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Speech Completion: Introducing New Modality Into Speech Input Interface
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Summary. This paper describes a novel speech interface function called
speech completion, which enables a user to input a word by complet-
ing a word fragment uttered by the user. Although the concept of
completion has been widely accepted in text-based interfaces, effective
completion for speech has not been proposed. We enable a user to in-
voke completion intentionally and effortlessly by building an interface
that displays candidates of completion when a filled pause is uttered (a
vowel is lengthened) during a word. This filled pause can be considered
as a new nonverbal modality that has not been introduced into speech
input interfaces. In our experience with a system that includes a filled
pause detector and a speech recognizer capable of listing completed
words, the effectiveness of the speech completion was confirmed.

1 0000

gobbooooooobobobobboobbooobboooooooooo
gogoboooboooobbooobbbobbooobobooooboboooon
dbooobooboobobooooboobobooobbbobooobbobobn
ggboobobobboobooobobobaoobuoobooooobooooan
gobbooobogoooobobbboooboooobboobooobooooy
gboboooooooooboooobobooboobboobobobooob
gooobooooobooobooobooobooboboboboobooooo
ggbooooobobboobboboobboooogoobbbbooobboooobo
goan
goboooobobpboooobobbbobboooooboooooobo
00 (filled pause) D 0 0000000000000 DOO0OOO0O0OOOOOOOOO
gbooodbooooobuoobooobobobboooobboobooooboon
000000000000 OO0D0U000O0ooOoOo(oOo0oboUD)booooo
goboooooooboobooboooboooboboboooooooooooboD
000000000000 @QooOoOU00oOoU) 000000 ooUOooUDOD
gobooobooooobbobooboobobobobobooboooboobobooo

* Masataka Goto, Katunobu Itou, Tomoyosi Akiba, Satoru Hayamizu, 000000000

153



154 WISS 2000

0000000000000 O0(bo0oU0LO0D0oOoC0ObO0D0DOoDoDooOoOoooo
00000000000000) 000000000000 00DODO00DO0O0O0O0
gooboboboobboooooboobobbooobuooobooobbooobo
goboboboboouoboogoobboooobobboobbooobboobDo
00000000000000000000000000000000to
gboobobobobobooooboobuoooobobobobobbobooboooo
gobobooobobbobboboguboooobooboboboobbooobn
000000000000 0O0O0O0ODO00DODO00ODO0OO000OOO0OO (completion)
oooooboboboboobbooobooobbobDb0ooobo0ooDUoUugg Utesh
0 bashO0O O UNIXOOOOOEmacs/MuleD O O ODOO0OO0O00O000O00OOO
000000 0000000000000%2000000000000000000
oo0ooOoOo0o0o(oooOOO00OU000OU0L)D0DDODOoDUOOUOOObOOO
gbbooboboobooobobobobobbogbobobbboobooouoobogan
00000000 [2,3,400000000000000OO0OOOODOOOOOO
gobobooooooooobooobobbobbobobbboobbooooo
goboboooobooooooooon
gooobobooboobbboobbooobobooboboboboobo
gooboboobobooooobooooooobooobobbooobboobo
000000000000 0020000000 (speech completion)00 0000
go000oo0oO0O0O0O0O000OOO00OD300000DO0OODOOODOOOO (OO
000000)b0000000o00ooo0oooOoUUODoOoOUOooDDooOooOOOOo
goboooog40boboooobboooboobbosoboobooboon
gboobobobooboodeobbooooobboooboobobnoobo
goboobooobboooorobboobboon

2 0ogn

ubodbbobooboobobobobboobooobobboboboobobooay
ggbooooboobooobbbooobboobooooboooobboooon
goboboobobooobobobobooboobbbobobooboan

e OO0 gobooooboboobooooboobbooooboooon
gooooo

o 1[I gboboobooboooboooobbooboooobooboooooboo
ugoboooodand

e NOOODOOO gobooooboobbooooboboooboboo
goooooooobobbobuooboobobobobooboooon
gooboboobooooboobooobbooboon

! 0000000000000 D00000000000D0000D0D000000DOOog
goooocooooooboobooobooobooboboboboboooooboobbobobobOobobboooo
gooobobooboooobobooboboobooobbobOobbbboboobboo
gooobooboobobooobobooobobbbobobobooooboboobobboboooD
gboboogoo
2DD[I[ID[I[IDDDDDDDDlQ?ODDDDDDDDDDDDDDDDDDDDDDD[l]I:I



