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Abstract : Statistical methods are proved to be effective in speech and natural language processing for
various languages. Since there exist specialties with the language being processed, there are many
differences among the language models of different languages even they are built in a same way. To
investigate and analyze these differences are useful for improving the performance of the language
processing.

In this paper, with the help of a parallel morphological corpora composed by Japanese, English and
Chinese, we will evaluate the Chinese morphological corpus and language models by comparing the
distribution of utterance length, parameter items of language models. We will also analyze the
characteristics of the perplexities for different language models, and find the most suitable one for
Chinese speech recognition. Using these analysis and experiments, we will investigate the reason that
impede the Chinese speech recognition improvement.

) WaDE LE, AT, K, 5 EOHEEOR
ATR Tl BB AT LERRT S0, SiTa T SARBEL TS, AT A, BT, Kb,

oo


島貫
テキストボックス
社団法人　情報処理学会　研究報告
IPSJ SIG Technical Report

島貫
テキストボックス
2005－SLP－58（2）
　   2005／10／21

島貫
テキストボックス
－7－


PEFET N TORFRERICR > TEY . 3 »HED T L
NEHEZ T —RATH D, BIE, ZhbHDa— R THE
SV ERBEET VOMRET L&, F k& O H BiE
SROWFLE - BARICHIA LTS, LaL., BT D
BOEERNLT, HFIYAT2MELEZR -7 H0
Lo TG, FxlE, OWME[L]T2 0 FXDOFERE
TEREFR o — S 20T LT, JEREEMITIAEEOH
it BREET NV OF KOS RO EERERE R~ LT,
FIT, HOBEOMAIEONZLOD, HAGEL L
NTCHFFRHMMERES., TR S hminl b o7z, ARy
TIX, FIEIOHRERENS, FIZ3 05 XD a—/"ADiB
MU, TEREFEMATLRRICK L THERIRE R 21T - 72,
AgEE, SEIEH LEFEFEa— AR EHRIZ, 2O
JEREFREL NEFETT VOMRELZFMT 222 A/
EL, ZFODIC, BARGE, JFEO/NRT LT —/RK
BLOZEREZHWTERESNEZSETT LV EHBEITH
ZEICE T, HEEEDO 2 — R EFEET VAT
Do

DIF. # 28 Cld,. ATR D 3 » [FHED /3T L IBHESE
T RAMEICEH LTS & LB, FEFEa—/NA
WZOWTOMHEITY, 2 Z TIETEREOREZDERE
FEZOWTHEH L, 20%, AESSIEICET HEE
FORIONAR, BEIA X R EE RO T 5, 3
HETIE, EBICIC4AEBEOSEETNEER L, D
PEREZ L+ 5 = LT ko T, HAGE, ZEiE., PEES
SEOEVNETETTIVOMRICE 2 BB 2R
Ll bz, A My b perplexity I2L > THEREDS
FEETNAOMRRE TN T 5, H4ETIEH, ENHLDOET
I T E IR R Rk KON, RERkER oI
M4 5E8R41T5, HoZIILTOTHY, BUROPE
FEa— AR NET IVICIFTE L TV A & xRz o0
Ti#amd 5.

2.
2.1 ATR

ATR T, IR EFRR S AT L 2 HET 572012,
SHOSHERRAE G a— A2 EL, EHL T\ 5,
INbOa—2F, ta, ARFFFROZDIC, S
FIERIEFTET, DOBEED RAAL U ERGE Lz
ARGERCIGEDOXFET — ¥ Tholz, T —% OWEFIE
ERAAL NI ST, UTFTDLE S 72T —% v b3 E(H
STV 3,

SLDB (Spoken Language Database) | A D @RE
LT CTh Y, xEEEE L OUBaRE OFEE & Ik L
2HDOTHD

BTEC (Basic Travel Expressions Corpus) [3/i%f7H
D2 G THWOND EBEZ LN LR EZEHFEZH L
THRRZMAEG LI DO TH S,

