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Dynamic Allocation Based on “Goods-to-person” Picking System

ZHANG Xue, ZHOU Li, LU Xue-peng, SHANG Jiao

(School of Information, Beijing Wuzi University, Beijing 101149, China)

ABSTRACT: The work aims to study the goods allocation when the initial storage status of the e-commerce warehouse is not
empty, so as to improve the order picking efficiency of the “goods-to-person” picking system. Considering the information of
the existing goods on the shelf, the number of vacant goods allocation in the warehouse, the goods to be replenished and the in-
formation of the new incoming goods, a decentralized storage strategy based on the degree of goods relevance was proposed to
maximize the sum of the relevance of all stored goods on the shelf, thus constructing the mathematical model of dynamic alloca-
tion of goods on and off the shelves. Then, a greedy algorithm was designed, and the particle swarm algorithm was improved to
optimize the results obtained by the greedy algorithm. The decentralized storage strategy based on the degree of goods relevance
could reduce the average number of shelf handling by about 29.32%. Compared with the random allocation strategy, the pro-
posed allocation strategy can effectively improve the picking speed of the entire e-commerce storage center.
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Fig.1 Schematic diagram of warehouse layout of “goods-to-person” picking system
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Fig.2 Goods allocation process
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i Tab.1 Information of 300 orders to be picked
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e ST 1 26
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Tab.3 Goods relevance calculation result

T i 1 2 3 4 5 6 64 65
1 0 0.095 0.427 0.259 0.495 0.995 0.036 0.293
2 0.095 0 0.448 0.823 0.886 0.071 0.573 0.264
3 0.427 0.448 0 0.135 0.336 0.255 0.104 0.467
4 0.259 0.823 0.135 0 0.718 0.491 0.320 0.950
5 0.495 0.886 0.336 0.718 0 0.721 0.185 0.638
6 0.995 0.071 0.255 0.491 0.721 0
64 0.036 0.573 0.104 0.320 0.185 0 0.906
65 0.293 0.264 0.467 0.950 0.638 0.906 0
*4 RBEEGINMBRASELER
Tab.4 Initial goods allocation obtained by the greedy algorithm
ARG S Hefi 1 Behs 2 Hefi 3 B 4 Befs 5
1 14(36) 45 53 13 10
2 55(0) 64(0) 46 9(0) 10
3 57(0) 43 44 60(30) 25
4 21(0) 49 12 13 56(31)
5 26 23 21(0) 46(0) 64(0)
6 50(0) 65(36) 42 11 24
7 39(19) 37 8 11 9
8 9(0) 17 4 8 65(0)
9 2 5(30) 57(33) 25 18
10 43 22 38 11 17
11 15(7) 26 61(30) 3 40
12 52(0) 55(0) 54 1 58(0)
13 57(0) 51 32 48 10
14 56(7) 58(33) 53 37 28(0)
15 60(31) 11 65(0) 51 43
16 54 21 17 4 20
17 3 50(34) 49 62(19) 5
18 23(34) 16 46(0) 52(0) 64(36)
19 24(0) 41 13 6 4
20 44 3 56(0) 53 21(0)
21 41 45 46(35) 53 39
22 12 15(0) 54 47 27
23 9(19) 29 48 8 1
24 27 15 63(34) 50 39(0)
25 25 2 43 45 41
26 26 5(19) 28 59(33) 22
27 5(0) 18 58(31) 8 51
28 47(0) 55 32 14 6
29 60(31) 49 23(0) 45 62(0)
30 10 52 14(36) 42(33) 37
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Tab.5 Goods allocation obtained after optimization by particle swarm algorithm

TR G S Hefi 1 Behs 2 Hefi 3 s 4 s 5
1 5(36) 45 53 13 10
2 56(0) 62(0) 46 9(0) 10
3 57(0) 43 44 61(30) 25
4 52(0) 49 12 13 56(31)
5 26 23 21(0) 9(0) 65(0)
6 39(0) 64(36) 42 11 24
7 39(19) 37 8 11 9
8 42(0) 17 4 8 60(0)
9 2 23(30) 21(33) 25 18
10 43 22 38 11 17
11 55(7) 26 57(30) 3 40
12 14(0) 56(0) 54 1 58(0)
13 24(0) 51 32 48 10
14 55(7) 59(33) 53 37 28(0)
15 60(31) 11 15(0) 51 43
16 54 21 17 4 20
17 3 50(34) 49 62(19) 5
18 52(34) 16 9(0) 23(0) 46(36)
19 5(0) 41 13 6 4
20 44 3 57(0) 53 15(0)
21 41 45 64(35) 53 39
22 12 21(0) 54 47 27
23 58(19) 29 48 8 1
24 27 15 58(34) 50 47(0)
25 25 2 43 45 41
26 26 5(19) 28 60(33) 22
27 65(0) 18 63(31) 8 51
28 46(0) 55 32 14 6
29 64(31) 49 50(0) 45 65(0)
30 10 52 46(36) 14(33) 37
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Fig.4 Convergence curve of particle
swarm algorithm
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SR T UE BH SC A AR R B AR SR i B A8 A T AR AR
GERRT R E M, TEIT R0 300 AR TR 2RI 6240
B (L=5) MIBHT, B FEECE AT R i
SE L BNISCA R A R EORORS TR B B B 2R, SO R
W 5 B AL 3 i 556 s 119 5% 204 3 IR BIGHEA T T X EE, X E
ZEIR I 8,



