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Abstract

The integration of Internet of Things (IoT) technologies has revolutionized personal health
monitoring, especially for athletes who require precise and continuous data for performance
optimization and well-being. In order to gather, process, and send real-time physiological and
environmental data, this study presents an loT-enabled health and environment monitoring system
specifically built for athletes. Two microcontrollers are included in the device: an ESP8266 that
processes heart rate and SpO2 data from the MAX30100 sensor and an ESP32 that handles data
from other sensors. A 16x2 12C LCD shows environmental characteristics such as temperature,
humidity, light intensity, and air quality. The Blynk app visualizes a complete dataset that includes
pressure, temperature, humidity, light intensity, heart rate, SpO2, air quality, sound intensity, and

ECG signals for easier access and analysis.

Key components include the MAX30100 for heart rate and SpO2, DHT11 for temperature
and humidity, BMP280 for pressure and altitude, BH1750 for light intensity, MQ2 for air quality,
KYO038 for sound intensity, AD8232 for ECG monitoring, and a 16x2 LCD for on-site data
visualization. Two 3.7V batteries that are controlled by a 2S BMS (20A) unit and a 7805 IC ensure
steady operation of the device. It is perfect for athletes, coaches, and fitness fanatics because to its
modular design, which guarantees scalability, and its emphasis on price and ease of
implementation. Through the use of 10T, this system improves training, safety, and general health

by allowing athletes to keep an eye on their surroundings and physiological performance.

Keywords: Internet of Things (IoT), Health Monitoring, Environmental Monitoring,
Athletic Performance, MAX30100, DHT11, BMP280, BH1750, MQ2, AD8232, ESP32,
ESP8266, 16x2 LCD, Blynk App, Real-Time Data, Smart Systems.
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CHAPTER 1: INTRODUCTION

1.0 Introduction

Athletes constantly strive to achieve peak performance while maintaining optimal health.
Environmental factors such as temperature, humidity, air quality, and light intensity play a critical
role in influencing an athlete's ability to perform. Exposure to unfavorable environmental
conditions or undetected health issues can hinder performance and, in some cases, pose serious
risks. To address these concerns, integrating the Internet of Things (1oT) into environmental and
health monitoring offers an innovative solution that provides athletes with actionable insights

about their surroundings and health status.

Figure 1.1: lllustration of an athlete using a portable 10T device for environmental monitoring
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1.1 Background and Motivation

Athletes often train and compete in diverse and unpredictable environments, which can
significantly affect their performance and recovery. Parameters such as high temperature, elevated
humidity, poor air quality, excessive noise, and inadequate lighting conditions can lead to reduced
efficiency, increased fatigue, and potential health complications. Real-time monitoring of these
factors, combined with the ability to check basic health metrics like heart function using ECG,
BPM and SpO. can empower athletes to make informed decisions about their training schedules

and activities.

loT-enabled systems provide a practical solution for such challenges by seamlessly
collecting, analyzing, and displaying critical environmental and health data in real time. These
systems ensure that athletes can avoid harmful conditions, maximize their performance, and

maintain their overall well-being.

Training

Experience Recovery and Sleep

Form on the day Psyche and Physis

Environment
Exercise performance )e——— Age/Gender

Equipment
aule Talent

Training Possibilities

Coach

Motivation Personal Environment

Mental Factors

Figure 1.2: Diagram showing factors that affect athletic performance, including environment
and health
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1.2 Problem Statement

Athletes currently lack an integrated and portable system to assess environmental
conditions and basic health metrics in real time. While some standalone devices measure
parameters like air quality or temperature, they are not designed with athletes in mind.
Furthermore, they do not combine these environmental insights with health metrics like ECG

readings for a holistic understanding of how external conditions impact athletic performance.

This project addresses the gap by developing a compact loT-enabled device tailored for
athletes. The system will measure environmental factors such as ambient temperature, humidity,
light intensity, sound levels, air quality, altitude, and air pressure to assess whether the
environment is conducive to optimal athletic performance. Additionally, the inclusion of an ECG,
pulse oximetry and heart-rate monitor feature will allow athletes to perform basic health checks

when they suspect potential issues.

1.3 Objectives of the Study

The main objectives of this study are:

e To design and implement an loT-enabled device specifically for athletes, capable of
monitoring both environmental and health parameters in real time.

e To integrate sensors for measuring temperature, humidity, light intensity, sound levels, air
quality, altitude, and air pressure into a portable system.

e Toincorporate an ECG, pulse oximetry and heart-rate monitor feature for athletes to check
basic health when needed.

e To provide an intuitive user interface or 10T dashboard that displays the collected data and
provides recommendations on whether the environment is ideal for performance and
health.

©Daffodil International University



1.4 Components and Their Descriptions

The following section provides a detailed description of the components used in the 10T-
enabled Health and Environment Monitoring System. Each component was selected based on its

functionality, accuracy, and compatibility with the project requirements.

\\“

Tr——

\ T

Figure 1.3: Prototype setup showing connected sensors

1. DHT11 Temperature & Humidity Sensor

The DHT11 sensor is a basic, low-cost digital sensor for measuring temperature and
humidity. It is widely used for environmental monitoring projects due to its reliability and ease of

integration with microcontrollers.
Features:

Operating voltage: 3.3-5V

Temperature range: 0-50°C (x2°C accuracy)
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Humidity range: 20-80% RH (£5% RH accuracy)

Purpose in the Project: Monitors ambient temperature and humidity to determine environmental

conditions.

Figure 1.4: Close-up of the DHT11 sensor

2. BMP280 Pressure Sensor

The BMP280 is a high-precision sensor for measuring barometric pressure. It is commonly
used in weather monitoring and portable devices.

Features:

Operating voltage: 1.8-3.6V

Pressure range: 300-1100 hPa (x1 hPa accuracy)

Purpose in the Project: Measures air pressure to assess conditions for athletic performance.

