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Abstract: Objectives: Due to significant differences in scanning ranges between different sensors and the
limited overlap areas, registration of airborne and ground-based point clouds faces challenges in locating
ground—based point clouds within large airborne scanning areas and in feature extraction in overlapping re-
gions. Focusing on this problem, an airborne-ground point cloud registration method is proposed, inte-
grating smartphone positioning and orientation data. Methods: The method combines smartphone posi-
tioning and orientation information for coarse registration, and utilizes elevation feature matching under a
polar coordinate grid for fine registration. Smartphone positioning and orientation data are used to set the
virtual scanning center in the airborne coordinate system and then a polar coordinate grid is constructed for
feature construction. The highest visible point in each subgrid is selected to establish a polar elevation fea-

ture map for the ground-based point cloud. Based on the subgrid and ring characteristics of the polar eleva-
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tion feature map, a fitness function is constructed. A genetic algorithm—based method is introduced to
search for the optimal virtual scanning center. By performing genetic operations on the airborne map set and
identifying the highest fitness value, fine registration of the ground-based point cloud in the airborne coordi-
nate system is achieved. Results: To verify the feasibility of the proposed method, 9 station—based point
clouds and 4 handheld-based point clouds are registered with airborne laser point clouds. The results
demonstrate that, despite differences in point cloud distribution caused by varying acquisition methods, the
fitness variation curves for station—based and handheld point clouds show slight differences, but conver-
gence is achieved within 300 iterations of the genetic algorithm. The final coarse registration accuracy
difference does not exceed 0.03 m. Compared to existing algorithms, the registration time is reduced by ap-
proximately 60% , with an average registration time of 3.48 min and optimal accuracy reaching 0.016 8 m.
Additionally, smartphone positioning and orientation accuracy were verified, showing that when posi-
tioning accuracy is within 50 m, the registration success rate exceeds 90% , and within 20 m, the success
rate reaches over 98% . Conclusions: Assistance from smartphone positioning and orientation data enables
rapid initial registration of ground—based point clouds within large airborne scanning areas. The polar coordi-
nate elevation feature map provides multiple features for low—overlap areas, facilitating the construction of
a fitness function and enhancing algorithm robustness. This method can be applied to cross—dataset transfer
in urban scenarios.

Key words: registration of airborne and ground-based point clouds; smartphone-assisted; genetic algo-

rithm; highest visible point; polar coordinate elevation feature map
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Fig. 2 Coarse Registration Based on Smartphone Positioning and Orientation Data
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Fig.3 Side View of the Distribution Range of Ground and Object Points in the Foundation Point Cloud
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Fig. 10 Registration Results
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Fig. 11 Prominent Corresponding Points
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Table 4 Comparison of Registration Results

3 [F 44 5 /A~ Ak A py Ayt Azpy RMSE/m i ] /min
" ; FSI# % 0.359 0.628 0.504 0.509 0 10.1
LS SRS 0.021 0.018 0.033 0.024 9 3.2
o : FSI# % 0.287 0.189 0.442 0.323 2 8.9
ESS QIS 0.002 0.022 0.071 0.042 9 3.1
e " FSIFk 0.598 0.210 0.479 0.458 7 12.3
ARICT5 i 0.031 0.017 0.022 0.024 0 3.3
FSI% 0.672 0.345 0.593 0.554 5 10.3
A ’ AR5 0.093 0.026 0.050 0.062 8 3.2
_ FSIH 0.430 0.651 0.516 0.540 0 9.2
40 ! ARICTT Ik 0.062 0.041 0.032 0.046 7 4.0
6 ; FSI% % 0.138 0.386 0.587 0.4134 7.7
AT 0.012 0.051 0.001 0.030 3 3.5
" . FSI% % 0.259 0.612 0.374 0.440 3 12.9
LS SRS 0.099 0.066 0.032 0.0711 4.1
" ; FSI# % 0.520 0.464 0.183 0.416 0 11.0
ATy Ik 0.022 0.021 0.077 0.047 8 3.7
1o o FSIfLk 0.556 0.314 0.470 0.457 8 8.6
ESS QIS 0.019 0.006 0.065 0.039 3 3.3
bl - FSIF . 0.163 0.311 0.413 0.3130 5.8
AT 0.022 0.019 0.002 0.016 8 4.7
FSIH % 0.281 0.221 0.318 0.276 2 8.2
bz ’ A5 i 0.031 0.027 0.013 0.024 9 3.9
FSI& 0.482 0.206 0.537 0.4333 7.9
b ’ A5 i 0.052 0.042 0.062 0.052 6 4.5
M ; FSIF 0.377 0.169 0.492 0.370 9 10.2
AR Ik 0.033 0.032 0.055 0.041 4 4.5
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