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<Abstract>

both acoustic and grammatical information for the performance improvement of speech
information processing systems. While most of previous works are solely based on grammatical
information, our method utilizes not only  grammatical information constructed by a
Maximum-Entropy-based grammar model using 10 grammatical features, but also acoustical
information constructed by a GMM-based acoustic model using 14 acoustic features. Given that
Korean prosodic structure has two intonationally defined prosodic units, intonation phrase (IP)
and accentual phrase (AP), experimental results show that the detection rate of AP boundaries is
82.6%, which is higher than the labeler agreement rate in hand transcribing, and that the

detection rate of IP boundaries is 88.7%, which is slightly lower than the labeler agreement
rate.

Automatic Detection of Korean Prosodic Boundaries
Using Acoustic and Grammatical Information
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This paper presents a method for automatically detecting Korean prosodic boundaries using

* Keywords: Prosodic boundary detection, Acoustic information, Grammatical information.

*

o]

| =82 20063 AF(RSAAAL?) ] Aoz AAAANA o8 FFg=IF

AT AYE Dol F3H A7 YUY FEKRF-2006-353-A00063).



118 T4 A6

1.4 £
& (prosody)ol & I X (pitch), Z ©)(duration), A 7](intensity) T3 7L AZd
ojste] A& <=, olHF AL A7t B W A, gE, 94 % 22
& A2 FZ2IEY. olgF & AL Yr|E BI3e dqTFHA AR
32te] HE, 9%, &2 24F F& el vl o3H U (paralinguistic) HE
z¥sA Eo
TE2 AoFET o, SAAREAEY FFGoME F2 AF FAE LA
At AdojgoM e && ATFE STE EoA [1]1E 7IHLE 3l AHEE S
<& (autosegmental phonology) 2.2 HE 3 73] A] o]  (optimality theory)[2]¢] ©]|Z7]7}
B2 A7 +3E%=dH, &3], && 9} FAL 7299 BAC WiF o
FHQ 7= BI-517F AT 9] 04:11% 3 FAF 7R FAE 7N

2 3t +g Edd i o] &5t |
+ARZBEAT A oA &L SAFAEY AHEE ARSI M F8I 8
A2 AHFH fI6]7], =8A4Y s T 7143 ([8]9], B FAA
oy} F9 FTHRE FEZL F Av 442AM SA U] olsl(spoken language
understanding)®ll YAME 2 Aol FQAo] FEHATH [8][10)-[12). +& =Y
2= AHEHLEEY 7]¥H2 F tone and break indices (ToBD[13]E H]|&E 3}
Hirst =2 [14][15], rise/fall/connection (RFC) EH[16], AAI=(tl) E2[17], IPO E
d[18], Fujisaki 24 [19] Fo] d+tH], o] 7}2H ToBIt+ AT S4912]9
e FE sl FHE & 44 deolHy JAAE sty SAAAEH
THAE] Foldtd FFHA wekeE AT AHREZA, A M o

A & EEE 48A UG- |

a3y HAE SAEAFEAE Al2FHAA && -8.- oFZAMAE AL o] &HA &
A ol &= BFd YR AFHo|ga FrrHeH, ol EEFJRIt A%
A SAAER 2 Al&Fe ol&FH £ Ao gigd FA A HHol ’Q’@QZ]
Sl wWEelztn ok [12]. AA7FA & FE HFEEY T ToBIY A
AAEEL Ae FEREE HEF 24 HoHERYH AFozE FE53c AF7
—_’{"—i o] FAX gty ey o] & AA| Al2Hl o] &% v HAA AFTH BT
< ¥3etd g B4 @on, AAZE ol&d Afd UAME AFEHQL o]F
o 943]1 3 A} FEHAR] g 3#0]1:} AR AVEE 7 Ao gl A
& 8471 B AoF - vidold s Zevde HE AU w, FA4AAA
g EopAA &l #I A+ %‘L’_‘li 22 A7 983 Forgta & 5 3
=5

e 1o FHo 1o

R}
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HE G ol A A "Hor7|7l Ho YA &2 doje] A= & FA oA
T F2 FPHJY. E )9 A= Korean ToBI (K-ToBD[20]E 7|¥te = 3}
& 27 FAH FHE A7 dFEAY, o]#F AFEL YR E THAYRE

