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Abstract: A novel Digital Speckle Correlation Method (DSCM) based on multi-scale wavelet noise re-
duction is proposed. Speckle patterns with Gaussian white noise or Salt & pepper noise or Poisson
noise are decomposed using symlets wavelet family and processed by different noise reduction strate-
gies. Compared with the traditional DSCM, the accuracy of this new method is improved dramatically
and the relative error is less than 1%. Meanwhile, the calculated consuming time is decreased to half
of the traditional DSCM.

Key words: speckle correlation; wavelet transform; multi-scale; image processing

Y 5 B #3:2006-07-06; 4&1T H #7 :2006-10-21.
EEME :EEKAKRFHEL ST BIH (No. 60478026) ; [ K A 4K 3k 4 Z h &l & 1EWF 52 9% Bh 3T H (No. 60611140400)



58 e K TR

515 &

1 5 =

BOF B A S &Ry ik (DSCMD J& 75 1 22
80 4EfCH H AW 1. Yamaguchi M3EEAY W. H.
Peters )t W. F. Ranson #2&H 19— Fh Jo 3t ) & 5
RN R TR DR X ) X 5 SR A A
P AR A B 7z R . TR XS SR AT Y HE
DR SEAT R ST R I A RE A B R R L8,
TR I R AT AR R R AR T
BRAE RAFAETA [A)E: —J2 TT B RCRAR; —2
A YR IR R H B 1R 1 A 5 22 04 AH X - 1
P RRAR 1A R A I R R EE R R

/N 53 AT 05 ¥ RE 8 T8 Ao /N B R B0 1o 46
A S B MR AT 5 1 22 RUBE 53 ik 38 3 o g b
FHAT DU 2303 08 B R P 0 T 400 O AR OR 18 TR AL
BB Tz R R

AR AR H 1B T 22 RUBE /)N I8 R Mo 11 5 R
FAORAR R ITVE 2B /N I8 e 1 22 RUEE 73 A O 12
DL JH T B0 R AR DG I A v SR AN [) 1 I MR O
Mg %o 5 M e AR 11 A7 /0N OBl i ik e M b RS L
HEATAISCHE R . R R R 515 50 A5 WU
KA R ITIEAR L 15 e 75 HUHE [ AL B vp /N s
07 2 H A B PR

2 mMemrE

2.1 HHMEXN=ZE
TEHCTHUBE AR SC & vp , Wy R 8 i JS 40 15
AR PR 1] 78 TR i ) BB 1] o AR A5 P Ry
OB m X om BT A L S8 i 25 S T X
ABETX B WMNE. Hait#m.A 5B XM
AREAR S [A] Y AE OC R B K . BRI AT DA 43 A O
RBOW Rk E X B 6 &, N5 5] P
SRR . ARG IS A A

D0 20y — g ) —¢]
C i=1 j=1

DAy =1 D0 Do letar ) — gL

i=1 j=1 i=1 j=1

Hrp ! =z +p. v =vito f(xy) HTKXA
'43(96,-,yj),ﬁﬁﬁﬁﬁ(ﬁﬁsg(ﬂ"‘wyj"‘v)ﬂ??lZ
Bz F sy, T o) SAL W IR BEAEL: £ R g 4300k

TXA R B KPR KE. @8 RMEREC

AR (L FT DA 2 o A o Ly O 1) B BEAR R A A%
(psv) o
b SCRE S B 4 3 T BR 75 FOL SR . AR IEA SC R

B A BAT R iy g

ARPFREAR R AL G 1 4 e I R R
TTAR RO 255 2% BT BORT B A2
S SCH R T 2 TR (7
2 “HERPMNETH

Mallat 2 A\ F 1989 4F 42 1 T 2 70 B R IE R
SRR/ R R B RUBE SR ¢ T DL AR R
—AZ o B M G U eR AT DL 3 /D
PRBCE W, B R Y RO R RN /DN i e K 23 T
H

it
2.

¢j.k(1‘):27]/’2¢(27/~T7k)(]~/1)6R
V() =27 V(272 —k) jper
EIMGAF 5 AT LR R 2 — > L? (R?) 75 [ 1Y oK
B f (s y) s HoAE 45 E A8 /Nl 2R /] LA 43 i R Y
B HR N
Ay f :leezf(xyy) ¢ ()9, (y)dady
H,f :JJRZf(I,y) v, ()¢, (y)dxdy
Viif :JJRZ f(x,y) $.,. (O, (ydxdy

Dy f :ﬂR'—’ S(xsy) ¥, ()P, (y)dxdy

X DU R B T S 5 s T A A f LK
SEAA o f T A1 Vo £ R 209 Do f
P8 Y — 4 B HOE S/ o i e R AR BT 1 i

