KORESPONDENSI JURNAL IREACO

Judul Artikel  : A soft exoskeleton glove incorporating motor-tendon actuator for hand movements
assistance

Penulis : Joga D. Setiawan, M. Ariyanto, Sri Nugroho, M. Munadi, Rifki Ismail

Nama Jurnal  :International Review of Automatic Control (IREACO), Vol. 13 No. 1

Tahun terbit jurnal: 2020, ISSN (Print) : 1974-6059 & ISSN (Online) : 2533-2260,

Penerbit : Praise Worthy Prize S.r.I

No | Kegiatan Tanggal Keterangan
1 |a. Submit manuscript 25 Oktober 2019 | - Via website
- Original manuscript submitted
b. Submission Acknowledgement | 25 Oktober 2019 | Email
from Editor to Author
2 |a. Editor Decision 16 Februari 2020 | Email mengatakan perlu MAJOR
REVISION, 2 reviewer comments
b. Submit revision 16 Maret 2020 - Email
- Revised paper
c. Confirmation from Editor to 17 Maret 2020 Email
receive revision file
d. Editor decision 20 Maret 2020 - Email mengatakan accepted for
publication dan meminta mengisi
forms dan pembayaran
e. Submit forms 24 Maret 2020 - Email
- copyright form, treatment of
personal data, permission request
(blank) dan bukti pembayaran
3 Notification for accessing 5 Agustus 2020 - Email
publication in electronic version - Published article




INFORMATION

« For Readers
« For Authors
« For Reviewers

FONT SIZE
A A (A

USER
You are logged in as...
jogads

o My Journals

« My Profile

¢ Log Out

Praise Worthy
Papers

Most cited papers

e Scopus

Highly commended
Rapers
Commended papers

Most Popular
Papers

A Comparative
Study of PID,
PSO-PID, PSO-
Fuzzy, and PSO-
Fuzzy-PID
Controllers for
Speed Control of
DC Motor Drive
H. Ibrahim et al.
1519 views since:
2013-05-31

Shading_Effect to
Energy Withdrawn
from the
Photovoltaic Panel
and
Implementation of
DMPPT Using C
Language

S. Motahhir et al.
1453 views since:
2016-03-31

Robust Sliding
Mode MPPT
Controller Based
on High Gain
Observer of a
Photovoltaic Water
Pumping_System
M. Guisser et al.
1382 views since:
2014-03-31

Optimal PID
Tuning_for DC
Motor Speed
Controller Based
on Genetic
Algorithm

A. Taki ElI-Deen et

#18274 Summary

Praise Nwtfuf Prize

International Review of
Automatic Control
(IREACO)

HOME
USER HOME
ARCHIVES

PRAISE WORTHY PRIZE
PWP ONLINE LIBRARY CURRENT
ANNOUNCEMENTS OTHER JOURNALS
SUBMIT YOUR PAPER

ABOUT

DOWNLOAD ISSUES
SPECIAL ISSUE

Home > User > Author > Submissions > #18274 > Summary

#18274 Summary

SUMMARY  REVIEW  EDITING
Submission
Authors Joga D. Setiawan, Mochammad Ariyanto, Sri Nugroho, M.

Munadi, Rifky Ismail

Title A Soft Exoskeleton Glove Incorporating Motor-Tendon
Actuator for Hand Movements Assistance

Original file  18274-37336-1-SM.PDF 2019-10-25

Supp. files 18274-37337-1-
SP.MP4 2019-10-25

Submitter Joga Dharma Setiawan =]

Date October 25, 2019 -

submitted 07:35 AM

Section Articles

Editor Editorial Staff =]

Author

comments Dear Prof. Srinivasan Alavandar
Editor-in-Chief
International Review of Automatic Control (IREACO)
We would like to submit a manuscript entitled “A Soft
Exoskeleton Glove Incorporating Motor-Tendon Actuator
for Hand Movements Assistance” to International Review
of Automatic Control (IREACO) for possible evaluation. It
is a research paper aimed to develop a novel, innovative,
and affordable soft exoskeleton glove for assisting the
human’s hand motion. The soft actuator is controlled using
modified on-off and PI compensator to regulate the dual-
slack enabling actuator. It may be interest to your
readers/audiences and enhance the content of your
journal especially in soft robotics area.
We affirm that this manuscript is original, has not been
published before, and is not currently being considered for
publication elsewhere.
Thank you very much for your attention to our paper.
Sincerely yours,
Authors

Abstract 0

Views

Author Fees

Article Publication Fee Paid March 25, 2020 - 10:33 AM

English language editing
(on demand)

Status

Status Published Vol 13, No 1 (2020)

Initiated 2020-04-23

Last

modified 2020-05-21

Post- - Digital Certificate of Acceptance of your article: order

a

PRAISE WORTHY PRIZE
HOMEPAGE

SUBSCRIPTION

My _Subscriptions
Give a gift subscription

AUTHOR
Submissions

« Active (0)
« Archive (2)
« New Submission

NOTIFICATIONS

« View (8 new)
« Manage

JOURNAL CONTENT
Search

All v

Browse

By Issue

By Author

By Title

Other Journals

; Crossref

Similarity Check
hentiate

Powerad by 7

; Crossref

henticat

ALL SUBMISSIONS SCREENED BY:

+ iThenticate*

<meladala Seivices>

Simple Text Qﬁery %

https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=submission&path%5B%5D=18274 1/5


BGates
Highlight

javascript:void(0);
javascript:void(0);
javascript:void(0);
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=information&op=readers
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=information&op=authors
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=information&op=librarians
https://www.praiseworthyprize.org/jsm/index.php?journal=index&page=user
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=user&op=profile
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=login&op=signOut
https://www.praiseworthyprize.org/jsm/index.php?journal=IREACO&page=about&op=submissions#privacyStatement
http://www.praiseworthyprize.com/ethics
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=pages&op=view&path[]=most_cited
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=pages&op=view&path[]=highly_commended
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=pages&op=view&path[]=commended
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=article&op=view&path%5B%5D=12568
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=article&op=view&path%5B%5D=18778
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=article&op=view&path%5B%5D=15174
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=article&op=view&path%5B%5D=16704
http://www.crossref.org/
https://www.crossref.org/services/similarity-check/
http://research.ithenticate.com/
http://www.crossref.org/SimpleTextQuery/
http://www.praiseworthyprize.org/
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=user&op=subscriptions
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=gifts&op=purchaseGiftSubscription
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=index&path%5B%5D=active
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=index&path%5B%5D=completed
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=submit
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=notification
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=notification&op=settings
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=issue&op=archive
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=search&op=authors
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=search&op=titles
http://www.praiseworthyprize.com/J&R.htm
https://www.praiseworthyprize.org/
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=index
https://www.praiseworthyprize.org/
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=about
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=user
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=search
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=issue&op=current
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=issue&op=archive
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=announcement
https://www.praiseworthyprize.org/jsm/index.php
http://www.praiseworthyprize.it/public/SUBSCRIBERS/IREACO.html
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=information&op=authors
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=pages&op=view&path%5B%5D=special_issue
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=index
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=user
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=submission&path[]=18274
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=submission&path%5B%5D=18274
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=submission&path%5B%5D=18274
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=submissionReview&path%5B%5D=18274
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=submissionEditing&path%5B%5D=18274
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=downloadFile&path%5B%5D=18274&path%5B%5D=37336&path%5B%5D=1
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=downloadFile&path%5B%5D=18274&path%5B%5D=37337
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=user&op=email&to%5B%5D=Mochammad%20-%20Ariyanto%20%3Cmochammad_ariyanto%40ft.undip.ac.id%3E&redirectUrl=https%3A%2F%2Fwww.praiseworthyprize.org%2Fjsm%2Findex.php%3Fjournal%3Direaco%26page%3Dauthor%26op%3Dsubmission%26path%255B%255D%3D18274&subject=A%20Soft%20Exoskeleton%20Glove%20Incorporating%20Motor-Tendon%20Actuator%20for%20Hand%20Movements%20Assistance&articleId=18274
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=user&op=email&to%5B%5D=Editorial%20Staff%20%3Ceditorialstaff%40praiseworthyprize.org%3E&redirectUrl=https%3A%2F%2Fwww.praiseworthyprize.org%2Fjsm%2Findex.php%3Fjournal%3Direaco%26page%3Dauthor%26op%3Dsubmission%26path%255B%255D%3D18274&subject=A%20Soft%20Exoskeleton%20Glove%20Incorporating%20Motor-Tendon%20Actuator%20for%20Hand%20Movements%20Assistance&articleId=18274
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=information&op=authors
http://www.praiseworthyprize.it/orderforms/orderform/?journal=IREACO&id_paper=18274&tp=acc_certificate

7/19/2020

https://www.praiseworthyprize.org/jsm/in

al.

1272 views since:

2015-01-31

Short Review on
HVAC
Components,
Mathematical
Model of HVAC
System and
Different PID
Controllers

S. Attaran et al.

1063 views since:

2014-05-31

#18274 Summary

publication now!

services: - Digital Certificate of Publication of your article: order
now!
- Digital Certificate of Indexing of your article: order now!
- Printed copies of this journal issue: order now!

Submission Metadata

Authors

Name Joga D. Setiawan =J

Affiliation Department of Mechanical Engineering, Diponegoro
University

Country Indonesia

Bio -

Statement

Principal contact for editorial correspondence.

Name Mochammad Ariyanto =]

Affiliation Department of Mechanical Engineering, Diponegoro
University (Undip)

Country Indonesia

Bio Department of Mechanical Engineering

Statement

Name Sri Nugroho =1

Affiliation Department of Mechanical Engineering, Diponegoro
University

Country Indonesia

Bio —

Statement

Name M. Munadi =1

Affiliation Department of Mechanical Engineering, Diponegoro
University

Country Indonesia

Bio —

Statement

Name Rifky Ismail =1

Affiliation Department of Mechanical Engineering, Diponegoro
University

Country Indonesia

Bio —

Statement

Title and Abstract

Title A Soft Exoskeleton Glove Incorporating Motor-Tendon
Actuator for Hand Movements Assistance
Abstract Hand paralysis can inhibit daily activities, for example,

grasping a particular food or an object. With the
advancement of science and technology today especially in
wearable robot technology, normal hand function can be
recovered with the help of wearable soft robotic glove.
This robot has a mechanism that resembles the working
mechanism of the hand itself. The purpose of this study is
to develop a low-cost soft exoskeleton glove made from
silicone rubber using a tendon-based mechanism. The
molding of the soft glove is designed using SolidWorks
CAD software. Dual-slack enabling actuators are designed
and manufactured as the actuator system of the soft
exoskeleton glove. The proposed actuator is used as
flexion and extension motion for the human hand. This
motion enables the soft exoskeleton glove to provide
mechanical support for the human hand. A potentiometer
sensor is used in the dual-slack enabling actuator for
measuring the rotating angle of the actuator that is
connected to the tendon and soft exoskeleton glove. The
actuator is controlled using on-off and Proportional-
Integral (PI) control. After the soft exoskeleton glove
system is integrated, the soft robot is implemented on a
healthy human hand to assist the grasping of various
objects. The measurement for the wearable robot is
performed by using serial communication between Arduino
Nano microcontroller and the host computer. Based on the
experimental results, the soft glove can successfully assist
and support the user’s hand for various object grasping.

Indexing

Academic Robotics; soft robot

discipline

and sub-

disciplines

Keywords Dual-Slack Enabling Actuator; Soft Exoskeleton; Wearable
Robot; PI Control

Language en

Supporting Agencies

Agencies Diponegoro University (Undip)

18274

2/5


https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=article&op=view&path%5B%5D=15133
http://www.praiseworthyprize.it/orderforms/orderform/?journal=IREACO&id_paper=18274&tp=acc_certificate
http://www.praiseworthyprize.it/orderforms/orderform/?journal=IREACO&id_paper=18274&tp=certificate
http://www.praiseworthyprize.it/orderforms/orderform/?journal=IREACO&id_paper=18274&tp=ind_certificate
http://www.praiseworthyprize.it/orderforms/orderform/?journal=IREACO&issue=Vol%2013,%20No%201%20(2020)&tp=i_reader
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=user&op=email&redirectUrl=https%3A%2F%2Fwww.praiseworthyprize.org%2Fjsm%2Findex.php%3Fjournal%3Direaco%26page%3Dauthor%26op%3Dsubmission%26path%255B%255D%3D18274&to%5B%5D=Joga%20D.%20Setiawan%20%3Cjoga.setiawan%40ft.undip.ac.id%3E&subject=A%20Soft%20Exoskeleton%20Glove%20Incorporating%20Motor-Tendon%20Actuator%20for%20Hand%20Movements%20Assistance&articleId=18274
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=user&op=email&redirectUrl=https%3A%2F%2Fwww.praiseworthyprize.org%2Fjsm%2Findex.php%3Fjournal%3Direaco%26page%3Dauthor%26op%3Dsubmission%26path%255B%255D%3D18274&to%5B%5D=Mochammad%20Ariyanto%20%3Cmochammad_ariyanto%40ft.undip.ac.id%3E&subject=A%20Soft%20Exoskeleton%20Glove%20Incorporating%20Motor-Tendon%20Actuator%20for%20Hand%20Movements%20Assistance&articleId=18274
http://cbiom3s.undip.ac.id/mochammad-ariyanto/
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=user&op=email&redirectUrl=https%3A%2F%2Fwww.praiseworthyprize.org%2Fjsm%2Findex.php%3Fjournal%3Direaco%26page%3Dauthor%26op%3Dsubmission%26path%255B%255D%3D18274&to%5B%5D=Sri%20Nugroho%20%3Csrinugroho%40undip.ac.id%3E&subject=A%20Soft%20Exoskeleton%20Glove%20Incorporating%20Motor-Tendon%20Actuator%20for%20Hand%20Movements%20Assistance&articleId=18274
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=user&op=email&redirectUrl=https%3A%2F%2Fwww.praiseworthyprize.org%2Fjsm%2Findex.php%3Fjournal%3Direaco%26page%3Dauthor%26op%3Dsubmission%26path%255B%255D%3D18274&to%5B%5D=M.%20Munadi%20%3Cmunadi%40undip.ac.id%3E&subject=A%20Soft%20Exoskeleton%20Glove%20Incorporating%20Motor-Tendon%20Actuator%20for%20Hand%20Movements%20Assistance&articleId=18274
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=user&op=email&redirectUrl=https%3A%2F%2Fwww.praiseworthyprize.org%2Fjsm%2Findex.php%3Fjournal%3Direaco%26page%3Dauthor%26op%3Dsubmission%26path%255B%255D%3D18274&to%5B%5D=Rifky%20Ismail%20%3Crifky_ismail%40ft.undip.ac.id%3E&subject=A%20Soft%20Exoskeleton%20Glove%20Incorporating%20Motor-Tendon%20Actuator%20for%20Hand%20Movements%20Assistance&articleId=18274

