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An Improvement of Speech Synthesis for
Mandarin TTS System

Student : Li-feng Lin Advisor : Dr. Sin-Horng Chen

Department of Communication Engineering

National Chiao Tung University

ABSTRACT

In this thesis, a standard pre-processing procedure is established for the
development of corpus-based Mandarin text-tosspeech (TTS) systems. It includes
automatic speech segmentation; syilable piteti conteur detection, and pronunciation
error detection. Besides, some tmprovémienis-of the existing Mandarin TTS system,
developed previously in National Chigae.fuagJniversity, are discussed. Firstly, a new
acoustic inventory is constructed. Three waveform templates with different durations
for each base-syllable are extracted from a large continuous-speech database to
replace the single isolated waveform template which is pronounced too long in length.
The degradation in syllable-duration modification of TD-PSOLA synthesizer caused
by too large compression or stretching is therefore greatly reduced. Secondly, a
processing to eliminate the energy and pitch discontinuities in syllable waveform
concatenation is done. Lastly, the method to synthesize fricative sounds is changed
from re-sampling to overlap-add. Experimental results showed that the quality of the
synthesized speech was greatly improved.

Keywords: Mandarin text-to-speech, automatic speech segmentation, pitch contour

detection, acoustic inventory
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3.2.3 BRIk H i & =

1. f4¥ €44+ (Allen and Rabiner, 1977):

zaqiq (1)
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qu(fq —n)

Ho 45T (n) & ST A BRI FF o % RAF i R Rk
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q
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i 4
B3 411 B3 &2 22 BER -39 B HCIHR A

