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Abstract

This study aims to develop an optimal workload allocation model for manual lifting tasks by
applying a Mixed Integer Linear Programming (MILP) framework under the Deterministic Allocation
concept. The objective is to enhance operational efficiency while minimizing ergonomic risks in
repetitive lifting activities. Experimental data were collected from ten volunteers in a controlled
laboratory environment. Each participant performed repetitive lifting tasks of 10 kg objects, while
video recordings were used to analyze time duration and postural behavior in each lifting phase. The
ergonomic risk level was assessed using the Rapid Upper Limb Assessment (RULA) method. The results
showed that the average lifting cycle time was 7.17 seconds, and the overall RULA scores indicated
a moderate risk level. The MILP model was then applied to determine optimal workload allocation
under three scenarios: (A) minimum total ergonomic load, (B) fair distribution, and (C) equal
distribution. The findings revealed that scenario A achieved the lowest total risk but lacked fairness,
while scenario B provided a balanced allocation between efficiency and equity. Scenario C
demonstrated practicality for real applications requiring ease of management. Sensitivity analysis
+10% confirmed the model’s robustness and low sensitivity to parameter variations. Overall, the
study highlights that MILP can serve as a quantitative decision-making framework for designing safe,

ergonomic, and efficient lifting workload allocation policies.

Keywords : Lifting workload allocation; MILP model; Ergonomics; RULA assessment; Deterministic

allocation
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AT 3 8.33 3.53
Aul 4 8.00 3.76
ATl 5 7.67 3.54
Aufl 6 7.67 4.09
AU 7 7.33 4.27
AT 8 6.67 3.35
AT 9 6.67 3.63
Al 10 5.67 3.12

wasanlaan T, wag p, 03191593

Y
Nanuawdd FeA1uInduiuseudanlunn ay
28 NNINNARIMUT Lg ANNTDTIARAIULIAN

LAAIlUANS19N 3

A13197 3 F1IusEUAEANTIlAveEInaes

Anaaas 10 w ¥ 20 uil 30 w19l
A 1 85 171 257
AT 2 78 156 234
EE 72 144 216
Al 4 75 150 225
ATt 5 78 156 234
Al 6 78 156 234
it 7 81 162 245
ATl 8 90 180 270
A 9 90 180 270
A 10 105 210 317
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mﬂmiwwudﬁwmuiauqﬁqmLﬁuﬁfumﬂu
nan {iidAn T, sanunsaviseuldunning i
T, @9 N19n583180 1@ DUAIIUUANF 1IN
aussouy ¥l MILP 3massniseauldmunsay

b Y L‘Ij UGTIN MONIAIUIA Y deterministic
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allocation lu 3 nsdl léiuA A anmndsssIugsan
, B N3891897ULUU Faimess Tndanadslsiiiu L
max, wag C ﬂszmal,w'ﬁﬁ’umm'mgwqm NaNS
ATUIMLUUTIa8Y MILP @ 2875 Deterministic

allocation 914 3 nsalkandluA15199 4

AN5199 4 LARSHANTISINATINNSTNUAELS 3 nsdlAN® tawA NIE A (MSARASEUATENSIY) NSl B

(M3dnassnszauegrandusssy) waznsdl C (msdeassnszaulilndifsaiussniafuiuiam)

maaaq 1 10 Wil (600 Funih)

i 20 wndi (1200 Fund)

i 30 wndi (1800 Funil)

N ps

A Ls*(A)  Lg*(B)  Lg*(©)  Lg*(A) Lg*(B) Lg*(©) Lg*(A) Lg*®B) Lg*(C)
aul 1 348 1 83 72 1 166 144 1 250 216
auil 2 397 1 78 72 1 156 144 1 234 216
a3 353 1 72 72 1 144 144 1 216 216
auila 376 1 75 72 1 150 144 1 225 216
auils 354 1 78 72 1 156 144 1 234 216
auil 6 4.09 1 78 72 1 156 144 1 234 216
il 7 421 1 81 72 1 162 144 1 245 216
aule 335 90 83 72 180 166 144 270 250 216
AUl 9 3.63 1 83 72 1 166 144 1 250 216
auil 10 3.72 1 83 72 1 166 144 1 250 216

IPL (Zopt) 33549 296377 268848 63699  5927.54 537696 93849 8914.03 8065.44

INA59 4 NMIFIUIARUUS e MILP
#2878 Deterministic Allocation WU31 n5el A an
mwm?fmmwfﬂqmLLGi"Lanﬁﬁﬁu, A5 B NS¥18
mizasmqﬁﬁﬁﬁuLm'msmuqﬁu wagnsel C

nszarwiriunnay danuaunasaziiluldliase

Tnawlonanfiudu s1iuseunazAaudsssy
W UAILEITU WASLT OVAADUAINLEER 5V
LUURIaBIREANARIAARDY NFIASIZRAL
(Sensitivity Analysis) gnaiunistagusuanseu

