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Abstract

The development of wearable robots is essential for enhancing the quality of life in various fields,
including rehabilitation, industrial assistance, and personal support. This study aims to develop a
SMART ARM (Artificial Robotic Manipulator) using electromyography (EMG) sensors and the
Arduino platform. EMG sensors are critical for detecting muscle activity and interpreting user
intentions, enabling more natural and efficient robot control. The research involves the design,
development, and evaluation of a prototype that uses low-cost Arduino hardware to create a practical

and accessible wearable robot system.

The literature review highlights the advancements in wearable robot technology, EMG sensor
applications, and the benefits of the Arduino platform. The theoretical background delves into the
principles of EMG signals, Arduino fundamentals, and the importance of signal processing and control
algorithms. The system design encompasses both hardware and software components, focusing on real-

time EMG signal processing and robotic arm control.

Experiments were conducted to assess the system's performance under various conditions. Results
indicate high accuracy and reliability in controlling the robotic arm using EMG signals. The findings
demonstrate the feasibility of implementing a cost-effective wearable robot system with practical

applications in rehabilitation and industrial settings.

The study's contributions include validating the Arduino platform's potential for creating affordable
wearable robots and suggesting improvements for future research, such as integrating machine learning
algorithms to enhance EMG signal interpretation. Future prospects involve developing more

sophisticated and user-friendly wearable robots by leveraging advanced technologies.




This research provides a foundational framework for further exploration in the field of wearable

robotics, emphasizing the practical application of EMG sensors and Arduino technology to create

accessible and efficient robotic systems.

Introduction

Background and Necessity of the Research.
Wearable robots are devices designed to support
and augment the user's movements, and they
are utilized in various fields such as
rehabilitation  therapy,  industrial  task
assistance, and personal assistance devices.
Electromyography (EMGQG) sensors are especially
useful for detecting muscle activity and
understanding the user's intentions, enabling
more natural and efficient robot control. The
importance of wearable robots is growing daily,
thanks to their potential use in rehabilitation
for an aging society or as assistive devices for
people with disabilities. Additionally, in the

industrial field, they can reduce workers' fatigue

and improve work efficiency.

The development of wearable robots focuses on
providing users with additional strength and
precise  movements, thereby increasing
convenience in daily life and improving work
efficiency. EMG sensors are one of the key
technologies in these wearable robots, as they
can detect the electrical activity of muscles to
understand the wuser's intentions. This is
particularly promising as a rehabilitation device

or assistive device for people with disabilities.

Purpose of the Research. The purpose of this
research is to develop a SMART ARM (Artificial
Robotic Manipulator) using EMG sensors and

Arduino. Through this, we aim to explore the

potential of wearable robots and evaluate their
practicality in various applications. The primary
function of the SMART ARM is to recognize
the user's intentions through EMG signals and
control the robotic arm based on these signals.
This allows the user to perform intended
movements in real-time. This study aims to
enhance accessibility and provide practical
assistance to a diverse range of users by using

the low-cost Arduino platform.

The development of SMART ARM s
particularly significant in the field of
rehabilitation therapy. It can help patients with
weakened or damaged muscles to convey their
intentions more clearly, thereby maximizing the
effectiveness of the rehabilitation process. In
the industrial setting, it can reduce worker
fatigue and assist in performing precise tasks,

thus improving efficiency.
Literature Review

Wearable Robot Technology. Wearable robot
technology has rapidly advanced in recent years,
particularly in the fields of medical and
rehabilitation applications. Existing studies
have developed various forms of wearable
robots and evaluated their performance and
effectiveness. For instance, exoskeleton robots
provide additional strength to the user, assisting
in movement, while prosthetic arms and legs
help amputees in their daily lives. However,

many  systems face challenges in




commercialization due to high costs and
complex control structures. Therefore, there is a
need for the development of low-cost, high-

efficiency wearable robots.

Wearable robot technology fundamentally relies
on detecting and converting the user's bio-
signals into mechanical movements. These bio-
signals can include muscle signals, brain waves,
skin electrical responses, and more. Some
commercially  available  wearable robots,
particularly exoskeletons, provide additional
strength to the wuser, enabling stronger
movements. These exoskeleton robots are
primarily used for rehabilitation therapy and

industrial purposes.

