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Abstract: Changes in the beam incidence angle caused by variations in receiver orientation in a rotating laser scan-
ning angle measurement system can introduce systematic angular measurement errors that affect the system'’s precision
and robustness. To address this issue, a local projection model and a Gaussian light-strip distribution model were estab-
lished based on beam propagation geometry and receiver structure characteristics, and differences in photoelectric re-
sponse under different incidence conditions were analyzed. Furthermore, by incorporating attitude information provided
by an Inertial Measurement Unit (IMU), an effective receiving surface model was constructed in the receiver coordinate
system, and an error compensation method considering receiver structure features was proposed. Simulation results show
that as the incidence angle increases, the photoelectric response waveform of the receiver becomes significantly asymmet-

ric, with angular measurement errors reaching several tens of arcseconds. The proposed compensation method effectively
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corrected these errors, reducing the root-mean-square (RMS) error by approximately 90%. In precision turntable experi-

ments, the roundness error of the receiver trajectory decreased from 0.81 mm before compensation to 0.17 mm after com-

pensation, confirming the effectiveness of the compensation model. The study enriches the error modeling framework of ro-

tational laser scanning systems, and provides an effective approach to enhance measurement accuracy and robustness un-

der varying receiver attitudes.

Key words: rotational laser scanning; beam incidence angle; receiver attitude; local projection model; effective re-

ceiving surface; angular measurement accuracy; error correction; compensation model
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Tab.1 Simulation parameters
R E /mm KT S [ rad TS FEROLE / mm
[0, 0, 0] [0, 0, 0] [0.654 700, 0.009 289, -0.755 832, 1.203 582] [0, 5000, 0]
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Fig.7 Experimental setup and verification platform for

error compensation
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Tab.2  Main parameters of the experiment
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Fig.6  Simulation results
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P [rad N

W

KA1 [-1166.189,-5 535.732, —287.681] [0.000 000, 0.000 000, 0.000 000]

B 2 [6.471, -5 241.87, -335.257]

[0.000 000, 0.674 932, -0.737 880, 0.000 000;
0.731 707, 0.006 444, -0.681 589,-0.593 092]

[0.000 000, -0.642 867, 0.765 978, 0.000 000;
0.734 414, 0.007 778, -0.678 657, 0.117 146]

[6.471, -5 241.87, -335.257]
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Fig.9 Measurement results of receiver pose in the global

coordinate system
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Fig.11 Results of error compensation experiment
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