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Performance Enhancement of Speaker Identification in Noisy Environments
by Optimization Membership Function Based on Particle Swarm
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ABSTRACT

The performance of speaker identifier is severely degraded in noisy environments. A study
suggested the concept of observation membership for enhancing performances of speaker
identifier with noisy speech [1]. The method scaled observation probabilities of input speech by
observation identification values decided by SNR. In the paper [1], the authors suggested
heuristic parameter values for membership function. In this paper we attempt to apply particle
swarm optimization (PSO) for obtaining the optimal parameters for speaker identification in
noisy environments. With the speaker identification experiments using the ETRI database we
prove that the optimization approach can yield better performance than using only the original
membership function.
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3.1 Particle Swarm Optimization (PSO)

PSO%E Eberhart®} Kennedy©l 913te] 1995 A¢d W24, A} o] £ E17) g9 o
ol Z& $AYS BEq swd Wy olu7] PSOE 27| B3 & A5 2gog NFgT
€ HolN FA4 S5 FAeAE, 4 FAFHQA S0 tA randomT £E ol H FAH
A HE AFoz FALAE FHAA dE o] FAHQ 52 2YE Particle Sswarm (PS)
olgtn gt dutAQ EAZA Hvig Poj ojste] H=3gl slojor & &4 f()71 Yotn dak
a4 PSO W& v&a 2o

1) Random3tAl FAH A& (Py}E AR
2) Z iteration jol hate thg& wkEgo)
2-1) & Pyl istel f(Py)g 7@
2-2) 3A fge WusE Adstn, $EE A FIE WA U
2-3) & io diate] {0..7— 1} distd 713 HAHA HE A3
°|& pbest;;T1 AL '
2-4) BE pbest; & W22 7HF HAHA HE AF Pl ol & gbest; 2 A},
2-5) 7} particled] 4§58 oS3 o] At

vij = 'Uij—- 1 + Ty (pbestij - Pij— 1) + CoTy (gbest] - PU) (3)

A AAM ¢ 3 e FFoln 3t rE dele Folh,



Particle Swarm 7]¥t HA 3} @64 o] I 2L AN 3R] A5 aa 109
2-6) Z} particle®) & 7B gL}

P;=P;_,+v; 4)

ij
3) ghest; & A9 dz AAY.

PSO ¥y & #8202 & F3l7] oja& uiy EAld Yutzez de ¢4H3 ot =
A3 I 7L udEA A, PSO By 7 FRH A H A zk(local optimum)E T 3HHA A
A HAQ s(global optimum)& F3H&d A&-®oh

3.2 Particle Swarm 7|8t #Z 3} Wv4g g4

A 3Rl 42 REE W4 $58 A3y JaAMe A48 ¥4 2= 2ARgSgn
e #5 frl Aogojof gl

2 =2dME A4 E ANES BAYFE st &, I3 4 ded 2L 4
o2 A9 & 5

K L
Y. Y o(arg,max (P, (X;),k)

k=1l=1
K 5)
KY L,
k=1

fla,b) =

A Ao 5(i,5)€ i=7L W o3 2R gow 02 FHolth Xy& kAl sare) i
SAARO|R, P& Foj AEe] @ muA 3] B3 &82A 4 ()2 Ao 28
argnmaxPr i 714 2 8¢ 2 #2349 AYL(nde0)E JV BT, 4 (5)2 BUY A% B
FEHAY FF2A AIRol= YN G5 HvIE ast bol sl BET 4544 HE A
7] YETh Gebd B =TAE 31 Aol AY@ PSO $YS ol B3kel AN A5 B4
N717l A% AR el ash bE ARV,

4. Aol 2 A3 uF

41 3494 DB 2 £9%E4 32214 AgAe
¥ =EolAE ALY Y H5S A7) Aste] ETRIGIA BE 320] sl g Foy
£ ¢4 DBE A4l EuES 344 492 Stk S4uole o) MEY Fr4E 8 KHzol
#, 8 ME p-law POM Aoz 2959 ATUch 220 DBY WA e & ¢ 2%