Figure 1.5: Close-up of the BMP280 sensor
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3. BH1750 Light Intensity Sensor

The BH1750 is a digital light sensor that provides precise measurements of ambient light

intensity in lux. It is ideal for monitoring lighting conditions.
Features:

Operating voltage: 3-5V

Measurement range: 1-65,535 lux

Purpose in the Project: Monitors light intensity to assess its effect on the athlete's environment.

Figure 1.6: Close-up of the BH1750 sensor

4. MQ2 Gas Sensor

The MQ2 is a versatile gas sensor designed to detect flammable and combustible gases
such as LPG, methane, propane, hydrogen, smoke, and alcohol fumes. It is widely used in fire

detection systems, gas leak detectors, and air quality monitoring applications.
Features:

Operating voltage: 5V

Detectable gases: LPG, methane, propane, hydrogen, smoke, alcohol fumes

©Daffodil International University



Purpose in the Project: Monitors air quality by detecting the presence of flammable and harmful
gases, contributing to a safer environment for users.

.

=
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Figure 1.7: Close-up of the MQ2 sensor

5. Sound Sensor Module KY038

The sound sensor module detects the intensity of sound in the surrounding environment.

Features:

Operating voltage: 3.3-5V

Adjustable sensitivity with a potentiometer

Purpose in the Project: Measures noise levels to assess whether the environment is suitable for
focus and performance.

Figure 1.8: Close-up of the sound sensor module KY038

6. AD8232 ECG Sensor

The AD8232 ECG module is a cost-effective sensor for monitoring the electrical activity
of the heart. It provides analog output for real-time ECG monitoring.

Features:

Operating voltage: 3.3-5V
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Single-lead ECG measurement

Purpose in the Project: Enables athletes to monitor their heart activity for signs of fatigue, stress,

or other health issues.
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Figure 1.9: Close-up of the AD8232 ECG sensor

7. 16x2 LCD Display (12C)

The 16x2 LCD display with 12C interface is used to display data in a clear and user-friendly
manner. The 12C module reduces the number of pins required for operation.

Features:

Operating voltage: 5V

Display capacity: 2 rows x 16 characters

Purpose in the Project: Displays real-time data from sensors for easy monitoring.

Figure 1.10: Close-up of the 16x2 LCD Display

©Daffodil International University



8. MAX30100 Heart Rate & SpO2 Sensor

The MAX30100 is an integrated optical sensor designed for monitoring heart rate and
peripheral capillary oxygen saturation (SpO2). It combines a photodetector, optical elements, and
an analog-to-digital converter into a compact module, making it ideal for wearable and portable

health-monitoring devices.
Features:

Operating voltage: 1.8-3.3V

Measurement range: Heart rate and SpO2 levels

Purpose in the Project: Monitors heart rate and blood oxygen levels, enabling real-time health

data collection for users.

a
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Figure 1.11: Close-up of the MAX30100 sensor

9. 2S5 BMS 20A

The 2S BMS (Battery Management System) is a circuit designed to manage and protect
two-series lithium-ion battery packs. It ensures safety and longevity by preventing overcharging,

over-discharging, and short circuits.
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Features:

Input voltage: 7.4V (nominal)

Maximum discharge current: 20A

Purpose in the Project: Ensures safe and efficient battery operation, particularly for portable and

outdoor use.

HX-25-D20

Figure 1.12: Close-up of the 2S BMS 20A module

10. 3.7 V Battery

The 3.7V lithium-ion battery is a lightweight and rechargeable power source, ideal for

portable electronic devices and 10T systems.

Features:

Voltage: 3.7V (nominal)

Capacity: Varies based on the selected battery (e.g., 2200mAh, 3000mAh)

Purpose in the Project: Powers the system components, ensuring portability and uninterrupted

operation.

Figure 1.13: Close-up of the 3.7V lithium-ion battery
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11.7805IC

The 7805 is a fixed linear voltage regulator that provides a stable 5V DC output, commonly

used in electronic circuits requiring reliable voltage regulation.
Features:

Input voltage: 7-35V

Output voltage: 5V (x2% tolerance)

Purpose in the Project: Ensures a stable 5V power supply for components such as sensors and

microcontrollers, protecting them from voltage fluctuations.

Figure 1.14: Close-up of the 7805 IC

12. ESP32

The ESP32 is a powerful, open-source microcontroller with integrated Wi-Fi and Bluetooth
capabilities. It serves as the primary processing unit for integrating sensors, managing data, and

connecting to the Blynk platform for IoT functionality
Features:

Operating voltage: 3.3V

Dual-core processor

11
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Built-in Wi-Fi and Bluetooth
34 digital input/output pins (15 PWM)
18 analog input pins

Purpose in the Project: Acts as the central controller for processing sensor data, managing system
operations, and enabling 10T connectivity via the built-in Wi-Fi module for seamless integration

with Blynk.
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Figure 1.15: Close-up of the ESP32 board

13. ESP8266

The ESP8266 is a cost-effective and versatile Wi-Fi module designed for 10T applications.
It features a powerful microcontroller with integrated TCP/IP protocol stack, enabling seamless
communication with Wi-Fi networks. This module is widely used for its compact size, low power

consumption, and ease of programming.
Features:

Operating voltage: 3.3V

Processor: Tensilica L106 32-bit core running at 80MHz or 160MHz

Flash memory: Up to 4MB
Wi-Fi: 802.11 b/g/n with WPA/WPAZ2 security

12
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GPIO pins: Up to 17 (depending on configuration)

Communication protocols: UART, SPI, 12C

Purpose in the Project: The ESP8266 module in this project serve as secondary controllers
dedicated to specific sensor data collection tasks and relaying the processed data to the web server
and reducing load on ESP32. It enhances the system's modularity and provide additional Wi-Fi
connectivity, enabling efficient and distributed processing of environmental and health parameters.
The ESP8266 module ensures smooth and reliable data transfer to the IoT platform.
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Figure 1.16: Close-up of the ESP8266 board

Additional Features

System Integration:

The components are interconnected to create a seamless monitoring device.

