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Abstract: Discriminant Neighborhood Embedding (DNE) algorithm is introduced into the speaker recognition
system. DNE is a manifold learning approach and aims at preserving the local neighborhood structure on the
data manifold. As well, DNE has much more power in discrimination by sufficiently using the between-class
discriminant information. The experimental results on the telephone-telephone core condition of the NIST 2010

Speaker Recognition Evaluation (SRE) dataset indicate the effectiveness of DNE algorithm.
Key words: Speaker recognition; Total variability factor analysis; Neighborhood Preserving Embedding (NPE);

Vol. 41No. 7
Jul. 2019

Discriminant Neighborhood Embedding (DNE)

1 35

e N TR BAE R AL 545 5 e & i
WENRHEE B, UM B NS 4 I EOR T3
K, 750 HT (Factor Analysis, FA)S S kit
WAV U AR, Horp, SARE I 720 Hr

Wk 1: 2018-08-03; ekl 3 2019-01-21; PR 2019-02-24
*EEEE: FHEM liangchunyan@sdut.edu.cn

FETH: K ERREFE A (11704229, 61701286, 61562068), 1l
KA BREIFEIES (ZR2017TLAOLL, ZR2015FL003, ZR2017MF047),
AR = S F AT R E (J1ITKA078), ME HARRIE L4
TiH (2015MS0629)

Foundation Items: The National Natural Science Foundation of
China (11704229, 61701286, 61562068), The Shandong Provincial
Natural Science Foundation (ZR2017LA011, ZR2015FL003,
ZR2017TMF047), The Project of Shandong Province Higher
Educational Science and Technology Program (J17TKA078), The
Natural Science Foundation of Inner Mongolia Autonomous
Region of China (2015MS0629)

FEVLTE N P 35 T S HA . SRR T A
R IR, R N E AR IS REE M
PR E], B ARAAS R] o 3 IR BE A BN
FEAF I TR A IR (Gaussian Mixed Model,
GMM) i 4E 35 {8 ) B A1 S AR A TA) B AT 5%
3 BMCYE 1K K 7 ) i d-vector, FRAESLIERE BUEAT
I R ARRNA 0

B2, BT BREAAE—ERA L.
SRR BT 3 M R S U ME R T 23 23 BT (Pro-
babilistic Principal Component Analysis,
PPCA)M—H,  HAehS [ WL (1) 22 A4 254
N T v Bk 2, ABIOR KR ik A\ (Neighborhood
Preserving Embedding, NPE)%§ i 2 2% > 515 B2
IR T DN A 7 K P S BV 6 1 S A €/ T W
JR AR IR A AE R, TR e T U AR P RE
SR, NPEFEI OG- AT £t 22 1tk AL N, AR
FF T RIS (R —Beah N)FEA R Jry f ik, R IEA
7] 288 (AN R] 18 ) REAS 2 TR) R D e, i 45 R


http://radars.ie.ac.cn/CN/10.11999/JEIT180761

7

PR LT P AR RN S 0E AR5 1775

XU AR A A Y

BERF B F Tl 8, AR SO H — s T ) A Sk
A (Discriminant Neighborhood Embedding,
DNE)&E R vl N R Ge . F AR N %
T 25 A AR R BAE B, AMLBE IR FRE N (A —
P UE ) FEASER (1) Jmy AR Ik 2 AL, (] I i 1 2 ]
(ANTRIBETE N ) FEAE s 18] (R 05 R, ATAFAN AR
FEA RN ) 2 AH EL 4328, DR L A 5 5 1 0 il
AEJT o

AICLZHW R s B2 EAN B T ivector [
BRI R FFIR AN BT, B8 3T AR A SO 1 ) Sl A8 3
RS, SH4MTAENIST SRE 2010 HLi6- H 6%
ORRAE LR sesh e B, B S g,

