital/clinic is philanthropic, the suggested indication
is that the mandatory activities are not being carried out. On the other hand, for situ-
ations with professionals without specialization, the time of drawing up became
significant, with the evening period being the most favorable to verify the fulfill-
ment of the mandatory activities of the nutritionist (Fig. 2.6).

Anthropometric assessment
equipment
0

=0

—
. . Does not meet (30.0/2.0) 1
Technical supervisor?

T =Yes _
Conducts studies and
research in your area

T—
Meets (65.17/15.17)

—_— — =N/A
_. =Yes —Somenmes —
Meets (3.67/0.67) Does not t(0.67
Mee:s[ﬂ 67/10.67) m eets | ) | J s not meet (0.67) I
—‘;pecnfc - =Other I —
Does not meet (23.33/2.0)
‘;pecual[y Others Registration time
=Yes =Moring = -‘-\l‘temoon T = Night —_—
| Does not meet[]S.SJ [6.0) || Meets (22.5/9.5) ” Does not meet (21.67/9.0) || Meets (21.83/8.83) | i Does not meet (0.67)

Fig. 2.5 Decision tree — hospitals and similar institutions — qualitative indicators outcome
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3 7 - )
— —
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Fig. 2.6 Decision tree — hospitals and similar institutions — quantitative indicators outcome
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— —
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Registration weekday
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Fig. 2.7 Decision tree — LTIE — qualitative indicators outcome

2.2.4 Clinical Nutrition — Long-Term Institution
for the Elderly (LTIE)

This section presents the results obtained through data mining, carried out based on
“Clinical Nutrition — Long-Term Institution for the Elderly.”

2.2.4.1 Qualitative Indicators

The decision tree seen in Fig. 2.7 indicated as the most critical attribute of the pre-
scription of foods for special purposes, suggesting that the nonprescription or incon-
sistency in the prescription causes the nonfulfillment of the mandatory activities of
the nutritionist. Sequentially, the next attribute to observe is related to qualitative
assessment with customers, suggesting that the execution of satisfaction surveys
reflects the fulfillment of mandatory activities.
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The prescription of food for particular purposes in the senile age group is a valu-
able item. This happens due to the natural and progressive decrease in muscle mass
present in that age group, known as sarcopenia, indicating that the fulfillment of
mandatory activities will provide information that will provide the identification
and screening nutritional risk.

A study by Landi et al. indicates the high prevalence of sarcopenia among resi-
dents of Long-Term Care Institutions for the Elderly, identifying the nutritional risk
and the decrease in muscle mass in these older people [28]. It reports the importance
of dietary supplementation in this age group for the correction and prevention of
sarcopenia. The study by Landi et al. confirmed the importance highlighted by the
decision tree [28]. They indicate the prescription of food for special purposes as an
attribute of greater relevance. This finding was also reported by Patronillo et al.
[29]. Protein supplementation should be considered in elderly people at nutritional
risk (or with sarcopenia already established), who do not reach the daily protein
intake necessary to meet metabolic needs through dietary changes and without med-
ical contraindications.

2.2.4.2 Quantitative Indicators

The quantitative outcome of Clinical Nutrition at LTIE has as its main attribute the
qualitative assessment with clients, where the simple fact of carrying out a satisfac-
tion survey with clients becomes an indicator of compliance with the mandatory
activities of the nutritionist. However, failure to carry out the evaluation highlights
the importance of using or not uniforms by employees, where nonuse suggests that
mandatory activities are also unfulfilled. In the case of the use of uniforms, the next
attribute to become relevant to the quantitative outcome is the existence of lavato-
ries and aseptic products for handlers, emphasizing that the fulfillment of this attri-
bute indicates a higher probability of fulfilling the mandatory activities of the
nutritionist (Fig. 2.8).

2.2.5 Comparison between RVTs

Figure 2.9 shows the temporal distribution of the amount of RVT between the years
2014 and 2018, in the states of Rio de Janeiro and Espirito Santo.

The distribution of the number of RVTs over time is more concentrated between
the years 2016 and 2017, wherein in 2016 there was a significant increase in the
number of RVTs, growing a little more in 2017, but retreating again in 2018, but still
at a level higher than the years 2014 and 2015.

The graph also shows a considerable difference in the number of RVTs related to
Collective Food — FNU concerning the others, being higher than double the sum of
the other three.
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Qualitative assessment with

customers
=Yes =No
Meets (62.67/18.67) Uniformed employees
=Yes =No
Washbasins and aseptic Does not meet (14.33/1.0)

products for handlers

=No =Yes

Does not meet (28.33/6.0) | Sample collection of
preparations

=No =Yes
| Does not meet (14.67/6.0) |L Meets (14.0/4.0)

Fig. 2.8 Decision tree — LTIE — quantitative indicators outcome

Number of RVTs per year
300 1
250 +
200
150 |
100
. I I I
2014 2015 2016 2017 2018
= FNU 107 142 289 296 212
u SF 10 17 23 41 il
= HSI 34 45 99 107 73
LTIE 21 20 46 40 3l

Fig. 2.9 Number of RVTs per year

Figure 2.10 shows the specifics of each RVT considering the attributes
“Quantitative Indicator,” abbreviated in the Table (Fig. 2.10) as “Quant. Ind.,” and
“Qualitative Indicator” abbreviated in the Table as “Qual. Ind..”

Through the results presented in Fig. 2.10, it can be observed that the precision
for the classification “Does not meet” was superior to the accuracy for the classifica-
tion “Meets” in all attributes of all RVTs. This is a decisive factor for the application
and usability of the proposed decision-making model. This happens because these
are tax actions and precision becomes more relevant for the definition of
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FNU SF HSI LTIE
I Quant. [ Qual. [ Quant. [ Qual. [ Quant. . Qual. [ Quant.. I Qual. |
Ind. Ind. Ind. Ind. Ind. Ind. Ind. Ind.
‘Does not meet L 765 | 95 | 80,8 | 925 | 66,7 747 | 676 | T2
Meets 50,7 20,4 34,8 17,9 58,7 50,6 56,6 66,7

Weighted average| 67,3 | 86,8 | 692 | 844 | 63,1 | 658 @ 626 69,5

Fig. 2.10 Precision values for each outcome

noncompliance, particularly the classification “Does not meet” to the detriment
accuracy to define compliance, in this case, the “Meets” classification.

This work presented a way of predicting the fulfillment of mandatory activities,
using data from previous inspections, which are observations verified at the place
visited through the Technical Visit Guide and carried out by a trained professional
for inspection, thus helping and serving as a guide for future inspections.

Literature lack studies that use formal inspection data mining to verify the pro-
fessional practice. What was found are works that use mining with the evaluation of
comments in the open text, made by peer professionals as Gibbons et al. [11], or the
database resulting from professional practice as presented by Hautemaniere et al.
[12], which uses a mortality database from a university hospital, to verify profes-
sional conduct.

Other authors use statistics to compare the results of a statistical model versus
clinical evaluation by specialists, as Bernstein et al. [30], in his work, which uses
data from patients to make comparisons. Layzell [31] contextualizes the inadequate
prescription of medications in postoperative patients, to identify, through an audit
carried out during 5 weeks in a recovery ward, the delays suffered by patients for
pain relief in the postoperative period and the reasons.

These works show undirected assessments and some even punctual, where there
is no script or standard for verification or continuity, and may present biased or
superficial results. In the past, none of them has sought to provide subsidies to offi-
cial inspection bodies.

The work that comes closest to this goal is the study by [32] that uses online
reviews from US restaurant consumers and introduces the vision of building a com-
bined real-time inspection system with routine inspections by the public health
department to prevent users from suffering foodborne illnesses. The authors explore
analyses with sets of keywords that denote foodborne illnesses and use supervised
learning techniques to classify the data to predict whether an assessment indicates
foodborne diseases. In particular, they detect assessments that predict foodborne
diseases, selected resources, and classification methods.

In view of the lack of specific studies involving data mining techniques and
inspection of professional practice, this work contributes by presenting the feasibil-
ity of extracting strategic information from the Professional Council’s own database
[33-35].

It is believed that the results obtained are of interest to CRN4 and to other
Professional Councils and the method presented here can be reused in other
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databases. For this reason, as future work, it is expected to use the present method-
ology in databases of other councils in the area, in order to serve as material for
future inspection actions, directing and assisting in the prioritization of verification
items when in inspection visits, helping to identify irregularities and nonconformi-
ties [36—41].

2.3 Conclusion

This research had the purpose of analyzing the behavior of the data resulting from
the fiscal actions of the Regional Council of Nutritionists of the 4th Brazilian
Region. The application of the J48 WEKA classifier algorithm returned satisfactory
results, with classification accuracy for nonconformity, well above the classification
accuracy for conformity, mainly for Qualitative Indicators, where it presented up to
95% accuracy for the classification “Does not meet,” which expresses the reliability
of the information generated.

The high percentage values achieved in the accuracy parameters indicate that the
level of reliability of the results obtained is satisfactory, which allows inferences
consistent with the reality of the object of study.

According to the results obtained, we can conclude that it is possible to find a
result trend and potential patterns in the proposed outcomes for the data mining
process using the database from previous inspections [36—41].

For each RVT, the most critical and influential relative and specific attributes of
the area in which the RVT itself operates are highlighted, such as (i) the execution
of the annual plan under the PNAE for the School Feeding area and (ii) the prescrip-
tion of food for special purposes for Long-Term Institutions, indicating the particu-
larity of each region [27].

This study can serve as material for future inspection actions, directing and
assisting in prioritizing verification items at the time of inspection visits, while help-
ing to identify irregularities and nonconformities [42—44].
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Chapter 3

Building Bridges and Remediating
Illiteracy: How Intergenerational
Cooperation Foster Better Engineering
Professionals

M. A. de Jesus (@), Vania Vieira Estrela @, R. J. Aroma @), N. Razmjooy @,

S. E. B. da Silva @, A. C. de Almeida @, H. R. M. da Hora ®, A. Deshpande @,
P. Patavardhan @), Nikolaos Andreopoulos (), Andrey Terziev (),

K. Raimond ), Hermes J. Loschi (), and Douglas A. Nascimento

3.1 Introduction

Developing logical and arithmetic skills contributes significantly to improve senior
citizens’ mental capacity and avoid some health conditions. Distance education
(DE) or long-distance learning alludes to training who are not physically at a class-
room to accommodate their lives to societal and workforce fluctuations [1].

Dyscalculia is the math equivalent to dyslexia and independent from
1Q. Nowadays, it hinders math literacy deterring people from using it in their lives
and keeping their brains sharp by using this type of knowledge experiencing time,
measurements, and spatial perception [2, 3].

Exploratory information was obtained from meetings with stakeholders: all
either individually as each person works on the environment or through the
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intercession of a tutor. The numerical information database (problem bank) about
the four operations allows math training with decimal places. This database can be
expanded altogether with only a guide conversing with the subjects (remotely or
not), a group of learners and tutors, or learners alone.

3.1.1 Motivation

The elderly need math skills to perform everyday tasks like managing medicine
dosages, doing income taxes, paying bills, time management, budget control, and
preparing meals to exemplify and demonstrate the meaning and usefulness of
math [4].

Technology keeps on delivering more and more gadgets to face these challenges
that often eliminate mental calculations, critical thinking, and awareness of the self.
However, calculations and estimations are essential for intuitive perception and
critical concerns about the desired outcome. The relevance of mathematics skills
for making decisions in everyday life (i.e., the propensity to recognize and solve
quantitative issues in real-life situations) lacks adequate metrics and evaluation
methods.

Emotions play a role in math anxiety, which is performance-based anxiety with
symptoms akin to social anxiety, and it is related to situations demanding or antici-
pating performance [4, 5]. The mutual relationship between self-belief and math
performance is essential, as well. High math confidence may favor its use. In daily
life, mathematical reasoning may benefit medical and financial selections signifi-
cantly but might be troubled in several ways.
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3.1.2 Distance Education

The Internet of Things (IoT) and cloud-enabled solutions arrange for the prospect to
shape new, attractive smart, connected distance education (DE) frameworks, assis-
tive learning, collaborative caregiving, and healthcare systems [4, 6].

DE can be paced (PDE) and self-paced (SPDE). The PDE format resembles tra-
ditional classroom-based paradigms in which learners initiate and finish a class on
a given subject at an equal time. SPDE is presently the most common style of DE
delivery. Alternatively, some establishments offer SPDE programs that permit reg-
istration at any time, and a variable course duration set according to the learner’s
timing, abilities, and dedication levels. SPDE is generally asynchronous, whereas
PDE can be either synchronous or asynchronous. Each delivery pattern has both
benefits and drawbacks for learners, instructors, and institutions.

SPDE affords autonomy for learners to commence their revisions and training at
any time. Nonetheless, they can also proceed with sessions speedily, if they want.
Students often enter SPDE when they experience stress to finish programs or accom-
plish a particular task, cannot complete an orthodox course, require extra classes, or
have some other hardship, which impedes standard study for any period. The SPDE
nature of the virtual classrooms, though, is an intimidating education paradigm for a
plentiful of learners and can incite procrastination besides course incompletion.
Although learning assessment can be a caveat as tests can happen on any day, allow-
ing students to share test questions with subsequent loss of academic honor, this can
be circumvented by having some random number generation. Ultimately, coordinat-
ing collaborative effort activities can be a hurdle. However, some schools have coop-
erative models relying on networked and connected SPDE pedagogics.

This manuscript comprises these parts: Section 3.2 describes the methodology,
and Sects. 3.3 and 3.4 address, respectively, the discussions and conclusions of this
project.

3.2 Methodology

The Dynamic System for Assemblage and Execution of Interactive Classes (SISDI)
has as its primary objective to train individuals that struggle to perform mathemati-
cal calculations with decimal places. SISDI encompasses a set of choices for the
learner to elect the intended content. Then, the SISDI employs this knowledge to
mount and display an adequate class, and the student must choose the class develop-
ment pace. The examples’ varieties to be explored involve the quantity, detail level,
and degree of difficulty and are pre-set by the instructor. The student solves cases
interactively informing the data necessary to

(i) Feed the learning engine
(i) Accomplish a particular task
(iii) Go either to the subsequent step or try to resignify the content
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Fig. 3.1 SISDI perceived as a cyber-physical system

Figure 3.1 shows the cyber-physical system corresponding to the whole SISDI
framework relying on a web-based environment comprising a content repository
(CR) and the students’ profile storage (SPS) [7-10]. This last module handles the
information about the students, their behavior, and their goals. Each learner requires
a knowledge evolution record identifying the necessary adaptation and a monitoring
module providing tutors with data on the person’s progression

The assistive learning engine (ALE) adapts the content displayed to the learner,
the type of pedagogy, and the presentation to each student.

A typical object-oriented (OO) system has multiple layers [11-13], e.g., if the
framework possesses three layers, (i) graphical user interfaces (GUISs), (ii) design of
the application logic layer with domain objects, and (iii) the technical services layer,
such as interfaces with database or registry error — usually independent of the appli-
cation and reusable [13—15]. Creating layers breaks the complexity of software [13,
16, 17]. The SISDI analysis uses case diagrams and actors, and their associations
appear in Fig. 3.2.

The use cases address the outer framework interface and specify many of the
SISDI necessities to attain goals better. Figures 3.3 and 3.4 allude to the SISDI’s
Choose Example use case [14—17], where the user chooses an example to train. The
SISDI’s activity diagram demonstrates the accomplishments and changes starting
from one activity to the next with the events happening in any part of the framework.

Sequence diagrams depict the flow of messages between different items, which
are represented by dashed vertical lines with the name of the item on the top. The
time axis is vertical at the same time expanding, so messages to be sent commence
with one item and then onto the next as bolts with the activity and the names of the
parameters, as the SISDI model example (Fig. 3.4). In implementing the SISDI, the
case study was a division with decimal places by the fact that people find great dif-
ficulties in this type of mathematical operation. SISDI comprises several screens as
follows (Figs. 3.5, 3.6, 3.7 and 3.8).



3 Building Bridges and Remediating Illiteracy: How Intergenerational Cooperation... 33

Fig. 3.2 Use case diagram Q

Choose class

User

D

Choose example

-,

Develop example

Fig. 3.3 Activity diagram:

Begin
choose example

The learner selects an example to be
worked upon

v/

The system shows the introduction screen
corresponding to the selected example

End

3.3 Discussion

A better semantic-based IoT engine would help to improve the system addressing
these requirements:

 Interoperability among applications, even from heterogeneous domains

e [oT data interpretation

e Straightforwardness implementation and deployment of IoT applications

e Adaptivity to the different users’ necessities (e.g., ensure privacy, interfaces to
wearable/mobile devices)
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Fig. 3.7 Theory screen: allows the user to seek explanation and learn the concepts of division
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Fig. 3.8 Development screen: execution of tasks until the normal division

Replication with math anxiety questionnaires is necessary to include situations
related to all respondents. Every day, math-related situations may vary from person
to person. Likewise, the elderly deal with family responsibilities, medical condi-
tions, and decisions that may use technology differently or even lack any techno-
logical help. Some examples have more common knowledge than an average
real-life quantitative issue. Still, as the world changes, people will adjust their math
use to technologies. For example, the amount of change in coins may decrease in the
face of digital payments. Evaluation of full reliance on technology or mathematical
thinking is still required.

A major challenge in the Cloud of Things (CoTs) handles the data created by
too many IoT devices. Edge computing infrastructure, aka Edge of Things
(EoT), solves problems by functioning as a middle layer connecting the IoT
devices and cloud computing (CC). The Cognitive Internet of Things (CIoT) can
deliver small-scale real-time storage and computing to guarantee low latency in
addition to optimal IoT resource deployment. Still, the EoT has privacy issues,
which is a noteworthy concern for systems with sensitive data. SISDI
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necessitates an EoT computing framework for safe and smart tutoring as well as
surveillance services with fully homomorphic encryption. The SISDI frame-
work needs scalability to aggregate and analyze the large-scale and heteroge-
neous data in the distributed EoT devices independently before sending them to
the cloud.

All over history, anthropological cognitive systems have been changed by the
introduction of technology (e.g., primitive tools, oral communication, text, and
math systems). The Internet reshaped human cognition with its multifaceted fea-
tures and transformed people’s thoughts and behaviors profoundly [18]. The elderly
sense some rejection of DE when compared to generations that grow up with
Internet technologies aka digital natives (DNs). Seniors tend to show shallow
Internet behaviors with fast attention shifting and lesser deliberations.

Last, improving people’s cognitive reserve augments the quality of their lives,
preventing the onset of dementia or other cognitive impairment in aging [19].

3.4 Conclusions

SISDI helps people to perform calculations with decimal places. The repercussions
of the analyses from meetings with stakeholders’ pointed towards the transmedia
aspect of the mediation conveyed enhancements to the learning encounters, together
with a commitment in the application space that expanded understudy energy, con-
tent use over numerous media modalities, and interest in game-based learning
[5, 20-22].

The whole route ought to be further ameliorated by combining quantitative
methodologies, computational intelligence, and experience obtained. Reflections
about the outcomes must converge towards the upgrading of fresh class designs and
to amalgamate diverse subjects like biology [23], dance [24], geography [25], health
self-care [26], and so forth.

This work is malleable enough to fit in a semantic engine either on the cloud,
constrained devices, or gateways.

The present framework needs to incorporate concepts related to skills, emo-
tional, and drive factors from everyday life, which has not been reported earlier
in the literature. Individuals with prominent math skills are the ones that make
use of math more habitually and are also more self-reliant concerning their math
abilities. For women, math anxiety relates adversely to using math in ordinary
life and to math expertise. Utilizing math routinely, taking into consideration
skills, affective and motivational elements may strengthen and mutually stimu-
late each other [4].
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Chapter 4

Acoustic Contrast Between Neutral

and Angry Speech: Variation of Prosodic
Features in Algerian Dialect Speech

and German Speech

F. Ykhlef » and D. Bouchaffra

4.1 Introduction

Emotion recognition (ER) can employ audio or image, and it is still thought-
provoking for the reason that it can improve a number of interactional aspects
among human beings in addition to the communication among them and their
machines under real-life uncontrolled circumstances, e.g., data acquisition glitches,
mutable/challenging lightning settings, modifications of indoor/outdoor conditions,
sensor noise, blur due to movement, resolution issues, occlusions, and pose devia-
tions, in addition to subjective elements that may impair conveying emotions [1-7].

This text ponders on speech ER, which is the most straightforward means to
communicate human thoughts. Acoustic ER rely on low-dimensional data when
compared to video ER. It expresses several clues linked to gender, age group, and
linguistic levels, besides emotional information [8, 9]. ER is still a hot theme in
speech/language processing.

Observing anger is paramount to ER [10] for medical psychology investigations
and emotional health tracking. Moreover, it aids in the estimation of the level of
stress, the detection of agents’/customers’ mood swing in call center dialogs, the
command of healthcare equipment (e.g., robots), as well as acknowledging frustra-
tion in day-to-day communications [11].

Voice activity detection (VAD) or speech detection distinguishes the presence or
absenteeism of talking (differentiating dialog from nonspeech sections). VAD is
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imperative in audio-based applications, for the most part, in speech coding as well
as recognition. There exist several VAD strategies in literature, relying on different
rationales like abrupt alterations of spectral, energy, or cepstral distances. These
changes fulfill different needs and entail various features, e.g., latency, sensitivity,
accuracy, as well as computational cost.

The design and deployment of audio-based applications call for an in-depth com-
prehension of speech properties. Additionally, the acoustic and linguistic traits of
emotional speech influence VAD performance. Without a doubt, prosody and voice
quality are essential to discriminate emotions [9].

In particular, a higher pitch mean value, a higher intensity, a somewhat faster
speaking rate, together with a breathy voice typify an angry speech compared to
neutral talking. Moreover, pitch values belong to a longer interval and exhibit abrupt
changes in line with investigative evidence from several idioms [9]. Yet, some of
these characteristics may differ from a language to another. Besides, the precise
amount of variation counts on the natural languages’ properties and the type of
corpora employed in the experiments. Plentiful of quite different results emerge in
the literature as the following studies.

Oliveira Jr. et al. carried out a study on Brazilian Portuguese [12] whose speech
anger rate is lower than the neutral one. This by-product is significant as it contra-
dicts directly what literature regularly indicates for other languages.

G. Koolagudi et al. have classified sentiments from the Indian language speech
[13]. Speech rate has been a significant feature to differentiate between emotions.
The typical hostile speech duration is lesser than the average neutral talking length.
The ER corpus, known as IITKGP-SESC, was the benchmark [13]. Indian actors
have recorded simulated speech containing anger, disgust, fear, compassion, happi-
ness, serenity, sarcasm, and surprise emotions.

