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<Abstract>

Performance Improvement of Automatic Speech Segmentation
and Labeling System
Seong Tae Hong

Database segmented and labeled up to phoneme level plays an important
role in phonetic research and speech engineering. However, it usually
requires manual segmentation and labeling, which is time-consuming and
may also lead to inconsistent consequences. Automatic segmentation and
labeling can be introduced to solve these problems. In this paper, we
investigate a method to improve the performance of automatic
segmentation and labeling system, where Spectral  Variation
Function(SVF), modification of silence model, and use of energy variations
in postprocessing stage are considered.

In this paper, SVF is applied in three ways: (1) addition to feature
parameters, (2) postprocessing of phoneme boundaries, (3) restricting the
Viterbi path so that the resulting phoneme boundaries may be located in
frames around SVF peaks. In the postprocessing stage, positions with
greatest energy variation during transitional period between silence and
other phonemes were used to modify boundaries.

In order to evaluate the performance of the system, we wused 452
phonetically balanced word(PBW) database for training phoneme models
and phonetically balanced sentence(PBS) database for testing. According to
our experiments, 83.1% (6.2% improved) and 95.8% (0.9% improved) of
phoneme boundaries were within 20ms and 40ms of the manually
segmented boundaries, respectively.
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F4AE 5 Atk T3, SARAAME ZF S4d HBEe SAFES FESL &
2A&71 HARE FE3ed 54 ETE 4 dolgwelxrt gy, 4%
ATFE F23 JHZ %—8‘% F Aok

53] 29 $494 7€ F2 I X(corpus) 7|8 FIWAY, F d&F
+4 dlolg & E43tyo olo:|7“ A2 2do] A3 Q4& FsE WA 7]
25 51 Ik °]E'131 H2WA el 4F3& ARV AslMe B 49 24 dogE
FRge At 834 2o, £4 HoHE 49 22 $49 7EDS
2 £¥3ln ]°1H%]?5}°4 1 gg 94 BAF At rbedeE hEde &
ol Y5Ho g aAdth $4N5 Y SAEY € HojEH YL Aol AH #
P& F AT, FEAY g F2ET E FolE L tId 2L FAAE A
tHLeung & Zue, 1984). AAZ ©] fF L 2HEZIY BE g NEHE 7137
g 53 olFoAEZ ¢ AFH AYY By ol BE A7t AQHA dh
ERAE £3Y 9% SA2EEL 2 £FY 4T AAE 839, A9 A4
& AE7te] A& Syt Qo AAR FA7T ] ’“Z{:‘ AT FAAHQA dVES
vlg] FfFuEds 4T ‘”‘J:-—] 73S FBHQA #dE T 5 glen, o wa
2734 ARBARNAM Y 47 ] BAE | %?{_E}(Elsen et al.,, 1992). 14l % =
2% o] APl 4 VRLFE 2AZ 2 & Yok

AR % dolEd 7—‘-}‘§°] A5z £Y¥E F AW AN AFH FAE]
248 4 oy, RFEHozYr AFHQ FAEYE € HolEHe] EEHAYE F
AGol o3 gF-Fo) A HZAE & Utk ojd] wet AF SAEY ¥ HolEHS
93 oy 71A WY Eo] MdEo] gtoem(Ljolie & Riley, 1991)(Wheatley et al.,
1992)(Brugnara et al., 1993), £ oo S AolAL FF3Hd &4 #HolE3
N2dol UerE HthThe Aligner, 1994). $-el 2ol diHE AF7A AF A2
5ol & A% SARY % FHolEY 7)EEE o8 AF SAEY 2 HolEd
Al 2glo] LTHHJAHAFTE 5, 1997). £ %’_’——‘:ﬂ]/\h‘:— S49 HEANE F X438}
= Spectral Variation Function(SVF)E o] &3l o] A% SAET 2 Fol&
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ol&3td F7HHU AF FFE FEaAt

2 =29 742 05F 2o MEd ]9 2N e AT S4ET R HolE
F 1&g WM MEstn, 3FdNE SRR HolER AR FAd tEA
R, 43 e 454 sk SVFE A2dd A&d WY AEQY. =
FAA i b FS o] &dle WYS WA 222 5FAME S4E
g 2 HolEY NEHE o8 4 £TF 4 2AHE Holm, viATez 6%
dx ZEs 2=t
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2. X\HE

