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Construction of Spoken Language Model Considering Pause
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Abstract: This paper addresses the mismatch between pauses in input speech and punctuations in training
corpora of language model. In a spontaneous speech recognition task, it is inadequate to train a language
model with regarding punctuations as pauses, because there is an inevitable gap between pauses in input
speech and punctuations in corpora. The simplest approach to address this problem is to build a language
model that considers pauses from a corpus that includes pause information. However, such corpora can
only be available in a limited domain. In this paper, we propose a method to build a language model that
considers pauses from a corpus that does not include pause information. In our method, a pause insertion
model is trained from spontaneous speech corpora, and then the language model that considers pauses is
built by using this model. Our proposed model achieved an improvement over the conventional model in the
recognition task of committee meetings of Japanese National Diet.
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bafn L, 512, SiEMRXE) LI mER R E
BT AR — X1, LITLIEE SRS A7 L O
FHIEGRITERE 2D, /2L 21, —W e EE R
AT AT, HHEEFEER—- R Lo THELTHSEHE
WEATH 720, FEENEXYY LR AEO R — X2
Lo TRIMERENDEENTLE ) &, SENLREIRILR
LK R )RR INT 5. 72, R—XFLOHGE
OFENNE, =X & HFEERE LTHBT 5720, K-
ADETY ¥ 7D L HEETINC S BB N A,

C9 LRIBEICHALS B 20 120E, WAL ) b FE—
A%ER LI-BHEETVPILETHL. TDL) L5k
ETNEBET L ROMEL TR, R—-XFEHE2ET
T=NAHPE, R—ADAREE*EL L) RIEET
NVEFBRTLFETHL. 728 2 3miES 21] 1, BHAR
I LBEI-NAPLFHRETIVEFETIRO, F
FEET TN EOR—-ADETFTMLIZOWTHE 21T TH
), 1,000msec ML DR — X % FHRRLEL AL & X ) 5 0 »
7 R—2Z, 1,000msec KD R — X % FRAMBEAL & LT
RSV 3= hR=A& LT 728810k d BVl
ARG TWDS. £/, WS [9] 13, 30msec L EOME
HFRMEFEE L TESREI LZ#RT T — " AhbH
iE 3-gram BTNV EFE L, O 3-gram fERE W, &
AR ISR — ZOMBFMEITo T b, INHDFE
e Fhd, B—= @G sz a— X2 FHT &
LIEEWMRELTWS, LL, EBIZIE, 0Lk
T—NADFATEL R AL VIFEDDOTHTH 5.

Z 2T, KX T, K= XFEHROfHG- s hTnvna—
XA B R =X MBI IZEE L2 ERET T VR T 5
FHERRET D, REFETIE, E—XEHREHO 7200
R— X3 AE T % M0 1Y, (Conditional Random
Field. LLF, CRF) [1] 128DV THSEL, ZoEAET
VERWT, F=—X%2EELLSETTVERET S, K
FEE, BEEFVICESVTE-XOTFHEFTI L)
FCRGHS [9) OFFE L@ L Tw 525, K— XFEH)S
5 ENTT—=NRADFIATEL VWAL VO LSS
WH L EHERBASIET T VOB W TE #E
WHRETH A, EH G [24] 13, Web 22 UEL 725G L 54
VI = N2 Z R E L CARRLORETHEAHEA L,
FHLEEOTHERBICEATHL LHE LWL, 72
SHLSHEOTEDNSDOR—- X0, W EREER
EOSTEMNLREY ) OBBICHRE LR THL. D7
W, R—=ZAxFBYIETMET 2IETHEE, ADHFH
EETFNDOFETFT— I o R— Xk L CEERREIT
I [12) R, R— X% EZlHEE L L L OB L Tk
R THT AL EOHFEBEICED R WE LD SRR
ThbILrmT 4 ESH).

T 7E0E, B D (9] 12, SVE LIRS 2EEE T 1 7 —
% EORBFEE BBEEL L Tilo T 5.
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DT, KXol zii~s, $3, 28T, £-X
LB DR DORBEIZOWTIRRS, KIZ, 3 8w TII,
CRF ICHEDL R—XDHAETVEREL, TOWAE
ThERWT, K= 2B ER L-SEETVEH
EFDLFEICOVTERS, FHEWT, 4 ETIE, 38Tk
NERETHEZ, BAF#HZ IR E LRBRFERICE-T
ST A, WIS, 5ETIE, AT Lo E5HBOMR
BEIZOWTIHERS,

2. K- EAHRADA—HDORHE

HLBHOEF AR T LAY, F-XlEOn»
THO NIRRT L SFEN AT L T LIIHT LD
—H L%, fle LT, HARGEELEZET—/32 (CST) 2]
IZBU BUnFL AR HAL L BT HAL, B X OESSEE L
HIMICBIT 2 XHMORES OS54 %R 1 12R"F. CSJ
DEEECFEARFALIL, 200 msec YL E DO IX 2z W TIX
WoNTBY, —M0 %577 likes 1S B U 2 RER L HAy
ELTHWSLRTWA, CST DOFFHAIE, MR EFEh
%, SEEEOMEER - BRI 2B L o TRUI 515 HAAL
Thb. MBFUIHGET, WS, RO 3 >0
VI SN, ZRENLDTO L) IZER SN TS [11].
o AT L R IR SORFRBUTHIYS § 5 S
o BB I VbW ATRTII RV, FiEDOKEREIN
H&LTEZLNDHEIER.
o SEER I WIBERTIIH LAY, WEWIIEFEHOUWNE I
B LI hnwEEZ SNDLEHBER.
2T, BEORKELYNHEHICHY T 2550 B &
Vg RIC L > TR SN B2 fiHE e $5. &b
MR, BT Ca—NAEREIC L > T Th
NTWa 720, HiHAIE, FFEORFEENEZOF $RI
LB Tld v, Eaaikikd, EaFERo#LEDS
T4 T=REVHEL, #ELAREOFELSENGHG 2%
JBL7za— 3ATHY, BMEEEDFEHICEDS T

12
—— CSJ*200msec TH B (FHKE:82)
10 -—--CSJ- iRt/ MERTHE (FHE175) ||
\ - EefER-AATHE (FHE 420
8 e~ | e EEHM- DATHE (FHE 262)
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0 .
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1 FERRLHEAT & SCHAL O R S DI
Fig. 1 Comparison between inter-pausal units and sentence

units.

