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Abstract

Identifying spoken language automatically is to identify a language from the speech signal. Language
identification systems can be divided into two categories, spectral-based methods and phonetic-based
methods. In the former, short-time characteristics of speech spectrum are extracted as a multi-dimensional
vector. The statistical model of these features is then obtained for each language. The Gaussian mixture
model is the most common statistical model in spectral-based language identification systems. On the other
hand, in phonetic-based methods, speech signals are divided into a sequence of tokens using the hidden
Markov model (HMM) and a language model is trained using the obtained sequence. Approaches like
PRLM, PPRLM, and PR-SVM are some examples of phonetic-based methods. In research papers, usually a
combination of phonetic-based and spectral-based systems are used to achieve a high quality language
identification system. Spectral-based methods have been the focus of researchers, since they have no need
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for labeled data and usually achieve better results than phonetic approaches. Therefore, in this paper, these
methods used for language identification and different spectral methods, are introduced, implemented, and
compared with spoken language recognition.

The basic spectral language identification method is Gaussian Mixture Model-Universal Background
Model (GMM-UBM). In this paper, the MMI discrimination method is used to improve the Gaussian model
of each language. Moreover, in order to model the language dynamically, GMM is replaced with the ergodic
hidden Markov model (EHMM). GSV-SVM and GMM tokenizer methods are also implemented as two
popular spectral approaches. In this paper, novel speaker and channel variation modeling methods are used
as language identification approaches, including joint factor analysis (JFA), identity vector (i-Vector) and
several variations compensation methods exploited to improve the results of i-Vector.

Furthermore, in order to boost the performance of language recognition systems, different post-
processing methods are applied. For post-processing, each element of raw score vector indicates the degree
by which the spoken signal belongs to a language. Post-processing methods are applied to this vector as a
classifier and allows making better language detection decisions by mapping the raw score vector to a space
of desired languages. Different studies have employed different post-processing methods, including GMM,
NN, SVM, and LLR. This study exploits several score post-processing methods to improve the quality of
language recognition.

The goal of the experiments in this article is to detect and distinguish Farsi, English, and Arabic,
individually and simultaneously from other languages. The latter is also called open-set language
identification. The signals considered in this paper include two-sided conversations, whose quality is usually
not desirable due to strong noise signals, background noises of individuals or music, accents, etc.

Gaussian mixture-universal model (GMM-UBM) was implemented as the basic method. In this
approach, mean EER of the three target languages (Farsi, English, and Arabic) was 13.58. Experimental
results indicated that training the GMM language identification system with the MMI discrimination
training algorithm is more efficient than systems only trained by the ML algorithm. More specifically, the
mean EER of the three target languages was reduced about 8 percent in comparison to GMM-UBM. The
GMM tokenizer method was also tested as a novel spectral approach. Using this method, the mean EER of
the three target languages was also about 5 percent better than GMM -UBM.

In this study, the GSV-SVM discrimination method was also used for language recognition. The
results of this method were considerably better than those of common spectral approaches, such that the
mean EER of the three target languages was reduced by 11 percent in comparison to GMM-UBM. This
study improves the low speed of this method using a model pushing method.

This study also implemented two novel methods, JFA and i-Vector. According to the results, both of
these methods provide better results than GMM-UBM, such that the mean EER values of the three target
languages in JFA and i-Vector are respectively reduced by 1% and 12%. Generally, experimental results
showed that i-Vector provides better results than other spectral language identification systems.

This study is a result of a seven-year research in spoken language identification in the advanced
technology development center of Khajeh Nasiredin Tousi. The ongoing research includes studying and
implementing novel spectral language identification algorithms like PLDA and state-of-the-art phonetic
language identification methods to combine the two spectral and phonetic systems and eventually, achieving
a high quality language identification system.