Speech Completion 155

ubboobogoooboooobooboobbboooooboobbonoan
gbobobooooooooboboboboooboobobuooboboooo
goboboooobobooboboobbooobooboboobboboboooboobo
0000000000000 0000000000O000D0O0o0o0o(CoOooOOoo
O00000o0oo0doo0el00000OD0)DO00O0O0UDOODODOOOOOOOOOO
gobobobodooooobooboobboooboobooobboooboabobn
gobobouoboobobobooobogglouoobooobooboobobooboan
goboooooboobooobobooboobobobooboooboobobooon
goood

ubbobooobooboobobuobboooooboobooboooonog
gbobooooooboobobbboobobbobooboboooobobooon
000000oO0oO0oO000o0oooOU00oOo0oO0o00UDO (booboU)o1ooo
goooboobobooobooooboboooboooooooooobooooo
uoboboobooboboooooboboooooo

gboobbobooogoobobbooooooboboobobobobooooo
goboobooooboobobobboboobooboobboooooooboog

1. 0000000 og

gooobbooooobobooooobobobobboobbobobobon
gooooooboobbobboboobbobooboobobooboobooo
oobboooooooooooooobobboobbooooboooobooDo
gboogbbobbooooooooooboooooboooooooboann
goobooobooobooooboobooooboboobobooboboboooan
gbooboobooboobobboobobbobbboobobbonbon
gogoboon

2. 0000000000 (DO0DDOOOOOOooOooon)

000000000000000000000000000 (boooooo
00000000 000)000000000000oo0oOOoUOoUoOooOO
goobbooobooooboboooooobobbooobboobobo
oooooooooboooboooobobobobobobooooboouooo
gobooboooooooooooooooooooooooobbobOoDo
gobobbooboobbobooobobooboboooobbooobo
gobobooooooooobooobboobobooobboooooobo
goooooobobbooodoboobooooooobDbooobobboon
gobobobooboooobboboobooobbobobobbobobobon
ugboooan

3 bDbhuoggbobbuooouboood

gobbooboboboboooooboboooboobuooboboooobooo
0000000000000 00O00o00o0oO0bLO0oOooooooooO (O Ho

1. [D00D0000OOoOoooo]
goboooobobbobooboboobobooboooooooooo



156 WISS 2000

0ooo0o0oOooooo __ ooooog | 000000 ooon
-
@DDDDDDDDDDDDDD) E
PDDDDD goooo
===~ 0OO0O0
Opoooo
ooooo 0O 00dom
‘\DDMRDY AMITE i, |EDDDDD ! [

goooo oooo oo
oood ooooao O
oooa poooo oooooooo oood oooo ooooooo

A 4
000000000 |ooooog goooooogd DDDDJ

01 o0o0o0oooooog

(0D0)00D000O000D0D000000000O0(exD0D0O0D0OBO0OOODOD
0O1. 000000,2 0000,3 MRDYNAMITEDOOOOOOOOOOOOO
030)

000000000 (@oboooooooo)ooo]
000000000000 o0ooo0oo00ooooooooooooo
00o00o0oo0o00ooo0o0o0oo0o0o0oo0o00oooooooooooooo
00000000 (x00DO000D0O0D0OD0O0O0D0O00DO01. 0000,2. 0000
00000000000000000)

2. 0000000000000 O00O000O00DOO0DLDO0DMWOOOOLbObOO
000000o0oooOoO0o0O0(0oO0)oooo (Dob)Doooooooo
gooboboboooooboobobbobobboooboooooob .00
goboobboooooooboooo

. obooo3boobobooobooobaobood

(a) 000000000 (ex010000100000)
(b 0U0OUD0ODDOUOOOOO0O0O0O0O0OU(exDDDODOOOODODODODDOD)
(¢ DOOOOUDUDOODOODOOO(ExODOOOODDODmMOOOOOOOODOO)

gobobobooboooboooboooboobboooooobooan

gbobgouobobbobooboooobobbobobooooooboboo
gooooooooobooooobboooooobbooooobobobooo
gpoooboooboooooobooobobboobooooboooboboboobo

S000000000000000000000000000000000000000000000
00000000000 000000000D0000000000/utadahikaru/0/fukadakyouko/O
/misuta-dainamaito/ 0 00 0000000000000 0000O0OO



