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Speaker Recognition with Kernel Based
IVEC-SVM
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Abstract In the text-independent speaker recognition re-
search area, identity vector (IVEC) based modeling has been
recently proved to be the most efficient method of extracting
speaker information.
performances of ten different kernel functions in identity vec-
tor followed by support vector machines (IVEC-SVM) system
and identity vector followed by cosine distance scoring (IVEC-
CDS). Experiments corpora the speaker recognition evaluation
data, telephone-telephone corpus released by American National
Institute of Standard and Technology (NIST) in 2010, demon-
strate that the kernel function based IVEC-SVM system per-
forms better than the IVEC-CDS system. Among all the kernel
function based IVEC-SVM systems, the spline kernel function
performs the best, and it has relative decreases of 10 % and 3 %
in EER compared to the IVEC-CDS system before and after
doing score normalization, respectively.

This paper explores and compares the
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GMM-UBM)™M 3tk i 515 N B BAR B T AR5 KAk
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H mr7E i 22 B E HEhr R R R (American National In-
stitute of Standards and Technology, NIST) 41£: 1) [F B it
(DA A e (R VAL AR FEDNS ST 5 U B R g i
HUHE ) 5 - SCFFIR B (Gaussian mixture model super vec-
tor — support vector machine, GSV-SVM)[4] s BAE T
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S T — L6 N 25 4 w5 B o KAk (Expectatlon max-
imum, EM) 5k 245 2] — A58 15 588 (Universal
background model, UBM). i% UBM &4t T — % —115%
ARFRAEIE], A e R LR T T U0 AN Rl A b
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I ERAL (SVM) O S gy o G i 2 5 R R 45
TRV o /ML ET R SE AT T IR PSS B 4 28 8, e AE MR /A
A A 23 2 B e A A U P R I 2 R AT AR A
Campbell S57E3CHR [4] 8 UG SCHRE I AL N F T30t
T AR, B T E RS bR R 2 SR B I s R
HR AL 1 o — S AL IE NP RS SRR s LA I
Gl RIS EINGFHAE X = {(1,91), (@2,92), -,
(zar,yar)} R X 2 IEREAS AN SRR o5 0 B R 2 P X 4
Py H, HArZsemsicn= (12) Fiow.
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SVM H R AE T % B BN B . 272 18] 17 2 S0
HMET-2e R 73, Tl O 51— R AT 21 T et o
e 2 ). R AN TR AR I LR ) — i T R 2
PRI, A% o8 BRI 5 I IE G 25 @b 3 fig ke 73X A il .
LI I 5 (KA BR B, ol AT LA AR I 1) o ¢ A A AR A
2R IR (R SRR, T JE T HEAT KR LR ME . AE SVM
h, SRITAN A A% BR BT AE T LA BN TR SVML 5.

4 EFzRHH IVEC-SVM iitiE AR RS
FH AH L

2R O [ A SEARLRE AR A4 73 ) 2 M AN T 4 (1
BRSO AT A T 30 o AP 2 P ke S 28] ey 4 e A ) S B R
M AT SEELZ A W], ER S R S S AR e M e, )
e SEAR KT A7 AL vy EARFAE 22 ) 73 SR I ) “HERICAE” i) L
R R AL T L3R A RO . B, 2 A
M X e R™ M, AR ¢ o SEHLH AN 22 0] 2P A A
SRR F e R™ IS, Jorh no < ome IIAH R A% R 5L

K(z,2) = (¢(2), 6(2))
X, () RoWIRIEH, K (z,2) W%

(14)

R BN T 32, 3 A Mercer 52 BE oA AR ] LLE Ny
R AL, e AL IR B IR Z 00 1) R
PR BT E S SVM I ZRINT 1 “HEH0d e, IR R 2%
B 2) Joils a2 vE b s B AR SRS 5, RIS
I (1) A% R B B ARER T AN [ 1) e R B5ORH it 24 7).

A SO ICT #E ARSI g B i R B AT 5
UE, WS T T AL RN IVEC ) 5 1 HE 26 1 g
rRPERE. TR IVEC-SVM B35 AR R &1 &
SHEE W 1 R,

1) Linear %

[#+b b bl —{ saovec it | LA+ ween

K(z,y) = (z,y) +c (15)
2) Cosine 1%
Kew) = Gt (10
3) Polynominal %
K(z,y) = (az"y + ¢)* a7
4) Gaussian %
K(a.y) = exp(— 1240, (18)
5) Multiquadric #%
K(=,y) =Vlz -yl + ¢ (19)
6) Wave 1%
K(z,y) = Hzﬁyl\ sin ”“’;yll (20)
7) Log #%
K(z,y) = —logllz —y||* + 1 (21)
8) Spline #%
K(z,y) =1+ 2y + cymin(z,y) —
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Fig.1 Diagram of speaker recognition system with kernel based IVEC-SVM
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9) Cauchy #%

1
K(zx,y) = W (23)
1+ Y
10) Tstudent #%
1
K = 24

5 RREESRNER

AR L BT A P R E IVEC-SVM. 1%
ARG HIPEREHEIT 9286, 19 B PERE AL TVEC-SVM #
BREUER, I HET SVM-CDS HI#iih AR5 R Gtk fg
HEAT T X SR TR A S, ARSI R SHOGUN
Plasey ) THAADD DU LIBSVM T HAAU3) Skeseil iz i 5
PALK SVM ZRGiH54k.

