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Abstract

Conventional speaker verification systems using time delay neural network, identity vector and probabilistic linear
discriminant analysis (TDNN-Ivector-PLDA) are known to be very effective for verifying long-duration speech utterances.
However, when test utterances are of short duration, duration mismatch between enrollment and test utterances
significantly degrades the performance of TDNN-Ivector-PLDA systems. To compensate for the I-vector mismatch
between long and short utterances, this paper proposes to use probabilistic linear discriminant analysis (PLDA) model
adaptation with augmented data. A PLDA model is trained on vast amount of speech data, most of which have long
duration. Then, the PLDA model is adapted with the I-vectors obtained from short-utterance data which are augmented by
using vocal tract length perturbation (VTLP). In computer experiments using the NIST SRE 2008 database, the proposed
method is shown to achieve significantly better performance than the conventional TDNN-Ivector-PLDA systems when
there exists duration mismatch between enrollment and test utterances.
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Figure 5. PLDA model adaptation using VTLP
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4.1. GMM-UBM A5
TDNN 7]4F  Ivector-PLDA A]A~El2  GMM-UBM 7]4F
Ivector-PLDA Al A~ Elof] 08| 352 A5 Bl &4 QA
vk ol 1,800A1F W32 Fisher HoJE]H|O]AE AlE-5}0]
DNN<S 8H5A1 708 wo|th22]. & Ao nwz I 22
2] 80AIRE S WSI HoJEIH[o]AE TDNNS &5A1A
TDNN 7|8} A5 A A'-S 4 itk dlo]ejHo] A~ 27]7}
AT AR Aol vX &= GEFS A Erh T o]
ElH|o]AE TDNNS 54175 S E2 R AR5 7] wlitel, &
A3 vaE 95k GMM-UBM 7|8t 3k5 Al A lofA
UBM &t5Alel WSIE F7H8ox AHg8 devs glo
[4].[5],[16],[26].

25ms 719] wfj ZZ#H ]| thsto] 202k MFCC 9} 13} w3 4 2
2 wEE FUkele] 60%18] MFCC 9EE =33t
GMM-UBM< 2,048z} 71H9-A]QF &3t Edlo] 31, SWBII- phase
11 2} NIST SRE H]o] B | 0] A~ 5(2004,2005,2006) % SH5A1 At}
400219 9] T-vector S AHE-31% 37, SWB2} NIST SRE H|o]E{H]| 0]
2EE BT AREsto] A F58HA Egelaith sidel =
PLDAE AME-5Fo] A5 ® 35131 21 PLDA %I A] SWB I -phase
[ 2} NIST SRE H°]Ej#|o] A BF5 Ag-3ke] sh3laitt. A
5 9 7}= NIST SRE 20085 AH8-3F31 tH25].

4.2. TDNN 7|41 Sk 5 Al A HL 2] A5

Kaldi toolkitol| 4] | & 8H= s5 recipes ©]4-3F0] sh5% =49
2715 o] &3t T AFFEES AAteIiTH21]. B Al
A AR5 TDNN- 25ms 3289 2 o] €] 392+ MFCCE & o
2 ARG-8kaL WSIZ 8155 31T TDNN 471 €] 295 714

