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Abstract: Becauce of interruption contained in a Lidar echo signal, mode mixing is often generated when
using EMD (Empirical Mode Decomposition) to denoise such a signal. It lead to that it can’t remove the
noise from useful signal easily, and make the denoising effect so worse. In order to solve this problem, a
combinational algorithm was presented which combine the morphological filtering and EMD together.
Firstly, an adaptive multi-scale morphological filter was used to dispose the signal and remove the
interruption, as a preliminary treatment, then used EMD for denoising. At last, a simulated signal
denoising experiment and a real Lidar echo signal denoising experiment were done, the results showed
that SNR increased by 8.89 dB and RMSE reduced by 0.051 4 compared with using EMD to denoise
directly in the former experiment, the mean—SNR after 6 km increased by 3.356 4 dB in the later. This
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combinational algorithm can restrain mode mixing effectively, and has a better denoising effect and

application prospects.
Key words: mode mixing;

denoising

0 5] §

WO TR IR B8 DL BEASUR: — 1) TR S e S 4
T )RR 5 R S i DL EE 1) 32 3 ORI 4
T R ZS Gl =LA AR G (8 iy PG 5, L3 i ]
WG A A PR | A0 R 2595 SOBMES SR8 1Y
I P, DRI P ORI P 55 Pl TR S A AR
TWOG TR IS BRI PR SRS EE DRI DR BRI
EBOCTRIAE S B — R S AP TRY

WOGTE IR L AR5 R — A A Yy JR Ltk | 4R
FfF5 TRFEAES, HETE NN 2 T 45
1 304r % (Empirical Mode Decomposition, EMD) 2%
127, EMD XM B ARG B I& v, B
ANZMAHER IR G, A DA AR AR 5 50 o —
F 904 2% bR e B HE 51 /Y [ G A5 2 eR 2L (Intrinsic
Mode Function , IMF) , 1 & b 5z W T {5 5 76 AT An] B[]
SRR AR R, (HRAE S i it FE rh  EMD 7572
FIFRAE 5 0 R R (R AU G b R Ak X —ad
FEXS RS S AE R R [ W = A Qi TRl a5 5 Dk g 5 25
Aew sk, WILEE 5 i B A IR S (Moding Mixing).,
BMERIRE — B4 S35 5 0 220 A4 Tk,
A A5 R A RE S . A RO A IR 5 5 s
O3S S KRR

XA IR B 09 (A B8, 2003 4F Huang N.E. %5 H
T A B A DU i T 0 (ER E R EE TE
FRAF 5 W EEARE s, O OME LA i HLFI S5 T
EMD [ 35 W (941 45 . 2005 4 Ryan Deering 48 H} T 48
JEAR 550 Sl 6 IR 5 5 A G 18 B HERRAE = 1
17 EMD 43, REfE — B EREARSIE S 2
AR I RAE SR R — I HERL, 20094F Wu
1 Huang %5 A\ 4% 11 7 EEMD 43 i, X F 7 g Al LA
ARSI S, HRFEX G S5 A g
P 2010 4ERXFS | XIS T RO R MRS
PRIy sk FUR BT IR A T e RS
FEAE TG B e A G A 5 M, A A E

empirical mode decomposition;

lidar echo signal; morphological filtering;

FIME. 2013 AFAEXSIESR T R AR S (E B 22 B A 503
B T A A A PR R R S IR RS i
IR SR A 2P 35 B 07 Al T ki, ARG R T L2
AR A, BRI TG T BRIEUE 5 A7 18] By
FAON BRI,

Jok ] i 45 ) Wr 27y ok OB A TR B, IR 5T
JIE SR S 2 2 1 {55 1) EMD Jrfigad #2774 T
OyfR2E . PRI, 7E EMD J3fifk Z 1R X 26 ] 8RB 4
Zede, WA DUMARAS B3 i o=/ B R S IR & B
VPR — P TR B B2 AR R AR g BT %
HAEA BB —DBA —E R ST R R
WA LR EAR S LR RS54 , R4 T DU IE 2R
MRIEIE, ARERRE S B 58 B R 5 (E 5 1 &
BRI JE S UE B REAE AR W 4 ML B BRI (E (KA
i i LA K e 0 RS SIS S R TRl ER S S, BN
S0 JRAE T R B S B, SOPAR I T — R
BV S EMD FZE G IS 55, RIS A IS N %
JUBE B 25 IR AR X A5 5 BEAT W20 A B, B BR AR
5 VPR R TS RO T E, 205 ] EMD 2%
W SCERARARN, %75k AT LUA RO A AR TR
B IR T8 AR A MR RUCR

