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Dynamic path planning method considering load balancing of road
network for AGV sorting system

LIU Zhi-shuo* ., XU Jun-zhe, LI Yan-hua, LI Xin
(School of Traffic and Transportation, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To solve the path planning and road network congestion problems of automated guided
vehicles (AGVs) in large-scale automatic sorting systems, by considering the load balancing and
utilization rate of the road network, a path planning framework based on a sliding time window
that integrated task-level global planning and action-level local adjustment was proposed. A
multi-endpoint A" (A" -] ) algorithm considering the number of turns was designed to plan the

global paths of AGVs entering the system. Based on the sliding time window framework, the
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position information of running AGVs in the system was updated to help them select actions to
avoid path conflicts. By calculating the average passing speed of each road section in the road
network every certain period, the road resistance factor matrix of each region in the road network
was updated, and an A*-]] algorithm considering the road resistance factor was designed based
on the A* -1 algorithm to adjust the local paths of AGVs. By combining the A*-] and A" -1l
algorithms, the conflict-free path planning of multiple AGVs in the automatic sorting system was
realized, and the road network balancing and utilization rate of the sorting system were improved.
Based on the cellular automata method, the operation and status update rules of AGVs in the
system were determined, and a simulation framework for a large-scale AGV sorting system was
constructed. Research results indicate that compared with the traditional global path planning
method, the proposed path planning method reduces the load ratio of high-load nodes in the road
network by 17% and the standard deviation of the overall road network load by 6. 7%, effectively
increasing the sorting quantity of goods per unit time. The road resistance factor weight and the
road network status update cycle are the main factors affecting the system operation efficiency,
and the system sorting efficiency is the best when road resistance factor weight is greater than 4,
and road network status update cycle takes five time steps. The proposed method can effectively
alleviate the road network congestion of large-scale AGV sorting systems, improve the system
throughput and operation stability, and provide a feasible technical scheme for real-time path
scheduling in intelligent warehousing and automatic sorting scenarios.

Keywords: logistics engineering; multi-agent path planning; improved A” algorithm; automatic
sorting system; automated guided vehicle; road network load balancing

Publication history: Received 2025-05-19; Received in revised form 2025-10-11; Accepted 2025-11-27

Funding: National Natural Science Foundation of China (U2333206)

Corresponding author: LLIU Zhi-shuo, associate professor, PhD, E-mail: zhsliu@bjtu. edu. cn.

2026

0 3

b XA ) S Y i 2B T T 9 D ) A
— PSR FH R - PR S Sl - 1 AR A R T ) %
Ko AR B /N b 2R
RE R R I A8 B SR e s R DR B T BLAS AR
MR . B N T aHA N e AT
LA 18 ORI A6 ] 0™ 4 29 T A X P X
Mt — 4 e . B2 4 I B AR 1 JE AR DT 1) R
H sh ks g 1) 1z 0 ARl i & A B, 3L
T A 31 % 5] & (Automated Guided Vehicle,
AGV) I H 8k 5345 3 Gt 02 fff e 1 3R [n) 09 A 280 T
L 38 2 A AT 55 9 R L A B R 45 O oL R —
AR 53 P 3R G AR SR

AGV T RN £ 5 AGV 1
AT A RN 28 A, BRI — 2% iR 05 Bk T [ A5 9 L okt
AGV [8] & Az filf 18 v 98 1Y #6422 5 DA s 88058 o0 PR AT
% . B CE A2 2 8 ae ik i AR S ] i
(MAPF)M AR %k 0358 47 5 A 5 48 7 3 R Ak 3

[

. MAPF 0] Loy A s A B R H R . e 8 %
A2 LR 38 R AE B SO A TR HEAT L T A AR Y
BB EREMELZE AGV W& B RSB L 1
SRR, AR DL AGY 58 T6 [ Al
55 3 IR RS IASURT S5c /I Ak Sk B b o 328 57 TR A 38K
28 1 RS B AR, B LR A PR R X AT 55 AT S R
Wit T IR B it A Bk R i ik 42 . Cao
SFU M Zhong AR A S LTSSk AGV TE
AR ) R, ST TR A B B B B T R 2
it fe L R A R T R B R . R IR
EUVER N A sk A%k KRB AGV 42 BA 5 & A= B4
14 [ 0, 4 1T R B B A R B L B PR 4 A G b 5% 3l
1. 7E 500 $ AGV HLEL T 5 BE 55 3 22 F0 9% 52 i o
Ko EAMEH Luo EV R TR TRE Q
M2 AGV BRI k. R 58 DL B J i 42
JERC U] 28 4T 70 25 B A K] T B S 3 o R A A DR )
ik, AGV TERBIAT 25 AT 55, B & — A sh 4 i
BRI, JF B, # S AR 2T Z2 AGV
BNASAE H 5 T 14 Jay 0 470 42 [ 0 LA R okt I e s 7 1)