Power Supply:

A reliable power source ensures the system functions continuously during outdoor

activities.
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Light Index Sensor Mobile App

Temperature and
Humidity Sensor

Air Pressure Sensors

Oximeter Sensors

Figure 1.17: Block diagram showing the integration of all components

14
©Daffodil International University



1.5 All Sensors used:

Sensor Name and Model Sensor Image

BMP280 (Pressure Sensor)

DHT11 (Temperature &
Humidity Sensor)

BH1750 (Light Intensity Sensor

AD8232 (ECG Sensor)

MQ2 (Air Quality Sensor)

KY038 (Sound Intensity Sensor)

MAX30100 =% -
UIN SCLSDAINT IRD RD GND
® & o ® G) @ Q

Table 1.1: Table of all Sensors
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1.6 Scope of the Project

The project focuses on developing a compact, athlete-friendly loT-based device that measures

environmental and health parameters and displays actionable insights. The scope includes:

e Real-time data collection through sensors.

e Integration of a user-friendly 10T dashboard for data visualization.

e Use of commercially available sensors for reliability and cost-effectiveness.

e Recommendations for athletes based on environmental and health data, emphasizing ease

of use and portability.

This project does not focus on developing new sensors or medical-grade ECG accuracy but

aims to create a functional and reliable prototype.

1.7 Significance of the Study

The proposed loT-enabled monitoring system is highly significant for athletes who train and

compete in various environmental conditions. The system will:

e Enhance decision-making by providing real-time data on whether the environment is
suitable for optimal performance and health.

e Help prevent potential health risks by identifying harmful environmental conditions and
allowing athletes to monitor their heart health.

e Serve as a valuable tool for coaches, trainers, and sports organizations by providing data-
driven insights for scheduling training and competitions.

e Promote overall athlete well-being by encouraging awareness of environmental and health

factors that affect performance.
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1.8 Structure of the Report

The structure of this report is as follows:

Chapter 1: Introduction — Discusses the background, problem statement, objectives, scope, and

significance of the project.

Chapter 2: Literature Review — Examines existing solutions and research related to loT-based

health and environmental monitoring systems.

Chapter 3: Methodology and Methods — Details the design process, hardware components, and
data collection methods.

Chapter 4: Results and Discussion — Presents the findings, evaluates system performance, and

discusses insights derived from the data.

Chapter 5: Project Management — Outlines the planning, resource allocation, and management

processes for the project.

Chapter 6: Impact Assessment of the Project — Evaluates the project's potential impact on

athletes and the sports community.

Chapter 7: Conclusion and Recommendations — Summarizes the project, highlights key

outcomes, and provides recommendations for future improvements.
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CHAPTER 2: LITERATURE REVIEW

2.0 Introduction

The Internet of Things (10T) has changed how we monitor health and the environment. loT
systems use sensors and devices to collect and analyze data in real time, helping people make
better decisions for their health and safety. These systems are becoming more popular because
they provide quick updates and allow users to take preventive actions. This section looks at
previous research on loT-based systems for health and environmental monitoring, highlighting

key advancements, examples, and challenges.

2.1. Related Research Works:

Author & year Title Findings

July 2023 loT-Based  Air  Quality | The paper uses 10T sensors for

Hemanth Karnati Monitoring  System  with | real-time data collection on air
Machine Learning for | quality

Accurate and Real-time Data

Md. Al-Masrur Khan

Analysis

11 October 2022 loT-Based Healthcare- | It highlights the potential of
Suliman Abdulmalek Monitoring System towards | 10T technologies in enabling
Abdul Nasir Improving Quality of Life: A | real-time, remote  health
Waheb A. Jabbar Review monitoring and helps us to
Mukarram understand the connection
A.M. Almuhaya with Blynk mobile
Anupam Kumar Bairagi application.

©Daffodil International University
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April 21,2017
Snehal R. Shinde;
Karode; S. R. Suralkar

A. H.

Review on-l1oT Based
environmental monitoring
system

It works on Environmental
Monitoring, Real-time Data
Air  Quality

Monitoring & Temperature

Collection,

and Humidity Monitoring

April 15, 2024 Advances in real time smart | It highlights that loT and
T. Lakshmi Narayanaa, C. | monitoring of environmental SENsor mtggratlon enat_)les
comprehensive real-time
Venkateshb,Ajmeera Kiranc, | parameters using loT and | environmental  monitoring,
Chinna Babu Jb ,Adarsh | sensors, enhanges data accuracy and
analysis, incorporates
Kumard, Surbhi Bhatia machine learning for
predictive  insights, and
improves environmental

management practices.
31 May 2020 Advances in Smart | Emphasize that IoT and sensor
Silvia Liberata Ullo and G. R. | Environment Monitoring | integration enhances real-time
Sinha Systems Using loT and | monitoring of environmental
Sensors. parameters, improves sensor

accuracy, and incorporates
machine learning for adaptive
and predictive environmental

management.

2019
M. S. Islam, M. S. Hossain,
and M. A. H. Akhand

Development of a Low-Cost
Weather Monitoring System
Using ESP8266 and Multiple

Sensors

This paper presents a weather
monitoring system using the

ESP8266 microcontroller

with sensors like DHT11
(temperature, humidity),
BMP280  (pressure), and

BH1750 (light intensity) to

collect and transmit

environmental data to a cloud

©Daffodil International University
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server for real-time

monitoring.

2020
A. Gupta and R. Kumar

loT-Based  Air  Quality
Monitoring System  Using

MQ135 and ESP32

The authors developed an air
quality monitoring
the

system
ESP32

microcontroller and MQ135

using

sensor to measure CO2 and
transmit data to a cloud
real-time

platform for

assessment.

2021
S. Patel and D. Shah

Design and Implementation of
a Battery Management

System for 2S Li-lon Batteries

This study designs a Battery
Management System (BMS)
lithium-ion

for 2-series

batteries, ensuring balanced

charging, discharging, and
improved safety.
2018 Efficient Voltage Regulation | The paper discusses the
J. Lee and H. Kim Using the 7805 Voltage | application of the 7805

Regulator in  Embedded

Systems

voltage
embedded

emphasizing its

regulator IC in
systems,
role in
providing a stable 5V output
various

for components,

ensuring system reliability.