Speech Completion 157

1500 = — ——
= &= =

freq - ‘:t‘_

I — = g
Se— = e ————

| =EF =
nla NIt |olk la- h lilkkla |r ju

0.0 0.5 10 15 time [sec]

0 2. 0000000000 /nantoka-hikaru/ 000000000 0O0OOOO:
gooooooboboooooboboooooooooooooooooon
goooooboobooooooooboooobooooooobooooDo
gooooooooooo

000000000000 00O00O00O0OUO00ODOOOD @EOoOoooO Jo-/)OO
goboboooooobobobooobouoooobooobboouooboooooo
goooooboo

4 0O0O0ODO

Jbdoooobooooooboooboboobobobooboboobooayg
gooboooboboobobobooboobboboobobboobobbboboobooooboo
gobbooboobooboooobobbobooooboooboboobbon
gooboboooooboobboobbboobbbooobboobbobon
goboooboobooboobooan

4.1 0000000

goooobboobooobobbbobooobbboobobooooooobobon
gogoobooobooooobboooobobooobbooobobobobobboon
gobbobobobobooobboboooboboooobooobboooobo
0000o0o0ooooooob,6,7/0000000000ODO0OODOOODOOODO
0000000000000 0D00O00O0DUooOOO0O0DO0(o0DobooOoOooo
00000000000 000o00D)0000O0o0oOO0DoOOooOOoU0oooOon
gobobobboooboooouoooooobobooboobD 20000bDOO
gooboobboooboobobboooooobooboosbbooooooooo
O[70o0o00000000oo0OoO0O0000000UoOoOoOOoooOOooLOOo
000 (0O000000)000000000000400000000000000
gooooooo

400000000930 00000000000000000000000400ms0000000
Oo0obOO0oo0ooooUOooOooooUOoooooLIDDUUOOOO (7o



158 WISS 2000

Blankey jet city

Black flys
Break all day

Gravity

goooooooooooooo
ooooooooooo <

@ coonoooono @ UDOOO

0 3. 0000000000000 000DOO000DLUO(OobooDooOon)
goooboobobobooboobobooobooo

42 00000(0OOOO0O)

0000000000000000000000000000000000 (000
D00000 Newy 1) 00000000000000000000000000
000000000000000000000000 niNja[8000000000O
000000000000 0000000000000000000000000
000000000000 0000000000000000000000000
00000000000000000000
00000000000000000000000(@O00)00000000
000000000000000000000000 (0000000000000
0)0000000000000 30000000000000000000000
00000000000000000000000000000000000000
0000000000000 00000000000000000000000
O000000000000000000000000000000000000
0000000000000 000000000000000000000000
0000000
00000000000000000000000(0O00000000 Need
0)000000000000000000000000000000000000
O0000000000 Ngwiee 000000000000000O0000000O0
000000000000 00000000000000000000 30000
D00000000000000000000 “Blankey jet city” O “Black flys”
000000000000 0000000000000000000000000
000000000000 0000000000000
0000000000000 00000000000000000000000

S00000000000000000000000000000000000000000O000
gooobogoooboobooooobooooobobobooboboobbooboobobooobooog
gbooooobooooobobooooobboobobooboboobbobobobooooboo
gooboooooo



Speech Completion 159

goboboooobbooboooooooooboobobboobooobooooon
gobobooobooobbobbobboboboooooooobnboobobooon
gooooodoboooboooobboobboboobobbo sbbbooooboo
O00oooo0o0oooOo0O0(DooOoUoLOO0D0DO0O0oUOO)ODOOoOoDOoDOo
gboooboobbooobuoooboooooooooouooboooobbonoo
goobooobooobooboo
gogobobooobboobobobobbbooooooobobbobbooogog
goobbooooboooboooboboboobobbobbobbboobooooo
00000000000 00O00000o0oO0oo0oO0oDUoooooOoLD (Doo
000000000 00000O) 000000000 ooOOoLO00oDoLoOoOooooo
U000000000D0000D0D00 Neaoiee OOODODOOOODODOODOO
gooboooboooooobooboboooooboobooooboobobooooboo
goooboobobboodobuoobooboooboooboobobbooo
00000000 /koyanagi/0 0 0000000000000 O0OOOO