S. Yildirim et al. conducted an ER acoustic study for the English language [14].
Professional actors simulated sadness, anger, happiness, and calmness in recorded
speech data. This study has revealed that the duration of angry utterances is longer
than the one of neutral utterances. Besides, silence duration between adjacent words
is shorter. Moreover, it found that angry speech displays high values of both energy
and pitch.

This text explores the variation of prosodic traits in Algerian dialect (AD) and
likens the obtained results to German speech. The suggested methodology explores
the set of prosodic traits, namely, pitch (F0), duration (D), and energy (E), to assess
and separate anger and neutral states. The emphasis on AD rather than Standard
Arabic (SA) happens for two main reasons:

(1) The first reason is that the native language in the Arabic world and more pre-
cisely in Algeria is not SA. Algerians use their dialect more often to converse
with each other than SA. For instance, the design of automatic software to infer
the stress level in Algerian speakers employing audio waveform demands
familiarity with the AD acoustic properties rather than the ones from SA.

(i1) The second reason for focusing on dialects stems from the scarce availability of
speech corpora. A speech corpus, which consists of the main linguistic clues of
a given language, is indispensable to analyze emotional prosody acoustically.
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There is no emblematic SA corpus for emotional speech detection as to the
authors’ awareness. However, the authors are presently building the first acted
Emotional Speech Corpus of the AD (ESCAD). This novel corpus lets investigating
the prosody variation in an emotional speech. The experimental outcomes obtained
for the ESCAD were compared to those of the German language (GL) utilizing the
German Corpus of Emotional Speech (EMODB). The authors compared AD to GL
since the structural composition of the ESCAD resembles the EMODB organiza-
tion. The authors scrutinized the variation of pitch (F0), energy (E), and duration
(D) of utterances via the “Wilcoxon matched-pairs signed-rank™ [15], which is an
objective statistical test. The P-value quantifies the degree of statistical significance
among the prosodic features pair extracted from neutral and angry speech
waveforms.

The best feature set selection for speech ER depends on the language as it appears
in [9]. For instance, if one opts for an acoustic element that separates flawlessly
neutral and angry English speech, then this particular feature may not typify the
indifferent and hostile Chinese speech suitably.

Prosodic features are amid the most excellent acoustic metrics for discerning
between neutral and angry German speech [9]. Still, no findings emerged in the col-
lected works for the AD as far as the authors are concerned. As a result, this study’s
outcomes will build a bridge between GL and AD while examining their differences
and similitudes in terms of the prosodic features’ variation. Then, the authors will
discuss the potential of the prosodic features to classify neutral and angry AD
speech. Furthermore, the authors will conduct an unpretentious and valid compari-
son between AD and GL while quantifying the separation degree. The investiga-
tional results will also pave the way for exploiting other alternatives on anger
detection in GL and apply them to the AD.

Next, this work has the following parts: This study’s materials and methods
appear in Sect. 4.2. The essential results and discussions appear in that order, in
Sects. 4.3 and 4.4. In conclusion, Sect. 4.5 closes the research and highlights future
perspectives.

4.2 Materials and Methods

This section addresses the materials and methods that we relied on to investigate the
acoustic contrast between irate and neutral speech employing the prosodic struc-
tures. The authors arrange for a brief description of feature extraction procedures
and delineate the statistical separability proof between neutral and angry states. The
authors describe in what way to use the P-value to quantify the degree of statistical
significance between neutral and angry states. This study likens the AD and the
GL. Detailed descriptions from [16, 17] tackle the phonetic composition of both
AD and GL.
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4.2.1 Speech Corpora
4.2.1.1 ESCAD

Emotional Speech Corpus of the AD (ESCAD) is a new simulated speech corpus
that is being recorded at the Algerian Center for Development of Advanced
Technologies [18]. A group of 25 males and 28 females took part in the recording of
the speech corpus.

The simulated sentiments are (i) anger, (ii) happiness, (iii) disgust, and (iv) neu-
tral. The speakers are uttering a set of 12 sentences that include the entire set AD
phonemes [18]. The orators recorded the same sentence twice.

The data from this study include only anger and neutral states. Eleven referees
evaluated these data subjectively. Only 10 speakers among the initial group of 53
are considered in our study. The selected speakers have shown a high Individual
Evaluation of the Speaker (IES) score [18]. We restricted our selection to ten speak-
ers to get a similar number of speakers as those available in the German corpus
(EMODB). This investigation considered only one sentence repetition. The total
number of angry sentences in the chosen subset is equal to 120. The same amount
of neutral sentences comprise a set of paired observations. The picked subgroup
guarantees that each pair of sentences (with neutral and hostile emotional under-
tones) has been uttered by the same speaker (Table 4.1).

4.2.1.2 EMODB

The department of communication science of Berlin University devised a database
for emotional speech benchmarking christened EMODB [19]. It was recorded by
five male and five female professional speakers to simulate seven emotional states:
(i) anger, (ii) boredom, (iii) sadness, (iv) joy, (v) fear, (vi) disgust, and (vii) neutral.
The speakers uttered ten sentences that include the phonetic components of the GL

Table 4.1 Overview of ESCAD and EMODB subsets

Properties/language Algiers dialect German language
Corpus type Acted Acted

Emotional states Neutral (N) + angry(A) Neutral (N) + angry(A)
# of speakers 10 10

# of sentences 12 10 (not for all speakers)
# repetitions 1 1

Total duration 365.11 (s) 384.34 (s)

Fs 44.1 kHz 16 kHz

# of files 120 77
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[19]. Some speakers record repetitions of the same sentence. The data used in our
study includes only anger and neutral states.

The number of angry recorded audio sentences within the EMODB corpus is
equal to 77. Therefore, the authors selected only the set of neutral sentences corre-
sponding to the same set of angry sentences to form paired observations (or groups).
The process of file selection ensures that the same speaker (Table 4.1) uttered each
pair of sentences with neutral and angry intonations.

4.2.2 Extraction of Prosodic Features

Each sentence (from the audio file of the sentence) has its F, and E contours
appraised for the ESCAD and EMODB subsets via the following strategies
(Fig. 4.1):

(i) The Gonzalez technique [20] for the F, contour
(i1) The Teager energy scheme [21] for the E contour

Sentence duration was estimated by merely computing the time interval of the
speech waveform.

P T T AV A A

—
=

(2]
o
o

T T 1717

1
T

N

o

o
|

Log-scaled frequency (Hz)

—_
o
o

Lol

T T 11T

(o]
o

L L L B L L L L L L L L B L B L L B L B B L B B
0.5 1 15 2 25 3 35
Time (s)

Fig. 4.1 Computation of the pitch and energy contours of the sentence “Your bill has not been
paid,” (in AD: “Jlcads s (e d alos b #1Ju=5")
Lines color (red, energy; blue, pitch; black, speech waveform; gray, spectrogram)
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4.2.3 Statistical Test

This study tries to disclose the acoustic contrast between neutral and angry speech
through the analysis of prosodic variations. The quantification of the degree of sepa-
ration between angry and calm emotional states using statistical hypothesis testing
achieves this goal. This research work has utilized the nonparametric scheme named
“Wilcoxon matched-pairs signed-rank test” from [15]. It aims at comparing the
medians of two dependent (paired) observations. This statistical test takes place
when one variable is present. In our study, the variable can be one of the three pro-
sodic features, namely, (i) Fy, (ii) E, or (iii) D. Therefore, the suggested practice
applies the statistical test separately for each feature.

Three pairs of observations represent the two populations undergoing tests. Each
pair corresponds to a single prosodic feature extracted from files containing neutral
and angry speech samples. Usually, nonparametric testing is suitable for non-
normally distributed data. Otherwise, parametric methods are used instead. The
Anderson-Darling test [22] helped to check the non-normality of the data leading to
the adoption of the “Wilcoxon matched-pairs signed-rank test.” The P-value worked
appraises the separation between the two observations [23]. The test checks if the
P-value is higher than or inferior to the significance level o, which in the present
study is a = 0.05, to either admit or throwaway the null hypothesis.

Nevertheless, the P-value magnitude provides extra information to quantify the
degree of statistical significance [23]. The P-value designates the probability that
the sample median difference among the two observations is zero at an a % signifi-
cance level [15], given the null hypothesis is verified. Therefore, this study assessed
the P-value for each prosodic feature utilizing two paired clusters (neutral and
anger). The first cluster encloses three prosodic features (Fy, D, and E) that extracted
with neutral speech files. The succeeding cluster consists of the same set of features
calculated through angry speech files.

These two clusters form our paired observations. This methodology treated the
ESCAD and EMODB corpora employing the MATLAB IDE under a Windows plat-
form to conduct these experiments.

4.3 Results

4.3.1 Feature Extraction

We applied a standard methodological approach to extract the prosodic features
from our speech subsets. Our approach is composed of two main steps:

(1) Selection of the speech subset SB (either ESCAD or EMODB)
(i) Clustering and extraction of information from SB
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A detailed description of the second step is summarized as follows:
The speech subset is divided into two clusters C; and C;:

e () includes “M” neutral speech files that encompass all phonemes of the speech
material (AD phonemes if ESCAD is selected or GL phonemes if EMODB is
selected). These speech files were uttered by “S” speakers. For each speech file,
the mean value of the three prosodic features, namely, Fy, E, and D, were com-
puted. For the entire set of data files, the numerical values of the aforementioned
features were saved in three different vectors: Ny, Ng, and Np The size of each
vector is equal to “M.”

e (,includes “M” angry speech files that encompass all phonemes of the speech
material (AD phonemes if ESCAD is selected or GL phonemes if EMODB is
selected). The same speakers uttered these speech files as those selected in C;.
The order of sentences and speakers is the same as in C;. For each speech file, the
mean value of the prosodic features, namely, F,, E, and D, was calculated.
Likewise, the numerical values of the aforementioned features were saved in
three different vectors: Ay, Ag, and Ap. The size of each vector is equal to “M.”

C; and C, were used to form paired observations (N: neural and A: angry) for
each prosodic feature separately. For each subset, the couple of clusters was
defined as:

(1) {CIAD; CZAD} fOI‘ ESCAD
(11) {CIGL; CZGL} for EMODB

Consequently, the prosodic features for each subset are expressed as follows:
e ESCAD (Fig.4.2)

— Fo_AD = {FO_C\ap; FO_Csap}
— E_AD ={E_ Ciap; E_Cosp}
— D_AD = {D_Cjap; D_Conp}

« EMODB (Fig. 4.3)

— Fo GL ={F,_CaL; Fo_Coa}
- E_GL={E _C; E_CyaL}
- D_GL ={D_Cg; D_CsaL}

The number of neural/angry files “M” and the total number of speakers “S” for
each subset are given as follows (see Table 4.1 for more details):

« ESCAD: {M=120,S = 10}
« EMODB: {M =77, S = 10}
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4.3.2 Quantification of the Degree of Statistical Significance

Our goal consists of (i) providing statistical proof of the separation between neutral
and angry prosodic features and (ii) quantifying the degree of this separation. We
tested the separation of the three pairs of observations obtained in the previous sec-
tion for both ESCAD (AD_F, AD_E, AD_D) and EMODB (GL_F, GL_E, GL_D)
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subsets. We found that the null hypothesis of the Wilcoxon test was rejected for the
three prosodic features (the P-value is less than 0.05).

This result proves that the separation between neutral and angry prosodic fea-
tures is statistically significant in the AD and the GL as well.

The P-values obtained for each pair of observation is taken into account to quan-
tify the degree of separation. The results obtained are depicted in Figs. 4.4, 4.5,
and 4.6.
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4.4 Discussion

The obtained results show that for both languages, the mean values of F, and E
measured using anger sentences are greater than those measured using neutral sen-
tences. However, the opposite was found for the duration. The separation between
neutral and angry prosodic features was proven to be statistically significant by the
mean of the Wilcoxon test.

The P-value computed using GL sentences to test the separability between neu-
tral and anger energies is much higher than the one obtained using AD sentences
((P-value_AD = 1.18, 10-14, P-value_GL = 1.92, 10-12)) (Fig. 4.5). The same
effect is exhibited for pitch values (P-value_AD = 2, 10-21, P-value GL = 2.46,
10-14) (Fig. 4.6). These findings mean that the energy contrast between neutral and
angry states is much higher for AD than GL. The same behavior was observed for
pitch. However, the opposite effect was observed for the duration (P-value_
AD =0.01, P-value GL = 3.4365, 10-07) (Fig. 4.4).

4.5 Conclusion

This paper studied the acoustic contrast between neutral and angry speech by inves-
tigating the variations of prosodic features (i.e., pitch (F;), energy (E), and duration
(D)) in AD and GL. We proposed a methodology for testing and quantifying this
contrast using the “Wilcoxon test” P-value. We provided statistical proof that the
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three prosodic features of neutral and angry states are separable. Then, for both AD
and GL, we have shown that the mean values of F, and E of angry utterances are
much higher than those of neutral utterances. However, the opposite effect was
observed for D.

This study proved the effectiveness of exploring prosodic features to discrimi-
nate neutral and angry emotions in Algerian speech. Furthermore, we discovered a
significant difference in the variation of neutral and angry prosodic features between
AD and GL.

We revealed that the contrast in E between neutral and angry states is much
higher for AD than for GL. We showed the same results for F variations. However,
the opposite effect has been observed for D. Therefore, E and F| are very effective
to detect AD angry speech.

Our next objective consists in investigating the variation of prosodic features
between angry and neutral states by considering the gender and age of speakers.
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Chapter 5
Artificial Intelligence and Its Application
in Insulin Bolus Calculators

Abdelaziz Mansour ¢, Kamal Amroun @), and Zineb Habbas

5.1 Introduction

Diabetes mellitus is an increasingly common, chronic, and incurable disease.
Worldwide, approximately 451 million adults had diabetes in 2017, and this number
is expected to reach 693 million by 2045 [15]. It is associated with depreciated qual-
ity of life, disastrous complications, reduced life expectancy, and high healthcare
costs. It occurs when the body cannot maintain healthy blood glucose (BG) levels
due to an absence, a lack, or defect of the insulin, hormone secreted by the pancreas
B cells. There are several types of diabetes. The most known are type 1 diabetes
(T1D) and type 2 diabetes (T2D). Insulin production is almost nonexistent for T1D,
whereas it is low or defective in the case of T2D. The authors in [5] review the clas-
sification of the different types of diabetes broadly.

T2D is the most common one, representing around 90% of the total diabetic
population in the world [28]. The body produces almost no insulin in T1D. In T2D,
the insulin produced either is not sufficient or is defective. The treatment depends
on the type of diabetes and relies mostly on physical activity, healthy regimen,
external injection of insulin, etc. The goal is to maintain BG levels within normal
values to delay or prevent complications.

T1D treatment is based mainly on the external administration of insulin called
insulin therapy. As part of treatment, T1D patients should inject insulin before each
meal. The determination of the appropriate dose is a very challenging task because
of the high variation in insulin requirements, influenced by multiple known and
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unknown factors such as the amount of carbohydrate, protein, and fat contained in
the meal, daytime, physical activity, stress, illness, etc. As a result, TID patients
have to consider many variables to perform actions, decisions, and diet adjustments
in the daily routine.

Decision support systems called bolus calculators (BCs) assist them in determin-
ing the appropriate dose to help T1D patients in the decision-making process.
Nowadays, these tools provide many advantages, and they contribute to T1D man-
agement. Some of them have received approbation in Europe and the USA [78], but
they are not optimal and present some limitations related primarily to their modest
adaptability to specific individual circumstances.

The development of these tools results from the collaboration between several
fields of research, namely, medical, pathology, mathematical modeling in diabetes,
control theory, and computer science. Over the past decades, artificial intelligence
(AI) methodologies helped to develop BCs with promising results regarding glyce-
mic control.

This paper explains the most knowledge needed by Al researchers to develop
software tools. First, it provides a general overview of the elementary concepts and
terminology definitions and terminology about diabetes frequently required for the
development of BCs. Then, the authors exhibit how to determine the appropriate
insulin dose that must be injected before the meal using a simple calculation. The
“Bolus Calculators” section presents the main key terms related to this field, BC
benefits, some BC algorithms based on Al techniques, how to estimate the meal
content, and the evaluation BC algorithms using simulation and being in a real clini-
cal environment. Finally, discussion and conclusions appear in the last section.

5.2 Diabetes

Some physiological variables such as body temperature, blood pressure, heart rate,
and BG level must be kept within specific ranges of values despite body distur-
bances, thanks to a process of regulation called homeostasis that ensures the proper
functioning of the organism.

These days, diabetes is an increasingly common, chronic, and incurable disease.
It is a condition where the body can no longer maintain BG levels in normal range
values, which means that glucose homeostasis is failing. An absence, a lack, or a
defect of a hormone secreted by the pancreas B cells, called insulin, causes this.
Glucose homeostasis is maintained by the actions of several hormones, essentially
insulin and glucagon.

The glucose is the primary source of energy for body cells. Some types of cells,
such as muscle ones, entail the presence of insulin, while others, e.g., the brain cells,
do not require its intervention. These types of glucose use are called insulin-
dependent glucose uptake (IDGU) and insulin-independent glucose uptake (IIGU),
respectively.
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When no insulin is present in the body, the glucose is only consumed in an
insulin-independent manner, which leads to an increase in the BG level (hypergly-
cemia) since the IDGU failed. In this case, the body looks for other energy sources
to feed cells for which glucose consumption depends on insulin. This energy can be
provided from different sources, for example, from fat cells that release a toxic sub-
stance called ketone bodies that makes the blood too acidic. This situation is known
as a potentially life-threatening complication if not treated in time. It is diabetic
ketoacidosis. In the long term, frequent hyperglycemias cause some complications
especially in the eyes (retinopathy), kidneys (nephropathy), nerve (neuropathy),
blood vessels, and heart, among other problems.

The treatment aims to normalize BG, i.e., maintain their blood glucose concen-
tration (BGC) within a safe target range (70—180 mg/dL) as often as possible during
the day, and to have an HbAIc (average blood glucose in the last 3 months) less than
7%. However, very low or very high blood glucose levels, called hypoglycemia and
hyperglycemia, respectively, must be avoided. Several studies indicated that good
glycemic control is effective in reducing the development and delaying the progres-
sion of long-term microvascular diabetic complications [19, 51, 79].

T1D treatment relies mainly on the administration of external insulin, which is
often necessary for survival, called insulin therapy [52] utilizing two types of insu-
lin: the rapid-acting insulin and short-acting insulin. They differ according to their
onset and duration of action. The technical materials commonly used for its injec-
tion are the insulin pen and the insulin pump. For routine use, insulin is adminis-
tered by T1D patients via the subcutaneous route (into the fatty tissues just beneath
the skin). The BG measurement with BG meters (BGM) measures the BG from
fingertip blood drop. Continuous glucose monitors (CGM) can also measure the
interstitial glucose concentration in real time. Note that there is a time lag of BG
value in these two places (capillary and interstitial glucose concentration) [65]. The
use of insulin pumps and CGM avoids multiple uncomfortable injections and mea-
surements, respectively.

The glycemic control can be achieved in T1D with an intensive insulin therapy
(IIT), i.e., by means of multiple daily BG measurements and insulin injections either
with an insulin pen or pump, with a good adaptation of the doses. It is known that
such therapy decreases the frequency or severity of diabetic complications [19].

The bolus-basal is the most common therapy in patients with T1D derived from
IIT. Tt is proposed to mimic the normal physiological secretion of insulin. The
injected insulin consists of basal insulin needed to provide glucose control between
meals and overnight that reliably lasts at least 24 h and bolus insulin provided at
times of eating to reduce postprandial glucose level caused by food intake. As an
illustration, the body constantly needs insulin to allow the cells that use glucose in
an insulin-dependent way to acquire energy, hence the main role of basal insulin.
The use of an insulin pen involves the injection of short-acting insulin for basal
needs and rapid-acting insulin for bolus needs. In the case of an insulin pump, only
rapid-acting insulin is used. Clinicians generally adjust basal insulin dose in col-
laboration with patients during periodic visits. The treatment of T2D is based
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essentially on lifestyle changes with a balanced diet, weight control, and regular
practice of physical activity [12].

Diabetes self-management (DSM) for T1D patients is a therapeutic approach
that leads to improve glycemic control and to prevent or delay the development of
diabetes-related complications [70]. It includes mainly an education on carbohy-
drate counting and possibly fat and protein amount estimation to determine meal-
time insulin dosing [6]. The calculation of the appropriate dose should not be a
source of confusion. Errors can have a major deleterious effect on the quality of
glycemic control achieved, i.e., risk of postprandial hypoglycemia or hyperglyce-
mia. Hence, the interest of developing decision support systems (BCs) that assist
T1D patients in the determination of the proper dose of insulin must be injected
before the meal to cover insulin requirements of the postprandial period.

5.3 Determination of the Appropriate Bolus Dose

Optimal glycemic control in T1D requires control of both fasting plasma glucose
levels (between meals and overnight) and postprandial glucose levels, by combining
basal insulin and bolus insulin, respectively. The basal or bolus insulin doses must
correspond to the specific needs of each patient. The basal insulin requirements are
computed using formulas or determined empirically based on trial-and-error tech-
niques [17, 22]. The insulin bolus dose is generally obtained using Formula (5.4). It
consists of the sum of the insulin that will lower the BG owing to the intake of car-
bohydrate (CHO) and the insulin that will correct an unwanted glucose concentra-
tion level found before taking the bolus. If active insulin remains from the previous
boluses called insulin on board (IOB), it should be subtracted from the total insulin
bolus (see Formula (5.1)). Note that a good estimate of the basal dose is essential to
succeed in the insulin bolus calculation.

The Formula (5.4) employs a patient-specific parameter that needs to be opti-
mally estimated before being used. A correct preliminary estimate of the insulin-to-
carbohydrate ratio (ICR) and insulin sensitivity factor (ISF) is essential. The ICR is
the amount of carbohydrate covered by a single unit of insulin. The ISF determines
the degree of glucose decrease caused by a single unit of rapid-acting insulin. The
ICR and ISF are influenced by the insulin sensitivity (i.e., the ability of insulin to
stimulate glucose utilization and inhibit glucose production [66]) of each individ-
ual. They are patient- and daytime-specific parameters that may vary during the day,
in response to various factors such as lifestyle, physical activity, stress, illness,
changes in weight, growth hormone, changes in gastrointestinal physiology through-
out the day, circadian rhythms for cortisol, etc. They often need further adaptation
and are usually determined by clinicians in collaboration with patients during peri-
odic visits. The authors in [22, 62] provide a review on how ICR and ISF are deter-
mined using rules of thumb.

