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Abstract: The complex full waveforms from laser altimetry, mixed with high noise, are usually reflected by the
object with multiple height elevations. To accurately analyze the decomposition, vertical structure and char-
acteristic parameters from these waveforms, a noise reduction method based on empirical mode decomposition
(EMD) was investigated and tested with the full waveform of nonlinear and nonstationary signals obtained by
GaoFen-7 space-borne laser altimetry. The reconstruction of an effective waveform signal was implemented
through reverse superimposition of its intrinsic mode functions (IMFs) and the residual. And then different
selection methods for these IMFs were compared, such as removed high frequency, threshold, wavelet and
detrended fluctuation analysis (DFA). The results show that EMD-DFA1 and EMD-1 IMF have a higher noise
reduction effect on these full waveforms, followed by EMD-Wavelet and EMD-Threshold. Finally, EMD-DFA1
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was performed on the full waveforms with single peak, mixed peaks and multiple peaks. And the results show that

EMD-DFA1 does well adaptability.

Key words: GaoFen-7; laser altimetry;

noise reduction
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Tab.1 Main parameters of the GaoFen-7 laser altimeter

Item Value
Number of laser beams 2
Laser wavelength/nm 1 064
Laser energy/mJ 100-180
Pulse width/ns 4-8
Divergence/urad 30-40
Emission frequency/Hz 3,6
Digitization interval/ns 0.5
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Fig.3 IMFs and residual of a typical GaoFen-7 full waveform

decomposed by EMD
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Fig.2 Footprint image and waveforms from GaoFen-7 laser altimetry
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T3 1 P MR I 11 i 79 A B2 K5 (3) 7 SNR AT PSNR |,
EMD-DFA1 5 EMD-1IMF #x K, HX & EMD-Wavelet
1 EMD-hard, £ W] H 25 A BB S REAHES B
BEhKE/N, B4, EMD- DFAL 5 EMD-1IMF
THOEERR T 1@, B S 19 MSE. MAE,
SNR. PSNR I R* #{H—%L.

F A, K IE EMD-DFATL JE 3% 4 5 £ 50t
N g 4 Y0t T 500 A IO, SR P 22 4 AR I 3 1 A 1
LA 2 POB AT . RIS, SR A S g I 5
T R IEAT UK, 33k BRSO Al RO o 22 43 )
19 F 6. ANIEL 5 Fros, X T B> P IEROGERE A FDYG
BE B, FEME S 0908 5 506 8 A R 47— 2%, OF
HARER T W5 0YR S 0 X T 2N I IO BE C A
JGHE D, FEME 5 AT 5 B bR i AR R e~ 41
HOORRE—B S 5b, w08 e 5 R B 7
HORTETR & P WA 0 T 25 £ R 4l 1y e, anf&l 5(D)
B o B ERT O, 3% 07 46 AT IS FH T B 0 | TR S
W | 22 0 1 4 YR B0t TR TR B D I 0 T L i

%* 2 AEET EMD EEMREERTEE

Tab.2 Quantitative evaluation of denoised effect based on EMD

Spot Methods MSE SNR PSNR R
EMD-1IMFs 0.000403 0.017172 21.954108 33.944032 0.994883
EMD-2IMFs 0.000741 0.020372 19.313580 31.303504 0.990584
EMD-soft 0.000688 0.020099 19.634734 31.624658 0.991269
Spot A EMD-hard 0.000589 0.019156 20.312091 32.302015 0.992524
EMD-Wavelet 0.000452 0.017191 21.462847 33.452771 0.994 255
EMD-DFA1 0.000403 0.017172 21.954108 33.944032 0.994 883
EMD-11MFs 0.000428 0.017824 21.528431 33.686438 0.991504
EMD-2IMFs 0.003 198 0.033598 12.793 858 24.951 865 0.936689
EMD-soft 0.001459 0.028 087 16.201364 28.359371 0.970888
SpotB EMD-hard 0.000923 0.023394 18.189807 30.347814 0.981577
EMD-Wavelet 0.000598 0.019404 20.071557 32.229564 0.988085
EMD-DFA1 0.000428 0.017824 21.528431 33.686438 0.991504
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