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A Study on Background Speaker Selection Method in Speaker
Verification System ‘
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ABSTRACT

Generally a speaker verification system improves its system recognition ratio by
regularizing log likelihocod ratio, using a speaker model and its background speaker model
that are required to be verified. The speaker-based cohort method is one of the methods
that are widely used for selecting background speaker model. Recently, Gaussian-based
cohort model has been suggested as a virtually synthesized cohort model, and unlike a
speaker-based model, this is the method that chooses only the probability distributions
close to basic speaker’s probability distribution among the several neighboring speakers’
probability distributions and thereby synthesizes a new virtual speaker model. It shows
more excellent results than the existing speaker-based method.

This study compared the existing speaker-based background speaker models and
virtual speaker models and then constructed new virtual background speaker model
groups which combined them in a certain ratio. For this, this study constructed a speaker
verification system that uses GMM (Gaussin Mixture Model), and found that the
suggested method of selecting virtual background speaker model shows more improved
performance.

Keywords: Speaker Verification, Background Speaker, MSC, MSF, Virtually
Synthesized Cohort Models
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sAuit = AR S5 54 JeeA g AR] kAt sAzte] Helst ghat
o] Wold vja] AHog Avte AFE o8ty ok FEo AHPE 7HA1 HAE
T2 F 9»15}.- ol2{ g gzt Wlolg o] g3t AT AFE Yoldle AL FAJAFTA
2goje} gt : .

gtz oz 3AF A2 e HFFna e AR 29 AR E o
23} log likelihood ratio®] & ATTE Foz2H Alade] ANES "5““‘]9]‘:} o]gj 3t
B3 R go] o] &HE W s AW cohort W AE HFEHaa &
= k& 7 HAREYE 22 FAEDES WASA mdE MAIGe MSC(Max1mally
Spread Close) W} o]} RidZ 7} FAL=E7L e FATIES Asxndz g3ls
MSF(Maximally Spread Far) #io] it} &2 7H3Z3H(virtually synthesized) cohort
EAZA 7}9A} FEE X799 cohort W] AAHdon, o FAr|vtge g
F8e o2 gaEe] FEEENA 7iEHAY FEREY AR FEREZEUS 2
M2E Mo gARde FHste WHoR 7€ A7 el B8 3 Ao
BoF3 gt :

B =RdAe 7MY SARES F3ta, oY dAT vl&Y PR MEL s
W7Zsz mdEs At WS ALsAon, olF 71&E WA Ak w3}t
g3 Jsg uase 48e Ao o8 AHA GMM(Gaussin Mixture Mode) & A+
e AlE "V\E\Q% T, AGE JHFe wAsARd dAdye]l B §4d
5€& BFa &S FUAFHAL

2. 3AAF A= 7E2H 74

A5 BHE S40 Qo HA, 3 AN BE ARAAAE TR U
Aoz sigad B9 27 S8l asan, o e 39 13 2ol 9 $44ES 2
$4e BAD B WY AFWES} Po] FoIXM, Axde 1 AZWB] AFHE 3}

ol A
Aol i Fzx AR JHE SPAEI A AE FAeY dA Ee A @
A€ WA € F 29540 dE SAAAFTE 53 Ze 71F o8 ayE WA
|t

32 A tif d(T(x), P(x)) < YAA
g2 A% tif d(T(x), P(x)) > AAA
T(x) D AAE €Y
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AR ol 4 W nFsol T A WASAE AYEe WEF WA Fof
7 Aotk A@Hog B uf w7 stAH(background speaker)E UWHAR oA B3
ZIdEE AFAEY] BYo2 FAE Aot ojd AAAEL v 4 538 7t
AAY Ho® FA49 IAEEZ 742 lolvh. vEd A 7|ve) 8 oM B |
A XY AHAEY HIE AT F Jded A8 89 24 AA 94 AHeARE A}
Aste Aotk 71€ A2oME FEE At AU HId AAEL WAsAR
g3t uﬂ—\roﬂ BE9 g N2 AMEE FRY F YA Y9} Zo] wje O E
LHEAE ZHe AT Hokg dHo] k. o] go] LAFE olf e wie e
Aol frAtE F2Y 2R, #AE2 F 2dYo] ¢HY| Wit

a1 Yty oz wF gAY FE AR ARE FEI ZEY & F S WE A%
AT AAH o zE ANFH AFEY ALEFE s AT FL 7o RAsAE
o] g3tA "k AAIZ ANE st YA Y WHEE WMEHoE HEsy) A 42
o] sate AHEA EBE YAV} HE FE AHAZRE o] & Ho ZE HAd s Eeiriv
A¥E @k F WA 3A4E Rol AT ZAfole AR 7 FAEA HAW St
22 498 A8 AAES AP AHEEHA B

3.1 MSC(Maximal Spread Close) %

573 DBl FRAUOHE o] &3td EE 3o GMMEYES HEIL, FARY Aol
AGE AN 2d (4;,4)F FES4 (X, X)E /IR A& 4,5 9] AdE be A1)
I} o] Ao}

X1 4) X5 | A

dAaA;)= log ey Y g 5z TR (1)

