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Multi-objective Car Sequencing Problem
on Mixed-model Two-sided Assembly Lines

Sathaporn Olanviwatchai' and Parames Chutima®*

Abstract

Car Sequencing on two-sided assembly line
is an important problem in an automotive industry.
Researchers and practitioners have attempted several
approaches to solve this problem aiming at maximum
production efficiency. The problem is considered as
an “NP-Hard problem”. In this paper, three objective
functions are considered including 1) minimizing
utility work, 2) reducing the number of violation
and 3) decreasing the number of color changes.
The expansion of Combinatorial Optimization with
Coincidence (COIN-E) algorithm is developed from

its original version (i.e. COIN). Several well-known

algorithms are compared in solving this problem
including Non-dominated Sorting Genetic Algorithms
(NSGA-II), Discrete Particle Swarm Optimization
(DPSO), Biogeography-based Optimization (BBO)
and (COIN). The experimental results indicate that
COIN-E is efficient and it obtains the values of
convergence = 91.85%, spread = 51.08% and ratio =
57.48%, which are significantly superior to NSGA-II,
DPSO, BBO and COIN.
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Auriae (Convergence to the Pareto Optimal Set)
Qs 1 o IS' v

[19] ManszaeavaIngudInaunauny (Spread

Measurement) [20] é’mwmumauaﬁﬁmumjuﬁmau

NAUNLLNEUALNGNA1ABUNLTITI (Raito of Non-

dominate Solution) [20] WaztIaf b lun1TAIUIIE

(Computation Time to Solution)
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udazTnnuUsraad uiu3 szaufia s2aun 1(50-25-25)
fa MLL@ia:am’%aﬁmaua:@umnmmai’@qﬂs:mﬁﬁ 1
V3888 50 mﬂmswﬁmqﬂ‘i:mﬁﬁ 2 AR 25 LA
mnmmﬁmqﬂs:aaﬁﬁ 3 J9U82 25 AUATUIIUIL
FAIIAINAUNIFWT 288 30 2a9UT2TINTNINUG
o A o A 2 A
ITAUN 2 (25-50-25) uazIzaun 3 (25-25-50) DIy
a o P [
NURBUAAILRAI AN 13 TapnisTuldsunsy
Matlab 2009a uwaauRIL@a3 Intel(R) CoreTM i7-
2670QM CPU@ 2.2GHz Ram 4 GB Window7

. . TIWINE | UINA
nin1s TWININ o a_ o ¢ AN ¢ a
N e AdIBNAAN TN (MPS) a INUNA taan
Nnaaayg INYNA IZRR] SV oA
(@ laitiing Options

1 5 5:3:2:1:1 12 4(2) 2
Set 1

2 5 4:4:2:1:1 12 4(2) 2

3 5 7:3:2:2:1 15 4(2) 4
Set 2

4 5 4:3:3:3:2 15 4(2) 4

5 5 8:7:2:2:1 20 4(2) 7
Set 3

6 5 5:4:4:4:3 20 4(2) 7

7 10 7:5:1:1:1:1:1:1:1:1 20 8(4) 8
Set 4

8 10 4:4:4:2:1:1:1:1:1:1 20 8(4) 8
Set 5 9 15 20:20:20:15:15:1:1:1:1:1:1:1:1:1:1 100 10(5) 10

et

10 15 15:15:10:10:10:10:10:10:4:1:1:1:1:1:1 100 10(5) 10

Set 6 15 20:20:20:15:15:10:20:10:5:20:5:10:10:10:10 200 15(7) 10
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A139N 11 ALRANINUUALRZDATIEIUNINE LUE1A UM INEAL B8

Option p/q A B C D E F G H 1 J K L M N (0]
Option#1 2/3 v v 4 v 4 v v v v v v v
Option#2 12 v v v v v v v v v
Option#3 17/30 v v v v v v v v v v
Option#4 12 v v v v v v v v
Option#5 3/5 4 v v v v v v v v v v
Option#6 39/43 v v v v v v v v v v v v v
Option#7 10/15 v v v v v v v
Option#8 6/30 v
Option#9 2/15 v v
Option#10 4/9 v v v v v v v

