WAMIIE(EM). 30, 159-166. 1994
Cheju Univ. Jour. (Natural Sci.),
39, 159-166, 1994

AT} BARSE o] 4T BFo] 3

z

2 X3} A

A:]*

Korean Speech Synthesis Using Zero Crossing and Feature Function

Hong Kwang-Seok*

Summary

Speech synthesis is a process which artificially produces speech for various applications,

diminishing the dependence on using a person's recorded voice. The speech synthesis methods en-

able a machine to pass on instructions or information to the user through speaking.

This paper presents a study on Korean speech synthesis using zero crossing and feature function.

Synthesized speechs were compared with the uttered speech sentence waveform by the speaker.

Through computer simulation we confirmed that these methods improve the memory size and the

response time.
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Table 1. Korean phonemes.
(a) vowel
front middle behind
sound lingual lingual lingual
single 1.4 — T
vowel 1.4 q L
B F
(b) consonant
sound voiceless voiced
unaspirated] H, T, H.T, 71
plosive aspirate 3L E, A
hardening | W, @, T B, @, T
unaspirated e X
affricate | aspirate =z
hardening oS R
simplicity A
frictional | hardening M
glottis 3
nasal .0
lateral z
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Table 2. Zero crossing interval for 8 single

vowels,
phoneme zero crossing interval
3 5.6.6.8,6,6,6,6,6,6.6,7
] 15.15,15.19
18,17, 12, 16
9.89,,97 14

10,11, 11,10, 8, 11
6.7.7.7.6.7.6,13
8.6.6,9.8.6.6, 14
— 12,11, 13, 22
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generation
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4
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Fig. 1. Speech synthesis system,
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Table 3. Initial consonant.

phoneme zero crossing interval

H 14.1,19,101,4.8,3.4,2.3.3.3,3.4,1,10,2.5,2,35,4.6.3.1.4,2.4.5,4.6.3,6,4. 5,4 3.7.3
14,5.6,4,4,7,3,4,3,2.4,1,5,1.17,4,5,5,5, 4.3, 4.4, 3. 10

C 2,8251,1,281,63283322117,2723,.22341.2473132313351
2,2.56.5636537363528473335421,4354531634

1 1,4,2,4,2.4,2,22.3.353,3,1,4.2.4,293,3,1,2,4.2,3.3,3.2.4,2,4 217, 1,4 3,3, 2,42,
4,2,32,1,5,1,4,1,45.4,15

i 1,3, 40,101,96, 2,53, 2.2,1,1,1.3.2.4.1,6,1,5,1,56,1,17,3,3,3,3, 1,4 25,1, 13,2,8 1.8,
1,51,52449332414

E 211,323218311151,5,1,711151,41311232215161LL3L
414241211

= 1.4,2.4.2,3,3,4,1,4.2,4,1,13.1,51.1,4,1,4,1,4,2,4,1,42,3,2.13.2.5.2. 1, 1,1, 14 1,
12,1,2,332,2,3.3.2.11,1,5 1, 4

[ 5.1,3555,96,6,59509546,6465855571645125,4

w 2.1,1,52.9,2,7,10.7.51,1.4.7,4,12,3,2.2,4,7.3,2,2,3,12.3.3.1.3.8,3,7. 3.2

m 1.4.24,2.4,2.4,3.43,1,5.1,51.41,78,9,1,5,13,8.6,7.3,511.5,1,2.5, 8.3, 4, 15,5,
11,5.7,4.4,11.57,5 1, 1,5, 4

X 1,2111,1,11,11,121,111,1311,111,42111,211L1LLLLLLLLL
1,1,1,1,1,6.1,31,19.1,3.1,1,1,1,1,6,1,6,1,51,14.1,4,1,1,1,1,6,1,7, 1,10, 1, 16, 1. 2,
1,10,1,1,1,1,1.6,1,1,3.851,1,56.9,3,7.6,6,3.6,7.7.6,28.1,1,20,26,7. 2

