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Real-time Visual Tracking System and Control Method for Laparoscope
Manipulator

Min Seok Kim*, Jin Seok Heo” and Jung Ju Lee**

ABSTRACT

In this paper we present a new real-time visual servoing unit for laparoscopic surgery. This unit can automatically
control laparoscope manipulator through visual tracking of laparoscopic surgical tool. For the tracking, we present two -
stage adaptive CONDENSATION(conditional density propagation) algorithm to extract the accurate position of the
surgical tool tip from a surgical image sequence in real-time. This algorithm can be adaptable to abrupt change of
laparoscope illumination. For the control, we present virtual damper system to control a laparoscope manipulator safely
and stably. This system causes the laparoscope to move under constraint of the virtual dampers which are linked to the
four sides of image. The visual servoing unit operates the manipulator in real-time with locating the surgical tool in the
center of image. The experimental results show that the proposed visual tracking algorithm is highly robust and the
controlled manipulator can present stable view with safe.

Key Words : CONDENSATION, Laparoscope Surgery(57347 %), Visual Servoing(d-& A1), Visual Tracking(%
A F3), Virtual Spring(7Hg 22 )
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Fig. 1 Divijsion of a laparoscope surgical tool

Fig. 2 Laparoscope image and its H-S distribution
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Table 1 Color feature of the surgical tool

LT | gz e | Ry EE A
Color feature
Median | 0.9822 0.9822
Hue
Rod Std. 0.0137 0.0137
part Median | 0.4471 0.1843
Value
Std. 0.1589 0.0170
Median | 0.9822 0.1250
Hue
Tip Std. 0.0137 0.0225
part Median | 0.8627 0.3686
r
Std. 0.0226 0.0213
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