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Fig. 11 Schematic diagram of the super—resolution reconstruction principle of sub—time-resolved delayed scan
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Fig. 13 MCP/CDL detector
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Table 1 Measured results of main technical indicators of the detector

Parameter Index
Spatial resolution =60 um
Time resolution =178 ps
Dark count <50 counts/s*cm”
Gain 1.63X10°
Operating wavelength 400~900 nm
Spectral sensitivity 57.69 mA/W
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. (a) Principle prototype (b) Test scene
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Fig. 14 Principle prototype and test scene of MCP/CDL photon counting laser 3D imaging system
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Fig. 15 Laser 3D imaging workflow and scene after laser launch
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Fig. 16  The first group of photon counting laser 3D imaging experiments
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Fig. 17 Scanning mode laser 3D radar system block diagram
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Fig. 18 The target used in the experiment and the 3D imaging results
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Position—sensitive Micro—channel-plate Having Cross—delay-line
Detector Based Photon—counting Three-dimensional Super-resolution
Laser Imaging (Invited)

ZHAO Hui', YIN Haomeng'”, LIU Yongan', SHEN Lizhi', YANG Xianghui', ZOU Gangyi',
XIA Siyu', YANG Mingyang'*, FAN Xuewu'
(1 Xian Institute of Optics and Precision Mechanics of CAS, Xi'an 710119, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Laser—based active detection and imaging is where the space situational awareness heading in the
future. The photon—sensitive detector is the core of the photon-counting—based three—dimensional laser
imaging system whose working range is much longer and which is capable of realizing both high—precision
distance measurement and three—dimensional surface reconstruction at the same time. Therefore, the
photon—counting—based three-dimensional laser imaging is especially suitable for realizing ranging and
three-dimensional imaging of distant space targets in a deep space background. In this manuscript, the
position—sensitive Micro—channel-plate with Cross-delay-line (MCP/CDL) detector-based photon—-
counting three-dimensional imaging technique is proposed. First of all, the research background of this
manuscript is systematically introduced and the contribution of the work reported to the field of photon—
counting—based three—dimensional laser imaging is summarized. After that, starting from the characteristics
of the MCP/CDL detector itself, the photon—counting three-dimensional laser imaging system by using the
position—sensitive MCP/CDL detector is designed and the corresponding operating mode is discussed
simply, which gives a reference for real application in future. After that, the principle of the proposed
position—sensitive MCP/CDL detector-based photon—counting three-dimensional laser imaging technique
is introduced from two aspects. In the one hand, how to use MCP/CDL detector to realize the synchronous
timing and positioning of arriving photon is qualitatively explained. On the other hand, with the help of the
classical LIDAR equation, the echo power model and the echo photon model generated from the echo
power model are given respectively. Based on the two basic models, three important models including the
signal to noise ratio model, detection probability model, and ranging accuracy model are derived one by
one, based on which the performance of the proposed technique is investigated numerically. After
establishing the all-chain imaging model, the potentials of this technique in space—borne space targets
monitoring are investigated through end—to—-end simulated imaging and performance analysis. By using the
Monte Carlo simulation method, the simulated photon—counting three-dimensional laser imaging is carried
out with different conditions and in this way, the potential performance of this system in space situational
awareness 1s demonstrated vividly. However, nowadays, most photon—counting detectors including the
MCP/CDL detector have a low spatial resolution. In this case, the ranging imaging has a strong mosaic
effect which is hard to resolve finer details. Besides that, the ranging accuracy is mainly determined by
timing electronics. Considering these two situations, how to improve the spatial and temporal resolution is
also discussed. Taking the finer details provided by the higher resolution intensity image as reference, the
spatial resolution of ranging images could be improved prominently. At the mean time, a controllable time
delay is introduced to realize super—sample in ranging direction and the higher ranging accuracy could be
obtained by fusing multiple range images. According to numerical simulations, the potential of this system
in realizing super—resolution both in the spatial domain and in the temporal domain is demonstrated.
Finally, the prototype camera using MCP/CDL detector is designed, tested and fabricated. By using the
prototype camera, two groups of three-dimensional laser imaging experiments are carried out. The results
demonstrate that this technique has the capability in resolving small distance variation of being less than
5 mm when the imaging distance is about 6.8 m. Therefore, the position-sensitive micro—channel-plate
having cross—delay—line based photon—counting three-dimensional laser imaging is proven to be effective.
Key words: Space situational awareness; Active detection; Three—dimensional laser imaging; Photon—
counting detector; Super—resolution reconstruction
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