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An automatic transcription system
for creation of meeting records in the Japanese Congress
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Abstract We have been developping an automatic speech recognition (ASR) system for creation of meeting records of the
National Congress (Diet) of Japan. Since almost all utterances in the meetings must be transcribed and recorded, an ASR
system should provide accurate transcripts as drafts. Therefore, we have compiled meeting speech of the Congress into a
corpus for development of an ASR system, and investigated more powerful acoustic, language and pronunciation models base
on the corpus. As for acoustic model, we introduce minimum phone error (MPE) training, as well as several normalization
methods. To build language and pronunciation models, our speaking-style transformation approach is applied to the corpus,
and models for spontaneous speech recognition are generated. The proposed ASR system using these models was evaluated
on real meeting speech of the Congress, and realized 85% of word accuracy.
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1. LI

BfE, BESCHE 2B ZDFELSESRE (Spontancous
speech) ZX{ER L LI BFRROME - ERVLELFbhT,
3. R AEEABOSTFERRIERNOKER FDICED EHH
MEDHLENTWBED [1]~[3], BEIcOVWTE BFEELS
Fa—R) (CSD) [4] BXERE U [5),[6] & &S
NTW3. iz, HKE®D Rich Transcription 70z 7 b [7] ®
BRMND AM/AMIDA 71z 7 |k [8] TlX, SAKROEBICH
FREFEBBOWEMEDLNTVS. —7, BECHIEY
DRDFENHRE LB SREFERLBLEEDTED,
EEICBIF3EFERICOVTEIER 9] B ETRETh T
3. BRICOVTR, RENEMET2P ) b e UTENE
£ (European Parliament) Zxf£& Uiz TC-STAR A% D,
DRFIERFEOUMBRIT B 5 SHEH L BHBROmEL
£ OWMFHEIC &> TiTbhiz[10]~[12). ¥7cB4ECTh
ETRBFOLBENGR L ULEEZROWEICRDBEATE
TW3 [13], [14].

HBORBOTHERMI, T—HA TRV TFIVT -
HHRR, HEIVRIFHRE - /— b TFAFVTEERERNLLT
WENGIONTER. COXSET SV r—Ya vy TRER
BRI DREFOABINEE - i TENT XL, BTLLE
FREEICHERTRERILV. ThITH L TEEREED
RAYTCRHESTROERIHVEDHTEETHS. SHER
OFIFICBELT, 1YTEY Y TRREEETRO SO Bk
EDLRADICHORIEENNELINBZANCDE S %
ATDREBENVS. BETRMBREBIL L TEARER
THEMIHZEDD, BEORIIRT 45— L OIEHIBHR
R, FLEEAAELY, BHEPLBLARICELSERED
ZEY  SENEESRESBON, ThHISERRERLLT
ZERLE-STWVWS. BVEMEELZERT DI, Th
SEHRECAN—THT LHRDBENSB.

TS EBEL S, BLBEEATOSEERATTILO
WEVEB(LERHL, BRI ATLOUEBRFI TS, B
BETFVCELTE, #EEE2EALTEOHRNEETY
VIEESTVWS., EREBETIVRREZETIV (Bl KD
WTIE, ELUSEOMEMNOMICE S R 2L NVERERER
L, REICEFNVEERLTWS. ZBTR, ThEDET
JVOREE R MREDTHUI & L B ITBRRB. T TR, £92.1C
THEDSEBERCRDONZIBEHEEERL, FHHEOE[L
THETRIEDNTHNRS. R 3. TREVATLDEETI
EDOVWTERL, 4. K TEBROEREHIC X3V AT LOFE
2175.

2. BROEEM

BLDOEHEMII TC-STAR TuVx s bckBbDh &<
5N TWVS. TC-STAR TR EXRDEEDELBICHEYT S

European Parliament Plenary Speech (EPPS) TOEaiZ 5k e L
TW3H, TOXSLEBIIREOAMHEINCHRLUER
IZi > THEBNEVE/TS C L O —RINTHS. DR
FOLEEREL—HTHBE A DRIV A5, TC-STAR KK
BN LT HFSE Tl 90% 28X 3 H\ BRI R 2 2R L
TW3. ThICRLT, Lo TV 3EEDESIZ [E8
SHLER| THY, FREVLVELBRARC B 2EBRHE
BORLLESTWS. LES>TEBREBVATLLERS
FEBEEONRLTHCLICEBD, Chicid (1) BEECE
ICEENRE S BB HMNER, () Mk 5K B8k
g, ANBDLOICRETHEHROEE, ) EHLHBLTX
D ERNERFBAZA )N, 4) BHENEBTRC LK
ZRENEER, ZEORMIRENS. FE - SENESR
HIEELEBP EPPS KD EHHOMICKEL, BLWERE RS
Lo TWBLNAS.