Keywords: Automatic Spoken Language Recognition, Acoustic Approaches, Discriminative training,
Channel compensation, Identity Vector.
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(Algorithm-1): Estimation of total variability matrix in JFA
method

For each language [ and session A :
y(l) «— 0,2(h,l) < 0,
U « random(U is initialized randomly)
Estimate statistics : N(I), N(h,1), X(1), X(h,1)
fori = 1tonb _iterationsdo
for all hand ! do
Center statistics : X (h,1)
Estimate L(h, )" and B(h, 1)
Estimate z(h, )
Center statistics : X(I)
Estimate y(I)

end

Estimate matrix U

end

i-Vector g, & ;b 2 lwbi-0-Y
sloailele )o (N9, (n 35,4 9 (niwse i-Vector s,
@loled Jlop by crl )3 el Gl g ean S olulis
L aS sl cob Job g el o b s,l0,0 «i-Vector)
L sslon slad cnl wedioe glimul JFA aline o2y,
Lol 5 ol legs Joks) IS olegss 5L 5 8
Sl sl A by, Gl poams e LS ) (s
Sl 05 g 30 oy 3 L Ll & gty les
55 bl grie 90 4 bgpe 5 Slegs slad ;5 s
odls oausS ganan b 4 Shy olycds 5 ool aculxe
Joe a5 cwl cpl Ghgy opl sl eslanl Coe 0gd 0
Sygods Glei oo 1) o i-Vector gzlseiul gl ais,,5a
318 oelsd (L Gz 2 O9) (S 9

@ oby am b Bl By cnl o aolls jsboa
A opbiee Sl i ol Jsb b ole Shy
a adls oy il LBl See 4> b ahe lellll
25 Doz olgse [y (M) ol 5 ks Lyl Slegs
25 ole

m; = m + Tw £t

by g olegs I Jius ddge mo alaly (ol o


http://dx.doi.org/10.18869/acadpub.jsdp.14.1.111
http://jsdp.rcisp.ac.ir/article-1-390-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jsdp.14.1.111 ]

1=1
(V)
_ > om X,
w =
™
L 1 n,
Z—Z w — w,) w — )
=1 "y =1 (tA)

- Sl W, = ?Z,;:]”z X 'u)f ably el o
1

1y gl JS olass Lo by 2 4 b e sleVector

[16] [33] [25] canl 1 315 50 S ols slass

o ple 5oSTas Ligy opl Jleel 5l Gaa 'NAP gy

Six> |y Glegns badie cuwlo gpay a5 ol Jlil
oals ools =25 [10] 1] &z o ;o by, op! by WS

P=1-RR 9

Oomb &5, Lidhine Gl Roalal, ol o
ol 5ok o b iy ol Glaggie &Sl
slad iy slaylop cnl sl gladibiyg,s Gl lgsS
i-Vector <l glp P yile 0iS o0 aseine |, JUIS
[16,33] 5,5 o )8 oslizul 3,90 la

n,

L
—ZLZ w —w;)( w — o)) 0-)

=" =

h»—l

i-Vector Sk «ip :lzm I oabal, cpl jo

ny i=1 Wi
ol 2 ol s 5 gl slaws Loly 2 sla
TSz A3 ey b pmsile Gal g il o
$lp B Gule | g s W1 = BB') oas a0
gl oo 03l 55 &0 e i-Vector il

! Nuisance Attribute Projection

2 Rectangular

3 within-class Covariance Normalization
4 Cholesky Decomposition

&8lgyo el sl oolaiul SVM gplad buuS sanad b
2 K ©ypots SVM ansS saails Sy oy o sl
@) aab e ol b e el a4l bl
s el by S Bl 5l eadzlzaul sleVector
ool sl szl sl slei-Vector ) aib sl
qoedss slagly olaws 4 pl by el pudas sla)by ol
o, SVM ouisS” sandils

zlpeel i-Vector iulesl sols 51 ol islesl > e o
shel 05l g0 00ls SVM slacasS sunaab 4y 9 o0l
b Jseneysbas looasss ganail cpl 5l odel cossa
Ol 0l o) )0 5 dumlie sadie i iy I slaibin]
555 s 5 S e 23

