JAIST Repository

https://dspace.jaist.ac.jp/

Title

iUy UUg o

ood
Author(s) oo, 00
Citation
Issue Date 1999-03
Type Thesis or Dissertation

Text version

aut hor

URL http://hdl . handle.net/ 101019/ 12509
Rights
Description Supervisor: gg 0O, oooooono, 00

AIST

JAPAN
ADVANCED

INSTITUTE OF

SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



O o0 o o

Joooooodon dogn
Jooooouogogo

oooo OO O04dg

gobbobooogbbodad
gobbobod Mooooooon
gbobgobooooooogo

610060 [ O OO

19990 20 150

Copyright © 1999 by Nobukatsu SUZUKI



1 00
1.1 ODO00O0O000O0 ..o e
1.2 OD00O0O0O0 . e

2 J0obOobodo

221 0OO0O00O00O0 ... s
222 0O00OOO0O0OO0OODOOOODOOOO o000 oo
/20 I I 1 1 P
/20 T S I I 1
232 0O0OO0DOO0OO0O0OOO0OOO0O ..o o000 o oo
233 000000000 ... oo s
24 OO0 .o

J Jbboobodooouoououobbobbooo

3.1 OOUOO .« oo e
3.2 O00O0OD0OOO .o e
3.3 UODODO .o

331 O0O0OD00O0O0 ..o e

3.3.2 OD0OOO0O0O0O0O0O .. 0o oo o oo
34 OD0O000O0O0 . e
5 785 S I I I P

351 O000O0O0000D00O ... 0 oo oo
3.6 UOODOOOO .o e



3.61 O0OO0ODOO0O0OD0O0O ... o o s 19

3.62 O0O0OOOOO0ODLOOOOO0OOODOO ... 19
3.63 U00OOOOoOoOoboooogoobooboooonD oo oo 21
3.64 00000000 ... 23
3.6 U0O0ODOOOOO0ODOODOOOOO .« ..o oo 25
3.66 UD0OODOOOODOODOO ... 0 0o oo .. 25
3.7 OO0 o 29
gbooogobobobooooboon 30
4.1 OUOOO .« 30
4.2 0000000 ..o e 30
421 0O000O0O000O0DOOO0O0O0O ..o 33
43 FFTOOOOODOO .o s 35
431 0O000O0OODOOFFT. ... oo . 35
432 000000000 .00 oo e 37
433 OO0 ..o 37
44 DO00O0O00O0O0O ... e e 38
441 0O000DOOO0O0OOO0OO0O0O0 ..o 38
442 000000OO0OOOO0O .00 00000 39
45 OO0 .o 43
goobodgd 44
5.1 DOUDO « oo 44
0.2 UOODOD ..o 44
0.21 OD0OOOOOODODO ..o e 44
022 DOO0ODOOOODODODO ..o oo o 44
0.3 UUODODODOO ..o 46
54 DPOODOODODOOODOOOOONO ... 46
5.0 FFTOOOODOODODOODO ... e 02
5051 ODOUOOoooobboboooobooooonD oo oo 52
0.50.2 DODOOO ..o e 52
5.6 UODODOOOOOO .. e o7
5.6.1 ODOOOUOOOLODODOOOOOOOOO ... oo 57
.62 ODODOOOOODDODO ... o o oo 28

i



5.7 ULUbDDOO

0.8 OO0 .o o e

HEN
6.1 OOOOO

HEN

gooo

gooo

il

61
62

63

64

66



AN

2.1

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15
3.16

4.1
4.2
4.3
4.4
4.5
4.6

5.1

0000000000 ... e e e e 6
DO0000000000 . ... e e e e e e e 11
DO000000 ... e e e e e 11
CyberGlove O OO . . . . . . oo e 13
DO0000000000000 .. .. 14
FASTRAKOODO . . . . o e e e e e 15
O0O00000000 ... e e s 17
0000000000 ... e e e 18
I 20
000000000000 ooOoogon ©o oo oo oo 20
OD000000000D0000000 .. .. oo oo oo 21
ODO00O00000 . ... e e e e e e 22
DO0000000 ... e e e e s e e 24
DO0000000000 ... e e e e e e 24
0000000000000 ...t e e e 26
O0000000000000 ... oo e e 27
I 0 28
OOO0000 ... e s e e 31
OO0O0000000000 ... 0o e e e 33
OD0O00000000 ... e e e 34
0000000000000 ... e e 38
O0O00000000 ... e e e 40
OO00000000000000000 « . . . oo o 0o e e oot 42
O00O000 .. e e e s 47

v



0.2 DPOUODOODODODOOODOOODOOODOO ... i 48

5.3 DPOUODOODODODOOODOOODOOODOO ... o 20
04 DPOUODODDDOOODODOOODON ... oo, ol
0.0 UODOOOOODODODO ..o e 51
5.6 UUODODOOODDODODOOOOD .o oo e e 53
0.7 UUDOODLDLODLOODLOODLOODbLODDO oo, o4
0.8 A0000DDODOODOODODDO ... s 25
5.9 HULNUOOUDOOOUOLDDDOOO ..ot 25
510 U0 DDOOOO0ODDDOOOn .o oo oo s 26
o e v I I 28
TR 2 7 I I I R 29
0.3 OO DOUOO « oo e 60



AN

I I 23
I I PR 41
OOO0O .. e 45
I I I PR 49
DPOUODODODOOODODDOO ..o oo 50
I I 1 54
gobboboobbbooobbooboooooon oo e oo oo 26
I I 1 26
I o7

vi



1 [

BN

1.1 O0oogood

gbo,0bobobboobbboodgboo, g0 oobobobbbooooboa
googdgbbobbuooubdobb. oooobbboog,oobbuoobooobbbo
goobbbooboodgo.og,ougoooooooobobogbooguoagod
oo, obbdodobobobobboobooboobboobbbooonbo
go.gbd,ggboouoobobooogooooooboboobbobobooooog
gboggb.oog,obgbobouggbbabdg,bboobbbooooobogn
gbhooggooobobob.obo,booboobbbbboooboboboboboboooon
g,og,uoopobobodboboodgbobooob,odbbooobboobbogo
gbobooogoon.

000000000000000000,00000000000000 [1)0,000
0000000000 0000000000 [2,00000000000 3)4C0000
O00. 0000000oo00g p|o0,00000000o0o0o0ooooooooog
0000 [6)0,000000000000000000000000O0OO00OOOODOO
gbdd.gbboooooboobbbooboboboboobboobboooouguo
000,000 (780,000 000000C00O0O00O0D0DOCOOOODOOOOOO,O
obooboobbobooboo bpOooobobo.ogobbe200000000
0000000000000 00098. 000000000000 0. 000,000
gooogoobboooboobbb,odobbobbboobobbooobuooon
goboogg.

gogdgbooboboobobobbooobb,buooouoboogobbooooboo



ooooboooo. oboooyJFrobooooooobboouooobooboo
goboobuogo.oobobogobooboobbboobooobbooooobobo. oo
g, rrrogboobgog,0bobooog,bogbooboobooboog.

1.2 000000

gboboooobobooooobob. b 20b00,b000b0bboobbobboon
goboooooboboog.

U3god,uggobboouag,bbuogbbobuooogbbooobobbo.oo
gooobobboboboboooobuooooobo,oobboboobbbooboobobon
gbboooogoooboboboboboa.

0 4000,000000000000O0DOO0 DPOODOODDDOODLOD.ODO,O
ooooooobooobobobob rFTOOODO0ODO0O0O0ODOOODLOOOO0ODO
goobbboooobuooooobob.bbbo,o0obboboooobbooon
gboobogoobboag.

Os5000,040000000000000000O00OODOOODODOODO,
gobobuobooobboooobbooooobooooooo.

geldbpoooogn.



] 2 [

Juooggd

21 OO0

gbogoooboooobo,obobbodbboobobbboooboooon
go.gbbogoobbbuouoogoboobouoooobobbuooo,gobboooan
gbooog.

2.2 0O0O0OO

2,21 O0O0OO0OOOO

gbooobodb,bogdbogobuobodgbbbooobooouoobbooobo
gbobooboobobobo,booobibobbooo,bobooooooobbogan.
gboodooobouoooboobobuooobb,ooboboobbobobbbbbonon
gbog,dgggoobbboooboboooboboboobobobboobboonon
gobooogooo.

gbobobubobobooobobuoobboboooboooba,gbboooboooan
goo.gbo,bbbobuoooooo,ggbbbbboooooobobobobooo.g
gbooboobbbobuobobbodbboooudooooooboobboobn
gooogg.

gogoob,gboooobooboo,ooooboboboboo. bbooboon,d
gbooogoobogobboobbbobooboog,boobobooboboan
gboboogou,gooobobuoooogb. bbb, bgbobabbouoobobn



0000000000000 0000000 (Sim-Com: simultaneous communication)
O0o00000oo0oo0,000000000000000O0O0OOCOODOOOODOOO
oo0.
O0o00oooo0O0000oo0o000oO0,00000000000000000CO0OO
O0000000000000000.0000000000CO0O0ODOOODO0OO,000
ocobooooooooOoOoOOOOOOO,00000000O0O0OCO0OCOO,00O0
000000000000 0D0O0O00O00oooooooo (9.
00000000000000000.0000000000000 (American Sign
Language) 000 0000000,000000000000000000C000OO.
O00000000O000000000000C0,00000000000000O0AOG
O0o0ooooOo00ooO.0o0000o0o0oO00000O0OO0000DOOO0O0O0O0O000D0O,
O00o0oo000ooooo00ooobo00. 00, 000000000000000,00
O00000000000000,00000000000000O0OG0,0000000A0
O0000000000000000000BO0ADO.
000000000000 000000000000000000,00,00000
O000000000O00000000000AO0.

