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F ik oA T BARE DR G AR, Sl 3 R R
BRBEHETUARBFEZG ) BHEA L RGBSR E.
2) 3T SOM ¢4 5 E & M ICA #9146 ik, @ id i F A &
Bk T m k5 TAAKE, AR SKEERE.3) ¥ ICA
BAAINEZRNBHEARKE A TARRAN, @i REBIEZS
LA R ZHIRA R,

(2) ESAMEARBGAZG R PEAT ICA F ik,
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BAIPEAMMTACAREHAERRN —FEFHARNE
EERABER AR SNANRERELFR KRR EEZNKEA.
ICAEHEZWNER N AN E. EXLLBEG.FH.EFFTL
B ARAREBEFRANEXSTREA ZWMBEANELA N Z,
EREHTNEREAE AXNERREELATHBE THRKE
WAE, ARAB T FSARWEX. BAlLICA EZ &N E T
FEEAERMAIHEREEFZHARG —NHFRRL.

X ICARKZHERFTT H BN L, ¥ ICAF
INBEE Y B A B 5 (SOM) \BP W2 M & % 7 k4 48 X%,
RET MK H#NICAER: ETIEEHRNICAFT X . ET
SOM # J5 3 & ¥ ICA #y4u b1k 7 3%, L R # T ICA fu g # BP
MEWARRA T FART ICA FEAEEHBRLEFH N
A AERAERNELE BRFERRE AL B3 BRFR
W HFEGKANENERRCUALBEN AR ERSF, HR
BT — R .

BXWEEABREEFACEUTANT @

D RBT—HET_EPKEEHNICA %, A TH
BRUELE. EEAXRARER D EXEAHEFE(NGA B
BEH#FTTHENFAR NES LR, SHFEEENRETE
HEAHEEKEB R ARG ENEHH NGAHWRARZS R
BEEWHENTFRRL. B TAKBEBRATFEBN A LMUA
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RERANNER. B, EREFAEXMERNFERT, T 6# 48
HEZTHRFMESHRFLE, AT ICA F AT A HE KN
B WA N TEERZ BT EN BRSNS AXTR
HT MW EHEEER. R Bd —4ATREE M
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FHENRAIBGEEF. PCARER TSN M Aitdet, 2
BHHNESQ BRI HAN  MICAZRTESHEMAITHE
M, 2 BEHNELERMELIT L. ZF K ICA B & #H
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Abstract

Independent Component Analysis (ICA) is a kind of
powerful method for Blind Signal Processing (BSP). It
becomes more and more important while using in widely
fields, such as telecommunications, audio signal separation,
biomedical signal processing, and image processing. Many
literatures on ICA were published and lots of algorithms were
proposed during the past ten years in a large number of
journals and conference proceedings. ICA becomes one of the
most exciting new topics both in the fields of signal processing
and artificial neural networks.

In this thesis, the principle and algorithms of ICA are
researched in detail. Some modified ICA algorithms by
combining ICA with wavelet transform, Self-Organizing
Maps (SOM) and BP neural network are proposed, such as
ICA method based on wavelet transform, initialization
method for post-nonlinear ICA based on SOM, and face
recognition method based on ICA and modified BP neural
network. Furthermore, the applications of ICA to image
processing are discussed, including blind separation of
images, feature extraction and pattern recognition, moving
objects detection, digital image watermarking and adaptive

noise cancelling of images.
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The main achievements of this dissertation are put
forward:

(i) A kind of new ICA method based on 2-dimensional
wavelet transform is proposed. And this method is used to
separate the mixed images. The precision of the Nature
Gradient Algorithm (NGA) is discussed by using the error
perturbation method. It can be proved that the steady-state
error of NGA is inverse proportional to the quadratic of the
kurtosis of the sources when the probability distribution
function of each source is the same and the nonlinear function
is a tanh function. Because the kurtosis of the detail subimages
in wavelet domain is always bigger, the separation precision
of the proposed method is higher. Furthermore, the size of
the sub-image in wavelet domain is a quarter of the source
image, so the convergence speed of our method is faster. In
addition, the convergence of the FastICA method is
analyzed. The conclusion is that the source signals’ kurtosis
has no effect on the convergence. Because the size of the sub-
image in wavelet domain is a quarter of the source image, its
convergence speed is faster too.

