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Abstract

As the basic analysis to solve the within-and cross-speaker variability in phoneme based speech
recognition, changes in pitch and formant frequencies of 8 Korean vowels with age and sex of
speaker has been investigated by analyzing a large number of samples.

Conclusions obtained are as follows:

1)  Changes in pitch frequency with age and sex of speaker for children are hard to distinguish
and the difference of before and after the voice change is analyzed approximately 0.2 oct. for
female an 0.9 oct. for male.

2)  While most of the formants of vowel considerably change with the age of speaker, the change
becomes smaller as the age becomes older.

3) While there is an indirect correlation between pitch and formant with change in age, it is
hard to see a direct correlation.

4) When the objects of the recognition experiment by pitch and formants are various speakers
in each age and sex, pitch also works as an efficient recognition parameter.

*FTEA, RRE TEETEA

(Electronics and Telecommunications Research LA g

Institute) 1AL A4S Ao olAlshe 24l
“Irgl, SEASRK T TEEE CEE 2 ubeA ol AlF A 7lEe] Wl F9lef

(Dept. of Elec.& Comp. Eng., Korea Univ.) g A#E AT el 9 mhofe] gl4]e]

BESHT1988F 48 298 g AlzEgol 2 Hofell A A 8ol 8

(1503)



2 1988 12 BWTLEBGHRNE B 25 % #H 125

£ wsle soshin ol

A AAelatel FALE &

b
~N
1o
B
do
N
O}
— o~
o
N
s

o{gj%o; x]ﬂg] olc],. :LELH]

2 a0l % olga ARlAe W
s e AaH o g A% sl glAl odyzls st
of ek A5E olazt shaleh

ololl 33} 99| o FolZi= Fant)’' Kasuya,*
Nakagawa,®' Fujisaki'® %ol ov} fe[udS& i

2 g v 94 o LHE Fup4g
s T ol elgdlel AwE AEe
ofjrennIZIBMI ] o o L} g 83 ol mi ozt

2he Aoz s 9ok

S
fr

¢

deld ¥ Aol gAslel Wi A dEe
Fojaow ool chepel SHEES olF, FAA
Al 2ol A gl A0 7 A Wl
Adl, waael 4ie o 44 de et

I. SAXE ¥ E8%E

1. 244e

& odFeld Agste S4AEe BA4E 5§

A Aol AFeE e Fow, pFela
3

ol 2} &Fal 7~184 Alol

2|
%) 7 2000 ol o] Aol 1 5 15
3] 124 ol el wtAlxle WA A, 134 olFE
W7 57w gkds] Bk AE ez Eel

c},
akod 8= /oty /o), /8, /S, 12/, /°l/,
o/, /ol/el 82803 stdch

ol
u\_;g o

O

~

ol dsain e B ¥
WHAHE AE, wH 1k o
ok kA alold 4 A el

o)

ooobol 22 E S B Aol 3

o

o] Ho 3§]x4] Hell= vl o}x{ﬂ-@;‘.ﬁ_ &19j

1)
s3)e] 2ERole o2l 7hx 7
LPCAel 44488l 47143 B4
} 15 +2 el & Al 517) Slepo] AxE
1>)

@
>
N -{N
1=
=
N

”izi. 7t “*JZH 83%—? 198ul AdlEZ D
ol o] HAE FAN Fu 82g AA FAHZ
dlole] oA & AfAdA oz 2Hgch olw L
oofl wha} AelH A Fof wls] M olele] ZHAA
A te s ASE oy kg Zygds 22X
ch o o)EA a4 &A% 8RGO HFE 2 WAz
of =27 Abgkel

2) £HE Falgo 2

%‘é'ﬁwl Falg Adled] Ao Axe Ay
Fo) 3} odoll ol odeishe] FAIe Al ubEA
2 %’4717} Azl ol FRlF AbEAS FWHE
9 fejzHER sl 2F e FE EZWE of
BEdee] Folse FAHD 535 mge e
of] 4 2~37H4 ¥5 E%‘fﬁk—?i £ #9303,

by synthesis) ®"" "% & A& 35}gi o},
| ASHE BB Ye VAL 2=y
%xg A(\)]/(é o

Bl 2] zjrhgs }" 4. 5KHz

(1504)



