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Overview of Automatic Speech Recognition

TATSUYA KAWAHARA®-®)

Abstract: This article describes a new automatic transcription system in the Japanese Parliament which
deploys our automatic speech recognition (ASR) technology and has been in official operation since April
2011. The speaker-independent ASR system handles all plenary sessions and committee meetings to gener-
ate an initial draft, which is corrected by Parliamentary reporters. To achieve high recognition performance
in spontaneous meeting speech, we have investigated an efficient training scheme with minimal supervision
which can exploit a huge amount of real data. Specifically, we have proposed a scheme of statistical language
model transformation, which fills the gap between faithful transcripts of spoken utterances and final texts for
documentation. Once this mapping is trained, we no longer need faithful transcripts for training both acoustic
and language models. The scheme also realizes a sustainable ASR system which evolves, i.e. update/re-train
the models, only with speech and text generated during the system operation. After its initial deployment
in 2010, the system has been improved with accumulated data of 1000-hour speech, consistently achieving
character correctness of approximately 90%.

Keywords: Speech recognition, Transcription, Parliament, House of Representatives, Acoustic model, Lan-
guage model, Lightly supervised training

1

a)

oooo

Kyoto University, Kyoto 606-8501, Japan

http://www.ar.media.kyoto-u.ac.jp/diet/

(© 2012 Information Processing Society of Japan

2012/10/26



IPSJ SIG Technical Report

1. 0JO00Oo

00230 (18900)0000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000 000000000000000
00C0'00000000000000000000000
0000000D000000000

00000000D000000000000000000
00000000D0D00000000000000000
000000000D000000000000 [1), (2], 3]0
000 D00000000000000000000000
000000000000D00000000000000
00000000000000000000000000
afafulufslalaln

2. Juoboooooooo

00000000000000D00000000000
0000000000000mMO0000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
008%I000000020000000000000
000000000000 000090%0 0000000
00000000000000000000000000
00000000000 D00000D0000000000
00000000000000000000000000
000000000000 TC-STAROOOODO [4], [5)
00000000000000000000000000
00000000000000000000000000
afialufalafufals

000000D0000000000000000000
50000000000000000000000000
00000000000000000D000000000
00000000000000000000000000
00000000000000000000000000
0000000000000 000000000000
0000000000000 D0000000000000
000D0D0000000000000000 (Real Time
Factor: RTF) 0 100000000000

*1 00D00000D00000D00O0000D0DDO00000D00
goooooOooooooooooooooooooooonoo
000 (0obOo00)00Db0O0oU0Do00oOoOOoODUOODOo
go00ooooooOoO0oO0oOoooOo0o0oooboooobOOoOoooon
ooooo

*2 00D000000000009% 0000000000000
00000ooo8%bo0o0oooouooooouoooooo
000000000oO0oo0oDooOoOO 80%UooooOoonoo
00000 8% 00o0oooooooooo

(© 2012 Information Processing Society of Japan

Vol.2012-SLP-93 No.5
2012/10/26

coooobobbooboobooboooboboobood
gobooodooobooobooooobocoooooboooOoon
bobooooooooooocboooooboooooonn
OWebOOOOOOOOOOOOOOOOOODOOO
gboooooooobooooooobooobooooooo
gdoobobbooooooobooooooooooo
goboooon

ooooooooooOoooesyhooooooooo
goobodooobooobooobboooobobooboooo
gobooooooooood

3. DOoouubod -boboogo

3.1 00000000000000000D000000
000000000000 0000000000000
00000000000000000000000000
00000000000000000000000000
0000000000D0000000000000000
00000000000000000000000000
0000000000000D0000000000000
0000000000000 00000000000
0000000000000000000 10000000
0000000D00000000 1200000000000
19990 (0 145000)000000000000000
000000000D00000000000000000
00000000000000000000000000
00000000
0000000000000000000000000
0000000000000 000000000000
000000000 [6,[7j00000000000000
0000 DO0D0MO0000D0)0000000000
0000000000 00D000D00000@O0000
00)000000D0DO00o0s
0000000000000000000000000
00000000000000000000000000
00000000D000000000000 2250000
000002700000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000D0000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0ooooo
0000000000000000000000000
000D00000000D000000000000000
000000000000000000000 13%000

