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Shelf and AGV Path Cooperative Optimization Algorithm Used in Intelligent Warehousing
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Abstract: The optimization of intelligent warehousing is generally divided into shelf optimization and path optimization. Shelf
optimization considers the position of goods and shelves, and optimizes the placement of goods. Path optimization mainly seeks the
optimal path planning for automatic guided vehicles. At present, most of the studies focus on these two scenarios independently. In the
actual warehousing application, the problem can only be solved by linear superposition, which makes the solution easy to fall into the
local optimum. Based on the coupling analysis of the relationship between various sections in the intelligent warehousing process, this
study proposes a mathematical model of cooperative optimization of shelf and position, which combines shelf optimization and path
planning as a whole. In addition, a cooperative optimization framework, including a product similarity solving algorithm and an improved
path planning algorithm, is proposed. Based on the above two algorithms, an improved genetic algorithm is proposed for the cooperative
optimization of shelf and path. The experimental results verify the effectiveness and stability of the intelligent warehousing cooperative
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optimization algorithm proposed in this study. By using this algorithm, it can improve the shipping efficiency of storage and reduce
transportation costs..
Key words: intelligent warehousing; shelf optimization; AGV path optimization; cooperative optimization; genetic algorithm
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Fig.2 Flowchart of proposed shelf and AGV path coopeartive optimization algorithm
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Table 1 Experimental data of all shipment batchs
Fl SO PR OUSE R B 3R

v 1 fr B 42 B AL DR AL BV 5) L S (s) LB (s)
mm#‘ HH R 4R AGV | R AGV WeE | R AGV Hh
FURIEEI | BATRER | MO | BRGEN | SSITEER | RN | SRR | BTN | REER
1 15.32 66 81.32 42.66 70 112.66 48.47 68 116.47
2 16.32 70 86.32 44,31 72 116.31 67.32 72 139.32
3 16.31 78 94.31 37.65 80 117.65 38.95 86 124.95
4 18.22 68 86.22 49.31 72 121.31 78.22 70 148.22
5 16.5 74 90.5 20.71 68 88.71 45.66 68 113.66
6 14.21 70 84.21 13.43 68 81.43 38.67 72 110.67
7 17.34 70 87.34 35.62 70 105.62 40.51 68 108.51
8 12.54 62 74.54 13.41 62 75.41 30.87 64 94.87
9 11.26 68 79.26 27.89 70 97.89 14.67 70 84.67
10 13.42 64 77.42 24.56 62 86.56 23.51 70 93.51
11 11.58 66 77.58 35.67 74 109.67 64.58 80 144.58
12 13.64 76 89.64 44,56 70 114.56 30.95 78 108.95
13 14.56 66 80.56 73.76 68 141.76 72.64 68 140.64
14 16.79 78 94.79 18.43 72 90.43 67.84 70 137.84
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BRI IR AT NP R 5 G T P SRR 7 . Rk, — H. 2 AGV R AR i 52 s A2 R K 02 1) T 2 2 J)
BETF I AL 5 U A 1 505 B A% R I T AN 1) DA
171 B [5) D0 A S0 0 B A7 1 A0 T 45 28 10 W) B SRS 3TRCFD LR 38, 08 B SR T SR 7 7 5 ) S 6 i UE W e Ty
3R] W Sk bl IR G T R, S PR R B A R T I £
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Fig.3 Time-consuming comparison chart of outbound path planning
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Fig.4 Comparison chart of AGV running time
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Fig.5 Comparison chart of total time-consuming of outbound tasks

Bl 5 A FE I X LE

75 LA b SIE56 B0 43 AT I BE Al B AR SCHE— 250 BT 3 B RLAAE I AT SOk bt A 2% SRR N TR P e O A
SEE AT 2 (WA 2). T S48 BT BUE 2545 T AT 416 20 PR S 58 250, e ) D0 A 002 PR R I s 0 A1 T a4
S 1.59%, A8 T 900 3% 11.9%; £V S5 11, B[R] DAL S0 FE IR 38 4% 553 18.8%, IR T~ 9000 3725 28.7%; 1L
A0 M7 22 K08 T LU H e RO P B30 R R P a3z vy T A B0 DALt 1) R A 9 i SR A L, AR ST £
3 R0 A S A A 5 R AR e T T B 2 A

Table 2 Data analysis of the effectiveness and stability of proposed algorithm

R 2 HIEA R ARGE S MR

FEQUR ! S i %
B IR 74.54 84.559 29 40.569 31
Uit (RN 75.41 104.140 7 332.301 9
TULE 84.67 118.626 4 420.352

b) REAE I 5 LR 45 R Koy bt
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Table 3 Experimental data of Scenario 1
F3 ELERSERILAE