alobus zuls Sgups gl W i-Vector (40,5 6 5lw L
o i-Vector Jgone,gba; i-Vector g, 4 ol ololis
[16] oS o o3l min yLidsb Jlaie p ponsis b 1,

el )

i-Vector g, ;0 Glegid gjlwiylma-Y-0-Y

Py o b ol Zpd (LB la iy jo a5 jsbjles
a> e 50 5 0ad awlxe (WS Olegss (lasd,, ; ivector
Ol ez alelbl 5l ivector cuilsS g Slo podas
solaiwl b 1) adds jo 15,0 Slegs g5 oo i-Vector s,
olelbl 51 eolaul b @l g5luplue gl ybg, 5l
Iy oby elebes alels oI5 5 0ols als b oz p
Glp e gilogl ez Ghg, daw delol o ol ey
oad ool 700 (Gl ) 4l e g0 Dlegy B>
1l

5 oRIB ) laibinn dlold By, cul (LDA - (g%
Jola A il apige s Al sl
] ) u)yoéb 0)45 )‘AM Ul g_i.’ L5°)"'5 élb)‘éf

Sy = AS v %)

el oy polie g kb o yple A ke, cpl e

@laib i uibylssS woipa 505, 5 9 slegmsle

AR IR S\ POWRL by W

&


http://dx.doi.org/10.18869/acadpub.jsdp.14.1.111
http://jsdp.rcisp.ac.ir/article-1-390-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-01 ]

- 10.18869/acadpub.jsdp.14.1.111 ]

WIS Yl Gwliab )l sl Saab by dumlio

S o ool GialesT QOIS (555 (6 S e

Loy oles 4oU g0 adlin pl jo cadoslaiwl Al
P> Oty Aol g olnty Csss ey B slagygyg olaws
L Loy, g bal collae slass .l oals Sl Con
olts sleasl s e il cl snel cuvoay (bl
,1,-3 tangent-sigmoid L5 =4,5 aU ¢ log-sigmoid
Sl e )y L aSd gllas (g 5 el oas ool
oL Tlaply plow 5 (oSl o )8 6" (sload
@ bg e Con B b S ologlis gl 0gd oo 00ls
S 55 e 0013 S5 s losics o 5 oSy il ]
L5 Tesoime oladl S sl Ll ke o290
ok (MSE) U cllns o 3o aipeS (sl Jlone
ookl MATLAB I3 310,55 5l aSis podad (gl o oo
D s

5 S edas S5 gl Tt lizel 500
ks QI (g9, et Pojlil 5 i Sjeel ) s yeS sl
S9) TMSE slhs 5145 &jg0 iy el oo oolatul
OBLS oS 090 Sy 1 Gl 50 (2w Liel (B0
g oo Byie malas il

i

% S j

i py = plz | English)
5 el 5L GMM o >
]

% py = plz | French)
4 a3 b GMM Jas

“

=7 ol GAMM Jo

LLR Jhﬂl

p, = plz | Farsi)

p, = plz | Arabic)

dd Jap
&

(sXele]

Py, = plz | Chinese)

GMM.NNU 5303 g
SVM L

Olexe 4 GMM g SVM NN 5la g 31 solisw! :(V- JSCi)
bl pnw )0 OlLeal (50310 33 s Gl 32 gaaib g,
98 bolie Joo p (e b5
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approach for score post-processing in the GMM based
language identification system
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Vector approach (the number of guassian components is 256).

sl (1 Ske _ ‘
L waf'&‘ 6..4)13 <
OL) A
Norm :y90
YieY Y/ Yy YIvyY bl
Sibeolez g
Yind VAN YV Yiev Norm
Yivy YV YIAY AfANY Norm +LDA
Y/ff \AA! \IVE YIAS Norm +NAP
YIEA VAN YV Y/IAS Norm +WCCN