MAD(Machine Translation Aided Dialogue)iZ ATR @
BRI AT L& L CHEOFEF I mE2 1T,

1 BB MAD 7 — & O—H1%, ATR @ HHEFFIRR S A
TLENLIZAHOFEEORGFEICLVIEEL b OB H
5,

0sa

TORIEEINE LD TH D,

BE, 2o T7—2DH5b, —HO HARGEIZR LT
wEEE L BT, PERBICERRR 2SN TWD, #E- T,
ARFER R E LT D FERET — # 1%, BARGE, 9558,
FEZET X TORERICR>TEBY ., =, EHFEONRT
L a—/ A7 TV D,

2.2

Fxld, PEEE — S RERFEEXELT L2010, JEEK
FEVEESHIET (PKU) o TBREEESRHEI THE
—AREY) oy GEMERE] & ) EREEMRAT AR R A X —
AL L, MEEEMNGLETHIEFMREENE LT, FE
FEDOBRERRIT AR 2 T -2, Z OEEICE SN\ T,
HENLEL L Z ORERICKTDATOEEEZITY Z LIk
ST FKLICKREINTZ54 TXOHEFEFRESR 2 — A %
Bl Lz, ZOHIZ, T X L2331 FXERY, 7 A b
FT—HX L LTED,
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AARGELRU L HIC, PEGEOCFEIZIEED L 9 72 HEE
MDOZAR—=ZABFEL TR, o T, BARSIENH
DRI L LT, JBREEMNT. T bbETHITH DX
EAIBEREMICEY Y | S HICHFEAS 2 LN
Lo TL %, LnL, FEGETIE, W 21O ER
DEBMNFLET D, PKUIZZFDOT TH b R EHRT
HY, MMOERLEXBTEH7-0IC BT AT —2a v
HAL] E WO AR AN TWS, PKU OERETIZ, Fh
EHWT, W= 2D XL E KO OEW TN XY)
LONERDTND, Fx OPEFEORERMEITHALT
X, FHIE LTED T2 AT —v a VHEAL] ZHE
FEOEREFE L Red, xR CTERINATWHES
AT —a UFEE FEARIZ PKU OAAEEICHERL L
TWb, ZOHEMBE LT, PKU OEIL, PEOSTEE
FRHE L ARSHEUEOEMFENEFE LR THIE L2
B]THDHZ &, FHRICESHTEESNLZE KRR AR
H#HMOa— "ARARFEALATHDLZ L, £ OHEGE
SRAFLDO B CRHAIN TWA Z EnbiFboins,

25N T1 ) WCER LIZMFARIC, TS (o) 2B
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%ﬁMﬂckwT HARGELHGELRLC I HIC, BF
SEAHE DD, FNEFNOEERBEILENER S
NTBY, ZNHICHEST, a— 20K FEZED B
TW5, ZZTESHEICHT oM. 6 OFEERE
HDa—sR2 %t LTIT 9,

#LITRT £ 5 1C, HRBIRICH 5 A AT (IP), 2678

(EN) RUIEE (CH) OD%%EE:—/\";;: Py

<. EZIKEDODLJ\ ;&75‘15&%)§< 5‘%5:175‘%@/5({ EF'
EFEN R bV, —JF, BB A X%, PEES KD
%< (47,300), &RV, HAGE (45,500), Z3E (32,900)
DIEE 72> TWD, WIZRTHISCE, BTEC OFET —

ZNBRYHLESERBOXHITHDL, [IHFITZEDOIT
BENDIRERKTH D,
il 3¢
(1) CH: /(1]
JPiRLR/ T/ [2]
EN:i’ m/ Okey/[2]
(2) cH:4B/ R/ =/ 12/ B / B/ 71/ [7]
Jpr ER/ 2/ 8 E/ s/ EL/ 2/ (7]
EN: i/ locked/ myself/ out/ [4]
(3) CH: ¥&H/ Bt/ 0/ ©5/ [4]
Jp: / T4/ ME/ X B/ EHA/ (6]
EN: you/ don’ t/ need/ to/ be/ hospitalized [6]
(4) CH: &/ =/ /B /8y N /(7]

