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Abstract:
Wi t h  t h e  d e v e l o p m e n t  o f  c h e a p  a n d  p o w e r f u l 
microcontrollers and sensors it has become possible to 
track human activity non-invasively and discreetly. This 
has led to a revolution in tracking activity for health 
monitoring, achieving exercise goals, or sports performance 
analysis. This has developed into to a multimillion-pound 
industry with many applications. So I want to make an 
exercise watch that can monitor the wearer’s physical 
signs to prevent people from going into a dangerous state 
because of exercise. This project successfully developed 
a prototype of a biometric tracking system for health and 
fitness monitoring. The system is capable of monitoring 
heart rate, exercise, and other biometric features in real 
time, and the Mbed prototype system integrates sensor 
data acquisition, processing algorithms, and a user-friendly 
interface to accurately capture and display data.

Keywords: microcontrollers; sensors; biometric tracking 
system

1. Introduction
Physical measurement tracking systems play a vital 
role in monitoring the health and well-being of in-
dividuals and provide valuable information for their 
physical health [1].By accurately measuring param-
eters such as heart rate, movement and other biomet-
rics, these systems enable users to see their progress 
in real time and set fitness goals as appropriate and 
make scientific and appropriate decisions about their 
lifestyle choices. The development of this kind of 
system needs many kinds of methods, including 
integrated hardware design, sensor technology, soft-
ware development and user interface design [2]. The 
project aims to develop a biometric tracking system 

for health and fitness monitoring, inspired by com-
mercial devices such as Fitbit [3], Samsung Gear and 
Garmin trackers. The main goal is to create a system 
that can monitor key biological signs, such as heart 
rate, exercise, and custom physical data, including 
hardware and software components, and a user inter-
face to display information to the user to more intu-
itive display of physical conditions. The aim of the 
project is to design, implement and test a biometric 
tracking system capable of monitoring key health in-
dicators in real time [4]. The expected results include 
the functionality of the biometric tracking system 
and documentation detailing the product’s design 
ideas, development process, hardware components, 
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software implementation, and test procedures. By utilizing 
the Mbed system, the product is collecting raw data from 
a variety of sensors, processing it with the appropriate al-
gorithms [5], and providing users with meaningful infor-
mation through a clear and intuitive interface.

2. Sensor System Development

2.1 Selection and Development Process of Bio-
metric Sensors
Initially, the types of biometric sensors available were 
identified to determine the appropriate selection for the 
project [6]. Sensor selection criteria include accuracy, re-
liability, power consumption, and ease of integration with 
the selected hardware platform (Mbed) [7]. After careful 
consideration, article chose pulse sensors, temperature 
sensors, and accelerometers as the main biometric sensors 
for the system. To determine the most appropriate solution 
for the project. article have conducted extensive research 
to assess the level of sensor performance. article consulted 
the published literature, data tables and other resources to 
collect information on the accuracy of the sensor, response 
time, resolution and signal-to-noise ratio. Based on these 
parameters article was able to compare the level of sensor 
performance.

2.2 Construction Process and Principal Intro-
duction of the Pulse Sensor
The pulse sensor is constructed according to the schemat-
ic diagram and design principle. The sensor consists of an 
infrared (IR) LED and a photodetector, which are placed 
relatively to detect changes in blood volume. The idea is 
that when a blood pulse passes through an artery, it ab-
sorbs different amounts of infrared light, and then causes 
fluctuations in the detection signal, and the sensor circuit 
amplifies and filters those fluctuations to extract the pulse 
signal, and then through the temperature sensor and accel-
erometer system.

3. Hardware System Implementation

3.1 Design and Selection of the Mbed Prototyp-
ing System
Choosing a good development platform is important. ar-

ticle chose Mbed because of its versatility, compatibility 
with a variety of sensors and peripherals, and ease of use. 
Mbed’s robust development environment and extensive 
documentation led me to decide to use it as a development 
platform.

3.2 Description of Hardware Architecture De-
sign and Assembly Process
The hardware architecture consists of a Mbed micro-
controller, biometric sensors (pulse sensors, temperature 
sensors, accelerometers), and supporting components (re-
sistors, capacitors, etc.). To ensure proper signal routing 
and power distribution, these components are connected 
according to the provided circuit diagram. Assembly in-
volves soldering components to a prototype board, and to 
optimize performance and reduce interference, article pay 
careful attention to sensor placement and orientation and 
follow best practices for layout and connection integrity.

