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Phone segmentation of speech waveform is especially important for concatenative text to speech synthesis
which uses segmented corpora for the construction of synthetic units. because the quality of synthesized
speech depends critically on the accuracy of the segmentation. In the beginning, the phone segmentation was
manually performed, but it brings the huge effort and the large time delay. HMM-based approaches adepted
from automatic speech recognition are most widely used for automatic segmentation in speech synthesis,
providing a consistent and accurate phone labeling scheme. Even the HMM-based approach has been
successful, it may locate a phone boundary at a different position than expected.

In this paper, we categorized adjacent phoneme pairs and analyzed the mismatches between hand-labeled
transcriptions and HMM-based labels. Then we described the dominant error patterns that must be
improved for the speech synthesis. For the experiment, hand labeled standard Korean speech DB from ETRI
was used as a reference DB. Time difference larger than 20ms between hand-labeled phoneme boundary and
auto-aligned boundary is treated as an automatic segmentation ervor. Owr experimental results from female
speaker revealed that plosive-vowel, afftricate—vowel and vowel-liquid pairs showed high accuracies, 99%,
99.5% and 99% respectively. But stop-nasal. stop-liquid and nasal-liquid pairs showed very low accuracies,
45%. 50% and 56%. And these from male speaker revealed similar tendency.
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Table 1. The composition of the automatic phoneme
segmantation system.
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Figure 1. The distribution of the accuracy for the number of
Bootstrap sentence.
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Figure 2, The accuracy of the phoneme for the number of
bootstrap sentence.
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Table 2. The unit and symbol of phoneme segmentation.
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Table 3, The frequency of the Vowel-Vowel class (female).

B FERls) 2F | YaHE | S4Y (SHE] 2F | ZaE

oti | 281 4 |198.47| v+i 53 4 19245

e+i | 204 | 83 {59.31] E+i 52 20 161.54

a+i | 193 | 14 |92.75| a+o | 50 | 30 |40.00

ite | 160 | 41 [74.38| ot+ta | 44 19 |66.82

ita | 146 | 18 |87.67| i+jo | 43 15 |65.12

itv | 121 | 11 {9091 E+e | 42 | 32 12381

i+i | 114 | 22 |180.70] i+o | 40 13 |67.50

u+i 75 6 192.00|we+e| 39 25 |35.80

Ute| 71 34 15211 a+v | 39 30 | 23.08

ate 70 29 [58.67|at+wa| 39 12 169.23
i+jv | 60 8 190.00| etjo| 37 24 |3514
o+e 59 8 18644 i+wi| 37 2 194.659

v+tui 57 | 25 [56.14{E+ja| 36 11 169.44

v+jol 65 38 130911 a+yU | 36 7 18056

ute | B4 11 {7963| ata | 35 18 [48.57

atu| 54 14 [74.07] U+i | 35 4 |88.57

atjo| 63 28 |47.17 | wite| 35 12 165.71
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Figure 3. The error pattern of the pair of i-i
{The segmentation error is about 75ms).
{a)waveform (b)spectrogram {¢)hand-labeled
segmentation (d)automatic fabeling and
segmentation (e)transcription.
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Figure 4. The error pattern of the pair of wi-i
{The segmentation eiror is about 40ms).
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Figure 5. The error pattern of the pair of Eve

{The segmentation error is about 56ms).
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Table 4. The error pattern of the class of the fricative-vowel.

=L 20ms0|4 AR(%)
female| male |[female| male female] male
DA + 32| 7893 | 7898| 445 | 809 | 94.36 |92.28
h+28& | 2506 [3209| 340 | 474 | 86.4385.22
s+2& | 3623 (3577 76 | 114 | 97.90 [96.81
S+88 [ 1764 (1112 29 21 | 98.35(98.11

stES, S+RIo|AME 98%| HHES Ho|AT, h+
EZoNE 86%9] W AYE0] Yl 25 Fo
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Table 5. The error pattern of the class of the aftricate-vowel.

E@dg 20msol&t HIAE(%)
female|male{female| male [female| male
iR 492 4863 (4864 24 57 199.50]98.82

z+28 | 3129 |3121] 19 25 [99.39] 99.2

Z+Re 467 474 0 2 100 {89.58

c+2F | 1267 [1269] 5 30 199.60]97.63

il =1
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32 6. 2+ SAM0| O (XY U22ms)
Figure 8. The error pattern of the pair of z-i
(The segmentation error is about 22ms).
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Table 6. The error pattern of the class of the nasal-vowel,

S8 20ms0l4t YA (%)
female] maie [female| maie [female| male
HIZ+2&| 7063 |7056] 364 | 97 194.86|98.62
n+822 | 4848 (4842 338 | 70 | 93.02 |98.56
m+28 | 2215 {2214| 26 27 198.82198.78
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Figure 7. The error pattern of the pair of n+
(The segmentation error is about 32ms).

