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ARTICLE INFO ABSTRACT 

 

 

 

This paper presents a novel robotic arm designed for stroke recovery, focusing on 
addressing less targeted arm functions through a master-slave mechanism. The system 
utilizes ultra-high torque servo motor assistance and 3D-printed PLA material for cost-
effectiveness and customizability. By mirroring the movements of the patient's left 
hand to assist in rehabilitating the right hand, the device offers personalized 
therapeutic exercises for conditions like stroke recovery. The precise synchronization 
of movements between the master and slave hands highlights the potential for tailored 
therapy sessions and improved arm mobility and control. This innovative approach 
showcases advancements in therapeutic interventions for stroke rehabilitation, 
emphasizing affordability, personalized treatment and enhanced rehabilitation 
progress. 
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1. Introduction 
 

The development and validation of a method for designing arm exercises is a significant 
contribution to rehabilitation therapy. By examining the biomechanics of the human arm, 
researchers can create exercises tailored to individual needs, enhancing rehabilitation outcomes. 
Customized motion planning ensures exercises are both effective and safe. This innovative approach 
not only introduces a novel method for designing rehabilitation exercises but also provides a 
comprehensive analysis of its application and validation. By establishing this groundwork, 
researchers lay the foundation for future advancements in rehabilitation therapy technologies, 
potentially leading to more personalized and efficient treatment strategies and ultimately improving 
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patient outcomes [1-3]. Some of rehab technique is focus on vision-based sensor technology. They 
argue for the potential of these systems in replacing traditional face-to-face therapy, pointing out 
their ability to support various rehabilitation settings [4]. The development of robotic systems for 
rehabilitation, especially for patients recovering from stroke, has seen significant advancements in 
recent years [5,6]. Stroke rehabilitation requires intensive, repetitive and task-specific exercises to 
regain lost motor functions, which is often labour-intensive when done manually by therapists. The 
introduction of robotic systems aims to address these challenges by providing a means to deliver 
high-intensity, repetitive, personalized and engaging rehabilitation exercises. Robotic rehabilitation 
systems can potentially offer consistent and precise therapy sessions, reduce the physical strain on 
therapists and enable the collection of quantitative data on patient progress [7]. 

They are many various exoskeleton-type robotic devices for rehab which have been previously 
developed with focuses ranging from single-joint assistance to whole-limb support. These tend to be 
either chair- or floor-mounted and often have limitations such as limited degrees of freedom, bulky 
designs and complex control requirements [8-10]. Besides, there are few robotic arms of the robotic 
device is of the development of a five-degree-of-freedom (5-DOF) haptic arm exoskeleton tailored 
for use in virtual environments for training and rehabilitation purposes. It emphasizes the 
engineering challenges and solutions in creating a high-quality haptic interface, including 
considerations for low apparent inertia and damping, high structural stiffness, minimal backlash, 
avoidance of mechanical singularities and alignment with the human arm's kinematic constraints [8]. 
Moreover, there are also development of 7 DOF model that corresponds to the major joints and 
segments of the upper limb. This comprehensive approach allows for a more accurate design of 
exoskeletons that can perform a wide range of daily activities by accurately calculating the joint 
torques required for movement, thus improving the device's efficiency and user experience and some 
robotic arm was develop five degrees of freedom to estimate the shoulder movement by using non-
invasive wearable sensors [11,12]. In addition, the development of the ARMin III robot represents a 
significant leap in upper limb rehabilitation. Its design, featuring six motors enabling movements 
across multiple degrees of freedom, allows for comprehensive upper limb rehabilitation, including 
tasks mimicking activities of daily living (ADLs). Preliminary evaluations with healthy individuals and 
patients have demonstrated the device's safety, functionality and potential efficacy in improving 
motor performance in stroke patients [13-15].  

