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ABSTRAK

Dalam industri pembuatan dan sektor perkhidmatan, postur kerja ergonomik adalah
penting untuk meningkatkan kesihatan pekerjaan dan kecekapan kerja. Bekerja dalam posisi
berdiri adalah perkara biasa di kebanyakan tempat kerja kerana postur ini memberikan
fleksibiliti dan mobiliti kepada pekerja. Bekerja dalam keadaan berdiri lama boleh
menyebabkan masalah kesihatan seperti ketidakselesaan, keletihan otot pada bahagian
bawah kaki dan penurunan produktiviti pekerjaan. Kajian ini bertujuan untuk menentukan
tahap kesedaran pekerja daripada industri terpilih di Malaysia mengenai kesan ergonomik
dan penyelesaian yaﬁgiberkaitan :‘ci‘e'ngan kedudukan berpanjangan di tempat kerja. Tinjauan
atas talian yang rﬁéﬁbatkan 55 resﬁt}nden telah dijalankan. Semua responden sedar bahawa
berdiri lama menyebabkan ketidakselesaan dan keletihan otot. Tambahan pula, lebih separuh
daripada responden Sedar bahawa berdiri berpanjangan membawa kepada bengkak kaki (tiga
puluh enam responden) 'dan vena varikos (tiga puluh responden).-Konsep penyelesaian
praktikal yang dinamakan“‘Moving- Alternate- Rest= Insolés- (MARI)” telah dicadangkan
dan disahkan unfuk'/ meryelésaikan//kesan ergonomik ' /yang: !disebabkan oleh berdiri
berpanjangan. MARI dilaksanakan dalam dua kajian kes: kajian kes di tempat kerja industri
sebenar dan kajian kes simulasi di makmal. Subjek hendaklah mengisi borang soal selidik
versi 1 sebelum kajian kes dan versi 2 selepas kajian kes. Tinjauan ini mendapati peningkatan
besar dalam tahap keletihan, kekerapan sakit di bahagian bawah badan, dan keadaan kasut
selepas melaksanakan MARI. Kesemua responden dan seorang jurutera dari industri
menyatakan bahawa mereka sanggup melaksanakan MARI di tempat kerja mereka kerana
MARI meningkatkan kesihatan pekerjaan dan produktiviti pekerjaan. Kajian masa yang
dijalankan dalam kajian kes industri simulasi jelas menunjukkan pemasanéan soket
menunjukkan penurunan sehingga 25% apabila subjek mengamalkan MARI. Daripada
keputusan EMG, didapati bahawa MARI membantu mengurangkan keletihan otot dengan
merendahkan pengecutan otot sehingga 95%. Secara ringkasnya, dapat disimpulkan bahawa

MARI terbukti dapat meningkatkan kesihatan pekerjaan dan prestasi kerja.
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ABSTRACT

In the manufacturing industry and service sector, ergonomic work position is vital to
improve occupational health and work efficiency. Working in a standing position is common
in many workplaces as this posture provides greater flexibility and mobility to workers.
However, working in prolonged standing can exhibit occupatiohal health and productivity
issues such as discomfort, muscle fatigue in the lower extremities, and decreased work
performance. Thus, this study aims to determine the awareness level of workers from
selected industries in Ma_lays,.ila; regarding ergonomics effects and solutions associated with
prolonged standingat lthe work;;iape. An-online survey that invelved 55 respondents was
carried out. All re,sﬁmndents are awéi;é that prolonged standing causes discomfort and muscle
fatigue. Furthermeore, more than-halfof the respondents were.aware that prolonged standing
leads to swollen feét';(_'th_irt_y-s'ix respondents) and varicosé veins: (thirty respondents). A
concept of practical solutions called Moving- Alternate- Rest- Insoles (MARI) was proposed
and validated to solve the ergonomics effects caused by'l prolonged standing. MARI is
implemented in [fwi ' case ‘studies: la | case’ study’ at‘an-actual [industry workplace and a
simulated case study at the laboratory. The subject must fill in the questionnaire form version
1 before the case study and version 2 after the case study. This survey found a massive
improvement in the level of fatigue, frequency of pain in lower body parts, and shoes’
condition after implementing MARI. All respondents and one engineer from the industry
mentioned that they were willing to implement MARI in their workplace due to MARI
improving occupational health, work concentration, work productivity and work motivation.
The time study carried out in simulated industrial case study clearly shows assembling the
socket shows a significant decrease where the percentage of improvement is up .to 25% in
assembly time when the subject practised MARI. The EMG results found that MARI helps
reduce muscle fatigue by lowering muscle contraction up to 95 %. In a nutshell, it can be

concluded that MARI was proven to improve occupational health and work performance.