The insulin bolus (B) is equal to the meal insulin if there is no IOB, and the cur-
rent blood glucose Gceurrent is close to Gtarget (see Formula (5.2)). Gtarget is a
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patient-specific parameter that determines the glycemic goals of the individual
patient. It can be either a specific value or a range of values, and it can be fixed or
time-varying on each meal. If the meal does not contain carbohydrate (CHO) or in
case of a need to correct hyperglycemia, insulin bolus corresponds only to the insu-
lin correction (see Formula (5.3)):

B = Meal insulin + Correction insulin —IOB, 5.1
Meal insulin = @ , 5.2)
ICR

Gcurrent — Gtarget
ISF ’

Correction insulin =

(5.3)

_ CHO N Gceurrent — Gtarget
ICR ISF

B I0B. (5.4)

In the literature, other abbreviations of the Formula (5.4) parameters can be
found. For example, one can find ICR [36], CIR [62], or CR [68] to describe
carbohydrate-to-insulin ratio; insulin sensitivity factor (ISF) [36]; correction factor
(CF) [68]; bolus insulin on board (BOB) [78]; or insulin on board (IOB) [36].

Information on the carbohydrate content of different foods is necessary to make
correct estimates of CHO in the meal. The American Diabetes Association (ADA)
recommends including protein and fat estimations in diabetes management [6] as
they lead to increased insulin requirements. A study regarding the postprandial gly-
cemic impact of dietary protein alone without carbohydrate or fat in people with
T1D indicates that large amounts of protein consumed alone cause delayed and
sustained postprandial glycemic excursions 3-5 h after the meal [57]. It is also
observed a significant HbAlc reduction results when taking fat and protein into
account for insulin dose calculations [55].

The Diabetes Control and Complications Trial (DCCT) recommend the adjust-
ment of the insulin dose to the food intake since it can reduce the HbAlc [23].
However, the estimation of bolus insulin dose is a complicated process in which all
parameters of the Formula (5.4) must be determined every mealtime. To make this
complex calculative process more effective and easier for the patient, new decision
support systems that could assist patients in making decisions on their insulin doses
before meals are developed. BCs will be explained next.

5.4 Bolus Calculators (BCs)

BCs are generally based on the Formula (5.4), and they are usually incorporated
into glucose meters, smartphones, and insulin pumps (the first BC in an insulin
pump was introduced in 2002 in the Deltec Cozmo pump) [68, 78]. They require
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reliable estimates of Formula (5.4) parameters. Several studies have reported that
BCs are promising tools that improve the accuracy of insulin therapy, and they are
recommended by the ADA [6]. They have shown benefit when compared with men-
tal calculation [71]. The authors in [2] have reported that a manual estimate of
insulin bolus dose by 64% of T1D patients is incorrect, compared to 6% of those
done using a BC. A clinical benefit of BCs in a pediatric population using insulin
pumps has also been demonstrated [69]. They are effective in controlling postpran-
dial glucose levels by reducing the number of correction boluses needed to correct
hyperglycemia and the amount of carbohydrate needed to correct hypoglycemia
[33]. The authors in [84] have reported that the frequent use of BC can improve
glycemic control of pediatric T1D populations treated with an insulin pump. Studies
about patient satisfaction, confidence, and ease of use of BCs have shown interest-
ing results [33, 58, 67, 75]. A review of the current BCs can be found in [11, 25, 38].

Despite all these benefits, only a few BCs have received Food and Drug
Administration (FDA) approvals in the USA, and the first phone application received
Conformite Europeenne (CE) approval in the European market was in 2013 [78].
BC performance remains suboptimal since they require the user estimation of the
parameters of Formula (5.4), especially ICR and ISF, which are exposed to change
over time due to different factors cited above. The process of determination and
adaptation of the parameters often requires the help of experts. To make these appli-
cations very effective, it is necessary to adapt them to the individual specific circum-
stances automatically. Hence, more dynamic, adaptive, and personalized systems
are required. For this purpose, advanced algorithms have been developed to enhance
their adaptability.

The development workflow of BCs passes mainly through four steps shown in
Fig. 5.1. The first step is the proposition of an algorithm that provides insulin dose
recommendation based on pre-defined inputs (see Sect. 5.4.6). The second step is
the in silico evaluation based on computer simulation (see Sect. 5.4.4). The third
step is the implementation of the algorithm on devices like smartphones and insulin
pumps (see Sect. 5.4.6). The last step is the in vivo evaluation based on clinical trials
(see Sect. 5.4.7).

BC Algorithme < In-silico Evaluation

In-vivo Evaluation < Implementation

Fig. 5.1 Development workflow
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5.4.1 Glossary and Key Terms

In this section, we present some concepts about BCs necessary to understand
this field.

Closed-Loop

A closed-loop system is an automatic control system in which the glucose level is
regulated by feedback. It links the CGM device and an insulin pump to a micropro-
cessor, which uses mathematical algorithms to adjust the infusion rate. A closed-
loop system is also called an artificial pancreas (as it does everything autonomously),
but it is the preferred term in the healthcare world.

Open-Loop
An open-loop system is a control system where the delivery rate is preset, and there
is no self-correcting action as there is in a closed-loop.

Run-to-Run Algorithms

The run-to-run (R2R) algorithms adjust the insulin bolus dose automatically on the
basis of a performance measure for the same meal on the previous day(s). The run
period is set equal to 24 h, which corresponds to the circadian rhythm of the sub-
ject’s variation [72]. A preliminary study in [53] using R2R control for automati-
cally adjusting the ICR parameter of a BC has shown promising results.

Case-Based Reasoning (CBR) Algorithms

CBR is an Al technique based on past problem-solving experiences to solve new
ones [1]. It uses a knowledge base of past experiences. A case contains, basically,
the description of the problem and its solution. This technique has proved its effec-
tiveness in solving real-world problems, and it is widely applied in medicine [16,
37]. It can automate planning, diagnostic, design, and recommendation tasks. CBR
originates from Kolodner’s work based on Schank’s idea of dynamic memory mod-
eling and learning [41, 64]. It offers an interesting solution to deal with insulin
sensitivity variations since it is capable of dealing with an unrestricted number of
situations in which T1D patients can find themselves, considering that treating all of
these possible situations can be very difficult because of the high combinatorial
complexity.

Fuzzy Logic

Fuzzy logic is an extension of Boolean logic that enables a condition to be in a state
more than true or false. It provides a precious flexibility for reasoning, which makes
it possible to take into account inaccuracies and uncertainties. One advantage of
fuzzy logic is its capability to describe rules in natural language to formalize human
reasoning [24]. For example, in Boolean logic, a BG range >180 mg/dl is high, and
a BG range <70 mg/dl is low. In fuzzy logic, one can say that 180 mg/dl is high but
almost acceptable, while 300 mg/dl is very high and far from being acceptable;
70 mg/dl is low but almost acceptable but is very low and far from being
satisfactory.
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Artificial Neural Networks

They are systems inspired by the way biological neural networks process informa-
tion. They are computational modeling tools that have emerged and found extensive
acceptance in many disciplines for modeling complex real-world problems such as
recognition, prediction, classification, optimization, etc. [7]. Recently, they become
powerful and are one of the most popular machine learning models, especially when
having massive datasets.

5.4.2 BC Algorithms Based on Al Techniques

The literature dealing with BCs presents several approaches based on artificial intel-
ligence. CBR associated with R2R algorithms emerges as the favorite technique
widely used in the literature. To our knowledge, the first CBR study for insulin
recommender systems was proposed in [59]. In recent years, it is becoming an alter-
native to building BCs. Herrero et al. [36] have presented a new decision support
algorithm that enhances standard BCs for T1D patients through the combination of
R2R and CBR. The system exploits the data provided by CGM devices. ICR and
ISF are updated daily according to a performance metric, presented by the distance
between the minimum postprandial glucose concentration and the patient’s target
BG. It has been tested in silico using the UVA/PADOVA T1D simulator [43, 77]
under realistic scenarios by emulating intra-subject insulin sensitivity variations,
uncertainty in the capillarity measurements, and carbohydrate intake. Useful in
silico results have been obtained. This study demonstrated a clear benefit of using
CBR in combination with R2R instead of using R2R alone. In another study, the
authors showed that the developed BC is safe for usage in T1D self-management [61].

The authors in [73] present “PepperRec,” a BC-based CBR that accounts for
missing values corresponding to factors that affect glucose metabolism, such as data
about the physical activity. It calculates the ICR and ISF parameters from which the
bolus is obtained. The BC is tested using the UVA/PADOVA T1D simulator. The
achieved results demonstrate that “PepperRec” increases the number of times the
users are in their target glycemic range and reduces the time spent below it while
maintaining, or even reducing, the time spent above it. The authors in [11] proposed
a novel approach that takes into account a temporal sequence of preceding events
when computing the bolus insulin doses rather than looking at events in isolation.
The authors in [74] propose a case-base maintenance methodology that decides
which cases should be removed from the case base because they are redundant, old,
etc. It combines case-base redundancy reduction and attribute weight learning. The
proposed approach includes an algorithm for learning the relevance of the attributes,
and it has been tested using the UVA/PADOVA T1D simulator. The authors in [74]
present related literature in terms of CBR case-base maintenance algorithms and
attribute weight learning.
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The authors in [46] propose a bolus recommender system based on fuzzy logic,
which simulation results for virtual subjects show that this system is effective and
robust. The authors in [20] propose fuzzy decision support that suggests the appro-
priate bolus dose to be injected before the meal for T1D patients. This system takes
into account the characteristics and the amount of the food, the preprandial glyce-
mia, and the insulin resistance. Obtained results were promising compared to origi-
nal doctor prescriptions.

The authors in [50] present the structure and the characteristics of an expert sys-
tem to optimize the postprandial glycemia in T1D patients.

A neural network-based approach for optimization of bolus calculation using
CGM was proposed in [13]. The system was tested in silico with the UVA/PADOVA
T1D simulator, and results have shown a reduction in the BG risk index.

5.4.3 How Is the Meal Content Estimated Using Al
Techniques?

The meal content is a paramount parameter in the determination of the pre-meal
insulin dose. The success of the bolus calculation is significantly dependent on the
correct estimation of the meal composition. In this context, some proposed systems
attempt to recognize food and the amount of items present in meals automatically.
Foltynski et al. [30] suggest insulin BC with automatic speech recognition, which
estimates insulin dose based on the voice description of a meal. A study about the
efficiency of automatic BC with automatic speech recognition in T1D patients has
shown improvement in postprandial glucose control without increasing the time in
hyperglycemia or hypoglycemia [29]. Authors in [56] presented an app that com-
bines a nutrient database with the expert software named VoiceDiab for automatic
speech recognition. Their study has been evaluated, with patients treated with con-
tinuous subcutaneous insulin infusion, in a crossover randomized controlled study
made in 12 T1D adults, showing promising results.

Based on the k-means algorithm, LBP, and SVM Al techniques, the authors in
[4] demonstrate the feasibility of a system that estimates carbohydrate amount
based on its digital image. Therefore, it is possible to identify the food by taking a
picture of the meal using a smartphone. Rhyner et al. [63] proposed GoCARB to
support individuals with T1D during daily carbohydrate estimation. It hinges on
computer vision techniques that automatically segment and recognize the different
food items, and then the CHO content is calculated by combining the volume of
each food item with the nutritional information provided by the Nutrient Database
for Standard Reference (USDA).
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5.4.4 TID In Silico Simulation Environment

The term in silico refers to the usage of computer simulation to perform biological
or medical experiments [54]. The in silico simulation is able to accelerate the evalu-
ation process that is usually needed for expensive lab work and time-consuming in
clinical experiments. It evaluates new treatments in diabetes, such as BC algorithms
prior to their clinical application in humans. It allows performing some scenarios,
which are too difficult, too dangerous, or not ethical in clinical experiments.
Furthermore, it can provide valuable information about the safety, efficiency, and
limitations of a newly developed algorithm [82].

The T1D in silico simulation environment, referred to as a simulator, is based
essentially on mathematical models [14]. In its general scientific sense, a mathemat-
ical model in medicine is a formalization of a complex biological phenomenon by
applying mathematical techniques and theories [14]. The literature dealing with
mathematical modeling for different aspects of diabetes is abundant and is still an
ongoing area of research [31].

The main components of these simulators are virtual T1D patient and virtual
T1D population. A virtual patient incorporates a simulation model of the T1D
patient physiology, which is characterized by a set of parameters that describe a
specific patient. It can receive as inputs insulin delivery suggested by a BC algo-
rithm, meals, etc. and provides as output the resulting glucose response. A virtual
T1D population contains multiple virtual T1D patients. It utilizes multiple param-
eters set representing different virtual T1D patients that can be subdivided into dif-
ferent categories such as adults, adolescents, children, pregnant, etc. [81].

A T1D *“virtual patient” is recently built from various sub-models. It includes a
sub-model of the glucose kinetics and insulin action, a meal sub-model representing
glucose absorption from the gastrointestinal tract, an exercise sub-model represent-
ing the effect of physical activity on glucose concentration [81], and sub-model of
nocturnal glucose variability to describe the dawn phenomenon [72], among others.
The number of other interacting physical sub-models depends on the input/output
requirements of the material of treatment (insulin pumps, CGM, etc.). For example,
in the case of testing a BC algorithm based on CGM and pump insulin, it is required
to test it in a simulation environment that incorporates sub-models of subcutaneous
glucose kinetics and the subcutaneous insulin kinetics, respectively [42, 81].
Figure 5.2 shows a schematic representation of an example of a T1D simulation
environment.

A simulator is relevant if it provides a realistic testing scenario and grants to
obtain the expected results observed in reality. Notwithstanding the significant
progress made in the past years in the availability of large data from clinical trials
and the new technologies of tracers and sensors, the simulation models, which com-
pose those simulators, have some limitations. Thus, there is a need to refine these
models to be more realistic and compassing on:
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Fig. 5.2 A schematic representation of T1D virtual patient

(i) The absorption of various kinds of food
(ii) Physical activity
(iii) The patient’s behavior in making treatment decisions [76]
(iv) Intra- and inter-day variability of insulin sensitivity
(v) Intra- and intersubject variability of daily insulin sensitivity
(vi) Dawn phenomenon
(vii) Models of error affecting continuous glucose monitoring
(viii) Self-monitoring BG devices, etc.

One of the most popular simulation environments is the commercial type 1
Diabetes Metabolic Simulator (TIDMS) UVA/PADOVA created by The Epsilon
Group. The Food and Drug Administration (FDA) accepted it in 2013 as a substitute
for preclinical animal trials in the testing of control strategies for T1D. It is imple-
mented with Simulink/MATLAB and uses the mathematical model of Dalla Man
etal. [21]. It is based on quantitative knowledge of glucose-insulin metabolism and
data acquired from a large-population human subject study. There is an updated
model published in 2014 [49] that included the effects of glucagon and refinement
of insulin kinetics, taking into account increased insulin sensitivity during
hypoglycemia.

The automated insulin dosage advisor (AIDA) is a simulation environment that
incorporates a model of the glucose-insulin system in TIDM. It is used for patient
and clinical staff education and is available as a free software download or online. It
uses a knowledge-based system to make glycemic predictions and to generate insu-
lin dosage adjustment advice [45]. Other simulation environments to support the
development of glucose control algorithms can be found in [80].
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5.4.5 Statistical Measures for Evaluation of Bolus Calculators

Assessment of BCs can be accomplished by analyzing the pattern of multiple BG
samples drawn over time. The BG data provides the best representation from SMBG
or CGM of the subject’s well-being. Despite their inherent limitations [18], CGM
devices produce complex and voluminous data interpreted by many statistical mea-
sures to evaluate the quality of BG, control algorithms. It is important to note that
there is no clear consensus on the gold-standard statistical measures of glucose vari-
ability in clinical practice and research [32] that means that the interpretation of the
data can be different from statistical measure to another. The choice of the perfor-
mance metrics is a critical point, so the BC algorithms need to be assessed by appro-
priate performance metrics [72].

Several performance indices have been proposed to evaluate and compare the
efficacy of the various algorithms.

Area Under the Curve
The glucose area under the curve (AUC), which is based on CGM data, is the defi-
nite integral in a plot of BG concentration over the postprandial period.

Times Within, Above, and Below Target Blood Glucose Level Range

Indicates the percentage of times the subject spends within, above, and below a pre-
defined target range. A high percentage within the target range (e.g., [80-140]) is a
good indicator of how the solutions provided are safe for the subject, contrary to a
high percentage above and below target BG level range, which are not safe. However,
this measure does not take into account the presence of extreme highs and lows of
BG, which can be dangerous to the patient. The arbitrary definition of the BG target
can be a disadvantage, as it is a patient-specific parameter [72].

Mean Blood Glucose Level

The mean of the blood glucose data is a simple indicator of the subject’s overall
well-being; it is calculated as the arithmetic mean of postprandial BG concentra-
tions but does not aid in representing the variance, extreme lows, and extreme highs
of BG levels. The optimal target means BG is dependent upon the subject’s target
BG level [27, 10].

Standard Deviation (SD)

It is a measure of the dispersion of data values around mean BG. The aim is to get
low SD with minimal swings, which would reflect steady glucose levels. As an
illustration, if the subject’s BG levels are bouncing around between many highs and
many lows on a given period, they will have a larger SD. If the subject’s BG control
is reasonable, he will have a lower SD. It is worth noting that a low deviation would
indicate that the subject is consistently outside the safe zone if it is associated with
low or high BG levels.
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Low Blood Glucose Index, High Blood Glucose Index, and Blood Glucose
Risk Index

The low blood glucose index (LBGI) and high blood glucose index (HBGI), which
can be obtained both from SMBG and CGM data, are popular metrics used to quan-
tify the risk of hypo- and hyperglycemia [27]. They represent the frequency and
extent of low and high BG measurements, respectively. Higher LBGI or HBGI may
indicate a large number of mild hypoglycemia/hyperglycemia, a small number of
severe hypoglycemia or hyperglycemia, or a combination of both, respectively. The
sum of LBGI and HBGI is the BG risk index (BGRI) which indicates the risk of
experiencing extreme glycemic values [27, 32]. Some studies have shown the differ-
ence between LBGI and HBGI obtained based on SMBG and CGM [27].

The Control-Variability Grid Analysis (CVGA)

The overall performance in a population of T1D patients can be measured by using
the control-variability grid analysis (CVGA). This method allows visualization of
the minimum/maximum glucose values caused by a control algorithm in a popula-
tion of patients either real or virtual, where each subject is represented by a single
data point for any given observation period [47, 48]. For interested readers, a com-
prehensive presentation of CVGA can be found in [48].

5.4.6 Implementation

Once the in silico test phase of the proposed algorithm was completed with good
preliminary results, the next step is to implement it on an insulin pump, glucometer,
or smartphone to test it in vivo with human patients. The following points must be
taken during the implementation:

e The acceptance of the BC by patients depends on the ease of use of human-
machine interface (HMI) which must use the language, terminology, and lexicon
familiar to patients.

* The application must be secure by password to avoid any tempting to do modifi-
cation in the configuration.

* The automatic input of glucose readings to BCs results in usage simplification.

After the optimization and implementation of the algorithm, the application will
be tested in a clinical trial.

5.4.7 In Vivo Evaluation

The definitive answer to how the performance of the developed BC is can only come
from well-designed, randomized, controlled clinical trials. Thus, once the BC is
implemented and incorporated to a smartphone, pump glucometer, or other devices,
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the next step is testing it under real-life conditions with real patients; the results
provided in this step determine the goodness of the developed BC. This step aims to
validate the findings from the in silico evaluation; verify the safety, usability, effi-
cacy, feasibility, and patient confidence to such tools; and ensure the consistency of
dose recommendations. Before the first use, clinical guidance for patients on operat-
ing the BC is required, including how to select appropriate settings and how to
adjust bolus recommendations when outside factors exist, such as physical activity.
To obtain more credible results in the in vivo evaluation, it is essential to:

* Prepare the proper testing environment that includes the necessary human and
physical means

e Test the BC behavior in routine and outlier situations

e Choose the target population based on diabetes self-management skills, gender,
age, etc.

It is important to note the difficultly to isolate the benefit of BCs from other vari-
ables (such as carb counting skills, generally patient participating in the trial show-
ing a high level of motivation, the inherent bias of algorithms related to food choices)
that are determinants in the glucose control [68].

5.5 Discussion

Diabetes is a delicate disease that can have adverse health effects in the short and
long term. There is a large diabetic population in the world, and research has not yet
found an effective treatment. T1D treatment requires external insulin injections. A
part of the treatment is based on the external injection of insulin before each meal.
However, the determining of the appropriate dose is a complex decision task, which
is depending on several factors such as meal content, mealtime, physical activity,
stress, illness, daytime, etc. Note that optimal glycemic control in TID requires
control of both fasting plasma glucose and postprandial glucose levels. Hence, a
reasonable estimate of the bolus dose depends on how correct is estimated the basal
dose. Therefore, BCs are developed to assist T1D patients in the decision-making
process. They are incorporated in some insulin pumps, glucometers, and smart-
phones, and they generally rely on the Formula (5.4).

BCs are helpful tools that are able to support diabetic patients in their therapy
management. The determination of an optimal dose requires to user to define opti-
mal values of each parameter of Formula (5.4), which are time-varying and patient-
specific, particularly the ICR and ISF. Error in the estimation of a single parameter
can lead to an error in the recommended insulin dose, which increases the risk of
having postprandial hypoglycemia/hyperglycemia. Unfortunately, the methods for
estimation of these parameters have not been fully optimized. Note that Formula
(5.4) depends only on the carbohydrate nutrient.

Nevertheless, it has revealed in the literature that other macronutrients of meals,
such as fat and protein, play an essential role in the postprandial glucose response,
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which means that high-protein and/or high-fat meals lead to increased insulin
requirements. Hence, the Formula (5.4) alone cannot return an optimal dose.
Therefore, including the content of different foods (CHO, fat, and protein) is
required when performing the calculation. Several works have proposed solutions
that consider mixed meals containing fat and protein [8]. Note that all patients may
not master these advanced assessments of meal composition. Additionally, BG
meters need to be optimized to return values close to the real BG. Moreover, the
patients’ target BG should be regularly reviewed by an expert.

In the in silico evaluation step, algorithms must be tested under realistic scenar-
ios that emulate intra-subject and intersubject insulin sensitivity variations, uncer-
tainty in the glucose level measurements, and carbohydrate intake. To prevent
insulin overdosing, setting safety constraints is recommended, such as avoiding an
exaggerated update of the solution (ICR or ISF) and bounding the minimum and
maximum values of the solution [36].

Many statistical measures exist for the assessment of BC algorithms. Note that
there is no clear consensus on the gold-standard statistical measures of glucose vari-
ability in clinical practice and research [32], which means that the interpretation of
the data analyses can be different from statistical measures to another.