* TC-STARODDOD (0000DDD)000DOODODOOO
0000000000000 000000000o0000ao



IPSJ SIG Technical Report

Vol.2012-SLP-93 No.5
2012/10/26

faithful official
transcriptV | “SMT” record W
X V) {p(V) prV1W)-p(¥)
VIX)= wiyy=£82 1227
.P.( [X) w0 pW V) —
LSV training of Il
acoustic model VIw
Ceaaanstt p(V :Iy(—H*p(W)
language model pW V)

transformation

01 0ODO0oooOooOoooOoOobOO0oOoboO0ooobooboobboOobOoOoboOoooDoo

00000000000000000000000000
0000000000D000000D0000000000
(00)00D0000 (0D0)00000000000000
000000D0000000000000 (00)0000
00000000000D000000000000000
0000000000 93%0 1020000000000
00000000000

32 00000000D0000000000000000
0000000000000000000000000
00000 (0000000)00000 [7),[8), (9000
000000D00000000000000000000
00000000000000000000 10000
0000000000000000000 (V)0ooo
0000 (W)0DDOOO0OOO0O0D00000000000
00000000000000000 (V-W)00000o
0000000 (V—W)0O0D0O000000000000
0000D000000D0000000000

_ POV V)
pW|V) = T (0
i) = LR @)

oOoooOoOooooooo (V-w)ooooooooo
oooooOooooOooUooooooooooooo (O
(I)00o0ooooooooooooooOoooooon
00000 ooO0oooooooo (100

ODooOooooooooooooooo ((Vew; o (2)
oooooopooooUoooo(v-w; 0 (1)oooo
coboodooobobobooooooooboooooboooooo
goooooboooooobooboooooooooboooao
coboobooooooOOooobooOooooooonoaoo
0000000 (vyooooooooooooooooo
ooooooooooooooopVv)yoooooooo
00000 ()Ooooooooooooooooooo

(© 2012 Information Processing Society of Japan

p(VIW) -
p(W[V)

Oo00ooooooooooooouooooon (V)DD
0o0oooooooo W)oooooooooooooo
gooooooooooao (DDDDD)DDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDp(V)
ooooooooooo (o 1|:|[||:|D)I:I

0000000000000 000 N-gramOOOOO
gooooobboboooboob3gram 0o oggd
oooOoao

p(V) = p(W):

p(v|w) (@)
p(wlv)
U0 wdw0OO0OOooobOb0000Dw—ed oo
wOOOOvOOOODOOODOOO(OoOooo)oooo
0000000 Ngrem(w?)0O0DODOO00O N-gramO0O0O
00000000000000ONgrem(vp) 0000000
O000o0O00oo0oU0ooooUO plw) 00 plwlv) O
goobooooooooooooo voooooooo w
00oooooooooooo (obooooooo)o
gboboboooobooobooooooobooobooobo
ggooboooooobooooobobooooooboogo
00 0{w = (w_1,w41) —»v=(w_1,00,wy4)}, 000
OO00O00oOooooOoooooobDOobOoO0OO0Od N-gram
goboooboboboboooooooboooboooon
gogbooobobboooooobooboobooboobodg
gooooboooboboboooboobooobooogooo
00 (D00000)000000O0 [90
gobodobooooooboboooogobobobbg
gboobooooobobooboboboboogoobooong
goboboboooboooooooboooboobobodg
ggoboooooobbooobobboboooboooon
goooobobogoobobogboooboboobbooo
goboboooboboboooboboogooogoooo
googobooooooobooobooooooboon
goboooobooboooooo

Ngram(v1') = Ngram(wy')