2 ETi-vectorBISBHRFFHLAFLA

2.1 BTHEFSH
g€ —BOBEEHURE, AT AR R U E A
T AH O I GMMEAEEE 0] 2 1] R sk
M=m+Tw (1)
o, m S5l A EETC R =, — 8
WA TS SRR (Universal Background Model,
UBM) ¥ H ) F ok R AR T —MICH i R A
R, Y4E50h CFx Ry, Horp CREGMM iy i 4k,
FRFFAEYEEL, R o i\ AR A B o i A 255 (R AR AR 1)
HWANEG w APl E, R AFSHEES A0
N0, I)s I EHwP LR EEZLE T (Total
Variability Factors, TVF), #[ & wAidentity
vector, fAjFKi-vector. XIT il gk TAIHEEi-vec-
tor (R HAR IR TE W2 2% SCHR[6] -
2.2 PIHRFFRN (NPE)

e WHREI R X={ 2, ), ---, xy}, HT
x,ER, i=1, 2, -, No z ti-vectorf]i, HHE&UL
NGO PSR B . NPER H ) A2E7E B 4E 1 [
I, ORRREH AR [ A7 1) R A SR R T S i AR . e
TR B W AR BB P=[py, po, -+, DK
R L2 ] 1) B8 ik N S 81— AN ARSI AE 1) ) 45
HRA(K<L)™ o B fla e RS /) rh R 7R 2 43
REFHR A Ry, Hy=P 'z,

TR IR 1 N 2 TR HE B PRI 20 R D
SCHR[11,15].

HE AR IBAORFF RN 1) AL T SCHRF ) B AL (Support
Vector Machine, SVM) 7 Rt BE, I3k FH R 54
YENIZ A . EEATSVM BN, #2175 1E
AME . IS TEAME R AR AT 20 RN T 2200
4 (Within-Class Covariance Normalization,
WCCN) SR % #17] 5» 7 (Linear Discriminant

Analysis, LDA)M, SXPHAN 512 DLAS [R] AR DO A
TERATAMEE, AN FH R 8 21 SO0 I R

BNPESR AE A i-vector I, 7] LLFE IR
PAET E NIUE LSy b ISR o Ry AR S N PN
fem T R TEREM . HALARFF IR N FIRAE AT 2
PETEALINT, AT &R 28 ) A R DX e AR, AT
FRAS RIS IR A1 Hh s s AP 58 I A A AH B B (1) 1
B, NI 7 RE .

3 FISSREIA (DNE)

B HR N (DNE) 72— B A3 R 177 1] 4 2]
Jrik, SN RIS, @ B AR
- AT AH S G, e i M REAART ) 3505 B 4 1 b sz Bk
HAm gy, RGeS IS B, AR
0 W R DX 6 A5 o #F DNESVE N H T3 id A
PO ) AR R

G MNAGEIE X={x), 29, -, ®y}, TP
z,€ERL, i=1, 2, ---, No x&i-vector[i @, HZAE U
NS0 FIbREAS B . DNETEFF4E R R I, fEfr
FEE N B A T A 0 JR AR R e S i AR, FF
5 R PR Ml A S () B A A St 5, A7 ka1
YEJG 5P RROR o B A I 0 T Bl S A 80 e
A=[ay, ay, -, ag], FERZ 0] AR A WL 2 —
AR LE ) ) = S RE(K< L)W o s iz (E
R T RR N 2z, Hz=ATw;.

S I 5K ik N TR RE B A I o FR A FE DA R
2%

(1) 558 BAT Ui 1l A S b i 45 B i I 2R Eicdls
X, BT RARER B a4 VI 2505 0 . 4-vector
i, fEEEESE EIR DA G,

(2) VB ER AN TOL R RIS 5/ T 2 TR) PR 5 A
B A E R BUE W, AT A 2125 5 B A [ BAIE
TR W

(a) By T AR EHHE R Z MR J).
ReMa s T AR GIEANKER, Hefla R
A2 — (B 2, RN RIE 2 —), W
Bij=exp(||@; — z;||*/t), HPSEhEHE &
750 B; =0

(b) Wt T [F) S HHhs a0k A o, I (Y DT RR
i Rex Mg T A FOE N, W W,=0. 40
R M fm 1A Bl NiEa), nTRUE I e
AL PR

N
P(W)=>_ llzi= D, Wyl (2)
i=1

HEARAMND Wy=1, j=1,2, ., N. RpHE
F LA R AW

Ni



1776 M7 5 F

SO 4 84145

(3) U A DNEW G & #fi [k A. DNE ) AR
T, FEBRS BURLE W 5, RAFEABIZ &,
WFEA R TREE R IR FFANEE, SR PITTINS IS, 4l
PAR 24 e A ) )

N
max Y [|y; — y,|?By=max(ATXHX"4)  (3)

,5=1

N
min Y ||y, — > Wyy,|[’=min(ATXM X" A) (4)

i=1 j

Wi ATXXTA=1. Hrh, RX(3)thim
H=D - B, DX B, Dyzz:z]. B A (4)
FM=TI-W)'(I-W).

