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ABSTRACT

There has been an alarming increase in sick patients in rural and remote areas. This is a

(E,';)%Caktégr result of non-operational healthcare infrastructure and the unavailability of doctors.

Several elderlies in Nigeria are plagued with major health issues such as hearing loss,

Received 20 July 2024 neck pain, and cataracts. This is due to the lack of a robust information system for
eceive uly . . - : . . . .

Accepted 01 August 2024 visualized activity guidance for sick patients in rural areas. To solve this problem, there

is a need for an enhanced Internet of Robotic Things model for data analysis and
interpretation of health-related issues which is highly indispensable. The study
presented an optimized approach to the application of the Internet of Robotic Things and
data analytics in the health sector. The Internet of Robotic Things (IoRT) is an emerging
vision that brings together pervasive sensors and objects with robotic and autonomous
systems. In this work, an enhanced Internet of Robotic Things (IoRT) model for the health
activity of patients in rural areas was developed using Object-oriented system design
methodology (00OSDM). The new system was optimized with neuro-fuzzy technique and
implemented with JAVA, XAMPP, Hypertext Pre-processor (PHP) programming language,
Bootstrap, JavaScript, Cascading Style Sheet (CSS), and MySQL for medical-related
datasets storage. The results obtained showed that parameters for both systems were
used to evaluate their performance in the number of analyzed data, the number of
identified health issues, the number of robots integrated into the system, the number of
authentication techniques for registered users of the system and the number of adopted
machine-learning technique. The new system surpassed the existing in all the evaluated
parameters and adopted a total number of 100 records which enabled it to identify 3
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health issues. The identified and addressed issues were loss of hearing, cataracts, and
neck pain. The new system also integrated only a robot for patient interaction. The new
system utilized the username and password technique and the iris-based technique for
user authentication. In addition, the new system could be beneficial to sick patients with
life-threatening issues, to medical experts, and researchers with a keen interest in the
study area.

Keywords: Data Analytics, Health Issues, IoRT, Robotics

1. INTRODUCTION

The study presented an enhanced approach to utilizing data analytics and the
Internet of Robotic Things (IoRT) in the healthcare industry. IoRT is a new concept
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Development of the Internet of Robotic Things for Smart and Sustainable Health Care

that integrates robotic and autonomous systems with ubiquitous sensors and
objects. The present study investigated the ways in which the amalgamation of
robotic and Internet of Things (IoT) technologies can augment the functionalities of
extant [oT and robotic systems, thereby permitting the creation of novel, potentially
revolutionary services Simoen et al. (2018)

Up until now, the robotics and Internet of Things (IoT) sectors have pursued
disparate but very complementary goals. Whereas the robotics group seeks to
generate action, interaction, and autonomous behavior, the [oT community
concentrates on offering information services for ubiquitous sensing, tracking, and
monitoring. As a result, there is a growing argument that merging these two
domains into the Internet of Robotic Things (IoRT) will result in a substantial
increase in value. Early signs of this convergence of loT and robotics can be seen in
concepts like ubiquitous robotics and cloud robotics, which transfer resource-
intensive activities to the server side, as well as distributed, heterogeneous robot
control paradigms like network robot systems or robot ecologies Chen et al. (2016)

In order to explain a notion where sensor data from multiple sources is
combined, processed using both local and distributed intelligence, and then utilized
to control and manage items in the physical world, overseas researchers originally
came up with the phrase "Internet of Robotic Things" (IoRT). From the cyber-
physical standpoint of [oRT, IoT-derived sensor and data analytics technologies
improve robot situational awareness and task performance. Use cases include
companion robots and intelligent transportation. Subsequent discussions on IoRT
in the literature have taken on diverse stances, such as the "robot-aided IoT"
perspective, which sees robots acting as extra sensors, and the one that stresses
strong team communication James et al. (2023).

The idea of data analytics was also investigated in the study. The creation and
deployment of technology intended to deliver the appropriate information to the
appropriate user at the appropriate moment from the rapidly growing volumes of
data in our society is referred to as "big data” Onu et al. (2015). The difficulty is not
only in keeping up with the exponentially increasing amounts of data, but also in
managing the increasingly sophisticated, varied, and interconnected data types.