Ol ol (50310 3 . Jloel g Li-0-F

s 4l (b)) Shiliel (Alop e it sla by,
30 o Geble gy (GMM) (wsS” oo (5, «(NN)
GMM- ol ololit alble , LLR bs, 5 (SVM)
b 4 arg b ab Jleel wsS ailge )oY L UBM
oy &y (oras A By, (1) Jsaz) Lotalesl ol
oyls |, i o 2s LLR

srailolu;d (315w (igy Jlos!l 7oL duslio :(Vo— Jgur)
Ol bl jb bz

(Table-10): Comparison of different score post-processing

identification methods. methods.
sl US.-L.Q _ ) sl Sl _ )
JUEWOR LSy RUPIWRL S RS eS| B | ope | LLR
obj 4w ol 4
VY.0A A VO.XF | WA f | GMM-UBM AN YIAA ViFe [ 8A ] X NN
GMM-UBM Y/ Y50 YAy £10- v
visa AN Yjay \{I + YA Aeb e e | x
Backend GMM
\YIEA VYITA Yoo | YeoY | GMM-ML Y bi¥a RAMN IR v
/40 FIAY vse | sva
AT £/ AOF oY | GMM-MMI / / / / ~ 1 svMm
iy, 5% I8 o | sy N
A¥- MAY AOF VIAY .
tokenizer
YIvs YV YV- | vias | Gsv-svMm oyt 4 (gmac AL Sl p e (VY) Jgoz 0
VYT WV | e v JFA 5 dguatie ol oo Jlogl by ololis by, 4w p LLR
VYA - /9f \VIVE Y)FA i-Vect ) .
L vector Sl pom Jleel 51 LS LLR Jlae! ¢ Jga ol ;o (BB)

AR I WR P POVRL L VN W)


http://dx.doi.org/10.18869/acadpub.jsdp.14.1.111
http://jsdp.rcisp.ac.ir/article-1-390-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jsdp.14.1.111 ]

GMM) oz Jaor o bolie Jae ol ool
sl . Sle 0l gilwooly Al is, olsie 4 (UBM
P9y rl 50 (2 9 (el (o)) Sa2 (L5 4w EER
b a8 ols lis oo les ) uls ol aus )0 VY/OA 90>
rbed el oyl L GMM L) plelis ailels
pedtd ML 006301 L s oS obasbele 4y s MMI
Sl A gy o) g b L wlail
GMM-UBM g, 4 Cod Bas bj aw EER glas
ol a8l pals (Glae Do) wos Cuis S
wox b ey G lseas 55 GMM tokenizer s,
obs 4w EER glbs Sl 285 13 Gialejl 5550
g 399> GMM-UBM i) 4 S i (s (ol S
NI BLETIRWESR

@y lis ol 45 53 GSV-SVM gl s,
ool s gl .88 18 solatul 5,50 )b (bl
sk by, 5l glbele BB jsbay g, ol
Ob; 4w EER (gllas 1. 55le oS g y5boas sl g Jgome
Ao, 033l vga> GMM-UBM (Sl 4 Cond GBun
05 ey Alas cpl ol a8l yalS (Blae Ojg0)
Joe By9> 4 SuiS gy Sl eslanal by,
Al oold saugs (MP)

dlie ol o 50 i-Vector ¢ JFA wox> iy, 9o
odelCewdds bl 4 4z b .S 13 olwesly 390
@t GMM-UBM by, &0 S (b9 99 cnl 5l S0
o5 4 EER (sl Silos o8 53004 )5 6 7 oo
i-Vector s, ;0 5 do,0 G d9a> JFA g, 0 Bus
Sl 4Bl oS (Blae Ohged) wo, 05jlss Sgus
i-Vector g, a5 ol olis b iole;] mbs IS, sba
S @l ol el b slaghy; ple @ S
R ven

i yubghy Jol> dlis cpl a5 canl (S8 4 65U
dnngi ollinghy )0 LS by elelid aey ) dlls
ol gl cweb pdlliial axles 4B iy slas,ols
@bl waz lapi o8l giluosly 5 allae iagyy

