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Speaker Recognition Technique

HwangSoo Lee
Dept. of Information and Communication Engineering, KAIST

2 ¢
2 =Rt H2Y Jigs) Yadn Wiof HIH T
©e) Mesta Qlvh BFARE FU 7L PR HAgol B
sl sz ARY Ay Mg Faygel FOHD
et FU AL ¥l ! AVESF. =F. ME FL£ WA
elofd BALE olB¥o BRG olFeinal @ o AEEx|
Xejol Hr1yel BA2) 23l olo] vk &A% olgsl
AMEAHE %ldte fARIY Vel HTHE MR RAav)
yestal D oA ol&Y + e I AL AdrL

L. 4&

AEYG A7 Wl et PAT F§ BY AMRAY
io|ebo| AL} AlA¥de] @t BB M| 87t Yol FA
3] F71% flen], ok ool w BFE2 Rt EA47F A
Za= 2 qlch 3. BY AMAYAHE A 2A0E Y
3% o2 @Y ¥ME AC B Aaye] Haygo] U
3 ek oYY ol AMgxle| Bo Mg RThsh= A
el 4xio] Y£AYo), FEi) /AU MY 4R Yo &
ol 7=, EF, M3, 4¥F F& ey #ze ¥y
® V3 gleo] B3l YR AJol AYY XL Fi ol
© gAzAM o] Feiy HR siclod Y Mol DR AHY
1)

Hajedal e Rdol RHEl Qe HARRE 2Psio] A
A& WAe Zles ANP§ XU Muast 3Oz s
Wl Aol 7hE B2t Jigd Shlech #4& ol
HAAAR ARgol He|st W Ao Yzt Yo
o} 2 8947 Y& ¥B& xivich

il 7es) WaNe IA ke 27148 Weo| A
¥ 4+ o),

1) Bk
AR niok o] i) Y 2 Yoy NI

ol & ol & xlcIY Jigel A% A ACL A
B 5 A2 PR ol &Y ohiel YHE ALAXEYoldE §
7besich @A) AARGEe A oA HTEgoi Hetg H
o drddal J2 BAF 3 FHALY ol elilodA FAE
HYol A3 "2 AHEA7L GER Sdeidels B4R UA
Hrh ol MR 4§ <18 AN Jlgs Ay
Z# Aol dsin ERlolA €20l 49 HUEE KA ®
ch #golE. olF PUAF uehde “do{BRY YA K
247 F7AAE & 5 U Aol ok ANy o
F AL& Ueids BRG Rol AEAPe] e AjRIAA
& WUt

2) Apgxil ¥R MF2) 2pEs}

FARE B AR AF delelelolAs P Ay AE
2b2] sHgol oiel 2 o) Yo} WM oA 8
th. &4& 1Y AR Ve oleitt Mg So)siA
31 £l A3 ARgabe] iy} A EE B G AU A
A Bot AEHY 2R MEFX ¢ ¢ USK Yrb, o)
Agate] el ME THRE Hulag MEMol § AIAE A
7t Zl@elch olM{ AxUN J&E chF AHEzlef ot

Al ARMTI Mu|L7) Hetis R she YA V@
olt},

AN 7@ he UL g0l THysich.

(1) 4& o1 8 “HE" 42 2 A3y

(2) ANYF o1 B¢ AFSYHNAMARS)S) BAVAE 14
(3) gelvice] WHNNS) ALgx} B AR Axmggo] sy
& 48 24 g

(4) 0% Aol F-30 Bef Auja HBE AT ey
ERTETS)

(5) A A} vld AlAY AP ReUU 247G HY

(6) T *bgx}ol tit} tholehuol st 2y HB§ NG 4
1

-42_



(7) 4P AxAFold 28§ LEmslojo] §§7Mpt 22
e He B

® E=EolME Mabda Jles UadE TN AN
M&el ojol 2gold A4 AlAWY Asd B 3.4
M oA Aaw) 2gst siejoisg ¥ob 5% ATeiMe d
FEQ2 viite] geus APy citle Avigch

2. 2% 2N (ASR:Automatic Speaker

Recognition)$] 7§.8.