The goal of the project is to create a better Internet of Robotic Things (IoRT)
model for tracking patients’ health-related behaviors in remote locations.
Reviewing the applications of current loRT-based systems, designing a new data
analytics system to address patients' health issues in rural areas, optimizing the new
system's performance using a neuro-fuzzy technique, implementing the new system
using MySQL and the Java programming language, and assessing the performance
of the new and existing systems using standard evaluation metrics are the specific
goals.

1.1. RELATED WORKS

The idea of the Internet of Robotic Things (IoRT) was first put forth by Simoen
et al. (2018) after a thorough analysis of its benefits and uses. The study came to
the conclusion that, although a truly holistic approach is now lacking, it is necessary
and identified some significant technological obstacles. The study also found that
integrating the two technology areas into nine different system abilities enhanced
value. Robotics has been used to use the advantages of 10T, such as distributed
perception and machine-to-machine (M2M) protocols. However, the main
application of robotics in IoT has been for active sensing tactics James et al. (2023).
The majority of current IoRT implementations are found in particular application
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domains including Industry 4.0, precision agriculture, and ambient assisted living
(AAL). Robot integration into loT middleware systems is one example of a domain-
neutral solution that is only starting to take shape.

Age-friendly virtual assistive technologies and their effects on the day-to-day
lives of caregivers and dependent persons were reviewed by Hannah & Julie (2016).
The study brought together content from the domains of gerontology,
gerontechnology, human-computer interface (HCI), and disability in a novel way.
Despite their excellent work, the authors were unable to turn the review into a
model that would have offered more insight and clarity Chinagolum et al. (2020).

A review on the use of healthcare robots in the home for elderly individuals was
done by Hayley etal. (2014) . The purpose of the study was to determine prospective
robotic solutions as well as the demands of older persons. It examined particular
robotic solutions and indicated opportunities for further research and
improvement. The authors also looked at research on the variables that affect
nursing home care admittance as well as related technology advancements.
Nevertheless, in spite of their best attempts, the study's conclusions could not be
implemented in the actual world for health robots.

Hayley et al. (2014) conducted a review on the role of healthcare robots for
older people at home. The study aimed to identify the needs of older adults and
potential robotic solutions. It highlighted areas for future development and
analyzed specific robotic solutions. Additionally, the authors reviewed literature on
factors influencing admission to nursing home care and corresponding
technological solutions. However, despite their best efforts, the study's findings
could not be applied to real-world health robotics implementations.

An agent-based architecture for adaptive supervision and management of
smart environments was investigated by Stefano et al. (2015). The study covered in
detail the architecture and operation of a generic agent that is in charge of
environment management in the context of ambient intelligence. This agent
automates environment management, guarantees proper Internet connectivity, and
provides customized support for user actions. It also learns from the user's behavior
over time and adjusts to suit their individual needs. The design was put into practice
in a multi-agent system that included several kinds of agents with various degrees
oflearning and reasoning capacity. The authors performed excellent work, but when
analyzing their technique, they found that they had merely simulated the
implementation and had not actually deployed it in a genuine smart setting.

A study on an agent-based architecture for creating activity-aware systems to
help the elderly was presented by Juan et al. (2010). The authors suggested an
approach to activity-aware computing that allows smart environments to keep track
of ongoing activities and provide prompt help to older persons in their current
activities. This new paradigm required the creation of innovative tools to assist
developers in simulating human activity in the digital realm and in adapting
intelligent settings according to user behavior. Despite their excellent effort, the
authors were unable to extend the produced system to additional software
engineering jobs that require topic models for text analysis.

A study on a sophisticated robotic in-home system for elderly people receiving
home care was suggested by Pekka et al. (2011). The study focused on the usability
and safety profile of an advanced robotic equipment and telecare system designed
to help senior home-care patients with their medication adherence. The authors
made a commendable job, but even though they tracked instances of missing
dosages in real time, their model did not offer a way to deal with this problem.
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A study on an adaptive intelligent alarm system for wireless sensor networks
was presented by Ayman et al. (2015) . The study suggested a straightforward yet
flexible remote system for home automation that uses dependable sensor nodes that
can be controlled or monitored to monitor and regulate temperature, humidity, gas,
motion, and light. This invention offered a fascinating chance to improve device
connectivity for automation in the house. Despite the authors' excellent work, the
results were a little unclear because simulation was used instead of real hardware
sensor devices.

