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In recent years, there has been a significant amount of research dedicated to
the development of robotic exoskeleton systems. These technologies have
been widely explored for their potential in virtual reality, human power
enhancement, robotic rehabilitation, human power assist, and haptic
interface applications. This research focuses on creating an exoskeleton arm
that can assist individuals in carrying heavy objects. The exoskeleton arm is
initially designed using Fusion 360, with the identification and calculation of
important components such as the exoskeleton structure, motors serving as
joints, an electromyography (EMG) sensor, and an Arduino UNO
microcontroller. The research involves various aspects of mechanical design,
electronic components, and programming. The effectiveness of the
developed exoskeleton arm is then tested through experiments involving
several individuals lifting a 2.5 kg and 5.0 kg load. The results of the
experiments demonstrate that the force generated by the muscles is reduced
when using the exoskeleton arm, compared to using a supporting system.
Individuals' performance dropped by 36.06% to 50.44% when using an
exoskeleton to lift 2.5 kg. This emphasises its effect on muscle activation
and efficiency following physical activity. A 10.14% to 23.25% decline in a
5.0 kg lift shows nuanced impacts, emphasising the need for personalised
modifications.
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1. INTRODUCTION

Exoskeleton arm designs have developed as a promising technology with the potential to improve
human capabilities in a variety of disciplines, including healthcare and rehabilitation [1]-[3], as well as
industrial uses [4]-[6]. These devices are designed to improve the strength, endurance, and precision of
human arms, allowing people to perform physically demanding activities more efficiently or supporting those
with limited mobility in recovering their independence. Despite their intriguing potential, contemporary
exoskeleton arm designs have a number of challenges and limitations that prevent widespread adoption and

optimal performance [7], [8].
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The development of arm exoskeleton has been primarily aimed at reducing the mechanical load on
the shoulder and redistributing the weight of the arms. The novel technology exhibits potential in mitigating
musculoskeletal disorders (MSDs) that frequently emanate from muscular exhaustion and repetitive strain.
Arm exoskeleton endeavours to reduce the prevalence of work-related injuries and improve occupational
health by offering external support and assistance to address the risk factors associated with MSDs [9].
MSDs are a prevalent source of pain and discomfort among individuals in the workforce, impacting various
components of the musculoskeletal system such as muscles, bones, spinal discs, tendons, joints, ligaments,
cartilage, nerves, and blood vessels [10]. MSDs are highly prevalent among healthcare professionals, with
reported rates exceeding 80% among physiotherapists, masseurs, nurses, midwives, dentists, and surgeons,
thereby indicating a significant risk for this population [11].

Electromyography (EMG) is a sensor that detects muscle action and the passage of nerve fibres
within them. EMG is used in clinical settings to identify damaged muscles and nerves [12], explore the
underlying causes of muscular dysfunction [13], monitor the healing process after motor nerve injuries [14],
and watch nerve regeneration [15]. EMG data is also used to improve the content of muscle training workout
apps that are offered to customers. This information can be used to calculate the muscle quality index (MQI),
which provides information about muscle functionality and performance. The electrical potential generated
by muscle cells in response to electrical or neurological stimulus is detected by EMG. These signals can be
used to investigate the biomechanics of human body movement, detect medical anomalies, quantify muscle
activation levels, and examine recruitment order. Furthermore, EMG signals can be used to detect a variety
of medical anomalies. The amplitude of the EMG potential can vary greatly, ranging from 50 V to 30 mV,
depending on factors such as the specific muscle being studied and the conditions present during the
observation [16].

EMG sensors has been established in gauging muscle activation levels and approximating joint
angles, thereby furnishing crucial feedback for regulating exoskeleton apparatus [17]. The research utilised a
personalised calibration methodology to discern the user's intention to either lift or release a load while
operating an upper-limb exoskeleton. The process of calibration entailed the utilisation of a cost-effective
EMG sensor bracelet, which was strategically positioned around the user's arm. The EMG sensor bracelet
facilitated the recognition and analysis of the user's intended movements and actions by detecting the
electrical signals produced by the muscles. The amalgamation of individualised calibration methodologies
with inexpensive EMG sensors presents a hopeful strategy for attaining improved regulation and efficacy in
exoskeleton frameworks [18].