EMG Sensor Technology. EMG sensors
measure the electrical activity of muscles, which
helps understand the user's intentions. Existing
studies have reported various applications using
EMG sensors, particularly in rehabilitation
robots, and prosthetic arm and leg control.
EMG signal processing and analysis technology
have advanced, allowing for more accurate and
reliable use of these signals. Additionally, recent
studies have applied machine learning
algorithms to improve the accuracy of EMG

signal interpretation.

The advancement of EMG sensors enables
more accurate measurement and analysis of bio-
signals. This is essential for detecting real-time
muscle movements and controlling robots
based on these movements. EMG sensors
typically collect electrical signals from the
muscle surface through electrodes, which are
then amplified and filtered for analysis. The

advancement of signal processing technology

plays a crucial role in improving the accuracy of

these signals.

Arduino Platform. Arduino is an open-source
hardware platform that allows easy connection
of various sensors and actuators. It enables
rapid prototyping of various projects at a low
cost and is widely used in education and
research. Arduino is userfriendly, with
extensive community support that makes it
accessible to both beginners and experts.
Existing studies have developed various robots
and automation systems using Arduino.
Arduino's modular structure allows easy
addition and removal of hardware components,

enabling flexible design.

One of Arduino's strengths is its ability to easily
connect various sensors and actuators. This
facilitates rapid prototyping for various
applications and is extensively used for
educational and research purposes.
Additionally, with the support of the open-
source community, it is easy to find reference
materials and codes for various projects.
Arduino, leveraging these strengths, has

established itself as a platform capable of

developing complex systems at a low cost.

EMG Sensor



Function:

EMG sensors are used to detect electrical signals
generated by muscle contractions near the skin
surface. In the context of a prosthetic arm, these
sensors are strategically placed on the residual
limb where muscle contractions still occur. The
sensors pick up the electrical signals generated
when the user attempts to move their missing
limb, and these signals are then used to control
the movements of the prosthetic arm. For
optimal functionality, the sensors must be in
good contact with the skin and properly
positioned to accurately capture the intended
muscle activity. This data is critical for the
precise control of the prosthetic arm's

movements, allowing for actions such as

gripping.

Function:

Lead wires connect the EMG sensors to the
control unit of the prosthetic arm. They
transmit the electrical signals captured by the
EMG sensors to the processor where the signals
are interpreted and converted into specific
movements or actions. These wires need to be
flexible and durable to allow for freedom of
movement and to withstand regular use. They
are often designed to be as discreet and

comfortable as possible for the wearer.

Battery
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Function: The battery serves as the power



source for the prosthetic arm. It supplies the
necessary electricity to the motors and the
electronic components that interpret the signals
from the EMG sensors. Batteries for prosthetic
arms need to be lightweight yet capable of
providing enough power for a significant period
of use. Rechargeability is a feature, allowing
users to easily recharge their prosthetic arm
overnight or when not in use. The capacity and
efficiency of the battery are crucial factors in
determining the usability and convenience of

the prosthetic limb.

USB Line

Function: The USB line can serve multiple
purposes in a prosthetic arm system. It is often
used for charging the battery, and configuring
the arm's settings by connecting it to a
computer. The USB line typically connects to a
port on the prosthetic arm. For users, this
means they can connect their prosthetic arm to
a computer, allowing for easy maintenance,
updates, and customization of settings to suit

their preferences and needs.

UNO R3

Function:

|

A type of microprocessor that integrates the
functions of CPU (central processing unit) into
a single chip. This reduces the need for
additional components, making them more
convenient. It interprets the EMG sensors and
translates these signals into precise movements
of the electronic device Despite its lower
performance compared to a microprocessor, it
is commonly used in simpler and smaller
projects due to its compact design, flexibility,

and ease of use.