w, 2452 p-norm (p=2) 5 T/ = AHE-$HCH 12]. TDNNS]
AMZY A¢t layer0[-2,1], layerl{-1,1}, layer2{-1,2}°]t}.
layer0[-2,11% layerl 8] 3+ = =8 402 A% 279 v &=, @
22 1719 Ao 9] BE =9 #hS o3 1H 3(affine transform)
8-S oJush Jayerl {-1,1}3= layer2®] 3+ = =5 FA 07 9%
N, 8% 1719 =& #eks of W EshE oju]gith A E
W (softmax) &2 52 3048 senonel] T3 ALFEHE kS E¢
3FC}. TDNN -UBM< 30483} senone®l] o] 3+ AFS-&H5 1S o] &
310 Lvectors &3} A5 Al A8 6002 9] T-vector
= A28+ 11, SWBS) NIST SRE H|o|EJH|o] A5-S 57 AR
sko] g F&5H) shyelgit Sete A= PLDA S AHE-31od
25019 513107 PLDA ¢ A] SWBS} NIST SRE H|o|E{ o]~
5 ARgste] A S48 shEsith /35 7k NIST
SRE 20085 AF-3FSIt 1 =oll A& WSJ DBE ©]&4-3f 54
Q2715 a5 o 71 A3t senoned] TE APH o=
3048711 =2 3t AL8-5191.C. 7, TDNN 7]9k2] SlAp 5 Al 2~ 8
o] 55} o] o] BhA| 30482} % B5 ¥ th GMM-UBM7|RE A| A H]
O] 7he-AIRE Ak ARk o' 71 A1 3heE 2kl 204822
814531tk GMM-UBMYZ | HE A| Bl 9] 71-9-A|QF X<=1= 2048 %}
oS A B F714%l A5 o] mimlsittal Hal
w]o], & = Eoll A= 20482 GMMS- AHE-3H3 T [5],[26].
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o]FolHEE & 4 9tk 1,80047FY] Fisher tlo]E]Ho]
AHS-EHA] ko, Bl A 2h2 k2 80AI7ES] WST o] EfHijo]
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—n=

Hlol 22kl A2 0 % ALg e,

3E 1. short2-short3(‘2d) ,short2-10sec(‘dd) 3 7}H o] E] 2]
EER(%)
Table 1. EER(%) of short2-short3(male), short2-10sec(male)
evaluation data

T5 9= 1 2 3 4 5 6 7|8

GMM-UBM

short2-short3 9.51 | 1.21 | 9.61 | 8.43 | 594 | 6.52 | 4.33 | 2.63
TDNN

short2-short3 7771081 | 791 |7.29 422503273 |1.75
TDNN

short2-10sec NA | NA | NA | NA | NA | 827 ]6.926.58

4.3. 2310 gfj=o] &

70 st} g2 kst 53 E 7t dlolE ol A o A S Al
2EIE A5 Ak oF AellA 7155k 213t o] Ak e A
7otk <3 1>9] 3A 32l wslo] g)=to] Yeht= 7t
Elo]E1Q short2-10sec('ed) A7} EloJE ol T &t wlo] Aefel A
2 HIO] EERE H O 10sec= 3} T shAl| ol A] 10272 &
/d @3] ko). short2-10secoll A= &5 37F 24 1~59] o]
S @74 Al F8HA] ekt ol gk wkel o] ZHS wsl(10sec)
glolgHo] Aol F=E % I-vector®}, 71 ¥SKshort2) o] EfH|

o] 2ol =2 Lvector A}0] 9] W& B x]7} LA ulek
YIS Lvector®] WHaldo] 9f3ro] sxbzl%E A|2~Ele] EER

9502 0ol S H1% 5 ek
32 03 3N Lveetor O] ) F S 913 APAT
£ 27, PLDA W2 S48 1, 71 0ako} Fe 0akE A
o Sh¢rate wakol shtol Q= B ANM FHH A
PFe BYITHT) B ATOIHE HYATE PLDA HAE 3

43 ) ALS-5E NIST SRE HloEJ#lo] 254 A2 10sece] T
& 3 5to] PLDA 2H 85 Aol 21 #3)o} 242 Ut E &
Alef| 8h53F O U, short2-10sec 38 7F A2l &% 7 27 6~8

of| thall ZHz} 8.86%, 7.31%, 7.58% % H|o] A}l A] A Elof u]sf
EERC| A% 58S g1t} 7]E Kanagsundaram(2012)2]
Aol A PLDA 52 85 Alo]l A2 07 ojw A F2 23

