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Abstract— Muscle fatigue is a critical issue in industries
and transportation systems where operators perform
repetitive physical tasks for prolonged durations. Fatigue
leads to reduced muscle strength, slower reaction time,
decreased efficiency, and increased risk of accidents. This
paper presents the development of a low-cost, real-time
fatigue monitoring system using Electromyography
(EMG). The system utilizes surface EMG sensors,
Arduino Uno, and a computer interface to capture,
process, and visualize muscle activity. EMG signals are
filtered, rectified, and analysed using Root mean Square
(RMS) techniques to evaluate muscle effort and fatigue
levels. Experimental results demonstrate that increasing
load and duration significantly increase muscle
activation and fatigue. The developed system is simple,
economical, and suitable for industrial, automotive, and
healthcare applications.

Index Terms— EMG, Muscle Fatigue, Arduino, Signal
Processing, Real-Time Monitoring, Operator Safety.

I. INTRODUCTION

Modern industries and transportation systems rely
heavily on human operators for tasks such as driving,
machine handling, and repetitive manual work.
Continuous muscle usage leads to muscle fatigue,
which reduces performance and increases safety risks.
Traditional fatigue detection methods, such as
observation and questionnaires, are subjective and
unreliable. Therefore, scientific approaches like
Electromyography (EMG) are used to measure muscle
activity accurately. EMG records electrical signals
generated during muscle contraction and provides
real-time data for fatigue analysis.

This study focuses on designing a low-cost EMG-
based fatigue monitoring system using Arduino to
improve operator safety and efficiency.
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II. LITERATURE REVIEW

Electromyography (EMG) has been widely studied as
a reliable tool for measuring muscle activity and
detecting fatigue. [Earlier methods such as
questionnaires, observation, and performance tests
were subjective and lacked real-time accuracy.
Therefore, researchers have shifted towards EMG-
based techniques for more scientific analysis.

De Luca (2002) explained the fundamentals of EMG
signal generation and highlighted important signal
processing techniques such as filtering, rectification,
and smoothing to improve signal accuracy [1].
Similarly, Merletti and Parker (2004) discussed
surface  EMG methods and emphasized their
application in medical and biomechanical analysis,
providing a strong foundation for non-invasive muscle
monitoring [2].

Farina (2000) demonstrated that EMG signal
characteristics change significantly during muscle
fatigue. The study showed that the amplitude of EMG
signals increases while frequency decreases, making
EMG a reliable indicator of fatigue [3]. Winter (2009)
further expanded on this by explaining how EMG can
be used to analyse human movement and muscle
coordination in various activities [4].

Phonemark et al. (2009) focused on feature extraction
techniques for EMG signals, which are essential for
identifying  fatigue patterns and improving
classification accuracy [5]. Clancy et al. (2002)
highlighted noise issues in EMG signals and proposed
filtering techniques to reduce interference and
improve signal quality [6].

Several studies have explored the relationship between
continuous work and muscle fatigue. Héigg (1991)
found that prolonged muscle activity leads to fatigue,
which can be effectively monitored using EMG
signals, improving workplace ergonomics and safety

[7].
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With technological advancements, researchers have
developed real-time EMG monitoring systems. Kumar
(2018) demonstrated the use of Arduino for real-time
EMG signal acquisition and processing, proving that
low-cost systems can be developed for practical
applications [8]. Patel (2017) also presented a cost-
effective EMG system for muscle monitoring using
simple hardware components, making such systems
accessible for educational and industrial use [9].
Further research by Sharma (2019) showed that
microcontrollers like Arduino can efficiently process
EMG signals in real time, enabling embedded systems
for fatigue monitoring [10]. Singh (2020) applied
EMG technology in industrial environments and
proved that fatigue detection can significantly improve
worker safety and productivity [11].

In the automotive field, Gupta (2021) developed an
EMG-based driver fatigue detection system,
demonstrating the effectiveness of EMG signals in
improving road safety by identifying early signs of
fatigue [12].

