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Abstract: A 1064 nm photon-counting Lidar system was experimentally demonstrated to realize high-resolution
three-dimensional(3D) imaging all day. Herein, the optical system was composed of all-fiber components, which
improved the system stability. Objects in long distance could be detected by Lidar system through whole machine
scanning and the scanning view reached 360° in horizon and +30° in azimuth direction. Also, the geometry
distortion was avoided compared to swing mirror scanning. Additionally, the spatial resolution was increased by
using a sub-pixel scanning method. Finally, 3D images could be reconstructed by a multi-range reconstruction
algorithm with self-adaptive noise threshold. Results showed that a 3D object 3.1 km away was successfully
reconstructed in daytime with clear features. The ranging accuracy was 0.11 m. The spatial resolution was about
0.11 m, beyond the diffraction limit of the optical system.
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Fig.1 Block diagram of photon-counting Lidar system
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Tab.1 Key parameters of the optical system

Devices Parameters Value
Wavelength/nm 1064
Pulse repetition frequency/kHz 40
Laser Peak energy/pJ 6
Pulse width/ns 5
Emitting collimator Focus length/mm 80
Diameter/mm 20.5
Receiving telescope Focus length/mm 40
Fiber Fiber diameter/um 9/125
Filter Band width/nm 1
Dark count/cps 100
SPAD Dead time/ns 22

Detection efficiency 2%@1 064 nm
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Fig.3 Beam reflection by a mirror
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Fig.4 Geometry distortion caused by a swing mirror
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Fig.6 Intensity image of the bottom of the poly. (a) Photo of the target taken by a visible-band camera; (b) Noise threshold b = 2.5 E,; (c) Self-adaptive

noise threshold; (d) Noise censoring results
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Fig.7 Image reconstruction of the poly. (a) Intensity image; (b) Range image; (c) 3D point cloud reconstruction
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Fig.8 Photo of the target scene taken by a visible-band camera
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Fig.9 Multi-range image reconstruction results. (a) Intensity image E; (b) Intensity image E,; (¢) Depth image L,; (d) Depth Estimation L,
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cables 1.1 km away
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