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Log-Linear Speaking-Style Transformation
using Weighted Finite State Transducers

GrAaHAM NEUBIG ,! SHINSUKE MoR1 !
and TATSUYA KAWAHARAT!

In spontaneous speech, there exist a number of fillers, disfluencies, colloquial
expressions, and omitted words that do not appear in normal written text. In
order to create easily readable transcripts from automatic speech recognition
results, it is necessary to transform verbatim speech into a more appropriate
written form. This paper proposes a system to correct these spoken-language
phenomena based on the framework of statistical machine translation. A num-
ber of potentially useful features are proposed, and combined in a log-linear
framework. The system was implemented using weighted finite state transduc-
ers (WFSTs), allowing for easy integration with WFST-based speech recogni-
tion engines. In an evaluation on a corpus from the National Diet (Congress)
of Japan, the proposed system showed a large increase in accuracy over a rule-
based baseline and simple statistical systems.
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Fig.1 An example of transformed speech

2. 00O0OOooOoo

000000000000000000000000000000000000%90

(1) DO0OOD0OOO0OODO:0000000O00O0O0O0U00O0OOOD0OO0ODOUOODOOOOOO
goooobooooooocooooboooooobooooOoooooOboooOooooon
goooooooon

(2) ODOOOOOUOODOOO: DU0OOO0OUOOLOOODOOUDOODOUOOD UDDOOUDOO
ooboocooobooooooobooooobooboo

(3) 0D0OOOD: 000000000000000000000000 0 O00000ao
oobooooooooooo

(4) DOODOOOD: 000000000000 O0OO0DOOO0O0ODOO0OOODOOOOO0O0

0000000000000 1000000000000000000000 (1)O (3)

ooooooon

3. DoOOoooan

oboooooooooooooooooboboooooovoooowooooooo
0o0ovoowoOoooooooooooooooo p(W|V)ODODOOOOODOO
ooooooooooovoooo pW|v)ooooooo woooooo
3.1 0O0OOOoOoooaoon
gbobooobooobooboooobooooboooboooooooobOobooobOoOooOoDo
gooooooooooooooboooooooobooboOoobooboOobocOoOobooboDooOoDbo
00000 P(W|V)OOODO0O000 P(W)00000000 P(V|W)D00000
W = argmaxP(V|W)P(W) (1)

goooooo P(V|W)DDDDDD&I/‘/DDDDDDDDDDDDDDDDDDD P(W)

Vo0l.2009-SLP-77 No.21
2009/7/18

gboboboboboboboooooo
gboobooooobobooobbooobooboobooooboobobooooboo
gbobobobobobooobooboobobo

P(VIW) ~ [ ] Pluilw) (2)

P@M@DDDDDDDDDDDDDV:LhmﬂmDDDDDDVV:wM”m%D
D000000000000000000000 v = (v,w;)00 T=7,...,% 000
0000w, 00000 e(y) 0 e¢(w;) 000000000 Pw|w;) 00000

Ploiuws) = 222 ®)
0000000000000000000000 e000000000000000000
000000 Pule) 0 Pelw) 00000000000 -00000 O0O0O0OO0O00O0O
0000000000000 000 1000000000000000

000000000000000000000000000000000000000
oooooooooog?2)99g

3.2 0000000

000000000000000000000000000000000000000
40000000000000000000000000000000000000700
00000000000 (1)0000000000000000000000000000
ooo

o

W = argmax [A1 log P(V|W) + A2 log P(W)] (4)
Aﬂ]&DDDDDlDDDD%DD(UDD(@DDDDDIVDDDDDDDDDDD
goboooooooooooooooobooooobobooooooobooooooon
ooooooooooooooooooooo s40000D0O

goboooobooooooooobooooooobooooooobooooooooboon
gobodobooobooooobooobooooobooooooooobooooObOoOonbOOonn
ooboooboooo

3.3 UUOOoOooooo
000000000000000000 P(ujw)00 (3) 0000 %0 w; 00000
goooobooocoboooooooooooboboooooboOo 200000000DDOO

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

0oooo0o0o0O0o
logP(V|W) = log | [ P(vilw:)

— tog [ ] et /el

= log ﬁ c(vyi) —log H c(wi)

oo 2I][I[II]I][I[II]I][I[II:II]I]DD&DDDDDDEDDDDDDDDDDDD[I
gooooboobooooooooooooooooobooooooobooboooobooooDoboo
goooooooooooooboooooobobobooooooooboboooobooooDboo
0000 “0o000”0o000

3.4 0DOOO0OOOOOOO
ooooooooooopW|V)UDOOOOOOOOUOUO PW)OOOOOOOO
oUooooo p(ViW)ODUOooopPW)OOUOOOOODOUDOUOUOODOOOOOO
oooooooooop(ViW)OOUOOOOOOUOOOODOOOUDOODODODOUOOO
ubooooooobobooobooooooooOooobOoOoO0oOoOoboOCocDOboOoOoooOoDoo
gobooooboooobooooooooooo
gobooboooooooooboobcooooobooobOoboooooobooOobocooooooboo
000000U0o0o0o0oo0oooooUoOo PV,W)ODOOUOOODODDOOOOOO