OE



110 L4343 143 A23 (2007. 6)

9 %o, 3% 3 £4TAL BT 20 AZ olF 10 A4S &8} 4PEO2 o] AHEHR
o <29 3>& 2UES AU AEH S delEe BYoR WY Aol %3 2 =2
$A42d ol AEE SAHOHE el 10 AS D BT ¢ 0 & AR ¥t

magnitude

29 3. Adel A8 SHNES B
(£4: FAEL £A2 duel Zth)

AYPA o b0l & ZTHUL 40 msZ Y, 20 ms¥ FHHO MHIAESF 3§,
ey ERuEE 12 4 AA2EYD A5 22 AU E TP oH, Ad A58 B3 9
8 CMS < A 839t GMM 3t 2 Do] ¥ Gaussian 7AFE 10 71011, EM €328 50
s GMM =2 )¢ sugs u2doz FAs N Fagh o] AAAN FEA AL ful
covarianceE AE8E 1, @22 59 x7|HANME fuzzy C-means clustering #H & AH8-3131

. ole] W@ &L g <E 1>3 2ok

E 1 BAES AAE 439 A8

) 7 ) 77
ETRI Fd& 123 AR 2EHT
ox S A E R W
=% DB 3212048 54 DB ECAC RN 27 Y=
PERVEER Sozo_gjv AL EEEREEE 40 ms/20 ms
- Cepstral Mean
2= &, 3
A 49 A 24 Subtraction
3AF e . EM 2138 E,
LA Ad e A 10 GMM =4 full covariance
3} HAE 10 Gaussian mixture 10
SR dY AF A




Particle Swarm 7]% 333t AW 4 G5ol @ F& BRI HAAY Ayt 1N

42 4347 2 1%

€ eEoAe AN PSO 71N W4 F+E AFs7] A F 4R AP YA A
UA A8e 2739 3719 FEA5d tidle 247 ¥ER HA3E F9F Rolx, ¥ ANE o
F A7)9] FEol date TR HHE FYT Aol B AYPojME ZE AL AE
o HdA7E +12 B}y AP FPA e, FSSAHL LS F22 gt IU
A O ARG SHe2RH A2 $4E 9 A& 402 HPF Aol

4

s,(n)=s(n)+an(n) (6)

A Aol A s(n)& Fgol Holx @& ARE S0, n(n)e FFAA] 12 7F$ AT B
3 Fgolt. B2 ok FHMISE B89 F& BAE R oln, 5, (n)E Fee) 28 UE
g ojn)go

PSO 71w Aol A 24 setele] ash o) F Hetule) bE Fa7] $Isked 2 shate) GMM
2d¢ s¢at7] fisted AL4¥ DB A4t 22)1 A5 shaol Bejskx) @ DBE oA
o2 oot A WA Yol UF A%E <E 2> nyo.

E2 %3 8 AAs] B A4y 492

a 0.05 0.025 0.0125 0.00625
Avg SNR 79 11.8 16.3 20.8
Optimal a -0.47 -0.51 -0.53 -0.53
Optimal b 9.89 10.1 12.3 12.1

<E 2>0]M g} o] SNRo] F7he] wat 3 2AY savlE e o -05 dB A Y LS
& & glth ¥4, SNRo| %13 dB A% F7Hgo] e} o) 5 Felvlg b % 2dB AL 27139
< ¢ F gt

<O O 53 HHs 0E YAES BT T T no-weightinge A4 §52 3
€34 ¥e ZFoln, without-optd Z$E =& [1]¢] FHAFvEst Aye] Ag® AH$oln}
with-opt= & =FolA A4 PSO PO 78 JA9E & AL A $2 =7 [1]9 $ync
o 2 JYES YR Y5S FAY + Ut

<IHE 5> AeF 5H HHsE AHLAAS A4S F2F TS S ALAL 449
AHES AolE RAF3 Uk 2 =Y A3 dvly ge <F 2> FFL AL,
=AY HevlE o -051 dB, °IF HElE b 111 dBY g zech 2943 FeP =Y
HHZE ASEGE A AHEY Aot 9L FAY F ok



112 478 A14A A2E (2007. 6)

4

~}
(=}

MRS

identification rate
[
[e)

