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Performance Improvement of Entropy Maximization using
MOSFC-Gradient Ascent
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ABSTRACT

In this paper, we propose the method of MOSFC-Gradient Ascent improving the Gradient Ascent algorithm. This method
obtains fast convergence and accuracy of separate results in Entropy maximization method being one among the existing
[CA(Independent Component Analysis) with the method for performing the sound source separation. If Entropy is steadily
increased, the proposed method will have characteristic of fast convergence through increase of learning constant. Also it
will define as search object of several demixing matrix made in random other start value. As searching optimal demixing
matrixs in parallel, the proposed method is retained on high demixing performance without decrease of convergence speed

even though number of mixed signals is increased.

Key Words : Information Maximization, Entropy, Gradient Ascent, ICA

* Folt) 8t A A8t 2 (yskim770202@gmail.com)
YAy et AAE s
- M1 A XH(First Author) : &4 - WX XHCorrespondent Author) : 52l
- H4Y(2013 38 14Y), YA 2013 4€ 92)), AMEEL(20134 4€ 15Y)



LGN RS T Ol G

A 84 A 23 201349 4€

.M 2

# < HMI(Human Machine Interface), E2% A
o Hlelg 718 2 #A, 181
d 775 ol & AHEA oA Y 7k HH A
/\E-ﬂ(ﬂi;gy_ﬂ/kﬂ nx] 17]. /\],q] x%y;_ AH)% .%./\61
& A& N2H9 F7te gk oA ¢
o2 9o} FLo t3t 7AAA Fry} =23}

J—-J—-Z}-/\ oﬂ /\1 =l I:ﬂ-

15
A

&>

)

F4H 3 it 5o Algrse] BHE AHoA
A AR HANA Aert EFE S %*é‘)‘
2"S A&37] HsiAe S48 ¥l
o dwe 71€9 A7t B ojtill
B = YR E s8] A% 7]
A8 EEAICAN2]
o} 3(Infomax : Information Maximization)[31[4]
o] Aol #g AFolt}. Infomaxs HIAE
g4grE FHT vFEd N5 Y9 AEENE
Hdjsste  EdE R E= e D I L
Gradient Ascent &< <1gES
Gradient Ascent 8¢ ¥¢1E]&
= 01%3}211 AN HE &

>

do

o =

T 9 syl dERY A

ot <I¥ D =949 A5 A, & 3
A& Herit.
Source Signals Mixed Signals unmixed Signal

R

y i
A

Mixing Matrix demixing Matrix
J8 1. SEMEERM 28

Fig 1. Model of ICA

oA7H 2,9 5, 5¢ 27 MEHZ Yl n
id, jER 2= N )
(D) & 4 @3 2o WE, JPqoz & 4

x=As 2

A71A FHHEEA
(Mixing Matrix) Aol ti
HoA #ZE AT x¥
= A9 938 EgdH(demixing matrix) W<
FANA 5H5E A5 y& & P2l

288 W A
(nongaussianity)o] E<+%, & 7FpAG ZEXEF

- 6 -



MOSFC-Gradinet AscentE ©]-&

g dER Hoiste HsiAd

H ud(independent and identlcally distri buted)?!
& (random variable)E°] F&s] tafzl
THEAIRE BEE o]0 Aolth oA wa 59
Al de F HFE tstA HE 1 g A9
MRt o kA 71 He Aold. et
A HATAS SAste Wl wet SHAEEA
<& AHxkurtosis) HuisHs, A3 A H(mutual
information) & 43H6], A E iJ](negentropy) Ha
s{{7], JEZF(entropy) HoisH3I4lES o] &3l= W
M 5o s ¢ 9loH, of T & =ollA

ERy iz RS o] &3kt

o

rir
=

. AEZIE 0|35t Infomax

rol

N

ES

o|r

Mz

b

=

=]

E;

S

8

=1

wn

=

=3

=

]

2

il

folt o
-
)
2
ged

% dezde Ausgezd 4 il
= £ 3otk <ad D jz—zgg A
y=(y4 v (02 7}$A¢ FEUT g
p,(y) D)7} ulﬁag F4YS B2 %ng
B39 A5 ye FEUE F5 p (V)7 T
BT (A7} 5 3RS R,
Rl AN HoE ofgatd A