The development of a closed-loop artificial pancreas (AP) is one of the main
goals of diabetes management. It has the intent to eliminate the decision-making
task. One could argue that achieving this goal will make BCs useless. However,
there is still difficult work to achieve this goal satisfactory and accessible to every-
one for different reasons, e.g., lack of acceptability, challenges of cost-effectiveness,
and ethical issues [9, 60], among others. Indeed, AP uses a hybrid approach that
requires the injection of a portion of the meal insulin dose in an open-loop manner
before the meal [26] to compensate for the substantial absorption/action delay of
insulin given by the subcutaneous route, which can lead to early postprandial hyper-
glycemia [26]. This dose can be computed using BCs. Hence, using this hybrid
approach, which combines open-loop and closed-loop methods, remains valid in the
future for T1D patients relying on basal-bolus insulin therapy. Therefore, any
improvement of BCs by researchers will be welcome, as there is a need to improve
their performance [35]. In this context, the authors in [34] present a new technique,
based on CBR/R2R, to automatically adapt the meal-priming bolus within an
AP. Improvement in glycemic control in T1D has been noticed compared to its non-
adaptive methods.

There exist several possibilities that can empower BCs. However, numerous
challenges arise from their developments. In the following, we describe some pos-
sibilities that can improve their ability to make decisions. Essentially, through the
design of algorithms that:

* Automatically adjust the dynamics of ICR and ISF parameters.

* Accurately account for residual insulin activity from recent bolus doses to avoid
overdoses of insulin.

* Take into account mixed meals (CHO, fat, and protein).
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» Exploit the CGM measurements to obtain more information on the patients’ sta-
tus (e.g., trend, rate of change (ROC)) [35, 39].

* Remind the patient in case of forgetting to take the bolus. This can be achieved
by proposing algorithms that can detect a meal based on changing glucose levels
(e.g., as the time becomes longer between meals, the probability that a meal will
be consumed in the near future increases) [44]. Alternatively, by the usage of
wearable body sensors, for detecting intake gestures like intentional arm move-
ments to bring food into the mouth, chewing sounds during food intake, and
swallowing [3, 83].

* Automatically assess CHO content in a patient’s diet, via smartphones’ features
such as their cameras and microphones (speech recognition) [4, 29, 30].

* Improve the ease of usage of BCs through the standardization of the user inter-
face terminology to address issues related to ambiguity [78].

e Recommend carbohydrate intake needed to prevent or treat hypoglycemia when
IOB is excessive.

e Recommend correction boluses, drug, or physical exercise to deal with
hyperglycemia.

* Remind the patient using CGM or insulin pumps of certain behaviors linked to
the use of BCs such as shutting off insulin delivery in advance of physical activi-
ties and periodically calibrating the CGM using a “finger-stick” glucometer [44].

It is important to realize that BCs are required to be sufficiently “safe” and
“secure.” As an illustration, modern commercial devices like CGM sensors can
transfer data directly to smartphones [44]. Therefore, BCs must receive data from
those devices without any form of data corruption. In addition, there is a necessity
for any operating system update to not impact applications (BCs) safety, as reported
by the US Food and Drug Administration (FDA) [40]. Another key point is the
emerging technology of the Internet of things, which can significantly contribute
toward the improvement of BCs, by enabling seamless integration of more data in
BC algorithms. This integration increases security concerns with the mass deploy-
ment of connected objects involving sensitive or critical data.

5.6 Conclusion

Chronic diseases such as diabetes can benefit from the connectivity access of the
Internet of things (IoT), cloud computing, and databases. Recently, the controlling
of type 1 diabetes (T1D) prompted the development of new technologies and devices
that could be of help in home care and healthcare facilities via the Internet, relying
on wireless communications [85-92].

Our main aim in this paper is to provide to readers, especially the Al community,
the necessary background for the development and improvement of BCs. Knowledge
from different fields of research like medicine, diabetes, and mathematical model-
ing in diabetes is presented. In contemporary times, promising results have been
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obtained using solutions based on Al techniques [16, 92-97]. These solutions tempt
essentially to:

* Adapt the ICR and ISF values to the different situations in which T1D patients
can find themselves

* Recognize the different items in a meal

* Try to spot other patients’ features that can fine-tune the analysis

The evaluation of BC algorithms can require large clinical trials when performed
in humans. Simulation environments that depend primarily on the mathematical
models of the physiology of a diabetic patient and the associated treatment devices
can accelerate the development of BCs.

The development of BCs requires skills from areas like diabetes, mathematical
modeling, control theory, etc. Therefore, multidisciplinary research teams, includ-
ing computer engineers and clinicians, mathematicians, etc., are necessary for coop-
eration in this field, in order to contribute to the improvement of BCs. Finally, a
possibility to improve BCs is related to the availability of data obtained via different
sensors, which allows creating large datasets that can be used by machine learning
and deep learning techniques combined with security measures and energy-efficient
designs [97-106].
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Chapter 6
Feature Extraction Based on Wavelet
Transform for Classification of Stress Level

Djamel Bouchaffra @), Faycal Ykhlef @), and Yamina Bennamane

6.1 Introduction

Traditionally, the definition of stress consists of a reaction from a restful state to an
excited state in order to protect the cohesion of the organism. Classification of stress
levels into different ranges (low, medium, and high) can be conducted using differ-
ent sensors or instruments such as (1) galvanic skin response (GSR), (2) photople-
thysmography (PPG), (3) electroencephalography (EEG), and (4) electrocardiogram
(ECG). Sometimes, this task is also achieved through facial expression and speech.
In the ECG domain, many approaches are proposed to classify stress. Most of these
methods are based on P, QRS, and T waves due to the importance of characterizing
the ventricular contractions in the human heart. The number of QRS complexes, the
QRS durations, the RR distances, and the signal peak amplitudes have often been
considered as relevant features for representing ECG signal. Discrete wavelet trans-
form (DWT)-based heart rate (HR) detection algorithm is exploited for deriving
HRYV signals from the preprocessed ECG signal to improve stress detection
(Karthikeya et al. 2013). Nimunkar et al. proposed an empirical mode decomposi-
tion (EMD) for R-peak detection [1]. A weighted total variation (WTV) denoising
technique has been studied in [2] for QRS detection by preprocessing ECG signals.
A regular grammar method for extracting QRS complexes has been laid out in [3].
A similar method based on DWT or identifying QRS waveforms has been intro-
duced in [4]. The first derivative method-based Hamilton—Tompkins function and
Hilbert transform for QRS identification are studied in [5]. The mother wavelet used
in this latter context is the Haar function. To detect driver stress, multiple features
have been utilized in [6] to achieve higher performance. In [7], after the signal
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denoising phase based on Savitzky—Golay filters, the authors relied on the isoelec-
tric level, P wave, ST level, and QRS complex as main features for stress detection.
In [8], statistical and frequency domain features of HRV have been combined seam-
lessly for classification of stress levels within a workplace. A sequential minimal
optimization algorithm using EEG signals has been introduced in [9] to classify
human stress with respect to music tracks. EEG signal-based maximum likelihood
framework has also been exploited for the classification of stress at multiple levels
in [10]. Another approach based on head pose features invoking different classifica-
tion schemes (k-nearest neighbor, generalized likelihood ratio, and support vector
machine classifiers) has been introduced in [11]. A fuzzy classifier is proposed
in [12].

Furthermore, three levels of stress are detected through a fuzzy logic classifier
based on features such as heart rate, skin conductance, and skin temperature infor-
mation. Keshan et al. have devised different machine learning methods and algo-
rithms to detect three levels of stress from ECG signals in automobile drivers [13].
The accuracy obtained in this latter design approaches 88.24%.

Unlike major traditional approaches cited above that are based on electrocardio-
gram specificities and clues such as QRS waves for feature extraction, our method-
ology relies on the seamless fusion of DWT analysis and statistical measures. It in
fact captures the details of this type of signal. These details are indicators of abrupt
changes in the ECG signals. Our approach for the classification of ECG physiologi-
cal signals is novel. These latter signals represent an essential metric for getting
feedback about a driver’s state because they are often gathered continuously and
without impeding the driver’s task performance. To achieve this classification goal,
we first removed noise from the original signals and then invoked discrete wavelet
transform to extract a broad set of discriminative features based on the detail coef-
ficients and statistical measures. We further applied principal component analysis
(PCA) to perform feature space dimensionality reduction [14, 15]. This smaller set
of features represents the input pattern to different classifiers, which are support
vector machines (SVM), weighted k-nearest neighbors (WKNN), and linear dis-
criminant analysis (LDA) for driver stress classification (refer to Fig. 6.1).

The logical organization of the manuscript is as follows: The materials and meth-
ods proposed in this research are laid out in Sect. 6.2. The obtained results and the
discussion appear, respectively, in Sects. 6.3 and 6.4. Finally, Sect. 6.5 covers the
conclusion and perspectives.

6.2 Materials and Methods

There are five steps that are performed to classify driver stress levels: (1) database
collection, (2) signal preprocessing, (3) feature extraction, (4) feature dimensional-
ity reduction, and (5) classification.
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Fig. 6.1 The holistic
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~
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Step 1. Database We have used the Stress Recognition in Automobile Drivers
(SRAD) database, which is relevant for stress detection in drivers [6]. This dataset
contains a set of several physiological reactions emanating from people driving on
specified roads and highways, and in the following situations:

a. Low stress state or when the driver is at rest
b. Medium stressed state or when the driver is on the highway
c. High stress state or when the driver enters the city

In this experiment, we have considered only ECG information. The total driving
time varies from approximately 50 min to 1.5 h, depending on road conditions.

Step 2. Signals Preprocessing This step often includes the removal of different
types of noises. It has to differentiate between pure and noisy data. Only pure data
are left for further analysis. Cancellation of noise has been conducted using the
Wiener filter. It is well known that Wiener filter achieves noise reduction with some
integrity loss of the original signal. However, this loss is often not significant in our
level of analysis.

Step 3. Feature Extraction We have considered features in different domains
(time, frequency, time-frequency) through the use of linear or nonlinear methods.
Features normalization is often performed to minimize the inter-driver variance. In
our setting, a sampled ECG signal at 496 Hz and a segment of thel-min duration
ECG signal have been analyzed. We processed 120 signals for each class (class 1
represents low stress, class 2 represents medium stress, and class 3 denotes high
stress). We applied DWT using the multiresolution method (MRA) on each signal,
which is further decomposed into ten resolution levels. The mother wavelet that we
have used is Daubechies 4 (db4). We have obtained coefficients of details and
approximations. Next, we applied 12 statistical measures, which are mean, standard
deviation, skewness, kurtosis, variance, root mean square, spectrum energy, Shannon
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Fig. 6.2 Decomposition of the signal into ten levels using DWT: extraction of detail coefficients
and statistical measures

entropy, log energy, form factor, and minimum and maximum value of wavelet
coefficients. The set of detail coefficients capture abrupt changes in ECG signals
(refer to Fig. 6.2).

We finally built a vector of 12 x 10 = 120 features for the ECG signals. These
features are grouped and used as inputs for each classifier (refer to Fig. 6.3).

Step 4. Feature Dimensionality Reduction It often improves the performance of
classifiers and minimizes computation time as well as energy costs. It is worth
underscoring that some of the features we have selected are correlated: It is the role
of dimensionality reduction algorithms such as PCA to recover from this issue.

Step 5. Classification After the selection of a validation set, a tenfold cross-
validation is performed for prediction accuracy. This step allows predicting the class
associated to a certain stress level of the driver and hence computing the global
accuracy of our classifiers after averaging (refer to Fig. 6.4).

6.3 Results

As pointed out in Sect. 6.2, ECG signals used were collected from the dataset named
“Stress Recognition in Automobile Drivers” available from the web repository.
Training of classifiers is carried out in a MATLAB platform with a balanced dataset
of 360 patterns partitioned into 120 patterns for each class (360 patterns for 3
classes). The SVM multiclass (one vs. one) is trained with the RBF kernel with
optimal parameter values. Tenfold cross-validation is performed for all three classi-
fiers SVM, WKNN, and LDA, and their accuracy is averaged within this fold. The
following tables (Tables 6.1, 6.2, 6.3, 6.4, 6.5, and 6.6) depict the confusion matri-
ces for the three classifiers with and without the application of PCA. Figures 6.5 and
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Table 6.1 Confusion matrix of SVM with all 120 features showing an accuracy of 98.6%

Predicted class Rates
Low stress | Medium stress | High stress | TPR FPR
True class | Low stress 118 1 1 983% | 1.7%
98.3% 0.8% 0.8%
Medium stress | 1 117 2 97.5% |2.5%
0.8% 97.5% 1.7%
High stress 0 0 120 100% | 0%
100%
Accuracy 98.6%

Table 6.2 Confusion matrix of SVM using PCA with 50 optimum number of components
showing an accuracy of 95%

Predicted class Rates
Low stress | Medium stress | High stress | TPR FPR
True class | Low stress 113 3 4 942% |5.8%
94.2% 2.5% 3.3%
Medium stress | 0 109 11 90.8% |9.2%
90.8% 9.2%
High stress 0 0 120 100% | 0%
100%
Accuracy 95%
Table 6.3 Confusion matrix of LDA with all 120 features showing an accuracy of 98.6%
Predicted class Rates
Low stress | Medium stress | High stress | TPR FPR
True class | Low stress 119 1 0 99.2% |0.8%
99.2% 0.8%
Medium stress | 2 118 0 98.3% | 1.7%
1.7% 98.3%
High stress 0 2 118 98.3% | 1.7%
1.7% 98.3%
Accuracy 98.6%

Table 6.4 Confusion matrix of LDA using PCA with 65 optimum number of components

depicting an accuracy of 98.6%

Predicted class Rates
Low stress | Medium stress | High stress | TPR FPR
True class | Low stress 118 2 0 983% | 1.7%
98.3% 1.7%
Medium stress | 1 118 1 983% | 1.7%
0.8% 98.3% 0.8%
High stress 0 1 119 99.2% | 0.8%
0.8% 99.2%
Accuracy 98.6%
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Table 6.5 Confusion matrix of WKNN with all 120 features showing an accuracy of 98.6% with
a number of neighbors equal to 3

Predicted class Rates
Low stress | Medium stress | High stress | TPR FPR
True class | Low stress 118 2 0 98.3% | 1.7%
98.3% 1.7%
Medium stress | 0 117 3 97.5% | 2.5%
97.5% 2.5%
High stress 0 0 120 100% | 0%
100%
Accuracy (AC) 98.6%

Table 6.6 Confusion matrix of WKNN using PCA with 40 components showing an accuracy
of 89.2%

Predicted class Rates
Low stress | Medium stress | High stress | TPR FPR
True class | Low stress 105 13 2 87.5% | 12.5%
87.5% 10.8% 1.7%
Medium stress | 3 114 3 95.0% | 5%
2.5% 95.0% 2.5%
High stress 0 18 102 85.0% | 15.0%
15.0% 85.0%
Accuracy (AC) 89.2%

100
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98 - =
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97 - -

96.5 - -

96 ! | ! ! 1 !
0 1 3 5 7 9 1" 13 15 17 19 21

Number of neighbors

Fig. 6.5 Graph depicting the accuracy variation of WKNN classifier as a function of the number
of neighbors (the accuracy is 98.6% when considering three neighbors)
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Fig. 6.6 Graph depicting the variation of the accuracy of all three classifiers (SVM, LDA, and
WKNN) as a function of the number of PCA components

6.6 show the accuracy graphs with respect to some classifier parameters. The met-
rics used are defined as follows:

TP: True positive

TN: True negative

FP: False positive, FN: False negative

TPR: True positive rate

FPR: False positive rate

Accuracy = (TP + TN)/(TP + TN + FP + FN)

6.4 Discussion

This research unravels several crucial clues related to stress classification. First of
all, the accuracy obtained using all features is 98.6% with all three classifiers (refer
to Tables 6.1, 6.3, and 6.5). This is quite a remarkable performance when compared
to the major state-of-the-art techniques. Furthermore, it is important to underscore
the effectiveness of the features we have generated. It is established in the machine
learning literature that strong features contribute to a high accuracy independently
of classifiers’ strengths. Conversely, poor features contribute to a low accuracy even
if the plugged classifier is strong. It is also clear that PCA degrades the performance
in the case of SVM. The accuracy fell from 98.6% down to 95% (refer to Table 6.2).
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We can also point out from these results that some features are linearly correlated
since PCA with only 65 components (out of 120) has been capable of achieving an
accuracy of 98.6% in the case of LDA (refer to Table 6.4). Moreover, the non-
parametric classifier WKNN performed quite remarkably, with only three neighbors
since it has achieved an accuracy of 98.6% (refer to Fig. 6.5). However, its perfor-
mance degraded when applying PCA dimensionality reduction (refer to Table 6.6
and Fig. 6.6).

Finally, Fig. 6.6 shows starting from 40 PCA components and above, LDA has
achieved the best performance among all classifiers. This result highlights the data
linearity captured keenly by LDA. However, SVM appears to be less affected by
the variation of the number of PCA components. Indeed, SVM performs better
than the other two classifiers when the number of components is less than 30. SVM
performance seems to degrade using PCA, but it remained stable and robust
globally.

6.5 Conclusion

Our contribution to the field is twofold: (i) feature extraction and (ii) comparison
between different types of parametric (LDA) and non-parametric (SVM, WKNN)
classifiers [13, 16, 17]. It appears that the use of DWT in ECG signals is worth it,
since abrupt signal changes are well captured and taken into account through detail
coefficients. The application of statistical measures within DWT coefficients pro-
vides an efficient framework for feature extraction. This seamless fusion between
two different types of information shows promise. In order to optimize the tradeoff
between computation cost and performance in ECG stress classification, one can
invoke LDA as the best classifier among SVM and WKNN. However, if computa-
tion resources are available, the three classifiers can be used interchangeably, since
the three of them achieved the performance of 98.6%.

Our next future work consists of combining these three classifiers seamlessly in
a single multi-classifier framework to improve the global accuracy further since
these classifiers do not commit errors on the same signal instances individually.

Future works can also use independent component analysis (ICA) [18, 19].
Given the expansion of the Internet of Things in healthcare, the need to combine
local and global knowledge to deliver better services, the proposed system needs to
contextualize and converse with others according to the type of stress involved and
the person’s physical conditions [20-25].
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Chapter 7

Packet Synchronization in a Network Time
Protocol Server and ASTM Elecsys
Packets During Detection for Cancer

with Optical DNA Biochip

Check for
updates

Amina Elbatoul Dinar @), Samir Ghouali , Boualem Merabet (),
and Mohammed Feham

7.1 Introduction

Knowing in what manner to spot pathologies as early as possible has been and
remains a challenge. The state of particular diseases (e.g., some cancers) at the diag-
nosis stage can be overly advanced for treatment. Then, new research has targeted
discovering diseases earlier, knowing where and what to look for, improving treat-
ments but also detection systems: better reliability, better performance, speed, etc.
Man is once again pushing his limits.

Significant evolution has been made recently regarding patient comfort, to reduce
the “heaviness” of treatments, or to speed up diagnosis. Still, the disease search
always takes a long time. On average, the outcomes of a biopsy for cancer cells can
call for up to 2 weeks (for a precise result: exact origin, sensitivity to antimitotics).
Beyond the desire to cure the disease and, therefore, to take it at the least advanced
stage possible, it is also necessary to respect the patient, his comfort, and his/her
anguish. The disease treatment goes through several stages. The symptoms, first of
all, lead to consultation and, if required, to tests to seek for traces of illness, infected
cells, etc. Contingent on the results of the initial experiments (e.g., blood exams,
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CT, and ultrasound, to name a few), other more precise and more targeted examina-
tions may follow.

There is a growing awareness in the improvement of analytical systems relying
on DNA bioreceptor. A vital area in biological monitoring is the complex diagnosis
of maladies, organisms, and living systems (e.g., bacteria, virus, or linked compo-
nents) at ultra-trace levels in organic (as is the case with blood, tissues, and biologi-
cal fluids) and environmental (from the soil, air, and water) samples. A biosensor is
a device that must recognize and differentiate several biochemical elements for
unambiguous identification and precise quantification in a real-life sample. Living
structures possess sophisticated recognition features (e.g., enzyme, anti-body, and
gene probes, among others), frequently denoted as bioreceptors for detailed identi-
fication of complex chemical and biological items.

Biosensors exploit the robust molecular recognition competency of bioreceptors.
Gene probes exploiting surface-enhanced Raman scattering (SERS) can augment
the selectivity and sensitivity of DNA biosensors while expanding biochip use.

Most existent DNA biosensors are made of fiber optic probes, glass, and silica
plates, which function as the probe substrates to interface with particular detection
systems. These detectors commonly embrace conventional detection devices like
photomultipliers and charge-coupled devices (CCDs). Even though the probes are
quite small (aka DNA chip or gene chip), they are still far from ideal for real-life
usages. This happens because the detection structures employ relatively bulky con-
focal microscopes and CCDs suited for laboratory applications. Until now, there
have been limited research and development efforts on a truly integrated and viable
in large-scale biochip system with probes, samplers, detectors, amplifiers, and logic
circuitry onboard them.

Biosensors are integrated circuit (IC) microchips relying on DNA bioreceptors
capable of detecting genetic components in biological complex samples. These IC
systems can consist of phototransistors and other technologies. Single phototransis-
tors working as detectors may lack enough sensitivity for tracing elements.
Nevertheless, other miniaturization technologies can investigate DNA.

7.1.1 DNA Biochips

A biopsy is necessary to be acquainted with the type and nature of cancer to use the
appropriate treatment and medication, for example. Therapy comes after these tests
encompassing the choice of drugs, solutions, and techniques to be considered as a
viable cure for the patient as promptly and painlessly as thinkable at the border
between photonics and biology and the forefront of biomedical technology. These
innovations are rapidly expanding the field of diagnostic tools. Market analyses
point toward photonics in the medical world to deliver minimally or non-invasive
diagnostic tools. Likewise, the growth of microphonics medical chips, biophoton-
ics, and their medical usages is also disposed to rise significantly in the future.
These areas cover a broad range of uses from already established applications, such
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as laser surgery, to new applications, such as DNA analysis [1-6]. A modern minia-
turized high-tech tool, called a DNA biochip, has, in recent times, attracted the
attention of the scientific community for its massive potential for biological diagno-
sis, the investigation into genetic mutations, and the development of new drugs. The
agrifood and environmental sectors are also expected to be affected promptly [7-9].
The main reasons for micro- and nanoscale miniaturization are as follows:

(i) Reducing the sensor element to the scale of the target species and hence pro-
viding a higher sensitivity of a single entity or even a molecule
(i) Reduced costs and associated reagent volumes
(iii) Reduced result time due to small amounts and the possible usage of higher and
effective concentrations
(iv) Flexibility, portability, and ability to miniaturize entire systems
(v) Point-of-care problem-solving/analyses
(vi) The aptitude for multi-agent detection
(vii) Potential for in vitro as well as in vivo use

The DNA biochips or merely biochip makes it plausible to all the while breaking
down a few thousand diverse hereditary data. This technology resulted from merg-
ing biochemistry, combinatorial chemistry, molecular biology, microelectronics,
computer science, and Big Data.