CNOREFEFRTOLDORETH BN, —HLHRIE
BB AEROBRNOHB L, SFEBMATLICIR
EoEZFEMETET NS, ESEERCKHSERERICHED
BIESEE (ETE) OFENRERET A LAEADENT
HEINE, BRNICHABIREEHLELT, (A) BREREE
ET35PXEZATLUET LD EFENEEILNEBVER
¥E, (B) BETEDLNTVAHKREXF « BERTLV—I
IR/, (O FERE KBBERARICT3H0, 4
FRIEA - BERR A S O%NE, (D) RBROIERHIRICHE
LA S BEOEBNERY, KEHEXLNS.

ThEOoHEB LIC, AFETIET (A) OBRMEED
Bz BB IEARRIRE 85% « SUFIERRRIEE 0% L BRE L. %7t
(D) DOEBNERMICOVT, ThE TOWHETIREVEM
EMFTERLOER, KOREXNEFERICED T LELE.
ZOREDEL LT (1) ~ (O ® B) KEFHEIHLT
2ZEEETI - ERETNVORERFTS I CL LB, Ik,
BLi (O DEFBBROBUBIC OV TLHEEED TS
A [15],[16), FRETIEFEDE.

3. ERBBOLHOEEEHATL

BATROEBEED TV I EFRE AT LOBEER 1
IGRY. Fa—Ficid Julius revd.l ZFE L, SHEERICFIA
THEEETIN - BETTI - BERBE, RLMEELTHY
% MRBREBT X OFH - TFATF—EBBLICE
TEhd., FHETIRCDOI—RRALRBEFIVICONVTRRS.

3.1 SRERHEMI—/X

ARE TR CNE TCREROKBEFRHORZI—/1 X2
BLTER SBOEHEL L TRTERERINEBNS Eo
TVBH, 38 - 55 - BHOKE < SRR - BL @R E0E
BERASERFLNCE L DEEOSFISBREINTED, BK
BEECELDEERETATVRLEI NS, 1, REb
KRB DRBEDDH D, TNFThOESBETLICHEDY A
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[ sme7n | smesn | [ nene
Ed ] EsRER EsaEi
(134 B:R9) (161M BigR) | |(Baseform 56K &5E)
VAN BLER RELH
MPE i TRl
LTriphone HMM ) Jgram SLM ) LSurfaceform 62K|
FaA—4 Juliusrev.4.1

1 ELERERSATLORR

Fig.1 Components of the proposed ASR system for the National Congress
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{50)cm;i&ﬁﬁ&t@%—&ﬁi(Tvikui}D&\
BATVS, (T BRELBAARETNES, Eh (/o) B
BERCLEAEEEERIEL, E5ICRTOBRER EEOREX
CHMBEREATVILNS TLRKE (13) BBbickotd
B30T, ThiBRELT {(TTh) BT {&}. C
NIBBTEHLEIATTINESL, 5—EBRVWLET,

SRR @EEC UL SHIRRE ) &5
SBRICOHBHZ (FERBC LICHAETHhRE) RR

{1} sm@r@#zEc LTRRS @RThk) ®R
. /

2 EREEOX/HEHEEC Lo
Fig.2 An example of tagged transcript of meeting

AR, SERESELTS/D, SEEELRE-bDL
EoTWVW3. RI—NATRINSLHZIBEHN—TESRX
SEREEBIRL TV, BREETO—/3RI3 2003 £EH0 5 2007
E£OMD 61 SR THBRINTVS, KBTI 236 BTH S
A, ThiCRBR L EFHFOMOBEERBMLETENTED, &
BRI ET NV OEFICRIATE ZRIEORDE.

