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ABSTRACT: This paper is a study on speech recognition in the Korean using grapheme unit (Cho-sumg [onset],
Jung-sung [nucleus], Jong-sung [coda]). Here we make ASR (Automatic speech recognition) system without G2P
(Grapheme to Phoneme) process and show that Deep learning based ASR systems can learn Korean pronunciation
rules without G2P process. The proposed model is shown to reduce the word error rate in the presence of sufficient
training data.

Keywords: Automatic speech recognition, Deep learning, Lexicon, Kaldi

PACS numbers: 43.72.Bs, 43.72.Ne
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L AO[f 28 B11 HOZ LI
L AfOJ0| F= B HT= LI

Fig. 1. Example for spelling transcription & pronun-
ciation transcription.

Table 1. Symbol for vowel.

Phoneme for vowel
[NORROR KRG SR (OWERGO R CYER(S)EN{Y]
4](0) (V)

1 (wi)+ll (we) -l (WE) ] (wv) - (wa) 9] e)
i GE) F (@) 4 (v)aGo)r(u)—] (xi)

Single vowel

Diphthong

Table 2. Symbol for consonant.

Alveolar Alveo-
Bilabial | con- Velar | Glottals
palatal
sonant
H b od g
Implosive| sz p Et =k
m B w D G
Fricative A 5 h
S
Z z
Affricate = C
-4
Nasal o m Ln o N
Liguids 2 Ir

= 01510}04 =304 2E =4
AeliA = g} ol o] AAE A
1823510} ol ol A2 28 A0 o
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o APHE Tha I 2 AL B AREIC 1
AL 4L 57185 gl e EHe R A
3}2. HojA 7|5 7|02 o] A T4 tokenizing 3. A
A7 ool Aehel ASEE WA} o)
A A(Fig. 1) 4. G2P H| o] E(Tables 13} 2)-& 0|83}
HR7Er e A A 5. 18 gk & 32 0] 85t
ke el of e ol Aol g A 6. A%
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Bk 7]k gho] 24914)

7tA [GasU]
e [gasU]
7tA [gasx]

Fig. 2. Example for mutiple pronunciation.

7§ 2] Tholof T 68,5397 2] &4 Po] S=E|o] 9
o o5 AbEl e e A eh(Fig 2).

e e LERE LA CRPES, A i
So] ELF AL ) B e S e
Q1A ol B2He 7FEA A Q141 Slete] 1gle]
7] Gk olel gt QlA1E s ] 9l8) &
ROl A &4 Q14 ATHE o] G WA 2
715 A AAA o §8 LA 7] A
e Theat 2k % BE thgugo] 23t
e AE o] 83 QA1 S St S
Q141712 3hs Blo] €] wlo] s 1A E T 2Pslod o
g ATbo] 1 S MESR ST T o)
&9 0)9] thg WAL muo] FRES Hol
2Hash oA Bot ARsch Ba ok 4
Thol] 5451A] kel ek 0OV(Out of Vocabulary)
B4 WAIE 9150 2} wo] B 2 o) g o] £
3 4= Q1A Sk A g e AP 0] 27)4235,697
Mz 32,8470 Th weo] AlAH glek.
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442170 %4 277 % 515 9 7} DBU| 5451 ¢
LAl RO B4 o, e, e A|0lE F el
A4 5 o] §5to] 21 E QTiFig 3).

Z(Cho-sung) :
e N T

‘O’,‘I',‘R’,‘i’,‘:l E ‘T 's

’ ’ ’

Z4(Jung-sung) :

. r!’l H Y,‘ F!,i H !’l { Y,‘ il !’l 4 !’l 1| Y,‘J_!’iJ-F’lJ-HY,
P |
ZM(Jong-sung) :