& IR Sp=XH X, A48k
JESy=XMX", ik st i) 5] LU el
N SCRFAEAE SR A i) L, BRI

(Sp— Sw)A=)A (5)
SO SRR (5) 5 T A 380 0 0 400 B N 2 )

A=[a,, ay, -, ag], HH, ay, ay, -+, agit LR
RO R KA e KR ARL XS I (AR 1) o
4 I
4.1 LWEE

AAFHINIST SRE 20104% LR 4 (core-
core) M HLIG I ZR. HLIH NN (tel-tel) /E A AL,
K% % (Equal Error Rate, EER) il /M il
R (minimum Detect Cost Function,
minDCF) %} ZGEPEREREAT VP 122

St vh B4 P (AR I A 364K PR SR R (513 2
H(Mel Frequency Cepstral Coefficents, MFCC)ff
fiE,  FLARFMUREAE Fh 182 1 A 3] 3 R 4 J FL 1k 2=
SRR, I FREE S 4T (feature warping) B AR XS
FRAESEAT % . {4 JINIST SRE 2004 1sideft] H#x
Y NGB N 2R 5 A G UBM, =il
1024, HNIST SRE 2004, 2005L4 £ 2006/
FEL T V8 7 SO0 SR Ik R AL BE T, NP E & B Al
DNESEFE. WCONH # 5 FE DL LD A B 4 5F B .
EHNIST SRE 2004 LA K& 2005 11358 43 £ 41 KA 11
FEAI 508, A8 SVMLight 2 kI 25 57 35 1) 5
4.2 LR

AATEMRAE EXTASCHE H (W DNEF A O A
PINPESIELE Bl N UM R g it 47 7 5%tk s

RVFIH TR AL FEEAMEE A FDNEH
LANPES LM S g . WRIHP AT LLE W,
DNER T BESAL T NPE. MIXTNPE, DNEAE 5
A4 EEERFminDCF ) 5145 8.33% #15.39% )

PEREFETE; £ mIR4E L, EERAIminDCF4) 7
159.03%F18.20% 111 e $2 T
K2ENPEH LA AR H FIDNER VLAE)G
AT LDAZ G RE LLES . MR2RTAE B, 24
L LDAFEAME S, DNERSMEAE TNPESA
%, AR FEERMminDCF2) 71 411.04%
M7.93% M RedE s fE L Mit4E F, EERM
minDCF 43 745 8.84% F14.58% 1k fie #2 Tt
H3ENPES UL S DNES - 7E 5 i 205 W C-
CN{FIE#ME 2 G PR LU . MSEIG 25 T FRATT AT
DLER, ML WCCN{FEAMEG, HXHTNPE,
DNEZ Mgt 5 75 A 4E L EER FlminDCF 437l
F9.47%F6.64% M ReFE T s 7L IALE |, EER
FminDCF 737145 10.17%18.86 % [ 1 e $& Tt
FALE TNPES VL LL L DNES VAL J5 bty [F] I
ZILDAFIWCCN FIEAMEZ G TR . M SEER:
FiRATLLESR, ML LDAMWCCNAE I #h£2
Ji, DNERGHERETIARILTNPE. X T'NPE,
DNERZZitERefE 55 /5 4E FEERFIminDCF 43 7))
5.90%H18.82% M Re#e Tts 76 Lo A M4 &,
EERFminDCF %3 5145 8.39%M115.31 % (K P GEFE T
FSWGEA S FIDNER V(& LDARIW C-
CNAFIEAM) 5 H mrud of A R 5 4k (1) 3= 9 500k
—— MR LA 5] 93 BT (Probability Linear Dis-
criminant Analysis, PLDA)P*2IHET T M REXT L,

% 1 NIST SRE 20108i%-miE it & _E DNEFINPEKJEERHN
minDCFELR (TiFEHME)

Y7 gy
EER(%) minDCF EER(%) minDCF
NPE 5.76 0.0575 6.98 0.0744
DNE 5.28 0.0544 6.35 0.0683

% 2 NIST SRE 20108iE-H1EMiX & EDNEFNPERIEERFN
minDCFELES (LDASIE#ME)

gy L

EER(%) minDCF EER(%) minDCF
NPE+LDA 4.71 0.0492 6.11 0.0633
DNE+LDA 4.19 0.0453 5.57 0.0604