= 2 33

oz & F3 wyowA A4 &4 Woled BEAH dio F2d &%
A AAEL A o|8HA %3, F2 LHPHL 9T &8 2EYL 98d o
2E 7)ute] BYARE o]4F ATl BHTh |

B ATE 24U Ropld £8 A7} oA AAse} gEA A
ATEL AWRD, FFlY SHPRAY N2WY 5 PIE A 24
B9l BHANE JWOE ¥ AF £& AA 3 PHS AV B AT
@Zlo £ AA F39 AN JH AW FEBANE LIHE

T2, $498s PUARE ]8T £ AA FHY FEHS Holk A
1 BHoz ok odd ATE FIHoR SHRRAY A2d 4
NAg Roz sl g

2. A% A

THAET o] &3t AT Ul O E HXAE A
POS) ABHE o|&3ly xRAH3=d, Zdy classification and
regression tree (CART)E ©]83F A7} 2106][21]-[24), hidden Markov model
HMM)Z ol&3dtc WRE AJXHATG [25]. NgramS o]&3t= A5e HAHL
% N-gram% o83t 7B-9[26], N-gram¥} 7|g} 8§ 2SS ZAF3A AH&sie
371271, 2B EZ ¢ Ngrams 7 A&t 72928112917 UM =S, EHA
HE o] &3 Wl FHuldE 2 39 (maximum entropy) ZD = A LHE AT [30].

B ETLE ol &7 BrE 1313310 JdeH, 31]¢ AX HEE 2dHI;
o Fr=ojol FHA(break) FEE AZIAT, 215 X HEY FA FAV
(pause)E ©]83le dl=ro]9] <k {(intonational phrase: IP)$F A} (accentual
phrase: AP)E AZ3IAT [33]2 HA| ARG} FA7] € AHFALE 7HAG B
9 (Gaussian model)¥} ] o] X]Qt 2] A} A A (Bayesian decision) ¥ o2 RA & F
Tojol X AAS FHRE AZF3H

[—

¥ AH(part-of-speech:
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THARS} SAARE A o]&3F ASEE 3413712 & T Ut [34][37]
2 SAARSY FHARE 2% HMMOE 2dyd WUys 2sdd. [35]e
N-gram©e E FHAERE RFdH]37, SAFEZ = FA7Y AF AHE 2dFH 35
BT 3612 FHARE F A7 Y(artificial neural network: ANN)*Q- o] &3l T
A, SAZEE 7HAIQ

&3 F d(Gaussian mixture model: GMM)S- ©]&3}
o 233t
2.2. 3t=20{2| 28 &4H =H™
o)) 8o #F3 YA ATZE K-ToBI20|1E & 4 Y&H|, K-ToBI

of o3 =0l & AA=E 7 "ﬂ:rLg]r AAdT=Z FAREY Ys <dA¥ 1>
[20]91 A1 AIQHRE §r=Fole] & A A o]t}

IP=Intonation Phrase

AP=Accentual Phrase

W=Prosodic Word

s=syllable

T=H when s begins with
aspirated/ tense obstr.
OCtherwise, T=L

X% = IP boundary tone

Zolo] $& BYE AYdTe BATE FAI FATE JIFY 59
-:4 ola1, @o(word 52 prosodic word)e] A9 @ ol F A Z(phrasal tone)E
Zret) ﬂ%k?b;: BA AZRX%)E 7MW o mAY Fe FEo HAHY
o} 434 o] ZMFE LHLH T+ AX=E ’—;1&151" 3248 o]3gl
Z(LH, LLH, LHH)Z Ad3c} =3 ZA 72 A Az A &
2 2AHEY, A 2AL) He9 ASE LE fé_tﬂﬂﬂ, 7450t
= HE AdAHY Break index (BD¥ 2zt ©o] Alole] A¥ A%
Z 4718 4AA 39 ASe d%FF AA, 25 AATF AA, 1
23 02 DojET A FAE EAFH.
webx] FFolel &8 AA FAHolT AR AT dFT7 AA A, T
BI9] £FHE FA43= dol i3t tdE gFoj9} nHAAE FZolo 7S
AojX e & Rdg e gEE SATE A2"E 3 dFEA gAEE 7l

