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1. Introduction 

Amputation is a clinical procedure of surgically removing 

partial or entire limbs of the patients due to reasons such as 

Congenital, Trauma and diseases. The upper limb amputation is 

divided into 7 sub categories [1]. This paper focuses more on 

Transradial amputation as it limits the amputee’s movement in 

activities such as picking eating and Grabbing [2]. Diabetes 

Mellitus is by far the most common cause of amputation in 

Malaysia, with a percentage of 70 per cent based on the studies 

conducted [3].  The prosthetics usage among the Malaysian 

amputees are in low state with 58 percentages [3]. The 

prosthetics are divided into 3 categories, which are Passive, 

Body Powered and Myoelectric [4]. Amputees need artificial 

limbs to function in daily life and carry out a variety of tasks but 

a high cost makes it difficult to afford [5]. It is also common for 

people to feel they need prosthetics because they want to 

improve their appearance and confidence [6]. The available 

artificial arms such as body powered prosthetics and myoelectric 

consist of complicated control mechanisms which makes it 

difficult for amputed people to learn and understand, which 

makes it ineffective [7]. 
 

2. Literature Review 

2.1. Additive Manufacturing 

Additive Manufacturing, often called 3D printing, has been a 

crucial part of upper limb prostheses due to its availability 

characteristics and less wastage in manufacturing [8]. A few key 

benefits of additive manufacturing compared to traditional 

manufacturing [9] are cost, speed, quality and innovation. 

Additive manufacturing also offers the platform to repair 

components to the latest design instantly compared to traditional 

methods requiring tooling. The tooling method consumes more 

time and costs more than additive manufacturing [9]. Additive 

Manufacturing has been tested on prosthetics by several studies 

to identify its effectiveness.  As per studies, only three of the 

eighteen prostheses failed during the follow-up time of 5 weeks 

[10]. It was reported that the failure occurred due to fused 

deposition modelling techniques, which weakened the 

prosthesis structure. To summarize, additive manufacturing is 

the best option to develop prosthetics for amputees due to its 

cost, design flexibility, and automation. 
 

2.2. Prosthetic Design 

The design should meet several requirements that need to be 

fulfilled to develop an operational prototype successfully. There 

are two types of requirements: relaxed and complete [11]. 

Relaxed requirements are the method of prototyping the design 

with some trade-off limitations from the actual design. The 

complete requirements approach is about developing a 

prototype similar to the final design. The design of the prosthetic 

arm should consist of five fingers, palm attachment, forearm 

attachment and a compartment for the electronic components 

based on the project's requirements [12]. The design should 

maintain functional movement of the fingers to achieve the 

desired movements, similar to the human hand [13]. The 

functional movement is core related to the degree of freedom of 

fingers. There are six degrees of freedom for the translation and 

rotation of the palm [14]. There are four degrees of freedom for 

four fingers: the index finger, middle finger, ring finger and little 

finger. The TPU and PLA materials will be used in the prototype 

as The TPU material is the flexible material comparatively with 

PLA [15].  It is most suitable for usage in the printing of fingers 

and PLA is the most suitable for the forearm parts due to its 

rigidity. 
 

2.3. Control Mechanism 

Electromyography is one of the core components of the 

Myoelectric control mechanism method. The electromyography 

methods enable reading the muscle activation of skeletal 

muscles in the amputee’s targeted muscle group. Muscle  
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movements begin in the brain; muscle movement triggering 

begins in the motor cortex, where a series of action potentials 

send signals to the spinal cord [16]. The most common was to 

obtain EMG signals is through Gel electrodes. The problem with 

the gel electrodes is that they will produce cross-talk and 

distortion in the obtained signal as the gel starts to dry out. This 

issue will disrupt the control mechanism of the prostheses. The 

dry electrodes are proposed as the alternative solution for 

obtaining reliable EMG signals [18]. The dry electrodes do not 

need any form of gel to boost their conductivity and signal 

acquisition of muscle. To summarise, Electromyography 

method is proposed as the control system of this proposed 

project which incorporates dry electrodes for better signal 

acquisitions. 
 

3. Methodology 

3.1. Electronic Components 

3.2.1. Arduino Nano 

One of the most widely used devices for prototyping is Arduino. 

