Jooodoodoogogd
ooodoodgoggn

Ooon

oooobbogogd
good

ooooogon






HEN

1 0ogo

2 Jbbooooooboboooooobooo
21 DODOOOODODOOO0O ..o oo
22 DOOOOOODOOOOODDOD oo oo oo oo oo
/705 I I I 1

3 GhostTagO OO OOOO
3.1 000000000000 © .00 oo
3.1.1 000000 .00
3.1.2 0000000 ..o s e
3.1.3 0000000000000 . ... o oo,
3.2 00000000000 .o oo
3.3 000000000 o0 o o

4 GhostTag OO OO
4.1 O0000 ... e e s
42 000 (O0) oo e s
421 O00OO00OOO0O .. s
422 OO0 ... e



423 00000 ... e
424 00000000 ...
4.3 OO0 .. e
431 O00O0O00 ... s
432 O0O0OOOOOOOOODOODOODOOOO ... ...
433 000000000000 .. ... ..
434 0O0O0OOOOOODOODOODOODODOOODOO .. ..
44 0000000 ... e e
441 00000000 .. .. e e
442 000000O0O0OO0ODOODOOOOOODOODOOODOO .. ..
443 O00O0O0OOO0OOOODOO0O ... oo
4.5 RealEyeCommunicator . . . . . .. . ... ... . ... .......
4.6 VisionCommunicator . . . . . . . . ... ... ... ...
4.7 D000000D00000000 ..ot i e
4.71 O0000O0O0O0OOOODOO0O ... 0.,
4.72 O0000 . s
4.73 00000000000 ... oo

GhostTag DO DO ODODOODOOODODOO

5.1 GhostTagD OO DO OODOOODOOODOOODOO ... ... ...
51.1 O0O00DO0ODO0OOO0O ... ... ...
512 0O0O0O0ODOOO0ODOOODOODooOOoOoO .o

5.2 PointSpeech . . . . . ..o
52,1 O0O00D0O0ODOO0OO ...
522 ODOODO ... o

5.3 PointSearch . . . . . . ...

5.4 PointSpeech OO0 . . . . . . ... ...

HEN

33
35
40
40
43
48
20
57
o7
o8
60
60
61
62
62
63
64



ERN 5

541 OO0 ..o 79
542 OO0 ..o 80
543 000000000 ... . 81

6 D000 85
6.1 DOOOOOO0O0OO0O0O ... 85
6.1.1 RFID . .. ... . 85
6.1.2 Augmented Reality 00O OOOOOO .. ......... 86
6.1.3 000000000000 ... ... 87
6.1.4 0000000 DOOO0ODOOOOO0O .©. ... .. 87
6.1.0 O00O0O0 ... e 88
6.2 000000000000 ...t 89
621 O000O0O0DOOOOOOOOOO ... ... 89
6.22 O000000O0OOOOOOO0O ... ..., 89
6.23 O0O0O0O00O0O ... e 90
6.24 0000 ... e 91
625 O0O0OO0OOOOOOOOOOOO .@.. ... ... 92

7T DO0ODOO 93
7.1 GhostTagODOOOODODO ... o000 s 93
711 0O0OO0O0ODOOO0ODOODODOOobooOoog oo 93
712 O00O00 ... s 94
7.1.3 GhostTagOOOOOOO ... ... o .. 95
72 O00OO0OD0OOOO0O0O0O0 ..o 95
7.2.1 VisionCommunicator U0 OO0 O OOOOO ... ...... 95
7.2.2 RealEyeCommunicator OO OO QOOOOOQO .. ...... 98