i



DEDICATION

Only
my beloved father, Ng Yoon Ping
my appreciated mother, Moo Lian Hiong
my brothers and sister, Stephen, Esther, and Daniel
for giving me moral support, money, cooperation, encouragement, and also
understandings
Thank You So Much & Love You All Forever

ﬂsjwl' luLlf g L} _ f};}l'

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

iii



ACKNOWLEDGEMENT

First of all, I would like to thank the Almighty God that guided me to work on the
right path in life. Without his grace, this report cannot be done. Next, I would like to express
my most profound appreciation to Universiti Teknikal Malaysia Melaka (UTeM) for
providing the students with a good opportunity to complete this project. I also want to
express special gratitude to my supervisor Dr Isa Bin Halim, for his guidance, comments,
and suggestions this semester on the report. Next, I would like to thank the case study
company, Subitec Sdn. Bhd. for their contribution in providing a fruitful case study.

Furthermore,-nl-élﬁlinéi‘édibly grateful to all the subjects in the case study for their
cooperation during the case study 'period. Besides; | also want to thank my parents, who
support us mentally, physically;-and financially for the whole semester. It is hard for me to
finish the report or:i‘:‘tim‘e without-them. Lastlys I would like to thank 'the respondents for

spending their time ﬁlling the'questions for this project’s survey.

v



TABLE OF CONTENTS

ABSTRAK icnivsvsnsissssovnssraosonssnsvssssssmiss i vsamsssssasssssiss ssise s s s iaps eV s issssmaveis I
ABSTRACT cummeosmmnomsasmemsmmn ronams s s s i s i s s s 1
DIEDHEATION oionvmunevirovsssnsusmssssesssmssysmmssses s ensss o ooty s SR b s 554 111
ACKNOWLEDGEMENT ....cococuesemsssnissscnssesssscressssssysssorsssissssssasssossssisrisisssnsssssasonss v
TABLE BE CONTENES ..conmmmamanmummmmrssammmiss o i s s soosy A%
LIST OF FIGURES.....ootivenininiunssisiecsessessssssssassssssssnssssssssassassssssssssssssstessesssssessssssssassessens X
LIST OF TABLES . ...ttt sessssssssssssssstsssesssssssssssssssssnssssssssssssssasasssassessssses XIv
LIST OF ABBREVIATIONS .....uoiereieeecrssestnsssnnsessessessssssssasssssssssssssssssnsssssasssssses XVI
LIST OF SYMBIOLS .....ccoiccsssrmscsorsssssussnssassrsssesssrsesossnesssssssseassassssssssssassssssssssssssssnsase XVIII
CHAPTER 1 INTRODUCTION....... . 1
1O OVervieW e imssemesss. ME BN W [ 1
1.1  BackgroofigiiSircv——— S W S L W2 A 4 N 1
1.2 Problem sfétéiﬁént ................................................................................................. 3
1.3 ODbJectiVES .......cemreeenserereh i Al . ATl ¥ A st SO 3
1.4  Scope bitthe sty ) ) LEKNIKAL MALAYSIAMELAKA. ... 4
13 Significance of the StUAY .....ccoveeieiieiiriee e 5
1.6 The organization Of the rePOrt .......cocveiiiiiieierieiiie sttt 5
1.7 S U T LB Y resssss dioian it cahess A A T S EAR R A A e S mrs e SR AR p R AT AR 6
CHAPTER 2 LITERATURE REVIEW . iiuiiissosisssssssisssionssnssessonssssnsasssrasaerasssssssossessssasens 7
BiF  UDUEETIEN fidinnnss timnintnshsosrastsnmitin indissstinbnssassiiessnpsmsmesnanss st sy me e oo RS R 7
2.1 I s A s A R s bl e SR ek pa s s wa RS A 7
1] THHEOE SEAIIE oo i s usnnmntsks dhosnmesase st s mmes ps AN AR A s 8
I - L T 8

211 Dynanineg SO0« ones e s A A S A rasa s 9



2.1.2 Proloniged SRR . ... coommssmssrmsmssasmmssssos s s s e 9

2.2 Ergonomics effects of prolonged standing ...........cccevevvevvivecivieeicieeieceee e 11
2.3 Awareness of Malaysia WOrKerS........ccooviiiviiiiiiciiiic e 15
2.3il Awareness 0f WOrkers t0 ergonOmICS.....ccueeveeeiiirieiirieeieceeeccnee e eee e, 15
2.3.2 Awareness of workers to the effect of prolonged standing ............ccccoouee.e. 16
233 Awareness of workers to ergonomics intervention of prolonged standing . 16
2 Proctret] BOIMION cimimssmam s mns itttk ab et s aasi sk s senns atammsamORHEIR RS AT AR 17
2.4.1 IVTOVIRIE sunsnimssvssniisismon s s ks s i sms s FE A TR AU Ao e dnnn s SR T 17
242 ABTIIATE o iamnmissvammssisssme i S SR S P T S SR A R g 18