£ FVAEA] 71 E o] QA ot A2 W o E ERlE &
T Aol o, W3] A WelE PLDA BE 8h< Alo]l F7)et
Loy o g Zr1A) A SRS sloldl 4= 9lolt) o=
71&e) 7 3tz AEAG QA S5E SR wWed] A%
9 10sec W32 LA A WA =, 7]E SRR A noise =
2hg-3k 4= Q7] Wi o ® Helth 131 o F7HARIA
THEE FlEA = 71 el FAA AlEAdE gRE 5 Q)
< RFsk QF9] 2 w3lE W ko] PLDAR.E &5 A| o] Af
flokg A o7 Ater)

2 AT Hjo| ekl AT AlARlo] AFA QA T
ol A FRlsh] $18) e A -4 EER Z 7}-9} ] waj 2t}

St EF ATE B I-vector
A& GMM-UBM 7]4t

sk 2l S 4 7S 283l Al o] (session variability) & R
3l 3 PLDAE AF0]® 3} tH23]. F7F= NIST SRE 2008
short2 -short3(‘843) 2} short2-10sec(‘gd)oll thall o]Foi% o
$A bl FF H7F 24 70l vis) H sk U A 3%
3| A= EER= Al 3-3k4] 23t 3tk

Hjo] A2}l AJ5-0] SRE08 short2-short3 3-% H 7}
Z7 7904 A 0 & 22%, short2-10sec BF H7F 274 7004
AA O 2 40%2] EER FAAE HYS el 33ith o=
TDNN 7|5t A]|~Elo] GMM-UBM 7|5+ A|~Elo]] LDA 7|H<
285k Al E) B} Al 1o (session variability) 28 2 whsh
o] =t HAYol o2 a A QS Hola gtk v AP Y El =
gl o] of 2o vehuh= 70 Bl Rl short2-10secel] Thal 4]
Rl ke

4.4. 3310 9= WAkS 913 PLDA L El %
22 2t ol Aol A wele A9, el dolvt g &
Joll A F2 9 Lvectors> 71 E3lof|A] 28 L-vector=°l| H]
3 & BARS VIR A Bw, 71 F7] wd wald o) v} gold S
= 00l 77k 21THe6]. o] 2] & 57 oA ¥ s=7-ol| 4]+= PLDA %]
= 7S Fall 710 th i 71 EskE S A dlo] e
O] % 315 % PLDA RS, - '23h 815 PLDA 3]

459 45

ElE o] &3] #S w3lr Ao 438 PLDA TelvlE 2 4-S
A7}, -2 9kl 8k5-5 951 7H EL o] Eo] 2~ NIST SRE

2004, 2005, 20061 4] 10sec, 30sec 7+ L3131}
¥2.PLDA -85 2 &3k v o] 22}l A| =R 9
short2-10sec(‘g2/d) 37} vl o] E1 2] EER(%)
Table 2. EER(%) of Baseline system with PLDA

adaptation using short2-10sec(male) evaluation data

IF W =A
o _ 6 7 8
AL 7SR ())
0 (no adapt) 8.27 6.92 7.58
0.3 8.66 6.92 7.58
0.5 8.66 6.92 7.58
0.7 8.47 6.92 7.58
1.0 8.66 6.54 7.58

<3 2> Wjo] kel Al AElT} wlo]AEkl Al Ele]l PLDA
22 719 285 A 2819 short2-10sec(‘HH4d) 37} Hlo]E o]
tjgt EER A 7o)t} vi= A8 7 & e ™ 7100 4]
5o] o]FoJ XA ¢k o] Akl A|EIC] PLDA Bt E &
oJulatd, 19 7S A @3} dioje o] AR skl
PLDA d2}vlE] el =7 9 -2 452 PLDA w2Hv|E E 9
v gttt A3 BA H PLDA 4§ Foll s Fde] o] Fo
AR F5E & F Urh A vlojEjwo] A0 e whglo] A
& A7y 53] vl A ek - 25} PLDA v} E
2 ah5ahA] 237 YR 02 HQlth o] PLDAV}F B2 oFke]
AR} ol HolE7E FoR Aol A Qe mdS

