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<Abstract>

Rapid Speaker Adaptation for Continuous Speech
Recognition Using Merging Eigenvoices

Dong-jin Choi, Yung-Hwan Oh

Speaker adaptation in eigenvoice space is a popular method for rapid speaker adaptation.
To improve the performance of the method, the number of speaker dependent models should
be increased and eigenvoices should be re-estimated. However, principal component analysis
takes much time to find eigenvoices, especially in a continuous speech recognition system.
This paper describes a method to reduce computation time to estimate eigenvoices only for
supplementary speaker dependent models and to merge them with the used eigenvoices.
Experiment results show that the computation time is reduced by 73.7% while the
performance is almost the same in case that the number of speaker dependent models is the
same as used ones.
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) 54 44 Az=de o7 A2 RH £3E

X4 ASE 0|83y FHE A"z FH AR XFHA g oud A}
227} AMRStH s 18 d% Wty 5tA} F<(speaker dependent, SD) &
A4 A2 3 Age] S ART o8t FHE AAHOE FYH AR
E AT Ao disiMe 2 59 Al2"RBYg 52 4%S JehdARE &
ALg-2be dii A= Aol dA3%] "Eolxe @ E VAL Ut

dRlH oz A4 A AxHE EEAR v AE tideE oA 1
gz F& A2®les FAAEY] YA & AReEREH vf g2 84 A8E
=58ok 3t oJEgol qlol B3 £y §4 U A2"HES HE AEsE A
o] REo|t} 3}z A -3(speaker adaptation)S AL&A7} A|F-F 2T AL ol
st A =9 A A4 A2'gE O s ESHESE RASIA A &5
=4 Q2 AzHle 77t S 4o d F e Jisolth

32 Hgol hEHQ WHOZE maximum a posterioriMAP) AL & -3[1]34
maximum likelihood linear regression(MLLR)[2]Z2 IR H+= & 7|4l six 3 §o]
At AT o] MHEL AHZ A8V}t e HE FoR AR Agole 47
A 4ol A9 gAY 38 A% A3yt dolvie EA4H-H 0] ATH3).

e AHgAA B2 4 S4E 87 & fle AFgAAY T/
7t Eoldell wet 10014 30&Ak0]9] wje A <o AFE ol &3ty FA FH
< Td= a1 A H-Go g HAHo] FokA I Aot & A HELE A
| A B Y S ARE ol 83A R 4 U 2" 4TS &
F Uths Aol At Eigenvoice 3HA AL[3][4]< A8 Mo A F& =g
BE A2 A5 NAHHEHbasis vecton S HEHEE ol &3t a 5P =g
AGAZTh o] WEe FAH ok st HetvEHe & HAZFo2N e o
A ARdE A 2AE & F Ude FHE /R

13} eigenvoice BAF AL HG A7 Yol Eolur He o] AdH
olal, A HAA olHo A /MY FA F& 2L v FAHk d= T A
7 BAAE 7HA 2 Utk 53] 34 489 HeE ®wol7] Y43t eigenvoice®
TE vdE AF A FT5 2d9 F£F 583 YA eigenvoiceE S AF A=
Aol g g, ol A= wie B ALFE 8B I =3} A& &
4 U4 AlxH" eigenvoice A A& o] 83 AF-olle eigenvoiced] Y F
7t 333 FI1sHA HEE A4tE BAIF do] 4 Alxd"Rg "gx & ZA7)
g 4 Aok

2 =FdAe Frise A $5 2dE X¥d= AA A T4 2D EA
i3} eigenvoiceEE AMFAH3te A, F7tE S FE& mdEo] disjAgk

3} A} = Y(speaker independent, SI
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eigenvoice=E FABII o]E 71E9 ecigenvoiceEH HFFOoEZH AxFS LA
A7l By S AQeith

AA 27 A= eigenvoice A Ao dlF rl&stn, 3ol Z @g 7
AE eigenvoices S WS HHE A3 4FANA A FHE ALLI A
9 A4 B 2 AL A sl i A4F 2 AAE Hol, SAA AE
< 2T

2. Eigenvoice 3A H&
21. Il

Eigenvoice 32} 2§ e o 9 A F& ZDZRE principal
component analysis (PCA)E o] &3l 7|AHWEE F&3 & 32 Lo A3
AARE dueEe g e &HE GET

AN, 32 5 2dH A T4 2dS FASD A T4 zdL 3
=4 2dS FAs7] s AHESIAE dolEuolAE o] &3ty Zzte] Fatef
el HMMS AN OEZN 758 5 9lo, ZF siapd 2del 7FeARE A
(mixture)®] =, FEH o] F, Bl £ F2 25 FY3A g}

