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Fig. 2. Influence of signal photon number on range

accuracy under different pulse-widths (theory).
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Fig. 3. Compensation of the walk error.
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Fig. 4. Single photon laser ranging system.
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Fig. 5. Photon-counting distribution histograms with different attenuators: (a) Attenuator 1/1500; (b) attenuator
1/70; (c) attenuator 1/10; (d) comparison among different attenuators (1/300, 1/70, 1/60, 1/35 and 1/10).
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Table 1. Experimental data and correction results of single photon laser ranging system.

BUBUIE S Ndet P, Ns R¢/m Runc/m Reor/m
1/1500 328 0.0328 0.0333 0.005 49.617 49.622
1/300 1447 0.1447 0.1563 0.020 49.593 49.613
1/70 5056 0.5056 0.7044 0.093 49.544 49.637
1/60 5919 0.5919 0.8962 0.118 49.516 49.634
1/35 7630 0.7630 1.4397 0.185 49.461 49.646
1/10 9869 0.9869 4.3351 0.465 49.162 49.627
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Fig. 6. Calibration result of range walk error.
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Fig. 7. The histogram of (a) 160, (b) 1600, (c) 16000 measurements.
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Abstract

Single-photon laser ranging is a new generation of lidar which represents the future lidar development trend. It uses
the single photon detector as the receiving device. Due to the fact that single-photon detector possesses the ultra-high
sensitivity, the single-photon laser ranging is much easier to achieve the high density as well as the high coverage target
sampling. However, the existence of the range work error in single-photon laser ranging, resulting from the fluctuation
in the number of signal photoelectrons restricts the improvement of the ranging accuracy. In this paper, the range walk
error model based on the lidar equation and the statistical property of single-photon detector is established. Then the
relation between the range walk error and the number of signal photoelectrons is also derived. The range walk error
of single-photon laser ranging is predicted and the corresponding compensation for the original result is obtained, with
the derived function and the detection probability model of single-photon laser ranging. The experiment for its proof is
also carried out. In the experiment, the number of signal photoelectrons is changed by the different attenuators for the
same target and at the same distance. When the attenuator is changed, the pulse width of echo signal changes very little
(about 3.2 ns). However, the average number of signal photoelectrons varies between 0.03 counts and 4.3 counts. So the
range walk error, resulting from the fluctuation in the number of signal photoelectrons cannot be ignored. For example,
when using an attenuation of 1/10 pass rate, the average number of signal photoelectrons is about 4.3 counts and the
range walk error is almost 46 cm, which is the main factor of the range error. The reduction of the range walk error is
achieved by applying the correction of the range walk error in this paper. After correction, the standard deviation of the
range walk error decreases significantly from 15.17 cm to 1.16 cm. The mean absolute error is also reduced from 11.56 cm
to 0.99 cm. Generally, the range walk error has an unnegligible influence on the ranging accuracy. The experimental
result confirms that the theoretical model is accurate. It also shows that the bigger the number of the received signal
photoelectrons, the greater the range walk error is, and the accuracy of single-photon laser ranging is improved by
applying the technique proposed in this paper. Briefly, this paper presents the technical method of optimizing the design

and evaluating the performance of single-photon laser ranging.
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