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ABSTRACT

The development of a reconfigurable manufacturing system (RMS) based on
reconfigurable machine tools (RMTs) becomes an important issue, for its capability of
reassembling machine configurations responds to product changes. Previous researches
focused on configuration selection and number determination of machines for RMSs,
producing a product with a single sequence of processes. However, an RMS, capable to
produce a variety of products, not only reduces reassembly of machine configuration, but
also quickly responds to the needs of product diversities and changes. Different products
have different stages of production and operations so it is necessary to integrate these
different stages and operations for determining the number and configuration of machines.
Moreover, when a variety of products are produced together, machine sharing may occur,
and the process flow is no longer a single sequence, but an asymmetric configuration of
multiple sequences. Thus, planning of the RMS becomes more complex. In this research, a
multiple-objective optimal configuration selection for the RMS, producing a variety of
products, is proposed. The four objectives considered are cost, machine reconfigurability,
operational capability and scalability. The configuration selection includes the number of
stages, connection type between stages, operation in stages, the number and configuration
of machines. Finally, non-dominated sorting genetic algorithm II (NSGA-II) and technique
for order preference by similarity to ideal solution (TOPSIS) are applied to find optimal

configuration selection of the RMS.

Keywords: Reconfigurable Machine Tool, Multiple-Objective, Machine Configuration
Selection, NSGA-II
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FEE—EE R - BES AN R G EE —EAEfI RN - 2R EH AR A
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3. UG R EL N ARG 1] DU S B R e E R B sl R - IEATA A2 (2) &
PSR T ERErEE @ RIS EIE TR RS E -

DUE 5 By pl e > B 10 A—EERmERERE - HPEEE (route) fEHEE ]
DR e Rz 7 22 B (series) BUEA Y (cross) » [&] 11 Ayl 10 YL aEg
fRIG 1R EUE LR B E -

= BEREREATHRE
MG ok BUE PR AR Y Pareto B g AL BE 0 P e 5t O AV SF {5 i ¥ GPSIFF
( Generalized Pareto-base Scale-Independent Fitness Function ) » 5B /A AF ¢
F(x)=a-b+h (11)
B By HATSHS HVERS » a Foft x SCECHYE A ELE - b Ry ml DA HC x A (ERG B
B h HEmZEMIERSNITAEREE - RBESETEH SR - 1A
(12) PR FE w52 RO R RS B -

P(x)= F(x) 1=1,2,..L (12)

AU TR A e o7 i = B oy Bl R eI B A ~ AR RN LR MR > N Ry = B Ak
B RIRIBA FHYEY) - F LUk = Be AR R A AET T S HC A 5 - A RRIR AT 7 T ¢ P
HC - BB R AR R O g e 2 —(E R EL B - EE/ DN SCEC R AT TR - £ X
Aoz > Wt e & Bt e AR RO (S BCRS - Rt W s BC G th TRy AR (N B3 > 15203
HY R R A GGG ELAET TR - (EALINZe BT PR EERG 28 8 - Bl g 52 —(EE
PRELEL - EIEBUE/ N R ERANE T e o MV RIFEEN - K T HIREENERE
A EEERE (8 - SRR AR BLEOIN L a7 AR R E oy 2 H R A 1T AR R E K B R EL
Bl A R R BN > DARECRZE B RR -
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Ao 0.7 ~ 288K 0.1 ~ BEAGE 80 » DURAE 100 K > {RIE[E 9 #Y NSGA-II &
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paray