58N +10% NASNSNLAWARNIFINISI9N 5

M19°99 5 mssasunsimsziaalvedlama MILP (Sensitivity analysis +10%)

i 10 wni i 20 Wi i 30 Wi
N3 Zopt Zopt Zopt Zopt Zopt Zopt Zopt Zopt Zopt
-10% G +10% -10% H +10% -10% L +10%
A 305.34 335.49 365.64 576.69 636.99 697.29 848.04 938.49 1028.94
B 2929.18  2963.77 2998.36 5858.37 5927.54  5996.71 8809.42 8914.03  9018.65
C 2657.74  2688.48 2719.22 5315.47 5376.96  5438.45 7973.21 8065.44  8157.67
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nan153As1zianulnansiisiuiinig
Wasuwaswasmnsfweslugag +10% demaldien
Herduinguisasdiudsuuvadlufiamadonduu
LinelfAnnisdsunlandslaseadievomanis
TRas3n15891u avviouliiiudannuAInuYes
wuudaesienuliuyueuvesdoyalndn Tu
YAUNDIVINTIATIEN LU SEANE NN HadwS
fananiaunsafanulaiuuudiassiaiulise

Asilasunlasesduuseansiuseaunnielayig

Grouped Bar Chart: Sensitivity Analysis +10% for Zopt by Case

fidnw ag19lsfiny n1353AsIERY9ALALE
v99duUs2a5 (Objective Coefficient Range)
n151U4 sunUasven1aed ludesaia (RHS
Sensitivity) Wag@1 Shadow Price @%5ut8311n
19 q Sudulsziduiiamnsofnwinesenldly
auan Tneianizd eldduddyniiisesiuns
AAFILINAIN1IUIAIAOU (Post-optimal Analysis)

HANSIUTEULTIBULEARIRIFUR 5

Line Plot: Sensitivity Analysis +10% for Zopt by Case

Zopt Type

= Zopt (Base)
- Zopt (-10%)
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sl (Zopt)
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Time

8000

2
-4

ZpL (Zopt)

§
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0
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Time

JUN 5 nTvuanIanTinseiaulvedduea MILP dwsu Zopt nnnsdl

4. a3

ideiwauuusiass MLP neld
LuIAA Deterministic Allocation 1 03naT3A15%
NuenliimugauivanInnsauase 99013
NARBINUHLI13IU 10 AU WUINIANTINTOU 7.17
A7l wawAzULY RULA agfsedutunans Toyatild
AIuNTIRassuluaunsd: annnsesIngean
(A), Ina338A555U (B) hagnszanennseivindy (C)
nsfnwuandliiiudn MILP Saassonuliduszuy
lnensd Aann1sesingegausliauna nsdl C
NIz q fuuimsie dunsd B aunai
UszAn3nmiarATmgRsTsa anAa LA BRI N
wagtiuaufimelavesfuuiRau uuudiassd
mwmaﬁaiqamﬂ Sensitivity Analysis +10% %10
Fesmsanain1seaunensemanslivinfigaans

wanldnsdl A sesasunmensdl C waznsal B (A > C

> B) udnmndeansiinsinassniszauduluegia
wnzaLLazeRsTIuian msdenlingdl B sosaun
fonsdl C uwaznsdl A (B > C > A) flawSeudlouiu
AT uUszmelng fn1sussdunanudsami
s'wmsmmﬂumuqmammm%‘m%ugwé’qmmﬁﬂ
Tagld RULA Way REBA LagnuU3INMa18f1LAu 491y
ogluseiuidssiinaslasunsusuuseiud [25] 8n
fadafinisusuugaisnmsvhauluduseunisnsede
Tnglduuuuszidfiu RULA Wiosenuwuuiaieansosiy
WUUNOLABS NaaNsUaIUSULAIAEIUL RULA anas
auagluszuil “sonsuls” [26] madnwluadeids
WA 8931 auast T UL LIN AT AATTNULT S
f1av (allocation) WNUA1TUTELHUNI DU UYINNS
Wigsegradealunumunseansing
Snstsanuiselusnassimend Snnsiave

Tutma scheduling LLUUMaﬂsJﬁ'quUisﬁmﬁ (multi
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objective) lng5IUN1TENI1UAERNT (ergonomic
risk) Lsﬁﬂﬁ’umsﬁ’mmiwmﬂa’mi [27] \AnAQ1Y
donAdoatuLuIA A Wau1d u n1ssaudade
ergonomics TUAIIAINUARNITINIULTIUAAAIY
\d oaveslsandruid elasesrslusas s $aw
UszanSnmnsianulaegnsiusya@nsam [27]
YoINNALALTDLEUDLULIINHANITNAADS
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