Fa3zk HIsH K, G FETRBCRL R GRS AL BT - 255 -

®6 BNSBREIMNEMIELSER

Tab.6 Goods allocation obtained by random distribution

L R T 1 T 2 3 T 4 LA
1 50(36) 45 53 13 10
2 23(0) 50(0) 46 57(0) 10
3 21(0) 43 44 23(30) 25
4 60(0) 49 12 13 28(31)
5 26 23 9(0) 14(0) 39(0)
6 14(0) 63(36) 42 11 24
7 21(19) 37 8 11 9
8 47(0) 17 4 8 55(0)
9 2 15(30) 55(33) 25 18
10 43 22 38 11 17
11 56(7) 26 60(30) 3 40
12 58(0) 57(0) 54 1 56(0)
13 42(0) 51 32 48 10
14 65(7) 5(33) 53 37 39(0)
15 58(31) 11 46(0) 51 43
16 54 21 17 4 20
17 3 57(34) 49 60(19) 5
18 52(34) 16 5(0) 9(0) 61(36)
19 24(0) 41 13 6 4
20 44 3 15(0) 53 9(0)
21 41 45 59(35) 53 39
22 12 62(0) 54 47 27
23 64(19) 29 48 8 1
24 27 15 64(34) 50 46(0)
25 25 2 43 45 41
26 26 52(19) 28 65(33) 22
27 46(0) 18 64(31) 8 51
28 56(0) 55 32 14 6
29 21(31) 49 62(0) 45 58(0)
30 10 52 65(36) 5(33) 37

e () BRI ANPINIEMIRE, S8 TR,

RT 2WBEMOBRMEERIILE

Tab.7 Comparison of 2 goods allocation strategies

43 TE 5K s SR ANCEEACIEN iz AR SR B
SCHR A3 TR W 178.507 1166
Rl BIL A 54 s 129.409 1651
PRAEE 7 /% 37.94 29.38

x8 ARMEMESEIRREERNTLL

Tab.8 Comparison of handling number of shelves of different scales

g aMep g A R e ol LR R YT
TR K HAM L%
15 5 5 30 1011 1495 32.37
20 5 5 40 1157 1623 28.71
25 10 5 50 1192 1 656 28.02
30 15 10 85 1308 1 803 27.45
40 15 10 105 1406 2010 30.05
S 29.32




- 256 f1 %% T 72

2022 4 8 A

HiZ% 8 A1, SEEHLMECARISAR L, SCHh 42 Y
TR i S IR 1 0 BT il SRS 14 62 AR s T A
BREAR T 29.32%, HCIERT T 30 B Y 0 C SR
LA HA R E R A7

5 H#iE

UTAER, B L RTRO PR R, BRIl TR
T AR BV AN BC IR AL AR, B R TTIRIZ TR
BB AR R GE . SCHP M B Rl 2Z 18] S 2
PEATTHRE, RS — R i ] U TE 2 DR B €
J2E N JEUA R b B R i T 5 B BT 61K BT 2
TR b ST A B L B S A R AR i R Y, it
AR SE FORL TR A A TR, IRl (5 B AT
BISUE, S5RRWT, S A B AL BT SR T LA
9 BRSO

TEWFTE b8 BT 22 58 58 (o0 B IR, S
LA 5 T R AR A B S BORE I 155 D T R i R A
T it T TG AN B L 2 R 292, A AR S o
T AP ANE R PR IE VT B A I 00, (EON S B A 2
K, AIRES AR PRIETT 5 b A0 35 A W0 R il B 1 DL
[ AR, SC AP BAT 25 RS0 A i 6 R )T R8RS, IR
TE T — B BIWEFE oo 36 T 5 80X 2 A O

S 3k

[1] YANG X, HUA G, HU L, et al. Joint Optimization of
Order Sequencing and Rack Scheduling in the Robotic
Mobile Fulfilment System[J]. Computers & Operations
Research, 2021, 135: 105467.

[2] BOYSEN N, BRISKORN D, EMDE 8. Parts-to-Picker
Based Order Processing In a Rack-Moving Mobile Ro-
bots Environment[J]. European Journal of Operational
Research, 2017, 262(2): 550-562.

[3] ROY D, NIGAM S, DE KOSTER R, et al. Ro-
bot-Storage Zone Assignment Strategies in Mobile Ful-
fillment Systems[J]. Transportation Research Part E
Logistics
119-142.

