Academia Journal of Global Social and Economic Studies [3] (1) (2024)

IJEMD

COMPUTER SCIE

https://doi.org/10.54938/ijemdcsai.2024.03.1.271 XRTIFICIAL INTE

LJEMD-CSAL, 3 (1) (2024), 26— 31

s
‘ / International Journal of Emerging Multidiciplinaries:
72 Computer Science & Artificial Intelligence

IJEMD Research Paper

Journal Homepage: www.ijemd.com
ISSN (print): 0000-0000

NCE &
LLIGENCE

Telehealth Monitoring System for Chronic Disease Management

Noor Ul Amin', Mohamad Fayyadh bin Abdul Aziz?, Dinesh A/L K. Devaendran®, Tan Yung Eun*, Alysha Yasmine Binti M Yahya®
!'School of Computer Science, SCS, Taylor’s University, Subang Jaya, 47500, Malaysia nooraminnawab@gmail.com

2School of Computer Science, SCS, Taylor’s University, Subang Jaya, 47500, Malaysia fayyadh19aziz@gmail.com

3 School of Computer Science, SCS, Taylor’s University, Subang Jaya, 47500, Malaysia DINESH.kdevaendran@sd.Taylors.edu.my
4School of Computer Science, SCS, Taylor’s University, Subang Jaya, 47500, Malaysia tanyungeun@gmail.com

5 School of Computer Science, SCS, Taylor’s University, Subang Jaya, 47500, Malaysia shaminealyahya@gmail.com

ARTICLE INFO ABSTRACT

Submitted: This project introduces a carefully crafted remote health monitoring solution to
06-04-2024 support chronic illness management in response to the changing healthcare
Revised: environment. The use of cutting-edge microcontroller technology, the foundation
jtzcogtj;% of this all-ip(_:lusive solution, is at thq core of this l_)reakthrough. Because of the
28-06-2024 system's ability to operate beyond regional boundaries, users can manage chronic
Keywords: illnesses proactively. The approach promises real-time data capture and
Telehealth, Monitoring, Health, communication by seamlessly integrating microcontrollers into the monitoring
Chronic Disease, IoT process, enabling patients and healthcare practitioners alike. This project is a
Corresponding Author: Noor Ul paradigm shift in healthcare, utilizing technology to provide continuous, tailored,
Amin and accessible monitoring for improved health and better chronic illness
nooraminnawab(@gmail.com management.

1.Introduction

The project's goal is to create a remote medical monitoring system that makes use of the Internet of Things (IoT)
and mobile agent technology. Wireless sensor nodes, relay nodes, a community care centre, and a hospital
monitoring centre are all part of the architecture. Wireless sensor nodes monitor physiological parameters such
as blood pressure, ECG, EEG, temperature, and pulse in patients. Relay nodes process and transmit health data
to community care centres, which diagnose and interpret the data. The hardware design focuses on low-power
wireless sensor nodes and relay nodes, which are powered by a 16-bit microprocessor (MSP430F169). The
system is designed in a modular and hierarchical manner, with sensor nodes consisting of front-end signal
collection, RFID modules, microcomputer control modules, wireless transceivers, and power supplies. The
software consists of sensor node, client end, and monitoring centre software. The Java and LabVIEW-developed
monitoring centre software manages mobile agents, makes thorough decisions based on observed data, and
notifies pertinent physicians. To improve the system's usability and efficiency, the architecture also includes
modules for diagnosis, resource coordination, doctor assistance, and user interface.
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Figure 1. Three-tier architecture of remote medical monitoring system based on Internet of Things
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Figure 1: Remote Health Monitoring of Elderly through Wearable Sensors

Brief outline of the research (Wearable loT-Cloud-Based Health Monitoring System)