PRI VS AE(S)  BATHF R CRRLTE]) R RO hoEIREGKR) B ERRGR) GG TR (S)
PR S 11.58 31 2 0 3 77.58
LR 35.67 31 2 2 3 109.67
BN REA 64.58 30 2 4 4 144,58

psse 20 P Bl R AR O B I ARACLRE v o BRI, B A ADURE IR ER B AR A B i B v R R
Yy LN ] T R KA b BE S B T HEAT 1 > BE BT P (R DL AR %35 B3 R R IR B DL AR
A, B AT, DN R A BRI IR 5] b 23 T, 5% A7 86 A8 B I D00 Al 550025 3 I g Bt A BR000 R B D0 SRR A 99 G D DT 1
TR SR SV RO N RIS AN B SR ) L, 7 e A O B i R IR, B 8 20 BOZE A B 4, S SO
AT RE T LRI SE 2 ) B AR AT Y R B 2 R AR A R T TR ) G P AR AR T ) e A R I
]I AGV B A% pH 5 0 M7, B2 A 3 42 B ) AL S AR R S T AGV R RTINS, 53755 1 A LE A2 1% 5
N A GE AR SN B0 SEE B 0 SRR AT 2 P B AR i PR A 3K 7 o 5305 BT o B 1) B A R AR R
D it 2 AT B FRAIAT H 28 I AN 2 S o T 2 S S P B, DR] AP R R e R B A O L A /0N T B2 5 i A8 B IR A
A ST 0 2 o v AR B ek A 0 T A AR Hp R R I I 1 I R 2 ) AT 8T, £ A BTG A 6 B A I T AT K
FERN e A B2 ) 7 i TS, 0 A T AR B It A8 L S 30, e A T A S v A B ) I 1R T AE e £
PLE B NIRRT R W LA ST 1H LG A S AR A SR T o AR AR A A 7557 1 b i &

Table 4 Experimental data of Scenario 2
x4 YR 2 LR RIIEE

PRI VS HE(s)  BATHT IR CRAITR]) R RO whgSREGKR)  BIHERBGR) LG TR(S)
PR S 16.31 35 4 0 2 94.31
Uit (RN 37.65 35 3 1 2 117.65
SULEE 38.95 39 4 0 4 124.95

Wit 3 D NI LR O B DAL, BEAIG . (R D2 b A Bt Dy S0 HR B A s i st R AR T R R
AR, B R RN AGY B AR I 5 [a] RO AN P AR 17 N3 R EE I R 0 WL 5. SIZ I A5 R
A LAE AR 1% 3 50 R U R A S5 1 5 e DU 59 4% G0t A% 5000 L T DR A 3 - B IR A 50025 G B i )
PRI R AL FSE TR 30 A B A e vk W 2 o T R e vt B3 2 B0 AGV L B AR R R i 57 F XA ) A, H B Oy
SRV B il W) PR AR T A 98 058 A SE05 AT i AR s, " B0 A DR B o ) 1 B 43 IR0 e, ) 1 DA B AR AHABLEE |
FNRHERI I 5 3 T AGY Pl SR AL R BE ) AN TR R 8 VAR IR 0o R 31 B R AL SRR AN AL

Table 5 Experimental data of Scenario 3
=5 Ym3LRARIER
Hk PRI () AE(s)  ISATI AR  FRE(R) R REOR)  BhH ) ZRE R ()

B IR 16.79 35 4 0 3 94.79
Uil [ R7R 18.43 31 3 1 3 90.43
DN A7 67.84 27 4 2 3 137.84

L8 EPTIE BATHELE S I S AR R AR 5 N & SVA MR DU DU AT T AR DG SE 38 e & RO Hr S 45 2R
BN PR I A BER A AEAN IS R R 55 1 B4 B A D ) DA SRR (R R BT B 2253 AE A URE .
H DA R R I 3 35 e LU AR 2345 37 55 N DA i A B[R] D0 AL S50 1) SR B W S8 A0 A B0 TR bt 5
B IR R BE G il AR 48 TR AR SOt () B 02 6 42 B ) 00 A 5503k P A e i i 1D S

4 BEERE

BREG A KDL AL H T A8 AR A fif A Ji (1 TS5 1) 22— A SCRR I S o I B 5K, 22 2% W [F) A0 A6 B AR 32
H T B B i BT L A R DA 10 K A R RIAR G SRAR ST, L 95 B i AT AL SE SIR g8 B9 R S 3 7 P e 211
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