Humanizing Humanoids: An Extensive
Review on the Potential of Prosthetic
Robotic Arm with Integrated Monitoring
System for Disabled People

Mohd Hanafi Muhammad Sidik , Abdul Nasir Abd. Ghafar ,
Norasilah Karumdin, Nurul Najwa Ruzlan, and Waheb A. Jabbar

Abstract This review offers an in-depth review of current developments in patient
monitoring technologies and prosthetic robotic arms, with a focus on their appli-
cation for children with disabilities. These prosthetic arms’ design, development,
and testing—which aspire to imitate the functions of human arms—are thoroughly
explored. The paper also examines the application of virtual reality in user training
and the significance of performance assessment in enhancing the functioning and
design of the prosthetic. Additionally, numerous case studies are used to illustrate
the various ways that robotic arms are used in industrial and rehabilitation contexts.
It is emphasized as a potential way to raise the standard of care for kids with disabil-
ities: the integration of patient monitoring systems and prosthetic robotic arms. The
review attempts to highlight topics that need further research and lay a platform for
future studies in this field.
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1 Introduction to Prosthetic Robotic Arms and Patient
Monitoring Systems

Technology’s advent has significantly improved medical and healthcare, with the
emphasis on wearable and assistive technologies [1-5]. These devices are created to
simulate the operation of a human arm in the field of prosthetics, particularly in the
creation of robotic arms, giving people who have lost their limbs, including children,
the capacity to do daily tasks independently. It is impossible to overestimate the
significance of these prosthetic robotic arms, particularly in consideration of their
influence on the lives of impaired children [6—14]. Children with disabilities, in
particular, encounter special difficulties on a daily basis. Their capacity to connect
with their environment, carry out simple chores, and engage in social activities can
all be greatly impacted by the loss of an arm. By giving these children a functioning
alternative that can carry out activities ranging from basic grasping to complicated
movements, prosthetic robotic arms can help mitigate these difficulties [6—8]. Patient
monitoring systems have advanced significantly, as well, in addition to prosthetic
arms. As they offer real-time information regarding a patient’s health, these systems
are essential in healthcare settings. These monitoring systems can track the use and
effectiveness of prosthetic arms for impaired children, providing useful information
that can be used to make the necessary corrections or enhancements [9-11, 15-20].

As demonstrated in Fig. 1 [6], the field of prosthetic robotic arms and patient
monitoring systems is quickly developing, with new research and technological
improvements appearing often. However, a thorough analysis that synthesizes these
advancements is required, especially those that concern children with disabilities.
The goal of this analysis is to give a thorough overview of recent advancements
in patient monitoring systems and prosthetic robotic arms. This includes a look at
how these technologies were created and put into use, as well as the problems and
constraints that still exist today. This review attempts to do three things: highlight
the status of the subject, point out areas that require more research, and lay the
groundwork for future investigations [6—15, 21-30]. The integration of these two
technologies—specifically, how patient monitoring systems and prosthetic robotic
arms might be utilized together to enhance the quality of care for children with
disabilities—will also be a major emphasis of this review. This review attempts to
emphasize the possible advantages and difficulties of this integration, because this
field of study is still relatively new [12—17].

2 Current Progress and Developments in Prosthetic
Robotic Arms

Prosthetic robotic arm design and execution are complex, multiple operations that
demand a thorough understanding of both human anatomy and the field of robotics.
The goal is to create a technology that can as closely as possibly mimic the functions



Fig. 1 Anthropomorphic robotic arm construction [6]

of a human arm. This requires building a machine that can perform a wide range
of motions and react to user input in a way that feels natural and intuitive [6-9].
The pursuit of anthropomorphic designs is one approach to the creation of prosthetic
robotic arms. To provide a more organic and intuitive user experience, these designs
aim to mimic the shape and functionality of a human arm. A prosthetic limb that
replicates the structure and functioning of a human arm is being developed, according
to prior studies [6-9], and will give users a high level of functionality and control.
These designs require a combination of mechanical engineering, electronics, and
software development to be put into practice. The software that controls the arm’s
operation must be developed and put through rigorous testing, just as the mechanical
and electronic parts of the arm must be painstakingly built and made. This is a
difficult, multifaceted procedure that needs a lot of organization and experience [6—
9]. Technically, a user must receive training on how to operate and interact with a
prosthetic robotic arm before they may use it efficiently. This stage of the process is
crucial, because it has a big impact on how well the user can use the prosthetic. The
use of virtual reality (VR) in this training is a novel method [28]. Users can practice
using the prosthetic in a protected and safe environment, thanks to virtual reality
(Fig. 2). An accurate simulation of an anthropomorphic prosthetic hand is used in a
VR training platform, according to prior research, allowing users to practice using
the prosthetic in a range of settings [28—31]. The user’s comfort and confidence with
the prosthetic could be improved using VR in training. VR can help users become
more familiar with the prosthetic and more at ease using it in their daily life by
offering a realistic and immersive training environment [28—31]. This might result
in a more seamless transition to and greater adaptability to using the prosthetic arm,
thus enhancing the user’s quality of life.

The performance of a prosthetic robotic arm must be assessed once it has been
carefully developed, put into use, and the user has received the necessary training.
This entails a thorough evaluation of the prosthetic’s performance in a range of
scenarios and tasks as well as how well it meets the unique demands of the user. A
wide range of techniques can be used for performance assessment, including user
feedback, objective performance indicators, and the use of specialist testing rigs
[32-37]. The value of user feedback cannot be overstated, because it offers firsthand
perceptions into the user’s experience, identifying areas of success and areas that
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Fig. 2 The virtual hand is attached below the user’s forearm on the suggested robot-enhanced
virtual reality training platform, which may be used both in real life (a) and in virtual reality
(b) [28]

could use improvement. On the other hand, objective performance metrics provide
quantifiable information about the prosthetic’s performance, such as its efficiency,
precision, and dependability in carrying out tasks. In addition to this, testing rigs
can be used to replicate actual environmental factors. A rig that can deliver dynamic
loading to the prosthesis is described in earlier research, imitating the stresses and
motions the prosthetic would experience in real-world operation [32-37]. Since it
simulates the conditions the prosthetic would encounter in the user’s normal life, this
enables a more accurate evaluation of its functionality. Performance evaluation is a
crucial stage in the development process, since it offers priceless feedback that can
be used to improve the prosthetic’s design and functionality. The iterative design and
development process relies on this feedback loop of evaluation and improvement.
It makes sure that the prosthetic device is not only useful but also easy to use and



adapted to the individual requirements of the user. It is possible to develop a prosthetic
that better satisfies the user’s needs and improves their quality of life by regularly
assessing and improving the prosthetic’s performance [32-37]. The final product
will be a tool that can genuinely integrate into the user’s life, giving them more
independence and enhancing their general well-being, thanks to the iterative process
of review and development [32-37].

