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(The Extraction of Nasal Sound by Using

G-peak in Continued Speech)
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Abstract

In this paper, we describe a new algorithm for extracting nasal sound in continuous speech.
We obtain pitches by using Area Comparison Method and extract nasal sound by comparing
the area of G-peak and the area of side peak in one pitch interval.

By using this method, the process can be speeded up. Therefore realtime processing is
possible with a general microprocessor.

I. ¥ L B B s dolxm gt
gsaNagolel olzbe] s|EAel oAbi et 4kl Y AT THEM S WEEY ) preprocessing 2 &
%% Man/Machine Interface % OI*‘*-ob_ZF &= A A EFRE e SREE SREE HAE AH
o7, BftRt@7} Fiel @ e wasla oAlek A1EH BHREBS sk 2ol dabAel FAlelcl, 2]
2] 7143 wRA v1Ee 48 Aol web FES ERES T2 HHT (Voiced), SE57T (Unvoiced},
Boll Hah d-rel 1 SEe| gube] Al o B IF (Silence) 2.2 fpshe HEol A Ldch et
A 2 ek MW R RN 77 Bladak ol % Mol Hzsiwa] EAE Al
f mgow 7R & Qo me|a rEASS T3 F vl A %t aabsleiAlan ol 53, 40T
Hol LY HMT Aol o]0l olfolA w 1 & oohA] oy HEE rEsiE BTS2 543 A
s asbe diehsl ach WEE A Rae s HE T EES YAk loh etebd HET Tl
W BERe] wWhadel A AHtehw ¥ WA BHS o A Biro) SEIL SEAE Aol Al o)l folx mg 4
Salehs WEF w& Jikewstol ofsho] Tho-database AR AT E 4 ek
sb Aaa sl Bk AE delxAl gek oledt
T A o) Yo @EES MM WBS THEA Bk . s
of whgkalohvl Azl HOLMGE kel vlstel of FHE S kol H BBEE 517 Aol ks
— ofd fiHE HotA Héfzi%oil shebz pEisle A&
“EEH, AEABE E LB SEREe et I SREE HAE Axznzd Qe
(Dept. of Elec. Eng., Seoul National Univ.) ol 4 & ofg-7t ’é’fk
#E T 0 1986% 7 H 30H 1. BE#EE oA vigl A Adddz He

(274)



1987 38 BTIR®RLE F 24 % ¥ 2 5
o g A BEKo| Fobzlct,

ule} 7 Eleme BEEE g #
ol W7t Fotd BB L8515 A7ko] Fol
£t

T’(" ﬁuu ’ga_ %ﬁﬁ%ﬂf‘]f—i Il}ﬁil'u\i \1‘—%}13’}
At
2 A4 FEREE A pEHERAME i

By SENcHE 25 2329k ol ST

"
i

a
lo
»

R

dlo

g g
ul & Fe  Sdsae

o aal oW
a1, 29 odojstd &
Fig. 1. A classification of phoneme based on
linguistics.

R 2 % ‘[‘.!51-%

e 4% Mo XS
Fadstalg
o o o
e ar

a2, 4Gl WE Sae ¥R
Fig. 2. A classification of phoneme based on a

speech recognition.

12 5 8alasel siedshas AT, BT, B
Bs o2 Patterm recognition Approach, LPC distance

measured3 ©o|-& 3l "“’d ol aslsda vl &

& WK (95~97%)F Mo Fu gchtM olgd &
NeEg BE#EAE %1%6}01 Fe At wasn
gl ek im

BT fiel £8tng (2 b4 3 sy

e AL, 0, 0), Wi (), HHELT, &
B (ire olfolTh KBTS HiE AN [
QA Aoz L5 WE Tl aerh L Folt
slAlol whef fisft sl HEHLFE ol Hek b A
A C IR M SR T R I