Jeffrey Yu (Approximately
8.4 years ago)

ESP8266

Temperature

With  DHT11
Humidity

Monitor

This project guide explains
how to use the ESP8266
microcontroller witha DHT11
sensor to monitor temperature
and humidity, with data

accessible over the internet.
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Rui  Santos (Date not | ESP32 with BH1750 Ambient | This tutorial provides
specified) Light Sensor instructions on how to
interface the BH1750 ambient
light sensor with an ESP32 to

measure luminosity in lux.

lan (Date not specified) Battery Powered ESP8266 | This project demonstrates
Temperature/Humidity how to build a battery-
Monitor with DHT11 powered temperature and

humidity monitor using an
ESP8266 and DHT11 sensor.

Table 2.1: Table of related works

2.2. Summary:

The integration of 10T technology with sensors is rapidly transforming both healthcare and
environmental monitoring, offering more efficient, accurate, and real-time data collection and
analysis. In the healthcare sector, loT-based systems, especially wearable devices, enable
continuous health monitoring and facilitate early diagnosis of diseases. These systems are
instrumental in managing chronic conditions and providing remote healthcare services, thus
improving patient outcomes and quality of life. With the ability to track vital signs such as heart
rate. The combination of IoT with cloud platforms and mobile applications further enhances
accessibility, enabling healthcare providers to monitor patients remotely and offer personalized
care.

In environmental monitoring, loT-based systems are used to track a wide range of
parameters such as air quality, temperature, humidity. These systems provide real-time data,
enabling quick responses to environmental changes, early warnings about potential hazards, and
more informed decision-making. For instance, air quality monitoring systems integrated with
machine learning can predict pollution trends, offering actionable insights for reducing pollution
and mitigating health risks. The paper emphasizes that as 10T technologies advance, they are
becoming increasingly crucial in addressing global challenges like climate change, pollution, and

resource depletion. Sensors are key components in IoT systems, collecting real-time data from

21
©Daffodil International University



both the environment and the human body. In healthcare, sensors are used in wearable devices to
monitor vital signs like heart rate, temperature, enabling continuous health tracking and early
detection of health issues. In environmental monitoring, sensors measure factors such as air
quality, temperature and humidity helping to detect pollution and environmental changes. These
sensors send data to 10T platforms for analysis, supporting proactive decision-making, enhancing

safety, and improving overall quality of life in applications like smart homes and cities.
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CHAPTER 3: PROJECT MANAGEMENT

3.0. Project Scope

This project aims to create an loT-enabled Health and Environment Monitoring System for
athletes. The device will help them stay safe and improve their performance by checking health

and environmental conditions in real time.
The system will include:

1. Environmental Monitoring:
e Sensors to measure things like temperature, humidity, air quality, light, noise, and air

pressure.

2. Health Monitoring:
e An ECG feature to help athletes check their heart health.

3. Data Display:
e A simple dashboard to show real-time data.
e Suggestions to tell if the environment is good for sports.
e The goal is to make a portable, easy-to-use, and reliable device that combines all these
features.

3.1. Tasks:

1. Requirement Analysis:
e Decide what environmental and health data to monitor, such as temperature, humidity, air
quality, Heart BPM, SpO> and heart health (ECG).
e Find the right sensors and IoT tools to use in the project.
2. Designing the System:
e Plan how to fit all sensors and components into a portable device.

e Connect the software needed to collect, process, and display the data.
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3. Building the Device:
e Attach sensors to measure health and environmental factors.
e Add an ECG feature for checking basic heart health.
4. Creating the Dashboard:
e Build a simple and easy-to-use dashboard that shows real-time data.
5. Testing the System:
e Check that all sensors work accurately and the ECG gives correct readings.

e Test the dashboard to make sure it is easy to use and understand.

3.2 Schedule and Milestones:

Week 1: Understand what’s needed and finalize the design.
Week 2: Build the system's hardware and software.
Week 3: Assemble and test the device for accuracy.

Week 4: Launch the system, make final improvements, and get user feedback.
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3.3 Component Costs:

Component Cost (BDT) Quantity Total
Cost
MAS30100 Heart Bate & Sp02 Senzor 300 1 300
DHT11 Temperature & Humidity Sensor 130 1 130
EMPI80 Pressure Sensor 150 1 150
BHI1730 Light Intensity Sensor 430 1 450
M2 Gas Sensor 150 1 150
Sound Sensor Module KY038 TO0 1 700
ADS232 ECG Sensor 570 1 510
16x2 LCD Display 240 1 240
ESP32 470 1 470
ESPa246 320 1 320
Wiras 2 10 200
Breadboard 130 2 260
Switch a0 1 20
Battery Holder &0 1 a0
Battery Charger 120 1 20
23 BMS 20A 20 1 20
3.7V Li-ion Battery 20 2 160
UZE min-B-type a0 1 20
IC 7805 23 1 23
Glue gum 120 1 120
Glue stick 10 2 20
PVC Board 300 1 300
Ant-Cutter 20 1 20

Grand Total 3165

Table 3.1: Component Costs Table

3.4 Lessons Learned:

During the project, some key lessons were learned:
e Choosing Sensors:

It’s important to pick high-quality and suitable sensors to get accurate and reliable data.

e Combining Parts:
Putting together hardware and software took extra time and testing to make everything

work smoothly.
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e User-Friendly Design:

Athletes preferred a simple and clear dashboard, which made the system easier to use.

e Real-Time Data:
Processing data quickly on a small, portable device was challenging and required

efficient coding.

e Time Management:
Extra time was needed to handle unexpected issues, like fixing faulty parts or software

bugs.

e Teamwork:
We divided our work and take some help from different fields also we obtained reference

value from internet.
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CHAPTER 4: METHODOLOGY AND METHODS

4.0 Introduction

This chapter describes the step-by-step approach used in the development of the IoT-
enabled Health and Environment Monitoring System. It includes the system design, hardware
integration, software implementation, data processing techniques, and the communication

framework.

