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method of statistical histogram
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Abstract: It is difficult to distinguish the spaceborne single—photon laser echo signal mixed with the
noise. A two—step method for denoising spaceborne single—photon data based on statistical histogram is
proposed. In order to eliminate noisy photons in the spaceborne single—photon echo data, a small window
histogram method along the track is used for coarse denoising, and then a distance square statistical
histogram method is used for fine denoising. The echo photon data of the Advanced Topographic Laser
Altimeter System(ATLAS) spaceborne single photon lidar under three typical conditions of strong and
weak beam, day and night, flat ground and mountain are selected as experimental data. Combined with the
official results of ATLAS and based on the confusion matrix, the de—noising accuracy is calculated.
Experimental results show that the denoising accuracy of strong beam data is 98.86%, and that of weak
beam data is 96.94%; the denoising accuracy of night data is 99.02%, and that of daytime data is 98.86%;
the denoising accuracy of mountain data is 96.28%, and that of flat data is 96.94%. The results show that
the proposed method is suitable for spaceborne single photon data denoising under above three typical
conditions.
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Tablel The list of experimental data

study area time(Beijing) data type data name
. - ) strong beam ATL03_20190929032220_00340506_003_01_gt3r
experiment | Sunite Right Banner 1:22 weak beam ATLO03_20190929032220 00340506 003 01 gt3]
experiment 2 Sunito Right Baner 23:14 night ATLO03_20190926151450 13830402 003 01 gt
11:22 daytime ATL03_20190929032220_00340506_003_01_gt3r
experiment 3 Sunite Right Banner 11:22 flat ground ATL03_20190929032220_00340506_003_01_gt31
Helan Mountain 21:51 mountain land ATLO03 20191105135133 _06060502_003 01 gtlr
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Fig.2 Photons data of Sunite Right Banner
2 I3 e O T A

22 X5

1) 5 /55 D5 ARSI 25 S

ATLAS 2y 35 W AN [R5 AR 09 582, 8 /b Hy B 0K Il 30 7 230 22 105 35000 b 2% J 9 38 i 3 2k L 45 ) i
SR 3 X6 A, BT AR AL AR LR 14 (SR /55 R . AR SCRE IR 1 YR/ 55 I R EAT SC G, i S X Sl iE
FTRL S M b 3, 52 50 v WS U B BT 10 Dy e X N 100 m, @=5°, (41 0,0, 50 I R 0.9 F10.85, 45 2R
W 3 A o o s i o5 2R s S BR R R O T, A0 A RN ML S MR I A SUE ST . MBI T LR
W AR SCRE A RH 2 M T LS BR A M S e R i B S R R L ARG 2 R P A A S A

the processing of rough denoising

the processing of rough denoising 1120

1100
1080
1060
1040
1020

Ph-elevation/m
Ph-elevation/m

—_
o o
0 o
(=R =]

1 1 1 L 1 1 ]
0 2000 4000 6000 8000 10000 12000 14 000 0 2000 4000 6000 8000 10000 12000 14 000
along-distance/m along-distance/m
(b) rough denoising results of weak beam data

(a) rough denoising results of strong beam data

Fig.3 Rough denoising results
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Fig.4 Denoising results of daytime data in Sunite Right Banner and comparison with official results
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Table2 Strong beam, weak beam photon and confusion matrix of true value

data signal denoise counts

signal 3960 (TP) 347 (FP) 4307

strong beam denoise 0 (FN) 26226 (TN) 26 226
counts 3960 26 573 30533
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counts 11453 27758 39211
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Fig.5 Denoising results of nighttime data in Sunite Right Banner and comparison with official results
P 5 JRJe R AT ) R 2R Es SR N SR TR L
3 RS AR IRIB AL
Table 3 Confusion matrix of nighttime strong beam and true value
data signal denoise counts
signal 8903 36 8939
strong beam denoise 57 494 551
counts 8 960 530 9 490

M S(A) bR AL E T LA B 7 B A KT 0 T BE MR 7R O, T AR SCARVA AR 8 A kg S
B o K55 1 ALS0 50 b i R B A, DB T SRR R R, RMRCR LI R AE, HRE R MRAS R
M R B o O AR T A 1 TR R AR R Bk MRS A B, G ) R O R (A TR I
W3 Fin . FH (7)1 30 LR a0 0 99.02%, RIBLAT LIF H, ZE7 ] e 7 15 S e R L, WA R
SR RO EE, H 2R MRS B B A R T R O T R

3) 1 b 5 1L Bl X L

A S B 0 B T A S B A DX, Sk B T AR SO T A L 0 R, BB 2 o X O RO 0 A s
¥ JF 4r #r, Hoth ATL03 20191105135133 06060502 003 01 gtll(gtll) & 55 3 o8 % # , ATLO3 20191105135133
06060502_003_01_gtlr(gtlr) Ay 5f % o E I o Pkt HE e IR A R IX 3, X iz Bl b A7 R M b RS 6 vp, R
K=10, 45BE 6 iR, Toit Brmi dd S50 0, 75 1.326x10° m T, 4 1 B0 e 75 35 45 I T 1 4 2 R 15 5 1

15 1L : {%Eﬁﬁjﬂﬁjz 3 RIVE Ly A 1 4% 3 AR SCE R —

] U i U 5 0t e A 6(c)~(d) H 5 NASA Table4 Confusion matrix of mountain weak beam and true value
BRI LG5 . B X4 52 B BT L i o i — — .
By, Sl ANEZ R S, TR E B T weak | Sienal 47014 1038 48052
7 e K B S W 7 B K I R, R 6 R I beam e o

BR TR B D7 R B BR MR o RIS — . BB Tk



90 ABEH PSR TFERSRE 521 %

LU 7 95 AT 1L M 55 PR S BB A IR VE JE RS, IR 4 PR, SiF 5 nln,  BE U # 2 09 25 ORS 6 2 O 96.28%, A
BT M 58 U AR ) 2 MR A 2R, S MR B B A

rocessing process processing process
P s 4000
3500
3500
3000 |
g £ 3000
£ £
£ 2500 8 o sl
2 2
q_l) o
& 2000 £ 2000
150 B R 1500
1000F , v v 4 4 4 4 o000 T
1.315 1.320 1.325 1.330 1.335 1.340 1.345 1.350 1.310 1.315 1.320 1.325 1.330 1.335 1.340 1.345 1.350
along-distance/(x10° m) along-distance/(x10° m)
(a) strong beam photon denoising (b) weak beam photon denoising
3200 3200
+ buffer v - buffer
3000 o confidence=2 3000 |- f . con?gence =§
* confidence =3 )\ « confidence =
2800 * confidence =4 2800 [~ LAY ) ci)nﬁqt;nce -
B | 4 kA algorithm recognition
g 2 600 . 2600 A\ RN signal in this paper
7] b f ¥ 8
£ 24001 £ 2400 P
g 8 R |
52200 52200 VoM
3 3 LA P T
£ 2000 | £ 2000 :
1800 |- 1800 | N
1600 - ‘ 1600 -
1400 1 1 1 1 1 1 1 ] 1400 1 1 1 1 1 1 1 ]
1.310 1.315 1.320 1.325 1.330 1.335 1.340 1.345 1.350 1.310 1.315 1.320 1.325 1.330 1.335 1.340 1.345 1.350
along-distance/(x10° m) along-distance/(x10° m)
(c) NASA’s results of weak beam (d) comparison of weak beam results

Fig.6 Experimental results of Helan Mountain
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