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Abstract

Smart city living and luxury lifestyles will undoubtedly look better in the future. However, there is a significant need to provide
appropriate fitness-care services because the world's population is becoming more and more urban-centric. With the help of modern
technologies, the need-gap could potentially be widened. According to the current study, providing medical care remotely could be a
positive development. Continuous monitoring of numerous health markers is required for no-hit identification of health concerns.
Devices that monitor your health are power-constrained and have limited communication capabilities. This study uses the Internet of
Mechanical Things (IoMT) and the Fuzzy Inference System (FIS) to determine the optimum human insurance plan. The lIoMT
devices are outfitted with regulating microchips that have the ability to demand thoughtful decisions by processing the supplied data.
As a result of the transmission of unnecessary information being omitted, the present study projects the employment of assisted data
collection and observant themes in health insurance services. In the current study, FIS with loMT offers low risk and high benefit
health plans to humans. It may also be utilised in the future to predict other health risks, such as actual and intellectual illness
situations.
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1. INTRODUCTION

Nowadays, the best health insurance plan plays an important role in developing a good health care system. The E-
Health system is based on android-based applications in which patients can check and find their blood pressure, sugar
level, and pulse rate by themselves and save their data on a cell phone for use in comparison in the future [1]. Europe is
far ahead of the rest of the world in terms of policy development and execution [2]. It is set to make our surroundings
smarter through the use of cutting-edge technology that is environmentally friendly. The Internet of Things is the most
likely to seek intelligent systems in the Smart Metro area. Smart cities must have a policy for ensuring smart and
efficient healthcare services to their residents, given the growing population [3-6], using a variety of mobile devices to
help health professionals’ transition from a PC at their desk to a mobile device at their bedside. These systems
(CodeBlue, MobiHealth) have developed intelligent healthcare systems [7-8]. Sensor data of various forms is needed by
health-care applications. The authors suggested that data must be collected carefully and in a reasonable timeframe [9,
10]. Developed and investigated the technique that transmits the sensor's electronic signal to the cloud service [11].

Intelligent systems based on fuzzy logic may be used to make fast and effective diagnoses of hazardous diseases, which
provide value to the health sector that supports medical practitioners in diagnosing and determining the severity of
illnesses [12].

Fuzzy logic is essential in several scientific disciplines that utilise it to reflect human reasoning capabilities, particularly
in medical science [13-15]. Because of the unclear and imprecise nature of the problem, many aspects are involved in
the decision-making process of a medical diagnosis, making the expert's task tough. The illness diagnostic procedure is
difficult and ambiguous since one symptom can lead to a variety of diseases, and one disease might have several
symptoms [16]. Fuzzy logic assists in the determination of a definitive answer to complex clinical emergencies [17].

Fuzzy logic facilitates the assessment of a valid explanation for challenging medical cases [18]. Intelligent systems
based on fuzzy logic may be used to make fast and effective detection of severe illness, which provides value to the
healthcare industry and assists medical professionals in diagnosing and preventing illness by reducing the severity of
illnesses [19]. For unskilled doctors, fuzzy logic methods employed in the medical field provide a proficient way to
diagnose illness more expeditiously, which facilitates the quick, inexpensive, and hazard-free detection of infectious

'Journal of Pharmaceutical Negative Results | Volume 13 |Special Issue 8 | 2022 m




ailments [20]. This is a commendable technology that utilises imprecise reasoning to provide a consistent, precise, and
accurate outcome, which aids clinicians in illness diagnosis mechanisms [21]. The increasing complexity of surgical
treatments has boosted demand for fuzzy logic technologies, which provide the ability to approximate reasoning. A
fuzzy assessment may emulate human decision-making [22]. By minimising imprecision, ambiguity, and missing input
information, fuzzy rule-based systems using a typical mathematical technique give a definitive result [23]. Many
authors have also used the different type of mathematical modelling to solve real life problems [24-40]. FIS has been
used to diagnose different types of critical medical dieses [41-43].

Artificial intelligence can be used to develop and implement technologies that mimic not just rational thinking and
activity but also general intelligence [44]. The concept that the human mind can be monitored by reverse engineering
was created. Several concerns related to evolutionary theory surfaced, which developed according to evolutionary
theory [45].