&l ol eblid slagss, s PLDA sz ik ol
Oy 3 st g (Il Alele g Gails slp Wl
3 ol w5l oS Lol plulid alele

el ol U

L) b3l 5o sl s )9 -V

@lobed a5 Jseme slogts, 2 s Wlie (ol 5o
GMM- GMM-UBM (lo bg,) b LS ob;
ol poglle .ol plxil (iVector 5 JFA (GSV-SVM MMI
@b st Gl wllie o guazr sles Sy, b s,
2 el s slpiin ik ol slelis sleaibls
lols alebe SLS dae sl o o g,y 5l dges
LI IR V- JEONP U K R U

Qo b Sag) 5l (S iemas A g (S Shg s
soliiul il 6 lS by L5095 slulis slaaibele ;o
5 ool el pras sbaSd e slas,
o S s anaiwd sl N Bree as a5 sl lsle
Glo S5 5l ool [36] Gora slapl; 4 (SetwsST
Gy s aSs S T olEelS wU Sl saigl gl
eras sbass ) eolinal 5 [35] J44] oL alels
sl SUe ) 51 olodiges [18] ¥ iglgls

0y lolid Sllis ;o ryoer o Fig 31 soliuwl
solizal MFCC g9 ik slo S5 3§ Jsoressbay
alolw o)) 05mtr sl Moz oo S, 5l (S 090 0
SR 097 R oSy 5l eliiul oL (olulis
Lsbses Jams o e osla T3y 43217 ls——
ssbas sl g [37] (SGMM &) las 5 (owsS
gl 9 MFCC Jgans sloFis b oS cnl Jsaro
lolid oS Sgnge wrge g 0nd Gl Joo b g (S
Sghss 0b)

I K & bl olesd gileglpe glahs
JUS 2less ool plolids sloailebe )5 wio slogille
3 eslaiwl b was ollie o sl oo s byll
-l 9 Bd> 4 [40] NAP 5 [24] JFA 9> olo s,
odd wSlsy Joo g Sy oje> 0 SlesS (nl jle

]

S 5 = A
LS‘°)3L>“’ Sl Lgl)..u LS)UE QL») G..:L..w)b aJlis U"‘ 59
Al by, b pll il b, iz 3l eslial L il

Deep Neural Networks

Bottle-neck Features

" Convolutional Neural Networks
Prosodic

Subspace Gaussian Mixture Models

P

[

AR IR S\ POWRL by W

&


http://dx.doi.org/10.18869/acadpub.jsdp.14.1.111
http://jsdp.rcisp.ac.ir/article-1-390-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-01 ]

- 10.18869/acadpub.jsdp.14.1.111 ]

WIS Yl Gwliab )l sl Saab by dumlio

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

International Conference on Acoustics, Speech
and Signal Processing, 2006.

W.M. Campbell, “A Covariance Kernel for
Language Recogniton,” Proc. IEEE ICASSP,
2008.

W.M. Campbell, D.E. Sturim, D.A. Reynolds,
“Support Vector Machines Using GMM
Supervectors for Speaker Verification,” TEEE
Signal Processing Letters, vol. 13, no. 5, 2006.

W., Campbell, D., Sturim, D., Reynolds and A.,
Solomonoff, “SVM Based Speaker Verification
Using a GMM Supervector Kernel and NAP
Variability Compensation,” IEEE International
Conference on Acoustic Speech and Signal
Processing, 20006.

C. C.,, Chang and C.-J., Lin, “LIBSVM: A
Library for Support Vector Machines,” Software

Available at http://www.csie.ntu.edu.tw/~cjli-
n/libsvm, 2001.

N., Dehak, “Discriminative and Generative
Approches for Long - and Short-Term Speaker
Characteristics  Modeling:  Application  to
Speaker Verification,” Ph.D. thesis, Ecole de
Technologie Superieure, Montreal, 2009.