7/19/2020

#18274 Summary

References

References

D. Trivedi; C.D. Rahn; W.M. Kier; and I. D. Walker (2008).
Soft robotics: Biological inspiration, state of the art, and
future research. Applied Bionics and Biomechanics, Journal
of Spacecraft and Rocket, 5(3), 99-117.
https://doi.org/10.1155/2008/520417

F. Ilievski; A. D. Mazzeo; R.F. Shepherd; X. Chen; and G.
M. Whitesides. (2011). Soft Robotics for Chemists.
Angewandte Chemie International Edition, 50(8), 1890-
1895.

https://doi.org/10.1002/anie.201006464

B. Mosadegh et al. (2014). Pneumatic Networks for Soft
Robotics that Actuate Rapidly. Advanced Functional
Materials, 24(15), 2163-2170.
https://doi.org/10.1002/adfm.201303288

Keiko Ogura; S. Wakimoto; K. Suzumori; and Yasutaka
Nishioka. (2009). “Micro pneumatic curling actuator -
Nematode actuator -,” in 2008 IEEE International
Conference on Robotics and Biomimetics, 462-467.
https://doi.org/10.1109/robio.2009.4913047

P. Polygerinos et al. (2013). Towards a soft pneumatic
glove for hand rehabilitation. Presented at the 2013
IEEE/RSJ International Conference on Intelligent Robots
and Systems, 1512-1517.
https://doi.org/10.1109/ir0s.2013.6696549

B. Wang; A. McDaid; K.C. Aw; and M. Biglari-Abhari.
(2017). Design and Development of a Skinny Bidirectional
Soft Glove for Post-Stroke Hand Rehabilitation. Presented
at the 2017 Intelligent Systems Conference (IntelliSys), 9.
https://doi.org/10.1109/intellisys.2017.8324248

H.K. Yap; B.W.K. Ang; J.H. Lim; J.C.H. Goh; and C.-H.
Yeow. A fabric-regulated soft robotic glove with user intent
detection using EMG and RFID for hand assistive
application, 2016 IEEE International Conference on
Robotics and Automation (ICRA) 3537-3542.
https://doi.org/10.1109/icra.2016.7487535

H.K. Yap; Jeong Hoon Lim; F. Nasrallah; J.C.H. Goh; and
R.C.H. Yeow. (2015). A soft exoskeleton for hand assistive
and rehabilitation application using pneumatic actuators
with variable stiffness, 2015 IEEE International Conference
on Robotics and Automation (ICRA) 4967-4972.
https://doi.org/10.1109/icra.2015.7139889

H.K. Yap; J.C.H. Goh; and R.C.H. Yeow. (2015). Design
and Characterization of Soft Actuator for Hand
Rehabilitation Application. In 6th European Conference of
the International Federation for Medical and Biological
Engineering. I. Lackovi¢ and D. Vasic, Eds. Cham: Springer
International Publishing, 45, 367-370.
https://doi.org/10.1007/978-3-319-11128-5 92

S.-S. Yun; B.B. Kang; and K.-J. Cho. (2017). “Exo-Glove
PM: An Easily Customizable Modularized Pneumatic
Assistive Glove”. IEEE Robotics and Automation Letters,
2(3), 1725-1732.
https://doi.org/10.1109/Ira.2017.2678545

P. Polygerinos; K.C. Galloway; S. Sanan; M. Herman; and
C.J. Walsh. (2015). EMG controlled soft robotic glove for
assistance during activities of daily living. Presented at the
2015 IEEE International Conference on Rehabilitation
Robotics (ICORR), 55-60.
https://doi.org/10.1109/icorr.2015.7281175

P. Polygerinos; Z. Wang; K.C. Galloway; R.]J. Wood; and
C.J. Walsh. (2015). Soft robotic glove for combined
assistance and at-home rehabilitation. Robotics and
Autonomous Systems, 73, 135-143.
https://doi.org/10.1016/j.robot.2014.08.014

A. Hadi; K. Alipour; S. Kazeminasab; and M. Elahinia.
(2018). ASR glove: A wearable glove for hand assistance
and rehabilitation using shape memory alloys. Journal of
Intelligent Material Systems and Structures, 29(8), 1575-
1585.

https://doi.org/10.1177/1045389x17742729

A. Villoslada; A. Flores; D. Copaci; D. Blanco; and L.
Moreno. (2015). High-displacement flexible Shape Memory
Alloy actuator for soft wearable robots. Robotics and
Autonomous Systems, 73, 91-101.
https://doi.org/10.1016/j.robot.2014.09.026

H. In; B.B. Kang; M. Sin; and K.-J. Cho. (2015). Exo-
Glove: A Wearable Robot for the Hand with a Soft Tendon
Routing System. IEEE Robotics & Automation Magazine,
22(1), 97-105.
https://doi.org/10.1109/mra.2014.2362863

B. Kim; H. In; D.-Y. Lee; and K.-J. Cho. (2017).
Development and assessment of a hand assist device:
GRIPIT. Journal of NeuroEngineering and Rehabilitation,

https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=submission&path%5B%5D=18274

3/5


https://doi.org/10.1155/2008/520417
https://doi.org/10.1002/anie.201006464
https://doi.org/10.1002/adfm.201303288
https://doi.org/10.1109/robio.2009.4913047
https://doi.org/10.1109/iros.2013.6696549
https://doi.org/10.1109/intellisys.2017.8324248
https://doi.org/10.1109/icra.2016.7487535
https://doi.org/10.1109/icra.2015.7139889
https://doi.org/10.1007/978-3-319-11128-5_92
https://doi.org/10.1109/lra.2017.2678545
https://doi.org/10.1109/icorr.2015.7281175
https://doi.org/10.1016/j.robot.2014.08.014
https://doi.org/10.1177/1045389x17742729
https://doi.org/10.1016/j.robot.2014.09.026
https://doi.org/10.1109/mra.2014.2362863

7/19/2020

https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=submission&path%5B%5D=18274

#18274 Summary

14(1),15.
https://doi.org/10.1186/512984-017-0223-4

L. Randazzo; I. Iturrate; S. Perdikis; and J. d. R. Millan.
(2018). mano: A Wearable Hand Exoskeleton for Activities
of Daily Living and Neurorehabilitation. IEEE Robotics and
Automation Letters, 3(1), 500-507.
https://doi.org/10.1109/Ira.2017.2771329

M. Xiloyannis; L. Cappello; Dinh Binh Khanh; Shih-Cheng
Yen; and L. Masia. (2016). Modelling and design of a
synergy-based actuator for a tendon-driven soft robotic
glove, presented at the 2016 6th IEEE International
Conference on Biomedical Robotics and Biomechatronics
(BioRob), 1213-1219.
https://doi.org/10.1109/biorob.2016.7523796

Ismail, R.; Ariyanto, M.; Perkasa, I.A.; Adirianto, R.;
Putri, F.T.; Glowacz, A.; Caesarendra, (2019), Wearable
Soft Elbow Exoskeleton for Upper Limb Assistance
Incorporating Dual Motor-Tendon Actuator. Electronics, 8,
1184.

https://doi.org/10.3390/electronics8101184

Tumbuan, T., Nurprasetio, I., Indrawanto, I., Abidin, Z.,
Stable PID Control Strategy to Remove Limit Cycle Due to
Stribeck Friction on DC Servo Motor, (2018) International
Review of Automatic Control (IREACO), 11 (4), pp. 208-
216.

https://doi.org/10.15866/ireaco.v11i4.14883

Munadi, M; Nasir, M. S;, Ariyanto, M;, Iskandar, N;, &
Setiawan, J. D. (2018). Design and simulation of PID
controller for lower limb exoskeleton robot. In AIP
Conference Proceedings, 1983(1),060008.
https://doi.org/10.1063/1.5046300

Tumbuan, T., Nurprasetio, I., Indrawanto, I., Abidin, Z.,
Revisiting the Kalman’s Conjecture to Stabilize the Motion
of a DC Motor in the Presence of Stribeck Friction via PID
Control, (2019) International Review of Automatic Control
(IREACO), 12 (1), pp. 48-58.
https://doi.org/10.15866/ireaco.v12i1.16806

Maarif, A., Iskandar, S., Iswanto, I., New Design of Line
Maze Solving Robot with Speed Controller and Short Path
Finder Algorithm, (2019) International Review of
Automatic Control (IREACO), 12 (3), pp. 154-162.
https://doi.org/10.15866/ireaco.v12i3.16501

Akgun, G;, Cetin, A.E;. and Kaplanoglu, E., (2020).
Exoskeleton design and adaptive compliance control for
hand rehabilitation. Transactions of the Institute of
Measurement and Control, 42(3), 493-502.
https://doi.org/10.1177/0142331219874976

Zhang, F;, Lin, L; Yang, L;. and Fu, Y;, (2019). Design of
an active and passive control system of hand exoskeleton
for rehabilitation. Applied Sciences, 9(11), p.2291.
https://doi.org/10.3390/app9112291

Mohammed, M., Miskon, M., Abdul Jalil, M., Smooth Sub-
Phases Based Trajectory Planning for Exoskeleton System,
(2017) International Review of Electrical Engineering
(IREE), 12 (3), pp. 267-276.
https://doi.org/10.15866/iree.v12i3.11603

Submission Checklist Acceptance

1

(2

(3)

(4)

The Authors declare under their own responsibility to have read
and agree the Ethical Guidelines for authors and state that
the proposed manuscript fulfills with all the Criteria for Ethical
publication.

The Authors declare to be aware of the sanctions imposed by
Praise Worthy Prize in case of documented violations of the
Ethical policies and duties.

The Authors declare that none of the following abuse was
committed in preparation of the manuscript:

Redundant publication

Improper changes or assignment of Authorship

Confilict of interest

Plagiarism

Citation manipulation

Data fabrication

The Authors declare to be aware that if one of the abuses listed
above is proven after the payment of the publication fee (or fees
for other publication's services), this last will be not refunded
and the manuscript will be not published, according to our
ethical guidelines, besides the sanctions already provided in the
specific case.

The Authors declare that all of the following requirements and
duties have been fulfilled in preparation of the manuscript:
Authorship assignment and acknowledgment

Originality of the manuscript

Acknowledgment of sources

Absence of conflict of interest

Proper approval of research on uman or animal subjects

4/5


https://doi.org/10.1186/s12984-017-0223-4
https://doi.org/10.1109/lra.2017.2771329
https://doi.org/10.1109/biorob.2016.7523796
https://doi.org/10.3390/electronics8101184
https://doi.org/10.15866/ireaco.v11i4.14883
https://doi.org/10.1063/1.5046300
https://doi.org/10.15866/ireaco.v12i1.16806
https://doi.org/10.15866/ireaco.v12i3.16501
https://doi.org/10.1177/0142331219874976
https://doi.org/10.3390/app9112291
https://doi.org/10.15866/iree.v12i3.11603
https://ethics.praiseworthyprize.org/?btn=1&for=authors#authors
https://ethics.praiseworthyprize.org/tabbers/authors_duties.htm?tb=8
https://ethics.praiseworthyprize.org/?btn=1&for=authors#authors
https://ethics.praiseworthyprize.org/tabbers/authors_abuse.htm?tb=1
https://ethics.praiseworthyprize.org/tabbers/authors_abuse.htm?tb=2
https://ethics.praiseworthyprize.org/tabbers/authors_abuse.htm?tb=3
https://ethics.praiseworthyprize.org/tabbers/authors_abuse.htm?tb=4
https://ethics.praiseworthyprize.org/tabbers/authors_abuse.htm?tb=5
https://ethics.praiseworthyprize.org/tabbers/authors_abuse.htm?tb=6
https://ethics.praiseworthyprize.org/?btn=2&for=authors#authors
https://ethics.praiseworthyprize.org/tabbers/authors_duties.htm?tb=1
https://ethics.praiseworthyprize.org/tabbers/authors_duties.htm?tb=2
https://ethics.praiseworthyprize.org/tabbers/authors_duties.htm?tb=3
https://ethics.praiseworthyprize.org/tabbers/authors_duties.htm?tb=4
https://ethics.praiseworthyprize.org/tabbers/authors_duties.htm?tb=5

7/19/2020

(5

(6)

7

(8)

(9

#18274 Summary

o Notify errors in a published manuscript
e Reporting standards

The Author also warrants that the Work contains no libellous or
unlawful statements, does not infringe on the right or privacy of
others, or contain material or instructions that might cause
harm or injury.

All the Authors agree to defend, indemnify, and hold harmless
Praise Worthy Prize, its officers, directors, employers, agents,
and any of its affiliates for any loss or damage (including legal
fees) caused to Praise Worthy Prize for the publication of the
submitted article.

The journal to which you are submitting your

manuscript employs a plagiarism detection chec
system. By submitting your manuscript to Powered by iThenticate
this journal you accept that your manuscript

may be screened for plagiarism against previously published
works.

Please refer to our "Ethical Guidelines for authors" for more
information.

By submitting the manuscript, the authors are confirming their
agreement to the following Author Fees statements:

e This journal offers authors two choices to publish their
manuscript: Regular publication fee and Open access
publication fee options. The publication choice will be
made by the authors after they will be notified of the
acceptance of the submission for the publication.

e Regular publication fee option: after a manuscript has
been accepted for the publication, and the author has been
notified of the acceptance, the author or the author's
organization should buy 1 copy of the Journal issue (euros
300.00 for the e-journal version), or alternatively the print
copy of the issue (euros 330.00 + shipment fee,
notwithstanding any possible increase), to cover part of the
publication cost.

e Open access publication fee option: the "open access"
publication fee for this journal is euros 1000. We offer
authors the free download of the full e-journal version of
the issue. If the author prefers the print copy of the issue,
he can purchase it with 80% discount.

e The previous charge is assessed for the number of pages
beyond the standard length for our Journals' paper of ten
(10) printed journal pages. In the final accepted paper
(sent by the authors), the 11-th page and above will incur
an excess page charge, currently euros 35 per page.