This article examined the different implications of fuzzy network topologies for identifying and providing the best
health insurance plan in the field of medicine, with an emphasis on the many strategies with fuzzy logic techniques to
improve pattern recognition efficiency, also applied to the 10T (Internet of Things) [46]. The establishment of a high-
performance fuzzy system in which a number of issues occur, including the search for membership functions and
relevant rules, is a challenging task.

2. DATA AND METHODOLOGY

The current part addresses the procedure to identify the best health insurance plan by the Internet of Medical Thinks
(IoMT) and providing the input parameters such as age, pulse rate, oxygen, respiration rate, and blood pressure to FES.
The framework of the FES (Fig.1) has been described in this section.

2.1 Fuzzy Expert System

When a framework's complexity exceeds a certain threshold, it becomes irrational or computationally impractical to
make precise judgments about it. This FIS then comes into play. [47] The fundamental building block of Fuzzy Set
(FS) theory and fuzzy logic was created by Zadeh in 1965 and is called a FES. FES is a method that assigns measured
values as the output factors after interpreting crisp values as the input factor and adopting a few FSrules. This
technique, which is based on the mapping process, uses fuzzy logic to map an input to an output. A fuzzy rule is defined
to establish the rule outcomes from the information provided as rule input. Fuzzy rules convey human expert knowledge
in linguistic terms, whereas membership functions reflect expert assessment of those factors. The suggested method
made use of the IF-THEN association FS rule while considering variables including age, blood pressure, pulse rate,
oxygen saturation, and respiration rate. The working process of the FES has been shown in Fig.1
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Oxygen (Knowledge
Respiration Rate Base System)
Blood Pressure

¥ Data in a fuzzy set

Fuzzy Expert System
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Fig.1: Framework of FES

This system is based on three steps. First, the input (age, pulse, blood oxygen, blood pressure and respiration rate) is
given in the crisp form in the knowledge base system, i.e., the Fuzzifier. The second one is the fuzzy expert system. The
Mamdani technique has been used in this study. The last one is the Defuzzification. Here the output is generated in the
form of the crisp value.

Step-1: A scope of genuine qualities that we get from sensors frames the fresh arrangement of crisp qualities. That
means x belongs to X (where X is the universal set, i.e., the set of all the values of the sensor). Presently utilizing an
information base given by a specific work force, the creation of the membership function has been done in this process.
The Fuzzifier changes crude, fresh information over to fuzzy semantic factors. The characterised semantic factors as
factors whose qualities are not numbers, yet the written statements here are artificial or natural [48].
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Step-11: FIS is designed in a system that can deduce these fuzzy inputs from previous advances using the IF premise,
THEN ensuing rule base counselling, and producing fuzzy parameters. The reason is made up of fuzzy input parameters
that are linked by consistent capacities (such as OR and AND), and the result is made up of fuzzy result variables.

STEP-11I: The Defuzzifire transformed the fuzzy results into crisp qualities. These fresh qualities can be utilised to
produce wanted occasions and activities. In this study, the Defuzzification was done by using the centroid method.

* = % , where the membership function is defined by i .
A

2.2. Internet of Medical Things (IoMT)

IoMT is defined as having characters and virtual characters working in clever spaces, utilising astute interfaces to
associate and communicate in social, natural, and client settings [49] (Gubbi et al. 2013). At present work, the main aim
of IoMT is to speak with one another, enter data over the Internet, and communicate with clients, making shrewd,
inescapable, and consistently associated conditions. The sensors can be continuously monitored by machines around the
world to create an immense amount of significant data that would require years to accomplish. In the healthcare
framework, use of loMT is featured in this section.

2.2.1 IoMT for health care

It has been empowered by IoMT, far off wellbeing observing framework enjoys tremendous upper hands over
customary health checking system. Patients can now wear health condition detecting devices continuously for checking
because they have gotten so much smaller and more adaptable. A patient's loMT-enabled health monitoring device
could be thought of as a virtual patient in the digital realm. The virtual patient shares the same physiological conditions
as the actual patient. Only a few times per day can a patient be examined by a certain dieses specialist, but critical
health condition patient can happen all of a sudden. So, every minute in a day checking of health condition is essential.
The medical issue of a patient can be observed uninterruptedly by IoMT, because Patients can nhow be reached via the
Internet and by various machines thanks to 10T. It has made it possible to identify a basic ailment at the ideal time so
that the proper adjustments can be done.