%
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FH RB—O#F

12 =fEEma IR RZ
—m m5.1 [
i mg, m, ez -
! k My,
1 m1,3 ] mzv1 — m3.2
— M, m,; mg, H
1 Myz — mzv1 ]
H Msy m,, My Mg, ||
] Mg [ m,, m —
L Mg, | 23 m, ||
- m1,3 -
] m5v4 m2‘1 m
—m, { } M, 4 m, 4 N
| e Mea Mgy | |
13 TOPSIS BF#E I ARFKIE
F 1 BEMIERNEEENTERE dox (E/NEF)
OP; OP, OP; OP;, OPs OPs OP; OPg OPy OP;y OP;;
P 40 0 40 40 0 40 40 0 0 0 40
P> 30 0 30 30 0 30 30 30 0 0 0
P; 20 20 20 0 20 0 20 0 20 0 0
HEF0 90 20 90 70 20 70 90 30 20 0 40
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%2 EUHRE my, (BERAEAERNES MB,,

FAS BM, &

{BM,,BM.}
{BM,,BM.}
{BM,,BM.}
{BM,,BM.}
{BM,,BM,,BM,}
{BM,,BM,,BM,}
{BM,,BM,,BM}
{BM,,BM,,BM,}
{BM,,BM,,BM,}
{BM,,BM.,BM.}
{BM,,BM.,BM.}
{BM,,BM }
{BM,,BM}
{BM,,BM}
{BM,,BM,,BM,,}
{BM,,BM,BM,;}
{BM,,BM,,BM,}
{BM,,BM,,BM,,}

%% 3 T%@éﬂ% mp.q EE}%EEFEJJT%%E@%/&\ MAp,q

HE RIS &

RIS AM; &

MA,
MA,,
MA,
MA,
MA,,
MA,,
MA,,
MA, ,

{AM,, AM,, AM,;, AM, }
{AM,, AM,, AM;, AM ;, AM_, }
{AM,,AM,, AM;, AM ,, AM,, }
{AM,, AM,, AM,}

{AM_, AM,, AM,, AM,,, AM,, }
{AM,, AM,, AM}

{AM,, AM,, AM,, }

{AM,, AM,, AM,, AM,, AM_, }

e
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MA,; {AM,, AM,, AM,}

MA,, {AM,, AM,, AM,, AM,, AM, }

MA,, {AM,,AM,, AM,, AM., AM,, AM .}

MAA,l {AM 81 AM 13}

MA,, {AM,, AM, AM,, AM ., AM,}

MA, , {AM,, AM,, AM,, AM}

MAS,l {AM 10° AM 12}

MA,, {AM,, AM,, AM,, AM ,, AM .}

MA,, {AM,, AM,, AM,, AM,, AM,}

MASA {AM,,, AM,,, AM,, }

o4 WBEULRE m,, WIETTERENIESE OP > S5,
OP,; OP; OP; OP, OPs OPg OP; OPs OPy OP;y OPy

mj i 0 0 0 1 0 0 0 1 0 0 0
mj,2 0 0 0 0 1 0 0 0 1 0 0
mj ;3 0 0 1 0 0 0 1 0 0 0 0
mj.4 0 0 0 0 0 0 0 0 0 1 0
mz, g 1 0 0 0 0 1 0 0 0 0 0
my,2 0 1 0 0 0 0 0 0 0 0 0
moz,3 0 0 1 0 0 0 0 1 0 0 1
my4 0 1 0 0 1 0 1 0 0 0 0
ma s 0 0 0 1 0 0 0 0 0 0 0
ms, g 0 1 0 0 0 0 0 0 1 0 0
ms3,2 1 0 0 1 0 0 0 1 0 0 1
my, | 0 0 0 0 0 1 0 0 0 1 0
my,2 1 0 0 0 0 0 0 0 0 0 0
my 3 0 1 0 1 0 0 0 1 0 0 0
ms, | 1 0 0 0 0 0 1 0 0 0 1
ms, 2 0 0 1 0 1 0 0 0 0 1 0
ms,3 0 0 0 1 0 0 0 0 1 0 0
ms, 4 1 0 0 0 0 1 1 0 0 0 0
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K5 RO my BIEIFSE OPCRYA RS - ) (fE //NEF)
oP, OP, OP; OP, OPs OPs OP, OPs OPy OPy OPy