0j0

22g f UolEd Jis

AE 4R 2 golEyge gdutxy o g L4 ¥ 7|(phonetic transcription) 52}
Aojed Ruo} AFHE 2PN o) FAAN, 1 HRL e 2ok 9A FaAD
HolA Zztel g450l Ug UE HY Ex A 2USS ulg) TG, 14
T, 94T ol ARetE g4 AB27t 9YAHY, TA 5T S APz
g3l 2 259 UE AY Tt 2UES 2NN AFe4T PN He)
A 477 A7t oW o)2@ #Y F& =9 o3 PPezEt Dynamic
Time Warping(DTW) 3t Hidden Markov Model((HMM) ¥l¥o] ALEE 4 9]
o o] F WY oA DTW oM B4 Ji9 i faEte s SN Y
AE HAJAES A3te do A7 J2B2, o3 W3aRIES FE8R2Y
Y2 tF= HMM "¥ho) g A5 3 tHLjolie & Riley, 1991)(Wheatley et
al.,, 1992)(Brugnara et al., 1993).

s S2EE 2 golEgS i AFHe Ao} AHREE
(phonetic transcription)¢} 32} ¥ 7)(orthographic transcription)& & 4 Utt. 1
FAN SARTIE FolAE BLdE 542ET B HolEY L ojv] ojF oA 4
B2 F4E 19 F5730e FEA 449 S45Y AARETE FolyH "
oo ¥tajA FXR7)7t ARE FoljAE At HAHIIZ ST FHY 4
B712 vHpe] 3 #Fo] Bo3r, $9F doldr g4I Fus L + e
D2 B HeAAS He 8 §r7l: §tHWheatley et al., 1992).

<ag 1>o] dojgA FR7L AFHD, wiAHez HMMS A8 g9 3%
428 % gojEd A28 A= e Aok S AEv 4YsE g4 &
A EY BN SHEPAFES FE53 vg FHE 4 HMM 2dE¢ &
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A7) Ao gel AFsd F2E SASAAFEY AR Viterbi ?-.}313]"01]

o8] H3F time alignmentE F#st HPANA Zzte 49 AAA7 Aol

ok o] W, $4%7] FEe AR £F4d A3 AR ATHAY, AR HAE

ARE IRV AE Z2 el 3 A7 Wstd A} AHSET. o] A2RY &

é Zzte] $4 golEd 1 AANNEH, FAY AZAA 4% HETH 9
g FF BA Ao] o|Fo3n.
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A tHLjolie & Riley, 1991).

$4U4E AT SASARY Selrise gadEe] HoluA $4H L
2 37 g Agadel £3Y 4 ARE ol 27V AFAR 4

oo %

Ao asHoz AgHo 2 SA5A ddHEZE LPC cepstrum EE
Mel-frequency cepstrum ©]E9] Azt & w]E HEL € F Yo, &7 Ay
A 1 vEAT F2 HEE FRAY. & A&RdME 3478 Fa4 A9
EAS 133 Mel-frequency cepstrumAF(MFCC)9} delta MFCC, 18|12 A3}
g 97 uAs 1 nExE SHSA sevigs Agst

+4E TEL HolEH] AT IEEsE

¥ 50 AHE & Utk & A7AME FAEAE V1D E A3
o S Eu5d, 223 19 0]=7] § 87HA A& AEstn (% W,
A3 S A WE AY SR FoiM 45708 frabedsets AR £5S X
kel & 46749 dolBy BAE AAAAG. £ =BOIN FEG A5 42T
2 HolEd N2Pd AgEE A 53 75 B 19 dehy o

Ho (r

<E 1> RASA W 28 7|5 =8
H G 21 & A0y W5 21 3 4 9
1 o} - 24 m =]

