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Robotic Arm Path Planning in Narrow Spaces Using Fast Collision Detection of

High-dimensional Configurations

LAI Xi-Rui*? WANG Run-Hua"? WANG Yao-Nan® ZHANG Xue-Bo"?> YANG Lei® LI Shuai**¢

Abstract Aiming at the problems of low efficiency and success rate, high percentage of time-consuming collision
detection in robotic arm path planning within narrow spaces, this paper proposes a path planning algorithm for nar-
row spaces utilizing online fast collision detection in high-dimensional configuration space. The algorithm takes RRT-
Connect as the baseline path search framework, and runs the fast collision detection module based on high-dimen-
sional configurations online clustering in parallel. The module includes two stages: Balanced sampling of the high-di-
mensional configuration dataset and online training of the fast collision detection model. Specifically, in the phase of
dataset online construction, a heuristic strategy is introduced to fully explore the free configurations in narrow
space, overcoming the problem that uniform sampling leads to an uneven number of collision and free configura-
tions in the dataset, and to provide reliable data support for the subsequent fast collision detection model training;
After the dataset construction, the distribution of the two types of configurations in the high-dimensional space is
characterized in the form of clusters by online clustering of collision and free configurations; Using the trained
cluster model, the collision detection based on bounding box in the baseline algorithm can be transformed into the
calculation of the distance between the sampled configuration and the cluster, which greatly reduces the time con-
suming for a single collision detection and effectively improves the overall search efficiency of proposed algorithm.
Through simulation tests and experimental verification in simple, opened and closed three types of narrow environ-
ments, the results show that the proposed algorithm has significant advantages in terms of path searching effi-
ciency and success rate.
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Fig.1  Block diagram of online robotic arm path planning algorithm in narrow spaces using fast collision detection in
high-dimensional configuration space
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% AT RS SELSE R RS — R &
F5ERE, BLE N Intel Core(TM) i9-14900HX Ab#
#% 5 NVIDIA GeForce RTX 4060 ‘.

S8 T R A1 B A 2 A SR ) S AR R
PREZEBCE N 0.3, MR HEZ I E Y 0.2 T
BRI K-means B2, kAR A% A 0 AN T
1 x 10~* BOEARKEGEE] 1000 W, BIRL 9 5%k
Si. B REAE = RIR I Tp I ISTIE AT 30 UK,
KR I 7] L R AR 5 AR 55 0 ) R P U L A ] FR e
B RCEN 10 s, FEIFBIR AR BLE D 100 s,
FE2F AR 78 RS T BN 300 s. A5 SVAAE R A] L
B PA R A 2R B AR, AR R R I, AN TE N BT
NS TN NS S O 1L Rl €V € =R ANIES A o

BRREIME T HEERS O

fa] B Pk S IAEE N ACE 15K K 1.08 m. %% 1.5 m.
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9

simple narrow environment

KAETT iR RINE ORI M () PSRBT I K
KI5 0.90 0.94 +0.18 14336
RRT-Connect 0.90 1.24 4+ 0.68 23759
SDCL 0.90 1.79 £ 0.42 23830
RRT 0.10 1.87 £ 0.01 31543
Lazy-RRT 0.17 2.17£5.93 314
TRRT — — _
PRM 0.17 4.27 £ 4.64 62357
Lazy-PRM — — —
KPIECE 0.13 4.42 +6.03 76696
BKPIECE 0.87 3.54 £+ 3.33 60330
EST — — _
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Fig.8 Simple narrow environment simulation test:
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Live-line working in distribution networks
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Table 2 Algorithm performance comparison in
opened narrow environments

KT B CPERTRME (s)  TEIRERAINIR

AT 0.83 19.50 + 5.01 83319
RRT-Connect 0.83 46.76 £+ 37.10 221551
SDCL 0.80 19.09 + 1.22 78357
RRT — — _
Lazy-RRT — — —
TRRT — — _
PRM 0.03 30.99£0 90170
Lazy-PRM — — _
KPIECE — — _
BKPIECE 0.50 42.06 £ 5.31 130682
EST — — _
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JCE T B PR T AU A AR S 1A S iU
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IHUBRE H AR T, BRIl 2R A 2 1 B 50 000,
PRI AR o WU AR () SRR ke W B 21, RN IE
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Fig. 10
Major equipment processing and manufacturing
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Closed narrow environment simulation test:
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5 0.22 m BV AR BRI 1AM ERIEL 5
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Table 3  Algorithm performance comparison in
closed narrow environments
KAETTVE RINE CFRAME (s)  SPERERAR IR AL

ACTT 0.87 35.05 + 39.82 332764

RRT-Connect 0.73 84.40 £ 2.22 1007664

SDCL 0.90 41.67 £1.81 377318
RRT — — —
Lazy-RRT — — —
TRRT — — —
PRM — — —
Lazy-PRM — — —
KPIECE — — —

BKPIECE 0.97 84.17 + 53.95 460425
EST — — —
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single collision detection
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