The authors hereby give their consent for Praise Worthy Prize
to process their personal data in compliance with the Privacy
Policy they had sight of.

Please send any question about this web site to
info@praiseworthyprize.com
Copyright © 2005-2020 Praise Worthy Prize

https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=submission&path%5B%5D=18274

5/5


https://ethics.praiseworthyprize.org/tabbers/authors_duties.htm?tb=6
https://ethics.praiseworthyprize.org/tabbers/authors_duties.htm?tb=7
http://www.crossref.org/crosscheck/index.html
https://ethics.praiseworthyprize.org/?btn=1&for=authors#authors
https://www.praiseworthyprize.org/jsm/index.php?journal=IREACO&page=about&op=submissions#privacyStatement
mailto:info@praiseworthyprize.com

International Review of Automatic Control (I.RE.A.CO.), Vol. xx, n. x
May 2008

A Soft Exoskeleton Glove Incorporating Motor-Tendon Actuﬂi)aor

Hand Movements Assistance
Lampiran
original manuscript
Joga D. Setiawan!, Mochammad Ariyanto?, Sri Nugroho® M. Munadi?, Rifky Ismail®

Abstract — Hand paralysis or impaired hand can inhibit daily activities such as in the process of
grasping a particular food or object. With the advancement of science and technology today
especially in wearable robot technology, normal hand function can be recovered with the help of
wearable soft robotic glove. This robot has a mechanism that resembles the working mechanism of
the hand itself. The purpose of this study is to develop a low-cost soft exoskeleton glove made from
silicone rubber using a tendon-based mechanism. The molding of the soft glove is designed using
SolidWorks CAD software. Dual-slack enabling actuators are designed and manufactured as the
actuator system of the soft exoskeleton glove. The proposed actuator is used as flexion and
extension motion for human hand. This motion enables the soft exoskeleton glove to provide
mechanical support for the human hand. A potentiometer sensor is employed in the dual-slack
enabling actuator for measuring the rotating angle of the actuator that is connected to tendon and
soft exoskeleton glove. The actuator is controlled using on-off and Proportional-Integral (PI)
control. After the soft exoskeleton glove system is integrated, the soft robot is implemented on the
healthy human hand to assist the grasping of various objects. The measurement for the wearable
robot is performed by using serial communication between Arduino MEGA 250 microcontroller
and the host computer. Based on the experimental results, the soft glove can successfully assist
and support the human hand for various object grasping. Copyright © 2009 Praise Worthy Prize

S.r.l. - All rights reserved.

Keywords: Dual-slack enabling actuator, Soft exoskeleton, Wearable robot, PI control

l. Introduction

Soft robot is a further development of hard automation
or hard robot. Soft robots are a sub-field of robotics
designed using "compliant™ materials (adapted to suit the
needs), similar to those found in living organisms [1]. In
the working principle, the function of a wearable
exoskeleton soft robot is the same as a hard exoskeleton
robot hand, only material used in this kind of robot is
different. If the wearable exoskeleton robot hand still
uses rigid material, then wearable exoskeleton soft robot
hand utilizes soft material made of material in the form of
synthetic resin or silicon rubber.

In the actuation system type, soft robot uses a variety
of actuators to move. The actuator can resemble the
mechanism of human finger motion to the animal.
PneuNets (pneumatic networks) is one of the soft robot
actuators developed by the Whitesides Research Group at
Harvard University. Actuators of pneumatic networks are
made of a series of chambers in elastomeric material.
This room will expand when pressured and produce
bending movements such as human fingers [2]. Naturally,
this movement is controlled by modifying the geometry
and material properties of its chamber walls. When the
PneuNets actuator is pressured, expansion occurs in a

Manuscript received and revised March 2008, accepted May 2008

softer area [3]. When PneuNet consists of a single and
homogeneous elastomer, the greatest expansion will
occur in the thinnest structure. Researchers can program
the working mechanism of the actuator by choosing the
wall thickness that causes the desired movement [4].

In addition, different materials can be combined to
enable better actuator control. When the PneuNets
actuator contains several layers of material having
different elastic properties, a more elastic material
expand larger than a less elastic material when the
actuator is pressurized. In this configuration, the less
elastic material is called strain-limiting layers, as its
function is to limit the strain that occurs. This strain effect
difference can be used to achieve the desired movement
such as bending and twisting [5]. In most research on soft
exoskeleton hand, the actuator is pneumatic network type
[6]-[11]. The fluid used in the soft wearable robot also
comes from a hydraulic network such us [12], [13]. One
of Soft robotics developed by Harvard University is a
soft robotic glove. The purpose of the development is to
assist disabled people with hand motor skills. The motor
skills of this hand can be lost partially or totally. In the
design developed by Harvard, the five fingers of the user
can be re-functioned by using soft robotic glove,
pneumatic or hydraulic based actuator is employed as the
actuation system on the soft robotic glove.

Copyright © 2008 Praise Worthy Prize S.r.1. - All rights reserved
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Shape memory alloy (SMA) has been developed and
utilized as the actuator of soft wearable robot especially
on the soft exoskeleton hand [14], [15]. The research
combines SMA with tendon actuation system. Based on
the results, the proposed of SMA has a potential to be
implemented in the soft wearable robot. The soft glove
based on SMA actuation can flex and extend fingers in
the designed range of motion and grasp object efficiently.

Motor-tendon actuation is one type of actuator in a
soft robot that utilizes a DC motor to manipulate soft
materials in order to move. Tendon is an intuitive solution
for soft robot actuator because it is a continuum structure
that can adapt to soft joints. The mechanism of action of
this actuator motor- tendon is to shorten the soft body and
extend it back to produce controlled motion resulting
from friction that arises when the material is shortened
larger than when elongated so that the soft body can
move. In this type of actuators, strings or Bowden cables
are widely used as a towing medium embedded into the
actuator. Actuator based tendons utilized on soft wearable
robots have been developed by researchers with the
purposes of both rehabilitation and assistive devices
[16]-[19]. This type of actuator can produce a relatively
large grasping force. Soft tendon routing system is a
system that in principle works inspired by the human
musculoskeletal system, resembles the working principle
of muscle tendons working on the hands. There is a
power transmission component developed inherent in the
human body. All elements of the routing system include
actuators, designed to work without air pressure so that
the system can improve safety and comfort in its use and
efficient in terms of mechanical design.

In this study, a low-cost soft wearable robot based on
tendon mechanism is developed and manufactured. A soft
glove is developed and manufactured using RTV (Room-
Temperature-Vulcanizing silicone) Silicone material. A
novel low-cost dual-slack enabling actuator (DSEA) is
designed as an actuation system of the soft exoskeleton
glove to assist the user’s hand for finger flexion and
extension. On-off and Pl compensators are employed for
controlling the motion of DSEA. Two Bowden cables are
used for transmitting the power from DSEA to the soft
glove. After the soft glove prototype has been built, the
robot is implemented on the healthy human hand to assist
for various object grasping.

I1.  Design and Prototype Development of
Soft Exoskeleton Glove

T The initial stage of this research of wearable soft
exoskeleton glove is to develop a 3D model of soft
exoskeleton glove. It is adjusted to the average
dimensions of the hands and fingers of the impaired
hands so that the resulting model will be appropriate to
the dimensions of the user's fingers. In the early stages of
the design, 3D model of soft glove is detailed by creating

Copyright © 2008 Praise Worthy Prize S.r.l. - All rights reserved

two-dimensional images using SolidWorks computer-
aided design (CAD) software. This section presents the
design process to be used in soft exo-glove molding
fabrication and soft exo-glove manufacturing process
from raw material in the form of silicone rubber dough to
the ready to use prototype of soft glove. The 3D design
of proposed exoskeleton glove using motor-tendon
actuation is presented in Fig. 1.

Fig. 1. Design of Soft Exoskeleton Glove.

I1.1. Design of Soft Exoskeleton Glove

Actuators on wearable exoskeleton glove have an
important role as the main driving system. In the
selection of actuator types, the researchers considered
three types of actuators to be used, namely PneuNets
(Pneumatics network), Combustion driven actuators
(CDA), and motor-tendon actuation. The motor-tendon
actuation system was chosen in this study because in the
development of soft glove there is concern itself in using
Pneunets and CDA type actuators. Concerns that one of
them is if there is cavitation (a hole in the soft glove
caused bubbles during the casting process) where it
influences the type of actuator Pneunets and CDA. While
on the motor-tendon type, cavitation can be neglected.
The soft glove developed should not have a hole caused
by cavitation, as it will reduce the aesthetic value of the
soft exoskeleton glove. Furthermore, motor-tendon
actuators have characteristics of easy manufacturing
process and maintenance.

The material used to develop soft glove is synthetic
rubber. There are two types of silicon rubber based on the
manufacturing temperature of synthetic rubber, which
requires heating and does not require heating or is often
called RTV (Room Temperature Vulcanization). RTV
has many different types based on stiffness, heat
resistance, and mixed type. In this study, synthetic rubber
used is RTV type. Silicon rubber of RTV type was
chosen to facilitate the manufacturing process, because it
does not require additional tools such as heaters and this
research works at low temperatures. The utilized
materials are RTV 48, RTV 52 and RTV Platinum. The
selection of the above three materials is based on several
criteria such as stiffness, casting, and price. RTV

International Review of Automatic Control, Vol. 1, N. 1
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Platinum is chosen because it has the appropriate rigidity
based on need, and also based on consideration of
availability of the silicon rubber. RTV Platinum has a
high stiffness point when compared to RTV 48 which
stiffness is too low, so the soft glove using this material
cannot work as desired because it is too soft. RTV 52 has
a higher stiffness than RTV 48, but is not rigid enough
for soft glove base material.

The advantages of RTV Platinum during casting
process are the RTV Platinum can enter and fill the
narrow gaps so that the results of soft glove can be
formed perfectly, as well as other RTV silicon rubber.
But the concern here is the casting result, where RTV 48
produces the final soft glove form that is not as expected,
as the number of molding fibers are formed so that the
casting surface becomes less attractive and the result is
too soft. Furthermore, in terms of raw material prices
RTV Platinum has the highest value compared with the
price of RTV 48 and RTV 52.

In the soft exoskeleton glove mold design, the shape of
the mold is measured according to the needs that refer to
the average adult human finger size and consider the
initial function of the soft glove to be used. Aesthetic
aspect is also considered where the expected shape is in
accordance with the desired. The mold of soft glove is
designed using SolidWorks CAD software and
manufactured by using 3D printer technology. Fig. 2.a
and Fig. 2.b show the mold design of soft glove in CAD
software. Fig. 2.c is the overall result of mold based on
3D print of soft glove that has been printed using a 3D
printer. The mold is printed using polylactic acid (PLA)
material.

(a) Soft glove base.

(b) Fingers.

Copyright © 2008 Praise Worthy Prize S.r.l. - All rights reserved

(c) Overall result of 36 printea mold design for exoskeleton glove.
Fig. 2. 3D mold design of the proposed soft glove

11.2. Prototype Development and Manufacture

In the molding process of soft exo glove, silicon
rubber and the liquid catalyst and supporting equipment
such as; scale, measuring cup, color pigment, stirrer, and
soft glove moldings, etc. should be prepared first. After
the preparation process has been completed, then the
silicone rubber is weighed and taken as needed. In this
research, the mass of silicon rubber RTV needed is 140
grams. The measured silicone rubber is then given a dye
without a catalyst blend, then gently stirs the silicone
rubber dye to blend perfectly but the dough does not
quickly clot and dry. The silicon rubber dye used in this
study is green. The Silicon rubber and catalyst are mixed
with a 10:1 dose with the amount of silicon rubber in
grams. The silicon rubber mixture and the catalyst are
stirred gently until evenly to avoid air bubbles occurring.

The silicon rubber mixture is fastened to soft glove
molding until it is evenly distributed and fills the mold
volume, then the finger mold is placed on the soft glove
mold according to Fig. 4 to soft glove molding that has
been filled by a mixture of silicone rubber. The silicone
rubber mixture already poured in the mold is dried at
room temperature for four to six hours until the soft glove
is formed. Demolding process of the formed soft
exoskeleton glove is conducted after the silicon rubber is
completely dry and perfectly formed. Demolding process
can be carried out by separating the silicone rubber that
has been formed and dry with the mold. The overall
manufacturing process of the soft glove based on the
RTV silicon rubber is presented in Fig. 3.

Pouring process of silicon
b rubber mixture

Exoskeleton glove mold

International Review of Automatic Control, Vol. 1, N. 1
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Fig. 3. Molding process of soft exoskeleton glove

I11. Dual Slack Enabling Actuator (DSEA)

From a mechanical design aspect, the Dual Slack
Enabling Actuator (DSEA) element consists of several
components which are presented in Fig. 4. Dual Slack
Enabling Actuator component consists of servo motor
mount, base component, Pulley with the diameter of 10
mm, pulley with diameter of 15 mm printed by using 3D
printer. The pulleys are printed using Poly Lactic Acid
(PLA) material. MXL timing belt pulley, MXL pulley,
and shaft are DSEA components with aluminum materials
that are easily found in the market.

Pulley 2 puly

Pulley | mmp ¢

Fig. 4. Dual slack enabling actuator (DSEA) design in the CAD
software

In the working principle of proposed DSEA, the
rotation source of the servo motor is transmitted through
the timing belt of the pulley MXL to the pulley 3 in
which the pulley is coupled with a pulley 4 with a
diameter of 10 mm. The rotation received by pulley 3 is
then transmitted again to a potentiometer pulley with a
diameter of 15 mm through the belt. The potentiometer
pulley rotates the potentiometer according to the rotation
direction of the servo motor. For example, the direction

Copyright © 2008 Praise Worthy Prize S.r.l. - All rights reserved

of rotation of the pulley 1 is clockwise, then the
potentiometer will automatically rotate clockwise.