JPEBARFE/ &/ FEED/ N/ X W ET/ 0/

(8]

EN: is/ there/ anyone/ here/ who/ can/ speak/

japanese/ [8]
HAFETE, T, &2, 28, D) f&f‘@%gﬂﬁﬁﬁ:bfﬁ
b, FEEL£<, ijﬂlfﬁf“?b%u\ —J5. HERE
AFEOBFINCHY T H&EZ T HRERD D720, ':F’
BT Joko kg Fﬂi@n‘i)ﬂ:@ A R oY A WE SN AT
BEDE T HRTERE [ 71, FrRBIte s R I &
T8 EDLI TV A, FEEN D20,
B 1%, £5FED5 0 HXDFET =20 o H b5
ORI (—NTEENABELEDOE) OO ThHS,
BUZRT L oc, —Hiibz 0 ORELZLIIPERES—
Febind (F¥ 6.95), TOWIE, #3ET (7.74), BA
FEIT—FEZ N (8.60) Z LMol

Distribution of Utterance Length
18%
16% —e— Japanese |
14% —=— English =
12% — — Chinese [
10% [ AN
8% 7
6% [~ ~
4% ~
2% B
0% L I R R I
)
L T I R
length(words)
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KUIRLEEL OIS, PEFETIE, ENFEN DN
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L4 HFEFETIE, F—FBTHO 2R 5, BN
ERFOBIEN L,

® [ U RER DR % PEREEERICRS N
TWo, ZhiE, FICEALFAOEAICE < RE
LTWo, Flzid, #4 “7 FLR7 i3, “PiEse

137 L PR ICRL TV,

%<@ ENEEICHWON D720, BEAFENERS
nedn, Blzid, w2’ hn,
LHEAENEREND,

ZOHT, RYPOHEEIL, WFEfTT O oK & 22FIK
EHR AFICLDEEEEROHKROFEK & b7 5,
BHOEBHIITEEORBCTH Y, HEMoN 21T 5 &4
HERd D,

ZIUTK L, BARGEDREEYS A ANRLZWV DX, LLFD

ZENREZDLND, MEOKEMICH L, IHHF CR
I« WG - R ILTE - WY - ETE - maTEe L)

N6 ERITHNTWDS, ZTNOHDIFARIEE & 2 KE’
BRI TH- THREEHB & LTIBcBRE I TN S
FzIE, <) OGHAE TH9) i, BEEicxrl, v
DHODFFESIN TN D

(1) BT | 77 I AREE| HBh [1E] | [T
(2) BT | T | L | RS | TEEA [ | | [RT]
(3) BT [T [ BT B | R | —Be| 72| | [T ]
(4) BT T 5005 | R | —Be [#A || [HT]
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Fricah LEEOT — X IUEIX, FEFICHEETCHL, 20
7o, VAT AEETIE, RONTEBEOT —X 25T,
SEETNOINEEITD ZENBV, ZOHAE, BEO
HGE N-gram TiET — X ARX—ZADORENEZ Y 5 <
INERIT HIoOD, HBOMNFEDRERERINLTVD
RFEHZRBDIZ, 7T % N-gram Thb, HEMOER
HERITHFBICRT 27 7 AMOBRMHE L LGRS
%o, ATR Tld, 2DV FAR—ZAFIEETLEL, < LTF
27 5 A N-gram, R O~ /LF 7 3X%§é\N-gram BIEL
TWA[1], ZTRHOET VLT TIZ BEEIER Y AT

N iab\f T DA NVED R ézhfb\é Al =6

WCHEFRICBIT DAL R T 57201, LD
@%7» ié%ﬁ%ﬁoo

(1) HFE2-gram (w2)

(2) HAZE 3-gram (w3)

(3) =/vF 27 F X 2-gram (MC2)

(4) vV F 77 A4 2-gram (MCC2)

I TOFNEIL, ETADOY A X, TAREY B
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3.2