=z 2,21,121,27.1,31,1,1,3, 1.4 1.2.1,21,1,1,1,1,6,1,5,1,2,1,2.1.1.1. 1. .2, 1, 10, 1. 1,
1,1,1,10,1,21,21,1,1,1,1.1.1,1,1,,, L L3, 1,41, 1,161, 1, L7, 1.7, 1, 12,1

= 2,21,31.21.2120,1,41,2141518131311513111L511LL411L1L
20.1,6,1,12,1,1,1,3,1,13,3,1, 1,23, 13, 17

A 131,8,2,3,1,3.3.3.2.3.3,3,1.3,3,4,1,41,19,1,24,2,7.1,3,2,7.3,14 1,1, L7.3,5, 3,
51,22652413272423123,3122251,7272612152171,1,2 4218
1.4.2,3,3,3.253.3.12,5.3,15 4.3, 14,19

M 9,19,11,89.8 1588

Kl 1,51,6.1,1,1,6,3,7. 2,22, 2,46, 1, 10, 1, 26, 14, 18

a 2,1,1,71,2 32, 18,20, 17,9, 1,2,5,18,15.1,2.5,8,17,2,1.14.9.2.1,6,16, 1, 2,15, 1, 1, 6. 9.
16,1,2

v 4,32,19, 27,13, 10, 12. 20. 16, 8, 11, 19, 16, 9, 11, 19, 16, 10, 11. 18, 16, 10, 11, 19. 16, 9, 11, 18, 15,
11,11, 18, 15,11, 11,18, 14,12, 11, 12

= 14,21,21,9,2,1.6,14,4,1,17.2,2.4,2,3,.4,2.2,11,3,2,4,1,11,9,2.2,. 4. 15,3,2.17.8, 3. 1,
5152,3,14.9.8. 11,2, 3,1
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Table 4, Final consonant.

phoneme zero crossing interval

H 4.12,5.3.1.2.6.4,9.2.8,19.5,9,2,5,4,6,5,32,33,5,8,3,3

C 1.4,7,22,7,10,24,25,4,2,8,2,51,22,41,9,3, 2

1 1,53,23,82,3.13,2.21,1,7,1.72,1,17.3,29,1,6,1, 11, 1.57.3,8. 2,28, 2, 16, 2

i 2.8.6,20.3.3.15,6,4.4,28,4,6,6,1,9.1,13.1.26,3.6.1.9.2,5, 1,6, 1

E 4,7,2,2,3,19,17,13,9,22,14,17,4.27,2,3.4,8.2.8.3.4.2.3.2

= 1.9.6.11,6.3,6,.15,6,.2.4,5.7,4,5.6,3.7,4,3.6.4,3.6,454,6,3.6.1,7.5.5,4.6,2.7. 2,6,
3.6,46253736424

M 1,5,2.3,4,3,2,3.3.4.2.11,1,6,2,22,2,4.2.2. 2

X 84.841,10,9.810,2.4,2,2,3,3,13,10,2.3.2.4,1,4,3.8.2.419.15,17.3,20,2,2 11 21
521,319

A 17,1,3.4.2.4,2.4.2,2,1,12,22. 14, 1,3, 33, 14

M 9,43332322421,472321.3212

' 13.2.1.5,4.1,2,6,1,1,4,3,2.2,2,8,32,3,2,14,16.2.2,9.3.1.35,9. 1,4 19,6.3,3

ju] 14,17, 17, 12,12, 16,17, 11,12, 15,2, 1, 14, 10, 13, 15, 17. 7. 2, 1, 12, 15, 17. 10, 13, 15, 16, 17, 10.
15,17, 17, 11, 14, 18, 16, 11, 16, 18, 16, 11, 16, 19. 15, 12, 17,19, 16, 11, 17, 21, 16, 12, 1, 1, 15, 21
15,1,1,13,1,1,15,23. 15, 17, 15, 25, 14, 18, 17. 25, 15, 1, 1, 16, 18, 26, 14, 16, 1. 1. 18, 28, 17, 15,
18,31, 14

