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Needle deflection prediction based on projecting beam model

GAO De-dong, ZHU Tong, WANG Shan, ZHAO Guang-wei ( School of Mechanical Engineering,
Qinghai University, Xining 810016, China)

Abstract; Objective To analyze deflection and forces of needle insertion and improve the inserting accuracy.
Methods The measuring equipment was constructed with industrial camera, stepping motor and light source.
The experiment of needle insertion into soft tissues was conducted with puncture needles having different diame-
ters (1.3, 0.9, 0.6 mm), and the inserting forces at different puncture speeds (5, 10 and 15 mm/s) were
measured by the force sensor. The needle deflection was obtained by digital image processing method. Based on
the analysis of needle inserting forces, a projecting beam model was structured to predict the needle deflection.
Results The deflections of puncture needles with diameters of 1.3 and 0. 6 mm at puncture speed of 5 mm/s
were predicted by using the projecting beam model. The absolute error was less than 0.5 mm, and the relative
error was less than 10%. The proposed model can predict the needle deflection effectively, which
will provide references for the robot-assisted needle insertion.

Robot-assisted needle insertion; Insertion force; Needle deflection; Projecting beam
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Fig.2 Diagram of needle deflection and forces on the needle
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Fig.3 Needle deflections in the puncture test (a) With puncture

needle of different diameters, (b) At different puncture speeds
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Fig. 4 Insertion force-needle displacement in puncture test with

puncture needles of different diameters
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Fig.5 Friction force vs. fitting model with a second-order

polynomial
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Tab.1 Results of the error analysis
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