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Abstract: Laparoscopic surgery is being used in various surgical fields because it minimizes scarring.
Laparoscopic operations require practical hand skills, so surgeons train on animals and via surgery training
tool sets. However, these tool sets do not give the surgeon the sensation of touching real organs. A recently
developed laparoscope simulator has a high friction force along the translational axis and a high gravity force
along the pitch axis, and therefore it does not permit the operator to control his or her hands delecately. In
the paper, the friction force along the axes is auumed to depend on the veolcity, and the gravity force on
the angle and distance. We develop a compensation model that combines the gravity and friction force
models.
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Fig. 1 Laparoscopic surgical simulator; (a) The
Immersion: Laparoscopic Surgical Workstation
(b) The haptica: PROMISTM

Fig. 2 Laparoscopy simulator; (a) Overview (b) Front
view (¢) Side view
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Fig. 3 Diagram of laparoscopy simulator
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Fig. 4 Relation between friction and velocity; (a)
Classical model, (b) Tustin model

Fig. 5 Friction force measurement system
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CONTENTS VALUE UNITS
Max. £, 50 +N
Max. M, 0.5 +Nm
weight 0.01 kg
diameter 17 mm
height 14.5 mm
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Fig. 6 Friction - velocity curve from experimental

results
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Fig. 7 Comparison of the friction as velocity changes:
measured friction and friction model
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Fig. 9 Comparison of the friction as velocity changes:
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