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Abstract

This study investigates an intelligent warehouse batch picking model based on AGVs, along with a
two-stage enhanced batch picking optimization method. The AGV travel path problem under energy
constraints is analyzed. With the objective of minimizing AGV travel distance, a mathematical model
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for batch picking with multiple AGVs is constructed. In the first stage of iterative sorting optimiza-
tion, high-quality initial solutions are generated using the positions and characteristics of orders.
In the second stage, intelligent optimization algorithms, simulated annealing algorithm and genetic
algorithm, are applied to further improve the high-quality initial solutions obtained in the first
stage. Analysis and verification of applicable intelligent warehousing scales are also conducted. The
sorting model developed in this study takes into account the diversity of shelflayouts, the generality
of order compositions, and the standardization of AGV travel paths, making it more suitable for
practical intelligent warehousing sorting requirements. The proposed method efficiently handles
sorting for shelves and orders with varying scales and distributions. It enhances AGV utilization
while reducing the overall energy consumption of intelligent warehousing, thus providing adapta-
ble and flexible support for practical intelligent warehousing applications.

Keywords

Intelligent Guided Vehicles, Intelligent Warehousing, Simulated Annealing Algorithm,
Genetic Algorithm

Copyright © 2025 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

BIRAEVE—ARAHOE BRI PR K&, O iE SRR EAEN . B 77 S A0 St 4 AR T T
G B KRR . R WIRATTEN ST T RAR . 1278 R RS, s DA 2 H s i KRk . &
REAL 1 5P IKFE R AN B BN AL A AR, BRI/ N THRAE, 1R & TP ORI, PR R,
MGG B TR AS, $eFt i@ fscR i et Rk, MR BRI R CLBONAT IR JE L SR ke

HNTHLEX—FR, HB1S51/N%E (Automated Guided Vehicle, AGV)NIZ A=, A T O 505 1)
HEM M EE . AGV NEAEA—FERR T Z et BRI R Retini e+, HAazsth, &%
PE. BRCRS E AR DL ORAT VR ML ST A e AR G i B S R S s TR (1], JREIRAT L 5 8 R
AT M A IZ T R AR HEAER

XF AGV /NERIF FUAFAEVE 200 i o For, 8 FERTER AR AL A — AN AE XS R HE (9 ) 8o 7 52 20% () P
WEiH, FEZD AGV NERINHATESIE O, n]& B 50 BUAE 55 A B A2 2 — A E 2R A1)
o FHEEEIAR AGV NEMAE . BHbn. HEESERE, FFRE SRR R 06T S 80 8 B2
A AR IR SR T PhiR

ERREEiET, ITHRDEE N KREINT . AGY R UMRIEITHE R, Rt iT Bl A8
1 AGV /NEHATACIE . SXFERI R RE 7 BT o] DA ORIT S0 S B A2, i R b 2 v 6 il R 36 A i J97 T
FE . RUFH AGV 542 R T A O T AGV fER R G it h It E 0 SRR RCR . R ELE BRI
AR, ARSCUAE/ME AGV AT BEEEAE AL B bR e BT 6 8 Be O fiff SEBR IS B R U 2 R B Y, @
T AU BURRAE ST BRI ORI G R, R TIT BN R EE MBS EUE il N2 A FE T AGV 1T B Re o 15
AT, B> AGV TR R SR S BB IR R, PR AR I [R5 4 1 BEI50R) 26

2. EXEMROH
AGV (T8 1) AT LA 43 A5 B BRI AR IR 2 F ARG . V2 22 5 4 LA R H 1 80 AGV

DOI: 10.12677/sea.2025.142028 306 B TR S N


https://doi.org/10.12677/sea.2025.142028
http://creativecommons.org/licenses/by/4.0/

