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Abstract

In the intelligent warehouse picking system of “goods to people”, the reasonable scheduling and
task assignment of robots affect the efficiency and cost of the system. Therefore, this paper con-
siders both robot scheduling and task assignment in the “goods to people” picking system, and es-
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tablishes a two-stage stochastic programming model with uncertain robot idle time. In the first
stage, for a given number of robots, the upper-level strategy of whether to schedule robots is made
to minimize the total expected cost of robots completing all tasks; In the second stage, for a certain
scene, the lower-level strategy of how to allocate tasks reasonably is made to minimize the cost of
idle time for the robot to complete all tasks. Then the genetic algorithm is used to solve the model,
and the feasibility of the model is verified by an example simulation.

Keywords

“Goods to People” Picking System, Robot Scheduling, Two-Stage Stochastic Programming, Genetic
Algorithm

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

BE OEANE TR R, EFRATFEHIB T asr i A, i B AR — MR IS0 T
55 HOWRRES o FHL TR 5% A S SR A R AR E T BRI MDIRAT ML A PSS o T 3R i DU AR AR AR T T 55 Al
BUE RN RIER S, RN YRIR RS, B RO RGNV EZ R — 1. KHE
38 BT AR AN Kiva HLas N R GEEREAD G ik KRG BOCRAT T RR ISR, B T4
CNEITE” I, SR AT RN “ IR RN SRR [2]. IR R A AR S5 A LR AR LA A
K RGHRICE BT BRI EEME S Bl Boss RGP A FKEE e A, BdLas AEIT e S
JITLE ) B B84808 B4k 5% TR A2 B PRk & i) A7 B DA 5 T ki

L, CAHRZ AR “IREIN HIE RGP RN NMES 2B AT T, s sn i ss
[B3ILANLES N SE BT 55 R AN RN S5 AR, 70 Al L 1 LS NAE RSP AN S0 #5155 1
FERERY, I R P 50t ) W R 2 A8 A S0 AT SR, 45 HH 2 N IRIL T & R HRIE ROR BT . IR IR S (4]
SR STAE S5 1 70 BE DA S BRARARH Sie U XU H A Y, S5 3 Y ) — PP Al 32 8 A B, ok 1 R
ChEHLAE NFIAES S RL R R Nielsen SE[STHTFT 1 HAHLAS NI BERERY, IF 0 AR RE AT T 240K,
R BT 1AL S 1 Ja R SNEOR LA NI BCIEAT 5550 SR B S5 (6] LANL &8 N B 55 1 B s AR A N
FIAREEIRR, A SO SR AL, @SB s, AR 7 AL NS5 20 Be BLU% B A
Rllo BT EE[TINHLES NI BOH RV S5 BT REAT A, DINLAS AIPERESR bR i N AR S5 B A,
ZHLas NI 55 73 B 1A A 22 AT 7o il L, e et AR SO SR AR U RO e 1 22 WL N AR 55 70 e i)
R FARBEE[BILANL A NPATAE S5 I (8% ) B BERRARMY . O RAT S8 55 A5 [ A PR H AR, SR A%
FIER B NBESS AT 70 BE, Q-learning SVEXS ML &5 A 70 Be 21 HOAE 55 BEAT HAK RS AR LR o

£ BN SFIERGH, WMATRENL S AR B0 E B, O A LS A B BE el B AT 1R AE .
40 Milica Z2[91#E T 2 HARHLAS AR, 2 1 — A T R 2L NI 2 H AR AR LA 48 U7,
R FH ek PR Bt A S0, M T LB AN RS 108, Jia Ma Z5[ 10125 T S/ MEHL38 NS TAT 55 e i [ il i
KRB NPATAE SIS ) 2 H AR, 32 1 — Rl 5 T Parcto i) MOEA, fEHLES AR
) EHRAS BRI SE R o ZERESE[ 1117558 T HLas NAE 58 BUAE 55 IR R v AT B BRES B AN 5E 1, ST 54
MU= RURIER, B AR 5L, ik 7 HLES AU AT 55 50 e 7]

DOI: 10.12677/0rf.2024.141102 1107 18 %5 S 2


https://doi.org/10.12677/orf.2024.141102
http://creativecommons.org/licenses/by/4.0/

JAE T S

ER PR, BUAT SCERZE R 22 B A [ 802 AT A S AL B bR, BOA B LA AR IR A, JF AR
L NAEAT AL AR 2 108, (EESSPREoLT, HLES AAEATE IR A T R A R 3 ZEMHERL, 1K
FEIE AL NS AT I MBI ENE . PIEASCRI RS “ BB ik R h IV N AR5 20
Be el fL, RS T LA NS RN TR ASE 52 T T BOBE LRI R . 28— B B, X e pLas N, 1k
R SIS N LRSS, AN N S OIT A AR S5 R i S TR A Rl S B, o T2
s, AR & BT 5 0 BCH R RS, (S LA A SE BUITA E 55 1A R I () A e /s o R
R 384 S0 IR R BEAT SR, a3 Se) 07 FLARIE 7 REA B mTAT