Raw EMG output
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EMG signal is obtained by three uECG devices
(I know, it is supposed to be an ECG monitor,

but since it is based on a generic ADC, it can



measure any biosignals - including EMG). For
EMG processing, uECG has a special mode in
which it sends out 32-bin spectrum data, and
"muscle window" average (average spectral

intensity between 75 and 440 Hz).
Theoretical Background

Basics of Electromyography (EMG) Signals.
EMG signals are obtained by measuring the
electrical activity of muscles. They detect
potential differences generated when muscles
contract and convert these into signals. These
signals are very weak and require filtering and
amplification to extract useful information. The
frequency range of EMG signals typically lies
between 20-500Hz, and the signal amplitude is
in  millivolts.  Proper signal processing
technologies and algorithms are necessary to

accurately interpret these signals.

EMG signals are crucial bio-signals that reflect
muscle activity and help understand the state of
muscles and the user's intentions. EMG signals
are collected from the muscle surface through
electrodes, and these signals undergo
amplification and filtering for analysis. The
filtering process removes noise and extracts
useful signals, while the amplification process
makes the weak signals analyzable. These
processes are essential for maintaining the

accuracy of the signals.

Basics of Arduino. Arduino is an open-source
electronic platform that includes various
microcontroller boards and a software
environment for programming them. Arduino
boards are designed to easily connect with

sensors, motors, LEDs, and other electronic

components. Using the Arduino IDE, you can
write C/C++ based code and upload it to the
board to control its operations. The scalability
and flexibility of Arduino make it suitable for

various projects.

One of the key advantages of Arduino is its
ability to easily connect with various sensors
and actuators, making it convenient for rapid
prototyping of various applications.
Additionally, the support from the open-source
community provides easy access to reference
materials and codes for various projects.
Arduino, leveraging these strengths, has

established itself as a platform capable of

developing complex systems at a low cost.

Signal Processing and Control Theory. A
control system using EMG signals consists of
three main elements: signal processing, signal
analysis, and control algorithms. In the signal
processing stage, noise is removed, and useful
information is extracted through filtering. In
the signal analysis stage, the extracted signals are
analyzed to understand the user's intentions.
Finally, control algorithms are used to control
the movement of the robotic arm. Each stage
must be precisely tuned to ensure accurate

control.

In the signal processing stage, it is essential to
extract useful information from the EMG
signals and remove noise. This requires various
filtering techniques and signal amplification
technologies. In the signal analysis stage,
algorithms are applied to understand the user's
intentions based on the extracted signals.
Finally, control algorithms are used to control

the movements of the robotic arm. These stages



must be precisely tuned, as the accuracy of
signal processing significantly impacts the

performance of the entire system.
System Design and Development

System Overview. The entire system consists of
an EMG sensor, an Arduino board, servo
motors, and a robotic arm. The EMG sensor
detects the user's muscle signals and transmits
them to the Arduino, which processes these
signals to control the servo motors. The overall
flow of the system involves signal input, signal
processing, control signal output, and

movement implementation.

Hardware Design. The hardware components
include an EMG sensor, Arduino UNO board,
servo motors, and a power supply. The EMG
sensor is attached to the user's arm to detect
electrical signals from the muscles. These signals
are transmitted to the Arduino for processing,
and the Arduino controls the servo motors to
move the robotic arm. The hardware interface
is designed to ensure smooth communication
between components, and appropriate filtering
and shielding are required to minimize

electrical noise.

In hardware design, smooth communication
and signal transmission between components
are crucial. This involves connecting the EMG
sensor to the Arduino board, linking the
Arduino with the servo motors, and ensuring
accurate installation and connection of each
component. Additionally, minimizing electrical
noise through proper shielding and filtering is
essential. These steps help maintain the

accuracy of the signals and enhance the stability

of the system.

Software Design. The software is developed
using the Arduino IDE. The main algorithms
involve filtering, processing, and analyzing
EMG signals, and controlling the robotic arm.
EMG signals are analyzed in real-time by the
Arduino, which then controls the servo motors
based on specific conditions. The software is
designed to provide a userfriendly interface,
allowing users to easily modify settings and
control the system. Additionally, the software is
optimized for realtime processing of EMG

signals to enable real-time control.

In software design, real-time processing of EMG
signals and optimization of control algorithms
are crucial. This involves writing algorithms for
signal filtering and analysis in the Arduino IDE
and optimizing them for real-time signal
processing. Additionally, a user interface is
developed to allow users to easily control the
system and modify settings. This enhances user
convenience and maximizes the system's

efficiency.