51 KREE

A S0 v R B R R A NIST SRE 2010 HLiG{F
T~ HAR{E I (Tel-tel) MR MRS Y25 Atis
b SN ey SRt ER PO R R ERC L ek NV NEER R UNRTN
A, SRR KR 3 b A, gk UBM RIS AR FE
Bk BT NIST SRE 2004. 2005+ 2006 LA 2008 %
RN EH Z BB UG AMWEEE. SRE 2004 11 1side
8sides MM T SVM B RBERI L. &l St 4 i fic
BUWER 1 Fion.

#1 HFEHE UBM, T, LDA, WCCN, NEG,
ZT-Norm H##idE
Corpora used to estimate the UBM, total variability
matrix T, LDA, WCCN, NEG, and ZT-Norm

Table 1

MiFEA Switchboard NIST 2004 NIST 2005 NIST 2008
UBM X X X X
T X X X X
LDA X X X X
WCCN X X X X
NEG X
ZT-Norm X X

SEEG R Mel WUR B 3ERRE (Mel-frequency cepstral
coefficient, MFCC) fE 4 /5 %% JEHFAE. 75 TUAL 21 FY BOR
G.723.1 BEATH B0 b AL I (Voice activity detection,
VAD) LK AR 3% 4 (9% (Cepstral mean subtraction, CMS)
FARRE ML FREANHIEE GRS, JFRET 3s Bk
JHTHEZS 7 (Feature warping), #4T T 25 % %G8 = MM
PLETINE (BKIF24 0.95). 76 FIR AL BEIEAE b, 1 5E4eH
13 HERIEEARRHE, FE5—Fr. B Z R E— i B 21
39 4 MFCC A2 R, ek UBM IR& HE
N 1024, m TR SRR 7 ZER D R, IVEC S k4
AR T 2% (R 4 2R B 0% o 400, YINERmTi%
ARIRB 6 Uk, LDA HiFEF#4E 5 I 4E 55 B o 200, ASLH:
KA NIST %545 i% % (Equal error rate, EER) fil NISTSRE
2008 H % 1 dpe /N K AR AN BB #L (Minimum detection cost
function, MinDCF) 4 VPR FR. S50 ok xf il o £k

AT Z WA INAE (Zero test normalization, ZT-Norm) J& I
REHEAT T PPl
52 KIHER

MF 2 i szae gt B LUE H: 1%, 6T Cosine 11
IVEC-SVM &7 5404 —4L )5 " EER F1 MinDCF 6
BT RET AR IVEC-CDS REHIPERE, X —545
W5 SR B0 T A B — A RE T LG
A R EL T 5 &, RIS T IVEC-CDS 1 AEIR KRR
& EARET o0 B 434, 1T IVEC-SVM R 50 1 BE 1K i
PN FER, R A FEAZ R AT ) IVEC-SVM. Mg T
itk 7T LA HERFET Polynominal 4k, H A E N K
IVEC-SVM R4 5 G5 MR T IVEC-CDS R4, 1M
A3 Spline #% B AL M RS UT, 720 B0 —4b i J5 AL
i F T Cosine %) IVEC-SVM, i HAL T IVEC-CDS %
Zikfg, vl Spline #% s 05 HAlAZ s B LEXT TVEC 1) &
BB (WL L B

* 2 HTHEEW IVEC-SVM 325645

Table 2  Performance of kernel function based IVEC-SVM
Fr EX 1% B4 40—t EER MinDCF
1 IVEC-CDS - - 5.24 0.2279
2 IVEC-CDS - ZT-Norm 4.18 0.2005
3 IVEC-SVM Linear #% - 5.06 0.2642
4 IVEC-SVM Linear # ZT-Norm 4.15 0.2142
5 IVEC-SVM Cosine #% - 4.86 0.2167
6 IVEC-SVM Cosine #% ZT-Norm 4.77 0.2051
7 IVEC-SVM  Polynominal # - 5.36 0.2965
8 IVEC-SVM Polynominal ¥ ZT-Norm 4.50 0.2435
9 IVEC-SVM Gaussian % - 4.95 0.2522
10 IVEC-SVM Gaussian % ZT-Norm 4.17 0.2091
11  IVEC-SVM Multiquadric # — 4.77 0.2314
12 IVEC-SVM Multiquadric # ZT-Norm 4.32 0.2117
13 IVEC-SVM Wave #% - 5.05 0.2549
14 IVEC-SVM Wave #% ZT-Norm 4.17 0.2104
15 IVEC-SVM Log # — 4.89 0.2395
16 IVEC-SVM Log # ZT-Norm 4.30 0.2077
17  IVEC-SVM Spline #% - 4.67 0.2486
18 IVEC-SVM Spline #% ZT-Norm 4.02 0.1901
19 IVEC-SVM Cauchy # - 5.03  0.2148
20 IVEC-SVM Cauchy #% ZT-Norm 4.18  0.2105
21 IVEC-SVM Tstudent #% - 4.85 0.2318
22 IVEC-SVM Tstudent #% ZT-Norm 4.49 0.2151

6 it

AR E VA T 3T IVEC-SVM. 13815 N IR &
8, JERT T AR R 1% RGO PERE. 7E NIST
LRI 2010 4F HEE (508 — HL TR A5 T8 U UG A U0 AZ 00 DT £
P e LR sz at 25 AR W) BT R AU IVEC-SVM. R4
AeW] AL T H AT kP 34T IVEC-CDS #i1h A R G 1H:fig.
WA, SEEG S5 K LT Spline #% W IVEC-SVM £ 48 A 1
BT RITERE, 5 IVEC-CDS R AR, HA4E SAE
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