‘:' = o a a 1 v o Qs s
A3 WN 12 ® m@ummamnauvxmLLazm@mn@]vLﬂ

set | s3amsn SVHTNURATIHAAR LA BRI SWETnERANNAATGUARTL
1 1 4,1 1,5
2 2 2,1 4.1
3 | 1,5,12,4,3,422 431343255
4 5 3,1,10,7,4,7,8,4,7,3,10,8,2,5 10,6,7,7,10,2,5,4,7,9,5,9,4,6
SUA%6 2 5,11,9,6,6,4,13,2,6,2,14,1,4,6,14,8,4,5,14,1,3,12,3,8, | 4,3,4,15,15,15,5,1,12,2,2,14,6,7,1,12,10,1,7,3,3,8,14,
5,14,13,15,6,8,12,6,14,7,1,3,6,1,13,14,1,4 11,2,9,5,11,8,9,9,5,15,2,2,12,5,15,4,9,1,13

= ] a & o o=
M1 N 13 ATNITULADIVDIDANDINA

NSGA-II DPSO BBO COIN COIN-E

Set P, P Swarm (Particles) Migration Mutation Prob Prob(Ramdom)
Set 1.1 4(25) Linear 0.150 0.150(25-50-25)
Set 1.2 10(10) Sinusoidal 0.100 0.100(50-25-25)
Set 2.1 5(20) Sinusoidal 0.150 0.150(50-25-25)
Set 2.2 10(10) Sinusoidal 0.100 0.100(50-25-25)
Set 3.1 10(10) Linear 0.150 0.150(25-25-50)
Set 3.2 1.0 0.01 5(20) Sinusoidal 0.01 0.100 0.100(50-25-25)
Set 4.1 4(25) Linear 0.125 0.125(25-25-50)
Set 4.2 4(25) Linear 0.150 0.150(25-25-50)
Set 5.1 10(10) Sinusoidal 0.125 0.125(25-50-25)
Set 5.2 10(10) Linear 0.100 0.100(50-25-25)
Set 6 5(20) Linear 0.125 0.125(25-50-25)
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Convergence
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Problems
Efficiency | Algorithm
Set 1.1 Set 1.2 Set 2.1 Set 2.2 Set 3.1 Set 3.2 Set 4.1 Set 4.2 Set 5.1 Set 5.2 Set 6
NSGAIL | 0.5344 | 0.6158 | 0.2646 | 0.1804 | 0.1416 | 0.1484 | 02367 | 02352 | 0.4439 | 02200 | 0.7945
DPSO 0.3480 0.4761 0.3393 0.3019 0.3208 0.3283 0.3150 0.4478 0.6914 0.4568 0.8026
Convergence | BBO 0.8206 | 03586 | 0.1216 | 0.1144 | 0.1537 | 0.1025 | 0.1042 | 02112 | 0.5284 | 03727 | 02146
COIN 0.0000 0.0000 0.0279 0.0553 0.1867 0.1102 0.1187 0.0739 0.1779 0.0947 0.2000
COIN-E | 0.0000 | 0.0438 | 0.0166 | 0.0455 | 0.1011 | 0.1175 | 0.0871 | 0.0602 | 0.1328 | 0.0947 | 0.1975
NSGAII 0.7299 0.6667 0.2939 0.4176 0.6892 0.5882 0.4938 0.5927 0.7351 0.6927 0.5715
DPSO | 05066 | 0.4915 | 03989 | 0.5327 | 0.4854 | 0.4802 | 0.4414 | 04615 | 05502 | 05793 | 0.5119
Spread BBO 0.6667 0.4479 0.5664 0.5564 0.5323 0.5612 0.4927 0.6513 0.5898 0.5289 0.5607
COIN | 07016 | 03528 | 0.4391 | 0.5144 | 0.4767 | 0.4604 | 0.4560 | 03999 | 0.5723 | 0.6294 | 0.6258
COIN-E 0.5142 0.2667 0.6527 0.3903 0.4951 0.1905 0.6215 0.4505 0.5430 0.6165 0.6394
