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Simulation Techniques of a Space-Borne Single-Photon Counting Imaging System
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Abstract To demonstrate the feasibility of space-borne applications of single-photon imaging technology, this study
analyzes the elimination of the backscattering effect in the optical system, suppression of the single-photon avalanche
photoelectric detection noise, and the free running mode. Next, the space-borne single-photon counting imaging
system 1s modeled using a heavy tailed pulse laser function and the Monte Carlo method. The echo photon counting
results are simulated for different conditions of orbit altitude, replication number, and gate number. The results show
that the echo photon counting waveform is similar to the transmission waveform, as observed in reality. Single-photon
imaging is possible within a certain distance threshold. Detections are missed when the replication number is lower than
the gate number. The range accuracy can reach 0. 09 m when the replication and gate numbers are both set to 2000 at
an orbit altitude of 500 km based on the parameter set in this study. The methods in this paper provide technical
support for the index allocation and on-orbit parameter adjustment of a space-borne single-photon counting imaging
system.
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HWP: harf wave plate

QWP: quarter wave plate

COL: collimator

PMF: polarization maintaining fiber
PERM: 45° perforated mirror
M: mirror

F: spectral filter

L: lens

PBS: polarization beam splitter
FF: fiber spectral filter

MMF: multimode fiber
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Fig. 2 Optical system of single-photon imaging
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Fig. 3 Polarization filtering model of backscattering of optical system
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Fig. 4 Flow chart of photon-counting of laser echo impulse
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Fig. 5 Flow chart of photon counting of laser echo pulse
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Table 1 Pulse laser parameters

Parameter Nominal value
Wavelength /nm 1550
Half pulse width Py, /ns 10
Pulse energy E /mJ 20
Pulse repetition frequency f;.... /Hz 2000
Average power P /W 40
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Table 2 Optical system parameters
Parameter Nominal value
Focal length /' /m 6.5
F# 6.5
Transmittance p 0.9

®3OPOLTE LRI S
Table 3 SPAD parameters

Parameter Nominal value
Array size 16 X16
Pixel size p /pm 10
Filling factor Fyp 0.6
Photon detection efficiency Eppy 0.3
Dark count rate R, /s ' 107
Dead time T}, /ns 100
Timing jitter /ps 50
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Table 4 Simulation results of ranging accuracy

No. Replication Gate Peak value Peak time /s Time accuracy /s Ranging accuracy /m
1 2000 2000 430 0.0033+1. 945010 "° 6.0000Xx 10" 0. 0900
2 2000 1000 579 0.0033+2.1200x10 * 1.1500%<10"* 0.1725
3 1000 1000 294 0.0033+1. 900010 * 1.0500X 10 * 0. 1575
4 1000 200 510 0.0033+2.3000X10"* 2.9500x 10" 0.4425
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