*2 http://kokkai.ndl.go.jp/
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FEIC NHK (X, fEASICH LT, SNERERLTURRITIUE RS RWE <p> W) T e, TEVFET, —
FHTlE, <p> R YVHRBED T 212 <p> Lohh &, FBHEOLC>TRIFAE W) ZOKHE EMiHE->T
WLHT, <p> REMLWHERETH D 32056, <p> R ) ERWIZIIFADST <p> Lohbh &
<p> NHK IZHT 2% <p> B LTV EV) TERFTESL L PAEEZTBY £3, <p>

H 3 EAEHEGIIBIT LML EFE—Z0H (<p> 13 200 msec Ll D FE—X)

Fig. 3 Example of commas in National Diet Records (<p> represents a pause that is

longer than 200 msec).
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Fig. 2 Pause length distribution in CSJ.

HAEASNTWDS, Lo T, ERKHEFICBIT A CHM
b, WBEORMBERICED CHATIE R, $72, BHHT
BlOCHALIE, FEZOFENERIZEDWTHFA S L4
HIZEDSWTWL, M1 LD, CS] DEFEFEARHALIL,
DB L O HFTE O SCHEANIC AT, JEREICE
AL, 2D LI, B RIZHEDWTES N7 L
L&, = X2AERHE T 2IFER L > TRES N
ALl OMICIEHABRARESHPHFAET S, —FT, CSJ D
B ORI OG5MmE, Eaaikeks X OV H P O SCHEAL
DAL L LT WD, ZDi, AT % HEYIZH
HWAICET 52 L2k - T, MEICEISWLTHOS
FEETIVCHEUNICIR ) FESRESI N WS, LarL, FE
BRICIE, GELEEIOT L CHRMZ BB 52 2 L35
BT, LEbEBROR-XE LR 5 (6], 7], [22].
K= XN HeD UPHAT & A g2 D  SURAL AN
ML, SRENR T LT PUAOBERICHED (R— X8
BEHBT -0 THAE. HEROERLY, SiENE
EFE NIRRT AKX, R LILT AMEICHB
T5IETTHAL. BlELT, CSIDAT - a— A ITHH
T 5 AR =X (200msec Pl L) OG5MEE 21277, K2 &
D, SEME LY UANOERIC L B K — X% &
OTBY, MEOAKATIE, K—XOMBEIERE LTATS
ThrbIeDnghnb. £72, BRFHEEISIY L7288
THRIZOWT, R—A (200msec VL F) EA)FEONE

B L, EARRESANORLRIIH 72 o TRIFR BB T b i
TWABIIE, EHFT—8 LOEROILEAHETH B 72005
SERAFL 7.
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B LR YE 3I1RT. 2B, disld, EaaEst
VERL G DS EMEREICE SO TIHASIN TV S, K—XF
452 AP, Al 357 AP, AL 88 APTICHIEL L 7oAt
R=ZADIH L, 423% s e~ L, 15.9%A4) & —
LT, F72, FEO 35NN R—-A L =L, MM
D 8L8GR—=A L —F LTz, LoT, HEDATY,
MEEOMEETYH, K- X0MEERE L TATH5TH
5. DEogtrky, SFLEHEOFIRILIIIFES
W — XA EEN LML, R—XDOfEE#RE LT
Rtsmenz b,

ZZT, K@XTlE, ST L E ) DANOERICHE
DL R =R EE LSBT VERETL L
& o T, R=AFLOHFEDOE BT 5 k%
RETL., SEETNVEERT 72000 —32 (&S
RECHTI 2 &) 12UE, M eI BT, SREME L E NI
BT 5 R— ZAOMBEEHRITTTICEENTNDL, £IT,
ST LT YDA OERIZED C R—- XD MIBNE %,
LS E I SR E SV TER L ET ML ST
i) ZEicky, K—XMBNEOHERE EE L/-SiEE
TNEERT A, B, UTOMHTIE, St ey
VUM OERIZEDS L R—=%, v a— FR—XLIER,

3. O—IXZANDY 33— bbR—EAICEDL
EEZEETIVDIEE

REETIE, SHOELEYESNOERIZED CR-X
(¥ 3= FR=X) OUMBLEZ, 5 LSHEEHFT -5
FEOVTEE LTV L - THI ) HEICOWTRR S,

3.1 Ya— hR—ZEBAEFIOERI

KL T, Ya— P R—XDHAETFTNZ, FREHEY
wxtgl L, A oREZRIFLT, FoOEBIZYa—
R=AX%HATHREDNE) L) DT N %A
H55%, Zyo~N) o rmEesE LCERMET % [20]. Bk
MICiE, M40k, HeoRERICHLT, HEIC
Ta— b R=AEFHATRETHLEEITIE TV SP %,
ZF)THRWEEIZIETINL O 25255515 X1 v 7/
BMEEZD.

RELTE, ZOX) BEEZFEC Y a— M R—- XA
E7 )%, CRF[1] ZHWTHEYT 5. CRF &, R~
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TEREF zz T X e Do
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Fig. 4 Example of short pause insertion labelling.

ITET N EDETIE L TRk % TR
ThY, T/, WENPEOFET— 5 TLEHWEEL R
TZENAMSNTWEHEINEFIVTHS. CRF TIE, B
BERY of 1TH 5 T B yF DS S P(yl|ah)
=, Kok HI1tET.

Potteh = tgen(Snetan) 0

ZZT, LIIRVMOES, f, \3FEWMEE, N\, (IEEEE
KT A EAR, Z(oF) BIEHLEY ZhEET. &b,
CRF OB 70 75 A& LTIE CRF++*% v, CRF
DEFEEEZIE, FRi & LT Gaussian Prior & JiWC
FHEMELRATH I LI o TT A= ZIEAILL
7o F70, FEUREEME LTI, RBEZOEEBR M,
FAEERW, BRI, FEF-2E LTH25
NDHIREEVIF D i FHOEREE 2, ITHT5 Ty, &
g BB, PO 5 DDOEREE (FE & LE D)
Ti_o, Ti_1, Tiy Tis1, Tiro ORATITMNZ, x; DFAIC
BT HE=FH m; D) boOKmE2E-7 (L1
E—F) FEBELTHWZ, 722213, I50X) 7%
T =8 OWty, R OMEENTEDS yr (T RMEE 5.

