BE 7T sg % L X B2 R AR BB &

W14 % 2 £ % i A Vol. 14 No. 2
2025 4 3 H JOURNAL OF INTEGRATION TECHNOLOGY Mar. 2025
gI3z#g3K:

SRASEH, [, XB5E, £5. FE T A RAL I S PE N BB AL % N s R BRI ) [J]. SR B R, 2025, 14(2): 3-12.
Zhang JY, He S, Deng Z, et al. Optimal teleoperation control for flexible endoscopic robots based on neurodynamic

optimization [J]. Journal of Integration Technology, 2025, 14(2): 3-12.

ETHENNFNHREERAR R
B IE IR

i A T [ R S P i1
GRM K SEHURL R R B 3 L3054 350108)

B E RMENSEILES N ARSI N, ERE) TR SR I A e (HIESR S AR £k
PEA TR AL T B W B BN N HE SRR A o B0 LR IR, ASCHR ) — Rk T ezh 7
FHIRE N BB N B R B AR I 7. E o, M B GRS 1 T BB LA AN LGS Bl ko
B, EALRVEN BB AR, RIS BRI 5 K B AN DG 2 IR, 2RI ST IE3)
LRCRE LA NS sh iz e Ao — U e DL i 1) L, A P 6 T e 2 30 77 2 R S SR AR 2 AT v 2k
Rffs fea, EHRREGHLE AT EITRLIIIE. KA RRM]: ASCTNEA A R/ N TR R
ZMNGEEIRG;,  Hbs mUERERR Z PRI 2.5% CLA,  [RINAT RERTE 1A R Fh s s 42 10 v B 1 A
FasE k.

XHER RVEABENLA N AR WA e, s
FESHES TP242.3; R693+4  XHEAMFFERE A doi: 10.12146/j.issn.2095-3135.20240926001
CSTR: 32239.14.j.issn.2095-3135.20240926001

Optimal Teleoperation Control for Flexible Endoscopic Robots
Based on Neurodynamic Optimization

ZHANG Jieyang HE Shuai DENG Zhen" HE Bingwei

( School of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350108, China )
"Corresponding Author: zdeng@jfzu.edu.cn

Abstract Flexible endoscopic robots, with their continuum structural characteristics, demonstrate unique
advantages in minimally invasive surgery. However, the inherent nonlinear deformation features of continuum
structures pose significant challenges to motion control precision. To address this technical bottleneck, this
paper proposes an optimal teleoperation control method for flexible endoscopic robots based on neurodynamic
optimization. First, a master-slave motion mapping mechanism in image space is established, coupled with a

kinematic model of the flexible endoscope, to achieve accurate mapping between image feature velocities and
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driving velocities. Second, joint motion constraints are incorporated to formulate the robot control as a

quadratic programming based optimal control problem, which is efficiently solved using a neurodynamic-

based real-time solver. Experimental validation is conducted on a ureteroscopic robotic platform. Results

demonstrate that the proposed method effectively suppresses manual operation errors and velocity oscillations,

maintaining target tracking errors within 2.5% while significantly enhancing the accuracy and stability of

instrument manipulation during lithotripsy procedures.
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Fig. 1 Schematic diagram of the kinematics of the flexible endoscopy
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