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Abstract In this paper, multiplication model of speckle image in imaging lidar is analyzed, and then suppression
processing for the speckle image is finished by homomorphic wavelet filter. The experimental results show that this

filter can suppress effectively the speckle noise and keep the image edge. Meanwhile, the experiment results prove
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that multiplication model is useful for speckle image.
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Fig. 1 Physics reason of speckle in imaging system

HH A, (ry) R R(ry) = 1 B R 59 1 B9 & TR 18 . SC
BRLS] A0 T 8LBE BORE AR & N E ST, 78 1
T 7E FAE T 6 BRST B , fRTE B A B R A BB SO
B 1o (r) BEE &5 T BA AR TR E 61 e ik
B 23 (8] R A8 T U5 48 B B 38 13 Y6 # R A T8 BUE 1Y )6
B L (), B
(I = L (D (3
E TR ERMN — R G R, AT T
HBEAR 08 1) T v AR 7Y

Li(r) = I () AL

(I, (r)>
K L) 2 SHIEBOEIR L () X PR EIREEE

X — R ) B R SCTE TR T RO R 1R =0t
SR ST A AR SRR 7S, DT A HICBE A9 U8 BR 4R AL T %
A,

e 1 R AU g 37 Y R A R 2K (3D, BTN R AR
A UE B 2K (4) 75 3 ) 2 (B R 45 T EL S XEAS 1 R
i 43 51 %ok O B A B AL 3 AR 4% B — I AR 2 BE R
HA 850 i i E X Ok iR 2 7048 8040 1 2 B
BB — R G TR , 1k 2 Ul 3X I BE ALt
FEAMF N —RGTHERR . X E R e B R AR
AT TE .

SR P FEHIL i R AU AR R B9 — R Ge i1
AR XA FELE R EAMER . EFR L,
I;(r) FMEMREEE XIS R - REAAR
A B B AH R SR, Wt R U 2 A EATH RStk
i — M A AR A

B 2 TS H

€Y

L(n = | [ RGO A GORG—r)dry |* (5)
L&) = |[7 AGohG—r)dn | (6)
(L) =" [ hGr—r) | *dr, D
Le( = ["_|RG[* « [hGr—r) [2dry (8)

EB L’)U:i%ﬁ}ﬁfblﬁtﬂ 9?“% R(To) Q'ﬂ:&%%

18, DL 7 S HCoR 20 S0 B A AT OB R AR W4
M=) AT L E AR

L) =|RG) * + [T A GohGr—r)dr | =
|[R(ro) |? ¢ I,(1r) 9
&, = (8) 1 B AR
L.(r) =|R(ry) |? .Jic | h(r— 7o) | 2dr, =
|RGro) |? + (1, (10)
A )
L) = L) 77055 an

XERAY RGro) AR BRE, URTE ST #
PR JCA 2T B PN T O DU AR R R A, BOBE RO 5
Li(r) BFREBE R L AR SE . KPR B, B FHOLE
BAMRGHERNE, 2362 R RN B InRE
B RSV B R KL 7R BB L B AR AR T I8 Y
PRI 5 T BEIX A 25 1F BE 75 2B O 95 2 » BT LA
FUORE 1855 14 e 5 AR 20 188 5 K RE AR 47 3t 3 1R B

3 T /INBLAY [R) A8 T A U B AL

):El

3.1 BEENE

FH T AR AR AT LR SRk AR B R A » i LAAE 410 4l
B R PR BER A R RA S BB RSB HR. &
1o [ 5 A 4, T A ) RO R 7P 0 B8 o vk | R A L A
T T LA PR 208 o e R P 5 9 e o L AT R

LA R /NP AR B BUAR T TR B KRR R ) R
Mallat $2 i 2 53 B 50 A Je e AN B R B 4T 12 e
RTEGAIES . 50822 8l b, /3 2R e Al
B B A A3 (2 380 A0 5 38R R R AL BE T, B & 00 Bt
RO HTRREE , T /D B R B Z A TR S
4 AT S A G T I R 8 i A i A T

AR /NBE AT BB W 75 9 B R 25 % R L3 /M
AR 3 % R AT AL BT A SO R (R 25 AR e A /D
B BAE aRR TH R AL K45 R R U RE AR B B
HIRICR .

8 o Ko /N A i R B AT IR (B A B R K PR R A
i 3 A< JEAE YR T Donoho RN . /INBE bR B AE B4
SRR B B Y JR R A 5 (7] B 3 A RO e 4 o /D
BRI ESH-METRES . BFESHRERE
NP i P R R T RO T R RS A R, B Y
RN ATENREZE, REREHEFS K/
BARBOEE KT REARAEN/NERR. R,



8 FHE % BOLRGREE RS IR TR E R IR 719

MR P B AR R A T Y BB X IR B TR AR 4 Y R
M) B2 b Xt AT AT 4 4 5% o e 2B, AT BT A 22 e R
TRE M 7 0 ZINIBE 0 A AV A R R R T TSR R A R
BHATBEER. X HEER/PNEERRE,T
U RE B A W% 2R B Y B (B AL B2 AT LSRR
sign(X) - (| X|—D |X|=T
= 12)
0 | X|<T
B 224 /0N iz 4 il 2R 500 B4 468 X (B R T3 A BIEL AT, AT A
HREAFESHO MR EZSES BERNE
185 T 24 43 R B0 T34 BRI 58 2 2 B
W P 2 A Y, o L HEAT B AL, AT A5 BT BR R AR
) H .
Xt F 18 B /4 3% B, Donoho %8 M FE 8 | 45 H 3
UM TEEH R ER/NRTIR T BEBOF RN . T=

o v/2log(n) /n, HeHh " NWEFETT 2, n AFFFIRKE.

R 2 /N Y [ 265 0 5 % i PR DR MR 7 ) B
HWMBE 2 FiR .

&, HT Chomomorphic transform) J [6] 25 2%
$# , Dwt2 (Discrete 2-D wavelet transform) 5 B #(
T4 /N AR, TP (threshold processing) i B {E 4k
#,IDwt2(Inverse discrete 2-D wavelet transform)
N 4k /NP E ), IHT (inverse homomorphic
transform) by [R] #5136 A8 .,

AR & A B R B ER & R S AR 4, 2R
R R R Y R, 2 /N R s R O A
S AR A 2% B0 R 40 R 2 0 v A AR MR IR BT MR
FE IR /DR B EN, 2RISR BHRE R
278 MR 5 R R

I, t—{ HT Dwt2

TP IDwt2 IHT Lo

Bl 2 T/ R 2508 A 3 vk i 72

Fig. 2 Algorithm flow chart of homomorphic wavelet filter
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Fig. 3 Schematic diagram of signal decomposition and reconstruction
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Table 1 Speckle index of original and filtered imageries

Imagery Homomorphic Wavelet
with noise wavelet filter filter
Speckle-index 0.2254 0.1206 0.1656
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Fig. 6 Image with speckle noise 1 Jiang Lihui, Wang Chunhui, Wang Qi et al.. Speckle

—

2
3
B 7 EFT/MERRISIEE G ES R
Fig. 7 Processed results by homomorphic wavelet filter
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Fig. 8 Processed results by wavelet filter 7
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