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Abstract : This study proposed a multi-sensor fusion-based mobility system for the inspection and measurement of
underground buried pipelines. The platform integrated multiple IMU sensors, Hall-sensor odometry, ultrasonic sensors, a
camera, and a LiDAR camera to support in-pipe localization, diameter estimation, autonomous steering, and obstacle
recognition. To improve attitude estimation in confined pipe environments, multiple IMU signals were fused using an
inverse-variance weighted scheme. Pipe diameter was estimated from multi-ultrasonic measurements, while travel distance
was determined from wheel-rotation pulse counts. Dead reckoning was then applied to reconstruct the three-dimensional
trajectory of the robot, and ultrasonic-based steering control using a bicycle kinematic model was adopted for curved pipe
sections. Experimental evaluation confirmed practical accuracy in diameter and distance estimation and demonstrated
real-time graphical monitoring of robot motion and obstacle information. In addition, image-processing and semantic-
segmentation-based perception were implemented for obstacle detection. The proposed system is expected to provide an
effective engineering basis for integrated localization and intelligent inspection of underground buried pipelines.

Key words : Underground buried pipeline(*514d3), In-pipe mobility robot(#= LU E] 23, Sensor fusion(AllA &
3}, Dead reckoning(5Z3H), Autonomous navigation(XF&53)

Nomenclature Subscripts
y : estimated yaw angle of robot, deg i : i-th sensor
s : travel distance, m k : discrete time step
D : estimated pipe diameter, m L : left-side sensor
d : measured distance from ultrasonic sensor to pipe R : right-side sensor
wall, m
n : Hall-sensor pulse count, - LM &
6 : steering angle, deg EA] 7R A Y] e et A - s, AE, B
® : fusion weight for each IMU signal, - Al 7 2 D 22 Ak W B3-S X8 37 o] A EE
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Table 1 Hardware configuration

Component Role Specification
RC car-based
Mobile base In-pipe driving
platform
IMU module Attitude sensing 8 IMUs
Hall sensor Distance sensing Wheel pulse count
Ultrasonic . . .
Wall/diameter sensing | Multi-sensor array
Sensors
Camera Front monitoring Vision sensor

Lidar camera Obstacle sensing Distance-aware vision

Mgeli/iz:ge Control/processing | Embedded controller
Communication Data transfer LAN / Wi-Fi
Battery Power supply 7000 mA
Camera housing Waterproofing O-ring metal case

Table 2 Software configuration

Module Method Output
Data
Sensor control hon .
Py acquisition/control
IMU fusion Weighted averaging Fused attitude
Distance .
. Hall pulses Travel distance
estimation
Di 1
1.ame.er Circle fitting Pipe diameter
estimation
Steering control Bicycle model Steering command
Localization Dead Reckoning 3D trajectory
Obstacle OpenCV /
. P . Obstacle display
recognition segmentation
GUI Mult%-window Integratf:d
display monitoring
Data logging File/Excel save Stored run data
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Table 3 Test-track configuration

Section Material Purpose
Straight track PVC pipe Straight driving test
L-shaped track | PVC + coupling Elbow passage test
Curved track Metal duct Curved driving test
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Fig. 1 Overall concept of the proposed pipe inspection robot system
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Table 4 Summary of diameter and travel-distance estimation

results
Item Condition Result Error
Pi Left
e © 25.80 cm 258%
diameter measurement
Pipe Upward
P pw 25.16 cm 0.04 %
diameter measurement
Pi Right
CPe gh 25.58 cm 1.71%
diameter measurement
Travel Five repeated Compared with Within
distance tests laser distance meter 1.5%

kA F=8o] 7153t ©]+= Bicycle kinematic model
7|9k Z28F Ao 7} A A R ol el A Rl A =
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