Transactions of KSAE, Vol. 32, No. 5, pp.413-420 (May, 2024)

’i) Check for updates

Copyright © 2024 KSAE /222-02
PISSN 1225-6382 / ¢ISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2024.32.5.413

20|CH 7|6k OF2| 87 L Y L0l £0| T2 U HAUY| 2 AL

Mxe-2ae.xxg).a A

D.ol .- x 7 &

o= X

VUG Wall E2oHcy

LiDAR-Based Frontal Road Height Profile and Roughness Estimation System for
Unstructured Outdoor Environment Perception

Jiwon Seok" - Soyeong Kim"

- Jaeyoung Jo" - Junghee Park” - Chachyun Lee”

- Yanggon Kim?” - Kichun Jo™

UDepartment of Smart Vehicle Engineering, Konkuk University, Seoul 05029, Korea
IDept. Ground Control System S/W, LIG NexICo. Ltd, 21 Pangyo-ro 255beon-gil, Bundang-gu, Seongnam-si, Gyeonggi 13486, Korea
(Received 7 December 2023 / Revised 11 January 2024 / Accepted 12 January 2024)

Abstract : Unmanned ground systems equipped with sensors, such as cameras, radar, and LiDAR, play a crucial role in
detecting environmental conditions. Specifically, recognizing drivable areas in uneven terrain is essential in establishing
stable navigation plans. Information on the oncoming road's height profile and roughness obtained from LiDAR sensors will
help ensure safe navigation and effective control planning. This study introduces a real-time, LIDAR-based approaching road
height profile and a roughness estimation system in perceiving unstructured outdoor environments. Considering the
mechanical characteristics of the system, the proposed method estimates the driving path, and generates a road height profile
by using LiDAR point clouds. Finally, we will be analyzing road roughness in the frequency domain, and will be classifying
roughness based on the ISO 8608:2016 standard. Real-world experiments conducted in both off-road and on-road
environments demonstrate the feasibility and effectiveness of the proposed system in estimating terrain roughness in real time.
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Ground Segmentation

PCA-based Plane fitting

LiDAR Point Cloud
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‘ Future Route Profile Extraction }— Road Profile

Road Profile
Roughness Estimation

‘ PSD-based Profile Analysis ‘
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Fig. 1 The overall system architecture of road height profile
and road roughness estimation system
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Fig. 3 Visualization of point cloud raw data (left) and
extracted ground point cloud (right)
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