242 AATF Al 199 135, 2006¥, pp. 135-148

SYUNREAS 0|25 2E20| UIAMLHIE 05

olF AN EAY7)) wtef ) A

LA

)89

ok

]
R

YHERHL Aho] ¥ haTdoRR Y /AT72E YYTHE SYLES B
} U914, A% 5 238 BAL AT 1 LABANA
ALEAE ol §3tel ol TR HolHzy 5
2gulee AE%t ARE AXV Aoz
3B AN AWFEFORRE AHIA 42 BAF TS vl SH TS
$oto] 2 4] 2L AEsgon, oG APYAe] BF4 378 A5 =

FoEol: FPIHEEH, veH 2, WA +A

1. M2

= YA E £ 4 (Independent component analysis; ICA)-2 T} HolEl 2 HE| A2 7

22 22t A E = $AA 7otk ICAE 4 8E 4 (Principal component
analysis), £ <184} (Factor analysis), Projection pursuits 3} 2] dF 2] A3 ¥ 3ol
2 B 4 glon, AT 9498 B4, o|nARA § opgd RokllA ATz E ¥
U7 913 7oz HLE T Yo} (Ikeda and Toyama, 2000; Hyvirinen et al., 1998).
+AHeE 54 2 2 NMF (Nonnegative matrix factorization) 5 o] A}&5 7] 3t} (Lee and
Seung, 1999, 2001).

B A7 FAH L ICAE 01839 Ae7tA] ¢FEF] 42 TFE gt 531
Al otz R FAHEES 2231, 2 SR EEY A8 EE v 4AT
" (Non-negative least square)ol] 2 sjA] &3t Zojth & Ao At PHS =
7% 2] AAM3] F(X-ray Diffraction) ZZ3tE o8 2+ A9 vl & F0) L5
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2.1. L

ICA $H2 volet2 5 M2 5] &S sl v A4 EE 2 (blind source
separation) 7]’ 0| B}ilk Sttt &, p/ M B QA AL FF LR TFE mAY
A (18 EFE (mixture) o)} T A FEE tolelz2 e prle] SPA A EL B35
A 3k Aotk &, Q714 m > polojof dtt}. ol & EolA] o] F utE] A p7le] SHU(d
€ E AL, B4 F)o] 9 2 e AR AXEA mAY vlo|lz22 52&
Sto] sHgEolet (n7) 2] Fabpol T JF)E AL F @, o] (m x n) X4 EF
E Ho|EE ugo g pAlel £99 S9S Belds Aolth (Hyvirinen, 1999; Hyvirinen
and Oja, 2000). S; 8 iR (i=1,---,p) AES Y& SEHse S o) jiA EFE
W4 X o2 2ol ple] AEAFOE o|F o3t

o.>|'., ml

D
Xj = ajlsl + anSQ + ...+ ajpS,, = ZaﬁSi (] =1,-- ,m) (2.1)

AN apt i SHAE B AN EFEASE YehdTh X8 jAA ERE
A e kU BEA, S8 AA 5 AR T kA BEA D (k= 1. ,m),
= (X;), S = (S) L @ 4 21)8 T3 2o] BRI 5 Aok

X=AS (2.2)

471N A = (a;)& (mx p) BL2A EFEASHL ) D0h ICAL B2 X2 RE
S50l N2 FAHOE S¢o] Hojok ATh: AFx AN AshSE Belshe Aol @
% 9

2.2. HIEAYEHE

4 @1)ANA el 8-S Uehis 2895 S(@eA ot A A e Be T 2
© gel2 verd 4 gtk '

S=w1 X1+ +wmXy =wWwlx (2.3)

AN wh = (wi,- -, wm)2 AR FE O B xT = (X1, , X)) & EFE AL g ol

wetA ICAAE EH A A SE =&317] A3t wixe v ARALS FdsA 7= 7HE

e w& 21 A} $HoH(Hyvdrinen and Oja, 2000). o 7] A 8] A FA 2 = Z negentropy =
AH83ted o35} 2o A"t

B e yo 5UE257) f(y) 2 o ool o $t entropys o3} Zeo] Ao H

t}.
- [ 1108 f(3)ay (2.4)
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vyt AFEEE E o] 5L F4E 2= FE585 F A9 entropy 7t 7 & o]&
3o negentropy JE& tha-3} Zro] Ao st}

