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1. Introduction  
 

Since 2000, we have been developing robotic colonoscopes 
based on a link mechanism,1 radial wheel,2 a pneumatic impulsive 
device,3 a tendon-driven clamping mechanism,4 a paddling-like 
mechanism,5 and an inchworm-like mechanism.6 There has also 
been a lot of effort to develop robotic colonoscopies by using a 
flexible chain,7,8 a clamping segment with inflatable balloons,9 a 
robotic legged capsule,10 a snake-like mechanism11 and a parallel 
manipulator-integrated endoscope.12 In addition, in-vitro and in-
vivo tests have been performed in other institutes.13-15 In particular, 
inchworm-like locomotion has been popularly employed as a bio-
mimetic approach. It has been shown that inchworm-type devices 
have the capability to overcome the flexibility and the slipperiness 
of a colon. Usually, they utilize flexible bellows for elongation and 
contraction, and suction based clampers for clamping and releasing. 
Therefore, at least three pneumatic lines are required to supply the 
air for each chamber: the front clamper, the bellows and the rear 
clamper.13,16 For perfect clamping, some extra time is required, 
and a red mark remains. That can lead to an erroneous diagnosis. 
In order to reduce red marks and the loss of locomotion capability 

due to extra suction and insufflation, the suction based clampers 
are replaced by legs based clampers in this article. In addition, a 
previously developed one pneumatic line based inchworm-like 
mechanism for in-pipe inspection is adopted to reduce the friction 
force between the pneumatic lines and the locomotion 
environment.17 To find optimized operation parameters, the 
velocity under variation of suction and blowing time is 
investigated with a theoretical approach. Then, experiments under 
in-vitro and in-vivo condition are carried out with some optimized 
parameters. 

 
 

2. Robot system 
 

2.1 Robot structure 
As in Fig. 1, the robot consists of two main modules: the 

bellows and two clampers (front and rear). As previously mentioned, 
realizing perfect clamping on a slippery colon is far from easy; this 
is the main obstacle to overcome in the development of a reliable 
robotic colonoscope. For our proposed robotic colonoscope, we 
employ a six-leg based clamper that can be folded and unfolded 
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robotic colonoscope was embodied. After we fabricated the robotic 
colonoscope, the robot system consisting of a proportional valve, a 
vacuum generator and an air compressor was constructed to operate 
it. Next, a performance test on the robotic colonoscope system in 
the pipe was carried out. In particular, the velocity of the robot 
according to suction and insufflation time was investigated based 
on a theoretical analysis. This was then compared to experimental 
results to confirm the viability of the design.  

This investigation indicated that the velocity of the robot could 
be satisfactorily controlled by adjusting the amount of time at which 
air was supplied. After we tested the locomotion performance, the 
robotic colonoscope was tested under in-vitro condition. Due to the 
viscoelastic characteristics of the colon, the velocity in a straight 
path of the explanted colon was 33 mm/s, a reduction value of 41% 
compared to that in the pipe. In the curved path, the velocity 
decreased as the radius of the curved course decreased since the robot 
was under more resistance force. In the sloped path, robot velocity 
varied from 33 mm/s to 12 mm/s depending on the angle of the slope 
path. Owing to the strong performance of the locomotive mechanism, 
the developed robotic colonoscope maneuvered successfully in the 
colon of a live swine with a speed of 8.5 mm/sec. 
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