B, 2RI

VA FE 1 AT TR, BN AGV ISR R, Boccia ZF[214H T —FhIE TS L4 TC 19 83 14 S
BV G BBV IRIBRY s Dang S5 [3 188 T — M4 & R R IR G B 1E N KB A R Hi%; Goli 45
(41320 T 5 8 & AR TR A SR S DL — R AL A A B A s Riazi Z5[5]32H T — Rl
T A KX Benders 430 i 7 A EE 3 fift R R SREER U AGV [T FE 108 Zou S5[6]82 H T —Fh
% AR AR BE L Zou [71HR W T — M AR R T VEFI — PP A P AR 10 772 Singh S5[8]H2
T M R T, R B R R B AR R EE RN LRI R SR A s BT, K2 HUTES A
FE 1) E AR BN FR SR 0L, RIUARSE /7 2 A0S B TR S 2 WAAE . 28, fEHIBERSET
I, AT BE 2 BE A I (R RS T R B AR MG, R T NI R R R AL, AGV SR 2 2 T 7T 0
—ANEB R[], % AGV HIBHASEEE &, Maoudj ZE[ 1082 7 —Fh o B £ B e i 07 E AL AGY
TR RKEE B9 Hu S5[ 1145 GAT M AR 2 S 38 7 — M & Rl s il sy, DA AGV 1k
FRe TP AT U FE ;s Lin SE[12]42 H T 3 THRHE MRS -Z0E- 22l -IRZS -2 E % Lin S5[13]32
H 7 — T NSGA-IT R 5 M E 55 st AT 55 TR BEAR AL D i v 2 B RR ) AGV AL 1) 8, I
1E )5 NSGA-IT Syk i emt E3E T T 203k; Zheng Z5[ 14156 R Kig2 AGV S8l 58 4 H F RSk H] 12
W, SR T —FE T AR RIS RS R AR T Lian S[15]7% [ER (R AR, $RH T B E 29 RA
ST REALL P 25 B, T BR AR I 2 AR PR RS R, ST T — PSR ) A*BRAZ AR B0 Li S [16]8T % Bhas 1
FEWIE, $EH T — PS8 5 & BT S R SR S BONAR 22 AL Hu S5[171% AGV 52
JE ) B IR R Ty /R ] RIS R, Rt — B IF R T — FloB IR BE Q I 28 T 2 ok Si I g A0 VR 5 AR U S s
EIXE AGV FICE L )8, 4048 5 S [ 18138 HY T — P& T (8] % A Dijkstra H% K12 H bR HIE BN R 08
L JOJESE19] LURMREREIE NS — I B H bR, AGV ig¥inid FEREFEAE N I B pIfe L H
Br, BSL T AP BARAEEEL, RIS R AR S — B BB AL, el P oS 8 A SRR AR 2R B AR
PARAL; Xin S5 [20]82 H T —Ff o il 10 v 280088 1 BV K gk U BT B 0 1) LA 3 % 42 208 A6 1 56 BT (1] AN 20 B T R
VBN B b (18 - B 2R ) )

DL STHRAUAL R X TF AGY TR )@, 1 AGV 18 -5 B8 42 R0 00 i R OLAL AT DU 388 = R 4eAE
WRE . BT AGV 1 EE 5 AR B R AR AL R ) R, AR RAE (21 148 tH — M SR K- A A B0, b it
() A8 A SRR B A AT FRURANHE T, IR To b REBRAT IR S0 51N 30 Wl [R) a2 A 18 A% B 1) e 77
ZFHSLIESAL: ZERRAE22) AR /IME AGV REEVE RN B AR, BTt 1 PN B B BE X ) s
RKAA: Riazi Z5[231%H Benders 73 i 771210 J LA SSC AN S [R I i o AGV W 5 o R ER AT 7]
M. AR T B a5, AT PG AR T AR T R

t IR SCHER AT R, AGV R S B A RRI )8 2 R PR A B AR, a8 s A R SR A
HERAFIE EE A R R I RIEN T, CRONRIZE R S EE T A,

3. Ol SHEFRE
3.1. [EjRRHER

R A — PR I Se EBORA B S RGERFETH R M E B 7 %, BAEKIER
M R SRR . R A E RS A B3 B, WEs N, HLEAL
B, T IMIRAERE . REIAE . KRR R IRYE RGNIR S A TUE N, mRob e st B A
I3 AT o A B0 30 e A R AR AN A SRR R P 15 S e, K e S o 0 0B ) T 1 v i )
g8, SR I AR IR SR, BRI GRS 1 TR,