In this study, DC motor with a gearbox from servo
motor is employed. The Motor has a torque of + 35
Kg/cm. DC motor/ servomotor is easy to get in the
market, therefore it is selected as a soft glove system
actuator. Pulley system is chosen for mechanical power
transmission in the mechanical design of DSEA. This
pulley is used to transmit power from the motor to the
pulley that rotates the potentiometer and the pulley to pull
the tendon sheath. The selection of a belt as power
transmission because it is suitable to the desired
condition of the system. The braided string is utilized
because it has the ability to withstand tensile forces up to
30.8 kg, strong and easy in the installation process. The
tendon is used as the power transmission of the actuator
system, in which will pull or extend the soft tendon.

The case is the part used to cover the DSEA and
protect the DSEA components from a variety of liquid
spills such as water, oil, oil and so on. The case itself is
divided into 3 parts namely the bottom, middle and top.
The 3D design drawing of the case is shown in Fig. 5.
Pulley is used to transmit the rotation of the DC motor.
The pulley system is employed to pull and extend tendon
cables. The reduction gear on the power transmission in
the DSEA is designed with more number of gears. The
amount of reduction gear used is three pieces which
means three times reduction. The design drawings of the
DSEA case and the pulleys are shown in Fig. 5.

The motor holder of DSEA serves as a holder of a DC
motor/servo motor actuator on the soft glove. Fig. 5.e
shows 3D design motor holder in the CAD software.
Actuator base serves as a place to join the components
needed to become a DSEA system. Fig. 5.f shows the 3D
design of the proposed actuator base.

(b) MXL timing belt pulley

International Review of Automatic Control, Vol. 1, N. 1
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i;_l

(©) Coupie pulley

i

=

(d) Potentiometi;r- pulley

(e) Motor holder

(f) Actuator base
Fig. 5. Case and pulley design of DSEA in CAD software

Main parts of DSEA mechanical components are
printed with PLA material using a 3D printer. Figures 6a
through 6¢ show the assembly of DSEA components in
the CAD software. The assembly result of the proposed
DSEA prototype is shown in Fig. 6d. The DSEA has two
Bowden cables for finger flexion and extension motion.
When the lower tendon is pulled, the upper tendon is

extended simultaneously.

Copyright © 2008 Praise Worthy Prize S.r.l. - All rights reserved

Potentiometer | Tendon sheath
housing
O

z

Tendon sheath

(a) Front view
DC
Motor

— Pulley 2

Pulley 1
(b) Side view
Transmission
belt to pulley 3
Motor 2

Transmission belt
to potentiometer

Potentiometer  Motor 1
Couple pulley -

(d) Prototype
Fig. 6. DSEA design and prototype

This section discusses the kinematic motion modeling

of a dual slack enabling actuator with rotation input from
the servo motor. The motor is used as the prime mover to
pull and extend the tendon sheath. The translational
motion calculation of the DSEA is used to calculate the
rotation of the potentiometer pulley. The rotational angle
obtained is used for position control feedback.

The purpose of kinematic modeling on a dual slack

enabling actuator is to provide a position feedback to the
motor actuator. The required position feedback is a signal
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from the potentiometer pulley. The potentiometer used in
this study has a range of motion from 00 to 2700, while
the used DC motor rotation to pull the tendon sheath
from its normal position to full grip of the soft glove
requires more than one rotation. Therefore, the reduction
gear is required between the rotation of the potentiometer
pulley and the rotation of the DC motor/servomotor so
that the actuator rotation does not exceed the range of
motion of the potentiometer. The proposed of a reduction
gear system utilizing four pulleys is shown in Fig. 7.

Fig. 7. Gear reduction system on the DSEA

The rotational speed of the DC motor pulley is
represented by ol as the initial reference point of rotation
or acting as the actuator, while the pulley rotational speed
in the coupled shaft via timing belt is represented by ®—2
and ®3, and the potentiometer pulley represented by m4.
The calculation of this gear reduction system has the
purpose to find out how much reduction occurs in DSEA.
This pulley reduction calculation starts from a DC motor
connected with a pulley

Pulley 1 and pulley 2 are connected with a belt, the
linear velocity of pulley 1 and pulley 2 are equal and the
equation can be written as equation (1)

Vv, =V,

al =,
Because of ri=r», then wi=w>
Pulley 2 and pulley 3 are coupled using a shaft, then
w2=w3 resulting in a relationship of wi=w=ws. Pulley 3
and pulley 4 are also connected by using a timing belt, so
the linear velocity between the two pulleys is equal and
the equation can be written as in equation (2)

@)

Vv, =V,
.l = o,r,

@;(10) = @, (30) )

O _ G

=3

o,

Through the calculations of equations (1), (2), and
(3), the range of motion (ROM) of the tendon-sheath for
finger flexion and extension motion can be calculated. It
is known that the diameter of the DC motor pulley is 10
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mm, the maximum value from potentiometer signal in the
form of analog to digital converter (ADC) signal on the 8
bit Arduino Nano microcontroller is 746 and its minimum
value is 57. The ROM calculation of the tendon-sheath
linear displacement on the DSEA can be calculated as
expressed in the equations (3), (4), and (5) as follows:

_ (ADC,, —ADC,,.)
- 1023
_ (746-57)
‘1023
6, = 242.46°
0, _ o
0, o,
6 3
24246 1
6, =727.39°

6, -360°

-360° (3)

(4)

6
360° ®)
X =63.44mm

From the results of equations (3), (4), and (5), it is
known that the maximum length of the retractable tendon
sheath is 63.44 mm.

The manufacturing process of the soft glove and
DSEA which has been presented in the previous is one of
the processes of several stages conducted in this research.
Assembly is performed from components such us a soft
glove, dual slack enabling actuator, DSEA case, and
electrical component circuit into a complete system. Fig.
8 shows the wearable exoskeleton of soft robotic glove
system prototype that has been carried out in the
assembly process. Soft glove and DSEA are connected
using two Bowden cables.

X =zd,

Fig. 8. Overall final prototype of soft exoskeleton
glove incorporating a dual slack enabling actuator

1VV. Exoskeleton Soft Glove Control

In this study, two controllers applied are on-off and
proportional-integral (P1) control. In this test, the
measurement is acquired using Simulink Support

International Review of Automatic Control, Vol. 1, N. 1
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Package for Arduino Hardware under MATLAB /
Simulink environment. The package can be obtained
freely on the MathWorks website. The potentiometer or
electromyography sensor is used to give a pull or extend
command on the tendon sheath. The overall system of the
proposed wearable soft glove is presented in Fig. 9.

PC for Tendon
flexion/extension
measurement

f

MATLAB/
Simulink

T

Potentiometer/ Arduino Nano
EMG sensor for V3.0
input command (Controller)

'

Serial
Communication

A

Dual slack .

. Potentiometer
enabling ulle
actuator pulley

v

Bowden cable

|

Soft glove

IV.1. Modified On-Off Control

In this test, the maximum displacement on the tendon
sheath is 5.5 cm and the minimum displacement is 0.5
cm. The on-off control algorithm proposed in this test is
shown in Fig. 10.a. When the error reaches a value
between -0.5 cm and 0.5 cm, then the motor will be fully
turned off. When the error occurs more than + 0.5 cm,
then the PWM command will be given to the motor as
shown in Fig. 11. The value of the PWM command is
positive (+) means the controller will give the motor
command to pull the tendon sheath or soft glove to do the
finger flexion motion. When the PWM command is
negative (-), the controller will give DSEA command for
finger flexion or extension motion. The block diagram of
On-off control as shown in Fig. 10.b is developed in
MATLAB/Simulink  environment. The control is
embedded into Arduino Nano using Simulink Support
Package for Arduino Hardware.
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Fig. 10. The purpose on/off control for controlling finger
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250 , . . )
200 |- °
o
150 L ,
50 5
100 F & ,
el
§ 50 o
£
5 of @ 1
o
2 5 §
2 )
100 - o .
)
150 - .
o
2000 1
250 ‘ ‘ ‘ | .
6 -4 -2 0 2 4 6

error (cm)
Fig. 11. Resulted error vs given PWM command in the modified on-off
control

IV.2. Proportional Integral (PI) Control

Proportional - Integral (P1) control used in this study
aims to gain better position control and get the desired
response. Similar to previous On-Off controls, the Pl
control also uses an input signal derived from a
potentiometer or electromyography signal as the
command giver. Potentiometer pulley is employed to
measure the rotation angle of the pulley and the
converted into the displacement of the tendon pulling the
wearable soft glove. The Pl control implemented in the
soft glove system is shown in Fig. 12.a. The PI control is
developed under Simulink block diagram as revealed in
Fig. 12.b. The reading of potentiometer sensor is applied
using Analog Input block with the sampling frequency of
50 Hz. The overall control both in On-Off and PI control
run with the sample time of 0.02 s.
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TABLE 1
ON-OFF CONTROL PERFORMANCE.

(b) Embedded discrete PI control in MATLAB
/Simulink environment
Fig. 12. Block diagram of P1 Control

V. Result and Discussion

In this section, the wearable robot glove performance
control test is performed, and worn on the user with a
healthy hand. Performance control test is conducted by
comparing the measurement results of the given
command with its response. The performance control test
is performed by comparing the results in without load and
with load. Without load test means that the soft glove is
not worn by the user, whereas with load test means that
the soft glove is worn by the user on a healthy hand. The
results of the performance control tests that have been
performed are presented in this section.

V.1. Modified On-Off Control

Performance testing of On-Off control performed by
providing input command in the form of step signal with
the maximum displacement of 5.5 c¢cm. The response
signal is acquired on the computer running Simulink
block diagram of the controller in real time. The
communication between Arduino and computer is
performed by using serial communication with baud rate
of 57,600 b/s. In Fig. 13.a., it can be seen the acquired
signals from Arduino Nano. The command signal is
represented by the continuous blue line, the without
response signal is represented by the red dash line, and
the response signal with the load is represented by the
green dot line. From the figure, it can be concluded that
the steady-state error occurs larger when the soft glove is
worn by the user. This slow response can occur due to the
gear reduction system in the DSEA. The transient
performance of the controller is summarized in Table I.
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Response Performance Unit
Without Load With Load
Time Constant (1) 1.8 2 s
Rise time (tr) 11 13 S
Peak time 2.7 2.6 S
Delay time (td) 1 1 S
Steady state error 0.52 1.2 cm
V.2. Pl Control

As the test performed on On-Off control performance,
the test procedure is also performed on Pl control. The
initial test is performed for searching the optimum value
of Kp and Ki experimentally. The obtained optimal
values of Kp and Ki are 130 and 50 respectively. The
result of the PI control performance test with the given
step input command is presented in Fig. 13.b. Slow
response also still appears in the PI control, this can
occur because of the gear reduction system in the DSEA.
The transient performance of the PI control on the soft
glove is summarized in Table Il. The result obtained in
the Pl control test shows that there is no significant
response difference between without load and with load
on the soft glove. The performance of the proposed
controls under trajectory command is presented in Fig.
14,
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(b) PI control response with input step command

Fig. 13. Performance results to the step input
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TABLE 2 80
PI CONTROL PERFORMANCE. 70
Response Performance Unit 0
Without Load With Load sl
Time Constant (1) 1.3 1.3 s —wl
Rise time (tr) 0.9 0.9 S g ol
Peak time 1.2 1.23 S
Delay time (td) 0.9 0.95 S =
Steady state error 0.3 0.25 cm *r
0

I
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(a) On-off control response with input trajectory command
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In this test, the soft glove is pulled by the DSEA
through two tendons for every one cm. The curvature that

5 10 15 20 25
time (s)

(b) PI control response with input trajectory command

Fig. 14. Performance results to the trajectory input signal

V.3. Object Grasping Test

occurs is observed in the soft glove. Fig. 14 indicates the
position changes of the fingers from a normal position to
the handgrip. Oppose grip mode is designed for the
grasping support with the wearable soft glove. In order to
perform a perfect handgrip, the four fingers do not need

Fig. 15. The trajectory of the finger when the soft glove is worn by user

In the next test, the prototype of the wearable glove is
employed for assisting and providing the mechanical

support to the human hand. In this test, the user/wearer
with healthy hand wears the proposed of the soft glove.
To wear the soft glove, the user takes no more than one

minute. The results of the test are shown in Fig. 16.
Based on the test result, the proposed wearable soft glove
can assist and provide the mechanical support for
grasping various objects ranging in size, shape, and mass.

VI. CONCLUSION

This research has successfully developed a prototype
of a wearable soft exoskeleton hand. The system is
divided into three main parts, namely a soft glove, tendon

sheath, and DSEA. The proposed of the soft glove has an

overall length of 25 cm measured from the tip of the
middle finger to the bottom. The overall width is 10 cm,
and the thickness of the soft glove in all parts is 4 mm.

Tendon sheath itself has a length of 84 cm, while the
tendon sheath housing has a length of 72 cm. The

actuator case has 15.5 cm in length, 9 cm in width and 12
cm in height. The raw materials used in this prototype are

silicone rubber, polylactic acid (PLA), plywood, acrylic,

and others. The weight of the soft glove is 190 grams
while the actuator weight is 623 grams. The overall
weight of this prototype is under 1 kg. The prototype of
the wearable soft robotic glove uses a tendon type
actuator that resembles the working mechanism of the
human-hand muscle system. The resulted soft glove can
successfully assist and support the human hand for

to do the full closing/flexion motion. Fig. 15 shows the

curvature changes of the finger in the soft glove when
they are pulled by DSEA.
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various object grasping. The soft glove is ready to be
implemented as an assisting device to provide mechanical
support for an impaired human hand.

International Review of Automatic Control, Vol. 1, N. 1
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Fig. 16. Wearable glove provides mechanical support to the user’s hand

This

Acknowledgements

research was supported and funded by

Diponegoro University (Undip) research grant scheme
under International Scientific Publication.

1.

2.

3.

References

D. Trivedi; C.D. Rahn; W.M. Kier; and I. D. Walker
(2008). Soft robotics: Biological inspiration, state of
the art, and future research. Applied Bionics and
Biomechanics, Journal of Spacecraft and Rocket,
5(3), 99-117.