J(¥) = H(Ygquss) — H(Y) (2.5)
ANA Yogusst ¥y 5L BA-FRA FEE 2 A4t FEASYHOIT F, A9
negentropy= y7} 3FRES }E W 00 Hw b RS 0E gt o] gL AT
] 374 B =< negentropy J& HUhBHF o 2N v WA A
ICA || A= negentropy & ZAMAIZ] 7] $13te] T3 28 42 Aok

J(y) = {E[G(y)] - E[G(2)]}? (2.6)
714 zi= B 0, BA-FRAIE o] B AE (DA A EEHTE Inloty, I+ G2

= 449 non-quadratlc & AT 5 oy BF ofdg 22 dE AR ST
Gi{u) = ailog cosh(aju) (2.7a)

1

Ga(u) = —exp(—u?/2) (2.7b)

A (2.7 a)MA 012 F2 1< ar <2004 HAW, a; =1 o] AF AMEHY (Hyvirinen
and Oja, 2000).

2.3. FastICA &t 2|5
d2] AHREE FastiCAE 4 (2.3)9149] 75 A9 wg 7317 93] 4 (2.6))
negentropy & 2 th3hA 2k, 2,
max J(w’ z) (2.8a)
subject to |lw| =1 (2.8b)
A9 AAIEA A 2L Al 2P RL TN EL o]43 Newton Y& AHE 8} 2= 3}
gel we 37 el e 28 4ol Au
Step 1. wo] 2713 A
Step 2. w — E[xg(wTx)] — wE[¢'(wl'x)] (7| A= w08 HFoz FH)
o} 71 A &4 g+ non-quadratic 4 G2 nE o)t}
Step 3. w — w/||w]|
Step 4. &4 3}W stop. 1HA| O™ Step 2 ¥HE

gl 5 2 AM A2 Hyvarinen and 0ja(2000)& 28 4= ok
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4. DXL HISHS

99 YuAZoERE wE T T 4 292 185 A HYILES 9L 5 Yo
o thA] 4] (2.1)9) B¥E ot EFE A a]ia A2 ¢ ok 2 2 AT A %
2ol a7k A EFES o8A AR TNEE Uehhe Feole W g A%
ook 3ltt. wabA] aj; > 0013 Y ay; = 190 A FHA o] 88 ul$3 2 A H (Non-negative
least squares method)& ZA&3lth &, jAA A0 3l AHEE = IFARE - o].a]]g].
2ok
P
Xk = Zajisik, +ei (k=1,---,n) (2.9)
i=1
a5 >0, a; =100, gt AARYHA XS vebdth v LA FHS
Lawson®} Hanson(1974, p.161)2] ¢ 8]&& 73§ Matlab®] LSQNONNEG(Linear least
squares with nonnegativity constraints) g& o]&3lt} 0|49 HAHF& =438 H 19

2.13} Zth

L Ll —— :

sample
B FastiCA
(Independent
Compongnt
Abalysis)
Source spectrum:
5, (i=1..8

.................................................................

oA A + | Concentration A

Non-negative
Least Square

2% 2.1: ICAS} HIZH A FY A 28 4 EuE o

JIN'

A =]

3. S22UT TW AHphase)d 28 0|3

B AqdAe =373 424 JAGERe 1%5}04 FARE A= A9 7HA
A(pha-se)oll thg T &L &3z gt d2d AP BH 72E w3
o ALFHE BRIt 259 JAEAE 3‘1%9—3“?— B uAAEde 238 #9E
93 52 oy BAAH B EAF2E BT 5 Utk & @7AA AEE AEE
Ul7}A] “(phase)- oI Et, Ae}, dE}, Aupd-o=2 ol 1, 7+ 4] 9)0]3 (peak)=

_L]_I
ox,
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Az BeFglon o] & depite] £ Al Aoz TAS o} 9ol B} e oy
Aol Agelolgz Ry AUA 18 339 S Y4o] Bol W2 ICA B89 75
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14 0.10{0.00]/0.00]0.99
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IS
:’;
m\l =

3
Xjp = aj X Sk +ejk, j=1,-+,20,k=1,---,200 (4.1)
i=1
o2 2% 42& A8 MWl @ ALR S, Sy, S37F 2421 0.5, 0.25, 0.252 :gh}%
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sk S1
0 1 1 . i i i X 1
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1 T T T y v y v T
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0 &4 B0 8 1D A0 140 160 180 20
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o5} 83
0 i i I3 I3 L i I
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I 4L 7H¥E SEA4E

