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Abstract

Abstract: Automated guided vehicle(AGV) system plays an important role in the production flexibility and
efficiency in manufacturing systems. Due to the dynamic and stochastic characteristics of AGV system
with many variables, its optimal configuration is relatively complex. A method combining system
simulation, mathematical analysis and multi-objective optimization is proposed to optimize the
configuration of AGV system. The discrete event simulation is used to simulate the operation of AGV
system, the sensitivity analysis is used to separate design variables, the factorial experiments and
response surface methods are used to build the fitting multi-objective optimization mathematical model,
and the non-dominated sorting genetic algorithm-II(NSGA-II) is used to solve the multi-objective
optimization problem. The effectiveness of the method is proved by an industrial case study, which
provides an effective systematic analysis method for the optimal configuration of AGV system in
manufacturing or logistics systems.
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Abstract: Automated guided vehicle(AGV) system plays an important role in the production flexibility and
efficiency in manufacturing systems. Due to the dynamic and stochastic characteristics of AGV system with
many variables, its optimal configuration is relatively complex. A method combining system simulation,
mathematical analysis and multi-objective optimization is proposed to optimize the configuration of AGV
system. The discrete event simulation is used to simulate the operation of AGV system, the sensitivity
analysis is used to separate design variables, the factorial experiments and response surface methods are
used to build the fitting multi-objective optimization mathematical model, and the non-dominated sorting
genetic algorithm-II(NSGA-II) is used to solve the multi-objective optimization problem. The effectiveness of
the method is proved by an industrial case study, which provides an effective systematic analysis method for
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No x; x» x3 x4 Wi Y2 V3 V4
1 2 15 75 7.5 8773 0.799512 0.44552 3500
2 4 15 75 7.5 5120 0.765543 0.812203 6380
3 2 25 75 75 1824 0.705768 0.64824 5092
4 4 25 75 7.5 5886 0.523901 0.811 137 6374
5 2 1.5 125 7.5 1047 0.748 572 0.417 823 3281
6 4 15 125 7.5 6451 0.738016 0.813 193 6388
7 2 25 125 7.5 2118 0.641999 0.589 434 4630
8 4 25 125 7.5 8985 0.514027 0.811232 6373
9 2 1.5 75 125 1028 0.749232 0.417263 3276
10 4 1.5 7.5 12.5 6265 0.738452 0.812872 6386
11 2 25 7.5 12.5 1998 0.642495 0.590 785 4 641
12 4 25 7.5 125 7667 0.514716 0.811 775 6379
13 2 1.5 125 125 1103 0.704 424 0.392 879 3 084
14 4 1.5 125 125 6601 0.69734 0.778 196 6 113
15 2 25 125 125 2063 0.589703 0.54142 4253
16 4 2.5 125 12.5 8923 0.504 503 0.811 642 6379
17 2 2 10 10 1525 0.692047 0.510053 4007
18 4 2 10 10 7048 0.613 785 0.812 635 6 386
19 3 1.5 10 10 2944 0.746 891 0.622 647 4890
20 3 25 10 10 5649 0.616453 0.812 066 6380
21 3 2 7.5 10 4370 0.715551 0.794 983 6245
22 3 2 125 10 4795 0.660532 0.734758 5771
23 3 2 10 7.5 4345 0.715068 0.795499 6249
24 3 2 10 12.5 4751 0.661539 0.734395 5769
25 3 2 10 10 4456 0.687 192 0.763 956 6002
26 3 2 10 10 4545 0.687244 0.763 495 5998
27 3 2 10 10 4424 0.687 147 0.764 593 6007
2803 2 10 10 4475 0.687277 0.763 663 5998
29 3 2 10 10 4445 0.686992 0.764 774 6007
30 3 2 10 10 4444 0.687087 0.764416 6004
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f03)=

1/ vy =3.4094-0.9126x; —1.0589x, +0.046 Lx; +
0.0468x, +0.1204x,x, —0.004 7x,x; —0.004 7x,x, —
0.00007x,x; —0.0004x,x, +0.000 2x;x, +0.1021x7 +
0.1432x; —0.0014x; —0.0014x;
(5
f@)=
10000/ y, =9.4239—3.0812x, —3.5754x, +
0.14408x; +0.146 7x, +0.4386x,x, —0.017 6x,x; —
0.017 6x,x, —0.0028x,x; —0.0039x,x, +0.0007x;x, +
0.3413x7 +0.4675x3 —0.0035x; —0.0035x;
(6)

AR (3)~(6) T ZKH F A S0 R 5o
R EEE, p (H<0.05 PEHIILA AL & BN,
BIRLAY R 78 /ARG T ELSE RN, S i iR 22
K HIM S R0 R*(R-Squared) FTiH % 5 R4 5% R %L
Ra*(Adj R-Squared) e i 7 [ A FEEAT VPG, J ik
T ST 2 T SR R, K/INTE[0, 12 18]
FUE BB T 1 R UE B RO BT .

R AGH T SRR F AR p LK
MXAK R ESMATEEM, WhrLUEH,
JOLTHI RSS2 2 R 2 1, ARG T LA R R

R4 WA R A R

Table 4 Values of response surface fitting degree

FERAH f) ) f3) f(4)

R-Squared ~ 0.997 506 0.991 576 0.997 775 0.998 859
Adj R-Squared 0.995 178 0.983 714 0.995 699 0.997 795
Pred-Squared 0.984 839 0.947 048 0.988 658 0.994 566
Adeq Precision 68.84579 4451009 71.9081 102.106 8

F 428.5 126.12 480.53 938.34

p-value <0.0001 <0.0001 <0.0001 <0.000 1

4 FET NSGA-1I K1 stttk

LA H 4 D RERNKG)~(6) A T
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Wik [22-23]F — 20 U R 3R Y T A2 1R U AR LR
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Fig. 5 Flow chart of multi-objective optimization by
NSGA-II
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RS AGV 242 H ALl E R4
Table 5 Optimal solution set of AGV system multi-objective
optimization configuration

FORE OEE/ AeEk EIER i AGV MUK R
5 (N (m/s) WHEl/s WHEs kB FIER FIHZE ()
1 4 172 502 505 4737 0760 0.940 7428
2 3 1.84 510 516 3243 0.820 0.907 7172
3 4 155 503 500 4345 0.799 0.908 7148
4 4 150 500 500 4206 0.812 0.896 7037
5 4 144 502 509 4070 0823 0.878 6880
6 3 1.73 532 520 3045 0.835 0.864 6763
7 4 132 504 502 3733 0851 0.842 6575
8 4 128 506 502 3627 0.860 0.829 6463
9 3 158 504 512 2725 0.865 0.824 6380
10 2 291 500 5.00 1733 0.722 0.792 6325
5 ik
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