T

93

“FHrl e “UY “H e B R Alol, B
B Alelol 2 @2 HE{Lso] H&LFiFel =t

TEERBAM NS T2 s 4£E F9 Lo B
KB el SHEER e mE £ 2 4
Bisto] BEREA WA FA Folof gt wil 448
wFe AME Aste Ax T8kt dhvksld 5%
iak <HAlel A vF Mals srEste s azlel w1
28k o2l 7}x] parameterEo] UL sA sv AFe
SR VS A5 g Hatyel Balsixi w

= Al7be gl slo] SEEBe e 2la)rt gle
AA et

M. ;&S 34
el BEHBTe SR 34 A7)+ FF (Sound so-
urce)? A7|A 845 Fol A+ Wi (Vocal tract)
2 ool Folx glrh. 12l 32 BHNEE vl o8
o},

Nasul tract

Oral tract

3. WA
Fig. 3. An articulatory organ,

HREY BH%0e 782 AR o 4pEelth =
B (Vocal cord)®] HEl & H% 79 5ol White
noise9t 32 Noise K% 2 ; i o] Hep
agi I8E Esle] HiEY Rokg wpR A o
7bale) FHEE BT 4 Uv olch

B8 Nasal tract®}t Oral tract@ uvp-of At} o)
gl R A s ol U #kE( velum) £
M og A e Ak &iTel obd g B
@ al o] #11&7) Nasal tract?] AN1E =ta 9ok
et BEE BESH Ble A%E o] #uEsh o
e o ¥t e] (T ozl 7t Nasal tract® Ax 22
e A etk BiTE &ivel old HEH 2% FES
Bl Wileolng olfF BHAw AL vz el
A x| vtol] 2 8] A] o] o},

o

oo & tracts

(275)



94
. first
third resonance
resonance
L
SOUND SOURCE second
resonance
Q74 4Eel stelx e
Fig. 4. Pipe model of the vocal tract.
HiE s sl gt 725 kR 849 3] &
°

Feofl frlo] U = g% A" F O ¥ Modeling &

o] Hols polg} b o] Feoll 2lsled AIE re-
sonance 9 f:-- 40, 48/3, 40/5,--7F =i, 2z
259 BB C/40, 3C/44, 5C/40,--0] Hrp !
o 714 C+ sound2] f5o|cf. WAL #HiE ZHols
ek 17em, sound®] £ %5 340m/secz} 8} reson-
ance M BE-& 500, 1,500, 2,500---(Hz)~} ¥cf of
2| g i 9 resonance B2 Speech wave2l oY
A ~HE A fromantE R vhelgbel, g 54 o]
21¢ formant&& vhEpdFH

Nasal tract®l oral tract® 3 ={3 ze|x-2 Nasal
tract?} oral tract ¥} Zris Holch ol 128l 4
ol 4 resonance Hi (£)o] ZHelAoh= A& 9n|sii
w2t formant B B7F ol Al et Formant
F® F12 F2uct oddidog 10dB ol4 Fom®

SN/

Energy
(dB)

500 1500 2500
—_—

Freguency (Hz)

235, 249 oya AdEd
Fig. 5. The energy spectrum of speech.

AT FEEHANA GpeakE ol &3 AFY 48

speech wavev B Domain Aoll4] resonance
K F12o gain®t F12 bandwidth®] ©odsko] x|uj=
ol Hch 7t FER L F1& a8 B #13 ol

B 1. 24£FY F1#
Table1, F1of phonemes.
Phoneme F1(Hz)
o} 720
o) 560
o] 360
% 600
< 380
a 380
o 190
w 190
o 190

Ao oY b £ %ol AFS F12 25 190Hz
Hraa ofele] [y E Mo Aoke AE 4 4 U
0‘31 3l $## -2 Time domain AollA 852 waveform

| el vlepybel 18] 62 ol obd HEY (o)
Oﬂ‘i B (U)o g Jol7le A 2 Speech waveform
ofct, “o”of slictalis #oye 07 dndele M
¥yobr 3 s F2 H&ﬂ(i MBS WS
of 4 qlrh

o 7|4 el & pitch ol A A&

G-peakzbiz Aol v z| peak5 -2 Side-peak
2} 32t G-peak+: glottal A¥-o] A vl Al peak 2l
oujg A b o g side-peakE Mot fiffe] i
7htel et

agl 6ol 4 4 Ue AEF] HEE JdsH Aok
A 3k pitch Qtoll G-peakubol ZAhet (ol U,
% G-peak interval (D)7} B o| obd 5T ¥}

=i

-~
e

N
’UO

[

2+ peak &

VARV VARV RV AR

age. wlee S4shy
Fig. 6. The speech waveform of a nasal sound.

