Ha1 % 53 &/ L F O M Vol. 47 No. 3
2026 4F 3 H Chinese Journal of Scientific Instrument Mar. 2026

DOI: 10. 19650/]j. cnki. cjsi. J2514668

Al A Rl 2 B AL 5 3 S S HT R AR
MmEBEANE X"

FNEAWE A R RN, AR, RAR
(MB/RIEFE TR ASME2:BE  WBI/RE  150080)

W E MBS ARRN EE AR R A RCRAR PREEIE R 25 SO B Y ) R 4R T — i Rl T PRI R 5 B A
SRAR BB BRI S 158, AT 5L A ShAS TR FR G = R AR SN, Fl G RIS DL IR | A Rkt | B bR ) S B A R
4 P R A i A S PP AL R SRR A T B AR R R SRR I N M R A A A KR R TR ERIX
5, AT AR 4 JR AR 28 55 JR i D PR 2 IR BRAS Sh 2 P A, S 35 B T 2 A SRR AL R HL vl Al 43 56 PR - AR 4 il A v B o7
B A/NREE B ZE 0 4725 8] SR R AR, R BRI R BB R BT, 38 0 290 38 B K B SR AL AL 25 5 %5 %
SRR R 5 SRR R AR B 4 SR R R A R A A s ) b ) R SR RIERRE 5 AR T IR XU INOR R . R B Al
K 4 (KD-Tree) 251 ML 2 TCARMLE]S5 FAHLE] A9 G AL RN, B 3R T T s R SIS B, i SE ki, 5
BIAARRAE X I RRT BAR AR ( DVSA-RRT) AH bb , AR B30 30 7 0 7 3 1 b (&1 v S0 R0 B TR) 920 T 87, 41% |, SRk sl B0/ 17
91.01% , AR K EA A T 7. 46% , BENS S AU IR 22 42 S0 ELARE el (642, ek, 3 T AWMU SC 7 & M S 98 0E T
AR TR b B S, BT RLR Y %A B A T A LA 35 T LR B & AT 45 R

SRR AR 5 RUEAR N R R 0T SR s MLBRR s S AR e B ALY

hESS . TP242 THS62 MHERFRIRAD: A ERIREFRSERE. 460.40

Robotic arm path planning based on dynamic Gaussian
sampling and collision recovery

Sun Mingxiao,Li Qiang,Luan Tiantian,Ben Fang,Zhang Qiuyu
(School of Automation, Harbin University of Science and Technology, Harbin 150080, China)

Abstract:To address the low efficiency, poor adaptability, and slow convergence of traditional path planning algorithms, this paper
proposes a robotic arm path planning method integrating collision recovery with dynamic Gaussian sampling. The method employs a mixed
Gaussian sampling strategy that dynamically adjusts weights for four components: Collision recovery, obstacle avoidance, goal-biasing,
and uniform exploration. By evaluating real-time states such as consecutive collisions and goal proximity, it strikes a dynamic balance
between global exploration and local recovery, significantly enhancing sampling efficiency in complex environments. The collision
recovery component further enhands performance by narrowing the sampling range to the feasible space based on collision frequency and
position. Furthermore, a multi-level adaptive step-size extension mechanism is introduced, which adjusts to local environments by
considering collision feedback, obstacle density, and global planning progress. This reduces repeated collisions in narrow passages and
inefficient exploration in open areas. Finally, a joint optimization strategy combining a K-dimensional tree ( KD-Tree), redundancy
removal, and an early-stopping mechanism boosts computational speed and convergence. Simulation results indicate that compared with
dynamic variable sampling area RRT ( DVSA-RRT), the proposed method reduces planning time by 87.41% , sampling nodes by
91.01%, and path length by 7. 46% in narrow passages, while generating safe, smooth, and asymptotically optimal paths. Moreover,
physical experiments verify its effectiveness in actual scenarios, ensuring the planned paths meet surface roughness measurement
requirements.
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