SHE N

- ¥#3} ! 10KHz, 12bit A/D

- +A 7773 o] | 30ms

- window . Hamming window

13 gz& 4

-7|EFas 5 AFAE AAAAIY

—AbS ¥4 zhepele (A &4 sletelH)
Fi(i=1,5) (A1~52EF3als)
Fe(aizl B AF3}4)

-AbS #¥Azd

logS(f) =HI(f) + {alogf+ £ +logf/(f?+BO*)}

A R

+ 3 log (F1 +B1/4)/

Vi(f+1)?+ B3 /4 {(f—F.,)*+Bi/4}
+{R5(f/Fc)* +L5(f/Fo)*t

A 18 Hedde] Falg §4 HI()
A2g: FUdEAY
A3 s EYE

A4 2R

B, : ZolE )i % B, =a (0.015F, +25)

q] & 4 A Ha c
4y 448 - rmoni L.
L4 2 3 paak detection

A-b-Sof  Sg| A4
AR

331, BA4AAY BEEAE
Fig. 1. Block diagram of analysis process.

100 VA

AbSo| ®/ g envel
g ope Qe ey g I

0 \
- 1066.5 £ 1147
Py
10 ﬂﬂ - L 27187 & 184.1
1 -, kRN 2.2
201 { o W4t xS
0 Hz
2 k) 1 H

12| 2. AbSel 98 FHEFul4 FEo
Fig. 2. Formant frequency extraction using AbS
method.

0. MY, oy iz % 2
A% 3t 92 Fabsole] A

B x| Fat4e) e &4 shetoleiste] BAE 2
7] fstel w7 clefel wE WA Fo4o) WE =

MEF TS0 s

»,D

ool wrw o) 4, <led S o Y 3

%@ Cumunnn M - MEAN
O M - MR
k) o—— M- MIN
Swmnen £ - MEAN
20 L F -
@ F - MIN
" 2R
R
§o15
(Hz) 100
5

7 8 91@ 11 12 13 14 15 16 (T 18 20

G

a-3. 4, Qu slAFosel ws

Fig. 3. Relation between the pitch frequency and
the age of the speakers.

A& Azg oyl 3o ¥y

H A7) Ao g zke] "47("1_:‘]“'}{‘ Al WAY 5
gelx ool AS WAy HFe wHFalgo] A
= oF 0, 20ctich.

g, G B v|o) o sjAFalge]  aE
0.9ct A=Z 72 loctd] & Holi 9}

olofl wp2 i, ofdlo|} Aol date] FHA IHHF
b7t § A8 stehelel 2 G 7hsv) ojglelol A9l
04'4"; o slstAl FHdely] ofgich ofeidt sixFul

o Wele 4% ) ub 2 Ao arie] kel Aatol
91? Roe g F&zlo] Alallwtg & vetllE Al %
A F o 3|2 Falgof AAAFE Tl Bokch

Al s 2 F= 3k (—0. 74)

A I A Fabag(-0.71)

o] Aol eofshid 73l Aol AU HoR e}
vhar Qle

ol ”*“% 7~8A19} 17~1841% A2 & 7452
A5 28l 4ol el o A Mol Al - A
| Zaeh 2 Abdtol glvty ®r|= ofdda, A
W oAl F3p g3 2ol dedw g miANE g ZHA
abol Il xlek i A 2hxlch

! i

Q)

oX oX ofi rXi
o

it

2. d# }i“dE sl

FHEFI4 ol HF A #Hale Fl,F2 =
F2 F3 E*LOHHQ WA 2y

2E ¥29 F1,F2 F3& 4€ 73
AR —014— el ol odgdol wel wb4d 7)o
24 Wekrh WA ek
= ddddel wal gelvtnz FAFI
Ang A=)

o 714, Jel/e} Joll/el HA el A Aol HH
M ZAAAE A HFAol ofF THE

ok o} A

(1505)