4.3 UU0O0O0b0OO0OOoOoOobOOoOobOoan

gobbooooobobobbooooboboboboooobbooboobon
gogobbooobbobobooooboooobooobbooobbooon
goooboooogboboobobobobooobobobbobbboooboooo
0000000000000 O00OO00OUO0O0D (DoOoUoOoooOoLoOo
000000oooOooO)ObooO0ooOOoO00U0OooOoDoDOoUooOooOooOOoOoooOo
goboobobooboooboobboobbbobobbo0oooobooobo
ggbobooboboobooobobobobobooooboboboooooboboooboobbon
giliobooobooooboboboobobooboobbbbobbooboobo
gobobobooobooou igboobobobbooobbooboboo
00000000 Npiority 00000000000O0COO0O0O0OOOOOOOO
gobboooooobooboobobboooboooobbooooboooobooboo
gogbooobgbbobboooobooboooboobooo

5 Uuggn

gobooobobobooobboobbooboboboooobboooobobobo
gogbooboogooobooboooboooboooboboboboouooo
gboboooooobobobooobobboboooobooobb42p000

| oooooo bP—»looooooo |
T

.M ooooo
ooogoo :EZIDDDDDD[I

oooooogo ooo
googood goo

[Goooooon

0 4. 000000O0O0O8OOOOOO

oo




160 WISS 2000

) -
RVCP EARRIRS \ e

RVCP Speech Recpl s 4 Display Server

by B
by Masal

RVCP EEZMMERERY—/ -
RVCP Speech Recognition Result Display Server

(Hooooooooo (2)0o0ooUooooo (3)ooooouooo
goobooooo

FEH EHNL

utadahikaru

FEE AL
utadahikaru

TFZE ENL

utadahikaru

(4y01000D00DDOD (5) 1l0000UOODOOO (6) l00O00OOLOOOUOD
gooooobooo

) pE

koyanagiyuki

BhEdh—[TANEA—F] 1. 1M pE 1 BE
naNtok a- [WILD CARD] koyanagiyuki koyanagiyuki
;
. ’.
’
ne .
. ‘. ’
()00000000 (h)0DODODDOOODODOOO ()010000000000
oooooo 000000000000 0000000000000

05 . 00000000000: ()0 (6)D0000000D00000(a)0 (¢
goboooooboobgooboog

00 Neesutt = 50 Nenoice = 200 Nyeed = 50 Npriority =3 100000000000
goboobobooodbobboooooobooboobbooboboboo

gogobobobbobuooooobooboboooobooooobboboooaoa
0408000000000 00O00OO0O0OOO00DOOODOOOOODOOD
ggoboboboobobboobobbobobuobobobooooboboooo
000000 RVCP (Remote Voice Control Protocol) D 000 000000000
00 0 ORVCPO ORMCP (Remote Music Control Protocol) 9|0 0000000
gobodoboboooobboobooon

gobooboboobbo osbbbobobooooobbobobbOooog
gogoobobooboobbdooooboobobooobbooobboobooboonon
goboooooboooooooooobouobooboobbooobboobgon
gboboobooboboobobooboobobobbooooobooboooooon
gbooobooboooboobbooboboboobbobboo



Speech Completion 161

6 OO0

gobobouooboboooooooboboboooboooobbobobobooobo
uooboooooooobobobobooobboobobbooobboboooo
gobooooboobooboobobooboog

6.1 0000

0000 (D0000)ooooO00o0OC0U00o0o0oo0DooOOoOoooOO100O0OO
ooooooooboobbooo0ooooobOWWWO ODOOO URLDO OO OReactive
Keyboard (10|00 000000000000 0OOO0OOOOOOOOOOODODOO
gbooboooboobobooobbobbobooobobobooboooobobo
000000000000 0000000000D0O0O000000 [2]0 POBox(3, 4]
goboooobboooboobbobuoobooobbbooobobobooon
goooobboooooooboooooobooonoboobboooobooboo
O000000000o0ooooOooO0OO0 NUUooooDU0o0oOoOU0ODOoooooDOd
ggbdoooboboooooobouoobobboboooboboooonooo
ggbobogoboboobuobooubooobooboboooobooooo
go0o0o0oO0OOoOO0OOO0O0DO0UOO0OOOOOODOO (bODODOOO)DDo
gooooboboobobooooooobobobooobooobooboooo 1o
goboobooobobtboobobboooobogoobbbobooboooobo
00000000000000000000000000000O0O00D0O0O00O (O
0000000)00000000000000000000000D0000000
gbboboooooboooobobooooooooboboooobboooobn
ooboboboooobobooobobobbooobooobooboobOooboooDo
000000000000 0O0O00000oO0UoOOoDOOoooOooOoOooooOqny
goboobooooobboooobooboboboooboboboboobbobobooon
gogoobbooboboboobooobooooboooooboooboooooon
gogobobuogooboboboboboooooooobooooboboboooboboon
gobobooooobbooooboboboo