These DNA biochips are about to transform medical diagnosis and biological
analysis in general. These systems’ major advantage is their ability to sense an
organic molecule in a sample that can hold millions — by specific affinity with a
molecular probe in the chip. These miniaturized analysis supports (a few cm?) can
be fixed to a reader and a bioinformatics data processing system. The change of
scale associated with this technology offers many advantages: time savings, smaller
sample volumes, and a remarkable upsurge in parallel processing and, consequently,
for data acquired.

The development of new biological analysis systems, for both medical and envi-
ronmental diagnosis, requires good control [10]:

— On the one hand, the development of bimolecular buildings allowing the specific
recognition of the desired mutations

— On the other hand, to utilize a high-performance reading technique (sensitive,
specific, and low detection threshold) and, if viable, at low cost

— Real-time synchronization between the remote sample database server and the
DNA biochip considering ASTM Elecsys packets traffic

In summary, integrated optics revealed itself as one of the most promising tech-
nologies in the context of the vast increase in optoelectronics. This matches the
maturation of all the components essential to the design of an accomplished opto-
electronic chain and the need for miniaturized photonic circuits at a very low cost.
First, one can allude to the classic and apparent advantages of optical circuits:

— Due to the very high frequency of light, optical circuits designated as insensitive
to electromagnetic noise.
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— High level of reliability and, above all, security in data gathering and transferring
within a strict framework.

— Ability to process data in real-time.

— Through the wavelength multiplexing scheme, there is an increase in the number
of processed information transported in this way.

— Make non-contact measurements.

— One does not use local electrical power if one wants to build information pro-
cessing devices or design measurement heads.

Thanks to integration techniques, the following advantages can be added:

— Optical circuits’ simplification and miniaturization

— The disappearance of traditional alignment problems between components

— Possibility of deploying manufacturing techniques that can be assimilated and
are compatible with mass production and low-cost objectives [11]

All the advantages mentioned above could only be achieved if one has adequate
means at his/her disposal, such as efficient miniaturized light sources and highly
trustworthy means of conveying the information.

7.1.2  Surface Plasmon Resonance (SPR) Imaging

The use of Surface Plasmon Resonance (SPR) imaging in optical DNA chip is very
promising. This technique allows the follow in real-time and in parallel, without
the use of markers. Differents interactions taking place on a well-defined surface of
the chip. This type of chip has been used to analyze DNA /DNA interaction for
genetic diagnosis. Our contribution lies in creating a link between a server contain-
ing an integrated database and all the samples on the optical DNA chip via a proto-
col called NTP. This system will allow us to analyze simultaneously and especially
in real-time several thousands of different genetic information with the least possi-
ble error. Thanks to this new tool, it is possible in parallel to identify and even mea-
sure a considerable number of DNA sequences contained in a biological sample.
With the slightest error synchronization, our system will be able to predict the pre-
cise moment an identify the sample to be analyzed [12].

These SPRs are waves propagating at the interface amid two media of opposite
permittivity like the one separating a dielectric and a metal. Summarizing, the sur-
face plasmon is a collective longitudinal oscillation of free electrons in a metal.
Then, it is a charge density fluctuation in time and space. According to established
laws of electromagnetism, the surface electromagnetic wave, resulting from such
fluctuation, has an exponential decrease on both sides of the interface, has a trans-
verse magnetic polarization, and propagates [37]. The variation in reflectivity helps
to encounter the mass and thickness of the layer deposited on the surface and,
accordingly, the number of molecules attached. The change in light intensity helps
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to perceive the influence of the variation in the dielectric index on the resonance
situation of the surface plasmon. It can be visible by looking at a discrepancy of the
different optical parameters of the light beam, such as spectrum, phase, and plas-
mon angle. Interferometry leads to knowledge about the phase. The absorbed wave-
length results from spectroscopy, at a fixed angle, and then, thanks to this, the index
variation comes from the spectral shift. The study of the plasmon angle offset inhib-
its real-time discovery because of an angular scanning that happens on a certain
time [13].

Hence, one can use the physical SPR phenomenon to manufacture biochips.
Many measurement methods are used where the best for biochips are (1) multi-
sensor mounting in angular and spectral interrogation and (2) single-sensor mount-
ing in angular and spectral probing. The authors selected the so-called single-sensor
assembly. This mono-sensor angular probe permits real-time surveillance of inter-
actions taking place on a single large surface. The resultant measurements corre-
spond to an average value over a region with a width identical to the light beam
reaching the surface. The authors use a He-Ne laser; the light beam passes through
a blade that splits it into halves. One heads toward a reference photodiode to per-
ceive fluctuations in the base beam and perform the necessary corrections. The sec-
ond one passes through a half-wave blade to have a magnetic or electric transverse
polarized transverse electromagnetic (TE) wave. Then, it illuminates an interface
through a coupling prism. A measuring photodiode used to record kinetics and plas-
mon collects the reflected beam. The measuring photodiode and prism are each
mounted on a turntable controlled by a computer program, which controls the syn-
chronized rotation of the turntables and the signal acquisition. Considering the turn-
tables’ arrangement, the photodiode support plate rotates at a specific angle o, and
the prism resting on a plate rotates at an angle o/2. The biological elements to be
tested are injected into a tank adjacent to the gold surface, using a specific pump. An
added CCD camera receives the light intensity variations for each pixel; this one
reflects the state of the area of which it is the image. When a biomolecular reaction
takes place in this region, the dielectric index is disturbed; the observation angle of
the surface plasmon shifts, in addition to the intensity reflected by this area, varies.
Consequently, the CCD camera archives the spatial modulations of the reflected
beam intensity.

Section 7.2 will address the proposed system. Section 7.3 displays and talks over
experiments and their results. Conclusions appear in Sect. 7.4.

7.2 Materials and Methods

This study uses the UNIX Server platform and Network Time Protocol (NTP) to
synchronize communication between servers and optical AND biochip automate
server with consideration of ASTM Elecsys packets traffic.
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7.2.1 Network Time Protocol

NTP is a protocol that allows computer time synchronization with that of a refer-
ence server and the possibility to correlate events from numerous systems via UDP
to collect requests. Using an NTP server in network to synchronize other machines
reduces bandwidth consumption due to NTP traffic [14—-18]. The ntpq service
implements NTP in Linux. Hence, it is possible to configure the service via a graph-
ical interface on the machine with the default ntpq package installed. It is also pos-
sible to directly edit the file /etc/ntp.conf.

The service is configured through this file. The list of NTP servers and security
rules are defined there. Two sections are available for safety:

— Access Control: The accesses of a machine or a range of IP addresses to the
server can be defined; hence, it is possible to block certain addresses, as well as
to choose the privileges of a machine on the server.

— Authentication: An authentication request for the NTP server can be placed to
validate the weather change. Several possibilities exist for this system deploy-
ment, such as symmetric keys and public keys, besides others [17, 19].

7.2.2 ASTM Elecsys Communication Protocol

The low-level standard protocol for the E1381-91 depicts the way information is
transmitted between the two frameworks alluding to the protocol subtleties. The
high-level E1394-91 identifies the bundle substance and configuration of the sent
information while regulating the sentence structure. Elecsys Type Protocol is in
Table 7.1 [20].

[STX] FN text [ETB] CS1 CS2 [CR] [LF]

At the point when the last casing in a message or edge is a single casing, the low-
level convention Protocol, E1381-91, depicts how the information is transmitted
between hosts.

Table 7.1 Frame structure in ASCII [20, 21]

Field Code ASCII | Content Character Note
[STX] 0x02 Start of text 1byte

FN - Frame No. Ibyte 1
text - Communication data Max. 240 byte | 2
[ETX]/[ETB] | 0x03/0x17 | End of text/end of communication block | 1byte 3
CS1 - Check sum 1byte 4
CS2 - 1byte

[CR] 0x0d Carriage return Ibyte

[LF] 0x0a Line feed 1byte
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Fig. 7.1 Transfer Phase flowchart

[STX] FN text [ETX] CS1 CS2 [CR] [LF]

The main problem when using the ASTM Elecsys alone is the fact that it is asyn-
chronous. For this reason, one seeks to integrate an NTP server to accomplish syn-
chronization and play a strategic role in the variation of the waiting times as well as
the time out. These decisions prevent losing information when sending or receiving
ASTM Elecsys requests. Figures 7.1 and 7.2 allude to the flowcharts that offer a
broad-spectrum idea of the different phases of sending and receiving.

The Transfer Phase reveals the flowchart of three kinds of reaction against casing
correspondence. Section point C is chosen when the Establishment Phase is finished
with no issue. Moreover, the passage point C is the re-emergence moment that the
accompanying edge correspondence occurs. A passage point D is for retrying when
[ACK] is not reacted. Section point E illustrates a change of the last phase of this
layer (see Fig. 7.1).

Termination Phase: Both the sender and collector change their status into inac-
tive in the Termination Phase. Possibly, this phase begins when the sender transmits
the [EOT]. There is no reaction from the collector to this message. At the point
when [EOT] is recognized at the beneficiary, it is gone to be inert, and the line is
changes to unbiased (see Fig. 7.2).
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Fig. 7.2 Termination Phase flowchart
7.3 Results and Discussion

7.3.1 Using NTP to Synchronize the Server System

Synchronization is critical in today’s network environments. As different domains
and the network services grow, their timing challenges and need for accuracy in
their subsystems and applications also increase. There is no single standard policy
for the device transient synchronization in networks [22-25]. Gigantic innovative
research in many directions has been led previously. When all control stages finish,
the writing features occur with two classes of synchronization components: wired
and convention-based. Link solutions [26], which do not require the trading of data
throughout a system, are mostly received because they can meet even the most strin-
gent prerequisites. Then again, they need adaptability and, thusly, negatively affect
working expenses during the establishment and support of the framework. Time
synchronization must happen if a there is interfacing of the distributed devices
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situated on the corresponding cyber-physical system arrangement, which does not
occur in any case [34]. The way toward associating all optional change focuses on
the organization’s essential substations and control focus is as yet continuous in
numerous nations. If the system framework is ready and the utilization of the time
synchronization convention is practical, then both the standard and altered arrange-
ments are proposed. Standard arrangements are broadly acknowledged and simple
to execute, yet they can accomplish better execution with a particular situation. In
terms of standard arrangements, the most well-known time convention is NTP,
which is executed as a matter of course, in numerous correspondence stacks [27].
Largely, the precision of NTP synchronization depends carefully on the presenta-
tion of the hidden system framework: the better the system execution (and along
these lines, the lower the correspondence inactivity and jitter), the lower the syn-
chronization vulnerability.

In a committed neighborhood, NTP time synchronization could be in the re-
quest for several microseconds. At the same time, in a crossbreed organization,
where various advances are received, ordinarily for associating hubs to a circulation
framework, synchronization vulnerability can likewise arrive at many milliseconds
[28-32]. There is a less mind-boggling NTP usage called Simple Network Time
Protocol (SNTP) [35, 36] that uses similar system messages. However, it does not
execute some complex NTP time following calculations. As a rule, it is appropriate
for inserted gadgets since it requires fewer assets than NTP, yet offers lower syn-
chronization exactness. The IEC61850-8-1 standard permits a synchronization
framework dependent on SNTP. However, SNTP cannot fulfill the best synchroni-
zation classes characterized in IEC61850-5 [29]. The second standard answer for
exact time synchronization on a system is PTP (Precision Time Protocol), otherwise
called the IEEE1588 protocol [30, 33]. The convention gives nanosecond synchro-
nization if all system gadgets support IEEE1588. As many systems are distributed
over a network, NTP hosts (clients or servers) use messages to communicate. Here
are the fields contained in an NTP package; the exchange of messages leading to
synchronization follows the following procedure [18]:

* The system wishing to be synchronized first sends a packet in which it initializes
at time t0 the TT field “Transmit Timestamp” with its own system time.

e The server then stores the time of receipt of the packet in the “Receive Timestamp”
field at t + 1 of the same packet.

e Then it performs a validity check of the package to ensure that it must perform
the processing.

» Before returning the packet to the sender, the TT “Transmit Timestamp” field is
copied into the OT “Originate Timestamp” field, and the TT “Transmit
Timestamp” field is filled in at t + 2.

* The customer annotates the time of receipt of the response at t + 3 to allow the
estimation of the travel time of the packet. Assuming that message transmission
times are symmetrical, the travel time is half of the entire waiting time minus the
handling time on the remote machine.
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e The client also checks the answer validity to ponder if it should be taken into
account.

* Then, the client system can estimate the offset of its clock in relation to the refer-
ence system.

The DNA database and the NTP timeserver will be installed on the same machine.
The dependencies of these two actors are examined to decide which operating sys-
tem will be deployed on the server. At the NTP server level, it can be Linux or
Windows. For their installation, a Linux distribution is preferable. A dedicated
server is set up for the NTP server and the log database. Certificates are integrated
to allow mutual authentication of node implementation on the first server. The
implementation can be threefold:

» Setting up the NTP server and configuring client
* Installation of the log database
e Generation of certificates and integration into the prototype

Every task of management, security, planning, and debugging a network needs to
determine when events happen. Time is the critical element that allows an event on
one network node to be mapped to a corresponding event on another. In many cases,
the enterprise deployment of the NTP service overcomes these challenges. For
healthcare facilities, a time synchronization system is particularly important to:

(i) Ensure proper planning of medical teams
(i1) Ensure proper administration of medication at the right time and in the right
order of prescription
(iii) Ensure the smooth running of surgical procedures [17-19]

Data centers need a time domain in the millisecond range for platform virtualiza-
tion. The chronology of events also allows errors to be traced on the same millisec-
ond scale: Traceability ensures a backup, or automatic backup, at night requiring
accuracy of about 10 s. In Table 7.2, we show some UNIX commands for setting
and synchronizing time.

Table 7.2 Common UNIX commands related to time

Commands Description

date Displays or sets the current system date and time

rdate Sets the current system time from a remote host using the date protocol

adjtime() Adjusts the system’s time of day clock gradually, to a specified value

set time of Sets the system’s time of day clock instantly to a specified value sets the

day() current systems

ntpdate Traceability ensures a backup, or automatic backup, at night requiring accuracy
of about 10 s

xntpd NTP daemon

ntp-q Monitor time synchronization
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rdate ntpdate
asus@asus-X550LC:~$ rdate asus(@asus-X550LC:~S nipdate
Usage: rdate [-46acnpsv] [-o port] host 29 Sep 02:27:46 nipdate [7144]:
-4: use 1Pv4 only asus@asus-
-6: use IP_"{’ 0“'_3" ) X550LC:~$ timedatectl
-a: use adjtime instead of instant change Local time: dim. 2019-09-29 17:30:25
-c: correct leap second count CET
-n: use SNTP instead of RFC868 time protocol Universal time: dim. 2019-09-29
-0 num: override time port with num 16:30-25 UTC
-p: just print, don't set RTC time: dim. 2019-09-29 16:30:25
-57 Just set, df’“‘ print Time zone: Africa/Algiers (CET,
-u: use UDP instead of TCP as transport +0100)

-v: verbose output System clock synchronized: yes

systemd-timesyncd. service active: yes
RTC in local TZ: no

ntpq -p
asus(@asus-X550LC:~S ntpq -p

remote refid st t when poll reach delay offset jitter
0.ubuntu.pool.n .POOL. lop - 64 0 0000 0000 0.000
1 .ubuntu.pool.n . POOL. l6p - 64 0 0000 0000 0.000
0.ubuntu.pool.n .POOL. I6p - 64 0 0.000 0000 0.000
1.ubuntu.pool.n .POOL. lop - 64 0 0.000 0000 0.000
2. ubuntu.pool.n .POOL. 16p - 64 0 0000 0000 0000
3.ubuntu.pool.n .POOL. I6p - 64 0 0.000 0000 0.000

7.4 Conclusion

At the beginning of the twenty-first century, we are reaching the limit of so-called
“classical” technologies, and this is due to many parameters, including the fact that
the size of the electron is about to be reached in engravings for the development of
integrated circuits. Hence, researchers have turned to other perspectives. One of the
most promising fields is the optical technology, which is vast and entails almost
infinite possibilities and still poorly explored. Optical technologies have an immense
potential exceeding that of classical techniques.

The desire for mutual aid between scientists outweighs the concern for profit and
what better field than medicine to do so. We have therefore chosen among the vari-
ous optical chips, the one dedicated to biomedical, is more precisely a DNA optical
biochip whose role is the diagnosis of genetic diseases, and this with much higher
efficiency then the usual procedures. The major problem in this type of diagnosis,
especially when it comes to remote diagnosis, is the synchronization problem, so
sometimes even the loss of data or overlap between them.

The use of NTP servers and the correct use of ASTM Elecsys Packets give us
results that will allow us to perform a real-time and reliable diagnosis.

The ultimate goal of this research is to help others to save lives, prolong lives,
have a real impact on society, and make science serve the public.
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Chapter 8

Particle Swarm Optimization with Tabu
Search Algorithm (PSO-TS) Applied

to Multiple Sequence Alignment Problem

Check for
updates

Lamiche Chaabane @), Abdeldjalil Khelassi (), Andrey Terziev @),
Nikolaos Andreopoulos @, M. A. de Jesus (), and Vania Vieira Estrela

8.1 Introduction

Sequence alignment is paramount to molecular sequence analysis. It can help to
build a phylogenetic tree of related DNA sequences or to predict the function/struc-
ture of unfamiliar protein sequences by aligning them with others whose function/
structure is already acknowledged. Sequence alignment establishes an alignment of
two or more sequences to maximize the similarities amid them [1]. This NP-hard
problem [2, 3] can benefit from computational intelligence (CI) algorithms in rea-
sonable processing time.

In recent years, metaheuristic procedures aided in producing approximate solu-
tions for the MSA dilemma. Their primary rationale is to commence by an initial
solution and ameliorate the MSA through a series of iterations until the solution
does not become better any longer. This category of methods embraces tabu search
(TS) [4], genetic algorithm (GA) [5], simulated annealing (SA) algorithm [6], ant
colony (AC) algorithm [7], particle swarm optimization (PSO) [8], artificial bee
colony (ABC) algorithm [9], and so on.

This research study brings in a hybrid line of attack named PSO-TS algorithm to
devise an approximate solution to the MSA impasse combining the best character-
istics of the PSO and the TS schemes.

L. Chaabane (Deceased)
Computer Science Department, University of M’sila, M’sila, Algeria

A. Khelassi (D<)
Abou Baker Belkaied University Of Tlemcen, Tlemcen, Algeria

A. Terziev - N. Andreopoulos - M. A. de Jesus - V. V. Estrela
Department of Telecommunications, Federal Fluminense University (UFF), RJ, Brazil
e-mail: vania.estrela.phd @ieee.org

© Springer Nature Switzerland AG 2021 103
A. Khelassi, V. V. Estrela (eds.), Advances in Multidisciplinary Medical

Technologies — Engineering, Modeling and Findings,
https://doi.org/10.1007/978-3-030-57552-6_8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-57552-6_8&domain=pdf
https://doi.org/10.1007/978-3-030-57552-6_8#DOI
https://orcid.org/0000-0002-2239-1087
https://orcid.org/0000-0003-1137-561X
https://orcid.org/0000-0002-7069-367X
https://orcid.org/0000-0001-9975-7043
https://orcid.org/0000-0001-6428-9438
https://orcid.org/0000-0002-4465-7691
mailto:vania.estrela.phd@ieee.org

104 L. Chaabane et al.

The remainder of this document is organized as follows: Section 8.2 presents a
brief literature review of the previous works pertinent to the PSO-TS framework.
Section 8.3 depicts the basic concepts of the PSO and the TS metaheuristics. The
details about the components of the PSO-TS algorithm are in Sect. 8.4. Simulation
outcomes appear in Sect. 8.5, together with some discussions. Section 8.6 suggest
improvements to the PSO-TS algorithm. Finally, this study ends with the comments
from Sect. 8.7.

8.2 Literature Review

Among the significant multiple sequence approaches, some of them employ itera-
tive alignment aligners. Rias et al. [4] applied a tabu search variant relying on the
COFFEE objective function to find better results for the multiple sequences. In [5],
the authors developed an amended GA with an intelligent selection strategy to
resolve the multiple biological sequence dilemma. Proper alignments are obtained
compared with those done by classical GA.

In Ref. [8], the authors applied PSO and Clustal X aligner to produce better
results than those from Clustal X alone. An ABC algorithm for solving the MSA
issue appears in [9]. In Ref. [10], V. Cutello et al. presented an immune-inspired
algorithm (IMSA) to tackle the MSA dilemma utilizing ad hoc mutation operators.
Simulation results on some BaliBASE v.1.0 instances show that IMSA is superior
to other aligners such as PRRP, CLUSTAL X, SAGA, DIALIGN, PIMA,
MULTIALIGN, and PILEUPS. An efficient method by using a multi-objective GA
(MSAGMOGA) to discover optimal alignments is proposed in [11]. Experiments
on the BaliBASE 2.0 database confirmed that MSAGMOGA obtained better results
than MUSCLE, SAGA, and MSA-GA methods.

Recently, in [12], the authors announced a novel multi-objective evolutionary
scheme called hybrid multi-objective ABC (HMOABC), which hinges on swarm
intelligence for the MSA dilemma. Experimental results on some instances com-
ing from the BaliBASE 3.0 database showed that the HMOABC is an auspicious
approach for solving the MSA impasse. Reference [13] suggests a better-quality
Chemical Reaction Optimization (CRO) algorithm for the MSA problem. In their
work, the authors inserted an intelligent diversification mechanism in the initial-
ization process to help the CRO algorithm to travel around the search space glob-
ally. Simulation results confirmed the superiority of this investigative effort
over others.
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8.3 Preliminaries

8.3.1 Particle Swarm Optimization (PSO)

Particle swarm optimization (PSO) is a metaheuristic (aka nature-inspired) optimi-
zation algorithm conceived by Kennedy and Eberhart [14] that had as its inspiration
the bird flocking behavior. Rather than the hard optimization formulation, there is a
new recast problem. This different formulation consists of a population of answers
entitled particles, where the pair of features position and velocity characterize each
particle. At each iteration, the particle’s locus is updated in accordance with its per-
sonal best position and the best solution of the swarm. The subsequent equations
govern the evolution of the population:

v =y 4 c,.rand,. (pbest(k) - x® )
+c2.rand2.(gbest(k)—X(k)),and (8.1)

X5 = x®) 4y (8.2)

where for each particle:

X is its position

Vs its velocity

w represents the inertia weight

pbest is its best place

gbest is the global best position of the swarm

rand], rand2 are random values within [0, 1]

cl, c2 are positive constants regulating the impact of the personal optimum as well
as the global best solutions on the search course, respectively

k is the iteration number

The process stops after reaching a predefined number of iterations Itmax.