3 Diverse Applications and Case Studies of Robotic Arms
in Rehabilitation and Industry

Robotic arms offer a lot of potential for use in the field of rehabilitation, especially
in helping stroke patients recover. Rehabilitation is essential for helping patients
restore their independence and quality of life after a stroke, because these functions
are frequently lost [18—20]. Previous studies give an illustration of how robotic arms
can be used in this situation. The researchers describe a computer program called
“OnTrack” that makes use of a robotic arm to help patients with arm and hand
workouts. Based on the patient’s progress, the system provides real-time feedback
and modifies the exercises’ degree of difficulty [18—20]. There are various benefits of
using robotic arms in rehabilitation. They can provide dependable and targeted help,
enabling more efficient and focused activities. They can also give patients immediate
feedback, which helps them grasp their progress and stay motivated. Additionally,
they can be utilized in a home environment, providing a more practical and open
method of therapy [18-20]. Beyond healthcare, a wide range of uses for robotic
arms have been developed, with aquatic product sorting being one such example.

Robotic arm integration in this industry can greatly increase sorting process accu-
racy and efficiency, resulting in better product quality and reduced waste [38-50].
An example of a system that uses a robotic arm with intelligent vision to classify
aquatic products comes from a case study from earlier research. The products are
photographed using a camera in this system, and the photos are then processed with
advanced image analysis software to determine their attributes. The robotic arm may
then systematically sort the items based on these traits [38—50]. The potential of
robotic arms in industrial applications is highlighted by this case study. The system
can increase efficiency, reduce the possibility of human error, and ensure a constant
level of product quality by automating the sorting process. Additionally, the system
can adapt to a wide range of items and sorting criteria, thanks to the use of intelligent
vision, making it a flexible and adaptable solution [38—53]. Table 1 describes various
case studies that might be related to the development and the application of prosthetic
robotic arms.



Table 1 Various research works related to the development and the application of prosthetic robotic

arms

Studies

Classification

Description

[1, 4,14, 20, 23, 24, 42, 47, 49]

Healthcare and
rehabilitation
applications

Focus on robotic
arms and IoT in
healthcare. Include
patient monitoring,
assisting the
disabled, and
rehab exercises.
Related to
prosthetic arm
development for
limb loss

[2,3,5, 12,18, 50]

Assistive
devices and
rehabilitation

Discusses assistive
devices like
wheelchairs and
robotic arms for
rehab and quality
of life
improvement.
Aims to restore or
enhance mobility

[6, 28, 32, 36, 44]

Prosthetic arm

Covers design,

design and testing,

testing anthropomorphic
designs, VR
training,
performance
assessment, and
neural control of
prosthetic arms

[7,8,10, 11, 16, 17, 25, 26, 33, 34, 37, 39, 40, 43, 45, 48] | Manufacturing | These studies
and material discuss various
processing aspects of

manufacturing and
material
processing,
including
machining, finite
element method,
and material
properties. While
not directly related
to prosthetic arm
development, the
techniques and
methods discussed
could potentially
be applied in the
manufacturing
process of
prosthetic arms

(continued)



Table 1 (continued)

Studies Classification | Description
[9, 38, 41] Industrial These studies
applications discuss the use of
robotic arms in
industrial
applications,

specifically in
aquatic product
sorting. While not
directly related to
prosthetic arm
development, they
demonstrate the
versatility of
robotic arms and
the potential for
cross-application
of technologies

4 Summary

Prosthetic robotic arms and patient monitoring devices are evolving swiftly. This
field has promising research and development opportunities. IoT is being used in
patient monitoring. Studies suggest that IoT technology can monitor patients in real
time, improving care. Future IoT research could use machine learning to predict
health consequences from patient data. Prosthetic robotic arm advanced VR training
is another intriguing idea. Current platforms are safe and controlled, but they could
be more realistic and accurate. Future VR research could improve training using
haptic feedback. Research gaps remain despite considerable advances. Research
is needed for impaired children’s prosthetic robotic arms and patient monitoring
systems. Prosthetic robotic arms and patient monitoring systems for children must
consider their needs and abilities.

Prosthetic robotic arms and patient monitoring devices are hard to make. These
complex systems demand technical expertise to build and implement. Precision
control is essential for prosthetic robotic arm development. These devices must
accurately mimic human-arm movements. Human-arm anthropomorphic designs are
tough [6]. Patient monitoring systems struggle with data. These technologies generate
large amounts of data that must be collected, delivered, and processed rapidly. This
needs complex data management systems and raises security and privacy concerns
[9, 24, 35]. Current systems have technological challenges and constraints. The VR
training systems are unrealistic. VR lets people practice using prosthetic robotic
arms in a controlled setting, although platforms may not replicate the experience.
This may impair training efficacy and fail to prepare users for prosthetic use [28-31].
Personalized patient monitoring is another concern. Current health data systems may



not be individualized. This may lower efficacy and patient care [10, 24, 35]. Pros-
thetic robotic arms and patient monitoring systems must overcome these challenges
to advance. Research, innovation, and cross-disciplinary collaboration are needed.

Acknowledgements The author wishes to express profound gratitude to the Ministry of Higher
Education for their generous support of this study through the Fundamental Research Grant
Scheme (FRGS), under the grant number FRGS/1/2019/TK04/UMP/02/15 (University Reference:
RDU1901199). This research would not have been possible without their commitment to fostering
academic exploration and innovation. Additionally, heartfelt thanks are extended to the Universiti
Malaysia Pahang Al-Sultan Abdullah for their invaluable support and financial assistance under the
grant RDU Number RDU230328.