73 000000000000 « ... oo o 103



74 000000 ... 104
7S5 UOO0DOO0O0O0 .o 104
7.6 OO0OO0O .o 105

8 0o 107



U 10

oo

Ubiquitous Computing 00 1|0 0000000000000 0O0OCOOOO0OO
gbhogobodgbogobuoobobuoobboobooobuobooboon
guodbobouoooboguoobooboodgboobooobooobooooan
gboboogobbuoobbboooobbooobobbooobboooob
gboogbboobuodgbobobbodboooobooboobbooboon
000000000000000000000 RFOO 20000000000
0000000000000000000 B|D000ooooooooooog
goboogoobbooooobbogd
gdddddddooodoododododoooooooodoooooooooo
gbobboobudgbboobuooobuoobboobobodgbboboboob
gboogboboobuogbobboobuogbboobooboobbooboon
gooo
gbooRrFOOODOO0OOODOOOODOOODODDOODOOOODLOODO
oooboooboooboooboooboobooboobooobooboobgRrRE
gboogodgbboobboobogoboobbbbooboboooboon
000000000000000000000O0 RID00D0D0DDoDooooo
gboboodgobbuooobbboooobboooobbooobboooob



8 10 od0dgn

gogobobuooggobooogd
gogbbuooooboboogoboboogobbuoogobboooobooa
gbboggbuodgboobboboboobbbobbooboobobooboan
gbbgdgboboobbuodgbbobobobboobbuoobboobobobon
00000 [3,4000000000000000000000OOOOO0O00O0O0
gogbbooooobbbuoooobobooobobboooon
gbbuodgboboboobooobbbbobooooobbuoooooboon
ggbbbooooobbuooodoobbobooobbboooob
gbouodgobodbogbogbggboobobboobobboobodma
gbobouogoobooobbuodgbbodbooooboobuoobboobbon
goboooobmobooob™mobbooooboooboooobooon
gddddodoooooooboooobboobobobbooooboboooon
gbobuodgboboobobobuogbooboobbuoobobodgbbuoobobon
gooobooobooboob vRLObooboooooooobooboobon
Oo0obOoOoOoooOoOobooOoOoobDooooMACOOOODODOOODDOO
OO00OOobOoobooboossIbooooboobooobooboooboobooboon
gobbooooobboboooobbbogn
gbobomobooobooboobuoobuooboobobooobooboon
gbboboobudgbbobbooboobbobbooboobbooboo
gboooooboobRFOODDOODOODOODODOOODOODOODOODOO
gboobogbbooboobbogboobbuogoobooboooboon
gbboguogoboobbuoobboobuoooboobboobbooboon
gbobodgbbooboobbooboobbuooboobbooooboob
gbobogdgboobuogbobooobbuoobboobbooboobbooan
gboobogbbooboobbogboobbuogboobobuodbbooon
ggbbbouoooobbbuoooobbbuoooobbboooon
gddddoddddodododdoodooooooooobooooboon



0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0 [5]0
00000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000
D00000000O0RFOOOOO0O0OO0OOOOOOOOOOOO0O000000
0000 CCDO CMOSOO0000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000C0
000000000000000000000000000000000000
00000000000000000000
00000000000000000
200000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000



10 10 od0dgn

subogbboogbboobbooobbooobbooobbooonon
gbobodggobooboobboobobobbobooobuooboboobobon
gbbuodbodgoboboogbbodbbodbboooboooodobbo
gugbboooobbuooobbbuooobbooobobboooobboaan
gbbodbobbuodgbobooboobobuoobbuoobboboobobboboan
gbbodboboogobtogobuoobbodbbooouooobobooboban
gbboggbuogbbogbobooboobbuogbooooboooboon
giddddododdddodoooodooooooboboooobobooon
gbodbbgobbogbuoouobboobbobobooobuoobboobn
gbogobobobodbuogbodgboobbobobooboobooboon
gbboodbbooboobbbuoobboobuooobooboooboab
gbboggbudgbbouoobbouobbodobooobooboooboon
gbbodbboobogobuoobbodooboobboobboobban
gboggbuodgboobboobbugbbobboobooobuoobuoan
ggbboooogboo