ih) L o}i
£ do Jm -10

2o e oo o
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28 28 34 A77 Bo| olRolHTh HU2E st TYAR W £8
A 3 d7E EY, 947 HAT 4o g BAMY AAIS dAIFOEH
: = AT £ A%E Qod Aoy, AT AAY A
G ot AT A% BAAQ AREGE B SE
[2ld &gt A4 E7] wfFolth
A AP €8 AA 24 2 £8 dolBYol T A7} YA
AU, £ AA 29 dsh AT Dold BAL el ol BN
o 2 ol HRE o|R3te A EFE ol&3FAH21][24][38],
23+ A7} A 31[26][39], conditional random fields (CRFs) Ed-& +
IO, B RS AE WA lfstel FE WA e
%

dste W A=
Jelskal 24 Zol, BAY £ W A 5o AR we hiAes &8
BAE 83 BHol AAHUT [41). FAHFERNS o] &I} Bee FAVIG
A2 AHE ol BFB11% FA AHrHE o] 87 A7t AN, &
AR} 54MRE EE o83 d7< A9 U+

ojs} Zo] 7]ES dATE YRE H2E JWoz FA ARUY FE FAE
At ATE FETS o]EFoEN, & FA FH XY AEARY F
E 59 AA $4 L Ny JEE HFHoz oA RAAG. 53, &
T A9 B3 £ 5§ o] Fo wEA I ¥ @A) HE
2 84 5 A nHsor AT, & AT B3I = S @wE
wET B0 M AelE wrFstA KA o T dFEed AFeld
FT BAY B 0% WFY & dee Holu, AAT BAY FAHAME 2
g EX %S 4%g Hole Aoz BuHed, 4384 A4 HoHEY &
dol w5 Aol st @ﬂl?ﬂ%i 1 AEE vasrlde d#wel it B, A4

s W7 Slold dFEE A dHolgr old HZE HolHE AMEIRET
[21][26][38]-[40], T "37“9} BA AZ, FA7] TF T A & 5 93y
AR e FATE dIdTY & FAE d2E dHolHyE o]&3dte HIig A
2 FAV g & 5 U

v

sRAXNE A0 & AF HolEdY 72 AFE IEA 4 ZH2
(EUROMD)[42]E A3t & ZA A% F4 s Addnh & ZA 74
& Fojx we] WisjM ke & AAE Rohe ASE, Foid dol(FH
O

=

_/_1\_) "/"f““')‘-] W= {UJl, W, 9‘]’ %C—)] E—%' A:{alan.?a’n}
AA &M L= (L, L,)& %E ASZ ojdsh go| EAY & Urk



122 448 A6

L=argmax; p(LIW,4)
= argmax; p(ZIW)p(AIL, W) (D

9] AdA p(ZIW)e dojo EHFH(IAFH) FRE o83 FYPEdoH,
p(AIL,W)E 4 SAL )83 SARdot ts <ad 2>9 Zo] THEH
< HUYJERNFAS o] &3HT, SAED LS GMME ©]83% T

Forced FO, Energy
Alignment Analysis

I l
v

Acoustic and Grammatical
Feature Extraction

GMM
(B423)

Maximum
Entropy Model
(S )

Prosody Boundary Label

<dd¥ 2> & B3A 4 ¥

E ATeAM FAF ARG ?—r AE 59 ¥93 FRTE ALY
S ANEFA 473 & G IS5IAT [40][41][43]. 224
AL @99 =2 4 4&47417} A71= sHAIRE 7 ©97F A&siA o

e 9E 349 AAF zAY 7, w3 EF
o mztM =2A FA =7 Iﬂh—ﬂl THAY AETte2E 4H A
ot A B =fdAe EHELY sAH4RdE 2Y

Jgste Mg AR Aot
7-::?—.9_ 3] U*Oi"'-‘"' g A 7HAZ B %}sa

_,.,
P}
rr
§
rr
B
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A EAL GMMOE FAFET B dAFqMEe &4 ol
W3t GMMS StEsiA] o ofgieh 2ol WA wold dis)
p(AlL, W) = p(AlL) 2
AR E A Abe] e 2 HAEE W3 A& A ©E Mok E
AEZ, A ofstol] e B F it SH(zscore) 3t AHSEAT sAARD S
77337 Hs de <& 1> 22 AE 14E AHEE AT