%% 3 NIST SRE 2010iE-H1EMiX & EDNEFNPERIEERF
minDCFEL4E (WCCN S iE#ME)

i G L
EER(%) minDCF  EER(%) minDCF
NPE+WCCN 5.07 0.0512 6.49 0.0677
DNE+WCCN 4.59 0.0478 5.83 0.0617




7 RBEMEEE: T AN AR N SV B0E AR5 1777

% 4 NIST SRE 20108 3E-H 15X &£ EDNEFMNPEFEERHN
minDCFELE (LDA+WCCN{SiEHME)

B s

EER(%) minDCF EER(%) minDCF

RY

NPE+LDA+WCCN 4.41 0.0476 5.72 0.0584
DNE+LDA+WCCN 4.15 0.0434 5.24 0.0553

% 5 NIST SRE 20108 iE-HiEMi{%E_EDNEFIPLDA

AYEER FminDCFEL 4R
LIy 7
EER(%) minDCF EER(%) minDCF
DNE+LDA+WCCN  4.15 0.0434 5.24 0.0553
PLDA 4.12 0.0428 5.37 0.0532

ARSI AR I m TPLDA S . Si 45 4L ]
LIEF|, DNEH % SPLDARZVEREAH Y.

5 Z5ig

EFRT AR IRAR IR A SR BIA L, A SORE ) 5148
Ik N VLGN BIHE T d-vector U1 A UL 51 .
AL AR AN BARFALL,  H A AR ik N vk S
AR IR A S, 0 @I AE 8 ) ) B R DXl 6 £
AL, BEfE AT 250k 5 e A1 OR R IR N AR A7 AL R a5l
s AT RARE— 2D gl AU RE

2 % XM

[1] REYNOLDS D A and ROSE R C. Robust text-independent
speaker identification using Gaussian mixture speaker
models[J]. IEEE Transactions on Speech and Audio
Processing, 1995, 3(1): 72-83. doi: 10.1109/89.365379.

[2] KINNUNEN T and LI Haizhou. An overview of text-
independent speaker recognition: From features to
supervectors[J]. Speech Communication, 2010, 52(1): 12-40.
doi: 10.1016/j.specom.2009.08.009.

(8] AR, BRALLK, MBERAR, . KT Fisher )5 7 M2 S I B S A

WAHT]. BT 52, 2016, 38(2): 367-372. doi:
10.11999/JEIT150566.
WANG Wei, HAN Jiqing, ZHENG Tieran, et al. Speaker
recognition based on fisher discrimination dictionary
Learning[J]. Journal of Electronics & Information
Technology, 2016, 38(2): 367-372. doi: 10.11999/
JEIT150566.

[4]  KENNY P, BOULIANNE G, OUELLET P, et al. Speaker
and session variability in GMM-based speaker
verification[J]. IEEE Transactions on Audio, Speech, and
Language Processing, 2007, 15(4): 1448-1460. doi:
10.1109/tasl.2007.894527.

(5] #Wak, WAL, T SR B T2 B A SR LA B S A
N RS [T]. BT 515 B, 2009, 31(2): 302-305. doi:

[10]

[11]

[12]

[13]

[14]

[15]

10.3724/SP.J.1146.2007.01289.

GUO Wu, DAI Lirong, and WANG Renhua. Speaker
verification based on factor analysis and SVM[J]. Journal of
Electronics & Information Technology, 2009, 31(2):
302-305. doi: 10.3724/SP.J.1146.2007.01289.

DEHAK N, KENNY P J, DEHAK R, et al. Front-end
factor analysis for speaker verification[J]. IEEFE
Transactions on Audio, Speech, and Language Processing,
2011, 19(4): 788-798. doi: 10.1109/tasl.2010.2064307.
DHANUSH B K, SUPARNA S, AARTHY R, et al. Factor
analysis methods for joint speaker verification and spoof
detection[C]. Proceedings of 2017 IEEE International
Conference on Acoustics, Speech and Signal Processing,
New Orleans, USA, 2017: 5385-5389. doi: 10.1109/
ICASSP.2017.7953185.

SU Hang and WEGMANN S. Factor analysis based speaker
verification using ASR[C]. Proceedings of the Interspeech
2016, San Francisco, USA, 2016: 2223-2227. doi:
10.21437/Interspeech.2016-1157.