4.1 System Overview

The loT-enabled Health and Environment Monitoring System is designed to monitor
environmental parameters and basic health metrics to support athletes in making informed
decisions about their performance and well-being. The system collects, processes, and transmits

data through a combination of sensors, microcontrollers, and 10T technologies in real time.

4.2 Hardware Design

The hardware design involves integrating various sensors with the ESP 32 microcontroller with
a built-in Wi-Fi module known for its 10T functionality. The system includes the following key

steps:

1. Component Selection
e Sensors were chosen based on their ability to accurately monitor environmental and health

parameters.

2. Circuit Design
e Acircuit diagram was created to map the connections between sensors, the microcontroller,
and the display.

e Power supply considerations were made to ensure stable operation of all components.
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3. Sensor Integration
Sensors like the DHT11, BMP280, MQ2, BH1750, and AD8232 were connected to the

ESP 32 for data acquisition.
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Figure 4.1: Circuit diagram

The MAX30100 sensor was connected to the ESP8266 for data acquisition
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The LCD display was connected using an 12C module to minimize wiring complexity.

4. Wi-Fi Connectivity

M1

The ESP32 and ESP8266 microcontrollers are inherently capable of wireless data

transmission to an loT platform.
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Figure 4.2: Completed working circuit

4.3 Software Development

The software implementation involves programming the ESP 32 and ESP8266 to collect

and process data from the sensors and transmit it via Wi-Fi. The key steps include:

1. Programming Environment

e The Arduino IDE was used for writing and uploading code to the ESP 32 and ESP8266.

2. Sensor Calibration
e Each sensor was calibrated using its respective library and tested for accuracy.

e Threshold values were set for environmental parameters to determine ideal, acceptable,
and hazardous conditions.
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3. Data Processing
e Sensor readings were processed to provide meaningful insights. For example:
o Air quality was assessed based on gas concentration levels from the MQ2 sensor.
o Altitude was calculated using pressure data from the BMP280 sensor.
o BPM and SpO:were calculated using data from the MAX30100 sensor

e Real-time ECG waveforms were plotted using the AD8232 sensor data.

4. 10T Integration
e The ESP 32 and ESP8266°s built in Wi-fi module was interfaced to connect to the Internet.

e The Blynk app was used to visualize data remotely.

5. Display Output

e The 16x2 LCD was programmed to display real-time sensor readings locally.

Connect to WiFi

False

Connection
successfull

Get reading from the
sensors every 5
minutes

y

Send sensors reading
to the server

Figure 4.3: Flowchart of the software logic
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Figure 4.4: Screenshot of Arduino IDE code

4.4 10T Framework

The system utilizes 10T technology for real-time remote monitoring. Key steps include:

1. Wi-Fi Configuration
e The ESP 32 and ESP8266 were programmed with the network SSID and password.

e A secure connection to the cloud was established.

2. Cloud Integration
e Sensor data was uploaded to the cloud at regular intervals using MQTT or HTTP protocols.

e Blynk, an loT platform, was configured for visualization and alerts.
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3. Data Visualization
e The Blynk app provided a user-friendly interface for athletes to monitor environmental and

health metrics on their smartphones or computers.
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Figure 4.5: Screenshot of the Blynk app showing sensor data

4.5 Testing and Validation

After hardware and software integration, the system underwent rigorous testing to ensure

reliability and accuracy.
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1. Component Testing

e Each sensor was tested individually to verify its functionality.

2. System Testing
e The entire system was tested under various environmental conditions to validate sensor
readings.
e Simulated scenarios (e.g., pollution, high noise levels) were created to ensure the system
provided accurate alerts.

3. User Feedback
e Athletes tested the system to assess its usability and effectiveness. Their feedback was used

to refine the design.

4.6 Summary of Methodology

The methodology ensures a systematic approach to designing, developing, and deploying
the loT-enabled Health and Environment Monitoring System. It combines robust hardware
integration with efficient software development and IoT connectivity to deliver reliable and user-
friendly performance.
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CHAPTER 5: RESULTS AND DISCUSSION

5.0 Introduction

This chapter presents the results obtained from the loT-enabled Health and Environment
Monitoring System and provides an in-depth discussion on the findings. The system was designed
to monitor various environmental parameters such as temperature, humidity, light intensity, sound,
air quality, air pressure, and altitude, alongside basic health metrics like ECG. The data collected
was analyzed to assess the system's performance in real-world scenarios and its effectiveness in

aiding athletes in making informed decisions regarding their health and environment.

5.1 Environmental Parameter Measurements:

The system successfully captured environmental data, and the following sections detail the

performance of each sensor involved:

Temperature and Humidity (DHT11):
The DHT11 sensor provided temperature and humidity readings that were consistent with
environmental conditions during testing. The sensor showed reliable performance within its

specified operating range.

Figure 5.1: Temperature and Humidity Output

Air Pressure (BMP280):
The BMP280 sensor accurately measures atmospheric pressure. During the testing period,
pressure readings were validated against standard altimeter devices, with minimal deviation

observed.
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Figure 5.2: Air Pressure

Light Intensity (BH1750):
Light intensity measurements were taken in different lighting environments, ranging from

bright outdoor conditions to low-light indoor scenarios. The BH1750 sensor performed well in
detecting changes in light intensity, with readings correlating with the brightness in the

environment.
Uﬁmvons.w.s'm'm‘m‘mm D6 DODY A K = - :
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Figure 5.3: Light Intensity

Sound Levels (Sound Sensor Module):
The sound sensor module detected noise levels across various environments. The data was

found to be sensitive to changes in surrounding noise, including background chatter and high

decibel events like traffic.

Sound: 458

Figure 5.4: Sound Level
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Air Quality (MQ2 Gas Sensor):

The MQ2 sensor provided data on air quality, detecting pollutants such as CO2 and volatile
organic compounds (VOCSs). Air quality was found to fluctuate based on location and external
conditions, with the system performing well in identifying poor air quality environments.
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Figure 5.5: Air Quality
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5.2 Health Parameter Measurements:

In addition to environmental readings, the system also included health monitoring features,

with the ECG sensor offering valuable data for health assessment.

