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¥ 3. Mel-2=7A19 Zejw=
Table 3. Mel-scaled filter bank

Mel-AH L (=20A AIS)

Mel-AH L (LEHE ALE)

Index| Center freq BW (Ha) Center freqg BW (Ho)
(Hz) (Hz)
1 125 125 100 100
2 219 125 200 100
3 313 125 300 100
4 406 125 400 100
5 500 125 500 100
6 594 125 600 100
7 688 125 700 100
8 781 125 800 100
9 875 125 900 100
10 969 188 1000 124
11 1156 188 1149 160
12 1313 250 1320 184
13 1500 250 1516 211
14 1750 313 1741 242
15 2000 313 2000 278
16 2281 375 2297 320
17 2625 375 2639 367
18 3031 438 3031 422
19 3469 563 3482 484

Mel-2=AY AEHWIAE AR #FS 4234

=] ==
HEA

Mel-F3} ALEGAFE
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Table 4. Result of speech dectection
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Fig. 21. Case of exact speech detection(speaker
I)-threshold is 300
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V)-threshold is 300
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Fig. 23. Case of exact speech detection(speaker
V)-threshold is 500

T T T T T T T
5000 10000 15000 20000
time

o4

a9 24, FAHAFC] FAHgs A3 X)-LA A 500
Fig. 24. Case of non-exact speech detection(speaker
X)~-threshold is 500

_41_



T T T
10000 15000 20000

T
5000

80 —+

60 —

40 4

20—

.QC&{

-20 4

-40 -

-60 4

-80

time

o] A& A--(3Ak X)-A A= 800

Fig. 25. Case of exact speech detection(speaker

N
TH

"0

ojn

™R

X)-threshold is 800

A, ol A A

B gk mhebad

S

)
—_

H X
- -

A

o
o

N

o= 7]

=

Sl

300, 500, 22]3L 800

FAAE
ki3

’

al

[ex]
AN

3
bl A

=
=

e

ol

uze)

ojm

AA A 7F 800°] = o

A=

71 4l

KeXyel|
= ©

=
=

&

S [e]
gtk &

g

s

2%

Joll £139]

Fuas A

A= <k

I B - A = RS R

s

°o]-&

ojn
7o

o

NN A AQH ol

o R4

B
Bo

|
olo

=
Ny

&

I
il

=4 7447 o

oA

op

}

o] 7&@

¢+

o

el

)l

o)

el

_42_



WA E o] &stAAR, & =ioll A= e 400914 1000Hz ©] ¢ -3k
NA W FAFHFE Mel-2AYE XA A HYE JEWAE o] &3}
o g o]y g Mel-2A9 AHWAE foj=8 A 3 AAHH
< ekl PAAEY AFE Tkl ol RS A A

Y SAIAEHE 29 26~209 #F2 #$s JHAH iAo 474
A depr ol wial stak 294 o] SA v HE Hlaste] el AT 2
a9 3 spAe] 87 54 Aol g Aol ' 262 ARG dSA

IH27 Mel-F3t+ AXEq A, 1

A g a9 295 AFdS5ATd Mel-F3F F2ER] A9

S stetulee] g 1ol

pats

J|m

lo

m 4 N
fajis)

ot
b
)

_43_



2 4.
i 3

]
) 1

o)
&
L
mfce magnitud
=
B S
HiH-
peant--

Kl 2
45
: -4
2 H
95 I I I i I I I i 5 I I I I I I I i
1 2 3 4 5 B 7 8 9 10 1 2 3 4 5 B 7 8 9 10
order order

a9 26. AP S AF(SAC/E) a9 27. Mel-F3}<
Fig. 26. LPC A~EG AT (32 B/D)
(speaker C/E) Fig. 27. MFCC(speaker B/D)