The main advantages of this device are its cost and support for 

firmware &libraries. The Arduino Nano is embedded in this 

project due to its compact form factor and 12 digital input 

terminals. It also has energy-saving features and a higher clock 

speed [20]. 
 

 
Figure 1: HC-SR04 Ultrasonic Sensor. 

 

3.2.2. 20 KG Torque Servo 

In this project, servo motors are integrated and function as linear 

actuators to give the prosthetic arm's fingers range of motion. 

The DC motors has internal components such as motor, gearbox, 

internal potentiometer and control circuit. The DC motors have 

various types of torques, a 20kg torque servo is used in the 

project. By adjusting the electrical pulses sent to the DC motors 

through a microcontroller, their rotating positions can be 

controlled. 

 

 
Figure 2: 20KG Torque Servo. 

 

 

3.2.3. EMG Sensor 

This sensor uses EMG (electromyography) to sense the 

electrical activity of the muscles. It then converts that into a 

varying voltage that can be read on the analogue input pin of any 

microcontroller.  This power can be obtained from the Arduino 

board. This muscle sensor uses three dry electrodes that attach 

to the targeted muscle group, such as biceps, forearms, and 

calves. 
 

 
Figure 3: Analogue EMG Sensor. 

3.2. Software 

3.2.1. Arduino Ide 

IDE stands for Arduino Development Environment, and it is 

used for programming Arduino modules as well as compiling 

the code. The IDE can be programmed with C Programming 

Language which can help debug, edit, and compile code. In this 

project we use Arduino Nano. The main code, also known as a 

sketch, created on the IDE platform will ultimately generate a 

Hex File which is then transferred and uploaded in the controller 

on the board. 
 

 
Figure 4: Arduino IDE. 

 

3.2.2. AutoCAD FUSION 360 

Fusion 360 is a 3-dimensional Computer Aided Design program 

by Autodesk. The software enables the designers to go through 

all corners and pipeline of the design without switching multiple 

programs. The Software is primarily used for applications such 

as 3D Modelling, generative design and Renderings. 
 

 
Figure 5: AutoCAD FUSION 360. 

 

3.2.4. Block Diagram 

The Block diagram of components and their interactions 

illustrates the process at the hardware and software levels. The 

subject is the starting point of the flow of this project. The 

muscle activities will be recorded on the subject through the 

EMG electrode. Then, those signals will transfer to the EMG 

recorder module to record it. These signals will be transferred to 

Arduino (Microcontroller). The Arduino will analyse the signal 

and then send the information to the servo motor to rotate in the  
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desired direction. The rotation in the servo causes changes in the 

prosthetic arm. (Fingers contracting and relaxing). 
 

 
Figure 6: Block Diagram of system. 

 

3.3. Schematic Diagram 

An Arduino Nano was connected to two servos and an EMG 

sensor. A 6v battery is powering the two servos and an Arduino 

Nano; the Vcc pins will be connected to the 6v battery, which is 

a positive terminal. The Ground pin of the servo will be 

connected to the 6V battery's negative terminal. The Arduino 

Nano's Vin pin will be looped with the 6V battery's positive 

terminal. The ground pin of the Arduino Nano will be in a loop 

with the 6V battery's negative terminal. The signal wire from the 

two servos is connected to the Arduino's digital pins 3 and 5. 
 

Meanwhile, the 3.3V output of the Arduino will power the EMG 

sensor. The ground wire of the EMG sensor was connected to 

the ground pin in the Arduino Nano. At the same time, the signal 

pin of the EMG sensor is connected to the analogue pin in the 

Arduino. 
 

 
Figure 7: Schematic Diagram of system. 

 

3.4. Design of Prototype 

The project design should include five fingers, palm and forearm 

sockets for electronic component placements. The design 

objectives are to create a functional prosthetic arm with three 

degrees of freedom for the fingers. The fingers are separated into 

three parts to achieve three degrees of freedom. The forearm 

socket should satisfy the requirements and characteristics for the 

attachment with palm and compartment for electronic 

components. 
 

