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Assembly Line Balancing in Semi-trailer Production

using Adaptive Genetic Algorithm
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Abstract

In semi-trailer production, the mixed assembly line balancing is one of important work to increase
productivity. Flat bed & low bed semi-trailer and container chassis semi-trailer are two products in the same
family which is assembled in the same line. Then, the assembly line is mixed models implemented for
utilizing resources. At the number of workstations is fixed, the averaged cycle time is the objective function
of the problem solving, so it could response the several demands today. However, this research problem
is well-known as NP-hard, and it is very hard to solve by mathematical models. Thus, the meta-heuristic
such as Genetic algorithm (GA) is introduced to balance the mixed-models line of the case study. Moreover,
Adaptive genetic algorithms including GA with Rough auto-tuning parameters (GA-RA) and GA with Fine auto-
tuning parameters (GA-FA) are developed to apply the same problem and compare with the simple GA. In

summarized, the GAs could be used to balance the mixed-models line, and GA-FA is the best effectiveness.
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No. Element Time (sec.) No. Element Time (sec.)
1* 3,670 9 2,764
2 1,164 10 14,406
3% 582 11* 459
q 8,953 12 1,345
5 146 13 14,400
6* 130 14* 1,490
7 589 15% 11,418
8% 133 16 1,482

Mg * fis “ugesvemandngisanmIuTINAsUINUILLS
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No. Element Time (sec.) No. Element Time (sec.)
1* 3,670 22* 459
2 1,164 23 1,345
3% 582 24 14,400
4 1,243 25* 1,490
5 6,982 26* 238
6 146 27* 244
7 582 28* 994
8 146 29* 488
9% 130* 30* 253
10 150 31% 497
11 148 32% 235
12 291 33% 994

13* 133* 34% 501
14 2,764 35% 1,485
15 2,235 36* 497
16 3,228 37* 2,010
17 233 38* 1,987
18 249 39% 995
19 1,987 40 497
20 6,207
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NITENTUNISIRaUG TS eals
FUnBUNITNIIUVEILIULURNSANDS T
Tneiald Uszneudae (1) adrayadinouyaunsn
(Initialization) (2) fvuailardumumnzay (Fitness
function) (3) Astaenlaslulau (Selection) (4) A1SHAN
wuglaslulen (Crossover) (5) m3naeituguoslassly
93 (Mutation) wag (6) msa@ﬁmauﬁmmzau (The
best-so-far solution) lagAsEUIUNNTUIBNALANIUIY
LAnd (Genetic mechanism) Fana1at5uAuaINATS
aslasluloudneusududusiuiuriiu popSize
1u6§umaw’7i (1 mﬂﬁ?u Gi'jgumau‘ﬁ' (2) D4 (5) aANTUNT
$190UALFIUY maxGen n3aF AU UTT A
dielwlaslulaurnauianiswaumsedTauinis e
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Procedure Adaptive GA for Mixed Model Assembly Line Balance
Input: Mixed model assembly problem, GA parameters (popSize, maxGen, Pm. Pc)
Output: Cycle tune, Line balancing pattern
Begin
1€ 0;
Initialize P(r) by operation-based encoding routine;
Evaluate P(r) by operation-based decoding routine and keep the best solution;
While (not terminating condition) do
create C(r) from P(r) by one cut-point crossover routine;

create C(7) from P(r) by swap mutation routine;
fune parameter by funing parameters routine;
1€t

End while

Output the best-so-far of minimum cycle time;
End

gﬂﬁl 3 s¥aLisn Adaptive Genetic Algorithm
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ae9lsid danesfinegaiednailignitmundnenm
nsfumlunudsedsensanvinisusuasnsinig
HaUWug (Crossover rate) WagdnsN1sNaIeWUS
(Mutation rate) sazdananoniuaunsalun1saum
fnauamsiuadudu (Intensification) uavAI

yanany (Diversification) ¥84N15AUMIAIRDUTULYA
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Nufidrmoudidululy (Feasible region) Tnasiaiilen
(Pseudocode) Tuzufl 3 uanstunouuLAindane3diu
Aufuinedld ainsuumaiinessnludilaenisld
“TurningParameterRoutine” TUN1SAIUIUBATINS
wauusuardnTInanaeiusluuiasseunTIug B
Tunsfnuilldinauenisusuly 2 suuuu fe “Rough-

tuningParameters” wag “Fine-tuningParameters”