22} dA|{Speaker Recognitlon)efd A $a} M4l
(Spesker Verlfication)Zt bx} A\'(Speaker Identification)
2) F ¥o}s} QUrh o] $ ¥ole 2 NYol ol UE3iY
{referenca pattern) cie|Ehio|2 @ R Uthe BolMe A
g AAY, ojm et U shi-rpof mizt cHE2} o] ML
il A UNUEEAN $8 MBS 2 2P VLY Kajel
o ldentity?} ol Pojx)of, AlAME 2 ldentitye] 1%
e S A BZHU(relerence pattern)d UNE &3
Ay Qaithe AF Aok YN B Bz BYE
WA ¥l &, ids bl i ohisl g& Yol Y

A
rviag M} Qe : It d(Tix), Pi(x)) £ $8A

iHap map A O(T(x), Pi(x)) > E8A
T(x) : BAY W 58, Piix) : 1Haf Hajof
GXsPW. d(A.B) . A B2 Ae

W N Alge Y AEEs §oi& ¥4 WX AE
2l NG 2 oA HEHE AR Mol A2 Habt w7
A gAPoiol vei2). &, ciR3y F& @22 1A &
27t dagch
i M MM iF d(Tix), Pi(x)} < d(T(x), Pi(x})
for ail speakers | * J
T(x) : ZAIY SO MW, Piix) : 1) atof ofE
YZ3IH, d(A.8) : A B Aol

o) o] YA Ay} WS U N F o= rIAAE AT
82l o4& 9% 23310l VTHI). MY i i Bap)
WY Medd 23U AR open-ser Hx} Fgolit B2,
YU Mapr nea] N def Sithe 71 stol FER A&
WM& close-sat KA} o]z} tich

3} QJals Yt dYNEE 29 1 2o Uch &

o] YuEA 22 RY{leature)d Wol HZXY E A

qYas Algeio] £ UL RASE AN 2 A 3%
of w2} xixp WA§ Pich
$x Ml KA ofEm false rejectionzt false

1z 8 PR W UEMM MY =B S0AS-12 1 2)

Traini
ing, T
| .;:hﬁur
Speech | Feature )GP l
Wave : Y
extraction o
5 (Simiary | o | necicion [ cosnton
Recogniion |(Distance) ™

2Y L H3 Ay Alave) ges

accaptance®] F 1A oAHE g 4 AUATHS). false
rejection® #& Abgalel vis) IR A= ol false
acceptancets WHIE AU g YaHg ¥HR ALgxlE
2UA 3= Feolrh. o] F x| ofde ME trade-off VA
of Al &, false acceptance “d2l§& &17) sl RAMy
M22] BHAIE W0l Fo false rejectlon of2&o| B}
N2 WOlE false rejection A2 d-& #°17) el BREAS
Y ol false acceptance od2|7} 78l el 2y 2
o $ oal Alols] BAR 2ol Sirt.

Decislan oriberien (Thywehokd)
FR(False Rejection), FA(Faize Acceptance), N: A%, S:¥¢l,
n: AP}, s @ed fa}
a8 2 A& Y P2 BA

2HES M)A 34 4] ojHE VAT A 23 AYY
2HAE 7M ¢ UER AUFQ Yol Yasich ohk# o]
£ Aane] A F5ol ot BY ofeil ®cl= YPos
VAU 4 Ltk AR #ol AMY 5BPo] 23HE AR
false rejection ol &) & wolAtiels false acceptence
ol d& WY 713 o181 E Po{=J ypolo} ¢ Ao|rt

EEDEEY ,

AN WUE 2 Y| fgof vie} thy 214 292 3
A e 4 9t

31 e S Eigiol Sipt AR

PR Y Y(tenplate matchlng) DW(Dynamic Time
Yarping) B8 AHFsiel YRR AN HY§ o) ¥ @
239y vjzthe A& Utk Zdelc), o WHE A
ol7} cHR ¥ HU§ vdNALe Fushe YYL 2 ANK
(globsl optimization)& $¥th= ®geo| ik & Dve #

..43_



Brtota Mg

AL Ak cid) Holst g i FzAYY vl
Fyeoe day + UA MBItk o WL AN MY
He Qo) deLt ¥lay eyl AAYR FE g
¥ e Aeg A vk the 23 32 DI YaAF
2] G MDA YR ehd Aolckd.