3.3 Circuit Diagrams, Photos, and Screenshots 
Demonstrating Hardware Implementation and 
Testing
The circuit diagram, created using schematic capture soft-
ware, shows the connection between the component and 
the Mbed microcontroller. Photographs are taken through-
out the assembly process to record component placement, 
welded joints, and system configuration. To verify func-
tionality and troubleshoot problems, we took oscilloscope 
readings during hardware testing.

3.4 Functional Testing and Performance Evalu-
ation of the Hardware System
Functional testing involves verifying the operation of each 
sensor and subsystem separately and testing their integra-
tion across the system. Performance evaluation focuses on 
the accuracy of the sensor, response time and noise levels 
under various operating conditions. In order to evaluate 
whether the hardware system can capture and process 
biometric data accurately and reliably, article simulated a 
real-world scenario and finally compared the test results 
with the expected results and design specifications to find 
areas for improvement. Fig. 1 is the final physical image, 
as shown below.
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Fig. 1 Product physical drawings

4. Software System Implementation

4.1 Selection of Development Environment and 
Tools for Software Development
In preparing the software, article carefully considered the 
development environment and tools to ensure compati-
bility with the Mbed prototype system. After a thorough 
evaluation, article chose Mbed Studio and Mbed as the 
online compilers because they are powerful and easy to 
use. These tools facilitate my coding and compilation and 
provide full support for the Mbed platform. In order to 
ensure the efficient development of software components 
and underlying hardware, article also used Mbed library 
and API to simplify the hardware peripheral interface and 
system functions.

4.2 Explanation of Software Design and Coding 
Process
Software design process is characterized by the systemat-
ic decomposition of functions into modular components, 
each component dedicated to specific tasks, such as sensor 
data acquisition, data processing and user interface man-
agement. During the coding phase, article adhere to best 
practices and coding standards in order to improve the 
readability, reliability, and extensibility of my code.

4.3 Introduction to Software Functionality and 
Interface
The software system is designed to interact with the bio-

sensor and provide the wearer with a clear picture of the 
physical condition through an interface. Its main functions 
include real-time monitoring of heart rate, movement and 
other biometric parameters. By providing a clear inter-
face, the interface aims to give users a quick grasp of their 
situation.

4.4 Methods of Software Testing and Analysis 
of Results
System testing to verify the correctness and performance 
of software systems. Unit testing is performed on individ-
ual software modules to verify their functionality, while 
integration testing focuses on verifying the interaction 
between different modules and their compatibility with 
hardware components. The system tests comprehensively 
evaluate its performance, responsiveness, and reliability 
in various usage scenarios. To determine deviations from 
expected behavior, performance bottlenecks, or usability 
problems, article analyzed the test results carefully. Any 
identified problems are resolved through targeted code 
modifications and optimizations to ensure the reliability of 
the software system.

5. Project Summary

5.1 Review of Project Objectives and Accom-
plishments
The project aims to develop a sensor that can monitor the 
wearer’s vital signs in real time [8], with a focus on heart 
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rate, movement and additional biometric parameters. The 
goals include selecting and developing biometric sensors 
[9], designing and implementing hardware and software 
systems, and creating a user-friendly, intuitive data visual-
ization interface for them. article have successfully select-
ed and developed biometric sensors, including pulse sen-
sors, temperature sensors and accelerometer. In order to 
integrate sensors for data acquisition, article designed and 
implemented a hardware system based on Mbed prototype 
platform. A software module is developed to acquire, pro-
cess and visualize the biometric data, which is convenient 
for users to view their own situation in real time.

5.2 Summary of Project Outcomes and Outlook 
for Future Work
The project results include the successful development of 
a functional biometric tracking system that can monitor 
heart rate, exercise and other heart rates. The system gives 
users an intuitive understanding of their physical condi-
tion and caters to a variety of applications, such as fitness 
monitoring, medical tracking and performance analysis. 
Future work is likely to focus on further optimizing hard-
ware and software components to improve performance 
and efficiency. Integration of additional sensors to expand 
the system’s capabilities. Optimize the user interface to 
make it easier for operators to use. Strengthen collabora-

tion with health care professionals, athletes, and research-
ers to validate the effectiveness of the system.
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