3 24 -’FY—()%%’EH H3H N5 v
dEZIE 2 W2 29 4+ Yt
HY)=—-—=Y Inp, (¥ @

4714 AR i oo AE e, =

3 o] T YA v, y= ddHF
F& Yehdt,

A pidY) B 1'=gly)
1 1

cdf /

p &) T

pdf

B

20 40 B0 80 100 4 2 2 4

% 2. YEZUSEE ¢
Fig 2. Conceptual diagram for information

gtEE

maximization[4]
ag DollA BoFE A Zo] wjFgd A5
FEUEFS p(V)E FHE A3 ygl Ged

py(Y)AY =p (v') Ay ()

4 5% p(v)el Bhel B, Ay-0L
2 4289 4 02 4 (o verd 5 gt

Yf
‘ ©)
A7IA BRS A=, W ay/dyrt G2
A8 SFPRe ARE dx3vte dxga
g ZFE iﬂié}ﬂﬂ?ﬂ A IE}

- 57 -



N

Yiin

)

PRI B E & SGE Al 88 Al 28 20134 4€
A (6) thdstH

=

=

p,(v)°ol™, o] A3}

Ehd ¢ SlTh wekA ¢ (y)

(12)

[

4 (1902 e 4 gtk

1
N

H(Y)

)
o

o

<

L

L

(13)

5t
(14)
(15

o

) +1n[W|

t

Zzlnps(y

2

(13225 H
2 (1493 2o] vt

Wip, (

]

1

1
N

[¢)

L

pal

@ WeA Yo @0 Egolg

Y inp, (v') +1n[W|

S lnp, (x)

t
1

le]lnps(yf)—kln\W\

M

i =1t

t

N

(14)& 9 WFe Foz 4 (153 2ol
s}

h(Y) =

=

[e)

T

=

HX)olth, 18y dEZT m(Y)S Hu)
Al

7] W&o, H(X)
o kA 4 (13)

=9

(12)

}

I
i

bl

o

o
T

d
=

ANA AEZI] of

=

yal
agal ofFn|ok o} By

o714 2 (999 ErE okxH|¢HJacbian) J=

il
W FEAL 4 103 2.

py(y
p, (v")
oy

=3

ox
9;/1

2~
T

M€ A @A sl

py( Yt) =
p,(y) =~

Al
S
B

)

p.
o

iz
i

Il =Iwi

J:

S Infomax ol Ab

T

o 4 (15)

1

o]
il

o
g Aol

4 (D2 verd 4 gtk

o
B
B

- 58 -



MOSFC-Gradinet AscentE ©]-&

g dER Hoiste HsiAd

EH7] o M3E A5 vy dERZAE T
g 4 9th Infomaxe Z2HL v JEENE H
fisshe FEPE WS e AoAY, B Y

Ascent €38 &S AHE3t)
Gradient Ascent ¥1gl&2 JEZI Y 7]&7]
vhe % 28E aTeH, 7levle JERY
A(Y)S 2EdE W2 dAnEgozn 78 &
otk a8y WA #HeERES F£35t7] A ALY
destE 3 4 (154 AMEY F A

A AR FAsta, BYdE W ©
ol tig Ads HA 9% te 2 A
E A it wgA dEZNY 7L
g 29 4 (16037 2o yerd 4 Qlth

~

pul
/‘\_]__
Q]
=
=]
hiN

o ox o

=2

Lolng (v;) ] alnW]
8W E{E } oW, (16)

i=1

4 162 F A9 doz FAHY, A HA

o #HoEe A9ES(Chain Rule)E o] &ato] 2]
(AN} Zo] AL + Sith
olng'(v;)  g"(v;)
oW, gy) 1

4714 A4 DY ¢ (v,)/g (v,)= E71¢ H9
s A8l 4 192 Aot

w(y,) = 70 (18)
geoz £ owA g9 Ay Ad: 4 (19
3} 2.
aln|W]| _
o, s (19

HulEe A7E A (169 Yt dE=ZTY
71271 vhe 4 Q03 2o

i B

A Q0e BHNE wel BAHRA b AL
o 1¢EE oAe E :
A9 71€7] vho
2ol ygd 4 o,

Vh=W "+ Ew(y)x"} (21)

Az7h d2uy sty Jpgstd dde 4
22)7 2.

