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Abstract: The rapid growth of wearable technology has led to the increased use of smart devices for real-time health monitoring
and assistive communication. This paper discusses the design and development of a Smart Band system that combines physiological
sensing and gesture-based communication in an loT-enabled architecture. The proposed system employs an ESP32 microcontroller
and sensors such as temperature, motion, heart rate, SpO2 sensor and touch sensors for continuous tracking of the user’s health
parameters and hand movements. The data collected by various sensors is first processed, then it is transmitted to the web dashboard
at the nurse's desktop, and also to the mobile based app. By referring to the data of patients, doctors can make a detailed analysis.
This paper presents the development of a smart band with gesture controls by using a touch sensor. So it becomes a complete 10T-
based solution for the impaired patients. The proposed system is implemented using an ESP32 microcontroller and sensors such as
temperature, motion and touch sensors to continuously observe user health parameters and hand movements.

The smart band is designed to be compact, low-cost, and low-power for everyday applications. The experimental results show the
repeatability of the sensor performance, the accuracy of data transmission, and the reliability of gesture detection. The proposed
smart band is a practical solution for the integration of health monitoring and assistive communication in a single wearable platform
with potential applications in healthcare, rehabilitation, and smart assistive technologies. Experimental results indicate stable sensor
performance, precise data transmission, and efficient gesture detection. The smart band that is being proposed will be a practical
way to integrate health monitoring and assistive communication into a single wearable platform with potential applications in
healthcare, rehabilitation, and intelligent assistive technologies.

The collected data is processed and sent wirelessly to a mobile or web-based interface, which allows real-time monitoring and
analysis. The system also has gesture recognition to help people with communication problems send messages using predefined
hand gestures.
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1. INTRODUCTION

Wearable technology and 10T have changed the health monitoring and communication that is carried out in day-to-day life. Instead
of depending only on regular hospitals and doctor visits, small wearable products can now continuously track and monitor multiple
health conditions like heart rate, oxygen level, and body temperature without interrupting normal activities. Traditional ways of
monitoring health are outdated. You have to visit hospitals often, and someone has to manually check on you, which gets tough for
older people or those with ongoing illnesses that need watching every day. Continuous monitoring is hard that way; it feels limited.
So, these wearable devices with 10T come in to fix that, grabbing data in real time and sending it out. This project is about building
a smart band that handles a bunch of health checks. It uses an ESP32 chip, and sensors like the MAX30102 for heart rate and blood
oxygen, the DS18B20 for temperature, plus a touch one for interactions. The band keeps measuring those key things, heart rate,
Sp0O2, body temp, and you can tap it to do stuff, like trigger alerts or something assistive.

The ESP32 processes all that sensor input, then sends it over to apps on mobile or web platforms through 1oT links. That way, you
get real-time views, and doctors can access patient info from anywhere, maybe stored in the cloud. The touch part adds a nice
feature; it can start certain actions or send messages, making the device more helpful overall. Compared to older systems that only
do one thing or need big hardware, this band packs in multiple sensors and comms into something small and cheap. Its designed for
steady monitoring without using much power, easy to carry around, and not complicated to use. | think that makes it practical. We
can use this in regular healthcare, helping elderly people, during rehab, or just in smart wearables. It is a combination of the sensing,
wireless sending, and that extra touch help all in one spot, which seems efficient for today's needs. Some setups might overlook the
assistive side, but here it's included.

The rest of the paper goes like this. Section two covers what others have done in the area. SECTION three is the method and how the
system is put together. Section four talks about building it and the tests, results from experiments. Section five wraps up and looks
at what could be added.
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2. RELATED WORK

Recent advancements in wearable technology and the Internet of Things (10T) have significantly contributed to the development of
smart systems for healthcare monitoring and assistive communication. A wide range of research has been carried out focusing on
wearable sensors, gesture recognition, and integrated smart devices.

Wearable health monitoring systems have been extensively studied for continuous tracking of physiological parameters such as
heart rate, temperature, and oxygen saturation. Patel et al. [6] provided a comprehensive review of wearable sensor technologies,
highlighting their role in real-time healthcare monitoring. Similarly, Chen et al. [7] discussed next-generation wearable systems
that integrate human and cloud communication for improved healthcare services. Other works such as [12] and [14] focused on
loT-based wearable devices that enable remote monitoring and real-time alert systems.