222 JO0O0UO0OOOOUOOobOboOoOobOOn

go,bo00dboobodgdooobobboobboobbooooo.obbon
gobboboou,ggbobbbodooodgbbobo.bboouobooobobboog
gogoooooooobob. ob,bbobooooobobboobobbobooan
gbobogobobobbboooobbooog.
gob,bboubobibbobuogdbobbodo. goooooboboooon
gogogobbbo,bboboobuoboogboboooboboobooboob,obo
gooboobobbbooooobboboo. bbooog,gobobbooboobboa
gubobobbobboobbobooobbbuooooobooooooo.
gbuoggdgbubbogbobogboubbbbuooobbobuooboboootb,
gooboooboboboooooboobboobuooob. obbobobooono,on
ggbgbobbbougbobbuobbooobboobobooobbobboboog,
gboogobboooobbuoog,bbuooobuoobooobuooooooon
goo.
gooobogbobobo,ggbobobobo,0bobobooobobb.bob,00dn



OooboobOobo NHKOOODoOooboboo,ob,0bo0oboobobbooooo.

23 UO0O0OO0OOOOoOoOobObOobobbObObooobobO

gboog,gogbbbouuobbobbbog, bbb oooobobobooobn.
gboogbobbooobbbuoooboooobbbooog,bboobbbbobb
gogobo.gggoo,booooobboooobboboag.

23.1 JUoobbooooooboboouood

gdddddooououooouo,0ouoooooooooouoououoo. o
O000000000,000000000000000O0ODOO0O0.O0IPA(DDODOOO
0)000000000000,000000000000000000000O,0000
godoouououoooon.

dooobooooooboboooooooooobooo,0oobboooooono o
gooooood.

00000000 (Stokoe) 1O OO DOOOO (Cherology) 00000 OOOOOO.O
0,0000 (V.Sutton 1978) 000000000, 0000000O0OOOOOOOO
doodooboooodooboooooo, oo oooobooon
000 (SignBank ) 00000 0O0O0O. 0000000000 OO0OOOOODOOO (S.
Prillwitz) 0 00 0000000000000 0O00OO (Hamburg Notation System for Sign
Languates), 00 000000 (HamNoSys) 0000000000 OO0OO.

g, ddodouooodoouoououooooooouooooouoouo.og
O,.0dodououoboodoudoooo, oo ooooouooououooaoa. o
gdoodoodooouoooobodooou. boooooouoooooooooo
g, 000oodooooobooo. ooo,0o0ooooooooooo,ooooon
godododoooo,oooooodoououooooo, oo ooboog. o
O, 0ddodobuooooboooooodot. oo ooooooooooooo
dodoooooodooddooooooooo,booooooooooooooon
goououoooao.

gddoodooooouooouogooouoouoooououoo. ououodoa o
dodeco 0O ooonoooobDooooooo,0oobooooooooon
goooogod.



23.2 JO0OO0OOoObDOOOOOO

goboobobobooooobuoooobbuoobboooobbo,oobbboo
gbobooo. obbboog,bobobooagbbbobbobbobbbbodadon
gbogb,opgdbodgbooob. oo, bbbbobobbodgduoooboaobog
goobooboboobooooob,ggooboboboobooooooooo,gon
gooouooggboooobobbbodabbboboogoobn.
gbbobbougobbodgba,guobboooooooboboobooob. ogo
goboboboboodobboooobbboo,booobbobooooboooon
goobogb,0ogboobbooougbouoodbobbooobboobobboobon
gbooogon.
gooboboogobobooboooooooboooboobbbboo.goo,00n
000000000000 0000000000000,00000000000 [10]O
goobooon.
gogbobboooobbuoboboooobouoooboob,bbuogouoogooo
gbo.oobobobobboobbo,ogob,o0obuoboobobobo.0obbbboon
gbgbobbobbuoo,gpoooobbobobbuobboob.bd 210000
gbobdobboobogbood.

g g goood
oo
g

0000

gooon

0000 00 KEEEE

oo
oo

(oo & nooo

g
goooooo

U21: 0000000000



233 U0OOOODOOO

000,0000,00,00000000000000000.00000,00,00,
0000000000000000.00000000000000000000000
ooo.

e JODOUOOOODOUODOODLDODLOOLDLDOOLDLDOLU.OLUDLOLOOUODbO
goo,gdbbouogobbooooon.

- 00
ooobD LoODoooobooboboooogob. bobbobobbobbod
g.gbuodug,ggboboboboobbboooobbobobobbobo.

- o
gobob,bogdbuogobobuogobudbooobbuoboboobobd
gobobood. boooobobbuotoodo.oobbobbbboetdd
go,gobbdobbbodoboooodoouo. ob,ooboooobo
gobobuogboboboobooobb,ob0obboooobbbooo
gg.

—gbooo
gooboog,b,boo,ggogooobb. dogobdgoobbbdoodgo
. ggboobooobboodebbbbooogoobbbo,bbobbd
g 3bogoooboobb. god,bogoooooooboboboooon
gboogg.

- 00000 (oOoooo0)
0000000000,5,000000000000.00000000000
0000000000000,

- gooo
gboobuodgbouoggbboouogobo. buogboboobobodd
gobboba, bbb bboboobobboobuooooonooon
gooobog,0bbogbobbooaoob.

e I JU00ODLOUUOUODLDOUUUUDLDDLOULUOOLOLUOU.O0UULObLUOOD
goboboogo,bbobgobbbdoobbboooooboooon.



- gooo
gobbdoobobooooboobobobbooo.obbodooooaon
godbbuouoggbbboetdbbboodobbodag.

- gooo
gobbobbooogggbbooooo,obbboooogoooooogg
gobg200boobobobboob.gob,gobbooooobob4b00D0D
goood.

o U OODOO
gobodbbooooobo.obododbbuooobbooob,bogobo
gbboobobbuodgooboooboboobb.buobboubbobg 30
gd sgobooaobobbo.

- 00

* 000
000000000 00000000.00000ooooooo(oo)o
gooo,gbgobobbobbbobbobdogg. booboaobb
godobbobodg3sgubobuoab,boog sgooboadgd.

* JOgdd
ggbooooobbobboobbboooooboboooob.bobo
oboooob,bgboobob 40000000, 000000010000
ggsgbpuoooooboo.

* Joagg
gogoboobobboooooobooob,bbboooooobooobobobon
goodb.bbodoooobodno 200b0b0boooobooa.

- 00
goboobbobuoobodoboobboob,buobbbooobobbon
00000(0000000000000),00000000.0000000
gbobbboooobobooaoboobobobodaod.

- poobooon
gbooogbbobbobbbooouogbboobbogboobboogoon
gobooooo,bogbuoggobbbuoooobooboos3sbobooaon
goboood.



bbb, ggoguoobbuoooooobobuoouobonb. oo
g, ggbbobbbotbodooooobbooo,booobuobbooooobon
gb,ggodbgogobobobbobbodg. bboobo,bbbboouooouoog
gbogbooboboob,bboooboboobboobbobbobo.bbuoo,ouoa
gogbobobooboob,bbodobuoboobobbooooooooooboooon.
gbouogoobougob,buodobooobbuouoooboooobooooon
goo.

goobobooooboboobbooo,bbdoobooobobooobobbobn
gobbd. bbobobodoodob,bbobooobobooboboboboboobobn
gogboogag.

24 0O0O0O

goboboogobobooooboobbobooooboboboboo. bo,00n
gbobuogogbbouoogbbooob,bogobbboboobooobbbooad
goooboooaon.



1 30

Juoootdgbobtobobotdbobdod
HREEN

3.1 0000

0000,000000000,000000000000000000.0000 (0
O00)0O0oo0oooooOo0OO0O,0000000O00O0O0O0OOOOODODDODODOO
gooboobob. bo, bbb bboo.ob,boboobboon
godbbuooubgogobboboooduoobuobbooooboobob.bog,badon
gbobobobogoobooooobooboobbbooon.

3.2 UJOUOOO0OO

OOoobOooobOoo,031000.0000000000DO O Silicon Graphics O 0O
Onyx VTX(150MHz,64Mbytes) 0 00 0. 000 0000000000000 OO0OO
goodo,boggobooboboboboooooooooboboboob.oo,bbboga
godoobooobdu. bogdggooooobbooobob,oooobooob
guogodoogobbbooaoboboooobobobouooobbbouooobooog.

goubobuogboouaoooobboobououobobobobboaboood
gbobo. booooobbdooodbo 3bbooooobboooobo,booobn
gbubgoogbbdooobuo.gobouoobb32000.bo0oo,bboon
gobbbbooogbbobbobooobboboob,bbobobbbobooon,bd
goboboooobbbooobodbogbobbouoboboobooboog.