=4, 2+2te] gz F4 THZHE supervectorE T4 ¥}, Supervectord HMM
28 7H9ALY BE HARES AT A2 Jdd dEoth. pE A
o] 3zt F4& 2l Ue mAA AR} A9 HE dH, nd A T4 =Y
re] RE Jp$AQH AR Fetn A 83 rol thdd supervectors THE T 2 4

o2 Jepd 4
b S N7 N 075 IO 07 I I )

AR, RN EE 3ta F4 2dd tig R712] supervectorEo| A PCAE o] &
st} LW E(eigenvector), e(1), e(2), -+, e(R)E FZ3Th o] RN fdH
Zoll 3fFk(eigenvalue)o] 2 p/NSt RNS supervectorE9 HAF #HE ())& z+7
eigenvoice} T},

vpzjeto 2 EA 3lzle] A 3H =W supervectors ThE-2413 o] eigenvoice

5 7o) AEgo R Yehd 4 Ak

X = e(0) + w(De(l) + w(2)e(2) + --- + w(p)e(p) )
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oldl, w(7)= maximum likelihood eigen decomposition (MLED) “#{[4]2 ©] &3}
Aarg 4 gt

2.2. SVDE 0|&3!} eigenvoice HAF gHH

EigenvoiceE Al4Fst7] #8] A= eigenvalue decomposition(EVD) X singular
value decomposition (SVD)E ©]-83} supervectorg9 7| HHEE F3jof gl £
2ol M= SVDE AR5+ eigenvoiceE A4St WRES AWEY. ZU|HE F
A3}7) skl ALt mxn BH) A IHEE [A,,blE mxn FEo| HH
g B9 TE mx(n+1) FELE eI ZE AL

N2 nat9d supervector x,7} FAEHE #E X ,NATT 7HAEHH,
© U3 2 HoF ALd 4 ok

MX ) = & 2 ®
ol HFog olgd FE YV S TUH Ho] AT 5 3oy,

Yi=x'—p(X ) @)

YnN= UnnanVZ/N (5)
A (5)M U,,2 AFHEEe]l J1, Yywe 5°l% (singular value)S 7HA &
Zdudel Brh. ngel M 4 LHAHE FABGR 4 9E OL F 2

Y w=U 2 Vi (6)

A7 dE U,Y pe E9EER HIFHUE w(X W E FHAAM pr1f
eigenvoice2 A 2] shr},

Eigenvoice 3}A} & W ol F5& Fol7] A BR Fof stvde s AF
of A&3l= eigenvoice® FE F7HA7IE Zlolth ey #A F& 2ol Ut
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ZFE3A R AT eigenvoiced F7F A gl FU1EHA HYE FHE AHol
a43] A3t=Ee A GAEA Hoie). Bt A A3 dse =017 A
Me 3 F4 2do 8 £33, orjd ©E HAF eigenvoiced] FE AH
st Aol F83lh

4 (58 YuHA  GolubReinsch SVD Fyez  Ade A
O(4n*N+8nN*+9N*) 9 AZ+ER}E(time complexity)® 7} THS). Kuhnd =

supervector’} TAEAA T, 48701¢] monophone, 2dTF 3719l AHE A=
HMM, e 1719 7F9-AIQE 8-S AMgSte dubA A4 S84 U4 A2H
ol A  supervector®] AYPF nd 56557} = 3L, eigenvoice Al4F AlZko]l nel A Feol
v 2E 4uo) 77t AAEE "oz A "ot oy Q4 A2"ke Ay
€ ¥0l7] 938t triphoned AFE3lT mixtured] 5 6°.F2 EB A supervector?]
Ak 4 nol 3201122 Eo YAl HWA eigenvoiceE: T d HEle AR
monophone, 3 71¢] Jh¢-AIRPE AMRE ZA-9-HTE oF 36008 FU3HAl SO &z
g AN2FE T v & AV 0.

EigenvoiceE A4+t Aol 3A7F - AR E A F3dH7] o)A off-lined
Ao A o] |z} stEetE Yut PCOA triphone, 6709 mixtureE Al-E3t= A%
4 AERE 3R A Gl A8 YA 9F 20430l £8FHE AL ol
obd & Qitd. EF, :=Fo|}, PDAS Zo] ME&EErF oA Ax"HdAE
EE 2dS VA 4 A4 AlxHolg sHEt: g2 AE 87354 2
Zlojth,

