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Abstract: In order to address the integrated scheduling problem of AGVs (automated guided vehicles) and
machines with considering path conlict in manufacturing system, an improved discrete whale optimization
algorithm based on time window and Dijkstra algorithm was proposed. First, with the goal of minimizing
the maximum completion time, a mathematical model of AGV-and-machine integrated scheduling was
established. Then, a three-stage coding was used to realize the integrated coding of AGVs and machine,

and a continuous space and discrete space were established. Second, in order to ensure the quality and
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diversity of the initial population, an extended GLR population initialization method combining chaotic
mapping and opposition learning was designed. Then, the Levy flight operator and threshold restart
operation were used to further improve the algorithm’s global search capability. Finally, in order to
improve the local search ability of the algorithm, a variable neighborhood search algorithm combined with
the features of the problem was introduced. Standard simulation experiments and flexible simulation
experiments have proved the feasibility and superiority of the proposed algorithm to solve the problem of
AGV-and-machine integrated scheduling.

Keywords: AGV-and-machine and machine integrated scheduling; whale optimization algorithm; Levy step

size; variable neighborhood search algorithm; Dijkstra algorithm
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Fig. 6 Dijkstra algorithm flow chart based on time window
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2100 B ok BE T B A 5 15 B 0 B8 B A0 (B ; STW 2 Bilge 250 32 1 (4 38 3 v ) %5 8 55 AGA 2
Abdelmaguid 255 2 H AR A 8 & L 8 2 MTS & Montane 2500 $2 1H i9 2% 248 R 2 36 PGA J2 Lyu
SRR B R AR L s WOA Ry JFAR fi £0 P b B3 s TWOA J& 28 35 41 H A0 8 1080 il f A fR Bk . v
STW,AGA,MTS,RGA Vi K& PGA #2k A T 3CHRH i i 24l . WOA F IWOA #r AL SHEEWNT .
FIEERLAE 80, Fe KIE R AL 100, WOA /AMARL RN 1, IWOA BRI F B8R 3, St A A 4 50 %0
H&HR 20, WOA Fl TWOA 5 — AT ST B8 17 5 W HUR AL A A H b SCRk &l SR X Hh e 2 fngk 3 i,

x2 t/p>025s MEEERIEER
Table 2 Comparison of algorithm results with ¢/p=>0.25

Tt %
R 1] LB by LB by
Ulusoy  Zheng STW AGA MTS RGA PGA WOA IWOA

EX11 72 72 96 96 96 96 96 96 96
EX21 86 86 105 102 100 100 100 104 100
EX31 81 81 105 99 99 99 99 108 99
EX41 62 76 118 112 112 112 112 122 112
EX51 60 60 89 87 87 87 87 90 87
EX61 96 96 120 118 118 118 118 129 118
EX71 76 76 119 115 111 111 111 124 111
EX81 146 146 169 161 161 161 161 161 161
EX91 93 93 120 118 116 116 116 121 116
EX101 124 124 153 147 147 147 150 153 146
EX12 66 68 82 82 82 82 82 82 82
EX22 76 76 80 76 76 76 76 80 76
EX32 75 75 88 85 85 85 85 89 85
EX42 60 64 93 88 87 87 87 97 87
EX52 54 59 69 69 69 69 69 71 69
EX62 86 86 100 98 98 98 98 105 98
EX72 74 74 90 79 79 79 79 92 79
EX82 140 140 151 151 151 151 151 151 151
EX92 91 91 104 104 102 102 102 107 102
EX102 114 114 139 136 135 135 135 146 135
EX13 64 66 84 84 84 84 84 84 84
EX23 82 82 86 86 86 86 86 90 86
EX33 77 77 86 86 86 86 86 88 86

EX43 58 66 95 89 89 89 89 100 89
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gx2
A A
X1 LB by LB by
Ulusoy  Zheng STW AGA MTS RGA PGA WOA IWOA

EX53 52 57 76 74 74 74 74 76 74
EX63 88 88 104 104 103 103 103 109 103
EX73 76 76 91 86 83 83 83 96 83
EX83 142 142 153 153 153 153 153 153 153
EX93 93 93 110 106 105 105 105 107 105
EX103 116 116 143 141 139 139 139 150 137
EX14 68 68 108 103 103 103 103 108 103
EX24 84 84 116 108 108 108 108 116 108
EX34 81 84 116 111 111 111 111 122 111
EX44 62 76 126 126 126 126 126 139 121
EX54 56 56 99 96 96 96 96 99 96
EX64 90 90 120 120 120 120 120 131 120
EX74 76 76 136 127 126 126 127 145 127
EX84 148 148 163 163 163 163 163 166 163
EX94 91 91 125 122 122 122 122 125 120
EX104 120 120 171 159 158 158 158 177 157