Debajyoti et al. (2018) focused on how senior customers used smart home
services. The Elderly Smart Home Technology Acceptance Model is a new, complete
research model that the study introduced and tested. It builds upon the original
technology acceptance model to explain why older people want to utilize smart
home technology. Although the authors' effort was admirable, their methodological
analysis showed that they had not actually deployed the model in a genuine smart
home context; instead, they had just simulated the implementation.

A study on the architecture modeling and formal analysis of intelligent multi-
agent systems was proposed by Ashalatha etal. (2012). According to the study, most
contemporary cyber-physical systems have some degree of autonomy James et al.
(2016). In order to assist senior citizens with their everyday activities, systems like
Ambient Assisted Living frequently need to carry out safety-critical tasks including
fall detection, health deviation monitoring, and caregiver communication. Although
the authors performed excellent work, the choice of datasets that were not a
combination of supervised and unsupervised learning approaches caused latencies
in their model's performance.

2. METHODOLOGY

To organize, schedule, and oversee the processes involved in creating new
systems or improving current ones, a variety of system approaches are available
[tuma et al. (2020), Chinagolum et al. (2020), Daniel et al. (2018). These approaches
include a collection of guidelines, procedures, and practices intended to facilitate the
efficient and quick development of systems. The research employed the Object-
Oriented System Development Methodology (OOSDM) James et al. (2023), Onu et al.
(2015), James et al. (2017), Chinagolum et al. (2020). This methodology is centered
on treating the suggested system as a group of interconnected classes and objects
for the purposes of modeling and implementation. 0OOSDM was selected due to its
rapid development capabilities, efficacy, efficiency, dependability, and reusability
[tuma et al. (2020), Chinagolum et al. (2020).

Furthermore, a technical methodology known as the Object-Oriented System
Development Methodology (OOSDM) extends the concepts of object-oriented
programming to the analysis and design of systems, businesses, or applications
James etal. (2023), Umoh etal. (2012), James etal. (2012), James etal. (2012), James
et al. (2022). Throughout the software development process, it also makes use of
visual modeling to improve stakeholder communication and guarantee product
quality James et al. (2017), James et al. (2023), Okafor et al. (2023), James et al.
(2024).

In addition, the Object-Oriented System Development Methodology (OOSDM)
for the study involved the following phases:

1) Analysis,
2) Design,
3) Implementation and
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4) Testing

2.1. ANALYSIS OF THE EXISTING SYSTEM

As further shown in Figure 1, the current system is an Internet of Robotic
Things (IoRT) paradigm put forth by Simoen et al. (2018), Ekong et al. (2024), James
et al. (2024). This IoRT-based model reads glucose sensors and sends the data to
caregivers. It is intended for use in the healthcare industry as a master Bluetooth
device. After that, the robot speaks verbally to the patient, updating them on their
diet, insulin bolus or consumption, and other pertinent details. Through the reading
of glucose sensor data and the delivery of caregiver feedback, the model improves
telemonitoring of diabetic patients by utilizing [oT technologies for remote
engagement, notably in the healthcare domain. By analyzing the effects of their
actions, comprehending their surroundings, and drawing conclusions from past
experiences, cognitive robots provide value to this system. Previous sections
explored deliberation, social intelligence, and multimodal perception as examples of
cognition. The study focused on reasoning and learning-related cognitive tasks in an
[oRT multi-actor setting. Furthermore, knowledge models—which are essential
components of cognitive architectures—were added in the current system.
Ontologies are a popular method for organizing knowledge in robotics and the
Internet of Things. Prominent instances of ontologies that depict the interaction
between an agent and its tangible surroundings encompass the IEEE Ontologies for
Robotics and Automation (ORA) and the Semantic Sensor Network. James et al.
(2024), James et al. (2024), Anietie et al. (2024). For example, the current system
model makes use of the ORA ontology to provide spatial reasoning between two
robots that must cooperate in order to provide a human with a missing tool. Cloud
technology is being used in recent research to extract knowledge from a variety of
multi-modal data sources, including natural language, raw sensor data observations,
and human demonstrations. It also offers a virtual environment for modeling
strategies for robot control. Essien et al. (2024), Ekong et al. (2024).