8.3.2 Tabu Search Optimization (TS)

TS appeared the first time in Glover’s manuscript (1986) [15] to unravel a wide
range of hard optimization problems. TS starts with a random tentative answer and
appraises the fitness function for the given solution. Then all possible neighbors of
the given solution are generated and evaluated. To overcome the local optimum
limit, TS saves the better local neighbors (after searching, examining, and, if neces-
sary, discarding them) in a Tabu List (TL). Moreover, TS can exploit an aspiration
rule to make the whole search processing continue or to devise a diversified guided
search tactic to other promising regions.
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8.4 Proposed Method

PSO’s main drawback is its premature convergence and local optimum problem. To
evade this limit, TS is incorporated as a local search procedure to enrich the global
best solution and to apply the diversification mechanism to guide the search to other
promising regions of the search space. Then, the novel hybrid technique, called
PSO-TS, consists of strong cooperation among PSO and TS. It makes full use of the
exploration ability of PSO and the exploitation ability of TS.

In our MSA problem, PSO-TS works as follows:

1. PSO modifies both particle positions and velocities after establishing the initial
population with the recommended swarm initialization strategy.

2. After that, a new global best solution (gbest”) emerges from the improvement of
the current global best solution (gbest) via the TS procedure.

3. This iterative process ends when a stopping condition is reached.

The PSO-TS hybridization strategy has a flowchart of is along these lines
(Fig. 8.1):

Initial population

Apply PSO to
update position and

velocity

A 4

A 4
Apply TS to gbest
new_gbset < gbest’

Stopping criterion?

Yes

Optimal Result

Fig. 8.1 PSO-TS algorithm flowchart
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8.4.1 Components

Solution Encoding Each solution (particle) entails a set of vectors, whose ele-
ments indicate the position of the randomly interleaved gaps in the different
sequences waiting for alignment. Here, the sequences should have the same length
L (the typical L value is 1.2 times of the most prolonged sequences) [16]. Figure 8.2
brings in an example of this encoding scheme.

Swarm Initialization The multiple small-popsize initialization strategy (MSPIS)
[17] renders the initial population and ensures its diversity. Every time, there is a
small number of chromosomes by a small-popsize tactic. The best two individuals
are selected into the initial population until the number of chromosomes equal to the
present population size. A summary of the detailed MSPIS steps becomes.

Stepl. Generate a small number of chromosomes through the small-popsize initial
method.

Step2. Calculate the mean value of the small number population fitness value,
Meanpop;.

Step3. All the chromosomes whose fitness values exceed Meanpop; go into the ini-
tial population.

Step4. Repeat steps 1-3 until the number of chromosomes equal to the present pop-
ulation size.

This initialization method delivers an approximate optimal solution as near as
possible.

Objective Function Habitually, the objective function appraises the alignment
quality in mathematical terms. For that, the score apportioned to each particle
(alignment) consists of the summing of the scores (SP) of the alignment of each pair
of sequences [18].

The score of each pair of sequences comprises the sum of the score assigned to
the match of each pair of symbols. A substitution matrix, such as the PAM205
matrix, can achieve this effect. The objective function for an alignment A with k
sequences is

AlC|V]Y AlC|V] -] -]y 4
AlC AlC| -] -] -]y 3| 4|5
A|Q|S|T|Y AlQ| -|s|TlY] [3]

(a) (b) (©)

Fig. 8.2 Sequence alignment: (a) Set of sequences to align, (b) insertion of gaps, and (¢) solution
representation
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k-1 k

Score(A)=Y">"5(4.4,).

i=1 j=i+l

where S(A;, A)) stands for the alignment score among two aligned sequences,
A;and A,

Particle Move Operator This operator is necessary to update the position of the
particle in the search space. Each swarm element movement is contingent on its
current location and the same as the leader. In this work, the distance between the
particle and the leader amounts to the proportion of matching gaps in the sequences
as

Distance = Patching gaps
total gaps

This research introduced the crossover operator from [16] to transport each par-
ticle toward the leader. It entails dividing the current alignment into two segments
according to a randomly picked crossover point from the range [1, Distance* L].
After that, the best-produced child replaces the current particle.

8.4.2 TS Components of the MSA Problem

Cost Function It evaluates the quality of each candidate solution. In this research
study, the authors retain the same one from the PSO algorithm.

Initial Solution In the suggested PSO-TS methodology, the TS works as a local
search process to ameliorate the global best solution (gbest) yielded by the PSO
algorithm. Then, the PSO output becomes an initial solution for the TS procedure.

Generation of Neighbors In order to generate a set of neighbors of the current
solution, the authors apply a simple but effective strategy, which works as follows:

(i) Firstly, it picks a random amino acid from a randomly chosen sequence in the
alignment and checks whether one of its neighbors is a gap.
(i1) If this is the circumstance, the algorithm swaps the elected amino acid with a
gap neighbor.
(iii) If both neighbors are gaps, then one of them is picked randomly [18].

Figure 8.3 portrays this mechanism.

Tabu List Update This list stores previously visited solutions to help the algo-
rithm evade being trapped in local optima. Here, the user, depending on the size of
the problem instances, predefines the tabu list length (TLL). Besides, the authors
opted to modify the TLL value dynamically by increasing or diminishing it with a
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AlC|N| - [K|T|V]Y AlC|N| - [K|T|V|Y
Alc| -|k|-]-]Y]- Alc| -|-[K|-]Y]-
AlQ| -|-|S]-|vly AlQ| -|-|s|-|v]Y

Fig. 8.3 Neighbors generation strategy

prefixed constant X. Such a mechanism helps to attain some other solution and to
overcome the cycling problem.

Stopping Condition The authors chose the most straightforward and most com-
monly used stopping criterion, i.e., to terminate upon reaching a predefined number
of iterations.

The pseudo-code of our TS is given below:

Pseudo-code of TS algorithm
Step 0: Generate an initial alignment A,;..
Initialize ITMAX, Ns, TLL
Set TL « Qv Acurr = Aini! s Abesl = Aim'/
Step 2: Iterate the following steps for /TMAX iterations
Step 2.1: Generate N neighboring alignments
A; (i=1,2 ..., Ns) of Acyrr
Step 2.2: A_best < Best_ neighbor(A,;, A;, ... Ay,)
If (A_best ¢ TL) and S(A_best) > S A,,,,) then
A A_best
Else try next test alignment and go to step 2.1
Tl « TL U A e
If TL is full, remove the oldest solution from TL
Step 2.3: If S(A...,) > S(A;.) then
Abe.ﬂr<— A('urr
Step 3: Return Agggr and S(Aj.s)

After the description of both the PSO and TS algorithms, the global framework of
the PSO-TS procedure is as follows:

8.5 Simulation and Results

The PSO-TS algorithm is implemented using JCreator version 3.5 and a personal
computer with a 2.66 GHz Intel Pentium IV processor. A set of tests verified and
validated the PSO-TS scheme, where the objective is to compare the PSO-TS
method with other published works, including the IMSA approach [10] and the
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PSO-TS Pseudo-code

1. Apply MSPIS strategy to generate an initial swarm
2. Fix NG value // Number of generations
3.Setj« 1
4. While (j < NG) do
4.1. Determine the leader particle value gbest
4.2. For each particle in the population do
a) Evaluate the distance between gbest and the particle
b) Select a crossover point randomly
c) Apply particle move mechanism
d) Assign to the current particle the best-produced child

End for
4.3 Update gbest // Calculate the new leader particle gbest
4.4 New_gbest « TS(gbest) // Apply TS to improve gbest
4.5 Insert New_gbest into the current population
46.j<j+1
5. End while

6. Return gbset value and its correspondent particle. / Output the result.

BPSO algorithm [19]. The BaliBASE SP score (SPS) results for both small and
large datasets taken from the BaliBASE database [20] are portrayed in Tables 8.1
and 8.2.

The subsequent procedure provides the SP score [21]: for a candidate alignment
(individual) of N sequences encompassing M columns, then the i-th column within
the alignment becomes A;;, Ap, ...., Ayy. A value of p;; characterizes each pair of
residues A; and A,. If p;; = 1, it means that the candidate alignment residues A; and
A; have been aligned with each other as far as the reference alignment is concerned.
Otherwise, p;; = 0. Consequently, the score for the i-th column turns out to be

N N
Si= 2 2P
j=1.j#k k=1

For the candidate alignment, the overall SPS becomes

spszf: S

i=1
>,
i=1

with the number of columns in the reference alignment given by Mr while S,; is the
score S; for the i-th column for the reference alignment. The values of SPS lie in the
interval [0.0, 1.0]. High SPS values point toward closer likeness with the BaliBASE
reference alignment [21].
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Table 8.1 PSO-TS vs. IMSA: SPS comparative results for the BaliBASE test sets

Instance N IMSA [10] PSO-TS
laboA 5 0.759 0.910
45lc 5 0.773 0.853
9rnt 5 0.954 0.948
kinase 5 0.644 0.716
2cba 5 0.754 0.754
Ippn 5 0.987 0.989
2myr 4 0.285 0.433
left 4 0.880 0.928
Itag 5 0.946 0.949
lubi 17 0.897 0.907
kinase 18 0.905 0.915
lidy 27 0.854 0.849
Average 0.810 0.846

Table 8.2 PSO-TS algorithm versus BPSO approach: SPS comparative results for the BaliBASE
test sets

Instance N BPSO [19] PSO-TS
lidy 5 0.7394 0.8492
45lc 5 0.7973 0.8532
lkrn 5 0.9984 0.9988
kinase 5 0.7064 0.7165
Ipii 5 0.7987 0.7980
Sptp 5 0.9328 0.9410
lajsA 5 0.3528 0.3750
glg 5 0.8324 0.9241
Itaq 5 0.7633 0.9491
Average 0.7690 0.8227

From Tables 8.1 and 8.2, it is clear that comparing with IMSA and BPSO, the aver-
age SPS values of PSO-TS algorithm are more significant than or comparable with
those obtained by the techniques stated above for the short, medium, and long sequences.
In addition, significant improvements are observed in test cases with a large number of
sequences, which shows that our approach can work well with large problem sizes.

8.6 Future Trends

Other metaheuristics and multi-objective optimization schemes can aid in unravel-
ing this bioinformatics impasse [22—24].

As perspective innovations of this work, the authors contemplate (i) integration
of other mechanisms within the neighborhood generation step or (ii) intensification/
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diversification strategies in TS core to improve the quality of multiple alignments.
In addition, the authors will use other powerful PSO variants as a part of this
hybridization tactic to find a better solution for the MSA problem. A comparison of
the proposed method with some other state-of-the-art techniques such as Clustal W,
SAGA, or MULTALIGN, with other benchmarks, is possible to verify its enormous
potential [25-27].

Deep learning (DL) has been in the spotlight as a potent tactic that makes note-
worthy signs of progress when it comes to solving the issues plaguing the artificial
intelligence. Nevertheless, numerous caveats, e.g., local minima trapping, inferior
performance, and elevated computational time, still arise while applying DL to
MSA. So, global optimization procedures like differential search algorithms can aid
DL deployments to reach the best outcome and data [28-31].

8.7 Conclusion

The MSA problem is one of the primary techniques utilized in computational biol-
ogy, e.g., genomic annotation, homology searches, gene regulation networks, pro-
tein structure prediction, and functional genomics, to name a few. Among MSA
bottlenecks, there is the alignment of more than a pair of biological sequences,
which is an NP-hard optimization problem.

This research showcases the PSO-TS approach, which is a novel hybrid algo-
rithm constructed on metaheuristics developed to tackle the multiple sequence
alignment (MSA) problem. The PSO-TS framework combines the PSO benefits,
particularly its simplicity in implementation and its inexpensive computational pro-
cessing time, with the best tabu search algorithm features, i.e., its local upgrading
practice. These improvements enrich the global best solution by augmenting the
diversification process. The results summarized in this paper show the superior
capability of our hybrid approach compared to some other literature works.
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Chapter 9
Extracted Haralick’s Texture Features

for Abnormal Blood Cells

Abdellatif Bouzid-Daho, Naima Sofi, and Patrick Siarry

9.1 Introduction

The purpose of the medical imaging is to create visual representation intelligible
information of a medical nature. This problem fits more broadly in the framework
of the scientific imaging and related technological cyber-physical systems [1, 2].
The objective is indeed to be able to represent a large amount of data from a multi-
tude of sources in a format somewhat simple to a giving imaging mode or modes [3,
4]. In the multitude of medical images, the present investigation focuses on the
characterization of the microscopic image by texture.

The texture is very often seen as disruptive as characterized by transitions but
unattractive in terms of object contours. Various methods exist to extract the charac-
teristics of image textures [5-9].

The texture, almost omnipresent in the images and, particularly, microscopic
medical images (IMM), plays a paramount role in the analysis, segmentation, clas-
sification, representation, and characterization of imageries. Although it has inter-
ested many researchers and many of the works issued in recent years [10-12]
tackled these issues, the knowledge area remains, still not fully exploited.

Feature extraction (FE) represents an image through a set of features (feature
vector) with or without some dimensionality reduction. When the acquisition algo-
rithm handles input data that are too bulky and contain redundancy, then the input
can be transformed into a compact representation relying on a set of features. Hence,
FE expresses the input data through a basis consisting of a set of image-related fea-
tures. If the elements mined are chosen sensibly (this process is also known as
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Fig. 9.1 Depiction of the feature extraction process

handcrafted features), then the feature set will portray the relevant data from the
input data satisfactorily. As a consequence, the sought after task can be performed
with the reduced representation as a replacement for the full-size input. Features
habitually encompass information about gray intensities, shape, texture, or context.
One must initially extract some image features to categorize a picture object. The
figure below depicts the processing stages of the proposed scheme [11-14]
(Fig. 9.1).

The extracted blood cell features turn out to be the input to a classification stage
that categorizes the cells according to hematological models automatically. The
classification module should identify the blood cells relying on the extracted fea-
tures from real images. When it comes to noisy images, this can impair the
classification.

The statistical methods [15, 16] study the associations between each pixel and its
neighbors. These procedures afford some adaptability of the study of the fine struc-
tures without apparent regularity. Three major statistical methodologies will be
studied in this work: the first-order, second-order, and those of higher order. In this
manuscript, the order of a technique [17] amounts to the number of pixels put into
play during the assessment of each result [18].

The rest of the text is organized as follows. Section 9.2 overviews image analysis
and the Gray-level co-occurrence matrix (GLCM) for textural analysis applied to
the biomedical field. This section condenses the five main Haralick’s texture fea-
tures calculated and employed the gray-level co-occurrence matrix for the bio-
image textural analysis with a specific database of blood cell images. Section 9.3
details the main steps of the proposed analysis, arranges for experimental results,
and discusses a comparative study. This part of the text scrutinizes the detection of
abnormal blood cells that can be prospective cancerous cells. As a final point, a
conclusion and future works emerge in Sect. 9.4.

9.2 Methods and Materials

Many applications are employing optical microscopy, including blood cancer cell
detection. These applications require high-quality data for accurate cancer cell
understanding and analysis. This work uses images provided by optical microscopy
to identify pre-diagnoses abnormal blood cells using textural features to distinguish
between the different grades of cancer cells (Fig. 9.2). An analysis of the textures
and structures, present in the bio-images representing of samples, allows making a
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Fig. 9.2 Blood smear for normal cells (left) and cancerous cells (right) [9]

diagnosis of different degrees of cancers malignancy correspond to different struc-
tural patterns as well as apparent textures. We propose to apply the Haralick’s
texture features based on the GLCM in various types of blood cell images.

9.2.1 Textural Analysis Based on Gray-Level Co-occurrence
Matrix (GLCM)

The authors consider the GLCM parameters as part of a statistical textural analysis
study of bio-images to remove the different characteristics of texture [19]. The
GLCM helps to relieve the burden of dealing with long feature descriptors [3, 4].

9.2.1.1 Gray-Level Co-occurrence Matrix (GLCM)

A statistical way of examining textures that may ponder on the spatial relationship
of pixels is the GLCM, otherwise known as the gray-level spatial dependence
matrix. The GLCM characterizes the texture of an image by evaluating how often
pairs of pixels with particular numerical values and with a specified spatial connec-
tion happen in an image. These pieces of evidence aid in creating a GLCM and,
then, identifying statistical metrics from this matrix. GLCM parameters described
in texture analysis cannot provide information about shape contrariwise to the tex-
tural filter functions, i.e., the spatial pixel relationships within an image. The GLCM
is an N x N square matrix, where N represents the gray level of the image. GLCM
denotes the probabilities P, ; of transition from a pixel of an i gray intensity to a
pixel of a j gray intensity. The separation between i and j happens by a translation
vector defined by the r direction and a d distance. The current values used are r = 0%
459 90°% 135% and d = {1,2,3,4}. The GLCM computation is widespread in texture
depiction and hinges on the repetitive occurrence of some gray-level textural con-
figuration, which varies fast with distance in fine textures and gradually for large
textures. The GLCM definition is as follows:

Py =[{((r9)o () : 1 (rs) =i (1) = ©.1)
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where

e (r,s), (t,v) are the image coordinates with (¢,v)=(r + dx, s + dy).
e d is the distance vector (dx, dy).
* |l designates the cardinal of the whole

GLCM contains elements contingent on the image size. For instance, the authors
found 256 x 256 elements for a 256-gray-level image, increasing the effort to
manipulate GLCM.

In that way, the resolutions of images are often reduced to consider the gray-level
coding of 8, 16, or 32 bits in practice. According to the GLCM, several calculated
parameters characterize the spatial texture.

9.2.2 Haralick Parameters Extraction

GLCM contains lots of information complicated to exploit directly. Therefore, 14
parameters (as defined by Haralick [12]) can be calculated from GLCM, providing
more easily the descriptive characters of the textures. The study’s case only utilizes
and computes the next five main Haralick’s coefficients (or parameters) on GLCM
for textural analysis: energy (ENE), contrast (CST), entropy (ENT), correlation
(COR), and homogeneity (HOM) described as follows [19-21]:

1. Energy: It measures the texture uniformity. It has high values when the gray-
level distribution is constant or periodic consistent with the expression below:

ENE = sz:(Pd(iJ)z). ©92)

2. Contrast: This feature measures the image intensity contrast or the local vari-
abilities present in an image to indicate the texture fineness. It is strongly uncor-
related to energy as illustrated by the next equation:

CST = Z;(("‘f)z Pd(iJ))- (9.3)

3. Entropy: This parameter gauges the disorder within the image. It attains high
values for a random texture and correlates strongly with the reverse of the energy.
The succeeding expression defines this coefficient:

ENT = —sz:(log(Pd(i,j))Pd(i,j)). (9.4)
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4. Correlation: This feature estimates the linear dependency (relatively to d) of the
gray levels in the image. It is uncorrelated to energy and entropy parameters. The
equation underneath specifies this parameter:

COR = iPd(i,j) %E(J;m’) with ©.5)
m; = Zi(Pd (l*]))
o (9.6)

m, =Zj(Pd(iJ))

i,j=1

and
ol = IZN;Pd (ig)(i—m,)
o= SR, (i) (-m,)

i,j=1

9.7

5. Homogeneity: It returns a value corresponding to the closeness of the distribu-
tion of elements within the GLCM to the GLCM diagonal. The next equation
states this coefficient:

Pd(ij
Hom=y'y L) ©.8)
T, 1+(l - ])
All these attributes are defined for a displacement value d, which is very impor-
tant [11] with regard to obtaining a significant result. Thereby, for each pixel, we
define a vector of attributes v; (energy, entropy, and so on).

9.2.3 Databases

The authors have handled images downloaded from [22] and a sample of blood
cells. The results discussed in the next hand apply to the image from Fig. 9.3.
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Fig. 9.3 Example of an input picture to the Haralick’s FE process

Table 9.1 Representation of an 8 x 8 image window

204 210 219 226 220 205 191 184
209 209 208 206 205 206 205 202
198 205 205 198 198 204 201 192
185 203 209 196 189 193 189 177
179 202 209 190 178 185 189 182
168 193 206 194 184 186 185 175
176 191 197 189 181 176 161 143
205 199 184 166 158 154 137 118

9.3 Results and Discussion

The authors have treated the parameters of the co-occurrence matrix via Matlab
R2012aa environment and tested on a typical PC Pentium (R) Dual Core CPU
Processor 2.20 GHz with 4 GB RAM.