(ii) According to the drawbacks of the post-nonlinear
ICA method based on SOM, an initialization method with
global topology preservation property for SOM network is
proposed. The initial weights nearly match with the joint
probability distribution of the mixture signals. By using this
method, the convergence speed of the SOM network is faster
and the algorithm can escape from falling into the local
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minima more efficiently. Furthermore, when the mixed
manner is nearly fixed, the order and the sign of the
estimated sources are invariant. Thus the effect of
indeterminacies in ICA problem is reduced. In order to verify
the topology preservation property of our initialization
method, a simple topographic function is proposed. The
results of two kinds of simulation experiments show that the
proposed method is effective.

(iii) A kind of face recognition method based on ICA
and modified BP neural network is proposed. The local
feature extraction property of ICA and the adaptive capability
of BP networks are combined effectively. Compared with
traditional Eigenfaces method by Principle Component
Analysis ( PCA ), the recognition performance of the
proposed method is improved greatly. The experiments results
show that this algorithm is very robust, especially for the
faces database has greater changes in pose and expression.

(iv) ICA method is used to moving objects detection,
digital image watermarking, adaptive image denoising, and
such problems in the field of image processing. Firstly, a kind
of moving objects detection method based on wavelet domain
FastICA algorithm is proposed. The track of the moving
objects can be detected, and the proposed algorithm provides
good resistance to the changes of the background
illumination. Secondly, a new wavelet domain digital image
watermarking method based on FastICA algorithm is
proposed. Without requiring any information on the original
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watermark and its mixed strength, the proposed scheme can
extract the watermark effectively. The proposed method can
provide good resistance under most simple image processing
attacks, such as scaling, filtering and compressing. Finally, a
kind of adaptive image noise canceling method based on ICA
is proposed. Experimental results show that the proposed
method has higher PSNR and it suitable to recover the
original image when it is polluted by the same noise seriously.
Experimental results show that these three proposed methods
are effective.

Key words: Independent Component Analysis (ICA), Blind
Source Separation ( BSS ), image processing, wavelet
transform, Self-Organizing Maps (SOM), BP neural network,
nonlinear ICA
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A8 O 5T A 7. 3B 434 (Independent Component Analysis,
ICA) & H1% 545 (Blind Signal Processing, BSP) fj— /> H 4} 37.
BiE S8R — a2 B 5 4R vl R Ok i — D F T U
N AVEEAER )2, AR EEN L ANE, CEMAL5FARR
MR GET . R E T E 4 KM R 4 [ 8 (Cocktail Party
Problem). 7£ W Z% ()34 Bl & b, F 2 AE[RI B 28R, °T REIE A 5t
B (A BB 6 08 1T i oA b T 30 % 5 035 18 X FP T LAVIR &
P PR A ORI 7 T 22 W A 7 R B R PR XY R T
SR

EEESLHE S, BN E"_ERFTHEEMEREERNE
BAEARIN. 7E(5 SO, AF 2 LR ATFEMHAER S
BREE ARSI 40, 75 A By S 2 ob R oL P (EEG) % A Y
R S g A TR I A 43 A, B FL A S T AR A O IR B R
FHLBETIRGE S, afm N E 22 B L (5 5 8RB A V(G Bt
BEEWEE, Xed ANEEFLERETEIEHT . FEER
G 5 E WS 2 F BG4 , AR T RE a8 * M5 ] T8 i 25
X EMMBIMIEREL, “HRE T REMNKTE, METE
FEEAENEHEEARALFTRERER, 7T EEMNHEZORAGE
SRLBMEHE Y. W EREFIE S LAY EEES L
B RS S AL T R (S AL B S T AR A
MEFESAHEEAR.
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