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Solving an Simple Assembly Line Balancing Problem by Differential Evolution:

A Case Study of Garment Industry
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Abstract

This article applied the method of Differential Evolution (DE) to solve a case study on factory’s short
sleeve shirt (a model number of 518729) assembly line problem. The factory had 1 type of garment which
was currently being manufactured by 23 workstations with the efficiency of assembly line at 41.39 %. This
method was to obtain the minimal number of workstations (m) which was classified as Simple Assembly
Line Balancing Type 1 .(SALBP-1)The different types of textile machineries in each of assembly lines were
considered as constraints including the comparison of a model number of 518729. By obtaining the minimal
work stations, Differential Evolution (DE) had generated initial chromosome from sampling real numbers and

optimized the result by mutation, recombination, and selection. It was compared with current workstations
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and the results of basic heuristics were Largest Candidate Rule (LCR), Kilbridge and Weter's Method (KWM),
and Ranked Positional Weights Method (RPW). The results revealed that differential evolution could be reduced
the number of work station from 23 to 17. The results from LCR, KWM, and RPW could also be reduced from
21, 21, and 23 to 17 respectively. The efficiency of assembly line was up to 56 %.

Keywords: Simple Assembly Line Balancing Type 1, Differential Evolution
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3.2 amaaﬂ 3 vector ( oo ’3"3) mm’mmaimmﬂ@maﬂmwm Target Vector maaﬂvl,ﬂum
3.3 mmmmm Mutant vector ( $64 ) mﬂﬂ’]’mﬂN‘W‘%ﬁ

Voo = rl,G+F(Xr2,G ‘Xr3,GJ 1)

I@mm F &a Welghtmg Factor Lﬂummmmmmmmvmn 0 D4 2, %ieu = Mutant vector Way
Fion = Target vector memmmm Mutant vector mﬂammw 1 Tmaamaaﬂ 3 vector mmmm&uaﬂuwmw
2 SNLLﬂGNm Mutant vector m@nmw 4

A5197 4 uEAIAN Mutant vector (V"’G” ) I@aﬁmu@m F=06

PO 1 2 3 4 5 6 7
mmaitfmu (oo ™) 0.58 0.95 0.13 0.90 0.51 0.27 0.24

Mutant vector (V""f“rH ) 0.51 0.27 0.32 0.50 1.39 0.17 0.87
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MM 4 uFAIMIMAN Mutant vector ‘[@amiamaaﬂ 3 vector I@am Target vector maﬂwﬁmu
Target vector mmaarﬂﬂum PNFTIF 2 UEAIMIAN Mutant vector 18siumonnuii 1 minasms 1 lade
0.58:+0.6(0.13-0.24) Wiy 051 e mﬂmmmasgasl,u@nmw 4 svhiumaumIuanIAenfiie (Recombination)
lduneud 4

4. Recombination fa mmamﬂﬁ'wﬂﬁ@Lﬂu%u@]auﬂmﬁwmmwmﬂwmaiﬁﬁuémawaeﬁzym Gz

1561mﬁuﬁmﬁawﬁmauﬁaﬂawﬁaLLEimwaaﬂm %umauﬁ%ﬁﬂﬁlééw Trial Vector (M"’G"1 )GﬁlﬂﬂNﬂﬁﬁ 2 LWBSL%GL%
ﬂﬁwm‘ﬁmLLﬂuL‘LJ%EJ‘UL‘V|EJUSL%ﬂﬁNﬂNﬂW&JWWﬁ@GﬂNﬂTW 3 QuVL@ﬁTEJW%ﬁSLWN@\‘]@'ﬂiNVl 4 mﬂ%%%?ﬂ']&m%ﬁ%ﬂ#?m&;
NWQ@@G&DW%@T%@G@H?GW 5

gy = (“11',6»,15“2;,@1,---’“Dz',cm) (2)

Viga  ifrand() <CR

H;‘,G+1
Xy rand(i) > CR (3)

lowen “e1 = Trial vector, rand(i) = MIgudRTIURMAMIENG 0 f8 1 %6 i, CR = o
Crossover Constant AAIWa115UIRIT¥ANN 0 119 1

A5197 5 WAAIHNAYAINT Recombination %@aﬂ@m Trial Vector (H"ﬁ“ )I@yﬁmmm CR=09

%umamm 1 2 3 4 5 6 7
Target vector Random 0.24 0.87 0.44 1.28 0.01 117 0.33
Target Vector (X='ﬁ+1) 0.58 0.95 0.13 0.90 0.51 0.27 0.24
Mutant vector (¥4 ) 0.51 0.27 0.32 0.50 1.39 0.17 0.87

Recombination 0.51 0.27 0.32 0.90 1.39 0.27 0.87

mﬂmswaﬁ 5 UAAINAYAIM3 Recombination %@aﬂ@m Trial Vector I@aﬂmimmamﬂ‘%mﬂaﬂums

4 v

wammawuﬁmﬂumsw 3 Famen Target Vector random uaamwmamvmm CR slmaaﬂmmaﬂ Mutant vector LL@]