Arm exoskeletons have exhibited their effectiveness in reducing the mechanical burden placed on
the shoulder while performing tasks that require overhead work. Arm exoskeletons have been designed with
innovative features and functionality that effectively reduce the burden on the shoulder joint by providing
external support and assistance. The decrease in mechanical burden holds noteworthy importance in
occupational environments where there is a prevalence of overhead work. This decrease aids in the mitigation
of MSDs that are linked to extended and repetitive overhead motions. The implementation of arm
exoskeletons in such settings exhibits significant potential for augmenting occupational well-being and
mitigating the prevalence of work-related harm [19]. There are many other research on the design of
exoskeleton arm robot [20]-[23].

This research aims to develop an exoskeleton arm that produces assistive force for use in
rehabilitation and to aid users with daily activities such as lifting heavy objects. The power assist exoskeleton
proposed in this work is controlled by EMG inputs from the muscles. The study's participants will receive
instructions to perform a lifting task with a standardised 2.5 kg and 5 kg load while utilising the exoskeleton
arm. The measurement of the force exerted by the participants' muscles during the task will be conducted
through the utilisation of force sensors that have been integrated into the exoskeleton arm.

2. METHOD

The system's electronic components begin by using sensors, notably EMG sensors, to gather data
from the muscles while performing item transportation duties. These sensors capture data continually and
send it to an Arduino UNO microcontroller for processing. To transform sensor readings into the appropriate
unit, the microcontroller uses an algorithm or formula within the Arduino integrated development
environment (IDE). After processing the data, the microcontroller communicates with a power window
motor, which creates the required torque. This torque helps humans to carry the weight of the task with ease.
Block diagram of the system is shown at Figure 1.

The mechanical design of an arm exoskeleton is crucial for ensuring user support, mobility, and
functionality. When designing an arm exoskeleton, there are several important factors to consider. To begin,
the exoskeleton should be ergonomically built to properly suit the user's arm and minimise discomfort and
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fatigue during operation. It should consider the arm's natural structure and range of motion, allowing for
smooth and natural movements while reducing strain on joints and muscles.
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Figure 1. Block diagram of the system

Another important factor is the use of lightweight and long-lasting materials. Carbon fibre,
aluminium alloys, and composites can give strength without adding extra weight, making the exoskeleton
more comfortable to wear and minimising user fatigue [24]. The joint mechanics of the exoskeleton should
closely mirror natural arm movement. To allow flexion, extension, and rotation at the elbow, wrist, and other
important joints, hinges, linkages, or rotational devices can be used. This enables for a wide range of motion
while still maintaining stability and control. The exoskeleton's functionality is dependent on actuation and
power transfer technologies. Actuators can be electric motors, pneumatic or hydraulic systems, or a
combination of these. The mechanical design should enable precise and responsive control of the
exoskeleton's movements by ensuring efficient power transmission from the actuators to the joints.

It is critical to include sensors and feedback systems so that the exoskeleton can deliver real-time
input and adapt its movements accordingly [25], [26]. Position sensors, force sensors, and EMG sensors can
be utilised to detect muscle activity and collect reliable data for control and feedback. The placement and
integration of these sensors should be considered in the mechanical design. The design of an arm exoskeleton
must prioritise safety. Limit switches, mechanical stops, and torque control systems can help to avoid
excessive joint motions, protect the user from overexertion, and keep the exoskeleton operating within safe
boundaries.

According to Figure 2, it present two subfigure that depicts the design and implementation of the
arm exoskeleton. Figure 2(a) shows the 3D design of the arm model using Autocad software. It is based on
the structure of a human arm, with variable diameter rings. Two supports have been carefully placed to assist
easier object carrying. To achieve force balance, each ring is securely linked to the framework. This
intelligent design not only mimics the natural shape of a human arm, but also provides item handling
functionality. The adaptability of varied diameters and the installation of supports improve both the structural
integrity and functional efficiency of our arm-inspired design. Figure 2(b) presents the actual hardware of the
exoskeleton during testing, demonstarting how the design transletes into physical prototype for assisting in
lifting tasks.