Cloud service

sharing channel

Smart phone
data processor

Service providers of health care The Connection of different type of sensor

Fig. 2: The Framework of the System

Likewise, IoOMT can assist with gathering wellbeing records and creating factual data connected with an ailment. When
IoMT is used, a faster, more comprehensive, and error-free collection of information is possible, something that human
techniques can never accomplish.

Here, a fitness-checking framework dependent on IoMT is depicted. In the present study, a sensor-cloud classification
[50] is also used and a portion of the difficulties are talked about with a specific spotlight on a medical services
application. This structure establishes the framework of the loMT-empowered medical care checking framework. The
working system framework has been shown in Fig. 2. The framework comprises of two sections: nearby and distant.
The isolated portion enables putting away and dispersing the information to remote assistance searchers similar to crisis
specialist organizations, specialists, and protection suppliers.
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Fig. 3: Sensors for health monitoring

The nearby part manages an assortment of data after the devices associated with a sufferer. The Arduino-based
information gatherer (Arduino is an open-source gadget prototyping stage) [51] remains utilized to gather the receiver
prior toward shipping off the information handling component. It also processes the gathered crude information toward
creating significant data that can be perceived by subject matter experts and specialists. Then, at that point, it shows the
handled data then conducts the situation near the far-off servers. The above medical maintenance examination
framework contains a few sensors associated with an individual. The sensors that have been utilized vogueish the
medical maintenance frameworks are: breathing device, ECG device, body temperature sensor, body position sensor,
blood sugar level sensor, Oxygen level sensor, and blood pressure sensor (Fig.3). All things considered, a lot of sensors
may incorporate this distant checking framework, whenever suggested through specific specialists. These large numbers
of sensors are associated with an information aggregator gadget. Then, at that point, the information is transferred to the
cloud through multi-bounce remote correspondence from the information aggregator. This information might be gotten
to and imagined via parental figures. In addition, the information might be utilized to distinguish abnormalities and
create alarms.

2.3 Medical Sensors: Data Collection

Medical service applications need to get various sorts of sensor information. The information should be gathered in an
exact and convenient manner [52]. When wellbeing sensor-information is sent to the information complex hub, it is sent
over a joint correspondence network. In addition, once the information from different devices is sent in the direction of
the aggregator hub, additional detecting information might be collected along the course. Hence, an immense amount of
traffic might be produced during information assortment. Dealing with this type of lot of information while
guaranteeing zero resistance to information misfortune has testing. Inadequate care may result in unequal and wasteful
energy distribution, a clogged network, and thus a degraded organization's performance.

By and large, the information is sent or gathered through different jumps, either in a solicitation-answers way or in
ceaseless streams. Besides, it has likewise been seen in [50] that parcel discontinuities play a significant part in the by
and large execution of a directing plan. The gigantic measure of sensor information might prompt troubled payload,
which brings about bundle fractures and, because of parcel discontinuity, the inactivity for information assortment turns
out to be lengthier.

To handle the above issues, an occasion-driven information assortment conspiracy is proposed and talked about in the
accompanying area.

Approach of occasion-driven
In our methodology, consistent information assortments from all the sensors are not needed. All things considered;
information is accumulated in the event of specific occasions. The information aggregator gadget chooses which sensor
information is needed to be sent in the event of the occasion. Typically, in an event recognition system, sensor hubs
gather nearby information and send it to the combination community. Then, at that point, the combination focuses and
settles on the choice. In our methodology, all things being equal, of conveying combination focuses, the occasion
identification and choice components are completed by the sensor hubs. Occasions are characterised as some of the
boundary limit upsides. Assume that three sensor boundaries A, B, and C are defined for a medical care framework HC,
which is defined as Hc = A, B, and C.
Assuming that the upsides of the boundaries rely upon one another and A1, B1, and C1 are the edge upsides of A; B,
and C separately, then, the information gathering capacity can be characterized as:
f(A) if A< A
f(H) ={f(A,B)if A= Ayand B < By
f (A4, By, Cy) in other condition
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This occasion-driven information social event will without a doubt limit the utilization of correspondence assets and
lessen overhead to an enormous degree. Yet, wellbeing information should not be put on the edge due to their
temperament. It will figure out the wellbeing information in the event that we notice the condition of the specific
boundaries. The Fuzzy expert system has been used for participation classifications of various boundaries to follow and
choose the idea of the occasions as depicted in section 2.1.