F. llievski; A. D. Mazzeo; R.F. Shepherd; X. Chen;
and G. M. Whitesides. (2011). “Soft Robotics for
Chemists”. Angewandte Chemie International Edition,
50(8), 1890-1895.

B. Mosadegh et al. (2014). Pneumatic Networks for
Soft Robotics that Actuate Rapidly. Advanced
Functional Materials, 24(15), 2163-2170.

Copyright © 2008 Praise Worthy Prize S.r.1. - All rights reserved

10.

11.

12.

13.

14.

15.

Keiko Ogura; S. Wakimoto; K. Suzumori; and
Yasutaka Nishioka. (2009). “Micro pneumatic
curling actuator - Nematode actuator -,” in 2008
IEEE International Conference on Robotics and
Biomimetics, 462-467.

P. Polygerinos et al. (2013). “Towards a soft
pneumatic glove for hand rehabilitation”. Presented
at the 2013 IEEE/RSJ International Conference on
Intelligent Robots and Systems, 1512-1517.

P. Polygerinos et al. (2013). “Towards a soft
pneumatic glove for hand rehabilitation”, 1512—
1517.

B. Wang; A. McDaid; K.C. Aw; and M. Biglari-
Abhari. (2017). “Design and Development of a
Skinny Bidirectional Soft Glove for Post-Stroke
Hand Rehabilitation”. Presented at the 2017
Intelligent Systems Conference (IntelliSys), 9.
H.K. Yap; B.W.K. Ang; J.H. Lim; J.C.H. Goh; and
C.-H. Yeow. “A fabric-regulated soft robotic glove
with user intent detection using EMG and RFID for
hand assistive application”, 3537-3542.

H.K. Yap; Jeong Hoon Lim; F. Nasrallah; J.C.H. Goh;
and R.C.H. Yeow. (2015). A soft exoskeleton for hand
assistive and rehabilitation  application  using
pneumatic actuators with variable stiffness, 4967—
4972,

H.K. Yap; J.C.H. Goh; and R.C.H. Yeow. (2015).
“Design and Characterization of Soft Actuator for
Hand Rehabilitation Application”. In 6th European
Conference of the International Federation for
Medical and Biological Engineering. 1. Lackovi¢ and
D. Vasic, Eds. Cham: Springer International
Publishing, 45, 367-370.

S.-S. Yun; B.B. Kang; and K.-J. Cho. (2017). “Exo-
Glove PM: An Easily Customizable Modularized
Pneumatic Assistive Glove”. IEEE Robotics and
Automation Letters, 2(3), 1725-1732.

P. Polygerinos; K.C. Galloway; S. Sanan; M.
Herman; and C.J. Walsh. (2015). “EMG controlled
soft robotic glove for assistance during activities of
daily living”. Presented at the 2015 IEEE
International Conference on Rehabilitation Robotics
(ICORR), 55-60.

P. Polygerinos; Z. Wang; K.C. Galloway; R.J. Wood;
and C.J. Walsh. (2015). “Soft robotic glove for
combined assistance and at-home rehabilitation”.
Robotics and Autonomous Systems, 73, 135-143.

A. Hadi; K. Alipour; S. Kazeminasab; and M.
Elahinia. (2018). “ASR glove: A wearable glove for
hand assistance and rehabilitation using shape
memory alloys”. Journal of Intelligent Material
Systems and Structures, 29(8), 1575-1585.

A. Villoslada; A. Flores; D. Copaci; D. Blanco; and
L. Moreno. (2015). “High-displacement flexible
Shape Memory Alloy actuator for soft wearable
robots”. Robotics and Autonomous Systems, 73, 91—
101.

International Review of Automatic Control, Vol. 1, N. 1



F. A. Author, S. B. Author, T. C. Author

16. H. In; B.B. Kang; M. Sin; and K.-J. Cho. (2015).
“Exo-Glove: A Wearable Robot for the Hand with a
Soft Tendon Routing System.” IEEE Robotics &
Automation Magazine, 22(1), 97-105.

17. B. Kim; H. In; D.-Y. Lee; and K.-J. Cho. (2017).
“Development and assessment of a hand assist
device: GRIPIT.” Journal of NeuroEngineering and
Rehabilitation, 14(1).

18. L. Randazzo; I. lturrate; S. Perdikis; and J. d. R.
Millan. (2018). “mano: A Wearable Hand
Exoskeleton for Activities of Daily Living and
Neurorehabilitation.” IEEE Robotics and
Automation Letters, 3(1), 500-507.

19. M. Xiloyannis; L. Cappello; Dinh Binh Khanh; Shih-
Cheng Yen; and L. Masia. (2016). “Modelling and
design of a synergy-based actuator for a tendon-
driven soft robotic glove,” presented at the 2016 6th
IEEE International Conference on Biomedical
Robotics and Biomechatronics (BioRob), 1213-
1219.

Authors’ Information

1Department of Mechanical Engineering,
Diponegoro University,

Semarang, Indonesia,

E-mail: joga.setiawan@ft.undip.ac.id

2Department of Mechanical Engineering,
Diponegoro University,

Semarang, Indonesia,

E-mail: mochammad_ariyanto@ft.undip.ac.id

3Department of Mechanical Engineering,
Diponegoro University,

Semarang, Indonesia,

E-mail: srinugroho@undip.ac.id

“Department of Mechanical Engineering,
Diponegoro University,
Semarang, Indonesia,

E-mail: munadi@undip.ac.id

SDepartment of Mechanical Engineering,
Diponegoro University,

Semarang, Indonesia,

E-mail: rifky_ismail@ft.undip.ac.id

Joga D. Setiawan, Ph.D. Received the B.Sc.
degree in  Mechanical Engineering  from
Northeastern University, Boston, USA in 1992, and
the M.Sc. degree in Aeronautics/Astronautics from
Massachusetts Institute of Technology (MIT),
Cambridge, USA in 1996. He received the Ph.D.
degree in Mechanical Engineering from Michigan
State University, USA in 2001.

Currently, he is a lecturer in the Mechanical Engineering Department
of Diponegoro University, Indonesia. Dr. Joga has published more than
50 papers in book chapters, international journals, and conference
proceedings in the area of control system, intelligent system, and
mechatronics. He is member of The Institute of Electrical and
Electronics (IEEE).

Copyright © 2008 Praise Worthy Prize S.r.l. - All rights reserved

Mr. Mochammad Ariyanto received B.Sc. and
M.Sc. degrees from Department of Mechanical
Engineering, Diponegoro University, Indonesia, in
2010 and 2013 respectively.

Currently, he is a lecturer at Diponegoro University,
Semarang, Indonesia. He has published more than
40 papers in international journals, book chapter,
and conference proceedings. His research interests
are biorobotics, mechatronics, soft robot, and intelligent control.

Sri Nugroho, Ph.D. obtained B.Sc. and M.Sc.
degree from Mechanical Engineering, Bandung
Institute of Technology, Bandung, Indonesia, in
1998 and 2003, respectively. In 2009, he received
| Ph.D. degree from Tohoku University, Japan.
8| Currently, he is a lecturer at Department of
U Mechanical Engineering, Diponegoro University,
—= Semarang, Indonesia. His research interests are
failure analysis, and composites.

Dr. Eng. Munadi received the B.E. degree in
Mechanical ~ Engineering  from  Diponegoro
University, Semarang, Indonesia in 2001. From
2001-2005 he joined Pura Group Corp., Kudus,
Indonesia. In 2007, he received the M. Eng. degree
from Mechanical Engineering, Bandung Institute of
Technology, Bandung, Indonesia. In 2011, he
received the Dr. Eng. degree from the Graduate
School of Engineering, University of Fukui, Fukui, Japan. He is
currently a lecturer in the Department of Mechanical Engineering,
Diponegoro University, Indonesia. His current research interests relate
to hybrid adaptive and learning controller for robot manipulators,
intelligent control, and soft robot.

Dr. Rifky Ismail. received B.Sc. degree from
Department of Mechanical Engineering,
Diponegoro University, Indonesia, in 2003, and
M.Sc. degree from Gadjah Mada University,
Indonesia in 2007. He obtained Ph.D. degree from
University of Twente, the Netherlands in 2013.

He is a lecturer and researcher at Department of
Mechanical Engineering Diponegoro University
(Undip), Semarang, Indonesia. He is a Founder and Director of Center
for Bimomechanics, Biomaterial, Biomechatronics and Biosignal
Processing (CBIOM3S). He has published many book chapters,
journals, and conference proceedings in the area of biomechanics,
biomaterial, and biomechatronics.

International Review of Automatic Control, Vol. 1, N. 1


mailto:joga.setiawan@ft.undip.ac.id
mailto:mochammad_ariyanto@ft.undip.ac.id
mailto:srinugroho@undip.ac.id
mailto:munadi@undip.ac.id
mailto:rifky_ismail@ft.undip.ac.id

7/20/2020 Faculty of Engineering Diponegoro University Mail - [[IREACO] Submission Acknowledgement

Q Faculty of Engineering
io/ Diponegoro University

[IREACO] Submission Acknowledgement

joga setiawan <joga.setiawan@ft.undip.ac.id>

Editorial Staff <editorialstaff@praiseworthyprize.com> 25 October 2019 at 14:35

To: joga.setiawan@ft.undip.ac.id
Dear Joga D. Setiawan:

Thank you for submitting your manuscript entitled "A Soft Exoskeleton Glove
Incorporating Motor-Tendon Actuator for Hand Movements Assistance" to our
journal International Review of Automatic Control (IREACO).

With the online journal management system that we are using, you will be
able to track its progress through the editorial process by logging in to
the journal web site:

Manuscript URL:
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=submission&path[]=18274

and clicking on My Journals->Active submissions.

With this submission the review process starts.

According to the review procedures, your proposal will be send to the

Editor-in-Chief that, after evaluated the publication suitability of the

paper, will indicate three reviewers for a full evaluation.

More info regarding the review process can be found at the following link:
http://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=about&op=editorialPolicies#peerReviewProcess

If you have any questions, please don't hesitate to contact me. In all the
correspondence please indicate in the subject of your e-mail the
identification number of the paper that is I1d 18274.

[Quoted text hidden]

https://mail.google.com/mail/u/0?ik=16b4df4854&view=pt&search=all&permmsgid=msg-f%3A1648349842052827798&simpl=msg-f%3A1648349...

7


BGates
Highlight

https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=author&op=submission&path[]=18274
http://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=about&op=editorialPolicies#peerReviewProcess

7/20/2020

4N\ Faculty of Engineering
Diponegoro University

[IREACO] Editor Decision

Editorial Staff <editorialstaff@praiseworthyprize.org>
To: joga.setiawan@ft.undip.ac.id

Dear dr. Joga D. Setiawan

Manuscript ID 18274 entitled “A Soft Exoskeleton Glove Incorporating
Motor-Tendon Actuator for Hand Movements Assistance” which you submitted
to our Journal “International Review of Automatic Control (IREACQO)” has

been reviewed. The comments of the reviewer(s) are included at the bottom of
this email.

The reviewer(s) have recommended a MAJOR REVISION.

This is an opportunity for you to respond to their major concerns and to
incorporate improvements in the paper according to their suggestions. It is
also an opportunity for you to add new results.

We normally only permit one major revision before an accept or reject
decision is made. So please take the concerns of the reviewers seriously.

Therefore, | invite you to respond to the reviewer(s)' comments and revise
your manuscript within two weeks from the date of this email.

If it is not possible for you to submit your revision in a reasonable amount

of time, we may have to consider your paper as a new submission.

You should revise your manuscript using a word processing program and save
it on your computer. Please also highlight the changes to your manuscript
within the document by using the colored text in red.

Once the revised manuscript is prepared, you can upload it and submit it
through your on-line submission system.

In order to expedite the processing of the revised manuscript, please be as
specific as possible in your response to the reviewer(s).

Once again, thank you for submitting your manuscript to our Journal and |
look forward to receiving your revision.

Sincerely,

Dr. Srinivasan Alavandar, Editor-in-Chief of International Review of
Automatic Control (IREACO)

seenu.phd@gmail.com

Reviewer Responses:

Reviewer A:

Do you think the content of this paper is appropriate for this journal?:
Yes

Originality::
3. Satisfactory

Contribution::
3. Satisfactory

References::
3. Satisfactory

Presentation style::
4. Unsatisfactory

Quality of language::
4. Unsatisfactory

Final result::
Accepted if improved

Suggestion for improving the paper::

- English is understandable but needs correction of grammatical errors and

style. We suggest to use our service “English Language Editing”. More
information can be found to
http://www.praiseworthyprize.com/english_service.htm

- For a better readability of the article, before the Introduction section,

a Nomenclature section, not numbered, should be added with a list, in
alphabetic order, of all the used symbols and their meaning.

- Unit of measure in the equations should be not in the italic style, they
are not physical quantities.

- The revised version of the paper should be sent in doc or docx version.

https://mail.google.com/mail/u/0?ik=16b4df4854&view=pt&search=all&permmsgid=msg-f%3A1660696017969092297 &simpl=msg-f%3A1660696. ..

Faculty of Engineering Diponegoro University Mail - [[REACO] Editor Decision

joga setiawan <joga.setiawan@ft.undip.ac.id>

9 March 2020 at 21:12

d

12


BGates
Highlight

mailto:seenu.phd@gmail.com
http://www.praiseworthyprize.com/english_service.htm

7/20/2020

Reviewer B:

Do you think the content of this paper is appropriate for this journal?:
Yes

Originality::
3. Satisfactory

Contribution::
3. Satisfactory

References::
4. Unsatisfactory

Presentation style::
3. Satisfactory

Quality of language::
4. Unsatisfactory

Final result::
Accepted if improved

Suggestion for improving the paper::
- At the end of the Introduction add a paragraph on how the rest of the
paper is organized and developed, typically a summary on the rest.
- English grammar and style should be carefully revised.
- The reference list is brief and partially outdated. 50% of the references
to be from 2017-2019 are expected. We strictly encourage the authors to
visit our wide database of titles where they could search for references, at
the page
http://www.praiseworthyprize.org/jsm/index.php?journal=index&page=search

For any questions don't hesitate to contact us.
Best regards,

Editorial Staff

Praise Worthy Prize

Publishing House
editorialstaff@praiseworthyprize.org

PRAISE WORTHY PRIZE
PUBLISHING HOUSE

Editorial Staff
editorialstaff@praiseworthyprize.com

++++++++++++++++++H++++ ATTENTION ++++++++++++++++++++

This e-mail is directed uniquely to the interested party,

which is the exclusive addressee of any information contained herein.