Fa | ag | B2 B2 Fa | ag | B2 p Fa& | ag | B2 b
1 ¥ 16 1 42 & 12 4 83 LA 20 8
2 4 17 1 43 < 6 4 84 EA 21 8
3 T 18 1 44 X 7 4 85 L4 22 8
4 19 1 45 X 8 4 86 K 10 8
5 T 20 1 46 hHeE 9 4 87 EEA 11 8
6 5 21 1 47 % 1 6 88 KA 12 8
7 L 22 1 48 Y% 16 6 89 ZEA 6 8
8 Y 1 2 49 1% 17 6 90 4 7 8
9 vy 16 2 50 7% 18 6 91 EEA 8 8
10 A 17 2 51 PH 20 6 92 KA 9 8
11 7Y 18 2 52 57 21 6 93 7% 2 8
12 7Y 20 2 53 L% 22 6 94 EEA 3 8
13 5Y 21 2 54 Ly 10 6 95 EA 4 8
14 LY 22 2 55 9% 11 6 96 X 1 9
15 LY 10 2 56 7 12 0 97 ¥ X 16 9
16 EA 11 2 57 ikl 6 0 98 4 X 17 9
17 Y 12 2 33 5% 7 6 9 7 X 18 9
18 ZAt 6 2 59 7% 8 0 100 X 19 9
19 &Y ] 2 60 hnw p 0 101 | PX 20 9
20 EA 8 2 61 oD 2 0 102 | $X 21 9
21 hY 9 2 62 2% 3 6 103 | & X 22 9
22 Al 2 2 03 % 4 0 104 | &KX 10 9
23 Y 3 2 04 H 1 5 105 | X 11 9
24 ny 4 2 065 W\ 16 7 106 | ™ X 12 9
25 CY 5 2 06 7\ 18 7 107 | 77X 6 9
26 < 1 3 07 T\ 20 7 108 | £X 7 9
27 hT 9 3 68 AN 22 7 109 | 7 X 8 9
28 9T 2 3 69 K\ 10 7 110 | A X 9 9
29 2T 3 3 70 I\ 12 7 111 | XX 3 9
30 nT 4 3 71 777\ 6 7 112 | M X 4 9
31 C< 5 3 72 7\ 8 7 113 | ©X 5 9
32 < 1 4 73 ZIN 9 7 114 5 1 10
33 v 16 4 74 7\ 2 7 115 | £5 16 10
34 4 & 17 4 75 2\ 3 7 116 | 45 17 10
35 7T 18 4 76 N 4 7 17 | 75 18 10
36 < 19 4 77 T\ 5 7 118 5 19 10
37 vE 20 4 78 4 1 8 119 | 75 20 10
38 t ¢ 21 4 79 ¥ £ 16 8 120 | 55 21 10
39 LT 22 4 30 4 % 17 8 121 | &5 22 10
40 (e 10 4 81 7 % 18 8 122 | &5 10 10
41 EX 11 4 82 A 19 8 123 | 55 11 10
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- Il I S IR 3 A
rs| 12 10 170 | 7 L 13 16
75 6 10 171 | B4 13 16
5 7 10 172 | 7L 13 16
75 8 10 173 | 54 13 16
h5 9 10 174 | &L 13 16
95 2 10 175 | €4 | 10 13 16
25 3 10 176 | 54| 11 13 17
ns5 4 10 177 V| re | 12 13 y—Y 17
T3 5 10 178 | 7L 6 13 {—Y 17
L 1 11 179 | &4 7 13 T—Y 17
[T 11 180 | 7L 8 13 h—Y 17
15 11 181 | 4L 9 13 —4 18
Pb 11 182 | 9L 2 13 y—+ 18
L 11 183 | ®4 3 13 {—+ 18
7L 11 184 | NL 4 13 T—4 18
5 11 185 | TL 5 13 —4 18
LG 11 186 — 1 14 =—4 18
K5 11 187 | U—1] 13 14 7 —4 18
T5 11 188 | <— | 14 14 h—4 18
5 11 189 | T— ] 15 14 H—+ 18
75 11 190 4 == 6 14 2—4 18
95 11 1997 £ i 14 r—+ 18
25 11 9) | o= 8 14 —% 19
neo 11 193 | 4— 9 4 A 20
CL 11 194 | 5= vi 14 y—« 20
* 12 g8 [ == 3 14 {—% 20
Wt 12 196" ¥ il— 4 14 T—% 20
1k 12 197 X 1 15 57—« 20
7 A 12 198 | ¥R 15 E—% 20
ofs 12 199 | 4 X 15 -4 20
T £ 12 200 | 7 A 15 h—4 20
£ 12 201 A 15 9—4 20
s 12 202 | TA 15 2—% 20
KA 12 203 | A 15 Nn—« 20
£ | 11 12 204 | & A 15 — 3 21
A | 12 12 205 | €A 15 Yy —x 21
5 £ 6 12 206 | TA | 11 15 {—x 21
£ 7 12 207 | TA ] 12 15 T—3X 21
kR 8 12 208 | 47 A 6 15 57— R 21
hx 9 12 200 | &A 7 15 7 —3 21
wks 2 12 210 | 3 A 8 15 h—3R 21
= 3 12 211 | 4 A 9 15 —3x 21
A 4 12 212 | 9 A 2 15 -5 22
T £ 5 12 213 | & A 3 15 y—5 22
we | 16 13 214 | M A 4 15 {—5 22
4L 17 13 215 | TA 5 15 T—5 22