2 g9 FH2s 25 n =

3 g 28 26 N o

4 G h 27 r =

5 d = 28 [ HERUEE
6 dd FHE3 29 a 3

7 d' S0t58 = 30 ja k

8 D 2 31 v 1

9 b H 32 v El
10 bb FAS3 o 33 [ iR
11 b’ Sil38t v 34 jo aL
12 B Eis) 35 u T
13 S A 36 ju m
14 S MK 37 U —_—
15 z ® 38 i |
16 2z TME5 x 39 E H+ Al
17 Z AR 40 ie B+ 4]
18 c X 41 wE 4+ 4+
19 K 3 42 wa 1
20 t 1= 43 wi T
21 p kv 44 wv |
22 h 5 45 Wi -}
23 hh FHSE 5 46 SiL 22
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ALEY T F GSET FoA HAdol 319, Ay F9 Holw] S
topologysh T&o] Y etulel ) tying 4 RS Fok B} ol g ALY M%
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4.1 Spectral Variation Function(SVF)

SVFE £443¢ A&53%0 FRUEHELS 435 FAME SAstc dovEHE
A2 @ tHBrugnara et al., 1993),(Flammia et al., 1995). SVF¢] zt& 01} 14}o]qj
A AF3 Ho] glon 1 gol Fow 1 Ty Yo FHAMNE 235 HHI}
ME ”]"‘—3}‘4\. A& 3y, w2 SVFgle] 2W I T YoM SFAJN A
2ol Wsyl & Jehdoh SVFY| peakte 1 &3t 3% FR7t A3 ol
walEta gle-S ovidta, watA S49 AAE XAdte FFo] Ao

SVFe 454 982 0,05+ - -0, - - 07 o Wal, &3} 2& 540
2 AANEY.
Pt= Ot_At and At= ﬁkgLOH-k (1)
cos(i, j) = II—PPII—{_}AT t— L<ilt t<jst+L (2)
i j

SVF() = %1 —Tlg-lz_l:cos(i,i)] (3)
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o] i, L& %2 183 A= S T Mg vehdth £ =fdME F5
2 3zZg Yy sty SVFEE F8ch SVFs 123 MFCCe oyl 71E2)E
Fo] 3t 1Y 3& HAZ FAYLE 2 AAEST SVFE 73 e vl
wojth. 1A BE upeh o] SVF peak’} £HPoz T8E AASL YA Ee
S8 257t Bol oy, AANAAY obd EejM 9] F71AQ) peak® 333 N
= Aoz #AHY

J\N NN A

05

L L t(sec)
0 0.25 0.5

<7g 3> Chof “Fol| oist SXPez BEEE ZA2t SVF| b

4.2 SVFE o] &3 A4 wy AE

A7 SVFE SA5A deve e d7 8 A3t Baseline A|2® X e A
717 Fui4 MY EAS 1235 mel-frequency cepstral coefficients (MFCC)$}
A, 2ea I REAE Xt BF 26319 53 A HE AHS-3eH], 7]
ol SVFE 54 sepez 371407 2742 84 $A47 2UE AR 84
o ZAE FRG. 28 SVFE F3te FAA, B3 & JUAEEE 18
W 7tEXE F22H dUR £27F SV of B2 938 FEE Yok F
HZ baseline A|&HE AR3l SAE FUAN ZHE AHS3to F49 A
AZ 3, 7}F 7M7HE SVFY] peak7l v Ro.2 AAE o|FAI7vw FAE Wie
aHSFETG ohA Y P o 2= XS 2 A 2L WP R SVFE 54 de
WEo] TENA §AEA ZUg FAL, 283, Viterbi alignmentshol 4

ot 2
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SVF peaks}l A48 ¢319) 39 Tl e 242 FolF &L AL
2R AAY RS st o 38 AAS Rz %mﬁv}

rle

ESEYL &2 739 §5& 2937 A 19A defolA A JuHE9
A AeolA 194 Fejge] Hojrt EHEE 2dE FASAT 8kA

ot 249 £XE o|u] ¢ Viterbi decoding 3t 73, skipS 3] &3tA ZL73¢H
A7t wAste Aoz oo, e SR dayx 19 29

Zo] 2d e PSS A LA

4.4 Aiz] HilFE o] 83 AiAd WY HE

B thg S22 Aolde FUY AT, Aol JW FIYLE o 77
E2AAE $ET BE ¥NH IS ZARG) shsah shisha, o] Tl
AUAS) Welst FAsA BEE7) WEo|Th Hebd FgolH e S4E Ao
she AA FAAAE FA2 e B AUA ABFo) T 2 AN 237
FABeE 4% AR AAE 2E Aos Gudn

tu o rir do

5.

