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Abstract Two feature selection methods of Information Gain (IG) and Weighted Log Likelihood Ratio (WLLR)
are introduced into phonotactic language recognition to reduce the dimensions of feature vectors. Together with the
traditional Mutual Information (MT) and x2-test (CHI), the proposed methods are compared on the NIST 2009 Language
Recognition Evaluation (LRE) task. Different subsets of features are selected from the total N-gram, respectively
according to the four criteria, as the input feature vectors of the classifier for language recognition. The experimental
results show that IG and WLLR can obtain much lower dimensional feature vectors without affecting the language
recognition performance even giving better performance than the system with all features. And when the number of
selected features is very small, IG and WLLR achieve better performance than the existed MI and CHI criteria. The

results indicate that IG and WLLR can effectively reduce the number of features and improve the system to some extent.

AR RPN, T LUORE 24 7 5 S B 3 ot
Bl WA ARG HWR: He T 2 PHERFE R 75 TR 5
R4 P BT I TR FAFER B FORA RS, 1E

HBliEmiRA, FENRREET LM —AEE FFRsAEmRe ks, ek — Ez‘l%i%
T, RRGEXTE S SR H BRI EER A E T IR A D O B TR B T
KA HEA U BRI R TR ERASEE 8, SRE R R [E R A TR AL 2 X —
eE e, WX T IZHRIE, FERl, MBS 05 T R8I 8 & T ARG

X EZHEHRPEESE (10925419, 90920302, 61072124, 11074275, 11161140319, 91120001) . [E B} fa iR w44 56 S Bl % 1
(XDA06030100, XDA06030500) . EZ 863 i14 (2012AA012503) FiE Bl #pe H 5 F (KGZD-EW-103-2) 815 H.




2

REME: T TEIZEFFN RS PR EELEIIEN T 209

ANEFR A B BT RS SRR Y B FHR B
FriE A HAERRAE TR . T RIS S 2 B Ok
BEWF TN G EAL.

T HF TR 220 RS FE Ry 22
N-gram 15 AR EARURT I T o] B 28 [A] A A (Vector
Space Model, VSM) % Bl gM T = 49, 7T
) i S (AR AL A R, SRR B
HJ N-gram &5 “bag of N-gram” YEHFFET, &
Je W HAE A 2> AR B N BRI i R AT 40 2 (67T
EHTESFEFIRAI RS, — B, mHH
N-gram FHERFHEEFEMIEMEE. HEE N 1
WK, FIEM AR EREOG K, — e kit Hm
FERERI IR, 55—J7TH, FROERAEROM 43 e RE 2 [H]
FARRMABERR, Y4B —E RN, FTRES
SRR TR, AR R B R 7 B 913

FEAEIEBE AT AR & — ML 8T, Segg 0 IR
BB SRR HEN, DA X 4 WR LSRR 2 5 X 43
REBEFRIER, BB IEH A RITRY, NERE
fEHEMEAE LB RIRF M SR, 5 TR SI#IE
HA, HETEE AR EE R A E ST SVM
kARG E . BRI A gt Y Sk, 78
IXLEUE N A b, —FhiE H R R B
7N TFERGR A B 38 gk py BRI,
WARFHH N-gram FEFAEA Y B X%, R4
FOR S HIARBY N-gram FFAEH Y 1% B A B X 53
. E IS IR EMKET N-gram kiR
B X R SCERE, R E M STy R, A
A5 EI LA X M T B A

AR SCA Sy A A BT A5 5L 1S 25 A0 A log
RLSR ELHETN] 10T B\ B35 T-HC 5 S8 SR B Fp AT
FHERSE, S ERNEREEM ? Stk
PR LEL.

1 F RSB R SRR

A SO A PR R R T T AR A
MRS E AR EE TR, Bl PR-Lattice-VSM &4
(Phone Recognition-Lattice-VSM), 3= B4 53 |
B A% 7 ALE 52 RO 1] 4 2% ) 45 2 ) o o3 2R R
ot
1.1 ETEFFMEIRHERI

Phone Recognition-Lattice-VSM & 4 & 55K
BT RAAS RN R R G AT S . RSTEW%
AR HTK! A FFESR, RE
NEF R 45 R PR A N-gram & T H 2

% (Expected Count)[g],

count(d;|L) = Ew [count(d;|W)] =

> p(W|L)count(d;|[W), M)
WeL

Hrb L ARMGENE TRELER, EWURN

HETRFFIREHES W RN E T kE

AR di fRE—A N-gram FF .