24.2.1 Commercialized exoskeletons or devices for alternating sitting and

standing 19

2422  Exogkeletons or devices under research and development for alternating

sitting and standlng .......... S ———— B ....................... 28
243 ResSSEETUETN. B OB BN W . B S S— 37

2.4.3.1 Bjc_neﬁts- of rest-to-heart rate, blood circulation, musele contraction, and

muscle fatlgue .............................. 38

244 INEOIES . ....oeeev euseesslaonmeeressesameseneennsssemnes daas =S 7 A i S 39
2.4.4.1 UMatenssiod nsolebl | SAL MALAYSIAMELAKA. ... 40
2442  Methods to check the effectiveness of insoles ........ccceeveeeeiiveeeriecniennene. 41
2443  Studies related to insole’s deSign .......ccceoveireniiniiienerieireseeeee e 4

2.3 W it R A S s S TR A TN HRE kA sh S st A ks s s s man, 45
2.6 Stunimary of Literature REVIEW ..couimmmimismmmisissasiasesseiaisemsmanssrssssssssaness 47
CHAPTER 3 METHODOLOG Y qiinmansnmimmmsemmm st mmasmimes greamia 50
Bt OIERION i ssirarr i bbb B n b s e b A B AR A A By R 50

£ | Determination of awareness level on the effects and ergonomics solutions

associated with prolonged Standing..........ccceeveeieiieiiiieeiiee e 50

vi



3.2  Proposing Concept of Moving — Alternate— Rest — Insole (MARI) for minimizing

muscle fatiguedusto prolonged standing ..o b 53
3.2:1 DLV TR e smmamsonuin ssases oA S S S R S A A8 VRS MR S 55
3.2.2 U 1 o 56
3.2.3 BUBE oo svensssinmsinnpevsiismsosesmi s e S ST NS 56
324 Iy v R e R i B e 57
3.2.5 Procedures of MARI implementation..........ccovveeeeieeireieeciieeeeccieceeceeeeee s 58
3.2.6 Framework for MARI CONtents ........coceviiiiiiiinieiinieciieiececee e 59

3.3  Validation of MARI in minimizing muscle fatigue due to prolonged standing.. 61

3.4 SUMITIATY 1.vteevtee et e e ee e e e ae e sas e e e aesseenseensaeneeesseensseenssassesnns 65
CHAPTER 4 RESULTSAND DISCUSSION ..ociiiiiiiiiiiiinnntinsnnssssnsssssssssssssssnssssssssseses 67
40 Overiew R NC . e B B ...................... 67
4.1  Awareness level on the efféct and ergonomics selution associated with prolonged
standing........... '...7 .............................................................................................................. 67
4.1.1 SectlonA .............................. 67
4.1.2 Section B i 5 W TNV A S SOOI 70
4.13 Section ERS)LLLEKNIKAL.) MALAYRIANMELAKA.......e 74

4.2 Questionnaire form version 1- Body symptom survey before implementing MARI

(i)
4.2.1 SECTION A L.ttt ettt ea e r e enan 78
422 SECHION Bt e s 78
423 SECHION €ttt ettt ettt n e e enas 80
424 SECHION D Lo s O 83

43 Questionnaire form version 2- Body symptom survey after implementing MARI
84

43.1 Y<To 50 10 OSSR STTRSS 84

432 SECTION Boaeieeee e 84



433 L T T e 85
434 L1 O L) —— 88

44  Questionnaire form version 2- Impact of alternatives of ergonomics solutions on

the expected outcomes! DO ..o s T R G RN g 89
44.1 SOOI A wvussivamsvivomsirmrsmans s i s S S Aor oS 89
442 BECTI B oo wuosssonionssonusesunsnusussmmsissasess s S ST ST 90
4.43 e (R S R 91
444 Section D and Section E ......ccoevveoiiieirieisinc e 100
44.5 SECHON F oottt ee s sas e 101

4.5  Questionnaire form version 2- Acceptance of MARI in the workplace............ 102
45.1 SECHIOM A ..ttt et e sttt b e e et b e e e beebasbanaenens 102
452 O - 102
453 SedBCHIN W > memmm oo T 103

46  Time S’leld_y L ................................................ ST . 104
4.6.1 Timé--stgdy—_Actual mousiiialcagtiudth. 40 B B N ............ 104
4.6.2 Time stu&y- Simulated industrial-case study............. . VR ——— 105