RERORXBTREBRINEEINBDT, ChEZFLR
S5LEDEELNLBERCT LT, SBRLEOERENES
R ENBERC URER L. BEEC LOFIZR 2 ITR
T. TOT—Z2EEEOBTEET IV - SBETNVOEFICFIA
TE, EEBRORBEABRLIBREOBVWESNTTRCLE
FRETH 3. CTOIEH, REHRIZE 145 EES (1999 £) L
DEBREBHAIHREHEATRICABELTEY, ThisvR
FLAOBMRBCFIALTVS. &b, RERTIRLBRORRTIC
FHERAERTTHR—LUTEBD, ZROFBLIH SN,

3.2 BEETIV

EVAT LTI, SESEBL UTAVERRY A NS L
(MFCC) LZD 1 RES (A) 2 RESD (AA) B12Kk7T, &
KTZRVF—D 1R 2 REHFOF 38 KTeFFT 5. FY
BT 7R b5 LAEHERME (CMN, Cepstrum Mean Normal-
ization) &% T X+ S LEIER(L (CVN, Cepstrum Variance

Normalization) %A LT3, FFEIC & 3ZERUOR
HRELICHET 30, FEEER (VTLN, Vocal Tract
Length Normalization) £1T>T\W%. ¥, THEDERLL
HOBANIF—FE0ORFEVERT XM @GFERHE) Ths

FEET VI 3 REE + Left-to-Right BN HHE HMM I
& % triphone EF/VTH%. HMM DFEHEE CREYT—4
KBTI BZAEORKLEERE L T 58K (ML, Maximum Like-
lihood) HEEH—BMITITONTVEH, RESAMEIIHKTL
HLBMABEN DRI LI EE BN LARIEE LTHEBENT
W3, ZhicLT, AYXFLTREBINEED 1 DTH3
B/NE#ED (MPE, Minimum Phone Error) 2% [17] Z8A L
7z [18]. MPE P TIZEMNBH F X (1) lckbhFREhs.

2, PA(Or|8)*P(s) RawAce(p)

FO =) = G P @
O, BHH W F—4FF, P(s) I XBEHEDOBET s 1Tt
THREE/RAAT, s BAT—VVTHRETHS. RawAcc(p) i
XRBICBIT A SREFBEORML D TH5HH, HHRICT
RTORBICBI 3 ERESREREERENRT 5 C LIZE#
TH3d, ERSHRLORFHENEL—1R—F v TOESWIC
L DERMICHEENS. T THBRSFOMIIARMEL
3L TOXRMEL LICHEENZRETH BN, chiddk
RENTHS. LD > TERETREFEREV - LATI—R
TR L CEROXRE (ERICNT 3HAERE 2ERLT
ThEELT 3. &, ThOOXBREIEIST 1+ AL LTHRRE
EhTWa. MPE 28T, ERS T+ ABLIUHARMES
7 4 R LT forward-backward 7)V3 Y XLZERA L, +o4E
BERETS.

3.3 EfFEFIV

BN ERETVIEIRBEOBRELFERLEC LETESL LIS
AELUTHETZCENEELVY, BELSHETHEEROX
AV TREEN TRV, —F, SBRO XS ZXEIE BN
BRCKBAFHIEETHS. 2T THLR, PROBERC
UL ZDESBRINEE SIS LN IA—IRAHLELEER
ZANVNOFHNERETVEZZFLT, RBROLS 18
RWOTFFZA MO oELERDOEBETNEMRT 5FERER
LTW3[19]. ZOFETE, BLEEOKRICBELTNISL
WA—NRAROBEEC UL EBETHRBEEZRHL, Z0OH
BHEER G LICRERNAERRZ— Y EED TERETIL R
B33 COEBREFVERVTESEKOSEETIVALEL
BEASZANVOETVEERT . FROBE, RS LLa—
NRAE UTHAT 3D REEBI—/\RIcBIF 3B ERC
LLLERTHS.

EB/ETNVOERTIE, EBEKTFAL (W) LELSET
FAF (V) BZNFhBIOSELLTLEX3. CDLE
_A XA & D ENFNDEBETIV P(W) » P(V) IZDWT
ROBBENBILT 3.

