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Speaker identification based on multi-class kernel Logistic regression
model
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Abstract: The traditional Logistic regression model is transformed to multi-class kernel Logistic model applying for text-
independent speaker identification, which is nonlinear and more than just two classes. The penalty factor is added for
enhancing model generalization ability. Then an iterative algorithm is proposed based on the solution of a dual problem by
using ideas similar to those of the sequential minimal optimization algorithm for support vector machines. Experiments show
that the algorithm is robust and fast, and the recognition rate is as good as widely used methods such as SVM while being
used in text-independent speaker identification.

Key words: Logistic regression; Sequential minimal optimization; Speaker recognition; Kernel trick

1 5 5 1 Logistic 1] 52 55 — B i 2808 ) 1 43 25 438,
SR TE SIS AR AR e B A RS TR A 0 5 S AR, 2 ke Ty
RO, S IA SIS A RTINS P AR LR DT 5 R AR R 53 210 ST
FHAR, e WA R A B RGBS RO A T UL A BRI, R
RS S IEARIR R, WG & PRI O 8 RS I T 8R0S Iy, R A 11 e
KIITE, P T T Z RN, s A Age. W WARVIE, I oAb R Mt . 29 K97 i i
PN G ZEAE M #% Logistic M5 AT RAR 1 5 S22 i, LA
PUIBI A R R e e SO B ICIR IR R IO REPE, XA A UL A
HRZ — G INE H PR AR A i, by IREEZ IO E g e 5. LA
JR] A R A P R e i R R iy A% Logistic [N AT UL B B BOARS, S
VUK, TR M R AR i i gy, JCBURLIEEATTA NI, AR BUIRAL T2 B, (1
2 TR BT 0 A R i fp L R R, HLRAT P B Logistic [M1 )9 £ ek fié
JERE PRI, B AL A s R R e PR RS ASCH B0k 2 508 Logistic [FIH N AT
WRAIG, 7 1 2 A B 5K VAR N5, 10 2 R A B X 2 B L, 4

Yk BHA: 2009-08-23; 1E[EIHHR: 2009-10-14.

EEWH: EXBARBEHSEIH (60573123).

EE B WEME01983-), 5, B, i+, MR SN R AR 9T; T 07 R(1957—), 5, BUMLA, #0%, 1
AR, N ENLER S R A3 N TR RESEIT AR



1436

* e 025 &

PRI ZRAATE, FirAe) ot AR 20 g 2 PR L TR 2 iy,
HE I E R,
2 #% Logistic [5])4

YO A FE 5 B A, BEE w5 TR I B A
K, 8 WHEREAREN {21, e}, {Z2, c2}, -+, {Zns en}
Hrp: ?Fﬁ)\ffljl?péﬁﬁlﬁj\ FAE ) &, Bl z; = (zi1,
Do )5 LR A KRR o T PR (1,2, -
K} — Mg B bR A0 A0 A0 03, A 15 24 45
SE BT I — BOE E A8 5 1A T iz Z 80, 70 KA 6

MAL, 2, K} i — AN ERf 2R AR 2, BV e
EINATARPNE=E /i
22 L) Logistic MBI N o570 K48, WK =

2, & LA 0] R 0

9(z;) = logit(p(z), B) =

1ogp201 = 0; B + o, (M
IR AHREA SR8 12800 1 10 Ja B i

_ eXP(Q( ))
Logistic [F] - 7] @ A2 K 2 1k ek 4k g(:l:z) BTE; + Bo I

S4B B ARAL I ) R A H bR b2 ¢; € {0,1}
A AFEASE X IR Bernoulli 534, FEAALLAR i

UB) =
ﬁ (p(es = 1|z:) (1 = ple; = 1z) ™. (3)
X HHY %‘T;ﬂ”ﬁ, 73 B2 1 Logistic [P A5 7 1) )5 46 B
MMEEBRZ R A
L(B) = - Zn: [cig(Z;) —log(1 +expg(;))]. (4)

i—1

B 0 TE AR i AN SRR IE 2 B Ze PEAS AT 201k,
WAZTURE B2 At [R)AABE Rg Je ohy A G P [R] U A2, AT 75
2 #% Logistic [H)7. Wit AELe MY & : RP — F 155
i N 2 R LS 38 s MR RRAE A5 R) FLAE F SRR, B ]

o Hhol
B = iaié(@) 5)
e R g (2 ):i BT &(z;) + Bo, B
g(@)=BT0(z)+ by =
(i%ﬂ@) +50—Za2 (%3, 2) + Bo- (6)
i=1