Eigenvoice <& AME3HA] @& ASole A $45 2do] FUHE &9
eigenvoice® ©1-&& = {la, 7|Ed ALIALG A F& 2dAg Fotd A
& 2dS @t AHA A T4 2do) tha] eigenvoiceE THAl AlAs|oF 7]
o A& 24 A4 A2"HA eigenvoiceE: A4tsle AAHL ul¢ B2 AMFS
TA8E 3H, g F& =mdo 49 AFo HlHste Aol FrHHA HEE,
o] AR ALFE Y F AUW A HE 4% & zole dHd OE A2H
of A7 Bag AIZHE ZAAE F e Aotk

3. EigenvoiceE9 #3

o N
L

ol¥l FolMe= F71E A 4 Ao ZBE eigenvoiceE A4S 7
AH&3HA eigenvoice$t WEt AAToZH 22-ANA AT T eigenvoice
ALgEHA] e A EAEE st HHE A

Eigenspace R@S WEsIAY Ure B2 HAE7IBI010111]°] ARARE, 9]

o =2
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WHEL Fg WEE AT = AJT 548 Y AS HeAS =de 3
Zol w$ Fasdoz FF Wy AAHA Gettd 2 A F4E U
F Qith AT HZ B0 H HEE PASHAA eigenspace ELE W=
o] A Qb= ATH121{13]. ©] WL 71&9] eigenspace TAA AHESIAH ARE
Fz3tA &3 WY eigenspace FEE AL 5 Ut

3.1. It u7|xZ & (orthonormal basis set) 4

71829} eigenvoice® TAE7] 98l ALEHJUD supervectorES X4, F7HE 3
2 & ZDE supervectorsS Y012t 31, o8 ©l83) T8 E eigenvoice

®dg 77}

AX) = (X)), UX) np, XX , (X) wp, N) @)
AY) = ((Y), Y) g, XY) 4, V(Y) g, M) ®

gt1 3, HEd 2dE g 2e o vepd £ ok
A2) = (K2), U2) 45, X2) 5, V(2) (4+ns» N+ M) ©)
olul, p, q, s 27 X, Y, Zoll W3l SVDE 3 E3sld 2 IFHE F eigenvoice

2 AEE, TRl 2 WEHY £E vEhdoh
X3, svDel Aol bz g3 Ze HAe & 5 Atk

X — (X1 5 = UX) p3XX) , (X (10)
Y= (V) 1y =U(Y) . 3(Y) WY) 4y, (11)
Zunim— 2D 1 e *U2) WX 2) D {ys s (12)

2l (ol A F3taAl e eigenvoice U(Z) & TH A€ 91Eds AFA DY

ARY T, 33 8 R 2 v 5 Ut

U2 = T wR s (13)

olgf T,t H¥HE F eigenvoice B2 UX) ,p UY) 0 w(X)—p(NE BF
Eg3e) Arlel wW(X)— (V)7 TEEE ol ©] HEIE F eigenvoice EE o]
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Eigenvoice W&& o] &3¢

FZHnull space)o} B & A7) wjFEolTh

oFE B 9
T.& 737 A3k, 200 e UV, Y (residue) H, & A5

= UX) U(Y)
H = U(Y) = UX) Gy (15)

o] k.
a8 UX) o 43 w(X)-p(De) da k& Adstd oed e
e de & o

(16)

g,= UX) 3(p(X) = p(Y))
an

b= (p2(X)— (V) — UX) 8,

H, & UX) o sl A (orthogonal)o} AT, AX) AV)dE F%5U
T o= FuE(zero vector)7]- 21S 4 qlot. waka E
2717F 9% 2 9EE AASE FAYPol L.

eigenvoice7t &) &
[(H,,, k10 9498 5

Vot = Orthobasis(¢ H ,,, h ,]) (18)
olgf (& wWi§ FTFY eigenvoice% AAS7 3 Wi FAL D9 E/(column
vector)E A A= F40lal, Orthobasise= A Z AnQl &9 HEE Fste 5ol
tt. E =F9A = Gram-Schmidt orthogonalization ¥ -& A&} = vhA|gte
2 dojzl e JiFE e, s 22 WS £ 5 Ao

s=p+t<p+qg+1<min(n,M+ N) (19)

4 (18 o8 The R Aoz AFARNAAGE Y & ok
T o= [ U(X) 1y v (20)
32. &2 3|9 WO chEt SVD AN
% o,

4 (10),(11),(12),(13),20) & °] &3t 53 22 Hoz HY
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Z aremn— D1 yaery =X 2 X) VX L+ (X1 5, TY) X F) D) St e 11 ]
= U2 X2 VD) v mps (21)
= [ U(X) nps VﬂI]RwS(Z)sV(Z) (TN+M)s