Figure 1

Patlent's Data
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Figure 1 Architecture of the Existing System
Source Simoen et al. (2018)
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2.1.1. DETAILED ANALYSIS OF THE EXISTING SYSTEM

The following are components of the existing system:

1)

2)

3)

4)

Patient: This element indicates the person who will be receiving
healthcare services from healthcare experts. Most frequently, the patient
is unwell or hurt and needs care from a doctor, nurse, psychologist,
dentist, veterinarian, or other health care professional.

Robot: This element depicts a machine, particularly one that can be
programmed by a computer and is capable of automatically performing a
complicated set of tasks. Robots can be controlled internally or externally
by the use of a control mechanism.

Internet: Using interconnected networks and defined communication
protocols, this component depicts a large-scale computer network that
offers a range of information and communication services.

Health Carer: This element symbolizes a person who renders healthcare
services, such as taking blood pressure readings and administering first
aid. Making house visits to elderly people, those with a history of illness,
people who are pregnant or breastfeeding, and people who are at high risk
of illness.

2.1.2. ALGORITHM OF THE EXISTING SYSTEM

Figure 2 shows the existing system algorithm.

Figure 2
Step 1:
Step 2:
Step 3:
Step 4:
Step 4:
Step 7:
Step 8:
Step 9:
Step 10:
Step 11:
Step 12:
Step 13:
Step 14:
Step 15:
Step 16:
Step 17:
Step 18:
Step 19:
Step 20:
Step 21:

Start

Initialize System Model

Activate nodes for Health care Robotic

y_min, y_max = X[:;, 1].min() - 1, X[;, 1].max() + 1
Load patient datasets to system

Initialize patient-robot interaction

Activate cloud-based server for internet provision
Activate patient sensor for body area network to system model
refactoring count=0

repeat

classes = set of classes in program

while!lempty (classes) do

class = classes.pick()

if fitness_function_improves () then
refactoring_count++

process patient input

update system output

else

refactoring.undo()

end

Figure 2 Algorithm of the Existing System

Source Simoen et al. (2018)

2.2. DESIGN OF THE NEW SYSTEM

The new system is an improved version of the existing system as illustrated in
Figure 3. The added improvement encompassed a secured framework for health
information sharing. The added framework provides health information security to
end-users of the system (i.e. patients in rural areas) and further minimizes
information leakage Okafor et al. (2024). The technology behind the new system is
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the neuro-fuzzy technique. The technique is a hybrid of artificial neural networks
and fuzzy logic. A customized multilayer feed-forward neural network is how it is
described. By merging the learning capacity and connectionist architecture of neural

networks with the human-like reasoning of fuzzy systems,

neuro-fuzzy

hybridization creates a hybrid intelligent system. In the literature, this method is
frequently referred to as a neuro-fuzzy system (NFS) or a fuzzy neural network
(FNN). In this respect, fuzzy sets and a language model made up of a collection of IF-
THEN fuzzy rules are employed to combine the human-like reasoning of fuzzy
systems into neuro-fuzzy systems—more often used here.

Figure 3

Medical sensors
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New IoRT framework for health information security

‘ Iris-based security authentication for patient ‘

A

‘ Neuro-fuzzy technique ‘

Figure 3 Architectural Design of the New System

2.2.1. DETAILED ANALYSIS OF THE NEW SYSTEM

1)

2)

Iris-based security authentication for patients: This element is
referred to by the acronym IRIS, which stands for internal rotational
inspection system. It serves as a defense against widespread health
information leaking. The following subdivision uses an ultrasonic method
to test pipes and tubes without causing any damage. As the data is shown
and collected, the IRIS probe is carefully removed from the water-filled
tube. The ultrasonic beam can be used to identify metal loss on the tube
wall's inside and outside.

