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Abstract Two modifications for speaker recognition system in noise environment are de-
scribed. First, in order to improve the robustness of the system, noisy speech is decomposed
into various frequency bands and de-noising is carried out by TEO in every frequency band.
The wavelet coefficient is weighted according to the characteristics of speaker recognition,
and is then transformed into MFCC. Second, in order to improve recognition performance
and training speed, a modified OGMM that orthogonal transform is performed before EM
arithmetic is applied at the recognition stage. Thus, it is not necessary to do orthogonal
operation during every EM iterative process. The experimental results show that the para-
meters proposed have produced good effect and that modified OGMM can further improve

recognition performance and training speed.
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PR, WA ELYERE, AR TARZMITR, HETHEA IR S A G 58T
IESALRER AL TR, LA/ 4 BUE, M BLUE B 7%, Gram-Schmidt IEAL™, B HL
PEE A, BB /NEHE AR KR, R B E N AR T /N 2™

/N 2 MR B T /NI AR Y R (L A — o T PR 25 R T 3k B B/ 0N I R M R S MR Y /I
B RPN BN E S Z B FERA, M TEHRIES, 18&BHiE S LS H. Xt
T & IE, WA 2 BE, AOURS T RN, RS 1M EE T,
Wi, UL R B R R R 2 R BN ORA R, T LA /M AL #3514 5 5 A BE 7
RESRR, ARRERANGHEE. TEO 22— Kaiser $£ 1 MH N ERMEH T
Teager AERTT T-RETH R (5 S HOF X ERA AR, BRAESTHEMATAES, R RE T #
T AT 77 1 v i RS SR B R T B RE A BL IR & 155 iy B A

ASCHE/NE AT TEO 455K, B DWT-TEO 23, fLHIA /Y & i F @ A
A OB /B B O i T AR B BE T, ARJE TR BB Al 1 TEO £ M. 3 3i i AR
RHRF AR, TE/MBCE M Z BIXT & /M R BT T INAUAR T, P A5 SRBE A i /NI
HEMREAES. Eid Mel IR A/ NE R B BN MPCC. 5 H /T ER A ETSI SFHB
PRI, REWEBAEGITIER. o8 THE 2R PUNERRM I B, 7EIRB 5 B
R T B IE S B AR A A (OGMM).
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BV AR S, DT /N B B 25 /N BCR BHEAT T OIMAAR B, oo e an A Oy
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3 TEO

H M\ Maragos F G T Teager BEEH T (TEO) M X5, EHTHRAEIT —FK
FIRLA. TEO REFEMIHH 5 A 25 505, FIREATE SRR RN, 7R
B, TEO A] LAy

dla(n)] = [z(n)]* — x(n — 1) x 2(n + 1) (7)

B Sk K BN AG S RS S R S OLAR SR, X FAXT 1155 o g W R m] LA I 4
NI BB o(n) A —RHRSHILES, W E{Cx(n)]} = E{2*(n) —2(n - Dz(n+ 1)}
B E{¥[x(n)]} = Re(0) — Ro(2). XHLEY Ro(k) 24 x(n) BIAMKEE. ETRIEE(ES
H, BREITRERES 2(n) ALEEES s(n) MEHEMERF w(n) ZM, NHBRE S
{5 =(n) ¥ TEO

Ple(n)] = Pls(n)] + Flw(n)] + 2¥[s(n), w(n)] (8)

XEE U[s(n),wn)] = s(n)w(n) — 0.55(n — Dw(n + 1) — 0.5s(n + Dw(n - 1), WHH s(n) f
w(n) By H. Teager REHE. HT s(n) Al w(n) EFHEFMALISLET, W @s(n), w(n)] WETE
HEE, U E{¥[z(n)]} = E{¥[s(n)]} + E{¥|w(n)]}. XFEHAZLEEMRS, HHEx 5
MR ECE B RE K T2 TR S RE B A 5L m.

RMMAERE: M TFFEZYHEGS, BFEETRERY £, WiFEEEKTES4
S& A, EE 5 AT LLE AR I8 5 K R s X P A s (] I KR 418 0
T, E{¥w(n)]} AXF E{¥[s(n)]} W AZRH, EM E{¥[z(n)]} ~ E{¥[s(n)]}. XHE
AT LVE H TEO BA THBRZ 15 8 M S B 52 T 1 RE 77 .