<& 1> $42YD T4 A8 A4

A4 Ad Y&
Max_F0 sig @] vpAT S Fo HHgk
Min_F0 i ©ol mpxlTt S- o) Fo HAY
Mean_FO T o] vix|2 S-H o] FO H G
AMax_F0 A @ wbAY S ohg dof A A Fo AWI WIE
AMin_F0 A ©o] wiA T SAY oE o] A FH FO Hag ¥ils
AMean_F0 Aqd @ vpAY -7 og do] A FH FO HE @ W=
Gradient ol BARY FO 71E&7]
Intensity Y wol wiAY Ao BE
Alntensity A% @l vhAT 28T g dol 3 $HY AE W
Final_Syl_Duration | 33 ©o] nlx|et &4 Zo] vl&
Speaking_rate | AF Tolst O wols| @i} S W&
Silence AAR B x4 A7
Prev_Duration olA 2§ AAZEH MG dolrtA e A& Azt
Prev_Duration Next | ©]A & ZAAZREH 3d ¢ o2 Gdoj7tx e A& A7k

3.2, 242

FHEIDL ofdfe 43 Zo] BHAY FRE AUdEzsRd=z FH5E ¥
& AHg-stAT.

p(ZLIW) = p(LI¢(W)) )

9 AelM (W) AR wolo] AAL Ygye Aoz £ 1079 Qo] o &
S99 Ade £8E g <E 2-9 2k
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< 2> BYUEY 7Ho) A4 A

_ A4 A4 g
POS+2 s dolot MF 4 F ) dojy FA R
Word_length+1 | 32 ©@ol9} o5& ©oje] 4 <
Prev_Word_length | ¢|d & AAZEEH A& &4 4
Prev_POS_length | °|A &8 ZAZFH X& FHL
Spacing de ©ol AF2 HojxTy HH

Ahel FRE AY Bl EA Jue 97 £, 0 vl 28 %, ol
$& AAZREY A% £ 43 Wk &, Hoins] YR FeSAT B4
AuE Y dolo) ¢F AxsE & T A9 Vo= B AHEHAT

i

B =FMe #¥e EF ¥Y=4 3329 EUROMI IZHX2[42]18 712
2t AFE =0 FEA A ZHA(EUROMI Korean)E AFE3UTH EUROMI
IZHEE 79 ESPRIT #A 716 4 € 24 A2 HIME fshe At
H “&4 B} 31 E(speech assessment methodology: SAM)”S] +3 S 3l F¥
ol 17)=o] Fste FFoE ML A4 IHAZA o, &2, £F, ¢
T o8 Aoz FAHHEY. o] EUROMI €4 ZH2E o] 71ed 9%

RNoz dA EE2S EUROM "HZ2E(3A 3 40F¢, & 166E7)0] 1L,
H& oF 2A17olt}, A BEAZE AL Exbo] 2000 1 7 5HOE F
%5 & Marantz PMD 670(% < 71)3 Shure SM-58(}o] )& ©]

3lq Aol H sS4 A 3P}

2 =xoAM AFEE A4 IAHEE [4M4]9A4 AHEE AT TLE ASE, [44]
NA At WHE O E Jlo FHolEHHUY. 4 dolEHL v T
7191 MBROLA[45]1& ©| &3l AF5OSF gspeech assessment methods phonetic
alphabet(SAMPA)[46] 2. HALE AT, ©)# 3 &4 #olE8 A+ Praat[47]1e] HA}
FA M (TextGrid) 3d S22 ZAAS ZMF9 A7 HAE FEAA HolE&H
3}5’9\‘3} FATFe AFT AA HolEHE & AHA BolEH HH 39 &
’“‘i} 7t 93t FREHPY. £ AdPAMe FA S4 ZH2 Jhed 1230

F2 2089S ARSI e, gFdde F 18F W] AlEHIeH AYd e T
‘%"C’ﬂ AR EI R e 2ETE AMESR T
O <18 3> & AA 34 279 ool
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<¥ 3> 2dd & AA HE: A4F 2HD