In the field of assistive communication, smart gloves have emerged as an effective solution for translating hand gestures into
understandable outputs. In [1], a multi-purpose smart glove was developed to convert sign language into text and speech, along
with additional features such as health monitoring. Similarly, the work in [2] proposed a smart glove system using flex sensors to
assist speech and hearing-impaired individuals in communication.

More recent studies have focused on improving gesture recognition accuracy and system usability. Elabd et al. [3] developed a
wearable smart glove capable of real-time sign language translation, demonstrating improved accuracy and user interaction.
Likewise, Elgeme et al. [4] introduced a smart speaking glove that converts gestures into both text and audio outputs, enhancing
communication efficiency and user independence. Additionally, Kumar and Singh [8] and Kim et al. [9] explored sensor-based and
wearable approaches for gesture recognition, showing promising results in assistive applications. Vision-based approaches, such as
the work by Molchanov et al. [10], have also been explored, although they require higher computational resources and controlled
environments.

Apart from communication, integrating health monitoring with wearable devices has gained significant attention. Hasan and Ahmed
[5] proposed a smart glove system for elderly care that combines vital parameter monitoring with emergency alert generation.
Similarly, Sharma and Gupta [11] demonstrated an ESP32-based 10T system for real-time health monitoring, emphasizing low cost
and efficient communication.

Several studies have also addressed system architecture, scalability, and security aspects of loT-based wearable systems. Al-Fugaha
et al. [15] provided an overview of enabling 10T technologies, while He et al. [16] discussed security and privacy challenges in
wearable healthcare systems.

Despite these developments, most existing systems focus either on gesture-based communication or health monitoring
independently. There remains a need for an integrated, cost-effective, and user-friendly wearable system that combines both
functionalities in a single platform.

The proposed smart band system addresses this gap by integrating real-time health monitoring with assistive communication using
touch-based sensing and 10T connectivity. This approach enhances usability, reduces system complexity, and provides a practical
solution for real-world applications.

3. METHODOLOGY

3.1 System Overview

The proposed system is a smart band based on 10T for real-time health monitoring and assistive communication. It combines various
sensors with a microcontroller unit to collect, process, and transmit data. The system is capable of monitoring essential parameters
and recognising touch-based gestures, and converting them into significant outputs like text or alerts.

The overall architecture is composed of sensing units, a processing unit (ESP32), a communication module and user interface. The
data from the sensors is processed and transmitted wirelessly to a mobile or web platform for monitoring and visualisation.

3.2 Hardware Design

The hardware is designed for portability, low power and ease of use. The entire system is controlled by the ESP32 Microcontroller.
It has its inbuilt wireless capabilities and fast performance. Various sensors are used to monitor user input and health parameters.
Touch sensors are used to detect finger or hand movements, which are translated as communication gestures. It has a temperature
sensor to monitor body temperature and an accelerometer to detect movement and activity levels.

All components are wired in a compact layout in order that the device can be comfortably worn as a band. The system is powered
by a light-weight battery and can therefore be used continuously or can be given continuous power from the main supply grid

3.3 Software Design and Algorithm

The system software is implemented with embedded programming in the Arduino environment. The program retrieves the sensor
data, processes it and transmits it to the output interface.

The operation starts with the initialisation of all sensors and the communication module. Once started up the system reads
continuously input values from the sensors. These values are then filtered and analysed to identify meaningful patterns, particularly
in the context of gesture recognition.

A pre-defined gesture, when detected, is linked to a particular message or command. At the same time, health data is monitored and
compared against preset thresholds to detect abnormal conditions.

This processed data is then transmitted to a mobile or web-based platform where it can be displayed in real time. This ensures that
both. This ensures that both communication and monitoring functions operate simultaneously without delay.
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3.4 Working Principle

The system works on the basis of continuous sensing and real time processing. When the user performs a gesture, the corresponding
sensors detect changes in the input signals. These signals are received by the microcontroller and decoded as per a predefined logic.
The system converts these inputs into helpful outputs for users in communication like text messages. At the same time, health
parameters are continuously monitored and any abnormal readings can set off alarms. The alerts go to doctors, nurses, also at the
patient’s device for reference purposes. In addition to real-time monitoring, the collected sensor data is stored on a cloud-based
platform for future analysis and medical reference. This enables health professionals and carers to review past records when
required. 10T connectivity allows constant communication between the wearable device and the monitoring interface, without any
direct physical interaction. The combination of sensing, processing and communication enables the system to be used as a health
monitoring device as well as an assistive communication tool. Wireless connectivity is available for increased usability of the device
with remote access to the data.