Wk 2 s, BARORUE, BEREEME P IZOMTHIL, 2= . IWATEE TS N 1 BTt
ZOEEIKUGENE, N EETAARFER, F— 528 A7 R IR A2 MAERERERL, SIS A fE A

DOI: 10.12677/sea.2025.142028 307 B TR


https://doi.org/10.12677/sea.2025.142028

Wk, ZFIRA

FIBEIE L. SR A PN B B X A EIBATPUE, T A A A MU o A7 B8 SR B 247
B0 2)E, AT SR A TR R, B AT LUK 848, fEFR— 528 — 2 A
AP IHLSAARAERE S A -

3 i AR AGY ATBA R, SRARIAEIE Y AGV AT LMTRIEEAE, BRAEMMIE £ & AGVs K
FRRC B BT IR TR . BRAEARITREEH) AGY W DUFATAEBR AR EATHE, #RAER— 1228 AGV 5 #8 FEF Rk
AT S % FRENT G AGV MF R K, IR GRIE AGV FRITRPHIT RS 25,
ML AGV TEXT R B 28 AT B AR BT JE B B TAT 3. 24 AGV 1 SEAEFR 2 R I DR 4800, TREEIX I fi
TUIRENRIHLES NI AGV (S5 E, PR SN B A b, MEFEH I ERE TR, IFiE
R AR B i 58 R A HEAT A7 BB

.-

YIRE B RR ACVIEERS

AGVEBIEH RSt

Figure 1. Warehouse structure of intelligent logistics
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Figure 2. Warehouse shelf structure

B 2. ehEsiRE

DOI: 10.12677/sea.2025.142028 308 B TR S N


https://doi.org/10.12677/sea.2025.142028

B, 2RI

_________________________________________________________

H H N
—_—
H H N
A
G —_—
v
h H EH N
g AGVATHT A
X
2

A
G
v
1T
ks
7
A
AGVTE HX 1,
Figure 3. AGV driving layout
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Table 1. System resulting data of standard experiment
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Figure 4. Flowchart of the improved simulated annealing algorithm
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Figure 5. Chromosome encoding structure
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Figure 8. Schematic diagram of order repair operator
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1. Generate the initial population p, (i =1,2,---, popNum)

2. Evaluate the fitness for each candidate solutions
3. Sort population by fitness from smallest to largest
4. for i=1 to Maxlter do

5 Update « and p

6. If p<p, then

7. If ‘a < Pray

8 for j=0 to popNum/2 do
9. UseMAIOFfor p;,

10. End for

11. elseif |a|>p,,

12. I LA A X

13. End if

14. If p>p,. then

15. BT HENLA A R

16. End if

17. Update fitness for each candidate solutions
18. Select individual in population

19. End for

5. TIASKBRESROH

VPG TR M TTVERITERE . ASSOR A fif LS B i 5 BN AR B SR P A S5 AT 7 sk 06, R4
S0 45 F 53 50l BN AR 1 ST AR AR RG5O e AL 2 HOTVE I M RREAT AT I BLER e T . SR
python3.7 #E1T52H, 7F i7-8750H 2.20GHz ALFE%%. 16GB WA7. 64 {7 winll #E RS HIHENL EHEAT IR

5.1. SCROHHE
AICE SR A il LB RN FIE MR REHEAT I0AIE, 40 2 P

Table 2. Features of actual warehouse order data

2. BEEPRT R EIRIFIE

T S UN o AT

o G il bRz #ifl bRz
D1 2000 4~2030 286.25 278.84 736.65 422.19
D2 2000 4~2032 240.79 281.34 686.98 460.54

