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Adaptive Gaussian filtering of the full waveform of

GF-7 satellite laser altimeter

Zuo Zhiqiang', Tang Xinming'?, Li Guoyuan®, Li Song'

(1. School of Electronic Information, Wuhan University, Wuhan 430072, China;
2. Land Satellite Remote Sensing Application Center, Ministry of Natural Resources, Beijing 100048, China)

Abstract: The full-waveform satellite laser altimeter is able to record the complete backscattered echo waveform
from the target surface, which can be used for range measurement and geophysical parameters inversion of the
target surface. Some received raw full waveforms of the GF-7 satellite laser altimeter contain significant noise,
skewed wave peak, and unsaturated flat peak, causing interferences to the information extraction from waveform.
Firstly, an iterative method for waveform background noise removal was proposed, then, the characteristics and
geometric structure of the waveform noise were analyzed and quantitatively described, and finally, an adaptive
Gaussian filter considering the noise and heterogeneity structure of the waveform was designed. Comparison
between the proposed method and other existing classical filtering methods was made in the experiment, and the
superior performance of proposed method was proved in noise removal, signal retention, and unsaturated flat peak

waveform processing. The higher signal-to-noise ratio (SNR) of the filtered waveform was achieved using the
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proposed method, and the amplitude decline of the waveform is within 3 times of the noise standard deviation.

After the filtering of the waveform with unsaturated flat peak, the decomposition precision of the waveform

Gaussian parameter amplitude, mean value and standard deviation are (0.69 + 2.34) mV, (0.007 £ 0.024) ns and

(0.026 = 0.069) ns respectively.

Key words: GF-7 satellite laser altimeter;
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(d) Waveform filtering result
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(e) Waveform filtering result using fixed
length (3.5 ns) Gaussian filter

(f) Waveform filtering result using fixed
length (1.5 ns) Gaussian filter
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R [EERRIEZE N 3.5 ns; (f) [51E TERE A TR A 2R, IR I AR B EAREZE N 1.5 ns

Fig.7 Filtering result of GF-7 satellite laser altimeter full waveform: (a) raw full waveform and the red line indicates the background noise value of waveform;
(b) waveform filtering result of our proposed adaptive Gaussian filtering method; (c) sequences of standard deviation (SD) using the proposed
adaptive Gaussian filter and fixed length Gaussian filters (the blue polyline, red line, and black line are corresponding to the standard deviation of
adaptive Gaussian filter, fixed length (3.5 ns) Gaussian filter and fixed length (1.5 ns) Gaussian filter respectively); (d) waveform filtering result

using average filter; (¢) waveform filtering result using Gaussian filter of fixed length of 3.5 ns; (f) waveform filtering result using Gaussian filter

of fixed length of 1.5 ns
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MRS, 5T SR B IET IR

A LA S ISRy v R GE-7 B2 [ 5 8 1Y 75 5
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F 150 A SR s 353 9 8 S5 M 7 %) 1 34) 4 0o 132 2
23514 0.15 mV, 0.16 mV F1 0.15 mV, H1i% 22 43 51 4
0.15mV, 0.17 mV 1 0.18 mV
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ol /MRS T A 0.1 GE/NTF 1.5), ZEME S X
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e 438 SR A M L A e v, L DB DA 1 P e v PR DIE B
FE Y = 07 A M I, A SRy DRI D8 0 1 i A8 T 3%

R 1 GF-7 R R E=SREMIT

Tab.1 Estimation of the background noise of GF-7 raw full waveform

Typical method: mean intensity of sampling points (50, 100,150) at the end of the full waveform

Case Truth-value /mV Proposed method /mV

50 mV 100 mV 150 mV
1 88.18 88.13 88.35 88.37 88.33
2 88.11 88.11 88.12 88.07 88.00
3 87.89 88.10 87.50 87.48 87.60
4 88.03 88.02 87.96 87.95 87.98
5 88.01 88.02 87.90 87.99 88.01
6 88.15 88.11 88.11 88.08 88.09
7 88.22 88.20 88.25 88.18 88.19
8 87.98 88.28 87.60 87.53 87.42

%2 GF-7 BHALIEB L B RTH

Tab.2 Evaluation of the full waveform filtering results of GF-7 satellite laser altimetry

Variation (compared with 30.87) of Variation (compared with 27.87) of
peak value of waveform 2

peak value of waveform 1

Noise STD of Intensity STD of 100

SNR points at the end of
filtered waveform filtered waveform
Variation < 30Noise (2.364) Variation < 30 Noise (2.364)
Proposed method 19.87 2.23 Yes 1.83 Yes 0.221 0.192
Mean filtering  17.35 6.04 No 242 No 0.216 0.218
Fixed-width
Gaussian filtering 18.5 4.79 No 1.8 Yes 0.223 0.193
(3.5ns)
Fixed-width
Gaussian filtering 19.40 3.82 No 1.54 Yes 0.225 0.204
(1.5 ns)