¥ o

mm Target vector random mﬂrmm CR slmaaﬂm Target vector mm mumammﬂ 148 Target vector random
i 0. 24 muaamwm CR ma 09 Idanenyas Mutant vector Wi 051 LL@igw%u@ammw 4 fin Target vector
random WU 128 33 snnAmen CR @a 0.9 idanenaas Target vector o 090 Wuas mmummawuﬂw
Fleanmee 5 sndnasanilngsamed 6

5. Seiumowruassmitnu fo mmhen Recombination aMeTedi 5 snmdenmuiifiemiasfigagn
Sonsamitunan Tnemasludane aulmasddamnannds uavaeaslufvsaunamsnandemned 6

1 sninvsnanInfinsasinelalidiu 1 Ysunn

rGFRL R e e W 7 e | s - LR 255



MN519% 6 LEPIMTIATURDUNUAIFINTAN

161

Prinoesy of

Yalruedfreois Lniediwitng _|'l.'.'.'.l.'|.

i,

_.ur

(')

BRI 2 3
Srumonam 1 3 4 5 2 6 7
na (winn) 3 2 4 3 5 6 2
Ussnmeasiasing A A C C B D D
Recombination 0.51 0.32 0.90 1.39 0.27 0.27 0.87

PN 6 WHAIMIACTUTDNUSINNTR I@Hﬁmiﬁmﬂ? Population NN Recombination 5819

R]Wﬂ%aﬂ‘lﬁﬁﬁ&ﬂﬂ I@.e_lmmawa@@a”ma@aaammmﬂau ﬂa‘ﬂ%@la%ﬂ%“/l 21U 6 LL@]L%@J?HTN'MW 211U 6 N@Na%\l‘ﬂ

ﬂ?@UQ’JWNﬁNW%ﬁQW%ﬂa% A9 QﬂWQﬁm’W‘U%WB%@T%ﬁ’INﬂW Recombination WN@W%@HQW@UO@%JL?@H"’] Q%ﬂ’ﬂ’ﬂ”\b\l‘ﬂﬁ

@]aLﬂ@‘lﬂfﬂﬂ?@Uﬂﬁ?NﬁNW%ﬁﬂ?%ﬂ@%—Waﬂ el ﬁﬂ?%ﬂ%ﬁ?&lﬁﬂ&lLﬂi@ﬁﬂﬂﬂm&lm% 1 ‘ﬂ‘i;‘fm“/l mmmmamumamm

asminlafa st 1 Sdueeannuil 1 U 3, aminuil 2 ueenwnud 4 U 5 ke aslaanfinn

VNG 4 ST MNTHRNNTIN 2 LagenaNTl 5 avinluiuaaudl 6 ¢t

6. Selection Aemsdadantisznnslasidanaumamzimauiiangn laglsituReufisue Function

value 989 Trial vector 1L Target vector iuﬂiﬂﬁm Function value 984 Trial vector AN Target vector a¥gn

wnsfiene Trial vector Iuguaalddssamat 4 Feaglensvmnsfilsaauiafigademed 9

X:‘,G-H ={

Ui gn U0y 502 505 5)

X

@ Otherwize

M5 7 LEAINIVRTUNUIIHAIEMINUNEUMS Recombination

AT 2 3
Sumonoms 1 3 4 5 2 6 7
0 (W) 3 2 4 3 5 6 2
Ussnmaadsiasin A A C C B D D
ToslulassiGumns 058 | 013 | oo | ost | o | 02 | o
919 8 LEAINTT AT UABI RSN TAMME3NS Recombination
RIS 2 3
Sunonom 1 3 4 5 2 6 7
o (W) 3 2 4 3 5 6 2
Ussnmpssiasing A A C C B D D
Crossover 0.51 0.32 0.90 1.39 0.27 0.27 0.87
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NNENTNA 7 14 8 uanIineIMITaduaauwnuasEminueasimMsinaNaasBawSLsENaY
penaNeNfM@aLUm Function value 289 Trial vector ABMIIATUADUNUSIFNTIARINT Recombination U
Target vector HEMIVATUNDUNUAIFININUNEUMT Recombination FRMwIUFMTmiu Ao 4 aonil fravh

398anen Trial vector aniusmaufffigadsmed 9 uawhlivhes ludunaud 7 masey

M99 9 LEAIAEDLTRTFATaITMNISINFNARSENUMILIFENDLDEINE

BN 1 2 3 4
%mamm 1 3 4 5 2 6 7
DA(WT) 3 2 4 3 5 6 2
Ussnmaasiasin A A C C B D D
Recombination 0.51 0.32 0.90 1.39 0.27 0.27 0.87