TXHE, 0T U N 23 [ T g( ) R — AR b
PRAL, o K (z,y) A 2 Mercer 5P IR AZ B 2. Y
R R T2 Wk R 506 458 Tr) B A% bR B
_ ||z — yl?
K(r,y) = e (-7
Fom By 22 T X A% pR 2

K(z,y) = (2" x o xy+1)™.

FIIAZ T, AL R S5 A
ple; = 117) = :
1—|—exp<—Zal (Z, ) )
M #% Logistic [PV H ﬁ«ik_ﬁﬁ
min L( ) =

D)

=1 j=1

xzvxj + ﬁO]

Zlog(l + explo; K (Z:,%5) + Bol).- (7

i=1

3 £ J6# Logistic [F1H
YLIE AN R — K > 2, W N
F — J6#% Logistic B B JEAT Ff iR, W) 75 22K FH « — Xt
27N TR 24 SR, IR N T AR
TR s (BB FH5E b, #% Logistic A1V AR H 2R Hb
BT Z 0 Ry, |
eXP(ﬂk Z + Bro)

plci = k|z; 8) = ¥
Zexp(ﬁj% + Bj0)
j=1
EEF‘ k=1,2- ﬂ [ﬁlTaﬂQ )t 7/3KT]’6 €
RPXKjJﬂiﬁWc’%%Z XFFHRA R 2, 72 REIR A
argmax (p(c; = k|Z; 8)). )
ke{l,2, K}
RSB S ORI 1 fe M O B BLAR B
minl(8) log(Hp ¢ = k|zi; 8) ) =
K
> [ B & — Bro+
k=1c,=k
K
log (Z p(3, 7+ B )| (10)
N 39 SRR (K2 AL 7'3 X AILZ bR B N Lo 1E AL
i Hi@}%JBLogmnc (AR H bRiz e

min H :Z {— e B wi — Bro+
=1

K

K
tog (S exp(5," 2 + 1)) + 5 D 15kl
j=1 k=1

(11)
Hrb: g AKYEmE, Mg = kI, & = (0,0,
,0), 128 k4. [RIFE, N FHAZ T, AHRN ) 2 7t
# Logistic [FIVARLR! H A5z i 4
min H' = Z Z[—E?Oéij(ffi@j) — Brol+

i=1 j=1

Zlog (Zexp ( Z i K (T, Ti)+



oM

M F —Fr % UM Logistic © A 335 ATER 7 ik 1437

A K
522‘1%%%1((@,@/). (12)

5;‘0)) +
k=1 i,i’

4 PREHE I 2

# Logistic [B] A I Y 2R FRIR 2, AT LA
TS /N T 5 0 ARRLS)!MY, ZRfiii-f7 4 b 7% (NL), J&
OBk FEIE (CG), 5T X 3k 4 iy (TRNM) 45, T X
Be Ty AR — s R AR T T U B, R AE I 24
FEAR KT A% H 2 5 28 H bR I3 6 (3 1E A B
H, BB AR FR AT 7 A AH 2 T B 1) B 3 1
Keerthi 451219 0K SCRE ) S LRI 2R 5005 /NP
FIAL N T — J0#% Logistic [B] AR i vhr, 54
UOEARLFE RIS o REL, 8 T 9% B R
AR N T N T30 NFIN 2 0 K&, A0
w/NTFHNRACT e 2 T0 5y N R B
41 BfRizeERMEK

J HARZ B8 (11) &5 [ T

K

n K
min ' = 033 glew) + 5 SOIAP. (13)