 
Figure 8: Design of Prototype 

4. Analysis 

4.1. Accuracy of EMG Sensor 

The control system of the developed prosthetic arm is based on 

the EMG sensor shown in Figure 3. The signal obtained from 

the sensor is crucial in the process of controlling the finger 

movements based on amputee’s muscle movement. The 

accuracy of the EMG Sensor was analysed with the data samples 

collected from subjects with different body mass index such as 

underweight, normal, overweight and obese. The data collected 

from these samples also proves the effectiveness of the EMG 

sensor on various people with different body mass index. The 

method carried out in obtaining data from subjects is as shown 

in figure 9. 

 
Figure 9: EMG Sensor Placement 

 

The EMG Sensor was placed in the biceps muscle which 

considered as the targeted muscle group. The sensor was 

calibrated when tested on every subjects. BMI index of every 

subject was calculated prior to the testing and the accuracy of 

the sensor in detecting muscle movements were recorded in 

Table 3.1 
 

Table 3.1: Average EMG accuracy vs BMI. 
 

 
 

The average EMG voltage obtained from subjects were set as 

the threshold which the subject has to achieve in order to get 

pass on every testing as shown in Table 3.1. 
 

 
Figure 9: EMG Accuracy vs BMI of subject 

 

Based on the chart in Figure 9, subject with normal and 

overweight BMI has the accuracy of 100 percentages and the 

subjects with underweight and Obese BMI achieved accuracy in 

the range of 80 percentages. The lesser body muscle ratio has 

led to reduce in accuracy. The results prove that the sensor is 

capable of integrating with users from different body 

composition. 
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5. Conclusion 

The 3D printed prosthetic arm for transradial amputees have 

been manufactured through 3D printing. The prosthetic arm is 

able to translate the muscle movements of subjects into open and 

closed movements of prosthetic arm fingers. For the research 

experiment, the EMG sensor’s accuracy was analysed through 

subjects with different body composition. The results provided 

positive impacts as the sensor is able to detect muscle 

movements of all the subjects with higher percentages. It 

solidifies the usability of the project on people with various body 

composition. To summarise, this project will provide 

meaningful insight into the development of prosthetics and 

influence the direction of future research in the path of 

prosthetics. 
 

Reference 
 

1. H. Shahsavari et al., “Upper limb amputation; Care needs 

for reintegration to life: An integrative review,” Int. J. 

Orthop. Trauma Nurs., vol. 38, no. December 2019, p. 

100773, 2020, doi: 10.1016/j.ijotn.2020.100773. 

2. E. O’Brien, P. M. Stevens, S. Mandacina, and C. Jackman, 

“Prosthetic management of unilateral transradial 

amputation and limb deficiency: Consensus clinical 

standards of care,” J. Rehabil. Assist. Technol. Eng., vol. 8, 

p. 205566832110652, 2021, doi: 

10.1177/20556683211065262. 

3. H. H. A. Karim and C. P. Ming, “Characteristics and 

prosthesis usage of amputees attending medical 

rehabilitation services in Malaysia,” Med. J. Malaysia, vol. 

75, no. 5, pp. 519–524, 2020. 

4. L. C. Smail, C. Neal, C. Wilkins, and T. L. Packham, 

“Comfort and function remain key factors in upper limb 

prosthetic abandonment: findings of a scoping review,” 

Disabil. Rehabil. Assist. Technol., vol. 16, no. 8, pp. 821–

830, 2021, doi: 10.1080/17483107.2020.1738567. 

5. C. A. Donnelley et al., “Cost Analyses of Prosthetic 

Devices: A Systematic Review,” Arch. Phys. Med. 

Rehabil., vol. 102, no. 7, pp. 1404-1415.e2, 2021, doi: 

10.1016/j.apmr.2021.02.010. 

6. L. Ccorimanya, M. Hassan, R. Watanabe, T. Ueno, Y. 

Hada, and K. Suzuki, “A Personalized 3D-Printed Hand 

Prosthesis for Early Intervention in Children with 

Congenital Below-Elbow Deficiency: User-Centered 

Design Case Study,” IEEE Access, vol. 11, no. May, pp. 

50235–50251, 2023, doi: 

10.1109/ACCESS.2023.3277494. 

7. S. L. Carey, D. J. Lura, and M. Jason Highsmith, 

“Differences in myoelectric and body-powered upper-limb 

prostheses: Systematic literature review,” J. Rehabil. Res. 

Dev., vol. 52, no. 3, pp. 247–262, 2015, doi: 

10.1682/JRRD.2014.08.0192. 