TSR R e B — B A LR Er N-
gram(bag of N-gram) VERFHMET, FEAFRET H
A N-gram X 574 1 2 HEEAT 15— L A0 2,
count(d;|L)

p(di|L) = S comnt(d;|L)’

(2)

Hot p(di|L) B2 N-gram % -5 d; X RFAE IR
BE. )5 X RFESRAE #EAT 40 T AR,

#(L); = Dip(d;| L), (3)

B D; R:

oo p(di| ALL) ZRAE TR 1H PR LAl L3153
HYRFIETR I — AR gi() FTLAR YRR FFIESRK
ENSTERE I REL, BRI g:(2) = Vo B gi(2) =
log(z) +1; C; =M ERH R TEAF, RATHE
gi(z) =V, Ci =0 .

R, RP AT LRRE— Bl A S B R 45 R B
SR JAR B FFE [

(L) = [6(L)1 ¢(L)2 o(L)ml, ()

Horr M O IERH bag of N-gram HI%H .

B 1 iz T PR AE ) B SR IO AR
1.2 mETEEREFIRSE

ERERE I B E Z )5, BT MR 2E N
BRI o2, TR Z R 2800, Film: AN TH
Z: WM 2% (Artificial Neural Network, ANN), 3745 &
#L (Support Vector Machine, SVM), 3245 [1] |5 4545,
AR AR BT R 2 RBRALSEH, H 1%
FH SVM 2K, 2 %% F SVM 8(# LDA-Gaussian
(Linear Discriminant Analysis-Gaussian) 773, %k
¥R A 1 RANNGEBIEM 2 RINGEIEH >

YT A EFMAE L Al Ly, HAZRECT AR R
AR NERTE K,

K(L1, Lz) = ¢(L1)"¢(L2). (6)



210 S S 2013 47
"‘W”"
— >| 9 —AbAbE FFAETRINAL
INZEE TR ¥ ﬁ
1-Best 550 Key-Ngram E
[ns
i i
— I ETFIHEMNSE BT > 53— b Ab B —| RFAETRINAY —>
AR —
Bl 1 SRR 1) B AR B R
lvrest;,-1vrest;y >
L: Ivrest SYMBLE  ———| =
s
%TJ - &
’E; o Ivresty-1vrestyy : " s ::
g lvrest SVM #5754 . > %
£
7y
lvrest; -1vrest,y >

\ 4

lvrest SVM A5 %Y >

"

Bl 2 1% SVM J32K5Kmsikit

SVM A Jit_Eg e e, TiEFHRR 28
T RZRZH RN, BHRA SVM #1724
R, WEXMIOREIITIRE. HHK SVM 22807
A 1XF 1(1v1) #1132 (1vrest), AR FH) SVM
ZRSAETTVN Lvrest TR, BIHE B AR EFEIIG
BARBE LA, BrAHAEFR I ZEER1E A 7
FEAS, MBI anchor model #y B4R 181, Sy /MiE
FllZR A Lvrest HLAL, ZABIARIILF AR anchor
model 24,

BB 1 RINGBIERVIGR Tvrest B, FAT
EENEMNE 1 RINFEED A N G M TENE
Fir, AR HAIEFEEE G IR N 4 “rest” I
REAE, HIELR ISR N 4 Lvrest SVM FiA
XEERMILE L ER, R2aILF L« N A lvrest
SVM HLAIZH % anchor model ZH, 2 2% SVM %%k
&2t anchor model MG 14 A1, SRIGTEMG
g3 i BT KA

B 2 542 T84 1 9 SVM ks it

JE AR A o R AR, Bl 2 o EA,

AV T2 m A% S (Radial Basis Function,
RBF)' Yy SVM 432K 5 # LDA-Gaussian J7%:, 7E
LDA-Gaussian J7¥ESEHH, BB AL %00E
Br (LDA) X N30 #EATRELE, RIS TEREYES 15
4y bR AER R ST GMM AL, S T A
&1, RREEFR GMM AL 2> 8] 3L 240 [ iy 2 b

FAE 1 FNGEIEIEFES RS, S EME
MRFTREZ W IIghkEAS, ek 2 FOll e, B4R
IES A HARE R Z BN RFEARR 945, LIB Ik
REARLI R 2ok VCRL.

