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CHIRANUWAT JEDRAM : APPLICATION OF FUZZY MATERIALS-
HANDLING INPUTS WITH THE GENETIC ALGORITHM FOR
MACHINE LAYOUT. THESIS ADVISOR : WANWANUT BOONGSOOD,

Ph. D, 111 PP.

MACHINE LAYOUT/FUZZY NUMBER/GENETIC ALGORITHM

This research presents the application of fuzzy set theory, with a genetic
algorithm for the selection operator using tournament selection, to solving machine
layout problems in order to manage vague information. Parameters including material
flow frequency and material flow volume between machines, were considered as fuzzy
numbers. The experimental results came from 4 case studies in a manufacturing system.
It was found that having the uncertainty of data, it was not possible to shorten distances
resulting in the minimization of material handling costs. The selection operator of
tournament selection can compete effectively to converge to near the optimum solution.

Thus, this can be an alternative method in manufacturing management.
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Crossover Point
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9 Y
(5) Step 4) Genetic Algorithm: Yunouae lilvzgnizurudumveifym
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F'eV’ [18,20,22]®[3, 5, 7]

= [min(54, 126, 126,154),100, max (54,126,126, 154)]

= [54, 100, 154]
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v Y )
Population Size: v, A2v03MIgua319lszansFududun e lviinanuraINaI0v09
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Population Chromosome
vl H E|A|C|D|B|F |G
v D F|A|H|G|E|C|B
v3 C|G|B|E|F|A|D|H
v H B|G|E|A|F|D|C
v5 DI E|F|B|H|F|C|A
vl E|IB|D|G|A|C|F|H
v7 G B|D I A|H|C|E|F
va DI E H|B|C|A|G|F
vO E|lA|C|B| H|D)|F |G
v10 F|D|IG|A|E|H|B|C
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Population Chromosome Fitness valne
vl H E| A|C|D|B|F |G 29,350
v2 D|IF| A H|G|E|C|B 33,580
v3 C|G|B|E|F|A|D|H 32,980
vd H B|G|E|A|F|D|C 29,330
w5 D|E|F H|(F|(C|A 33,550
w6 E|B|D|G|A|C|F|H 33,600
w7 G| B|D|A|H|C|E|F 28,280
v DI E| H|B|C|A|G|F 31,000
ve E|lA|C|B|H|D|F |G 29,230

w10 F| DI G|IA|E|H|EB|C 32,030
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[ 1 1 < 1 1 ] 1
nazaz lasuAadeonlumsadwlszannsjuaell sxmulda Ias TuTsunguweiignidende
J " o J =P = @ A A A
Chromosome V,, @7UMsudavuvaangu Ias Iu Tsuuunsu@einy Tas Ty lsungugniaenae
< 1 1 1A { [
Vs, Vy wag Vi azwiuiIas lu Tsunguuaiignideniie Chromosome V; Nagldlumsaaiion

suae 11 fludu

Population Chromosome Fitness | Randomly 3 Chromosome
valne
vl H|E|A|C B|F |G| 29350 | #v4Fitness value= 29,330
w2 D|F|A|H E| C|B| 33580 | vt Fitness value= 33,600
w3 C|G|B|E|F|A|D|H| 32980 |#vFitness value=31,000
w4 H|B|G|E|A|F|D|C 29,330 | Parentl 15 Chromeosome v
v5 D|IE|F | B|H|F|C|A]| 333550
w6 E|B|D|G|A|C|F|H| 33600 #v3 Fitness value = 32,980
w7 G|B|D|Aa|H|C|E|F| 2828 #v1 Fiiness value = 29,350
v8 p|leE|H|B|Cc|A|G|F| 31,000 #v10Fitness value = 32,030
w0 Elalc H|D|F |G| 29280 Parent 2 15 Chromosome vl
v10 F|D|  G|A|E|H|B 32,030
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Crossover point

Parent1 | FIC|B|A|EJH|D|G
Parent2 | ¢ |/F|B|E |AID|H|G
Oftspring! | g |c [B ([A|E |G |[D| H
Offspring2 | ¢ |F I B/E|A |G| HI D

4
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Average Objective Function (U11)

tazanmaizudu| Saugu SGARM Kritwattanakorn et al.R Proposed Fuzzy + GAT-15%

(vn) (G) Min Max Min Max Min Max
10 13,440 21,760 14,080 19,840 16,250 20,150
30 16,640 21,120 14,720 19,200 15,600 20,150
0 50 16,640 22,400 15,360 21,120 14,300 20,150
100 17,280 21,760 17,280 22,400 15,600 20,150
10 16,640 22,400 15,360 18,560 14,300 17,550
30 15,360 21,760 15,360 17,920 13,650 19,500
30 50 14,720 20,480 14,720 18,560 14,950 17,550
100 17,280 21,760 14,720 18,560 13,650 18,200
10 17,280 21,120 14,720 17,920 14300* 17,550
I 30 15,360 20,480 14,080 17,280 14,300 18,850
50 17,280 21,120 14,080 18,560 13,000 18,200
100 14,080 21,120 14,080 17,280 13,650 18,200