The SW-SHMS (Smart Wearable-based Smart Healthcare Monitoring System) project aims to improve
healthcare efficiency and facilitate home-based healthcare by using wearable sensors and smartphones to monitor
senior citizens in real-time. The Wearable Devices layer collects physiological data from the patient's body and
transmits it via a smartphone to a cloud database; the Cloud Data layer stores, processes, and analyses the data;
and the Monitoring Platform layer is a web-based application that allows medical professionals to monitor patient
records. Wearable sensors, smartphones, an Arduino Uno (microcontroller), and Bluetooth devices make up the
hardware, and the Arduino board facilitates data flow. Among the software components are a webbased
monitoring platform for healthcare professionals, a cloud data centre for storage and analysis, and a mobile app
for patients. Through the use of an integrated hardware-software solution, the system aims to deliver dependable
and convenient home-based monitoring while guaranteeing continuous and current healthcare data for prompt
interventions.
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Fig. 2. Overview of SW-SHMS System Architecture.
2.Proposed System and Discussion:
A comprehensive framework for interconnected wearable sensor-based health monitoring is introduced by the
Wearable IoT-cloud-based health monitoring System (WISE) project. The WISE body area network (W-BAN),
WISE cloud (W-Cloud), and WISE Users are the three primary parts of the system. The W-BAN integrates blood
pressure, body temperature, and heartbeat sensors. To get around sensor node memory constraints, data is sent
straight to the cloud. Cloud computing is used by the W-Cloud to efficiently store, process, and visualize data,
allowing for the identification and notification of diseases. RFID readers, LCDs, and Wi-Fi modules are all part
of the Arduinobased sensor platforms that are being implemented. In order to promote early disease detection
and proactive healthcare management, the WISE system seeks to give authorized users, such as patients,
physicians, and carers, real-time access to health data
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Fig. 3. Architecture of Wearable IoT-Cloud-Based Health Monitoring System
3.Architectural Design:
3.1 Microcontroller Unit (MCU)
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Dedicated to effective data processing and communication, the Microcontroller Unit (MCU) is an essential part
of the telehealth monitoring system. As part of this design philosophy, an incorporation of a low-power MCU
has been chosen, such as the widely known Arduino or Raspberry Pi platforms. These microcontrollers are the
brains behind the technology, coordinating the smooth communication between several health sensors, such as
blood pressure, body temperature, and heart rate sensors. Their minimal power requirements enhance the system's
overall dependability in addition to its energy efficiency. This telehealth solution guarantees a strong basis for
safe data transfer and real-time monitoring by utilising the capabilities of these MCUs, which is in line with the
project's main goal of managing chronic diseases effectively.

3.2 Sensor Array

The Sensor Array, which consists of specialized sensors made to record essential health parameters, is a key
component of the telehealth monitoring system. The Heart Rate Monitor is one of these sensors; it measures and
records heart rate data precisely by using a pulse sensor. In addition, the Temperature Sensor is essential since it
keeps track of body temperature and can be used as a pre-emptive measure against any early indicators of illness.
A Blood Pressure Sensor is another feature of the Sensor Array that provides accurate blood pressure
measurements in real time. Together, these many sensors create an advanced network that enables the system to
deliver fast and precise health data that are critical for managing chronic illnesses.

3.3 Communication Module

The telehealth monitoring system's Communication Module is essential since it offers the framework for smooth
data flow. At the heart of this module is an adaptable Wi-Fi/Bluetooth module that's meant to make it easier to
send health data quickly and securely. A direct connection between the monitoring equipment and a central server
or a healthcare provider is ensured by this capacity. Our system facilitates dependable and effective
communication, enabling remote monitoring and real-time updates through the utilisation of Wi-Fi and Bluetooth
technologies.

3.4 User Interface

In order to provide the telehealth monitoring system users with an intuitive and educational experience, the User
Interface is essential. Including necessary components like the LCD Display and LED Indicators, this interface
guarantees that critical health data is communicated efficiently. The LCD Display functions as a visual platform
that clearly and easily presents alarms and realtime vital indications. LED indicators also raise user awareness by
alerting users to anomalous readings or low battery levels. Our telehealth solution's carefully crafted User
Interface guarantees prompt notifications and gives customers instant access to their health data, all of which
support a proactive and user-centric approach to managing chronic diseases.