The exoskeleton robotic not only focus movement assistance at critical joints, including the 
shoulder, elbow, forearm and wrist with the development and application ETS-MARSE an upper 
extremity wearable robot designed for rehabilitation exercises [16]. Thus, some of the exoskeleton 
robot for example which called the MEDARM's design focuses on mimicking natural upper-limb range 
of motion, avoiding singular configurations and maximizing manipulability across the workspace. By 
employing electric motors for actuation through cable and belt transmissions, the device ensures 
back driveability and minimizes inertia, catering to both therapy and assessment purposes [17]. Some 
of the robotic integrate with the integration of Virtual Reality (VR) and robotic technologies has 
shown significant promise in the field of rehabilitation, particularly for individuals recovering from 
stroke. The exoskeleton device, known as L-Exos, was designed to support the rehabilitation of the 
upper limb by providing force feedback and enabling the precise control of movement within VR 
scenarios [18-20]. Other than that, these robots employ various control mechanisms, including 
electromyography (EMG)-driven systems, to tailor the rehabilitation process to the individual needs 
of patients, potentially enhancing the efficiency of therapy sessions. Clinical studies have 
demonstrated the efficacy of these robotic systems in improving motor skills, although challenges 
remain in terms of cost, accessibility and proving their superiority over traditional therapy methods 
[21].  
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Note that researchers are working on ways to use robots for rehabilitation. They are making 
devices that help people move their arms after injuries or health problems like strokes. These robotic 
systems can help by giving repetitive, personalized and intensive exercises that would be hard for 
human therapists to provide consistently. There are many types of robotic aids being developed. 
Some are big and only help with one joint, while others support the whole arm. Some devices can be 
used in virtual reality, which might make rehab more interesting. There's also a robot called the 
ARMin III, which can move in many ways to help people get better at using their arms for daily tasks. 
Some robots use sensors to understand and assist with shoulder movement and others use electric 
motors to make movements smoother and more natural [22]. Virtual Reality (VR) is being combined 
with robots to make rehab more effective. VR can make exercises more engaging and realistic. Some 
robots can even change how they help patients by measuring muscle signals [23].  

Although the above robots are promising, they are often expensive and not easy to get. Also, 
researchers are still trying to show that these robots are better than traditional therapy methods. 
There is a lot of potential for improvement in making these devices more customizable, less bulky, 
more integrated with virtual environments and more affordable [24]. Hence, the development of an 
innovative 3D printed exoskeleton robotic arm for stroke recovery in this study is vital due to its 
potential to customize rehabilitation interventions, improve patient comfort and outcomes, enhance 
cost-effectiveness and accessibility, integrate advanced features and stimulate further research and 
development in the field. In particular, the paper presents an innovative 3D printed exoskeleton 
robotic arm designed for stroke recovery, focusing on less targeted arm functions through a master-
slave mechanism. 

 
2. Methodology  

 
In this section, the construction and operation of an advanced exoskeleton robotic arm is 

examined. The components used and their respective roles are identified and a detailed system block 
diagram elucidating signal flow and control mechanisms is presented. Subsequently, a 
comprehensive system flow chart detailing movement synchronization is provided.  

 
2.1 Components 

 
Figure 1 presents the integral electronic components that are employed in the construction of an 

advanced exoskeleton robotic arm. Included within these are a high-torque servo motor FT 5335M, 
which is vital for enacting precise angular movements and adjustments. There is also a 
microcontroller board which is Node MCU ESP 8266 replete with an array of inputs and outputs, 
which is used to process complex algorithms and control signals, directing the servo motor's actions. 
To power these components, there is a 9V AC to DC power adapter that ensures a consistent and 
safe electrical current is supplied. Lastly, a variable resistor or potentiometer, is included; this 
component can fine-tune control signals, allowing for subtle adjustments in the robotic arm's 
movement or position. Each of these components is critical for the overall operation of the system, 
leading to a well-integrated and functional exoskeleton robotic arm capable of performing tasks with 
a high degree of accuracy and control. 
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(a) NodeMCU ESP 8266 (b) Ultra-High torque servo motor 

(FT5335M) 
 

 
 

(c) 3 D Printer PLA Filament 
 

(d) Regulator 

 
(e) 9V plug adapter 

Fig. 1. Components used in this project 
 

2.2 System Block Diagram 
 
The block diagram in Figure 2 illustrates a holistic system for controlling a robotic arm in 

rehabilitation, beginning with the Master Control Unit for the Left Arm, where user movements are 
translated into signals. These signals are then processed by the Node MCU ESP8266, which serves as 
an intermediary device with Wi-Fi capabilities, before being transmitted to the Ultra High Torque 
Servo Motor. This motor, known for its precision and strength, executes the desired movements 
based on the processed signals received. Completing the system, the Slave Control Unit for the right 
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arm mirrors the movements of the left arm, facilitating coordinated rehabilitation by replicating the 
actions of the healthy arm. This comprehensive setup offers an adaptable solution, allowing for 
interchangeability between the master and slave units to cater to the specific needs of patients, 
ultimately promoting efficient and effective arm rehabilitation. 