A7} 74 ke A NB(N>B, B 52 wiZ3siaTel 278 &4 w33zt
T(close cohort)o.2 Mg &n}, Rz WASRAE b(DE 7HF 23S 34 FoAAM HAdig =
F 2Xd IAEZ FAHY
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(&A1) CHANM 73 243 3AAE ()2 o]F N=N-1, B =1
Bt b(DAM A a9 £
(@A 2) ¥ 248 UF3e 32 c& CHAM b(1) 2 oF,

C=

d(A;,4)
acrgrcr‘l(? [ z‘b(a d(4;,4,) }

N=N-1B" =B +1
(27 3) ¢A(2)E B’ = BY wW7x wrsio

(2)

o]ZA FozM uj&d AAE FHIHAM WAL 2 A AL DAY £ m, F
AE wWAsATAA HYe A9 HYE e F Utk o) L ¥hE-E MSC(Maximally-
Spread Close)&tnl g} [4]

3.2 MSF(Maximal Spread Far) %

ddEE AT ] 71EsAbe} vdhA] e AAES XYL S o, WA A
g2 g2y "WolA Us FAES 45 EFE oo & Aojtt o] A% WA ATy F
AL AZt 2T AF die 2] doln sxe dRE EFEA Hed, old s
He] gojx e SA N ¥& 23 0, oF 18 239 B2 BE uiAFsxeg 4Rz
Mgt ARYHL oo dugFE 4]

F(): 82 258 743 2 "ol gas9 g

b(i) : HEAHQA AR T

(@A 1) F() oA 714 98 gl g 348 b6(DE o1, N=N -1, B’ = 1
(@A 2) F()IAX & 23 BESE 4 2 b(DE o F, ol f= g el

oA HA,
_ argmax [_1_ . .
f= feF@) {B jegi)d(/l”/ll:)*du“ﬂp)} (3)

(¢A 3) @A)E B’ = B2Y W7A wE

4. 7v8 WA A ATy

29 25 7H M ASAE FARE AEEE RelFD Uh12) /12843 I 25 o
(A, B, C, D)7} 22 5247k 3 Q) GMM B8 € P48t Utk /el wAsaE 44
A NEBA 19 A2e) DAY B A AL B2AE Ferh ol AASAS A
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. maximum log-likelihood
MSC 410
MSC+MSF 615
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4 DBE+¥ YOHO ¥Z DBE AM-3l4th YOHO DBE 334 3lx¢4 A¥S 9
A wsolHom, & 138 B9 B dolHz FAIAY. 22te) shAei 4 We] SEAA
o 1095 HATAAS] o8, @5-T2-AD% Bel £AE BT FUol SEHALNE 2
A, 290 FAAZIES A% HAEAME 4 AN SHFDo] Utk HolHEL
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79} AFQAA HEaIAh
B APl ME WRH AYL skl ANSIY dolElBE Tstd Yy sate) FE
20 Foz ABHA 7ZHAAY SES Aste] TTAMG] Y= 24 A BYL BE FA
o | B 40 % Q0|9 HoIHE ALESAT, HIAEE YOHO DBe] 2 BlAEAMs] 4 7
o BYe 2 20 = YolHE BWEo} AHEE 10 3 AP

5.2 37wt el A EA AAgay Ay

Wl A AE AAET] YA WA 29 49 B S B9 A4 sAE 2dysed], ol
o AbE3 GMM "HaxE 32 22 gHen[8 123 MFCC(Mel-Frequency Cepstral
Coefficient)& 54 Ielv|el2 AL&31%vh[4]
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a9 5 3 71 ej sz A A

ojwj w7 k=t Mee MSC ¥ MSC+MSF 4 2 7} 2 gth. oA 3kzk AejA| oy
3 5 N=122 31 HF A3 F= B2z Faych Loz 3} ig Ha
E4 ol 10 ik 3t s}t wiAsAlz Hdd 699 522 AL Uoix 13 F9 gAE
Hol8 130 /B & AHYAR AESte 3A%F 4P e, 2732 U likelihood 35S
NER NRsg B Feoire YA ‘

8738kl digt AAbel = log-likelihood W8 ¥ normalized log-likelihood ¥ 18] :
maximum WY F& ARS8 21, log-likelihood W& 4(5)t 22w, normalized log-
likelihood ¥¥-& 4 (6), 221812 maximum log-likelihood W¥-& 4(7)3} o] AAsigct.

gl
log#(X | 49e = log(§ 22X 1 49) (5)
o8 /(X | 1 = 5 2108 p(X 1 20 ©
_ _  argmax R
log (X | 2 Aam B log p(XI1A-) -

A7) MR sk AR 9% A0S 4¥e AFAE g E 19 e, MSC
7d%-°l £ normalized log-likelihood ®#'#¢] EERZte] 30322 714 Egtow], MSC+MSF 7