2 RHERF

AT R B A PR B R AE IR T 146, A%
GUHEAT S X GEEAEN, DA RASCR B (S B
B AN log AR HLTTIE. TEFHMEESE R, R
PEAF R FEAR I, B RIETIN B — M5 B ME, B
BB FHAETT 5 SEE T HEY, BB P EE R
FFET.



o B FEAFERIRA RS P RE R T IR 211

N T I X REE B AT R, BATRI
SRR 15 00 A R R SRR R -

# 1 FHIE t 5iEF | Z REFIHE

l [/
t FAA4E A B
t NAFAE C Dy

A BFIER | HAEESRE ¢ BIGREHRAEG

Bi: REFiEF | BASHE t A REHRA G
Cp: BFIEM | EREERHE ¢ BIGETRAEG
Dy: TE? B | EAEEHE ¢ AN GREEEEG
Ni: BFIER L VIGEIRAE, A +Cp;

N: vll%ﬁiﬁ,ﬁ\?&, Bl A; + B, + C; + Dy.

21 HEER

HAZ & (mutual information, MI EEEB
PSS, EATEE-NMEEFRRMMETZEM
MEMRBRE., FERERBESE 25 R AR
MEFIEA Z (MM HORFRBE . FRAE ¢ HIBF2EA | Z 6
WEAFE MI(t,1) & XA

MI(t,1) = lo

)[9,14]

o g

W b= e g E R HOAH B R SRAR, MIL(¢, ) 7]
LA TSR A5,
A; x N
MI(t,1) = log AT 0 < (A T B’ (8)
M (7) F (8) HETLAE I, ANRFHE ¢ FEFh 1
Z RS, A4 MI(t 1) S 0; BHAFE MI(4,1)
K, WHTRHE ¢ RS SR AR ERE R
ML T H, HARE 7SR e U R AR
FHE.

AR IRFRE ¢ 5T A E MR Z 68 5AE
B, NTHREE ¢ weREERE, & HNFE
JitEsE: —PRBRE ¢ 58 ERIR) 2 W 515
BRI RKE, —FREE ¢ 5HTA BN 2 65
5 B, B

MIax(t) = maXl 1{MI(t D},
Mg (t) Z P(l) - MI(¢,1),

A3 S i S 3R BT B K (B RE AR T3
18 ), B ATEAS SCHR R AT BB R AB A E A HRAE ¢ e
WA EME. ERWR x* oA log ISR
o, AT R AR R
2.2 x* KitE

x? 4iitH (The Chi-squared Statistic, CHI)!®!
WARE A T E s, SR Fg—FE A

9)

R P AR B SRR 1, RSO e A
WRMERFE I 2 —, FRAE BEARRER 265 < 4] 19
SETHAHSRHE.

FHE ¢ SIEFEA 1 Z M ° ot it A
T
2 N(AD, - CBy)?
Xt = (A + C) (B + D) (A + B)(Cr + Dl)

/—\

10)

MRFE ¢ HIEFEE) | EMSIE, X2t 1) =0,
ICBTHRRAE ¢ A& AR 515l | A Ry 51EAE B
(1) BMERCK, WIRRE ¢ RS 515 | AeR
BR G BB E.
2.3 (SR

fZHHE2E (Information Gain, IG)!15] JEH g%
RS, BEREHXM M RHMET S M, s
—HE ¢, B REHER B MRS B8
Kz, WEWEERSXMHE t R K
WfE B, A, 7E(F Bt , EEMENATER
R B — MHERB AT RAGHREZVER,
WRIERBZ, ZFHEREE.

