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Title: A Design of a Wheeled In-pipe Inspection Robot for Natural Gas Pipelines and
the Study of its Sensing, Driving and Control
Arthor: Muzhou Wang

Abstract

In the rapidly developing modern society, the scale of natural gas pipelines has
continued to expand. However, the inspection and maintenance lack highly automated
machines and they rely primarily on manual inspections, which is probable to make
mistakes and often not efficient. Therefore, it is difficult to monitor the internal
conditions of pipelines and get digital information in this way. Due to the complicated
environment of underground pipelines, there are significant safety issues for workers
in such limited places. To solve these problems, a highly automated in-pipe inspection
robot for natural gas pipelines has been designed. This article introduces.the design
scheme of mechanical structure, electrical system, manual control system, and
computer-vision-based automatic control system and explains how-the they work. The
aim is to design and assemble an in-pipe inspection robot with strongpassability, high
autonomy, and high stability. In the latter section, its performance is assessed
according to the above three standards. The experimental.data proves that it has good
performance and capability.

To begin with, this article proposes a mechanical design scheme for a wheeled in-
pipe inspection robot with single section. It is suitable for inspection tasks inside gas
pipelines with an inner diameter of 150mm. The smaller mass reduces the power
required to drive the robot and makes the inspection robot work longer. When the
inspection robot travels in pipes of different shapes, the compression mechanism in
the middle can press the wheels of the inspection robot to the pipe wall with suitable
pressure. This mechanism ensures that it-obtain sufficient static frictional forces for
driving while reducing rolling friction to improve its efficiency.

Second, the signal is sent to the motor drive board to control the direction and
speed of motor rotation. The remote-control receiver is directly connected to the
servos, so that the operator can manipulate the steering angle directly. In addition, the
inspection robot uses a power system consist of two batteries. The design of such
power system contributes to'robustness of the precise instruments against voltage
variations and the stability of the electrical system.

In the manual control system, the central processing unit of the inspection robot
can receive the electronic signals from the remote-control receiver and get their high-
voltage duration. The duty cycle of the PWM signal that should be sent to the motor
driving board is calculated, according to the algorithm deduced from the experiments.
This algorithm regulates the speed of the motor when unloaded to be almost directly
proportional to the angular position of the control lever on the remote controller. The
setting makes it convenient for users to operate accurately.

In the automatic control system and computer vision, the images from the camera
can be transferred to the PC via the HTTP protocol. After that, the image processing
technology is employed to identify the two laser dots. Then, PC calculates the
direction of the line at which the curved pipe goes. When the location of the



inspection robot relative to the curved pipe is determined, commands of motion are
deduced by processing the position according to the geometry. These commands are
further sent to the central processing unit to control the rotation of wheels on the
inspection robot and realize automatic navigation.

In summary, this article designs a plan for an in-pipe inspection robot for natural
gas pipelines and studies its sensing, driving, and control technologies. The
experiments on the assembled prototype can conclude that the inspection robot has‘the
advantages of low power usage, strong passability, high stability, and high level of
automation. The design scheme is expected to provide a solution for the internal
inspection of pipelines which transport natural gas.

Keywords: robots, automation, in-pipe inspection, computer vision, automatic
navigation
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