4000020300000000000000000000O00O00OODOO2030
gbbogdbobooobbuogbbobuoobboobbooobboobban
gbbogbudgbbodgbuoobbodobuoobbooobbodgbobboon
gbboggbugboobbobobuogbooboboobboobobooboab
gbboobuogbobogbobooboobbuogbooooboooboon
gbbogbuogbobboobbbuoobboobooobooboooboon
gubuodgbobudgbbuoobbodobbuooboobuoobbobooboboo
gbbogbudgbbodbuoobbodobuoobboobbbuodgboboboob
gboggbuodgboobbooobuogbbobbodbooobooboan
goobooog

gbboogboboodbobobbooboobbobbooboobbooboo
gbgbogoboobbuodgbbobobobboobboobboobobbod



11

gboogobogoobbuobogbbuoobbogbboooobooboaon
gboboodgobbooogbobbooobbbuooobbbooobboooon
gbuogboboobodgbbuodgbbobbouoboooboobbooboon
gbuogbgoboobbuodgoobbooobboobbodgbooboboaon
gboogoboboogbuogooodgbobbooboobbuoobooboon
gouobodgbbogoobbbobogbbuoobboobooobooboon
gbouogboboobbodobboobuoobbobbooboobbooboob
gbobodogggbosbbodn

ceOD0mooooobboogoooobbbbbuoooooooboboo
gbogudgbbogbboobogoboboobbooboooooboon
gbuogogbbabbodgbuooobooobuoobobbboobboooan
gbuogbobodgbbdoobooobuoouoboobbooboogboboob
gboogobobodboobboobuogbboobooboobbooboon
gbhogobogbobobodbooobuoobbogbooobbbooboon
gbouogbbooobodgbboobbbbbooboooboobbooboob
goo

rgobuogbobebgbuogoboooboobbuoobboooooban
ooooogooooobobobobbobobobobooooopoobob
gbobogobbmbbbdooobbooobobbuoobbbuooobboo
gouobbodgbbuogbbuoobodgbbuooboobboobbobbobon
gobooggoboboooan






1 20

Jubogtubgdbootdbootgbbotdd

2.1 JOoooobboooooo

gbbugbuoobbodgbooboboobboobuobooobbooboo
gbouogobodgboggbuoobbodgboobogbooobbbooboon
gbouogobodgbogobuooboobobboboboobbuogboboon
gbouogbobodgbobuooboboboobboobbuooboooboboob
gbogooobboooooobbobbobbbbboobbbbbbobbbbbbn
gogoboboboboboobbbbbbobbbbbbobbbbbbobbbbbbn
goo

gboboobodbodgbuogbobobbooboobuoobooboobDbo
000 0000000000000 0O0O0O0O0O0O00000000oooOoOn
gbouogbboobodgbboobbobbuooboooboobboboboob
0000000 70000000000 00ooooooo 8,9000000
gboogbboobodgbbuodbbobbuouoobboobooobonooon
gbogobodgbbooboobodgbbooboooobboboooboon
gbuogbobodgbuooogbuooobuoobbodgbobodgboboboboon
gbobooodgooood

13



14 gz20000bbboooobbbooodgbn

gdddooooobbobbbboobbobbbbbbbbbobbobbon
gbouogoobobbuodgbbuogbuooboboooboobuoobbbodgbbo
0000000000O0O0O0OO0o,11000000000000D00O0O0000
gbbgdboboobobuoougbboobbbooboobuoobboobbon
gbboggbugbobodgbuoobbuooobbuooboobooboooboon
gbboggougbooobuoobobobboobbooboobooobuoaon
gbobodgbbooboobbooboobbuoobobodoboooboon
gbbudgboobodgbbuabodobboobooobbobobbboobon
gbboggbugbobogbuoobbuoobuoougbooobobuooboboon
gobboogogbbobdad
gobobobooooobobotomwooobobbboobooboboogbo
gooboooboobooboooboooboooobbooobboobooobooaur
gobbogobooobbooobboo2100bogbobooobbooon
gobooGulIbobboOoboooobooooobooooooboooooooo
gbbogbugooboobbooboobbuooboobbuodooboon
gboggbudgboobboobogbbbobobodbooobuooboan
goooobooGuiobOoobobooboooooboobobobooboooboo
g
gbboogbuooogbugbobbuobbooboooboobobobboo
gboggbuodgboobboobbuogbbobbodbogobuooboon
000000 00000000 oooo0oooooooOooODOOoOoOoOOO
00000000000 0000000000OO0 6, 7000000000000
[7,11,12]00000000000000OOOOOOOOOOOOOOOOO0
gboggbuodgboobboobuogbooobbodboooboobogon
gbboobuogbobogboobbobobuoobooobooboooboon
ggbbbouooobbbuoooobbbuooogbon
ggbboooobbbuoooobbbooobbbobooobbbuodaoo