W = argmaxP(V|W)P(W)
w
= argmaxP(V, W)
w
0000000000 00000000000000000000000000 GIATI®

ooooooooooooooooooobobobobovowoooboo roooooono
ool rngram0O0O0OO00O0OO

k
PV, W) = P(D) ~ [ [ PGilvi-ns1, -, 7i-1)

[II:II][II:II][IDI][IDI][IDI]EIDI]DIZ:JDDDDDDDDDDDDDDDDDDDD
0000000 P(W)0ODOOODODOODDO0O0D0O0D0O0DO0OODOO0DOODOODOODOOOO
ooo

4. JO0oaooaod

gobobooooooooooboboboboboboboono

Vo0l.2009-SLP-77 No.21
2009/7/18

4.1 0O0O0O00O0O0
ggooooboooooooobobo0oooooooobobooooooooboobooooooDon
gooobooboooooooobooobooOooooobooobooooDobooooDboo
gooobooooooooobooooooboooooooooooooooobocOooooon
goooboooobooboboobobooobooboooooboooobooooboooobooon
obooooooooboooooboooboooobo10oboUobOoOooboOoOooOoOoDn
ooboodoobooooooooboboooooobOobo0oboboobooOoobobOooboOoooDooo
uobooooobobooooboooooooobooooobobOoOobOOoOoOoboboOoobboOobooo
4.2 0OO0OO0OOO

0000000000000 000000000000000000o0* 0000000
goboooooboooobooooooooboooOoOoOoOobOOooOooboOooobooOooboooOoo
ggbooboooooooooooooooboobooooobobooDooboOooOoooooDoon
gooobooooooooooooooobooooooooooooboooboOooooboooDo
0000 00 00000000 20000000000 00 0 0000000010
goooobooboo0 o0 o ooooboooooooboooooooooolocooooon
gooooooooobooooboooooooboooooboo

4.3 0OO0O0OO
goooboooboooobooboobooobooobooobooboooob0o enDOOO
goobooooooooooboooooooobooooooboboooboobooooboobobOoo
gooooo3sbooooooooooooboboobooobooooooboobooooDoo
goooooobooooboboooboooooobooooDooboo

44 0O 0O 0O
goooboobooooobooooooooooobobooooooooooooooon
goboooooooooooboooooooobooboOooooobooooboooooon
gobooooboboooobooooo

x1 0000000000000 0000000 162%00000000000000000000000000O
joooooooooooooo 1/(1—0.162) =1.19000000000000000000000000
000 176 000000000O00OO0COOOOOOOOOOOOOD

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

5. booooabood

5.1 DO0O00O0OO00DOOO0O0O0OO0DODbOO

0000000000000 0000DO0o000o00 (WFST)ODODODOOOWESTOO
gooboodooobodoooooobooooooooooooooooooooooo
ooooooU0oO0oooUoOooOoUoU0oOoUOoUoOoooUOY9YoOoooUoOoO
ooooooooUooUooUoOoOoooooooooUoUoP(VIW)O PW)OO
00000000 WFSTOOOOOOOOOOODOOOO WESTOOOOOOOOOO
0000000100 wWESTOOOOOOOOOODOoOOoOooooooooooooooo
gooooobooooooooooobooobol1oooooobooOobooOooooobooOobooOoouo
00000000000 00O00oooo0o WESTOOOOOOOOOOOoooooo
gobooooboooooooobooooboocoooOoooooooboboooboOooon

5.2 O0O0O0OO
oooooooobOoOOOO0OO0040000000000000 WEFSTOOOOOOD
ooooooooo wrSTOOOOOOOOOOOOOOOOOOOOOOoOoOooooo
00000000000 GIATIODOODOO0O0O00O0000000000 ngram 000
0000000000 000ooooooooooooowrFSTOOOO0O0000000
00000000 Kylm*OODO0OOOO
000000000000000000000 Kneser-Ney0ODO® 0ODOO0OO0OO
0000 P(W)O 3gram D000 OGIATIODOOOO0OOOO nO0D0OO0DOOOO0ODOO
oobooog

5.3 WFSTOOOOOO

O000o0 wrSTOOOOOOODOOOOOOO0OO0O0O0O0O0 100000000000
gooboobooooooboooooooobodoooooooooooooooooboOoo
000000000000 000000000000 OpenFst'Y 000000
goboboboooooooboobcoooobooOoboooooobooboOooobooooooboo
O000000000000000O0OpenFst 0000000 WFSTOOOOOOOO
0*000020000000000000000000000000000000000

x1 00000000000000000000http://www.phontron.com/kylm 0000000
x2 00000000000000000000

Vo0l.2009-SLP-77 No.21
2009/7/18

02 O000O0OO0boood
Table 2 Accuracy of various translation models
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Table 1 Test set details
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Fig.2 The precision and recall of each transformation type
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Fig.3 The WER when each feature is used
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Fig.4 A comparison of word error rates for different sizes of the parallel corpus
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