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ABSTRACT

Laparoscopic surgery is a type of minimally invasive surgery (MIS) that is
performed with several laparoscopic tools as well as a laparoscope equipped with a CCD camera.
Since the working space for controlling a laparoscope in the operating room is usually limited, the
camera operator is required to be highly skilled in controlling the laparoscope, and he/she may
become fatigued after a long period of operation. Thus, our motivation was aimed at resolving the
camera operator problem.

In this research, we developed a new minimally invasive robotics surgery system
(MIRS), which consisted of a new design for the laparoscopic-holder assisting robot and a new
algorithm for image-tracking the tip of the laparoscopic instrument. The laparoscopic-holder
assisting robot consists of three parts: the passive base part, the bending laparoscope part, and the
external manipulator part. For the object tracking part, we developed a new image-tracking
algorithm named the “Adaptive Mean-Shift Kalman Tracking.” This algorithm is based on the
mean-shift algorithm combined with the Kalman filter for tracking the laparoscopic instrument in
laparoscopic surgery. Moreover, the target boundary of the object of interest is automatically
adjusted in the algorithm to increase the tracking performance. In this research, we tested the
operationalized techniques with different scenarios from simulated videos, real surgical videos,
and real-time experiments in a phantom box. The experimental results show there is a high
potential for the proposed MIRS system to be suitable for tracking the tip of the laparoscopic

instrument in real laparoscopic surgery.
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