10



Cyberglove

! I

|

! I

|

! Sensor Unit
1

l :

! |

CyberGlove
1 I_I—I_|
\J\/

1
FASTRAK |-/

1

1

| O Visualazation
e _____ [0 Recognition
O drive sensors
[J data sending
031 000000o000dgao
Data control
system
4 N
Device control
system Visualization
Y data editor /&\
message dat a vi sual azati on
¥ control control ™
message data
control Am\ ~) W control
shared menory
devi ce control
—
cyber gl ove sanpling data file
fastrak
sensor device normal i zation data file

caliblation data file
coordination data file

g320000000

11



3.3 OO

3.3.1 UU0ooogn

0000000,0000000000 Virtual Technologies 0 0 0O CyberGlove[11] O
OO00. CyberGlove DD O0DOD0OO0DO0ODODOODOOO0OOODODOO,00000000¢O
U woogboboobodgboobogob.obogobobobboooobb 33000,

OOobooooobooooobobobooooboobo,0oooboooobOoon. Cyber-
GloveUDODOOODOOOOOODOODOOOODOO.OODODOODODOOOOOO
gobgobobo. boogugguooba,ogobbobooooooobbbo
gboboggg,gobbbooodobb. ogoobbooooboboooooobd
go,b0boobbb0obodgobbouoboobooonbb.

ooooooboob s40b000gobbobooobobo. oo TROODDbDOOO
0000000. 000 12000000000000000000 (Ordering ID:(1,2),
(4,5), (7,8), (10,11), (13,14): (0 10D0,0200)), 000000000000000
(Ordering 1D:3,6,9,12) 0 0 0 00000O0O0O. O0,000000000000000CO
000000000000000000 (Ordering ID:0), 00000000000 14
ooob.dbobooobooooobo2b,000bbbO0 1000,0 34000
goobbb0o 1 sbobgooooobooboob.

3.3.2 JUUOoUooognd

00000000000,000000000000000000000.00000
000000000000000000,0 35000 POLHEMUSO OO FASTRAK[12]
oooo.

FASTRAKOOOOOOOOOOOOODOOOOOD.0000000000000000
0000000000,000000000000000.00000000000000
000000000000000 (xyz) 00000 (yaw,pichroll) D 6 000000
000000000000000000000000O00 ANSI/IEEE O Floating-Point
Arithmetic 754-1985 000 0 float 000 0000. 0000000000000 000
000000 120Hz000,0000000000000000000000 120HzO
0000000000.00000000000000000000,00000000
000000 30Hz000.000000000000000000000 200000
00000.0006H,0000000000000.

12



0 3.3: CyberGlove O OO

OO0O00000,00000 CyberGloveO ODOODODOOOOOooooo,0o0oonn
gboboooobbobogn.

3.4 0O0OOOOoOono

gobobogbbooboodd

000000000000 000O00D00O0D0DO0Db0000 00 Request & Sendd0O
OStreemJ0000000000OCOO0OO0O. ORequest & Send0O0O0O0O0OO00ODO0O
gbgoudgbbooboobboobbooobbbbboobboooooboboo
OO00DO00O00O0D0.O0Streaem000000O0O00O0DOODO0OOOOODODOODOOO
OO00O00oogStremddogoog.

O Request & Send0 000 0 O0O0000ODO,0000000000C00DO0D0OCOO0O
ggooouooogoboobog,ggooobobbooobbooo.obooboobbn
googoboooboo,guogoobooobbboobbbooobbbooooboob
gboo.ggb,bbbdooobbubuoouboboboboooog,gobobbon
O000000DO0ODODOOD00O00Request & SendD00000O0O0O00OO0OODOODOO
googbobogbbobbooooboboooboobobbobboobooooogo

13



U034 00000000D000000

14



O 3.5: FASTRAKO OO

gogoooboboobodd.

OO0 StremO0000 0000, 0000000000000 0000O0OC0DO0O0O0OO
gboboboooogobbooo. gb,bbuugoboboabboogobbooaon
Ug.gogogboobogobobdobooooodgobobbbobbooboboo,oooo
OOooobooooobobooobobobobooobooboOonStreaembO0O0O0OOO
gooooag.

gobdgobooobooboo

CyberGlove 000000000 25600 (8bit) DO ODODODOOO. 00O 18000
OO0ooO0,000000 2ByteD 000 200000000000.00 ,Fastrakd OO
D000 float 0000000 4ByteJDODODOODODOODOO,6000000DO 24Byte
gboboboboodo.gboboboogbboobobooboob 290bbooag.

OO00Ooooooooobooboobooogno RS232c00b00booooboOobD. ood
gbobobobobboodobboobuoooooboooobooob,oobbboba
OO00obooboobobOon 38400bps 0, do0boooobboboboobDOon
goboobooobboeoHzD D OOO.

googdgbbuoooobobbboooboboobbo,0oobooogoobodab
O Fastrak 0 00 ,60frame(10) 00000000 ,1740Byte000. OO0ODO,0000
ooboooooooooboboboooooo.,osoboooooboooooo,bo

15



gbbooooboooobooboobobobobuooboobooboo.bbooaby,
gogobooboboboooobobbooboobo,ouobobobobboo.on
Oo,00booboooboooob ceOoobooobOobbbObOoOobobboDOonDgoD
go. bobooboboooobobbbobbobo. oo, obobbobobbobo
00000000000 (DOooooOoOLO, 00000000000 O0)ooooobOoo
god,bugoggbobbougbobbobbo.ougboooobbbogo
googag.
goo,ggooobbobbobbooobob,oobbbbbuobuoooooono
gbobobobobuoub. buooobobbooobbboboooob,gobboobn
gboobobogobobbo,bbbubudgbgbuogoooooog.
gboobobobbbooooobbooooobuoooooboobobooa.

guobogbbooobobboo

gobooooodad

sgboboobbobboogn

socket 0O O0OOOOUOOOOOOOODODODO

3.5 UUuoboooboobouooooogn

goboogbobobbobboo

goboboboooogbbbobbboooboodooobbuoooboobob.bon
gguouogouoboogbuobuoooo,ogoboooooonoobbonoboooon
gboogo.g3ebogooonon.

gogbboobbbobooooboboobobobobbo,ogobobbbbogbogn
gbooodgbbh eoHzODDOODOOOOO,b00b0O0DbO0O0DbObOO0O0ODO0ODO
A800000000LO0O0O0. 000000 bbOoUoOobDbO.

gobobboboodgouoboodboooboboooobobbooboboobooon
gbbogooobuoooooboboobo.boobbbooobboboobobobon
98Byte O UOUODOOOODOOO. DObOODbOOODbDObDOOLODDbDOObOODbOOO
go,ggbooobobboogbobobobo,bbbiodgoobbooooooobo
gbobbodd.gouoogubobuoooobobbbooooob,bbboooon
ObOooopoooO,b0000bobouobuobboobodbD secket DO OOOOODO.

16



godbobobboobboooobooobobbooobobobob,bboooooooo
gogooodooobtooooobboooboooobbooobbbboobb.bbn
gbobogbobobbdggobbobodgbbboob,bboooobbouoooaoban
gbbooooooooobboo. bb,bogobobobbuooobobobbooon
goo,bggbbobboogggboooubbboobobbooooobobooooboon
guobog.gob,booobboobuoboboboboooo.

godbbbbooobbodobuouogoobbo,gogbuoobboobooooo
goodb. ggogboobboobooobobobouoobobobuoooooboob,bbo
goobbooog,boooobobboooooo.

Input device | Host computer
Fastrak T
3 dE‘\/iCFi‘ datal — visualization
CyberGlov ? g/)gtterr% (s:;/)g:err% ] memory 1 System
CyberGIoveJ socket mairzg mai?;r;/
RS—é32C
(38400bps)

g36:0000onbooood

3.5.1 JUougooogoo

O Request & Send0 OO0 000 GUIODOOOODOOODOODOOOODOOOOOOO
gb,dddg 1o huobbooob.ogbbbooboboobooooan
gb,djggou 1ob4000bbbbbbbbbbo. bbbboobooood
guobbobooobobboboobbooooobbobooon.
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FRe sk Pene  Wiswing

Eiﬂl = ] gt [ e

2150

g

~ Do

IR

i
T e e o

T AT LT
B AT b

ARAAE
CEELL
ANEAE
"ELLE
CEEEL
' EEEL
AEAEM

EEEEE
PERED

HEEEEEE

U3ngbobboobgon
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3.6 OUOOOOOO

3.6.1 UJUOUUOOOooogg

gooboog,bobtbdguodooooboobbobbuobuodooooo.ooon
gobobboooo,gggooobbbobbboooob,ooobbooobbooon
gbogogbogdgob,bboubdobbduooobbobobbobobbboog. oo
gbobbboooobboob,goobobbo. bbboooobbboobboob

gooog.
obnbuoogono.

gobboooboggo.
gooogooon.
cUboupooobooboon.
cbbuoggood.
gobooooogoooo.

. poooobboooboboobboon.
gogbobooo,bboodgdg sbugooo,boobbooooooubboboboaa

0,000000.0000000000000 Cmaz;,Cming(i=0,1,2,---,14),000.

NS ot W =

oo

goboooooboboobo,obbooogobbooobobboooooo.
D000 mput OO0 OO, 0000000 bend; DOODODOODOOODO.

mput; — Cmin; .
bend; = , =0,1,2,---,14 3.1
n Cmazx; — Cmin,; (i ) (3.1)

gboogbdobugbbuooooobbooobooboobobbbooooog.
gooobobbooossguuuobooooobobooboooo.goooooon
0000000 (000)0000o0o00ooooo0oooooooooooog,od
god. obogobbbbbooobbbobuodooobbooobo3sbnonoao
gooboog,obbbbogbbobbbooobn.