References

1. Abdulmalek S, Nasir A, Jabbar WA, Almuhaya MA, Bairagi AK, Khan M-M, Kee S-H
(2022) 10T-based healthcare-monitoring system towards improving quality of life: a review.
Healthcare 10:1993

2. Sidik MM, Ghani SC, Nasir A, Saniman MN (2022) Evaluation of misclassification matrix
method in validation of an assistive device for manual wheelchair propulsion. Int ] Eng Trends
Technol 70:272-280

3. Alsibai MH, Hamran NNN, Nasir A, Abdullah AA (2018) A monitoring system for EPW safe
use. J Telecommun Electron Comput Eng (JTEC) 10(1-2):131-135

4. Abdulmalek S, Nasir A, Jabbar WA, Almuhaya MAM, Babu D (2022) An internet of wearable
things (IOWT) based system for smart healthcare monitoring. In: Engineering technology
international conference (ETIC 2022), 255-261

5. Sidik MM, Ghani SC, Ishak M, Harun WSW, Daud N (2018) A review on electric wheelchair
innovation to ease mobility and as a rehabilitation tool for spinal cord impairment patient. Int
J Eng Technol 10(3):803-815

6. Yurova VA, Velikoborets G, Vladyko A (2022) Design and implementation of an anthropo-
morphic robotic arm prosthesis. Technologies 10:103. https://doi.org/10.3390/technologies 100
50103

7. Rosli AM, Jamaludin AS, Mohd Razali MNM, Akira H, Furumoto T, Osman MS (2019) Bold
approach in finite element simulation on minimum quantity lubrication effect during machining.
J Mod Manuf Syst Technol 2:33—41

8. Zainudin MF, Jamaludin AS, Mohamad Yasin MRM (2022) Effect of the current and pressure
on weld strength for IBS rebar machine. J Mod Manuf Syst Technol 6:1-6

9. Chen CY, Wu YC, Zhang JX, Chen Y (2022) IoT-based fish farm water quality monitoring
system. Sensors 22:6700. https://doi.org/10.3390/s22176700

10. Jamaludin AS, Yassin A (2013) Analysis of laser sintered materials using finite element method.
Sains Malaysiana 42(12):1727-1733

11. Lee H, Binti Kamarudin SN, Ishak I, Manaf ARA, Jamaludin AS, Shaharudin MA, Zawawi MZ
(2021) Feasibility study of wafer scale laser assisted thermal imprinting of glass nanostructures.
Lecture notes in mechanical engineering, 917-923

12. Yang L, Guo N, Sakamoto R, Kato N, Yano K (2022) Electric wheelchair hybrid operating
system coordinated with working range of a robotic arm. J Robot Control 3:15944. https://doi.
org/10.18196/jrc.v3i5.15944

13. Abdullah NAS, Abdullah FF, Sufian AH, Abidin ANSZ, Jamaludin AS, Razali MNM (2022)
Effect of degradation by temperature onto nitrile rubber elastomer mechanical properties. Mater
Today Proc 48:1941-1946


https://doi.org/10.3390/technologies10050103
https://doi.org/10.3390/technologies10050103
https://doi.org/10.3390/s22176700
https://doi.org/10.18196/jrc.v3i5.15944
https://doi.org/10.18196/jrc.v3i5.15944

14.

15.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Babu D, Nasir A, Farag M, Sidik MH, Rejab SB (2022) Development of prosthetic robotic
arm with patient monitoring system for disabled children; preliminary results. In: 2022 9th
international conference on electrical and electronics engineering (ICEEE)

Fusari G, Gibbs E, Hoskin L, Lawrence-Jones A, Dickens D, Fernandez Crespo R, Leis M,
Crow J, Taylor E, Jones F, Darzi A (2022) What is the feasibility and patient acceptability
of a digital system for arm and hand rehabilitation after stroke? A mixed-methods, single-
arm feasibility study of the ‘OnTrack’ intervention for hospital and home use. BMJ Open
12:e062042. https://doi.org/10.1136/bmjopen-2022-062042

. Jamaludin AS, Razali MNM, Jasman N, Ghafar ANA, Hadi MA (2020) Design of spline

surface vacuum gripper for pick and place robotic arms. ] Mod Manuf Syst Technol 4:48-55

. Mohadzir NF, Rosli AM, Jamaludin AS, Md Razali MN (2020) In-situ worn geometry effect

over the surface roughness propagation during micro milling process. J] Mod Manuf Syst
Technol 4:1-7

Bolam S, Tay M, Zaidi F, Sidaginamale R, Hanlon M, Munro JT, Monk A (2022) Introduction
of ROSA robotic-arm system for total knee arthroplasty is associated with a minimal learning
curve for operative time. J Exper Orthopaedics 9:524. https://doi.org/10.1186/s40634-022-005
24-5

Alisha E, Najwa N, Jamaludin AS, Razali MNM, Saffe SNBM (2022) Analysis on auger pump
performance during handling high viscous liquid. J] Mod Manuf Syst Technol 6:48-54

Keong LM, Jamaludin AS, Razali MN, Abidin ANSZ, Yasin MRM (2020) Modelling of PID
speed control based collision avoidance system. J Mod Manuf Syst Technol 4:66-72

McCall J, Barnard N, Gadient K, Kasireddy C, Kurtz A, Li Y, Page T, Putnam T, Brennan
A (2022) Environmental monitoring for closed robotic workcells used in aseptic processing:
data to support advanced environmental monitoring strategies. AAPS PharmSciTech 23:2360.
https://doi.org/10.1208/s12249-022-02360-3

Jamaludin AS, Zainal Abidin ANSZ, Roslan A, Shahril R, Hakimi Azmi A, Abdullah NAS,
Mohd Jawi Z, Abu Kassim KA (2021) Malaysian road traffic crash data: where do we stand
now. ] Mod Manuf Syst Technol 5:88-94