3.5 Power Management

Strategically integrating a dependable battery system is the foundation of Power Management, an essential
component of our telehealth monitoring system. A separate battery is included for the combined benefit of
portability and ongoing monitoring capabilities. This feature increases the system's adaptability by giving users
the opportunity to relocate without interfering with the continuous gathering of health data. The telehealth
solution is in line with the goal of delivering a smooth and continuous monitoring experience by placing a high
value on an effective and longlasting power source. The system's ability to function independently and its
dedication to user convenience are both emphasised by the integrated battery, which adds to the overall
effectiveness of managing chronic diseases.
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4.Management

Hardware Construction:

a. Connect Sensors to MCU

One of the most important steps in the initial hardware construction process is to connect sensors to the
Microcontroller Unit (MCU). This crucial stage connects the Temperature Sensor, Blood Pressure Sensor, and
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Heart Rate Monitor to the MCU in a methodical manner, creating a cohesive network. The MCU and sensors are
able to communicate with each other smoothly thanks to these complex connections, which create a strong
foundation for data collection. The MCU, which acts as the central processing hub, receives vital health
measurements in real-time thanks to this integration. This system establishes the foundation for precise and
thorough health monitoring, which is necessary for successful chronic illness management.

b. Integrate Communication Module

The system's development has reached a critical stage with the integration of the Communication

Module. This tactical move entails the smooth integration of the Bluetooth/Wi-Fi module with the
Microcontroller Unit (MCU), creating a strong foundation for effective data transfer. This technology facilitates
the secure and dynamic communication pathway between these components, enabling the smooth flow of critical
health data. A central server or healthcare provider can receive real-time updates thanks to the Wi-Fi/Bluetooth
module, which acts as a conduit for information.

c. Implement User Interface

This stage entails two essential parts: the LED indicators and LCD display, which are intended to give thorough
user feedback. The visual interface is the LCD display, which shows alerts and vital signs in an easy-to-read
manner. In addition, the LED indicators raise user awareness by alerting users to unusual readings or low battery
levels. A user-friendly and educational interface is produced by this seamless integration, making it simple for
people to understand and react to the health data that the system presents. The telehealth’s careful integration of
these components not only gives users access to real-time health insights, but also places a high value on
userfriendliness, which is essential for achieving successful chronic illness management.

d. Control Power Supply

One of the most important aspects of the health monitoring device's operation is its power supply management,
which includes integrating a rechargeable battery system. This addition provides steady power for ongoing
monitoring while upholding the notions of portability. With its rechargeable battery, this gadget satisfies the
contemporary need for portable and mobile health solutions. By removing the need for regular battery
replacements, this not only improves user experience but also demonstrates dedication to environmental
sustainability. An essential component of the device's design, the integrated rechargeable battery system
enhances its autonomy, usability, and overall efficacy in meeting users' health management requirements.
Software Connection:

1. Microcontroller programming

This is the brains behind data collection and analysis. This critical step entails programming the Microcontroller
Unit (MCU) to consistently and accurately receive data from sensors at predetermined intervals, guaranteeing a
steady supply of health indicators. In addition, the code carefully integrates algorithms intended to recognize and
classify anomalous readings. This dual feature allows the system to detect changes from baseline health metrics
proactively in addition to providing a dependable rhythm for data retrieval. This telehealth system reflects a
proactive and responsive approach to managing chronic diseases by combining precise sensor data retrieval with
sophisticated algorithms. This enables prompt treatments based on real-time health insights.

2. Communication Protocol

Developing a robust communication protocol is one of the most critical steps in enhancing the security and
integrity of this system. A communication protocol is placed at this critical stage to ensure that medical records
are transferred securely to a central repository or healthcare provider. By implementing this protocol, the system
gives priority to data transmission without interruption while also guaranteeing the security and integrity of the
sent data. Our commitment to safeguarding personal health information while facilitating immediate
communication is evident in this security-focused design. The carefully thought-out communication protocol
effectively contributes to the management of chronic diseases by fostering trust in the confidentiality and
dependability of the sent health data.