% 64

N EM,E . EEBR R ERIGEG AGV 5% E 5D EBRENR 7 % 211

SRR, — B E X A AGV HLRITE vh 25 19 4 )
FEAR T E IS AT I AS P B A% 0 DA 2l 25 ) 4 L i ffi 15
I*) AT ) SR AR A2 2% R e K] s T X DA AE SE R R
Hh s AN

[ P AT T s 2 AR B i s g o
IR AED IR A BT K AGV N4 fi
PSR B R UK T8 o A AR B Y A Bk
AT AGV AR HLRI L AT DLk 1 3% 15 w2 o) AT
{EL S5 /> of i X 2 1k £ 28 (0 AL 43 T . Yang 260 4R
T — R TFRHAEIE 2 AGV #4200 R4 o ke
Il B AGV S GO B Rl SR R R
AGV [ 1E 4 s i B R 5, SE 24 AGV 1T
o AR LR L B2 T T v g A FRACR L H R 2 IR i I
TR, — Lo AR R v 2 R T B 3
Bt i e ST I T b A R IR R L TR
T2 A BEPEAREEF A8 AGV HLR 2
3k T HH 4 L 3 3 L IR T 5k BE 5 A AL
Z AGV B A2 R 30 vh 28 ) 81, O 349 45 I 00 £ 3. 3
PN R T 2 AGV 4730 I HR ) S B 4 ZE RN £
AR A ) L K 5 T v B 38 O 4 O ARl TR L R E
T ANFRE TR 4 28 RN B R A AT
Bk, Sk SFEEE W BT AR AGV [T
B 2s 2 3, 3 TRtk i A R R 3 25 i AN M
P fipt e 58 3 1) 45 1 5 4% o 98 0] 8, Fransen 800!
e T AGV 55725 % %42 30 3R 09 % 0, LA R ke
FRAE T AL PR BE I B, T 25 A el ilE i AT Bk
FTEE AR 2R DLk T A A0 = AT . Si AT R
TR S EREEYEASH R L AGV
AR T B 2 i 2 5 ) L R T PR B B R A AR
FEZ P sh b 50T 5 0 MR R 1) e fIE Wi B ST 1
HE 8%,

MAPF [i] B 1 3R fiff 55 1% 32 B4 4 38 4% 53k b
TR AT BRI AT RN RN T
ZIEE] AT BT F SR i SRR BF A
B 3% A5 W B5F i) DR 2 Can v 0 B ) ) 4 R B A Bk
W i LB A RO A BRSSP T, 40 Lian
SRR S S BE LI A BEIE L fE AT B A A B
FEFOIAT — M3 ) 18] 29 5, I 4R 98 A R LR 4
TSR . B AR AT P A A B
PTG I 5 o ] g A R ZE A A AU R 2 AGY %
AR XA P —Fh ik st ) o A 5
UL A B TSR A KA AGV BEAZ H R[] 8,

B B WIS W AEAE LA AN - — 2 N
iR AGV 1R 1R 5 8 17 6 I BE &R 40 04 i) B

RS P EOR AR . BT B B 2 AR AL R 5
5 OV R AR rh 2 I A e SR 2R A L 3 45 B
— AN BT AGV B A7 AR LR, X G
A R T AR e B TE S SO S BOR AT AN 1 sk ] 1E]
B+ DT A 2 G 7 R MUBEAT: 55l 4R S8l 3 5% 1
(S IR L RE 7 . R A 5 R I R L 2
DAY s m0320 04 g S A 08 O A D B B 4 L RN
UL B AT B A I 5 AR B A (SOR I 22 I
W7 oK S L TR 25 A AGV S Fras 178 B i i A8
P55 Bl A7 B EAT SRS o A AT AT R BE AT A0 Ik
AN TR] DX SR ) LS IB AT AR