2. PR EREAN SRR EY
2.1. EREHER

“TRRINT PRt F G0 BT AT R I 8 2T T A B R [12], A 1 P, R B
HILE . Pl N XA

AGVIEFZEIX.
k///
AGV

<[]
o o0 0 O O

«

LG

Figure 1. “Goods to people” picking system warehouse plan
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Figure 2. Flow chart of robot completing task
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Figure 3. Flow chart of genetic algorithm
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Figure 5. Minimum cost for scheduling robots to complete 40 tasks
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Figure 6. Minimum cost for scheduling robots to complete 50 tasks
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Figure 7. Minimum cost for scheduling robots to complete 60 tasks
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Figure 8. Minimum cost for scheduling robots to complete 70 tasks

8. R ATTR 70 MES LSRR &N

DOI: 10.12677/0rf.2024.141102 1116

>

ot

o
%

>

S


https://doi.org/10.12677/orf.2024.141102

e SR

3.45 | .

3.445 | [+ —sotfEn ] 4

3.38 ‘ : '
4 5 6 7 8

PLEF NECEA

Figure 9. Minimum cost for scheduling robots to complete 80 tasks
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Table 3. Robot scheduling, total idle time cost, expected total cost and task allocation results for different tasks
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2-10-15-18-21-25-28-29-35-38-46-47 2-1-2-5-6-7-15-18-21-22-23-26-35-40-45-50
50 4 0.022 2.306 3-5-12-16-20-22-27-30-31-32-34-40-45- 0.030 3.120 3-3-9-12-16-17-24-33-39-44-46-47

48-50 4-10-11-13-14-19-25-27-28-30-31-36-37-

4-3-6-7-8-9-17-19-23-26-33-39-44 41-48

60

70

1-4-10-19-20-27-28-30-33-39-44-47
2-2-6-15-31-37-41-56-57-58-59-60
3-1-7-12-17-22-24-32-35-40-45-48-50-
51-52-55
4-11-13-14-18-21-25-29-34-36-46-53-54
5-3-5-8-9-16-23-26-38-42-43-49

0.017 2.639

1-4-5-16-17-25-27-28-30-31-33-36-41-
45-50-51-52-54-62
2-2-6-9-11-13-14-19-26-35-40-48-53-
56-57-58-59-61-67-69
3-1-7-8-12-20-23-29-34-38-42-43-49-
60-65-66-68
4-3-10-15-18-21-22-24-32-37-39-44-
46-47-55-63-64-70

1-2-7-17-20-23-26-32-36-39-44-46-
47-53-54-64-70
2-3-10-11-19-21-25-29-35-40-43-49-
58-65-66-68
3-13-14-24-27-28-30-31-37-41-59-

0.016 3.031

80 5 0.042 3.388

60-62-63-72-73-74-75
4-4-5-8-9-12-16-22-34-38-42-45-48-
50-51-52-55-71
5-1-6-15-18-33-56-57-61-67-69-76-
77-78-79-80

1-14-15-18-19-23-24-31-37-41-43-49
2-10-12-16-20-25-28-30-32-36-44-46-
48-50-52-54
3-3-5-7-17-39-47-55-56-57-59-60
4-1-6-8-9-21-22-29-35-40-45-51-53
5-2-4-11-13-26-27-33-34-38-42-58

0.046 3.540

1-1-9-12-16-19-23-24-25-28-29-35-40-
48-51-52-55-56-57-61-62-63
2-2-6-7-10-11-13-14-15-18-21-30-31-33-
36-39-45-50-54
3-4-5-22-32-34-38-41-42-43-49-58-59-
60-64-65-66
4-3-8-17-20-26-27-37-44-46-47-53-67-
68-69-70

0.028 4.020

1-4-6-8-9-10-13-14-19-20-22-23-24-30-
33-37-38-42-45-48-50-54-73
2-2-18-21-26-32-36-46-52-53-56-57-58-
60-64-65-70
3-3-5-7-16-25-28-34-41-43-44-61-62-63-
71-72-74-75

4-11-12-17-27-29-35-40-49-59-66-76-79-80

5-1-15-31-39-47-51-55-67-68-69-77-78

5. &g
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22 PRI TR) AN 52 1 T 9 B BB AL R RIS R DAy L 2 N PS8 R 55 G Bl RS 1 — T 7 O A S
BrEc e mpLas AR, AR B LS AR Z SR ﬁﬁﬂ%km&%ﬁﬁ%ﬁ%mu%
ERAEME; BB TP S, A0 A B AT AR 55 X FE K TR SRS, (AR HLER A SRR
I AR 55 25 R T8 A B M, Sl 45 A AR 505, i o 1R R PR SR A ), SEEL 1 HLER K
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