Prototype  Development. The prototype
development process involves integrating the
hardware and coding the software. Initial tests
are conducted to verify the system's
functionality, and necessary modifications and
improvements are made. The installation and
connection of each component are critical, and
testing ensures the stability and reliability of the
system. The prototype is improved through
iterative testing and feedback, and continuous
monitoring and adjustment are required to

enhance the quality of the final product.



In the prototype development process,
integrating the hardware and software is
essential. This involves accurately installing and
connecting each component and implementing
the system's functionality through software
coding. Initial tests are conducted to verify the
system's  functionality, ~and  necessary
modifications and improvements are made. The
prototype is improved through iterative testing
and feedback, and continuous monitoring and

adjustment are required to enhance the quality

of the final product.
Experiments and Results

Experimental Design. The experiments aim to
evaluate the control performance of the robotic
arm using EMG sensors under various
conditions. The experimental environment is
set indoors, and healthy adults are used as
subjects. The experimental conditions include
various movements, and EMG signals and the
robotic arm's response are measured under each
condition. The experimental design is
meticulously planned to ensure reliability and
reproducibility, with each experimental step

meticulously recorded.

The experimental design includes various
conditions involving different movements to
measure EMG signals and the robotic arm's
response. Healthy adults are used as subjects,
and the experiments are conducted indoors.
Data collected under each condition is used to
evaluate the accuracy of EMG signals and the
control performance of the robotic arm. The
experimental design is meticulously planned to
ensure reliability and reproducibility, with each

experimental step meticulously recorded.

Experimental Process. During the
experimental process, EMG sensors are
attached to the wuser's arm, and wvarious
movements are performed. The EMG signals
collected during each movement are analyzed to
control the robotic arm's movements. Data is
recorded in real-time and analyzed afterward to
evaluate performance. The experimental
process is systematically managed to minimize
variables at each step. Additionally, pre-
experiment  explanations and  consent

procedures ensure the safety and comfort of the

subjects.

In the experimental process, EMG sensors are
attached to the wuser's arm, and wvarious
movements are performed. The EMG signals
collected during each movement are analyzed to
control the robotic arm's movements. Data is
recorded in real-time and analyzed afterward to
evaluate performance. The experimental
process is systematically managed to minimize
variables at each step. Additionally, pre-
experiment  explanations and  consent

procedures ensure the safety and comfort of the

subjects.

Results Analysis. The experimental results are
analyzed using graphs and statistical data. Key
performance  indicators  include  signal
processing accuracy, the response time of the
robotic arm, and control precision. The results
are generally positive, confirming the feasibility
of controlling the robotic arm using EMG
signals. Data analysis involves both quantitative
and qualitative analyses to enhance the

reliability of the results. Additionally, the

impact of each variable and condition on



performance is discussed in detail.

The experimental results are analyzed using
graphs and statistical data. Key performance
indicators include signal processing accuracy,
the response time of the robotic arm, and
control precision. The results are generally
positive, confirming the feasibility —of
controlling the robotic arm using EMG signals.
Data analysis involves both quantitative and
qualitative analyses to enhance the reliability of
the results. Additionally, the impact of each
variable and condition on performance is

discussed in detail.
Discussion

Key Findings. This study confirmed that
controlling the robotic arm using EMG sensors
is feasible. The experimental results
demonstrated excellent control accuracy and
response time, proving the practicality of
wearable robots. The key findings include the
reliability and precision of EMG signals and the
Arduino

Additionally, this study shows that a high-

usefulness of  the platform.
performance wearable robot system can be

implemented at a low cost.

One of the key findings is the reliability and
precision of EMG signals. The experimental
results showed that controlling the robotic arm
using EMG signals is highly accurate and
reliable. Additionally, the usefulness of the
Arduino platform was confirmed. This study
demonstrates that a high-performance wearable
robot system can be implemented at a low cost,
which can significantly contribute to the

development and commercialization  of

wearable robot technology.