=1 k=1 k=1
Hr: 0 = 1/X A IENLE &, B
&k = Bro + By Ti, (14)

g(€ir) = —ciplin +log(et + -« 4 e5iK), (15)
P A A A B H A Ch
minﬁ =

n K 1 K - K
CY D gl + 5 D NIBE + a0y Bro+

=1 k=1 k=1 k=1

n K
Zzam(&k — Bro — By T2)- (16)
i=1 k=1

Forb qig, ag HRIME I H T, U KKT 24140175

OH [0Bro = a0 — Y _ ik = 0, Yk; a7

=1
= Br — Y ciri = 0,Vk; (18)
1=1

C(g' (&ik)) + i =

OH | 0By
OH |0ty =

K
O = cin+ e /3w ) +ay =0,¥i k. (19)
kl

B I8) HEFH B = auns, VE. R (19) BT

i=1

K
> i = 0, 2 TR (17) 14

k=1

ap =0, Zam =0, Vk. (20)
=1

12K (19) i T4 H

ik = log (Czk %) - = Z log <Czk’ - agf/),

k'=1

21
g (&k) = —au/C. (22)
WG(0) = 68k — g(&ir), Ho 6 = —ay,/C. X G AT
(CCATIES
8G d i , d¢;
(T TG
%EGTaait(zl) B R 12, ED
Ak o
G( - C ) -
KI; L (cik Og) log (clk é,k) + ct. (24)

Horb: et NH 8, G HARZ BRI—545. ¥ Wolfe %
BE N T BFRZ R (13), 3% Bt &4 (17)
~(19), &3 i ar %Hﬁé@ﬁﬁxﬂ%ﬂéﬁﬁv

K
min D = czz(;( o) 4 ;kZmn?, 5)
=1

=1 k=1
K n
st.) i =0, Vi;»_ ag =0, k. (26)
k=1 =1

42 =mIMALFH

@5 FAT AL, ZEN e Fe oA
AT HARs M, B SR — AN AR H
bRz B, R

n K . 1K 1
minD =Y 3 6( =)+ 5 D 1A
i=1 k=1 k=1

n K-1
Y5 (Seal e
i=1 k/'=1

s.t. Zam = 0, Vk. (28)

S 4 FI ﬁ/Z E’Jh%ﬁﬂ HIEA N

N

—1

winD=C30> 6(~ %)+ LY e
i=1 k=1 k=1
n K— K n
S (S aal 3 (53 )

29
/N HAAC IR B A A% A BRI 2 b O B B v
S5 D@fﬂﬁﬁf?ﬂ:%ﬁ% ¥t D vy, AT AT A5
oD =(Br — Br) 7 — [log <Cik - a;)_

K-1

log (1 — Z (clk - O"“))} —Br. (30)
Ho g, /WE!ZHT%#
0 < ae < C,Cik =1;
—C <y < 0,cix = 0;

Gaik




1438 Iz #] * R %05 4
H Feto = 0 TFUGHHATIEAR E BB AL, 1ERERIE Y
o Qik tnew = tola — (U (1))~ LW/ (1), 39
o<§:Q% C)<1. 31) a— (U7() (1) (39)
=1 H 1:':1
L
= ¥(t) = D(a) =
Hip = n K an = )
" n, K] c G(—=)+35 D Bkl + 5118k |?
ZatkK(xtasz)“"Z(Zatk’K(xtafz))_ ;; ( ¢ ) 2 1;1 2
t=1 t=1 k'=1 m\'Jﬁ
K—1
o Gk _ _ Yk ' (t) = Hy, — Hirn, 40
[log (czk 5 ) + log (1 (cm = ))], (t) k k (40)
k=1 W”(t) _
(32) o o o
—1 —1
upper(k) = arg max H, (33) (Ceir —aip =)+ (Cevp —awp +1)7 4
i K—1 .
lower(k) = argmin Hyp bk =1,2,--- K —1, (34) (C—EZK%M—%M+O +
% k=1
2 J6#% Logistic [RIVARE R Y LR A A S5 10 K-1 1
Huppcr(k),k = Hlowcr(k),k = Bk7 <C B ; (CCi,k - ai/k) - t) ) (41)

k=1,2,-- K —1. (35)
43 B/MFIIEK

ST UL EHE S S B ARz oh S SRk 4 AT,
% Juk% Logistic B8 1) d5e /NP AU 715 5 S RE ) i
ML, SEASRAEHL L o ZEU IERIPI AL LR B IR
IEART Qupper (k) 5 Qtower (k) I HT, FARSILTR AR
~:

Stepl: KA1 (26) A1 (31), 4 sE WAL o 1A,
IEAC Tter = 1.