 

 
Fig. 2. Block diagram of exoskeleton robotic arm whole system 

 
2.3 System Flow Chart and Coding 

 
In this section, a flowchart depicting the steps involved in a robotic system designed to facilitate 

arm movement is presented. The system aims to replicate the movements of a human arm using 
servo motors controlled by an Arduino microcontroller. The flowchart outlines the sequential process 
from initiation to movement synchronization, while the accompanying code demonstrates the 
implementation of the initial step in this process.  

Figure 3 illustrates the sequential steps involved in a robotic system designed to replicate the 
movements of a human arm. The system utilizes servo motors controlled by an Arduino 
microcontroller to mimic the actions of the left arm using the movements detected by a 
potentiometer. Specifically, Figure 3(a) begins with the initiation step, denoted by "Start," where the 
process commences. Initially, the left arm, acting as the master, performs a specific action, such as 
raising up. Subsequently, the Node MCU, functioning as a miniature computer with internet 
connectivity, receives a message regarding the left arm's movement. Upon receiving the message, 
the Node MCU processes the information regarding the left arm's movement. It then proceeds to 
determine whether it is time to initiate movement for the robotic arm. This decision point involves 
assessing various factors, such as predefined time intervals or specific conditions for arm movement. 

If the Node MCU determines that it is not yet time to move the robotic arm, the process loops 
back to the Node MCU to potentially gather additional information or await further instructions. 
Conversely, if the Node MCU decides that it is time to move the robotic arm, the servo motor 
responsible for arm movement is activated. Once activated, the servo motor replicates the 
movement initiated by the left arm. This synchronization process ensures that the right arm, acting 
as the slave, mirrors the actions performed by the left arm. Finally, after the right arm completes its 
movement in sync with the left arm, the process concludes, as indicated by the "END" symbol at the 
bottom of the flowchart.  

The accompanying code (see Figure 3(b)) corresponds to the initial step depicted in the flowchart. 
It demonstrates the control of a servo motor based on input from a potentiometer. While the code 
provides a foundational framework for arm movement, additional logic and hardware are necessary 
to implement the decision-making process and achieve synchronization between the left and right 
arms, as outlined in the flowchart.   
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#include <Servo.h> 
 
Servo myServo;     // Servo motor object 
 
const int potPin = A0; // Potentiometer pin 
int potValue = 0;    // Potentiometer value 
int angle = 0;     // Servo angle 
 
void setup() { 
myServo.attach(9);  // Attach servo to pin 9 
pinMode(potPin, INPUT); // Set potentiometer pin as 
input 
Serial.begin(9600);  // Start serial communication 
} 
 
void loop() { 
potValue = analogRead(potPin);// Read potentiometer 
angle = map(potValue, 0, 1023, 0, 180);  
// Map value to servo angle 
 
myServo.write(angle); // Set servo angle 
Serial.print("Pot: "); 
Serial.print(potValue); 
Serial.print(" - Angle: "); 
Serial.println(angle); 
 
delay(15); // Delay for stability 
}} 
 

(a) Flow chart (b) Coding 
Fig. 3. Flowchart of the exoskeleton robotic arm system and coding 

 
3. Results  

 
In this section, the outcomes of designing and implementing an exoskeleton robotic arm for 

rehabilitation are presented. The design process involved creating a model using SketchUp software, 
showcasing the integration of components. The electrical circuit design detailed the functionality of 
various components such as the Node MCU board and servo motor. Fabrication utilized 3D printing 
technology and PLA material, ensuring precision. Integration into rehabilitation practices emphasized 
precise movement synchronization between the arms. These results deepen understanding of the 
arm's capabilities and its role in enhancing mobility for individuals with physical impairments. 