B n i 10 7 i T P i i
H @ | | H H H H |
0 8 | H H H H h
4 . L L | H H H H |
: s SN O RO ;
| : 1 ’ B 1
T | ! R S e
£ é o L - 2 P e 8.5
ii 4 § & 1 3 SRS RERE NS &4 L EAM
Il e ‘ e
o ' Q ‘ ' *4 H
B
5
[:] 8
S S S S S A S S P T N S S N N R S N
1 2 3 4 5 B 7 8 9 10 2 4 B 8 10 12 14 1B 18 20
order order
1% 28, SlolEE e o] &3 19 29, A S A G+ Mel-F 34

A=EQAF (32 A/C) A~EGAF(EA K/L)
Fig. 28. CC using wavelet Fig. 29. LPC+MFCC
(speaker A/C) (speaker K/L)

_44_



6.3 3tA4E P4

bl A 2lE Al 7R 57 shehel el ol gskel 270 N8R
9 Fstel AW HAEE sgoM, WAARY THS E 5% 2
.

fd

# 5 AA =g 74

Table 5. Configuration of neural network

el P ELHE | 2R
2 S tetol & Stsdd Bl 22
H= = e
LPC
249 1 MFCC 1 30 o JHolcs
CC(Wavelet) H ot H_“ <
LPC 10 gaE e
MFCC (Back ClOIES:
22 2 [cowavelet) 2 60 Propagation)| 34
LPC+MFCC | 20
ANBs = stedeolHe 74 stAHA~Z)vkth 3714 78(=26x3)7& 4

ar
F 130(=26x5)705 st dlolH et A Wyoer 54 dvHE FF
A Abgetglh A AdEde FHE AP wdsiy, A=
mde] 293 A 8 4 FAuiHE WEATIMA Sge 240 24
= Hlst el

7 2o mpg SAgev g Wi Al A& ¥ 6, 73 2

_45_



N4 &

6. A3 = wdle] At

22!

Table 6. Speaker identification rate of neural network model 1

S

T

= ol

= o0

o)

i)

=)
[l
QO
I
wor |32 es
O |[~\0 |0
SIS
|| N S
o B3|

LH
W |2 R | R
ROISIS|S
P= ==
ol

@
Ol o
|28
—EE
O
O

)

_ZMO

dpolu g A 1mol= g4

A4 &

7. N3 2 mE2e] §x)¢

22!

Tabel 7. Speaker identification rate of neural network model 2

S

o

1l

| o

o 0l

e}

i)

=
<k et | ey | ¥ | ey
o} | O[O~
QO M|—|©
W= oo
or|oo|<|—|
O [0 |0 |~0
IPENENES
=2
o)l B|5| 8|8

A o
W || S| R |2
RIS|IC|8|8
A_H_1W11

ol

iliS
O| 9|
Q0|3|=
Q| =
—I1512|4
ol
CL

N
_Z#O

0|

—
_ZMO
ar
ol

o

7} 1071 o] iz

_z_o

185 0.0104 €]

2 J g3

WA o

VS

al

AP REN=1

_46_



= Hoxm, 7

ol

ol =3

SR

o
ol

1.

;.OL

atetu] gl o

]

XO
i

—

oy

m
A

ol

AGASATE °l&

1ol M=

1 )
=

-

R

Al

LR

1

=}

)

Wi o] Mel-

33 =

<

N

— Mel-

20 A

-

il

TR
o}
it

=4 s go

-
T

2201 A]
I

d

wr

=0

H

ol

_4’7_



g]

j
=

4 s

3 871

S

o o} vlawstelrh shxt

7=
=, A E A o,
sAHA~Z2)E A3

& zh spAtel o

=
T

S

1
h=]

268 ¢
0.

