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Multi-objective flexible job shop scheduling method for machine tool
component production line considering energy consumption and quality

ZHU Guang-yu', XU Wen-jie
(College of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350116, China)

Abstract: A multi-objective flexible job shop scheduling model aiming at the completion time, idle time, processing
quality and machine tool energy consumption is established according to the characteristics of machine tool components
in production such as multi-varieties, small batch and large production energy consumption. And a genetic algorithm
based on intuitionistic fuzzy set similarity (IFS_GA) is proposed to solve this scheduling model. The intuitionistic fuzzy
set similarity value is used as the fitness value to lead the evolution of the algorithm. The crowd distance is used to trim
the external files to improve the diversity of the population. In order to improve the quality of the initial population, a
weight-based heuristic rule is proposed. A new chromosome cross method is presented to improve the searching ability
of the algorithm. The leader is selected by the intuitionistic fuzzy set similarity value to guide the cross. In the feasible
Pareto optimal solution, the solution with the highest similarity value of the intuitionistic fuzzy set is selected as the most
satisfactory solution. The proposed algorithm is tested with the verification methods of example simulation, instance
simulation and QUEST software. The results show that the IFS_GA is effective, and it is better than the NSGAII.
Keywords: flexible job shop scheduling; multi-objective optimization; similarity of intuitionistic fuzzy set; energy
saving; QUEST simulation; heuristic rules based on weights
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7 H bR as 18] B2y A ¥ 51 SPAB RN, il 45 70 A7 )
5.

2) WSt R br: A AREE = (GD)P), FH SR VTN Hv2:
I SIPE. GD {H 18 /)8, Pareto fifé Bk 1@ 3 23 AE AR, Wi 8L
PERRLT.

EHUNSGAIL 5 A ST tH 1 IFS_GA #E47 LU
LSS IF S50V 1A 0. o e G il AL IR 22, 4 R P BV
BPMSTISAT 104k, RAFHE ARV IE. A ) SPAE
5 GDE M TH5E5 5 LR 1, B B T R R,

F1 MK E GRS R

Sp GD

S nxm

NSGAII IFS_GA NSGAIl IFS_GA

MkO1 10x 6 10.24 5.18 35.75 10.02
Mk02 10x6 7.59 4.27 31.57 10.63
MkO3 15x8 50.93 15.08 245.07 62.99
Mk04 15 x 8 28.89 9.86 93.53 33.49
MKO5 15x4 20.29 19.04 86.43 18.61
MkO6 10 x 15 44.65 17.22 261.65 43.83
MkO7 20x5 24.51 25.25 110.72 42.59
MkO8  20x10 63.27 23.85 470.37 78.48
Mk09 20 x 10  101.86 19.45 484.73 59.99
Mk10 20 x 15  218.07 30.91 721.30 123.21

HH 2 1 AT %0 1) % T 2 FE P48 F5 SP, Bk 5245 MkO7
LASM, IFS_GA [ SPAE /N T-NSGAIL % ] IFS_GA
73 2| 1] Pareto fift 1 73 47 33 21 PEAL T NSGAIL; 2) X T
WS b GD, IFSGA F GD {1 #4)/N T NSGAIL, %= #H
IFS_GA FIU S T NSGAIL 525; % B, IFS_GA
TESR i MOFISP [l | B # R 5w 4 7).

42 RARSG

F T OGRS BAENUR SR UG S OEHL, A T
MUR S Pl TAE & S0 R BESEM A1 A2 72, J& T/ Mtk
AR PR R A) A 7 ) S A SRR A R 0 T
SRR AT S 36 0E AR 0 T Aol P S PR A 77 R AR 4
P, PR B 1) 11 G HLAS A FR B XS B 4 5
FEEVLASMIBIT M S H %, WAER2.

#z2 MIERIZHENDEER

WLas B FRK HLESSH 'S IBITIIR /KW SHINHK kW
[ M,y 27.6 3.7
Ea=FZIpARE 7S Mo 313 30
4 ¢ ) Mo 342 45
BB My 36 43
TR HR M 7.5 0.6
BB TR My 20.1 29
. . Ms 8.9 0.8
LiRE RPN Mo A 07
TR KL Mg 28.5 3.9
IR My 22 3.2
BOETIEIN Mg 15.5 2.1

S5HhLARAE 11 G HLEs B TR, s A A4
P T AR BHE TR R ML R & 27T
AL & AR T TR) DU I 5 &, WK 3.
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=3 LHIHIE
T Ty LZEE IS ICEE/min i CRE