BEXF b (] L, AR SCHR HH — Bl 54T 55 s )R
M5 3 1 9 )R B 0 19 AGV S % AR R R 5
o TEWAE 55 B3k W A AT IZAE 55 1 AGV ik
fr—WaeREERR. sf7dRh, ZREER—1
I 6] 25 FI B 24> AGV BPIRZS AUE AGV & A2 AL 43
SAFIE A X B A g% AR R ML A U A A B A
A8« DT AT 50080 A T ST L 3R THR Y SR . O
L AR SO 7 8 5 0 A PR 3 S sl AR BB R A
DAL G I i BEE A7 8% 5 I K5 1245 b il A BcE 9
AR LSS AGV R S i AR 4 e
Fi% DX 3 AT 52 BR B 45 B A E DR 0 I6C 5 3% ) £ 2R 2
iy R T R RARBITRR

1 @R SRR E T

1.1 [ @R

AGV 5345 250 B ZALFE R X 438 1 T
XOTAEANBKAEX) O BB AGY, B 1A
AGV 2 G E B R &, AL AGV i
TR ER IR ERSHERENFTAFEL. L
BIUAE K 45 38 AT 5515 S0 A% H 45 U5 IX, 3938 1Y 5 o
SRR BE AGV 125 8 11, 3
T RGAEH s AGV S8 B AT 55 IS B 450 X
WOFERE T —IRAE 5540 .

AGV IERGEN B T LB R 5 o, B3k B b
RS IR A 3507 65 88 )5 80 AGV 1758
B EIGT 145 58 I8 RS o 3800 E 2R AR AR L 8 I — IR 43
Wsfem 2880 AGV il REEH gl R4, %
T — A5 55

R R AGV SEI AR R 1] 8] D)
N A [ KNG oy SR b T — R
Bib 1. M2 5 AGV T R G0 R AT 43 AT 55
BF Gy SRR AGV A8 (45 5 ) £ 28k 324 i
G R G0 BRI RIS O B PR AGVY RGBT



212 X E

2026

a a o ) 7 45 ()

15 Btk Q
4

e I

B1 AGV HERGAR R E

Fig. 1 Schematic of AGV sorting system operations
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Table 4 Fault test parameters

AGV %5 | Hiifdeds | BOBAIEAPR | SFA | D AR
1 0,0) (9,12) (14,12) | (27,12)
2 (27,13) (14,1D 27,9
3 (27,10) (9,10) (0,10)
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Fig. 11 Path after fault conflict resolution
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Table 5 Actual case simulation parameters

AGV 3 LR/ % L.SD/veh SCT/H a] 2
EUE R 1T 55 B

it /veh A* STW-RRP* | STW-RRP A STW-RRP* | STW-RRP A~ STW-RRP* | STW-RRP
S1 50 500 7. 80 6.13 5.33 13.63 10. 56 10. 66 489 389 364
S2 60 700 8.72 6.46 5.62 17.70 15.98 10. 85 516 406 379
S3 70 900 9.26 7.20 4.72 21.63 17.32 13. 26 546 409 383
M1 80 1 300 9. 80 7.58 3.48 24.50 19. 65 15. 84 570 446 417
M2 90 1 400 16. 42 7.72 1. 84 27.64 23.92 19. 80 450 427
M3 100 1 500 16. 81 7.96 1. 82 27.49 24. 27 20.13 453 430
L1 120 1 800 17.51 8.03 1.53 27. 35 26.73 21. 36 448 424
L3 140 2 000 18. 37 8. 24 1. 24 28. 46 27.40 21.58 461 431
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R — Wk AT, BR T A LRLLSD, SCT 45 #r
b Gt T RS AGY R4 A o 54T 55 T 48 3% 1
A ] 25+ 22 F1 (Sum of Time Steps, STS) \AGV i
12 MK (Sum of Route Length, SRL) , 258 UL 3% 7.
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Table 6 Actual case simulation parameters
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Table 7 Simulation results of actual cases

ik LR/ % |LSD/veh| SRL/m | STS/i}a] 2 [SCT/ B ] 4

A 18.16 | 28.60 | 17 860 15 698
STW-RRP*| 7.84 | 27.63 | 50 805 37 251 447
STW-RRP 1.14 | 21.97 | 51 009 37 346 421
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