P(VIW)
PWIV) @

P(V) = P(W)
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TTT P(V|W)/P(W|V) BWERETFIVICHYTS. Licht>
T, BEREFIVOEETE, V & W OEHONE (Figs
£2—2), BXUFOHREIRS LIVIA—1RAZAVTRD 3
Trlhd ERETFNVEEATIEE, SEETVORDY
|€ N-gram BEEFIZ AN L, BHZ—VEE LICELEED
N-gram BEEF% FHIT 3 & LI 7 DEE R ERMEREFIFE L
THETS. ThickhB5NIE Ngram TV b LEERD
LICELSEDEBRTTINVEHET 3.

EFEHICBI3ERETVIISEET IV L BT 3 L/
THBED, KDPEVELEET—S THRERETHI LV
SHENDB. ChCiIXT, FFETRA—RASDOa—
IRADBTERETNEBETHC Licixdz, BEEFL
SEI—NRARBERERI—/AD L S ICa—/ANTEE
DEBPEFITFOATV B HEERBEPNNRELZVEY
SHHLHD, RBRERTEORSRHLSIIIFHETHS. C
hcHLT, BLOBLEREFZHETAVOATVSI—N
ARE - M TRELSI—SAETHE—EhTWaEnT e
£, HELMINBELRS.

ARETRTNE T 3-gram FHEBETNVEZAVTY AT
LEREL TR, BELEERICAEERBOTFEMR
D ARET B EOM@ENHRENE. ChCHLT, EBET
VOEBTF—2 BRI TEC L H D, FRETIE 4-gram
EFNERETS. KOBVXRIC X ZH#MLERET VLR
BT LT, TOXSEBEERYEMGHTET LRAZFLTVS.

34 RE®S

RENBICHLTLHELSRORSRIRTZC LIIBRT
ihnwc eh s, EBRTTFIVERRIC, FENERETIVICE
BREOFRAFEER L RREL TWV3 [20].

RENTOLTHTIR, SHEINOEH @EHMI) K&
SRATHMETIHIEVLNS. B —VDOEPE TR, ¥
TAERBNT 2 AV TERENL TS (baseform) ZHET—
& (5 Lva—RR) 5§ 5. RicTOfHLBEET
L DOEEOFH L DB TERBMDT 54 AV M RITVHRE
OEWERFERET 3. Chic & 3EEHT L EBROZHAO
EETZ— e LTHB L, 287Xl 2EE5E
L LICERRRETEDS. SERRAORETHHICILTE,
ThoDEBRAIERVTHFEERELY MY (surface form)
REMTZLLblc, REHREFEMAMRICETEHET
3. B, FWTRRESHHOLHRETFIVICOVTIIREBFH
Ba— AT BFEELEEI—/REFALTWVS.

4, R REBR

41 RERG

ChETICRNEBREFBER VAT LICDWT, Eilitkae
OFHERTo . TMEICFIALET R My MIREBER
a—RRCTFENS 2007 EFOEREE 828 TH3. T
I— 4% Julius-4.1 2F|F L, Intel Core2 Extreme Q6850 711

90%

=
MBER
SCRRIE
BMokE
R}
1y HMPE

oML

3 ML 8L MPE #HOEETTIVIC X 3 ELBMO MBI
Fig.3 Word recognition accuracy of test-set meetings by ML-based and
MPE-based acoustic models

v (3.0GHz) ZH#R LB ER CEMRRNRRM D 3 /5
BEICE3 X3 I —LIESORBM T A—2ZR/ELTVS.

FEETTIVIZ 2005 EE TOERI—/ADEFRT—Z (134
R 2FIALTET L. HMM ORREES 3,000, BABIL
16 TdH5. MPE ZHOHRZHSMCT 5728, MPE ZHIC
EBEFIVE ML B KB EFNVICDWTIMERTo /2.

BEETFINVOBBEIMHHNRAZANVERICEX>TITIN, &
WL BT F A M 1999 £~2007 £ (FA R ML
i) ORBRLSBRTH 3. —HEREFNVOEBICIIER
a—78RAD 2003 ££~2006 EEFEFIA L. TFX FOBEESR
#RHTIZ ChaSen-2.4.4+Unidic-1.3.9[21] IC X DT\, CThick?
EHTTFA L EERETIVEDTFX FOBEERIIThTh
161M, 28M x> TW3. THhEEZBWT 3-gram EFIV L
4-gram EFIVEMERL, HEOTMEET- 2. &k, EBET
JVDFESY A X% 53,042, Th& DIER UIEETE (baseform)
DREHBOY A X3 56,348, EABOREH SEHRETIVIC
EOFRILE, SEERICFIATIREEDE (surface form)
ZEUFHBOYA X3 62,045 ThH3.