3. User Interface Programming

Stressing a user-centric and educational experience, User Interface Programming is a critical stage in the
development of this system. We carefully program the LCD display so that it can clearly and precisely decipher
messages and graphically depict critical signs. At the same time, we are also working on programming the actions
of LED indicators for different scenarios so that they can indicate particular conditions like low battery levels or
anomalous readings. The system's communication efficacy is increased by taking a holistic approach to user
interface programming, which guarantees that users receive both meaningful interpretive feedback and real-time
health information. Our telehealth solution creates an environment that is easy to use and encourages educated
decision-making and active engagement in the management of chronic diseases by customising the LCD display
and LED indicators to convey information in a user-friendly manner.

Design:

The health monitoring device's design combines sophistication and usefulness. The wearable, small device
seamlessly incorporates a range of sensors aimed at obtaining fine-grained health insights, giving users a
thorough grasp of their overall health. Beyond health monitoring, its novel features include Bluetooth
connectivity, which allows calls to be made straight from the gadget and guarantees improved connectivity with
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other devices. The incorporation of a mobile application augments the user experience by permitting smooth
communication and comprehensive examination of health data. The gadget features wireless charging built in to
further improve convenience, doing away with the inconvenience of wires and guaranteeing a constant and
hassle-free monitoring experience. This design fosters advanced health tracking, accessibility, and user-
friendliness.

Hardware architecture

The hardware architecture of this health monitoring device has been thoughtfully designed to integrate efficiency,
connectivity, and human engagement. The first part demonstrates the device's adaptability by facilitating the
seamless assembly of all sensors and modules in a compact form factor. With this design, users are assured
portability and convenience. Embracing a 5G module to establish a quick connection to the cloud is the second
crucial element as we venture further into the future of connectivity. This enables real-time data transmission
and places the gadget at the forefront of technological advancements. Moreover, the development of a particular
mobile application that makes it simple for users to communicate with their health information constitutes the
third component.

Software connection

The software connection feature represents a perceptive and progressive approach to data processing. First and
foremost, the creation of complex algorithms is a crucial element that allows the system to evaluate human
behaviour and distinguish between driving and walking. With this level of detail, the health data are
contextualised and guaranteed to be true, providing a more detailed knowledge of the user's lifestyle. In addition,
the second component is the creation of a strong cloud platform, which offers a safe place to store up-to-date
medical records and makes it easier to do retrospective analysis. By contrasting current health measures with
historical data, this cloud-based architecture not only guarantees data integrity but also helps users and healthcare
providers to obtain important insights. When combined, these software connections improve our health
monitoring system by bringing cloud-based intelligence and sophisticated analytics to enable users to take an
active and knowledgeable approach to managing their health.

5.Conclusion

In conclusion, the goals of our telehealth monitoring system project and the 3 projects are similar in that they
both seek to manage chronic diseases successfully by utilising sensors and cloud-based architecture to enable
real-time health monitoring. The wearable technology, on the other hand, provides a more adaptable and portable
solution, whilst the telehealth system stresses a comprehensive and tailored approach with an emphasis on
managing chronic diseases. The user's preferences and the severity of their medical ailments will ultimately
determine which of these projects they choose. For individuals looking for a focused, comprehensive monitoring
experience, the telehealth system is perfect for managing chronic diseases. Conversely, the wearable gadget
serves people who value portability and a wider range of health tracking options. The choice between the systems
depends on the severity of medical disorders and user preferences, even though all seek to streamline healthcare
through remote monitoring. Again, to emphasise, the goal of all the projects is to give people real-time insights
into their wellbeing. The heart rate monitor, temperature sensor, blood pressure sensor, and other specialized
sensors are just a few of the features that set the telehealth monitoring system apart. They are all seamlessly
integrated to provide a comprehensive health profile.

