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for autonomous vehicles within unstructured environments, this paper proposes an improved plan-
ning algorithm that integrates the APF method with RRT*. A parameter-adjustable attractive and re-
pulsive potential field model is constructed, and a distance-weighted correction factor is introduced
to effectively mitigate the local minimum problem inherent in traditional APF methods. Simultaneously,
potential field gradient information is embedded into the RRT* random sampling process to optimize
the node expansion direction, thereby enhancing the algorithm convergence speed and path quality.
Furthermore, vehicle dynamics constraints are incorporated to ensure the generated path complies
with practical maneuvering characteristics. Multi-scenario simulation results demonstrate that, com-
pared with conventional RRT* and standard APF-RRT* algorithms, the proposed algorithm achieves
improvements in obstacle avoidance safety and path smoothness while maintaining competitive
planning efficiency, effectively validating its superiority and robustness in unstructured environ-
ments.
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Figure 1. RRT algorithm path planning process
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Figure 2. RRT* algorithm principle diagram
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Figure 3. Force conditions of X, , in APF-RRT*
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Figure 5. Improved APF-RRT* algorithm flow chart
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Figure 6. Schematic diagram of potential field distribution
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Figure 7. Trajectories generated by APF-RRT* and RRT* algorithms
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Figure 8. Four scene layouts and their potential field distribution
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Figure 9. Path planning process
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PAFFATHAR, PRI R HESE AW T S0, A AE 2 H a2 SR T s i ol
Wi

EFER S, APF-RRT*(EFTA M7 55 th A RELE Fr 2 S RS A)  [8] & PRA 22 A, ARBLH R
GFSERIE . FEARISRA R RIR L RARSS AL IS R, SR e et RGBT &3 12 AR
RIPTAT#E AR A ROEIR 71248 RRT KEIEBRATTUAR . 2 gg SGE FE1S 4 108, O H 82 Bk 4 e
HSLR IR s s R AL 7 RTEE . Mg s

=

LR A 2
RRT* i@ APF-RRT*

Figure 10. Comparison of paths using different planning algorithms
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4.3. HikMREXTEE

10 7R T RRT*. APF-RRT* )L f i3k APF-RRT* = F 0L 7E DU AN sl 0 47 55 o () i A2 B 1) 45 O o F&
T SRS RNBERE 77« BRA TR M Sttt DRI SE3E M =7 AT 456 6 EL 2 T o

TERERG YRN8 75 T, RRT* 5275 ke b A2 A B n] AR RROATAT B A%, (EL iR = X6 A 358 445 ) 1) Jk e i
ARG RS IA AT B, 75 SERR N 2 PR B K . APF-RRT*HyE I 5| NN T#H551 %, & T
PRAT IR 1 5 e S B . St 1T rhon] WL L ERAT e B R N SEAS AR AL, SEIH ARGRAT . AR, AE
SR E M IV F, ] BRI RS A IE 2B R Rk S0l APF-RRT*HILIEIT #Y
WAL S 4 R RN, B s R AR R O BEAS ) B RE /). HBRAR AN AR IR FF G B %2
Z=[ABR, L REALE FRhG ) 2 B XIS I 2 28

BRSPS R AUVETT &, RRT VAT BENLRFE SR, SEERE P AE R ERAIRET, F
T2 . APF-RRT*H L BRI 837 5| RAE— @ B DR AR T NI SL, (HN 52 3337 B 30UR S AE IR R
Hl, K S PRI EERTI A . S APF-RRT*EELRN & Wiz 11240k 54 /b sng, By
AR AR I FE S KB AL TR . Wil 10 5% 1 P, HgE T B, S5 5Lk
iRz a R, BAEBUERR bR R A R Al .

Iz sE R RTE , A4 RRT*EVEE RIS i v A, (HREE B 8RR 3G, o 75 %
RUEOKIE B, BRITERE TR 5@ APF-RRT*EVETE 5 s % FE RS 3 oh,  BRAR R & 5 Semt 1
IAFEE o« 0 APF-RRT*FLAE A7 LA . 42518 R Hems DL K Bl ) 203, R I sl iz AL R
R M 1 3 1 25 B2 1) - SR AR S M IR B h s e A e 4 P BB 0 # AT I ERAE

2 SR T VAR REAR AR LB, BE P ACRFEIRE. P RUECE . AR R AR DU AN O
[ € I UE T 50 APF-RRT* BRI . SRE6R W, ARCEIEEZ 2. Pt stk
PRBEIE N T T AL 40 RRT 58 Rl APF-RRT*51%, 780 R 8L 7 FLAE SEFr H 302 358 R 4t b 11
7.

Table 2. Algorithm performance index comparison table

2. BUAMREIERRIIEL SR

Y5t B PRERIE P RdcE R[] IR
RRT* 660 4 11.39 458.12
I APF-RRT* 236 12 13.76 603.81
it APF-RRT* 352 4 8.45 491.13
RRT* 794 7 19.29 577.71
i APF-RRT* 904 20 15.19 612.11
Buidk APF-RRT* 298 4 11.31 603.06
RRT* 669 7 12.18 665.64
111 APF-RRT* 812 17 17.50 894.26
it APF-RRT* 384 6 9.19 671.30
RRT* 1086 9 30.53 1318.67
v APF-RRT* 1214 16 34.79 1495.55
ot APF-RRT* 816 8 20.40 1358.44
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AWEFEHE I E APF-RRT*5E, A RSN 1 ARG M AL BE T BR AR AR (14 2 Ak B mT AT 4 il 7
IR OREF T HA TS R . dd @S HOT I APF BRI 5] NFERSINAUE IETT, A %W 1
14 APF ZiFa N RIS/ MBI T RIS A5 353 6 FE A5 BN RRT*(BEHLRFERLRE, ARG Ry 7
], PRSI A . LA, BUERNERE 1A 4R, TR OBR AR T B SEPR R R (SRR
B, BT 3R SRR AR BR AR A BE ST Ik B R A A o 22 M SE VR BE TR AR IO 2R B R DL L AR T 1% 48 RRT*
Je %8 APF-RRT*5V% . A RERAR T S5 M th 35 1 SEPR E M B ok . 23 5 sRiE 7 iZH
EAEARG AL P B . SKHITE S ARRE ST, N A S E B Sei i sh LSO 1A RO ok
Ti%.

E&mE

VY1148 BHUT AN A T H (2023JDRCO016); B 2277 Hih & 4 1i(xcjz2025004); [ 5 4k =24 G Gk
WIZRTHRIZE BT H (202510623021, 202510623034X); 48 K 2= AE BT BIME I ZR - BT BT H (S202510623134,
$202510623099, $202510623072X).
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