For any abuse about the content of this message, Praise Worthy Prize will
claim compensation for damages occurred to third parties as well.

You are receiving this email because you are a Praise Worthy Prize's account
holder or email subscriber.

In case the e-mail should be addressed to other than you, or the content
should reveal any transmission errors or manipulations, please contact us at
the following address: info@praiseworthyprize.com

Praise Worthy Prize respects your right to privacy. To see the types of
information we may hold or collect about you and how we may use that
information, please see our Privacy Policy here:
http://www.praiseworthyprize.com/privacy.htm or contact our Data Protection
Office here: privacy@praiseworthyprize.org

https://mail.google.com/mail/u/0?ik=16b4df4854&view=pt&search=all&permmsgid=msg-f%3A1660696017969092297 &simpl=msg-f%3A1660696. ..

Faculty of Engineering Diponegoro University Mail - [[REACO] Editor Decision

2/2


http://www.praiseworthyprize.org/jsm/index.php?journal=index&page=search
mailto:editorialstaff@praiseworthyprize.org
mailto:editorialstaff@praiseworthyprize.com
mailto:info@praiseworthyprize.com
http://www.praiseworthyprize.com/privacy.htm
mailto:privacy@praiseworthyprize.org

7/20/2020 Faculty of Engineering Diponegoro University Mail - A Soft Exoskeleton Glove Incorporating Motor-Tendon Actuator for Hand Movem...

Eﬁﬂ;ﬁnﬂwﬂs?g joga setiawan <joga.setiawan@ft.undip.ac.id>

A Soft Exoskeleton Glove Incorporating Motor-Tendon Actuator for Hand Movements Assistance
3 messages

Joga - Setiawan <joga.setiawan@ft.undip.ac.id> 16 March 2020 at 16:10
To: editorialstaff@praiseworthyprize.org
Cc: mochammad_ariyanto@ft.undip.ac.id

Dear Prof. Dr. Srinivasan Alavandar,
Editor-in-Chief

International Review of Automatic Control (IREACO)

We have thoroughly revised the manuscript ID 18274 entitled “A Soft
Exoskeleton Glove Incorporating Motor-Tendon Actuator for Hand Movements
Assistance”.

We have addressed the reviewer comments and made a revision based on the
reviewer's suggestions. The revision is written in the colored text in red.

Please, find the attached manuscript in .docx word format via this email or
online submission system.

Please, let us know if we have miss the required document or something to do
concerning the next process of review.

Best regards,
On behalf of authors,
Joga D. Setiawan

PRAISE WORTHY PRIZE
PUBLISHING HOUSE

Editorial Staff
editorialstaff@praiseworthyprize.com

++++++++++++++++++++++ ATTENTION ++++++++++++++++H++++

This e-mail is directed uniquely to the interested party,

which is the exclusive addressee of any information contained herein.

For any abuse about the content of this message, Praise Worthy Prize will
claim compensation for damages occurred to third parties as well.

You are receiving this email because you are a Praise Worthy Prize's account
holder or email subscriber.

In case the e-mail should be addressed to other than you, or the content
should reveal any transmission errors or manipulations, please contact us at
the following address: info@praiseworthyprize.com

Praise Worthy Prize respects your right to privacy. To see the types of
information we may hold or collect about you and how we may use that
information, please see our Privacy Policy here:
http://www.praiseworthyprize.com/privacy.htm or contact our Data Protection
Office here: privacy@praiseworthyprize.org

(] IREACO_Development of A Low-Cost Soft Exoskeleton Glove Using Tendon-Driven Mechanism_150320202JS2 AM.docx
7655K

Praise Worthy Prize Editorial Staff <praiseworthyprize@gmail.com> 17 March 2020 at 18:26
To: Joga - Setiawan <joga.setiawan@ft.undip.ac.id>

Dear dr. Joga Setiawan

thank you for your e-mail.

I confirm you that your revised version has been received and now it is under evaluation.

Now our reviewers will check if all their recommendations have been satisfied

If they consider the paper acceptable, in few days you will receive the acceptance with all the instructions to proceed further with the publication of
your paper.

Best Regards

Angela Tafuro
Head of the Editorial Staff

PRAISE WORTHY PRIZE S.r.l.
PUBLISHING HOUSE
Editorial Staff

editorialstaff@praiseworthyprize.com

https://mail.google.com/mail/u/0?ik=16b4df4854&view=pt&search=all&permthid=thread-f%3A1661311252532921224&simpl=msg-f%3A16613112... 1/2


BGates
Highlight

BGates
Highlight

mailto:editorialstaff@praiseworthyprize.com
mailto:info@praiseworthyprize.com
http://www.praiseworthyprize.com/privacy.htm
mailto:privacy@praiseworthyprize.org
https://mail.google.com/mail/u/0?ui=2&ik=16b4df4854&view=att&th=170e29c83c958388&attid=0.1&disp=attd&safe=1&zw
mailto:editorialstaff@praiseworthyprize.com

7/20/2020 Faculty of Engineering Diponegoro University Mail - A Soft Exoskeleton Glove Incorporating Motor-Tendon Actuator for Hand Movem...

++++++++++++++++++++++ ATTENTION ++++++++++++++++++++

This e-mail is directed uniquely to the interested party, which is the exclusive addressee of any information contained herein. For any abuse about
the content of this message, Praise Worthy Prize will claim compensation for damages occurred to third parties as well.

You are receiving this email because you are a Praise Worthy Prize's account holder or email subscriber. In case the e-mail should be addressed to
other than you, or the content should reveal any transmission errors or manipulations, please contact us at the following address:
info@praiseworthyprize.com

Praise Worthy Prize respects your right to privacy. To see the types of information we may hold or collect about you and how we may use that
information, please see our Privacy Policy, or contact our Data Protection Office here: privacy@praiseworthyprize.org

[Quoted text hidden]

Joga - Setiawan <joga.setiawan@ft.undip.ac.id> 19 March 2020 at 10:15
To: Praise Worthy Prize Editorial Staff <praiseworthyprize@gmail.com>

Dear Dr. Angela Tafuro
Head of the Editorial Staff

Thank you very much for your information.
We are looking forward to hearing from you soon regarding the review process.
Best regards,

Authors
[Quoted text hidden]


mailto:info@praiseworthyprize.com
https://www.praiseworthyprize.org/privacy.htm
mailto:privacy@praiseworthyprize.org

7/20/2020

7N\ Faculty of Engineering
- Diponegoro University

[IREACO] Editor Decision

Editorial Staff <editorialstaff@praiseworthyprize.org>
To: joga.setiawan@ft.undip.ac.id

Dear Joga D. Setiawan:

It is my great pleasure to inform you that your paper ID 18274: "A Soft
Exoskeleton Glove Incorporating Motor-Tendon Actuator for Hand Movements
Assistance" has been accepted AS IT IS and will be published on the
International Review of Automatic Control (IREACO).
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restricted area with your username and password at:
http://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=login,
going to the Summary section of your accepted paper and clicking on the "PAY
NOW" link.

(Since your manuscript in the final accepted format is 1 page over the
standard length, you should indicate 1 extra-page in the order form. This
field is mandatory).

2. You should download, fill in, sign and return, by e-mail to
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2.1 COPYRIGHT FORM at:
http://www.praiseworthyprize.org/public/documents/copyright%20Praise %20new.pdf

2.2 TREATMENT OF PERSONAL DATA at:
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2.3 eventually the PERMISSION REQUEST FORM at:

http://www.praiseworthyprize.org/public/documents/COPYRIGHT%20PERMISSION%20PRAISE.pdf

for the reproduction of any figure, table or extensive (more than fifty
words) extract from the text of a source that is copyrighted or owned by a
party other than Praise Worthy Prize or of the Author.

Sincerely,

Dr. Srinivasan Alavandar, Editor-in-Chief of International Review of
Automatic Control (IREACO)

seenu.phd@gmail.com

Warning for print deliveries:

In case you decide to order the print copy of the journal, we point out that
the shipping will be made with the “regular mail” service, without the
possibility to monitor the delivery. In this case the delivery time will

take around two months. Otherwise, you can decide to receive it with a
“registered mail” service, that will have a cost around 35.00 euros (for

one print copy) instead of about 25.00 euros requested for the regular mail.
In case of “registered mail” service, the delivery can be monitored and

the time delivery is within 30 working days.

Summary for one print copy:

Shipping mode Cost Delivery time Delivery monitoring
Regular mail 25.00 euros 30 working days No
Registered mail 35.00 euros 30 working days Yes

Please note that if you will not receive the copy, it will not be possible

to send it to you again for free. Anyway, in the case of lost delivery, we
will send you the proof of the shipping and the password to download the
electronic version of the issue where your paper has been published.

N.B. Please verify that all the metadata indicated in the webpage of your
submission (in the Summary section) are updated respect to the final version
of the paper you've uploaded.
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Dear Dr. Angela Tafuro
Head of the Editorial Staff
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1 SCANNED COPYRIGHT FORM

2 SCANNED TREATMENT OF PERSONAL DATA
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We do not fill this form because we produce pictures, figures, and table by ourselves.

4. Proof of payment for article publication fee with extra page charge.

We are sorry that the language is still in Indonesia because it is automatically generated. Please, verify our payment.

Please let us know if we miss another required document and
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Authors
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. Copyright form
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The right, without charge, to photocopy or to transmit on-line or to download, print out and distribute to a colleague a copy of the published Work in whole or in part, for the Author’s personal
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C. WORKS OWNED BY EMPLOYER
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such company/employer, its subsidiaries and divisions, the right to make copies of and distribute the published Work internally in print format or electronically on the Company’s internal
network. Upon payment of the Publisher's reprint fee, the institution may distribute (but not re-sell) print copies of the published Work externally. Although copies so made shall not be
availabie for individual re-sale, they may be included by the company/employer as part of an information package included with software or other products offered for sale or license. Posting
of the published Work by the institution on a public access website may only be done with PWP's written permission, and payment of any applicable fee(s).
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In the case of a Work prepared under US Government contract or grant, the US Government may reproduce, without charge, all or portions of the Work and may authorise others to do so, for official US
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E. COPYRIGHT NOTICE
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information on Processing of Personal Data Treatment of
Regulation (EU) 2016/679 personal data

{General Data Protection Regulation)

The Praise Worthy Prize S.r.l., as Controller of the processing of your
personal data, in accordance with and for the effects of the Regulation
(‘European Data Protection Regulation'), hereinafter 'GDPR', herewith
informs you that the cited normative provides the protection of the
persons and of other subjects regarding the processing of the personal
data and that such processing will be inspired to the principles of
correctness, lawfulness, transparency and of protection of your privacy
and your rights. Your personal data will be dealt in accordance with the
legislative dispositions of the above-mentioned normative and the
privacy obligations provided there.

Aims of processing: in particular your personal data will be dealt for
the purposes connected to the carrying out of the following fulfilment,
concerning legislative or contractual obligations:
o  Obligatory law's fulfiiments;
s Dealing of the clients;
e  Publication on the Review of your curriculum vitae and your photo.
The processing of the personal data useful to the accomplishment of
these obligations is necessary for a comect dealing of the relation and
their bestowal is obligatory in order to put into effect the above-
mentioned purposes. Besides the Data Controller informs that the
eventual not communication, or a wrong communication, of any of the
obligatory information, can cause the impossibility of the Data Controlter
to guarantee the congruence of this processing.
Forms of the Processing: your personal data could be deait in the
following ways:
e  manual processing through paper documents;
e reliance of the operations of information processing to outside

parties;
e  manual processing through digital files.
Every processing is done in the respect of the forms as described in the
artt. 5, 6 and followings of the GDPR and by means of the use of the
minimal measures of emergency provided by the disciplinary technician.
Communication: your personal information will be kept in our offices
and will be transmitted exclusively to the competent subjects at the
accomplishment of the necessary services for a correct dealing of the
business relation, with a guarantee of the protection of the rights of the
interested party. In any case the communication for external use of you
personal data will be allowed only in the case that:
a) This communication is obligatory in order to assure the compliance of
the accomplishments provided by the law or other binding norms;
b) This communication is obligatory in order to assure the correct
establishment or continuation of the extant business relationship.
In particular, the data could be communicated to the following
categories of subjects: banks used for the dealing of the payments,
public authorities or administrations for the law's accomplishments,
postal and express courier offices.
Your personal information will be dealt only by the staff who has been
expressed authorized by the Data Controller and, in particular, the
following categories of subjects in charge:

o people in charge assigned to the various operative

compartments.

You should be aware that personal information that you voluntarily
disclose on your curriculum vitae (included your photo) being
accessible to other Users could be collected and disclosed by
others. Praise Worthy Prize cannot take any responsibility for such
collection and disclosure.

Data Controller: the Controller of the processing of the personal data,
according to the Law, is the Praise Worthy Prize S.rl., Via G.
Leopardi, 130 - 80125 Napoli Italy, email
administration@prai thyprize.com represented by its legal
representative pro-tempore.

Data Processor: The Processor of your personal data is Dr. Francesco
Esposito, Via G. Leopardi, 130 — 80125 Napoli Italy, email

>’ pr

The data subject have the right to obtain from the Controller the: access
to, rectification of, erasure (right to be forgotten’) of, restriction of
processing of, data portability of, to object to processing of personal
data, as well as in a general way you can exercise all the rights
provided from the art.15 (and following 16-23) of the GDPR reported
below.

General Data Protection Regulation: Art. 15 — Right of access by the dai=

subject.

1. The data subject shall have the right to obtain from the controller confirmation
as to whether or not personal data conceming him or her are being
processed, and, where that is the case, access to the personal data and the
following information:

a. the purposes of the processing;

b. the categories of personal data concerned;

c. the recipients or categories of recipient to whom the personal data
have been or will be disclosed, in particular recipients in third countries
or international organisations;

d. where possible, the envisaged period for which the personal data will
be stored, or, if not possible, the criteria used to determine that period;

e. the existence of the right to request from the controller rectification or
erasure of personal data or restriction of processing of personal data
concerning the data subject or to object to such processing;

f the right to lodge a complaint with a supervisory authority;

g. where the personal data are not coliected from the data subject, any
availabie information as to their source;

h. the existence of automated decision-making, including profiling,
referred to in Article 22(1) and (4) and, at least in those cases,
meaningful information about the logic involved, as well as the
significance and the envisaged consequences of such processing for
the data subject.