NSGAII | 0.0000 | 0.1429 | 0.0000 | 0.0400 | 03333 | 0.0952 | 0.0000 | 0.0238 | 0.1750 | 0.6008 | 0.0000
DPSO 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ratio BBO 0.1429 0.2857 0.1176 0.1200 0.3333 0.3333 0.3438 0.0714 0.0000 0.0000 0.5976
COIN 1.0000 1.0000 0.8235 0.3600 0.2917 0.4048 0.4063 0.4286 0.0375 0.2253 0.3028
COIN-E 1.0000 0.8571 0.8824 0.6400 0.2083 0.6417 0.5000 0.5238 0.7875 0.1779 0.1036
NSGAII 29145 134.00 753.09 691.92 | 1653.92 | 2026.50 | 2364.12 | 3040.57 | 392825.6 | 456531.1 | 727161.8
DPSO 122.21 82.02 203.40 155.21 414.76 334.67 667.35 291.36 6176.7 10055.9 16251.6
Time(s) BBO 197.57 221.75 473.99 702.30 682.40 | 2335.69 | 2004.88 | 1831.17 43565.6 48088.2 | 574821.9
COIN 163.33 151.06 339.30 695.70 1188.52 | 1665.67 | 2251.20 | 3106.74 | 297650.1 | 393347.7 | 619731.3
COIN-E 125.49 148.62 367.49 453.71 1067.93 | 1215.84 | 2193.88 | 2557.13 | 271015.0 | 274804.9 | 688429.6
A15191 15 HansiUSouisunInaaasuadndazaanasny
Problems
Efficiency Algorithm Set Set Set Set Set Set Set Set Set Set Set 6 % Std
1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2 )
NSGAIIL 46.56 38.42 73.54 81.96 85.84 85.16 76.33 76.48 55.61 78 20.55 65.31 19.87
DPSO 65.20 52.39 66.07 69.81 67.92 67.17 68.5 55.22 30.86 54.32 19.74 56.11 15.85
Convergence BBO 17.94 64.14 87.84 88.56 84.63 89.75 89.58 78.88 47.16 62.73 78.54 71.79 21.50
COIN 100 100 97.21 94.47 81.33 88.98 88.13 92.61 82.21 90.53 80 90.50 6.85
COIN-E 100 95.62 98.34 95.45 89.89 88.25 91.29 93.98 86.72 90.53 80.25 91.85 5.39
NSGAIl 27.01 33.33 70.61 58.24 31.08 41.18 50.62 40.73 26.49 30.73 42.85 41.17 13.28
DPSO 49.34 50.85 60.11 46.73 51.46 51.98 55.86 53.85 44.98 42.07 48.81 50.55 4.82
Spread BBO 33.33 55.21 43.36 44.36 46.77 43.88 50.73 34.87 41.02 47.11 43.93 44.05 5.99
COIN 29.84 64.72 56.09 48.56 52.33 53.96 54.4 60.01 42.77 37.06 37.42 48.83 10.29
COIN-E 48.58 73.33 34.73 60.97 50.49 80.95 37.85 54.95 45.7 38.35 36.06 51.08 14.65
NSGAII 0 14.29 0 4.00 33.33 9.52 0 2.38 17.5 60.08 0 12.83 17.92
DPSO 0 0 0 0 0 0 0 0 0 0 0 0 0
Ratio BBO 14.29 28.57 11.76 12.00 33.33 33.33 34.38 7.14 0 0 59.76 21.32 17.39
COIN 100 100 82.35 36.00 29.17 40.48 40.63 42.86 3.75 22.53 30.28 48.00 30.37
COIN-E 100 85.71 88.24 64.00 20.83 64.17 50.00 52.38 78.75 17.79 10.36 57.48 29.09

100
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