iz

g 2 2

B 27N 78T S48 ¢ HolEY A2 A HHE AT 4P
FYHAD. B =FdMe 4749 fFASA 2l FES 3 IojFRAHY &
AFo g ddol I3 4527] @ol(Phonetically Balanced Word (PBW)) ] o] g o]
2o FA38A 38HEY 48 AT 28 SAEE AP FoFAH
o] 2A4rxoyg #F3L o]+ (Phonetically Balanced Sentence(PBS))% 1099 &
A2 RE 5EFY At BF 50&%S /HAL As¥dol B 4¥L 3
tHA %, o83 ¢, 1996). ZojF e E 2] PBSSA HojgHlo]lae g F 2
A} Senheizer HMD224X & Al23le] =S5 on, txd ot]je Ho|Zo| A5
glth. A/D¥ 3L Sun Workstation Sparc 2087304 AAE 9, DAT-Link+7} A}
2592tk 24 dole+ 16 kHzZ samplingg 1 16 Bitg %23 Aot o] 48
S 98 S48 Ui Aag M AFe] AT FAE AL dg, 24 voHE
28 2 geolgd stk Asulnde FAYLE £ET 49 AFTSAHEY B
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HolBey Al2do] REF 827} YNFE A4 S2AAS MmN o W
AFhe $ALS29 ASE F 41537000 2 B8 A AnolN $4%A 2 2
FE 50708 ERIN FAP0T BUY $29 ALY B YolBY N2l
Y 247 AR 4153749 §AL2 A5 FAA AA 037t FoW 03 u
9 oto] ket 4ol e WREE FAPT State 37)) B3] mixture 37}
o Aol ghalN QWA

<E oM SVFE o8¢ A5 Uehdh SVFE 54 sebdee) 23
AA A A A5l oA EF, SVF @50l St wsl u
HRE 71X §7) B2 Viterbi alignment BFANH & £42 HolE H8&
Fake B0 nelF o oty 271H A5 YAl ol FoRTH

<E 2> SVFE 0|8% 847 A& Ms

>4 % ExXig i} EXlTlabH E
A H 2 X} o6&} =7 et 7X} ﬂé""‘l’&l' [E{ | 27Xt .—10“} | &4

=R (SVF = &) +Viterbi(SVF)
< 10ms 47.5% (1973) 50.0% (2075) 51.5% (2139)
< 20ms 76.9% (3195) 77.9% (3237) 79.1% (3283)
< 30ms 90.2% (3746) 90.7% (3767) 91.6% (3803)
< 40ms 94.9% (3939) 95.6% (3968) 95.6% (3971)
< 50ms 97.0% (4030) 97.2% (4036) 97.5% (4050)

() &2 A, F FARSS A4 = 4163 7

FA2 #3o| SVFE 1@ Aol A5yl ¥ J8e nAA 2ok
APHo2E 4502 A8 FABTH: SVF peakst BFHOZ G BA 7
A AHAL, FAY FHo] EARY A% ARHIA RE B BT w4
Hol ATAE 45844 Be el 29 Aoz Boas

<E e B2RUL $A3T TAY WAl uix WHFL o) gl 214
Q5P Ve 238 HelZth BN e S42 Holste A B9,
A Fo] SRS F7hhE R0l BAULL A A4S 5o olHT AA F
WolA oUA Wggo] g 2 IAZ AAE £AToA 4T 45T
& & Ak

=
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<E 3> FAa| chlol x| HERZE 0|88 S23A HE ¥S

A2 X 27Xt EF u2|H o FXe| ctAd
4 S5+
o +Viterbi(SVF) ol x| ai2ko| 8
< 10ms || 51.5% (2139) ~ 52.0% (2160) 58.9% (2444)
< 20ms 79.1% (3283) 79.9% (3320) 83.1% (3453)
< 30ms 91.6% (3803) 91.9% (3818) 92.0% (3820)
< 40ms 95.6% (3971) 95.8% (3980) 95.8% (3979)
< 50ms 97.5% (4050) 97.7% (4057) 97.7%. (4056)