2. Where personal data are transferred to a third country or to an international
organisation, the data subject shall have the right to be informed of the
appropriate safeguards pursuant to Article 46 relating to the transfer.

3. (1) The controller shall provide a copy of the personal data undergoing
processing. (2) For any further copies requested by the data subject, the
controller may charge a reasonable fee based on administrative costs. (3)
Where the data subject makes the request by electronic means, and unless
otherwise requested by the data subject, the information shall be provided in
a commonly used electronic form.

4. The right to obtain a copy referred to in paragraph 3 shall not adversely affect
the rights and freedoms of others.

Having read the above, | give my consent and | authorize the Processing of my Personal data for the purposes indicated in this document.

For receipt and looked over readable signature of the injerested party (all Authors):

Author’s signature mWM\//

A A= ]
Author’s signature w Type or print name and title ___Mr. Mochammad Arivanto

Author’s signature

Author’s signature

Type or print name and title __Joga Dharma Setiawan, Ph.D.

Type or print name and tile __ Sri Nugroho, Ph.D

Type or print name and titte __Dr. Eng. Munadi

Author’s signature by ‘ Type or print name and title __Dr. Rifky Ismail
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COPYRIGHT PERMISSION REQUEST FORM

Authors are required to secure permission for the reproduction of any figure, table or extensive (more than fifty words) extract
from the text of a source that is copyrighted or owned by a party other than Praise Worthy Prize or the author.

(The following sample letter can be used as a template in seeking permission) e

FROM: Lampiran
Permission reguest

Name

Address

Dear

| am preparing for publication a work entitled:

to be published by Praise Worthy Prize S.R.L. on the following Journal:

| request your permission to include (please check the box interested):
[ 1 Extensive extract

[ ] The figures numbered as
[ 1 The tables numbered as

From your paper titled
And published on

Such permission will concern this and all subsequent editions of the Work, and all derivative works, in any and all media and
in all languages, published by Praise Worthy Prize, or its licensees throughout the world.

The usual form of acknowledgement is to quote the author(s) and publication title of the original material. Praise Worthy Prize
will include the words:

“Reproduced by permission of [the owner of the publishing rights].”
Please would you therefore confirm the owner of the publishing rights to be quoted as granting permission.
Please indicate agreement by signing and returning the enclosed copy of this letter. In signing, you warrant that you are the
sole owner of the rights granted and that your material does not infringe upon the copyright or other rights of anyone. If you

do not control these rights, | would appreciate your letting me know to whom | should apply.

Yours sincerely
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A Soft Exoskeleton Glove Incorporating Motor-Tendon Actuator

for Hand Movements Assistance

Joga D. Setiawan, Mochammad Ariyanto, Sri Nugroho, M. Munadi, Rifky Ismail

Abstract — Hand paralysis can inhibit daily activities, for example, grasping a particular food or
an object. With the advancement of science and technology today especially in wearable robot
technology, normal hand function can be recovered with the help of wearable soft robotic glove.
This robot has a mechanism that resembles the working mechanism of the hand itself. The purpose
of this study is to develop a low-cost soft exoskeleton glove made from silicone rubber using a
tendon-based mechanism. The molding of the soft glove is designed using SolidWorks CAD
software. Dual-slack enabling actuators are designed and manufactured as the actuator system of
the soft exoskeleton glove. The proposed actuator is used as flexion and extension motion for the
human hand. This motion enables the soft exoskeleton glove to provide mechanical support for the
human hand. A potentiometer sensor is used in the dual-slack enabling actuator for measuring the
rotating angle of the actuator that is connected to the tendon and soft exoskeleton glove. The
actuator is controlled using on-off and Proportional-Integral (PI) control. After the soft
exoskeleton glove system is integrated, the soft robot is implemented on a healthy human hand to
assist the grasping of various objects. The measurement for the wearable robot is performed by
using serial communication between Arduino Nano microcontroller and the host computer. Based
on the experimental results, the soft glove can successfully assist and support the user’s hand for
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various object grasping. Copyright © 2020 Praise Worthy Prize S.r.I. - All rights reserved.
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Nomenclature

ADC Analog-to-Digital Converter

CAD Computer-Aided Design

DSEA  Dual-Slack Enabling Actuator

Pl Proportional-Integral

PID Proportional-Integral-Derivative

SMA Shape Memory Alloy

I Radius of pulley i (i=1,4), [m]

Vi Linear velocity of pulley i (i=1,4), [m/s]

X Maximum tendon-sheath linear displacement
[m]

o, Angular displacement of pulley i (i=1,4), [rad]

o; Angular velocity of pulley i (i=1,4), [rad/s]

l. Introduction

Soft robot is a further development of hard automation
or hard robot. Soft robots are a sub-field of robotics
designed using "compliant" materials (adapted to suit the
needs), similar to those found in living organisms [1]. In
the working principle, the function of a wearable
exoskeleton soft robot is the same as a hard exoskeleton
robot hand, the only material used in this kind of robot is
different. If the wearable exoskeleton robot hand still
uses rigid material, then wearable exoskeleton soft robot

Copyright © 2020 Praise Worthy Prize S.r.1. - All rights reserved

hand utilizes soft material made of material in the form
of synthetic resin or silicon rubber. For the actuation
system, soft robots use a variety of actuators. PneuNets
(pneumatic networks) is one of the soft robot actuators
developed by the Whitesides Research Group at Harvard
University. Actuators of pneumatic networks are made of
a series of chambers in elastomeric material. This room
will expand when pressured and produce bending
movements such as human fingers [2]. Naturally, this
movement is controlled by modifying the geometry and
material properties of its chamber walls. When the
PneuNets actuator is pressurized, expansion occurs in a
softer area [3]. For PneuNet that consists of a single and
homogeneous elastomer, the greatest expansion will
occur in the thinnest structure. Researchers can program
the working mechanism of the actuator by choosing the
wall thickness that causes the desired movement [4]. In
addition, different materials can be combined to enable
better actuator control. When the PneuNets actuator
contains several layers of material having different
elastic properties, more elastic material expands larger
than the less elastic material when the actuator is
pressurized. In this configuration, the less elastic material
is called strain-limiting layers, as its function is to limit
the strain to occur. This strain effect variation can be
used to achieve the desired movement such as bending
and twisting [5]. In most research on soft exoskeleton
hands, the actuator is pneumatic network type [6]-[10].

https://doi.org/10.15866/ireaco.v13i1.18274
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The fluid used in the soft wearable robot also comes from
a hydraulic network such us in [11] and [12]. One of soft
robotics developed by Harvard University is a soft
robotic glove. The purpose of the development is to
assist people with disabilities in hand motor skills. The
motor skills of this hand can be lost partially or totally. In
the design developed by Harvard, the five fingers of the
user can be re-functioned by using the soft robotic glove,
pneumatic, or hydraulic based actuator is employed as
the actuation system on the soft robotic glove. SMA has
been developed and utilized as the actuator of the soft
wearable robot, especially on the soft exoskeleton hand
[13], [14]. The research combines SMA with a tendon
actuation system. Based on the results, the proposed
SMA has the potential to be implemented in the soft
wearable robot. The soft glove based on SMA actuation
can flex and extend fingers in the designed range of
motion and grasp objects efficiently. Motor-tendon
actuation is one type of actuator in a soft robot that
utilizes a DC servo motor to manipulate soft materials in
order to move. Tendon is an intuitive solution for soft
robot actuator because it is a continuum structure that can
adapt to soft joints. The mechanism of action of this
actuator motor- tendon is to shorten the soft body and
extend it back to produce controlled motion resulting
from friction that arises when the material is shortened
larger than when elongated so that the soft body can
move. In this type of actuator, strings or Bowden cables
are widely used as a towing medium embedded into the
actuator. Actuator based motor-tendon utilized on soft
wearable robots have been developed by researchers with
the purposes of both rehabilitation and assistive devices
[15]-[19]. This type of actuator can produce a relatively
large grasping force. The soft tendon routing system is a
system that, in principle, works inspired by the human
musculoskeletal system, resembles the working principle
of muscle tendons working on the hands. There is a
power transmission component developed inherent in the
human body. All elements of the routing system include
actuators designed to work without air pressure so that
the system can improve safety and comfort in its use and
efficiency in terms of mechanical design. In this study, a
low-cost soft wearable robot based on motor-tendon
mechanism is developed and manufactured. A soft glove
is developed and manufactured using RTV (Room-
Temperature-Vulcanizing) Silicone material. A novel
low-cost dual-slack enabling actuator (DSEA) is
designed as an actuation system of the soft exoskeleton
glove to assist the user’s hand for finger flexion and
extension. On-off and Pl compensators are employed for
controlling the motion of DSEA. PID and PI controllers
have been implemented successfully in position and
speed controllers that are implemented DC servo motor
as the actuator of the system [19]-[25]. Two Bowden
cables are used for transmitting the power from DSEA to
the soft glove. After the soft glove prototype has been
built, the robot is implemented on the healthy human
hand to assist for various object grasping. This study
proposes the development of a novel soft exoskeleton

Copyright © 2020 Praise Worthy Prize S.r.l. - All rights reserved

glove based on the motor-tendon actuator for providing
mechanical assistance for finger flexion-extension.

Soft exoskeleton glove design and prototype are
presented in Section 11. Motor-tendon actuator for driving
the soft glove is discussed in section Il1l. The utilized
control for soft glove is presented in Section IV. The
result and conclusion of the experimental work of the
soft glove are outlined in sections V and VI, respectively.

I1.  Design and Prototype Development of
Soft Exoskeleton Glove

The initial stage of this research is to develop a 3D
model of soft exoskeleton glove. It is adjusted to the
average dimensions of the hands and fingers of the
impaired hands so that the resulting model will match the
size of the user's fingers. In the early stages of the design,
the 3D model of the soft glove is detailed by creating
two-dimensional images in SolidWorks computer-aided
design (CAD) software. This section presents the design
process to be used in soft exo-glove molding fabrication
and soft exo-glove manufacturing process from raw
material in the form of silicone rubber dough to the ready
to use the prototype of the soft glove. The 3D design of
the proposed exoskeleton glove using motor-tendon
actuation is presented in Fig. 1.

I1.1. Design of Soft Exoskeleton Glove

Actuators on wearable exoskeleton glove have an
important role as the main driving system. In the
selection of actuator types, the researchers considered
using three types of actuators, namely PneuNets
(Pneumatics network), Combustion driven actuators
(CDA), and motor-tendon actuation. The motor-tendon
actuation system was chosen in this study because, in the
development of soft glove, there was concern itself in
using Pneunets and CDA type actuators. One of the
concerns is if there is cavitation (a hole in the soft glove
caused bubbles during the casting process). The
cavitation can lower the performances of Pneunets and
CDA actuators. While on the motor-tendon type,
cavitation can be neglected. The soft glove developed
should not have a hole caused by cavitation, as it will
reduce the aesthetic value of the soft exoskeleton glove.

Fig. 1. Design of Soft Exoskeleton Glove

International Review of Automatic Control, Vol. 13, N. 1
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Furthermore, motor-tendon actuators have
characteristics of easy manufacturing process and
maintenance. The material used to develop soft glove is a
synthetic rubber. There are two types of silicon rubber
based on the manufacturing temperature of synthetic
rubber, which requires heating and does not require
heating or is often called RTV (Room Temperature
Vulcanization). RTV has many different types depending
on stiffness, heat resistance, and mixed type. In this
study, a synthetic rubber used is RTV type. Silicon
rubber of RTV type was chosen to facilitate the
manufacturing process because it does not require
additional tools such as heaters, and this research works
at low temperatures. The utilized materials are RTV 48,
RTV 52, and RTV Platinum. The selection of the above
three materials is based on several criteria, such as
stiffness, casting, and price. RTV Platinum is chosen
because it has the appropriate rigidity based on need, and
also based on consideration of the availability of the
silicon rubber in the market. RTV Platinum has higher
stiffness point compared to RTV 48. RTV 52 has a
higher stiffness than RTV 48. However, RTV 48 is not
rigid enough for soft glove base material;thus this will
produce a finished soft glove form that is too soft. The
advantages of RTV Platinum during the casting process
are the RTV Platinum can enter and fill up the narrow
gaps so that the results of the soft glove can be formed
perfectly. However, in terms of raw material price, RTV
Platinum is more expensive compared to RTV 48 and
RTV 52. In the soft exoskeleton glove mold design, the
shape of the mold is measured according to the size
needs of the average adult human finger and
consideration in the primary function of the soft glove
beside the aesthetic aspect. The mold of the soft glove is
designed using SolidWorks CAD software and
manufactured by using 3D printer technology. Fig. 2(a)
and Fig. 2(b) show the mold design of soft glove in CAD
software. Fig. 2(c) is the overall result of the mold
printed using a 3D printer. The mold is printed using
polylactic acid (PLA) material.

11.2. Prototype Development and Manufacture

In the molding process of soft exo glove, silicon
rubber and the liquid catalyst and supporting equipment
such as; scale, measuring cup, color pigment, stirrer, and
soft glove moldings, etc. should be prepared first. After
the preparation process has been completed, then the
silicone rubber is weighed and taken as needed. In this
research, the mass of silicon rubber RTV needed is 140
grams. The measured silicone rubber is then given a dye
without a catalyst blend, then gently stirs the silicone
rubber dye to blend perfectly, but the dough does not
quickly clot and dry. The silicon rubber dye used in this
study has a green color. The Silicon rubber and catalyst
are mixed with a 10:1 dose with the amount of silicon
rubber in grams. The silicon rubber mixture and the
catalyst are stirred gently until evenly to avoid air
bubbles occurring.