“ _,!,i _’_,1" -IAy" I_!,i Lx!" Lﬁy" E!,i E!" E‘Iy" Eu!,i EH!" Ea!,

‘ EI’,‘ I:I,,‘ HA’,‘A’,‘M,,‘ O’,‘I’,‘i,,‘ =’,,‘ E’,‘]I,,‘ s

Fig. 3. Korean grapehme.
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ARk whebA oF F EAE L3 T olE
TALE SR Y= o 8 A=
AL 23 Aak 71 lo] wra ol o] wele)
o] 7Fs stttk EfolEs s RS A F
7FA1 7} Qi AR = g5 DBEFE 3= 53l
Egto]E-& FE3= datadriven 'R o] 1L S =5
3F5}2 A% E 2(phonetic decision tree) S ©|-8-5}0]
Egto|ZS AT okl B dqoM =

trec7]9Fe] W & o] bek. Aol ol g3t SaFet

Z HMMsstate AR, 2] ==0f Eg}o]E HMM-
state ., 5 e Eof] QM= 546t EARE
S5 9100) 7} Ee}olE HMMestatc®] $A1E 2 3
7Yotol sfapHl 2SS ARt o] et 2 she
A Egto|E HMM-state2] 7ol =E3}7 L E
210l HMMestate®] 7145 52 0] ele] 4
soll g3 nld wi7kA] REEE T 2 Aol A
= WA AR EvfolE A4 W LR R
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Table 3. Training DB information.

Dict01 Dict01 + Dict02
# corpus 41,666 84,103
# word 8,666 35,694
Words appeared
less than twice 1,308 (15 %) | 17,327 (48 %)
(Percentage of total words)
Words appeared
more than 10 times 4,961 (57 %) | 11,306 (32 %)
(Percentage of total words)

Al

V.

oo

dut
4.1 HIo|E| H|o]A(DB)

S dlo] 8 &= SITEC]| 4] A2+ Dict012} Dict02
£ ol &Flomn oAl ¥ ', of 3kx} 712007 4,
Z 84,1037119] G=H 2402 A E o] It} Dict
013} Dict02E & &3t A4 S5 d|o] ¥ w|o] 2]
3} AJZF2 oF 100A] kol ot 3t 24}, St AL,
A7 o= B AASAY IEo S E=3=E=
2| gks}elet.

3 7}+= Dict012} Dict02 HoEjAl X th=o] %13
3}i ). Dict01-2 8,6667) THo] =2 o] F o] %l 41,6667
dksla JLAElo] 9] 0 Dict02i= 33,2567) o]
o] F0] 1 42,4377} 3} H4d & o] QITHTable 3).

4.2 H|o|g| HIO|A(DB) &%

Sk dloE ol W Q1A1EL] HItE A7
913l st DBE 53553t A58 Hd g ¢
aff vl 7 A2 A7 A5-5 3h5 DBl 41 9leh A7
250] 749 shs5 Hlol B 9] W3t 1k S o)
AYsHA sFelom, v 430 A9 3t A Ao A
A A& 5FGI ) Al ] -3H|= 0 dB, 5 dB,
10dB, 15dB, 20 dB 5= ¢} 2] A1 43}t E3F 2Hak3)

73 LAl flal U B9t F Im~50m, 0] 2m~5
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Response) S %1 2] 2 AJ/d 5o g3k qich T3 RIR
& TP o RS S A7 A S0 ) 44
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Table 4. Word error rate phoneme & grapheme
training DB : Dict01.

Table 6. Word error rate phoneme & grapheme
training DB : Dict01 + Dict02 (Augmented).

Phoneme-1 | Phoneme-2
WER (%) (Before (After Grapheme
prunning) prunning)
Clean-Dict01 0.30 0.24 0.23
Distance-Dict01 1.07 0.94 0.72
Noise-Dict01 7.87 5.19 5.09

Table 5. Word error rate phoneme & grapheme
training DB : Dict01 + Dict02.

WER (%) ( A?ttall(‘)r}l’?’?:nel;ing) Grapheme
Clean-Dict01 0.25 0.21
Clean-Dict02 0.86 0.86

Distance-Dict01 0.28 0.24
Distance-Dict02 1.45 1.32
Noise-Dict01 0.29 0.27
Noise-Dict02 0.92 0.88

Phoneme-1 | Phoneme-2
WER (%) (Before (After Grapheme
prunning) prunning)
Clean-Dict01 0.25 0.24 0.25
Clean-Dict02 0.89 0.88 0.89
Distance-Dict01 0.52 0.66 0.8
Distance-Dict02 11.95 5.28 9.05
Noise-Dict01 434 4.11 6.31
Noise-Dict02 3.00 2.61 4.12
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