Vh=W "+ EW x]" )
nee AERNE AU A w2
W%—ﬁ@ﬂé%— 124 SAo] asit o

new Wold + UVh (23)

1A e S Aold, vzt AY Ao
A 599 i7id wEmoz s49n,

4 @2 vig 4 @l tysE A Qo3
2ol A=EAT A A LAY We

Wnew:WOZd
1 N
| Wl + 5200 [x]7 (24)
t=1
2 QYA w(y)e 8T gly) 9 #dHH,
GAd7E 22 A5 AL FETE Hol

K3
rr
Lok
T
M
e
ol
Ru’
N
S
o 1
—
=3
D
0
0
o
—
@
8
rO
(m
oX

o o
o

43l hyperbolic tangent &5 SAFSFE ol
AT WA ¢ () /¢ (v,) & 4 (253 2.

- 59 -



PRI B E & SGE Al 88 Al 28 20134 4€

U(y) = g =" 2tanh (y) (25)

A (29= A ) thelstd ZHFE W
Agtele 28 25 4 (2002 Yed ¢

W

Y

yo, o

= Wuld +

new

(W += E otanh (y') [x!] " (26)

V. JHME

Jo

A HH]
Ho-d

f

i)

=i Infomax¥ el A AH83ete 845
(Gradient Ascent)e] W& <H3t Ao A

AN 7] Y3 F 7HA WEES A kst

START

g

A

o dN

Set values

for n, «, B, max_ iter Fast Converging

Initialize W Gradient Ascent
____________ -

N

I \
I 1
1 1
1 1
1 1
1 1
1 W = Whese 1
1 N = Biota 1
| Recalculate: v, Y, |W| 5 I
1 l 1
1 -»I Calculate: Fh , W I 1
1 ! |
1 1
I Increment iteration 1
\ Woia = W ;
N Update W, ’

~ e e e e e o o o — — _l —_ —No — <
yes

iteration <

max_iter ?

a2 3 D&EE A uy

Fig 3. Fast Converging Gradient Ascent

Agkehs WD) - <28 DY n&FHL A%
o] 259 o] AERY p(Y)7} ZHAEHA
g1 ALHoR Frketd FUkske wEdoR o
A dgdE FAste Aol oii FFF g
9 e 254 I7PIIIE oIt ek A
E23 p(Y)7h #ashd, dnese Adgs ¥
Ao 7Pgsta o) del g wE dERIT}
HAARE AT Wy, o AAZ AR 22 S
BrAATH A AR Frkse e

il
A
ofr
ol
rr
P
S
)

START

I Create Searching Objects I

1

Surviving Objects Run
G.Aa. for w

steps

l yes

I Sort objects with i, I

Stop recessive N objects

¥

curr_iter
= cwurr_iter + N

steps

03 4 oE B AHE oS8 W

Fig 4. Multiple Objects Searching Gradient Ascent

AgkatE WEQ) : InfomaxE e JdERNE
HAdggozH F2d ANIE 27| gid A9
HAhgES Zotol doh. a8} Gradient Ascent &
1EE WO M 2HE A9 Hdge e
olth E3 o] AL 4 o]y £9H A5 &
gelAe A9 HAdgs e gEo A =
o=tk wetA AY HUEE dofde o w2
GES A7) AT PHoE B dAFdAe dEd



NE g2 AF oz FAHd Regd wh A BESsd =9€ o 74 dAH8 RIS
(k=1,.,N)< BAAAZ Aojsn wWazxor LY A¢d WHS WEIFIE 603 FolA
Ay JERIE e HH W, S ZFE ol Fad Yste, YT A FEIFAA 7)E
o ok opet AAe] fob R f5d e o FEHFER H 22 h(V@E 42 5 dee
AT A7 0SS Zo)7] 98 YRFI|ng o - AEERIY sEIdS Fd AAT 4 AT

Ezno 7+ Wkl Yo dEZNE BAg ag e BEs Sk uE Adngst
AA Wl daAE gAe A A7e MosFc  wUET Al AR SId Ak MOSFC—

e

Gradient Ascent®1g] < =
o &3t dEZIY FHEHIFMHoG HAHPES AT
A

HAAGE E DI} 2o 3249 &

—Gradient Ascent(Multiple Objects Searching and
Fast Converging Gradient Ascent) WS Aot
0. a8 HE g5 G4 AAE o] &3 PHolH