T
i
)
Makespan=1291)|

On  HeMEME M, /My,,  45/55 0.1/0.2 2 !
K O B8 My/M,,  110/100  0.11/0.23 = !
5 0.5 ShILuF M, 120 0.15 };1 i
Ji O MEBESPIE M, 120 0.18 = !
O15 W M/ M, 25/35 0.22/0.02 i
]
Og WS M,/ My, 30/25 0.12/0.18 . . . . . o
o Osp  EHEEK Mg 30 0.08 0 2 4 6 8 10 12
g O» W M- 20 0.15 i 1] /10°min
J Ooy  HBifLBF M3 120 0.09 (a) WIS T A
05 HESH M, 210 0.2
Oz WA Ms/My  240/250  0.11/0.15 11 T
]
Os  BEEEWE  My/ Mg 40/50 03/0.15 9 lMa"eS"a“:m'
T Oz B Mg 30 0.12 i
B Oss BRI Mg 100 0.23 g7 :
B Ou HETEG M, 150 001 = s ;
Js Oss Rk M,/ My, 37/49 0.23/0.2 = E
Oss IV M1 M, 15/25 0.13/0.02 3 i
£ Osn B  My/My, 38/52 0.01/0.35 1 §
o Os.  BHILBCF M, 120 0.15 X - - : -
i Ous i M 70 0.25 0 2 4 \ , ? 8 10
Ji Ou  WHE  Ms/M, 23/17  0.12/0.18 I 1] /10°min
R
On BOEME My 936 02018 (b) NSGATI sl 72 A FE 7 ZH 4R
¥ Osn WL Mg 120 0.08 11 i
B Oso BUESHE M, 120 0.12 S
Js Osa FEBEIETHMR Mo/ My, 34/41 0.25/0.15 9 B
Oss BV M/ M, 13/20 0.06/0.26 w7 i
]
]
421 BEHE g s |
51
T AR — AN IaG R B 5 %8, HRe B =, i
F 4(a) BTz, N T X RIG6 R 7 AT, AR SCHE 1 i
MatlabR2014a 34 H, 43 71 & A IFS_GA 1 NSGAII 0 5 1 6 '{g
SR e S5 i . i} 1 /10°min
SR H NSGAII 3 B — 41T 47 (19 P A 4 (B 4 (c) IFS_GARphRIRE IS H A
PSR AR AR AR, e AR R B IO 56 1 M RAE RN 4 3FEREHSEXEE
= NS INEN —
SRR, T EIEAG) For. %4 IFS_GABIParcto HiALIR
ST IFS_GA 7 5] — ALT A7 1 01 AL R 4 (L % —
. . - YN 2 IR RE LA
4), 398 AL B A B K ) FBAE DR B il A P RN 2R 18 5 i min W/min B FE/GWemin) SR
2 fift 1) B AR B AH UL AE B K 0.967, i HAE 18 793 6675 314 619977 0.967
B R BT 5, H R E 4(c) B, 10 791 6653 314 626952 0961
s o s o 17 825 7027 3.14 619.422 0.958
MATUR B TT %6 NSGAII fiz o & I &£ 7 58 A 20 793 6685 325 618332 0.955
T TFS_GA 57 R 8 J7 S 60 H 4 P o 7 DA 4, I 8806 6798 306 63308 0955
o X . . o 11 818 6940 324 618.265 0.952
K5e LA 435 1291, 913, 793, ¢ H ALK 2 [7] 14 818 6930 328 616232 0.948
jJn Iﬁﬂ%f@ﬂ%?ﬁ, U‘E E]H NSGAII 7FD IFS_GA %gxﬂ- %}J ﬁé\ 7 849 7271 3.06 623.595 0.948
i i N i 16 784 6591  3.34 617.740 0.943
P BT A % R NGE, HIFS_GA PRI T 15 778 6525 334 621127 0.942
NSGAII 9 839 7161  3.06 646.385 0.933
’ . 12 804 6776 3.06 655.282 0.932
4.2.2 QUEST{HiE 13 784 6581  3.44 616.565 0.928
o I g e 1 N 3 776 6503  3.34 642.183 0.928
DELMIA/QUEST & A - 43 1 T 2 ¥t A A1 4= [H] 6 834 7106 3.06  658.832 0.923
A JR3 PR B B A A7 B, T LT R 5 FH T AL 19 834 7106 306  658.832 0.923
w . - s 4 776 6493 344 629.108 0.922
ST AR B 23 B e 77, A8 RSO AR 7= 2R 5 %7 7601 306 652837 0913
5 AN T B 1 IR M 5 8. IRk, AR SCR B QUEST 1 799 6756 355 615457 0.909
5 799 6756  3.55 615.457 0.909
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AN T I AR = 2347 A7 S R A