7. Evolution & Re-Generation fia masfinmavndandusauil 3 09 6 loaulenuen Target vector

DS 1 = NP

NAN1NAARY

Lﬁlaﬁwmﬁmaaqmzmawﬂm Microsoft Office Excel 2007 wag Bloodshed Dev-C++ V. 4.9.9.2 L&Yy
Wﬁmammﬁ'ﬁ%ﬁaaﬂéﬂﬁuﬁm LCR, KWM, RPW wuasimanimaniowdenslgfumudiy uabsni By
HusgamarumsnanfuuniFazedsundiing  Swamaiesaeemamimianaududaumdums
518729 deenTwefi 10 AMWamIeRaLMTasNaREBuM LAy wrAmasrienawitatlhgtu (DF)
shansnlvenaaLitnm Ls‘jmﬂﬂlﬂ%aul:ﬁ‘&n_lwaﬁﬁ%’%ﬁa&ﬂﬁ@mmgmmmmiﬁifma‘uLﬁuﬂa@ﬁmaﬁiwmmﬂ
finn Tnssnansnaesivsmilouadlaanifa 23 smiliu 17 smil uasaasdrBmmassmamimasnaudod
Fnifiadi 14,61 Wasumaniaa 41.39 wosiuaiu 56 wasduadanad 5

M91ef 10 waAIHANIIIRENAAE eI ILSENRUELAIE AT ELe

Bmsdmsumainannam M lsEnauiy

nan LCR KWM RPW DE

BRI 23 21 21 23 17

USEANSNN(%) 41.39 45.33 45.33 41.39 56
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Toon ™ - DA j
L = TDUNMNINES
E = Use AV WIS EMTNES
n = IUTDIEIINL

%Gﬁ’]lﬂ‘iﬂ LEAIMIMWINLILEEMANIINN WIS BUMTUIENay Lﬁll [YSEjH] Lﬁ%@l‘iﬂlaﬂi@ﬂ’]%ﬂiﬂ

Yo X
Q19N128

_19.04

£ 34

=100 = sg%;

dqUwa

Fmaeminasiswdusdligiu (Differential Evolution : DE) Alovmnnuashiduasamsnuniomnda
am;ammmmiﬂigﬂa‘uLﬁﬂgaa‘mﬁﬁszﬁwﬁmw LLasmﬁmauﬁﬁi%%%wﬁqLﬁaLﬁauﬁuﬁ%miaﬁa@m’%@mﬁ'm
Lmﬁ%ﬂﬁ@wLW@%L?%L%%SI@@%% ELumiLLgﬂiywmﬁmamammmmiﬁigﬂammuéwmm Nearchou (2005) o)
Nearchou (2005) Vl,éﬁﬁwrmﬂ%uﬁ?a‘[m@a%wm DE Toels Sub-Range ummidensamensinoibmiamenlos
whsdeuanenaliln] mﬂﬁuﬁaﬁwmiﬁ%‘fuﬂ‘g@ﬁmauLﬁaiﬂﬁ%’m@iaéﬁwuﬁau—wé’q uamah Sub-Range &
lefifivanatlumsdenmasne wmwmvnla Sub-Range 1uﬂws€1’®mmé@mu’hﬁmuﬁ%ﬁu@gﬁagé}”mﬁmsmmaam
LLgaﬁ%uﬂqaﬁiuVLwﬂLﬁavl,sﬂﬁ;l,ﬁmm%w%au o lnsumauifauemaan Lwﬁ'%msawLW@%LWL%%SI@Q%%%&;%H%
Fannuashisveidumsdannemdamilmanan fisolalsm CR unminmudeglarndureud 4 muan
Watfittn  (Recombination) Zeadinabmnoms LLag&:ﬁ’iTaﬁﬂ(;ﬁmiﬁ%uﬂqaﬁw@1aaﬂ,ﬁ‘wgaNﬁumiﬁ@%mammm

amitmlaglulninradiduraununonnds Jsashbadnlufioubmdtiuey Ssneaensaseseuasily
g ' a a ¢ a a G.I/
Hupouneltlunszunmrediimsnimosisuduadlhgiu

NENT1E010Bs

NEAe Waam, Zjﬁﬂ@% WaA Uy il iwuéﬁqwé (2550). msuﬁ'uNammw;{wmﬂﬁﬂmﬁmauqamums
dsznaulagiinsmeiiugnasa. ML AT BN TINAE NS 24-26 GIAS 2550

naadin @ (2542) .nﬁﬂizqn@‘leﬁgmmﬁné’ana%ﬁﬂumsé'ﬂauQammmmsﬂiznanmema%'mqﬂszmé.
nenfiwusAennasaenaaaaniinga, @meﬂiniwﬁwmé“y, 2542.

qmmai 13U AaWEYD AavaSen uasem mmm%m.(2550)Amsl,l,;ﬂnvjmnﬁé'@auqaawnﬁﬂsznaﬂm
3% TSGA. N gATMINBWAMNITNGANNMS, 24-26 GMAN 2552

qmmai F1ITUSIR LAY LT WAOMIEDY. (2551). msé’mauqammmmsﬂsznani@ﬂ%ﬁumﬁné’ana‘%ﬁuéwﬁn
mﬂﬁﬂmiaﬁuﬁuﬂmju : nedAnwBnumssznausaLnaslon. mItsegainmma
AT AT VN SRR UNT ADKARNTTHANERS TN Ses AR

Fes ST R R e 46 T i ) Swidd - LA 255N
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