ECG Measurements (AD8232):

The AD8232 ECG sensor was tested to measure heart rate and signal clarity. The ECG data
showed consistent waveform patterns, and the system accurately detected heartbeats in real-time.
The readings were validated against medical-grade ECG equipment, confirming the sensor's

effectiveness for basic health monitoring.

Figure 5.6: Subject wearing ECG electrodes
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Figure 5.7: ECG waveform graph

Heart Rate and Blood Oxygen Saturation (MAX30100):

The MAX30100 sensor was used for measuring heart rate (BPM) and blood oxygen saturation
(SpO2). The sensor demonstrated consistent performance during testing, providing accurate
readings under various conditions.

e Heart Rate (BPM): Measurements were taken during both relaxed and physically active
states. The system detected changes in heart rate promptly, with results correlating
closely to a standard pulse oximeter.

e Blood Oxygen Saturation (SpO2): The sensor effectively measured SpO2 levels, with
readings within a £2% margin of error compared to a standard medical device.

The integration of the MAX30100 sensor highlights the system's capability to monitor essential
health parameters for real-time applications.
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Figure 5.9: SpO2 measurement.

5.3 System Performance and Accuracy

Overall, the system demonstrated reliable performance in capturing and transmitting data.
The integration of sensors with the ESP 32 microcontroller allowed real-time monitoring, and the
loT framework facilitated remote access to data through the Blynk app. Below are the key

performance observations:
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Data Transmission and Connectivity
The ESP 32’s built-in Wi-Fi module ensured stable data transmission to the cloud, with
minimal delays. The Blynk app displayed real-time data accurately, and notifications were sent for

abnormal environmental or health readings.
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Figure 5.10: Blynk app screen showing sensor data

Accuracy of Measurements:
All sensors performed within their specified tolerance levels, with the minor deviations in
readings attributed to external factors such as extreme temperatures or humidity. Calibration and

testing were essential for minimizing errors in the readings.

5.4 Discussion:

The results of this project validate the loT-enabled Health and Environment Monitoring
System as an effective tool for athletes to assess their environment and health before and during
physical activities. The integration of environmental sensors with real-time health monitoring not

only enhances athlete performance but also contributes to their overall well-being.
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Real-time Monitoring and Feedback:

The system enables athletes to make informed decisions based on real-time environmental
and health data, ensuring they can avoid harmful conditions that could hinder their performance
or health.

User-Friendly Interface:
The Blynk app provides an intuitive platform for monitoring sensor data, making it easy

for athletes to track environmental conditions on the go.

Accuracy and Reliability:

The sensors performed reliably in different environments, with the ECG sensor providing
accurate health data and the environmental sensors capturing key parameters such as air quality
and humidity.

However, some challenges remain, such as ensuring the long-term reliability of the sensors
in extreme weather conditions and improving the calibration process to minimize errors in specific

readings.
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CHAPTER 6: IMPACT ASSESSMENT OF THE PROJECT

6.0 Introduction

The loT-enabled Health and Environment Monitoring System is designed to bring
meaningful improvements to health, safety, and environmental awareness. It merges health
tracking and environmental monitoring into a single, smart system, addressing various real-world

challenges.

6.1. Enhancing Health and Safety:

This system enables real-time tracking of critical health and environmental parameters,
ensuring users can make proactive decisions:

e For Individuals: With features like ECG monitoring, users can check their heart health

anytime and act early to prevent health risks.

e For Athletes: It helps athletes identify safe conditions for optimal performance while

avoiding harmful environments.

6.2. Real-Time Environmental Monitoring:

By measuring parameters like air quality, temperature, humidity, noise levels, and more,
this system creates heightened environmental awareness:

e Avoiding Risks: Users can identify hazardous environments, such as areas with high

pollution or excessive heat, and adjust their activities accordingly.

e Wider Benefits: Communities can use this technology to track local environmental

conditions and advocate for cleaner, healthier spaces.

6.3. Smarter Decision-Making:

The system provides actionable insights through its 10T dashboard:
e Itallows users to decide when and where to carry out physical activities based on real-time

environmental and health data.
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For outdoor workers or travelers, it ensures they can avoid unsafe conditions and plan more

effectively.

6.4. Promoting Environmental Sustainability:

This project fosters awareness and sustainable practices:

By educating users on air quality, noise pollution, and other factors, it encourages
behaviors that reduce their environmental footprint.
On a larger scale, data collected from the system can inform policymakers and researchers,

contributing to pollution control and environmental conservation efforts.

6.5. Bridging Technology and Everyday L.ife:

This system shows how advanced technology can easily fit into daily life:

Easy to Use: The device is portable and simple to operate, making it suitable for everyone,

even those without technical knowledge.

Combining Features: By bringing health tracking and environmental monitoring together,

it provides a practical, all-in-one solution that can help people in their everyday routines.

Innovation for Everyone: It makes cutting-edge 10T technology accessible and useful for

individuals, not just for experts or organizations.

6.6. Contribution to Research and Development:

This project serves as a foundation for further advancements:

It encourages interdisciplinary research by merging loT, environmental monitoring, and
healthcare.
Data collected by the system can contribute to studies in public health, climate monitoring,

and urban planning.

6.7. Economic Benefits:

The system provides both individual and organizational advantages:
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e Preventive Health: Early detection of health risks reduces the need for costly medical

treatments.

e Work Efficiency: Outdoor workers and athletes can improve productivity by operating in

optimal conditions.

6.8. Impact on the Environment:

The integration of environmental sensors into the system allows users to better understand
their surroundings, contributing to improved environmental awareness. The data from sensors such
as the MQ2 gas sensor, which monitors air pollution, and the BH1750 light sensor, which tracks
light intensity, can highlight areas where environmental conditions are suboptimal. Such
information can encourage local communities, athletes, and organizations to take action toward
improving air quality, reducing noise pollution, and promoting better overall environmental

practices.