MAK M W, PANG Xiaomin, and CHIEN J T. Mixture of
PLDA for noise robust i-vector speaker verification[J].
IEEE/ACM Transactions on Audio, Speech, and Language
Processing, 2016, 24(1): 130-142. doi: 10.1109/TASLP.
2015.2499038.

LEI Yun and HANSEN J H L. Speaker recognition using
supervised probabilistic principal component analysis[C].
Proceedings of the Interspeech 2010, Makuhari, Japan,
2010: 382-385.

LIANG Chunyan, YANG Lin, ZHAO Qingwei, et al. Factor
Analysis of neighborhood-preserving embedding for speaker
verification[J]. IEICE Transactions on Information and
Systems, 2012, 95(10): 2572-2576. doi: 10.1587 /transinf.
€95.d.2572.

YANG Jinchao, LIANG Chunyan, YANG Lin, et al. Factor
analysis of Laplacian approach for speaker recognition[C].
Proceedings of 2012 IEEE International Conference on
Acoustics, Speech and Signal Processing, Kyoto, Japan,
2012: 4221-4224. doi: 10.1109/ICASSP.2012.6288850.
CHIEN J T and HSU C W. Variational manifold learning
for speaker recognition[C|. Proceedings of 2017 IEEE
International Conference on Acoustics, Speech and Signal
Processing, New Orleans, USA, 2017: 4935-4939. doi:
10.1109/ICASSP.2017.7953095.

WU Di. Speaker recognition based on i-vector and improved
local preserving projection[C]. Proceedings of the 2015
Chinese Intelligent Automation Conference, Fuzhou, China,
2015: 115-121. doi: 10.1007/978-3-662-46469-4 12.

HE Xiaofei, CAI Deng, YAN Shuicheng, et al.
Neighborhood preserving embedding[C]. Proceedings of the


http://dx.doi.org/10.1109/89.365379
http://dx.doi.org/10.1109/89.365379
http://dx.doi.org/10.1016/j.specom.2009.08.009
http://dx.doi.org/10.1016/j.specom.2009.08.009
http://dx.doi.org/10.11999/JEIT150566
http://dx.doi.org/10.11999/JEIT150566
http://dx.doi.org/10.11999/JEIT150566
http://dx.doi.org/10.11999/JEIT150566
http://dx.doi.org/10.1109/tasl.2007.894527
http://dx.doi.org/10.3724/SP.J.1146.2007.01289
http://dx.doi.org/10.3724/SP.J.1146.2007.01289
http://dx.doi.org/10.3724/SP.J.1146.2007.01289
http://dx.doi.org/10.1109/tasl.2010.2064307
http://dx.doi.org/10.1109/tasl.2010.2064307
http://dx.doi.org/10.1109/tasl.2010.2064307
http://dx.doi.org/10.1109/tasl.2010.2064307
http://dx.doi.org/10.1109/tasl.2010.2064307
http://dx.doi.org/10.1109/tasl.2010.2064307
http://dx.doi.org/10.1109/TASLP.2015.2499038
http://dx.doi.org/10.1109/TASLP.2015.2499038
http://dx.doi.org/10.1109/TASLP.2015.2499038
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1109/89.365379
http://dx.doi.org/10.1109/89.365379
http://dx.doi.org/10.1016/j.specom.2009.08.009
http://dx.doi.org/10.1016/j.specom.2009.08.009
http://dx.doi.org/10.11999/JEIT150566
http://dx.doi.org/10.11999/JEIT150566
http://dx.doi.org/10.11999/JEIT150566
http://dx.doi.org/10.11999/JEIT150566
http://dx.doi.org/10.1109/tasl.2007.894527
http://dx.doi.org/10.3724/SP.J.1146.2007.01289
http://dx.doi.org/10.3724/SP.J.1146.2007.01289
http://dx.doi.org/10.3724/SP.J.1146.2007.01289
http://dx.doi.org/10.1109/tasl.2010.2064307
http://dx.doi.org/10.1109/tasl.2010.2064307
http://dx.doi.org/10.1109/tasl.2010.2064307
http://dx.doi.org/10.1109/tasl.2010.2064307
http://dx.doi.org/10.1109/tasl.2010.2064307
http://dx.doi.org/10.1109/tasl.2010.2064307
http://dx.doi.org/10.1109/TASLP.2015.2499038
http://dx.doi.org/10.1109/TASLP.2015.2499038
http://dx.doi.org/10.1109/TASLP.2015.2499038
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572

1778

T

41 %

[16]

(17]

(18]

(19]

20]

(21]

Tenth IEEE International Conference on Computer Vision,
Beijing, China, 2005: 1208-1213. doi: 10.1109/ICCV.
2005.167.