3.6.2 JUUULOOOUOOOOOLOOOOO0

0000000000000000000,00000 (calibration) 00000000
g.goboboboooboooboobooobobobooo,obobbboubobobbooon
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U038 0b0uddbooooobobbouooon

0 3.9 000dububguogbbbuoogn
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g.0obd,gooobobobboobboobbobuoooooboboobooboobo
gobooo. bbodobooouoobboouobbuooobbooboboboabobo
0,00000000000000000000 (0000 Degreed )0 000000
gboboboogooboboboo.gboobobobobboobboobooob 20040,000
gogbodgbbooboogobb,bobbobobobbobogoboobobbooboobo
o.03o0ooboboooobooboboobobooboo.obobogo,.cGUoooon
oboobobboobooboobooobg.
gbooobooooboboooooog 311igug0. i sgogogbo,gboobd
goobgooooboobb.o0,0boooooobooboooobbooooboog
obobOo.0booooooobooboobobobboboo.

[
G 90
R e e o |

g 310: 00gubogbobuobbbooodgn

3.6.3 UU0OObOO0O0OOoOoOoOobboooooobbn

gbobobodbgbooboubbooobooobab,obobobboobaabb
guooobD,000dbdl Degreed 00O, 00000000 00DOODODODO
oobobO.0boo,bug0ogobooog,obobbobboob,obooboobg
gbbbobooogbbooooobbobooobbag.

gbooboboboouoog,gobobobbobbbboobodoooooooon,bb
gbobooodb. gs3i1ibogoobooog.bobbbeubobobbbobobn
gbbodoboboobooob.bobboobb s22000b0000000b00000
gbbouogbbobooood. gub sggouboooobbbobobbooboaoob
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U 31l: dgoogboodg
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goggobogbboooobuobb.boobooobbbobobossboood
googooobooboobo,gbbbobuooooobbboooobobbooa. b
gboboobdg 313gud. goboob,oooooobbooobobbobbobon
goooog.

g3l 0buguobbooogn

1. 00dd

2.0000

3. 000

4. 0000 0oooooooobo
o. O UubboobOd

6. O

7.0

. bbbuguobbouoooooo
9. bo0ouoon

10. OO0 Ooogo

11. bOoooogn

3.6.4 OU00OOOOOO

0 34000,0000000000b0b0bO00bOobobobboobbobDLoDbn
gogdoooobob. ggbuobdobooobobbooogb,bbooboobooboa
gbobobbooooboooooobo.obbbbooboobbboobobbbobao
goggoboboooobbo,gobobuoouobbuooooboobooboobboobob
oo, ggggubouobobbooobbbuoobbbobboboboooaobon
gogbobogogd

000000000000000000000000000 (GU)ooooooooo
gboobbdg. ggobboubobbobooogoubboooooobobb,og0o
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File fask Window

File Name: | e/$s022/nofvr1/VR/SingExa/Nitou/ 108 dat |

5100 || Play || ¥ || Recora ||| connect

I. g || | || [FrameLength:2624]

¥ Edit 0000 | Out | 2624 | Partiion | [ Lazyiviode

182
 I— -

| Mark

0312 0000000d

oo | e |

U313 duboooogoon
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gooobbooboodg,gggoobobobbbooooooobobooboooa, a
gobobbobooobbdooooobooobb. b34bguuguboon. boon
gbogogoboobuooooobobooboobog.

o U UOUOODODODOOOODODODO
o JUOUOOODLOOODLODLDDLOOLOOODLDOO

o JOUOUOUOOODLDDLOOODDDODDOOO

gbbouooobogoboobobb,ggoboboodobo

gogbobobobuoogbboboobbon

3.6.5 HUOO0OOOUOOOOOOOOOO

gooobobobobobobobobbobbbboouuoobooooobooobobobo
gob. ooooboboobobooboo,bbbbdoboodouobooo,0o0boon
gg,bogbbodgob,bbbbouogbuogobbodob,gobbooooooon
gobooobbodobbooooboobob.bbooo,bobboooboooooo. o
.10000004ad.

3.6.6 UUOOUOODLDOOOO

godbooboobbbobdoobddboooobooooboobobbo. bbb
googooooo. bbb ooobouobboooobooobobooobon
gbbdgbbbooboooboboubobbo. oooboobooooab O 3160
go.

goboboooboooboboogbbbobooubboooooob,obobuobob
gbobbooogbboobobbobbooo.bbboboooboobbboon
gbbboooooboo,ogobbodabbobbboooooobbood.

gobooobooboboog,0bdddoooo,ggbbuoouobbuobdoooobon
guodbbooogb,obbbtbooogooouoooooooobuoooboo. oo
gougogobobogoobboobbbuooooobog,obouoooboon
gbooooooo.
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0 314: 0000000000000
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g 3l gggboooobgobbodo
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U 3.16: Jubougobogboboboogboon
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3.7 OO0

gboogogbbooooobbooooobuabobbboboooobobob.obn,
gobooboboobbobogodtbdgdoodoooobobooobooobobbon
gogob.0bogogobobooobobobbooooboboooobobo. oo,
ggboooooobbboobobbbuoooooboobbobboooobbog.
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] 4 [

Juoboddobobobotgddood

4.1 0O0O0O0O

obobboooobobobbobobo,0boboo bpOObObbObODbbDOOO
gbobboouooggboogdg. bbuoooobbba,gooobbboaoooon
oooboobogo.obobo ., ppob0oboooobooboo,bobbooboooobg
goboboboooooobb. obodouoobobob,bbooooooboobboooon
gogboobo,bbbbdbboodouobobob,ooboooobbbbbobooga
gogbobobogg.

oobdoboobobbooo,ppOoboboboooboobobbooOo,bobobobboo
gboogdouoogbo,bbbogbbodbbooobobooboobboobobbonbn.

4.2 0OO00O0O0O0OO

gbbooubbooabbboobbbbooobdag,bbooboooonobooob
godogduog. bbb ooobbuooobooboboobobobooboon
go.

00000000,0000000 (Dynamic programing) 0 00000000000
guodbbobdogo.oggoubobbobbbuoogoobbbo,oggoobbobbn
gbobobgoobboobboobbuobobbobboon.

OoOooodooD ,Jb0od0 A pDO0O00DOOO0O00oOoboOobOooboooooo
0. 0410 DpOn0Doogooooogoobon.

30



Matching Window
j=i+r @n
c(K)=(1,J
by S(0=(

2 c(3)

c(1)=(1,1)
a, a 8, a

U 41: 0000000

A= ag,a1,as,..,q; } (4‘1)

B - bo,bl,bz, ,b]

0000 A0:000000000000000 BO 0000000000000

000 ¢=(i,7)000.i—j0000 ¢=(,j)00000000000.000,0000
000000000000000 KOOOO0O00000000,¢(1)=(1,1),«K) = (I,J)
D00000000000000 FOO0OO000,00000000000000.

F=c(1),¢(2),¢(3),...,c(K) (4.2)

000000 FO ¢+—j0000 (1,H)00 (7,J)000000ogoooooooog.d
00000000 00,0000 d(4,5)00000.
goodb rO0bO0ObO0ObDOO0Ob0ObDO0OO0ObO0O00ObDO0OU0DOobDOOO,boOoo

O00000.000 E(F)0,000000 FOOODDODOOOOOOO ABOOOOO
go.
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wk)D0O0O0O0O0O00. 00 FO ¢(1)=(1,1)00 ¢(K)=(1,J)000000000
00000,0000 B(F)D000000000000 FO,0000 A,BOOOOD
ooo.

D(4, B) = min{ E(F)} (4.4)

b poboogbobobooboboboobobbooobob.obob rOOOO
goboboboooon.

1)o0oo ik — 1) <i(k), j(k — 1) < j(k)

(2)000 i(k) —i(k —1) <1,5(k) —j(k—1) <1 (45)
(3)0DDoO0 i(1)=1,71) =1,i(K)=1,j(K)=J '
(4) '

ggboouobogoogdg,bobbbobbooboobboobbbbboobbn.
obooood 20 FOOOooooooboo.

000000000 E(F) 000000000 wk)ODOOODOOODOO. 00000
gobbodog,bboodbbooooobboooobuooooobboooooboobo
O0000000.wk)DOOOODODODODODOOOO0OO0O0O0ODO0OOODOOOOO 4,40
gbobbobooooobooodoouo. oobobbbouodooboboooo 4200
g.gbbbdoogbobuogbobobbodoobbobobooobboooobn.

w(k) = (i(k) —i(k = 1)) + ((k) — 4k = 1)) (4.6)

¢(1)00 ¢(k)0000,000000 ¢1),...,e¢(k)0 000000000000,

q(c(k)) = g(i,J)

| (4.7)
= miney,.ok-1) ot d(c(l)) - w(l)}
oo, dodoouooooouooooooon.
q(c(k)) =ming), - n{Xi= de(l) - w(l)} (4.8)

= mingeqe-y) {9(c(k — 1)) + d(e(k)) - w(k), ... e(k — 1)}
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c(k-1)=(i-1,)) c(k)=(i.})
o >0
w(k)=1

w(k)=1
w(k)=2

O O
c(k-D=(i-1,j-1) c(k-1)=(i,j-1)

042 000000000000

¢(k)0O (4.6)00,000000000. 00003000 ¢(k—1)000 g(e(k—1))
0 d(e(k—))0000000000000,0000000000 g(e(k))0000000
oooo.