Our proposed wellbeing observing framework contains numerous sensors, which measure a few actual features of the
human body. The identification is made by concentrating on a few boundaries of a body of a human recognized equally
manifestations besides a few indications are checked in a steady progression prior to acquiring an end with regards to a
specific infection. This fuzzy helped conspire employments these standards of determination and adheres to the means
of analysis to make a choice in regards to which sensor is needed to be initiated furthermore when it is needed to be
enacted.

The framework actuates a couple of sensors that record some essential boundaries within the human body. The fresh
qualities got based on the sensors changed to fuzzy sets like 'normal’, 'above normal, 'low', and so on, utilizing a
predefined information base (rules characterized by particular specialists). These fuzzy factors developed the
contribution towards the dynamic platform which distinguishes the genuine state such as a weakened heart, shockwave,
respiratory difficulty, and indicated by these results, activities furthermore occasions like cautioning specialists and
additionally actuating more sensors for additional observing the patient are begun.

3. RESULTS AND DISCUSSION:

In the present study, the e-Health sensor kit [51] has been used for collecting the I0ET data. There are a few sensors
associated with the body of the patients utilizing remote associations or wired. Health observing gadget which is
available together with the medical records a few considerations of health monitoring through the situation devices
besides cycles them. The gadget relates the information vile besides the standard base current inside it near recognize
the strange states of the patient. Assuming a few strange conditions are distinguished than the gadget alarms specialists
who are somewhat found and crisis benefits with the goal that legitimate moves can be made and the patient can be
treated on schedule.

At first, information from every one of the sensors is recovered and the information aggregator concludes which
specific information ought to be sent relying on the state of the patient. All information is taken care of the Fuzzifier.
Fuzzifier is utilized to recognize whether the boundaries are typical, small, or extraordinary (fuzzy sets) based on
approximately predefined enrollment capacities. A short time later, the fuzzy induction framework processes these
fuzzy sets dependent on the contribution from the standard motor. The checking the condition of the patient used GSR
(sensor which measures perspiring) and temperature are assisting in deciding the initially condition of the patient such
as whether the patient is experiencing a shockwave. Assuming shock remains distinguished, information since
respiration sensor and heart rate monitor are examined to recognize the particular reason for the amazement. This
device information is utilized towards analyze extra with regards to the reason for the emergency. The result since the
fuzzy framework stays utilized towards distinguish in the event that the heart condition is awful, basic, or ordinary.
Contingent upon these fuzzy results, the activities and alarms like beginning the ECG, cautioning heart experts and so
on are produced.

The fuzzy helped method might be utilized in a comprehensive zone of wellbeing presentations. By way of an
experiment, we must attempted towards carry out fuzzy helped recognition of a heart condition in a step wise way,
similarly as it is analyzed in reality. The input parameters of the fuzzy expert system have been shown in Fig. 4. In the
present study five input parameters have been used. Serious heart conditions like myocardial localized necrosis,
ischemic illness of heart (the heartrate range of diagnosis are 80-125 and more than 125, 60-79 and 21-59 for
Tachycardia, Normal and Bradycardia respectively, according to the medical survey) and so on have the side effects
like perspiring, low fringe internal heat level, tachycardia (high pulse), and ordinary breath rate, and so on. The range of
the patient age, blood oxygen, respiration rate and blood pressure for setting up the rules of the knowledge base have
shown in the Fig. 4. For the identifying the real time status of a patient may be investigated.
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Fig.4: Input parameters in FES (a) Pulse rate, (b) Age, (c) Blood Oxygen (d) Respiration Rate and (e) Blood Pressure
In this study the young has been considered till 25 years, and middle age of the patients have been considered 35-45 and
more than 60 years patents have considered old as shown in Fig. 4b. The oxygen level considered as normal if it is
more than 92%, blood oxygen level assumed low if lies between 85% to 91%, if the blood oxygen level less than 84%
than in the present study assumed as in critical condition (Fig. 4c), as observed by blood oxygen sensor. The respiration
rate range has shown in the Fig. 4d, if the breath is 15 to 22 unit in a minute than it is consider as normal, low
(hypopnea in medical term) is consider when breath rate is less than 15 per minute and tachypnea consider if breath is
more than 22 in a minute. The range of the blood pressure have shown in the Fig. 4e used as input in current FES.