4.7  Electromyography (EMG) test- Simulated industrial case.s'tudy ...................... 107

48 SUMMAIY oo e e 111

CHAPTER STCONCLUSTOINS susenisssumsonissssesesisissionstmssssnsaosissssssssanasmsanms 116

5.1 Awareness level of the effects and ergonomics solutions associated with prolonged

standing in the WOTKPIACE .......cociiiiiiiiciecieee et 116

52 Moving — Alternate— Rest — Insole (MARI) for minimizing muscle fatigue due to

prolonged standing at WOTK ........ccocieiioverierieeeecee et RS 116

5.3  Effectiveness of MARI to minimize muscle fatigue caused by prolonged standing

117
54 Limitation of the STUAY .eoeiiiiiiiiicieeeeeice e e e e 117
5.5  Suggestion for future WOork ......ooovveviriiiriniece s 118



5.6 Sustainable Design atid Developmient . . cussmnsmsisasiivs v 118

5T Lite-l1one Loartiing cuessmmmorsssmmss i s msaes s asmsssmsss olsseesssnss 119
3B  CORIRIERII oo S S e 119
BEFERENIUES i sonsissiamsssisooss s oisssssisisshes s s sasnes 120
APPEINIILX o svusssnnsnassusssssssnnsmeisssssiads s s s s S ORI AR os 149
Appentix A- Likert Seale Tor BUIVEY . usavuimmimemimminssiia s maiiss s s i 149
Appendix Al- Likert Scale (Awsareness Level) . smasmmnsismsssisimiss 149
Appendix AZ- Lkt Scale{ AgIeBMBNEY « oo s 149
Anppendix A3~ Likert Scale (Level of FEEBUE) .uummmmsmmisinminiiissussasiyas 150
Appendix A4- Lik‘eﬁ'glcglg CEIBUUBICTY) iiivssnirernsssssssiiinpisismissmisimivsismviassvissss 150
Appendix AS;-fﬂil;ert-S@ale a-;,cf,vel of-Satisfaetion)y s mmrramn _ —— 150

Appendix Aé—'LikertScale. (Barg HPassa . . o ... 9. 8. 15]

Appendix B - Awareness fevel-on the effect and ergonomics selution associated with

prolonged standing 'i:ﬁ"Malay‘sia ..................................................................................... 152

Appendix C- Questionnaire. form Version T- Body. symptom survey- before case study

R e L P S CET CLPE ST SR L CEL SRR Lot ey S e L 161
Appendix D- Questionnaire form version 2- Body symptom survey- after case study 173

Appendix E- Questionnaire form version 2- Impact of alternatives of ergonomics solutions

o the expested outeomes/ OIS ammmmininissnisrasr s R s 180
Appendix F- Questionnaire form version 2- Acceptance of MARI in workplace ........ 206
Appendix G- Time study for simulated industrial case study .........cccoccerveveriineriininens 209

X



LIST OF FIGURES

Figure 1.1: Standing position in the manufacturing industry (Boulila et al., 2018).............. 2

Figure 2.1: Different types of investigated working postures (Type of Working Posture, n.d.)

............................................................................................................................................... 8
Figure 2.2: Relationship between prolonged standing and low back symptoms. (Coenen et
B, 2T T o smesnmemmiimmmsremonmm e s e Y e e s N TR AV SN SRR 5 11
Figure 2.3: Discomfort or pain of the operator (2) (Foot Pain Identifier - Foot.Com, n.d.) 12
Figure 2.4: Calf muscle (Carol DerSarkissian, 2019) ......cccccoceeviriinecninieenienienrensvessenneens 13
Figure 2.5: Pumping action of the calf muscle (Amanda Garcia, n.d.) ....cccocevveveerenneienne. 13
Figure 2.6: Swelling feet (Ma,risa Cother: 2019 wommisamisnsmmamsmimsmas s s st 14
Figure 2.7: Vancos@ vein (Vam:DSe Ve B e . .. ..............c0oeneee 14
Figure 2.8: nding (Lower Extremlty Exercises — Standing; 2019)........c.cvvrererennns 17
Figure 2.9: Ankle and hip movement (Lm C Nyl QT BN 18
Figure 2.10: Archeli$ (Archehs i:d=b). 1 s e e e R .. 20
Figure 2.11: Chairless chair 2.0- Nognee (C‘_halrless Chair 2.0. nid. Yootk cvmvnmiomns 21
Figure 2.12: LEX Wearable Bionic-Chair (LEX: Biomc ERair, a7 e . ...oooorseson 2
Figure 2.13: LG CDhOV SuitBot (L& s CLO# SuitBot Exoskeleton, 20019).............ooeunee... 22
Figure 2.14: Ofrees wearable chair(Ofrees Chair, n.d.) ......cccccceuevivievncivncnnnnnes S— 23
Figure 2. 15 Tep X (LemX | U D0l Youwoimseimnnaioisns s s s s s s s 24
Figure 2.16: Honda BW support system (Honda Global, 2008) .........ccccvieiiiiiirieniniearienns 23
Figure 2.17: Passive weight-support exoskeleton (Zhu et al., 2018) ....coovvveiierinierniniennens 28
Figure 2.18: Chair X Li(Li et al., 2019) ..cccoviiiirieiieieiiereeciesiere e 29
Figure 2.19: Chair-less chair (Elisheba & Vpf, 2018)....ccciiiieieeiieeceeeeeceee e 30
Figure 2.20); Weardble Chair (Raut:& Raut, 200 8)...cccnumssmsisisiissssssimmssissisibssmvssisnss 31
Figure 2.21: Mechanism of 90°, 120°, and 150°. (Raut & Raut, 2018) .................. 31
Figure 2.22: Wearable virtual chair (Choi et al., 2015)......cccceeviineiniiiirinrinineniessresnsssesnseenes 32
Figure 2.23: Stable swing motion (Choi et al., 2015)....c.coiviriniiiniieiicnieenicneceerenees 32
Figure 2.24: Chair X {Wijegunawardana et al., 2019) .....cc.ccucmmimsisismmmissnsmisanissnsissssns 33
Figure 2.25: Passive lower-limb exoskeleton (Yan etal.; 2021 )uumnsisssiusssisiissssmsmsas 34