4 INPREE

ASCH/NF AT TEO 455k, B DWT-TEO 3. @i A FJUE /MR
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Fig. 1 DWT-TEO de-noising system
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5 IEXREHRAE#EAE (OGMM)

R AR M A E AR IR, BB RTR IS AR 7 2GR 2, fIAE
Bk 0 2l S, WEERBARE, MATELEER (y = 0"2) 7, 76y ZMREHITE
M S, BXTAE. S, M S A THRR:

¥, =0"2,0 (9)

BEAR 0 B 3, WRHMERBEHMY, MAERARE 0T =1 1 0y & X, A:

bi(y) = W exp{—%(y = ty) By (U — pay)} (10)

He Yyi = QT80 M Hyi = -QTH:m"

B EAEWRAN Y GMM, By 2 56 B 3 9 R ELIE X A, R v 280 g3
GMM R VT RFAE 2 9 43 4. A ME G IE S GMM 1 IEAE GMM(OGMM)™.

B 2 BR T OGMM B —AMER . BB f— AN S A8 348 MR — % f GMM
R TEVGRRITGINENT L. B—5 BT IEB M. R EENESRE, 8
T R A A W e T X AN B T I R . SR AE VIR — K. IR, FiTSE
Flfy EM Sk A hnt f GMM f 25, 7MW B, 2 S A1 A EIX 5 MM 2 B4
R K B AS BB BT 28 1) 2. et R Sciik R, IEAC A HURAE EM kAT, AT
B R RANGE T, RAOTED T IE S HEE EM 85k T, S RERAR %
BLAE EM Y& AR B e R B AT IE AT

Y

R PLAT R BEAXMEI s =/ HGMM

K 2 OGMM HERE
Fig. 2 Block diagram of OGMM
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55 3CA o R A Ul 3 A BN il 1 2 R — U A e A Al I 3 ST A R 4 ) B A i
AR S . LR W 30 NI AAEM, BRIEARE 6 T, HARmA R
ANBERE T, 754 DT TR ARE. HAp AU AREILIER 3 8 T4 M
WS, FTH 3 A FHBNEKE. RAKIESTEE=TA WD ZREFTRHE. R
KA 11025Hz, Wit 30ms, WiF5 24 15ms, FEATHIE.

AT BIERr R H S BERE R Ul T R, BT =A%, R A0 AHE &
AP E R R e A, FIOCEIE A . INZRE & RO 10 8D, 2 TR 0.2 Fb,
1 AP 2 ROBgIE F AT AN SR IR0 R T B 3 3 HE R IR A SO P RS Babble B
L GREE R 10 £, FIRHROY 2 BPRYIE & #EFT HFIA.

WIS 1. HeXIIGEHEIT DI, BUNEMME, LI 12 Br MFCC, &7 X F&—14
N, #IL—4 GMM, GMM FHIR G XN 64, L RH BRI T R A5 AT
Srit. BUMEAINE, RJFRI 12 Br MFCC, 5K i i% MFCC S %k%5 i & Ui i A/
GMM IR, AR URAT o B R Ul i AR IEBR Y BEA .
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RI. 2. EIEX UGBTI, BUIMEMME, H Daubechies /NE#HAT = RE 7 f#,
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B 12 By MFCC(EAT1FRZ A DWT-MFCC %), R)5XF TR —N A, #i2—1 GMM,GMM
FHITREECN 64, LB R BRI TR MEREY BRI ZRBy Bt —FE 4R E 12 By MFCC, 3R
HiZ% MFCC 544 H i 83 A GMM B RRTESY, HA B LURES BRI
TEAAE A IEFRI AN

R 3. EIAEXTIIZREFITmi. BUMEMME, A Daubechies /NE# T = RE 5+ ##,
Fil Teager BB T X405 09 45 w0 SR AR o S AT A0 38, 2 5 AR BB UG T8 A TR 51 B 7
HEATINAL, #EAT/NEEM, RFREUE 12 B MFCC(H 1% Z & DWT-TEO 2%, thiiZ
AR B SR, REM TEH AN, #ZL—14 OGMM, GMM IR & H N 64, L FT
REIBAR ARG Tk MR B M ISR B —FE4R B 12 By MFCC, 3K i % MFCC 51454
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—>—> DWT-TEO [ b/ i35 FGMMI I 2

!

- AT
DWT-TEO Ak L3 Uil iA
o vl

Y

GMM ?

