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Optimization method of location allocation in automated stereoscopic
warehouse based on grey wolf algorithm

GAO Yanlong, ZHAN Changshu

( School of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150006, Heilongjiang, China )

Abstract . This study addresses the slot allocation optimization problem in automatic stereoscopic warehouses, a multi-objective optimization
mathematical model incorporating three dimensions—inbound efficiency, shelf stability, and goods relevance—is first constructed. The
model transforms the multi-objective problem into a single-objective function using the weight coefficient method, with target weights
determined via the Delphi method. For the solution approach, a grey wolf optimization algorithm is proposed. This algorithm mimics the
social behavior and hunting strategies of grey wolf packs, mapping storage location coordinates to individual positions through integer
encoding, using the objective function value as the fitness evaluation criterion, and searching for the optimal solution via an iterative update
mechanism. To validate the effectiveness of the method, simulation experiments are conducted based on the MATLAB platform, with the
three sub-objective function values reduced by 49. 72%, 53. 89%, and 67. 37%, respectively, and the weighted total objective function
value reduced by 52. 35%. Through three-dimensional visualization simulation diagrams, it can be intuitively observed that after
optimization, high-turnover goods are positioned closer to the entrance/exit, heavy goods are placed lower while lighter goods are stored
higher, and similar goods are clustered together. The proposed algorithm can effectively solve the multi-objective slot optimization problem,
achieving significant improvements in enhancing inbound/outbound efficiency, strengthening shelf stability, and optimizing the classified
storage of goods, thereby providing a feasible solution for the intelligent management of automated stereoscopic warehouses.

Keywords: warehouse management; automatic storage and retrieval systems; slot allocation optimization; multi-objective optimization;
grey wolf algorithm; three-dimensional simulation
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Fig. 1  Automated warehouse layout diagram
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Tab. 1 Parameter definition of the slot allocation optimization model
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Fig.2  Flowchart of the grey wolf optimization algorithm
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Tab.2 Basic parameters of the automated storage

and retrieval system

2 gz
x S5 ) 1.5 m/s
y i T 1.5 m/s
2 7 1) L 0.66 m/s
(AR I m
37 5 1 1m
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Tab.3 Product-related attributes and initial storage locations

®3 LREXEMURAIGEE R HE

g5 Fif/kg JAER/%  IRAS PR (x,y.2)
1 100 0. 152 4 (7,4,2)
2 80 0.225 2 (7,3,1)
3 75 0.287 3 (5,10,4)
4 100 0.152 4 (6,2,5)
5 75 0.287 3 (6,2,3)
6 80 0.225 2 (7,3,3)
7 75 0.287 3 (7,2,3)
8 75 0.287 3 (4,1,6)
9 100 0.152 4 (1,5,4)
10 50 0. 336 1 (5,9,2)
11 80 0.225 2 (4,10,6)
12 50 0.336 1 (5,6,2)
13 80 0.225 2 (5,2,3)
14 75 0.287 3 (8,7,3)
15 100 0.152 4 (8,8,3)
16 80 0.225 2 (1,7,4)
17 50 0.336 1 (6,5,5)
18 80 0.225 2 (1,4,4)
19 50 0.336 1 (2,10,2)
20 80 0.225 2 (3,5,2)
21 100 0. 152 4 (1,6,6)
22 50 0.336 1 (2,1,2)
23 100 0.152 4 (4,2,5)
24 80 0.225 2 (5,5,5)
25 80 0.225 2 (2,1,5)
26 50 0.336 1 (1,9,2)
27 75 0.287 3 (3,9,2)
28 50 0.336 1 (6,8,1)
29 100 0.152 4 (1,5,2)
30 50 0.336 1 (1,7,6)
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Fig. 3 Three-dimensional diagram of original storage locations
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Fig.4 Three-dimensional diagram of optimized storage locations
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Fig.5 lteration curve of the grey wolf optimization algorithm
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Tab.4 Product-related attributes and final storage locations
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Tab.6 Comparison table of optimization effects after secondary

G Filtke JARSR/% FRRALN SRWIAHE (x,y,2) weight adjustment

! 100 0.152 4 (5,3,2) b R % BEE fifkar (RAeE BRALE BARHEE %
i 3(5) g: ig i E::B HbrehEL 1 0.6 103.059 49.751 53.308 51.73

4 100 0.152 4 (1,4,2) RN ) 0.2 3.531  1.509  2.022 57.26

5 75 0.287 3 (3.5.3) AR 3 0.2 23.723 8.206 15.517  65.41

j 3(5) g: iéj i Ei??; JECHAREEE 1.0 67.286 31.794 35.492 52.75

8 75 0.287 3 6,2,1 R

9 100 0.152 4 E3,5,2; 5 %

. oo o ARSCHLIE R F ST R 5 R AT, 2
2 o o0s% wa) 572 FURRAR AL BOF MR LA LSS R 6 £7 MATLAB £y
13 80 0.225 2 (2,4,1) FLOFGE , A4S 2 IS 70 ] DL e A7 BUIOR LA R B 48
14 75 0.287 3 (6,1,1) FRE R, BRI DL A 34 B A R0 T [m] 288 5% ) h 30T A7 3 )
oo o A, LA () L6 B8 B 9, PR 60 AR ] e 4 0 A
17 0 0.3 | G2 SN )2 5 Ml A A7 WL T B AR s 1
18 80 0.225 2 (3,4,2) RERLE AT 45 5 LB, InBUE B H bR R BUE T S2 FE (R L
19 >0 0.336 ! (3.4.1) FH 52.35% , U I UL AR B R A e AN B 25 T
e om o 53K 5 50% 72 45 B9 DL AR R T i 47 64 9 W 14 3)
» s o03% 1 ) U S AT I 4% 4 S AT P AR
23 100 0.152 4 (4,6,2) FI S Ak S ARG P 5% 67 43 e 3 47 O Ak, B I ) A Ak AL
24 80 0.225 2 (3.3.2) A R 1R AR 1A

25 80 0.225 2 (3,5,1)

26 50 0.336 1 (2,2,1) 72{%—1@{

27 75 0. 287 3 (7,4,2)

28 50 0.336 1 (3,3,1) [1]WANG XL, MAN X, JING X, et al. Optimization of goods locations
29 100 0.152 4 (4,6,3) assignment of automated warehouse on hierarchic genetic algorithm[ J].
30 50 0.336 1 (1,2,1) Applied Mechanics and Materials, 2014(510) :265-270.
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Tab.5 Comparison table of optimization effects
FI b bR 4K WE UAeRT AE RRIRE Rk %
H b7 pR 4 1 0.4 103.059 51.817 51.242 49.72
b R 4K 2 0.3 3.531 1.628  1.903 53.89
HAr i % 3 0.3
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