45




s |ias [ 2= |02 s |z [ 2= [0 s |z [ 8= [0
262 [7—3] 6 % 308 | 54| 21 | 27 354 |4 A5 17 | 31
263 |&—53| 7 2 300 |2Ae| 2 | 27 355 |FAL| 18 | 31
R EEEIBE 2 310 [«xe| 10 | 27 356 [mAL| 19 | 31
265 |9—3] 9 5% 31 5| 11 | 27 357 |[PAL] 20 | 31
266 |9—3] 2 0 32 |rAe| 12 | 27 358 |5 AL| 21 | 31
267 |2x—3] 3 % 313 [T 6 27 359 |2Au] 22 | 31
%68 |n—3] 4 0 34 |&AT| 7 27 360 |[«AL| 10 | 31
260 | =5 | 1 23 315 |Z 2| 8 27 61 |55 11 | 31
270 [u—5] 13 | 23 316 |[HAe| 9 27 362 |FAL| 12 | 31
1 <=5 14 | »3 317 | 25 | 1 28 363 |7 AL| 6 31
| T—5 15 | 23 318 |wAH| 16 | 28 364 |EAL| 7 31
T EEEBE 23 39 |4 A%| 17 | 28 365 |[HAL] 9 31
274 |5—5] 9 23 320 |7 A% 18 | 28 366 | AL | 1 32
275 |9—5] 2 23 21 JCAF| 10 | 28 367 |wxk| 16 | 32
276 |2—5| 3 23 322 |55 11 | 28 363 |4 17 [ 22
217 le—o[ s 23 323 |r A% 12 | 28 369 |[FAL|] 18 | 32
8 | =& | 1 24 24 | AN | 1 29 370 [«x£&] 10 [ 3
219 [u—x] 13 | 25 lwx\| 16 | 2 3L [5A] 11 | 2
280 [<—#&] 14 | 326 |44\ 17 | 32 [rx] 2 [ 2
81 |T—A] 15 | 327 |7 ANl 18 | 20 373 | Ao | 1 33
D EEABE 24 3108 s age, [ 29 374 ez 16 | 33
283 [H—#| 9 24 32971 e . 20 375 |42 171 | 3
84 | —2 | 1 25 330 |5 AA0H 9 [$20 36 |OAL| 19 | 33
285 [u—2] 13 | 25 3 L | 150 377 [P 20 | 3
286 |<—4| 14 | 25 N ES =T Sh 318 |5 AL| 21 | 33
87 |T—2] 15 | 25 YA = A 20 379 (x| 2 | 33
288 |7—2] 6 25 R NEN BT L T 380 [«xz| 10 | 33
289 |&—2 7 25 335 |7 A4 6 29 B8l |FAL| 11 | 3
290 |7—2] 38 25 336 |&AN] 7 29 3 |r ALl 12 | 3
291 [9—2] 9 25 37 | A5 | 1 30 383 |AL] 6 33
22 |9—2] 2 25 38 |wxs| 16 | 30 84 &AL 7 33
293 [2a—2] 3 25 39 1443 17 | 30 I EEVARE 33
04 |n—2] 4 25 30 |PAB| 18 | 30 386 |[HAL] 9 33
205 | AY | 1 26 31 @Az 19 | 30 397 | ut | 1 34
206 |exY[ 16 | 26 32 |[PA5| 20 | 30 388 |Uut| 13 | 34
297 [4xY[ 17 | 26 343 |5A3| 21 | 30 39 |<ut| 14 | 34
208 |7 AY[ 18 | 26 34 o5 2 | 30 30 |Tut| 15 | 34
299 [«xY] 10 | 26 345 [«x3] 10 | 30 91 |Zut| 8 34
30 |[5AY] 11 | 26 346 |55 11 | 30 392 |Hut| 9 34
00 [FAY|] 12 | 26 347 |rA5| 12 | 30 393 | U | 1 35
302 | AT | | 27 348 |75 6 30 394 [yus| 13 | 35
303 |eAe| 16 | 27 349 |&AB[ 7 30 395 |<us| 14 | 35
04 |4 Ae]| 17 | 27 350 |75 8 30 396 |Tus| 15 | 35
305 |[PAe| 18 | 27 351 |95 9 30 397 |[Hus| 9 35
306 |[OAT| 19 | 27 352 | AL | 1 31 398 | UL | 1 36
307 [PAe| 20 | 27 353 e 16 | 31 399 [Yus| 13 | 36
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Fa |l as | B | 2
400 |[<ub| 14 36
401 |Tus] 15 36
402 |Hpub| 9 36
403 | L 1 37
404 |YyuL]l 13 37
405 |[<uL) 14 37
406 |TuL] 15 37
407 JL 1 38
408 | —< 1 39
409 L 1 13
410 \ 1 7

411 n< 4 4
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