Osborn LE, Moran CW, Johannes MS, Sutton EE, Wormley JM, Dohopolski C, Nordstrom MJ,
Butkus JA, Chi A, Pasquina PF, Cohen AB, Wester BA, Fifer MS, Armiger RS (2021) Extended
home use of an advanced osseointegrated prosthetic arm improves function, performance, and
control efficiency. J Neural Eng 18:026020

Siao CY, Chen MH, Wang SY, Chang RG (2022) Telemedicine medical ultrasonic system
based on robotic arm. Sensors Mater 34:3810. https://doi.org/10.18494/sam3810

Abidin ANSZ, Azmi AH, Kassim KAA, Jamaludin AS, Razali MNM (2022) A review on
automotive tires significant characteristic identification for general consumers. In: Proceedings
of the 2nd energy security and chemical engineering congress, 375-385

Baharuddin NJ, Abdul Manaf AR, Jamaludin AS (2022) Study on die shoulder patterning
method (DSPM) to minimise springback of U-bending. Int J Autom Mech Eng 19:9509-9518
Ali MA, Sivarao AZ, Izamshah R, Kassim MS, Jamaludin AS (2022) Multi-response opti-
mization of machining simulation approach using grey relational analysis. Lecture notes in
mechanical engineering, 154—-157

Chappell D, Son HW, Clark AB, Yang Z, Bello F, Kormushev P, Rojas N (2022) Virtual reality
pre-prosthetic hand training with physics simulation and robotic force interaction. IEEE Robot
Autom Lett 7:3151569. https://doi.org/10.1109/1ra.2022.3151569

Jamaludin AS, Hosokawa A, Furumoto T, Koyano T, Hashimoto Y (2017) Evaluation of the
minimum quantity lubrication in orthogonal cutting with the application of finite element
method. Int J Mech Mechatronic Eng IIMME-IJENS 17(01):104-109

Rosli AM, Jamaludin AS, Razali MNM (2021) Recent study on hard to machine material—
micromilling process. Evergreen 8:445-453

Rosli AM, Jamaludin AS, Razali MNM, Sani ASA, Hamzah SB, Osman MS (2019) Modelling
of fuzzy inference system for micro milling—a preliminary study through FEM. Lecture notes
in mechanical engineering, 445-456


https://doi.org/10.1136/bmjopen-2022-062042
https://doi.org/10.1186/s40634-022-00524-5
https://doi.org/10.1186/s40634-022-00524-5
https://doi.org/10.1208/s12249-022-02360-3
https://doi.org/10.18494/sam3810
https://doi.org/10.1109/lra.2022.3151569

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Etoundi AC, Dobner A, Agrawal S, Semasinghe C, Georgilas I, Jafari A (2022) A robotic test
rig for performance assessment of prosthetic joints. Front Robot Al 8:613579. https://doi.org/
10.3389/frobt.2021.613579

May Shian HL, Syed Kamarudin SNHS, Ishak I, Jamaludin AS, Abdul Manaf AR, Mohd
Zawawi MZ (2021) Laser-assisted thermal imprinting of glass guided mode resonant (GMR)
optical filter. ] Mod Manuf Syst Technol 5:63-70

Jamaludin AS, Hosokawa A, Furumoto T, Koyano T, Hashimoto Y (2018) Study on the effec-
tiveness of extreme cold mist MQL system on turning process of stainless steel AISI 316. IOP
Conf Ser Mater Sci Eng 319:012054

Yao A, Chen HC (2022) An intelligent color image recognition and mobile control system for
robotic arm. Int J Robot Control Syst 2:557. https://doi.org/10.31763/ijrcs.v2i1.557
Ikechukwu Ogbodo M, Dang KN, Ben Abdallah A (2022) Study of a multi-modal neurorobotic
prosthetic arm control system based on recurrent spiking neural network. SHS Web Conf
139:03019

Jamaludin AS, Akira H, Furumoto T, Koyano T, Hashimoto Y (2018) High precision estimation
on physical behavior for cutting with various tool rake angle by finite element method. Lecture
notes in mechanical engineering, 715-723

Zhang J, Wang Y, Zhang Y, Li Y, Wang L, Chen Y (2022) A robotic arm with intelligent vision
for sorting of aquatic products. Sensors 22:6596. https://doi.org/10.3390/s22176596
Baharuddin NJ, Manaf ARA, Jamaludin AS (2023) Study of springback behavior on U-bending
part using die shoulder patterning method (DSPM). AIP Conf Proc 2544(1):040020

Yun Qi C, Mohd Razali MN, Jamaludin AS, Ahmad Mokhtar AR, Hamzah SB, Osman MS
(2019) Surface texturing potential on carbide insert in reducing aluminium alloy adhesiveness
during machining. ] Mod Manuf Syst Technol 2:42-50

Liu Y, Chen Y, Zhang J, Wang Y, Li Y (2022) A robotic arm with intelligent vision for aquatic
product sorting. Sensors 22:6596. https://doi.org/10.3390/s22176596

James A, Seth A, Mukhopadhyay S (2021) Realtime hand landmark tracking to aid development
of a prosthetic arm for reach and grasp motions. In: 2021 IEEE international symposium on
robotic and sensors environments (ROSE)

Jamaludin AS, Zainal Abidin ANSZ, Muhd Razali MN, Roslan A, Shahril R, Mohd Jawi
Z, Abu Kassim KA (2021) Potential application of artificial neural network (ANN) analysis
method on Malaysian road crash data. J] Mod Manuf Syst Technol 5:95-105

Chappell D, Son HW, Clark AB, Yang Z, Bello F, Kormushev P, Rojas N (2022) Virtual reality
pre-prosthetic hand training with physics simulation and robotic force interaction. IEEE Robot
Autom Lett. https://doi.org/10.1109/Ira.2022.3151569

Md Kamil NH, Jamaludin AS, Mhd Razali MN, Ghaffar ANA (2022) Temperature and heat
flow analysis in a drying chamber through finite element method. Lecture notes in mechanical
engineering, 309-316

Rosli AM, Jamil N, Jamaludin AS, Razali MNM, Yusoff AR (2021) Tool wear observation
during unconventional low speed machining using low cost micromilling. Lecture notes in
mechanical engineering, 589-597