.

Sl AISHE Ui} *U el gl 258
o)y,

325 wat+28

il-?-%ﬂ"ll/ﬂ fed ‘a2 o, f3+RgME o4
stAkE GARRNA Zhzh 96.11%, 90,25%2] AgeS
B2yt AAsSaidd FAns AuEy, 34 A
T vlEjq ‘&’ 9 ko] ZA UEPtE B 4 Ui

3.2.6. 84+28

FFojolld AR Ego) Ve 4L 1, U,
‘c’, ‘g’ e, ‘at ‘o9 7R 4+289)
Beolle o wAselA 47 90.27%,
82,78%2 HHES Holi gk, E 79 RYES 42
B3R,

olB 2RE 43 RY Tl v F4 Fel

HAHOHE EASH YAE S e B8l

T 7. 24+282 oF BY
Table 7. The error pattem of the class of the final
consonant-vowel.

Efdz 20msof4&t e B(%)
female[male|female|male|fermale| male
EM+23S| 1686 [1580| 164 | 272 90.27 [82.78

K+2e 79 73 21 8 | 73.41189.04
N+22 | 366 1280 39 | 44 | 89.34184.28
T+2E 11 9 2 1 [81.81]88.88
L+2S 187 1186 41 38 | 78.07 [79.67
M+28 | 68 | 61 5 12 | 92.64 [80.32
P+22 45 | 41 10 6 |77.78185.36
O+22 | 930 |930| 46 |163] 95.05 182.47
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Table 8. The ervor pattern of the class of the vowel-plosive.

FH8IT 20msOlAt SR (%)
fermale|male|female| male|female} male
2E+nidS| 9268 (9128] 542 | 813]94.14 191.09

28+b 1184 [1139] 44 61 | 96.28 |94.64

2E+8B 98 92 38 24 | 61.22173.91

224p 474 |466| 86 |120]81.85(74.25

28+d 3111 |3082] 24 66 | 99.22197.86

E+D 157 | 1655 44 40 | 71.97 [74.19

S+t 512 | 603| 106 | 102] 79.29|79.72

28+9 2916 [2888] 58 | 2961 98.01(89.75

224G 303 | 303] K2 44 | 82.83185.48

22+k 503 [600] 90 60 [ 82.10{88.00

332 2S+0EZ
T a+upah2oA e o8kt GAstAte] thEix 4
Z+ 92, 78%, 91,94%2] AEES Holx QJut

¥ 9. 2E+0E8Y 27 7Y
Table 9. The error pattern of the class of the vowel-fricative.

Aoz 20msolAt etk (%)
female|male|female|male|fermale| male
B2+03S| 4268 [4233 308 | 341]92.78 |191.94

BRE4s 1979 [1952; 63 22 | 97.32198.87

28+8 1132 [1152] 21 22 1 98.14 198.09

& +h 1157 [1129] 234 [297]79.77 |73.69

E 994 B 9%ol, Bg&+obage] 39 4B,
A 25 28 §ol| s, S, h7} UEhs dlE= v)
LB, Bg+sollie 97%, Ze+SolAE 8% =
& AREL Bole yHHY 2&+h9] F9+= 80%8=
olch, H-2+h o]Fof EZo] HolojA] Uehte 35l
B FAERL b7t A B Ele Al 2]
2o 223 BE Alojo] Uehhs hollde L5770
Azt

1 9 5 i T

1 i
J8d o0l M= RUAS S AAC

Jg 8. E+h RAMe| oF (LAY A35ms)
Figure 8. The error pattern of the pair of E-h
(The sepmentation error is about 35ms}.
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Table 10. The error pattern of the class of the vowel-final
consonant.

EHIT 20msOlat HEHR(%)
female | male | female|male| female | male
2+E4| 1261012686 1283 | 838 | 89.82 |93.36
2+K | 1151 | 1149 70 68 | 93.91 [54.08

S+N | 4945 14927 | 139 |214| 97.18 |95.66
22+T | 507 [ 507 21 27 | 95.85 |94.67
BE+L | 2745 | 2748 906 |455]| 67.03 [83.44

S+M | 2676 [2676] 112 | 43 | 95.81 |198.39
PE+P | 586 | 679 36 29 | 93.85 194.99




B 11, 28+LY 2R #8 (female)
Table 11. The error pattern of the class of the vowel-L
(female).