Speckle Asf Vof
pattern [
Sxy) 2D-DOWT Hyf | Dyf

1 BB — 4E s OE S/
Fig. 1 Schematic diagram of image 2D-DOWT

TE /NP AR A 4 /0N eR KA 2 45 4 5 i) 3
P 5 A B80S B2 SN . 3 BB/ N D5 R RO = A B
e A AL 55 L f 0 A S0 B 5 Y SE AR

BEFEXIFRVELF 19 symlets /NS ] LA
B EF R ARRS . BAREFEIRAS symlets /)y
P B TR E . N RL sym8 il HR
JEE eR RN R B R A 2



551 R0 2 RUBE /)N IRl o Mg ) B0 RO AR DG H8 R 59
15
Dccomposition
1
(] [od o] [a]
¢ 05 L T 1
0 | A, I I D, I IMethbdll | AZnI I DZnI
De-noise De-noise
-0.5
5 10 15
X
(a) RUBE bR 8K (510

(a)Scaling function

(b) 7N e B E
(b)Wavelet function
2 sym8 A B RUBE bR 51T B e XTI 16 /)N I R
B EE
Fig. 2 Scaling function and its corresponding wave-

let function produced by symlets (N=28)

3 kMR R AERFREA XM
&Py 5 A

TE HICHE P 15 Ak B, SR FHAS [ 118 70 90 i e 5
W Al UA 2 M R 07 i SO R A Y AR [
A SRE AT A ORI i . A0k 0 MR G = I
BUEA I RITIE . 5k 1.2.3 95 T/ i e 13
A HCRE AR DG R 07 ¥ HOH S AR L 1) 3 s

AR L S, O o 5 ZoR IR IEHR A HE AR
8 A RN R E R R 23 . D AR = A2
WHERY + Lomd Dy oy fif B A A SRR Al S 1 3R
ARFENR S AR Y . Bk 1.2 R 3 B SR
ISR

Bk L AR BB R AR R A — R T O
T JHANBE AT — S o3 I W B AE T =4
AR DR AT R X — SN i )
130 B 2R B AT AR A R

B3 BT 2 RUBE /DN K M A 0 0 E R DG 4k
HER IR
Fig. 3 Flow chart of DSCM based on wavelet noise

reduction

S 2B 1 SEPR B AR TN HORE IR R
FTRLUE B - o 1 0N it 3 B 5 P 2 T X 5
7 22 G /NI o3 Ak - 8 A () ) I M S s Ak PR )y
Py SRS  OR J EAT A2 GE ) 25 S A SR AR R

S 3 AR BB BG 22 G/N Ble o fife » AR B T
M P P ) 0 A T 996 5 O ) o AR R g Ak B L SR T
X AL — R A R AT A G R

WA BT & L FE 1.2 F 3 #2035 M A i
BUBE I8 /IN I 70 gk MG R 5 B AT AR SR R U
TP 11 o N SR s AN [

4 HR5#%

TR 3X LAl /N i AR G 8 2R T 125 A )
R LR X PO BB I L\ 1L L L R AT 1AL
b T S IR IR TR TR B A AN B
FLLGL L a3 1o W o Bl D7 e B8 3 3. 738,
5.555.7. 293 pixel J5 A & Hr F1 85 19 R
K 1% K /N R 512 pixel X512 pixel,

G AT G A UM R R R B D
M 41 pixel X 41 pixel,

SR T symlets /)N % HCHE 18] #E 47 — 2
I3 R O IS I R B AT A R R
TEARSCHY TS 5 5R T sym8 /N i kA7 4L B .
T — Rt . o F R O R 1/4, A bR



60 b=

K% T

%15 &

KL 2B AR R 21 pixel X 21 pixel , 8 22 45 b
P 2 Jah hMEG B shas R .

TE L 2 R ML 3 v, SR FH R[] Al A gt 555 s
RN Ykt U A% 2= rgio) 430 R R N =P
FHRS B m 43 2 R AT P e e M . BB
B2 R PN R AR 3 R R =S
250
200

150

100

100 200 300 400 500

B4 BOEE LM — g sym8 /N3 i 12

INB G i

T BECE TR/ UE O R A P 4 A
5 TR HIBEIE 1, A9 — 2R 4% sym8 /M
orf . ATLUE . — /N i BESR A 1R R

IR R kb . A A P R P AR T A I
PR R 2T R AR TR

250

200

150

100

50

7500 100 150 200 250

FS B T g sym8 /o) i 12

Fig. 4 1% order decomposition of image I, using Fig. 5 2" order decomposition of image I, using
sym8 wavelet sym8 wavelet
F1 LHAERERAEHHEER
Tab.1 Calculated results of several methods
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0 — — 3.953 4. 391 5.752

1 1 - 3.710 2.703 0.749

L 3.738 2 2 - 3.729 5.015 0.241
2 1 3. 838 4. 687 2.675 3

3 1 3. 838 4.953 2.675

2 3.920 4.812 4. 869

0 - - 5.861 3.985 5.509

1 1 - 5.536 2.734 0. 342

2 2 — 5.516 4.719 0.702

I, 5.555
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2 7.705 4.703 5. 649
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Fig. 6 Calculated results of speckle patterns
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