IPSJ SIG Technical Report
33 ODObUOOououoooboooo
gbbooboboobbooobbooboboooooo
OD0O0000000 (Lightly SuperVised training: LSV)
0000000000 11, (120000000 ooooo
gooooobbobobobbbooobuoboboooooo
gooooobobobbobboooooboooooooo
gobdooooboooboobbooboobobooboob
gooboboboboboobobbobooboboboboooobob
godbobooobooobboboooboobboo
ooooOoooooo (o i1oooo)o
oooooo (looo3ooooooo10)oouooo
J0000o0oD0DOoO0 NgramOOOOOODOODOO
goooboboobbooooooboboobooooboo
000000000 NgramODO (40000000000
goobooboboboboboboobbooboboo
goobooobobobobobobooboooobooboo
ggobbobooboobobooooobuobbboboboo
goobooboboboobooboboobbooooboboo
gooooboboboboobobobooobboooooo
000000000000000000000 [13][14] O
goooobooobuoooooao
gdbooobooboooboobbooboobobo
0000000000000 0ooUoooooo (1200
ooO0o0o (ML)OODoOoOoOoooOoooOooOooo
oo00oo00ooOooooooMPEODOOODDOODOOO
gobdoobobobooboboooobuooboboooo
gooooooo
ggoboobbbboooooobboobuoobooooboo
0000000000000 0 (oooooooooo
O0000o00oooooOo0ooO)b0DUoDooooog
gobobobodboddboooouoobobbooga
goobooboobobioboooooboouobooooogo
goobobobooboobobooboobuobooboobobo
0oooooboooobooooboooobooooogon
gooooooooobbobooboooooooooog
goobooobboobooooogooo

4. J0oOoOoobooooon

000000000000000000000000
0000000000000 (00000000000)
000D0D0000D000D0D00 (WFST)OOOO0OD0OO
O [15(NTTOO0OD0)00000000000000000
000000000000000000D00000000

000000000000 (MO00)00000000
00020000000000000000000000
0000000000000000000000000
0000000000000000000000000
000 [1600000000000D00CMNDO CVNO

(© 2012 Information Processing Society of Japan

Vol.2012-SLP-93 No.5
2012/10/26

O VILNOOODOODOOooooooi12000 MFCC,
AMFCC, AAMFCC, APower, AAPower 0 0 38000
oooood
OoOooOoooooooooooo HMM(O OO 3000
0001600000000 MPEOOOOOOOODO (170
000D000ooo0oooooooooo200900000
022,00000000000000000000 [18],[19]
ooooooopooooooooooooooooon
O0o0o0o0oooD20110000000 1000000000
ood
go0oUooOoO0oOo0OoOoOUOUOOoCOOoOoDOODOOO
0do0oo0oooooooooooooooooooo
3eram0 000000000000 O0ONTTOOOOO
OJTAGOOO0O00ODO000DODO0 64KODOODO
00000019990 (0 145000)000000D00OO
0000000000 20000000 20000000
dooUoooUoUooUooooooooUooooooooon
oooooooooooooooooo
00000000 onthe-fly0 OO OO0 WFEST[15] 0
d0ddoooU0U0o0ooU0OoUOoUoUoUoooooo
0oooooooooo 210
ooo0oooU0ooOoooooooooooo(@os
0)ooooooooooooooooooooooo
doo0oooooUoooOoU0oOooUDooUOoUoooooo
000 (10)oooooooo

5. DOOoOOO0oOoOobDDOo

gooooobooboooo20100 300bo0oogon
go2o0o00oooogooboboobooooobbooog
gbooogoooooboboooooboooooboboo
(Character Correct) D 00O 0D0O0O0O0ODOOOOOO
goboobooboobooooobobobobobooboboobog
0000000000000 00O0OO0O 220000000
gooboobbobooboobooooboooobooooogobgo
goboobobbogoobobooboboobogoobooooooo
0oodooo0o0oo0o0ooooooooooo

2010080011 gooogbeoonoooogog
000000000000000000089.3%00000
0000000009%%000000000000000
08%I0000000000000000000000
OORTFO 05000000000D000C0O0O000O0O0O
000000000000 oooooogO (Character
Accuracy) 0000 00O YU O OO OOOOOOOO
gobgooz20ogbboobboooooooooogooo

* 0p00000000D000000D00D00DOD00000DO
gooooooooooooooooobooOoooOoooobooo
goooobooooooooooooboOooobOOoOoOoOoOoOon
gooooooooo



IPSJ SIG Technical Report
90

89
— | 2011
E ,//‘z 10
ESS ,//mm
2008

% /5005

36 20095 & W%

.‘STH%%E: LIFERLTLVRLY
85 i

0 200 400 600 800 1000
FEEET 5 (B
02 0000O0O000DO00O0O00O0O00000 (1200000
oo)