22 0000ObOOoOoO0obObOboOOoOoon 15

gboogobogbbdobodgbboobbobbbuoobooobooboobon
gbobobouooggbobooogooobooo

22 OQUOO0oOOoOooObOobObOooobood

gbbudgbuooogbugbbodgbuoobobbooboobbooboo
gboobooooooobbobooboobbooobobbbbbbbbobbn
Oo0o0bo0oodoobOoRFIDODODOODOODOODODOOOODOOObLOobDOOD
gbbouoggbbouooobooo
gbobudbuogobdobudgbbooobuoobooooboobbooboo
gbobgdgboogbbuoboobooobbuoobbobbobbooboon
gbuogbobodgbooobuobbuodboboboobooobooboboaon
gbouogbobudgbbogbuoobobboobooobuoobboboboob
gooodd
gbbodgbuoobboobuodgbbobbuobobuoobbobboooboo
0000 B|00000000000000000000000oO0O0o0ooooOo
gbogbogobogbbooogobuobbooboobooboooboaon
gobbogbooobuogobobuogbbobuoobbodboooboan
gbuogbobuogboogbboobaoboboobbuoooboooubboob
gbuogbobodgboogbuobbouobboobuooobooboboon
gboogbboobuodgbobobbouobbobobooboobbooboon
gboobooogggbooood
gbbudgobbuogbboobobuodgobbuoobbooboobbooboo
OOo0O3000b0obo0obobooboooboo0 GHzOOODOOOODOOODOO
gboogobodgbobogbobuodgbbooboobbodbbooboon
gbugbobodgboobuodgbobobbooobuoobboobooboboaob
gbuogbobuogbobobbuboooboobbuooboboobboobboobon



16 gz20000bbboooobbbooodgbn

gogbboooobobbuooobobooobobboooon

23 JU0U0bbouooooobbbuooooooobod

ggbobouooobboogooboooboboogobbooooboog
gdddddododooodoooooobboobobobobooooboboooon
gobbuoooobobuooobbbouooobbooouobobbooobbooan
gboggbuodgbobogbboobogbbbobbodbooobuooboan
ggbbooogbobbuooogboboboooobbbooobboo

gbboogdgbuogbdobbooobooobuoobboobuoobbooboo
gbbogbudgbbodgbuoobobboobbuoobobooboooboob
O000000000000000000000 13, 4joooooooooooo
ggboboooogbboouoooobobbooogooo

L—HRAEDERF

BEAE(CKBRA T4
KRIEBE~ADRA T4

oA oB ERE A=t #B> . OA
oC &
el | os
= 1% *
e Oc
SR - 5 R ©
oD

U 21:00000000000000000000



23 000bbooodobbbooodobooo 17

O0000o0ooOob0obOobobobo ABCDOODODOOOOOODOODO
gbuogudgbbogoobbuoobobobuooobooooooboobboon
gboboggbbubbuogbuogbbuooobbuoobboooboo 2100
gbboduogobbooodgbobbuoooobobbuoooobbboooaon

gbobogdgbuogbboobudgbbobbuoobuogbbooobuoobobo
gbogooobboooobbbobbobobbbbbobbbbbbobbbbbbon
gbuogogbudgbbodgboooobbooboobbodbbobobodon
O000000000000000000 [BOoOoOD0ooooooooooooo
gboogbooobuodgboobobooboobboobooobobuooboon
gboubdodbooboobbooboobboobobbbodboooboon
gbbooodgbobouoobobbuooogn