At the heart of the system is the ESP32 microcontroller, responsible for managing sensor inputs, processing the received data and
managing wireless communication. MAX30102 sensor continuously measures heart rate and SpO2 levels. DS18B20 sensor
measures body temperature. The touch sensor is being used to trigger some pre-defined actions or communication outputs based on
user interaction. All sensor data is processed in real time and updated in the connected app interface.

4. COMPONENTS OF HARDWARE

The hardware of the proposed smart band system includes several key components that together enable sensing, processing and
communication. Each component is selected based on its efficiency, size and suitability for wearable applications.

ESP32 Microcontroller:

The main processing unit of the system is the ESP32 development module. It is responsible for acquiring data from all connected
sensors, processing it as needed, and communication. The module is selected because of its integrated Wi-Fi and Bluetooth features
that allow real time data to be sent without any additional hardware. Its low power consumption and small size make it suitable for
wearable applications.

Touch Sensors:

The touch sensor is used for detecting user input in the form of finger touches or simple gestures. These inputs are interpreted by
the system and mapped to predefined communication outputs such as text messages or alerts. The use of touch sensing eliminates
the need for complex vision-based systems, making the device more reliable and efficient in different environments.

MAX30102 Heart Rate and SpO: Sensor:
The MAX30102 sensor tracks things like heart rate and blood oxygen levels, SpO2. It seems like a useful tool for checking health
stuff without much hassle.

It works by shining light into your skin, called photoplethysmography or PPG for short. Then it looks at the light that bounces back
to figure out your pulse and how much oxygen is in the blood.
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What stands out is how it keeps measuring all the time, and it's not invasive at all, just sits there on your wrist. So for wearables,
like fitness trackers, this seems ideal for tracking health in real time. Some devices use it continuously, which is handy.
The SpO: readings of this device range between 95% and 98%, which falls under the normal physiological range

DS18B20 Contact Temperature Sensor:
The DS18B20 is a digital temperature sensor used to measure body temperature. It offers high accuracy and communicates using a

one-wire interface, which simplifies wiring and reduces system complexity. The sensor is suitable for continuous monitoring and
provides stable readings, even in compact wearable designs.

Power Supply Battery Module:
A rechargeable battery module is used to power the entire system. It is designed to provide a stable and continuous power supply

while maintaining portability. The low power consumption of the ESP32 and sensors ensures longer operational time, which is
essential for wearable applications.

5. RESULTS AND DISCUSSION

Hardware Prototype Setup

Figure shows the hardware prototype designed for the proposed smart band. It is used for real time patient health monitoring and
giving assistive information to the patient accordingly. The prototype includes ESP32 as the development board which is interfaced
with several sensors such as MAX30102 heart rate and SpO: sensor, DS18B20 temperature sensor, touch sensor. Other than sensors,
supporting modules like LCD are also interfaced with ESP32. All the modules are connected to each other with the help of a
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breadboard.

ESP32 collects the sensor data from person wearing the band and processes the data. The information is then showcased on the
LCD connected to ESP32 and is also sent wirelessly for remote monitoring. The complete system is powered with the help of
battery module from which the whole prototype can be powered. As the system is powered by battery it is portable to use and can
be used as a wearable band.
This prototype is the combination of both sensing, processing, communicating and monitoring.

Mobile Application Interface

This figure shows the mobile App interface designed for monitoring the patient health data. The app provides a real time analysis
of the patients’ heartbeat, SpO., temperature along with the movement of the patient. Patient management facilities are also
provided so that one can look upon the data of multiple patients. The interface is user-friendly and organized which clearly visualizes
the sensor output for interpretation.

Firebase Database — Patient Data

\

As shown in the figure above, this Firestore database created in firebase will be used to store patient data. This database will store
information regarding each patient like name, age, medical condition, contact detail etc. It will also store the sensor data received
from the smart band in real-time. This information is stored in the cloud thus allowing remote access and secured storage.
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Figure shows the database containing doctor data in firebase. Each document of doctor will hold information about the doctor such
as name, email, patients under treatment etc. This sets a reference between doctors and patients which will allow our system to
monitor patients efficiently. This provides easy real-time tracking of patients’ healthcare and allows for effective communication
between patients and other users.