MSUSUMI TR TIouUUUNEIU

nMsUfummesieauuuveny Fudusienisfumn
A1 “detaf” FanUSouiaiounisninadilasiaie
seninantmngsunsuntiasandmuneudagiu
iithluTeuifisuuazimunnisufusmsfinesi
wangasluudaznisiut lng “PcNew” azgnusuen
Wity uay “Pmiew” wgnuiuAranasile “detaf”
fanduau luvaigd “Pcew” aggnuiuaianas uay
“PmNew” %Qﬂﬂ%’uﬁuﬁwﬁuiumaﬁm AILERS

uazdeavessiaienlugui 4

Procedure Rough-tuning Parameters

Input: Pc, Pm, fpre, four

Output: PcNew, PmNew

Begin

Step 1 : Delta function Calculation

If (condition maxGen > 2)

avp=mean(fpre);  avc=mean(fcur) ;
mxp =max(fpre) ;  mxc= max(feur) ;

deltaf = (avelmxc) — (avp/mxp) ;
End if

Step 2 : Auto adjust crossover rate and mutation rate
If 0 < deltaf
PcNew =Pc-0.05 ;
PmNew = Pm +0.02 ;
Else
PcNew = Pc +0.01;
PmNew = Pm - 0.01;
End if
End

gﬂﬁ 4 9aBy Rough-tuning Parameters Routine
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ArANazdenlun1sUsu Pc + 0.01 uag Pm - 0.01
dlo detaf fAnfuau wazaanuasdealunsuiu P
- 0.05 waz Pm + 0.02 Wle detaf SAldiduau u1ain
msneassdfualudedu Sennsadsuudadlaly
nsdifnwIdu

NUSUNITITMD SO UYAZITEN
N5UTUNISITMOSIBIwUUALLB YN ﬁsﬁzumauﬂﬁﬁ’a
willoufun1suumsfiwesiesuuneu delduasing
Tngladoszwinandmngiutouniuagaiivue
sutagdulunisimuanisusuAimsdnes wazdinis

ANUATIUNISUSUAIINNLAUNT LA LA 2 129 (AN
detaf \Huau way ldiduav) Tilauazideaunniu
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Wi 4 91938n158uuensatien1susuainlulsasgi
Toun lunsal “detaf” fanduavaziivual’ 2 42
warlunsiin “detaf” fanldiduavaziivualisn 2

19 AanansTeazideavessiaiiedlugui 5

Procedure Fine-tuning Parameters
Input: Pe, Pm, fpre, four
Output: PcNew, PmNew
Begin
Step 1 : Delta function Calculation
If (condition maxGen > 2)
avp=mean(fpre);  avc =mean(fcur) ;
mxp =max(fpre) ;  mxc= max(feur) ;
deltaf = (avc/mxc) — (avp/mxp) ;
End if
Step 2 : Auto adjust crossover rate and mutation rate
1 0.08 < deltaf
PcNew = Pc - 0.08;
PmNew = Pm +0.05;
Else if 0 < deltaf<0.08
PcNew = Pc - 0.05;
PmNew = Pm +0.02;
Else if -0.09 <deltaf< 0
PcNew = Pc +0.01;
PmNew = Pm - 0.01;
Else if delzaf <-0.09
PeNew = Pc+0.02;
PmNew = Pm - 0.02;
End if
End

gﬂﬁ 5 SaLigL Fine-tuning Parameters Routine

ANPINUALLEEALUNISUSUAT Pc way Pm Tunkiaznsol
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nan1539eluunauil iannssaediinig
fanualunismidineunisinaunalasldlusunsy
MATLAB %dnﬂmuﬂmﬂmwwﬂﬁ%’umiﬂ"wmmmﬁmau
Femsimunrwimesene feil

(1) 8ns1nnsuasudiSudu (Initial crossover
rate) LU 0.6 wazdmsinatewusi3usy (nitial
mutation rate) 11U 0.02 Tnevia 2 Arilaggniun
HluneuBuduvesnsdnumainey daazgnvinli
Wasualusaeflsidu “TuningParameterRoutine”

sULUUA199 eniuuaIsnslauuAndane TNl Uy

v
=1

5353m1 (GA) Tiazlivinnsilasundsdlag dorndl

(2) nnsneaassuNatulsenu (Pilot run)