X



Figure 2.26: Inscle (Desiree Stmpert; 201 8) vcswsmisissamarasmimmssmmiimssoaismomssms 39

Figure 2.27: Ethulene vinyl acetate ( EVA) insoles (Lazaro-Martinez et al., 2014)........... 40
Figure 2.28: Carbon Fibre (Superfeet Carbon Fiber Orthotic Heel & Arch Insole, n.d.) ... 41
Figure 2.29: Silicone insole (Shakouri et al., 2020) ....ccooeiiiriiieiieicieceeseeeeeee e 41
Figure 2.30: Palyurethane: foam insoles(Zone, JOATY....cvsvmummmpussmmssasimms svesesiivesssss 41
Figure 2.31; Thermeplastic pelyurethane inzcle (Zone, 2021 Y 41
Figure 2.32: MCR insole (M.C.R.Insole — 1003 | Aapson Orthotics, n.d.)....ccccoceeveennnenen. 41
Figure 2.33: Validation of EMG on selected muscle(Khalil et al., 2018) ........cccoveveennenee. 43
Figure 2.34: F-scan experiment set up (Khalil et al., 2018) ...cccooeviiiiiiiinniiiiiiieceeeeee 43
Figure 2.35: Example of a theoretical framework (1)(Zakaria et al., 2012)......ccccocuvennne. 46
Figure 2.36: Example of a Conceptual framework (Zare et al.; 2018 ) ... mmmvssisssvsianss 46
Figure 2.37: Example of assessment framework (Guidelines on Ergonomics Risk
Assessment at WOrkplace, 2017)......cccueeiereereeerienresaessesaessesssessaessesssesssssseessessssssssssssnees 47
Figure 3.1: Flow chart-'-fdf .t‘hé' 'Snlme GUESHDEE LN ... .. i v 51

Figure 3.2: Sampl,é- size for the qu‘eétionnaire (Sample Size Calculator by Raosoft, Inc., n.d.)
............................ _;..................'-...'.'...----.-.......-.'........................................................................ 52
Figure 3.3: Prolonged standing--woikers spend.more than 50% (Josely Oak, 2018)........ 52

Figure 3.4: Prolonged étéﬁding— starids within one meter-square work area (Phan Thao, 2019)

............................................................................................................................................. 52
Figure 3.5: Prolonged standing, continuous.stati¢ standing at work for more than 1 hour - no
sitting within this duration.................. ................................................................................ 53
Figure 3.6: Simulated industrial case study- without MARI........cccoovvveiieiiiiceieeseeeens 54
Figure 3.7: Simulated industrial case study- with MARIL.........ccovviiviiiiiiiiiiecieciecreeenne 54
Figure 3.8: Steps for assembly socket plug .. uuwwwmnsamnssusmvsssmsamssn s 55
L Bl LG L1 T —— 55
Figure 3.10: Example:schedule ToT MiVINE. . nusssmmimimntonmansonesspsestossosssssrsssnsossasansnss %
Figure 3.11: Alternate by using the exosKeleton .........coveceivieceiiiieieiiieceeeeeeeeee e 56
Figure 3.12: Example schedule for alternate ..........cccoocovvvvrvicinnicincnseeescennns - 56
Figure 3.13: Example:schedule for rest.......usumussmminmmnnsanssasmaamssasssmss 87
L M Tl L oL 57
Figure 3.15: Example of combined schedule for MARI ..........cccoovieiiioiiireceecieeeeree e, 59
Figure 3.16: Framework for MARI .........ccooiiiieiieceeeeeect ettt sa e e nae e eneas 59