The Neuro-Fuzzy Technique: One way to think of the neuro-fuzzy
system is as a three-layer feed-forward neural network. The input
variables are represented by the first layer in this model, fuzzy rules are
represented by the middle (hidden) layer, and output variables are
represented by the third layer. (Fuzzy) connection weights are used to
encode fuzzy sets. Applying a learning method does not necessarily
necessitate representing a fuzzy system in this way, but it can be useful
since it shows the data flow for input processing and learning inside the
model.
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An n-dimensional (unknown) function that is partially specified by the training
data is approximated by the neuro-fuzzy system. The system's encoded fuzzy rules
are imprecise samples that can be thought of as training data prototypes. It is not
appropriate to think of a neuro-fuzzy system as a particular kind of (fuzzy) expert
system, nor is it closely associated with fuzzy logic. Although neural networks and
fuzzy systems are not the same, they can be used to solve issues (such pattern
recognition, regression, or density estimation) in situations where there isn't a
mathematical model available.

Algorithm 2: Artificial neural network algorithm of the New System
Procedure: Training and learning of the New System
Input: Training sets
Output: Learned model
1) Initialize input and outputlayers of neural networks for training models
2) Input for neuro-fuzzy system = 0
3) Increment input for neuro-fuzzy system
4) Input=input+1
5) Access the learning rate of model weight
6) Win+1 =win + n(yi - y1)xi
7) Test the learning rate of the neuro-fuzzy system
8) Transfer the learned model to the output layer of neural networks

9) End
Total number of datasets (training & test sets inclusive) = 200
Percentage used for training (%) = 70
Percentage used for testing (%) = 30

Source of Data: GitHub repository for health datasets. Table 1 shows the result
of the trained system

Table 1
Table 1 Result of the Trained System

Data input Number of program iterations Accuracy (%)
increasing columns

1 78
9 1 67
10 1 80
11 1 75
12 1 71
13 1 65
14 1 65
15 1 60
16 1 75
17 1 70
18 1 65

Source python program
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Algorithm 3: Fuzzy logic algorithm of the New System
Procedure: Fuzzification and Defuzzification of the New System
Input: Crisp sets
Output: Defuzzified health information of the patient
1) Initialize fuzzy system for patient
2) Load crisp sets to the repository of the robotics
3) Fuzzify loaded crisp sets with a knowledge base
4) x0 x1 x2
5) x=[[1,0,0],
6) [1,0,1]
7) [1,1,0.],
8) [1,1,1]ly
9) Write fuzzified crisp sets as Output
10)End

Algorithm 4: Hybridized algorithm of the New System
Procedure: Optimal performance of the IoRT for healthcare activities
Input: Test-sets
Output: Secured health information for patients in rural areas
1) Start
2) Initialize System Model
3) Activate nodes for Health care Robotic
4) y_min,y_max =X[:, 1].min() - 1, X[, 1].max() + 1
5) Load patient datasets to the system
6) Initialize patient-robot interaction
7) Activate a cloud-based server for internet provision
8) Activate patient sensor for body area network to system model
9) Initialize Neuro-fuzzy system
10)Read loaded crisp input with neural networks
11)Defuzzify crisp input
12)Assign membership function
13)fuzzify + Proceed
14)refactoring_count =0
15)repeat
16)classes = set of classes in the program
17)whilelempty (classes) do
18)class = classes.pick()
19)if fitness_function_improves () then
20)refactoring_count++
21)process patient input
22)update system output
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23)else
24)refactoring.undo()
25)end

2.2.2. DATASETS

To maximize the speed and thoroughness with which crucial information may
be retrieved, analyzed, and used, this part explains the methods for gathering all the
data necessary for training and testing the new system.

2.2.2.1. TRAINING SETS

During the new system's learning process, the training set was adopted. The
training dataset is also examined by a supervised learning algorithm to identify, or
learn, the best combinations of variables that will result in an effective predictive
model. To create a trained (fitting) model that generalizes effectively to new,
untested data is the aim of the training process. The accuracy of the fitted model in
classifying fresh data is assessed using "new" samples from the held-out datasets
(validation and test datasets).

2.2.2.2. TRAINING SETS

The test set, which is distinct from the training dataset but has the same
probability distribution as the training dataset Figure 4, was obtained from
distributed Github online surveys on healthcare activities in rural Nigeria. Upon
matching the training set, the new system succeeds in the test. A training dataset
that fits the model better than the test dataset is another sign of overfitting.
Furthermore, just the test set is used to assess the performance of the new system.