Web Dashboard — Live Monitoring

The above figure shows the web-based dashboard used for real-time monitoring of health parameters. The dashboard displays vital
information such as heart rate, SpO:, body temperature, and movement in a structured format. The data is updated continuously,
providing immediate insights into the user’s condition. This interface allows caregivers or doctors to monitor patients remotely and
respond quickly in case of abnormalities.

5.1 Results of Descriptive Statics:

Sr no. Time(s) HeartRate (BPM) SpO:Level(%)
1. 0 74 99
2. 1 74 98
3. 2 74 98
4, 3 75 99
5. 4 74 98
6. 5 75 99
7. 6 73 99
8. 7 73 98
9. 8 73 98
10. 9 75 99
11. 10 75 98
12. 11 75 99
13. 12 75 98
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Temperature
r no. Time(s) (Degree Celsius)
36.52

36.54

36.52

36.55

36.57

36.54

36.52

36.55

36.54

36.58

11. 10 36.53

12. 11 36.53

13. 12 36.57

Table 5.2: Descriptive Statics of DS18B20
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The performance of the proposed smart band system was evaluated by collecting data from multiple participants under controlled
conditions. The table presents the measured values of SpO- and heart rate for five individuals, along with performance metrics such
as average error, mean absolute error (MAE), and standard deviation.

From the observations, it can be seen that the SpO- readings obtained from the device ranged between 95% and 98%, which falls
within the normal physiological range. The average error for SpO. measurement was found to be relatively low, with a mean value
of approximately 0.68%, indicating good accuracy of the sensor.

Similarly, the heart rate measurements ranged from 68 bpm to 74 bpm. The average heart rate across all participants was recorded
as 70.4 bpm. The calculated average error for heart rate measurement was around 1.1%, which is within acceptable limits for
wearable health monitoring systems.

The mean absolute error (MAE) values for both parameters were observed to be low, demonstrating that the deviation between
measured and actual values is minimal. In addition, the standard deviation values indicate that the system provides consistent
readings with limited variation across different users.

Overall, the results show that the proposed system is capable of providing stable, accurate, and reliable measurements for both SpO-
and heart rate. The slight variations observed in readings can be attributed to factors such as sensor placement and user movement
during measurement.

6.BLOCK DIAGRAM & ALGORITHM

6.1.Transmitter side Block diagram:

[ auzzen] [ Lroeads ] [ POWER ]
SENROVROTION SUPPLY
1 v £
WEB MICRO-CONTROLLER 12C +16*2
SERVER ESP32 LCD DISPLAY

SPOZ & FALL
HEART RATE TEMPERATURE DETECTION

MONITORING SENOOR SENSOR
SENSOR
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The block diagram represents the overall architecture and working flow of the proposed smart band system for health monitoring
and assistive support. The ESP32 microcontroller acts as the central processing unit of the system and is responsible for collecting,
processing, and transmitting data received from different sensors and modules.

The SpO: and heart rate monitoring sensor continuously measures important physiological parameters such as blood oxygen level
and pulse rate. These readings are sent to the ESP32 for processing and further monitoring. The temperature sensor is used to
monitor body temperature in real time, helping in continuous health assessment of the user.

A fall detection sensor is integrated into the system to detect sudden movements or abnormal body positions that may indicate a
fall or emergency condition. Whenever such an event is detected, the information is immediately processed by the controller,
allowing the system to generate alerts and notifications.

The system also includes a flex sensor, which is used to detect finger bending or gesture-based input. This feature adds assistive
functionality to the smart band and can be used for triggering predefined actions or communication outputs. The processed
information can be displayed through the connected display module or transmitted wirelessly.

An 12C-based 16x2 LCD display is connected to the ESP32 to provide real-time visualization of sensor readings and system status.
This allows users to directly observe health parameters and alerts without requiring external devices.

The buzzer module acts as an alert mechanism and is activated whenever abnormal conditions or emergency situations are detected.
It provides an immediate audio indication to nearby users or caregivers.

The system is powered through a dedicated power supply module, which ensures stable operation of all connected components. In
addition, the ESP32 communicates with the web server through wireless connectivity, enabling remote monitoring and storage of
health-related data on cloud or web platforms.

