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Motion Characteristics of Smart Capsule with Triangular Arrangement of Actuators

H. J. Lim (Mech. Eng. Dept., KAIST), H. J. Min (Mech. Eng. Dept., KAIST),
B. K. Kim {Microsystem Research Center, KIST), 5. H. Kim (Mech. Eng. Dept., KAIST)

ABSTRACT

Al present, colanascopy is performed by means of quite Jong and flexible endoscopes and controlled manually, Although
the flexibility of the dislal tip aflows the endoscope to foilow the tortucus path of the colon, the inseriion of the endoscope
requires lhe endoscopist to exert forces on and (o perfonm rotatrons of the proximal end; these actions cause discomforl to the
patient. Though self-prapellmg colonoscopic systems has been suggesied lo overcome these problems, it 15 difficult to pass
through highly curved regions of the intestme. In tlus paper, we introduce a sleering mechanism for a self-propelling
calonoscope, the smart capsule, which has three actuator units, The mechanism is designed not only to move forward and
backward but also o pass ihrough the curved regions. We derived Lthe governing equations of this mechanism, Active
movements and motion centro! are developed.

Key Words : Endoscope (4] 7 ), Self-propelling colenoscape (47} 83 =414, Smart capsule (=0} 20 ),
Impacl acluator (&% -57])
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(b) Front view

Fig. 1 Coordinate definition of the smart capsule
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Fig. 2 Schematic diagram of an actuator unit
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Fig. 3 Valtage profiles for an actuator unit
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Table 1 Body motion according to moving directions of
three actuator units

Moving Direction of Actuator Units Body motion
Al A2 A3 {axis)
Forward | Forward | Forward | Translation (+x%}
Backward | Backward | Backward | Translation (-x)
Not Used | Forward | Backward | Rotation {+z)
Not Used | Backward | Forward Rotation (-z)
Forward | Backward | Backward | Rotation (+y)
Backward | .Forward | Forward Rotation {-y)
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Fig. 4 Smart capsule wilh three linear actuator units
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(a) Smooth surlace(=0.28) (b} Rough surfac‘e(psﬁ .533)
[ig. § Rotation of the smart capsule on a XY-plane
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Fig. 6 Rolation of the smart capsule on a XZ-plane
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