Step2: WIRAFAEANRI RTINS (i,¢), 1643 H; , #
Hyr g, WK IR A1 (33) FT(34) 3 HH A () upper (k) A
M lower (k).

Step3: K upper (k) ks ower(k),x TEAT T HEHT:

It 1 It .
Qupper(k),k el = Qupper(k),k 4 t*7 (36)
It 1 It .
Aower(k),k ertl = Mower(k),k i t*, 37
;i T = M for other i, k. (38)

Step4: Hf alter AR NS (32) VLB Hy, FFI%E
HB 1 upper (k) LA lower (k).

StepS: WX TAFM Kk € {1,2,--- , K — 1}, {F
B, ") BOMEX B W Hy, = Hig, WIEAUE
1l R IEE N Step2, L2 215 11444 (35).

HARSEHUE R A LT LA 20

1) &PFHyy = Hyp = B ARETA 2, Bk
WO H AN 58 A B 5 AF, A S Hiaxe — Hinin <
0.001 AL,

2) AR AE Step3 H I ¢ fELUE H5 0 PR AR B B AR
A i) 8, A3 I A -y 2R T R AR IR, ¢ AR R S 2
WA SUR IR o WIRFTE 2501 (26) R (31). — ik

3) Hy B EUE EAAL IR 5, HARIR o BT RL
FEAl s 2 21, D e 204 T B I (¥ 58T DR A, I B
T T UGEAERAE, &

=

sap.a) =Y (e "25), @
C
k=1
IS
HWY =
Hzcjlkd + 2t[K(£ia jz) - K(ii, ii/)]—
aew aqld
log (Cik - g ) + log (Cik - ’C’f >+
log[l — sa(i, anew)] — log[1 — sa(i, aoa)], (43)

HS{C}C + 2t[K(1’1/7 l’l) - I((Z’l/7 1’1/)}—

abiew Oéq’ld
log (ci,k — —g ) + log (ci/k — ék )—i—
log[1 — sa(i’, anew] — log[1 — sa(i’, ao1a)], (44)

H;

J=

tIK(Zi,%3) — K(Zi, Ty )]+

log(1 — sa(i, tnew)) — log(1 — sa(i, aoa)), (45)

Hyj =

tHK(Z, %) — K(ZTy, Ty )|+

log(1 — sa(i, anew)) — log(1 —sa(i’, aola)),  (46)

Hpj = K (i, 2m) = K(2ir, 2m)]. 47)
Horp: FRERISEFEF i = upper(k), i’ = lower(k),
H j # k, m # uppper(k), m # lower(k).
44 BEEHINLE

SEEG T LA _E BT £ JC % Logistic [A] A A Y HE AT



oM

M F —Fr % UM Logistic © A 335 ATER 7 ik 1439

il Nl ], 56 UE T SE B4 R 5 AE B ik A7
ol N 6 B T AT . SR B sl T R,
BNHCA 20, e 33 12 N, 2o 8 N Hdli il i KA A
#8000 Hz, 4007 1 16 bit, H.75 18 A/D FAL3KAS.
AN RTE S T 0 A [\ N s S . B NTR SR
WA RIS S PR 8 5 P B K 2 15 st IR 5, A
[F] IS0 20 AN BE R 1.5 s i B A it AE 5,
B 20 NI ZRTE 2, 400 M TE & 1515 k4 m
ARERTE. 2% LA PRAL 3, P38 A5 o s A, S
Forb 25 B, LBROURI LA B, LA30ms K
BE 4 i £ HX 12 4E ) MFCC (mel frequency cepstral
coefficient) 4 1iE 2 4, Bl mel 4504 8] 3 2 %, 1 4 7>

S HAEAH F P &b gd B B AE R e
Windows XP; 115 15 : Matlab 7.1; 4 zUHLHLfi%: Intel
Wb 4 X%, EM2.6GHz, WAF4G. B 5 H £ Tt
Logistic [0] V% 5 Il Z5 3% 55 Sk [12] /9 IRRLS 5
AT IS SR b, A SCE B DGR ARRE R AR T
T I /NF AR AR 1) R, T [12] B e SR AR GO ALl Ak
HARZ B T, IR, 5 B R — 30, 4%
X FE R WA AN EE A ST S R I 77 75 0 o F X
B EVE AT Ui 1h A YINZR, Ac 5% FH INE, AR 2 225K 11
a ZHET 5 B R AR5 A AT [12] 19 IRRLS A0 AR
[FYIZRFEA AT EAAL, W RIE BT B 1) 5 P 75
INFIR), Qi 1 Foss.