Xi



Figiite 3.17; Ways to insert ingoles into sH0ES s onmsmsnirmimmssmin 60
Figure 3.18: Leg MOVEMENt ACLIVITIES ..eveueerrireieereeueeiietrereeessesieseeraessesaesseenesseessssessessenns 60
Figure 3.19: Muscle of Lower Extremity (Lower Extremity Muscles, n.d.)........c.............. 63
Figure 3.20: Maximum voluntary contraction for EMG test.........cccccocveiieeniiiiiccieecciecnnen. 64
Figure 3.21: Flow chart to validate the effectivencss of MARI .......uuisssimsrnsvssivssssessviss 65

Figure 4.1: Gender, age range, working sector and working experience of the respondents
(SECHIOM A .evreieieereeereeeseesieesaeesaessasessseseseessaessseesssesasesssnnessessnssnneeasssensssenssesseaasnsenssennness 69
Figure 4.2: Position, working mode and standing duration of the respondents in the company
ERREIE JA). v i oot onsomes oy e s S A O O B R O A R 70
Figure 4.3: Awareness level on the ergonomics effects of prolonged standing (Section B)73

Figure 4.4: Awareness level on ergonomics solution to the effect of prolonged standing

(SECLION C) riiiiirieriireeeieeeeinree st e sseeeessssessssesessseeessseessasesasseesssseeasssseasssesasssesasssenassssnassessanes 77
Figure 4.5: Working position of respondents (Section B)........vveenevcnimnninnnsisessisasrnnnne 79
Figure 4.6: Agreem@nf -ojﬁlt‘hé"éff{:ct of the current working practices to work performances
(Section B).........SAununumn - N B L - B B — 80
Figure 4.7: Satisfégtion level-of the-eurrent condition of shoeg before implementing MARI
(Section C)............. i et frTTTTT TS L s s . W W N W S — 83
Figure 4.8: Suggestion= t‘onredu'c'e TEHPUE OF PRIl Y SoCHDITTD | o tomgerspasss msisisssssssvasios 84

Figure 4.9: Agreement on effects of MART onoccupational health and work performances
(Section B).....c. it/ o 1T T T e T — 85
Figure 4.10: Comparison between the satisfaction level on shoes’ condition before and after
implementing MARI (SECHON B) c..o.ovuiiiiiiiiiiieisiiieie ettt e 88
Figure 4.11: Suggestion to reduce fatigue or pain after implementing MARI (Section D) 89

Figure 4.12: Agreement on effects of moving to occupational health and work performances

(RSt B smminsns i L D S S S s S s S s A e i 90
Figure 4.13: Discomtort scale for LPD .........ccoiiiiiiiiiiiaiiiei e 91
Figure 4.14: Feedback of participants on the usability of the exoskeleton (Section C)...... 92
Pigiine 4.1%: Usability sctite.of the ex0skeleiin. o sms s T 93
Figure 4.16; Desecription of SUS scores (Jeff Sauro; 2018) .....cusuiis wisssmssncomssisuasinsusiss 94

Figure 4.17: Feedback of participants on the LPD while wearing exoskeleton (Section C)95
Figure 4.18: Feedback of participants on the physical effects of the exoskeleton (Section C)

xii



Figure 4.19: Feedback of participants on the psychological effects of the exoskeleton

EREORION Ll)simccmmmmsmmsnmms o causasnsasmsmnssses s oo umsams i RS e s AR OSAP A SR A5 98
Figure 4.20: Feedback of participants on the user acceptance of the exoskeleton (Section C)
............................................................................................................................................. 99
Figure 4.21: Level of exertion when using exoskeleton (Section C) .......ccccevvevrerevienrcnnns 100

Figure 4.22: Agreement on effects of rest and insoles to occupational health and work

perforrnances (SEeRot LIE Y wmmmouimsmomsmsim o s st s oo e s 101
Figure 4.23: Preferred or suitable duration to carry out MARI (Section F)......ccccccveevenene 102
Figure 4.24: Suggestion to implement MARI (Section C).....cccvuveevenirrvrinenerreneereseenene 104
Figure 4.25: Time study for simulated industrial case study before and after implementing
IR iy im0 S A5 g S VR 106
Figure 4.26: Time study for simulated industrial case study- subject 1 .....ccceeovveevraenncne. 106
Figure 4.27: Time study for simulated industrial case study- subject 2........cccocvvevveerennne 107
Figure 4.28: Time study for simulated industrial case study- subject 3 ........cccvveererirennns 107