3.2 Ya— bR—IBAETIVIIEDISEETTIVDIBE

v a— FE-XDFATTFNVHYE 2 BEAMERIZED N
T, N-gram SiEET VA EBREET A L05TE 5. £
¥, &S 14 0HEESEIZL T, N-gram RERVIOH

BHEHET L. FEHI-NADBEZRIZ oL £55
&, BREFE w @ l-gram HFE f(w) 1, KDL HIZFL
ZENTES.

flw) =Y 8(z; = w) (2)

7L, §IRZURyA—DOTNETHY, FHRNOLEME
M7z SNIE 1, Wios ooz s s, Ih
L, BREES ol [EZBRIICIRIMBIL vy a — b
K= <sp> O 1-gram HFE f(<sp>) &, KAD L) IZE
£5 5.

f(<sp>) = Z P(y; = SP|z}) (3)

ZZT, Py = SPlay) (&, HERS of @i FHOWE
Fo, ODHRIZY a3 - PR ADPHEASINDLERTH 5.

*4 http://chasen.org/ taku/software/CRF++/
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, wEEHR (x) -7 F Nl
NETEREE (m) ()
1 zh 445 v, L 0
2 T B 7 0
3 N A &3 N T A 0
4 & i N 0
5 %% [/ 1,7 0
6 ) Bh J 0
7 13 Wi A SP
8 Xl 247 B, Y, v 0
9 Q) B J 0
10 MK Sl 7, h 0
11 T Wi 7 0
12 | ZA7ZA ] L 0
13 T& Bh5i T, ¥ 0
14 T»o By i Ty 0
15 7z By 2 0
16 5 & o, % 0
17 N Wi i) SP
18 29 5] a,7 0

5 FETFT—5 0l
Fig. 5 An example of training data.

Ya— FPR=ZFEAETFTNVELTCRF WV 25E,
K1) ZHCTERRD L) ITkD 5.
P(y;=SPlzf)= > _
{v} ly:i=5SP}

X (2) ERX3) 2D L&, 0-gram BEERE F() &, Kk
KOLIHITEHTE 5.

P(yy |z1) (4)

FO) = f(<sp>)+ > f(w) (5)

DiEaHWS &, BREE w D 1-gram #EHE P(w) 13, K
RlcEkoTRDOENS.

f(w)
P(w) =70 (6)
F72, 2-gram BHPE f(w,w') 1$, FH 3 - NAHIREE
Fw &ow L THIRL, 2D, FORERERIC <sp>
DIFASINLG D072 V) TRTOFELZOHEETH Y, K

ROL)ITEHT 5.
flw,w') = Zé(mi,l =w)d(x; = w')
x (1= P(yi—1 = SPlay)) (7)

ZHUIHF L, 2-gram B f(w, <sp>) IZTEREFR w DEE
v a— FR—X <sp> PFASNDHETH Y, 2-gram
BHPE f(<sp>, w) (3EREFR w OERICY 2 — P R—X <sp>
PIASNDHETH L. TNENLUTOL ) ITEFRT 5.
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’ <s>A— <sp> N T </s> H <s> Wik T <sp> M0 ¥ </s> H <s> Z— </s> ‘

4

’ <sp>A— <sp> TN T H

<sp> B E <sp> Wi T

==k

6 va—hKR—ZADWE

Fig. 6 Example of inserting <sp> into an Inter-Pausal Unit boundary.

flw, <sp>) = Z §(z; = w)P(y; = SP|ay) (8)

f(<sp>w) = 25(%‘ =w)P(yi-1 = SPlzy)  (9)

[ERIC, 3-gram BHEEIZZENENLTF DL ) ICEFKT 5.
ZIT, MDD P(y; = SP|2t) % P, LKiET 5.
flw,w',w'") = Z(S((L'i_g =w)d§(xi = w')
X (5(:& = ’LUH)(]. — Plfz)(]. — Pifl)
(10)
f(w7w/7 <Sp>) = Z(S(Ii,]_ = ’(U)
X 6(.’1)1 = ’I,U/)(l — Pi—l)Pi
flw, <sp>,w') = 25(@,1 =w)d(x; = w')Pi_4

(11)

(12)

f(<sp>w,w') =} 8w = w)
x%@g:uﬂﬂ;ﬂr—ﬂ;ﬂ (13)
f(<sp>,w,<sp>) =Y 6(z; = w)P,, P; (14)

LD N-gram #HEE2> 5, N-gram = P(w|h) % KD
52 ENTEDL. KL T, Witten-Bell /¥ 7 % 7 [5]
Z#EHA LT, KDL HIZ P(wlh) 2K 5.

_f(hw) .
P(w|h) = { f(h)ﬂ}-j(h) if f(h,w)>c (15)
m - P(w|h') otherwise

ZZT, hiZBETHY, WIZ1BEENNy 2+ 7 L72E
BECTHAH., £/, r(h) L, EEROBEBZIEIT 2P
FOMEHCTH D, 72720, r(h) % f(hy,w) >0 THb X
) RIERER w OB L ERT DL, fhw) <1DHHE
bEINDLILIH DD, r(h) PEIGICKE S DB L
IMENAEL A, £2C, KX T, r(h) &, N-gram
1y bATORME c HWT f(hyw) >cziliZzd &%
TEREH w O E T 5.

B, NMH) TR, Ya—bPR-—ZXHFAETIVELT
CRF Z HWV 2 BEI2D W TRR72285, EBIZIE, 23— b

K= ZARMERZ TS BETTITE 2 EROMRET

V&, Ya— FE—=XHAETFNVELTHWSLZEMNTE
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. ELT, Ya— PR-XIHAETVELT, Ya—
PR =X & FEREICETIEES 3-gram ET NV EH VL GE
FEZD. ORI, T3 — - XA A SN B RER
DER 2 BEROAICL o TEE D LMMEL, KXD L)
WS 5.