i NAS R [ 55005 A 46 1 B 7 %8, 78 QUEST 3K
AT 0 LIS AT, BT R A R 2 NI
[ DA B A 04 56 AR O, % FL kAT 2 204

Kl 5(a) N3 FI T R 11 G LR &R %, 7]
LB H, IFS_GA B BE 77 A 8 & LA 15 4 F H
# 1 T NSGAIL I BE 75 %8, A 7 & WLEs 1 B % F)
Rm THIE TR E 7 . B 5(b) A3 Fh 7 RHLEE = N
i IE). o DUE H TRS_GA F i FE 757 R RT A L 1=

PRI IR 8] 25 /0 T NSGATL B 77 S AN 46 1 B2 7 5.
80

60

40

20

BEAA A %

M\ MZ M3 M4 MS Mﬁ M7 MX M‘) MH)M!I
B Y% mNSGAIl = IFS_GA
(a) 3P EE T ML FIH 20T L
15

B NI A] /10

Ml MZ M‘! M4 MS Mﬁ M7 MX M‘) M!\JMH
B W4ATJ7%  m NSGAIl = IFS_GA
(b) 3FHUR B 7 ZR IR U £ 2 R R R B

E5 3FiEESRIOBIES XL
L5 T 3FITRESA A5 T A, 7 bA
FE L, WIUE 77 SRS R A4 0 52 0 TE) B8 B A K, T
IFS_GA BN, ZE 77 R TAF R 5¢ TR
(B &N AT
F£5 3HAESRNIHTIAE min

EwES Jobl Job2 Job3 Job4 Job5

VIR % 851 1291 404 265 511
NSGAII 913 728 712 751 812
IFS_GA 793 728 712 751 764

2% B RTR, JE ik QUEST 4R A4 177 B H R 4l 7 v
A &1, 7E 3R fif MOFISP L, IFS_GA It T NSGA-II
1 IFS_GA Al = R E 7 8, T LATE 2 i & fg
FEELSR IR b, 32 504 IR 28, PR AR I & 1 2
PRI I, S FLAE — e FE I b AT DALEAS [A) A% 0 58 T
(B35 534k..
5 & #

AT 2 B bR M 25 18] R FE i) 3 AT AT
Fo, 32t 7 IFS_GA BV K A i) . 15 2| LR 2518

D) GG 5 T AT HURM AR RR I, 57 1 LL5E
TR (R] 25 PR R] 0 5 & PA K N TR FE SN H AR T
%2 B ARG () PR,

2) R T IFS_GA Bkt AL HE47 3R iR o AR
AR P L i AR A AL PR AL A A0 B A R 5] gt A%
SRV TR AN 3 HH B D AR B AR DL B K 1) B (A
PR G4, LL5| 5 575 B4 X g B iR 4728 X, M\
M 42 1 Bk 1) AL BE 775 AT AT (1) Pareto AL A 1,
T T D AR SR AR DL B AR f K AR S B R .

3) TE = LEYIUE L2 dR DT R H T —Fh s A E
(14 J X U] A s ) s e 1D o 2 AR AR RS S

4) 38 30 A R I A8 1 0 B, SRR T AR SO
TR AT AT M B TRS_GA B T 3 HUR A A= 77
B P 26 77 I 5 NSGATL S VLT 5 B 2 #r, 360 0E 1 1%
SRYE AT DA BB 0 M A R B 1 7 56, A R e R 5
TS T, 98020 5 R BT (], B e i 14D I o & DA B
B0 T 1 BEFE, B i Hh i S A2 7= SR R, JF HLACRAE T
NSGAII .

5) Az = 2675 QUEST A idh AT @, f A\ b
T P Ao BV, A 38 e R B T R ARG R T R,
TR AT, BN T IFS_GA S p AR R

TEAR R 5T TAE b, v LA A= 7= REFEREAT B
Y E AT 23 BT . A ST IRIRIE 70 35 1 2 1) T 2 B 4%
(IO, A Ja v] DA% BE SR 1 T 200 2 1N 17 V.
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