Copyright © 2020 Praise Worthy Prize S.r.I. - All rights reserved

(a) Soft glove base

(b) Fingers

. i A R
(c) The overall result of 3D printed mold design for exoskeleton glove

Figs. 2. 3D mold design of the proposed soft glove

The silicon rubber mixture is fastened to soft glove
molding until it is evenly distributed and fills the mold
volume. The finger mold is placed on the soft glove mold
to the soft glove molding that has been filled by a
mixture of silicone rubber as shown in Fig. 3. The
silicone rubber mixture poured in the mold is dried at
room temperature for four to six hours until the soft
glove is formed. The demolding process of the formed
soft exoskeleton glove is conducted after the silicon
rubber is completely dry and perfectly formed. The
demolding process can be carried out by separating the
silicone rubber that has been formed and dry with the
mold. The overall manufacturing process of the soft
glove based on the RTV silicon rubber is presented in
Fig. 3.

I11. Dual Slack Enabling Actuator (DSEA)

From a mechanical design aspect, the Dual Slack
Enabling Actuator (DSEA) element consists of several
components which are presented in Fig. 4. It consists of a
servo motor mount, a base component, two pulleys
having a diameter of 10 mm and 15 mm. The pulleys are
made by a 3D printer using Poly Lactic Acid (PLA)
material. The MXL timing belt pulley, MXL pulley, and
shaft are DSEA components with aluminum materials
that are readily available in the market.

International Review of Automatic Control, Vol. 13, N. 1
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Pouring process of silicon
L} )ﬂ_ﬂ'ubber mixture

Fig. 4. Dual slack enabling actuator (DSEA)
design in the CAD software

In the working principle of proposed DSEA, the
rotational motion of the servo motor is transmitted
through the timing belt of the pulley MXL to the pulley
3, causing rotation of the pulley 4 having a diameter of
10 mm. The rotation received by the pulley 3 is also
transmitted to a potentiometer’s pulley having a diameter
of 15 mm through a belt, causing the potentiometer to
rotate in the same direction of the servo motor. For
example, if the direction of rotation of the pulley 1 is
clockwise, then the potentiometer will also rotate
clockwise. In this study, a DC servo motor with a
gearbox is used. The motor has a torque of + 35 kg/cm.

Copyright © 2020 Praise Worthy Prize S.r.I. - All rights reserved

The DC motor servomotor is easy to obtain in the
market; thus, it is selected as a soft glove system
actuator.

Pulley system is chosen for mechanical power
transmission in the mechanical design of DSEA. This
pulley is used to transmit power from the motor to the
pulley that rotates the pulley that pulls the tendon sheath
with three stages of speed reduction, and the
potentiometer.

The selection of a belt as power transmission because
it is suitable for the desired condition of the system. The
braided string is utilized because it is quite strong and
makes the installation process easy. It can withstand
tensile forces up to 30.8 kg.

The tendon is used as the power transmission of the
actuator system, which will pull or extend the soft
tendon. The casing is the part used to cover the DSEA
and protect the DSEA components from liquid spills and
other debris. The casing itself is divided into three
sections, namely the bottom, the middle, and the top
parts. The 3D design drawing of the casing is shown in
Figs. 5. The design drawings of the DSEA casing and the
pulleys are shown in Figs. 5. The motor holder of DSEA
serves as a holder of a DC servo motor actuator on the
soft glove. Fig. 5(e) shows the 3D design of the motor
holder in the CAD software. The actuator base serves as
a place to join the components needed to become a
DSEA system. Fig. 5(f) shows the 3D design of the
proposed actuator base. The main parts of DSEA
mechanical components are printed with PLA material
using a 3D printer. Figs. 6(a)-(c) show the assembly of
DSEA components in the CAD software.

The assembly result of the proposed DSEA prototype
is shown in Fig. 6(d). The DSEA has two Bowden cables
for finger flexion and extension motion. Pulling the
lower tendon will simultaneously cause the upper tendon
to extend.

This section discusses the kinematic motion modeling
of the DSEA, having a rotation input from the servo
motor. The motor is used as the prime mover to pull and
extend the tendon sheath.

The translational motion calculation of the DSEA is
used to calculate the rotation of the potentiometer’s
pulley. The rotational angle obtained is used for position
control feedback.

The purpose of kinematic modeling on the DSEA is to
provide position feedback to the motor actuator. The
required position feedback is a signal from the
potentiometer, which has the range of motion from 0° to
270°,

The rotation of the DC servo motor pulls the tendon
sheath from its normal position to a full grip of the soft
glove that requires more than one rotation.

Therefore, the reduction gear is required between the
rotation of the potentiometer pulley and the rotation of
the DC servo motor such that the actuator rotation does
not exceed the range of motion of the potentiometer. The
proposed of a reduction gear system utilizing four
pulleys is shown in Fig. 7.

International Review of Automatic Control, Vol. 13, N. 1
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(b) MXL timing belt pulley

(a) Casing design

1 i

(c) Couple pulley - (d) Potentiometer pulley

(e) Motor holder (f) Actuator base

Figs. 5. Casing and pulley design of DSEA in CAD software

Potentiometer Tendon sheath DC
I . Motor
housing
¢ ' Pulley 2
o) @
Pulley 1
Tendon sheath
(a) Front view (b) Side view
Transmission
belt to pulley 3

Motor 2

Transmission belt
to potentiometer

Potentiometer  Motor 1

Couple pulley
(c) Top view (d) Prototype
Figs. 6. DSEA design and prototype
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Fig. 7. Gear reduction system on the DSEA

The rotational speed of the DC motor pulley is
represented by w; as the initial reference point of rotation
or acting as the actuator, while the pulley rotational speed
in the coupled shaft via timing belt is represented by w,
and ws, and the potentiometer pulley is represented by
w4. The purpose of the calculation on this gear reduction
system is to find the amount of speed reduction occurs in
DSEA. This pulley reduction calculation starts from a
DC motor connected with a pulley. Pulley 1 and pulley 2
are connected with a belt, the linear velocity of the pulley
1 and the pulley 2 are equal, and the equation can be
written as Equation (1):

wh =,

1)

Since ri=r,, then w;=w,. Pulley 2 and pulley 3 are
coupled using a shaft, then w,=ws; resulting in a
relationship of wi;=w,=ws. Pulley 3 and pulley 4 are also
connected by using a timing belt, so the linear velocity
between the two pulleys is equal and the relation can be
written in Equation (2):

V3 =V,
@313 = w1y
©3(10) = @, (30) )

& _o g

Through the calculations of equations (1), (2), and (3),
the range of motion (ROM) of the tendon-sheath for
finger flexion and extension motion can be determined. It
is known that the diameter of the DC motor pulley is 10
mm, the maximum value from the potentiometer signal
in the form of analog to digital converter (ADC) signal
on the 8 bit Arduino Nano microcontroller is 746 and its
minimum value is 57. The ROM calculation of the
tendon-sheath linear displacement on the DSEA can be
calculated using the equations (3), (4), and (5) as follows:

(ADC  — ADCpiry)

0, = .360°
1023
(746-57)
=727 90 3500 3
4 1023 @)
0, = 242.46°
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0, o,

6, 3
24246 1
6, =727.39°

(4)

360° 5)
X =63.44 mm

From the results of equations (3), (4), and (5), it is
found that the maximum length of the retractable tendon
sheath is 63.44 mm.

The manufacturing process of the soft glove and
DSEA which has been presented in the previous is one of
the processes of several stages conducted in this research.

Assembly is performed from components such as a
soft glove, DSEA’s casing, and electrical component
circuit into a complete system. Fig. 8 shows the wearable
exoskeleton of the soft robotic glove system prototype
that has been built in the assembly process. Soft glove
and DSEA are connected using two Bowden cables.

1VV. Exoskeleton Soft Glove Control

In this study, two controllers applied are on-off, and
proportional-integral (PI) controls. In this test, the
measurement is conducted using the Simulink Support
Package for Arduino Hardware under MATLAB/
Simulink environment. The package can be obtained
freely on the MathWorks website. The potentiometer or
electromyography sensor is used to give a pull or extend
command on the tendon sheath. The overall system of the
proposed wearable soft glove is presented in Fig. 9.

IV.1. Modified On-Off Control

In this test, the maximum displacement on the tendon
sheath is 5.5 cm, and the minimum displacement is 0.5
cm.

Fig. 8. The overall final prototype of soft exoskeleton glove
incorporating a dual slack enabling actuator

International Review of Automatic Control, Vol. 13, N. 1
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Fig. 9. The overall system of the proposed wearable soft glove

The on-off control algorithm proposed in this test is
shown in Fig. 10(a). When the error reaches a value
between -0.5 cm and 0.5 cm, then the motor will be fully
turned off. When the error is more than + 0.5 cm, then
the PWM command will be given to the motor, as shown
in Fig. 11.

The value of the PWM command is positive (+)
means the controller will cause the motor command to
pull the tendon sheath or soft glove to produce the finger
flexion motion. When the PWM command is negative (-),
the controller will give DSEA command for finger
flexion or extension motion. The block diagram of On-
off control, as shown in Fig. 10(b) is developed in
MATLAB/Simulink environment. The control is
embedded into Arduino Nano using Simulink Support
Package for Arduino Hardware.

IV.2. Proportional Integral (PI) Control

Proportional - Integral (Pl) controller used in this
study aims to gain better position response. Similar to
previous On-Off controllers, the PI controller also uses
the command input signal generated by a potentiometer
or electromyography.

The potentiometer is employed to measure the rotation
angle of the pulley and then converted into the
displacement of the tendon pulling the wearable soft
glove. The PI control implemented in the soft glove
system is shown in Fig. 12(a). The PI control is
developed under a Simulink block diagram shown in Fig.
12(b).

The reading of the potentiometer sensor is applied
using an Analog Input block with a sampling frequency
of 50 Hz. Both On-Off and Pl controllers run with the
sample time of 0.02 s.
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V. Result and Discussion

In this section, a control test for the performance of
the wearable robot glove is conducted by a user with a
healthy hand. The performance control test is performed
by comparing the measurement results of the given
command to its response. The performance control test is
performed by evaluating the results “without-load” and
“with-load”. Without-load test means that the soft glove
is not worn by the user, whereas the with-load test
indicates that the soft glove is worn by the user on a
healthy hand. This section presents the results of the
performance control tests.

V.1. Modified On-Off Control

Performance testing of On-Off control is conducted by
providing an input command in the form of a step signal
with the maximum displacement of 5.5 cm. The response
signal is acquired on a computer running Simulink block
diagram of the controller in real-time. The
communication between the Arduino and the computer is
carried out by serial communication having baud rate of
57,600 b/s. Fig. 13(a) shows the acquired signals from
the Arduino. The continuous blue line, the red dash line,
and the green dot line represent the command signal, the
without response signal, and the response signal with the
load, respectively. From the figure, it can be concluded
that a larger steady-state error occurs when the soft glove
is worn by the user. This slow response can occur due to
the gear reduction system in the DSEA. The transient
performance of the controller is summarized in Table I.

V.2. Pl Control

As the test conducted on On-Off control performance,
the test procedure is also performed on Pl control. The
initial test is performed for searching the optimum value
of Kp and Ki experimentally. The obtained optimal
values of Kp and Ki are 130 and 50, respectively. The
result of the PI control performance test with the given
step input command is presented in Fig. 13(b). Slow
response also still appears in the Pl control; this can
occur because of the gear reduction system in the DSEA.

The transient performance of the PI control on the soft
glove is summarized in Table Il. The result obtained in
the PI control test shows that there is no significant
response difference between the without-load and the
with-load on the soft glove. The performance of the
proposed control under trajectory command is presented
in Figs. 14.

TABLE |
ON-OFF CONTROL PERFORMANCE
Response ) Performance_ Unit
Without-load With-load
Time Constant (t) 1.8 2 S
Rise time (tr) 11 1.3 S
Peak time 2.7 2.6 S
Delay time (td) 1 1 S
Steady state error 0.52 1.2 cm
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TABLE I
PI CONTROL PERFORMANCE
Response ) Performance_ Unit
Without Load With Load
Time Constant (t) 13 13 S
Rise time (tr) 0.9 0.9 s
Peak time 12 1.23 S
Delay time (td) 0.9 0.95 S
Steady state error 0.3 0.25 cm
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V.3. Object Grasping Test

In this test, the soft glove is pulled by the DSEA
through two tendons for every one cm. The curvature that
occurs is observed in the soft glove. Figs. 14 indicate the
position changes of the fingers from a normal position to
the handgrip. The proposed grip mode is designed for the
grasping support with the wearable soft glove. To
perform a perfect handgrip, the four fingers do not need
to make the full closing/flexion motion. Fig. 15 shows
the curvature changes of the fingers in the soft glove
when DSEA pulls them. In the next test, the prototype of
the wearable glove is employed for assisting and
providing mechanical support to the human hand. In this
test, the user/wearer with a healthy hand wears the soft
glove. To wear the soft glove, the user takes no more
than one minute. The results of the test are shown in Fig.
16. Based on the test result, the proposed wearable soft
glove can assist and provide mechanical support for
grasping various objects ranging in size, shape, and mass.

Rubik’s Cube
Weight : 82 gr

Mouse

9 Weight : 50 ‘

Phone
Weight : 176 g

Fig. 16. The wearable glove provides mechanical support
to the user’s hand
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V1. Conclusion

This research has successfully developed a prototype
of a wearable soft exoskeleton hand. The system is
divided into three main parts, namely a soft glove, tendon
sheath, and DSEA. The proposed soft glove has an
overall length of 25 cm measured from the tip of the
middle finger to the bottom. The overall width is 10 cm,
while the thickness of the soft glove in all parts is 4 mm.
Tendon sheath itself has a length of 84 c¢cm, while the
tendon sheath housing has a length of 72 cm. The
actuator case has 15.5 cm in length, 9 cm in width, and
12 cm in height. The main raw materials used in this
prototype are silicone rubber, polylactic acid (PLA),
plywood, and acrylic. The weight of the soft glove is 190
grams, while the actuator weight is 623 grams. The
overall weight of this prototype is under 1 kg. The
prototype of the wearable soft robotic glove uses a
tendon type actuator that resembles the working
mechanism of the human-hand muscle system. The
resulted soft glove can successfully assist and support the
human hand for various object grasping. The soft glove
is ready to be implemented as an assisting device
providing mechanical support for an impaired human
hand.
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