() <2 A, & FAMA N5 = 4153 A

4245 A8 By, SVFE A 43 Wy FoAe SVFE 53 g
FM F &4 A4 AZHAANN AGxAoR AR B BF) A+
o 283 437 $3& 53 A WsFE nRE W AL B5Fo| 9
ZoAt. AAWE F /M $48 Age ¥ 3404 BE Hg 2o] 20mso] o)A
= 83.1%7F TS on, 40mselHlolE 95.8%7F T Yk

2 9g02 A8 AodAY HeE nlady) 5y, B =2dMe
A HOlEES ¥ 47 2o] 9 IFLE FoN & $4205E AAFE 4%
EN3) RJTHES, 1983)(Ladefoged, 1993). 9714 FHHLE 257 FAASER
T4

<% 4> 24 OES=

=
a8 M‘gﬂﬂ E42E7|
ous 0 o, o, 2, k4,3, +, u T, M, -
ce= [ e L O O O T S P
s 1 -, N, A, ©, W, E, Y, H, i
ohars _
aae 2 R, AR, R, A, MR,
= 3 S

<E 5>0] 7 $47§% AoldAY 45AAE VeI & &
2 B4 229 A%, BFH EFPAE Yshhgoes, LAusE
20msolu], 22} 40 msol |2 BYSYTh o1F EolA IE 5o S27A FF7}
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128} AL 18 19 SAFOTEE 18 29 24T
2%

- ooof o, ﬁi}h &

Yehd o

<¥ 5>2%H 98 /1A $423F AA T HdIdLA TP HolE o
of guidog 2 A5S vehie A& & 4 3ith 281, 3459A FE38, 9t
A, HAL L 5202 HolF no) $A2EY Aol ZA oA FAHAE Bojn
Atk o] W, ¥E RIS B33 @ FHo2ZA Qeo] 2IWA £ Ao
Efﬂ%E} a3 YA, b5 $4E& Be3te Alold sady gedd 59 A

Eo] 719 =& 797t e A=Y FAYeE FAEEE e Bde
?4501 2 ¢E FAZ FFEA 2AE + Aot ol Wl AFFAAEY &
HolEg e Afole FSTI7HA $422 AR 41 AAE A27] wWFo] ¢
2e QA3 @71% Aoz FAHAG. gy, ol A7t AA 24 vlolH
Hol2adl A A3 HIFL 2A] Fobx, A HAFole & TS vXNA g3t
=2

<E 5> BAOE MOA9 2428 MS
@7A X T}RE+Viterbi(SVF)+SIL RS 0| A

S4ZA Ha B EFHAL | 10msojuf | 20msOl4f | 40msO|u
8 T (ms) (ms) (%) (%) (%)
00 1437 3.00 29.24 53.8 79.1 94.0
01 424 -3.95 16.31 46.0 79.0 97.9
02 302 -7.87 19.96 46.4 80.1 94.7
03 358 3.69 14.43 55.9 86.0 99.2
10 619 1.06 10.33 72.9 95.2 99.4
11 14 65.53 70.80 0.0 0.0 21.4
12 21 46.87 51.93 9.5 19.1 28.6
13 54 29.46 38.83 9.3 33.3 81.5
20 439 6.78 16.17 60.1 84.7 96.6
30 59 -1.09 10.82 71.2 949 100.0
31 306 -15.15 18.60 18.6 59.2 100.0
32 120 -11.41 18.88 25.8 65.8 97.5
M 4153 0.63 22.39 52.0 79.9 95.8

£ HF0A HEE, ohEE 2 HFS SO Aol FAHAME BT 2
71 SR e, o2 FAAAL B AR Wsie] Flo] fFdAT. mahy
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E 3014 ojn] AFE vt 2o] oldE ALolE FAHIY ARL Fo AT €
AA FEoIA U WsFel Mg E AN AAE 48 Fo2A ASRLL
Hg 5 AT TN T8 SAITREFS, HLL, BH2E @ F22)eT Aol
e A% dal AuA WHFS o4 FHAS A8 AW} B 6] et 9
ok E 5% ¥ 6& HlZal 2 ol Ao thal %ol HE AL B £ Ak o
YA 282e o148 FAYE et £212F HoldE AR BF YRE A