Kavya PS (2020) Controlling the bionic ARM to certain gestures using ROS serial communi-
cations. Int J Eng Res Technol (IJERT). https://doi.org/10.17577/ijertv9is070470

Binti Kamarudin SN, Lee H, Ishak I, Manaf AR, Jamaludin AS, Shaharudin MAH, Zawawi MZ
(2021) Rapid direct continuous method for hot embossing of glass microlens array combined
with CO; laser irradiation and external preheating/cooling. Lecture notes in mechanical
engineering, 669-675

M, S, C, SK., J, S.P, A, HR,, P, R.B., Naveen, P.: Development and implementation of
a material handling robotic arm assisted by voice. In: 2023 9th international conference on
advanced computing and communication systems (ICACCS)

Shapovalov K, Shapovalova L, Pokhodyaeva G, Knyazeva N, Toropova V, Sannikova L,
Mezentseva A (2019) Individual program of rehabilitation and/or habilitation of disabled
children (IPRA). Results of its execution in the city children’s clinic. Archives of disease
in childhood. https://doi.org/10.1136/archdischild-2019-epa.662


https://doi.org/10.3389/frobt.2021.613579
https://doi.org/10.3389/frobt.2021.613579
https://doi.org/10.31763/ijrcs.v2i1.557
https://doi.org/10.3390/s22176596
https://doi.org/10.3390/s22176596
https://doi.org/10.1109/lra.2022.3151569
https://doi.org/10.17577/ijertv9is070470
https://doi.org/10.1136/archdischild-2019-epa.662

S1.

52.

53.

Ramli MR, Razak NA, Ismail I, Jamaludin AS, Manaf ARA (2022) Effect of dimple size onto
wear rate of mild steel AISI 1060 surface. Lecture notes in mechanical engineering, 99-102
Babu D, Nasir A, Jamaludin AS, Rosle MH (2021) Holding, grasping and sensing of prosthetic
robot arm like a real human hand, a journey beyond limits: an extensive review. In: Human-
centered technology for a better tomorrow, 485-504

Sufian AH, Xun TZ, Abidin ANSZ, Jamaludin AS, Razali MNM (2021) Study on tire tread
design effect onto tire-road contact behavior through FEM. Lecture notes in mechanical
engineering, 893-902



	Preface
	Contents
	 Diagnosis of COVID-19 on Chest X-ray (CXR) Images Using CNN with Transfer Learning and Integrated Stacking Ensemble Learning
	1 Introduction
	2 Methodology and Experimental Setup
	2.1 Overview of Study
	2.2 Data Acquisition and Data Augmentation
	2.3 Hardware and Software
	2.4 CNN Models
	2.5 Transfer Learning on Pre-trained Model
	2.6 Selection of Optimizer and Hyperparameter Fine Tuning
	2.7 Integrated Stacking Ensemble

	3 Results
	4 Discussion
	5 Conclusion
	References

	 Sensor Fusion-Based Target Prediction System for Virtual Testing of Automated Driving System
	1 Introduction
	2 Development of Virtual System
	2.1 Configuration of Ego Vehicle and Sensors
	2.2 Environment Model of MyAV Route A, Cyberjaya, Malaysia
	2.3 Development of Virtual Test Cases

	3 Deployment of Target Prediction
	3.1 Sensor Fusion Algorithm

	4 Results and Discussion
	4.1 Test Case 1
	4.2 Test Case 2
	4.3 Limitations and Challenges of Proposed System

	5 Conclusion
	References

	 Effect of Crack Length, Depth, and Location on Natural Frequencies of Railway Track
	1 Introduction
	2 Methodology
	2.1 Stage 1: Convergence and Numerical Validation
	2.2 Stages 2: Modes Shape of Vibrations Analysis

	3 Result and Discussion
	3.1 Convergence Analysis Result
	3.2 Modal Analysis Results (Experimental Versus Finite Element Analysis)
	3.3 Mode Shapes of Vibration on Railway Track

	4 Conclusion
	References

	 Imputation Analysis of Time-Series Data Using a Random Forest Algorithm
	1 Introduction
	2 Related Works
	3 Methodology
	4 Experimental Results
	4.1 Total Travel Time Dataset
	4.2 Total Trip-Wise Datasets

	5 Conclusion
	References

	 Harnessing Machine Learning, Blockchain, and Digital Twin Technology for Advanced Robotics in Manufacturing: Challenges and Future Directions
	1 Manufacturing Robotics Overview
	2 Revolutionizing Manufacturing Processes with Machine Learning and Blockchain Technologies
	3 Digital Twins as Future Trends of Robotics in Manufacturing
	4 Challenges and Issues on Machine Learning, Blockchain, and Digital Twin Integration in Manufacturing Robotics
	5 Summary
	References

	 Humanizing Humanoids: An Extensive Review on the Potential of Prosthetic Robotic Arm with Integrated Monitoring System for Disabled People
	1 Introduction to Prosthetic Robotic Arms and Patient Monitoring Systems
	2 Current Progress and Developments in Prosthetic Robotic Arms
	3 Diverse Applications and Case Studies of Robotic Arms in Rehabilitation and Industry
	4 Summary
	References

	 Intelligent Machining Systems for Robotic End-Effectors: State-of-the-Art and Toward Future Directions
	1 Introduction
	2 Design and Development of Robotic End-Effectors
	3 Challenges and Limitations
	3.1 Improving Machining Accuracy for a Robotic Arm with Hybrid Kinematic Chains

	4 Conclusion and Gap Identification
	References

	 Artificial Neural Network Analysis in Road Crash Data: A Review on Its Potential Application in Autonomous Vehicles
	1 Introduction of Artificial Neural Networks into Road Crash Analysis
	2 Benefit of Artificial Neural Networks in Autonomous Vehicles
	3 Challenges in Implementing Artificial Neural Networks
	4 Summary and Future Direction
	References

	 The Role and Impact of Robotics Integration in Precision Machining and Manufacturing: A Comprehensive Review
	1 Introduction to the Evolution of Robotics in Precision Machining
	2 Case Studies of Robotics in Precision Machining and Manufacturing
	3 Future Directions for Robotics in Precision Machining and Manufacturing
	4 Conclusion
	References

