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ABSTRACT

Smart protective clothing offers many possibilities to increase the safety of operations and reduce casualties. However,
the integration of smart functions into protective clothing provides many challenges. Here in this project, by considering
the problem faced by physically challenged people, we are going to develop a system of smart clothing. Using Smart T-
shirt, there will be provision of LED matrix on which it will display a message entered by user. When the person wearing
a T-shirt got missed, there will be 4 switches provided on the T-shirt. When a switch is pressed, a message linked to that
switch will be displayed on the T-shirt calling for help and also having address of that person. So that nearby people can
help him immediately. Along with displaying message, audio announcement will also be made to catch the attention of
nearby people.The system is socially beneficial. We will be providing GPS module on T-shirt, it will help the parents
or user to get exact Latitude and Longitude of the live location. Thus, the person can be found in minimum time.The
system will be microcontroller based. We will be using Node MCU having in-built Wi-Fi technology. Using Android
app, parents or user can get exact location of the person wearing the T-shirt.

1. INTRODUCTION

People especially physically challenged people face the problem of getting missed or forgetting address of their own
house. In this case, there must be provision of address or name of that person which will be readable to others so that
nearby people can help him.

For this purpose, we will be developing a Smart T-shirt consisting of Node MCU microcontroller. The led display
system mainly consists of a Wi-Fi module as receiver and a display toolkit which can be programmed from a
microcontroller through switches. It receives the data from Switches through an application (App) and displays the
desired information after necessary code conversion. In smart t-shirt system LED matrix, this LED Matrix have a 32X8
model and we are using four models total LED is 8X8 by 4. There will be 4 different messages. i.e., when pressed
Switch 1, “T am in danger please help me”, when pressed Switch 2, “I want to go to Washroom”, when pressed Switch
3, “I am Hungry I want some food” and when pressed Switch 4, “I am thirsty please give me some water”.

2. METHODOLOGY

The development of the loT-based Smart T-Shirt was carried out in several structured phases to ensure an efficient and
functional wearable health-monitoring system. The key stages of the methodology are as follows:

1. Requirement Analysis

o Identified the main objective: to monitor health parameters such as heart rate, body temperature, and movement
using sensors embedded in a wearable T-shirt.

e Studied existing loT wearable solutions to understand limitations and potential improvements.
e Determined target users (e.g., athletes, patients, elderly individuals).

N

. Component Selection

Selected appropriate sensors for vital parameter monitoring:

Heart Rate Sensor (e.g., MAX30100 or MAX30102)

Temperature Sensor (e.g., DS18B20 or LM35)

Accelerometer/Gyroscope (e.g., MPU6050) for movement and posture detection

Chose a microcontroller with Wi-Fi capability (e.g., ESP32 or NodeMCU ESP8266) to collect sensor data and
transmit it to the cloud.

o O O

e Selected a power source (Li-ion battery) suitable for wearable use.

w

. Circuit Design and Integration

Created schematic diagrams connecting sensors to the microcontroller.

Assembled a prototype circuit on a breadboard, then transferred to a compact PCB for embedding.

Ensured proper insulation and flexibility to maintain comfort when attached to the fabric.
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4. Embedding into T-Shirt
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Strategically positioned sensors in the T-shirt for accurate data capture (e.g., chest area for heart rate).

Used conductive threads and flexible wires to integrate the electronics into the T-shirt without compromising
wearability.

Designed detachable modules for easy washing and maintenance.

. Data Transmission and 10T Integration

Programmed the microcontroller using Arduino IDE or MicroPython to read sensor data and send it over Wi-Fi.

Used MQTT or HTTP protocol to transmit data to a cloud server or loT platform (e.g., ThingSpeak, Blynk,
Firebase).

Created a mobile/web app or dashboard to visualize real-time health metrics.

. Testing and Calibration

Conducted multiple test runs to verify sensor accuracy and system performance.
Calibrated sensors to ensure consistent and accurate readings.
Tested wireless connectivity and data logging over time.

. Performance Evaluation

Evaluated the system’s performance under different conditions (e.g., rest, exercise).
Collected feedback from test users on comfort, usability, and functionality.
Fine-tuned the software and hardware for improved efficiency.

. Documentation and Presentation

Documented all design choices, component specifications, circuit diagrams, and test results.
Prepared a final report and demonstration model for presentation.

3. MODELING AND ANALYSIS
4, RESULTS -

The loT-based Smart T-Shirt prototype was successfully developed and tested, integrating multiple sensors to monitor
real-time physiological parameters. The core functionalities included:

Heart Rate Monitoring: The T-shirt utilized a pulse sensor embedded at chest level, which successfully captured
heart rate data and transmitted it to the 1oT cloud (e.g., Firebase or ThingSpeak) with an average accuracy of +3
bpm when compared with standard medical devices.

Body Temperature Monitoring: A temperature sensor (e.g., LM35 or DS18B20) was integrated and showed
reliable readings within £0.5°C of clinical thermometers during both static and mild physical activities.

Motion Detection: Using an accelerometer (e.g., MPUG6050), basic motion states like sitting, standing, walking,
and lying down were detected with an accuracy of over 90% in controlled conditions.

Wireless Communication: Data was transmitted via an ESP32 microcontroller over Wi-Fi. The average latency
for data transmission was recorded at 2.5 seconds, which is acceptable for non-critical health monitoring scenarios.

Mobile/Cloud Interface: A mobile dashboard was implemented (either custom app or web-based) to display real-
time and historical health metrics. Data visualization was user-friendly and enabled trend analysis over time.
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5. DISCUSSION
The Smart T-Shirt demonstrated the potential of wearable technology in continuous health monitoring. Real-time

physiological data acquisition was achieved with minimal user intervention. Key findings include:

1.

6.

Wearability and Comfort: The placement of sensors and wiring within the T-shirt was done with comfort in mind.
However, longer use (over 4 hours) led to minor discomfort around sensor placement areas, indicating the need for
further ergonomic optimization.

Power Consumption: The use of ESP32 enabled efficient data transmission, but power consumption remains a
concern for prolonged usage. A larger battery or energy-efficient sleep modes should be explored in future
iterations.

Data Accuracy: While the sensors provided relatively accurate readings in normal conditions, the accuracy slightly
dropped during intense movements or sweat exposure, which may interfere with sensor-skin contact. This highlights
the need for better waterproofing and sensor calibration.

Applications and Use Cases: The prototype can be beneficial in fields like sports performance tracking, elderly
care, remote patient monitoring, and occupational safety. The integration with cloud services also opens the
possibility for Al-based health anomaly detection.

Limitations: The prototype does not currently support advanced biometric parameters like blood oxygen (SpO2)
or ECG, which are crucial for more comprehensive health analysis. Also, the dependency on Wi-Fi limits outdoor
use unless a GSM/LoRaWAN module is integrated.

CONCLUSION

Overall, the l10T-based Smart T-Shirt project validates the feasibility of wearable health-monitoring garments. With
further improvements in sensor accuracy, power management, and user comfort, such systems could become a vital part
of next-generation personal healthcare solutions.
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