The output for the smart health insurance policy based on the above input parameter collet form the e-heath smart
medical device shown in the Fig. 5, after generating the fuzzy rules by using fuzzy rule viewer (Fig. 6). The output is
shown that ordinary health monitoring is appropriate or its requirement of the alert generation.
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1

3. (Age==Young) & (Pulse__Rate==Bradycardia/Low) & (Blood__Oxygen==Low) & (Respiration__Rate==Tach: ) & (Blood_! ow) => ( __Normal) (1)

4. (Age==Young) & (Pulse__Rate==Bradycardia/Low) & (Blood__Oxygen==Normal) & (Respiration__Rate==Tachypnea) & (Blood__| ow) => __Normal) (1)
S. (Age==Young) & (Pulse__Rate==Bradycardia/Low) & (Blood__Oxyg mal) & (Respiration_| nal) & (Blood__| ow) => __Normal) (1)

6. (Age==Young) & (Pulse__Rate==Bradycardia/Low) & (Blood__Oxyg mal) & (Respiration__| ) & (Blood__Press: ow) => ( __Normal) (1)

7. (Age==Young) & (Pulse__Rate==Bradycardia/Low) & (Blood__Oxygen==Normal) & Spiral ) & (Blood__| = mal) (1)

8. (Age==Young) & (Pulse__Rate==Bradycardia/Low) & (Biood__Oxyg mal &lReswamn ) & (Blood__| = __Normal) (1)
9. (AgH ) & (Pulse__Rate==B ow) & (Blood__Oxygen==Low) & (Respiration__| ) & (Blood__| ow) => ( __Normal) (1)

10. (Ag ) & (Puise__| y ow) & (Blood__Oxyg ‘5 __| ypopnea) & (Blood__| ow) => mal) (1)

11. (Ag )& (Pulse_| ow) & (Blood__Oxygs | mal) & (Blood_| ow) => ( mal) (1)

12. (Age==Middie) & (Pulse__Rate= Bracycaruuww»smwna Oxygen= Hurmal LwRespra(nn_Rate==Yuchypnca\&(Bbud_n s Low) => 1)

13. (Ag ) & (Puise_| y ow) & (Blood_Oxyg __Rate==Tachypnea) & (Blood__| = nal) (1)

14, (Ag ) & (Pulse__| y ow) & (Blood Oxygen»—llurmﬂ!y&wRespra(nn_Rate::Tuchypnu‘&vaDd_ = __Normal) (1)
15. (Agy ) & (Puise__| ow) & (Blood_Oxyg &( __Rate==Tachypnea) & (Blood__Pressure==High) => (outputState=High__Risk) (1)

45. (Age==0id) & (Pulse__Rate==Bradycardia/Low) & (Blood__Oxygen==Critical) & (Respiration__Rate==Tachypnea) & (Blood__Pressure==High) => (outputState=High__Risk) (1)
46. (Age==0Id) & (Pulse__Rate==Tachycardia/high) & (Blood__Oxygen==Critical) & (Respiration__Rate==Tachypnea) & (Blood__Pressure==High) => (outputState=High__Risk) (1)
47. (Age==0id) & (Pulse_Rate==Normal) & (Blood__Oxygen==Critical) & (Respiration__Rate==Tachypnea) & (Blood__Pressure==High) => (outputState=High__Risk) (1)

48. (Age==0Id) & (Pulse__Rate==Normal) & (Blood__Oxygen==Low) & (Respiration__Rate=: Tacnynneu & (Blood Pressure::mgm::mulputsmle High__Risk) (1)

