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Abstract In airborne LiDAR, some working parameters have both control errors and measurement errors,
such as attitude angles, flight trajectories, and scan angle of laser scanner. Both kinds of errors can deteriorate
qualities of point cloud products. In order to find out compensation measures to improve accuracies of point
cloud and the reconstructed digital surface model (DSM), impacts of the two kinds of errors are analyzed
theoretically. Then, through numerical simulation, the working process of airborne LiDAR is simulated. The
two kinds of errors of attitude angle parameters are taken as an example, and effects of attitude control errors
and measurement errors on accuracies of point cloud products are quantitatively evaluated and compared.
Simulation results show that, the qualities of point cloud products from airborne LiDAR depend on common
impacts of the control errors and measurement errors. The control errors mainly cause varying of point density
and distribution area of point cloud, resulting in decreasing of spatial sampling resolution of point cloud, the
measurement errors mainly cause decreasing of positioning accuracy of point cloud. Both errors can add
distortion to the reconstructed DSM. Therefore, it is necessary to take appropriate measures to compensate the
impacts of the two kinds of errors, respectively.
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Fig.4 Schematics of working principle of conical-scan LiDAR
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Fig.5 Impacts of two kinds of errors on distribution of laser points for one scan circle. (a) Distribution of laser points;
(b) position deviations caused by attitude control errors; (¢) position errors caused by attitude measurement errors
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Fig.6 Impacts of attitude control errors and measurement errors on point cloud and the reconstructed DSM. (a) Distribution
of point clouds; (b)position deviations caused by attitude control errors; (c) position errors caused by attitude measurement errors;

(d) reconstructed DSM from PM under common effects of both errors
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Fig.7 Impacts of two errors on scanning results for hemisphere topography and rectangular topography. (a), (b) and (c¢) The distribution
of four point clouds, the position deviations caused by attitude control errors, and the position errors caused by attitude measurement
errors for the hemisphere topography, respectively; (d), (e) and (f) the distribution of four point clouds, the position deviations caused by
attitude control errors, and the position errors caused by attitude measurement errors for the rectangular topography, respectively;

(g) and (h) the reconstructed DSMs from PM clouds in (a) and (d), respectively
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Table 1 RMS of 3-D coordinate errors of point clouds caused by attitude control errors and measurement errors

Point RMS of 3-D Hemisphere terrain /m Rectangular terrain /m
clouds  coordinate errors PRF of 10 kHz PRF of 15 kHz PRF of 20kHz PRF of 10 kHz PRF of 15 kHz PRF of 20kHz
Ax 12.674 12.676 12.675 12.672 12.671 12.670
PR Ay 13.392 13.392 13.392 13.380 13.379 13.379
Az 5.339 5.351 5.345 5.265 5.261 5.263
Ax 0.056 0.056 0.056 0.056 0.056 0.056
PEM Ay 0.054 0.054 0.054 0.054 0.054 0.0540
Az 0.026 0.025 0.026 0.025 0.025 0.026
Ax 12.673 12.677 12.675 12.672 12.671 12.670
PM Ay 13.392 13.392 13.392 13.380 13.380 13.379
Az 5.339 5.351 5.345 5.265 5.261 5.263
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Table 2 Impacts of attitude control errors and attitude measurement errors on elevation accuracies of DSM

RMS values of Hemisphere terrain /m Rectangular terrain /m

elevation errors of  PRF of 10 kHz PRF of 15 kHz PRF of 20 kHz PRF of 10 kHz PRF of 15 kHz PRF of 20 kHz

reconstructed DSM  €pey Ae sy Ae € Ae ey €psy Ae,g, sy Aeg € sy Aeyy
DSM from PE 0.098 - 0080 - 0070 - 0214 - 0135 - 0.1l -
DSM from PR 0.161 0.063  0.151 0.071 0.147  0.077  0.215  0.001 0.168  0.033  0.148  0.037
DSM from PEM  0.099  0.001  0.083 0.003 0.073 0.003 0215 0.001 0.136 0.001 0.114 0.003
DSM from PM 0.162  0.064 0.152 0.072  0.149 0.079 0.216 0.002 0.169 0.034 0.150 0.039
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