%536 % 45 3 M hOE OHL B TR Vol.36 No.3
2025 4F 3 H CHINA MECHANICAL ENGINEERING pp.407-413

LT3l ) 2 PR A ) e T AL N
7R i 81,300 R o A

RAER FFA IR H%” ﬁamﬂ
LAEMBILRSTHAIRELSFiH & EE T, F# M ,450002
2.FP BHFIRE B TR E2AR T, /\HE 230026

BE AR TARBNELERDZR TG EHARPARET A TFERSEFHAF
M A GG Kot SR ik, BB EAE X T SO RER B AEREI T X Lizshe) §EH &
G ATEADREZEFTENERESGLZANSAFHIE, HPHRKREFFGEAG SR ERIE, SFid
L#ﬁﬁ““’“?f&}}\ﬁi%@ﬁ%m%/\"E W AEFAERXAETATFR S EFZAT RO ZHAEK
M, RRAPMREETARE RV RS RA BEGRFENE, M EINRTVAE T RBYTGE SN,
dvn‘w%f%‘a‘:m&;ﬁ%w«%‘ﬁﬁﬁﬂﬁfu;@%igab B S VT A 52 LR R D BR PR ER B 64 3B [ 53 ) AL
%), i@ KA e A AR KAL) T 4o, R TR Lk AT T AU S AR LA R ey B
A B A A,

KB TR HLES N 518 Zh LI 5 A i a0 IR B AT R M SR

REHES . TP242 it

DO1:10.3969/].issn.1004-132X.2025.03.004 TR (R AR S ) ARIRAS (OSID) ;25

Tip-trajectory Following Algorithm for Snake-arm Robots Based on
Dynamics Denoising Model
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Abstract: Based on dynamics model smoothing formulation of equivalent multi-link system, a tip-
trajectory following algorithm was proposed for motion planning of hyper-redundant SARs in narrow
and confined spaces. Regarding SAR as a multi-link system of joint points constrained to move on col-
lision-free trajectory curve of tip, and the dynamics equation of rigid-flexible coupling system was de-
rived using virtual work principle. The length conditions of robot arm segments were guaranteed by
axial stiffness of connecting rods, and the influences of high-frequency components were filtered out
from the model level by employing model denoising method, so that the conventional explicit algo-
rithm might be used to calculate the solution of equation of equivalent multi-link system efficiently.
The proposed algorithm may specify the velocity law of tip or base of snake-arms, and realize the mo-
tion planning of SAR along tip-trajectory. Due to the strictly limited joint points of SAR moving on
feasible trajectory curve, obstacle avoidance motion planning may be achieved in narrow and deep cavi-
ty environments. After solving typical numerical examples in planar and spatial cases, the results
show that the proposed algorithm has sufficient computational accuracy and efficiency for the motion
planning of SARs.

Key words: snake-arm robot(SAR); motion planning; tip-trajectory following; model denoising;
rigid-flexible coupling
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Fig.1 Structure diagram of SAR
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Fig.2 Kinematic relationship of adjacent segments
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Fig.3 Equivalent multi-link model of SAR
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Fig.4 Inverse solution of universal joint angles
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Fig.5 Planar tip-trajectory following
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Fig.7 Deviation of tip-trajectory in planar case
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Fig.8 Velocities of the base and tip in planar case
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Fig.10 Velocities of the base and tip in spatial case
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Fig.12 Deviation of tip-trajectory in spatial case
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