Percentage of data used for training (%) = 70
Percentage of data used for testing (%) = 30
Figure 4
=9 E
Home | Inset  Pagelayout  Formulas  Data  Review  View  PDFelement
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6
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9 SN Name Gender Date of Diagnosis  No. of observed symptoms ~ Symptoms breakdown
10 1 Mafuzu Obinna Male 24/09/2020 3 Cold, hotness of body, Loss of smell
11 2 SarahJohnson Female 12/7/2021 1 Loss of taste
12 3 Olivia Weney Female 7/10/2021 2 Feverand cold
13| 4 HannahThompson  Female 3/10/2020 2 Loss of smell and hotness of body
14 5 Megan Paul Female 20/7/2021 1 Loss of taste
15 6 ChloeAgbo Female 12/10/2021 1 Loss of taste
16 7 Ibikunle Paul Male 17/01/2020 3 Headache, loss of taste, loss of smell
17 8 caitlin Dimgba Female 2/12/2020 2 headache and hotness of body
18 9 Tallulah Osodoba Male 23/05/2021 2 loss of taste and smell
19| 10 Ammaarah Sam Male 10/9/2020 2 Loss of smell and taste
20 11 Michelle Abraham Female 24/09/2020 El cold, hotness of body, Loss of smell
21 12 JennaLucy Female 12/7/2021 1 Loss of taste
22 13 Haajarah Okoli Male 7/10/2021 2 Fever and cold
23 14 Emma Dikadi Male 3/10/2020 2 Loss of smell and hotness of body
24 15 TanjaYusuf Male 20/7/2021 1 Loss of taste
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Figure 4 The Training Datasets
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3. EXPERIMENTAL RESULTS

The program starts with the Netbeans IDE (Integrated Development
Environment) startup for Java Application program codes. This is illustrated in
Figure 5. The IDE enables Java applications to be developed through a series of
program components known as modules. Figure 6 shows the splash page of the new
system. The splash page consists of different navigation links such as the new user
registration link and the system options link. Figure 7 shows the new user
registration page in which the end-user inputs vital information for registering with
the system. The essence of the registration process is for the user to be allocated a
unique username and corresponding password. Figure 8 shows the system options
page. The system options page shows the various healthcare services offered by the
programmed robot of the system. The system options encompass hearing loss,
cataracts, and neck pain. Figure 9 shows the login page for registered users. The
login page enables the registered user to input the system-allocated username and
corresponding password. Once authentication is successful, the user is navigated to
the patient-robot interaction page which is shown in Figure 10 After interaction
with the programmed robot of the system, the user is navigated to the confirmation
page before the health carer’s advice on the diagnosed health issue. This is
illustrated in Figure 11. Figure 12 shows the result from the health carer. The result
from the health care is based on the integration of the programmed robot, the health
care, and the neuro-fuzzy technique.

Figure 5

Figure 5 Netbeans IDE 8.2RC Startup Environment

Figure 6

INTERNET OF ROBOTIC THINGS AND DATA ANALYTIC SYSTEM [IORTDAS)

Figure 6 Splash Page of the New System
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Figure 7

New User Registration

Figure 7 Registration Page

Figure 8

boe T R T

Figure 8 System Options Page

Figure 9
e T R e

REGISTERED USER LOGIN

Login Details
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Figure 9 Login Page for Registered Users
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Figure 10
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Figure 10 Patient-Robot Interaction Page

Figure 11

IRIS-BASED AUTHENTICATION OF PATIENT BEFORE RESULT
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Figure 11 Iris-Based Authentication of the Patient Before the Result
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Figure 12 System Results from Health Carer
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3.1. SUB HEADING 2

This section discusses the results and performance evaluation of the existing
and new systems. The discussed results were further illustrated with charts and
tables.