gddgododdddooodooooobbbbbboobboobooon
0000000 (1000000000000 oo00o0oooooooooooo
goddoodoodoooooooobooooobbobobbobbbbbbn
gboggobbbobbbibbbbibbboobobdooooooooooobobo
2100

gbobuodgbuogbobbuodgbboobuooobobooboobbooboo
gbuogbobuogbobodobbuoobobbobuboobbuoobobboob
gbuodgbdobboobuobobodgbooobuoobbooobboboboob
gbhogdbbooobboooboooboooobooobbboobooaon
gbobooooooboooobobboooon

gbbuodgbbbuogboobobuodbboobuobbouoobbooboo
gbouodgbboobuodgbobobbouobbobbooboobbooboon
gbhogobodgbbooboooodgbbbbooboobbuoboooboan
gboogoboboogbbooobogbbuoobobobbodgboooboan
gbbooodgbobouooobobbuooagb






30

GhostTagl O O 0O 0O OO

3.1 JUbobodoooon

GhostTagO OO OO ODOOOODOOUODOOODOOODOOODOOODOOOD
OO0D000000000000000DGhoestTagO OO0 ODOODOOODOODO
O0D00000000000000b0b00o00b0bO0DbdGhostTagd O
gbobogobobuogobbbuooobbbooobbooobbboooon

3.1.1 JOoogooo

g0o0boo0o0O0ob0oboooobbobobdbodnD 2ex20000000

gbogobodgbbogboobogoboobbuogboboooboonoon
gboboooobobboooobbobboooobbbooobobboooonooo
gbuogbobodgbbdogbooobobuoobbuodgoboboooboboob
gbuogbobuogboodgboboobbodbuoobuoobobooobooboob
gogbodgbodoboobuogbobodgbuogboboboboboobd 3.
gbhogobogboggbuogbbodgobbodobooobuogbobooon
OO0Db000O0obO0obO0obo0oooob0obo0oooobobboOobOobO GhostTag
gbobouoogobbodaodon

19



20 0 30 GHOSTTAGODUOOOOOOO

R (2a x 2b)
BEm

RAIR Evh—IiL

Q

2b

2a °

O 3.1: GhostTagODO OO OO QOODOODO

3.1.2 0JO00O0oooo

gbbogobodboobbogbuoobboobuogbbooobbooboo
gbbogbuogbbogbuoobboobuoooboobooobubooon
ooodbod. 00000000000 booboobooooooooooooogon
gbbodgbobboodgbuobboobbuooboouoooboooobbon
gbobodgboboggbobuogboobboobbobbuooobuooooboboan
gbobodgbbooboobbuoobboboobbuoobooobuoobboobboan
0000000000000 000000D0D0DDoDoDOoOooooOooOO (O 3.2)0
gbbgdboboogbobuooboobuoobbuoooobbooboboobbon
gOoobOobooboobobooboboooGGuIbcooboboboobooobooboo
gbobodgbbogobogugbboobooboobbooboobboobn
gbguooobuogbbobooobuooboobbooboobboobooo
gobbooood



3.1. ggobouoagbooo 21

‘EE SZNXE
d |
RR Erihk—IL RIIR
d
AA—=T YW A o

M
S
=)
S
il
S
feln

g 32 000000bbouogobbooogbbon

3.1.3 0U0b0ObOo0ouodaobobod

gbbuuodgbbuogboobobuodbboobuobboobooooboo
00000000000000000000000000000O0O00O0 (O 3.3)0
gbouobggbugobodgbooobuoobobboobobodbbooboaon
oooooboobobobood0bobooboboboboobooboobooooo
ooboooboooboooboobobobobobooboboboobod,b0DbObOD
gbogbboobuodgbobobboobbbobobuooboobobooboon
gobooogn

gbbudgboougboobobuodbboobuoooboobbooboo
gbbobooogobbuoooobbbuoooobboooon



22

32 3 ri]
RATR Evihk—IL
ORI iy
RIAR
. i
< i
g
————— R
O b S
A
M
R i
ﬂll",(a
me
R0

0 30 GHOSTTAGODUOOOOOOO

—d

HES~D

e =y TN AR R
= ¥ <o I o mTeseb
d,
d |
d}"