& B H AR T

L
—> P(l)log P(1)+
=1

P(t) (11)

L
> P(lt)log P(I]t) | +
=1

L
P(t) | > P(iff)log P([F) | ,
=1
Bzl (11) A4~ S0 i E 2 T AR 7 Y 330 2R AR
B, Mafs Bxga T A T 205,

A (1) MK (12) WTLAE {5 SO H S B0
B MI(2, 1) Fi MI(E, 1) B2, HALE ) K
GMR P(t,1) M P(E,1):

L

L
=Y P(t,)MI(t, 1)+ Y PEDMIED). (13)
=1

=1



212 i 2

% H 2013 4

15 B 55 25 SIS R A TTMk, A&
ELRFEA T L. BHIE ¢ A fE R38R, e
TR RGO & 1 2 85 B R,

2.4 104 log {ASREE

T log ISR H (Weighted Log Likelihood Ra-

tio, WLLR)[®! 5 Ay
P(t[l)

WLLR(t,1) = P(t|l) log P’ (14)

Bl (14) iy ME R AR B i 430 %R AU,

WLLR(t,1) A LA T 2RI oAt 5

AN = )
BN,

M (15) FHATUAFE H, PR IR &+ AR

B ZEFERE BMRRE, H WLLR E&EK;

EURFERT H PRS2 5 A e e R B R 2,

3 Fiw
3.1 ZRECE

AU NIST LRE 2009 frEfilikge 19 347
FRIEREEE T PR HeA,  NIST LRE 2009 i1 45 iR
HAREFRILA 23 Fl, CAGFTIREHLIE ., T B i,
JUARVE, SOELIURIE, WA, K EE, B,
EEESEIE. NG, YaE. FFIATIE. 5515, e
FEWE. ERiE. DUBTETE. S ENE. WA E. K
. VS, L EHGE, SRAEE. B IEA 522
. HOEA A IIGEIELSE 2009 48 NIST $24kiy
VOA2 1 VOA3 Hr{@ By i 73 K8 LA K B i 15 & %
#& (Conventional Telephone Speech, CTS), HAF VOA
B AE 22 B PGS HIE. BB IE, 7R
W b0 HBERIE, WS HE, R HIE, 505, BIED
B, R, B, FRIGWIE, SE50E. JLENEETE., B
. DUB SR, S AT ELE., 4 5. g, I
. LEHIE, B/REE. BEEN S5 20E; CTS
BAEERE 12 MEF: TARE. J0E. EUETGE. B
W Wik, dCEREEIE. ERiE. DOESEE. Mg, 7
PEFE, S/REER R .

WFEES, VOA 5 CTS ¥R FEESR
BR., ATAMERRGER RO BIDERER, &
iPHF VOA ¥ 5 CTS B dlEr gk 1 L SVM 44
A, BAVHIR VOA BdEfl CTS BB T 5
MEFINGBIRHITRE, BMEMERER 10 4,
XA (224 12) 10 = 340 MEAL. 2 RIIZEL
PSS SR, AT AR IS A543 43 2848% (SVM B
# LDA-Gaussian) fRIRIYI S5 SR,

WLLR(t, 1) = % log (15)
l

A SCFEE R R 10 s BrR1E L.

AL FE T8 1 A 49 PR-Lattice-VSM %
SHERE, RGP EFRAEE BUT A0 &)
FREE TG4 (BUT-HU), &7 62 4% 1. A
S 2 4R B 4 BTk A AT RHE R 4%,
F P H B RRIE TV S 0 2R A% A S N ] 2

SEg v PR REFE n 2 S5 (Equal Error
Rate, EER)[0] |

3.2 SLIBHER
3.2.1 FHEMEF LM A

Hig b, XF—MEEE 62 METFHE TR
ARUL, HASEHREIE 3-gram VLN 62 * 62 «
62 = 238328 , {HIEIGEIES, LFRFFTER 3-gram
¥k 184360 . FATRFRIAE T E BN (/M 0.1)
WRRIET, 5 BIMRHESECR 107906 . 7EASC
MR IEIE BRI, RATHHX 107906 NRFAEVE A
TEL4, fARE2EN REENLRELRE.

