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Robot-Assisted Puncture Positioning Methods under CT Navigation
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Abstract: Positioning methods of lesion and puncture needle under CT navigation are proposed,
respectively, to solve the problem of expensive lesion positioning system and complex puncture
needle omnidirectional positioning mechanism in robot-assisted puncture. Bases on the coordinate
transformation, the lesion positioning method recognizes the position relationship between the CT
system and the robot system by the coordinates of three non-collinear markers in both the
systems, and then localization of the lesion in the robot system is realized from its coordinates in
CT. The omnidirectional localization method combines the lesion positioning results and robot
kinematics, and the needle always points to the positioned lesion regardless of its posture
adjustment. It is realized by robot software control to get safe insertion points and angles for

lesion puncture. A 6-DOF puncture system containing a UR robot is built to conduct lesion and
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needle positioning experiments on a patient model under CT navigation. Results show that the

lesion positioning error of the proposed method is less than 3 mm, and that the positioning

accuracy is equivalent to that of the least squares location method based on five markers, while

the location efficiency improves by about 40% , and the calculation error of the lesion positioning

method is about 1. 43 mm. It is feasible to realize the needle omnidirectional positioning through

using software to replace the complex mechanism. Therefore, the proposed positioning methods

are effective and accurate, and they may provide theoretical basis for further lesion autonomous

positioning and needle path planning.

Keywords: robot-assisted puncture; CT navigation; lesion positioning; omnidirectional

positioning
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