Figure 4.29: ActualMuscles éon.trraction vs Maximum Voluntary Contraction (MVC) for
Subject 1 ... Y YMn g . R oA  — 108
Figure 4.30: Actﬂal Muscles-Cotitraction vs Maximum Voluntary Contraction (MVC) for
LI,  ———— W B N W N -
Figure 4.31: Actual Niﬁ's‘cles Contraction vs Maximum Voluntary Contraction (MVC) for
SUBJECE 3 crvrnnen el 0, S L S e . . L 109
Figure 4.32: Compilation of EMG data of selected muscles, for each subject .....cccucenenecs 110
Figure 4.33: Average cyéle time beforé and aftér implemenﬁng MARI in an actual industrial
R INTEIN vona it o A M n ST R TR A £ PP PRy W e s S A YV T ST oS 113
Figure 4.34: Minimum and maximum assembly time before and after implementing MARI

in the simulated industrial case StUAY ....ccccoveiiiiiiiinii e 114

Xiil



LIST OF TABLES

Table 1.1; Organization of the'TepOrt ... wiiasinsisimssmsssismissssesmsmiimsmsioTessi 5

Table 2.1: Previous studies related to the application of movement in minimizing muscle due

t0 Prolonged StANAING. .....c.coiveiiiiiieee ettt 17
Table 2.2: Type of Ofrees wearable chair (Ofrees, n.d.; Ofrees Chair, n.d.) ...ccceevveennnnee. 23
Table 2.3: Evaluation of commercialized exoskeletons for sitting and standing ................ 26
Table 2.4: Adjustable length for passive lower-limb exoskeleton ..........cceciviiiicnnannne 34
Table 2.5: Evaluation of exoskeletons for sitting and standing...........c.cccccveiviiieeeieececnnennne, 35
Table 2.6: Proposed short break duration for prolonged standing ........cccccccvverveviveiinnnennnn. 39
Table 2.7: Material and application for the inSOles ..., 40

Table 2.8: Summ_g,ﬁj{ of the pré-“?i_(l)us study related to insele.design for standing at the

workplace...........:;j_;‘-..‘..,-;..;-.;-..-...;-.-.-....r.r.-....-":'......a.‘...,-.--..........,-..=...,-.-._.........‘.-.;.....6_-.-..-.....;.».......................... R

Table 2.9: Effectiveness Of MART-wc....ut.. .. s kst et 48

Table 3.1: Sessions for MARI- Industrial case study........ gnivssucsmssnzsnRivaifboraumsissisiaesasdsns 53
Table 3.2: Sessions for MARI- Simulated ihdustrial' case‘ém-dy Ml T 54
Table 3.3: Sumnidfy o R0 pEHOMIMARDAALAY.SIAMELAKA ... 58
Table 3.4: Activities should be done by the subject to carry out MARI ........cccoeeeevreenennen. 60
Table 3.5: Conditions of case study for studying the effectiveness of MARI..................... 64
Table 4.1; Background information of the respondents .. e smiscomsnisssismssimieiss 78

Table 4.2: Level of fatigue and frequency of pain in lower body parts before implementing
MARL {SBCTIOMI DY, osevoesrsacssnsssmmnntusensnssmnssrsasssrnpesnnsaksssnnsbosasnistsisbabemsansbesne adbnasannen oo sSssRs SR 82
Table 4.3: Comparison between the level of fatigue before and after implementing MARI
L BN i s m s oy o s T R s e L S A A B 86
Table 4.4: Comparison between frequency of pain before and after implementing MARI
USHERG 8 sssemmmrsssms svmmsiinsn s s PG s i RS S R S e A R N D T R R e 87

Table 4.5: Cycle time of selected manufacturing process before and after implementing



Table 4.6: Percentage of improvement for simulated industrial case study

----------------------

Table 4.7: Comparison between the muscle contraction without and with MARI ...........

u\‘:——‘—?.;:ls&wf}:u}\

=

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

XV



WRMSD
SOCSO
MARI
EMG
CNS

CVI
OWAS
AC

IDC
SIRIM
SENIAM

CAM
BW
LBP
EVA
MCR
GRF
AM
ABS
PPRI
MVC
BMFG
FKP
UTeM
GA
VL
TA
UiTMP

LIST OF ABBREVIATIONS

Work-Related Musculoskeletal Disorder
Social Security Organization
Moving-Alternate-Rest-Insole
Electromyography

