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UAV LiDAR-Based Tunnel Survey for Canal Maintenance: A Case
Study of Pinglin Canal
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Abstract

Hsinchu Irrigation Management Office oversees 61 canals, among which the Pinglin Canal
irrigates approximately 542 hectares and extends about 1.8 kilometers in length. Along its
course, it passes through three tunnels manually constructed during the Qing Dynasty. At the
end of the third tunnel, modern restoration works adopted a box culvert design, resulting in a
relatively low height that requires a person to crouch to pass through. The other tunnels,
however, remain earthen canals tall enough to allow a person to stand upright. The three tunnels
are approximately 100 meters, 50 meters, and 80 meters in length, respectively, connected by
wooden aqueduct. Silt removal relies entirely on manual labor, making maintenance difficult
so water conservancy improvements will be carried out in the three tunnels. In recent years,
with the growing maturity of UAV LiDAR technology, its use in the inspection of infrastructure
such as bridges, indoor, and oil refinery has become increasingly widespread. LiDAR is
especially suitable for scanning in confined, unlit tunnel environments, reducing manpower

requirements and operational risks associated with manual inspection and silt removal.

In this study, an unmanned aerial vehicle (UAV) equipped with a LiDAR system was used
for tunnel scanning, supported by a total station for positioning control. Reflective targets were
placed at the tunnel entrance for the LIDAR to detect, and the total station was set up at ground
control points outside the tunnel to survey the targets, thereby establishing planar and elevation
control within a relative coordinate system. Each UAV battery allows for a round-trip scan of
up to 150 meters of tunnel. Using the 100-meter-long tunnel segment of the Pinglin Canal as
the study area, the operation took approximately one hour. Collected point cloud data was used
to build a 3D model for historical reference. From the 3D point cloud model, measurements of
the tunnel’s length, height, and cross-sectional area can be obtained. Compared to traditional
ground-based LiDAR scanning, UAV LiDAR can provide effective information in the early
stages to assist in desilting planning and tunnel engineering improvements, reduces the risk of

unknown tunnel conditions, and enhances overall operational efficiency.
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