6.9. Technological Impact:

This project contributes to the growing field of 10T applications by demonstrating the
practical use of sensor fusion for health and environmental monitoring. The combination of
multiple sensors into a unified system offers an innovative approach to providing real-time
feedback. Additionally, this project paves the way for further development in loT-based wearable
devices, which could be used not just for athletes, but also for people with chronic conditions or

those in high-risk environments.

6.10. Summary of Impact Assessment:

The loT-enabled Health and Environment Monitoring System is poised to have a
significant and multifaceted impact on health, safety, and environmental awareness. The project
not only contributes to enhancing athletic performance and ensuring athlete safety but also plays
a role in public health, environmental sustainability, and technological innovation. By providing
real-time monitoring and data-driven insights, the system empowers individuals and communities
to make informed decisions about their health and surroundings, leading to improved outcomes on

both personal and societal levels.
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CHAPTER 7: CONCLUSIONS AND RECOMMENDATIONS

7.0 Conclusion:

The loT-enabled Health and Environment Monitoring System represents a significant
advancement in both health technology and environmental monitoring. By integrating various
sensors—such as the DHT11, BMP280, BH1750, MQ2, KY038 Sound Sensor, MAX30100, and
ECG sensor—into a single platform, this system allows for real-time monitoring of critical health
and environmental factors that directly impact athletic performance and general well-being.
Through its use of the ESP8266 and ESP32’s built-in Wi-Fi module, the system enables remote
access and real-time data analysis, making it a powerful tool for athletes, coaches, and individuals

who wish to track their environment and health status.

The findings from this project have highlighted the potential of combining IoT technology
with health and environmental sensors to provide valuable insights into environmental conditions,
helping athletes make informed decisions about their training, performance, and safety. By
measuring critical environmental factors such as temperature, humidity, air quality, and light
intensity, and by providing health insights through Heart BPM, SpO., and ECG monitoring, this
system enhances an athlete’s ability to optimize performance and maintain safety. Additionally,
the real-time feedback provided by this system ensures that athletes can take immediate actions to

mitigate risks associated with adverse environmental conditions or health concerns.

The project has shown that integrating 10T into health and environmental monitoring
systems can serve as a valuable tool not only for athletes but also for broader public health and
environmental awareness. Furthermore, the system can be scaled for various applications beyond
sports, such as for general health monitoring, public health campaigns, or environmental

assessments.
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7.1 Recommendations:

While the loT-enabled Health and Environment Monitoring System has shown promising
results, there are several areas in which the system could be improved and expanded. Below are
some key recommendations for future development and deployment of this project:

7.1.1 Enhanced Sensor Accuracy and Calibration:
While the sensors used in this project provided useful data, there is room for improving

their accuracy and calibration. In future versions, more precise sensors could be incorporated to
measure parameters such as air quality, heart rate variability, or light intensity with greater
accuracy. Ensuring proper calibration of sensors for different environments will help in achieving

better data quality.

7.1.2 Mobile Application Integration:
To increase the accessibility and convenience of the system, it is recommended that the

data collected by the monitoring system be integrated with a mobile application. This would allow
athletes or users to view their health and environmental data on their smartphones, receive real-
time alerts, and track long-term trends in performance and environmental conditions. The app
could also include features for health recommendations and performance analytics based on

collected data.

7.1.3 Data Analytics and Machine Learning:
Incorporating data analytics and machine learning algorithms could greatly enhance the

system’s capability. By analyzing long-term data, the system could provide personalized
recommendations for athletes on optimal training schedules, nutrition, and rest. Additionally,
machine learning could be used to predict adverse health or environmental conditions based on

historical data, providing users with early warnings of potential risks.
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7.1.4 Expansion to Other Health Parameters:
Future developments could include the integration of additional health monitoring sensors,

such as those for blood glucose levels, or even sweat composition analysis. This would further
enhance the system's ability to monitor athletes' health comprehensively and provide them with

more detailed information about their physiological condition during exercise.

7.1.5 Integration with Wearable Devices:
Integrating the system with wearable devices, such as smartwatches or fitness trackers,

would allow for continuous health monitoring, even when athletes are on the move. Wearables
could measure parameters like heart rate, calories burned, or even GPS data, which could be linked
to the loT-enabled system for more holistic tracking of an athlete's health and performance during

training or competition.

7.1.6 Environmental Impact and Sustainability:
In terms of environmental impact, future versions of the system could focus on improving

energy efficiency. Incorporating solar panels or low-power design strategies could make the
system more sustainable, especially if it is deployed in outdoor or remote environments.
Furthermore, expanding the system to monitor additional environmental factors such as soil
moisture or pollen levels could make it more useful for a broader range of environmental

monitoring applications.

7.1.7 Collaborative Use in Public Health Initiatives:
Given the data’s potential to improve public health, collaboration with public health

organizations, sports federations, or governmental bodies could be an effective way to expand the
system’s use. Governments could deploy this system in parks, sports complexes, and urban areas
to monitor air quality, noise levels, and environmental conditions, contributing to the improvement

of public health standards.
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7.2 Final Thoughts:

In conclusion, the loT-enabled Health and Environment Monitoring System represents a
significant leap forward in the intersection of health and technology. The ability to monitor and
analyze environmental factors alongside health parameters in real-time provides a comprehensive
tool that can enhance the safety, performance, and well-being of athletes and the general public.
Moving forward, further enhancements in sensor accuracy, data analytics, and integration with
wearable technologies will make the system even more robust and impactful in the health and

environmental sectors.
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APPENDIX B: COMPLEX ENGINEERING PROBLEM SOLVING AND
ENGINEERING ACTIVITIES

Program
Outcomes (P)

Attributes

Statement from students

Depth of knowledge

The project’s depth of knowledge includes IoT systems,

Outcomes (A)

P1 . sensor technologies, environmental and health
required .
monitoring, and embedded systems.
The project’s depth of analysis involves thorough data
P3 Depth of analysis|examination from sensors (e.g., temperature, humidity,
required ECG, air quality) to ensure accurate results for athletes'
performance conditions.
The project’s interdependence reflects the integration of]
p7 Interdependence hardware (e.g., sensors, dlsplay_, mlcrocontroll_er) and
software (e.g., data transmission, analysis) for
comprehensive results.
Assessment Attributes Statement from students