WNOIME R 71035 Roulette Wheel Selection

T #® Tournament Selection

M 1975 Mutation (Pm=0.1) 39UAUMF Crossover (Pc=0.8)

15% AonsBifAnBINANNIANANAIMgANUANINGAN 15%

* A :
D Best Machine Layout

anvurasanuiuiivissniiagivan 10 fuifudunu

asliaasnnuiniuiszudradiuan 30 fuifvdunu

——5GA —@—Kritwattanakorn et al — Proposed Fuzzy + GA —4—SGA  —@—Kritwattanakorn et al —&—Proposed Fuzzy + GA
33,000 33,000
31,000 31,000
—= 29,000 — 29,000
s =
9 27,000 > 27,000
a S <
7 25000 - = 25,000
g 23,000 —t—— £ 23000
£ 21,000 L, e $ 21000 B
= — E LY.
S 19,000 = 19,000 L ;!\" A A A A A a a4 2 a .
= — i I T
17,000 17,000 FEHHHHHHHHHHHHHHHHHHHHHE
15,000 15,000
0 2 € 8 10 0 5 10 15 20 25 30
MOUUG=10 AU G =30
anluaasn RN szridadinay 50 ufudunuion asdeansnminiuiszniianiuau oo jufudugusin
—4—S5GA  ——Kritwattanakorn et al —— Proposed Fuzzy + GA —#—SGA  —@—Kritwattanakorn et al —&— Proposed Fuzzy + GA
33,000 33,000
31,000 31,000
= 29,000 § 29000
2 27,00 § 27000
= Z 25,000
a 25,000 é )
E 23,000 g 23,000
g 2,000 % E 21,000 ¥
& 19,000 19,000 8 SN
17000  abdokobobidobobbolboboh bbb oo ool dokdobodok 17,000 e,
15,000 15,000
0 10 20 30 40 50 0 20 40 60 80 100

AU G =50

Auruu G= 100

< A 9 1o L9
gﬂﬂ 4.18 mmammmumiuumﬁgmmﬁammﬂwﬁnmmmu 10

AA o ' 1
NUIUIUTULUANA

. 4
anuaealyriin 2



@unusu (un)

GuUNUsIM (UIn)

aunusl (uv)

@aunusI (UIn)

90

asuaasnuFuuiszndiediuan 10 juivdunw asnaaan NuFuiuiszndrediuan 30 juiudunu
——SGA —&— Kritwattanakorn et al. —&— Proposed Fuzzy + GA —— SGA —@— Kritwattanakorn et al. —— Proposed Fuzzy + GA
33,000 31,000
29,000
28,000 T 27.000
£ 25000
< 23,000 +
23,000 g 21,000
5 19,000
18,000 B 17,000
15,000
13,000 13,000
0 2 4 3 E 10 ] 5 10 15 20 25 30
Fuusu G =10 Fufu G = 30
anvuaaannudniuiszndiediuan 5o jufudugusiy aanluaaanmdniuiazniniuun oo jufudunuin
—SGA B— Kritwattanakorn et al. Proposed Fuzzy + GA ——SGA  —E—Kritwattanakornetal. —#&— Proposed Fuzzy + GA
33,000 31,000
29,000
SEi6h — 27,000
¥ £ 25000
S 23,000
23,000 g 21,000
g 19,000
18,000 © 17,000
15,000
13,000 13,000
o 10 20 30 40 50 0 20 40 60 80 100
duIufu G =50 h durugu G =100
'
pRIN T se
N4.19 mmaauﬁmum uiJﬂ'lﬁ'ﬁW'lﬂ']ﬁ@llsU@\? e %mmmu 30
Ao ' v o ﬂ A
NUITUIUFUUANANNUUBIUY YN 2
nswluaasnnuiuiivissviiiadiiay 10 jufvdunuy anleaasnnmdnitudisznhishiuon 30 juiiviugu
—4—SGA  —E—Kritwattanakorn et al.  —&—Proposed Fuzzy + GA —+—SGA _—@—Kritwattanakornetal. —&— Proposed Fuzzy + GA
33,000 31,000
29,000
28,000 3 27,000
g 2500
23000 2 23,000
, g 21,000 o/
£ 19,000
18,000 & 17,000
15,000 e
13,000 4 ) | 13,000 o s ¥
0 2 4 6 8 10 0 5. 10 15 20 25 30
AMNUUG =10 AMufuG=30
navuaasnnudniuiszndred iy so jufuduguion avduananuiniugazninduon 100 jufuduguam
—4—SGA  —@—Kritwattanakornetal. = Proposed Fuzzy + GA —4—SGA  —@— Kritwattanakorn et al. —a&— Proposed Fuzzy + GA
31,000 33,000
29,000
27,000 T 28,000
25,000 =
23,000 Z
21,000 g 23,000
19,000 *e -
17,000 ® 18,000
15,000
13,000 13,000
0 10 20 30 40 50 0 20 20 60 80 100
FUUUG = 50 FUufu G = 100

