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The Independent Component Analysis and Its Application
in the Geographical and Environmental Fields

SU Ze-yi CHEN A-lin
College of Geography Science Chongqing Normal University Chongqing 400047 China
Abstract This paper summarizes the principle and the model of Independent Component Analysis and various algorithms
based on the basic ICA problem including the HJ neural network the infomax and maximum negentropy algorithm. The per-
formances of the these methods are compared the gainable system of ICA algorithm on the web is introduced the applications
of ICA in the Geographical and Environmental fields are discribed and explained.

Key words blind signal separate ICA negentropy blind deconvolution polluting source

Independent Component Analy- ICA
sis ICA
Blind Source Separate Blind
Signal Processing BSP 20 10 ICA
Blind Signal Separation BSS Blind De-
convolution Blind Equalization
data min-
ICA Factor Analysis FA ing 7
Independent Factor Analysis IFA 1
ICA C. Jutten J. Herault 1991 1.1
: N S. ¢t i=12 N
* 2005-05-09

1976-



2
n S= s, t s, t r " $ % ¥
i 012 M A.Unknown W.Blind
x N mixing matrix . | Mixing |77 separation |7
o] process | " weights |
Xt = x 1t x,1 x, 1
%, ¢t 1=12 M
1 ICA
Xt =A- St M=N 1 2 ICA
BSS X A
! ! WA=11 NxN
S i
Y i =81
Nt = Nt N, t N,
T
t M W
i ! X L w w L w
Xt =A- St +N ¢ M=N 2 R
w
Xt A
W L w W
Lo S ICA
) df
BSS P
ICA
2.1 w
1 St 0
ICA 1 w
St y
. . 1
pdf P S, St pdf y‘h Y / .
P S gy Y 14
P S =11P: S 3 ICA 2 y
2 M M= y = b,
N A NxN
A A~ 2.2 ICA
3 S, t pdf 2.2.1 infomax 7 Bell Se-
jnowsk 1995 infomax
Darmois
6
4
1 Y L, W
M=N
5 pdf P; S, L, W =HY =-E InP, Y 7
2
ICA NxN W= g - y, HY
W, X 4 Y= 0 Y. 4
Yi =y 1t yt y, t g -
Yt =W- Xt =W- A X ¢ 4 W
1 ICA —_
‘51 S2 Sn (9H Y T T
AW WWw=1- w 8
xl x2 m ” &W <p L
y W u=Wx u s



2 infomax

infomax
g
w
g
Lee W
I+f v u' —ou"1W
s LS 0 e
[I-fuvu —auu]W
fu
u sign u banh u
u”’ xsin u o
a>0
ICA
pdf P; S, Pi Yi
pdf
2.2.2 ’
Py
Ng y :H yGauss _H y

abs

mutual information

11
L'y y, vy, =XHy, -Hy 11
12
Ly y, oy, =C=-XJ 12
10
9
Ng y «<[E Gy -EGyg. 1° 13
E - G - G, u =
a, " lgcos au G, u = —exp -u/2
ICA maximum
likelihood .
3
3.1 FASTICA
One-unit algorithm for ICA
Aapo Hyvarinen

Helsinki University of Technology HUT Laboratory
of Computer and Information Science fixed-
point algorithm FastICA

Fastica5
ICA Central

Fastica

fixed-point algorithm

fixed-point iteration scheme

10 ~ 100 Matlab
3.2 OOLABSS
OOLABSS Brain-Style Information
Processing Group Brain Science Institute-Riken

S. Amari
OOLABSS Object Oriented Laboratory for Blind Source



22

Separation

OOLABSS B. Orsier
dows95/NT C+ +

B. Cichocki  B. Orsier

4 ICA
ICA
4.1 ICA 1
410km 670km
P—S
ICA
ICA

ICA

ICA

Win-

4.2

4.3

ICA

13

ICA

ICA

ICA

ICA

ICA

ICA



ICA
ICA °
ICA ¢

ICA ICA

ICA

SVD PCA

ICA

ICA
v ICA

1 HYVARINEN A OJA E. Independent Component Analysis
Algoritbms and Application. J . Neural Networks 2000

13 410-430.

J . 2002 18 5 477-479.

J . 2004 21 108-110

145.

2003 8 10 1159-1165.

10

11

12

13

14

15

16

17

2003.
CAO X R LIU R W. General Approach to Blind Source
Separation. IEEE Trans ] . Signal Processing 1996 78

753-766.
2003 24 2 64-68.

J. 2001 6 2 133-137.
HYVARINEN A. Independent Component Analysis A Tu-
torial EB/OL . http //www. cis. hut. {fi/aapo/papers/1JC-
NN99 tutorialweb/nodel5. html 2005-05-02.

CARDPSP J F. Informax and Maximum Likelihood for

Blind Source Separation J . IEEE Signal Proces- sing let-
ters 1997 4 112-114.

J. 2003 18 1
90-96.

2003 18 2 203-209.

ICA J . E
30 2 142-149.

2000

EB/OL . http //www. geog. ntu. edu. tw/
main/ paper/d81208004 2005-05-02.
HYVARINEN A. PAJUNER P. Nonlinear Independent
Component Analysis Existence and Uniqueness Results
J . Signal Processing 1998 64 301-313.
HYVARINEN A. Independent Component Analysis in the
Presence of Gaussian Noise by Maximizing Joint Likeli-
hood ] 1998 22 49-67.
Hopfield

. Neuro Computing

I
1998 15 4 24-26.