R. Dehak, N. Dehak, P. Kenny, P. Dumouchel,
“Linear and Non Linear Kernel GMM
SuperVector Machines for Speaker

Verification,” Proc. INTERSPEECH, Belgium,
2007.

N. Dehak, P., Kenny, R., Dehak, P., Dumouchel,
and P., Ouellet, “Front-end Factor Analysis for
Speaker Verification,”, IEEE Transaction on

Audio Speech and Language Processing, 2010.

N. Dehak, P.A. Torres-Carrasquillo, D.
Reynolds, R. Dehak, “Language Recognition via
ivectors and Dimensionality Reduction,” Proc.
INTERSPEECH, 2011.

L. F. Dharo, O. Glembek, O. Plchot, P. Matejka,
M. Soufifar, R. Cordoba, and J. Cernocky,
“Phonotactic language recognition using i-
vectors and phoneme posteriogram counts,” in
Interspeech, 2012.

S., Ganapathy, K., Han, S., Thomas, M., Omar,
M. V., Segbroeck, and Sh. S., Narayanan,
“Robust  Language Identification  Using
Convolutional Neural Networks Features,”
Singapore, INTERSPEECH, 2014.

AR I WR P POVRL L VN W)

9-Refrences

&1y

adsl byl b7 (bogsS e (S e oy e slh]
S el nl FaapelS (reasil (il ysST remo i “il

AYAA ool 5 oo

S S ol 39ut” (0095 7 SB i Lo, 3]
u»)lo)_:w._; )‘ oé‘.ﬂ._m‘ L: UL) @L»L..w QSLQW‘“"""““’ )..)
(! P el S ezl il a8 e il el

[1] Sh. Reza, Z. Zeynalkhani, J. Kabudian, “On the

Impact of Initial Conditions in RASTA-Based
Modulation Spectrum Filtering for Spoken
Language Recognition Systems,” Proc.
15thInternational Computer-Society-of-Iran
Computer Conference (CSICC), Tehran, Iran,
2010. (in Persian).

[2] Sh. Reza, Z. Zeynalkhani, J. Kabudian, “Improved

(3]

(4]

(3]

(6]

(7]

(8]

Decision-Making in  Spoken  Language
Recognition Systems Back-End,” Proc.
15th International Computer-Society-of-Iran
Computer Conference (CSICC), Tehran, Iran,
2010. (in Persian).

M. F., BenZeghiba, J. L., Gauvain and L.,
Lamel, “Gaussian Backend Design for
Language Detection,” Proc. IEEE ICASSP,
20009.

M. F., BenZeghiba, J. L., Gauvain and L.,
Lamel, “Language Scores Calibration Using
Adapted Gaussian Backend,” Proc.
INTERSPEECH, Brighton, UK, 2009.

C. Bishop. “Pattern Recognition and Machine
Learning”, Springer, 2006.

N., Brummer, L., Burget, P., Kenny, P.,
Matejka, E. D., Villers, M., Karafiat, “ABC
System Description for NIST SRE 2012,” in
Processing ~ NIST  Speaker  Recognition
Evaluation, 2012.

N. Brummer, S. Cumani, O. Glembek, M.
Karafiat, P. Matejka, J. Pesan, O. Plchot, M.
Soufifar, E. Villiers, and H. Cernocky,
“Description and analysis of the brno276 system
for LRE2011,” in Proceedings of Odyssey 2012.
L., Burget, P., Matejka and J., Cernocky,
“Discriminative  Training Techniques  for
Acoustic  Language Recognition,” IEEE


http://dx.doi.org/10.18869/acadpub.jsdp.14.1.111
http://jsdp.rcisp.ac.ir/article-1-390-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jsdp.14.1.111 ]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

D., Matrouf, F., Verdet, M., Rouvier, J.,
Bonastre and G., Linares, “Modeling Nuisance
Variability with Factor Analysis for GMM-
based Audio Pattern Classification,” Computer
science and language, 2010.

D., Martinez, L., Burget, L., Ferrer and N.,
Scheffer, “Ivector-based Prosodic System for
Language Identification,” ICASSP, 2012.