P(yZ = SP|$5) ~ Ptrig’ram(SP|xi—27 xi—l) (16)

ZoRE, XG)~X (4) ITHLTHEHAT L, Ya—
FR=ZFAET I E LTIERES 3-gram ET IV & HWT
BMETIVEMETHI LN TE D

3.3 R—XBifie>a— bR—X%EFBEL -ZHERH

G DEFRFHBATLATIE, TR 7E-X2E o
TANEREZSE L, SESNHEH 2 LB E LT,
JUPREAT & & SO IS H TR A AT . T b b, JLFHEL
MOFETHDFEL, ERTOLIEALORB KT L 2w &K
FEINTWE., LAL, EBOFELSEOTHFTIE, Sk
B IXE0 0 & BRI EIC D S B E— BT 5D
T, CORZBIZRY T2 b\, FO7-0, 5L
SEOFFRRICIBOTIE, MHEM B ORI ZE L
PTeFENLEE 2D,

WLPREAT [ OMKAF I 2 B FE T 5 121E, WPLHEAL OB
DR—=ZX %, WBHEA OB <s>, </s> TlER <,
Ta—bR=X <sp> L LT HEXFH 4. flxE 6
IZ/RY . HEE 3-gram SiEET VA BGA, X 6 OH
i [k OfEERL LT, P(&#| </s>,<s>) TR L
P&k | Tl <sp>) 2fli) 2 &2k 5. MiES [21] 14,
1,000 msec K DE S DR— X% <sp> & L THho TUL
HA B O E ZB L, 1,000msec LEDOESDFE—-X
 <s>, </s> & L THo TRBEHEALDHN TH % L IRE
TAHEERFL TS, PHEROKER, —HBOMLIEH
WERE <s>, </s> ETHETFTNVED D, TRTOMREE
AR <sp> ETHETIVDOSHD, N—TFLFv 74
Moz, ThIE, I2IRLAEEIIE, BiELYDE
Wiy 7 R— X TH o T EaMXY ) DAL ogETIc i3
LTWAIGEDH Y, WIELHEAL R O S RENIKABEIFR % 45
TERWVIGEDVRDHLINLIEEEZLNDL., FD720, Kig
LT, ITRNTOUBBEMEER T <sp> & LTI 2 &1
5.
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B, EBOEBOBICIE, SR (X6 0%
M) TSRS R A M SR 0O LI A e D B
CORRBMBEHEALL, N =2BEUATCTHL L %7
L — A% 200msec PLEMFE L7722 &2 T30 0 & LTk
ET 5.

3.4 FMEE#E
BETEICIEDSOTHEINLSET TV ORI, 7
A bty MX=FL X7 g EHETA MY PY=T L
FOTANTMA, B RO HERIEfR S L O HFERR
AR EE D WTIT ) .

TAMEY FX=TLF T4 (PP) X, TAMI—
INADHEEG] wP IS LT, XKD L) IZERS NS,

PP = P(w?) "= (17)

B, va— FR=X <sp> B L OERLILEAL DA
Wiy <s>, </s> OBEDENILZT A MLy b3—
TLxF T4 OEALEEYL, —HOHFEIIOWTOT A
My "X=FLF T DOARZFMT A0, Y a—1
R—=X <sp> B XL RERMLBLEA, O <s>, </s> 1,
HEEFROBEICOAMEFL, 7A My M=TL ¥
T A DRMEIZIZEO RV, ZO720, JBIE WY 5 HEE
wDRERE LT, & (19) 12k > TEBENT P(wlh) &
W TIE#LZAT .

P (w]h) = { 0 if w e ces 7 (18)
a(h) - P(w|h) otherwise
1
RRREE s ) .
ces = {<s>, </s>, <sp>} (20)

2T, Plwh) IEROSEETNVERTH L. T2,
ccslZAVTFFA M F2—DESETHY, Ya—FFR-—X
<sp> B L ORBRALIRHAT O IERIn <s>, </s> ST
HIENG.

F 72, w; RIEEOAICIL, M—DRMEEY 9 AUNK
A LT, Pwiwi_g,wi—1) = PUNK|w;_o,w;_1) &
$h., 277L, TOEHTIE, SHEETFNVOERYA XN
INEL B &, RAGESEMSIML, 7A My M= T L %
DT AENEL BBV FIEVEL S, £2T, ZORM
HEEBLIZMIET A MY hX=FLEF L7 1 PPsx S
REINTVL 7). WHETAMEY M=TL X7+
TIE, KRHFEZ 7 A UNK WO ERAGED AT —Fk
A e 5 EAE L, REGEORZ DV ELm DL &, KAl
Hw;, kMR e PUNK) v ity s,

HEEEME (Cor.) B X UHEELEEE (Acc) 1, 1E
fREER (H), BERY OHGER (D), EIRGR) OHEE
#O(S), AR OHFEK () 2HWT, XkokHic
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H
= 21
Cor =g TDb1s (21)
H-1
Ace. = 5 p s (22)

4. EBEsHERENRE L FHOER

KRETIE, 3 ECTHRRAEFEICL > THESI NS SEE
T, EXFEHEOEHERHMFERICL > TRHEiT 4. &5
12, B—ZXDA L T 4T — D ADERIZONT S5
119 .

4.1 EBREH

3ETHNRTY a— b E-IFFAET N2, Eoa#E
AR E LRI X o TRl L 72, BARRYIZIE, CST @
4 BEREE R1O0FFHEY M) pPOFEE LY a—
MR=XFHAETIVE, 74T —=FHUMETNV[19] 12L&
T7149—%HEFALEEE#KE (R 1ORELY
N ZHLAEDET, HBUHE O AL 20,000 FEOREED S
% AIRER 3-gram ET N EEHE L2, FiE{bozo, X
(15) 12 & o TEF S N5 Witten-Bell N 74 7 & @A L,
N-gram 7y NA 7ORficlZ1 & L7z, £/, Ya—F
R—= AT TN OFEIZ1E, 200 msec Lh_E2>2 1,000 msec
RKFOR=ZAZ Mz, SHIEFUTO 200 EIZL 5.
12, K2 &0, 1,000msec LLEDOR -1, @EHAE
WL FEF NI T AERE—ATHA. 5212, 200 msec
R DR —=ANZDWTIE, CST I EFHRI TG-S hTw
Wi, FIHTE Lo, ZOEEIZOWTIE, 4.2 i
TR 2%,

ZOIEINIZ, FHO—HDH S VITEEE Y a— P R-X
ELTH o2V, BLO, HiEMIZT Y FLI12y 3 —
FNAR=ZAZFHALZZETIVEE L, 512, W (X
BH) % <sp> £ LZETFTNMIZOWTH IR 24T - 7.

