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Abstract
X L i Learn more
An in-socket sensory system enables the monitoring of transfemoral amputee movement for a microprocessor-controlled
prosthetic leg. User movement recognition from an in-socket sensor allows a powered prosthetic leg to actively mimic
healthy ambulation, thereby reducing an amputee's metabolic energy consumption. This study established an adaptive This record is from:
neurofuzzy inference system (ANFIS)-based control input framework from an in-socket sensor signal for gait phase Web of Science Core Collection

- Science Citation Index Expanded

classification to derive user intention as read by in-socket sensor arrays. Particular gait phase recognition was mapped with ) .
- Conference Proceedings Citation Index-

the cadence and torque control output of a knee joint actuator. The control input framework was validated with 30

Science
experimental gait samples of the in-socket sensory signal of a transfemoral amputee walking at fluctuating speeds of 0 to 2
km.h(-1). The physical simulation of the controller presented a realistic simulation of the actuated knee joint in terms of a .
Suggest a correction
knee mechanism with 95% to 99% accuracy of knee cadence and 80% to 90% accuracy of torque compared with those of
normal gait. The ANFIS system successfully detected the seven gait phases based on the amputee's in-socket sensor signals Ifyou would like to improve the quality of
. . the data in this record, please suggest a
and assigned accurate knee joint torque and cadence values as output. (C) 2018 SPIE and IS&T correction

Keywords

Author Keywords: adaptive neurofuzzy inference system; prosthetic knee joint; controller; transfemoral leg; in-socket
sensory system

KeyWords Plus: ENERGY-COST; KNEE; DESIGN; GAIT

Author Information
Reprint Address: Lai, KW (reprint author)

+ Univ Malaya, Dept Biomed Engn, Fac Engn, Kuala Lumpur, Malaysia.

Addresses:
+ [1]UnivMalaya, Dept Biomed Engn, Fac Engn, Kuala Lumpur, Malaysia

+ [2]IntlIslamic Univ Malaysia, Dept Mechatron Engn, Fac Engn, Kuala Lumpur, Malaysia
E-mail Addresses: khinwee@um.edu.my
Funding

Funding Agency Show details ~ Grant Number

University Malaya through Postgraduate Research Fund (PPP)  PG125-2015B

Science and Technology Development Fund (STDF) FP047-2014B

apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=7&SID=F4vHtWe8dref8GUzRPJ&p... 1/4


javascript:toggle_unified_funding()
http://apps.webofknowledge.com.ezproxy.um.edu.my/home.do?SID=F4vHtWe8dref8GUzRPJ
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=F4vHtWe8dref8GUzRPJ&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=10291756
javascript:sup_focus('addressWOS:000473731200004-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=F4vHtWe8dref8GUzRPJ&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=34939325
javascript:sup_focus('addressWOS:000473731200004-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=F4vHtWe8dref8GUzRPJ&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=7996836
javascript:sup_focus('addressWOS:000473731200004-1')
javascript:sup_focus('addressWOS:000473731200004-2')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=F4vHtWe8dref8GUzRPJ&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=29576013
javascript:sup_focus('addressWOS:000473731200004-1')
javascript:hide_show('show_resc_blurb', 'inline');hide_show('show_resc_blurb_link', 'none');hide_show('hide_resc_blurb_link', 'inline')
javascript:;
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&field=TS&value=adaptive+neurofuzzy+inference+system&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&field=TS&value=prosthetic+knee+joint&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&field=TS&value=controller&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&field=TS&value=transfemoral+leg&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&field=TS&value=in-socket+sensory+system&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&field=TS&value=ENERGY-COST&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&field=TS&value=KNEE&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&field=TS&value=DESIGN&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&field=TS&value=GAIT&uncondQuotes=true
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_2', 'inline');hide_show('show_research_pref_org_exp_link_2', 'none');hide_show('hide_research_pref_org_exp_link_2', 'inline')
mailto:khinwee@um.edu.my
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=Wos1pAlertingPCTAdd&product=WOS&SID=F4vHtWe8dref8GUzRPJ&component=pct&forwardTo=None&qid=7&doc=1&colName=WOS&num_cited=0');
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d7%26log_event%3dyes%26product%3dWOS%26SID%3dF4vHtWe8dref8GUzRPJ%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000473731200004&search_mode=CitedRefList&SID=F4vHtWe8dref8GUzRPJ&parentProduct=WOS&parentQid=7&parentDoc=1&recid=WOS:000473731200004&PREC_REFCOUNT=27&fromRightPanel=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d7%26log_event%3dyes%26product%3dWOS%26SID%3dF4vHtWe8dref8GUzRPJ%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000473731200004&parentProduct=WOS&parentQid=7&search_mode=RelatedRecords&SID=F4vHtWe8dref8GUzRPJ&parentDoc=1
javascript:;
javascript:;
javascript: void('InCites')
javascript: void('JCR')
javascript: void('ESI')
javascript: void('EndNote')
javascript: void('PUBLONS')
https://kopernio.com/?utm_source=WOS_home&utm_medium=web&utm_campaign=kopernio_wos_product&ref=wos
javascript:void(0);
javascript:void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_CombineSearches_input.do?product=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CombineSearches
http://apps.webofknowledge.com.ezproxy.um.edu.my/ViewMarkedList.do?action=Search&product=WOS&SID=F4vHtWe8dref8GUzRPJ&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript:void('Links');
javascript:;
javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_GeneralSearch_input.do?product=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=GeneralSearch
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&search_mode=GeneralSearch&qid=7&SID=F4vHtWe8dref8GUzRPJ&page=