000000000000000000

9(i,j — 1) +d(i, j)
g9(i,j) =min{ g(i — 1,7 — 1) + 2d(i, 5) (4.9)
g(i —1,7) +d(i, j)
00000 g(1,1)=2d(1,1)00,i=1~1,j=1~J00000 (49000000
0000000000 4,B00000000OO.

D(A, B) = ”1“]9(1, 7) (4.10)

4.2.1 0OJO0O0O0OO0OO0OOOOOOOOO

bpUOO0ObOOODDOOODOO,0DbOOO0UOOODDO. DODPOLODO
ggbbobogg,boguobbobbooobbobobboobbooboobog.
gbooooobouogbboooobbboooobobbobobb,o0obbboon
gboooodgoobd.ggobbbooooobooooobo.

l.ggbobobooobbobobbon.
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U43: 0000000000

2. 0000b00bboooobobbobobobobOoboan.
. ubooog,bboooooobooboobobobag.
4. 000oOo0ooboOoooboobboobuddobooobbbooooobboobooo.

Oododpoooooooooooonoououougouogoog.

o D(Po )i = 0

A D(PZ’PJ):D(PJ?PZ)
Oddooooboooggooooooougoon.

. NOODOOoooobooo,0ooooooog p,OO0O.
2. 0000 P AROOOOOOOO D(Pa,Pb)DDDDD.

3. J0bb pO0OD00O0ODOO0ODODDbDODbDOODbDDbDODO.

1 N
N — (e

4. 0DOOOOO c,000000b0ob00 pOO0DbObDODODOD.

O00ooooo0ooo DP,P)DPOODODOCODOUOOD.ODO0O0OOODO cOOOO
ooo0ooooooOobobo0o0. ooooo cooobOobbOoOoobooDOoOooOoo
oboooobob.obobbDb43000.
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bpUOd0ddddobbo0oOo,bo0bb0obDooUboobLDOobbOoULbOon
gboooobbooobooboboooboob.obo,pbPOb0ooobooobbobOobO
gbboobobooobobbobbboobooo. bbuoobbboooboooobobo
obooddobooooouooboobuoooooboboboobo,oo0bL bpoOObOD
gooobooob.bobbbobogobobogooo,ubooouobooboonoboo
guobogo. obuboobbbboboooboooobbboou. gooobo,bob o
gboogboboobgobbbboodboooooobobbboobobooboooboo
gooo.

4.3 FFTOUOUOOOOO

gbooodgoboobooboboooooboo ppOobOobbbOOoObDbOO0DbOODOg,
gbboouogoobuoodgbbooobobbobooobn.

bpOOoobobbOoObOobObOObObbbOOOUOUObOObObOODbODbOn
gogdgobobbobbobbdoog,bugggbooobbbuobouooooago,o
guoobbouoobbbboobboobobooboobgd.

goobbodobobodooooboobbbooodooooooboooob,bogo
gogooobboogooob,bobuooobooooouoooogo. ooobobo
gbboobuboobogboboboooobb,bbuoobbboobooboobon. b
oo, 000booobooboobo.gbbo,oboo00obooobDoobbOog FET
gobobdob,bogoboobboooooobobobobb.obob,goobobobobobobba
goboo,bobboob FFTOO0O0DODO,00b0bb0b0o0b0o0ooobooboon
goo.booboboboobboooobooobbboboobobobgg, FFTognoo
gboboobbgobboobbooobbobobo.0booooboooobbon
goobogogoo.

4.3.1 UU0UO0OOOUOOOO FFT

goboodgobobobbbobooduboooboooboooobbob,bbogo
0000000000000 000000000O00O000 (FFT)ODOOOoooo.
x(t)000000,0000000000000000000O0O0O0OODO0O0O0

x(t):; T Xoexp(j2m 1) (4.11)

n=-—oo
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O00t0002t)000-T/2<Y/200000000,000000 X, 000000
gooo.

7/2 N
X, / t)exp(—j2m )t (4.12)

000000000000 0000000,0000000000000000000,
0000000000000000000.00000000000000 20000
O0000O0 NOOOOOOOOOOOOOO0O0000000,000 %0000 k=0
00O N-1000000.000,

ooooo 000 7,000000 —f,00 +f/,00,00000 TOO00 2f, O
000000000000000000000000000000000000000
oooo.

N

X, =DFT(z,) = E:n—ONILﬁmK‘ﬂWEﬁ (4.13)
n
N

r, = IDFT(X}) = E:k_-WV1Xyme2wE—) (4.14)
n

D2 Sl A A I I Y A
WN:exp(—jQWL)
N
WyOoOoooooooooooo NOOOoOoooo, Wy O pOD0OOO0ODOOO
00000000 1/NOODOOO0OOOoooo,wWyooo Wy, 0OOOooooo
U.goob wyb oo DFTO0O0O IDFTOUODDbOoooobooooono.

—1 N-1
= > zpexp(—j2m) = Y 2, Wyin
p=0 p=0
N N-1
Tn :—ZXkexijW ZXk N—kn

oooooboobo0o Moooboooboboooooboo,0ooobbbobobo
ooooogoooo. b0 MO 200000000000 00DLO0DODOO0O00
0000000,0000000 M00000000000000000,MlogaMOO
oboooobooob. FFTODO0O0DbODODOOO0O0O0obbobooon.

gbobdboobooodboobobobobuooobobobo,bbbobobbooan
gooo rFroogbobgob. oo, boobobbooobooboobooobg,

36



oooodbooobooooobo.bob,oobooobooboboMOOOBDO
ooooboooobo. MO FFTOOOOODOOOooDoooboobobob.boobooo
O, 0bo0bobbgoobb rFrrogboooobbbbbobobo.bbbobo
goodgbobbodbbobooooooboooooboooobbobbobo,oon
gt nbgoobobooboogn.

oboobboooobo NOODDbOoODbOoDbDOOoO MOODOODODDDO NxMO
ooooooo. FFTODODOOODODOODOODOO00bOO00bb0bOO0bL boobogo
Nx2M O0O0O000O0OO0O0. 000000 NxMODOODOO.OOoboooboo
gbobboubogobbuoogoobobooooobbboon.

4.3.2 UO0O0OO0OOOOO

bpOUoboogooooobooO,bbooobbbobbobobooboog. DP
gogobboob,ggbbbubdoobooobbouoobbboooobbboon
goob.goboooobobooboooobgb, FrTo0oobobobbobbod
gob NxmMOObDOoooboobooooobo.goboobobobuooobooo
goooooboooboo.og»m0O00 s,,,00000,0000 MD,,,,0000
0 SDh,, 00000000000000000000. O000000D0O00 440
00000000000 000000000000000 (Coo0o0)ooooooo.
gbbodoooo,gobooobobbuooboboooobboooobbooon
gbodgoooooobboogobobbod.

1 I
MDom = Bun = 7 3 Snim (4.15)
i=1
1 I
SDn,m = Tnm = T ; \/(Sn,m - -'L'n,m)2 (416)

4.3.3 0O0OO

gbooogoooogbooobbbbooduoouobboooob,ooobobobn
go.

DDZDDDD,DDDDDDDDDDDDDDDDELMDD,DDDDD TpmU OO
goboboogoodad SL’mDDDDDDDDDDDD,DlDDDD.DDDDDDDD
oo/oboooob.ooo,NODOobooooboooobo, MO oo
goobobodad.
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calculating -

deiviaton . o
operation | recognaization
‘ operation
word 1 wordl |...mwaa| WoOrdl | word1
variationl || variation2 variation N !
word 2 word2 |, .emea| Word2 |:> | word2 L. \\
variationl || variation2 variation N ‘ T2
; ; : ; I word X
1 1 , 1 e
: : ‘ : .-~ " test pattern
1 1 1 7’
word M wordM |, . eaee| WOrdM | wordM
variationl || variation2 variation N 1
material pattern dictionary data
044 0000000000000

- jit,m)Q
l

Sn

oo N M %m
N NM+1ZZ

D' = WHMZDDDDDDDDD

4.4 O0O0OO0OOOOO

gobb 432000, 0000000b0b0b000ooboobo.oboog,ogoan
goboboogoobobuooooobbobboobbbooooboobuooobn.

4.4.1 0OO0O0OO0OO0OOOOOOOOO

gobbooboobboodgubogbboobbbobuoooooboboob.bboo
gobogbuogbuooobobodbbobooobouooobobobbbobbo
gbooo,0bbbooogbbbboooobuobobboooobbbooooaod
g.0oogoogoooboooag.

gbobod,dogoooobobbboboob,oooobbobbboooooobn
oooobgbooboboobuoboobuoobobooboobooobuoboon 4.5
U obobobbodbooobboobboooooooo,booooobbobooobooboo
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googdobbbood.goob,gobbuoooooboobboooboboobbo
goo.
gbobbuoooooobooobbbooooboboo,gbboouooobon.

1. 00000DNOOO.

2. 000000000 CNOOO.

3. 00000 c000000000000000 en(c)000D00D0.

4 00000000000000000000000000 EN=Y%en(c)000.

5. 000000000 ee(¢c) 000000000 DOO0OOOOO, 000000 ENDO
goodoo,uogoobbbd sbbgg.

6. 000000000000 ce00D0D0O0O0OOOO sODO0ODOOODO Plee)DDODO.