=

=

-
T

[e)

| B4 e g

=
[)

= I A
dlo] g e} 14 dl o] ¥

]

— %
32

2=

H

o
“
fe13

o glelA 7))
LR R

7.
A,

el

—~
fIfe)

o
Ny
!
&H

Huw

<

2]

A4r

™
o

el
on
o
Bo

o

= = g Utk g4 9

o 9

j=4

21

54,

3|
S|

&Foll A

S

4

T

b ey A o] AR 7E 800°]

OJ—%I;‘I‘

ol

o
N

_48_



il

Ty
)

—_
fie)

12 28 =

3

7AA917] )

A

3|

A 714 B89} Levinson-Durbin W& o] &

A=

=
=

oA g

el
m
W

=
<

3
1o
ol

;OT_
T

B
4
el

A
A

o
|

Tl

A

3] A 31, Mel-5-3}

ol A

Bt

R e DU

s

7}

A

EEEEE

e adz aHY=E
F3A 7= o4l sl

it

=0

—

W
W

)

=
T

CEER R

E
=

Folat, 2714

1o

do

o= A

o

2 shehvl el o}

S e shebulE s teA Tl glow, =

1- =
a

’

PN
T

7N

!
mjn

A2t Mel-

=
-

CEEEEEIREE

E
=

32 2l 20 A

o
Jlo

!

o

Btk g

A0s

o A7k TS W H v

2 2d 1A

] o

2173 3]
10% A Z71=] o] A

al

o
ey

Q] &
=

B Ev Rd20 A F

shebolglo]

CEEE eI

E
=

1l 4]

9|

39 T2E AR YYws Fu B2

)

_49_



= ol Adsl A

7
Nlo

el
TR

5

Lol vl

G
B

-
o)
AJm
Tor

of #Aglel

cleangt7d o] o}

ki3

F gl =
dole s AsE 3AZ A

o)
=

el

7] o]

o) M
Baey

laL, Bk

B

o

1 7t

& o

WA g T

b

3}

}

s
el

wr

]

dAFRoen, ko gxpAdA Ad e glo] tiyf i 3k}

do

5

HH

ofy
gl

71 e

=

2 o} n

=4 }en g

o

ToR

NI

=

o

_50_



[1]

[2]

[3]

[4]

[5]

[6]

[7]

R.L. Klevans and R.D. Rodman, Voice recognition, Artech House,
1997.

S.H.S. Salleh, A. Zuri, Z. Yusoff, S. Rahman and Chieh Lim Soon, *
Implementation of Speaker Identification System by Means of
Personel Computer,” 7ENCON 2000. Proceedings, vol. 1, pp. 43~
48 , 2000.

P. Sivakumaran and A.M. Ariyaeeinia, “The Use of Sub-band
Cepstrum in Speaker Verification,” Proceedings of 2000 IEEE

International Conférence on Acoustics, Speech, and Signal

Processing, vol. 2, pp. 1073~1076, 2000.

R.J. Mammone, Xiaoyu Zhang and R.P. Ramachandran, “Robust
Speaker Recognition,” IEEE Signal Processing Magazine, vol. 13,
sept., pp. 58~71, 1996.

K. Vieira, B. Wilamowski and R. Kubichek, “Speaker Identification
Based on a Modified Kohonen Network,” International Conference

on Neural Networks, vol. 4, pp. 2103~2106, 1997.

K. Vieira, B. Wilamowski and R. Kubichek, “Speaker Verification
for Security Systems Using Artificial Neural Networks,” 23rd
International Conféerence on Industrial Electronics, Control and

Instrumentation, vol. 3, pp. 1102~1107, 1997.

Jivong Ma and Wen Gao, “An Approach to Robust Speaker
Recognition Using Stochastic  Matching,” bth  International
Conféerence on Signal Processing Proceedings, vol. 2, pp. 803~806,
2000.

_51_



[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Al Aarskog and H.C. Guren, “Predictive Coding of Speech Using
Microphone/Speaker Adaptation and Vector Quantization,” /EEE
Transactions on Speech and Audio Processing, vol. 2, April, pp. 26
6~273, 1994.

J. Koolwaaij, L. Boves, H. Jongebloed and E. den 0Os,“On Model
Quality and Evaluation in Speaker Verification,” Proceedings of

IEEE International Conférence on Acoustics, Speech, and Signal
Processing, vol. 6, pp. 3759~3762, 2000.

