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Abstract

A noise reduction signal processing method of lidar atmospheric backscattering signal with the empirical

mode decomposition (EMD) is propased, and the simulation in the system is confirmed by experiment. The noise
reduction algorithm based on EMD is suitable for processing of pulse signal (e.g., Block, Bump, and pulse echoing,
etc.). The algorithm is used for analyzing and processing Mie lidar atmospheric backscattering signal. It shows that

the noise reduction method can reduce the noise in the atmospheric backscattering signal and provide primary data of
high signal-to-noise ratio (SNR) for the extinction coefficient retrieval at the next level.
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Fig. 1 Filtered process of EMD decomposition. Original
signal (a)and filtered process (b) of EMD decomposition
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IMF, ~IMF; are intrinsic mode function; H is excess

SR ¥ e 2l B[R] I6F o A7 7T B8 25 8 0 AT 5 P
Yy B SO B S A5 S A AR B IMEF A8 O — A B
— B ORI AE . O T IME e iR
FOHR A b AR A0 0 B 1 ) B S B AR B 2 Y i
BOE T — A5 14 BIT CR 48 0 1 ok At A9 o
M 2% d. o A Huang f93F5 AI6E % B8 0.2~
0.3,

‘ hige—ny (2) — hy (1) ‘ 2
d< - 2
‘ ; { [hl(k—n(lf)]“



1070 i 5]

oo e 36 &

MWIEIEE S I L o A S TGS P& &
BT Bl 1 15 L0 Ok L AR B — A
ri = x(t) —c,

— M R EE R R MW, B HAE R
—ANH R A R T R L TSR A IMF
. HEREHRE r, BV — 08 k. iy
c, 8, BBR(E /N T B — A B X E
/HJ?!IL‘{ ﬁj\ﬁ?ﬁ n /I\ Wfifﬂl*
%EE‘J*H»W«I@E‘UZ&‘%#%%W%?FKH B AE D Bl
i) & i

/ﬂ‘i%’l

X)) = D)C,) +r,(0.
ji=1

4T EMD A EFEH MW Z — BT
Hilbert 2% #6245 21| i} 45 &, a0 & 3 7 o
0.50 jey
0.45 @8
0.40 RSN
0.35 [
2 0.30 IR
g 025
E‘o.zo L
0.15 'S £

0O ‘20 40 60 80 10%0 160 180
Time sample
F 3 BRI RSIE . B RIEBLERT B—14 IMF,
HIREREAINN i)
Fig. 3 Time-frequency distribution of data. The outline
represents each IMF that is the energy distribution
TEX B — A IMF 435t 5, (o) /E Hilbert 784 22
JGi A% B — A5 3T 18T N U Y 81 s, (o L B
5 = iPJ'" 5y,
7T —eo L — T
Hrp P&y Cauchy {80, T, ol LA 2] — D0 B
E9 Z, )
Z;(t)
Horp

=5, +is;, (1) = a; (D",

a; (1) = [s3() + i) ]V,
() = arctan[ (t)}

€]
D] 15 B A1 238

do(s)
de

PRI S Xl ) 37 AT LA R

cu,(t) =

X() = Reiaj(z‘,)exp[iJ.wj(z‘)dt]
=

K a; Mlw, Jgitla] ¢ i e& 8. BT Hilbert 3% fE %
I3 M — Al P A I ] B A AR A B

3 PIESLE

h T SRR 5 25 W b A R A B
1k, %} Donoho HI Johnstone #2 & i i {2 5 Block
B IR 0T MR R 6 MR A S AT DR &) 4
i

%5 4h, X} Donoho #il Johnstone [ ] i& 1§ 5
B i Wy MR A0 S TR

KT VR Z I E R AR, R T ¥ 05 R &
(Mean-squared error, MSE) #l 1 M k¢ ( Signal-to-
noise ratio, SNR) i PFAN 8 br . 3407 15 25 ek 1 Ak
TR S B AR (4 AR AU FR B2 R /N AR LR B e
A5 W LE S e 715 5 RN BT i . 5 1PN R AR o X
H

Bump

D ¥5iR
Euse = 3= Z [f (k)— fk) T2
2) fEM It

T AR R UR 8 A B L
(RSI\'[{—inpux ) %uiﬁﬁ Um—l 1%‘ I];’T% H: (RS\IR*output ) y‘j

K

DR
Rsr\'R—inpm - 101% K = ’
DUk — T
k=1 .
2 (k)
RSI\'R output — 101g K —

Z[f’(/z)—f(k)]z

EF‘f(#)ﬁJ?iZATQ?»f,(k)iﬂé‘”ﬁ% RNV,
j&ﬂ%hﬁaﬁjﬂ FoRE.

O3 5 AL GE /N B B (i 25 e 3k S EMID (95
RN AT R MRAL B 3R 1 R R e
AAE M LIS DL T » 2% 07 1645 B9y i 15 e LE Aty
JriRZE W BB AR

MIEL 4,185 FEk 1Al LA L ok AT EMD Bk
JI A5 25 A5 5 1 i A R B /N TR B A 2 IR
LAV BRI REA TR, ik, X
P LT EMD 1 2 B0k 08 5 A B A K vh 9 A5

T



KB ARAF . Mie HUNMOLE I8 R AR 5 28 W 88 00 i 503 i 5 5 1o

1071

5 44
10 10
(a) (b)
2} 5 7} 5
= =
B B
‘2 ‘2
20 20
-5 1 l -5 1 1
0 500 1000 1500 0 500 1000 1500
Number of point Number of point
10 10
(©

(CY)

-5 L I
500 1000 1500 0 500 1000 1500

Number of point Number of point

Amplitude
=) o
§
Amplitude
S (93

(=)

M4 (DQFEIHES s (D FRE S (OFRMA/DMEBBER LA ERE S (ORT EMD Bk 2K ERES

Fig. 4 Original signal (a); added noise signal (b); corrected signal with the method of wavelet transform (¢);

and corrected signal with the method of EMD (d)
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Fig. 5 Original signal (a); added noise signal (b); corrected signal with the method of wavelet transform (¢);

corrected signal with the method of EMD (d)
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Table 1 Performance comparison between wavelet transform and EMD

Method of wavelet transform

EMD algorithm

Test signal Rsnrinput
S RSNROU[pm EMSE RSf\]Roulpul EMSE
3.1482 11. 6141 0.1699 13.7635 0.0949
8.3786 15. 6581 0.1653 18. 4572 0.0988
Block
11.7615 18.3749 0.1598 20. 8762 0.1045
14. 3992 20.6816 0.1412 22. 1444 0.1085
1. 4464 10. 1985 0.1476 11. 3091 0.0692
7.6425 13.5630 0.1801 16. 0832 0.0923
Bump
11.1643 17. 3288 0.1920 20.0003 0.1089
13.2175 19.9753 0.1957 21. 3460 0.1193
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