mi, 1 0 0 0 14 0 0 0 12 0 0 0
mi,2 0 0 0 0 15 0 0 0 20 0 0
my,;3 0 0 20 0 0 0 15 0 0 0 0
mij 4 0 0 0 0 0 0 0 0 15 0
mo, 1 14 0 0 0 15 0 0 0 0 0
my,2 0 15 0 0 0 0 0 0 0 0 0
mo,;3 0 0 25 0 0 0 0 18 0 0 25
mo 4 0 20 0 0 20 0 18 0 0 0 0
mas 0 0 0 18 0 0 0 0 0 0
ms, | 0 12 0 0 0 0 0 0 15 0
ms, 2 30 0 0 26 0 0 0 24 0 0 24
my, 1 0 0 0 0 0 25 0 0 0 30
my, 2 25 0 0 0 0 0 0 0 0
my 3 0 18 0 25 0 0 0 16 0
ms, 16 0 0 0 0 15 0 0 15
ms, 2 0 24 20 0 0 0 0 25
ms.3 0 0 24 0 0 0 0 30
ms. 4 20 0 0 22 14 0 0

56 MEAUIEE m,, BIE(ESE OP BRI ERERA » o, (£4)

OP; OP; OP; OP, OPs OPs OP; OPs OPy OP;,y OPj;

mi 0 0 100 0 0 120 0 0 0
mi 2 0 0 150 0 0 0 123 0 0
mis 0 121 0 0 120 0 0 0 0
mi 4 0 0 0 0 0 89 0
mo 59 0 0 0 117 0 0 0 0
mz 2 82 0 0 0 0 0 0
m 3 0 0 79 0 0 0 0 94 0 0 158
ma 4 0 116 0 0 182 0 178 0 0 0 0
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%6

&

133

mzs

144

155

ms, i

143

188

122

193

ms,2

135

159

mq, 1

148

my,2

95

88

134

myq,3

157

153

167

ms, i

174

133

145

ms,2

147

136

ms,3

165

170

200

ms.4




% 7 TOPSIS IEMERAVPEA M HE AGCE

RGECE (PEE : MR TREBE

G 1 RORSICHEPE ~ 0 RoR R EEE )

?; P ES 1 i P& ES 2 i P& RS 3 ;}i P& ES 4 ?}i P& ES S i‘}i P& ES 6 § P& e 7 § P& ES 8 i P& ES 9 i P& E% 10
1 m3/5 1 ms; /76 1 ma3/3 1 msa 4 1 mp 2 1 m3 2 1 myp/ 1 1 msp/ 1 1 ma 1 1 my 7
2 m3/5 1 ms; /6 1 my/ 3 1 mse /4 1 map 2 1 m3 2 1 ms3/ 1 1 msp/ 1 1 mg 1 1 my 7
3 msp/ 4 1 ms; /6 1 mys3/ 3 1 mse/ 4 1 msp/ 2 1 ms 2 1 ms3/ ,1 1 mpa/ 1 1 mp/2 1 m /7
4 m3/5 1 ms;, /76 1 ma373 1 mse/ 4 1 msp/2 1 ms 2 1 myp/ 1 1 msp/ /1 1 mp/2 1 m 7
5 m3/ 11 1 mes3, 3 1 mse 4 1 msp/2 1 mys 2 1 ms3/ 1 1 mea 1 1 mp/2 1 mp/ 7 - -

6 ms;/ 5 1 my3/ 6 1 my3/3 1 m1/ /5 1 msp/ 2 1 mys/ 2 1 ms;, 1 1 msy/ /1 1 ma 1 1 mo/ 7
7 msp/ 4 1 my3,/6 1 my3/ 3 1 mse/ 4 1 msn/ 2 1 ms 2 1 myp/ /1 1 msp/ /1 1 ma 1 1 m /7
8 my3 11 1 mys, 4 1 ma37 3 1 msp/2 1 ms 2 1 ms3/ 1 1 msp/ 1 1 maa 1 1 mp/ 7 - -

