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Real time denoising method for spaceborne photon counting laser
ranging radar

TAN Chong-Tao', YU Wen-Bo', XIANG Yu-Yan', LI Shao-Hui’, YU Jing’,
WANG Qian-Ying®, LI Song"*
(1. School of Electronic Information, Wuhan University, Wuhan 430072, China;
2. China Academy of Space Technology, Beijing 100098, China;
3. Wuhan Institute of Quantum Technology, Wuhan 430010, China)

Abstract: The spaceborne photon counting laser ranging radar system has significant advantages such as high repetition
rate and high precision, but it also faces the problem of large amount of original data and high proportion of noise data.
In order to adapt to the transmission capacity of the satellite data channel, it is necessary to compress the original data
volume and ensure the recall rate of signal photons, so it is necessary to develop a hardware based real-time denoising al-
gorithm. This article proposes a fast denoising algorithm that combines coarse and fine processing. Firstly, based on the
laser emission pulse width, system noise rate, target characteristics, and local density information of received photon
events, coarse denoising is performed to remove some noisy photons; then, using histogram statistics, fine denoising is
performed on the retained photon events to determine the signal photon interval and the final signal photon and its time
information. The algorithm is verified by Monte Carlo simulation and ICESat-2 measured data. The test results show
that the recall ratio, precision ratio and harmonic average of the algorithm are more than 94%, 93% and 94% respective-
ly, and the operational efficiency is improved by 10%. The algorithm can achieve fast and real-time denoising of photon
events, providing a theoretical basis for real-time denoising processing of onboard hardware.
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Fig. 7 Ocean simulation results: (a) distribution map of the original signal and noise photon event time data; (b) distribution

curve of the photon event time data after denoising, the diagram is illustrated in the box, the horizontal line represents the mean of

the photon event time data after denoising, the green circle represents the signal, and the red circle represents the noise
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Fig. 8 Land ice simulation results: (a) distribution map of the original signal and noise photon event time data; (b) distribution
curve of the photon event time data after denoising, the diagram is illustrated in the box, the horizontal line represents the mean of

the photon event time data after denoising, the green circle represents the signal, and the red circle represents the noise
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Fig. 9 Ocean ice simulation results: (a) distribution map of the original signal and noise photon event time data; (b) distribution
curve of the photon event time data after denoising, the diagram is illustrated in the box, the horizontal line represents the mean of

the photon event time data after denoising, the green circle represents the signal, and the red circle represents the noise
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Table 2 Experimental results of coarse and fine denoising algorithm

e Bz TP FP TN FN  #&%R HHREP PHAPEIEF B 4R L
1 fili b 30 0.2 299. 8 0 1 0.993 3775 0.996 677 7 10.927 152 32
2 T 30 0.9 499. 1 0 1 0.970 873 8 0.9852217 17.152 103 56
3 fili i 7k 30 0.4 799. 6 0 1 0.986 842 1 0.993 3775 27.302 63158
4 K 30 0.6 999. 4 0 1 0.980 3922 0. 990 099 33.660 130 72

PR A 4t ) B A SRR e R I B I Gt 0..97~0. 99 Z [, BUGE A — 43 W A O 1 9 4 4
Titk e WASTHRRRA , 318 i) 25 M RE S fR IR FOL TR R (ER AR S JH A F 7
AR RSN T ANE ST AlERAE 0.98~0.99 2, JE TIEF /K. RN FES, %
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Table 3 Experimental results of common histogram statistical denoising algorithms

e T TP FP TN FN  #&&%R EREP PRI (E F HHiE 4 E
1 fii Hb 30 0.2 299. 8 0 1 0.993 3775 0.996 677 7 10.927 152 32
2 flaRes 30 0.9 499. 1 0 1 0.970 873 8 0.9852217 17.152 103 56
3 fiti vk 30 0.5 799.5 0 1 0. 983 606 6 0.9917356 27.213 114 75
4 K 30 0.6 999. 4 0 1 0.980 3922 0. 990 099 33.660 130 72
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Fig. 10 ICESat-2 data denoising results, (a), (b), (c¢) and (d) are strong beam data; (e), (f), (g) and (h) are weak beam da-
ta; (a), (b), (e) and (f) are sea ice data; (c), (d), (g) and (h) are ocean data; the noise rate of (a), (c), (e) and (g) is 1
MHz; the noise rate of (b), (d), (f) and (h) is 5 MHz, blue represents noise photons, green represents signal photons, and red

represents denoised signal photons
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R4 ICESat-2#iEXRIRER

