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<Abstract>

Building a Morpheme-Based Pronunciation Lexicon for
Korean Large Vocabulary Continuous Speech Recognition

Kyong-Nim Lee, Minhwa Chung

In this paper, we describe a morpheme-based pronunciation lexicon useful for Korean
LVCSR. The phonemic-context-dependent multiple pronunciation lexicon improves the
recognition accuracy when cross-morpheme pronunciation variations are distinguished from
within-morpheme pronunciation variations. Since adding all possible pronunciation variants to
the lexicon increases the lexicon size and confusability between lexical entries, we have
developed a lexicon pruning scheme for optimal selection of pronunciation variants to
improve the performance of Korean LVCSR. By building a proposed pronunciation lexicon,
an absolute reduction of 0.56% in WER from the baseline performance of 27.39% WER is
achieved by cross-morpheme pronunciation variations model with a
phonemic-context-dependent multiple pronunciation lexicon. On the best performance, an
additional reduction of the lexicon size by 5.36% is achieved from the same lexical entries.

Keywords: Pronunciation variation modeling, Continuous speech recognition.
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B3 A3}, 20k o3 E2F FAA 98.4%9] coverageE: YEMH 1, 25k o3 EE
NME 99%2] coverageE Hol: Utk [SISIIME ALAe] AVE AE wf wsl,

LeMond ZH22] ALAI F-AL3E coverage®E ZEE=E 313t F1Z WSI Zuxd
th3 20k AHA Q) coverage= 97.5%, LeMond Z 2o thgh 40k A2 coverage’}t
97.6%°lthk. £ AFNAe s ZH2oM 9] ofF B Wwrt 105 o]t& 7E
o2 3 204k 13 EE=(coverage 98.32%)2 Hlo|xElUo T AL I O F
e hFe AHA pruning 7S HELF A4 ESAEAY AeES Wl Bt
gt

43 45 B}

2 AReME 204k Z71E ZE ofF H5E HFoR M2 TE 48 T
AT BME A% F A Axk=Re
fﬂEH,L 999 8 A FXE LaF= WERWord Error Rate)? T-SAMH =
7l(Lexicon Size)E AHE3HTH TEARY A ©E HF 4 2= <X 2>9
2t AA pruning 71HE HE3 Feole AHNES B VIELE HA W
) 2] 49} turning¥® threshold Ztol Wi HARE 71231
A} pruning 71HE HE3 Frdle JHES B VIELE HO Hed o
o] 29} turning® threshold ol th¥ FHE 7153 <& 2>91 lﬁWH F=
o sFste dd TIAAL FeEa



#30] dold A5e4 A4S TSR AF 44 2 A8 115

<& 2> OUF Pruning 71M S o188 L&A WY 4% vz

S 1o

wena AED F @ HEAE | WER

(EeAbd Z7) diH HlE (%)

o dEALA (el AA Hs8 vukd) 20,375 1 40.29

l-best AR (FE 4 ZAA HE 9+ 20,375 1 31.86

Wol2#d (b EEAHA - no pruning) 36,822 1.8 27.39

PF (threshold : 0.003) 36,181 1.78 26.93

PF - GWF (threshold : 0.015) 34,848 1.71 26.83
l-best TALA Y Aoz vz SFALHT vnsle 447% BAE JAAE Zol7t
Ues AL A 4+ ok 2AFo g i FAANAY & W3} mdyo] ut
HE OF ESAAAA FAE AAES A& £ AU B Ao wolx
A Ui ™ £ BEF 383 ARFHA B

WEALA S 7wte g )y Ao 7
AL dFAH O WERE 27.39%0]

WER | ¢ Bassline {(no-pruning)
(%) A B~ -8 PF-based pruning
- "“ a—a  PFGWF-based prurdng
275 + i
. R k - e e -
+ M
-+ \\a\ \."\
4 - ) ﬂ.ﬁ;‘
270 + \ o
&4 ‘\j/ nxnn'
265 +

g

£ i
L Li T 1

Ik 3k 32k 33k 34k 3Bk 3Bk 37K

Pronunciation Lexicon Size
<2 1> A% pruning 71Hol TE LRALE 27 2 94 AT um
<29 1>& dolzEkl APHE slez GA AGE &9 AP 9@

confidence score@tS 7]|F O 2 AL H AlA pruningdl] W& A3 ZAstolc}, ztzt PF
S e umol me £olsh s, PR GWFE W8 wol WEsl 2od &9

£ 8



116 A AS55%

A gu|gt)y <ad 1>oA He ule} #Zo] PF - GWF #2jo] 7]&¢] PF W4
I viasy e w, Apde A7) Fad fgE A4 4T Wsht HFFYE &
AT F AUtk PF W2l A, T dojo zZte ¢g Wirt It FE JdF
o2 HA HAFEe BS&E9 score Ftol @Zﬂ—'] 2 Yold Fubof gith +AA
o2 «FA 7 IS 2 EW, AF LA T °1§1 W & 4 (count(wi) &
7} 32203] ¢} 5453)0)H, #AH %_P° H 3} 9 -n-(baseform(wl))\_ z+7y 127} 9
87FAo|th. PF WA S 2 pruningS FP31H scored 7122 242 49 709 @
9% TE3A HA®, PF-GWFY Zfde 2z 8719t 6719 d5go] Abd