9 m3/ 11 1 my3, 3 1 ma3/3 1 ms1,/ 3 1 m3 2 1 ms3/ 1 1 msp/ /1 1 ma 1 1 my/ 7 - -

10 m3 11 1 m /5 1 mp/ 5 1 msp/ 2 1 m3 2 1 mp/ 2 1 ms 1 1 mge 1 1 my 7 - -

11 msp,/4 1 m3/76 1 my3, 3 1 me; /3 1 msp/2 1 m; 2 1 my/ /1 1 msp/ /1 1 mgs /1 1 my /7
16 mi5/5 1 msa/ /7 1 mps/ 4 1 ma1,/ 3 1 ms; /3 1 mys 2 1 mp/ 1 1 msp/1 1 ma 1 1 ma 7
17 m;/ 11 1 m1/5 1 msqe/ 4 1 ms;/ 3 1 ms3 1 1 ms3 1 1 mspy/ /1 1 mye 1 1 ms 3 - -

18 mi;/5 1 msa 7 1 my/ 5 1 m/5 1 ms; /3 1 m3 2 1 ms3/ 1 1 msp/ 1 1 mg 1 1 msy/ 3
19 msp/ 4 1 msa,/ /7 1 mps/ /4 1 m /5 1 msp/ 2 1 mys 2 1 ms3,/ 1 1 moas/ 1 1 mp/2 1 my/ 7
20 msp 4 1 mse,/7 1 my /5 1 my /5 1 msp/2 1 mys 2 1 ms3, 1 1 mp/ 2 1 ma 1 1 m 7
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R 8 HPEERFTEEFHAYIEE

=

3 PEEz4 PEERS PEEr6  [EREZ7

-
-
KA

oo
-
IF

Bt 9 PEEZ10

S
&
—
i
Xia
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—
i
X3
[\
3
w
X=

54
1 3 7 4 6 11 8 9 5 2 1
2 3 7 4 6 11 8 9 5 2 1
3 3 7 4 6 11 8 9 5 2 1
4 3 7 4 6 11 8 9 5 2 1
5 3,7 4 6 11 8 9 5 2 1 -
6 3 7 4 6 11 8 9 5 2 1
7 3 7 4 6 11 8 9 5 2 1
8 3,7 4 6 11 8 9 5 2 1 -
9 3,7 4 6 11 8 9 5 2 1 -
10 3,7 4 6 11 8 9 5 2 1 -
11 3 7 4 6 11 8 9 5 2 1
16 3 7 4 6 11 8 9 5 2 1
17 3,7 4 6 11 8 9 5 2 1 -
18 3 7 4 6 11 8 9 5 2 1
19 3 7 4 6 11 8 9 5 2 1
20 3 7 4 6 11 8 9 5 2 1

%9 AERCR ~ BAEVERE - FTEMAETT ~ #REME K TOPSIS IEREAY{H

P TPC ocC RC sC TOPSIS
1 3726 36 44.278 0.969 0.728
2 3750 36 44.7013 0.969 0.720
3 3822 35 40.58 0.969 0.716
4 3774 32 36.503 0.970 0.715
5 3649 28 38.168 0.970 0.707
6 3457 28 38.571 0.970 0.699
7 3503 32 36.314 0.968 0.681
8 3617 25 41.401 0.969 0.668
9 3534 24 41.897 0.969 0.668
10 3669 25 38.981 0.971 0.663

S
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|R9
11 3300 29 35.646 0.967 0.663
16 4213 24 45.329 0.971 0.646
17 4139 32 41.555 0.968 0.645
18 4479 33 44.112 0.970 0.644
19 4232 27 38.305 0.971 0.642
20 4270 29 37.073 0.972 0.642