6.REFERENCES
X. (2016). Prototype Design of a Remote Medical Monitoring System Based on the Internet of Things.
International Journal of Online Engineering (1JOE), 12(1), p-50.

doi:https://doi.org/10.3991/ijoe.v12i1.5227
Al-khafajiy, M., Baker, T., Chalmers, C. et al. Remote health monitoring of elderly through wearable sensors.
Multimed Tools Appl 78, 24681-24706 (2019). https://doi.org/10.1007/s11042-018-7134-7
Wan, J., A. A. H. Al-awlaqi, M., Li, M. et al. Wearable IoT enabled real-time health monitoring system. J
Wireless Com Network 2018, 298 (2018). https://doi.org/10.1186/s13638018-1308-x
Adhikari, S., Gangopadhayay, T. K., Pal, S., Akila, D., Humayun, M., Alfayad, M., & Jhanjhi, N. Z. (2023). A
Novel Machine Learning-Based Hand Gesture Recognition Using HCI on IoT Assisted Cloud
Platform. Computer Systems Science & Engineering, 46(2).
Ashfaq, F., Ghoniem, R. M., Jhanjhi, N. Z., Khan, N. A., & Algarni, A. D. (2023). Using Dual Attention BiLSTM
to Predict Vehicle Lane Changing Maneuvers on Highway Dataset. Systems, 11(4), 196.
Chouhan, K., Yadav, M., Rout, R. K., Sahoo, K. S., Jhanjhi, N. Z., Masud, M., & Aljahdali, S. (2023). Sentiment
Analysis with Tweets Behaviour in Twitter Streaming API. Comput. Syst. Sci. Eng., 45(2), 1113-1128.
Zahra, F., Jhanjhi, N. Z., Khan, N. A., Brohi, S. N., Masud, M., & Aljahdali, S. (2022). Protocol-specific and
sensor network-inherited attack detection in IoT using machine learning. Applied Sciences, 12(22),
11598.
R. Sujatha, G. Prakash, Noor Zaman Jhanjhi (2022) *Cyber Security Applications for Industry 4.0*, Chapman
and Hall/CRC Cyber-Physical Systems Series, CRC Press.
Alex, S. A, S., P, T. R, A., Jhanjhi, N. Z., & Tayyab, M. (2022). Machine Learning-Based Wearable Devices
for Smart Healthcare Application With Risk Factor Monitoring. In M. Ahmad & N. Zaman

30


https://doi.org/10.1007/s11042-018-7134-7
https://doi.org/10.1186/s13638018-1308-x

Amin et al.

(Eds.), Empowering Sustainable Industrial 4.0 Systems With Machine Intelligence (pp. 174-185). 1GI
Global. https://doi.org/10.4018/978-1-7998-9201-4.ch009

Majid, Mamoona, Muhammad Faisal Hayat, Farrukh Zeeshan Khan, Muneer Ahmad, N. Z. Jhanjhi, Mohammad
Arif Sobhan Bhuiyan, Mehedi Masud, and Mohammed A. AlZain. "Ontology-Based System for
Educational Program Counseling." Intelligent Automation & Soft Computing 30, no. 1 (2021).

Anandan, R., Deepak, B. S., Suseendran, G., & Jhanjhi, N. Z. (2021). Internet of Things Platform for Smart
Farming. Human Communication Technology: Internet of Robotic Things and Ubiquitous Computing,
337-369.

Anandan, R., Deepak, B. S., Suseendran, G., & Jhanjhi, N. Z. (2021). Internet of Things Platform for Smart
Farming. Human Communication Technology: Internet of Robotic Things and Ubiquitous Computing,
337-369.

Alruwaili, B. A. A. A. M., Humayun, M., & Jhanjhi, N. Z. (2021, August). Proposing a load balancing algorithm
for cloud computing applications. In Journal of Physics: Conference Series (Vol. 1979, No. 1, p.
012034). IOP Publishing.

Basit, A., Hassan, Z., Omar, N., Sethumadavan, S., & Jhanjhi, N. Z. (2021). Gamification: A Tool To Enhance
Employee Engagement And Performance. Turkish Online Journal of Qualitative Inquiry, 12(5).

Tayyab, M., Marjani, M., Jhanjhi, N. Z., & Hashem, I. A. T. (2021, March). A light-weight watermarking-based
framework on dataset using deep learning algorithms. In 2021 National Computing Colleges Conference
(NCCCQ) (pp. 1-6). IEEE.

Almoysheer, N., Humayun, M., & Jhanjhi, N. Z. (2021). Enhancing Cloud Data Security using Multilevel
Encryption Techniques. Turkish Online Journal of Qualitative Inquiry, 12(3).