00D000000000D000000 07%000000
00 [23], [24]0
0000000021100 (20110 40)000000
00D0000000000020110 1001200000
0118000000000000000 89.8%00000
2011 00000000000000000000000
05%0000000000000 2012000000000
000 88%000000 9%1 000000000000

00D00000000000000000020110 30
0000000000000D0000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000 000000000000000
0000000000000000D0000000000
000000000 20000000000000000
000000 (201100 1200)00000000000
0000000

000000000000000 (000000000
0000000000000000)0 2011000000
082%0000000000MONOONND00DN00
00000000000D000000000000000
00000000000 (10)0000000000000
ooooo

6. UOo0oooboooooogon

0000D000000000000000000000

00000 10%0000000000000000000
000000000000000000000 10%00
00000000000000000000000000
000@*000000000000000000000
002500000000

* 0000000D000000000000000D00000DO
ooooooooooooooooooooooDbooooDo

(© 2012 Information Processing Society of Japan

Vol.2012-SLP-93 No.5
2012/10/26

6.1 ODOOOOOOO(QMOOO)
cooooooooooobooooboocbooooooDo
o000 (ooo)0boooooooooooooooo
goboodobooooooboobocoobooboobocoooboao
cooodoobooooboboooooobooboooboooo
gbobooboooooooooocooooooooobooo
goobooodoboboooooooooobbooood
gobooobbooooboobooooooooooog
oooooboooooobbooooocoboooooooo
ooooooobooobooboooooooooooo
gooooooboobobobooobooobooooooo
gobooobooooobobooooooooo

6.2 0OOO0OO
booooooooooobobboooooooooa
cooooooboooooooobboooooooooon
goooboodooooooooooboooobooboooa
gooooooboooooooooooogooooaood
oooooobooooboooboobooooooogg
oooooboboooooboooboboobooooogo
coooobooooooboooooboboobogoog
0020l10000oboc0oobocoobobooobomon
gbooooobooobooooooobocooobooooa
toboodboooooooooboob0obooooooono
gobbodoooobooooooooooooooooao
oboobooooobooboooooocboooooboooono
gboooooboooooooooboooooo

7. OOoogd

toboobooobooboooooooooooooo
coboodooboooobooboobooooooboooon
goooboooboooobboooboboooobooboooa
oooboooooooooboooboobobbooobooooo
gooooooodooboooobboooboboOoooooao
gooooooboooooooooobooooooooon
oooooooooooboooooooooooooo

coboooooooooooboooooboooogoo
gobbooobooooboooooooooobooooooon
gobooooooooooooooooooooooao
goboooobobooobobbooooooooooooon
goooooboooooobbooooooboOoobooboobooo
pooobooooboooooooobobooooboooooonn
oooooooon



IPSJ SIG Technical Report

0o

goooooooioooogoooobooooooao
cobooboooooooooboooboooo3sooooo
coboooobobboobooooooobooooooogoo

gbooobooooooooooboboobooooood
cooooboooooobodoooooooooooboogoon

NTTOOOOOOOOOOOO0Oooooooooooo
oooooo

oooo

(1

2l

(10]

(1]

(12]

(13]

(14]

0000. Dooooopoooooooooooooo
000000 (Imtersteno 2009 DO0O0). 0DO0OODOO,
No. 852, pp. 12-17, (11 0 O) 2009.

T.Kawahara. Transcription system using automatic
speech recognition for the Japanese Parliament (Diet).
In Proc. AAAI/IAAIL pp. 2224-2228, 2012.
00O00,0000,0000,0000,000. 000
0oo0oooooooooooo0O0O o ooooooo
0O0. Oooooooooooooooo,3-5-5,00
2011.

C.Gollan, M.Bisani, S.Kanthak, R.Schluter, and H.Ney.
Cross domain automatic transcription on the TC-STAR
EPPS corpus. In Proc. IEEE-ICASSP, Vol. 1, pp. 825
828, 2005.