Bl 3l T ANFE R IEE$E 7 ¥:E LRE 2009
10 s MIREE LA PERE, o 2 R4 AR A R 2k
TREEZHN SVM 225, WNEI 3 FLIEL, 7E
10 s MR I, 245 B3 AUMAL log ISR H i
PEERHEELE R 30 k B, HAERERD AT S0 4
FFE (100 k) B IELR R EREA 25 MYIEFEMIFHE
¥k 60 k, HAERBEIRG AT TR RS, RATETTLUE
M, YRR RRERCEARET (5 k, 10 k 1 20 k), f5 5
W AUINAL log ISR H I LB AR T4 BAS
B X geit ik, HAoinAl log AR H T AHXE
FiF—8, B ERERERE EER e HNE
FRAER S FETTR A BB IEm R, BT
X B HE S B A R AR T AR K — 8 4 ZE VI SR B
W BRI, TS REPERE. MHELZ T,

B —— HEf5R
11.0 - — x GitE
—— fF R
—— fnBllogfl 4k Ltk

8.0 ‘ b U
0 10 20 30 40 50 60 70 80 90 100
FEESH X10°

Fl 3 ARIEAFFFE S SR F 4R IEAE LRE
2009 10 s 4R HERIA (2 &orKHN SVM)



2

REME: T TEHZ2EFFN RS PR R IIEN T 213

FEMEE. A log AR X it —FE, &F
B2 TR RFAE A HH BUARR A S 1, R R
FEARR MM AEZER, YE RN IER R DT,
BARTERE L R R 2, HEAREREAR, 1HH &
MAWFEFRESHNRE, LN AF, mR%
BREBEEE, JFHAFURHER S Rateag v R
#r, FTLLRBEBARBOR M FHE, T UARRE M
HRELEA TS HE X,

Bl 4 T AHE R EIE #7376 LRE 2009
10 s M4 EAgvERE, Hodr 2 912888 A LDA-
Gaussian 7734, WM& 4 FRATITLIE S, W
RESERELLT T 2 vl SVM B HERE, A[H
FREEFE A Z M ERE B RIR 5 & KBHER. 5
B 25 AR log {BISR B 7 380 A LAAE FE A AR SR
TN REF RTHR T A S AR R IE R i, E 2R
—E AR F R GMERE CRERFFHERH N 60 k) .
B FFEAERCART (5 ), 10 k 1 20 k), {5 E35
w2 A HNAL log AR LT IE BT x2 it BAM EE R
k.

11.5

o Eﬁlg
11.0 —— Gt &
—— {5 B
10.5 | —o— I AUlogfl 4kt
i'\cz 10.0 +
fét
& 95t
bid
9.0 -
8.5+

09710 20 30 40 50 60 70 80 90 100
K H X10°
Bl 4 AR R R PR R I A [ EHORHIELE LRE 2009

10 s RSB WER] (2 %5248k LDA-Gaussian)

3.2.2 LY RILEK

P R AR B B, o 3-gram FRIEY R
A d-gram FFAE, B G0 AR PE RRAE 18 ZEAE I R T
HFH zizoxs VEH 3-gram FFAE, AR 2 NPHEELXS R
4-gram F T v1v0m37; M 231100703 IANFFEFHEN]
e, Horo AEFEPHEE—NETF. A0
3.2.1 FHBEHE 30 k A 3-gram FREM TR,
2 For AR AR SVM | Ll 25 IR 2 FroR.

B3R 2 ATRVER], ANERE BN R AL
log LR ELHEN, ¥ IS5 15 B By 4-gram FFIEEL 3-gram
FHEFEMERE LA TR B WE S, HIMEXEAT
10% AA.

% 2 LRE 2009 10 s #iliX4E LR N-gram B3

EER KAFHERCH /Y HLEL
N-gram [%{ EER(%) FEIESCH
4L 3-gram 8.53 107906
5 B 5 3-gram 8.46 30000
{525 4-gram 7.59 213945
A log ISR 3-gram 8.48 30000
JAL log SR 4-gram 7.56 219143

4 JrHrAn g

TEH TEAEEMRA AL H, RS
S R AR SE MR BEXX — MR, K SeA sy
b {5 B R ATINAL log BAAR HL A Ffrs AR 328 45 77 9k
FINBER MRS, BB T8, WmfeEIE
RAERCH FRAE 1. S22 B, (5 I a2 AANAR log
AR H 7 3 T AAE AN S e R P BE R AT 4R T
AR R R, BRI —EREmE SR
GEVERE. MBI RFAEAERCBUIRET, 5 B AT
K log A IHEER T EAW x* S EMEREE
Trik.