U 33 0bo0gobbobuogogbobbouoooobbbooooon

goboobooobooobooobobobobobobboobooboog 330t

3.2 JUoouooboooood

gbboodgbuogogbugobodgbooobuoobbooobbonoboo
gbobogboboobboobooobboobooobboobobbobooon
gbobooooboooobobooos40bobooboboboooon
gttt bboobobdooooooooooon



3.2 000O00OOOOobobOO 23

AR

RS2

B
HIES DR
R

AA—=T YN

034 0000b000booboobooboobooboobonb

ooobobogbooooboobobodbU0 HzO0DOODOOOODOOOOO
gbobbuoooobbboooooobbboooooobooooobbogd

gbbodgbuoobboobuodgbbobbuobobuoobbobbbuooboo
gbuogbobodgbuooobuouooobuoobbodbuooobobooboob
gboogbboobuodgboobboobbbobobooboobbooboon
gboogoobboobbgobogoboobbuogbobooobooboon
oboooboobbooboobmoooobooobuoooboobbooobn
gbbobooooobbuoooobbbuoooobboaoan



24 0 30 GHOSTTAGODUOOOOOOO

3.3 Uoooooboooo

gbbogdgbuooogbugbobodbuooobuoobobobobbobboo
gbbogudgbbooboobbooboobbuogbobooboooboon
gboggbuodgboobboobogbooobogbobobboooboon
gbbodbbooobuooobuoooobbuoobooobobuoobboabon
gogbboooobbbuoogoboo
gogbboodgbbboomuoooobbbuooobbobooobbooon
gboggbuogboobbobuooboobboobuooboobbooboon
gbdbboobbogbboobboboobobooboboobboobon
gogbboooobobbuoooobbbooon
gddddoddodoooooooooooboooobooooboogn
gbobgbboodgbbooboobobbuoobooobuooboboobboan
gbobogbboobuoobbooboobbuoooobooboooboob
gbbugboboodbboobbooodoobbooooooobboobbon
gboboobooboobbooboobboobuoobooobuooboboon
O GhostTagOD OO OODOODOOOODOODOOODOOOOODOOOODOOODO
gbbooboobooobuoobobobboobbobobooboooboon
gobooboboobooboboboboobomobooboobboboon
gbbogbuogbooogoboobboboboobboobooboooboon
O000000000GhoestTagOODOOODOOOOOOODOODOOOODOODO
gbboboobbodobuooobbodoooboobboobboobbon
gbbgdbogobboboboobbuoobbbooobuoobboobbod
gobbbooombooooboboooobobboooooboo
GhostTagOD OO OO DOO0OOO0OOGhostTagD OOODOOODOOOODODOOO
gbbogbudgbboobbbooboobbuooboobbuodbbobob
gbbugbobogobboobbooodbbodoobbooboboboooo



33 ggbobbuodn 25

=55 m m

(B7)

O 3.5: GhostTagO O OO DO OOOOOOOODOOO

gboodbboobuodgbuogbobobobboobooboobobooboon
gooo

gbbudgboboobobodobooobbboobuobbooobbooboo
gbuogbobuogboobbuguoobbuodgbboobbobuoobboobob
0000000000000 00000000000000 (035000000
oooocecbo cMOSObObooboooooobooooobooobooboogon
gbbbouooggbbboduooobbbodoooobboooon

gbbbogbbuodgbboobobuodgbbouobbooboobbooboo
gbhogodgbuogboboogbobooobboobbooboboobboon
gbogoobbogbbuogbboobuobbuoooogbbuoobboobon
gbugogbugbooboobobuodgbbooboobbodgbboboboaon
gboobodgg



26 0 30 GHOSTTAGODUOOOOOOO

O000OD0OGhostTagOD DD ODOODOOODOODOODOOOODOODOOODOO
gboodgboodboobboboooboobboobooobbobobooban
gbbogdgboboogbuobboobbuooboooboboobboobn
gbbudbboogubobuoobbuoobboobobboobboobboo
gogobobuogogobooogo