B 3 T DWT-TEO 2% iE A BHAMER
Fig. 3 Block diagram of speaker identification based on DWT-TEO parameter

RIE 4. JERT IR SRR R Babble BeFE, JIZRiEFBK N 10 £, ABKN 2
PRIEF TN, BEERHN =A%, TRERIE 1, £2, RIMFE4L
# 1 AR SNR THIHIEARNE HRET A 0.5 F)

Table 1  The speaker identification rate under different SNR (the length of the test time is 0.5s)

SNR(DB) 5 10 15 20
MFCC 71.9% 79.1% 84.5% 89.6%
DWT-MFCC 75.5% 81.2% 86.8% 91.3%
DWT-TEO 82.5% 86.8% 90.3% 92.6%

2 AF SNR THBIEAFHAR @LEFRK N 18)

Table 2  The speaker identification rate under different SNR (the length of the test time is 1s)

SNR(DB) 5 10 15 20
MFCC 74.4% 81.6% 87.8% 92.4%
DWT-MFCC 82.2% 87.2% 91.5% 94.6%
DWT-TEO 86.7% 91.5% 94.6% 96.8%

3 AF SNR THBIEAFAR @LEFIK N 2 8)

Table 3  The speaker identification rate under different SNR (the length of the test time is 2s)

SNR(DB) 5 10 15 20
MFCC 76.8% 83.6% 89.7% 93.4%
DWT-MFCC 83.5% 88.7% 93.4% 96.6%

DWT-TEO 89.1% 94.6% 97.2% 99.8%
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4 TEMER YAEFARRRY Babble B, KIS Y 2 BREARFEE SNR P35 AHHAR

Table 4 The speaker identification rate under different SNR when the length of the test time is 2s and noise

is non-stationary Babble

SNR(DB) 5 10 15 20
MFCC 75.5% 83.0% 88.9% 92.2%
DWT-MFCC 80.6% 88.1% 92.7% 96.7%
DWT-TEO 88.5% 94.0% 96.9% 99.5%

MFE 1, R2MME3AMUE: FERERET, RAAHTREH DWT-TEO &%
B TE A NREST T RALZESHEW G APAE, MH, BEEGERLAIE R, &
BRRIEXT T Ul iE AR R N R B E R B, R 3 WLUIE N, BEE SNR I
B, R A MFCC BIHRNR KT 16.6%, Mkl DWT-MFCC BJ#INRH AT 13.1%. X4
SNR 4 20DB Bf, % DWT-MFCC f#il% %l MFCC M85 T 3.2%, 7] WLk F 1
DWT-MFCC Z 3 iy & B BN R E R F] MECC S8 4F, /MR BT AU HE AR
EEUEAMAAE, M DWT NI R KRR & &%, RAK DWT-TEO S5 511 H ™
MSELETTH, HEE SNR B, EMFFHARA T 10.7%. H*4 SNR 34 20DB B, #
INBIRENT 99.8%. A WLALXE /NG RECGHAT A AL BEFT TEO 256K, RGN &k
— TR, XFER 1, 3R 2 IR 3 HEATIHER, FILIAIE: BEEMKE SRR, HIEA
AR BT S, XERNEEETHKOER, EERSTAEELZWREAGER

M 4 FH, Frithey DWT-TEO Z:%(#5 5 b MFCC fil DWT-MFCC #J iR 7| E &
YRR g, B — P RIE T At S B E e, 3R 4 53R 3 AL, TR
B TR, X &F PR REEARE A, AT L OGMM pyftsdt, AT &
TR AERETE. 3R 4 &4 SNR 24 10 B EFEHS A 2 BB =425 fr i
B P25 B[]

MWE S WES, B AR E S - LR EL — X YR /DK
Qb PR ELAE B T 22 BB [ A S HUE S8 = A SE 0 et bU A T P D 52 90 BT 46 Y B 1] B g /AR
Z. A0, OGMM HiLReME 2 &t A .

35 SNR 4 10, By 2 FPE = AN S258 B 6 A9 72 B[]

Table 5 The average time when SNR is 10 and the length of the time in three test speech

MFCC-GMM DWT-MFCC-GMM DWT-TEO-OGMM
SRR 13.56 17.27 7.69

T 4R

MG R T AE H, TEMAE RS, R BT H 89 S 200 Ul i A PHA R ZE % TR Al
HESRHUIE ABHAR, THEE GBI, 521 IESE08 T R B8
REZNZHL I Feam iy B k. 7T BT 4R 9 DWT-TEO S50 5L REHE 3R R S B, T /)
P RBOEAT A B RER RIS AR HRNR. 5 H AT BRI ETSI SFHI A SRR L,
ARG ERMEA g e, EIECA#E] EM Ik 2 BT, BB ETE EM B0
B EREETIERZER T, MEERA B TR A TEREN. R4 PR
OGMM #4817 i+ H#E .
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