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Abstract We propose a method of speaker recognition based on voice by using the kernel mutual subspace method.
The Gaussian Mixture Model has already been developed as an algorithm for person authentication using voice.
However, it is not sufficiently discussed the verification of the algorithm using the distribution of voice data. Voice
data is obtained from an audio stream. However, GMM produces continuous static-voice matching problems when
used for speaker recognition. Developing a way to use continuous observation might improve the accuracy of speaker
recognition by reducing noise and enabling the extraction of invariant features from voice streams. We propose a
method of speaker recognition based on voice by using the kernel mutual subspace method. We experimentally
demonstrate the proposed method’s effectiveness with simulation results and show that the method achieved higher
accuracy than that of using the Gaussian Mixture Model.
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1. £z A= HEHERES PC I AT O~ A 772 L, Hililgl 2 A THIA
TE5. Fio, HEEFIAMPEENLIT> TWDHRREET

AH TIREERIAR B oy 22 i 2 W T 8 I3RS <R D72, R ST L HMARGRIC S, 2—F oL
aga“ékODT/l/:t);{A%i’m L, EBRIICAIMEZ R BHEBD. 2D, FEICE 2MEAGERETE L~ Lot
WK DBEAGRIRE~ A 7 0 T3 7 ECERETE LD Fa 7o e BE LRWGE TOMERMEARIESRE LT



HEHESIN TS,

E I L D NGRAED 72 DICITFFE D/ SA T — R &AW D Z
LERARE LeT ¥ X MNEER, [MEZFELTHLENWT ¥R ME
MA, FRRES AT ANETSELRET ST XA MEEMD 3
DOFEMEEINTND.

AEFFECIE, MARGESRE LTCT A MEEREBRAT 5.
RREEAT I BE, RADFEHOBNST WT X R M ERRT 52
LI Lo CREERBE oM ERAHIfFCE 5. £z, FrNCsE %
LTBLLIEPRRETH D70, 20 TF LORMENERR I
5. FRICK L TTF R MEER, 7% bEBRTEEEE
POHDEINTZEFRERND 20 TF LIZHNZ EREREn
TW5.

fESRe X0 FHEIC X AN GRIEOHFEITRLIE L= B R E#R E o
REOMBEE LTI LN, BROBELMELEKRT L7 7 r—
FIITONTE .

ZTOHTY, BEh~/la7E5 /1 (Hidden Markov Model,
CUF HMM) R#AYEH L (dynamic programing, LT DP)
CEBRHABRAB LN TEI(1][2. R BITKEOERE S
B oFETILOTHY, THXFANEEROEFRGET LTI
R EOBFERE V. LrL, HMM < DP 72 Sl2&ES5<F
FRMFIETIE, BRIIEREZFIHT 720, HLNICT ¥ 2
NEEFRLILAA~ OIS AR EETH 5.

T XA MEEMMAFRER Ik E LT, B2k (3] [4] 2358
WY XL E L THWSII [B]. 5 ZERIEIERER I
ZRIH LWz T %2 MEER, 7% A bABERA~O6EH
ARETCTH B,

EXDITBEICEFICB W IR FET 5 2 L 28 L
T2 [6]. BT —Z OOTMICIERIREERTRD b HHA,
oy ZERIED &5 72 A AUE L7273 Y X AT &
For ERRICERIT 5 Z & AHKRT, RBMBECR T3 &
T ik b.

BT — X OO ORI E BB LI iEE Rk o L
L, REHA U A54ET /v (Gaussian Mixture Model, LA
GMM) BJEL VBN TWD [7]. GMM [XH R 51 2 Fil
LanW/ed 7 X2 NEWA, 7% MEEROEFRIET L=
VRALEBIATEZENARETHD.

GMM IFFEHRMOT L TY RhE LTAES HWSBRTNS
WZHPhb b, FRT—XONMICLET VI XAORY
HORBFEE i bl Ty, FFET — % OS5 O T
MM A EE L CEHEERFOT LAY RAERTRTH LIk
D, SDICEMEEREIRDSHER CE 2 AEERS 5.

F 1z, HOrZERNE A RO TSR TR A IR AT IEIR L 75T
L LT, BRIy 22 8] [9) A L7613 d 5 [10]. %
TCUE, BRI 2SRk A A L2 BROEBINEREIY, GMM
OB OFRBIMRBIZITE T 2 Z E BRI TW 5.

B DAY, #EMReE S AN EZRE L TWD.
LinL, GMM & 2 WIIERIEI 2L TiE, Tha B—
DOEFRBIEOHEG L72b DL LT TN 5.

AT, BEROERT DO IRE T 57 7 —
FIZ L0 ERHI R AT E R AR L, & HICEMERR7R

RHREMRT D L E BT

9 LI i AR I B W THERDIIEHRD
B ED X5 RBIRER D Th 5.

HTHEF—Z ORHMIIERE LTLPC 7 A T ARA LY
TARNTANFEERBTEISAVLENTNDS., 2 b OK R
AR, HFFRMO T DI SN FElHR TH Y, BA
ML L FFEEEORMEE L CODAREELH 5. BHAD
Wl —& 7 2ME A ORI OF R K0 BEILTHAR LT 5 ATREMEDN &
5. DFY, BEANOFROWERET 2 UINIIERIHKEE -
TIAET B AR H 5. PUROIIRZ EfICET ML T& 72
WAL, thoh T T VICEER L TLE .