— ZEEH AR ENEE

T Tk 1 ASECE BRA B R R ENE - REAN (1) & (2) #F&
P e AL RRAY 2 RO BR DAL e Y 28 B R G B SR S R RV A B RCR A 405% 10
AR > SR () B S Rontk e B ERECA RS EERCR - i 11 BRI el
REAOFR 10 tPHAG R GRAVER (Y > bR T /B3R 3 BL{ESE 9 41 - HermvIFREEH T EEX
A FAF IR G ARG - BT DAERAS HARTR A i dr - BRAFIERE R B R GICE K+
1 Bife 2 > WA HERVERIENERE - ;IR 7 TGH > $F% | B3 2 ARECE &
{58 P T e KPR B B (18 P B AR SE B v > WEAE &5 P B T B (E A A EI YA S 4HRE - DA
KRS IR SRS G (AR IR (R (R 5% ME— AV RIERS B 7 (EA RV G &
T3 Rs mu2 Fomss o {EREWARAVIR & (HRESZ PR AR R B AV (R SE > (AL > AHERYERE
PERE - AIEBRE N RBIIRGECE /iE# 16> BIR 7 T EA HAFRENEN 7&K
K P& BB (B P B A Se IR o > AE 25 P B T e (B A A R VR S AR - MG Pk BE SRR
BRIV SRR - FrE RN HIEPE EfE - IEREMER S ARSI E B
# 20 WARSECE - (eiEEMEsEry BARC (9) TRl LIGH - R MY & (R B 32 T =X
Mt EBERR - &S B R )7 3 Ry 3 SR Ry (8 - EFT A PR EL R
Ay T U B R S SO BRI L T 4 20 FTEE IV G 8L 36 & EFTA A4S E
T hEERSE AT ERENE B B R -

FEHGI = PE44 56 —HY TOPSIS IEMBAE Ry 0.728 » FEAEEERCA ~ #R{FIERE - nTEE
RE N RAEREMEFEHIEAFEA AR 10~ 1~ 3~ 4 k2 - tERgfE# 1 Bl 2 A8 E
SR > HAEMRE 7 (EAFERIEGHRE > J-8 Lmo o TP 2 B mss > S W ERK
BAHREAYZE RITE I B E AR B EERERE JT © my 2 FR AR YRR ms s FR @8 BYRCA » I
HE 1 EBEAGECENICE RN R 2 - ERGHETTE > mo2 B ms s FEE ERA
R T A DU ARV & AR B E 2R ECE T AT R A S B E B - E—AYERIER
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Bk 2 fEE R ) A LAY FERE -
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BB TR R B T+ 1545 BT R I E AR EBIIRS - AT L S
SRR SRR AR - 3 AL TR 20 (B, /N85 BIALE BN - SETRSR
FIREIRR 2 20 (B /NB§ ) 0% 11 9B 36 8 (B4R - BEB IR R Tk 4R
LIS IS4 TOPSIS F— LM ZGALE - & HAEAI(E + DLR & M B (B
fF3 » HR D 8 (554K TOPSIS 55— M M - & BRI » DR & REEL
HRESIIER (E2 + P RIAI%2 12+ 13~ 14 Fr -

R 13 AT DUE B HEAE A B FRRREG AL - P BLiR R 1 15 R T
RS gEEFRRERH LI mAR A ES > ARFRKRER LT Z0FE
HEHNEE A REME R K > NItk - FTfRAV A S - msEREME A B e B BT
Mk Z A - 5550 > IR Rt G BRI - ] RS AE J7 =& F SRR F 4y BT R
DRSS - BRIETEREE A FRITR KRR ER T - ARG HR ] SZIRAVIEEASE > BRI
RARKHIEL -