SWETIVIL, 34 HiTCHRAZEBY, TAMEY b
N—=TVL* 74 (PP), filET A Mty bX=TL %
Y74 (PPx), BXOEHRMRERICBIT 2 HEEIEMRE
(Cor.) & HFEIEMIEE (Acc.) TRHMIL7z. HRAERMO
72— F3FE A OWFEE TH% L Tvw 5 SPOJUS (3-gram
SHETVICHESL L SATa=F) 8] v, FTEE
TWIL CSI o FH L Eay 7 XA MRIFEEET WV
(left-to-right MM, 5 K& 4 M550, SI0H5AT5)
Mo %D AREA Y A5 /WII5A) ez, Ear
F & A MEESHIETVTIE, 116 FEOSHICH LTS8
MHOATEE (Ja/, /i), Ju/, Je/, Jo/, /N/, |H/,
MEE)) #EBLTWAD, EFVEIL 928 TH 5 [13].
HFESMENFEIR 3OLBY THALH., SiEEALIHAN
FIUT 4 B EEETNCHEOEEMEE V2. 7 A+
v MZIE, 2007 FEICRFEIETIT IS, S, ThE
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* 1 FEB7r—s#c
Table 1 Statistics of data sets.

FHE v b M%EL v b FAREv b
s CsJ CsJ E S iksr (RikbE, EREE e 5o
(Faalim) | (BUgERRR) 1999 4E~2007 4F) (FeribE, 2007 4F)
AL 967 1,705 1,083 4
TEREEZ L 3,194K 3,584 K 38,668 K 21K
FEge A X 37K 48K 58 K 2K
£2 FALMEy MNEL
Table 2 Detail of test set.
ID | ZES&WH BifE H i i gy
T1 | % 166 ME% # | H19 4 BeEdE =4 HoHE I HAER%E D% 3
BEAS %9 | 3H15H | &, KEERD LM% Bkt
T2 | % 166 ME% ¥ | H19 4 SRRV i aEt TR, PR | dLilRE S R oW 3
HEES 8% | 2H14H ir*fhﬁuru’r?** PR IUERE O | BT
BILR RS 7
T3 | % 166 ME% ¥ | H19 4 PR IVEE—ESETTPE, SPRTIL | WASERO BSE & 4
HEBRRH12% | 2 H20H | FEMNESFTHE, PRTIVEEBR | 5K, LB 5
BEERIEEE 75 7S Bl
T4 | 45166 MEs N | H19 4 MRS H R ECR SR SRR R O | /M D G Risg 4
MZEA %105 | 4 H4 80 | XKSHEARBORESRAREEORATICNE | 7, B, -
9 BIREAE O 2 R TT ARy b

® 3 HHOW RN

Table 3 Conditions of acoustic analysis for input speech.

T 7)) 2 TR 16 kHz

VA AT S 0.98

I, Hamming %
IERE 25 ms

B (7= 7 1) 10 ms

s o A=

MFCC (12 k) + AMFCC (12 k) + AAMFCC (12 k)
+ AT — + AA ST — (5] 38 %)

NEL LEEIZOVWTORME 4 2 # Y, 100 L L%
FEASRLER SN TV B 12 HOBMEREE 1 X D556 (88 47)
EFNFCEERILALTIANEHE L., BREZH - E
A X eRK1IOTA My MillZ, £XEOFMEER 2

[N
4.2 FEF- 9@%@ L2
iR L72X 91 i\%fﬁﬁfﬂi, 200msec bL 22D

1mmmm$ﬁ@¢—x:%dwf&a—bf—f%k%
FIEEELTBY, 200msec KD R — RN3FH & F
NTWwiwv (FF I L7z CST Tld, 200msec il D
R= XDOMEIERIIMAGEN TV ARWZD), FLUI2LH
Phb5d, TANEY MBI L7 200msec YL ED R —
& 200msec KD K — X LT, Ya— bK—X
FAETWVIZEDR-AOFMMEERL LKL TAhIZEZ

R 2OFHEBOE
ThH5b.

I 144 TH LD, 2H4PEHELT0E72D

© 2012 Information Processing Society of Japan

B, BB LTp=0192 ETH 72D L, %
Fldp=0364ETH-7. TDLHIZ, 200msec KL E
DR=ZNZEONWT Y a— P R—=XFEAETIVEFH L7
WA Th, 200msec A DR — X124t LT, 200msec Pl
DE=ZXLY EFHATFUIHERIE Y B THAL TV, Ko
T, 200msec L EDOR—ZI2HSTNWTY 53— MR- X$FA
ETNEFHLTOREE T VWE W5,

4.3 N=TLXxITFILEBRRFEHEEDLS
CITUE, WEEEY a— MR- LT kT
&, va—bR=ZFAETNVEHNCSIEET I &L
TAORETFFEL 2B TS, v a— b R-ZFAET IV E
Lfi K4 DLIICCRF zHW 2 EE, K (16) D
\ZIEHESE 3-gram ET NV W A& KR T4. C
@ﬂﬁ/ﬁb 3-gram E7NVIE, CSJ (F1O¥H LY M) »bH
FEHLZETNVTHY, 200msec LL_EA>D 1,000 msec A
DER-AEFEEIZED. £F, FFEE—TLF 74
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x4 FREBRIZL DY 3 — b F—EATEO
Table 4 ASR evaluation of <sp> insertion methods.
<sp> | TA MT =% &k R— X1
No. Tk PP | PPx | #f% Cor. Acc. Cor. Acc.
(%) (%) (%) (%) (%)
1 <sp> L (%) 57.5 | 63.5 0.0 68.5 60.6 69.0 59.6
2 ¥4 (p=0.1) I <sp> &Il A | 54.9 | 60.7 10.0 68.5 62.6 68.6 61.4
3 FTRCOFME <sp> & LT 56.4 | 62.3 6.5 68.0 61.8 68.4 60.6
4 FRTOFAE <sp> £ LT 55.8 | 61.7 7.6 68.7 61.9 69.2 61.3
+ TRTCOMEE <sp> & LT
5 3-gram %W T <sp> ZifA 53.7 | 594 8.2 69.1 63.1 69.6 62.3
6 Sgram EJTC <sp> EHFA 52.8 | 58.3 9.6 69.7 63.4 70.6 63.2
+ ITRTOMEE <sp> & LT
7 CRF #H\WT <sp> &I A 51.1 | 56.5 9.5 69.2 63.4 69.4 62.1
8 ORI & <sp> EHHA 50.9 | 56.2 10.9 70.4 64.4 71.3 64.1
+ TRTOMEE <sp> & LT

610
S MRET A L T=sp=lTE
—e MEERALCT L A Bl Cas R i A
69.0 A FgramlctBsp=3EA
< CRFW $8<sp=iEi
~ N
i 7.0
@’
N\ 850
™~
1 A
¥ 53.0
1.0
49 O 1 1 1
0 a 10 18 20

<sp=$EE[%]

7 Ya— PR XOMAS D HE

Fig. 7 Comparison of <sp> insertion methods.