PLEEESEZ T, ARICBWTIE, IS BEEL, &
FeH 72 AJIHMIUE T & AR 7 v ) A& LT
HOEN TV DI B ZEEE 0D Z & 2R T 5.
PUF, 2. TiE, 81, E o math T COFERM T V2 Y
ALERET D, F72, 3. CILEEERRORHEIhE R TE < F]
HEN3 LPC 7T ANTLEANVTTANT AL TER
EITWVIRETIEOFIEEZ TR, &I, 4. T L O A%
DETH 5.

2. BIFRMAEERSERE

2.1 HEHHSEME

AR > 22MEE (Mutual Subspace Method, BA T MSM) [11]
[12] 1%, BREKBDOATIE LTEET — 2 BFHTE 284612
WA, A7 MVER S ERS 8T & D TE S22 T
REL, 77— bOESZER E OMOAEZZRALUEE LT
HWANEITS. ZOMEIZIESWIEINITEEAS ML AN 5.

2 DDERLTZEM] V,W DI IEHESM 0 DAL, RO X H I
FEEN S (11).

T L— hOEYZEME V, AT ENTRERSIT — & 1%}
THESZEM A W LT 5. V OESZEE ORITTE M, W O
DEMOWTE N &L, pm(m=1,---, M), ;(i=1,---,N)
EAAITZEM VW R B IERBEAIEERANY ML ET D, K
W, R (1) TRENDITH X OEGEMEZEE, ZORK
BEAEZ S 1 EEAICHET 28EE Snutwa £ T 5. F72,
N<MQA<Li,j<N):+5.

g H o

ZZT,
X = (wij) (1)
Tij = i(wi “m) (Dm - 5) (2)
&%<&i
XU =AU 3)

LB, ZZTUEX OEART MV, ez WEEAE A O

Smutual(‘/y W) = Amaz = COS2 0 (4)

b,



iz, X (1) OEAHEBEOR j MAMEEE j EXEA I
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# 5 EMT 5 IEHEM O L FBIRORR

T2 IEMEMOR | 1 2 3

4 5 6 7 8 9 10

kA= (Mean)(%) | 35.6 | 51.3 | 64.1 | 70.3 | 75.3 | 79.1 | 84.7 | 88.4 | 90.3 | 82.8

TN EREL, ETAVREEZLET 2 FIETHD. SFY, HoIN KAHSRamy  TYTN A HS R
BADER Y BREVBEITBNT bR ERT 8, A8 %0 %o

ERIET BT L CRAEMTA S L EL BB, %O %O

B, AT —%% KPCA & HWCEES %:rﬁriél/ ET NV o0 0 A ° o
MLz d 5 2 L OAMEEZ R T 270 171k 1 0 0
P INORHET NVTY XL THD MPFC(Multlple Potential ﬂ ﬂ
Function Classifier) [19] & 1 %> 7% N ¥ 2 F O T /R /MR
NTY XL ThH%D GMM & EIEBIEE 22 F1E (Kernel based g

Nonlinear Subspace method, LA KNS) & OB ER AT -
7z. KMS & KNS O#EWIIANT —% % KPCA # VT
J§ 53 % %ﬁbf%ﬁﬁ@ﬁm’ﬂmbfwéﬂabwf%é
MPFC, GMM, KNS & KMS OfslitErex i35 = &1z

DEB, ANT—2% KPCA #HWTERSZHEL, /\?ﬁ
Lz 52 LORIMERTZENTEDLLERZOLND.

ERT =213 8.2 LRILEMFOLDOEMNS.

BZBEIE (16) OB RS A L7z, $£72, KNS I
B8 L CHIEK Rl ORBRIALER O RAILLEE DO V-8 2 JAPIRE & LTI .
KMS [ZBILTH 2 LRERICH 1| E¥EANDE 9 E¥EMETE
ZIE LI E O R A FRE & Lz,

ARAIAE R A K 6 IR T.

# 6 MAREE (KMS & MPFC, GMM, KNS 0 kti#)
#WBIFE | KMS | GMM | KNS | MPFC
M (%) | 90.3 | 80.0 | 77.5 | 32.8

o 2.5 - 2.5 0.3
FEEYOTE | 13 - 16 -
AN%oes | 10 - - -

ZORREY 1Tkt 1 Lo (MPFC) LY
H 1P 7R N Yo 7o (GMM,KNS) OIF 9 235551
BRENZ ERDNDL. SHIZ 1T AR N YT OFE
WEV LNV UTAR N YT LORH (KMS) DIF 9 25k
PR E L, BT ARALELRT S Z EoFERTZERN
TEREZZBND.
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&, AT —FEhEn%E K- EEEEAWTrs 722 ) 7L
TREDZ T AZ RS OB & FBIRE RO BILR 2 7R~
oo RTIARTEICIY U TN (T —AICHY) ZEICR
ANT—=EMNHRED 7 T AZHLE DR NERME, AT —F 0
HREDZ T AZHNE DR/NEBEE LB LT

ALY > TR D L AHET 255 TH, KPCA
ERAWTEMGEFTT 2 Z LI LV EBOD ISy (F6L
53) A LRy R LA 4 25729, KMS TIEIE L < #%31
TELHLEEZLND.
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T 7T AL D OHERES A
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BITETVBEAMICONT (320 T —FH 42 5 —4%, b5
a) DYe & b) OLEOTHICALET 57 — )
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BIZZWGa b b ol KNG & OFLRRREN A 534 & D
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Wi 27 7 r— I L0 ke A1 7 A R IR A
L2 ERBxT. BEMIITEGET L2 Y XA KMS % Hn
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