[4] SHARMA K, DORIYA R. Coordination of Multi-Robot

and Transportation Review, 2019, 122:

Path Planning for Warehouse Application Using Smart
Approach for Identifying Destinations[J].Intelligent
Service Robotics, 2021, 14(2): 313-325.

[5] PAIKRAY H K, DAS P K, PANDA S. Optimal Mul-
ti-Robot Path Planning Using Particle Swarm Optimiza-
tion Algorithm Improved by Sine and Cosine Algo-
rithms[J]. Arabian Journal for Science and Engineering,
2021, 46(4): 3357-3381.

(6]

[10]

[11]

[12]

FO, TrgA, AR, B0 ECOL AR IE ST 5 R ).
LT 5 R, 2021, 57(1): 48-55.

LEI Bin, WANG Wan-ying, ZHAO lJia-xin. Review of
Research on Location Allocation Optimization[J].
Computer Engineering and Applications, 2021, 57(1):
48-55.

BORTOLINI M, FACCIO M, FERRARI E, et al. Design
of Diagonal Cross-Aisle Warehouses with Class-Based
Storage Assignment Strategy[J]. The International
Journal of Advanced Manufacturing Technology, 2019,
100(9): 2521-2536.

ZHOU Li, SUN Li-li, LI Zhao-chan, et al. Study on a
Storage Location Strategy Based on Clustering and As-
sociation Algorithms[J]. Soft Computing, 2020, 24(8):
5499-5516.

I, g, R, T AL LR R T R 1R
RLACALBESEN]. ik A 31k, 2020, 42(8): 68-73.
LI Yang, TANG Lei, HU Jun. The Research on Space
Parts Warehouse Location Optimization Based on Ge-
netic Slgorithms[J]. Manufacturing Automation, 2020,
42(8): 68-73.

PANG K W, CHAN H L. Data Mining-Based Algorithm
for Storage Location Assignment in a Randomised
Warehouse[J]. International Journal of Production Re-
search, 2017, 55(14): 4035-4052.

LEE C. A GA-Based Optimisation Model for Big Data
Analytics Supporting Anticipatory Shipping in Retail
4.0[J]. International Journal of Production Research,
2016, 55(2): 593-605.

JAW =, BT, a6, % YR R OGS A
RIS AL I IE (D). ZRAE R (A AR
2ER), 2020, 46(3): 414-420.

ZHOU Ya-yun, XIANG Qian, YU Chong-gui, et al. A
Method for Storage Location Optimization Considering
Material Demand Correlations and Turnover[J]. Journal
of Donghua University (Natural Science), 2020, 46(3):
414-420.

HOLY V, SOKOL O, CERNY M. Clustering Retail
Products Based on Customer Behaviour[J]. Applied Soft
Computing Journal, 2017, 60: 752-762.

NIU J. Intelligent Evaluation Model of E-Commerce
Transaction Volume Based on the Combination of
K-Means and SOM Algorithms[J]. International Journal
of Information and Communication Technology, 2021,
18(2): 189.

M, EER, BRE, L RTINS AT
PR R AR A EIEER [T, RER S



a3k 1S

K, G FETRBCRL R GRS AL BT

© 257 -

[16]

[17]

[18]

2%, 2020, 40(6): 1050-1060.

YUAN Rui-ping, WANG Hui-ling, LI Jun-tao, et al. The
Slotting Optimization Model and Algorithm in Robotic
Mobile Fulfillment Systems[J]. Journal of Systems Sci-
ence and Mathematical 2020, 40(6):
1050-1060.

KIM H J, PAIS C, SHEN Z J M. Item Assignment

Problem in a Robotic Mobile Fulfillment System[J].

Sciences,

IEEE Transactions on Automation Science and Engi-
neering, 2020, 17(4): 1854-1867.

8575, EmN. HeT SKU IR BE i1 it 3 £t Ak 1) e F 52
[7]. BUeERSE S A, 2021, 51(14): 31-40.

BAO Ju-fang, WANG Li. Research on Optimization of
Storage Location Based on SKU Correlation[J]. Math-

[19]

[20]

[21]

ematics in Practice and Theory, 2021, 51(14): 31-40.
MASOUD M, NIMA Z, RENE D K. The Impact of In-
tegrated  Cluster-Based  Storage  Allocation on
Parts-to-Picker Warehouse Performance[J]. Transporta-
tion Research Part E, 2021, 146: 102207.

ONAL S, ZHANG Jing-ran, DAS S. Modelling and

Performance Evaluation of Explosive Storage Policies

in Internet Fulfilment Warchouses[J]. International
Journal of Production Research, 2017, 55(20):
5902-5915.

LAMBALLAIS T, ROY D, DE KOSTER M. Estimating
Performance in a Robotic Mobile Fulfillment System[J].
European Journal
256(3): 976-990.

of Operational Research, 2017,

SRS R