\ Precision Recall | F-Measure
exwul 7 A 67.0 60.2 63.4
i o} Ok 745 78.1 76.3
2wy AT 76.0 75.6 75.8
- o] F 7 79.7 71.8 75.5
VALY
i T =3 7 TR T

| doiXe SAEDE AFE3FE 739l F-Measure 63.4%,
FHEA S ALL3 ASE 758%2 SARD S AMES A9l €% S B

1) F-Measure Y¥HE oz FHO|ZNM EEAE H7IsH7 Hetd AR EHe HE2AM o
=3 Zo] Precision(percent correct of total detected)} Recall(percent detected of total
correct)®] Z3}H o2 et

2 X Precision X Recall
Precision + Recall

F—Measure =

B =5 Precision®} Recalle Z}Zt th-23 Zo] AALHATH

P » - _ -6_
recision = 2% S5 ZAA
ooy AR EEAA T AA & B
FAF oo A €8 27



126 d4 2] Ae66E

Aot WHA, AFF 2] FA FAHA Qdojre SARDE AR AEE 763%, ¥
HED-E ALE3E Afe 755%24 SA42EE A3 A97 i 493 AF
& i"‘D} ole AT ZAAse @8 d%F AAdAE wtAR &

55 7Y dol gA] ZAoA=d, ol#dt 47 EAE 24
?"5}74] BT Aee HAFTDT & & U & A FH A vias »
H THEDHE AMEShe A7t BAT AFT A T58% 9 155%%, v
dohg AL 7392 63.4%S} 763%BT FL& AFE HA93 ¥ £ ARG
a8y SAREAY FHEDS AU A9 4 RdE dx0E AEE A5
Hla) AT HS 82.6%, AYTY BF 88.7%= EF AT FFEE E F
A},

SFAl A o]m A AHF uHEe} Zo] 7jEY AFECl HERE =4 HoEI ofd
H2E Ho|HE ol&3ly I HAFE HI/SIReEE, 7|EY 9T 2Hfe} £ =
T4 438 AHE vwdte AL Y7t gl ddEn gy 2 4ge8 o
1% A= K-ToBl #olE&HoA HAIRE 7HY] AR Hlast= Ao] &fn7t
ATl & 5 JTH12]l. K-ToBI #HojEH 9 AALR} ZHe] IXE=E HlWF [48]
ZATF AAC it AATE 78%, AFT A U dAEE 91%F Hildal
ATt <E 3> A He e} Zo|, B AF AAge $A4ELY FHEL S éﬁfﬁ}
o AlR3h= Aol BAT AAL A 826%FE HAAIR o] A ERY F
ooyl A —’E— 88.7% %A HALRF 7he] YXZo Wit ik @n FA T 73741
o] A& ? ZE 2 HAstE Aol LoldtA &of EHE AAA =

A

Jﬂ.
1 oﬁ.ﬂ

o 3

re o

%:457} EX stod, 2 =2dMe sA4PRY 2FsAe W 53

7|E0
2249 ®ks
FAE AS E 4 Qv LT AAY A BEE HI

1

71 AFo] ol

o] AF[41]0A ERHELITOZE 90% AEY FF HAeS B3R, [48]9A
= AR 7k dAETE 91%E U=, ]ai-o*l g vstd 2 A9
AEol TadA WA vEldS & & A ole £ I V1R 2RAR
AR AFERE A 7IR1% Ao, £ Z}Q«l li e Tl 45 Fde H
s upot o] FHAPE 9}

6‘
°°ﬂl:—: HEA $48 45os A

dlo

>
ol
g
i wlo
b |
ol
£

_|
o

)
X,

2gaE A2
£ Yol¥gol bssitte FAM 5 dojBYL s Ao wste FEHYS
& & Yok
5. A &
B ERAME BUYRS SHYRE o|§8d BT & BAE FAHE
L AL AGY PHOR dojn FATS JFT BA 23 AHE
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K-ToBI #o]&8 9 AR} 7te] X =e} vluws) B of
826%% AAMAF e AAEHG w3, AFTY AFT 8I%EAM AR
LA Blgt thid Rt} ol FAN Fx&} & F

HAR o] Q4
d8HY G E e R 3 8 A FAH Ao A ¥
I 37 =

Qo - O
< AEE Hol

7
s AR AEE HES
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