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Automatic Registration of Urban Laser Point Cloud with Aerial Image
Data Based on Straight-Lines
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Abstract In view of the imaging mechanism differences between the laser point cloud and image data, as well as
existing registration primitives accessibility features, the registration based on features is the mainstream algorithm
to refine the transformation of the two data sets. The corner points and edges of buildings are frequently used as
characteristics. In order to deal with the weakness of building edge detection and reduce matching-related
computation, a new automatic registration method based on airborne LiDAR data and high—resolution aerial image
of the road information is proposed. Vector road centerlines are extracted from raw LiDAR data and projected onto
related aerial images with the use of coarse exterior orientation parameters (EOPs). The corresponding image road
features of each LiDAR vector road are determined with the improved total rectangle matching approach. The
endpoints of the conjugate road features obtained from the LiDAR data and aerial images are used as ground control
points in space resection adjustment to refine the EOPs. Experimental results show that this method characterized
by the road features can not only extract fewer features, but also improve the efficiency of data processing in auto—
registration of aerial imagery with airborne LiDAR data.
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Fig.1 Road image with threshold segmentation. (a) Road in the original image; (b) segmentation with OTSU;
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(c) segmentation with morphology
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Fig.2 Road feature search sketch Fig.3 Part of road feature extraction with the proposed method
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Table 1 Aerial image and LiDAR point cloud technical specifications

Aerial image LiDAR point cloud
Item Region 1 Region 2 Item Region 1 Region 2
Camera TOPDC-5 DMC I11-140 LiDAR system ALTM 3070 LMS-Q160
Image size /pixel 7212%5408 12096x11200 Number of points 1 872 668 2 639 589
Pixel size /mm 0.0068 0.0072 Point density /(point /m®) 1.2 2.1
Focal length /mm 35 92 Average elevation /m 1200 630
Resolution /m 0.1 0.05 Coverage /km 1.3x1.2 1.3x0.93
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Fig.6 Matching results of ID 0533 aerial image with LiDAR vector line of Region 1. (a) ID 0533 aerial image;(b) LiDAR point cloud
data; (c) initial projected result; (d) final matching resuts
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Fig.7 Matching and extraction resluts of ID 0821 aerial image of Region 1. (a) ID 0821 aerial image; (b)LiDAR point cloud;

(c) distribution of LiDAR vector line; (d) initial projected result; (e) final adjustment result; (f) computational accuracy of the EOPs
T T O T I8 A WSRO B TR I R B O 7R 08 R BT AR ) R PR e o R R B AT R 22
Guit, a5 R LR 2 MK 3, K3 RMSE NI TR .

2 Ku A SN ER 25 (B LiDAR S804 %)
Table 2 Residual errors of check points (unit: LIDAR equivalent pixel)

- Starting point End point - Starting point End point

Ax Ay Ax Ay Ax Ay Ax Ay
0819-1 0.78 0.77 -0.36 -1.20 0820-4 0.09 0.62 0.14 0.27
0819-2 0.20 -0.41 0.31 0.22 0820-5 1.38 -1.44 1.15 1.08
0819-3 0.88 0.62 1.27 0.68 0820-6 -1.21 -1.64 -0.59 -2.03
0819-4 1.52 1.06 0.17 0.57 0821-1 -1.05 0.43 -0.26 -0.39
0819-5 -0.91 0.84 -1.68 0.75 0821-2 0.30 -0.72 0.32 -1.31
0819-6 0.66 -0.05 -1.19 0.38 0821-3 -0.87 0.2 -0.54 0.98
0820-1 -1.28 1.15 -0.76 1.18 0821-4 -0.31 0.02 -0.30 0.03
0820-2 -1.17 0.53 1.0 1.76 0821-5 1.04 -0.2 0.42 -0.31
0820-3 -0.08 0.47 -1.37 -1.79 0821-6 0.8 0.1 -0.24 0.51

23 I X PN ARG A LR AR 24 S5 (A7 LIDAR 58 &)

Table 3 Error statistics of check lines of the two test data sets (unit: LIDAR equivalent pixel)

Mean RMSE

1 Ax Ay Ax Ay
0533 0.01 0.04 0.71 0.77
0633 0.25 -0.77 1.49 1.57
0733 0.07 0.37 0.93 0.76
0819 0.14 0.35 0.98 0.63
0820 -0.23 0.01 0.99 1.34
0821 - 0.06 - 0.06 0.64 0.59
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Fig.8 Comparison of the fitness of the roof points of the images before and after registration. (a) Superposition effect before registration;

(b) superposition effect after registration
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