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Simulation and accuracy analysis of single photon ranging system

Liu Chenghao, Chen Yunfei, He Weiji, Gu Guohua, Chen Qian

(School of Electronic and Optical Engineering, Nanjing University of Science

and Technology, Nanjing 210094, China)

Abstract: Single-photon detectors and time-correlated single-photon counting techniques have been widely
used in pulse laser ranging system and three-dimensional imaging systems. Analyzing the factors
influencing detection precision will improve the performance of ranging system. In this paper, a
theoretical model of single photon ranging system based on TCSPC was established and the main factors
affecting the accuracy was analyzed. The main factors included laser pulse intensity and pulse width of
echo signal statistics waveform and the latter depended on laser pulse width and time jitter of detector.
And simulation of the detection process by Monte Carlo method was used to get the specific influence of
the above factors on measurement accuracy. Finally, an experimental single photon ranging system is built
in lab. The system has an accuracy of 4 mm about the target 10 m away by experiment and the accuracy
verifies the simulation results under the same parameters.
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Fig.1 Standard laser pulse shape(laser pulse width is 100 ps)
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Fig.2 Simulation of detection echo waveform
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Fig.3 Echo waveform under different Laser pulse width(time jitter

is 250 ps, echo signal photon number is 4)

Hy P 4, B A 0 g 1 1) 2 3l B 36 [T 9 S8
P 10 Bk S B 2 9, (E G R AL AN R
P A% o 181 B Ik TE A s B 3 PRI g I (] B
2y (1 389 0 1) P 32 R TE o A i 14 B T B Bl A R i
L R R BN B[] 3 GE T I B W fE G
fiE .

— Time jitter=250ps
— Time jitter=500ps
20001 Time jitter=750ps
8 Time jitter=1000ps
3 1500f
]
g
< 1000-
<=
[-%}
5001

4900 4950 5000 5050 5100 5150
Time bin number

Pl A AN [) i Ji) 4 3l A 0 9 48 3 I GROG Bk 56 9 100 ps
Il 9 15 50 T8 4)
Fig.4 Echo waveform under different time jitter(laser pulse width

is 100 ps, echo signal photon number is 4)
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Fig.5 Measurement precision and accuracy curves with changing of

echo signal intensity under different laser pulse width
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Fig.8 Experiment results
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