(@) (b)

Figure 2. Arm exoskeleton design of (a) 3D design and (b) actual hardware
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Make a connection circuit like the one are shown as Figure 3. There are two power supplies or
batteries to generate +Vs and -Vs. Connect the negative side of the first battery to the positive side of the
second battery first. As a result, an electric ground is formed for power delivery. As a result, the first battery's
positive end is +Vs and the second battery's negative end is -Vs. After doing the connection, attach surface
EMG sensor to the user.

In this procedure, a user wears an arm exoskeleton and connects a surface EMG sensor to assess
muscle activation. Initially, the user lifts a burden, and the sensor detects muscle signals. If the sensor is
having difficulty capturing signals, the electrode placements are modified to provide precise readings. Once
successful muscle readings are acquired, the exoskeleton commences a lifting sequence for 10 seconds,
supporting the user in carrying the burden. After this time, the exoskeleton returns to its previous place.
Figure 4 shows a flowchart as outlines a simple yet effective approach for ensuring that the exoskeleton
responds to the user's muscular action, giving support for the given duration, and then returning to a resting
state, thereby improving the overall usability of the arm exoskeleton.

Figure 3. Connection circuit and attach to user arm
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Figure 4. Connection circuit and attach to user arm
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3. RESULTS AND DISCUSSION

In this section, the research’s outcomes with a focus on hardware implementation. It provides
insights into the concrete outputs and practical applications achieved through the creation and integration of
physical components. The emphasis on hardware implementation emphasises the hands-on and practical
components of the project's execution.

The exoskeleton research employs ion and lithium polymer batteries to power its circuit, with ion
batteries specifically fueling the EMG sensor. This sensor detects subtle electrical signals from muscles,
providing input to the servo motor for controlled movement. The Arduino UNO, highlighted in a previous
chapter, assumes a pivotal role in system control and design. Its integration ensures efficient coordination of
the electronics, facilitating seamless communication between the EMG sensor and servo motor. Overall, this
combination of components empowers the exoskeleton to interpret muscle signals and execute precise
movements, enhancing its functionality and user interface in a compact and energy-efficient manner. Figure 5
shows the schematic diagram the component.

Figure 5. Schematic diagram

In Figure 6, the diagram depicts the movement of the exoskeleton before and after lifting items. The
motor adjusts its angle in response to inputs from the signal from EMG sensor. The exoskeleton system is
activated when signals from the EMG sensor are detected. To confirm the project's goal of making heavy
item lifting easier, five people carried 2.5 kg and 5.0 kg weights for 10 seconds each. The EMG sensor output
represents the electrical impulses created by the muscle, with higher signals indicating more energy
generation. This data collecting technique evaluates the performance of the exoskeleton, offering information
regarding its usefulness in assisting load jobs. Figure 6(a) illistrates the EMG sensor reading before using the
exoskeleton, where higher peaks indicates greater muscle activation and energy expenditure during manual
load lifting. While Figure 6(b) shows the EMG sensor reading after using the exoskeleton arm, where lower
peak reflect educed muscle strain and energy exertion, demonstrating the effectiveness of the exoskeleton in
assisting with heavy lifting tasks. These figures provide a direct comparison, showing the impact of the
exoskeleton on muscle workload during load-handling tasks.

In the evaluation of the performance of the exoskeleton system, the selected participants
demonstrate consistent efficacy. Subjects were chosen based on specific criteria, including gender, frequency
of exercise per week, and history of arm injuries, to ensure a diverse range of physical activity habits and
arm-related factors. Despite individual differences, the steady drop in data output demonstrates the
exoskeleton's usefulness in handling large things, which aligns with research objectives. Table 1 provide a
summary important information such as their gender, weekly exercise frequency, and arm injury history,
providing insight into their physical activity habits and arm-related factors.

This compelling evidence highlights the system's concrete influence in enhancing human strength,
showecasing its potential applicability in tasks requiring the lifting or carrying of substantial loads. Table 2
show the first attemt of the exoskeleton system performance with the 5 different people. This consistent
effectiveness spans participants with diverse backgrounds.
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Figure 6. Serial plotter reading load (a) before using exoskeleton and (b) after using exoskeleton

Table 1. The performance of power and speed

No  Person Gender Freguency of exercise per week (days) History of arm injuries
1 Person 1 Male 1-3 No