BEE R KRN L7 B TIREEFHIFRK > TRV ABE S WE A SR ERE
HFER - EF—RIER PO EGERRESCEREENREFE R ARG ENERE > |
A ESEK G E R GBI S AR R IF R R i (Y BE - WAl —Ef
ATt - AEESCREAY () (e R e BAEEER B EEA - £/ K ks
Ry B FERVEEL - CEECERARTE 1| RRTE 3 AR E » R 14 Po] ISR EREIR 1
Fedme 3 FR(E PG B se i TAHEIAVIESE - XEBR 12154 HP{E¥E 689 K 11 fEH
TAFERE G ERRMIRIE - IR 10 1540 > fE3E 6 ~ 8~ 9 TKFERSHIRIT 3 BEL
FERCR R ABHB A G HRESI T A [F FSRAVER(E > ZRIMIESE 11 BEEREE SRR
Y moys > BEERHRINE AR P RREE IR 11> B omos B ms (YR ERCREAR
PR > BUR mos Eb ms 2 BHEEHY ERERE



SRR - 1558 - FEA NSGA-IL /1 TOPSIS A EZETH TR ERAERMRELAVRE] 213

10 EHBEIEERNEETCRRA

OP,; OP; OP; OP, OP;s OPs OP; OPs OPy OP,p OPy
mi, i 0 0 0 7.14 0 0 0 10.00 0 0 0
mi,> 0 0 0 0 10.00 0 0 0 6.15 0 0
mi,3 0 0 6.05 0 0 0 8.00 0 0 0 0
miq 0 0 0 0 0 0 0 0 0 5.93 0
ma;  4.21 0 0 0 0 7.80 0 0 0 0 0
ms,» 0 5.46 0 0 0 0 0 0 0 0 0
mo,3 0 0 3.16 0 0 0 0 5.22 0 0 6.32
ms,4 0 5.08 0 0 9.10 0 9.88 0 0 0 0
mo,s 0 0 0 7.38 0 0 0 0 0 0 0
ms, i 0 12.91 0 0 0 0 0 0 9.6 0 0
ms2 643 0 0 4.69 0 0 0 7.83 0 0 5.95
my, i 0 0 0 0 0 6.36 0 0 0 4.50 0
my2 592 0 0 0 0 0 0 0 0 0 0
my,3 0 7.44 0 3.52 0 0 0 5.93 0 0 0
ms,; 10.43 0 0 0 0 0 10.20 0 0 0 10.46
ms,2 0 0 6.04 0 6.65 0 0 0 0 6.96 0
ms,3 0 0 0 5.66 0 0 0 0 4.90 0
ms4 10.00 0 0 0 0 7.72  11.78 0 0 0

=11 8 (EE Oy FARAYAE L FR R (# /N )

PR P P, P,
1 20 20 20

2 40 40 40

3 60 60 60

4 100 100 100
120 120 120

6 180 180 180
200 200 200

8 220 220 220
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PE % 9

H
= e 10

f#

1

[\S}

m; 3,7
m|,3/6
m1,3/21

m1,3/15
m1,3/18

m2,3/22
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% 13 8 (AE R K MY E R

FEH AR TPC ocC RC SC TOPSIS
1 2372 32 52.628 0.952 0.709

2 4825 36 26.598 0.976 0.728

3 6378 29 17.612 0.983 0.744

4 10891 29 11.098 0.989 0.765
15204 30 10.185 0.991 0.806

6 18131 30 6.180252 0.994253 0.752

7 19226 29 4.898318 0.993617 0.699

8 21366 29 4.392894 0.995215 0.701

14 8 Ry T A 5 P B B Y (E SR IH H

F&
L PEBr 1 PEER2 PEER3 PEEc4 PEELS PEEX6 [EEX7 PEER8 [ERR 9 [FEE10
&
1 3,7 4 6 11 8 9 5 2 1 -
2 3 7 4 6 11 8 9 5 2 1
3 3,7 4 6 11 8 9 5 2 1 -
4 3 7 11 8 9 5 1
3 7 11 8 9 5 1
6 3 7 11 8 9 5 1
3 7 11 8 9 5 1
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