 
3.1 Exoskeleton Robotic Arm Design  

 
The design an exoskeleton robotic arm using SketchUp software can effectively illustrate the 

prototype from various angles, showcasing the integration of components such as the DAQ (Data 
Acquisition) box, which is central to capturing and analysing sensor data and the arm's structural 
casing that houses all mechanical and electrical elements essential for its operation. 

 



Journal of Advanced Research Design 
Volume 137 Issue 1 (2026) 317-330  

323 

  
Fig. 4. Top view of the whole design 

 
Fig. 5. Front view of the whole design 

  
Fig. 6. Arm holder 

 
Fig. 7. Shaft design for arm holder 

  
Fig. 8. Base for arm holder Fig. 9. Master design (left arm) 
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Fig. 10. Slave design (right arm) 

 
3.2 Electrical Circuit Design 

 
First, the Node MCU board is utilized, serving as the central processing unit of the system. It can 

establish internet connectivity and exchange messages to regulate other components. The motor 
driver is then connected to the Node MCU, governing the power supplied to the motor based on 
instructions received from the Node MCU. Following this, the servo motor, known for its high torque 
capabilities, is employed to execute precise movements as directed by the motor driver. A power 
supply is incorporated to provide electrical energy to all components, resembling a standard wall 
plug. Lastly, a variable resistor, commonly referred to as a potentiometer, enables adjustment of 
current flow by rotation, with feedback relayed to the Node MCU for precise motor control. 
Collectively, these components collaborate to regulate functions related to an exoskeleton robotic 
arm. The Node MCU processes input from the potentiometer, instructs the motor driver on power 
allocation and subsequently, the motor moves to the specified position. Such a setup holds potential 
applications in robotic movement or machinery control systems. 
 

 
Fig. 11. Electrical wiring diagram 
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3.3 Prototype Fabrication  
 
The prototype creation process involves utilizing a 3D printer and crafting it with PLA (Polylactic 

Acid) material, a biodegradable plastic known for its eco-friendly nature and suitability for 3D 
printing. The use of distinct colours (pink and green) for different parts suggests the employment of 
varied PLA filaments, selected either to assist in assembly or to provide visual guidance for 
component identification. Furthermore, the meticulous attention to detail indicates careful and 
precise execution of the printing process. Achieving such exceptional quality often entails adjusting 
printer settings, a task simplified with slicing software like Ultimaker Cura. This software is important 
in translating 3D designs into printable instructions, allowing for customization of parameters such 
as layer height, print speed and infill density to ensure optimal results. Moreover, in this context, the 
pink prototype is specifically designed for lifting the left hand (i.e., the Master), while the green 
prototype arm serves as the Slave control for the right hand (i.e. paralysed hand). This design is 
tailored for individuals with paralysis in one hand, allowing them to utilize their healthy hand for 
control purposes. Such a design not only highlights the adaptability of 3D printing technology but also 
reveals its potential in addressing specific needs and enhancing accessibility in healthcare 
applications. 
 

  
(a) (b) 

Fig. 12. Figure description (a) Top view of the 3D printed design (b) Side view of 3D printed design 
 

3.4 Master and Slave Analysis 
 
Integrating the system into rehabilitation practices highlights the precise synchronization of 

movements between the Master (Left hand) and Slave (Right hand) under varying loads, emphasizing 
its potential for personalized therapeutic exercises. This precision plays a crucial role in restoring full 
mobility and strength in the affected arm, thereby positioning it as a valuable tool for conditions such 
as stroke recovery and other physical rehabilitation needs. To further comprehend the movement of 
the proposed exoskeleton arm, the correlation between PWM, Angle and Voltage with and without 
load, a comprehensive analysis is conducted. This analysis aids in elucidating the intricacies of their 
relationship and enhances our understanding of the system's behaviour. The developed exoskeleton 
arm undergoes testing to evaluate its range of motion, strength and overall functionality. Figure 13 
depicts the arm's initial state at a 0° angle, while Figure 14 illustrates the post-rehabilitation condition 
after targeted exercises. Equipped with adjustable resistance settings and customizable limb 
positioning of up to a 60° angle, the device enables tailored therapy sessions. Through data analysis, 
enhancements in arm mobility and control are assessed, offering a quantitative measure of 
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rehabilitation progress. This data-driven approach empowers therapists to optimize strategies and 
set achievable goals for patient improvement, ensuring a personalized and effective rehabilitation 
process. 