D. Martinez, O. Plchot, L. Burget, O. Glemberk,
P. Matejka, “Language Recognition in i-Vector
Space,” Proc. INTERSPEECH, 2011.

P., Matejka, L., Burget, O., Glembek, P.,
Schwarz, V., Hubeika, M., Fpso, T., Mikolov,
O., Plchon and J., Honza Cernohy, “BUT
Language Recognition for NIST 2007
Evaluation,” Proc. INTERSPEECH, 2008.

P., Matejka, L., Zhang, T., Ng, S. H., Mallidi,
0., Glembek, J., Ma, and B., Zhang, “Neural
Networks Bottleneck Features for Language
Identification,” Odyssey, 2014.

I. L., Moreno, J. G., Dominguez, O., Plchot, D.,
Martinez, J. G., Rodriguez, and P., Moreno,
“Automatic Language Identification Using Deep
Neural Networks,” IEEE Conference on
Acoustic, Speech and Signal Processing
ICASSP, 2014.

O., Plchot, M., Karafiat, N., Brummer, O.,
Gelembek, P., Matejka, E. D., Villiers, and J.,
Cernocky, “Speaker vectors from Subspace
Gaussian Mixture Model as complementary
features for Language Identification,” Odyssey,
2012.

D.A., Reynolds, W. M., Campbell, W., Shen and
E., Singer, “Automatic Language Recognition
via Spectral and Token Based Approaches,” in
Springer Handbook of Speech Processing, 2008.

D., Reynolds, T., Quatieri and R., Dunn,
“Speaker Verification Using Adapted Gausiian
Mixture Models”, Digital Signal Processing,
2000.

F. S., Richardson, and W. M., Campbell, “NAP
for High Level Language Identification,”
ICASSP, 2011.

W. Shen, et al. “Experiments with lattice-based
PPRLM language identification, ” in Proc.
Odyssey, Puerto Rico, 2006.

P.A., Torres-Carrasquillo, E., Singer, M. A.,
Kohler, R. J., Greene, D. A., Reynoldsand J. R.,
Deller, Jr., “Approaches to Language

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

O., Glembek, L., Burget, P., Matejka, M.,
Karafiat and P., Kenny, “Simplification and
Optimization of i-vector Extraction,” IEEE,
2011.

C., Greenberg et all, “The NIST 2014 Speaker
Recognition i-Vector Machine Learning
Challenge”, Odyssey, 2014.

A., Hanani, M., Carey and M., Russell,
“Improved Language Recognition using Mixture
Components Statistics,” INTERSPEECH, 2010.

A., Hatch, S., Kajarekar and A., Stolcke,
“Withen-Class Covariance Normalization for
SVM-Based Speaker Recognition,”
International Conference on Spoken Language
Processing, USA, September 2006.

C.W., Hsu, C.C.,, Chang and C. J., Lin, “A
Practical Guide to Support Vector Classi-
fication,” Available Online at http://ww-
w.csie.ntu.edu.tw/~cjlin/libsvm, 2009.

V., Hubeika, L., Burget, P., Matejka and P.,
Schwarz, “Discriminative Training and Channel
Compensation ~ for  Acoustic Language
Recognition, ” Brisbane, 2008.

Kanagasundaram, A., et al. "I-vector Based
Speaker Recognition on Short Utterances.",
International Speech Communication
Association (ISCA), 2011.

P. Kenny, “Joint Factor Analysis of Speaker and
Session Variability: Theory and Algorithm,”
Technical Report, CRIM Research Center,
Canada, 2005.

P., Kenny, G., Boulianne and P., Ouellet,
“Factor Analysis Simplified,” In: Proceedings of
International Conterence on Acoustic Speech
and Signal Processing, ICASSP 2005.

P., Kenny, G., Boulianne, P., Dumouchel,
“Eigenvoice Modeling With Sparse Training
Data,” IEEE Transaction on Speech and Audio
Processing, May 2005.

