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Abstract— In this work, modeling of
human hand for robotic application is presented.
The main objective of developing robotic hands is
not intended to replicate actual human hand
working principle, but to mimic the kinematics for
effective grasping and manipulation performance.
Essential features that are found on the human
hand was considered in the development of the
robotic hand. Such considerations include:
lengths of the fingers, applied couplings and
degrees of freedom at the joints, the thumb
position and the hand kinematics. The hand that
was developed in this study was actuated by 12
electric motors which was driven by the Arduino
controller. The robot hand considered in this
study is meant to serve demonstration purposes
only. The links on the hand was made of low-
density 3D printed components. The housing of
the robot, which contains the control electronics
was fabricated from mild steel. The electronics
and drive components were bought-out items.
After the design and modelling, the robotic hand
was 3D printed, low-density material which
contributed to lightweight design but reduces
mechanical strength. Future designs should
explore composite materials for durability.
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1. Introduction

The human hand is a very important human body
part (Romero, Tzionas and Black, 2022). If the human
hand is lost through accident or by any other means, its
effect on the individual could be devastating. Imagine a
person who is the bread winner of a household rendered
unable to work to earn a living; the effect could be
colossal. Unfortunately, studies show that men are more
likely to lose their hand than women (Stroebe and

Stroebe, 2021; Rahiem, Rahim and Ersing, 2021;
Clement, Bugler and Oliver, 2011).

Historically, a hand amputee only had an option of
using a hook prosthesis; this had limited function and there
was a significant level of social stigma associated with it
(Heli, 2024; Savsani, Singh and Mali, 2023; Oporto-
Tejerina and Tapia-Siles, 2023). In the modern society
however, advancements in medical engineering has made
it possible to have bionic hands that closely resemble the
human hand in every way, in appearance and function
(Pandarinath and Bensmaia, 2022; Ng, Nazari and Alam
2021; Clement et al, 2011; UNESCO Courier, 2018).
Modern bionic hands are lightweight and are driven by
battery embedded in it (Akpan, Orazulume and Essien,
2024; Adani, Widasari and Setiawan, 2023; Keogh, 2022).
Most limb users can use their hand for at least 8 hours per
day, before having to recharge. The actuators that control
the hand are driven by electrical (“motor”) signals in the
human body ((Shoman, Karlsson, and Yeh, 2022;
Clement et al, 2011).

In order to contribute to the growing body of
knowledge in this bionic hand and hand for robotic
applications, this study focus on modeling of human hand
along with some aspects of the hand actuation and control
mechanisms. The modelled hand is eventually printed
using 3D printer.

2. Methodology
2.1 Design and Modelling of the Hand
The main objective of developing robotic
hands is not intended to replicate actual human hand
working principle, but to mimic the kinematics for
effective grasping and manipulation performance. This
is due to the fact that packaging constraints hinder the
number of actuators that can be used and the robotic
mechanism requires the use of technology that is not a
biological equivalent. Essential features that are found
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on the human hand was considered in the development
of the robotic hand. Such considerations include:
lengths of the fingers, applied couplings and degrees
of freedom at the joints, the thumb position and the
hand kinematics.

The robot hand was produced based on
dimensions of a typical human hand. The dimensions
are as shown in Figure 1. Also, Figure 2 shows a

computer-aided 3D model of the human hand derived
from the standard range of dimensions of the human
hand. The lengths of the hand links was developed
based on the dimensions on the CAD model. These
dimensions are based on actual measurement of a
human hand. The model hand has 24 degrees of
freedom which is generated from 19 links, as it is in a
typical of a human hand.
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Figure 1: The Dimensions of the Human Hand

Figure 2: The 3D Model of the Human Hand

this case is provided by the drive train itself. Figure 3.
shows the antagonistic actuation method which was
implemented in this design. The hand that was
developed in this study was actuated by 12 electric

2.2 THE HAND ACTUATION AND CONTROL MECHANISM

Antagonistically driven joints have actuators
connected to either sides of the joint. Tensioning in
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motors which was driven by the Arduino controller. In 61 and 6, are the angular positions of the first and
Figure 3, it can be seen that for each link, two servo second motors respectively, where k (&) represents the
motors are used to provide requisite operating force. stiffness characteristics. P indicates the link position.

