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Research of Colonoscope Robot With Rotary Inertia Type Locomotion
Mechanism
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Abstract This paper suggests a new design that makes use of rotary inertia that can allow autonomous movement
of an autonomous colonoscope robot in the colon of a patient as a locomotive mechanism. As commercial
colonoscopy causes a lengthy time of pain and discomfort to the patients when colonoscopy patients are reluctant to
receive surgery, there is a tendency to avoid the test in the early diagnosis of colorectal cancer. To solve this problem.,
research has been conducted on the next generation of robotic colonoscopes that can reduce the discomfort and pain
by moving autonomously within the colon of the patients. In the driving mechanism utilizing the rotational inertia,
a flywheel is driven by a motor to store energy and produce rotational inertia. By the energy stored and released
by the flywheel, the stick phenomenon that occurs when the robot is running in the intestine can be overcome
effectively. To do this, a controller that can control the velocity of the flywheel and is robust to high frequency noise
was designed and implemented. The driving mechanism using the rotational inertia presented here showed that the
structure is also effective and the experiment can be run easily compared to another mechanism.
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Fig. 1.

rotational inertia type of robot design.
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Table 1. robot design specification of flywheel type
Spec. value unit
thickness 1.5 mm Thr1.
length 40 mm R1.
flywheel diameter 20 mm
weight 311 & Fig. 2. fin configuration that is mounted on the surface of
moment of inertia 2680 g.mm robot
type chiba precision NC13
Motor voltage 12 v
Gear ratio 4:1 - -
Overall length(robot) 85 mm 3. X'Il 01 ngl
Overa] dameter(robon i — 259 AojHF X 24 DC motor driver®} A|oj-& &
12)5S 738k} DC motor driver+ Fig. 37 2t}
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7|9k v Bl (design  parameter) 24 WdZE(screw  pwM 3H3S ALEEA] $IAE DC REE LEd 4
angle), W1 “F(number of screw), ¥ AEFo] W o) o1} wE =afolme] AojWHoR= &% o=
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(b) Motor driver board implemented

Fig. 3. Motor control driver circuit
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Fig. 4. in vitro test environment for locomotion of rotational
inertial type robot
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Fig. 5. winding up between colon wall and fin of robot
occurs when screw angle becomes small

olele AREE UMgEE 2 o
Hamgo] 2ol F7kse] 1 A} FAAYE o] 2
A ol g o 4 At

Table 2. difference with screw angle

screw angle distance No. of efficiency
[deg] [mm)] rotation[rpm] [%]
4 3 0.08 375
8 110 5.25 21
12 240 7.75 31
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Table 3. difference between No. of screw and fin radius
No. of | Radius of | Distance No. of Efficiency
screw fin[mm] [mm] rotation[rpm] [%]

2 R1.5 110 5.25 21
2 RLS5 10 0.44 23
1 R1.0 140 7.25 19
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