Central Nervous System

chronic venous insufficiency

Ovako Working Posture Analysing System
action categories

Industrially Developing Countries

Standard and Industrial Research Institute of Malaysia

 Surface Elé&tromyography for the Non-Invasive Assessment of

‘Muscles

Computer--Aided- Manufacturing

~ Bodyweight

Low Back Pain

Ethylenevinyl acetate

Miero CellularRiibber

Ground Reaction Forces

Additive Manufacturing

Acrylonitrile Butadiene Styrene

Plantar Pressure Redistribution Insoles
Maximum Voluntary Contraction
Bachelor of Manufacturing Engineering
Faculty of Manufacturing Engineering
Universiti Teknikal Malaysia Melaka
Gastrocnemius

Vastus Lateralis

Tibialis Anterior

University Technology of MARA, Penang

XVi



OSH
MSDs
LPD
SUS
REE
LV
RVL
LTA
RTA
LGA
RGA
loT
Kg

Occupational Safety and Health
Musculoskeletal Disorders
Local perceived discomfort
System usability scale
Rating of Perceived Exertion
Left Vastus Lateralis

Right Vastus Lateralis

Left Tibialis Anterior

Right Tibialis Anterior

Left Gastrocnemius

Right Gastrocnemius
Internet of Things

Kilogram

3Ly ( ' [l o - L
y ; |

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

Xvil



%

LIST OF SYMBOLS

Percentage

Degree

R

e s JEmi el o s

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

xviil



CHAPTER 1
INTRODUCTION

1.0  Overview

This chapter included the study’s background related to the manufacturing industry’s
prolonged standing position. Most manufacturing industries have faced this issue as most of
the process is impossible to perform in a seated position. The study’s problem statement,
which is the effect off the: ﬁrblqnged standing on the human body and productivity and
efficiency during the m-anufactui‘in'g_ process, has been elaborated. The three objectives of
this study are listed down in-this section. Furthermore, the study’s scope is presented and
followed by the signiﬁcance of thestudy. Lastly, this chapter summary is also included in
the last part of the cﬁépt‘er.

1.1  Background of study

Working posture in the manufacturing industry is vital to reduce occupational injuries
and increase working efficiency (Nico J. Delleman, Christine M. Haslegrave, 2004). The
operators can perform the jobs in standing or sitting, or both positions in their workplace.
The working posture is based on the operators’ human characteristics, the type of
workstation, and the process. Therefore, the working posture must be suited to the operators
to ensure that they can perform the task in good condition.

In the manufacturing industry, the most common working posture is standing due to
its ability to fulfil the human operator’s requirement in the manufacturing process, which is
a large degree of physical freedom and mobility (Mohd Noor et al., 2013; Zein et al., 2015).
Standing posture is classified into static standing and dynamic standing. Static standing

means the operator does not move; no lower body movement is available but stands still in
1



an upright position. On the other hand, dynamic standing means the operator performed
intermittently walking while doing his job. It allows operators to have a reciprocal weight
shift, flexion, and extension of the muscle in an upright position.

Figure 1.1 shows the operators’ standing posture during the manufacturing process.

Figure 1.1: Standing position in the manufacturing industry (Boulila et al., 2018)

Besides, most manufacturing industries require operators who perform jobs to stand
for a long time as they need to carry heavy products and machinery equipment, push and
pull the excessive llpad;'éhd"(btb"ers (Halim et al., 2012a; Zein et al., 2015). Therefore,
prolonged standing.;ijs‘ an occupaf.iIOI;al tisk factor that brings discomfort on the operator’s
leg, muscle fatigué, and work-related musculoskeletal disorder (WRMSD) may occur if the
long-term situation oceurs (Yazulietal,, 2019). Based on'a previous study, a work task can
be classified as prolbhged working posture when the operator spends over 50% of his work
shift in a standing position (Halim et‘al;-2012a).-On the other hand,. prolonged standing is
also defined as the worker standing within the one—m'etgr square with more than 80% of his
working day (Tomei et al., 1999). Fuﬁhermoré, prolonged standing is also defined as the
worker performing his job in standing for more than one hour without any movement or
more than four hours a day (Nicolien de Langen, n.d.-b).

According to the study, muscle fatigue has happened in the lower back and legs after
90 minutes of prolonged standing (Sari Julia Sartika, 2010). Besides, based on the study,
muscle discomfort has arisen within 15 minutes of standing in an awkward position, such as
bending or twisting (Gregory & Callaghan, 2008). In Malaysia, the operator’s regular
working hours are 8 to 12 hours. Thus, the operator’s risk of experiencing muscle fatigue
due to prolonged standing is high.

Although prolonged standing effects are pretty severe, most of Malaysia’s operators
and industries do not consider it essential. Malaysia has started the concept and principles of
ergonomic decades ago but still lacks awareness in prolonged standing as the management

believe that they have given enough break to the operators without considering workload
Z