2 X:pitch
Y:hight
Al
158 (G 1T~104 )} (gT~8m4)
¥
(om)y
)
62 169 260 368
AH Eae (M)
89
. Xipiteh
i) Yiuweight
" 6@ .‘ )
0 .
. (T~ )
(k) wr
3@
[ 18 ]
b
'aL —
6 168 260 360
S 28 (H)
Y. duze 2He W A% AF LS
A oo} A
Fig. 4. Relation between hight, weight and pitch
when the age of speaker is fixed.
3509 _1
| ~
[ -l
v
S ;
2 J 7 s, e
2 zeesy M R set*s ‘
£ W
2 ™
# —
¥ isee N
Hes " o T - — ‘
e X °
had o4/ W’g"o‘:ﬂ/ (
wf :
soe |
209.9 §33.3 T ‘;.) - 1200,
366.7 708.0 1033,
Wizee2ane M
Sﬂ‘
| -
se0e | e ‘
. i / i
2
z 20 1 )
% \ A o
Ed zt..‘ ,_‘ -
+ ' T ’
THz |
f
2009 Jeee ‘one
i3 2> E2u& fHil
als. oA Zaedasel WA A

Fig. 5. Changes of formant
age.

frequencies with

Fl, F2 & 4boll 4

o}/,‘:
j

et

Aol /ol/x z%oieﬂ%sl /1% /8.

19885 127 BWFIBPERNE HF 25 % 12 %

2 S AE

_\%_\.zri
~
2
~
£

aei} Selt AAE olE A YN MY~
elopg TwlEel Woheix ot Aol S8l
78g oF 4 oleh Hel4 7~ 12441 & ofzlol,
13~15447 2] dAE 4, olFE 4o ¥
Be @l 7 2§e) FoEFore HEA, elw
doldatel LWE Fulgol Y 2 2gel zale
Zalsel wsigrel wlE A4E GRIE I 1ol el

1. FrlEFsbge] agdw B
Table 1. Averages of formant frequencies of
vowels spoken by children
boyes and female and male adults.
VOWEL P F1{Rl1{F2| R2 [ F3 R3
CHILD 4941 39.5] 94 55 | 2654 8.5
iy BOY 400 13] 883{ 8.32640 8
FEMALE | 449/( 26.8] 1044 | 27.2 | 2770 13.3
MALE 354 0 821 0 | 2445 0
CHILD 596 | 60.6 | 3208 36 | 3915 21.6
/o) BOY 476 | 28.3| 2501 6 [ 3313 2.9
FEMYLE] 598]61.2| 2845| 20.6 | 3725 15.7
MALE 371 0] 2359 0 (3219 0
CHILD 1047 39| 1607 | 35.6 | 3255 26.1
Jol/ BOY 783 41245 5.1)2715 5.2
FEMALE | 957 27| 1493 26 | 3008 16.5
MALE 753 0] 1185 0 | 2581 0
CHILD 7481 31.2| 2532 | 28.4 | 3575 29.7
Y BOY 596 | 4.6 2024 2.6 12748 | — 0.3
! FEMALE | 674]18.2]2370| 20.2 {3199 16
MALE 570 0] 1972 02757 0
CHILD 764 421 1129 30.8 {2910 35.5
/o) BOY 573| 6.5] 934| 8.2 |2564 19.4
FEMALE | 676]25.7| 1012 17.3 | 2662 23.9
MALE 538 0 863 0 ]2148 0
CHILD 750 { 33.7| 2460 | 28.3 | 3490 32.8
Jol/ BOY 603| 7.5]2058( 7.3 (2961 12.7
FEMALE | 662 1812313} 20.6 | 3118 18.6
MALE 561 0] 1918 0} 2628 0
CHILD 540 | 34.3( 1069 | 42.9 12576 | — 0.5
/2 BOY 413 2.7( 832 11.2|2158 | —16.6
FEMALE | 48420.4] 1052 | 40.6 | 2662 2.8
MALE 402 0] 748 0 2589 0
CHILD 559 | 45.2( 1391 | 20.4 | 3239 22.3
/o BOY 431 11.9] 1102 | —4.6 | 2575 | —2.8
- FEMALE | 495(28.6| 1372 | 18.8 | 2989 12.8
MALE 385 0 1155 0 {2649 0
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