1 AERES EMD A4&E LR EE

11 FERKEEBNER

EAE ] EMD X8O 8 5 A L EE AR 0] % 45 5 1F
12 WA Ny 23 7 FE B IR B | 2R SRR L,
FI M S AT B A RE WL RE LAtk 25 1 HE X, EMD 7y
figp FLAH 0 Wk T8 5 rP AR BRI AF AR 5 0 A . 2
R 5 A Ik | TB) A ] BB 3 I 30 2 ik v B[]
S AR T SR AR AR A R S, S A AN I 5, K
TS B30 U 2% 47 RS B 42 4 S (1] DB 71 1) Jmy 75
BHEMALF SRHNAS, KIEEKIT Y
{ELFH- 07 8 1) ) IMF 40 5t (5] I 4035 17 455 9 [ A
A 2 () BB G 1) [T A R, e Ul 1 A AR Y
ik IS T]RUEE i A A, SR IMF Ao IS5 iy



% 5 2

FanF A TAHEPSREMAIELSL EMD 9 A FA @k 25 K5k 1675

S S W AR AT — L, Jovkih T 2 b B

PRt , T el A 25 AE X {55 EMID 43 fif i 25 Bk
(i) DRI =42 | ol Ay fp DA T 2 ) ) DG A
1.2 ERAEEIREEREREG

SCHA G R TR A B U 2 ok A 0 2 B )
W= A P A5 8 U T 2 5% SRR A [, — A4S J2
AR A B A 5 02 B 0 R O LA S A R S &
TS URW AR 5 ) — IR MBS & S5/ oT R | filf
FMRBCR T MR
1.2.1 B H 7 Xk

HEAME S BEAAREEM Wk JEEFRIEE
Plis B, Forf TR AT AT LU 5 v (8 Wi (E ik oo e
7 RBRAF T ISR BRIFIST A TR W] LU
HlE AR Bk o s | RBR1G S R g E Rl
FIRSE s, [FIE, B TR UE B -, BB s 42
iR Tl Y S O ) P N e = R
PR Sk L P A sk i 1T S B TR AR IS, Lt
S TR R R AR AR R R TR AT
B 25 A () G0 2R A 1 T — DA R PR —TF 415 T 2 0
P (AXAYH T LML HE,

y(k)=(fog-g+f* g° 8)/2 (D
1.2.2 ZMAFedR

ST R MO RE TELIFES IR, R
A5 ITER RS RUOE AR VLB (5 5 2T A4 fig
AR . 27675 A5 5 05 Ze b Kot fi
PE, SCRIESE T HEAEE TR, i T HEM S50
EAW LB ERELS, Kb soh 32 n RE S8 1
KRR,

WO TR IR A5 5 38 AL & 2 P A g I 7
WAL TA% G 9 25 0B I A AN A ] o — JRUBE i 45
FTEER, WIS B R R — AR i I 7 i JE vk
FET A R FE IERR , RMRRCR MR AT 5 IR H Ik
AN ISTR 1 5 o WrF R RY  el [TIS 2
PRy #R AR AR s R 2 S5 R0 G 2R 0 2K A, e
% [ 385 0 o A4 B — FR A R DL T s A5 5 i 45 44 T
e UL R 1 B R 25, DI 35 B A o HL
P R R ROR .

T AR B SR AR RE T AR AE A A
T A5 2 A SRR AL ot 1] 85 (%) e KBS e/ IME . BCKR A7
G, FER/AMESI R R ALK 2 B — R 5
KB RSE A serh it A5 oo = REE

1.3 EMD o f#fe xR

EMD f&¥ — A5 5 1 B 1t 44 R 350 4% F [ 45
ROBE I shifb A7 53, 45 80— R IR R E]/INE)
#5415 25 PR B (IMF) . EMD 43 )5, i IMF 3235 Jig
e A S, AU IMF A4 T 32 2 i e sk s 110
HEA BRI FIF L EMD 2% e 1% Ji Bt 2 59 s v A
IMFE, #RJ5 FIFHF T B IMFE LA TUAR TR HE 5 2E4T
BT ALY B,

y(k)y= 2 IME (k)+r(k) 2)

Forb,j (B A 5 AT LLE S % 41 H R 45 5 9 SNR
1 RMSE #7278 2% AT B e A A AR A

2 EARIERES EMD A58 xEALE

TERT SCRUGA B BLAly B, 30 i S e ] 22 M 5 i
(1 BAR LB

(1) 1325 5 M RAB AL E 751 Max K ) /IME AL
EFS Min, FFARE BP9 T AR AR A R ]
B s LA SARSRAR/IMEL T B o

(2) >R HH B (L 1 R 1 e A R e/ M

Amin=ceil (min( minz(dvi) , mil’lz(dvi) ) ) (3)
Anm=ceil(max( ma);(dua) ’ map;(dw.) ) ) "

RGBT BN HL RIS T RS .
A={ NI2Ain 1, 2A05+3 , -0+, 2 A +1 ) (5)
(3) H&5HILER A XHE S )it 4T 2 RUZIB S
FUSDE B GEA TC R A B X RS R v (k) , IR
FEHEAT AL 25, 45 3 e 28 B8 2508 I 4% Ak 3R 25

¥ (= 2wk, e KU w, 5 X =1 3 L
e= 2 lyi(k)=fCol

(4) X y(k)#EFTEMD 43 i , 15 21— R 5 [# A #5
S PRB, F5 4 R P AT B 2 9 IMIF, T G 4R 1Y
IMF LB A0 T b (35 5 | A 30 S M g

3 (AEXE

3.1 HERFSXRE

RSSO T RHE S A BRACR EAT A AT
i, IR LA E X

(1) ¥TrmRIRZE



1676 ik IAR

% 44 %

ERMSE=\/ & 2 Ut (©)
(2) I ASFWRLL .

K
k=

2 )
SNRpu=101g——*=1 (7

2 [, (k) ()1 T2

(3) S e L
1Ak
SNR gypu=101g ——=! (8)
D Lyt —fklT?

AP f ) NI IRAE 7 3 fu(k) & MR AE T 5 y (k) 25
A5 BN S 5 M HL K ST MR 25N | B
WRAKCR BT, A ERGAR | SEE R ELEE AT ] EMD
&5 4T 221 K Direct—EMD , T1ij 3C H i 7 125 2
A JE A -EMD

e B 5, LR AE 5O f(r)=sin(6m1) +
sin(10me), TR A BEHLIK ol 75 {F W L 10 dB 1975
Wy (MR S A — B AN L E 5% 3 () =
0.1sin(120m7) , %8 J5 73 5 47 Direct—-EMD 2 I F1JE
AN-EMD M 255K 1 s,

"

- @)
= o
,2 1 1 |
0 0.5 1.0 1.5 2.0
Time/s
= (b
Z 0
_2 L 1 1
0 0.5 1.0 1.5 2.0
Time/s
2 (c)
=0
_2 I 1 L
0 0.5 1.0 1.5 2.0
Time/s
S (d)
=
0 0.5 1.0 1.5 2.0
Time/s

P 1 PRk AL B A

Fig.1 Processing results of the two algorithms
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Tab.1 Performance of two denoising algorithms

f(2) n(t) ya(2)
SNR 7.469 4 21.914 5 30.804 6
RMSE 0.423 2 0.080 2 0.028 8
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Tab.2 Parameters of visibility measurement system

Item Parameter
Wavelength/nm 905
Pulse width/ns 100
Transmitter Energy/pJ 20
PRF/kHz 5
Diameter/mm 50
FOV/mrad 1.2
Receiver
Filter-bandwidth/nm 5
Detector Detector SPCM
Acquisition Acquisition MCS—pci

Control cell Embedded-computer PCM-3370
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Fig.4 Return signals of lidar
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