\4**4_“/
Lol s
1 Y

ag 3 0TF AzeFod I e En Y=aRe) widw
ey

ARAYY 71 olojriois 4 ZHUPR AlF Al
o 713 MaAeg REF = Aolrh & UHKE T(n)

of 48D = minygl THTORW@Y ] 32}
S B2AY Men)E ¥e ol Yel@2 FAelrh. of
A0 HUAYLE o3V BAAL Nagee [5)-(8)e] B
299 4n E5& HAAN 2 W2d JVY AHade
T $2 4¥d Rech

32 AP olBYH xR

AA =D (\N:neural network )i ol &3 WHE 2 8
APE ARYEUg AR AN EYYE A=R Ya
& 20t o W U2 eyl X 2= BAA
A w8, 34, B Ugo] oY w2 Mx} AERz} AN
ool MPE wA Y& Fed& Ferh 2
back-propagation Qe[ F o|4¢ AL UG {supervised
learning) 22 A¢, Y& clojetgel 2R YFHoYd o
7= N8 QAT s @Al sto. R A2
sxje] R7h] A dfolelE ¥ AUGAASk sh= Aol
ch ARLNZHE ol HARIA Aager [9)-[t4)7
2agle] AR VA ¢y A FE J2AF U ALE
G E I

33 He{Qxigo] o 2y

We| oFabH(VQ:vector quantization)el 2¥ x|Vl
U Pzle} F=B{codsbook) A}ol2] AR F MY o]
& FAME TSt dhdolnh xiE QA ZeR2 8z

2 By nmetujels) 22 YAX de F Y P8
ol cEst, dd dee el oyt L& PYyglol
Y FAPelMe BE Ryt wizstd QMg QL
WEl ofabs WP Abg offlol MG wx| oA FHat
22 3701 Yot A& Alagte) R4sh) e YF A
7t Qadtn 42 FAL AY FHPL oA XYk ¢
Aol itk ME| PG o4 A2AME [15]-[19)7} M3
Hel et H2gel WY clE WYt YA 2ok REYY
T2 gho] ol Falolt).

34 HMME 0= S Y

WM(Hidden Markov Nodel ) ol 8¢ W2 8 44y
Eokeld de) AMEE D Q= BERDE AU Yyge
whdelt). M T Zlek ol£91d Ma} wiel HolF F4&
¥ 4 2o J¥ e udY FUEF +%He Rgol QL
ol of ¥y 2del 74 Yelo] we} AR FHoU Ha
E &Y AAY FHo] 7Bt they Halg ddlE ¢
=t Mol AZHole} YA glch. 2 th2] Mapg
gt 29 NE7 HiMME Y2 training GiojEL Yoy
LAo) STl WMd ol 4 Rl AlAMe [20)-[2417F
U HIANE A7 Wus AP0 Qe

4. 32104 s e

SPEE Nale Add ARE S8 EYEW £ el
oF 3tu|, Hatzt fAMEE BrIRs A= M3 Y Hold
T43RM T A Alole) ol Arimtg < A Holojer
(6]
& %0 A&AU(intra speaker)ol4 2 wo|7} Atz
AHARZHinter speaker)®] WE| alolofME 1 wols} Ar)
& 28 3 P EEZF A= RYYE T §2 BEje ¢ 4
qlch

Intra-speaker distiibution

Inter- speaker distribution

Probability

Distortian

a4 @2 BYNEY X

Fo RAMETL Fyoie) ¢ 2L Ot g B
ST LEld 4 ojo} 81, &) sl 2 DY
ol cisg ¢tAelol 3t @gAEeld A el VA
2% ool siol, @YRBAC) NiRolT Fuo] ool #
2. @EUE HE8R Yolop Pri(2s]. oAU XU¥ 2%

.44-



et riEjvlElE ofa] AL 2 ik, YIS Eol
MY BAok= T e ZEol itk MFCC(Mel
frequency cepstral coefficlents)?} ClEXo & Po| o=
Aol o} 2lo] A-MFCC, PLP. A-PLP Fo] HAFol Yol @
T2 9rH2e). olid ¥ B©A LR PP RYMEof
[Y A7} wol APRcH26)-[32]. AUy 2go] AHA
BANN $4t Py ZUeE A AHEE $F3AM
M Qwg viehdal Rl 2 slgdol glojAr). A §
olY AZJWFR JAY o RAHE|s} dzelE SNyl
g AYED Qlch A2 RASTA  Processingoiud
Bandpass Liftering Fol H#&¢ A28 Jeh} 3o
[26],[29]. a&®ol 4FeR & RASTA Processingd Thi
2 Y F A= M| drejgeict

- M(z) _ 2%0.2+027'-0,127°-0,227")
H(z} ‘A%zf (1—0.9427 "

ole ¥ Hgd $& 4T vehdcia wBasejct
{18), [26], [29], [33]. {34).