3/20/2020

Web of Science [v.5.34] - Web of Science Core Collection Full Record

Ministry of Higher Education & Scientific Research (MHESR)

View funding text

Publisher
IS&T & SPIE, 1000 20TH ST, BELLINGHAM, WA 98225 USA

Journal Information

Impact Factor: Journal Citation Reports

Categories / Classification

Research Areas: Engineering; Optics; Imaging Science & Photographic Technology

Web of Science Categories: Engineering, Electrical & Electronic; Optics; Imaging Science & Photographic Technology

See more data fields

Cited References: 27

Showing 27 of 27 View Allin Cited References page

10.

Title: [not available]
By: AEYELS B
P IEEE 17 ANN C ENG Volume: 2 Pages: 1315 Published: 1995

Development of a multi-DOF electromyography prosthetic system using the adaptive joint mechanism
By: Arieta, A.H.; Katoh, R.; Yokoi, H.; et al.
Applied Bionics and Biomechanics Volume: 3 Issue:2 Pages: 101-11 Published: 2006

Modelling and control of a linear actuated trans-femoral knee joint in basic daily movements
By: El-Sayed, A. M.
Appl. Math. Inf. Sci. Volume: 7 Pages: 1-11 Published: 2014

ENERGY-COST OF AMBULATION IN HEALTH AND DISABILITY - LITERATURE-REVIEW
By: FISHER, SV; GULLICKSON, G
ARCHIVES OF PHYSICAL MEDICINE AND REHABILITATION Volume: 59 Issue:3 Pages: 124-133 Published: 1978

An electrohydraulic knee-torque controller for a prosthesis simulator.
By: Flowers, W C; Mann, RW
Journal of biomechanical engineering Volume: 99 Issue: 1 Pages: 3-8 Published: 1977-Feb-01 (Epub 2010 Oct 21)

Design of microcontroller-based EMG and the analysis of EMG signals.
By: Guler, Nihal Fatma; Hardalac, Firat
Journal of medical systems Volume: 26 Issue:2 Pages: 151-7 Published: 2002-Apr

Volitional Control of a Prosthetic Knee Using Surface Electromyography
By: Ha, Kevin H.; Varol, Huseyin Atakan; Goldfarb, Michael
IEEE TRANSACTIONS ON BIOMEDICAL ENGINEERING Volume: 58 Issue: 1 Pages: 144-151 Published: JAN 2011

User-adaptive control of a magnetorheological prosthetic knee
By: Herr, H; Wilkenfeld, A
INDUSTRIAL ROBOT-AN INTERNATIONAL JOURNAL Volume: 30 Issue:1 Pages:42-55 Published: 2003

AMPUTATION - ENERGY-COST OF AMBULATION
By: HUANG, CT; JACKSON, JR; MOORE, NB; et al.
ARCHIVES OF PHYSICAL MEDICINE AND REHABILITATION Volume: 60 Issue:1 Pages: 18-24 Published: 1979

CONSERVATION OF ENERGY IN AMBULATION HUMAN

4 10f1 P

(from Web of Science Core Collection)

Times Cited: 7

Times Cited: 19

Times Cited: 1

Times Cited: 186

Times Cited: 16

Times Cited: 4

Times Cited: 97

Times Cited: 156

Times Cited: 127

Times Cited: 27

apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=7&SID=F4vHtWe8dref8GUzRPJ&p...

2/4


javascript:hide_show('show_fund_blurb', 'inline');hide_show('show_fund_blurb_link', 'none');hide_show('hide_fund_blurb_link', 'inline')
javascript:;
javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=7&parentDoc=1&qid=8&SID=F4vHtWe8dref8GUzRPJ&colName=WOS&page=1
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitingArticles&parentProduct=WOS&parentQid=8&parentDoc=1&REFID=266372146&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitingArticles&parentProduct=WOS&parentQid=8&parentDoc=2&REFID=304718834&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitingArticles&parentProduct=WOS&parentQid=8&parentDoc=3&REFID=587344871&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitedFullRecord&isickref=WOS:A1978ER06700005
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitingArticles&parentProduct=WOS&parentQid=8&parentDoc=4&REFID=7045239&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitingArticles&parentProduct=WOS&parentQid=8&parentDoc=5&REFID=109841679&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitingArticles&parentProduct=WOS&parentQid=8&parentDoc=6&REFID=300567225&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitedFullRecord&isickref=WOS:000285515500018
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitingArticles&parentProduct=WOS&parentQid=8&parentDoc=7&REFID=409181684&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitedFullRecord&isickref=WOS:000181528300008
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitingArticles&parentProduct=WOS&parentQid=8&parentDoc=8&REFID=36312783&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitedFullRecord&isickref=WOS:A1979GF10700006
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitingArticles&parentProduct=WOS&parentQid=8&parentDoc=9&REFID=771405&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4vHtWe8dref8GUzRPJ&search_mode=CitingArticles&parentProduct=WOS&parentQid=8&parentDoc=10&REFID=12332730&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct

