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This thesis aims to study the application of waveletfamily in image processing,

especially in remote sensing image. The main innovative contributions of this disser-
tation are as follows:

Firstly, the author gives a thorough introduction on the history of classical wave-
let analysis, including the source from Fourier analysis, and the background of signal
processing. Also on the main idea of the wavelet transform, MRA, especially the
Daubechies wavelets.

The success of wavelets is mainly due to the good performance for piecewise
smooth functions in one dimension. Unfortunately, such is not the case in two dimen-
sions. The ridgelet system is very well at representing the smooth functions with line
singularities. The curvelet has the best ability at representing the smooth functions
with curvilinear singularities. Abilities of ridgelet and curvelet make them superior to
the classical wavelets for image processing.

Texture is an important attribute in the image, which provides substantial infor-
mation for the recognition and interpretation of this image. Contourlet transform has
good multi — resolution, localized and directional characteristics. The method based
on Contourlet + IHS transform is proposed to fuse SAR image and multi — spectral im-
ages. A global dual frame( GDF) and the local dual frame ( LDF) representation for
the digital ridgelet reconstruction algorithm is discussed.

Combing the basic theory of multi — scale Gabor and BP neural net, Gabor filter
recognization algorithm is designed, which can solve bottle — neck problem namely
Gabor feature vector dimension is relatively high, as well as large computational com-

plexity. A construction method of edge detection function and a curvelet — based Ge-



odesic snake( CGS) is proposed, and applied to complex image segmentation of multiple ob-
jects. An approach for designing biorthogonal DT — CWT filters is proposed; where the two re-
lated complex wavelet pairs form approximate Hilbert transform pairs.

Key words classical wavelet, MRA , remote sensing, texture , denoising, fusion, ridgelet,

curvelet, contourlet,, complex wavelet, AIG
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MECEF R /MBS ATR AL T — B8k 725 8], R AL BA A 6] 70 9 3 10 2R 207 51
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B3 R R AL, B AR S BEE AR MR AL B &N AR, AT, ol e B vt g3 pr 4l
AR AT, I B AT E AR AT B — R W R E E . B T/NBEAT AR FE
SRR, B R O B MERR,
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1909 4, ) 7F F| 8 K M6 /K ( Alfred Haar) &3 T B 1E £ bk oA AR A 5 37 28 1) & 461 /)N
W, B /MBI R E

Pyu(t) = (1-1)

1946 4, — {3 H £ 1R ML B9 %05 52 1A ( Dennis Gabor) 5 A1 12 5 4 fin 77 {6 L - A 4k
HIE (Sl

(6N (@,b) = [ f(0)g(t - b)e (1-2)
EARES S MBI T BT = b BHE R RE, KU B A B, Bk

%ﬁﬂﬁﬁﬂmgﬁiﬁﬁgAﬂ=2}_ﬁ%ou%ﬁﬁ@@ﬁﬁr%ﬁﬁi%@ﬁ%
ma
Sy T 1 BB 110 2 4 A EEL 5 ( SFT) , B

(6H(w,b) = ff(t)m(t—b)e“"‘”dt (1 -3)

20 fit#g 70 2 80 FHAL, MFF S SR B IR EFH TIA T & B RA M /N4
#r. 1976 4 ,IBM i) T.#2Jfi Claude Galand F1 Daniel Esteban & B 1 T8 F 569 &
G5 A RE S 1 TH BRI 18 PA R 10 IE ST B AR IE A% (QMF) . 1981 4R, J. Hr4F % tRHFA& LU 43
Bt e G 1 R R IEAS /NG B . 1982 48, R HE T4 Bt (MIT) (1) Edward Adelson F1
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The Wavelet Theory with Application in the Field of Image Processing

Peter Burt YERERBERET & FIEB Y, 1983 4£,M. Smith, T. Barnwell #1 F. Mintzer &
T EA KRR EMAIL EAZE DA (CQF) o, B A X Sl sy gt 47 i) TAEE A T A
FHRHFE , BEAF 5 8 R Bt SR F M E B M 48 R 4 &, AT RRE AR B A (] B
ARE B XHE S HATRE L. /MBS B 21T R A LT AR

1.2.2  #FESe/hEArHn

SRSV ST, Pt R AT, IR, R, 2
BRI K AR AT A SR AR, 95 I A R —
I, S0 T — AR R ML A e SFT) 070, B UC3 A T A2 0 B N
WA, LR R TR A SCE B ok, BT R, i BT WV R
BURE, H DY b B RN T FLIAR, — A T IS WL 7
FIA 1984 4F 2 (RIS, BUE SIS T /N (wavelet) (93835, S I AERHEL 9 1
e T o M A
AT N A 2 St — A N — A R (1) < L (R), LA82
MBI LT BER o R S5 1209 a0 1 stam et [ o0 a = 0,5
I R VEHEAR i ( Admissible Condition) WS SUNERIF B MR
@os(t) = |a|-1/26(=2) (1-4)
AR BN e CWT) T — RO A O
(W) (a,b) = [ f() gu(D)s (1-5)

Hea ARERF,b HFBSH. BERELRELERRR T BBS/NEKF AR E
FEOREE, BT L3R CWT AR A RER N B e, BESL/NBR S BA T ik E B R -
PR 1 (MR B f(2) =ag(t) +Bh ()

(W) (a,b) = a(W,g) +Bp(W,h) (1-6)
W2 CFBAZEME)E () <> (W,f) (a,b)
e -7)=(Wf)(a,b-1) (1-7)

FRAHR— MR, ELRE R, RER BN RE AR E L,
BEFTERFBALHKELT , BN SRR AR RN,
B3 (gEIEEt) & f(1) — (W f) (a,b) U

flet)y o (W f) (cared) e > 0 (1-8)
e