The analysis window size must fulfil two conflicting criteria, viz., be as small as
possible to lessen the risk of blending different textures while the largest possible to
extract statistics quite robust and significant. After several measures, the choice for
the size of the window is 8 x 8. First, the GLCM representation for each processed
image pixel is below (Tables 9.1, 9.2, and 9.3):

The GLCM calculation for the previous image window occurs as in the follow-
ing table:

The GLCM analysis results demonstrate that the summation of the coefficients
p(i.j) for any block of the same image remains equal. In this case, S,= Y. P(i,j) = 56.
The computation of the five criteria for 8 x 8 blocks with a displacement = 1 give
the results below, where the following figures show the distribution of the results of
five parameters under the form histograms (Figs. 9.4, 9.5, 9.6, 9.7, and 9.8).
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Table 9.2 Calculates GLCM (8 x 8)
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 1 3 0 0 0
0 0 0 0 2 22 5 0
0 0 0 0 0 7 16 0
0 0 0 0 0 0 0 0
Table 9.3 Statistical Healthy Cancerous
comparison by texture indices cell cell
of second order Mean energy 1803.74 0
Mean contrast 3.46 4.26
Mean entropy 59.91 203.27
Mean correlation 0.13 0.54
Mean homogeneity | 10.48 54.14
mean energy = 0
1 T L} L} L3 L] L} T L}
09F
081
07¢
% 06
8
o
g 05F
E 04F
03F
02r
01F
ﬂ 1 1 1 L 1 1 1 1
5 4 3 4 0 1 2 3 4
energy

Fig. 9.4 Histogram of energy
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The results above relying on the representation of five parameters of the GLCM
form histograms. The visual quality of the bio-image textures from the database
improved a lot based on the evolution of pixel-based on gray levels for each index
calculation. A table with a comparison between a healthy cell and other cancerous
for abnormal regions detection confirms the effectiveness of the parameters’ choice
using the co-occurrence matrix as calculated before to form the histograms:

9.4 Conclusion

This work applies a method to make a bio-image textural analysis successfully and
accurately, relying on a mathematical basis. The resultant feature vector has five
entries: energy (ENE), contrast (CST), entropy (ENT), correlation (COR), and
homogeneity (HOM). This software scheme employs a higher-order GLCM
statistical method hinging essentially on the study of the relations between each
pixel and its neighbors (to spot the fine textures) and the spatial distribution of the
gray levels. This article only offers statistical information on the images, which is,
therefore, considered as a higher order strategy. This happens because the methods
allow quantifying nonvisible evidence (data that are incomprehensible by the
humans) and, thus, augmenting the opportunity of interpreting more of the image
data and in particular of the textured images. Although the GLCM scheme gives
good results, it demands too many calculations. Each calculation is already rela-
tively heavy. The results obtained are allowed to enrich the diagnostic of data thanks
to the calculated parameters. The authors also suggest a hardware implementation.
The FPGA technology speeds up the computation of features to attain both high
performance and flexibility in fast computation in real-time processing [23]. Even
though working with a reduced set of descriptors speeds up the diagnosis, in the
future, a suspicious result can be directed to other stages of processing to additional
analysis. Since the recommended method is simple and the feature vector contains
only five entries, the algorithm has low dimensionality, and it is more proper for
hardware implementations than some sophisticated deep learning realizations
[24-31].
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Chapter 10

Artificial Intelligence, Blockchain,
and Internet of Medical Things: New
Technologies in Detecting, Preventing,
and Controlling of Emergent Diseases

Akanksha Sharma @), Rishabha Malviya @, Rajendra Awasthi @),
and Pramod Kumar Sharma

10.1 Introduction

Technologies such as artificial intelligence (AI), blockchain, and the Internet of
Medical Things (IoMT) hold an unprecedented potential in the healthcare system
when integrated for a specific disease condition. Together, these technologies impact
the healthcare system when it comes to detecting, preventing, and controlling
emerging diseases. This chapter will discuss the role of Al, blockchain, and the
IoMT in the healthcare system for personalized medicine. Each technology has its
advantages, limitations, challenges, and projections with special emphasis on the
healthcare sector. Each of these technologies decreases the expenses of medication
and save the time of both healthcare providers and patients. These technologies can
also help in drug discovery and drug delivery and thus can be used in research and
clinical trials. E-health services can be provided by using different mobile applica-
tions. It is expected that in the coming years, these technologies will deliver better
health services and theragnostics (treatment and diagnostics) of various diseases.
Figure 10.1 illustrates a schematic diagram of the new technologies used in the
healthcare system.
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Fig. 10.1 Schematic presentation of new technologies used in the healthcare system

10.1.1 Revolutions in Healthcare

Major healthcare revolutions are divided into four distinct stages, namely, Health
1.0, 2.0, 3.0, and 4.0. Health 1.0 was the old approach healthcare system. In Health
1.0, the patients read about the specific medical conditions or discuss it with their
friends or family members to collect the information. Health 1.0 permitted only one
doctor at one hospital to observe the patient record in that hospital. Health 2.0 was
introduced in the mid-2000s. It permitted doctors from two or more hospitals to
keep the patient record. In Health 2.0, patients can also access their health data.
Healthcare 3.0 started in 2017 to overcome the limitations of Health 2.0. Health 3.0
compiled the data of all patients in the form of collective health record. Each indi-
vidual has its full access permission. An individual is also permitted to add extra
information through their account. Health 4.0 is the ultimate solution. It was derived
Industry 4.0 concept. Health 4.0 is expected to overcome socioeconomic challenges
by providing economic opportunities. Figure 10.2 illustrates consumer-centric care,
which can be used in developing and implementing new healthcare technologies [1].

10.1.2 Personalized Medicine

Personalized medicine is the most widely and rapidly evolving healthcare area that
contains specific clinical, genomic, genetic, and environmental details of each indi-
vidual. It is an integrated, organized, and evidence-based approach used for indi-
vidualizing patient treatment. In personalized medicine, a molecular understanding
of the disease enhances preventive healthcare strategies. The predominant goal of
personalized medicine is to improve medical treatment and outcomes for each cli-
ent, resulting in unparalleled patient care customization [3].

Personalized medicine can connect the molecular and clinical profiles of the
patient to enable the physicians to make the right decisions about patient care.
Personalized medicine faces various changes in pharmaceutical and medical indus-
tries, which impacts on other aspects of society. More significantly, this would ben-
efit the person whose safety is at stake [4].
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Fig.10.2 Consumer-centric care in developing and implementing new healthcare technologies [2]

The success of personalized medicine depends on appropriate diagnostic tests
that help in identifying patients for targeted therapies. Clinicians also often use
diagnostics to assess the disease, such as how human breast cancer associated with
overexpress the type 2 human epidermal growth factor receptor (HER2). It is asso-
ciated with worse prognosis, but often predicts a better response to trastuzumab
treatment. Along with the drug, test for HER2 is also recommended so that clini-
cians can better guide and care for their patients [5]. Personalized medicine relies on
the use of multidisciplinary healthcare teams to encourage safety and well-being,
patient awareness and satisfaction, custom disease prevention, diagnosis, and treat-
ment [6].

Personalized medicine is not just about recognizing appropriate medications.
Diagnostic tests also help to doctors in accessing the aggressiveness of tumor for
certain cancers and eventually decide whether to conduct surgery or use less invasive
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therapies. Clinical trials have shown that if a prostate cancer lacks the genes that
cause aggressive cancer, the prostate gland may remain stable for a long time.
Understanding of drug metabolism is essential for personalized medicine. It pro-
vides a piece of more accurate and detailed information about why people react to
the same medication differently. Around 30 different enzymes, each composed of a
single gene or group of genes, regulate how drugs are metabolized in the human
body. A slight difference or absence of these genes will affect the therapeutic dosage
without causing any adverse reaction [7].

10.1.3 Inpatient and Outpatient Personalized Care Within
the Health 4.0

Inpatient medication is recommended for better management and care of patients
with chronic diseases. Inpatient care specialists have played a significant role in
urban hospitals in Great Britain and Canada. The purpose of such specialties has
now been developed for areas where managed care predominates like San Francisco
[8]. It has been observed that patients who receive structured inpatient treatment in
a stroke unit are more likely to be cured and discharged from the hospital after
1 year of treatment. The organized stroke unit care in a hospital is provided by
healthcare providers who are specialized in treating stroke patients [9]. Inpatient
services are costly when compared to outpatient services to deliver healthcare. The
urgent care clinics can also decrease the use of these high-cost inpatient services
with sensitive ambulatory conditions [10].

The outpatient clinical decision support system induces a significant impact on
critical aspects of diabetes care. The recent clinical decision support systems for
diabetes care can be improved following prioritizing care guidelines, communicat-
ing treatment-related information to the patients. These systems are used for the
planning and management of cases and incorporation of patient-reported data from
remote devices into clinical decision interfaces and algorithms.

The optimal outpatient clinical decision support system recognizes the subset of
patients with a disease like diabetes. It also recognizes the patient-specific non-
target clinical domains; recommend patient-specific evidence-based treatment [11].
Outpatient therapy services include occupational therapy, physical therapy, and
speech-language pathology. Outpatient services must be provided in terms of inten-
sity, frequency, and duration [12].

Outpatient care for the child with a life-threatening illness is more supportive
than treatment at other locations. Children spend more time in the company of
familiar parents rather than the office of a pediatrician or a medical clinic where
they have been cared for over time. Good communication within the child and clini-
cians will also help to establish a positive relationship that will continue during the
child palliative care [13].
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10.2 Artificial Intelligence in Healthcare

Al advances toward imitating the features of human intelligence. Al is applied in the
healthcare sectors for patient administration, patient monitoring, healthcare inter-
ventions, diagnostics, and clinical decision support [14].

Al has been used in the treatment and diagnosis of diseases since 1970, with the
advent of the MYCIN developed by Stanford University for the diagnosis of blood-
borne bacterial infections. More recently, IBM’s Watson has utilized a combination
of machine learning and natural language processing abilities. Al-based methods
can diagnose and treat disease with greater accuracy than humans. Al radiological
image analysis involves various types of images, such as retinal scanning or
genomic-based precision medicine [15].

DeepMind technology is a British AI company making a practical difference to
patients, doctors, and nurses. It supports the National Health Service (NHS) and
other healthcare systems. The FDNA startup is applying Face2Gene in facial analy-
sis, Al, and genomic insights to improve the diagnoses and treatment of rare dis-
eases. Al uses different algorithms to collect data from wearable sensors, such as
fitness trackers. The Russian company Botkin.Al uses Al to handle medical images
from computed tomography (CT) and magnetic resonance imaging (MRI) [16].

Al has many applications in the medical field, along with widespread use of EHR
and rapid developments in various areas of life science such as neuroscience. In
2014, IBM announced the TrueNorth chip, which has the potential to revolutionize
the computer industry by integrating brain-like capability into devices. China estab-
lished its Next-Generation Al development in July 2017 to promote research and
development. Al can provide active guidance to physicians in making clinical deci-
sions. This also aids prediction, pathological investigations, imaging, and treat-
ments. The Food and Drug Administration (FDA) of the United States granted
marketing permission in 2018 to the first Al-based diagnostic system, namely,
IDx-DR. It helps in detecting diabetic retinopathy and helps in deciding an Al algo-
rithm after analyzing images of [17]. The Google Al system could improve breast
cancer detection and can minimize the chances of false results by 20% in mammo-
grams, which are commonly missed by radiologists.

10.2.1 Role of Artificial Intelligence for Personalized Medical
Application

Personalized medicines is a new healthcare model used for the prevention and treat-
ment of diseases based on individual conditions, including psychosocial characteris-
tics, genetic information, environment, and lifestyles. This produces a vast amount of
data that can be analyzed and integrated with Al technology. Deep Variant is a highly
accurate genomic analysis system developed by Google Inc. It is based on deep neu-
ral network technology. Al technology has been employed to improve the quality of
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radiological medical diagnosis due to a large number of medical image data. Al may
play a vital role in stroke management through an individualized plan [18].

Personalized medicine uses practice and medical decisions to deliver custom-
ized healthcare services. The major function of personalized medicine is to predict
the possibility of an individual developing a disease, achieve an accurate diagnosis,
and optimize the best treatment available. The technology used by doctors, pharma-
cists, and nurses can deliver an efficient healthcare service as opposed to traditional
techniques [19].

The broad availability of genetic information offered by next-generation sequenc-
ing technologies in the field of cancer genomics and rapid growth in the biomedical
field has led to the advent of the big data era. Integration of Al approaches such as
natural language processing, deep learning, and machine learning can quickly solve
all the challenges of scalability and high dimensionality of data. It is also integrated
into the transformation of big data into clinically actionable knowledge and become
the infrastructure of personalized medicine. Personalized medicine tackles diseases
by tailoring treatments based on the genomics, lifestyle, and environmental charac-
teristics of each patient. Personalized medicine and the advancement of next-
generation sequencing technologies are gaining popularity in genomic profiling of
the patient for risk prediction, disease diagnosis, and targeted therapies [20, 21].

The Siri i10S application can appropriately direct an individual to the requested
destination by identifying the current individual location and comparing it with the
Google Maps database. An Al application in cardiac imaging can help physicians in
interpreting cardiac images correctly. The physician can interpret results by com-
paring tomographic images with large age and sex matches. This can be done using
a normal database that is specific for radiotracer and camera [22].

Al uses sophisticated algorithms to “learn” features from a large volume of data,
which helps to obtain observations to assist clinical practice. An Al system can
assist doctors by supplying up-to-date information from textbooks, journals, and
clinical practices. An Al system can:

1. Reduce therapeutic and/or diagnostic errors that commonly occur in human clin-
ical practice

2. Extract practical information from a large population to help in making real-time
inferences for health risk alert/management and health outcome prediction [23]

Al systems execute planning strategies in collaboration with other systems to
solve complex problems in a new environment. Planning strategies also help in the
operational efficiency of Al and system by taking the current input state and execut-
ing different logic and rule-based algorithms to reach predefined goals [24].

10.2.2 Advantages of Artificial Intelligence

The use of Al in setting or building of personalized medicine is vital in terms of the
accuracy and precision of disease recognition, drug administration, and treatment.
The use of computers in hospitals and clinics to record medical activities or the use
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of EHR systems nowadays provides medical knowledge and data that can be used
as a standard to enhance medical service delivery [25]. Al applications typically
handle a large amount of data for better decision-making. However, centralized data
storage using data centers, clouds, and clusters constitute a significant constriction
while developing a highly secure and privacy-preserving Al system [24, 26].

Machines with Al do not take rest, thus overcoming the inherent disadvantage of
fatigue in humans. Al can also reduce the wastage of time throughout learning and
passing knowledge to other humans [27]. It is used in the assessment of the risk of
disease onset and in estimating treatment success before initiation. Al used to man-
age or reduce treatment complications. It helps to assist with patient care during
active treatment. Al research focuses on the pathology or mechanism for the ideal
treatment of disease [28].

Al uses sophisticated algorithms to learn features from the big data of healthcare
records for interpreting results in clinical practice. Al can assist physicians by pro-
viding updated medical information from different sources such as textbooks, jour-
nals, and clinical practices to inform proper patient care. Al systems can also
minimize common diagnostic and therapeutic errors in human clinical practices [23].

Among the healthcare data, images obtained from computed tomography, X-ray,
magnetic resonance imaging, and ultrasound examinations also provide the most
potential information for research and clinical applications. These data help to

(a) Improve the automatic detection of diseases
(b) Minimize human errors

(c) Create study protocols

(d) Ameliorate image quality

(e) Decrease radiation dose

(f) Lessen the MRI scanner time

(g) Optimize staffing and scanner utilization

Thereby, these facts reduce costs and make expensive and time-consuming
screening programs feasible in countries unable to afford those procedures [29].
Figure 10.3 shows the schematic presentation of applications of Al in healthcare.

10.2.3 Limitations of Artificial Intelligence

Data sparsity from highly dimensional and heterogeneous data impose a significant
difficulty in integrative analyses. The impactful solution is not obtained due to the
difficulty in getting statistically significant data from the patient outcome. Patient
outcome data are personal health information that must be protected under the
guidelines of the Health Insurance Portability and Accountability Act 1996 in the
United States and General Data Protection Regulation in Europe. Regulation and
sharing of data cannot be made lightly due to the critical security considerations in
protecting sensitive data from being compromised [20, 30]. Al shows a lack of cre-
ativity in the responses. It may not be able to explain the logic and reasoning behind
certain decisions. An Al system cannot predict the situation under certain conditions
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Fig. 10.3 Schematic presentation of applications of Al in the healthcare sector

where the solution to a particular problem is not available. Any malfunctioning can
produce wrong solutions and since it cannot explain the reasoning behind its answer.
Lack of common sense in the argument can also cause significant problems. It can
cause mass-scale destruction if given in the wrong hands [27, 31].

Al algorithms are unable to perform a holistic approach to clinical scenarios
[32]. Al may also cause bias due to the unwitting result from its decision-making
criteria [33]. Al algorithms are essential to perform a holistic approach to clinical
scenarios. These cannot take into the social and psychological aspects of human
nature, which are also taken into account by a professional physician [34, 35]. In the
clinical context, Al will be required for the widespread adoption of this technology
[36]. The definitive collection of healthcare data depends on the consistency of data
reporting and the use of electronic data records to avoid noisy data. There is a lag in
the adoption of solely electronic medical records in emergency departments in
Canada and the United States [37, 38].

10.2.4 Challenges and Future Perspective of Artificial
Intelligence in Healthcare

The Center for Data Innovation regulates data sharing, data protection, and interna-
tional standardization. The digital health program should ensure the safety and ben-
eficial impact of Al on healthcare [20]. In dental science, the application of clinical
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decision support systems is slow and limited due to the lack of formal evaluation of
the systems, cost, challenges in developing standard representations, and practitio-
ner doubt about the feasibility and value of clinical decision support systems. An
information technology application for dental practice continues to create and con-
tribute to reduce the mortality and morbidity of oral and maxillofacial diseases and,
in turn, impact patient care [36].

Al techniques have sent enormous waves across the healthcare system, even
inflame an active discussion of whether Al doctors will eventually replace human
physicians in the future. Machines may not replace human physicians in the fore-
seeable short-term future. Still, Al can assist physicians in making better clinical
decisions or even replacing human judgment in certain healthcare specialties (e.g.,
radiology). Followed by relevant clinical questions, powerful Al techniques can
unlock the clinically relevant information hidden in a massive amount of data,
which in turn can boost clinical decision-making [23, 37]. Al techniques in stroke
imaging could markedly change the milieu during the diagnosis and management
of stroke. Automated stroke diagnosis may be prevalent where fast thrombolysis
and prehospital thrombolysis are recommended. Prediction of prognosis with Al
techniques is widely used in stroke management. A well-constructed and extensive
imaging database system is the fundamental prerequisite for the success of Al
techniques in stroke-imaging analysis. This imaging database should be integrated
and interpreted along with other large databases containing clinical and biological
data [38, 39].

The AT use for better understanding and treating non-small cell lung cancer is
proliferating. The execution of algorithms in clinical practice still faces hurdles. The
Al guidelines and standards remain to be established. The FDA is evaluating the use
of algorithms in clinical practices. The management of electronic health records can
authorize patients by enabling access to their data. The recent fragmented, decen-
tralized state of health records raises challenges for the implementation of algo-
rithms in healthcare [40, 41].

10.3 Blockchain in Healthcare

Blockchain is a chain that covers information and maintains trust between individu-
als irrespective of the condition of how far they are. Scholars and scientists are
interested in it for a broad range of domains in healthcare applications. Blockchain
technology is used as Distributed Ledger Technology (DLT) for a peer-to-peer
network for digital data transactions that may be privately or publicly distributed to
all users, allowing storage of any type validly and reliably. The central concept of
blockchain is the smart contract, which is a legally binding policy that consists of a
customizable set of rules under which different parties agree to interact with each
other in the form of decentralized automation [42]. Blockchain improves interoper-
ability. Blockchain technology could develop patient-driven interoperability through
the management of digital access rules. Blockchain enables a centralized and shared
mechanism for the control of authorization and authentication of data [43].
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Blockchain possesses various properties like decentralization, immutability, and
transparency. It helps to potentially address issues in healthcare, including incom-
plete records at the point of care and demanding access to the patient’s health infor-
mation. An effective and efficient healthcare system requires interoperability, which
allows software applications and technology platforms to communicate seamlessly
and securely, data exchange, and use the exchanged data across health organizations
and application vendors. Unfortunately, today’s healthcare system suffers from
fragmented and siloed data, delayed communications, and disparate workflow tools
caused by the lack of interoperability. Blockchain provides the opportunity to enable
access to complete, longitudinal, and tamper-aware medical records that are stored
in fragmented systems in a secure and pseudo-anonymous fashion [44].

10.3.1 Role of Blockchain for Personalized Medical
Application

Blockchain relies on open-source software and commodity hardware. These com-
ponents facilitate faster and easier interoperability between systems and can effi-
ciently scale to handle larger volumes of data and assisted the blockchain users. The
architecture has built-in fault tolerance and disaster recovery. Data encryption and
cryptography technologies are widely used and accepted as industry standards. In
healthcare, blockchain is developed as open-source software [45, 46].

Blockchain technology has the potential to address the interoperability chal-
lenges present in current healthcare information technology systems and to be a
technical standard that enables individuals, healthcare providers, healthcare entities,
and medical researchers to securely share electronic health data. All medical data
would be stored off-blockchain in a data repository called a data lake. Data lakes are
a highly scalable tool for health research. They would be used for a variety of analy-
ses, including mining for factors that affect outcomes, determine optimum treat-
ment options based on genetic markers, and identify elements that influence
preventative medicine to the key-value stores. Data lakes support interactive que-
ries, text mining, text analytics, and machine learning. The information stored in a
data lake would be digitally signed and encrypted to ensure the authenticity and
privacy of information [47].

Blockchain is a distributed database that uses state machine replication with
atomic changes to the database [48]. Modern society demands new tools such as
distributed ledger and smart contacts for sharing data between patients and health-
care professionals by providing them controlled access over data and allowing more
intelligent cooperation. In this situation, utilizing blockchain technology can resolve
integrity, data privacy, security, and fraud issues. It can also increase patient auton-
omy and provide better service for patients and clinicians [49]. Blockchain tech-
nologies can [50]:
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1. Optimize the pharmaceutical supply chain by improving traceability, transpar-
ency, and immutability
2. Enhance data sharing for medical research and primary care

Blockchain technology has gained considerable attention in the health manage-
ment domain. It has been utilized in hospital activities, such as in maintaining medi-
cal records, disease surveillance, and insurance bills. The application of blockchain
technology in the management of electronic health records is noteworthy, where
vast information can be processed effectively. Its unique features can revolutionize
the health databases and helps in improving access to medical records, archives of
scanned images, prescriptions, and surveillance systems. Also, there can be built-in
authentication controls that can minimize the risk of data theft [51].

10.3.2 Advantages of Blockchain

Blockchain technology offers many benefits for healthcare information technol-
ogy. It is reliable and robust under fast-changing conditions that cannot be matched
by closed, proprietary software. Open-source solutions also drive innovations in
the applications market. Health providers and individuals would benefit from the
full range of application choices and could select the option that can match their
specific requirements. A blockchain runs on widely used and reliable commodity
hardware. Commodity hardware provides a large amount of useful computation at
a low cost. The hardware can employ open standards manufactured by multiple
vendors. It is the most efficient and cost-effective technique for health and genomic
research [45, 52].

Blockchain technology is a decentralized peer-to-peer architecture. Members in
a distributed network record digital transactions into a shared ledger. Each member
stores an identical copy of the shared ledger and changes it to the shared ledger,
which is reflected in all copies. Blockchain technology offers many advantages to
medical researchers, healthcare providers, caregivers, and individuals. Creation of a
single storage location for all health data, tracking personalized data in real-time,
and the security to set data access permissions at a granular level would fulfill the
purpose of research and personalized medicine [47, 53]. The great advantage of
blockchain technology in the healthcare field is that it allows the development of a
stable and secure data set with which users can interact through various types of
transactions. This environment supports the entry and operation of clinical data
without compromising other sensitive data. The entire network in blockchain tech-
nology is decentralized, which is maintained by users. The blockchain code is open-
source software and can be modified, used, and revised by its users [54].