 

  
Fig. 13. Before rehab of the arm (0°) Fig. 14. After rehab of the arm (60°) 

 
Table 1 provides data from an experiment where PWM (Pulse Width Modulation) signals are used 

to control an angle position. PWM is given in microseconds (us), the desired angle in degrees, the 
actual angle achieved and the voltage feedback in volts (V), with some values in millivolts (mV) for 
clarity. There is a clear linear relationship between the PWM signal and both the desired and actual 
angles. As the PWM value increases, so does the angle, although there is a noticeable deviation 
between the desired and actual angles. The actual angle consistently overshoots the desired angle, 
indicating either a systematic calibration error in the control system or a mechanical lag/overshoot 
in the servo response. The voltage feedback decreases as the PWM increases, which suggests that 
the voltage feedback could be inversely proportional to the PWM signal or directly related to the 
position of the servo motor arm. Typically, a lower voltage might indicate a higher position (or load) 
on the servo motor as it tries to maintain or reach a desired angle. Thus, after 1800 us of PWM, the 
voltage feedback dropping below 1 volt. This could be due to the design of the voltage measurement 
system or an indication of the limitations of the servo motor as it approaches its maximum range.  
 

Table 1 
Relationship between PWM, angle and voltage without 
load  
PWM,  
μs 

Angle 
(desired), deg 

Angle 
(actual), deg 

Voltage feedback,  
volt 

900 0 0 1.72 
1000 10 14 1.64 
1100 20 25 1.55 
1200 30 36 1.46 
1300 40 46 1.37 
1400 50 55 1.28 
1500 60 62 1.21 
1600 70 71 1.12 
1700 80 81 1.02 
1800 90 91 0.931 
1900 100 100 0.840 
2000 110 109 0.775 
2100 120 119 0.693 
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Figure 15 illustrates a robust ultra-high torque servo motor system featuring a shaft initially 
positioned at a specific angle which is 0° angle. With a torque of 30 kg/cm, this motor can exert 
considerable force. An ultra-high torque servo motor designed to achieve a maximum rotation of 
120° is specialized for applications requiring significant force with a limited range of motion. 

 

 

 
(a) Initial Angle (0°) (b) Final Angle (120°) 

Fig. 15. Figure description (a) Before testing (0°) (b) After testing (120°) 
 
Table 2 illustrates the relationship between Pulse Width Modulation (PWM) values, desired and 

actual angles and voltage feedback for a robotic arm mechanism under load, simulating an arm's 
resistance. This setup is integral to a rehabilitation device employing a master-slave concept, where 
the left hand (master) controls the robotic arm (slave) to support and mimic movements for the right 
hand (slave arm). As the PWM values increase from 900 to 1500 μs, corresponding to desired angles 
from 0 to 60 degrees, the actual angles achieved by the robotic arm show a consistent pattern of 
exceeding the desired angles slightly, suggesting a precise control mechanism capable of fine 
adjustments even under the varying resistance of a load. This accuracy is crucial for rehabilitation, 
where the goal is to replicate natural movements as closely as possible to retrain muscle memory 
and enhance recovery.  

 
Table 2 
Relationship between PWM, angle and voltage with 
load (arm) 
PWM, 
μs 

Angle 
(desired), deg 

Angle 
(actual), deg 

Voltage feedback, 
volt 

900 0 0 0.73 
1000 10 14 0.69 
1100 20 25 0.66 
1200 30 36 0.62 
1300 40 46 0.58 
1400 50 55 0.54 
1500 60 62 0.51 

 
Figure 16 represent the motor's angle directly affects the support arm's ability to bear weight 

effectively, making precise control crucial for optimal performance. Through this testing and 
adjustment, operators ensure the motor operates reliably and accurately in various applications. 
Final angle of the servo motor can achieve 60 degrees on the right hand which defined as the slave. 
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(a) Initial Angle (0°) (b) Final Angle (60°) 