A7) Fdel [U(X),,, vl (& F3H9

LUK . v e TLUCX) 32X, V(XD i (X0 iy, UY) 1 XY) VYD o 14 (DL ] (2
= R&?“XZ) sV(Z) (TN+ffl)x

9} e A& A& & g, o HdA e dis] SVDE FHIWH R E ALt
g 5 A "o
vl gt 2 WEH eigenvoice (2), &

U(Z) ns [U(X) np s Vnt]Rss (23)

g ol gste] AT 4 ok

>

3.3. Eigenvoice HElo] AIZISEIZ

<Id 1> eigenvoice HHE AHRE A9 AUAF HHE o] &l
cigenvoice & AHE T WY o Aol Yrhle Ala" TN Ao AZRER
=& YetdE Jdeltth 71&9 32 & 2dRl “SAF L4172 5-E eigenvoiceE
F2389 gz Ao AR AT T JHAEA FA HE A& w7 Al
2& 874 F4 2dQ “FAFEK27) FrEAG T & o, §EE o854 ¥e
AdAMe “SFAFE S “ARFTE"E FAH “SIAFLH142°E WET ojHeR
HH eigenvoice® FE3t Argdfior . o] FHAA tiRE AAHE &
Aste SVDAF L AREZGEE O4n (N+M) +8n(N+M)* +9(N+ M) )7}
At Ao, eigenvoice WS o] &3 WHAME FUtE “HAFEH2"T 0] &3}
o] eigenvoiceE: FEI TS, 7S] ALL3H eigenvoice} HEPIA AMEE
eigenvoice® TAEA "o}, olu “SAFL2"ZHE eigenvoiceE FE3=dl A
= AZERAEI} OUn M+8aM?+9MDol1, T eigenvoiceES WRsted 2
e ANEREE, M A4ES F988 B‘Fi FEo] 24 22)9 #HHWo| SVDE
FHgsted dels AZIRE O(4sX(N+ M) +8s(N+ M) * +9(N+ M) *)ol =
o} YurAEQl  eigenvoice A FHEoMA  s(pt+gtls<N+M+1LnolEE

r
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>

eigenvoice ol dele AlZHE FAZ & o} webA QA7 eigenvoice HF
o] &3tH 7]1E ARSI eigenvoiceE T3 ol AW AZtrFo] YL ¢
T A

€

ALg-8td O(4n2N+8nN2+9N?3)
HAEEEd ><'e AHgstd EVEd
2 |
HAEER A9 EV H§ o] &
#7

71 9 e,

~ ‘L&

f7t8 EVEd

O(4n2M+8nM2+9M3)
+0(4s2(N+M)+8s(N+M)2

es / +9(N+M)3)
€,

A

AN2E EVEd

O(4n2(N+M)+8n(N+M)?
+9(N+M)3)

<71¥ 1> Eigenvoice &€& AHE-3HA ¥ A9 AMEE Wi Al2ad] 74 B
AZHERE vln

4. 49 4 2%

Agel AHEE HolEjH|o] A= ARPA Resource Management task (RM)o]t}. o]
AEE 9F 10009012 o] R0l H|F2] Fo] EFoZ FAHO I, vH9 o
g 7HA ARE7E 2F50 Ao 34 =Y A8E 10989 FA2REH SSHIA
I, 32 F4 A5 1299 AR o]FoH )

2E 24 AE2EH 122 MFCC 21 A, 18]a o] 59 13} 23
A& ol 83 F 392 HHE F239 ALIHAT. ¥ 2L 1749 sFgAI¢H
€ 7}A+ monophone 2. Z F#HE P e, zZt HMM 2R 3749 AeHE 7HAEE
T3t

19 &9 EH ARE o83t A Y 2de FAANAT, 7HE A
=3 2l Fd A82 AL Zze AE FE AEE MLLRF MAP 3}
A A AR HEstd 109709 A T4 2dS FAFHT
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30,79,3 7) é
50,59,5,5)

# adaptation sentences

<1¥ 2> s=10Q ), eigenvoice M TS A E3A FE B¢} AT Fo HE
AR HEA o Wil mE T A4E%)

85
84 | w
83 -
8 s2 |
*®
°
281 :
‘ [« = =(20)
i 80 S A—(10,99,2,18)
1 —>— (30,79,6,14)
—o—(50,59,10,10)
9 —%— (70,39,14,6)
g , ; —£—(90,19,18,2)
5 . , o - , : T |

0 1 2 3 4 5
# adaptation sentences

<1% 3> s=20% ul, eigenvoice B AHE3A 2 A% AR A9 HE
A8 FEF e %izz}oﬂ & o} A4E%)




