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Abstract

In the conventional laparoscopic surgery, one medical doctor who only holds
the laparoscope during the surgery must be needed. Therefore in this study,
we implement the automatic tracking and zooming system for laparoscopic
surgery by means of a steady laparoscope on the abdominal surface. The
system can be additionally installed to the conventional laparoscope system
and it analyses camera images in real-time. In this system the markers
attached at the top of the forceps are extracted, and the focusing area can be
estimated. In this study, we implement two ways of marker tracking
algorithms; one tracks a single marker on the forceps which is assumed as
focusing point, and another tracks two different colored markers, which can
estimate the more practical focusing point. In order to perform high-quality
real-time movie processing, we implement the system by using CPU and
GPU (Graphics Processing Unit) in parallel. The tracking algorithm is
carried out by CPU and the image enlargement is carried out by GPU, then
we obtain high frame rate and low delay time. For the automatic smooth
camera work, we propose a new control model which has many parameters.
Through six times of animal experimentation, we obtained the appropriate
values of parameters evaluated by two experienced doctors. After the
evaluation of the experienced doctors, we can obtain the effectiveness of the
system, and they can operate the cholecystectomy successfully by the animal

experiments without supporting by any scope holding doctor.
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Table.1 Quantitative evaluation of operationality. We carried out the
experimentations by two medical doctors with two conditions; laparoscope is
controlled by the scopist and it is controlled by our proposed system. Three
times average values of process time and distance from target center are

figured out.

1 RET DV AT LR

Fig.1 Proposed system framework
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Fig.2 Processing flow using CPU and GPU
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Fig.3 Markers attached on the forceps, (a)Marker is attached at the

top of forceps, (b)Marker is attached at the clip, (c)Two colors are attached on
the forceps.
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Fig.4 Estimation of focusing point from the markers
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Fig.5 Estimation of focusing point from the center of gravity of two
forceps
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Fig.6 Digital image enlargement of the focusing area
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Fig.7 The system is evaluated by a medical doctor with animal
experimentation. The surgery is carried out without supporting of the

camera holder.
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Fig.8 System evaluation using forceps with single marker

9 T — A BV AT S FEI O4 T

Fig.9 System evaluation using two forceps with two colored markers
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Fig.10 Virtual experimentation environment made for quantitative
evaluation
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Fig.11 (a) Circular target for quantitative evaluation of operationality.

(b) Distance measurement between the target center and the needling point.
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