=2

Falanmuadiululasiuley (Arnev) Ranualunis
AUTMLNZEN WA 10,000 A1MBU (11310 maxGen

v
LYY

x popSize) s Tunsneasstlagltuuunimaasy 2

sUuuuBaiinisimuadsuiudssvinsluusazgu
(popSize) LLazﬁmmﬁ;uﬁy’mm (maxGen) fiuanesiu
el wuuil 1 #e 10 x 1000 wazkuUA 2 e 20 x 500
(3) $AUIUMTATIUT (Replication) tyAU
10 p¥1 Fawadnsitlalumsnedt 3 sznaneidudaieds

YBITOUIAINTVINNUNURENGAINYNNTTUL

A15799 3 HAANSNNTNRaBATLUSEULTIEU

Average Cycle Time (sec.)
Problems Parameters
GA GA-RA GA-FA
10 popSize &
17609.8 17,1435 16,672.3
Small 1000 maxGen
size 20 popSize &
16,659.0 16,377.3 16,222.9
500 maxGen
10 popSize &
16,116.4 16,089.7 16,006.4
Large 1000 maxGen
size 20 popSize &
16,116.4 16,051.4 15,963.8
500 maxGen

VINEIR HAGNEUIINNNTANING LA 10 ATS

N8991n15MAaeINnYUIndeyn1veani1sdn
aunaaen13UsENEUNANSUIINaL 713197 3 lauans

NAANSIINNITAIUIUNININUA TagNaNnbAdInSTUNIS
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uidgmuadn MsUszgndliiBlauindaneiiiud
Usuieslauuvaziden (GA-FA) TaR1nausouLIan
Laﬁaﬁaaﬁqm 16,672.3 U7 @S ULKUAISNARBILUY
#i 1(10 x 1000) way 16,622.9 AU @1USULKNUNTS
VAARIRUUT 2 (20 x 500) luved nadilddmnsunis
uidamuueilvg msUszendliifauudndaneiind
Usuieslauuvaziden (GA-FA) TaR1nausouLIan
\ndetosdign 16,006.4 Junfl dmsulNLNTIAADILUY
#i 1(10 x 1000) way 15,963.8 AU @1USULKNUNS

NAADILUUT 2 (20 x 500)

GA-FA (with 10 x 1000) for Small-size preblem GA-FA (with 20 x 500) for Small-size problem

GA-FA (with 10 x 1000) for Large-size problem GA-FA (with 20 x 500) for Large-size problem

JUN 6 n5mInsAUMAIMBUYDY GA-FA

lae3ui 6 wansdieg1dimuinislunisAumdiney
YorisnIsuuAndane3iuusuiuetlinuuasiBuni
LAl NaaNEU8IN1TINANABMILTBULAINITVINNUFANER

NYNNTHN

5. #3UNAN1339

Nuidedyadufnyinisinaunaaienis

3

UsENOUNAR TUINHALANBANUATBULIANISYINULAY
WALURENEALUNTEUIUNITNANTONINGG Belndn e

Ve 2 U TouA S0AMNINUEEU LagInNanIsuTINN

Araumnuues Ingluunanuiliiiavenisussendld
FBauwindanesiiu (GA) a813d18 sunalaviinTg

A a o=

Weunalnuewauuiniiuiy Favilwlaasnislng
Town Lutuindanasiuiusumebawuuney (GA-
RA) hazLauuindanasiunusSudealauvazdun

(GA-FA) Taglgvinnisneasadadssuiisuisn1sianun

pedgui 2 TR FIINNANITAIUIUNIAINDUAIY
/N3A99 WU LleuuRndanesiuduisnisiansa
uszgndldlunisuidymldegiaununzan lnaiau
Wwindana3nuuiuAtesliwuuaziden (GA-FA)
ansalinadnounAnIgn 2 Ansfivaslaiinazdu
14 =3 N [§=3 1 oa =
maundgmvuaannseluginiu 9g19lsna nsfinw
lusuianAdsiin1syatun1sussendldisn1sungdss

aRndous) NilUszaNsAIMIINAIUIelNALABIIENITN
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a a
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