ol M B E ui} Yol HAfY Alayof A 72 X
FHE 7} AN 4 A2 AN A2 SR dREe k. 2
HRA AAZ el Halels Aagol ojn BA WEE 4
g 217 e 401 A Brh olE P HNA
= Ry pEAE Ve ASE FYslor YUt W) A
$5E BEY {3 MTB F-ratio?t Ach6]. F-ratio® c}
3 Aol BB}

F = -Yarance of speaker means
mean intraspeaker variance
5, MM Sfxhge] BZAle] Wol & A} Rz Wels
ZoE P o ReYcl ol g4y Hahy pAL 3
12 A2HE Uy EZIR Zhed A Hake g %
F32 Nz mAl= F 4% Frh 2322 F-ratio ol
2% F BP0l WY 4 g2 o Aoy dpo| Fx| R
¢ Byeg AU 4 Arl. F-ratios FL XAF Hde
of 2r} g 33§ Mfeids §3 22 go) AHRcHI)

5. FE

2 =ML HARIN Jlge] Wayal el Bid
et guipgich. MaRiA Jlgel i dRe Agige)
A9 ol% axnsgn, R YHREHF ALY AF Y=zt
QAI{ASR: Automatic Speaker Recognition) ZI@& 1976\ Atal
2 A3 F AlRNOE WYMo HEHOT AMEREI] A2}
el Iy 23] ujsl Ful2 MMl Cgk 23
Q7= o2 gry. Ry @7 A (11.[2). (3517} 3le
v A ALY de glch dold AulE uis o] izt
LA w2 FHUAT Wo] AT} dlf 2 okl

U2 B FHYRY Y UMM MAL = RY(Z SCAS-120 12)

ot 2EE FuUdAME fide] APY KA g2
4 WYl clgt D77} o] RolMo} Yot

ARl A2¥E dwd YL AN e delld A
HE AAY 2z} RPAs vve) Fadich ok s}
A AAPR AAYLY dxo| WY § AXYNQA {AAN
£ Aol7h upxinl, URTiEe] PESHEEE 2 9% oy
th A@ria] AP kYR seiviEe Y RYF
Fdel Y AeE gl YUY AR Pk sAcL

Fngd

[1] &9, "H& YGatE VAl M Bl AlAwe] A
Ul wE A" Ay =F, MSC 923314, Yz
@71, 1994,

[2) ABY, “BEIAUY W Pxisiy o) B¢ AR|RIA X2
ol ot AP, " GAles w=F, MEE 86366, TI3er)
w4y, 1988,

{3) D. 0’Shaughnessy. "Spaaker Recognltion,” IEEE ASSP
Magazine, pp. 4-17, Oct. 1986,

[4] Hiroaki Sakoe and Seibl Chiba, “Dynamic Prograsming
Algorithe Optimization for Spoken Word Recognition,”
[EEE Trans. on ASSP, Vol. 26, No. 1, pp. 91-97, Feb.
1978.

[5]1 S. Furui and A. £. Rosenberg, "Experiaental Studies in
a New Automatic Speaker Verification Systea Using
Telephone Speech, © in Proc. JCASSP'80, Vol. §.
pp. 1060-1062, 1980.

[6) S. rurul, Digital Speech Processing, Synthesis, and
Recognition, Dekker, in Proc. ICASSP'82, 1992,

{7] H.Ney and R.Glerloff, “Speaker Recognition Using a
Feature Weighting Technique.” in Proc. [CASSP'82,
pp. 1645- 1648, 1962,

(8) J.M.Naik and G.R.Doddington, “High Performance Speaker
Verification Usign Principal Spectral Components,”, in
Proc. ICASSP'86, pp.681-884, 1986,

[9] Y.Bennani and P.Gallinari, “On The Use Of
TONN-Extracted Features Information In Talker
ldentification, ” in Proc. [CASSP'9L, pp.385-388, 1991.

(10} L.Rudasi and S.A,Zahorian, “Text-Independent Talker
Identification ¥ith Neural Networks,® in Proc,
ICASSP'91, pp.389-392, 1991,

[13) J.oglesby and J.S.Mascn, “Radial Basis Function
Networks for Speaker Recognition,” In Proc. [CASSP'91,
pp. 393-396, 1991.