R 41 A5 AA AE9 &
EE[S 01 F]S0] &[S0 &
T | 0.00 | 0.10 | 0.90
2 | 0.00 | 0.20 | 0.80
3 [ 0.00 | 0.30 | 0.70
4 [ 0.00 | 0.40 | 0.60
5 | 0.00 | 0.50 | 0.50
6 | 0.00 | 0.60 | 0.40
7 | 0.00 | 0.70 | 0.30
8§ [ 0.00 | 0.80 | 0.20
9 [ 0.00 | 0.90 | 0.10
10 [ 0.00 | 0.01 | 0.09
11 | 0.80 | 0.04 | 0.16
12 [ 0.70 | 0.09 | 0.21
13| 060 | 0.16 | 0.24
14 [ 0.50 | 0.25 | 0.25
15 | 040 | 0.36 | 0.24
16 | 0.30 | 0.49 | 0.21
17 | 0.20 | 0.64 | 0.16
18 | 0.10 | 0.81 | 0.09
19 | 0.20 | 0.80 | 0.00
20 | 0.40 | 0.60 | 0.00
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& $2:0.01)

ZE[S1FSHA5[SASH | 24 |
1 | 0.00 | 0.02 | 0.98 0.05
2 1000 | 012 | 0.88 0.05
3 | 000 | 0.23 | 0.77 0.05
4 1 000 | 034 | 0.66 0.04
5 [ 0.00 | 0.45 | 0.55 0.04
6 | 0.00 | 056 | 0.44 0.03
7 1000 | 0.68 | 0.32 0.01
8 | 0.00 | 0.81 | 0.19 0.00
9 1 000 [ 094 | 0.06 0.02
10 [ 093 | 0.00 | 0.07 0.02
11 | 0.83 | 0.00 | 0.17 0.03
12 1 072 | 0.04 | 0.24 0.03
13 | 0.60 | 0.12 | 0.28 0.03
14 | 048 | 0.23 | 0.29 0.03
15 1 037 | 0.35 | 0.28 0.02
16 | 0.26 | 0.52 | 0.23 0.03
17 [ 0.15 | 069 | 0.16 0.04
18 [ 0.04 | 0.90 | 0.06 0.06
19 [ 0.15 | 0.85 | 0.00 0.03
20 | 0.37 | 0.63 | 0.00 0.02

(a) AA Egw1&
HE[SH &[S0 &[S0 &
1 0.00 0.10 0.90
2 0.00 0.20 0.80
3 0.00 0.30 0.70
4 0.00 0.40 0.60
5 0.00 0.50 0.50
0 0.00 0.60 0.40
7 0.00 0.70 0.30
8 0.00 0.80 0.20
9 0.00 0.90 0.10
10 0.90 0.01 0.09
11 0.80 0.04 0.16
12 0.70 0.09 0.21
13 | 0.60 0.16 0.24
14 | 0.50 0.25 0.25
15 0.40 0.36 0.24
16 0.30 0.49 0.21
17 0.20 0.64 0.16
18 0.10 0.81 0.09
19 0.20 0.80 0.00
20 0.40 0.60 0.00
()l & &&n& (S +5:0.05)
EE[SH[E][S8lE SRS D [ & &H]
1 0.00 0.03 0.97 0.05
2 0.00 0.13 0.87 0.05
3 0.00 0.21 0.79 0.06
4 0.00 0.34 0.66 0.04
5 0.00 0.43 0.57 0.04
6 0.00 0.53 0.47 0.05
7 0.00 0.68 0.32 0.01
8 0.00 0.82 0.18 0.01
9 0.00 0.95 0.05 0.03
10 0.92 0.00 0.08 0.01
11 0.83 0.00 0.17 0.03
12 0.72 0.03 0.25 0.04
13 0.57 0.12 0.32 0.05
14 0.51 0.23 0.27 0.02
15 0.34 0.38 0.28 0.04
16 0.29 0.50 0.21 0.01
17 | 0.15 0.69 0.16 0.04
18 | 0.02 0.92 0.06 0.07
19 0.16 0.84 0.00 0.03
20 0.35 0.65 0.00 0.03