Table 2
Table 2 Result of the Existing System

S/N. Evaluated parameters Values
1 No. of analyzed data 45

2 No. of identified issues 2
3 No. of robots 1
4 No. of authentication techniques

No. of adopted machine learning

Source Simoen et al. (2018)

Table 3
Table 3 Result of the New System

S/N. Evaluated parameters Values
1 No. of analyzed data 100
2 No. of identified issues

3 No. of robots

Figure 13

Values
as

a0 +~
m Mo of analyzed data
as
. W No. of identified issues
30 1

No. of robots
25 17

20 L M No. of authe ntication techniques

15 7T B No. of adopted machine-learning

technique
10 17

Evaluated parameters

Figure 13 Existing System Result Chart
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Figure 14
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Figure 14 New System Result Chart

Table 4

Table 4 Comparative Analysis of the Existing and New Systems

S/N Parameters for comparison VALUES
Existing System New System
1 No. of analyzed data 45 100
2 No. of identified issues
3 No. of robots

2 3
1 1
4 No. of authentication techniques 1 2
1 2

5 No. of adopted machine learning techniques.

Figure 15

Values

B No. of analyzed data

m No. of identified issues

H No. of robots

® No. of authentication technigues

M No. of adopted machine-learning
technique

Existing System New System

Figure 15 Comparative Analysis Chart of the Existing and New Systems
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4. DISCUSSION OF RESULTS

The result obtained from the new system showed that it is an improved version
of the existing system. Table 2 shows the result of the existing system. Parameters
for the existing result were used to evaluate its performance. The mentioned
parameters encompassed the number of analyzed data, the number of identified
health issues, the number of robots integrated into the system, the number of
authentication techniques for registered users of the system, and the number of
adopted machine-learning techniques. The number of analyzed data in the existing
system result included details of the registered user as well as inputted symptoms
in the patient-robot interaction. A total number of 45 records were analyzed by the
existing system. The existing system was only able to identify 2 health issues which
involved dietary and blood glucose problems. The existing system also integrated
only a robot for patient interaction. It also utilized the username and password
technique for user authentication and further adopted cloud computing as its only
implemented machine-learning technique. Table 3 shows the result of the new
system. Parameters for the new result were used to evaluate its performance. The
mentioned parameters encompassed the number of analyzed data, the number of
identified health issues, the number of robots integrated into the system, the
amount of machine learning algorithms used, and the number of authentication
methods for system users who have registered. The new system adopted 100
records in all, allowing it to recognize 3 health concerns. Hearing loss, cataracts, and
neck aches were the problems that were diagnosed and dealt with. The only patient
engagement component of the new system was a robot. The new system used iris-
based user authentication in addition to username and password user
authentication. The iris-based recognition methodology is an automated biometric
identification method that analyzes video footage of one or both of an individual's
irises to identify complex patterns that are distinct, stable, and visible from a
distance. The amount of entropy that biometric technologies can encode and employ
for matching determines their discriminating abilities. In this respect, iris
recognition is unusual since it allows for the avoidance of "collisions" (False
Matches) even when cross-comparing large populations. Image capture from
distances larger than a meter or two, or without cooperation, can be quite
challenging, and this is its main constraint. Retinal scanning, a distinct ocular-based
biometric technology that distinguishes between individuals based on the
distinctive patterns on their retinal blood vessels, is frequently mistaken for iris
recognition. The video camera is used for iris recognition. Technology to capture
pictures of the complicated, finely detailed structures of the iris that are visible from
the outside. An individual or a fraudster can be identified using digital templates
that mathematical and statistical algorithms have encoded from these patterns. The
new system employed the neuro-fuzzy machine learning method, a mix of artificial
neural networks and fuzzy logic. Based on the previously discussed and assessed
parameters, Table 3 displayed a comparison of the present and new systems. The
related chart was used to further highlight each outcome from both systems.

5. CONCLUSION

In this work, we developed an enhanced Internet of Robotic Things (IoRT)
model for the health activity of patients in rural areas. The new system is an
improved version of the existing system. The added improvement encompassed a
secured framework for health information sharing. The added framework provides
health information security to end-users of the system (i.e. patients in rural areas)
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and further minimizes information leakage. The technology behind the new system
is the neuro-fuzzy technique. The technique is a hybrid of artificial neural networks
and fuzzy logic. It is represented as a special multilayer feed-forward neural
network.
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