1 4 0

GhostTag 1 0 00 00O 0[O

4.1 00000

GhostTagO OO OO DOOOODODOOOODOOOODOODOOOOODOOOODOO
gobbodgbbogbbogobogobobboobbooboboooboon
gbogobogobbbuoobobbuoobbodbbobuoobboonbon
0000000000000 000000000000000 (O 4.1)0 GhostTag
gbouogbbogdboobboobuoobbobbooboobbooboon
gboogoboobogbbuobogbbuoobbodgbbogbbogbobon
gbobooooobobbodoogoobobuoogooobbuoooobbbuoooon

O0000000000000000000000 H/LOOODOoooooooo
gbuogboobobboobboobobuoooboobbuoobbooooboboob
gbuogbobodgbooodgbuooobuoobbooobbodgbbooboob
goboogooboooan

gbobboodbboobuogobooboobbooboobobbooboo
gboboooobobboooobbobooobobbooooobboooonooo
gbuogbobuogbbdobuoguobbuoobbuodgbboobboooboob
gbuogboboobuodgbobobboobuoobboooboobbooboon

27



28 0 40 GHOSTTAGODUOODOOOO

gobboogogbobbad

gbboguoobodgbooboobboboboobbuoobooobooan
ggbobbouogogbbobuoooobobobooogooo

gbbogoboobuogbogbuogboobbobboobuoobuooboo
gbobodbobobogbuogbbodbbuoobboooobuoboobbon
00000000000000000'000000000000O000oOOO
gbbogdbobobooboboboobbuoboobooobuoobboobbon
gbbogbuogbobodgboobbooboboboobooboooboaon
gbbogdbogbobbuobobuoobbuobboobboboboobboobn
ggbboodgobbooobbbouooobboooobbbooobboaan
gbbogooboogoobbodgbbuooboogbbooobbooboon
gbobogdgboobuodgboooboobbuoobbuoobbooobboobn
gbbodgbboobbooobuoobbooobboboboooobobobbobon
gbbgdgboobobodobbuooboobbobbooboobboobbon
O0D00000DbO0O0DO0000O0Db00bO00ob00ObOd GhostTag OO DO
gobbooooobbboooobboboan

godgdgoooobooobobobbobbobbbbobbbbbbbobbon
gugbboodgobbuooobbouooobboooobbbooobbooaan
gbgbobodobobboobuooobubuoobbooboobbuoobbon
gbobogbodgbobbuoobbboobbbboobboboobbodbbo
0000 [e)jooOocCccb/cMOSO00000o00oooooooooooonoo
O000000000000O0OD0O0O0D0ODOODOO0OO0O0O0OOOOO CCD/CMOS O
gidddddoooooouooouuoooooobbobbbobbbbbobbon
0000000000 0b0b00ob0o00obO0b0obDbOU0D0oDbOobObGhostTagO
gddddoooodooooobbbobobbboobbbooooboon

0000000000 0000000000



4.1. OO0O0OO 29

e
(B29)

K
i
B

0 41: 00000000

0000000000000 ooooooooobooooooooo
0000000000000 00000VisionCommunicatorD OO0 QO0OOOOO
ooooono

gobobogbbodgbuobuogoboooboobbobbboboboo
gbuboogoboobbudgbboobobboobbobbodgbooboboob
OO0D00D0O000000000000RealEyeCommunicator 00000 O



30 0 40 GHOSTTAGODUOODOOOO

42 000 (0D)

4.2.1 0O0000OO0OOO

gddddoddddooooooboooobooooboooobooon
gbodgbbobuogbbodgbbodbbuoooobbuooboooboboobo
gboogbooobobbobon 4.200

