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Attitude compensation and reconstruction methods for single-photon

dynamic imaging during UAV flight

WANG Jian-min'?, ZHAO Hao-bing**, WANG Ke*, SONG Xiao-sheng’, SUN You-wen’, HU Xiao-min*,
LIU Bi-heng*", LI Da-chuang'***
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Hefei 230026, China;
5. Anhui Daoji Quantum Technology Co., Ltd., Hefei 230013, China)

* Corresponding author, E-mail: bhliu@ustc.edu.cn; dachuangli@ustc.edu.cn

Abstract: To mitigate shot noise and background interference in single-photon depth imaging, alongside
single-axis image deviation induced by UAYV attitude fluctuations during flight, this paper proposes a robust
depth reconstruction method. Building upon the SPIRAL-TAP framework, the proposed approach integrates
multi-scale image features with an adaptive thresholding strategy. Firstly, an image weighting matrix is con-
structed via multi-scale gradients and local variance to effectively characterize texture complexity. Sub-
sequently, a dynamic threshold adjustment mechanism, guided by Rough Order Map (ROM) estimation, is
implemented to enhance noise robustness. In the screening phase, an adaptive strategy merges scale-space
smoothing with weighting matrix soft-tuning to stabilize the filtering process. Experimental results demon-
strate that the proposed method significantly outperforms the conventional SPIRAL-TAP algorithm under
varying signal-to-background ratios (SBR) and photon intensities. Specifically, at tilt angles of 10° and 15°,
the RMSE is reduced from 0.32 to 0.14 and from 0.43 to 0.21, respectively. This method provides an effect-
ive solution for UAV-borne single-photon depth reconstruction and exhibits significant potential for high-

speed airborne imaging systems.
Key words: single-photon imaging; image reconstruction; multi-scale method; denoising algorithm; photon
counting; thresholding technique
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Fig.2 Typical photon arrival time histograms under extremely few echo photon conditions. (a) Photon arrival time histogram

of a single pixel, exhibiting sparse distribution under low photon counts; (b) aggregated photon temporal distribution of

all pixels, illustrating persistent high sparsity and uniform background noise
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Fig. 8 Reconstruction results of the simulated bedroom
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gorithm optimization when the signal-to-noise ratio
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