	 Nanomaterial in Robotics: Bridging the Gap Between Current Applications and Future Possibilities
	1 Introduction on the Applications of Nanomaterial in Robotics
	2 Trends in Nanomaterial and Robotics
	3 Challenges and Limitations
	3.1 Transportation of Nanomaterial
	3.2 Bioavailability Concerns
	3.3 Toxicity
	3.4 Regulatory Framework

	4 Summary
	References

	 Optimized-ELM Based on Geometric Mean Optimizer for Bearing Fault Diagnosis
	1 Introduction
	2 Methods
	2.1 The Proposed Method
	2.2 Extreme Learning Machine
	2.3 Geometric Mean Optimizer

	3 Case Western Reserve University Bearing Datasets
	4 Results and Discussions
	4.1 ELM Parameter Optimization
	4.2 Bearing Diagnosis Based on Proposed GMO-ELM Method

	5 Conclusion
	References

	 Detection of Fault Features in Remanufacturing of Automotive Components Using Image Processing and Computer Vision Techniques
	1 Introduction
	2 Literature Review
	3 Methodology
	3.1 Test Specimen
	3.2 Gaussian Blur
	3.3 Grayscale
	3.4 Defect Detection Method
	3.5 Illumination and Camera Setup
	3.6 Obtaining Accuracy and Consistency

	4 Results and Discussion
	5 Conclusion
	References

	 The Significance of the Thoracic Spinal Multiple Segments During Different Pick-Object Approaches
	1 Introduction
	2 Methodology
	2.1 Subjects
	2.2 Motion Capture System
	2.3 Experimental Procedure
	2.4 Global and Segmental Calculations
	2.5 Analysis

	3 Results and Discussion
	3.1 Analysis
	3.2 Comparison Between Approaches

	4 Conclusion
	5 Limitations and Future Works
	Appendix 1. P-Values of One-Way ANOVA During Begin Cycle of Pick-Object
	Appendix 2. P-Values of One-Way ANOVA During Return Cycle of Pick-Object
	References

	 Vibration Suppression of the Flexible Beam Structure Using PID Controller Tuned by Advanced Firefly Algorithm
	1 Introduction
	2 Flexible Beam Structure System Modeling
	3 PID Controller Design and Optimization
	3.1 Firefly Algorithm (FA) and Advanced Firefly Algorithm (AFA)

	4 Result and Discussion
	5 Conclusion
	References

	 Bearing Fault Diagnosis Based on Prominence Peak-Picking IMFs Selection and PSO-SSAE
	1 Introduction
	2 The Proposed Model Architecture
	2.1 Empirical Mode Decomposition (EMD)
	2.2 Algorithm Structure of Stacked Sparse Autoencoder (SSAE)
	2.3 Particle Swarm Optimization (PSO)

	3 Analysis Procedure, Datasets, and Preliminary Analysis
	3.1 Case Western Reserve University Datasets
	3.2 Machinery Fault Database (MaFaulDa)
	3.3 Institute of Noise and Vibration (INV), UTM Dataset

	4 Result and Discussion
	5 Conclusion
	References

	 Investigation of Wheel Robot Grouser Width Parameter Effect on Robot Mobility in Soft Sand Terrain Using Sand Test Bed
	1 Introduction
	2 Methodology
	3 Results and Discussion
	4 Conclusion
	References

	 Automated Harmonic Signal Removal-Based Image Feature Extraction Technique: A Comparative Study Using Online Databases
	1 Introduction
	2 Materials and Methods
	3 Automated Harmonic Signal Removal-Based Image Feature Extraction Method
	3.1 Stochastic Subspace Technique (SSI)
	3.2 Harmonic Detection Using Stabilization Diagram
	3.3 Clustering Using Image Feature Extraction

	4 Results and Discussion
	5 Conclusions
	References

	 Human Mental Stage Interpretation Based on the Analysis of Electroencephalogram (EEG) Signals
	1 Introduction
	1.1 Human Mental Stages
	1.2 Electroencephalogram (EEG) Signals Analyses

	2 Methodology
	2.1 Subject Selection
	2.2 EEG Exercises
	2.3 Experiment Block Diagram
	2.4 Experiment Flowchart
	2.5 Feature Extraction
	2.6 EEG Feature Classification

	3 Results and Discussion
	4 Conclusion
	References

	 Modeling Bearing Temperature of DC Machine in No-Load Condition Using Transfer Function
	1 Introduction
	1.1 Monitoring and Modeling Temperature in Electrical Machine
	1.2 Transfer Function as Thermal Model

	2 Methodology
	3 Results and Discussion
	3.1 Temperature Response Experimental Data
	3.2 Identified Transfer Function

	4 Conclusion and Perspectives
	Appendix
	References

	 Evaluation of Transfer Learning Pipeline for ADHD Classification via fMRI Images
	1 Introduction
	2 Methodology
	2.1 Data Collection
	2.2 Feature Extraction
	2.3 Classification
	2.4 Hyperparameter Tuning
	2.5 Performance Measure

	3 Results and Discussions
	4 Conclusions
	References

	 Recent Studies of Human Limbs Rehabilitation Using Mechanomyography Signal: A Survey
	1 Introduction
	2 Literature Review
	2.1 Accelerometer
	2.2 Piezoelectric Contact Sensors
	2.3 Condenser Microphones
	2.4 Constant and Variable

	3 Conclusion
	References

	 Ride Comfort Assessment of a Sitting Pregnant Women During Cornering: Autonomous Vehicle Simulation Maneuvering Analysis
	1 Introduction
	2 Validation on the Smart Campus Autonomous Vehicle (SCAV) Simulation Platform
	2.1 Simulation Platform
	2.2 Road Excitation

	3 Pregnant Woman Human Biodynamic Model
	4 Comfort Assessment (ISO and Motion Sickness Incidence)
	5 Simulation Results
	6 Conclusion
	References

	 3D LiDAR Vehicle Perception and Classification Using 3D Machine Learning Algorithm
	1 Introduction
	2 Literature Review
	2.1 LiDAR Operating Principle
	2.2 LiDAR Deep Learning Operational Pipeline