0 =y A B A3 5l
<1 3>9] Fast Converging Gradient Ascent¥-¥ Ao, 71E “Oﬂ_qu_HL weel dagon
& <29 09 Surviving Objects Run G. A, o) AT BHE cIGT Aol S b 4
Aosw 0% DAY 1408 pEZ Ag 3 EFE ARHOE FYETE AT F AT

3k Gradient Ascent®H S A& 4= Qi)

VI AEIEI E_tl g%-‘g7|. ‘ZDZJ’ :‘ { T i?"_"/_
ol /! [
19 5= 712 nfomaxd 129 dEZJ g :
B0
1o n4%d w0l 44

TH v ALY ]
-100 |
!

H
H
NESs o £9 FHE BelZTh

RV —

-140

1] 2:] 4‘D EIU SJEI 1 EU 158 1 I:IIJ 1éD 1é|D 200
Iteration
J% 6. CtE B Zxet U442 0|35 U
Fig 6. Multiple Objects Searching and Fast Converging
Gradient Ascent (M=5)

Function Values - Entropy

h(¥)

E 1. B of ot d™at

Table 1. Configuration Values for Searching Objects

Exsting Method %AHZHIZ—H %7]‘ _Zr7] : Nsteps 20
T 20 20 &0 80 Ile:a'ogm 120 u'.o““::@:s o:;memezoo %]'/51117—]1%]] ‘)[: . Nobjs 32
=] — 5 2~ .
a7 5 2% $YE o8 W SRS BAAA T Ny 4
Fig 5. Fast Converging Gradient Ascent (M=2) HE A2 FAAA 7 Nyyroive

N
i
o
e
rlo

He ol2uA

h(Y)7} gt

_J

- 61 -



LGN RS T Ol G

A 84 A 23 20133 4¥

L oate gdvaE 9 A% Py
NEY SYHERA WY F e dEDT)

o[ VN O ST < T Y

[17J. M. Valin, S. Yamamoto, J. Rouat, F. Michaud, K. Nakadai,
H. G. Okuno, “Robust Recognition of Simultaneous Speech
by a Mobile Robot,” Robotics, IEEE Transactions on, Vol.
23, Issue 4, pp.742-752, 2007

[2] A. Hyvirinen and E. Oja, "Independent Component Analysis

Algorithms and Applications," Neural Networks, Vol. 13,
No.4-5, pp.411-430, 2000.

[3] A.J. Bell and T. J. Sejnowski, "An information-maximixation
approach to blind separation and blind deconvolution,"
Neural Computation, vol.7, no. 6, pp.1129-1159, 1995.

[4] 1. V. Stone, Independent Component Analysis : A Tutorial
Introduction, Massachusetts Institute of Technology,
Massachusetts, 2004.

[5] J. P. LeBlanc and P. L. De Leon, "Speech Separation by
Kurtosis Maximization," Proc. ICASSP, Vol. 2, pp.
1029-1032, 1998.

[6] S. Amari, A. Cichocki and H. H. Yang, "A New Learning
Algorithm for Blind Signal Separation," Advances in Neural
Information Processing Systems, MIT Press, pp. 757-763.
1996.

[7] A. Hyvarinen, "Fast and Robust Fixed-Point Algorithms for
Independent Component Analysis," IEEE Transactions on
Neural Networks, vol. 10, no. 3, pp. 626-634, May, 1999.

LAl =
B =Re Soista g4 Aol ofao]
ATHA L.

X XA 71

2G4 (Young-Sub Kim)

(F%h
2007'd Foteish thehd A Al-s-otat
(T4

20109~ ol st mw AR (231 5)
¢ BARF: 24/ G B A, Yol E A 2H

0|2 (Gwang-Seok Lee)

19831 Folth 8 1A 383} 3 )

| 1985 Fobth st sk A AkEstt

PG

‘ 1992 oSt el 2381
(B3

wdl
1995 3~3A 73 daetr] sl shal Ay shst al
W TAE-oF: A A 54 2], Biometrics, A 58 7] &

5| Z2l(Kang-In Hur)

1989'3~1998d L& 2xFabeis AU

:I.L
1992'3~1993'd Y = 2.3k 3}

- 62 -