42 RBER

%9, MPE¥T & ML 2B ETo BB ETMC L3828
DHEETFRREERR 3 IR, COLEDFE/ETTIVIE 3-gram
EFVERIFALTVS. MPE 2EDBAICKD, HIEEMREE
PEHMET 33%AEL, KELBBEB/ICLNTER. ¥
ICERERSPENEERR2AR Y, TAMEY FOFTLE
EMEDDEBTIORELARBHIBONTED, BHEDOEL
FOMBRBoI=LNVZS.

RiT, 3-gram SHWETFNVE 4gram SEETNVIC X 3B
DI—TLFV T+ (PP) LRMERER 1IC, HIEEERME
ZE4lc, XZEEEBEZR SICRT. CTTRALEER
EF)UIE MPE #B32{T-EFNVTHB. ®1 &b, SET
FIVOXRERBAL TE/A—TLF T 1 RESBERNT
FFRAZELEoTWVS. ELSERRDUBNIRVERET
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#1 BEBONR—TLFUT 1 LRAER
Table 1 Perplexity and out-of-vocabulary rates on test-set meetings

=82 Bl | PP PP | RMEESR
(3-gram) | (4-gram)

ES= ] (10 B 48) |24,521| 5900 | 51.04 | 0.13%
FH (10 A9H) |50123 | 71.97 | 7219 | 0.14%
BE (10 823 B) | 31,794 | 70.16 | 70.02 | 0.16%
i g (10 H24 H) | 44,039 | 8645 | 86.26 | 0.22%
MS&R (10 H24 H) | 36,241 | 68.80 | 6893 | 0.13%
XERYE (10824 H) | 59,307 | 6996 | 6927 | 0.14%
BbokE (0A24H) | 37214 | 7204 | 7110 | 0.10%
Etz@E (0H24H) | 48523 | 73.14 | 73.74 | 0.12%

&8t 331,762 7144 | 7032 | 0.14%

BHENBOENTWVWE DD, EREFNVICKDELEED
4-gram B+ FRITEEL S EATEEELNHZ. ThicHl
THEEREE (K4 LXFEREE (K5) Tk, &bl
4-gram EFMIC X DT 04% GENE) OBEBELH LN
XiREEL 332 L CREYARBILV IR Ehiz L EX B,
4-gram DEAIC & D —EDHRIEB/ONIL WA B. MPE #
FLEBZEETIVE d-gram ERETNVICK DB LY
DHBIRRBELNFIEEEIRTNTN 84.8% - 87.1% L7k
b, FWEOEHEL T BKBISELDDHB.

1, FERTIRIEROER([19] & D EBRETINVOEYETF—
AW 4 BITEINLTWABY, Thick v BohiEiviz—
VOBRRCDLEDLDLABETH o, HERET R
FLHNRESDEMIC BRI TERNEDD, ThIEHRE
FIHEBHDROTF— X T BT TEST L BRBLT
w3,

5. 5bYic

ARTIE, B EHREEDTVIERBRDIHDE
BREBMYATLICOVWTHRE L. EREROZFT—42%%
iz, EWOEHLL MPE 252 H8A L THELESEBET
WV, BEURBHHNRAZANVEBRICESOTHEELKL 4-gram T
EETFIWVERERBIOEV AT LRERENS. EEORE
EFEICBITZME T, 85%DBEEEAERE, ST%DXFIEMR
HENMIOh, MEENERNTKBICELDDHB T LIRE
hiz.

BN AR OIS, MIBEEIRH R SRR R IR
(SCOPE) EFEMEdZ AW BR R CFROMEREY
AT L] KO EfEE N,

75% 80% 85% 90% 95%

BKE
E+358

T —

4 3-gram EF/V L d-gram TFVIC K BERMOBEERRE
Fig.4 Word recognition accuracy of test-set meetings by 3-gram and 4-
gram models

O3-gram
W4-gram

75% 80% 85% 90% 95%

O3-gram
®4-gram

Bk
EEXE e — l
T ——

5 3-gram EF/V & 4-gram ETFIVIC X B ERBMOXFIERRIE
Fig.5 Character recognition accuracy of test-set meetings by 3-gram and
4-gram models
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