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An improved differential evolution algorithm for simultaneous
scheduling of machines and AGVs in an FMS
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Abstract: An improved discrete differential evolution algorithm with variable neighborhood search was
proposed for solving simultaneous scheduling of machines and AGVs in flexible manufacturing
systems. With the optimization goal of making the maximum completion time minimum, considering the
dual resource constraints of machines and AGVs, the corresponding mathematical model was
established. The three-layer coding structure of operation, machine and AGV was employed to schedule
machines and AGVs simultaneously. In order to improve the global search capability, the differential
evolution algorithm generated new individuals by improved mutation and crossover operators, and

introduced the acceptance criterion of solution in simulated annealing algorithm to select next

Wo#s B #3:2020-07-17 M4 AR B #3:2020-09-08

E£WMAB :HEARPEIEEGTTIINE (51205429) ; 17 &8 M 48 il AL OC T R 17 Mk B0 1k 4= 0] 28 sUbm HE BF 908 5 I 30 56
JIE”I H (CSICXX002)
Supported by National Natural Science Foundation of China (51205429) and Ministry of Industry and
Information Technology “Research and Experimental Verification on Integration Standard of Digital Workshop
in Key Parts Industry of Marine Diesel Engine” (CSICXX002).

YEZ BN ALK (1996—) , &, PR KW LA, EENFA s /EE B B e B B9, (E-mail) 20141999 @
cqu.edu.cn,

BIAEE RE)I B ERRFHE, WA A S0, (E-maiD syc@cqu.edu.cn,



% 12 9 B2 R.F.AXTEo0#MLEXFHFMS FHEL AGV 117

generation. Furthermore, a variable neighborhood search was performed on the optimal individual in each
iteration of the algorithm in order to enhance the local search capability. Finally, the effectiveness, stability
and superiority of the improved differential evolution algorithm were proved by calculation and comparison
of examples.

Keywords: flexible manufacturing systems; scheduling; differential evolution algorithm; variable

neighborhood search
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Table 2 Transportation time of AGV between machines min
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Fig. 3 The three-layer coding structure of operation, machine and AGV
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Fig. 7 Comparison of convergence curves of three algorithms
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Table 3 Experimental results of three algorithms for EX11 example

e A
GA DE IDDE-VNS
1 99 98 98
2 99 98 97
3 104 100 96
4 101 100 97
5 97 96 96
6 99 97 97
7 100 97 97
8 99 97 97
9 100 97 96
10 98 101 97
11 104 101 96
12 99 97 96
13 104 97 97
14 101 100 96
15 101 99 96
16 101 101 97
17 104 100 99
18 102 100 99
19 96 96 98
20 102 97 100
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Table 4 Experimental results of non-flexible examples

. FERHL, IDDE-VNS & it

AL %
Rl
STW AGA FDE FMAS IDDE-VNS

EX11 96 96 96 111 96
EX21 105 102 100 128 100
EX31 105 99 99 114 99
EX41 118 112 112 163 112
EX51 89 87 87 97 87
EX61 120 118 115 138 118
EX71 119 115 112 124 111
EX81 161 161 161 191 161
EX91 120 118 114 138 116
EX101 153 147 147 170 147
EX12 82 82 82 87 82
EX22 80 76 76 88 76
EX32 88 85 85 99 85
EX42 93 88 85 99 87
EX52 69 69 69 78 69
EX62 100 98 98 94 98
EX72 90 79 79 78 79
EX82 151 151 153 149 151
EX92 104 104 104 107 102
EX102 144 136 135 154 135
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Fig. 8 Gantt chart of flexible example scheduling scheme
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