[12] H.Hattori, "Text-Independent Speaker Recognition
Using Neural Networks,” in Proc. ICASSP'92, Vel,2,
pp. 153-156, 1992,

[13] J.M.Naik and D.M.Lubensky, “A Hybrid HWM-MLP Spesker
Verification Algorithe for Telephone Speech, ” in Proc.
[CASSP’94, Vol.l, pp.163-156, 1994,

[14] K.R.Farrel} and R.J,Mamsone, "Spesker Identification
Using Neural Tree Networks,” in Proc. ICASSP 94,
Vol, L, pp.165-168, 1994,

[I5] J.T.Buck, et al., “Text-Dependant Speaker Recognition

..45_



axrolaiilg

Using Vector Quantization, " in Proc. ICASSP'SS,
pp.391-394. 1985,

(18] A.E.Rosenberg and F.K.Soong, "Evaluation of a Vector
Quantization Talker Recognition System in Text
Independent and Text Dependent Mades, ™ in Proc.
ICASSP ‘86, pp.873-876, 1986,

[17} f.K.Soong et al., “A Vector Quantization Approach ta
Speaker Recognition.” in Proc. (CASSP'85. pp.J387-390.
1985.

f18) T.Matsui and S.Furui, "4 Text-independent Speaker
Recognition method Robust Against Utterance
Variations, “ in Proc. ICASSP’9]1, pp. 377-380, 1991.

[19) T.Matsui and S,Furui. "Comparison of Text-independent
Speaker Recognition Methods Using VQ-distortion and
Diserete/Continuous HMMs, ™ in Proc. ICASSP'92, Vol.2,
pe. 157160, 1992.

{20] E.Rosenberg et al., "Connected Word Talker
Verification Using ¥hole Word Hidden Markov Models, *
in Proc. ICASSP'91, pp.381-384, 1991.

{21] M.J.Carey et al.., "A Speaker Verfication Systes Using
Alpha-Nets, ” in Proc. ICASSP'91, pp.397-400, 1931.

[22] J.J.%Kebb and E.L.Rissanen, “Speaker ldentification
Experiments Using WMMs, © in Proc. ICASSP’93, Vol.2,
pp. 387-390, 1993.

[23] M.E.Frosyth, M.A.Jack, "Discriminating
Semi-Continuous MM for Speaker Verification,” in
Proc. 1CASSP'94. Vol.l. pp.313-316, 1994,

[24) Chi-Shi Liu et al., "Speaker Recognition Based on
Minimun Erroer Discriminative Training.” in Proc.
1CASSP 94, Vol.1. pp.325-328. 1994,

[25] oA, “SAQAEE U UG g2 MNe " ‘88 &
AN AN =E. pp.47-55. 1968,

(26] J.P.Openshaw et al., "A Comparison of Composite
features under Degraded Speech in Speaker
Recognition.” in Proc. 1CASSP’93. Vol.2. pp.371-374.
1993.

[27] R.C.Rose et al.. “Robust Speaker ldentification in
Noisy Environments Using Noise Adaptive Speaker
Models, " in Proc. 1CASSP’'91, pp.401-404. 1991.

[28) D.A.Reynolds end R.C.Rose, "An Integrated
Speach-background Model for Robust Speaker
ldentification,” in Proc. ICASSP'9Z, Vol.2,
pp.185-188. 1992.

[29) Y.Kao et al.. 'Robustness Siudy of Free-Text Speaker
ldentifjcation and Verification,” in Proc. 1CASSP'93,
Vol.2, pp.379-382. 1993,

(30] K. T.Assaleh and R.J.Mamone, “Robust Cepstral

Features for Speaker ldentification.” in Proc.
ICASSP'94, Vol.l. pp.129-132, 1994,

f31] H.Gish et al., "Robust, Segmental Method for Text
Independent Speaker ldentification,” in Proc.
ICASSP'94, Vol.l. pp.145-148, 1994,

[32] R.Ricart et al., “Speaker Recognition in Tactical
Communication,” in Proc. ICASSP'94, Vol.l. pp, 329-332,
1934,

~46_

[33) H.Hermansky at al., “Compensation for the effect of
the compunication channel in auditory-like analysis of
speech (RASTA-PLP).” in Proc. of EURDSPEECH 91,
pp. 1367-1370, 1991,

{34) J.Koehier at al., "Integrating RASTA-PLP Into Speech
Recognition, " in Proc. of ICASSP'94, pp.1-421 - 1-424,
1994,

(35) 2R 4. “Fob5 oAl g o8¢ HAE S H=xjel
Ao B¢ A" A Y FH4BA T TN HIY
=E3. pp. 235-240, 1994,