Qi Li, Biing-Hwang Juang and Chin-Hui Lee, “Automatic Verbal
Information  Verification for User  Authentication,” IEEE
Transactions on Speech and Audio Processing, vol. 8, pp. 585~596,
Sept., 2000.

V. Vuckovic, “Dynamic Time-Warping Method for Isolated Speech
Sequence Recognition,” 5th International Conference on
Telecommunications in Modern Satellite, Cable and Broadcasting

Service, vol.1, pp. 257~260, 2001.

S. Molau, M. Pitz, R. Schluter and H. Ney, “Computing
Mel-Frequency Cepstral Coefficients on the Power Spectrum,”
Proceedings of 2001 IEEFE International Conference on Acoustics,

Speech, and Signal Processing, vol. 1, pp. 73~76, 2001.

M. Inal, E. Butun, K. Erkan, M. Yildirum and C. Ceken,
“Comparison of Linear Predictive Analysis Methods for ANN-Based
Speaker Identification,” Proceedings of the 5th Seminar on Neural

Network Applications in Electrical Engineering, pp. 109~112, 2000.

J.W. Picone, “Signal Modeling Techniques in Speech Recognition,”
Proceedings of the IEEE, vol. 81, Sept., pp. 1215~1247, 1993.

L.R. Rabiner and Biing-Hwang Juang, Fundamentals of Speech
Fecogntion, Prentice—Hall, 1978.

_52_



[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

MM, 29 24 H FYG 7 $E SAFRIY, 1997

L.R. Rabiner and R.W. Schafer Digital Processing of Speech
Signals, Prentice—Hall, 1978.
ol ¢, Turbo CZ 383} 7] 7 4F %, OhmAl, 1998.

B. Wei, J. Wang and J.D. Gibson, “Enhanced Celp Coding with
Discrete Spectral Modeling,” Proceedings of 2001 International
Symposium on Intelligent Multimedia, Video and Speech
Processing, pp. 111~113, 2001.

Li Liu, Jialong He and G. Palm, “Signal Modeling for Speaker
Identificaion,” @ IEEE International Conference on Acoustics,

Speech, and Signal Processing, vol. 2, pp. 665~668, 1996.

M. Bilginer Gulmezoglu, V. Dzhafarov, M. Keskin and A. Barkana,
“A° Novel Approach to Isolated Word Recognition,” IEEE

Transactions on Speech and Audio Processing, vol. 7, no. 6, Nov.,

pp. 620~628, 1999.

Howard Anton and Chris Rorres, FElementary Linear Algebra

Application Version, John Wiley & Sons, 1994.

S.M. Biyiksiz, “ARMA Modeling Based on Partial AR and MA
Parameter Appriximation” , 4th Annual ASSP Workshop on

Spectrum Estimation and Modeling, pp. 397~401, 1988.

_53_



Feature Extraction and Performance
Comparison for ANN-based Speaker

Identification Systems

Jae—hoon Yu

Department of Electrical Engineering, Graduate School
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Abstract

The voice recognition technology is separated two parts that are
speech and speaker recognition. At present, speech recognition is
generally studied but speaker recognition is a useful technique because
that can be applied in the real life. In this paper, one of speaker
recognition methods, namely speaker identification, is proposed to identify
certain speaker. The results of ANN-based speaker identification systems
for feature parameters are compared to evaluate the system'’s
performance. In the preprocessing step, the short-time energy and the
zero crossing rate are employed to separate the voiced regions and the
unvoiced regions. The calculation cost can be reduced by the
preprocessing.

In the identification step, the 78 speech samples of 26 speakers are
trained by the back-propagation algorithm of neural network, and one

speaker is identified as a test bed. Input variables of neural network are
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the feature parameters-LPC, MFCC and cepstral coefficients combined
with wavelets. Neural network model 2 using mixed feature parameters

for input has the best performance than others in the speaker

identification system.
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