M93 9RE © GBPE 5 BH b A5PA0) o RAR gold, & =g

AE B T8 41§02 Aol BT FAAE Aok

<E 6> SAIE HOAlY SaRY M5

B =EdMe

A9 W EA PJRE & FHd= SVFE o] &std &4 54
getuelel] Frtsta, SVFY peakzte 73t Viterbi alignment Ao A& 7}

( 27x SZ T2tofiE+Viterbi(SVF)+0lLX|E 0|88t FXE|E 8t 22 )
SLEA e BR ZFEHXL | 10msO[U | 20msO[LH | 40msO|Ly
5% (ms) (ms) (%) (%) (%)
00 1437 3.00 29.24 53.8 79.1 94.0
01 424 -3.95 16.31 46.0 79.0 97.9
02 302 -7.87 19.96 46.4 80.1 94.7
03 358 3.69 14.43 55.9 86.0 99.2
10 619 1.06 10.33 72.9 95.2 99.4
11 14 65.53 70.80 0.0 0.0 21.4
12 21 46.87 51.93 9.5 19.1 28.6
13 54 29.46 38.83 9.3 33.3 81.5
20 439 6.78 16.17 60.1 84.7 96.6
30 59 -0.25 7.99 831 96 .6 100.0
31 306 -3.16 8.40 87.9 94 1 100.0
32 120 -2.07 13.76 80.0 86.7 96.7
H x| 4153 1.80 21.80 58.9 83.1 95.8
6. 22
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E N2Ee $4098 288 PUg Fo wolEHoAE F&3=H 71&E9
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g &9 4 dolEWolxart A Hud S4 Ed 78
o]

HEE, ol &F (1996), FFolE&S A ToS4DBY 7= 2 PBSHAC #
g AE, "4 133 $A45A 2 AzH Y2y =FF.,, 256-261.

AFRE, 2Y8(1997), AF S42ET 2L HolBH AaHe 1d, "§#F I
Ay, A167W 5%, 50-59.

& 3(1983), "Fojdl : ST FE ofA,, A E3AL

A. Ljolie and M. D. Riley(1991), “Automatic segmentation and labeling of
speech”, in Proc. ICASSP, 473-476.

B. Eisen, H. Tillmann and C. Draxler(1992), Consistency of judgements in
manual labeling of phonetic segments: the distribution between
clear and unclear cases, in Proc. ICSLP, 871-874.

B. Wheatley, G. Doddington, C. Hemphill and J. Godfrey(1992), Robust
automatic time alignment of orthographic transcriptions with
unconstrained speech, in Proc. ICASSP, 1-553-556.

F. Brugnara, D. Falavigna and M. Omologo(1993), Automatic segmentation and
labeling of speech based on hidden Markov models, Speech
Communication, vol. 12, no. 4, 357-370.

G. Flammia, P. Dalsgarrd, O. Andersen and B. Lindberg(1995), Segment based
variable frame rate speech analysis and recognition using a
spectral variation function, in Proc. ESCA Eurospeech, 511-514.

H. C. Leung and V. Zue(1984), A procedure for automatic alignment of phonetic
transcriptions with continuous speech, in Proc. ICASSP, 429-432.



188 : %4 35-365

P. Ladefoged(1993), A Course In Phonetics, 3rd Edition, Harcourt Brace
College Publishers.

The Aligner(1994), A system for automatic time alignment of English text and
speech, Entropic Research Laboratory, Inc.

Hegak: 19983 109 14¢
AAZFA: 19983 1049 304

» ZAel(Seong Tae Hong)
Fa BAFAHA] FAHTF FHAF A 30
A& 2Adstn FHdE AI3 e

b

» AA$(Je Woo Kim)
F4 BAGAA FAT FAF 4 30
24 BAdgdty Fad e AxFsn

L
FAFAA FAF FAF A 30
Pyvisa FRUe A4
213} 051) 510-2452

e-mail: kimhs@hyowon.cc.pusan.ac.kr

)

'.ll:) H' oY
>

v v

N