(276)



19874 38 BFLEERLE ¥ 24 % B 2 8

ek ole{g EEol BiTS Ribs W parameter

24 olgsjol A Aol

upxleko 2 v ol PRFENY FREE AEad BT
< HBTAA alAH e o TRES BAEAA
oLoEHe S oA ub ol A T addkel
& oAkol g4t slar ek, Sal Aiva & Abolell
S [T e Ao Wﬁs] givlbslol %o MES
oAl ok om o BiTah et wmi )7t olxiom
oluv} “I77b BTl MRELE wut oli sl U} 9
Fleol oletel {t# 5w Folld Bifol A 4':}71 o} -
ojt,

=

¢e|E

Pitch7} z1 Apgkel - (150Hz ol8h) & ifoll A2 3h
pitch Woll G-peak ©|& ol Side-peak7} F=a]dp= A
Fob ek srefvl gl 7ol ®ogrel rwfgk g2t
ooHg- 2H9 Side-peak7b EAlspAl Evh ol BT
o LY oral cavityoll4] zerooll 28l poleo] Albsl
5‘0‘7] u}]_‘T‘Lolf,lh

3l pitch Well4] G-peaki= Side-peak ¥.t} amplitud
7 AaL & G-peak interval (D)7} 2038 o] % w4
Foahbe gA 4 s AP hilie) ek webs b
178 3k pitch Woll G-peak ubo] Exfab7|v} i G-
peak®| MKt Side-peaks9] fhiftis-2l vl b7l wf
G oAvks AE ok o deh 1El7-bis Bt oo
BET w2l G-peak®l iR, 2H-2 pitch ol FEafshss
Side-peak& 9l M7 % 242 i’t%" Ayl o i
bl Zloluh, of 714 w]E F- °| T H4l5T Side-
peak 7} FEalshal Uk EE "}'t}“ﬂfl‘

CLEl 82 B mtiel 71349l flowcharts vhebd
ok o 7|4 K BAlH o5 rabe] 205 A8 shelch

V. WE Y @R
BSRS Sleh A et A AAwds &

Side-Peak

a7 7 (a). ¥l-&9 G-peak?} Side-peak (“M|”{¥)
Fig. 7 (a). G-peak and Side-peak of nasal sound
for “Ne” speech.

95
G-Peak?| | Side-Peake} | Side-Peakwd” 5
Dw:! )51 D\i 14 L2 3.} G—Peak‘ﬁ_ /ﬂ‘ Y

of 509 211 41.4
ol 455 72 15.8
& 610 121 19.8
o} 475 140 23.1
< 474 150 316
o 317 222 70.0
o} 635 214 33.7
0 472 * *

L 410 * *

0 462 * *

v 317 19 6.0

a2l 7 (by. &

Fig. 7 (b).

(277)

8

pitch 7} Woll4 G-peak$} Side-peak
Bt A v

An average ratio of area between

G-peak and Side-peak in a pitch interval.

128, we

I

ACM & o| &atv]

14 pitch 5%

( g} pitch W]
(G-Peak Areas T8

e Pitch W2
Side-Peak 2]
Area?l &% ¢4}

G-Peak > le(ie Peak

Fgol MY BEE

Fig. 8. The flowchart of nasal sound extraction.