Fig. 16. Figure description (a) Before testing (zero degree) (b) After testing (60 degree) 
    
In brief, Table 1 and Table 2 in general highlighting the relationship between PWM, Angle and 

Voltage with and without load. The table provides insights into how the system behaves under 
different conditions. Table 1, representing data without load, shows a consistent increase in the 
actual angle compared to the desired angle as the PWM values increase. The voltage feedback 
decreases as the PWM values increase, indicating an inverse relationship between PWM and voltage 
feedback. This behaviour suggests a systematic calibration error or mechanical lag/overshoot in the 
servo response. In contrast, Table 2, which includes data with a load (arm), exhibits a similar trend of 
the actual angle slightly exceeding the desired angle as the PWM values rise. However, the voltage 
feedback values are lower compared to Table 1, indicating that the system may be under higher load 
conditions. This could result in a more pronounced decrease in voltage feedback for a given PWM 
value. Overall, comparing these tables highlights how the presence of a load can impact the system's 
performance, influencing factors such as angle accuracy and voltage feedback. Understanding these 
variations is crucial for optimizing control strategies and ensuring reliable operation of systems 
utilizing PWM for motor control or similar applications. 

      
4. Conclusions 

 
In conclusion, the development of a 3D printed exoskeleton robotic arm for stroke recovery and 

rehabilitation presents a promising avenue for personalized therapy sessions. The integration of high-
torque servo motors and microcontrollers allows for precise control and mimicking of natural 
movements crucial for optimizing recovery. The customizability of the system, along with its ability 
to provide tailored therapy sessions, highlight its potential in enhancing rehabilitation outcomes for 
stroke patients. Additionally, the utilization of a master-slave mechanism in the exoskeleton robotic 
arm design highlights a unique approach to mirror movements and provide engaging rehabilitation 
exercises, further emphasizing the importance of personalized and effective interventions in stroke 
recovery. The positive outcomes observed in various studies on robotic exoskeletons and virtual 
reality in rehabilitation post-stroke underscore the potential impact of integrating technology into 
rehabilitation practices for improved motor activity and gait in individuals after stroke. Future 
research focusing on enhancing IoT capabilities for remote monitoring and personalized treatment 
optimization could further advance the field. 

 
Acknowledgement 
This research was financially supported by the University of Tun Hussein Onn Malaysia through TIER1 
Grant Scheme (Code Q487). The authors also wish to thank the Faculty of Electrical and Electronic 



Journal of Advanced Research Design 
Volume 137 Issue 1 (2026) 317-330  

329 

Engineering and the Faculty of Engineering Technology, Universiti Tun Hussein Onn Malaysia, for 
providing a platform to carry out the research activities. 
 
References  
[1] Marcela Chaparro-Rico, Betsy Dayana, Daniele Cafolla, Eduardo Castillo-Castaneda and Marco Ceccarelli. "Design 

of arm exercises for rehabilitation assistance." Journal of Engineering Research (2307-1877) 8, no. 3 (2020). 
[2]   Krakauer, John W. "Arm function after stroke: from physiology to recovery." In Seminars in neurology, vol. 25, no. 

04, pp. 384-395. Copyright© 2005 by Thieme Medical Publishers, Inc., 333 Seventh Avenue, New York, NY 10001, 
USA., 2005. https://doi.org/10.1055/s-2005-923533 

[3]  Han, Cheol E., Michael A. Arbib and Nicolas Schweighofer. "Stroke rehabilitation reaches a threshold." PLoS 
computational biology 4, no. 8 (2008): e1000133. https://doi.org/10.1371/journal.pcbi.1000133 

[4] Zhou, Huiyu and Huosheng Hu. "Human motion tracking for rehabilitation—A survey." Biomedical signal processing 
and control 3, no. 1 (2008): 1-18. https://doi.org/10.1016/j.bspc.2007.09.001 

[5] Chew, Wai Hoong, Nur Aqliliriana Zainuddin and Shanthakumar Kalimuthu. "Perception and Knowledge of Trunk 
Rehabilitation in Stroke among Physiotherapy Students: A Cross-Sectional Study." Journal of Health and Quality of 
Life 4, no. 1 (2024): 1-10. https://doi.org/10.37934/jhqol.4.1.110 