Elastic element 1

k (B)

Motor 1 Link
p

Motor 2

k (8)

Elastic element 2
Figure 3.: The Joints Antagonistic Control Scheme
3. Results and discussion
2.3 Materials Selection and Fabrication

After the design and modelling, the robotic hand
was 3D printed, as shown in Figure 4. The material used in
printing the modelled human hand is a low-density material
which contributed to lightweight design but reduces
mechanical strength. Future designs should explore
composite materials for durability.

The robot hand considered in this study is
meant to serve demonstration purposes only. The links
on the hand was made of low-density 3D printed
components. The housing of the robot, which contains
the control electronics was fabricated from mild steel.
The electronics and drive components were bought-out
items.

Figure 4: The Assembled Human Hand Model

WWWw.imjst.org
IMIJSTP29121160 8230



International Multilingual Journal of Science and Technology (IMJST)
ISSN: 2528-9810
Vol. 9 Issue 12, December - 2024

7. Oporto-Tejerina, F. R., & Tapia-Siles, S.

4. Conclusion C. (2023, November). Design and

The modelling of human hand is presented. Also, Prototyping of Low Cost, 3D Printed Body

some aspects of the hand actuation and control mechanisms Powered Hand Prosthesis for Transradial

are modeled. The modelled hand is eventually printed using Amputees in Bolivia. In 2023 11th

3D printer. Low-density material was used in the printing International Conference on Control,

of the modelled human hand. This contributed to Mechatronics and Automation
lightweight design but reduces mechanical strength. As (ICCMA) (pp. 386-391). IEEE.

such, it is recommended that future designs should explore 8. Heli, P. (2024). Design and Testing of a

composite materials for durability. Prototype Prosthesis for Pediatric Upper-

limb Transradial Amputees to Provide

References Adjustable Size and Modular

1. Clement, R, Bugler, K, and Oliver, C. Characteristics.

(2011). Bionic Prosthetic Hands: A Review 9. Ng, K. H.,, Nazari, V., & Alam, M. (2021).
of Present Technology and Future Can prosthetic hands mimic a Healthy
Aspirations. The Surgeon, Journal of the human hand?. Prosthesis, 3(1), 11-23.

Royal Colleges of Surgeons of Edinburgh 10. Pandarinath, C., & Bensmaia, S. J.
and Ireland, 9(2011), 336-340. (2022). The science and engineering

2. UNESCO Courier (2018). A Bionic Hand behind sensitized brain-controlled bionic
that Sees. Accessed on 13th December, hands. Physiological ~ Reviews, 102(2),
2021. Available at: 551-604.
en.unesco.org/courier/2018-3 /bionic- 11. Adani, M. S. N., Widasari, E. R., &
hand-sees Setiawan, E. (2023, October). Developing

3. Romero, J., Tzionas, D., & Black, M. J. a Low-Cost Prosthetic Hand with Real-
(2022). Embodied hands: Modeling and Time Machine Learning Capabilities.
capturing hands and bodies In Proceedings of the 8th International
together. arXiv preprint Conference on Sustainable Information
arXiv:2201.02610. Engineering and Technology (pp. 562-

4. Stroebe, W., & Stroebe, M. S. (2021). 569).

Beyond marriage: The impact of partner 12. Keogh, C. (2022). Engineering the Winter
loss on health. In The emerging field of Soldier: A study of an advanced bionic
personal relationships (pp.  203-224). arm. Superhero Science and
Routledge. Technology, 3(1), 1-16.

5. Rahiem, M. D., Rahim, H., & Ersing, R. 13. Akpan, W. A., Orazulume, C. M., &
(2021). Why did so many women die in Essien, G. D. (2024). Kinematics of
the 2004 Aceh Tsunami? Child survivor human hand and robotics
accounts of the disaster. International applications. International ~ Journal  of
journal of disaster risk reduction, 55, Science and Research Archive, 12(2),
102069. 1697-1715.

6. Savsani, S., Singh, S., & Mali, H. S. 14. Shoman, W., Karlsson, S., & Yeh, S.
(2023).  Additve manufacturing  for (2022). Benefits of an electric road

prostheses development: state of the
art. Rapid Prototyping  Journal, 29(4),
741-765.

system for battery electric vehicles. World
Electric Vehicle Journal, 13(11), 197.

IMJSTP29121160

Www.imjst.org

8231