The project’s range of resources includes sensors

environment

Al Range of resources ||(temperature, humidity, ECG, etc.), microcontrollers
(ESP 32), and software tools (Arduino IDE).
The project’s consequences for society and the
Al S&?Zf;uences afr?(; environment address athletes” well-being by monitoring

health and environmental conditions in real time,
positively impacting public health and awareness.
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APPENDIX C: CODING USED

ESP32 CODE:

#define BLYNK_TEMPLATE_ID "TMPL6i4HWYEX-"
#define BLYNK_TEMPLATE_NAME "loT based Health and Environment Monitoring System™
#define BLYNK_AUTH_TOKEN "ynaGXXj546hTyoNa5n0Sm_nhHsUVkObf"

#include <Wire.h>

#include <Adafruit_Sensor.h>
#include <Adafruit_ BMP280.h>
#include <BH1750.h>

#include <DHT.h>

#include <LiquidCrystal_12C.h>
#include <BlynkSimpleEsp32.h>

/I Define pins and sensor types

#define DHTPIN 27

#define DHTTYPE DHT11

#define SOUND_SENSOR_PIN 32 // Analog pin for LM393
#define MQ135_PIN 34 /I Analog pin for MQ135
#define ECG_PIN 35 /I Analog pin for AD8232

// Initialize sensors

BH1750 lightMeter;

Adafruit_ BMP280 bmp;

DHT dht(DHTPIN, DHTTYPE);

LiquidCrystal_12C lcd(0x27, 16, 2); // Adjust 12C address if necessary

/I Blynk token

char auth[] = BLYNK_AUTH_TOKEN;
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char ssid[] = "OPPO A15";
char pass[] = "12345678";

void setup() {
/I Initialize serial communication

Serial.begin(115200);

Il Initialize LCD
Icd.begin();
Icd.backlight();
Icd.print("Initializing...");

/I Initialize Blynk
Blynk.begin(auth, ssid, pass);

/I Initialize sensors
if (bomp.begin(0x76)) {

Serial.printin("BMP280 initialized");

}else {
Serial.printin("BMP280 not found");

Icd.print("BMP280 Error");
¥

if (lightMeter.begin()) {
Serial.printin("BH1750 initialized");
}else {
Serial.printin("BH1750 not found");
Icd.print("BH1750 Error");
while (2);
}
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dht.begin();
Icd.clear();

ky

void loop() {
Blynk.run();

/l Read BH1750 Light Sensor
int lux = lightMeter.readLightLevel();
Blynk.virtualWrite(\VVO, lux);

/I Read Sound Sensor (LM393)
int soundValue = analogRead(SOUND_SENSOR_PIN);

float soundDb = (soundValue / 4095.0) * 100.0; // Scale to 0-100 dB

Blynk.virtualWrite(V1, soundDb);

I/l Read Temperature and Pressure from BMP280

float temperature = bmp.readTemperature();

float pressure = bmp.readPressure() / 100.0F; // Convert to hPa
Blynk.virtualWrite(V2, temperature);

Blynk.virtualWrite(V3, pressure);

/l Read DHT11 Temperature and Humidity
int dhtTemp = dht.readTemperature();

int humidity = dht.readHumidity();
Blynk.virtualWrite(V4, dhtTemp);

Blynk.virtualWrite(V5, humidity);
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/l Read MQ135 Gas Sensor
int mg135Value = analogRead(MQ135_PIN);
int gasPpm = (mg135Value / 4095.0) * 500.0; // Scale to 0-500 ppm

Blynk.virtualWrite(V6, gasPpm);

/I Read ECG Sensor (AD8232)
int ecgValue = analogRead(ECG_PIN);
Blynk.virtualWrite(V7, ecgValue);

// Display data on LCD
Icd.setCursor(0, 0);
Icd.print("Lux:");
Icd.print(lux);
Icd.setCursor(7, 0);
Icd.print("Gas:");
Icd.print(gasPpm);
Icd.print("ppm");
Icd.setCursor(0, 1);
Icd.print("Hum:");
Icd.print(humidity);
Icd.print("%");
Icd.setCursor(8, 1);
Icd.print("Temp:");
Icd.print(dhtTemp);
Icd.print("C");

delay(1000);
}
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ESP8266 CODE:

#include <Wire.h>

#include "MAX30100_PulseOximeter.h"
#include <ESP8266WiFi.h>

#include <BlynkSimpleEsp8266.h>

#define REPORTING_PERIOD_MS 1000

BlynkTimer timer;

PulseOximeter pox;

char auth[] = "ynaGXXj546hTyoNa5n0Sm_nhHsUVKkODbf";
char ssid[] = "OPPO A15";

char pass[] = "12345678";

uint32_t tsLastReport = 0;

I Callback (registered below) fired when a pulse is detected
void onBeatDetected()

{
Serial.printIn("Beat!");

void setup()
{ Blynk.begin(auth, ssid, pass, "blynk.cloud"”, 80);
Serial.begin(9600);
timer.setInterval(75L, getSendDatal);
Serial.print("Initializing pulse oximeter..");
if (Ipox.begin()) {
Serial.printin("FAILED");
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for(;;);
}else {
Serial.printin("SUCCESS");

}
pox.setOnBeatDetectedCallback(onBeatDetected);

void loop()
{
Blynk.run(); // Make sure to call update as fast as possible

timer.run();

}

void getSendDatal()

{ pox.update();

int bp= pox.getHeartRate();

int sp= pox.getSp02();
if (millis() - tsLastReport > REPORTING_PERIOD_MS) {

Serial.print("Heart rate:");
Serial.print(pox.getHeartRate());
Serial.print("bpm / Sp0O2:");
Serial.print(pox.getSp02());
Serial.printIn("%");

Blynk.virtualWrite(V9, pox.getSpO2());
Blynk.virtualWrite(\V8,bp);

tsLastReport = millis();
}l

59
©Daffodil International University