[ 16, 18,16, 9,13, 19,15, 11, 14, 17, 15, 11, 14, 17, 15, 12, 14, 16, 15, 12, 14, 16, 16, 11, 14, 17, 16, 12,
13,18, 15, 12, 14, 18, 16, 11, 15, 18, 16, 11, 16, 18, 16. 11, 15, 19, 16, 11, 15, 20, 16, 12, 15, 20, 17,
11, 16, 20. 16. 12. 16, 21, 16, 11, 16, 23, 16, 11, 18, 23, 14, 12. 18, 24. 14,13, 17. 27,4, 1, 1, 10, 17. 1,
1,27.14,1,1,10. 2.2, 16, 29, 14, 1, 1, 14, 16, 31, 13, 17, 16, 33, 16, 14, 16, 36, 16. 11. 16, 38, 16, 10

o) 2,1,8,20.17,10,1,1,8,21,17,10,2,1,8,5. 1. 14,18,10,10,21,19,9, 2. 1.8,5. 1,15, 19. 9, 11, 6.
1,14,20.10,11,5,1,14,21,10,11,5,1,2,1,12,22.9.2.1,2.1.5.5,2,1,2,11,23.9.2,1,8.6. 1
2.1,14,21,9,2,1,8,5,5,12. 24,10, 11.5, 2, 1, 2, 13, 24, 10, 10

= 71,2312 1,27,7.3,1,4,1,2,7,10,7,6.11,1.2,2,1,4.7,11,7,10.7,7, 12,2, 1,8. 7. 11. 7.

10.7.8.15.2,.1,5,1,2,2,1,4.2.1,7,8,10,7,8,18,11,7,11,7.11.7.7.23,9,9, 10,8, 10. 7. 9, 24,
10.10.8,9.10.8,7,.27.11,7.11,7,7,14,1,38.2.2,4,1,8.2,2,2.3,2, 16, 48,12, 2, 14.7. 7, 60,
11,7,12.7.3, 1. 2
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Table 5. Pause length, 1. FASAME Iy
. [~ —]
Pause length case Fig. 3¢ Algto] 44 9283 Y484 vz
4 sentense 3}7) 98 27t dAE T 20 msd JEhR 2
3 isolated word Holch. @€ /H, BE/1/ ©F /T/ @
2 breath € /o A 24T Ao, e siyo) w4y
! meaning communication d golx oldle) siyol Y4 shy olch /}/
0 no pause /1 /% $4Y Yol 448 sy yeg
<+ Ye§ ZA=E Yo ¥ 4A ok
Table 6. Prosodic pattern.
ylable ! 9 3 4 JWV\NU\NVJ‘!MM'\}V\‘ S P ™
case
1 o! | oto | olo=0 | cto=c—o V\/JV\/V\/\,\JV\/\/\NJV\) SN
2 0— | 0—0 otolc cto—=0,0 P o
3 0} 0l0 0—=C {0 C—0-+0,0 -
4 0)0=0s 0,0-+0-0 VA2 VaYaVaY VAV IVAVN A\VavNLY
LA NN PANAANNAANN
AY g v
{c) 7w/ &) 7o/

+49%U4 HYE AY BA T4 Fig. 29
o &4 dui A EAY+§ T A
+4 dlojete] N5 YHE £4& ulelag &
3te] dkHz At 348 Z& A9E3 Y& &
¥, ADC0800& IBM-PC 3865% 2lesfolx 3led
10kHz2 AFHE oY £4 A2 § o} AHY 3}
dot. =¥ slnez qlHEY TAL T 8
4% 42 IBM-PCe} Q¥{slo]2~ ® DAC0808
£ 3t A9F3 U Aad A9HF F9 2
Y 3= 74 sk

feature

Mike — LPF 4 A/D +1BM-PC —>

extraction

(a) speech data extraction

Key
—{IBM-PC

F+ D/A LPF |+ Speaker

r—.

board

(b) synthesis speech output

Fig.2. Block diagram for speech synthesis

system,

Fig.3. Comparision between uttered and

synthesized speech waveform.