HAE Aerolet” el mebt AA 4dg F

ofghe.” “of

GdAAE Ax Hzel n3d epel”

o] 27t 3aAel M7 b A GLEAMY AL total
9 =72 sampling dataS AF&8todch. Sampling o+
12bitel A/D W75 Ab8atg o 12bits AH 8bit



96
W2 ol gart. ol@A & olfk BiFel Aol
s8) oUA st 23, M) depel of AT KK
QA Ae 4EE ANE 4 A WEold LE
data ] A2lt 16bit H A 7 HElel IBM-PC/XT &
A3kl e},

2819+ e AAFES AL Helolth”

3 “01'*""’“‘1 Az wES 4sp4cl"e Sam-
pling datacoll H3t &5F 24 W3t G-peakel Side-

peak? W= elT FHEAVC R BTl sldsh Moy

S ohujgich KoM o 4 Uxol 2E B
BUHER ik, el Aol whet i (€)% Ao}
Wi Qeh obE olel LEE oA FE dHE &

frel oldul By ow Hwidk Mol ch
“Mgdsta HAxbgatn FA4AE Agwo)ct.”

Th

"elgu] zohis A 4

Ee

ol A4 Al A
slef figs oteld A

2 9ot

e Ak

SPEECH
WAVEFORM
{ {500 msec)

AREA OF
GPEAK

REGION OF
NASAL SOUND

SPEECH
WAVFEORM
£(1000 msec)

AREA OF
GPEAK

REGION OF
NASAL SOUND

29 @, FAAE “Aed AAFe i A
A

. The result for speech
jeonjagonghak”.

Fig.9 (a) “seouldae

SPEECH
WAVEFORM
{1100 msec)

AREA OF
GPEAK

REGION OF
NASAL SOUND

SPEECH
WAVEFORM
1 {1000 m sec)

AREA OF
GPEAK

REGION OF
NASAL SOUND

89 b). SAAZH “SAAEAM A e A
2
Fig.9 (b). The result for speech “gwa eumseong

sinho cheori’

(278)

BRE FHERBAA G-peakd o] &7 KF Y HHE

SPEECH
WAVEFORM
(500 msec)

AREA OF
GPEAK
REGION OF
NASAL SOUND
SPEECH
WAVEFORM
£{100 msec)

[

AREA OF
GPEAK

REGION OF
NASAL SOUND

il Al

-

L

2|9 (c)
Fig.9 (c),

SAHAE ATl el A 4dA

The result for speech “yongutim ida’

« |

SPEECH
WAVEFORM
1(500 msec)

AREA OF
GPEAK

REGION OF
NASAL SOUND

SPEECH
WAVEFORM
1(100 msec)

ARER OF
GPEAK

T L 1| D w4

B

Wb,
———

I

L )

REGION OF
NASAL SOUND

SHALE el AN Aol SNt Ay A
The result for speech “yeosunim
kyeoseo cheo!

89 )
Fig. 9 (d),

SPEECH
WAVEFORM
(500 msec)

[ 2 |

I
Yy

AREA OF
GPEAK

REGION OF
NASAL SOUND

SPEECH
WAVEFORM
{1000 msec)

T

&

|
AREA OF
GPEAK

REGION OF
NASAL SOUND

£l A

O

a9 te), SAAZ “vx A=

A

Fig.9 (e), The result for speech

“nji changjoyeoi
gyohuneul”

[¢]
7457

B3 AR HEE o] e fHisle
Sl “Lrel s e EA “velafe]
Far B Aol kA S BiffbElo] Birow Hi
sheiet,  “tpoll A2 “tF s}k 3o} amplitude 7t

Atopa|ed A vl g silence} A4 74

» wol o
A

A =
7o

735

(e

7t A=

88



1987% 38 BWFIBEERGE F 4% #H 28

[ ) SPEECH
&k WAVEFORM
‘v‘ Ve .u;u': " ‘(wmsec)

gt V‘H 1

LI

L lidii
¥ "y

AREA OF
il GPEAK

REGION OF
NASAL SOUND
SPEECH
WAVEFORM
1(100 msec)

AREA OF
GPEAK

| ::“11
RBT AR SU

REGION OF
NASAL SOUND

SAALE U 4ol g AEASY

}. The result of speech” malhasyotda’

