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Abstract

Typical single-photon 3D computational ghost imaging (3DSCGI) suffers from low signal-to-noise
ratios (SNR) due to operating in ultra-low photon flux environment, necessitating numerous repet-
itive measurements. Enhancing photon flux improves this but introduces pile-up effects, distorting
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photon counts histogram compared with original pulse waveform. Our study develops a new single-
photon 3D computational ghost imaging technology (3DHCGI) computing the second-order correla-
tions function (SOCF) between photon counts of 64*64 single photon camera and Hadamard matrix
directly under high echoing photon flux, significantly boosting SNR and avoiding pile-up effect
based on the pairwise orthogonality of Hadamard matrix. Additionally, leveraging the balanced +1
and -1 distribution in Hadamard rows, we utilize complementary detection to finish 256*256 3D
reconstruction at distance 39.45 m with transverse resolution 7.21 mm and detections of each pat-
tern 126, and further reduce noise and enhance image quality. This work is important for high-res-
olution single-photon 3D imaging, offering an efficient and high-quality imaging method.
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Figure 1. Illustration of the 3DHCGI imaging system. The light source 1064 nm Laser emits pulses with
pulse width 2 ns and energy of a single pulse being 10 pJ. Predefined patterns of H* and H are
generated on DMD, then alternatively projected into the scenario at the distance D = 39.45 m by the lens
f; =150 mm. The objects in the scenario are imaged on the camera through lens f, with adjustable

focal length and the camera pixels detect the bucket photons corresponding to their respective solid angle
range. And the detecting process is controlled by PC through signal generator (SG)
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WKH 1064 nm BT, FINBEE T 133 nso St AHPLAT I AT BB S £, AR THIMLEE
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Figure 2. (a) The detecting process, the pulse is emitted from the 3DHCGI system and arrives at the
camera in the period of gate width. After an inherent link delay of 225 ns, the readout circuit starts
counting at a rate of 1 ns per increment before the occurring of photon event: At, is the inherent link

delay, Ay is the gate width, Az, is the photon flight time, and 7 is the detecting cycle duration

respectively; (b) data structure, detected row vector 1*4096L is aggregated into a matrix 64*64*L. Dif-
ferent camera pixels are characterized by different color corresponding to different solid angle range of
their own and gate width 133 ns will be recorded when no photon event occurs

B 2. (a) HRMWIZFE, BowER 3DHCGI RE L5, HEEFABRBRAEN. EEAERER
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At RIVFE, Aty BXFRITRIE, TR 1 MEORRNEHARFFERTE; (b) BB, HNE

B9 1*¥4096L TR ELEA— 64*64*L ZHEFEME. FRIVBIIGRUTEHERT, MNT
EMNZBRRNNAEAATEE, HZGRRBATEHLER, FERRENIEME 133ns
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Figure 3. (a), (b) are the 128 *128 complementary detecting imaging results with 41~45 ns camera photon counts and L =200
pulses per pattern under ultra-low and high echo environments, respectively; (c), (d) are photon counts time histogram of
camera under ultra-low and high echo environments, respectively
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Figure 4. (a)~(j) are the 128*128 imaging results using only H ", with photon counts recorded between 41~45 ns and the
number of pulses per pattern L ranging from 12 to 120; (k)~(t) are the 128*128 imaging results using the complementary
detection method, with L ranging from 6 to 60; (u) is the performance comparison between the two detection methods
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Figure 5. (a), (b) are the 256*256 complementary detecting imaging results with
photon counts recorded between 35~39 ns and 41~45 ns, respectively, and L =
126 pulses per pattern under high echo environment; (c) is the 3D reconstruction
according to the TOF of the bucket photons
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