Tﬁﬁtt%%%m7m%?.m7ib FEO—Hd 5

A%%va—bf—fttfﬂm¢%;$%7»<@
@ﬁ%ﬁ’?z&A a— MR—XEWHALLSHEET
Vo (x) &9 b, 3-gram ® CRF W TR ZE LT
va— PR ZARMEEEZE) B THIREFEL, LD/
EWVN—=TLF T4 R LTS, LEHF>T, Wik
ZRE LTy a— MR- XERERLZED L THIREFRIL
PERTHEICHART, N=FLF T4 DETERTVD
EH1C, HABOHE . T—5%#%E+5H CRF % 3 —
FE=ZFAETNVE LTHWESEETFTLOS—T L F
T4 (o) X, ERTOHFEXIR/ZT %ERE T % 3-gram &
HWASEETLVON—=TLEF 71 (A) L/ EDho
2. o, EHREOXRI, @Y% g — MR- A EkAE
HOFMZH R TH 5.

F72, <sp> EEELRVERRETIVERAWVCT, <sp> &
ML7T AN T = NAIKT =T L X714 2RKD7-
EZh, MEFELIVOREREE 2 o7 (PP =59.0).
I, HAS [12) SATWE LI B, ANTFFREET
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VDT — 5 b HEEEX I E B L TRl AT Tk

MBS 5. ORI, <sp> ZHE L TEFEHMEAT
) TR, F—Xe@mBHFEL LTl Tk b, R*E
FHED L)1 <sp> 2B E T VALY 5 0K T
b5b.

4.4 BERBICLDIERFEEOLSE
%u,%ﬁéﬁ%ﬁ £ 2 £ FHEOGFE R AR 4 1R
. 4B, TITIE, TAMNT— SR B K
Mz, R=ZXORFBDHIBT 5 EBEOTFML. 2
T, R—XORBEE, K- ADOEH 2 HiEB L OFE-X
DEHR2HEFEDOZLTHD. ¥, <sp> 2 LDODETFI
(No.1) T, <sp> ’iof:@@[ﬁb“(ﬁ%f, ¥/, E
BOBROBINIATIEF BT S Y 3 — D R—=ZA95FX
T%@i%kbf%a&(‘%ﬁbﬂb)éﬂfbi‘

{

M

-
—

C‘:Z’?)%, /\’_7 l/i\L/T/f C‘:iung}jﬁkiﬁﬁpf j:H—‘%)Elz“ft
ReoTnd, THIZHFL, <sp> 2 LHIPDRTEE
THIET, X=TLF 54 RBRRERET LI LN

TELLEZOLNLY, <sp> PMEEOMEIZHN) % &
g Lz MR ET N (No.2) TIEIRELEEIESNE
Modz. Fiz, EROFEALITER O & FMFIZT =3
AMOFEE Y a— PR LT HiE (No.3) 23
IT2H, TH S L HEBNREOUEII/NEpoTe. BLEE
IZBWTIE, = S ZADIEREP G Lzim s, FEBo
HFEICBIIAY a— P R=ALR@ZLFLIFTIEL TR
75‘%’6&)%. AU L, 3-gram X CRF #FJH L, Uik
AERBL Ty a— MR- A ERERZE ) B TLET I
(No.b BL U No.7) Tl&, =TV X741, fiENN—7
L& U7, BERIEMES, HERRRRRE O T XTIZBNT
N=AFA 2 L) bEWERIGF Oz, BRI, EATOH
FEVIRZZVGAEET D 3-gram F Y3 — P R-AFAET
VELTHWZSHEET L (Nob) L0, ERZOYE
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x5 EEKMEERE CSJ % N-gram #7 ¥ MREA LSBT TV OF ik 5k

Table 5 ASR evaluation of language models based on N-gram count marging.

No. Fi: PP

<sp> | T A MT— %41k K— X JE50
PPx WS Cor. Acc. Cor. Acc.
(%) (%) (%) (%) (%)

9 <sp> EEEmvESA#ESE (No.1)+CSJ | 49.2
10 -%ETFH: (No.8)+CSJ 45.0

54.3 1.4 68.9 61.7 69.4 60.9
49.7 10.0 70.6 64.4 71.7 64.2

- E—TREETH CRF #HWSEET LV (No.7) OF
PEWIERESF O Nz, UL, 74 7 — DA [19] D
BLAMDOWERTHS.

T/, MEEYa—FR-—ZXLLTIMRABIET, /85—
TLETT 4, WIEN=T VX7 0, HEELEMER, HIE
AR I En TN EN R O (No.b B LU No.g).
WIS, R=AT A VN, RETFHETAMT—%
LEARIIRS 2 HEEIEfRSR T 2.5%, HEEENARKEEE T 4.0% 0
MR e 21572, 2D L1, No3 & No7, BLUY
No.d & No8 DI LY, FHOEHREID b a—bFR—
ADIERD ST T FAMERE L THITH L. %
B, fFofE [15] 1240, RETE Nog) &, "= 7
A Y FiE (Nod) £UERFE 1% THRELSAEIZE .