89 (f)
Fig.9 (f

Bieg st slhed ole energyd =
al &l %F?ﬂ FALEN 2] 7] w)-E-ol et
olo} g BT M2 M BB AN dolrt
fr#f el cd gkl A RINsE Aeolvh, ¥ Aqt &
+ Aol obdlebar ghA skl pokeh. i BHARE &
Aol M= BiTb® ¥t Bivol YA
chA) s AL Y o B
2rsfoix| it e 9 H4lgh A

ol & B#EE wAlolAl A sk Zlol whehd sict,

<4 A4z

[
T~
x‘L

ooz
o] & parameter % ©|

4

golog

Er-S

V. & E ]
A FisLoll M= HEEE S { pitch BRI Foll 29
peak?} T2 glottal r o Fl1ol o3& w4

Holsha o
AL pitchE

parameter £

o2 "EchyE RS o &3t G-peakE
£ olg-slod pitchd FE3tadeh. olg A
wlel o 2 fEVTR RiTg S
4} G-peak® 08 o Side-peakE 2l HEES v9
% o|&3le] MR B S A

25 712 time domainol 4 A sl E-38| pitch &
i sl Aol Al Sampled data?] summationol slfet
SHE G-peakubs ol&stnz vl wE £
AT 4 AUrh BT AFse AN RFe 2
Aol ¥t-S paramater® o]t ovy A
2 aEt= SRRl Jhssisich &3
pitch® 7]% Hifrg H2|sleg jE&ol independent

SERF 7hesidch

L

A

reo
X}

2
oS
==
r.
3

e :40 2

e
hron

od
ododE

2 £ X MW

[1} L.R. Rabiner and R.W. Schafer,
“Digital processing of speech signals,”
Prentice Hall, Inc., 1978,

[2]) 1.D. Markel and A.M. Gray, “Linear

[3]

(4]

(6]

(7]

(8]

{9

—_—

(10]

[11]

{12]

f13]

[14]
[15]

(279)

97

prediction of speech”, Springer-Verlag,
Berlin Heidelberg, New York, 1980.
Myungjin Bae and Souguil Ann, “The high
speed pitch extaction of speech signals
using the area comparison method,” KIEE,
vol. 22, no. 2, pp. 101-105, Feb. 1985.
A.E. Rosenberg, “Effect of glottal pulse
shape on the quality of natural vowels,”
J. Acoust. Soc. Am, vol. 49, pp. 583-590,
1971,

H K. Dunn and S.D. white, “Statistical
measurements on conversational speech,”

-J. Acoust. Soc. Am, vol. 11, pp. 278-288,

January 1940,

Myungjin BAE, “A study on the funda-
mental frequeny extracting of speech
signals using specond Order rundown
method.” Seoul National University, MA
Paper, Jan, 1983,

Myungjin BAE and Souguil ANN, “The
voiced-unvoiced-silence classification by
Emphasized spectrum of speech signals,”
JASK, vol. 4, no. 1, pp. 9-15, June 1985,
Myungjin BAE and Souguil ANN, “Low
pass filtering on the high speed pitch
extraction”, KIEE, to be published, 1986.
Myungjin BAE and Souguil ANN, “Inverse
Rate type Filtering for the pitch Extrac-
tion,” JASK, vol. 5, no. 3, sept. 1986.
Myungjin BAE and Souguil ANN, “Data
compression by elimination of redundancy
in human speech signals.” Seoul! National
University Engineering Report. vol. 17,
no. 1, pp; 129-133, April. 1985,

Chulhi LEE, “A study on the recognition
of korean vowel in continuous speech,”
Seoul National university, MA paper, Jan.
1986.

Sungchan BANG, ‘““A study on the classifi-
cation of Korean voiced into vowel, nasal,
and voiced consonant,” Seoul National
university, MA paper, Jan, 1986,

Ian H. Witten, “Principles of computer
speech”, Academic Press, 1982,

&, el a8 o, ekl 1981
M.J. BAE, 1.Y. RHEEM, 1.J. CHUNG, S.G.
ANN, ““A study on the Energy parameter
by G-peak in speech signals,” KIEE To be
published, 1987, *

74