LR, TEbODRVIRY, 87 —21F, £1D50
FXDFEEFT—HT, 7TA My MI, £1IRLET
A by FBRERATE 1524 X TH D,

3.2.1

K EBOFET—FMPORIURO 1 6 FXLEHNWT,

H 55 3-gram % {E - 7= ( Cutoff=5, Smoothing =
Good-Turing), & 21%, £ H D 3-gram D/XT A —H
Bakd, £, B2, 2o oFicHBl Lz 2-gram
HBUBEE 0BG 2R d, Zhicky, 2ET—XIEF
NOWREFRIIIFEGEN —F LR, ETNADNRT A —
ENE. TEFEN—FELZNE WD ZENG0nD,

WIZ, TA MYy NXOREERREREE P fr e —
B, R3O T, by oFEHTy bo v—xFEE

M—FRE L, H$;nﬁ‘#§/héb\ DFED ., KPERE
2 —/XATH, XEHEET D7 DI BRI A A
FE. BGEL V2V ERNb D,

R2. HEHDIgram ITBI 53T A —F DI

ERE H AR Py
Words 1,043,960 | 1,286,790 | 1,140, 860
Parameters 177, 668 166, 214 153, 734
Ratio of bigram occurrance in LM

70

60 ‘\ —e—Chinese
2,50 \ —=— Japanese —
E 40 ——English =
530 \\
a 20

10 A\:},\g

0 | T A ; A= T
L Bigra%n Occur‘}ance 5 6

2. ZXEFEDOET VO bigram = b U O HBEFO
s

#3. HEEFHEOT A PMLOEH T b E—

qj.ﬁn Elztgﬁn %g
TAREY FD
T g 10, 030 12, 344 10, 840
FEEEY AR
§o e sl
LD 294. 58 165. 80 202. 92
=
F7-. MMOSFEL LT, PEEEICE, BIZEEY A X

DREWETTiFe L, BHEOEKW 1-gram, 2-gram K
O 3-gram DT U b0 Bl 21X BHEEDS 1 0 2-gram
T RUM 2-gram = R U BED6 0% E M TW\5D,
b d 2-gram = b U OfESRIT, kI Lo THEE
TEI226G7. RERNICHEDRTAZEZT, 2F0.
HEREOL AL, T — X ARX—2AOMEN, thOF3E

DREWEEBEZBNLD,

3.2.2 Perplexity

TAMEY PEREET, FET - REBS S

@ 3-gram Z{EE L, ENHOT A M b PerpIeX|ty
ROz, TORRIE, KM 3RS TWD, FHT —
ZOHERIZED ., MO FEFED Perplexity OfED /NS <
RAHEMN DD, B, FET—E N DLEICENL,

Z DORAMER /N E L 720 | Perplexity O/ AT
D,

Perplexity with Training Size

50
=) 40 T —s— Chinese
230 —a— Japanese
o .
s B I — —#— English
a- 20 e =

10

160K 480K 500K

Training Size( Utterance)

X 3. Perplexity & %8 &0 BH%

3.2.3

4 [ZHZHETNMCHTHHEBEOT A MY O
Perplexity # & THI#RTH D, 7 7 ADEDOIKIZ E-
T, w/F 7 T A 2-gram &~ ILF 7 T AL 2-gram D
Perplexity 2ME< 22 WZ <L TW5D, £/, v T
7 J AfE 2-gram @O Perplexity (X, v/ F 7 T &
2-gram £ VKV, ZHiE, [BlIZRW T HARE L HFEOT
TNATHLNIERLEF L THD, HMIZ perplexity @
flE7> 57 V& d 94U, B3E 3-gram,~ /L F 7 T A%
& 2-gram, HiFE 2-gram, ~ /L7 7 J A 2-gram OJE &
%, HL., ETNVOERIL, hokkx 2ZEREZEE L
RITIUT IR B 720,

—J. BEBHETNOY A XL, RIIRT LT, <
NF U T A 2-gram & < I)LF 7 T AEE 2-gram DT 7‘
— Z B HGE 2-gram O 14—16% 1B E->TED |
YR NTEMRROETATHLZ EER LTINS,

Perplexity of Different Language Model
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F4. PEESETNLONRT A—2H2

