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Abstract

Abstract: Under the new "container-to-person” picking mode in intelligent warehouses, a new optimization
model and its improved genetic algorithm are proposed to solve the picking path planning problem of
multiple container robots. According to the picking mode and characteristics of container robots, the
picking path planning problem is transformed into an asymmetric vehicle routing problem, and a mixed
integer programming model is established with bi-objectives of the shortest total picking path and the
least completion time. A hybrid genetic algorithm is designed to solve this model, and the effectiveness
and stability of the algorithm are verified through large-scale examples. The computational results
demonstrate that the picking efficiency of container robots is improved by the proposed model and its
algorithm, and their total picking cost is reduced.
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HIESIN e BB 58RI [A]/
YT & m s

1 0-13-6-18-12-1-0 116 116
2 0-17-21-4-3-24-0 116 116
3 0-28-25-8-26-23-0 90 90
4 0-9-10-29-20-16-0 70 70
5 0-11-27-22-15-19-0 74 74
6 0-30-2-14-5-7-0 125 125

ERAL 591 125

PEDIXFLE, 20 50 R F DU b A S 320t B 5
BIEAT R, Prfsai RINE 3 P

R3O DUR AR SRR AR LS R

Table 3  Solution results of four algorithms

DIREIN AR SR

e s i Em (Al
1 0-6-18-12-8-1-0 140 140

2 0-27-16-15-20-9-0 94 94

3 0-10-29-30-2-14-0 101 101

SA- 4 0-28-26-25-24-19-0 108 108
aA 5 0-11-23-17-21-7-0 88 88
6 0-22-13-5-4-3-0 140 140

HAnE 671 140

1 0-9-2-25-16-20-0 108 108

2 0-11-21-14-5-4-0 124 124

3 0-30-17-6-22-8-0 124 124

SA 4 0-23-12-28-10-18-0 98 98
5 0-7-19-13-27-24-0 116 116

6 0-29-26-31-3-15 123 123

H e 693 124

1 0-14-7-19-13-2-0 116 116

2 0-10-30-21-17-3-0 118 118

3 0-6-5-15-31-4-0 160 160

GA 4 0-20-12-28-16-24-0 74 74
5 0-18-22-8-11-23-0 94 94

6 0-29-26-9-27-25-0 108 108

ERaIEN 670 160

1 0-27-9-13-19-2-0 162 162

2 0-5-3-31-15-7-0 159 159

3 0-14-25-4-6-17-0 178 178

CW 4 0-30-21-16-26-29-0 122 122
5 0-18-22-8-11-10-0 72 72

6 0-12-28-23-24-20-0 86 86

SR IEN 779 178

NTERE, FHSARRBIGRKEIE, GA
FoNBEREE, CW SRR KR AR VRP 7] 3 ) 22 88 )
RANFIE—TL5VL, SA_GA R R CHR[17]+
BT RERLR K AL B, CW_GA RRA L4
H IR A AL 5. B AR ST CW_GA 5
AT BT B E ET [B] 125 s, BT LA A AT 3
BN 591 m, AN HARME R 8 IR EVE 1)

IRUFEAE R, AR RO B 2 P 4 33.66%,  #55
IREE R LE LI 5
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Fig. 6 Convergence curves of CW_GA and SA_GA
algorithms
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Fig. 7 Sensitivity analysis
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Fig. 8 Schematic diagram of large-scale container picking
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Table 4 Comparison of calculation results with different container quantities

i B brea 1 Hbreki %k 2
v ke SRl B ikl H2 R Hik2 Gapl/% Gap2/%
AR RAEE , _ . .
(obj1) (obj2) (obj3) (obj4)
100 1 5 1599 1750 122 127 9.44 4.10
110 1 5 1 808 1894 116 120 476 3.45
120 1 5 1955 1986 123 124 1.59 0.81
130 1 5 2118 2150 124 124 1.51 0
140 1 5 2257 2362 119 118 4.65 -0.84
150 1 5 2418 2591 118 122 7.15 3.39
avg 4.85 1.82

NTHE2AEEWHREZR, 4 Gapl=
(0bj2-0bj1)/0bj1x100%, 7~ AH bk F A 45 H 1
CW_GA®E, SA_GABEH S EEEATHD B ARk

ORI
FKN SA GA H kv i K 58 B 8] (BP H 5 28

4> Gap2=(obj4-0bj3)/0bj3x100%,
$2)

fUsgmbe . R4 vR, BEE G o 1 A
FEK, P Gapl RAEHGZ KT 0, 1T Gap2 H A
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obj2 A B e A A B A AT kD T AT
WER S, SOMEIL 72 A OL. AF
YJH) Gap H K&, Gapl 5 Gap2 #{1E 2% £ 4
CW_GA HiE T SA_GA Bk,

Wi 2 AR AR . e e AR HR o 100, HK 67T
B, MR T A A b B AR HOE [ e AR, BEE
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N ) BRI B 42 obj 1 Al obj2 #RLE AT IR/ . X

K A b M%Awﬁ%%mﬁﬁgmﬁm,
FERATHRE BT 2 1 Te R, ATk TR R
KR T K HRIL I [A] obj3 Al objd, I [l
DN N B B3 R 7 8 B 4 i/ Y T e T H 30
RN, M Gap FHIPMERE, Gapl 5 Gap2 #B
BB T 4.78% LA b, AU S ARER T SA_GA

4.3 BRABR AR ERAT

KRB E R —

ahlas N — kil

SEHIRAERCR -
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Table 5 Comparison of calculation results with different maximum shelf-hitting containers
HFreR# 1 H s b5 4 2
g ook BOVER e iﬂm ﬁ&j B2 Gapl1/% Gap2/%
P AR SR , _ . .
(bjl)  (obj2)  (obj3)  (obj4)
100 2 5 1616 1637 117 127 1.30 8.55
100 3 5 1685 1741 123 153 3.32 24.39
100 4 5 1762 1706 124 124 -3.18 0
120 2 5 1872 1951 125 120 4.22 -4.00
120 3 5 1853 1938 126 114 4.59 -9.52
120 4 5 2024 2082 119 119 2.87 0
150 2 5 2371 2403 116 116 1.35 0
150 3 5 2275 2358 119 119 3.65 0
150 4 5 2345 2368 119 119 0.98 0
avg 2.12 2.16
Ko AFEBRABIEE T T LE R L
Table 6 Comparison of calculation results with different maximum load-carrying containers
b 1 H#i 2
Ligiik e Al oo ﬁﬁlﬁ ﬁﬁ&z ﬁ&lﬁ ﬁﬁ&z Gapl/%  Gap2/%
i RAESE RRNE _ _ . .
(objl) (obj2) (obj3) (obj4)
100 1 6 1 447 1584 122 136 9.47 11.48
100 1 7 1363 1497 121 148 9.83 22.31
100 1 8 1268 1364 132 138 7.57 4.55
100 2 6 1424 1392 134 134 -2.25 0
100 2 7 1330 1417 130 136 6.54 4.62
100 2 8 1187 1302 123 134 9.69 8.94
100 3 6 1 440 1423 117 123 -1.18 5.13
100 3 7 1354 1368 122 128 1.03 4.92
100 3 8 1177 1204 130 124 2.29 -4.62
avg 4.78 6.37
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