	3 Related Works
	4 Methodology
	4.1 Data Sets Used

	5 Results and Discussion
	5.1 Street and Carpark Data Set scores
	5.2 Carpark Data Set

	6 Conclusion
	7 Future Works
	References

	 PID Controller Optimized by Bird Mating Optimizer for Vibration Control of Horizontal Flexible Plate
	1 Introduction
	2 Methodology
	3 Result and Discussion
	4 Conclusion
	References

	 Teaching Learning-Based Optimization for Solving CEC2014 Test Suite: A Comparative Study
	1 Introduction
	2 TLBO Algorithm
	3 Benchmark Function and Test Setup
	4 Result and Discussion
	4.1 Statistical Analysis
	4.2 Convergence Curve Behavior and Boxplot

	5 Conclusion
	References

	 Design and Analysis of Vehicle Frontal Protection Mechanism
	1 Introduction
	2 Methodology and Experimental Setup
	2.1 Modelling of Bulbar
	2.2 Existing Design
	2.3 Material Selection
	2.4 Explicit Dynamic Analysis

	3 Results and Discussion
	3.1 Simulated Results
	3.2 Numerical Verification of Results

	4 Conclusion
	References

	 Application of NBM and WERA Assessment Methods in Work Posture Analysis of Car Seat Assembly Operators in the Automotive Industry Final Line
	1 Introduction
	2 Methods
	2.1 Worker Observations and Interviews
	2.2 Identify MSD Risk Assessment Using NBM Questionnaire
	2.3 Identify MSD Risk Assessment Using WERA
	2.4 Analysis of Risk Assessment Results Based on NBM and WERA Results

	3 Results and Discussions
	3.1 Direct Observation of the Workers
	3.2 Identification of Risk Assessment Using NBM
	3.3 Identification of Risk Assessment Using WERA
	3.4 Analysis of the Risk Assessment Results of MSD Complaints Based on NBM and WERA

	4 Conclusion
	References

	 Product Development of Electrical Appliance in Injection Molding Process with the Application of Computer-Aided Modeling (CAM) and Computer-Aided Engineering (CAE)
	1 Introduction
	2 Methodology
	3 Results
	4 Conclusion
	References

	 Experimental Analysis on Retention Forces of Cantilever Hook Snap-Fits
	1 Introduction
	2 Literature Review
	2.1 Snap-Fits
	2.2 Snap-Fits Design Parameters
	2.3 Parametric Study of Cantilever Snap-Fits
	2.4 Additive Manufacturing
	2.5 Universal Testing Machine (UTM)

	3 Methodology
	3.1 Design of Cantilever Hook Snap-Fit
	3.2 Calculation of Retention Force
	3.3 Finite Element Analysis (FEA)
	3.4 3D Printing
	3.5 Snap-Fit Tests on UTM

	4 Results and Discussions
	4.1 Design Model for Snap-Fits
	4.2 Simulation of Snap-Fits
	4.3 Experimental of Snap-Fits
	4.4 Table of Results

	5 Conclusion
	References

	 The Prevalence of Musculoskeletal Disorders Symptoms and Ergonomics Risk Amongst Engineering, Science, and Technology Students
	1 Introduction
	2 Material and Method
	2.1 Subject
	2.2 Investigation of MSD Symptoms Amongst Students Using the CMDQ Sheet
	2.3 Body Posture Assessment Using the REBA Technique

	3 Results
	4 Discussions
	5 Conclusion
	References

	 Improving Machining Performance Through Cutting Tool Surface Modifications: A Specialized Review
	1 Introduction
	2 Techniques for Cutting Tool Surface Modifications
	2.1 Surface Coating Techniques
	2.2 High-Energy Beam Treatment
	2.3 Surface Texturing

	3 Impact of Surface Modifications on Machining Performance
	3.1 Improvements in Tool Life
	3.2 Enhancements in Machined Component Quality
	3.3 Reduction in Friction and Wear

	4 Case Studies of Cutting Tool Surface Modifications
	4.1 Titanium Alloy Surface Modifications
	4.2 Aluminum Alloy Micro-Textured Tools
	4.3 Laser Ablation and Leidenfrost
	4.4 Composite Material Bionic Microstructures

	5 Challenges and Future Directions in Cutting Tool Surface Modifications
	References

	 Exploring Composite Manufacturing Processes: Current Applications and Sustainability Improvement
	1 Introduction to Composite Manufacturing Processes
	2 Current Applications and Development of Composite Manufacturing Processes
	2.1 Natural Fiber-Composites for Various Applications
	2.2 Epoxy Tooling in Industry 4.0

	3 Sustainability in Composite Manufacturing
	3.1 Design for Sustainability in Product Development
	3.2 Self-healing Applications for Sustainable Materials

	4 Future Directions in Composite Manufacturing
	4.1 Future Research Directions in Design for Sustainability
	4.2 Future Interest in Epoxy Tooling

	5 Summary and Future Expectation
	References

	 Advancements and Challenges in 3D Printing for Medical Applications: A Focus Review on Polyethylene Composites and Parameter Optimization
	1 Introduction of 3D Printing and Its Applications in Medical Field
	2 Materials and Methods in Medical Based 3D Printing
	2.1 The Process of 3D Printing
	2.2 The Role of Filling in 3D Printing

	3 Applications of 3D Printed Polyethylene Composites
	3.1 The Role of 3D Printed Polyethylene Composites in Tissue Engineering

	4 Research Gap and Future Challenge
	5 Future Directions
	References

	 Solving Makespan and Energy Utilization in Hybrid Flow Shop Scheduling Problem Using Artificial Bee Colony (ABC)
	1 Introduction
	2 Modelling of Hybrid Flow Shop Scheduling
	3 Artificial Bee Colony
	4 Results and Discussion
	5 Conclusion
	References

	 Effective Knowledge Creation for Promoting Innovative Capacity in SME Malaysia Through University-SME-Collaboration (UEC): The Interaction Model
	1 Introduction
	1.1 Enablers of Effective Interaction-Engagement Process
	1.2 The Interaction as the Engagement Process Parameter-Conceptual Framework

	2 Methodology
	3 Results and Discussions
	3.1 Selecting Interaction Parameters with Fuzzy Logic Approach
	3.2 Optimizing Interaction Parameters Using S/N Analysis
	3.3 Regression Analysis: Engagement Value Using Optimized Parameters