Sl & maximum log-likelihood BHg o) 3.298 A%o] S5}
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log-likelihood

normalized log-likelihood

maximum log-likelthood

MSC 373 3.03 365
MSC
MSF 409 3.33 3.29

£ 3. 3A7)tel A w7kt mE A (MSC)

log-likehood normalized log-liklichood | maximum log-likelihood
B=6 373 3.03 3.65
B=8 369 3.00 364

g WA sAl wo Sl mE A& HAed ulwsty] Y8 A s +F B=6, 8
o tiste] 2zt AP en, ¥ 28 FAA dwrHoz wAsAe £ FkE B 4
< A Hee BYdS ¢ AN 2y B AP Asole dA dde] He At
20 3oz A Agolojx Ay ANAEE msted Hoh B2 iy g9 Fo g
dge] Basidrt

5.3 7433t 71uk wj g sA Ay 49

st Az A sk Ay FA SRk vhAvtAl2 OF 49 o] 74z siat
2dg 78 ate] GMM 29t Zo] A%

m mg m;Z
2
GMMe] 33 my mz ... My
i S ‘32
mi m3 m 2
1 1 1
g1 03 012
2 2 2
GMMS] #4 o1 0z .- On
"3 2 T ‘32
g1 02 01
GMM4 7153 [ w, w2 ... wy]l

7Hdel SRR P e 29 63 2ol J1EsA i9) GMMY 49 7h-A
< Haxgt Urix] gaEe GMMS JHAY B&A3ke) A8 € Bhattacharyya ¥H[11]
o2 Axg ¥, 7 At 7 JHAE B2 32 AE ol 88t A2 THEe s
2dlg PR 712s5kA GMME 2bzhe] 7ES-Alet Ao disiM b 2HE SR s
HARES £AUE LT 0, o|F FAN 2HY SHUE 32 A9 P2ig Ao
PR d e Aaie, ol e sHdsA B A2 spEe) sAEe WEo] wiAsAR AFE
. olw b 2PS eANZY AT S FARE JESAY d2AER At of
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a¥ 6. 7MY ST FAE

F 238 UAAE2 T JHAAE AR HEZ o)t fAY FEEIE e H£d
NARAE FRAN ARAE A9Y SUNEL A5 olF 1) A Ao)& F7] 9
3 LY (L=1, 2, 3, 4, 5) zol& FHA /AT S A Egch & 4& old dig 23
2 ok Zolth ® 29 sl MAYY AYANE 6 Fe WARAY Ao
normalized log-likelihoodolA 3.03¢] EERZE 7}4 £ ZAHE xo|A ¢ 7l F AT 9
Ago| A= EERgO] 210-294 AEE RE WA B £ AFE BAF 1 Ut 53
maximum log-likelihoodE A4 7 9ol 168-2.399 FH}E log-likelihoodE Al 8t

BE ZSoA gAr|ute] wZsar ARWHEYG HEBAER P AT E 0%
3 Agol MAEE & & AUtk Lgkel #ste iy A viXe 4% 4R #A4
g ZAE AT 9ty oz L=19 AFALEAH 22 ATt /7 7HEAIY 2R
WA AE dA3te YHETE L=2 £t 3 =2 ALA L & 7H9AI 92X EZ o)
AAEE FA%E Aol Fuv AL € 5 Utk 53| maximum log-likelihoodl A =17
A48 B=622 & u), L=1¢lA4 = EERgte] 2.070]A % L=2, L=-322 3}® EER#°] 1.68
2 ZaHAG

¥ 4(a). 7HEskaE 23 (L=1)

log-likelihood normalized log-likelihood maximum log-likelihood
B=1 7.50 434 434
B=2 547 452 365
B=3 5.10 378 310
B=4 492 242 2.78
B=5 294 263 231
B=6 297 2.86 207
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log-likelihood normalized log-likelihood maximum log-likelihood
B=1 7.50 434 434
B=2 484 2.44 2.71
B=3 4.84 3.15 2.23
B=4 389 231 1.78
B=5 4.36 242 1.81
B=6 381 2.44 1.68

E 4(c). 7H33AT A7 (L=3)

log-likelihood normalized log-likelihood maximum log-likelihood
B=1 7.50 434 4.34
B=2 542 342 315
B=3 423 2381 2.36
B=4 4.13 2.07 1.92
B=5 415 262 1.81
B=6 4.10 2.26 1.68

® Ad). 7MESAT A3 (L=4)

log-likelihood normalized log-likelihood maximum log-likelihood
B=1 750 4.34 434
B=2 489 381 3.02
B=3 421 3.36 2.39
B=4 436 3.36 213
B=5 360 2.89 202
B=6 363 2.94 1.92

B 4Ale). 7V A3 (L=5)
log-likelihood normalized log-likelihood maximum log-likelihood

B=1 750 434 4.34
B=2 478 315 278
B=3 365 2.65 2.73
B=4 3.73 2.94 250
B=5 344 2.76 2.39
B=6 426 2.10 2.39
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