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Abstract: This paper aims at the problem which traditional forward kinematics method of concentric tube robot takes
a long time to calculate and limits real time work, a fast solution method for the forward kinematics of the concentric
tube robot based on robot geometry is proposed in this paper, which can improve the calculation efficiency by losing just
a little of accuracy. The concentric tube robot is firstly modeled by the Cosserat theory. Then the relationship between
the concentric tube robot spatial position and the curvature is established by using the Lie algebra theory. Moreover, the
open loop control experiment based on inverse kinematics is carried out combined with the proposed forward kinematics
method. Finally, both simulation and physical experiment of the three-tube robot verify the rapidity and effectiveness of the

proposed method.
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Fig. 9 Error of inverse kinematics solution
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Fig. 10 Computation time of inverse kinematics solution
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Table 4 Comparison of inverse kinematics calcu-
lation results

Tl €avg/mm tls
WAL 0.0445  0.9522
ARSLTTi 0.0557  0.0181
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Fig. 11 Experimental scene and equipment of concen-
tric tube robot
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Fig. 12 The measurement error
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Table 5 The mean value of the measured error

®Z  X/mm Y/mm Z/mm E/mm

errorl 3228  6.172 1383  7.101
error2 3258  6.188 1389  7.130
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Table 6 Inverse kinematics open-loop control error

®"Z  X/mm Y/mm Z/mm E/mm
errorl  2.824 5.074  3.150  6.606
error2  2.894 5.122 3224  6.709
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Fig. 13 Open-loop control experiment results
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