	4 Conclusions
	References

	 Enhancing Shoe Rack Ergonomics: A Comprehensive Analysis
	1 Introduction
	2 Introduction of Ergonomics
	2.1 Ergonomic
	2.2 Ergonomic Tools

	3 Methodology
	3.1 Anthropometry
	3.2 Assessment Approaches
	3.3 REBA (RAPID Entire Body Assessment)

	4 Result and Discussion
	4.1 Survey Results
	4.2 Anthropometric Data
	4.3 RAPID Entire Body Assessment (REBA)

	5 Conclusion
	References

	 A Feature-Based Transfer Learning Method for Surface Defect Detection in Smart Manufacturing
	1 Introduction
	2 A Brief Literature and Evaluation
	3 Methodology and Setup
	4 Results and Discussion
	5 Conclusion
	References

	 Simulation on Effect of Ultrasonic Shot Peening Velocity on VMS of Aluminum A380 Die-Casting Alloy
	1 Introduction
	2 Methodology
	3 Results and Discussion
	4 Conclusion
	References

	 Economic Loss Risk-Based Reliability and Maintenance Assessment for High-Pressure Methanol Plant
	1 Introduction
	2 Methodology
	2.1 Consequence Analysis
	2.2 Frequency Analysis
	2.3 Economic Loss Analysis

	3 Results and Discussions
	3.1 Total Economic Loss, Plant Capacity, and Reliability–Maintenance Cost Per Year

	4 Conclusion
	References

	 Numerical Analysis of Rotating Zigzag Bed Separator in Cryogenic Condition for Removing Carbon Dioxide
	1 Introduction
	2 Literature Review
	3 Methodology
	4 Results and Discussion
	5 Model Validation
	6 Conclusion
	References

	 Cooling Energy Harvesting from Liquefied Natural Gas Vaporizer Using Computational Fluid Dynamics (CFD) Technique
	1 Introduction
	2 Literature Review
	2.1 Liquefied Natural Gas (LNG)
	2.2 Cooling Energy
	2.3 Open Rack Vaporizer (ORV)

	3 Modeling and Simulation
	3.1 Modeling
	3.2 Solution Setting

	4 Results and Discussion
	4.1 Result for Validation
	4.2 Discussion

	5 Conclusion
	References

	 Numerical Simulation on the Effect of Blade Design Towards Pressure and Velocity in Pipeline
	1 Introduction
	2 Literature Review
	2.1 Gas Separation Technology

	3 Modelling and Simulation
	3.1 Modelling
	3.2 Meshing
	3.3 Boundary Condition
	3.4 Solution Setting

	4 Result and Discussion
	4.1 Validation of Numerical Simulation
	4.2 Pressure Drop
	4.3 Velocity Streamline

	5 Conclusion
	References

	 Improving Production Line Performance Through VSM and Simulation in Electronics Manufacturing Industry
	1 Introduction
	2 Methodology
	2.1 Data Collection

	3 Results and Discussion
	3.1 Current State Value Stream Mapping (CVSM)
	3.2 Identification of Waste
	3.3 Future State Value Stream Mapping (FVSM)

	4 Conclusion
	References

	 Enhancing WEDM Efficiency by Teaching–Learning-Based Optimization for Machining Process Parameter Optimization
	1 Introduction
	2 Methodology
	3 Result
	3.1 Single Optimization
	3.2 Multi-objective Optimization

	4 Conclusion
	References

	 Development of Joining Process Ontology for Ensuring Data Consistency in Knowledge Management Systems
	1 Introduction
	2 Related Work
	3 Methodology
	3.1 Selection of Joining Process
	3.2 Identification of Entities
	3.3 Classification of Entities
	3.4 Definition of Relations Between All Entities
	3.5 Development of the Ontology for Joining Process
	3.6 Evaluation of the Ontology

	4 Ontology Evaluation Result
	4.1 Result of Query 1
	4.2 Result of Query 2
	4.3 Result of Query 3

	5 Conclusion
	References

	 Brain Lesion Image Segmentation Using Modified U-NET Architecture
	1 Introduction
	2 Methodology
	2.1 Brain Stroke Lesion Data
	2.2 U-Net and Its Modification
	2.3 Training and Validation Procedure

	3 Results
	4 Discussion
	5 Conclusion
	References

	 Tuning of FOPID Controller for Robotic Manipulator Using Genetic and Multiple-Objective Genetic Algorithms
	1 Introduction
	2 Fopid Controller
	3 Genetic Algorithm
	4 Simulation Setup
	5 Result and Discussion
	5.1 Simulation Findings

	6 Conclusion
	References

	 Steering Torque Estimation for Distributive Steering System in Electric Vehicle Steer by Wire System
	1 Introduction
	2 The Modeling of Distributive—Steer by Wire (SBW) System
	2.1 The Hand Wheel System
	2.2 The Road Wheel System
	2.3 The Linear Vehicle Model

	3 Control Algorithm for Vehicle Steer by Wire System
	3.1 The Self-Aligning Torque as Disturbance to the System
	3.2 Steering Directional Control
	3.3 Steering Torque for Driver Steering Feel

	4 Result and Discussion
	References

	 Classification of Distracted Male Driver Based on Driving Performance Indicator (DPI)
	1 Introduction 
	1.1 A Focus on Distracted Driving

	2 Methodology
	2.1 Introduction 
	2.2 Collecting Data
	2.3 Transferring Data
	2.4 Pre-processing of Data 
	2.5 Classification Error Analysis 

	3 Result and Discussion
	3.1 Pre-processing of Data
	3.2 External Validation

	4 Conclusion
	References

	 Detection of Potholes Using Image Processing Method
	1 Introduction 
	2 Methodology
	2.1 Project Implementation Flow
	2.2 Data Acquisition Stage
	2.3 Image Pre-processing Stage
	2.4 Image Processing Stage
	2.5 Testing and Analysis

	3 Result and Discussion
	3.1 Data Acquisition Stage
	3.2 Image Pre-processing Stage
	3.3 Image Processing Stage

	4 Conclusion
	References