F= 1 MF% JTiZ Logistic BTl 2B E R X b
FEAK < B B HVE /s IRRLSSE TN /s

WNGRiE & s

5 4982X12 5.86 380.6
10 9961X12 11.35 916.4
15 14945X12 23.58 2.8e3

MR, 0T AR FE B S AR,
S I N 2R BE# A T IRRLS 55032, FLI 250 1) B
FEA B ISR A B2 M OC R, mT AN T 1% A %
.

R EAE R TR ITER KGR B BfAE
SR, AN A A% oA 301 2 70 Logistic [B])A#4
Y AE N HE A 0 A 22 S LKL AR DL K 3 R e A
PR A% R BN F T 03 U 2R 500, 6 10 AN Uk i A
HEAT 43 2. 3K 3 M A% oR 25053 il ok A% 1) FE A R 4
— P 2 I A% o8 BRI Cauchy 1% pR 2. A R o8 20T 2
A o HUE A I8 1 A8 ISR E. ) Ab, SR ek g
TANTE N T YE NFEX R B AR Lt &, fEibA
YRR, 22280 T 36T ARl A% R 251 1 A HE ) iR
IR E i 4 R

12 2 W A0, A5 LD 28 A% o o L I, 42
] 55 2 2 (RBF) B B 2 (R PR AR L34 DRI, 76 i

WA SR, PR AR 1) B AR A T AR 702K,

£ 2 % Jt#% Logistic B3N A ARE
R AR R A 9550 X b

%R 5L YU/ % o
RBF 100 1000
Poly 86 0.8

Cauchy 925 1.9

4 2 Ju# Logistic [0 )4 751 5 — J0#% Logistic 1]
VA 77 32 DA K SCRE ) 8 BIL 7 04T 1 1 N % 0l O3]
XTEE. Jerp P L oo 2R, HOR R X
A R R BT BEE VU K Tk, SR )
BILAR R FAH [R] PRI A ) JEAZ R, o BX(E 1.5, A EE 45 IR
W 3 s
F#z 3 BWMZ T Logistic BVANGBEZHEITLE %

5k .
5N 10 A 20 A
MultiKLR 0/100=0 2/200=1 9/400=2.25
SVM 0/100=0 2/200=1 10/400=2.5
2. KLR 0/100=0 1/200=0.5 11/400=2.75

H 2% 3 W40, # Logistic [0])7175 45 24 i i A
HEI TR FH ) S ) s LA AR R0 28 EARRL, (H AL
42 5 1 T R B, BRI 55 rh I TR AT — A
AR BRI A] W H. T J6#% Logistic [R1JH 777 5 SCHf
) EALITVEAE N T2 00 K G I, Ak idt 2 >
TG KA LAAR S 22 43 2K, A 13547 20 A A1
SRS I, SR — X —" 2 R INER SR LS
““JCH# Logistic [HIJH A2 i C3) = 190 AR
JCOy R, XN T ISR B i S 2% i 5 BBk
LRSS, 2 7077 kI HE 5 A vEAL.

5 4 @

BEOXT UL TE N HEA I ARG PE L 2 oS A
1R 45 4% Logistic WAy &4 £ S Logistic [ )£
T, FEHE B ARz BRAE A A T 2C LAIE Y S 4 ) FE AL
R /AMEAREE N . BRGAE, ZE R T AR
4% Juk% Logistic [FIAIZkik, HUIZRIN TR BE I 2Rk
AU IEAR BV CR, 55 U m A6 I 25
Hd BRI, $RAG 5548 48 SR ) S HUAHAL IR B3
R, BRI R IT S ERAE, — R ol s I 2Rl
AN B, A5 RO SR Hh iR SN R B 22, A S R A
X7 HEATHEST, LR U A AR AT 32 F 3 sl
SN

£ 2% 3k (References)

[1] Frederic Bimbot, Jean-Francis Bonastre. A tutorial on text-
independent speaker verification[J]. Eurasip J on Applied
Signal Processing, 2004, (4): 430-451.