B.Ramabhadran,  O.Siohan, L.Mangu, G.Zweig,
M.Westphal, H.Schulz, and A.Soneiro. The IBM
2006 speech transcription system for European par-
liamentary speeches. In Proc. INTERSPEECH, pp.
1225-1228, 2006.

ooob. 0ob0o0o0 oboobooooooooo
o000, Dooooooooooooo, SP2006-120,
NLC2006-64 (SLP-64-36), 2006.

T.Kawahara. Automatic transcription of parliamentary
meetings and classroom lectures — a sustainable approach
and real system evaluations —. In Proc. Int’l Sympo.
Chinese Spoken Language Processing (ISCSLP), pp. 1-
6 (keynote speech), 2010.

oooo,0obo. dooooobbobooobooo
0o0oo00oUoooooooooo. Doooooo
0o0oooog, SP2005-108, NLC2005-75 (SLP-59-19),
2005.

Y.Akita and T.Kawahara. Statistical transformation
of language and pronunciation models for spontaneous
speech recognition. IEEE Trans. Audio, Speech € Lan-
guage Process., Vol. 18, No. 6, pp. 1539-1549, 2010.
G.Neubig, Y.Akita, S.Mori, and T.Kawahara. A mono-
tonic statistical machine translation approach to speak-
ing style transformation. Computer Speech and Lan-
guage, Vol. 26, No. 5, pp. 349-370, 2012.

T.Kawahara, M.Mimura, and Y.Akita. Language model
transformation applied to lightly supervised training of
acoustic model for congress meetings. In Proc. IEEE-
ICASSP, pp. 3853-3856, 2009.
oooo,0000,0000. D0O0OOooOoooooo
0000000 oo0ooooooo. Dooooooo
000, Vol. J94-D, No. 2, pp. 460-468, 2011.

L.Lamel, J.Gauvain, and G.Adda. Investigating lightly
supervised acoustic model training. In Proc. IEEE-
ICASSP, Vol. 1, pp. 477-480, 2001.

M.Paulik and A.Waibel. Lightly supervised acoustic

(© 2012 Information Processing Society of Japan

[16]

[22]

[23]

[24]

Vol.2012-SLP-93 No.5
2012/10/26

model training EPPS recordings. In Proc. INTER-
SPEECH, pp. 224-227, 2008.

T.Hori, C.Hori, Y.Minami, and A.Nakamura. Efficient
WEFST-based one-pass decoding with on-the-fly hypoth-
esis rescoring in extremely large vocabulary continuous
speech recognition. IEEE Trans. Audio, Speech € Lan-
guage Process., Vol. 15, No. 4, pp. 1352-1365, 2007.
oooo,0ooo,o0o0o0o0,0000,0000,00
00,000,0000. D0000OOOOOoOoooo
ooodobo0o b0 Dooooo o. gobobbobbooo
goooooo, 3-5-9,00 2011.
oooo,0000,0000. DODoOoooooooo
oooooooUuo0 0o oooob o, obbobbooo
goooooooo, 3-5-7,00 2011.
oooo,0000,0000. DODOOOODOOOoO
goooooooOooUOoO. Doooooooooog,
Vol. J93-D, No. 9, pp. 17361744, 2010.

Y.Akita, M.Mimura, and T.Kawahara. Automatic tran-
scription system for meetings of the Japanese national
congress. In Proc. INTERSPEECH, pp. 84-87, 2009.
oooo,0o00g,bodd. oooooooooo
000000000 o ooooo 0. ooooooo
gooooooog, 3-5-6,00 2011.
00O0,000,0000,0000,0000,0000,
ooo,00bobo. bbooddgobboobboooga
000000000, booooooooooooo
00,358, 00 2011.

oooo,0obo. boobooobobobbooogo
god. obooobooDboobooooooo, 2-1-6,00
2009.

0000,0000, Graham Neubig, 0000. 000
goboodoboooooooobooooboooo. oo
oooooooo, SLP-84-3, 2010.

Y.Akita, M.Mimura, G.Neubig, and T.Kawahara. Semi-
automated update of automatic transcription system
for the Japanese national congress. In Proc. INTER-
SPEECH, pp. 338-341, 2010.

000. 000ooooooooooocoooooooo
g0. oooo, Vol. 66, No. 6, pp. 392-399, 2012.



