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Detection of Endoscope Grasping State during Insertion into Colonoscope Training Simulator
Using an Ultra-Compact Tactile Sensor
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The purpose of this work is detection of the operating state at the grasp and calculated the grasping force and shear force
by detecting the force applied to the grasp during endoscope manipulation. We have previously studied the measurement
and presentation of the reaction force generated on the endoscope during insertion and removal into a colonoscope training
simulator using a commercially available force gauge, however, there are some problems of size and the direction of force
detection. In this work, we devised a method to solve these problems by using an ultra-compact MEMS tactile sensor

developed.
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Fig.1 A photograph of tactile sensor Fig.2 A schematic view of the principle of(a) normal and (b) shear force detection
10 mm
Fig.3 The attachment for endoscope tube
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Fig.4 A photograph of experimental setup Fig.5 A photograph of the tactile sensor

attached to the endoscope tube
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Fig.6 A schematic of the relationship between the direction

of endoscopic manipulation and the position of the cantilever
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Fig.7 (a)~(c) Voltage change of cantilevers 1~3 and
(d)~(f) their time derivative in the experiment 1.
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Fig.9 (a)~(b) Voltage change of cantilevers 1~3 and

(d)~(f) their time derivative in the experiment 3
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Fig.8 (a)~(b) Voltage change of cantilevers 1~3 and
(d)~(f) their time derivative in the experiment 2
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Fig.10 (a)~(b) Voltage change of cantilevers 1~3 and

(d)~(f) their time derivative in the experiment 4
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Table.1 Change in voltage of cantilevers in each manipulation

Front Back Left twist and Right twist and Insert | Removal
shear in | shear in front shear back shear
model model
Cantileverl =+ - + - + -
Cantilever2 + + - + + +
Cantilever3 - N/A + - - -

Table.2 Estimated grip force change of the endoscope calculated from tactile sensor output

Apply (N) Front shear (N)  Back shear (N) Right twist (N) Left twist (N)

291 12.13 -2.23 5.06 17.0

Table.3 Estimated shear force change with shearing motion of the endoscope calculated from tactile sensor output

Front shear (N) Back shear (N)

3.57 -2.32
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