E7 L OFESH RT A=
HiZE 2-gram 489, 370
HiZE 3-gram 1, 636, 634
~/VF 7 T A 2-gram 82, 232
< IVTF U T AKE 2-gram 68, 621

Bl = — S AR OEFHEET /ML, FHEBRY AT A
OREE BN L LTERSNTWD, EoT, ZOME
X, EEOTFFR AT AIIBWTCHERT AL ER D
%, BlZIE. Perplexity I35 ET VOMRELZERDT R
WRETH DN, LT LbHFRMRICHIT R IcK
fd D 2 LIERBRW, £ 2T, Ak Perplexity #¥fh

THWESEEET VL ZOFHET —# D 510 L& MW T,

M EZE S AR & DM 21T o 1=,

BEET VL, 540 4 (B2 270 4) OFEHE D36k
HBLIZ2 1 HREOHREREERT —#X—R 2L o> THI
N2 ERBEKREFE HMNET TH 25 (ML-SSS {4,
1200 fREE, S5IRA. MERRTE), ZOTF—FX—R|Z,
dbnt, B, KRR ORET 7y bR EES
T—HThHD,
FEEETNOSWGFEMIT, U T L2782 7Y
V7R EIL 1 6 KHz, Fi#&EIT MFCC, AMFCC, A xt
BT —Th b,

4.1
RIUTLTWDOIEFHEOFET =201 6 T X%k
FAWC, HEE 2-gram Z1EV | Bk ERE21To72, &
ORFHEE, K5 ITRT,

Z Z T, WordID 1%, HEEHEE, Mk OMhoE® (H
AKFEOLAIE, ERARE) 2BELEOL2THR—H L
BADOBEIERE L TH-> TS, ZHickt L. Surface
Word I%, EEEOHLEEEB LI-LETHD, ZORNG,
HAGEEJGEL, ZOMEORHEEDEIT 1 BRERETH
DN, FEFEILI2% 2B TWDLZ ENghDd, a—X
ANt T D Al DS BRI UREEN, Z0ED
BRKOFRTHDH EEZ LD,

Word Accuracy for Each Language

96

94 @ wordID ‘
§ 92 7| m Surface Word
S 90
S 88
3 86 [ 93.87
g 84 —

- 87.96

82 84.8

80 [

78

Chinese English Japanese

5. £ SiE0HGE 2-gram O HEER R

1 = VTF 7 TR 2-gram L O~ VT 7 7 24 2-gram 12,
7 7 Z#5=2000.

4.2

X 6 1%, SFREDET VA - 7= PEEOE RO R
Thd, KiZmashd Eric, vVvF 7 7 AEEE
2-gram 2, ILEVEREZ R L TEY . HAGE, H5EL
FEOBEMmTH D, v /LF 7 7 A 2-gram (% Perplexity
TILHGE 2-gram L0 HE0WD, BiEkRTIE-> T\ 5,
ZORRE, ~/VF T T A 2-gram DFFNT —H ZA— A
OREL THEETH D EEXBND,

Fo, MmFAEBELGAORERREIL, REEOL
EEE LIS EOHRERMRE LA, 2% EOEND
HZER, TRTCOETAICIENLTE 2D,

Word Recognition Accuracy (Chinese)
= 90
> 89 O WordID
g 88 W Surface
S 87
< 86
S 85
s B 87.3
=3 86
§ 83 - 184.9
ox 82
w2-gram MC-2 MCC-2
Model

6. PEFEICEIT 2HE T L O HGERHE

o

FRBICB AR 1T, FEET MCERT S
L, SHEETAVCERTZILORD D, T 2T,
ET RN T BV IOV THRSL 2O,
WOEMEHEINEZRIE L2a. Thbb, BEES
JVIZRE D 7oV ERE LT Bl W T O 21T - 72,
ZTE, AN IEMERINEERT D LS RIE
REEIID S 6, SELEN R LAV OEZFEET LIC
RRD DRV ORISR LTWD, LT, 2Ok
iz 20 2o+ Z L2k, SETTI/VEM
OMEREAE B L OIS 2R T 5,
ZORBMODIZ, BB EZFEO T I VITHEL
72