Comparison with Existing Research. The
results of this study are superior in terms of
performance compared to existing research,
particularly due to the low-cost development.
While existing studies often use expensive
commercial EMG sensors and control systems,
this study achieved similar performance using
the low-cost Arduino platform. Additionally,
this study simplified the complex control
structures of existing systems, enhancing
practicality and accessibility. This significantly
increases the commercialization potential of

wearable robots.

Compared to existing research, this study has
the advantage of achieving similar performance
using the low-cost Arduino platform. Existing
studies often use expensive commercial EMG
sensors and control systems, but this study
achieved similar performance with the low-cost

Arduino platform.

Additionally, this study simplified the complex
control  structures of existing systems,
enhancing practicality and accessibility. This
significantly increases the commercialization

potential of wearable robots.

Limitations and Future Research Directions.
A limitation of this study is the restricted scope
of experiments. Future research should involve
experiments with a diverse range of subjects and
tests in various environments. Additionally,
improving EMG signal processing algorithms
and enhancing the precision of the robotic arm
are necessary. Applying machine learning

algorithms to improve the accuracy of EMG



signal interpretation is particularly important.
Furthermore, developing diverse user interfaces

to enhance user convenience is needed.

Future research should involve experiments
with a diverse range of subjects and tests in
various environments. Additionally, improving
EMG signal processing algorithms and
enhancing the precision of the robotic arm are

machine  learning

Applying

algorithms to improve the accuracy of EMG

necessary.

signal interpretation is particularly important.
Furthermore, developing diverse user interfaces

to enhance user convenience is needed.
Conclusion

Summary of the Research,. This study aimed to
develop a SMART ARM using EMG sensors
and Arduino. The system was designed, a
prototype was developed, and its performance
was evaluated through experiments. The results
were generally positive, confirming the

feasibility of controlling the robotic arm using

EMG signals.

In the summary, the main content of this study
is briefly outlined. This study aimed to develop
a SMART ARM using EMG sensors and
Arduino. The system was designed, a prototype
was developed, and its performance was
evaluated through experiments. The results
were generally positive, confirming the

feasibility of controlling the robotic arm using

EMG signals.

Contributions of the Research. This study
demonstrated the feasibility of controlling a
robotic arm using EMG signals with a low-cost

Arduino platform, contributing to the practical

use of wearable robots. Additionally, the study
suggested the possibility of various applications,
serving as an important foundational resource

for future research and development.

The contributions emphasize the academic and
practical significance of this study. This study
demonstrated the feasibility of controlling a
robotic arm using EMG signals with a low-cost
Arduino platform, contributing to the practical
use of wearable robots. Additionally, the study
suggested the possibility of various applications,
serving as an important foundational resource

for future research and development.

Future Prospects. Future research aims to
achieve more precise control and utilize
wearable robots in various applications,
contributing to the advancement of wearable
robot technology. Particularly, integrating
machine learning and artificial intelligence
technologies can develop more sophisticated
and intelligent wearable robots. Additionally,
enhancing the accessibility and usability of
wearable robots through diverse user interfaces

and user-friendly designs is essential.

In future prospects, the direction and potential
of future research are presented. Future research
aims to achieve more precise control and utilize
wearable robots in various applications,
contributing to the advancement of wearable
robot technology. Particularly, integrating
machine learning and artificial intelligence
technologies can develop more sophisticated
and intelligent wearable robots. Additionally,
enhancing the accessibility and usability of
wearable robots through diverse user interfaces

and user-friendly designs is essential.
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Appendix 1.1. Connect the power pin of the EMG
O s e o sensor to the 5V pin of the Arduino.
T 1.2. Connect the GND pin of the EMG
S s e sensor to the GND pin of the

Arduino.

1.3. Connect the signal pin of the EMG

sensor to the AO pin of the Arduino.
2. Connecting the Servo Motor

2.1. Connect the power pin of the servo
motor to the 5V pin of the Arduino.

2.2. Connect the GND pin of the servo
motor to the GND pin of the
Arduino.

2.3. Connect the signal pin of the servo

motor to the pin 9 of the Arduino.

This detailed composition will provide a

comprehensive and systematic study on the
Code Example development of a SMART ARM using Arduino-

based EMG sensors for wearable robots.
#include <Servo.h> Servo myservo;

int emgPin = AQ;

int emgValue = 0;