Pa—bR-AEELLSHEET VAT 57200
PERFHE LT, Mz v s FiEbsbic, K- X1k
EFELRV (3R TG%R) 3= XAROER L7255
ETNE, R=AEHREGEL I NALSEK L7 5iE
E7)NV%E N-gram 717~ MEETL2FEDVH 5 [24]. K5
\Z, N-gram #7 ¥ MREEELH WA EBR O R LR
F. No9 &, F—X1EH%E & T 2 VESSHSED, S IEK
LSEETV (Nol) &, B—XE#HE &L CSI (#1
DFEYy ) POERLEEETVE, 1:1 DEAT
N-gram 717~ MEALIZEHEETNVTH Y, ROk
M7 N-gram 717 >~ MEAFEICHNLNT S, No9 L, %
FiE (No.8) IZHRT, N=FLF 71 BIUHIE \—
TLFIVTF4IEREEINATNDE (FLEERBOMTIC
L5EZE2zHNE) o5, HEEIEMEL L O HEERRRKE L
KTFLTwA, L, fERD N-gram 77~ MEAH
(No.9) TlI, EE&E#HSFICOA NPT AEE Y 3 — M FE—
AHABEICE D 3-gram R 2-gram DSEE S N7\ 72
O, TARMI=XZIIBIT S 3-gram & v FFDS 78.6%H
5 766%IIETLAZZEDNERENEEZLNDL., LoT, f#
%T4: (No.8) 13, fiEkD N-gram 7 7 » MiE&H: (No.9)
IDDREMTHDL EVE D, KIZ, Nol0ld, RETE
LD ERENT-SEET I (No.8) &, CST (1 03H
oy M) OERLAFREET VA, 1:1 DEAT N-gram
By MRELZZEEETVTH L. Nol0 lE, I—REFE
(No.8) IZItRT, N—=TVLF 74 BLOHL S—T L
FUTFARRELLEINTVDH, HEEEHRB X UH
PR IZIZE A EE Db > T\, No.10 @ 3-gram
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oy ML 81.0%T, EFE (No.8) @ 3-gram b v k
786% L D b, LA L, Nol0ll& Ehb 3-gram
12 & o THZAHN—=E 72 500 4T DL TR RS R %,
REFHE (No.8) OEFBMER LIS &, MA#s N
TWEATIE L S Rk s 5 X 5 1228 L LT iE b §
M33AFE o, TOLHIE, FEEBOMEE V) E
HrOR L E, RETHE (No8) &, ETHEE CSI %
N-gram 717 ~ MEA L72E TV (No.10) (ZIEVERE % 3¢
Dl b,

CRFICED v a—FR=XIFAETI A EZHAE
bEZSHEETN (No8) &, N—=AFA4 VOFEET IV
(No.2 BL U No.4) 12X 2 EH BRI, FEEHNCILE
L7-kERA5R 6 1R T, 55% Sh D HGEIEMAE L 55% S8 O
HEERRARREE L\ ) 2 2 0fFFL 2 BT, IR T (No.s)
&, N=25 4 FiE (No2 BL U Nod) &b
REZRL TS, L2 o T, RETFHE, T ALDF
HIF L THRTH 5.

RETHEOSEET TN (No8) EN=—ZAF 4 Y DOFHETE
7 (No2 BX U Nod) |2k BEmR#MAET, &30
WCHELHERER TIORT. SRHOMELNRIZAE
WICKRECERLL (2) 12b22b5bT, A MY +
ICEINBETRTOEFEIZOWT, I—EFHE (Nog) 13,
N=Z254 F No2BLUNod) L1 HEWHERES
RLTWE, Lo, EFEE, GHEICLILTER)
ThH5b.

%5, 06 THY LB OKEE L ZE L -388%TF
Bl BEAL M EROBBFLEL KL L
A, N=FLFIFAIIBVTEIZEOTHEIC L piE
DR S NT0H, FRERICBWTIIEE L UENS S Nk
o fz. BN E ZE LR, FRIS, R
L AT O SRS CH LB ICAMEE R D
NB, LEOF AT =8 TEZED X D) B
KD T2%9D R TH 72720, HELMRELE LTH
NGEMo72bDEEZLND,

F 7, REOERTIIH KT 60%FEEE ORI ANEMR
BN, ERBRENGEE Ly AERETIE, 22

6 72k 21E, No.7T DETFITIE, WA ORI E ZRE L%\
GON=TLF T 113605 ThHotz. T, BLHEAL O
FPEHEOHIRDIN—T L X7 113, BEOUALEMEL ZE L7
WA 449.0, HAIB OB ZERE L 241213 981.3 T
oz,
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® 6 FHNOLE
Table 6 Comparison of ASR performance for speakers.
N=AF AL PeRTF:

D | s FERh JL’H; ?%%u No.2 No.4 No.8

IREFH] F# RS Cor. Acc. Cor. Acc. Cor. Acc.

() (%) (%) (%) (%) (%) (%) (%)
S1 676 | 1,342.3 5,197 0.29 72.0 65.4 71.0 64.6 | 74.2 | 68.2
S2 54 142.3 642 0.16 58.1 53.6 58.9 53.0 | 60.6 | 55.1
S3 70 139.6 477 3.98 70.7 58.1 70.7 58.1 | 73.1 | 60.3
S4 72 165.1 724 1.24 63.1 57.9 61.8 56.6 | 67.0 | 62.2
S5 226 645.4 2,621 0.95 49.0 43.7 51.3 43.3 51.3 | 44.9
S6 234 949.9 3,630 0.99 84.0 80.5 83.8 79.5 | 85.3 | 82.0
S7 18 103.2 464 0.43 69.6 66.4 70.5 65.5 | 73.9 | 71.1
S8 59 186.7 590 1.19 70.5 | 58.8 71.5 58.3 | T1.7 56.3
S9 104 373.5 1,112 2.16 74.8 66.6 76.8 67.1 | 77.2 | 69.7
S10 316 808.8 3,416 1.26 61.1 55.8 60.9 55.1 | 62.4 | 56.6
S11 49 175.6 747 1.47 79.1 76.0 79.0 75.4 | 79.3 | 76.2
S12 65 244.6 952 0.21 63.7 53.2 64.3 51.3 | 64.7 | 54.2
a5 1,943 | 5,276.9 | 20,572 0.94 68.5 62.6 68.7 61.9 70.4 64.4

x® 7 SO
Table 7 Comparison of ASR performance for talks.
N=AT{ RET

o | s %éf%ﬁ TR jkésu No.2 No.4 No.8

IRF T F FR Cor. Acc. Cor. Acc. Cor. Acc.