1440

* e 025 &

(2]

(3]

(4]

(5]

(6]

(7]

(5]

(6]

(7]

(8]

(9]

Wan V, Renals S. Speaker verification using sequence
discriminant support vector machines[J]. Speech and
Audio processing, 2005, 13(2): 203-210.

258, TR, RFE. TR R B L I Logistic
VAT AN SELR SR, 2006, 27(6): 980-985.

(Li T, Wang J P, Wu X Q. Kernel Logistic regression based
on feature vector set[J]. J of Chinese Computer System,
2006, 27(6): 980-985.)

Volker Roth. Probabilistic discriminative kernel classiffiers
for multi-class problems[C]. Proc of the 23rd DAGM-
Symposium on Pattern Recognition. London: Springer-

Verlag, 2001: 246-253.
Shevade S K, Keerthi S S. A simple and efficient algorithm

for gene selection using sparse Logistic regression[J].

Bioinformatics, 2003, 19(17): 2246-2253.

Rahayu, Purnami S P, Embong S W. Applying kernel
Logistic regression in data mining to classify credit
risk[C]. Int Symposium on Information Technology. Kuala
Lumpur, 2008, 2: 1-6.

Birkenesm O, Matsui

T, Tanabe K. Isolated-word

recognition with penalized Logistic regression machines

(E#%1434 W)

Jabr R A. Robust self-scheduling under price uncertainty
using conditional value-at-risk[J].IEEE Trans

Systems, 2005, 20(4): 1852-1858.
Zhou S S, Fukushima M. Worst-case conditional value-at-

Power

risk with application to robust portfolio management[J].
Operations Research, 2009, 57(5): 1155-1168.

R, B, 2 HEr oS BLR 5 5L M), Bt i
R R, 2005.

(XuJ P, LiJ. Multiple objective decision making theroy and
method[M]. Beijing: Tsinghua University Press, 2005.)
Ogryczak W. Multiple criteria linear programming model
for portfolio selection[J]. Annals of Operations Research,
2000, (97): 143-162.

Ogryczak W. Multicriteria models for fair resource

(8]

(9]

(10]

[11]

[12]

(10]

(11]

[12]

[C]. Acoustics, Speech and Signal Processing. Toulouse,
2006: 405-408.

Katz M, Schaffoner M, Andelic E, et al. Sparse kernel
Logistic regression using incremental feature selection
for text-independent speaker identification[C]. Speaker and
Language Recognition workshop. San Juan, 2006: 1-6.
Katz M, Schaffner M, Andelic E, et al. Sparse kernel
Logistic regression for phoneme classification[C]. Proc of
10th Int Conf on Speech and Computer. Patras, 2005, 2:
523-526.

Roth V, Stenhage V. Nonlinear discrminant analysis using
kernel functions[C]. Advances in Neural Information
Processing Systems. Cambridge, 1999: 558-574.
Karsmakers P, Pelckmans K, Suykens J A K. Multi-class
kernel Logistic regression: A fixed-size implementation
[C]. The 2007 IEEE Int Joint Conf on Neural Networks.
Orlando, 2007: 1756-1761.

Keerthi S S, Duan K B, Shevade S K, et al. A fast
dual algorithm for kernel Logistic regression[J]. Machine
Learning, 2005, 61(1-3): 151-165.

allocation[J]. Control and Cybernetics, 2007, (36): 303-
332.

Mansini R, Ogryczak W, Speranza M G. Conditional value
at risk and related linear programming models for portfolio
optimization[J]. Annals of Operations Research, 2007,
(152): 227-256.

HIE, SAEAL. TSI R LR HEL A S SR T
FULI. AL R4, 2008, 28(25): 111-117.

(Liu M , Wu FE. Trading strategy of generation companies
in electricity market[J]. Proc of the CSEE, 2008, 28(25):

111-117.)
Su J. Analytical assessment of generation asset
in restructured electricity industry[D]. Hong Kong:

University of Hong Kong, 2006.



