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Theoretical analysis of detection performance and
range accuracy of photon ladar

LUO Hanjun, ZHOU Renlong , ZHANG Yutao
(School of Physics and Electronic Science, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: In order to investigate the detection performance and range accuracy of a laser radar using Geiger mode
avalanche photodiode (GM-APD) as detector, by using the method of mathematical modeling, based on the system working
principle and detection time sequence, the target detection probability was analyzed under the condition that the GM-APD
detector operated under long dead-time and the echo pulse width was larger than the resolving time of the time-to-digital
converter (TDC). According to the statistical theory and centroid method, the theoretical model of range accuracy was
established. Using the system design parameters, the influence of the echo intensity, pulse width, noise, and echo position
on the range accuracy was discussed. The results show that the stronger echo intensity, the narrower echo pulse width, the
lower noise and the more front echo position result in the higher target detection probability, the lower false alarm rate and
the better detection performance. Echo intensity and pulse width are the main influence factors. The stronger echo intensity

and the narrower pulse width result in the higher range accuracy.
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Fig. 1 Ranging principle of pulse flight time method
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Fig.2 Ranging timing diagram of time-of-flight
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Fig.4 The distribution of primary electrons in detection time bins
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Fig.6 P, and P with different echo position
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Fig.7 The influence of echo pulse width on the ranging accuracy and

the standard deviation of distance
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Fig. 8 The influence of noise on the ranging accuracy and the standard

deviation of distance
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