SaY | ZHUT | FEE | 240 (ST | Has
U+L | 230/1010 | 77.23 | jv+L | 7/142 | 95.07
i+L | 64/387 [83.46] e+L | 7/43 [ 83.72
atl | 28/465 |93.98) wv+L| 6/41 | 85.37
utL | 61/240 |74.58 | we+L | 3/23 | 86.96
o+l 9/167 |94.61|wa+l | 3/34 | 91.18
vl | 29/148 180.54| ju+L | 6/15 | 60.00

12, 22+L9 2f #8 (male)
Table 12. The error pattern of the class of the vowel-L {male}.

=i #els | TS | 344 | Sfdls | JEYE
U+L | 431/1009 | 57.28 | jv+L | 28/143 | 80.42
i+L [ 123/386 [68.13| o+L | 16/43 [ 62.79
a+L | 113/465 | 76.70 | wv+L | 8/40 | 80.00
utl | 69/240 [71.25 |we+L | 8/23 | 65.22
o+l | 47/163 [71.17 |wa+L | 7/34 [ 79.14
vtL | 34/148 [77.18} wi+L | 7/11 [ 36.36

L —

G = 11

HER BO8IX &8 40N AER SEY SXYELO

28 9. U+L SAM0) 2 (249 2k35ms)
Figure 9. The error pattem of the pair of U-L
(The segmentation error is about 35ms).
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Table 13. The error pattem of the class of the stop-consonant.

EH0IT 20msolat | FHER(%)
fernale|male|female|male|female| male
HMS+oES| 1107 |1084] 94 | 134 91,23 [87.64
HMS+o0KS| 497 1495 67 66 | 86.51 [86.67
HMS+IEE] 386 | 387 68 61 [ 82.38184.24
HAS+uR | 65 49 26 27 [62.72 |44.89
HME+FE 8 4 2 2 | 66,66 |50.00

E 14. HIg+X[5e| 2F 4
Table 14. The error pattern of the class of the nasal-consonant.

duil 20ms0ld | TR (%)
female jmale| female |male| female | male
BIE+HMS| 3244 |3110] 67 [ 104 97.93 [96.65
HIS+0IEE! 1923 |1826] 89 72 | 95,37 |96.05
HIZ+EER| 1197 [1169] 26 39 | 98.07 [96.66
Blg+6lE | 2667 [2514] 426 |266]| 83.37 |89.41
HIS+R7E 20 20 8 9 | 60.0 [55.0

E 15. wE+7ES o 78
Table 15, The error pattern of the class of the liquid-consonant.

=0T 20msolat HEE(%)
fermale|male|female|male|female| male
Fe+EMS 971 (959 24 64 | 97.52 [83.32
2+ 483 [479| 36 47 |1 92.54 (90,18
FE+UEE| 354 | 344 12 19 | 96.61 {94.48
wEtblE| 224 {226 16 21 1 92.85190.71
Tot+RS| 480 473 31 79 1 93.64 (83,30

oE 2107 2] veht 9k 19 102 AR
A K mo] FA| (pause)17F §lo] ¢lojo|A &
S50] FAK7} FA0R w2 Hr) ol 5:2¢] Tl
A RFER g = ok 2P1E K9} mAlo
At £ 7 FAATE X7 3 A2 gL FATFY
(short pause)& 21 B8 W) dWA 27} ¢l
o Ao W,

Bl S+A29 FLole & 140 veRd AXF, H|
0123 BlE+5-29) Aol Aoz Ye Jug
< 2R, 53] Mg 28004 7 B 257
gk, odsiate] A9 279 oF 30%7F M+nol

7 %9 1 J8 9 9 \

GLUSR VB VALY PHSE AS¥eUT

38 10. K+m S249| 28 (23449 2435ms)
Figure 10. The error pattern of the pair of K-m
(The segmentation error is about 35ms).
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U Zoo HBSIY 01900 BAJUC

a8 1. K+m 2440 2F (A 2}80ms)
Figure 11, The error pattern of the pair of K-m
(The segmentation error is about 80ms).

’°1”I M 1 1

QA0rd = ol F Fo SN B0l ZJY Jtsdol FgUich

a8 12. M+n BA%Y 2R (A9 2 38ms)
Figure 12. The error pattern of the pair of M-n
(The seamentation arror is about 38ms).

1 i L
FEX 24 5101 €148 REHT
23 13, L+h RAY9| (LY 2ABHA= 2 63ms, he) SAQlE
< 82ms)
Figure 13. The error pattern of the pair of L-h { L’s error range
is about 63ms, h’s ervor range is about 82ms)
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