Table 4 ICESat-2 data denoising results

&5 ICESat-2#iEMigxEIRER

Table 5 Denoising results of ICESat-2 data grid method

B MR SPHES Ok HER AR AT i MR PHIESE weK AR EATH
(MHz)  FH(4H) (%) (%)  {H(%) (MHz) — F%5(4) (%) (%) {8 (%)
T 5 1.24 5  97.65 93.56 95.56 g 5 1.24 98.72  79.56  88.11
faEs 5 8.8l 5 99.16 99.36  99.26 (338 5 8. 81 92.90  90.05  91.45
T 1 1.24 50 99.98 99.11  99.54 oS 1 1.24 98.72  94.31  96.47
T 1 8. 81 50 98.86 99.88  99.36 [(33¢8 1 8. 81 92.90  92.19  92.55
TRk 1 1.1 50 96.42 97.73  97.07 VK 1 1.1 99.62  96.00  97.78
VK 1 4.42 50 94.38 99.55 96.9 {5378 1 4.42 99. 21 98. 26 98.73
VK 5 1.1 5 94.84 94.44 94. 64 VK 5 1.1 99. 42 84.97 91. 63
VK 5 4.42 5 95.82 97.92 96. 86 VK 5 4.42 98.97 94. 60 96. 74
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Table 6 Comparison of denoising calculation time
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FEM A SO H % S I 2 R 7 v 1 A i R ] P 1 1.24 0.3200 0.346 7
THbE, R G Y BRI P L ss oass0ars
NN . \ K 1 1.1 0.3258 0.3547
R, AR SRR AR AR 25 MR 1k 1) I R S (LA e ok 1 i 030 03750
B ARACSCRR ORI AT . R et o
IEﬂXd‘ Lt , ZIKI%IEH E/‘Jﬁfiﬁ’/ﬁ‘ﬂj‘ Iﬂiq/‘l\ﬂ:%$§{£l§ Na2 5 4.42 0.643 2 0.798 9
FrBFIa], AR B T B AR T 109%0~20% , HLFifi %5 15 W 1L
HIREAG , B A T35 e 22 S T &
= 100 = 100 = 100 = 100
= 80f = 80F = 80F = 80F
2 60f 2 60} S 60f 2 60}
S 40t S 40t S 40t S 40t
< 20F ° 20r < 20¢ o 20
o 0fu 42 0f “ o 0f o 0r
g 20 g 20 g -20F g 20
S 40 S 40 S 40 5 40
I~ : 7 . . ; : -~ : :
_600 4000 8 000 600 4000 8 000 6OO 4000 8 000 600 4000 8000
Along-track distance/m Along-track distance/m Along-track distance/m Along-track distance/m
(a) (b) () (d)
£ 100 £ 100 £ 100 £ 100
\8 80 g 80p g 80+ é 80 F
5 60F 5 60F = 60F = 60§
£ 40t S 40t S 40t s 40p
T 20t < 20} T 20} T 20 el
2 of 2 Ofa g of 2 of
g 20 £ 20t g 20t g 20t
T 40} S 40 T 40} T 40
o~ : - o : ; [~ 3 G o : ;
7600 4000 8000 600 4000 8000 6OO 4000 8000 600 4000 8 000
Along-track distance/m Along-track distance/m Along-track distance/m Along-track distance/m
(e) () (& (h)

&l 11 ICESat-2 £4H& 1k LR LR, (2) L(b) (o) (&) KR PR E ; (e) (D) . (g) . (h) M EF AT ; (2) . (b) . (e) . () HfF
UREH ; (o) .(d) (@) (h) AR ; (a) (o) (e) . (g) A %R 1 MHz; (b) . (d) () . (h) M %k 5 MHz, i 4 R AOL 1,
SO E ST AN RS E ST

Fig. 11 The denoising results of ICESat-2 data grid method, (a), (b), (¢) and (d) are strong beam data; (e), (f), (g) and (h)
are weak beam data; (a), (b), (e) and (f) are sea ice data; (c), (d), (g) and (h) are ocean data; the noise rate of (a), (c),
(e) and (g) is 1 MHz; the noise rate of (b), (d), (f) and (h) is 5 MHz, blue represents noise photons, green represents signal

photons, and red represents denoised signal photons
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