Fig.4® Atgte] 44T F438 2 Y4 ¢
#Y & etk (@) e /ALE P& AR/
o ¢ &4 HYelx, (b)v /A=t AL/ o
A Sy A, Y¥te) ode sairl g4y
¥ 49y ofelizt Aol &3 F4HuY
ojc}.

ola,

(b} speech 2
Fig.4, Comparision between uttered and

synthesized speech waveform.
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Gt BAYSE ol Y YT THYY

Y48 47 g4E S48 viadd vqd, 2
Y @9 /ARE e AIE/Y HS H4g2
Zol7t 1.62%, ¥A4Ee ZHolrt 1.829329] Zo]
F e, AL T4 Al A ols} o)t
dede g2 Zze dsld =e gegaist
< g o] W4 S dleds ool w4 S
9 Zelz} etz A7k oel9] slole YALA
o & A%E F2 gt

$4" S4ol g4dd s4uct &Ho] FEaA
TFE5e] deida e, ol $44 AA4L
271817 A Z1He Fol AAdsier & zlojch

=Y, o] FHYY AlAadolAM BAF dlelEl 7
o} 8L Table 2 3 40 de}} 2AXo] 999 &
A& Y4sleol A 1744bytes] 7] fako] B
3ok av 58 gAY YA 10kHz
sampling 8bit A/D Wl A% (a)o /A8E o
& AEHE/ sl sl= 16200bytes] 71 -F3he)
2otz Zlete] 4P glolMdE Ay a2
718 71 g3he] ®asich A4z 2doiME =
SHAY WAL A e AuAS, zay
A, FFT %9 @2 A4dE 231243 g dhy
€ e ol wlZ SHQNERE A7) HE
o AAZ A2zl s elch

2. §433 Yot

Y452 Yol AP Hrie oo 7 1AL A
A &led MOS(mean opinion score)u}di o2 319
ot HAE Y el 1,23 45% who 27t o)
92 Ighoid A" sz, HrHAEL ojdlE, o
B4, 249 37hx) §Bor Fstxe, 4 ¥F
£ 5%l HrEgE ydsidd. 4 Y A
$¢ A4 E Fo gl ofF $46), 29
olth(4), R EFolth(3), uimci(2), olFumci(l)
2 %7} 3%k Table 7o vielyt wle} 7o) 4
€9 olslrt SAHo) W Tl olsirt A,
HEade whele] Ao TR, Y4E &
€ vl zd4e] WA e ¢ & AUdh

Table 7. MOS test of synthesized word speech

candidate

word test
word
1 2 3
synthe under - -
sized -stan cle- |natu
word ding | &F | re

1 syllable| < A ¥ |3.83|40|3.83

2 syllable | =3 | ot | Alg} (4.17 {3.17 | 3.50

3 syllable j“‘ _f;"* b e)| 4. 33 [3.17 | 3.34
ol | AR | AHF

4 syllable wx |ze | AN 467 4.0 [3.83

%! g

E =P FAHY S4UHA ey d2E
g4 Z1HE Hdsle AY ok Adte Y
€ A f4vt Ze JnAAH 2R FYY4E
sl slune gAY FAE T4
o]t}

Z1Ee) YL e JloEgkol "astH4
= AR oANyE g4 Je S+uIYy ¥
A3 ¥HE A steuigiz Aalge] ge =
HE, LSPS AYcl&Ade) B4 dojeld ng
o] Faol &% Y4E @t

oy AhE Py 7 F4e] gzl 7hA e
AL 42 dloletF 713}, ol F dlolglr 3o
F4F ETE A g3 FAY T4E g4l
W o4 e Wyogsd, A4z TA4HEE wHEo]
doe A3E Zed =g 48 33y siasg
MOS #7loll A, ete wile] Fajgle]l 43S
o] ke Rg "lsigch

Herd whyel oY YAHEY FHE oIf MM
87 AsiAde, S 48 89 Hx WA
U4 A7 o) = Ut Foll g AT} Aol
+9 Aol Y AF7F Pasicl
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