8. A. Manero et al., “Implementation of 3D printing 

technology in the field of prosthetics: Past, present, and 

future,” Int. J. Environ. Res. Public Health, vol. 16, no. 9, 

2019, doi: 10.3390/ijerph16091641. 

9. M. Attaran, “The rise of 3-D printing: The advantages of 

additive manufacturing over traditional manufacturing,” 

Bus. Horiz., vol. 60, no. 5, pp. 677–688, 2017, doi: 

10.1016/j.bushor.2017.05.011. 

10. H. E. M. A. Abbady et al., “3D-printed prostheses in 

developing countries: A systematic review,” Prosthet. 

Orthot. Int., vol. 46, no. 1, pp. 19–30, 2022, doi: 

10.1097/PXR.0000000000000057. 

11. B. Camburn et al., “Design prototyping methods: State of 

the art in strategies, techniques, and guidelines,” Des. Sci., 

vol. 3, no. Schrage 1993, pp. 1–33, 2017, doi: 

10.1017/dsj.2017.10. 

12. D. Babu, A. Nasir, Ravindran, M. Farag, and W. A. Jabbar, 

“3D Printed Prosthetic Robot Arm with Grasping Detection 

System for Children,” Int. J. Adv. Sci. Eng. Inf. Technol., 

vol. 13, no. 1, pp. 226–234, 2023, doi: 

10.18517/ijaseit.13.1.16547. 

13. J. J. Cabibihan, M. K. Abubasha, and N. Thakor, “A 

Method for 3-D Printing Patient-Specific Prosthetic Arms 

with High Accuracy Shape and Size,” IEEE Access, vol. 6, 

pp. 25029–25039, 2018, doi: 

10.1109/ACCESS.2018.2825224. 

14. A. Rahman and A. Al-Jumaily, “Design and development 

of a bilateral therapeutic hand device for stroke 

rehabilitation,” Int. J. Adv. Robot. Syst., vol. 10, pp. 1–12, 

2013, doi: 10.5772/56809. 

15. J. ten Kate, G. Smit, and P. Breedveld, “3D-printed upper 

limb prostheses: a review,” Disabil. Rehabil. Assist. 

Technol., vol. 12, no. 3, pp. 300–314, 2017, doi: 

10.1080/17483107.2016.1253117. 

16. R. Merletti and S. Muceli, “Tutorial. Surface EMG 

detection in space and time: Best practices,” J. 

Electromyogr. Kinesiol., vol. 49, no. August, p. 102363, 

2019, doi: 10.1016/j.jelekin.2019.102363. 

17. R. H. Chowdhury, M. B. I. Reaz, M. A. Bin Mohd Ali, A. 

A. A. Bakar, K. Chellappan, and T. G. Chang, “Surface 

electromyography signal processing and classification 

techniques,” Sensors (Switzerland), vol. 13, no. 9, pp. 

12431–12466, 2013, doi: 10.3390/s130912431. 

18. M. S. Rodrigues et al., “Dry electrodes for surface 

electromyography based on architectured titanium thin 

films,” Materials (Basel)., vol. 13, no. 9, 2020, doi: 

10.3390/ma13092135. 

19. A. Fleming, N. Stafford, S. Huang, X. Hu, D. P. Ferris, and 

H. H. Huang, “Myoelectric control of robotic lower limb 

prostheses: A review of electromyography interfaces, 

control paradigms, challenges and future directions,” J. 

Neural Eng., vol. 18, no. 4, 2021, doi: 10.1088/1741-

2552/ac1176. 

20. H. Al-Mimi, A. Al-dahoud, M. FEZARI, and M. S. Daoud, 

“A study on new arduino NANO board for WSN and IoT 

applications,” Int. J. Adv. Sci. Technol., vol. 29, no. 4, pp. 

10223–10230, 2020, [Online]. Available: 

http://sersc.org/journals/index.php/IJAST/article/view/330

60.

 

 

 

 
American J Sci Edu Re, 2024                                                ISSN: 2835-6764                                                                          Page: 4 of 4 

Copyright: © 2024 Saravanan H. This Open Access Article 

is licensed under a Creative Commons Attribution 4.0 

International (CC BY 4.0), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the 

original author and source are credited.  

 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