FSE g B A S A AR D1 5 D2, ITHEE Y 2000. D1 R4 EREITE 4~2030 2 [0], 1T
INBRBRE S B KR AR5 5300 4 F1 2030, S NERAE S IME R 286.25, bRz 278.84, EKIRALSIE N
736.65, ARifEZEN 422.19. D2 TRANVEHITE 4~2032 2 (8], T HE/NIR AR S i K IR RS 4190 4 2032,
RANREESIE N 24079, FR#EZEDN 281.34, FOKTIRAESHME Ty 686.89, HnifE% Ty 460.54. % 2 Pints
fitt SEBRIT SR RFAE R B SEBR 1T B & BB A e, SR BT AR AL B B A HL A a5 T ARV LK

BEE R O N AU T, A SAMIBLE EY K, AT R AT S EWE, &
SCUABL S AE BRI IR, BEANLAE AN A RAE . R AN [FIT s R g s 4,
23 Fwn, AN, AR, SRR R 2 A 2000, 5000, 10000 NITE, AR UBCAE S ) B7
BE5 Y6 EI44 1~5000.
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Table 3. Features of three randomly generated datasets

3. MR B R SR

INRIAE AR KIS
1T E 2000 5000 10000
i e [1, 5000]

N — AR ISR Bn i 52 580 SR ) 22 R DLKIT SRR B B T, B RS0 A b B SR TR 5 1)
BI3AT, IR AT RGO AT =R, RIS RS HOA ENE 4 TR .

Table 4. Parameters for generating three types of data shapes

4. ZHRSEIEERSH

BN S ONUE )
P U[1,2500] U[2501,5000]
Ny il N(715,800) N (1840,1250)
i O E(715) E(715)

TEBEHLA S — AT BN B SRS 20, e B AT S P a5 1 B 208 i xS bR Al
BEAT T, B 1 b D1 B dE AT RS BT BN AME Y 2.81, FREEDN 2.16, ASCUAS
BE RS, Wit N(2.81,2.16) FIER AT EBAT S B S IO B 488 N, AE R AR N, )5, (5 p=0.5
AR A BEALAE K FE N N, [ 0-1 302l . MBS — ML EIFAG, #5350 i B A 0 NiH% i3k
4 45 I B2 HUE ORI 23 A (B0 5 53 A1/ TEZS 3 AT AR B0 A1) FE0 2 B VG I B e N BR AR, A B s
B 1 WRB A e KBTS, AR — AT, KBRS I AT 8, BB AR N, R
FlE, BT AT

RSB K EE N S MO RIGRE T, ZIERET,,  RERNEAT, LR, . @
W SRS HGAT R RS, SIS EENT =50, T, =1x10°, AT=0.6, 7., =05, S0k
FSERIBER popNum BR 20, e KIEARRIL Maxlter ¥4 50, p BN 0.8, p,, BN 05, 341
AFEG AT B, 3% 9 A . 3 Pl A AL R S BN 4 s DA R AT 07 ELSES . ACHY)
B e BB LAE B EHR RFE R | Fios, Hf AGV 50& vNum 3574 100.

5.2. BhESIARHNIERRE AR RE 5347

NIGAEFE T Bl A0 B (AT UG R A S DA SR T FRRE 1) 22 A B2 A AR Bt B E (MATOF) A& 4T 46
A R, AT T BUR SRS Sl B BT A IR AL, AR T Bl A R A A
A AR A OISR A, A3 2R T T SRR AL 0 22 A FEIS ARSGE SA(MATOF) G RENL I S i, Xof L P A 55
IS HTUR AR IR AR

5 PR AEAE 3 LA K 3 F 43 A R BEALAE R 100 IRAIER AR I E I I E VIR IR RN 6 6 9l
FH ) 285 18 5 B30 AR AT R AR R R /N B 2B BT 1] 5 22 7 A P 3 T 1T BRIk 19 22 A P Ak AX et 5005 (MAATOF)
IEAR 10 YA AT AR AR AR/ R AL 18] o B3 6 542 7 WAL, A B A5 B SR AR BT s A LA A
MAIOF P03t (IR 4G M A2 B A USRS 23 A 1 % B BE LA A6 e A BRI AIAL o 8 W1 25 8T #1750
BT I T RN 5 8T H B BURFAL RT LAX A AT A7 R et
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Table 5. Values of random solutions (time/s)

7= 5. BEHLAREUER N EE(ETE)S)