2 Person 2 Male 5-7 No

3 Person 3 Male 6-7 No

4 Person4 Male 5-7 No

5  Person5 Male 1-2 Yes

Table 2. System performance for using 2.5 kg in 10 second
No Person Average reading lift without Average reading lift Percentage
using exoskeleton (mV) using exoskeleton (mV) performance (%)

1 Person 1 853.27 507.65 40.51

2 Person 2 651.91 416.79 36.07

3 Person 3 743.97 398.72 46.41

4 Person 4 645.41 402.5 37.64

5 Person 5 856.35 477.25 44.27

Figure 7 illustrates the comparative performance of an exoskeleton arm in lifting two different
weights: 2.5 kg and 5 kg. There are two attempt each and lasting around 10 seconds. The charts present the
average voltage readings (in mV) both with and without the use of the exoskeleton across five individuals.
Then the corresponding percentage performance improvements from this two different method (with and
without exoskeleton).

In both scenarios, the use of the exoskeleton results in a noticeable reduction in the voltage readings,
indicating reduced muscle exertion. In the first attempt with a 2.5 kg weight (Figure 7(a)), the average
voltage reading without exoskeleton are higher accross all participants. The percentage performance
improvement ranges from approximately 36.07% to 46.41%, with the highest improvement seen in person 3.
The second attempt as Figure 7(b) shows similar trend, with percentage performance improvements between
22.46% to 27.76%.

In the case of the 5 kg lift as Figures 7(c) and 7(d), the percentage performance improvement varies
from about 22.46% to 27.76% in the first attempt and 18.67% to 24.75% in the second attempts. The lesser
degree of improvement in the second attempt compared to the first attempt for both weights may suggest
muscle fatigue or adaptation over consecutive lifts. The efficacy of the exoskeleton in reducing muscle strain
during heavier lifting tasks highlights its potential in industrial and rehabilitation applications, where
reducing the risk of musculoskeletal injuries is critical. These finding emphasize the exoskeleton's efficacy in
reducing muscle strain during lifting tasks, with more pronounced effects observed in lighter lifting tasks.
Additionally, the variations in performance improvement between the first and second attempts and between
different weights underscore the importance of personalized exoskeleton adjustments and the consideration
of user-specific factors such as strength, fatigue levels, and the nature of the task being performed.
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Figure 7. System performance comparison between without and using exoskeleton arm for (a) first attempt
2.5 kg weight, (b) second attempt 2.5 kg weight, (c) first attempt 5 kg weight, and (d) second attempt 5 kg
weight

4. CONCLUSION

In conclusion, the research achieved its objectives by designing and building a surface EMG sensor-
based exoskeleton arm. The created robotic arm interprets muscle impulses recorded by EMG sensors on the
skin, opening up new possibilities for those with motor disabilities. This technology advancement has the
potential to significantly improve such people's daily lives by giving them greater mobility and autonomy.
Experiments with persons lifting 2.5 kg and 5.0 kg loads were used to evaluate the efficacy of the constructed
exoskeleton arm. When compared to a supporting system, the exoskeleton arm produced less muscle force.
During the use of the exoskeleton for a 2.5 kg lift, performance deterioration ranged from 36.06% to 50.44%,
highlighting its influence on post-physical activity muscle activation and efficiency. A nuanced influence, as
seen by a 10.14% to 23.25% drop during a 5.0 kg lift, highlights the importance of personalised adaptations.
Notably, the exoskeleton arm, particularly in assisting weightlifting exercises, demonstrates its practical
value, as demonstrated by thorough testing. The project's overall performance represents a significant step
forward in the field of assistive robotics, leading to an enhanced quality of life and increased functioning for
users with motor problems. Exploration of gesture recognition skills for intuitive control might also be
explored as future work for the arm exoskeleton. The findings suggest potential applications in fields such as
healthcare, where exoskeletons could aid in rehabilitation, and in industrial settings, where they could
enhance worker safety and efficiency. Future work could focus on integrating gesture recognition for more
intuitive control, further enhancing the system's usability and adaptability. To fully leverage the potential of
exoskeletons in both rehabilitation and industrial applications, future research should focus on refining the
customization of exoskeletons to individual user needs, ensuring that the device can be tailored for both
physical and cognitive demands. In addition, collaborating with healthcare professionals and industrial safety
experts during the development phase will help ensure that the technology is both effective and user-friendly
across diverse environments.
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