Weaoh BEde] ¥s FHE BY HEdy
pruningS S A, AHA HIEo] L5SH|(AHA =] 29,846) Bl E Folk M)
o]}l AR B dEss FASe AS AT F AU #E ApH
a717F AR Zagel wet o= AlY o3 2% WERZF F718A H M, 1-best ©
d AEAEY FE FEZA HA FUFEHA @tk ol pruningoll &3 &
o] AAEHHA g Wt thkdo] ATl Wt velve ddor B
o A3 ®4 23, PF- GWF 49 %% WER7} 2683% % of H19 I4&
nyow, HEHog wol2HAS 7SR o 056% AN &H 536% A
aA71E F7t2 AL o] d¥e T HHY LTI ES A= IHo] A
=9 B5e FHAVE Re FAE F A+

Nlo ¥0 2 r

l

[}
=

As AR HH3F e AFS AXESAT FEL FAAMY TE ¥ &
ol 23g 2 ed, 9 F549 9F AR E Ve dua 29
FH o} FALS %%”‘r‘ﬂ] tﬂrﬁ‘r e & lﬁ*'?‘s"]' Fea 73 A

SO A FHBOEA ATlE W% oHEANS B4 S ol

FEHE 0% B4 BAE AFSHY] A% AHY 2 wAnge AgFe
Hgett A1 prning 1M S HEHAT B =ZANE G54 ANAE T
Moz d% oY wadel B4 WEe UF BEH Bol WEs Be ¥HY
o G¥4e B4 A8 PF- GWF B9 £9 Fol BE pruning PEL AL
st ALY pring /1YE HEAS A4AA A4S w2AIA AT 37
A%, AR 2719 2ad 94 FHolgde ARE AL & AN FE BAA
2E FAGIY we HolHdl BH BH GRS o, BAS L A5

mlo
<

r..l



@30} toldl ASS4 ANE BSAA AF A4 2 HAz 117

sl Aol o) ARAANE GAT AutAoz Bol WAHE BE A
wdshs A77 Basich A4 ¢4 WoHZRE Y JRE Fael A
SIS A8 s % AU Axdeln YEHeE FHE 5
2 5 e ol U A7 3

o A [
fr = wu

g Be HHE FRASE o
CEDE

[1] M. Weintraub, K. Taussig, K. Hunicke-Smith and A. Snodgrass, “Effect of speaking style on
LVCSR performance,” Proc. of the Spoken Language Processing(ICSLP ’'96), pp.
1036-1038, 1996.

[2] H. Strik, C. Cucchiarini, “Modeling pronunciation variation for ASR: a survey of the
literature,” Speech Communication, Vol. 29, pp.225-246, 1999.

[31 Q. Yang and J.-P. Martens, “Data-driven lexical modeling of pronunciation variations for
ASR,” Proc. of the Spoken Language Processing(ICSLP ’00), pp. 750-753, 2000.

[4] M. Wester, “Pronunciation modeling for ASR knowledge-based and data-derived methods,”
Computer Speech and Language, Vol. 17, pp. 69-85, 2003.

[5]1 P. C. Woodland, C. J. Leggetter et al., “The 1994 HTK large vocabulary speech recognition
system,” Proc. of IEEE International Conference on Acoustics, Speech and Signal
Processing (ICASSP ’95), pp. 73-76, 1995.

6] 394, 30, “F& 8% 933 FHE A4Y FF] $4 Aol Y& ¥4 ®
o B 3y 7818, vol. 24, no. 1, pp. 483-486, 1996.
7] AWk 1AW, ‘@R FELHAY A2d THL A% Frh: v P Wy

43>, gralz pp. 107-121, 39, 2004'9.

[8] O.-W. Kwon and J. Park, “Korean large vocabulary continuous speech recognition with
morpheme-based recognition units,” Speech Communication, Vol. 39, pp. 287-300,
2003.

[9] S. Young, G. Evermann, T. Hain, D. Kershaw, G. Moore, J. Odell, D. Ollason, D. Povey,
V. Valtchev and P. Woodland, The HTK Book (for HTK Version 3.2),
EntropicCambridge Research Laboratory, 2002.

[10] D. McAllaster, L. Gillick, F. Scattone and M. Newman, “Fabricating conversational speech
data with acoustic models: A program to examine model-data mismatch,” Proc. of the
Spoken Language Processing(ICSLP ’98), pp. 1847-1850, 1998.

[11] S. Deligne, B. Maison and R. Gopinath, “Automatic generation and selection of multiple
pronunciations for dynamic vocabularies,” Proc. of IEEE International Conference on
Acoustics, Speech and Signal Processing(ICASSP '01), pp. 565-568, 2001.

[12] E. Fosler-Lussier and N. Morgan, “Effects of speaking rate and word frequency on
pronunciation in conversational speech,” Speech Communication, Vol. 29, pp. 137-158,
1999.

[13] M. Tsai, F. Chou and L. Lee, “Improved pronunciation modeling by properly integrating



118 @4 AHS5E

better approaches for baseform generation, ranking and pruning,” Proc. of
Pronunciation ~ Modeling and  Lexicon  Adaptation  for  Spoken  Language
Technology(PMLA), pp. 77-82, 2000.

[14] E. Fosler-Lussier and G. Williams, “Not just what, but also when: Guided automatic
pronunciation modeling for broadcast news”, In: DARPA Broadcast News Workshop,

pp. 171-174, 1999,

Hedak: 20059 8¢9 22Y
AAAA: 2005 9¢€ 23

©] 733 (Kyong-Nim Lee)
& 136742 MEAl AET FAF 371 2491 A AR g
& AdAE g myo| Y H T
3} 02) 920-7615
FAX: 02) 920-2250
E-mail: knlee@sungshin.ac.kr

P A 713}(Minhwa Chung)

Fa: AEA BT AUIF 4 561 AT tm
A4 AU Aojg

%38} 02) 880-9195

FAX: 02) 882-2451

E-mail: mchung@snu.ac.kr