Eigenvoice 3 < o] &3 A% 34 U4 A2dHe 14 34 HF 153

Ate WU FEAHS AF8Y] AAstd RM DBY 128 &9 A T4 =4
8 AEE AEEUTH o] FoA FHE ABRF IRE FHE ARE AEIIIL,
H7he A9 AT 100EH, £ 1200 H7F A8 o] &3t

<19 2>, <18 3>L eigenvoice HTL AFE3IA] &2 A9 eigenvoiceES
W3 & MLEDE o83 23" 2dg& FA% A 47 g A A5 &
of m}& tho] A ES Yehl= 2@ Zojt}. Eigenvoicer 742 10719 2071 & At
|, AL eigenvoice WS AHE3HA &L ALE, AL eigenvoice Y
& AME3E ASolth ojuf, Aol g AT I A Mo FAE GAAF
B ¢AUE 7]& eigenvoiceE TAHAE o AL A F4& nd9 4, Frid 8
2 & mdo] & 712 eigenvoice?| §, F712 eigenvoice?] & UERIT AH
AR & F UKol 71EY eigenvoice F7HE eigenvoiced] T FAIglOl
H =3 dof QI ES YEd S & 5 Jth

<E 1>, <& 2> <% 1>, <Y 2>94 Bl 48 AFdA FIIEE &2
o] 49} eigenvoice ol WE ] }A] Ao UiF HF UNES A
lolth. g 2zl & dAGlel ALF eigenvoice HF WHE ALEEHA
o AN E A7 AL gl & F Uth

§2 4 o
fo rt 1
o W g

<E 1> s=10¥ o), AL A5 o] }E 7| AT AHAF eigenvoice HIS o] §F
A¥e Ha 948 vim (A A JAE : 79.12% )

HgAre % (B 1 2 3 4 5
eigenvoice W3 WALE (%) | 8211 | 8231 | 8238 | 8232 | 8247
cigenvoice 3§ AM& (%) | 81.89 | 8253 | 8257 | 8257 | 8265

< 2> =204 o, A A8 Yol e 7|E WE AP eigenvoice WHE o] &
1

A% HF AE v (¥ A UYE : 79.12% )

e8] & (F4) 1 2 3 4 5
eigenvoice W3 VAR (%) | 82.86 83.14 83.20 83.27 83.25
g
eigenvoice B3 A& (%) 82.50 83.48 83.52 83.60 83.70

<O% 45 71E AREY A & Rl FUtE s B4 2dE sk
o F 109709 =ZdE o] L3t eigenvoice A A& dlel1 T o, eigenvoice
WS AHEHA] &2 A9 ALEFE Aol i Ao zolE Rola Ut
NN2HE J1E AR gat T4 2de] 5 JEeRUE, 109914 of & W
F7F F7HE e 34 4 299 7 "ok CPU timeg SA3H7] A3 2L =2
I9e o] ¥ RhEsle ZAstPon o TEA 29 die & I
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A3817) Yt 7R ZFe e AFge s 3t Eigenvoice M-S AHE3}
A e ASEA) F1E &4 A8 ¥ BAGlel & SRS et
T}A] eigenvoice® Al4talof B2 YA? AA4rEFE JEbATE REH eigenvoice
H3e o] 8% ALE 19 A 4 2do) T eigenvoiceTt Al4HSH FH
Z7t8 mdo] oko] Mom HLFE cigenvoice A4t A8 FHE Aj7ko] HojA
2 FHZ eigenvoiceE YEdY AYE Aol A FAFES ¢ 5 Utk

2500

2000 s » » = m m m = - - u-h-ln - -‘ - - - . m W

CPU Time

1000 1

= = ®BRatch Mode

500 1 el \lcrge Mode |

10 30 50 70 90
7| &0l ALBSIE SAISRIRE S| 5

<13 4> Bigenvoice W 3-E AH83A ¥ Aot AT A9 AT

5.4 &

B =FRoAE cigenvoiceE ©] &3 3zt HZoA EAHUA AEFE Fol7]
As) A F4 mdel FIHA o] AMgstd A FrkE AL FF AA 3
A F4& ndZPE AR eigenvoice® FAIA @1, FrhE A=A did
eigenvoiceWt A4e & 7]E9] A HEseE HE At
o] & o] &3} eigenvoiceE AAF3L7] T AZE FrbE 2R 4ol wet
ANZFon, Mde Aste A dojubx ¢tk AE AR 7]Ed AHgstd B
Aol o 2o o A F& mdo] FUHAE uf, UAEY M=
E ASGAT, At 28 AR oF 142 FAANE F JUTH

3o by

Lo 1
3% l-EJ
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