Saeed, S., Jhanjhi, N. Z., Naqvi, M., Malik, N. A., & Humayun, M. (2019). Disparage the barriers of journal
citation reports (JCR). International Journal of Computer Science and Network Security, 19(5), 156-175.

Shah, S. A. A., Bukhari, S. S. A., Humayun, M., Jhanjhi, N. Z., & Abbas, S. F. (2019, April). Test case generation
using unified modeling language. In 2019 International Conference on Computer and Information
Sciences (ICCIS) (pp. 1-6). IEEE.

Vijayalakshmi, B., Ramar, K., Jhanjhi, N. Z., Verma, S., Kaliappan, M., & Vijayalakshmi, K. & Ghosh, U.(2021).
An attention-based deep learning model for traffic flow prediction using spatiotemporal features towards
sustainable smart city. International Journal of Communication Systems, 34(3), e4609.

Humayun, M., Ashfaq, F., Jhanjhi, N. Z., & Alsadun, M. K. (2022). Traffic management: Multi-scale vehicle
detection in varying weather conditions using yolov4 and spatial pyramid pooling
network. Electronics, 11(17), 2748.

Taj, I., & Zaman, N. (2022). Towards industrial revolution 5.0 and explainable artificial intelligence: Challenges
and opportunities. International Journal of Computing and Digital Systems, 12(1), 295-320.

Jhanjhi, N. Z., Brohi, S. N., Malik, N. A., & Humayun, M. (2020, October). Proposing a hybrid rpl protocol for
rank and wormhole attack mitigation using machine learning. In 2020 2nd International Conference on
Computer and Information Sciences (ICCIS) (pp. 1-6). IEEE.

Brohi, S. N., Jhanjhi, N. Z., Brohi, N. N., & Brohi, M. N. (2023). Key applications of state-of-the-art technologies
to mitigate and eliminate COVID-19. Authorea Preprints.

Gopi, R., Sathiyamoorthi, V., Selvakumar, S., Manikandan, R., Chatterjee, P., Jhanjhi, N. Z., & Luhach, A. K.
(2022). Enhanced method of ANN based model for detection of DDoS attacks on multimedia internet of
things. Multimedia Tools and Applications, 1-19.

Lim, M., Abdullah, A., Jhanjhi, N. Z., Khan, M. K., & Supramaniam, M. (2019). Link prediction in time-evolving
criminal network with deep reinforcement learning technique. IEEE Access, 7, 184797-184807.
Muzafar, S., & Jhanjhi, N. Z. (2020). Success stories of ICT implementation in Saudi Arabia. In Employing

Recent Technologies for Improved Digital Governance (pp. 151-163). IGI Global.

Gouda, W., Almurafeh, M., Humayun, M., & Jhanjhi, N. Z. (2022, February). Detection of COVID-19 based on

chest X-rays using deep learning. In Healthcare (Vol. 10, No. 2, p. 343). MDPL

Humayun, M., Sujatha, R., Almuayqil, S. N., & Jhanjhi, N. Z. (2022, June). A transfer learning approach with a

convolutional neural network for the classification of lung carcinoma. In Healthcare (Vol. 10, No. 6, p.
1058). MDPI.

Alkinani, M. H., Almazroi, A. A., Jhanjhi, N. Z., & Khan, N. A. (2021). 5G and IoT based reporting and accident

detection (RAD) system to deliver first aid box using unmanned aerial vehicle. Sensors, 21(20), 6905.

Babbar, H., Rani, S., Masud, M., Verma, S., Anand, D., & Jhanjhi, N. (2021). Load balancing algorithm for migrating

switches in software-defined vehicular networks. Comput. Mater. Contin, 67(1), 1301-1316.

Jhanjhi, N. Z., Humayun, M., & Almuayqil, S. N. (2021). Cyber security and privacy issues in industrial internet of

things. Computer Systems Science & Engineering, 37(3).

31


https://doi.org/10.4018/978-1-7998-9201-4.ch009

	Figure 1: Remote Health Monitoring of Elderly through Wearable Sensors
	6.REFERENCES