KAJAREKAR S S and STOLCKE A. NAP and WCCN:
Comparison of approaches using MLLR-SVM speaker
verification system[C]. Proceedings of 2017 IEEE
International Conference on Acoustics, Speech and Signal
Processing, Honolulu, USA, 2007: IV-249-1V-252. doi:
10.1109/ICASSP.2007.366896.

HAEB-UMBACH R and NEY H. Linear discriminant
analysis for improved large vocabulary continuous speech
recognition[C]. Proceedings of 1992 IEEE International
Conference on Acoustics, Speech, and Signal Processing,
San Francisco, USA, 1992: 13-16. doi: 10.1109/ICASSP.
1992.225984.

DING Chuntao and ZHANG Li. Double adjacency graphs-
based discriminant neighborhood embedding[J]. Pattern
Recognition, 2015, 48(5): 1734-1742. doi: 10.1016/
j-patcog.2014.08.025.

WANG Jing, CHEN Fang, and GAO Quanxue.
Discriminant neighborhood structure embedding using trace
ratio criterion for image recognition[J]. Journal of Computer
and Communications, 2015, 3(11): 61282. doi: 10.4236/
jee.2015.311011.

HBLRE, FHEE, 1ok, 5. Bkl S sevt (M), et 1§
B ok AL, 1984: 358-470.

WEI Quanling, WANG Rishuang, XU Bing, et al.
Mathematical Programming and Optimization Design[M].
Beijing: National Defense Industry Press, 1984: 358-470.
NIST. The NIST year 2010 speaker recognition evaluation
plan[EB/OL]. http://www.oalib.com /references/16891962,

22]

23]

[24]

[25]

S

RE

ik B, 198544,

2012.

SCHEFFER N, FERRER L, GRACIARENA M, et al. The
SRI NIST 2010 speaker recognition evaluation system[C].
Proceedings of 2011 IEEE International Conference on
Acoustics, Speech and Signal Processing, Prague, Czech
Republic, 2011: 5292-5295. doi: 10.1109/ICASSP.
2011.5947552.

JOACHIMS T. SVM-light support vector machine[EB/OL].
http://svmlight.joachims.org/, 2008.

KINNUNEN T, JUVELA L, ALKU P, et al. Non-parallel
voice conversion using i-vector PLDA: towards unifying
speaker verification and transformation[C]. Proceedings of
2017 IEEE International Conference on Acoustics, Speech
and Signal Processing, New Orleans, USA, 2017: 5535-5539.
doi: 10.1109/ICASSP.2017.7953215.

BAHMANINEZHAD F and HANSEN J H L. i-
Vector/PLDA speaker recognition using support vectors
with discriminant analysis[C]. Proceedings of 2017 IEEE
International Conference on Acoustics, Speech and Signal
Processing, New Orleans, USA, 2017: 5410-5414. doi:
10.1109/ICASSP.2017.7953190.

M 2, 198644, PRI, BRI I BiE AL ERR
.

PRI, BRI A TS S AR A
.

0 A, 19784, RIHEE, WU Ch AREF AL, D
HRfE. HLASAE.

Wk 55, 1973MFAE, RIBER, WU IMAIREE . F55E
RAL B

< 93, 19834EA:, Y, WIS )k 2 BAAE S AL


http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1016/j.patcog.2014.08.025
http://dx.doi.org/10.1016/j.patcog.2014.08.025
http://dx.doi.org/10.1016/j.patcog.2014.08.025
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://www.oalib.com/references/16891962
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://svmlight.joachims.org/
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1016/j.patcog.2014.08.025
http://dx.doi.org/10.1016/j.patcog.2014.08.025
http://dx.doi.org/10.1016/j.patcog.2014.08.025
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://www.oalib.com/references/16891962
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://svmlight.joachims.org/
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1587/transinf.e95.d.2572
http://dx.doi.org/10.1016/j.patcog.2014.08.025
http://dx.doi.org/10.1016/j.patcog.2014.08.025
http://dx.doi.org/10.1016/j.patcog.2014.08.025
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://www.oalib.com/references/16891962
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://svmlight.joachims.org/
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011
http://dx.doi.org/10.4236/jcc.2015.311011