[6] Jalani, Jamaludin, Amirul Syafiq Sadun and Muhammad Zulhilmi Hussin. "A Low Cost of an Exoskeleton Finger for 
Stroke Patient." Journal of Advanced Research in Applied Sciences and Engineering Technology 38, no. 2 (2024): 16-
26. https://doi.org/10.37934/araset.38.2.1626 

[7]    De Lee, Guan, Wei-Wen Wang, Kai-Wen Lee, Sheng-Yen Lin, Li-Chen Fu, Jin-Shin Lai, Wen-Shiang Chen and Jer-Junn 
Luh. "Arm exoskeleton rehabilitation robot with assistive system for patient after stroke." In 2012 12th 
international conference on control, automation and systems, pp. 1943-1948. IEEE, 2012.  

[8]   Rahman, Mohammad Habibur, Md Jahidur Rahman, O. L. Cristobal, Maarouf Saad, Jean-Pierre Kenné and Philippe 
S. Archambault. "Development of a whole arm wearable robotic exoskeleton for rehabilitation and to assist upper 
limb movements." Robotica 33, no. 1 (2015): 19-39. https://doi.org/10.1017/S0263574714000034 

[9] Rehmat, Naqash, Jie Zuo, Wei Meng, Quan Liu, Sheng Q. Xie and Hui Liang. "Upper limb rehabilitation using robotic 
exoskeleton systems: A systematic review." International Journal of Intelligent Robotics and Applications 2 (2018): 
283-295. https://doi.org/10.1007/s41315-018-0064-8 

[10]  Gupta, Abhishek and Marcia K. O'Malley. "Design of a haptic arm exoskeleton for training and 
rehabilitation." IEEE/ASME Transactions on mechatronics 11, no. 3 (2006): 280-289. 
https://doi.org/10.1109/TMECH.2006.875558 

[11]  Rosen, Jacob, Joel C. Perry, Nathan Manning, Stephen Burns and Blake Hannaford. "The human arm kinematics and 
dynamics during daily activities-toward a 7 DOF upper limb powered exoskeleton." In ICAR'05. Proceedings., 12th 
International Conference on Advanced Robotics, 2005., pp. 532-539. IEEE, 2005. 

[12] Bertomeu-Motos, Arturo andrea Blanco, Francisco J. Badesa, Juan A. Barios, Loredana Zollo and Nicolas Garcia-
Aracil. "Human arm joints reconstruction algorithm in rehabilitation therapies assisted by end-effector robotic 
devices." Journal of neuroengineering and rehabilitation 15 (2018): 1-11. https://doi.org/10.1186/s12984-018-
0348-0 

[13] Bertomeu-Motos, Arturo, Luis D. Lledó, Jorge A. Díez, Jose M. Catalan, Santiago Ezquerro, Francisco J. Badesa and 
Nicolas Garcia-Aracil. "Estimation of human arm joints using two wireless sensors in robotic rehabilitation 
tasks." Sensors 15, no. 12 (2015): 30571-30583. https://doi.org/10.3390/s151229818 

[14] Nef, Tobias, Marco Guidali, Verena Klamroth-Marganska and Robert Riener. "ARMin-exoskeleton robot for stroke 
rehabilitation." In World Congress on Medical Physics and Biomedical Engineering, September 7-12, 2009, Munich, 
Germany: Vol. 25/9 Neuroengineering, Neural Systems, Rehabilitation and Prosthetics, pp. 127-130. Springer Berlin 
Heidelberg, 2009. https://doi.org/10.1007/978-3-642-03889-1_35 

[15] Nizamis, Kostas, Noortje HM Rijken, Ana Mendes, Mariska MHP Janssen, Arjen Bergsma and Bart FJM Koopman. 
"A Novel Setup and Protocol to Measure the Range of Motion of the Wrist and the Hand." Sensors 18, no. 10 (2018): 
3230. https://doi.org/10.3390/s18103230 