7. 00000000 s0000,000 Plee)DOOODOOOOOODOOO,0000
gobogo,ogbbbooobbobbod.

000000000, 0000000000C0COWOOOODODOOOO s(W)oooOo
O000000. Plee)D0000000O0ODODOOOOOOODOOOO,00000000,
gbgbdobuogbbouooobobobobobuobbboobouodg. bbuoobooob
goboobbo,0oggoooboboooobobbbooooo.gb,00ooa
gobbdg,ggbobbuobuobobobogobbbooobgbouooon.

gbooobooobboobooobbooobooboobbob,b 410DbbO0O0
gbooogobogesobbOdbbouobooobbo.0bobooooboobboo
googobboobboooooo.obobobbbooobooobobobobboon
gobo.ggbbbdooobobboogbuoooobobbooooobobooa.

gbooogdgbobogesodoooobbbbooud,goooobboboogn
good.ggobodogooobuooobboo.bbooooobo,o0,o0ooo
gbbogoooobbboooooobb. ob,bbbouobooobobboooooob
gboogoggguaesobbusebggoubobbogon.

4.4.2 0O00O0OOOOOOOO

gbbogoooobbboooboboooobuabbobobobb,oouoabobn
godgbuogobbbooooboobooon
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{TYPE:Departments
(TYPE:=Hand_Pose_Term
(TYPE:=Finger_Shape_and_Direction
(TYPE:=Finger_shape: ITEM:=1)
(TYPE:=HandDirection
(PALM:=
(TYPE:=Palm: ITEM:=c)
)
)
(TYPE:=Hand_Relation: ITEM:=idn)
) ;End of Hand_Pose
(TYPE:=Motion
(TYPE:=Right_Left
(RIGHT
(TYPE:=MotionPlaneJoint
(DIRECTION:=
(TYPE:=MotionDirection (ITEM:=L) )
)
)
)# End of RIGHT
(LEFT
(TYPE:=MotionPlaneJoint
(DIRECTION:=
(TYPE:=MotionDirection (ITEM:=R) )
)
)
)# End of LEFT
) #End of (R-L)
)
} ; End of Departments

0000000 00mWoooooo {1Pc,idn:L/R}

U 45 0000000000
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041: 0000000000000000000

oo0ooooon 00000 |00D00O |0DbOOoboo (oo
Word Context 1 75 75 ERERN
Finger shape 47 819 660 EEN

Palm 8 698 582 oood
Wrist 8 151 138 gooono
Hand Motion 11 235 222 oood
Hand Relation ) 311 279 goon
Body part 26 375 350 goodd
Body Eexpression 6 48 36 good
Boyd Distance: 4 355 348 goon
Motion Trajectory 4 o6 o6 gooadd
Motion Plane ) 173 170 goono
Motion Direction 8 639 464 godd
Motion Condition 6 242 212 oood
Motion Result 3 28 28 oo
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oo00o0oO0OO0OOO0O0O00O0OO0,0000000OD0O0O00DO0O00000O00O0O (o
O0000)000000000. 0D46000000000000D0000DO0ODODOO
gboboboogooood.

1. 000bbOob0oob rFTO0O0ODOO0OOO0OO0O0O0OO0.

2. 0000bo0oboodoobbbooobbboobo.

. 0booobbbouooooboooboobobooobboboobooboobo.
4. 0000 O00bObO00oobbooooooooan.

calculating -

deiviaton . o
operation ; recognaization

operation

wordl || wordl |, .auaa| WOrdl
variationl||variation2 variation N

| I
1 |
| I
T word4 |[ word4 |.ueeeal word4 |
| |
| |
| |
| |

variationl||variation2 variation N emicl
| | LT L] — \

[word2 ][ word2 |..saaa| word2
variationl||variation2 variation N

| |
| |
| word5 || word5 |, .auwwa| wWord5 |
|variationl||variation2 variation N |
| |

emic 2 N N

v\ emicZ
(word X)

-7/ testpattern

word3 || word3 |nawmmm| WoOrd3
variationl||variation2 variation N

| word6 || wWord6 |ammmms| Word6 3

EEEEEEEEEEEN
\

emicL

variationl||variation2 variation N

VARV IRV

material pattern * dictionary data
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4.5 00O

bpOdb0dbObObOOODbOOobObOODODOODODOODbOOOOODL,00DbO0
goobo,gbbobogbobbbugooobbooboboboooon.

gobobobodgboooooboboooboo,ogubooobboboooooboaon
gobb.oobbboogbbobooobobbuooooboboboooouoogoo
g.gbobdgoooooboobdoobobbooobooobbbobooboaa
gobogoobo.
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1 50

Juooggd

5.1 OO0

ooob,0b00obobooobbo bPpOdd000o,gobooobobooobobooboog
gbbobboooobouogoboob.bobobobbobbbooobboobogo
gbuobuooobbboooobobbooobon.

gh,dgdgouogobobuoboobotboooobbooobooooobooubn
gbdodobooba,bboooobbbooobbooooobboboooboogo
gooooog.

5.2 0O0OOO

5.2.1 UOOOOODOOO

0000000000000 0O[(B|D00000DO 330000000. 0000000
g si1ood,

5.2.2 [0O0O0O0OOOOO

goobooobobbbboouobboodoouuoouooobobboboobbo
g.0bbouoboobobbooboobooobbooo.boboboooobbbon
gooboobobobooboobooo,obodugoooobbooob,bbbboboooouon
goboobooooogoboobobb,ogdboooboooobbobbbbon
gboobouoboobogoboo. gbbboooobbbbboduoobbobo,goon
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051: 0000
0oo,00,0,000,0,0,00,000,00,00,000,0,000,00,000,
ooo,o0,0,000,00000,00,00,00,00,0,00,00,00,000,0
0,00,00,00,00,000,00,00,00,00,00,00,00,0,0000,
0,0,000,00,0000,0,00,00,00,000,000,00,000,0,0,
0,000,00,00,000,00000,00,00,000,0,0,00,00,0,00,
oo,00,00,00,000,0,00,000,00,000,00,0,000,00,00,
0oo,000,0,00,000,00,00,00,00,00,00,000,00,000,0
o,000,0,0,00,00,00,00,00,00,00,00,00,000,00,00,
0oo,00,00,000,00,00000,00,00,000,00,00,000,0,00
0oo,00,00,00,000,00,00,00,000,0,000,00,00,00,0
0,00,000,00,000,00,00000,00,00,00,00,00,0,00,0
0,00,000,000,000,00,000,0000,00,00,0,0000,000,
oo,00,0,00,0,00,00,0,0,0,00,00,00,0,00,00,000,0
0,00,00,00,00,0,00,00,00,00,000,00,0,00,00,00,0
ooo,o0,00,00,0,000,00,00,00,00,00,00,00,00,00,0
0,00,00,000,00000,000,0,00,0,00,00,00,0,0,00,0
oo,00,00,0,00,0,00,00,00,000,00,0,00,00,00,00,0
0o,0000,0,00,00,0000,000,000,00,0,000,00,00,00,
o,0,0,00,00,00,0,000,00,00,00,00,000,00,00,00,
ogo,0o00,0,00,00,00,00,0000,000,00,00,00,0,00,0
0,00,00,00,00,00,00000,000,000,000,000,0,00,0,
o,0,0,0,0,0,0,0,0,00,00,00,00,00,00,00,00,00,0,0
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gbodgb.gobmobooobobbooobooobooboboobboboobon
gbobobooooboobood.

1. ogbobouaooao.
2.0000000.
3. 0b0,00b0o0bo0ooood.

goboboogg,gobobboboobbooooboboooobooobbbboo
guoooon.

gbbbbboobooouoob,ooboobbobo,bbobbuouooobbbbn
g, g, ggobodo.bboobobbooboooobboobooobobobon
gobooogoon

gbggbobodgbogboobuoobobobbuooboboobboobbobob
gob.oobbodog,bbobobbuoboboobo,bboobobbobbbobboo
goooo. b, obbogobogbobbobba,bboodooobobooooon
000000.000,0000000000 (DOODODDOOOODODOOOOO,00)0
gooo,boggobbooobo.

5.3 UOLUOoUng

bpOOO00obbObOO,bO0000O0OLO0OO0OLDODLDL,D00bUO0ObObDDbO

goobobsigboidddgoooobobbbbboboobooo.ooboob o
gbbboooggbuooob.goooobbobuooggbboobbaobbo.gogobn
gobobodug,gubogobobbbobouooooobbb,bbboodooooobn
goooogoobood.

54 DPUUUO0OO0OOOOOOOOON

gbobobbbooooooooboo, bbb uoobbooooon
googoo.

bpUOd0oooobooobobo,booobobbobboboboobbooobon
000000000000 0O00.00ooooooooDdG,j)0Doo0o0oooo, 0o
googdoogoooobobboooob,buobgooobobbobboooooobog. o
ooobooooboobobbobooo,bphobobbDO.
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gooooooo

| ooo  |loooo L
| oooo [po pooood

ooooo L 000 L 00O oooo
gooo

oooooao

ooooo

gsl: 000000

bppOdbOobObObObOODObOOOODLODOOOOOL,00DbODO0OODLODOD
gboobodoooogodooobbboobboobobbuoobbooooono.obon
oobo,bodbboobboo ppOObObDOOD,00D0DbO0OO0ODOD DPOOO
ooooboooboobobo. ggog,gobobboobboobobooob,ppPOob
gogobooouoggoobbobdoouobob. ob,booboboobbobboon
gobboogooooob,ggbbobuogoobooag.