P., Kenny, P., Ouellet, N., Dehak, V., Gupta and
P., Dumouchel, “A Study of Inter-Speaker
Variability in Speaker Verification,” IEEE
Trans. Audio, Speech and Language Procesing,
July 2008.

H., Li, M., Suo, Y., Yan, “Using SVM as
Backend Classifier for Language Identification,”
EURASIP Journal on Audio, Speech and Music
Processing, vol., pp. 2008.

AR IR S\ POWRL by W

&


http://dx.doi.org/10.18869/acadpub.jsdp.14.1.111
http://jsdp.rcisp.ac.ir/article-1-390-en.html

WIS Yl Gwliab )l sl Saab by dumlio

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-01 ]

- 10.18869/acadpub.jsdp.14.1.111 ]

Sbolisl eaSTon (69 .0,5 il o sadoly oKasls 51 YYAQ
ily oals wlelbl 5)5kd 5 Soals (owiigs 09,5
drwg oBiagh ol)l jslie uizes 5 oliile,S
Lol gwsh pallial axlgs Ay sle sl
il ol asle plal dBle )90 imgh sladie
(b 0Ly Gl wge g S sl (JUSew
GSlS slaes oSl 5 rile (0L S olulils
|

) el Oyl gl AabLI, s

kabudian@/{razi,rcisp,aut}.ac.ir

AR I WR P POVRL L VN W)

Identification Using Gaussian Mixture Models
and  Shifted Delta Cepstral Features,”
International Conference on Spoken Language
Processing, 2002.

[43] F., Verdet, D., Matrouf, J.-F., Bonastre, J.,
Hennebert, “Factor Analysis and SVM for
Language Recognition,” ISCA, 2009.

[44] K., Vesely, M., Karafiat, F., Grezl, M., Janda,
and E., Egorova, “The Language-Independent
Bottleneck Fetaures,” IEEE, Brno University of
Technology , SLT 2012.

[45] J., Weston and C., Watkins, “Support vector
machines for multi-class pattern recognition”, In
ESANN, 1999.

[46] X., Yang, M., Siu, “N-Best Tokenization in a
GMM-SVM Language Identification System,”
IEEE, 2007.

[47]1 S. Young, et al., HTK Book, http://htk.eng
.cam.ac.uk/.

[48] C., Yu, G., Liu, S., Hahm, and J.H.L., Hansen,
“Uncertainty Propagation in Front End Factor
Analysis  For  Noise  Robust  Speaker
Recognition”, ICASSP, 2014.

[49] Q. Zhang, H. Boril, and J.H.L. Hansen,
“Supervector pre-processing for PRSVM-based

’”

Chinese and Arabic dialect identification, ” in
Proc. ICASSP, Vancouver, Canada, May 2013.

thio o 1) 095 Olliaxs Lo,y @ik
Sy g AlD, 5 owlill)lS
}«..5).“01 ;..Lua . olKisls B (;SJ)..S.”B...:)
il oLL a4 (OYAY) olRudls § ai,
5 s_i:r.i]‘}u L;\):Sa éJa.u 692;.2.3‘.) Q9JS| N T
5wl @le plasl LI, glas
shaghayegh.reza@gmail.com

055 Ollazs Hbogss oliiles dw
N3 W E 3 L v EO R L g ST PR It
))9.“40‘.5 GMW cuSlisls o ‘)4.5;) 9
SSS (L) yeS el e oRils
T b o 1y 095 s15Ss 5 wLaS (o1l



http://dx.doi.org/10.18869/acadpub.jsdp.14.1.111
http://jsdp.rcisp.ac.ir/article-1-390-en.html

[ T0-80-520z uo Jrge-dsidps( wouy pspeoumo( ] [ TTT°T¥T dpslgndpede/s988T 0T 104 ]


http://dx.doi.org/10.18869/acadpub.jsdp.14.1.111
http://jsdp.rcisp.ac.ir/article-1-390-en.html
http://www.tcpdf.org