-0
ST
&8 4 9l A s ol 7] upolt,
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Table 3. Data augmentation table using VTLP

glolE] 5] %3 AF ()
5H) 0.8,09,1.0,1.1,12
0.9, 0.95, 1.0, 1.05,
9u)
1.0, 1.15, 12, 1.25, 1.3
0.8,0.85,0.9,0.95, 1.0, 1.05,
114)

1.1,1.15,1.2,1.25,1.3

9 A% o) WATH 12 AT 0w WA 2 Eslel &
SHAAL AL WA Hlo|El 7t 73w, habe] 1 5421 4
S4ol7k /b i E3vh hehk, 349 &4 vlolE o) 54

7} 9E &4 9] A7) o BFE 3HA}E labeling 2 7o) 1, 1S
7NFo 2 vl$- 22 W9 QoA o7t 7hA HH, Y S <)
Hol® & 7 Qle 54 dlolH S70] Hol & 549 st
Z79 $A4 9] 327} 2 SR labeling Ho] 2H-S W3
PLDA 5ol AHE-E T <3 4>l 4= g2 23} 7ol A%
2,61579 2] 3}#}2] whalol A &3 2,615 712 I-vector2} 933 7|
T aF 7HHE sl A 2% 2,615719] I-vector AFo] 2] CSS
o) BE7 BEAAE RlF I Yok a7} 12 71ECR A
PR E A, Q8 wskel 7hHE W3 ALo] oA F2E H T-vector AF
0]¢] CSS9] HS oA, FFAAE AR AL o

o

FE 4. @Al W2 CSSe] HH FEHAL
Table 4. The mean and standard deviation of CSS according to
warping factor

A8 Ad () B EFHEA
0.8 90.5 62.9
0.9 328.8 46.1
0.95 513.5 20.1
1.0 600.0 0.2
1.05 522.5 185
1.1 367.5 41.6
1.2 150.9 63.4

2,6157 9] #2 dsle] viste] 71 %2 CSsE 7HA = Tt
9] I-vector2} -2 E@2F 7FA A bottom-up clustering S i,
<3 5>°lli= 9158 Al W}% SAREE7F vERY Qi Solgt
AL 13 A= Apol7h 22 9158 Alet A 2kE 0.99) 0.95¢]
A L1 1058 7]Es A S AR R s g Ukl ¢
72 w3tTh 0.10] Akeluk= 4991 099} 1.19] 7ol M =
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Table 5. Speaker distribution according to warping coefficient

A3 As(@) 71E3}AKD) M= SAHCE)
0.90 2030 585
0.95 285 330
1.0 2615 0
1.05 1409 1206
1.1 328 2287

<E Eol M A delelio] el
gatel 93 Aol gl wlEsl 5, o, 110 3R 7,

PLDA 458 3 Ho]Aglql
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o=t §lo] SAet A

VTLP 715 9]
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7)) AR 248 2

2L 5Hl9vl] Sl Atz 17k 101 Akl A
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Table 6. Performance of PLDA adaptation after short
utterance augmentation using VILP

35 F7txA
o s 6 7 8
A& 7F5H ()
1H) 0 (no adapt) 8.27 6.92 7.58
0.3 8.66 6.92 7.58
- 0.5 8.27 6.54 6.82
0.7 8.27 6.15 6.82
1.0 8.47 6,15 6.82
0.3 8.66 6.92 7.58
- 0.5 8.27 6.54 6.82
0.7 8.07 6.15 6.82
1.0 8.07 6.54 6.82
0.3 9.06 6.92 6.82
0.5 8.86 6.54 7.58
114)
0.7 8.86 6.92 7.58
1.0 9.06 6.92 7.58
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