£3 t/p<025MEXRERLE
Table 3 Comparison of algorithm results with ¢/p<(0.25

et
=X LB by LB by
Ulusoy  Zheng STW AGA MTS RGA PGA WOA IWOA

EX110 126 126 126 126 126 126 126 126 126
EX210 148 148 148 148 148 148 148 148 148
EX310 138 138 150 150 150 150 150 150 150
EX410 112 112 121 119 119 119 119 121 119
EX510 102 102 102 102 102 102 102 102 102
EX610 163 163 186 186 186 186 196 186 186
EX710 137 137 137 137 137 137 137 137 137
EX810 271 271 292 292 292 292 292 292 292
EX910 150 150 176 176 176 176 176 176 176

EX1010 218 218 238 238 238 238 242 246 238
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S E.F ATEHERRE S ERAL X0 AGV 5HUE 5 RAE T %
gx3
I A
=817 LB by LB by
Ulusoy  Zheng STW AGA MTS RGA PGA WOA  IWOA
EX120 123 123 123 123 123 123 123 123 123
EX220 143 143 143 143 143 143 143 143 143
EX320 135 135 148 145 145 145 145 145 145
EX420 111 111 116 114 114 114 116 115 114
EX520 99 99 100 100 100 100 100 100 100
EX620 160 60 183 181 181 181 187 181 181
EX720 136 136 136 136 136 136 136 136 136
EX820 268 268 287 287 287 287 287 287 287
EX920 150 150 174 173 173 173 179 173 173
EX1020 216 213 236 236 236 236 236 240 236
EX130 122 122 122 122 122 122 122 122 122
EX230 146 146 146 146 146 146 146 146 146
EX330 136 136 149 146 146 146 146 146 146
EX430 110 110 116 114 114 114 114 114 114
EX530 98 98 99 99 99 99 99 99 99
EX630 161 161 184 182 182 182 182 182 182
EX730 137 137 137 137 137 137 137 137 137
EX830 269 269 288 288 288 288 288 288 288
EX930 151 151 176 174 174 174 177 174 174
EX1030 217 214 237 237 237 237 237 237 237
EX140 124 124 124 124 124 124 124 124 124
EX241 217 217 217 217 217 217 217 217 217
EX340 138 138 151 151 151 151 151 151 151
EX341 203 203 222 221 221 221 221 221 221
EX441 166 166 179 172 172 172 172 173 171
EX541 148 148 154 148 148 148 148 148 148
EX640 161 161 185 184 184 184 192 184 184
EX740 137 137 138 137 137 137 137 137 137
EX741 203 203 203 203 203 203 203 203 203
EX840 272 272 293 293 293 293 292 293 293
EX940 149 149 177 175 175 175 175 179 175
EX1040 219 216 240 240 240 240 240 242 240
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*4 ZFHEHER
Table 4 Flexible study results

C max L epu M
B AGV BE

PGA WOA IWOA PGA WOA IWOA PGA WOA  IWOA

1 129.0 141.0 131.0 264.0 241.0 272.2 130.5 143.6 135.7

2 92.5 110.0 90.0 282.2 257.6 295 93.8 112.4 93.5

3 91.0 101.0 89.0 287.4 262.3 297.4 92.6 103.3 92.9

! 4 84.0 95.0 82.0 293.6 272.5 303.7 85.6 97.1 84.6
5 82.0 90.0 80.0 318.2 294.6 330.1 83.6 92.3 83.9

6 82.0 87.0 80.0 321.6 302.6 335.6 83.1 88.9 83.4

1 100.0 106.0 98.0 161.9 142.6 201.3 100.5 108.6 106.3

2 63.0 65.0 60.0 186.5 159.8 210.3 63.8 66.4 62.9

’ 3 54.0 58.0 49.0 169.2 158.3 215.4 55.51 60.3 56.1
4 54.0 56.0 49.0 176 160.8 223.1 55.0 58.4 54.0

3 105.0 108.0 101.0 559 489.7 620.6 109.7 109.6 105.5

4 100.5 105.0 100.0 550.9 493.5 623.5 105.5 107.4 106.5

3 5 97.0 102.0 96.0 589.6 512.6 624.7 100.2 103.6 102.9
6 96.0 100.0 96.0 599.5 521.4 642.3 98.9 101.9 101.9

7 96.0 97.0 96.0 610.3 539.4 654.2 97.0 98.7 100.6

M 4 AT IE LB T AR 1R AGV B R 1L IWOA B K58 TR F PGA L 7 Hopth 8.1 o
IWOA 85 K56 T [ AN 45 F HAB B AR 525 s OF BAE & 56 h T LU, SR 58 T [ B 25 AGV B0 1Y
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B FEZRE KL TN T.58 805 5 B35 /F AGV Wz, 24 AGV 2] — & 8w 5 i T84 1ok 22
AWK RLZ TR e T 2SR THLEE . W 4 F & 7 THL A8 50 A R 55 50T, 7E 540 1 A
B2 LS AGV BRI, IWOA By K 5E THHENT PGAL X Z i T IWOA i ]l T o7 45 i 45, al
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