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Localization of Unmanned Ground Vehicle based on Matching of
Ortho-edge Images of 3D Range Data and DSM

Soon-Yong Park’

- Sung-In Choi'™

ABSTRACT

This paper presents a new localization technique of an UGV(Unmanned Ground Vehicle) by matching ortho-edge images generated

from a DSM (Digital Surface Map) which represents the 3D geometric information of an outdoor navigation environment and 3D range
data which is obtained from a LIDAR (Light Detection and Ranging) sensor mounted at the UGV. Recent UGV localization techniques
mostly try to combine positioning sensors such as GPS (Global Positioning System), IMU (Inertial Measurement Unit), and LIDAR.
Especially, ICP (Iterative Closest Point)-based geometric registration techniques have been developed for UGV localization. However, the
ICP-based geometric registration techniques are subject to fail to register 3D range data between LIDAR and DSM because the sensing
directions of the two data are too different. In this paper, we introduce and match ortho-edge images between two different sensor data,
3D LIDAR and DSM, for the localization of the UGV. Details of new techniques to generating and matching ortho-edge images between
LIDAR and DSM are presented which are followed by experimental results from four different navigation paths. The performance of the

proposed technique is compared to a conventional ICP-based technique.

Keywords : 3D Registration, UGV, Localization, ICP, Ortho-Edge Image
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Fig. 5. Generation steps of ortho-edge image of DSM
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Table 2. Navigation path information
Path P-1 P-2 P-3 P-4
Total frames 970 650 549 1130
DSM resolution (pixel) 1677x1441 969x2713 11251336 961x820
DSM accuracy (m) 1.0 1.0 1.0 1.0
Table 3. Localization results of four experimental paths
No. of correspondences Localization error (m) Computation time (msec)
T | omente | P | omomie | P | osose

1 Exp.-1 21 7 51.9 6.0 246 293

Exp.-2 &4 87 58 4.3 282 305

o Exp.-1 253 296 356 6.3 291 328

Exp.-2 75 54 9.6 8.4 259 274

b3 Exp.-1 41 45 411 38.8 233 278

Exp.-2 66 65 6.2 6.2 253 250

P-4 Exp.-1 440 424 34 12.1 328 499
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