“]J‘ﬁ 4.20 ﬂ'l!ﬂaﬂllﬁﬂ\ulu'JIuilﬂ'liﬁﬁ'lﬂ'lﬁﬁ)ﬂ‘l]ﬁ)\iﬂiwﬁlﬂﬂiljllﬂu 50

d‘d o 1 1 % d
‘Vl11mmu’;uu@mmmummﬂmﬂmﬂ 2



91

{ < 1 o 1 J 1 ' o {

Taga 103U 4.18 - 420 apHUNTIWIUFUITAIHARDMIGEIMIMIADY DT
[ v 9 o 1 A A Y " 9 [} I~ & A
an¥UTMIGUINIANRUVEIANRASNLUI THNNMI Q88195952 T us sz e LazIzAan
1 J ° ' A A o < o g
AouaIuNIZATUTIIUFUReY luiidmua sznatalumnovveetlyriiug

= A o = Ao VoA W <3 Y1 o A Y

FudommaFouisunduauguiminuazmuldnauedsve s Ty
MIPNHIAIADUVYBIAUNUTINTZH I Kritwattanakorn LA AME Az T AU luaWITY
dy S 1 A 9 v 9 A Y A o A o 1 A 49! [ 1 (% 1 A
Hazlaunasuul Ty sgrinn IndiRsan e U UNLIINUY AusuaI813 U319 4.20

an ° aw A A A 9 19 ° A o ' '
IﬂEJ’J‘ﬁﬂ’lju'llﬁu@‘lu\ﬂu’Jﬁ]fﬁ]glillllﬂ’llﬂaEJL!H?THZJﬂ’ljgﬂlTW'lﬂ'lG]'E]TJVIfl]'quJUEUﬂjgiJ'IiHEH

'
1 IS

~ 2 A as . A 1 A Y v 9 ~ 2 A
N 8 ILLTUAIN TIUIDTKritwattanakorn Lmzﬂmzi]zummaauuﬂuumigmm;um 9 TLTUMIN
] . J = ° 9 { o '
LLG]%%"]JENKIItwattanakorn Llﬁ$ﬂmg%?JﬁWMWiﬂQHBﬁI@EJmﬁEJWWﬂW]E]‘]JﬂIENG]uTJU‘ﬁ@WlJTﬂﬂ’ﬂ
o = =1 a 4 v A 1 Y a 1
gazmsanyudseunevansizviatenedanaliinanansenusiy

521131917998 (Interaction) 1N HAVRIAINYTADVAUDINYA19 TEAVVDTITENHL VO

'
A o

Y '
Ansiduaue luaudveiin ii’m’mﬂizﬁhmnmﬁ'uuazﬁwuauguﬁamwanmzmwﬂu

v3e'li Taeviin1snaaey Two Way ANOVA wamsnaasdi lanauaailuaiziei 4.20

{ v J 1 [ o A v o J
A1519% 4.20 WﬁﬁW‘ﬁWﬁﬂi$°I/l°U§$1’?31\1‘ﬂﬂi]EJ"’UEN%TLD‘L!‘ﬂﬁZ“]5']ﬂﬁliuﬁ}uﬂﬂmuﬂuguﬂl@ﬁﬁﬂﬁ

o a v /ﬂy tﬂ'
uaue luadet ludyiin 2

Source DF SS MS F P
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UsznmsSudu| Swamgu SGARM Kritwattanakorn et al.R Proposed Fuzzy + GAT15%
(vn) (6) Min Max Min Max Min Max
10 8,047 11,769 7,444 10,010 5,502 7,164
30 8,749 12,704 7,460 9,270 5,131 6,578
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Average Objective Function (110)

UszanmsSudu DRITRITe! SGARM Kritwattanakorn et al.R Proposed Fuzzy + GAT

(vn) (G) Min Max Min Max Min Max
10 1,714 2,019 1,275 1,532 1,619 1,921
30 1,411 1,846 1,161 1,540 1,573 1,847
v 50 1,426 1,924 1,256 1,553 1,573 1,921
100 1,610 1,778 1,184 1,527 1,552 2,017
10 1,545 2,007 1,153 1,343 1,415 1,684
30 1,493 1,946 1,128 1,344 1,484 1,693
¥ 50 1,486 1,854 1,148 1,389 1,415 1,684
100 1,541 1,863 1,115 1,344 1,455 1,773
10 1,393 1,816 1106* 1,539 1,467 1,837
5 30 1,516 1,890 1,161 1,575 1,467 1,726
50 1,361 1,859 1,075 1,354 1,467 1,837
100 1,512 1,958 1,119 1,283 1,415 1,620
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