T2 Onoise MR IR AN L BT LI FH J RO TRIAY (0 P 39T A MR P ORI 22, (EDM0.788; STD N ARIERE
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of the wave in (a)

(c) A (a) WIE PRI I Wom
(c) Enlarged display of the peak
leveling of the wave in (a)

8 GF-7 2ARWOLI S EURIIY (O RERE SGRA) BBl E -1, UGB RORIR(E DY 58.33 mV, XTI HEA TR B -5, 1R{EY 58.12 mV

Fig.8 Peak simulation leveling of raw full waveform (without background noise) of GF-7 satellite laser altimeter, and the maximum amplitude of raw

waveform is 58.33 mV while the amplitude of the leveling peak is 58.12 mV

] 8(c) BT 7 oA ipk WA A 401 " - S5 4, T4 U T U
VR AE Ry 58.33 mV, EF-J5, P IEAL IR 58.12 mV,
3 A FH ST U vk L A R . [ E TR N
3.5 ns I 1.5 ns 14 755 307 I8 J0k 28 X 82 068 - R ASE40L I8 T
HEATURUE, IF AT A, 5 SRR Mo iS4
PEATFXT b, S5 a6 3 from o n] LA & BOG AR Y AR 1
FSP-VA T EA T8 I IS, 4R EL A g 0 vk, SCh oy
O AR RN WAL Y AT U8 S, I 1 o i
Je MR AR . SA0E A4 5 MR 81 5 FLME S e, i
A BhFAE I 0 2 b B A R S 8w Y

Sk BN S 43 IR SC R R B S, DS R HL 58
A BB HEAT P WAL -, LAl RN TR 8 Dk
EIE WIS ROORE B, i3 4 FoR, ol & BT 3
D5 B IR AT TR U U 0 e I o R (IR R L XY
B ke ) S 2 00 T B (E 8 i 5 R 8 (3.5 ns Al
1.5 ns) 1= 57 8 U 55 J7 1k U8 S 00 B = 0 g0 ARG

BE o TS0 Oy B RS FE O AT T A
Gaussian 7} 5 4 18 73 KT 24 (0.69 + 2.34) mV, ¥{H
OMERE B R (0.007 £ 0.024) ns, 3477 KR Ik 55 43 e ks 1
7 (0.026 £ 0.069) ns.,

& 3 IFIRFNTUERI S R L AR R
Tab.3 Filtering of full waveform simulated with

unsaturated flat peak

Gaussian filtering
Peak Peak

. . parameters
Filtering results location/ns value/mV
A;i/mV  yi/ms  oj/ns
Real waveform 106 5833 59.069 106.103 4.80
Proposed 106 5755  57.650 106.099 4.89
method
Mean filter 106 5495 54735 106.16 5.19
Gauss(3.5 ns) 106 5593 56.086 106.16 5.06
Gauss(1.5 ns) 106 5659 57104 106.139 4.96
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Tab.4 Precision evaluation of the Gaussian decomposition of full waveform with simulated unsaturated flat peak

(filtered using different methods)

Difference between Gaussian parameters with its corresponding truth-value

|A; _A[_truel i = Hi_true 0 =T true
Mean STD Mean STD Mean STD
Proposed method 0.69 0.78 0.007 0.008 0.026 0.023
Mean filter 437 3.35 0.038 0.027 0.348 0.114
Gauss (3.5 ns) 2.37 2.40 0.025 0.019 0.173 0.091
Gauss (1.5ns) 1.34 1.60 0.023 0.017 0.084 0.064

4 45

GF-7 S OGN 5 43 4 I T 4 B4 3 43 A7 7
W 75 P L I 0 A A O I T SR L, SCrh
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FEo0 07, I AL F A, e 2 i T —Fi i B itk
T W 7 5 2 g SR 1 3 o S0 D A U
A T O Al B O I R A4 IO M Y U
Wi e SCrh vk S BME IR [ E S (3.5 ns Al
1.5 ns) i W8 e ik HEA T S X HE M, T DL R RS
5 I AE M SR A AU S R B AR T X ey
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Mo 9T BAESCh I E R GF-7 B #0625 A1
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(0.69 +2.34) mV, ¥ 73 fi#% 4 B 47 (0.007 +£0.024) ns,
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