6.2 0J0OUO0O0OOOOOODOOOODODbDObOOObOOODOOOObOOn

gooobooobooobobooliooboobobbouboboooobooogoo
goboobbobooobooooobonboooooobboboooboooon
gbobbogbobooouoooobooboboboobooboooboaobobooan
boggbobooobboooobobboobboobobooouoboobaooooo
ugbboooboobooboobobobooobbooboobobobobooboon
ggooboooobooboobboboboobobuooboboboooon
00000000000000000000000000000070000000
gooooooobooooooobooobooobobobboooboobobooa
000000000000 0000000000D00 Tab (UNIXODOOO EmacsO

S JoU0U00000000O0000D0OD0O0OoOooD
7DDDDDDDDDDDDDDD(DDDDDDDDDDDDDDDD)DDDDD(DeleteDTab
000o0O0oo0o0ooO0oo)0o0ooooooooooooo



162 WISS 2000

00000000000 O0)0ODO0O00DO00D0D0DU0DOO0DO0DOoODOOoooDoOO
goobobooobboobbbooobbooobbobooboooooooo
goobobobobbooboobbooooooboobooooboobbboobobooo
gobboooobooooobobobooobbooobbooooooboobo
gobboooooboobooobooobobooobobobooobboooooboo
gbooobboobooboboooboboobbobooobobooooobooboooon
0000000000000 0OO0 (DboooooooDOO0o0O0O)bbooooOoo
goooboboobboooboobbooboobbo

v ooggd

gogboboobodoobobooobooobuoooobboboobooooobo
gboobooobooobobooobobooboboooboobooboobobboboo
0o0o0oooOo0oooOoO(ooooOooOOooULD)D00DOoOooOoDOoUoOoOoo
ggoooooooboooboooboboooobbobooobobooboooobob
googbooobbooooboooobbboobooobooobooobobon
goobbuoobobboooobooobboboboooooooobbooo
gobodoboobooboboobooobobobooooo
gboboooggobobobooobooouboobobooobooouooon
0000000000000 0 (0000000 0o0UUO0UDLOooooooooo
0000) 0000000000000 00000o0ooooooooooooooog
goooboboboboboobobobooobboooboboboobooboooboon

gooo

(1] 0000,0000: Emacs D00 00000, bit, Vol. 29, No. 2, pp. 85-95 (1997).

2 DO0OO0,0000: 000000000 OO0O0OO0OUODOUUOOODOOOOO,O0OO
0, Vol. 37, No. 1, pp. 23-30 (1996).

3 D00O0: 0000000000000 O, 0000000000000 O0O0OOOO
IVv,00O000, pp. 51-60 (1996).

[4] Masui, T.: An Efficient Text Input Method for Pen-based Computers, Proceedings of
CHI’98, pp. 328-335 (1998).

p) 00O0O0O,0000,000:00000000000O0O00O0OOOOOOOOOOO,
0000 00000000 99-SLP-27-2, pp. 9-16 (1999).

[6] Goto, M., Itou, K. and Hayamizu, S.: A Real-time Filled Pause Detection System for
Spontaneous Speech Recognition, Proc. of Eurospeech ’99, pp. 227-230 (1999).

[( 0000,0000,000:0000000000000000O0O00O0OOOOOO,
000 (D-1I), Vol. J83-D-11, No. 11 (2000).

[ OO0O0O0,000,0000: 0000000000000 0OUOUUODOOUOOOO
0,000 (D-1I), Vol. J75-D-11, No. 6, pp. 1023-1030 (1992).

[0 0000,000,0000:RMCP:000000C0OC0U0OOOOOOUOOOOOO
00,0000, Vol. 40, No. 3, pp. 1335-1345 (1999).

[10] Darragh, J. J., Witten, I. H. and James, M. L.: The Reactive Keyboard: A Predictive

Typing Aid, IEEE Computer, Vol. 23, No. 11, pp. 41-49 (1990).

11 O0O0O0: 00/00000000000O00O,000000000000, Vol. 14,
No. 3, pp. 4-19 (1997).