40

0.05 0.025 0.0125  0.00625 0
alpha

[ no weighting B without opt. (ref.[1]) with opt.
NEXNAS =2(1)2 metoIg =g meiold

a2y 4 FeFd s fE YA 4¥9EH

0.0125 0.00625
alpha

f aipha-dependent alpha-independent ]

a9 5 A% EY/FS A3 B XA

#8, <2g 6> = (1] FoIA @4 F59 £ =244 PSOE o148t 7& HA%
Qe 42 uasa Qg 2PGA AHe BE (119 d9ug g5oln, A 2 =79 A%
olth, aYolN B F UAFel, Axg W4 $5atol 052 S SNRe] 2dB A= ofHZ o] F3}
At & 2dB A= Fo) FEE BHANE QA go] oA G2 W] &g vt o
2 =313 548 Holgdo] [5dB, 20 dB] IES FolA 10 dBol4e] & & shollA A4 Eol
FLHASE & + Yk



Particle Swarm 7%t HA g} W4 Gl A% F& HNMY HAAY Yy 13

2 6. A Aud P =219 W F5 ua
R EE R RIS PUIIE=-151)

5.4 &

AN FEEAE ABe7] A AME S G5 719 GE71F grdol 2ol AN
2 Bk & =RAANE V& F¥Hoz AAIUY 984 F5E ¥ s
Particle Swarm Optimization€ =948A3 42 HH3 Felue)r} FUES 4 Ags
T3 tTAE ALSA de B¢ =21l dejoleE A4S A4S vy og aHH g E
T RAFoeN FHL AFHOoR oFHL S FAUSAUTL

T, A AR ohYe g A E HEo2 24F &4 AR FLY $ U Yutsw
B L RolH, A4 8 ol S4AY BoplME HEE 5 YEE Aoy Wy
B} vz Aot

Fa2E3

{1] Kim, Jinyoung et. al. 2007. “Modified GMM training for inexact observation and its application
to speaker identification.” Speech Sciences 14(1), 163-175.

[2] Rosenberg, A. et al. 1994. “Cepstral channel normalization techniques for HMM-based speaker
verification.” Proc. ICSLP-94, 1835-1838.

[3] Zhen Bin, Wu Xihong, Liu Zhimin, Chi Huisheng. 2000. “An enhanced RASTA processing for
speaker identification.” Proc of 2000 ICSLP, 251-254.

[4] Mengusoglu, E. 2003. “Confidence measure based model adaptation for speaker verification.”



114 S478 #1437 A23 (2007. 6)

Proc. of the 2nd IASTED International Conference on Communications, Internet and
Information Technology.

[5] Chin-Hung, Sit, Man-Wai Mak, & Sun-Yuan Kung. 2004. “Maximum likelihood and
maximum a posteriori adaptation for distributed speaker recognition systems.” Proc of Ist
Int. Conf. on Biometric Authentication.

(6] Mammone, R. ]J., Zhang, X. & Ramachandran, R. P. 1996. “Robust speaker recognition, a
feature-based approach.” IEEE Signal Processing Magazine 13(5), 58-71.

[7] Eberhart, R. & Kennedy, J. 1995. “A new optimizer using particle swarm theory.” Proc. of
Sixth International Symposium on Micro Machine and Human Science, 39-43.

Haydal 2007. 4. 27
ANZAA: 2007. 5. 30

p i3
FFFHYA BF £5F 300 HA AGoFgu($: 500-757)
Agoiga duojstd AT BT
Tel: +82-62-530-0370
E-mail: minsh@chonnam.ac.kr

b BAG: ZAAR
FFFYA FEF £8F 300 94X Addgz ($ 500-757)
Aot TR AP FEFAY 0F
Tel: +82-62-530-1757
E-mail: beyondi@chonnam.ac.kr

b AT
FFFYA EF £8F 300 A AGHEE ($ 500-757)
Addstn Antgjsty HA-F st wALSA
Tel: +82-62-530-0472
E-mail: smg686@lycos.co.kr

> e
FEFgA] BF %% 300 AA Addign ($: 500-757)
Agdustn Y} AAFDFEH TR L5
Tel: +82-62-530-1753
E-mail: syna@chonnam.ac.kr