Overall, the block diagram illustrates how multiple sensing modules, communication interfaces, and alert mechanisms are integrated
into a single wearable platform. The coordinated operation of these components enables the smart band to perform real-time health
monitoring, emergency detection, and assistive interaction efficiently.

6.2 Receiver side Block diagram:

RECEIVER BLOCK DIAGRAM (NURSE DESKTOP)

4 l; J N
———————————————————%
Firebase
(((I))) ~O=
Fireba abl : =
WIRELESS wedase
TRANSMITTER (ESP-NOW) W Realtime — (T
€532 |eocecomnce » Database NURSE
e a— DASHBOARD
Firobase DESKTOR MONITOR)
Firestore

INBUILT POWER SUPPLY
(DESKTOP MONMTOR
POWER|

The receiver block diagram illustrates the remote monitoring section of the proposed smart band system. The ESP32 transmitter
module present in the smart band sends sensor data wirelessly using ESP-NOW communication. The transmitted data are stored
and managed through Firebase services, including Firebase Realtime Database and Firebase Firestore.

The nurse dashboard receives this information from the cloud platform and displays real-time health parameters such as heart rate,
SpO:, temperature, and emergency alerts. This allows nurses or healthcare staff to continuously monitor patient conditions from a
desktop interface. The system enables efficient remote monitoring, quick access to patient data, and improved response during
emergency situations.

7. CONCLUSION
In this paper, the design and development of an loT-based smart band system is presented for real-time health monitoring and

assistive support applications. This system consists of multiple sensors interfaced with an ESP32 microcontroller for real-time
tracking of the physiology status like heart rate, SpO- level, and body temperature as well as to record body movement. Together
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with health monitoring, the system further includes contact-based assistive interaction features that increase device utility for
practical healthcare and support applications.

The proposed smart band integrates sensing, processing, wireless communication and cloud-based monitoring functionalities into
a lightweight wearable platform. The sensor data are processed in real time and sent to mobile and web-based interfaces using loT
connectivity. The developed monitoring dashboard and the services of the firebase cloud provide remote access to the patient’s
information. Doctors, nurses and carers can constantly monitor the health status and act promptly in case of abnormal conditions or
emergencies.

INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) a
© 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | IINRD.ORG B O I

The experimental results showed stable performance of sensor, reliable transmission of wireless data and consistent monitoring
accuracy during the test. The obtained heart rate, SpO2 and temperature readings were found to be in acceptable physiological
ranges, indicating the effectiveness of the implemented sensing modules. The inclusion of alert features and remote monitoring
capabilities also enhances the system’s real-world utility in healthcare settings.

Unlike most of the existing systems where the system performs only a single functionality, the proposed smart band is an integrated
solution with support features for health monitoring and assistance at real time in a low cost and portable design. The system is
suitable for continuous daily use, especially for elderly people, patients requiring regular monitoring and smart healthcare
applications due to its compact structure, low power consumption and easy operation.

Overall, the proposed system demonstrates the potential of wearable 10T technologies to enhance healthcare accessibility, remote
patient monitoring, and assistive support systems. Future enhancements may include Al based health prediction, improved gesture
recognition, miniaturised PCB implementation, improved battery optimisation and integration with smart healthcare analytics
platforms for smarter and more efficient monitoring solutions.

8. FUTURE SCOPE

The smart band system presented can be further improved by adding advanced technologies and healthcare features. In the future,
we can add artificial intelligence and machine learning algorithms for predictive health analysis and early detection of abnormal
conditions from continuous sensor data.

The system can also be enhanced by implementing advanced gesture recognition techniques to support more assistive
communication functions and improve interaction capabilities. The miniaturisation of the hardware through a compact PCB design
further enhances the portability and user comfort for long-term wearable usage.

Future improvements may include better battery management and low-power optimisation techniques to extend operating time.
Integration with mobile alert systems, GPS tracking and emergency response. In addition, cloud-based analytics and secure
healthcare data management can be implemented for better monitoring, data visualization, and remote medical support. The
proposed system can also be extended for applications in elderly care, rehabilitation systems, fitness monitoring, and smart hospital
environments.

Overall, the future scope of the system lies in developing a more intelligent, compact, and efficient wearable healthcare platform
capable of providing advanced real-time monitoring and assistive support solutions.
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