Additionally, Scheme and Englehart (2018) explored
EMG in human-machine interface systems, showing
its potential in robotics and assistive technologies [13].
Preston and Shapiro (2013) highlighted EMG
applications in rehabilitation, where muscle activity
monitoring helps in patient recovery and therapy
planning [14]. Konrad (2005) provided practical
guidelines for surface EMG measurement, supporting
its use in experimental and applied research [15].

Literature Gap found in existing research

From the reviewed literature, the following gaps are

identified:

e Most EMG systems are expensive and complex

e Limited availability of low-cost real-time systems

e Less focus on driver/operator fatigue in real-world
conditions

e Need for simple and portable EMG-based
monitoring systems

Therefore, this study focuses on developing a low-

cost, Arduino-based EMG fatigue measurement

system for real-time applications.

1II. METHODOLOGY
The methodology of this project explains the complete

process used to design and develop the EMG-based
fatigue measurement system. It describes how muscle
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signals are collected, processed, analysed, and
displayed in real time. The main aim of this
methodology is to create a simple, low-cost, and
effective system to measure muscle fatigue of an
operator during vehicle driving or physical activity.
The methodology is divided into different stages such
as system design, signal acquisition, signal processing,
data analysis, and result visualization. Each stage
plays an important role in achieving accurate fatigue
measurement.

Overall System Design

The system is designed in a simple and step-by-step
manner so that it can be easily understood and
implemented. The basic working flow of the system is:

Fig 1 - Overall System Design

Arduino UNO r3

21900 gsn

Block Diagram

Muscle — EMG Sensor — Signal Processing —
Arduino — Laptop (Display)

When the operator performs an activity, such as
driving or lifting a load, the muscles start working and
generate electrical signals. These signals are captured
by the EMG sensor. After that, the signals are
processed and analysed using Arduino. Finally, the
data is displayed on a computer in the form of graphs.
The system is designed to work in real time, meaning
it continuously monitors the operator’s condition
while performing the task.
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Components Used

e EMG Sensor (muscle signal detection)
e  Arduino UNO (signal processing)

e  Electrodes (signal acquisition)

e Laptop (data visualization)

e Connecting wires

Test result
The system was tested under different loads and
durations.

Combined Test results
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Observations:

Increasing load leads to higher EMG signal amplitude
Longer duration causes increased fatigue

Stronger individuals show lower EMG values for same

Voltage Observations

33 Percentile Person

e Lifting 1500 ml bottle — Average sensor voltage
~033V

e Lifting 800 ml bottle — Average sensor voltage =
015V

78 Percentile Person

e Lifting 1500 ml bottle — Average sensor voltage
~0.11V

e Lifting 800 ml bottle — Average sensor voltage =
0.07V

Interpretation

e Higher voltage indicates greater muscle effort

e Fatigue is identified by changes in signal
amplitude and stability

IV. APPLICATION

The system can be applied in:

e Vehicle driving — fatigue detection in drivers —
Main for project

e Industrial work — worker safety monitoring

e Healthcare — muscle performance tracking

e  Sports — training optimization

V. ADVANTAGES

e  Low-cost (~%13,300 vs X1 lakh medical systems)
e  Real-time monitoring

e FEasytouse

e Non-invasive method

e Portable system

e Limitations

e  Sensitive to noise and interference

e Requires correct electrode placement

e Limited accuracy compared to medical systems
e Individual variation in EMG signals

VI. FUTURE SCOPE

Future improvements include:

o Wireless EMG system (Bluetooth/Wi-Fi)
e  Wearable devices

e Mobile app integration
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Al-based fatigue prediction
Multi-sensor systems

VII. CONCLUSION

This research demonstrates that EMG is an effective
and affordable method for detecting operator fatigue.
The developed system successfully measures muscle
activity in real time and provides reliable data for
fatigue analysis. It improves safety, efficiency, and
ergonomics in industrial and automotive applications.
The study bridges the gap between expensive medical
systems and practical low-cost solutions.
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