(1) 7 AVT—var=x=T— (261#)

BE > —> | I, | >
(2) Sl =7— (4 5{#)

Bl fde—> Ly, [p—> /v, /n-> /ns,
IN—>FEIt, FEIp—>FEN, fa—> /p

(3)  RuEE, FERFHE, RFFHEREOT— (4

1 )

i —> [, RANEAS, BRT—>HIT, EHfti—>
HE, AT RIS, B> TR/ AR

YA T =V a2 T —ORENITEE a— 2 H
KOO BRRTH D, Bl 213, “RE—>FR/F" TH D,
Fl—E. B AT = g CAKOBKRMEIZ L 5T

=Tl o

[y
(

2 5ok, V77 LUOARERT, A RERRTHD
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BAELELOLH D, HIZIE, R/ L7 AR M
EHEELE, a0 TR A MIIoTHBIL 2 TIER D
AN

ShEA T 7 —TClX, DED Y — R LTV D,

® @4 (n) EALFTE (ns) .

T, EEOEROEBHENFRK THD LEZD
nd, Ao ERE AT 2FICED, &EEZIEI,
LZLEMTEDLLEEZLND,
® fiEE (p)

FEfHT DAY DR T—FHENE VLD TH D, Bl
i ERET D —ANZ W, REEOFNETIX, BE )
HIRE L7 OT, MABES &V, —RANIC, AifEd
T4 E —REICHW TS, K, KRR EEZER L, X
U2 H D ENENC 0D, NI BI A 5o B 3 A3 FTE L
TWANEINDICL ST, AIEFAZHET5Z LN TE
%o, UL, fifEs e g sz oMo miEiLE m
ThoHI®, N-gram SR TIIRARH 5 EE 2 650, Bl
DRRBMELEZD,

e {HMENE (vt) LHREREENE (vw)
fE B CREREBh G @, W iEENE & VSN D,
MY OJFRK DL X, EWEEEFEE LTI LT
HEAETHY ., ZOHEIEIREY N-gram FR TR
BHHEEZLND,

(3) o= T — IR bEHTH D, RTFRZERLED
MBI 2 — S AR S CERR 2R — T D52 & THET
x5, o, FERMEL BTV EFRICRHST
ISR CE ZAEEMER S D03, R H R RBIEICHAT L
THEBDFEEBZZ DLERS D,

AWFFETIE. ATR THEfE L TV D FEFESEEa —/ SR &
SHETNVOFEODIZ, PEEE /SR &R
STWVD AARGBERIGE T — XAV 21T -7, #F
HEE X, #SFECOLGEL, BEYA X, BiEOR
X, 2-gram = [ VI L F OBEEESAR 7 & DR Hi
L. BUROa— R LT IR 2 BB EZH LI
L7z, £o, HEEDOT Ay ho=r e —%Lk
WD Llcky, PEREOT —# A/—ZA DRI,
DO FFBELELARTRENVEWS Z ERg0oTe, £, W
EFESFRRICRB T A2 x DEEET VOB T, H
AFERHRFEOBR S LIFER LEm 2> TBY, v /L F
7 7 AEA N-gram b @ EREkMERR 2 FF o 2 L AR
SNz, Fl2, BT —EoWTHICED, a—/2R
FEEEORIBEOM, T EEE & ORI XV Z 2 RE
HDHZENHBA L, FlAE, e, EmEE . fERE
FFA OFEFEIZ R LT, BIZ N-gram FIETIEBRARH 5
72, O FER, FIIE, = _R—=2 A KD
N5, 5%, £ a—RARLZEET /LD 2-gram H H
ORI THONZT — XMLV, a— " AEEDOL
BEXD, TO%, BIZENLITKR LEEMN RSN E21T
W, T A AN AR T AR AT D) TETH D,

AWFZEIL, MBEENS OFRREL THEHEF R 2 M
W EEOHBHRI AT L] ICEVERLIZBDT
5,
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