Blockchain and critical public infrastructure develop patient-centric access con-
trol for electronic medical records, which is capable of providing security and pri-
vacy. The critical public infrastructure is used in some countries like Brazil to
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achieve a truly distributed electronic medical record having a high level of privacy
for the patient health records. It keeps the secrecy between patient and physician
due to the validation of all transactions that are added to the blockchain since reveal-
ing the patient’s essential evidence between physicians is prohibited [55]. Blockchain
provides a framework to amplify and support the integration of healthcare informa-
tion across a range of uses and stakeholders. In healthcare, the unique advantages of
real-time recordings and tamper resistance of blockchain can be reflected. Data
stored can be shared across a group of people and organizations. A permissive
blockchain can protect privacy while maintaining it by agreeing on where and by
whom to be looking for deals and hiding the identities of all parties [56]. Traditional
healthcare practices become more effective for the diagnosis and treatment of dis-
eases due to more secure data sharing using blockchain tools. In the future, block-
chain may provide an authentic, personalized, and reliable healthcare system by
merging entire real-time clinical and presenting it in an up-to-date secure healthcare
setup [57]. Figure 10.4 illustrates applications of the blockchain in healthcare.

10.3.3 Limitations of Blockchain

Data exchange is a chief blockchain problem in the healthcare field because of the
high standards of data privacy and security needed. Data breaches in healthcare
storage systems can be costly because of the Health Insurance Portability and
Accountability Act fines and reputation losses [48, 58]. Blockchain technology
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itself cannot guarantee data privacy and security. Thus, it has never been proposed
as a stand-alone technology. However, it is recommended in combination with cryp-
tographic techniques. Regardless of the number of existing prototypes of blockchain-
based healthcare systems, due to the existing barriers to the adoption, such as social,
technological, and legal limitations, there is a lacuna in the evaluation of real-world
settings [50, 59].

OmniPHR was developed by Roehrs, Costa, and Righi to handle patient health
records for providing unified patient health records stored across multiple health-
care providers. In an OmniPHR system, the data have to follow standards supported
by the model. If the data is not supported, the scope of standards would not be
shared. Also, the patient has to authorize to access the record. Only the patient and
healthcare provider can access the data. The management of key and their recovery
is also a problem that is not considered by OmniPHR when they get lost or
leaked [60].

The MedRec Blockchain technology is a decentralized ERH system with some
limitations, such as (a) it does not address the security of an individual database, (b)
it attempts to solve digital rights management problems, and (c) the pseudo-
anonymous nature allows the use of data forensics to infer the relationship between
patients and providers.

Blockchain technology still fails to scale high transaction volume technology
[60, 61]. Security risk with blockchain arises from intentional malicious attacks by
criminal organizations or by government agencies that could compromise the pri-
vacy of the patients. The private key could be liable for the potential compromise,
which results in unauthorized access to the stored health data [62, 63].

10.3.4 Challenges and Future Perspective of Blockchain
in Healthcare

Blockchain data structures would work well for gathering data from wearable sen-
sors and mobile applications and, thus, would contribute noteworthy information on
the risks versus the benefits of treatments as well as patient-reported outcomes.
Daily, personalized health data will likely engage a patient more in his healthcare
and improve patient compliance. Moreover, the physician will be able to obtain
more frequent data, such as daily blood pressures or blood sugar levels. Otherwise,
it has only happened when a patient report for an appointment. It can improve indi-
vidualized care with specialized treatment plans based on outcomes or treatment
efficacy. Real-time access to data would improve clinical care coordination in emer-
gency medical situations. Real-time data would also allow researchers to rapidly
detect, isolate, and drive change in environmental conditions that impact public
health [45, 64].

Blockchain can improve global health security and ensure the privacy of patient
data. Epidemics of some re-emerging infectious diseases like Zika and Ebola have
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raised health security concerns, which lead to the strengthening of surveillance sys-
tems. The focus of Global Health Security is to get alerts for global public health
threats (both non-communicable and infectious diseases), strengthen the workforce,
detect and respond effectively against disease threats, and elevate global health
security as a priority. Blockchain has tremendous potential to overcome the limita-
tions of current traditional approaches used in healthcare and disease surveillance
projects [51, 65].

In the future, implications of the blockchain in the clinical field will drastically
reduce processing time because the patient enrolls in the study, the complete collec-
tion of data will be available at once because of availability on the distributed ledger.
The patient record on a blockchain network will lead people to connect with others
all around the world with similar medical conditions. It will be beneficial for their
health and also result in the patients feeling accepted and supported and to have
strengthened will power to fight the disease [58].

The blockchain will be explored for the practical implementation of the crypto-
graphic protocol model for the encrypted transaction and to attempt the evaluation
of transactions and the performance of enhanced blockchain on the decentralized
healthcare application. The performance measurements of enhanced blockchain
will be conducted on transaction throughput, latency, resource consumption, and
execution time [66]. In clinical trials, the blockchain data use Health Level Seven
(HL7) international standards. HL7 consists of international standards for the trans-
fer of administrative and clinical data between various healthcare providers using
this software application. This provides a framework for the integration, exchange,
retrieval, and sharing of electronic health information [67, 68].

10.4 Internet of Medical Things (IoMT)

IoMT describes various networks of actuators, sensors, processors, and computers
connected to the Internet. The IoMT can deliver comprehensive patient care in mul-
tiple settings such as long-term (nursing homes), acute (in-hospital), and community-
based (in-home). IoMT has the potential to accurately track people, specimens,
equipment, supplies, and service animals and analyze the data captured. The patients
get attached with sensors to measure vital signs and other biometric information.
The problems can be easily diagnosed, and a better quality of care can be given
using more efficient resources [69].

The integration of healthcare with the IoMT features into medical devices
improves the effectiveness and quality of service. It brings high value for the elderly,
patients with chronic conditions, and those who require consistent supervision.
Intelligent systems and powerful algorithms are used to obtain an unprecedented
level of real-time and life-critical data. Taking care of patient health at a meager cost
is an essential factor. The primary purpose of applying IoMT in healthcare is to
move out of the traditional area to visit hospitals, and thus the waiting will come to
an end. It can sense and communicate with physical and biomedical parameters [70].
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10.4.1 Role of the Internet of Medical Things (IoMT)
Jor Personalized Medical Application

Personalized healthcare supports the sustainability of care. [oMT is a paradigm
promising to manage the digital identity for personalized care services. Various
types of equipment are being used in extra-wall healthcare and assistive services,
which requires different sorts of objects to communicate and to make the omnipres-
ent system. Extended entities and mixed roles are becoming interoperable [71, 72].

IoMT has the potential to promote various medical applications, for example, in
remote health monitoring, physical fitness programs, Alzheimer’s diseases, and
elderly care. The IoMT healthcare system mainly tries to work with the existing
wireless sensor networks, embedded device technologies, and pervasive computing.
IoMT systems need to provide the services to anyone, anytime and anywhere. So,
we need architecture to develop healthcare systems more efficiently and with less
cost [73].

IoMT allows technologies to evolve from traditional hub-based systems to more
personalized healthcare systems due to the rapid proliferation of wearable devices
and smartphones. These healthcare systems use a set of interconnected devices to
create an IoMT network. This performs healthcare activities, including monitoring,
diagnosis, and remote surgeries. The sensing and wearable devices used for person-
alized medicine comprise signals from inertial sensors, global positioning systems,
electrocardiograms, and electroencephalograms, among others. All are capable of
observing and recording multiple types of health data, such as location, weight,
blood pressure, heart rate, and user context information [74, 75]. Figure 10.5 shows
the schematic diagram of the wearable devices used in the healthcare system.

IoMT will play an essential role in envisioning, developing, maintaining smart,
connected, and personalized healthcare services. These can enable the patients to
monitor their physical condition itself. By using this technology, an electronic
health record is maintained, which allows the healthcare providers in better evalua-
tion and better early detection of the physical conditions [76].

IoMT-based healthcare can congregate distributed devices, aggregate knowl-
edge, analyze data, and communicate medical information to the cloud in real-time.
Thus, it can collect, store, and analyze a large amount of data in several new forms
and activate context-based alarms. This can allow ubiquitous and continuous health
data access from any connected device over the Internet. The healthcare system
implementation can monitor the physiological parameters of inpatients. Thus, loMT
empowered devices can simultaneously enhance the quality of care with regular
monitoring and reduce the cost of care and actively engage in data collection and
analysis [77]. IoMT solutions for healthcare in developing countries have brought
revolutions to reduce the mortality rate and provide healthcare data at low cost.
Smart [oMT-based healthcare applications play a vital role in tracking and monitor-
ing patient healthcare information, their activities through powerful sensor tech-
nologies that enable clinical care to make smarter decisions [78].
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Fig. 10.5 Schematic diagram of the wearable devices used in the healthcare system

10.4.2 Advantages of Internet of Medical Things (IloMT)

IoMT can solve various healthcare interoperability problems. Organizations need
not build a data bridge and translate it. They can easily connect to a central standard
API “plug.” If done right, the aggregated data can form a base for high-speed and
effective Al systems. IoMT is able to function in a real-time fashion [79, 80].
Advantages of healthcare IoMT are mobile medical applications or wearable
devices that allow patients to record their health data. Hospitals use [oMT to keep
tabs on the location of medical devices, personnel, and patients, which may make
the patient more health-conscious. Through IoMT, doctors can use real-time loca-
tion services and track the devices used for treating patients. Medical apparatus and
devices like wheelchairs, scales, defibrillators, nebulizers, pumps, or monitoring
equipment can be tagged with sensors and located easily with IoMT.

Apart from real-time location services, there are [oMT devices that help in envi-
ronmental monitoring as well. With the intervention of the IoMT, clinicians can
predict the arrival of patients who are recuperating in the post-anesthesia care unit.
They can also monitor the status of patients in real-time and hand hygiene compli-
ance in a healthcare worker and tighten budgets and improve the patient journey and
remote monitoring [81]. Usak et al. reported various advantages of IoMT in the
pharmaceutical industry. Poor-quality medicines or fake drugs can lead to serious
health consequences, including death. Infrared and radio-frequency identification
technologies are used to resolve such problems and to monitor medications without
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physical contact. Doctors can handle all the legal health information of a patient
using loMT-enabled access [82].

IoMT renders a substantial contribution to the development of a smart healthcare
system. In an intelligent healthcare system, the medical data are captured by sensors
and transmitted to the cloud server to handle intelligent analytics through different
types of IoMT networks. Various communication protocols are used based on the
medical application requirements. The radio spectra allow a much easier and
cheaper global broadband expansion of the smart healthcare 7Ps, including person-
alized, persuasive, predictive, participatory, preventative, programmable, and per-
petual [83]. Recently, [oMT-based rehabilitation has been introduced to resolve the
problem of scarce resources due to the aging of the population. It can be seen as a
sub-system under a smart city. An loMT-based healthcare system connects all avail-
able resources as a network to perform healthcare activities, which include monitor-
ing, diagnosis, and remote surgeries over the Internet. IoMT framework has been
dedicated to extending the healthcare services from hospitals and communities to
homes [84]. Figure 10.6 shows the schematic presentation of applications of [oMT
in the healthcare sector.

10.4.3 Limitations of the Internet of Medical Things (IoMT)

The most significant technical barrier to achieving a successful vision is the state of
health data. Created by legacy electronic health record (EHR) systems, health data
are largely fragmented into institution-centered. Current efforts are directed toward
the exchange of individual records between silos using increasingly standardized
vocabularies (code sets) and message formats. However, it does not entirely solve
the problem of data fragmentation [79, 85].

Data from IoMT devices include a patient’s vital signs, physical activity, or glu-
cose levels, to name a few. On the other side, at home, this information does not
typically travel to an EHR system and may not centralize or made readily available
to the providers. With the lack of common security standards and practices, many
health IT professionals have concerns about the risks associated with IoMT device
tampering and data breaches [86, 87].

In a smart healthcare system, data size, irregularity, and sparsity may critically
challenge data measurement and data processing, which generates a set of heteroge-
neous data that are fused satisfactorily at the data level. A priority controlling strat-
egy must handle and resolve the critical data heterogeneity issue while keeping
track of some quality metrics to guarantee that the output of the healthcare provider
will be useful [83, 88].

IoMT does not maintain healthcare standardization, but it is desirable to enforce
interoperability. Many manufacturers produce a diverse range of products and devices,
and new vendors continue to join with technologies. [oMT devices have lower speed
processors that must work with several sensors and actuators at a reasonable speed
and with local and remote memory. IoMT must follow security protocols [89, 90].
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10.4.4 Challenges and Future Perspective of loMT

The Pharma IoMT enables the patients and healthcare providers to use medicines
using advanced sensor hardware and craft personalized care services. Wearable sen-
sors are the example of pharma IoMT solutions, which provide medication manage-
ment, improved patient outcomes, and quality of life in multiple sclerosis and
Parkinson’s disease patients. The pharmaceutical industries need to consider
European Union data protection and privacy legislation, which controls the care
data of a patient. The patient can transfer their care and health data to multiple ser-
vice providers. This will lead to the emergence of totally new forms of service
platforms and business models. It has been predicted that soon we will look at our
smartwatch or phone to check our health outcomes more often than we do now to
check our twitter, mail, WhatsApp, or Facebook accounts [79, 91].

IoMT enables new diverse and uncertain fields for exploration that will influence
healthcare and rapidly changing society. In the future, studies will focus on new
informatics methods in each layer of the [oMT ecosystem, seeking ways to empower
IoMT [92]. IoMT-based applications and devices must contain important informa-
tion related to private information communicating globally via networks, every-
where, and at any time.
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Most likely, the use of knowledge and technology from smart cities, intelligent
retail logistics, smart living, and intelligent environments would increase by IoMT
[93]. IoMT has been used in the healthcare sector to improve the treatment and
management of various diseases [94]. Since the IoMT can be hacked, it is essential
to analyze and recognize its different characteristics regarding privacy and security,
with its vulnerabilities, countermeasures, and security requirements [95].

10.5 Future Trends

10.5.1 Ontologies for the IoMT

For better flexibility and interoperability, Hachem et al. described a service-oriented
middleware solution that can overcome the challenges associated with semantic
technologies. The authors described future trends of sensor modeling approach with
respect to different levels of details. The authors reported spatiotemporal and statis-
tical correlation models to implement the plan and integrate their feasibility into the
ontological analysis [96].

In ontology-inspired models, a formal definition of IoMT can be representative
of real-world things and relationships. This methodology defines different cases of
IoMT solutions and to promote potential extensions and upgrades. It is expected
that in the future, oM T will integrate with a crowdsourcing framework, which will
save time and energy of potential users [97].

10.5.2 Blockchain, Wearables, and Nanorobotics

Distributed ledger technology (DLT) is gaining significant attention during the past
two decades as one of the most disruptive technologies. It aims to change how
people do business, monitor their goods, and handle their details. In 2009, DLT was
first introduced as bitcoin. It gained considerable popularity during the last few
years. Hyperledger Fabric is the first major private DLT system that started in
December 2015 by the Linux Foundation. In the Fabric, a smart contract is pack-
aged into chain codes. It is a computer program prepared on the ledger, which
allows it to communicate with the ledger data. These chain codes can be written in
Go or Java with other programming languages. In the recent [oMT-driven environ-
ment, both access control and blockchain technologies can be combined to integrate
more advanced context conscious access control systems. It would work toward the
potential blockchain-based access control implementations to ensure data sharing
between various parties [98].
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SymBiosis is a web browsing environment that makes a case for direct mutual
profit sharing between censored users and uncensored users. The main idea is to
transform the traditional voluntary one-way service into two-way anonymity sup-
ported interface between censored and uncensored users, making it a near-perfect
method of circumvention with a ubiquitous relay deployment. SymBiosis can
achieve all goals against the most sophisticated sensors as well as control mecha-
nisms and provides functional output for everyday web browsing [99].

The wearable technology market demand is projected to increase from 15.74
trillion US$ to 51.60 trillion US$ between 2015 and 2022. Applications like health,
entertainment, digital, and fashion are generally considered vertically within the
framework of the consumer. The demand for devices is pushing wearable technol-
ogy to grow [100].

Various research studies have been centered primarily on the application of
blockchain technology to manage healthcare data. The blockchain-based gateway
enables patients to own securely, monitor, and exchange their data without violating
privacy. The cloud storage systems have been incorporated to obtain a solution for
off-chain storage of massive biomedical data files. In modern blockchain applica-
tions, a special function called a data validator has been added in addition to the
conventional data contributor/generator. The data validators will verify or certify
the quality of data it has produced [101].

10.5.3 Security Benchmarks for IoMT

IoMT is a rapidly developing healthcare technology with much scope for security
vulnerabilities. As other Internet-linked devices, IoMT is not safe from breaches.
These breaches can affect device functionality, data protection, and privacy, which
may cause life-threatening effects. A stakeholder centric approach can improve the
reliability of IoMT wearables. The functioning of this system can be related to the
collection of IoMT wearables security and privacy attributes, which are defined to
measure security and privacy in those devices [102].

Many protection approaches for [oMT devices have been reported to secure a
medical device theoretically. However, due to the size and power constraints, wear-
able and implantable devices may utilize limited resources and, thus, may not have
sufficient resources to enforce these schemes. Ensuring safety and stability, these
devices can cover the design space of human, cyber, and physical elements [106,
107]. In addition to the research efforts, a close collaboration must be established
between academia, industries, and standard agencies to develop new methods, regu-
lations, and standards to ensure the safety and privacy IoMT devices [103].



10  Artificial Intelligence, Blockchain, and Internet of Medical Things... 147
10.5.4 Quality of Care

IoMT solutions create trust in the security evaluation process. This includes answers
for security evaluations, comprehensive and simple-to-use questions for [oMT. It
also offers an evaluation tool for the IoMT solution with theses evaluation criteria.
This work educates the [oMT users who often have a low level of handling and
security knowledge for IoMT. The IoMT solution providers may also benefit from
this process in evaluating their products and comparing them to the other IToMT
solutions. In the future, the [oMT solution will be adopted for rapid and continuous
data analysis [104].

IoMT security assessment framework is a web-based application focused on a
novel ontological scenario-driven approach to ensure security. IoMT security
assessment framework innovation lies in its capacity to adapt to new stakeholders
and emerging technologies, granularity, and compliance with standards. In some
cases, system administrators are responsible for the security-related decision; this
work will provide an excellent opportunity for the other stakeholders to gain practi-
cal experience in the cutting edge fields of [oMT. It will also promote healthy com-
petition between IoMT solution providers by developing IoMT solutions to address
the security measures to satisfy consumers [105].

10.6 Conclusions

This chapter focuses on the role of Al, blockchain, and the Internet of medical
things (IoMT) for personalized medical applications, their advantage, and disadvan-
tage, including prospects. Based on the available literature in context, different roles
of these technologies in the healthcare sector have been described [108, 109]. This
is an emerging area that can help to monitor patient health. It can also decrease
expenses and time consumption during medication. At present, these technologies
are also used in drug delivery and discovery processes. Shortly, these technologies
will introduce new vistas for better health services by discovering mobile applica-
tions, diagnostic systems, and wearable devices by increasing the focus toward
e-health services and the crescent usage of multimedia in healthcare [110-127].
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Chapter 11

The Role of Vehicular Ad Hoc Networks
in Intelligent Transport Systems

for Healthcare

Rabia Bilal @ and Bilal Muhammad Khan

11.1 Introduction

11.1.1 Mobile Ad Hoc Networks (MANETsS)

The arrival of the globally available computing and the designing of innovative,
incredible, capable, handy computing gadgets have permeated wireless mobile
communication and networking so that users avail from electronic services at any
time, irrespective of their geographical location. There are two kinds of wireless
networks: infrastructure-based and infrastructure-less (aka ad hoc networks).

An infrastructure-reliant network has the networking component (i.e., routers
and gateways) and the nodes connected within the network range to the nearby base
station that comes within its communication range. When a node exceeds the cover-
age area of that base station, it performs the handoff procedure so that it comes
within the scope of the new base station. Cellular communication is a classic exam-
ple of an infrastructure-based wireless network.

The infrastructure-less network or ad hoc network (AHN) where the Latin
expression ad hoc designates literally “to perform something for a particular pur-
pose.” AHN is a peer-to-peer (P2P), self-forming, and self-restorative kind of
network.

Mobile ad hoc networks (MANETS) can immediately form a mobile node net-
work, combined or segregated into discrete networks while in motion. The
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MANET’s nodes depend on the networking requirement and vigorously handle the
leaving or joining of network nodes. The main objectives of a MANET include reli-
ability, availability, and scalability. The nodes in the network are self-governing
processing devices with low capacity that are capable of moving freely, and due to
this factor, the topology of the network changes swiftly, randomly, and periodically.
Each network node can host or route (i.e., to transmit the data to other nodes). The
achievement of communication is hugely reliant on the cooperation of the other
nodes. Nodes are responsible for vigorously finding out the other nodes themselves
for the communication in the wireless range. If MANET nodes keep on moving,
then this results in a break in connection as well as the restoration capacity fre-
quently. Moreover, the maximum number of nodes in a network has limited
resources when it comes to battery power, as well as on computing ability, so the
conventional computing routing protocols are not fit for MANET.

The devices, which are part of MANET, include handheld devices like smart-
phones, laptops, smartwatches, pocket PCs, or any wireless mobile devices. These
devices are normally easy to carry and have batteries in them. Figure 11.1 shows an
illustration of a heterogeneous mobile ad hoc network and its communication with
different devices.

The extracted blood cell features turn out to be the input to a classification stage
that categorizes the cells according to hematological models automatically. The
classification module should identify the blood cells relying on the extracted fea-
tures from real images. When it comes to noisy images, this can impair the
classification.
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Fig. 11.1 Heterogeneous mobile ad hoc network (MANET)
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11.1.2 Vehicular Ad Hoc Networks (VANETs)

Vehicular ad hoc networks (VANETS) have fully fledged out of the necessity to sup-
port the increasing amount of wireless products that can now be used in vehicles [1,
2]. Keyless entry devices, tablets, laptops, and smartphones are some of the wireless
products. As mobile wireless devices and networks become more and more vital,
the demand for vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) com-
munication will augment day by day [2]. VANETS can be used for an extensive
range of safety and non-safety applications, e.g., automatic toll payment, traffic
management, enhanced navigation, vehicle safety, location-based services, and
search for the nearest place for service/entertainment (such as fuel station, restau-
rant, and motels) [3] as well as information applications employing the Internet.
VANET’s works are threefold and briefly described as follows:

Vehicle-to-Vehicle (V2V): It involves a Wireless Area Network (WAN) where vehi-
cles converse through messages about the activities they are performing. This
information includes many things like their speed, location, direction, braking,
and loss of steadiness. DSRC (dedicated short-range communication) technol-
ogy from V2V communication is a standard set by organizations like FCC and
ISO. The frequency used in this communication is 5.9GHz, which is the same as
the frequency of Wi-Fi, but calling it a Wi-Fi network is not appropriate. It can
be called a Wi-Fi like a network. The range that is covered by the vehicles in this
network is up to 300 m. The topology used in this network is mesh; it means that
every node, it could be a car or a signal, can send, receive, and capture the sig-
nals. V2V network allows the vehicles to communicate with each other without
depending on permanent i