TERE TR TR, BATPRRGEESEEH 4-gram
[ E BT 5-gram . 6-gram 3§ J&, MTidE—P 4R
HERIR B R SR TERE, FFOF TS A R IR #7148
HAME.

gt
AR X TEHEZRARBEES (10925419,
90920302, 61072124, 11074275, 11161140319,

91120001) . HEB}2ERE LA S BRI (T M
R E 8B —AE B ERBFSE, XDA06030100,
XDA06030500) . EZ 863 ++% (2012AA012503) F

o [ R 22 B B PR BT H (KGZD-EW-103-2) £ 3 %%
8.

2 £ X W

1 Zhao L, Zou C, Wu Z. Integration of speech and language
processing in Chinese continuous speech recognition. Chi-
nese Journal of Acoustics, 2002; 21(4): 343—351

2 Liang C, Zhang X, Yang L, Zhang J, Yan Y. Perceptual
MVDR-based cepstral coeflicients (PMCCs) for speaker
recognition. Chinese Journal of Acoustics, 2012; 31(4):
489—498

3 Petr Schwarz, Matejka Pavel, Jan Cernocky. Hierarchical
structure of neural networks for phoneme recognition. In:

Proceedings of ICASSP, 2006: 325—328



214

B

2%

4 2013 4F

10

11

Zissman M. Comparison of four approaches to automatic
language identification of telephone speech. IEEE Trans.
Speech and Audio Processing, 1996; 4(1): 31—44

Li h, Ma B, Lee C H. A vector space modeling approach
to spoken language identification. [IFEEE Trans. Audio,
Speech and Language Processing, 2007; 15(1): 271—284
Joachims T. Learning to classify text using support vector
machine. Kluwer Academic Publishers, 2002

Campbell W M, Richardson F, Reynolds D A. Language
recognition with word lattices and support vector machine.
In: Proceeding of ICASSP, 2007

Richardson F S, Campbell W M. Language recognition
with discriminative keyword selection. In: Proceeding of
ICASSP, 2008: 4145—4148

Yang Y, Pedersen J. A comparative study on feature se-
lection in text categorization. In: The 14th International
Conference on Machine Learning, 1997: 412—420

Nigam K, McCallum A, Thrun S, Mitchell T. Text classi-
fication from labeled and unlabeled documents using EM.
Machine Learning, 2000; 39(2/3): 103—134

Tong R, Ma B, Li H, Chng E S. Selecting phonotactic fea-

12

13

14

15

16

17

18

tures for language recognition. In: Proceeding of ICASSP,
2010: 737—740

Young S, Gunnar Evermann, Thomas Hain, Kershaw D,
Gareth Moore, Odell J, Ollason D, Valtchev D, Woodland
P. The HTK book, Entropic, Ltd. Cambridge, UK, 2002
Tong R, Ma B, Li H, Chng E S. A target-oriented phono-
IEEE
Transactions on Audio, Speech and Language Processing,
2009; 17: 1335—1347

Kenneth Ward Church, Patric Hanks.
norms, mutual information and lexicography. In: Proceed-
ings of ACL 27, Vancouver, Canada, 1989: 76—83

Tom Mitchell. Machine Learning. McCraw Hill, 1996

tactic front-end for spoken language recognition.

Word association

NIST language recognition evaluation plan 2009. http://
www.itl.nist.gov/iad/mig/tests/lre/2009/
Buhmann M D. Radial basis functions.
2001; 9: 1—38

Noor E, Aronowitz H. Efficient language identification us-
IEEE
Odyssey: The Speaker and Language Recognition Work-
shop, 2006: 1—6

Acta Numerica,

ing anchor models and support vector machines.