OO000000 PentiumlID DO OOO,0000 450Hz, DO O 512Mbyte 0 OO0 O

gooobod

00000000000000000000000000(000000)00000
0000. 000000000,0000000 10000000000000,5000
000000000,000000000000000.042100000000000
0000000000000000000000000000000.

000000,00000000.0000000005.13000.000000000
00000000000000 60Hz00O0O00O0000000O00.000000,00
000000000000000000000000000000000,000000
0000000000000.0000000000 60H200000000000000
0000000000000000000,000002400000 30Hz, 15hz000
0000000000000. 00,DPO000COC0O000000000 Dyindow sigeld
00000200000000000000000 Lyaternas Lpatternsd 0 000,000
0oo0o0Ooooooo.

1L rn L rn
Dwindow size — g patte A_;_ patternB (51)
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the recognition result of sign word
count of target word = 330 [wors]

100 T T T

80 I -

60 I -

40 .

Recognition Ratio[%]

0 1 1 1 1 1 1 1 1
0 4 8 12 16 20 24 28 32 36

Culling Interval[Frame]

g b2 DPO00OD0O0OODOOOODOODOODn

gboogugobbo,ggbobbboodgubbdai1obboood,sbbooob
gbobodbo.bbooobobooobuobboooobboobbboboob 3uouga
gogobob.boooo3d3obbbooobbboobobboooooobobob. b
g 33obudg33oubibbboguboguoobboooobbobo s1300n.
0000000020 99.3%0000.00000 3200000000 93.9%00000
ggobobooodgn.

gbooooog

04210000000000000000000000000C0,000000000
oooo.

0000 40000,00000000000000000000 500000000
00000000,02000000000000000000.05.20,33000000
0,0000000000000000000000000000000000. 000
0000 Dyindow sie 0 000000000,0 (5.1)0000.400000000000
000000000 53000. 0000000000 54000.

000000000000000000000000000. 0000000 COO
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U s2.000dobboogoonoobobuoooognn

0000 |oooo00 |00 %
ooo A 74 224
gobd B 20 6.1
ooocC 160 48.4
god Db 76 23.1

00000 488%0000.000BOODODODODODODODOOOO 7.0%0000. 0000
gobbobobbooogdgs3gud.bubbbbab s20gouogooboonood
. gguobbooooobbbbooobbobboooobb,oooobboboo
00000000000000(000)00o00o00000o0o0o0o00oooooooo
O0000000000000. 00000000000 1320000000000 25.07%
gbo40000b0b0b0obbo0obooboooboob,oboobuobooooobn
gboogogbobbbooobbbooobbboboogd.

DPpOO0ODODOODOO

obobogoboobooboos4bb.0obbobboooobooobo
obooboooobobobboo.gooo,obbobuo bpOobbOobbOObODO
goodboobuogooboobobooobobboooobobboobbobboon.

ppO0O00O0OO00OOOOOCCOOOOOOOOOO,OD000000DLOO (bOOO
0)000,000000000000.055000000000,00000 2000
gooboobbooooobbobboooooboob.bbuobbduoo 2000,00000
gobbbbooooooooooobogobog e32b00bbuogog. obogood
godbogdgbu203obddbuodgboob,ggobbeotbbooobbugn
O0.000000000000001/2,0000 1/30000000.
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recognition ratio[%)]

100

80

60

40

20

g s53: DPO0OODOODODOOODOOOO

0000 |000 %
Oo0OdA 21.39
OoodB 7.21
oooC 49.15
ood D 22.54
HEN 25.07

the recognition result of sign word
count of target word = 330 [wors]

T
Subject A —+—
Subject B —>—
Subject C —x—
SubjectD —&—

e — = )

- y -~

—— — - * -y 7]
1 L L I I I
s 10 15 20 25 30

Culling Interval[Frame]

gs3: DPO00ODOOODOOODOODbDOODn

20

35



Caluctation Time[Sec]

recognition ratio[%)]

the recognition result of sign word
count of target word = 330 [wors]

100000 T T T T T T
Subject A —+—
Subject B —=—
Subject C —x—
SubjectD —&—
10000 |
1000
100
lo 1 1 1 1 1 1
0 5 10 15 20 25 30

Culling Interval[Frame]

0s54: DPOD00ODOOOOOODOODOOODOO

the recognition result of sign word
count of target word = 330 [wors]

25 T T T T T T T

T T
Subject A —+—

0 1 1 1 1 1 1 1 1 1

10 15 20 25 30 35 40 45 50 55
Window Size[frame]

Uoss 0b0boooobon

ol



5.5 FrTUUUOUOUOOOOOUO

bpOU0bO0ObObObOOODOObDbOODODODODODbDOODOODOODLD,00DOb
gbobooogoboboboon.

obo0oo0b 4300000 FFTOOODOODDOOOOoOooboooooboobooooo,
gboboobbbdobobooobuoooooooobooobooooboon.bobn
ooodo,boobobobboo ppOObObDOODbOOOOOODbD,DO0ODOO
000000000 00. 0000000 oooooO,0D00000000 30,000
40)0000000000000000OO. O0,00000000000000000
gbbouoogobbooooooo.

5.5.1 UUUOO0OOOUO0OOO0OLObOoObOogoon

gbobooougbbobobobbuodgogo,boougbobbbbobooobbb. 00
goboboooobogoooodoo,gobboooboooboboogobob. 0o
gobog,0bbobodb 200000d0obuooouboooobbuoooobob,n
oobooodooob,0boboobo,bobbooboboo. o FFFTOODDOODDOO
ooooob NOboobooooobooooobooob,0bobboogoobobb 32000
gbbooguoboobotoooo. oo oobobboobbooobon
goobogbogo.

bpOdobodobbbObObOO0bOLO,0bbObLO 330bO0bOo0,0boOo,bon
gbooboooooodg sguoooboobobbboooobbo,ooboboa.

5.5.2 U000

gbobobobodbooooooobbob,bogoboobbuoobuoobooobo.
gbobodooboobobobbobanbbbobooodbooobooobobobobbbodd
gogoooo. oo, bbouooobboooobo.

goobogobobobobooon

gobobdoooob,bbogobbbbooooobboboob,osedbd. oo
00000,000000000000 89.0%00 94.5%0.DPO0O0O0OOOOOO0O
goboboooooood.
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Specified speaker recognition result
count of target word = 330 [wors]

100 T T T T T

Subjec{A —t
95 | B
) W |
85 | B
80 | B

75 E

70 E

Recognition Ratio[%]

65 | E

60 E

55 —

50 1 1 1 1 1 1 1
0 4 8 12 16 20 24 28 32

Using Harmonic Frequency Components[n-th Component]

gs6:00000bbobooooonoon

gbobobogobobobbooon

gbobbobbouoooobogob,obbobobboood. 3oobouuooobn
gboobogogoo sy, 4000000 s580,5000000 5.900.
sboggodgbobobboobbobo,obbuooobooobb 12000000000
gooog,0gbobbobooogb. b s4d 120 0000DLO0ODLOODOODO
O00o0oobOooboboOob.oob0 AC0OO0O0OooDOoobOOobbOOobDbOOobObOoOoDO
O0000000000,000 920%00000000.000 COO0DDODOODOOOO
0000000000000000000. 000 CcOoooooog 4%00000
gob.8bbuodggbobboobbooboboboooooooyybbboooobooo
O000000.0000,0000000D0000000D0DODOO 834%0000.
gbbood,2og0dbbbobddoodgbbbbuooob. ooobobbbooobn
gbouobbuogoobbbobbob. ouooobobbbooooobbobdg,ogo
goboobobogobobobboooobobooooboboboobooo.

4A0boooboboobooobuoobobooobobobboouobobboobon
gooo,bogogssoudd sebibb. 40000000000 300b0bo40o0n
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0000000000000000000.00,400000000000000000
00000000000 623%0000. 40000000000 68.2%0000000
0000000000000.000000040%00000000000000000
0000000, 5000000000000000000000000,000000
00,000 A(N=2)0 57.2%0000.

000000,0000000000000000000000000000. 000,
000000000000000000000000000,000000000000
0000000000000000000.