EE[SH[E[S0[E[S5R[E]D [ & ]
1 0.00 0.00 1.00 0.07
2 0.00 0.11 0.89 0.06
3 0.00 0.23 0.77 0.05
4 0.00 0.31 0.69 0.06
5 0.00 0.40 0.60 0.07
6 0.00 0.59 0.41 0.01
7 0.00 0.70 0.30 0.00
8 0.00 0.83 0.17 0.02
9 0.00 0.93 0.07 0.02
10 | 0.91 0.03 0.07 0.01
11 0.82 0.00 0.18 0.03
12 | 0.76 0.01 0.24 0.06
13 0.54 0.13 0.32 0.06
14 | 0.46 0.24 0.30 0.03
15 | 0.34 0.31 0.35 0.08
16 | 0.26 0.51 0.24 0.03
17 | 0.21 0.66 0.14 0.01
18 | 0.00 0.92 0.08 0.07
19 | 0.20 0.80 0.00 0.00
20 | 0.43 0.57 0.00 0.02




146 oA, FA7), Wl g, DAY

£ 4.3 L £F0 wE &R vl

e T2 |BHEUHABTA S 24
0.01 0.03 0.0405
0.05 0.04 0.0455
0.1 0.04 0.0518

¥ 439 Qo E Be FAe5Z0.01, 0.05 0.10] I:H?SP B AY L A= 27} 0.03, 0.04,
A d

0.0
0.042M FE5Eo] EoMAE 74 i A=+ A & LA A< £
T Atk ol ICAY 93 FYTANE E2HH AN A& «l FEFo] A =AE AAH7
HEol2t EAck mEte FYHAYZENE o8 EFEY WALE vE A5 £F
doletl i 719 & gt e vesttieks 2 4RuES dSsd A Py
olgtx 3ttt
6. 22
ICAE 202 Z M, oA Al dRA, ojujr] BA EARof AgRA ok
S OFE FokollM 2 AERHT AR e FAF YL A, SHAE ] vHQ
A% BL 4

28 Ao oA EAo By A 83 thaZsPoloh

£ 232 nA FALES Belotn Beln AR o83 AR )
22 o Sehe Bk ANST, E2 W) 2N HARE doleho] Hgote] B2 of
2ol BAAEER ALY 4 e Aol EASAT. T8 ICA 23 BEES 7 NNLS
g 0§ % wgo) AYAA 2AF LA B8] Aotel RJAWS 2AF A3} 47}
A Ae4ANE AL AF0] FsEe BT

k]

nks

—

Hyvdarinen, A. (1999). “Survey on independent component analysis”, Neural Computing
Surveys, 2, 94-128.

Hyvdrinen, A. and Oja, E. (2000). “Independent component analysis: algorithms and
applications”, Neural Networks, 13(4-5), 411-430.

Ikeda, S. and Toyama, K. (2000). “Independent component analysis for noisy data-MEG
data analysis”, Neural Networks 13, 1063-1074.

Lawson, C. L. and Hanson, R. J. (1974). Solving least squares problems, Prentice-Hall,
Englewood Cliffs, NJ, Chapter 23

Lee, D. D. and Seung, H. S. (1999). “Learning the parts of objects by non-negative matrix
factorization”, Nature, vol. 401, 788-791.

Lee, D. D. and Seung, H. S. (2001). “Algorithms for nonnegative matrix factorization,” in
Advances in Neural Information Processing Systems 13. Cambndge MA: MIT Press,
556-562



SYARENL o] 8T THES vAYENE 2 147

Vigdrio, R., Jousmaki, V., Hyvdrinen, M., Hari, R. and Oja, E. (1998). Independent com-
ponent analysis for identification of artifacts in magnetoencephalographic recordings,
Advances in Neural Information Processing Systems, Vol. 10. Cambridge, MA:MIT
Press (pp. 229-235).

[2005d 79 A4, 20050 119 A= |



148 oA, A7), Wl g, AA Y

Predicting Unknown Composition of a Mixture

Using Independent Component Analysis
Hyeseon Lee') Jaekee Song? Haesang Park® Chi-Hyuck Jun®

ABSTRACT

Independent component analysis (ICA) is a statistical method for transforming an ob-
served high-dimensional multivariate data into statistically independent components.
ICA has been applied increasingly in wide fields of spectrum application since ICA is
able to extract unknown components of a mixture from spectra. We focus on applica-
tion of ICA for separating independent sources and predicting each composition using
extracted components. The theory of ICA is introduced and an application to a metal
surface spectra data will be described, where subsequent analysis using non-negative
least square method is performed to predict composition ratio of each sample. Further-
more, some simulation experiments are performed to demonstrate the performance of .
the proposed approach.

Keywords: Independent component analysis, Non-negative least square, non-Gaussian
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