[16] Just, Fabian, Özhan Özen, Stefano Tortora, Verena Klamroth-Marganska, Robert Riener and Georg Rauter. "Human 
arm weight compensation in rehabilitation robotics: efficacy of three distinct methods." Journal of 
neuroengineering and rehabilitation 17 (2020): 1-17. https://doi.org/10.1186/s12984-020-0644-3 

[17] Rahman, Mohammad Habibur, Cristóbal Ochoa-Luna, Md Jahidur Rahman, Maarouf Saad and Philippe 
Archambault. "Force-position control of a robotic exoskeleton to provide upper extremity movement 
assistance." International Journal of Modelling, Identification and Control 21, no. 4 (2014): 390-400. 
https://doi.org/10.1504/IJMIC.2014.062026 

https://doi.org/10.1055/s-2005-923533
https://doi.org/10.1371/journal.pcbi.1000133
https://doi.org/10.1016/j.bspc.2007.09.001
https://doi.org/10.37934/jhqol.4.1.110
https://doi.org/10.37934/araset.38.2.1626
https://doi.org/10.1017/S0263574714000034
https://doi.org/10.1007/s41315-018-0064-8
https://doi.org/10.1109/TMECH.2006.875558
https://doi.org/10.1186/s12984-018-0348-0
https://doi.org/10.1186/s12984-018-0348-0
https://doi.org/10.3390/s151229818
https://doi.org/10.1007/978-3-642-03889-1_35
https://doi.org/10.3390/s18103230
https://doi.org/10.1186/s12984-020-0644-3
https://doi.org/10.1504/IJMIC.2014.062026


Journal of Advanced Research Design 
Volume 137 Issue 1 (2026) 317-330  

330 

[18] Ball, Stephen J., Ian Brown and Stephen H. Scott. "Designing a robotic exoskeleton for shoulder complex 
rehabilitation." CMBES Proceedings 30 (2007). 

[19] Montagner, Alberto, Antonio Frisoli, Luigi Borelli, Caterina Procopio, Massimo Bergamasco, Maria C. Carboncini 
and Bruno Rossi. "A pilot clinical study on robotic assisted rehabilitation in VR with an arm exoskeleton device." 
In 2007 Virtual Rehabilitation, pp. 57-64. IEEE, 2007. https://doi.org/10.1109/ICVR.2007.4362131 

[20] Vitiello, Nicola, Tommaso Lenzi, Stefano Roccella, Stefano Marco Maria De Rossi, Emanuele Cattin, Francesco 
Giovacchini, Fabrizio Vecchi and Maria Chiara Carrozza. "NEUROExos: A powered elbow exoskeleton for physical 
rehabilitation." IEEE transactions on robotics 29, no. 1 (2012): 220-235. 
https://doi.org/10.1109/TRO.2012.2211492 

[21] Anjum, Aiman Farogh, Humaira Fayyaz and Arif Siddiqui. "The effect of virtual rehabilitation and constraint induced 
movement therapy (CIMT) on improving upper extremity motor activity post-stroke." Journal of Islamic 
International Medical College (JIIMC) 12, no. 3 (2017): 129-134. 

[22] Qassim, Hassan M. and W. Z. Wan Hasan. "A review on upper limb rehabilitation robots." Applied Sciences 10, no. 
19 (2020): 6976. https://doi.org/10.3390/app10196976 

[23] Nef, Tobias, Marco Guidali and Robert Riener. "ARMin III–arm therapy exoskeleton with an ergonomic shoulder 
actuation." Applied Bionics and Biomechanics 6, no. 2 (2009): 127-142. 
https://doi.org/10.1080/11762320902840179 

[24] Mirelman, Anat, Paolo Bonato and Judith E. Deutsch. "Effects of training with a robot-virtual reality system 
compared with a robot alone on the gait of individuals after stroke." Stroke 40, no. 1 (2009): 169-174. 
https://doi.org/10.1161/STROKEAHA.108.516328 

https://doi.org/10.1109/ICVR.2007.4362131
https://doi.org/10.1109/TRO.2012.2211492
https://doi.org/10.3390/app10196976
https://doi.org/10.1080/11762320902840179
https://doi.org/10.1161/STROKEAHA.108.516328