Recognition result of sign word
target word = 330 [words]

100

SUDJCC; A —+——
B

 — R
+ -+ Subject C —*—

K R— %

80 - T

Recognition Rate[%)]

1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Harmonic Frequency Components [n-th Component]

gs7dugdbboooooobbobooooboo

054 000000000000 DOOOO0ODOOODOOD

0000 |000D000 % | 000000 %

ooo A 92.0 97.7

oobod B 75.2 90.7

ooocC 83.0 93.6

HEN 83.4 94.0
1200000

o4



Recognition Rate[%)]

Recognition Rate[%]

100

80

20

100

80

60

the recognition result of sign word
count of target word = 330 [words]
number of testnee = 4

T T T T T T T

Subject A —+—
Subject B —>—
Subject C —x—
SubjectD —&—

2 4 6 8 10 12 14 16
Harmonic Frequency Components[n-th Component]

gs84000000b0noobooodn

the recognition result of sign word
count of target word = 330 [words]
number of testnee = 5

T T T T T T T

Subject A —+—
Subject B —=—
Subject C —x—
SubjectD —&—

2 4 6 8 10 12 14 16
Harmonic Frequency Components[n-th Component]

gs9s0u0bboobdgboboonodn
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g oss: 0dgdbobougouobobod b se6:0dbobboooobbobon

o000 |0D00 % o000 |0D00 %
ooo A 71.4 ooo A 07.2
gobd B 01.8 gobd B 36.0
ooocC 66.9 ooocC 49.8
god Db 68.5 god Db 44.7
oo E 37.6
EEN 64.7 HRN 45.0
N=200000 N=200000

gobobooobooboobod

gbbobuoogoobobboogooobobsioodb. gobbobooob,bboaobn
gogdobbbooooobobuooooobbboboog. bboooooa,bboboo
goboboogbbbouoobobboboooobobobooooa.

the recognition result of sign word
count of target word = 330 [wors]

110

' SUDJCCIIA —t
SubjectB —<—

100 - S tC —x— 7

90

80

70

60 -

50

Computation Time [Sec]

40

30 |

20 -

lo - 1 1 1 1 1 1 1 1
0 4 8 12 16 20 24 28 32 36
Harmonic Frequency Component[n-th wave]

U s10: ogobobuoooobobood
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5.6 UUOOOOOODOO

gbobobogbobobogdbuoooobobooobobboobbboooobo,an
gobobodoooooboobbooobob. ooobboooobboboob,bboan
gogobobooobobooobbbo,goobboooobbooooobooobo
gogdbbooub,gubboboobuooobbooobouoobuoooon
gboobobogboogboobobobooobon.

5.6.1

guoooobbbogooobgbod

gooogouooguoa,uobobbbioboboobbbbbobooooobbbd
gboogooo,gguooob.ogbobobboboooJFTOODODODODOOD
gbobbboobdoob,ooobbooooooboboa.

gs70b000dooooao

0000 |00 00

1 00,00,000,00,|0000000000,000

2 0,0,00 000000000

3 00,00,000 000000000

4 00 0O 0000000000000

5 00 000000

6 00,00, 0 0oo0ooo

7 000,000,000 0ooooooooo

8 0,0 0o0o0ooo

9 000,00,00 00000000000

10 0,0 00000000000,000000000000
11 0,0 0oO0ooooooo

12 00,000,000 0oo0oooon

13 000,000 0000000000000000

000000 Booobooboboooobo,bboobbobobbbobbobbob
oooooogoooooboboboob. 0410b0bbbbooobboobbo,bon

o7




godobbboooouobodoodooob.oooubbbooboboboon b.7d

gbo.ooobbobbooboboo, bbb bobooooobbbobooan
go.

5.6.2 HUOOOOOOOOO

gbobboobbuodgog,gbob,o0obobobbuoobuboouooobo
gobboobboboobbouduoboooboboooogs1poo.oogbb
00000 80U00UD0DDDODOD 8.3%, 000 942%000000000.

subboooobbooooboodogoobu,gboobbobbouobobobo
gdobobbooooooboogoobsibbo.boob N=8000O,0000
0000000000000 0000O00000D0D0O0 8.2%,000 67.6%00000

gogbobobboooo,bboobbbbbdoboboboobboobon.

Specified speaker : recognition result of motion trajectory
count of target groups = 13
count of test word pattern 34

100 T T T

60 -

40

Recognition Ratio[%]

20

0 1 1 1 1 1 1 1
0 4 8 12 16 20 24 28 32

Harmonic Frequency Components[n-th Component]

g sll:40000000poboboooobbboon
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Many speakers : recognition result of motion trajectory
target group = 13[groups]
target word = 34[words]

100 T T
Subject B —>—
ubject C ——
K
80 %/\/\X\X o |

60 T -

40 .

Recognition Ratio[%]

0 1 1 1
0 4 8 12 16

Harmonic Frequency Components[n-th Component]

U osl12: 34000000000 b0ooouoboboboon

5.7 UQO4UOO

bpUOO0OO000O0O0O0OO0O0O FFTOODODDOODOODO

gooboobbboo,bpObO0O0b0O0O0Ob0O0ODLODO FFTOOOOOODODO
000000000.00000000 DPOOOOODOOOO 94% 00000000
opoooooooooob. FFTO0b0boobboobbooboobo bpOoOO
gbooooobbogogd.
00000000000000 4000000000 2.07% 00000000000
O FFTODOOOODOOOD 834%0000.DPOOOOOODODODOOODOOOOOOO
goobd,gbboboooobobboobobbbooooooboboo.
gobbbobobodod. godooogbobboooooouoooooboon,
gooobooooooobobbioooobobog. bbo,booobbbbooan
gobobooboog.
gbbbogobboubooooobboooo,bbbbooobbsboon.
obooboobo,ooogobuoobboobobo rFTO0O00O0ODO0O0O0DOO
ooobob.ooboboobobobouobob FFTOObobDboboobobooboo.
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relation between recognition result and computiton time
count of target word = 330 [wors]

100 ————r

95 Harmicics analyzing —=<—
i W |
85 | B
80 | B
75 | R

70 E

Recognition Ratio[%]

65 E

60 E

55 —

50 1 1 1
10 100 1000 10000 1000

Computation Time [Sec]

U os13: 00dboogd

5.8 0UOOO

obooo,0b00obb ppObO0ObOCO0ODbODbObOObDOOO0ODbDOODOODLO
Ud rrroooogbgoooboboooobboog. oo FFFToooobogn
gobobooogoo.

googoobobobob 3otbodbo4b0bbobooooboooboobboad
0,00000000000000000DPOOOOOODO 2.07"%000000000.

FFTOOoogooobobobog 3gbboobobbooboooooobo,obboon
0834 %, 000000%.0%0000000000.004000000000000
O0000004000000000000000 682%00000000000000
go.

gobogbboboogb,ggoobbuooobbbuooboboboo.44bboognb
BOO0ODO0DDODO0O000,000000 83% 000000000,

goooooogobobobuoooboobbobobbobbooooobooao
gog.
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] 6 [

BN

gooooggooogbobobooobo,ggubboobbboooboboboon
goboooobbogbbooobbboooooboooobbuooooon.
gboboobobdgbobogg,bbuoobobbbobbbuooogbbobboobobooan
ggd. boodgbogbboobouobobbdoobobbobboog,bbbooo
gbogodboobodo,bouoooobboooobobboobbooooobbobn
goobooboobud,gbboggoboobuoobb.
goo,b0bbbbugbobogogoobbbobobboooo,gubbboon
googdoooobobboooobodo, bbb obbobooo.on
gogooo,gbbbbotoobooduuooooooobobobobooo,bbbooaa
gbobobuoobogbbboooboboboo. gb,booobobobobooobn
goobobobooou,gguogobbbobboooobboob,oo0obbon
gobbbuoogobooobobbooob,0booobb.
gboggdoboob,ggbobboboouoogbobboobbodooooban,o
gbbgdgbouoobuooboobbbbodobooouobab.boooboboo
Oooooob bpOb00b0OOdOOO,b00bUo0o0boo0oboobuobbOoOog
gogoobodb. booboobbboodooobbboooobooooboood
go.
gbogboodgbooobboobooobboooboboobuooobo.bbootb,
gbbobuogbboooobboobbbbbooobbbbobbog,0obogo
guoobbobodoobbboboobobuogouooobooboooooboobod.
33000 000000,00000000000 DPOODOODDOOODODOOO 99.3%
0000000000 FFTOOOODOODOOD 9%2%000000. 000000000
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O00000ooDoooOoOooOooOODPOOOOODOOODOOODOO 251%00000
ooooooo. FFTOoobooooboboboooobob 3gbooobooboog
000,834% 0000000000,00000000000000000O0O. OO
0400000000000000623%00000000000A0.

go,ggboogobobogbbogbbobobd. bbbooboobbas340aon
Ubd Bodboooobog,bboobobob. bogdouoobooobogo
090.2%0000000.300000000000000000 8.3%000,3000
000000 682%000000000000.

OO000D0000 PentiumI IO OOODO,0000 450Hz, OO O 512Mbyte 0 O OO
U. FFrrTobogoboboobbg,goboboooob s3o0bbooobooooog
g, gdgdoob o3guuoboboboooob,olsbodoonoboooobobooon
gogooboooobbobbobobobboob.oobbbuooobboobogo
goboobbooodgbobobooobobo.

6.1 OO QOnQ

gboboobobobobboooboobibobooob,boooobooooboboboaon
gogoboda,buogdodgobooouoo.bbobobobbbbboo,bbobo
gboodgbobboobbobbobobooboobbuooooooo. boooobobon
gobooodg,bbobogbooboboogobbbooobbboon.
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L] [

goboboboodoga, oo ooboobobbbo,bbdoooooon
g obuogggbb oo b ob,bug goggbbuoooboobobbooboobo.

googbobboobdobboooboobobbobobbobbb obbboooao
gooo.

gbboboboooooobboboobobogo,ooooob, bbb b oo,0 000
gobooagao.

gboogobobbooobobobobobbbooo o oo, oobo,bo 0
gg,buogguboubboogo. ggogobbuooooooobboooboobaoon
gbodoogobobooogbogu.ggbuabbooboboboboooooobob,
gooboo,0bobobobogbboobbobbboooon.

gooo,jdbdguggobobooobbbooboobbobbon.

gboobbboobgbuogbbooobbouoobuooboobbbboooago
gb.0bdgbooboboooon.
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