49. (Age==0id) & (Puise__Rate==Normal) & (Blood__Oxygen==Low) & I) & (Blood__! igh__Risk) (1)

S0. (Age==0ld) & (Puise _Rate==Tachycardia’high) & (Biood__Oxygen==Low) &4Resplratmn Rate::normal & (Biood Pressure”th => (outputState=High _Risk) (1)

Fig.6: Fuzzy Rule Viewer

In the present study total 50 rules have been generated by using the five input parameters created from IoMT. This
capacity decides if an alarm will be created or typical checking is adequate. Suman et al. 2014 [38] have studied the
fuzzy modeling with the artificial neural networking with other parameters as compared to present study. This study has
compared the results with previous work [38].
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Fig: 7 FIS Rule viewer at the age of 50 years.

A bunch of test rules is introduced in Fig. 7. At the age 50, the principles have been comprised, At the point when pulse
rate sensor peruses a moderate (75), and blood oxygen sensor understands low (patient is perspiring), respiration rate is
30 and blood pressure sensor showing the low blood pressure (100), it is shown that the patient is in shock. As one of
the side effects of coronary episode may seriously shock of the patient, our framework enacts the pulse screen when the
over two circumstances are valid. When astonishment is followed by tachycardia (excessive pulse), the ECG remains
started, and specialists are alerted by the framework that envisages a crisis situation and the patient needs to go to
hospital. If patient do not have the health insurance, then patient may also suffer with economic problem as well as
illness. It has also seen in Fig. 7 that if any patient may suffer form same condition by using loMT, then Smart Health
Insurance Purchase (SHIP) chance is 82.5 %.
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Fig: 8 FIS Rule viewer at the age of 50 years with different condition.

The other rule has a distinct at the same age of 50 as shown in Fig. 8. When the pulse rate is high, blood oxygen is 95,
respiration rate is 22, and blood pressure is 120, the output shows a 74.30% chance of SHIP. Once temperature is
recognized, the framework actuates the blood oxygen device and the respiratory device. Extraordinary breath rate and
low blood oxygen might remain the justification behind the pneumonia observed by IoMT. Consequently, specialists
besides crisis administrations exist cautioned and legitimate moves remain initiated via our methodology.

Pulse Rate

Fig. 9: 3D representation of risk factor (a) Age vs Pulse rate, (b) Age vs Blood Oxygen (c) Age vs respiration rate and
(d) Pulse rate vs blood pressure

It is also observed that if age is more than 40 years old, the chance to purchase health insurance is more than 75% (Fig.
9a). The risk factor for health is always high if the blood oxygen level may be normal at age more than 50 years (Fig.
9b) and SHIP is near 80%. If the respiration rate is normal at the age of 60 (Fig. 9¢), SHIP will range from 60% to 80%
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depending on the illness. If the BP is more than 100 and the pulse rate more than 80, at that condition, SHIP is
approximately 75% (Fig. 9d).

The present paper introduced the plan of remote health observing framework that spotlights on utilizing fuzzy principles
to recognize strange states the patient and makes accurate action of cautioning specialists besides fitness specialist if
there should be an occurrence of emergency.

4. CONCLUSION

Utilizing FIS, discovery of simple physical stages of a human frame can be identified without any problem. Performing
this recognition in a bit of a way as analyzed by specialists appears to be encouraging, as superfluous information
assortment might be stayed away from, saving important energy in the versatile checking gadget. However, planning
any fuzzy put together rationale depends generally with respect to the information base, and the presentation of the
accuracy of the information base is necessary for the overall structure. Along these lines, planning a fuzzy-based
wellbeing checking framework requires the weighty contribution of particular specialists and clinical scientists who can
give an exact and consummate information base. This framework has been exposed. How beginning with a few devices
and by the utilization of an information base, the basic functional state of a human figure could be identified. Now, the
investigation is focused on the methods that are expected to be used to recognize the state of the heart. This study
advocates that more examination work, testing, and checking should be done in this field, so more physiological
circumstances can be identified and the framework can be embraced in a genuine circumstance.
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