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Registration of Airborne LIDAR Data and Multi-View Aerial Images Constrained by Junction
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Abstract: The integration of Airborne LiDAR data and aerial imagery is useful in data interpretation, land
monitoring, and 3D reconstruction. As the first step of these tasks, the geometric registration of the two types of
data should be conducted to ensure their alignment. The alignment is sometimes difficult because of differences
in their data acquisition mechanisms. The LiDAR data is more reliable and more accurate on smooth surfaces
like grounds, walls, and roofs which are difficult to extract from aerial imagery. LIDAR points are mostly sparser
than the pixels on aerial images. Considering that the a priori ranging error (1~5 cm) of airborne LiDAR data is
usually much smaller than the average point distance (10~50 cm), this paper introduced a plane- constrained
block adjustment model to align the two types of data, where the planes were obtained by the intersection of
corresponding junction structures. The planar constraints were implemented by forcing surrounding LiDAR
points to be on the planes. The proposed block adjustment model is a mixture of the conventional POS-aided and
self-calibrated bundle adjustment model and two more types of observing equations. One is the distance between
image junction structure observations, and reprojection of the spatial junction structure should be zeros. The
other is the normal distance between LiDAR points, and the spatial planes obtained by junction structure should
be zeros. In this paper, firstly junction structures in object space were solved based on least squares theory. Then,
conjugate planes of junction structures in LIDAR points were detected automatically. Finally, the aerial images
block adjustment under constraints of junction structure was performed to obtain the precise interior and exterior
orientation parameters. The experimental results showed that both the horizontal and the vertical accuracy of the
proposed method could reach 1~2 pixels of the aerial images, which was obviously better than the building-
corner-based method. In order to probe into the influence of point cloud density, the LIDAR points were thinned
randomly before the geometric registration. The results showed that the accuracy of the proposed method was

not influenced but the accuracy of building- corner- based method decreased when the point cloud density
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decreased, especially the horizontal accuracy. In conclusion, the proposed method takes the advantage of the
high-ranging accuracy of LiDAR data to reach high registration accuracy and avoids the influence of the point
cloud density. When the density of the LiDAR point cloud is low, a high registration accuracy can be reached
using the proposed method.

Key words: Airborne LiDAR; aerial imagery; registration; junction structure; plane feature; block adjustment
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Fig. 1 Flowchart of the proposed registration method
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Fig. 10 Comparison of the fitness of LiDAR points to images before and after registration for the Guangzhou data
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Fig. 11 Comparison of the fitness of LIDAR points to images before and after registration for the Ningbo data
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Fig. 12 Comparison of registration accuracy using thinning point clouds for the Guangzhou data set

0.30 : T T T
B —~v— e DT
: o LT
0.24 |
0.21}
g
m 0.18 |

K15t
Z015
0.12¢

0:08 //Fﬂ—o—o\‘_/\’
0.064

#0.00 |
| 009
£ 0.08}

003 ——
10 09 08 0.7 06 0.5 04 03 02 0.1 0

HEBE
(a) “FHOHEEE

0.14 —
013} ~YSAHIETT L
: —o— XX S B
012}

0.11¢

£ 0.10y

0'07‘;—\//.§._\\/
0.06

0.05

04—
1.0 09 08 0.7 0.6 05 04 03 02 0.1 0
HEEE
(b) RS

P13 Bl DX A 2l i FRC VA X L

Fig. 13 Comparison of registration accuracy using thinning point clouds for the Ningbo data set
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