AN BAFSY RHAE
B151 034 480,269 (0.004) 492,262 (0.023) 495,869 (0.086)
B A 388,970 (0.004) 417,350 (0.022) 441,519 (0.085)
fa¥orm 421,316 (0.004) 463,939 (0.023) 481,719 (0.086)

Table 6. Parameters for generating three types of data shapes

F 6. ZMISHIBEBERSH

NI rh RS KA
B804 189,070 (6.188) 194,026 (80.047) 193,992 (605.981)
B 129,845 (6.143) 132,764 (82.013) 133,626 (621.827)
fa¥orm 131,115 (6.150) 133,029 (84.669) 133,842 (648.136)

Table 7. Parameters for generating three types of data shapes

T ZMESEBEERSH

NI rh RS KA
B15153 4 283,194 (31.378) 309,278 (185.983) 305,358 (735.871)
IE&M 175,412 (31.253) 190,967 (187.451) 213,204 (698.998)
fa¥orm 175,368 (28.862) 180,510 (175.179) 187,435 (660.201)

5.3. BREMAEZERBEM

NG P $ H R CACHE AR UL B B3 B e 0 A SRR KA R, A P Sl AR R Bk A D 4 A LA K
MAIOF piit fRIAa AT PR REARAL IR A6 % o

8 NUCH AR K FIE A B S B ME T IALE R, & 9 Iy sGE BLR K SRE AR
MAIOF 46 T HIfL g it .

Table 8. Results of SA improvement (dynamic increment initial solutions) (time/s)

% 8. SA B EITH B IEMR)E R AR E)s)

N R KA
¥51 5010 188,653 (52.733) 193,921 (137.892) 193,863 (265.283)
E&S A 128,744 (55.801) 131,838 (127.483) 132,356 (258.363)
e i 130,196 (54.759) 132,510 (134.966) 133,336 (268.530)

Table 9. Results of SA improvement (MAIOF initial solutions) (time/s)
3 9. SA BUHE(MAIOF #13A#R)ZE R BUE(FHE)/s)

AN R KA
7 i by Wi 242,692 (58.096) 251,200 (127.649) 257,848 (438.236)
B A 156,983 (53.842) 163,286 (122.604) 186,253 (250.529)
RVl 152,526 (55.220) 165,953 (145.696) 184,205 (324.276)

HI7C 8 ATLAE ot SA SALE M MBI R MR M AR 0L N ou S HBUE A & — BRI
B R T 12500 AR AN S0 7 A B e T Sk B BE O o 2 9 RTRIL B0dE SA SEAAE (] MATOF
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FITAG R AR 0 R 68 25 ALK A BOR It , TER T 3REE - T A A B D AR AR K BRI R
[]_E (AT R
110 Jyeidt itk A AR AL ] MAIOF #I4a##E T i TEAL4h

Table 10. Results of GA improvement (MAIOF initial solutions)
7= 10. GA K (MAIOF #J#A %) 25 R

N R KA
B804 243,000 (128.511) 276,112 (360.347) 274,816 (820.031)
E&S A 149,409 (164.391) 163,714 (460.784) 171,742 (876.203)
e i 158,977 (147.143) 160,575 (424.795) 153,991 (881.331)

HI3% 10 TR, FEATAEMRE I MATOF 146 i A k8 A% A A B BOR AL L, 2 IR A
AFEEOI AR T, S0k GA SHEM IR IA T Frf th K Bt 1 SA B0, e 210 A R,
3 GA SR MRACRE R I AT etk SA HLLT
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FEANRIRBEAN ] 73 A1 (B B AT S, R WIPTHR i RO AA Adp A L1k 5 8 RE DI AL S0 PR Y BL st mT A
PR o B A o

FERET RO FE R, NAZIEE T 22 B A, JF5 R AGY LR, R e it E
7 A S R S R

oo
AHIFAF BN 548 0T 78 A4 BHIE 5 S B8 71 %I 50 H (No. KYCX23 1055)% 8h, 7Rz H 1932 FF
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TLHA W TR 5 S EAAE TR H (No. KYCX23_1055).
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