() (%) (%) (%) (%) (%) (%) (%)
T1 360 | 1,041.6 4,038 0.99 54.6 48.4 56.0 476 | 56.9 | 49.3
T2 333 760.5 3,201 1.97 61.4 54.9 61.6 55.0 | 63.3 | 56.5
T3 845 | 1,872.5 7,380 0.24 69.6 62.8 68.8 61.7 | 71.4 | 65.0
T4 405 | 1,602.2 5,953 1.23 80.5 76.2 80.9 75.6 | 82.1 | 78.1
it 1,943 | 5,276.9 | 20,572 0.94 68.5 62.6 68.7 61.9 70.4 64.4

FRH S [23] D & 912, 80~90%FE L D FRFRAEFE 2 3 L C
WaBlbHsH, ThiE, E11Z, FEETTIVOENVIZLS
bDEEZLNL., BASIIEET TNV EEAERDOT —
¥ W7o EFR Y ME (MPE) #EICE o TFEE L,
EHIZ, FHEXE S LICEEEHLEToTWwa,. 2

L, &amim%?»icwﬁ%?f‘Wm>%mbf
bOTHY, FFEEILIIITo T, E212, FKHS
356 L S SRR O S AR & B L omet AR Tk 2 58
BEEICHEPLTVA izx L, 4 1d CSJ I THE
Méht%ﬁ%ﬁ%ﬂiﬁ W2z 72D AT, %L%ﬁ%
B OREEE O E U TIRRENTH L. 5312, &
H S I3 E RO 73— 7&LT2AZﬁT®TH '
(Julius revd.1) #fFH L TWADIZxF L, FADHW2F
I—=FE 1A THY, JRAAT7Y 73 roTnwi
W, A, RO L SEAEICL o TRELCER D,

FeADBINFE TIAT-> ERTE, ERBEOR VKNS
HEEROEVAEL T30%MEDGRIEE OV AL
TWh,
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4.5 T747—&¥3— bR-—XDEEZk

5 [16] DOELHT G
7 — DIE AT

L 750471

DIEH] -

D EoMEEXH) OEH -
N5EEGIE35.2%TH o7z,
ZNIWEEE L CHBLS 28607 E

BWT,
Ze T L7z CST D4

CEROVT I
HIXH) BN EAE 81% L IEFITE .
5 [3] ® Stouten 5 [4 [ ] b, Switchboard I —/3Z2 Z X4 &
HEFEBRD AR R ZHET NS, BT
SRR ICB VT, 71T —
BEHZEOWTNHAPIZR =X (200 msec Lh_EDHEE[X
W) BN BEEIX56.0%TH Y, F72, F—X (200 msec
EHDOWTNPIZT 1T —HH
T4 T =R
W Enn, K—XDffiA

—.‘_]_\0_

—MEIZEELEEIZBWT, 74 7R —=XTH WV
BLTHBALRT W EHON TS, & 21E, Fl
BERAEMRE Lgmic i, 74
A (10 msec LL_E O E
¥ 72, Gabrea

ZDEHIZ

WCBWTL 745 —DERITERER T >~

FAbNA. EaRiE

FZAMELTEBHLT,

L, 74 7—fAlL, JERIC

TX¥ANTHAB L
FRIZIET7 1 7 — WG I TV
Wiz, REOFERTIE, HEHFALZ 7147 —
R=ZXDF%EIT-> T 5.
VAN =t
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LA THY, HEIFA L7 4 713, MEDT7 1 T— L1
KRELBER YD H D, CSI ORfHHE (F1) »o5FE L
7274 —AET VAR HWT, OS] O%FaHE (F1) 12
HLTT74 79— HEFAT H2ERYITo72L 25, 74
=D HBFASNMBICBED T 1 T —DAAET HE
BlE215%THY, HENFASINZT 4 7 — OFEEHIHE
DT 4T ——HTLEET102%72 572, ZDiz0, H
FIHASNTZ T4 T—2BRLTCR-XDTFMEIT) &,
A LR — XA RHERZEH )BT TLE ) 2L
Bashs.

COME DD, CS) OEFGEHRZ a2 — /XA & L
T, (1) 74 9—%ZBBLEVR-XFAETI, (2) HE)
AN L7147 —%2BRT K- HAETIL, (3)
EBEDT 4 57 —%BBTLR-XFATT NV EVD 38D
DR=AFAETNVEEHR L, TNEN% CST DFEEF
HWICHEH LT, 3l OFFEETVEMER L. AT,
(4) CST DELAHHERIZEINLEBOR - A% 7255k
EFNVEER L. ER L2480 OFFEE TV E, CSJ
DEFRHT A ML b test-set 2[10] # 7 A b T —/%A
ELTRELEZS, ZENENOHIE =T L XV T 4
PP« 13 86.9, 86.9, 85.5, 83.77o7. XoT, 74 9—
OHBEIFAL, R—ZXFUEREL G2 TV hnweEE2
YN

5. b

KL T, SHEMNRTEF YIS OBERIZHED K-
AxFEBICER L SHEETVEMBET LI LIZL-
T, R=AJHBOBFEDEFRMRELET 5 TEERFEL
72, BEETFVEERT A OO —RA (ESE#HGEFR
PR L) 1CiE, WEEVIHTET, SEME L 0 IGER
FTHR—ZOMBERERIZT TIZEINTNE., T, EX
LI — S ADMFHE & E— ZAD—FR2 5L, K&
BAR—ENHLIEEHOLNI L2, F2T, WFaDqE
FIRHEL L, K- XoMHBEIED ZEEEE LT, SHEWN
FLFEYVDHMOERICES S R—-AOHMBINEY, LS
EHF I = NRAEDOWTEH LAETNICE > THID 2
LIk, R=AHBNEDEHREZEL-SHEET IV E
TERL L7z, EIS#HEROTHRRERICB VT, REFEI
BEOLKR A2 BB LSHET IV EHCCRE#RE T 72
LA, kO mEEE K= B SR SEETVE
LT, "=7L* 71 BIOEHEIBBELSET
HZEINTE.

S50, P L7714 7 —@AETVEHT A S
CIZEY, T4 TR R=—APEREICESREI SN TV
W= XAZHF L, 74T —ER=AEHATHILIZL
D, SiLBEOSHEETVEMETELI L ERL. 72
2L, KX oFHE, B EOF W2 ITIEIE LT
W, A, EESEOBRREFELSEOSVE LICE
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I L ENFFEHTINL, REOEIFEI /1A
HR RO LEEDOTHET TV OMENTRIZR A &
FAbND.
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