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Introduction

Colorectal cancer 1s one of the most common digestive disease around the world, accounting for 14.6% of all cancer deaths [1]. Conventionally, flexible endoscope 1s used for the
inspection of gastrointestinal (GI) tract. However, major drawbacks are reflected in the poor patient tolerance and the risk of colon perforation during inspection. Surgeons are also
required to undergo long period of training before performing GI tract inspection with traditional endoscope. Hence, capsule endoscope was introduced 1n 2000 by Gabbin and Idden [2,
nature, 2000]. Still, 1t lacks an active locomotion to precisely steer the capsule, which surgeons cannot examine the suspected area repeatedly.

In this project, we present a soft earthworm robot aiming for GI tract inspection. The robot contains two inflating actuators and one extending actuator with bending function added.
This allows the robot to crawl through tubular environment with sharp bends, such as colon. Pressure inside actuators are detected in real time as well, which not only enables the robot
crawling autonomously, but serves as an indicator whether the robot is in well condition during operation.

Advantages of our earthworm robot: 1) Provide a complete soft and small size platform for GI tract inspection, therefore enabling intrinsic safety and improving patient’s

tolerance; 2) achieve active locomotion, i.e. crawling and bending, inside the GI tract, therefore allowing repeatedly examination of suspected area.
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Design of our soft earthworm robot Control System — Closed loop system
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Fig 6. Block diagram of our control board

Fig 2. Prototype of the earthworm-like soft robot A) Solenoid valves
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1) Rear section expands to anchor.
2) Middle section extends.

3) Front section expands to anchor.
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6) Rear section expands. Fig 4. Cross-section of middle section Fig 5. Complete internal structure of our robot.
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Results
Demonstration
Crawling motion Bending motion Fig 7. Real set-up of our control board

(Our first prototype)
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Fig 8. Pressure change inside sections during locomotion

Voltage output from pressure sensors are monitored in
time domain, reflecting the regular change of air pressure

within each section of the robot.
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