R REGES A REES
; (B ()
;; ﬁ {55 {E R d/\» L Ep
g ' '
=) B RS

042 0000000000

4.2.2 00O

ggbbboooobobbuooogbobbuoooobbboooobobobo

ggboog

gbbggbuogbibobudbboobuoobboobuoobuobobogboo
gobboooobbbuoooobboboan

l.uggbbobooodoboo

2. 00000000000



42, 000 (@O) 31

3. 00uooobobooooobbogo

gbobooooooboooobobbuoooon

gbouod dgbogbobobobobobodgbbuoobbbuoobobbooboon
gbgobobobooobobobbbbbbbbbbbibobbbbobobobbbb
gbuodgbboobobugbobodgbuooobuooooboobboboboob
guodbogooboboobboobobobbooboobbodboooboon
gbogbboooobododgbbuogggseo-roonmbbbooooogoooon
gbuogbobodgbbdodgbobuogobuoooobbobobobooboboob
gbbobouoogobboooobbbuoooobboooan

gbobogdd bbooobboooobbooobobbooobboooob
gbogoobbobooobbbbobobbbbobbobbbbbbbobbbbbn
gboubobgdbbodbbooobuooooobbuoobbuoobbdddb?200o-
12000nm 00 000gbogbouogbobuoobobobugboboboooan
gooo

gbb tboodgbbuoodobbbuooobbooobobbooobboboooob
gboobobobboobobbobbooobbboooobbbbbbbbbbb
gobbodgbbogboogooobugbboobboobboogboonoon
gbuogbobodgbbooboobbuoobbodobboobbooobabon
gbuogbobodgbooobuoobobuoobbodobooobbboboboon
goooodd

000000000 EJ)0DO00oOoO0ooO0o0o0 A00O0OOoOOvyOOO

E =hv (4.1)

gbbouobugdbobbbuooobbboooobbbodgo



32 0 40 GHOSTTAGODUOODOOOO

gbogbobgbuodbobbooboobobobbobuodougbuoobaooba
gbbodbboobooooboboobbuoobboooobuoonobbobon
gbbogbuogbboobuoobbboobobooobooboooboob
gbbogdbbogbuooobuoooobobbbobbobuoobboobbon
gbooogog7eo-94mmiugdobogbbogooobbooooooon
gogbboooooobboobboogbobbbooobobbooobbbooan

gbooboggbuogbbugbobuogogbuoobboobuoobbooboo
gidddddoddoddooododooooooooooooooooooboon
gbdbboobuabbobuoobbuoobboobbuoobdobboobbon
gboggbudgboobboobuogobobobbodbooobuooboan
O0Db0000bOo0obo0obbooboooooooJIsces2oooooooon
O00000o0o0bo0o0oOoLEDODUOODOODO ClasslODOOOOOODOOODO
ggbbbooooobboooooboo

gogbooood

gbbogogbuooooobobodgbbouoooboobbuoooobbon
gbbuogoobbuodobbbbodobboobboobuoobobboobobon
gbobogdbbodgbuogobuoobbuoobobboobuoobobbooan
gbobogbooboooboobooboobbobobuooboooobLEDOD
gobboooodgbbbdao

ob0obOo0oboooooboobobo0obU0b0kHz200 GHzOOOOODOO
000000000000LED)DO000DO0O0ONO00N0NON0OONO0O0Oooooon
gobooobooobooobobuoobobooobooob LEDODDOOOO
g41000000000000

LEDOO0OOO0ODOO0bOoooooobboobuoobuooboboooboobg

2Light Emitting Diode



42. 000 (@O) 33

DNK318U | SFH4650 g

goo 20 40 mW

oooo 80 50 mW /str

gooooon 870 850 nm

goo 22 20 °

goooog 25 - MHz

O0000/o0ooog 7 12 ns

0 4.1: LED:DNK318UO SFH4650 0 0 O O O

gbudgbuodgbuogbooobbobboobooobuoobbaodgbdadb 1o
gbobooggosobbuoobbboooobobbboooobbobbuoooon
gboogoboobuogbboduilogbboobboobooboboobboan
gbuogbobbudgbboboobbuodgbbooboobbodgbbooboob
000000000 /0000000000000000000O0DODOO0O00O0O0
gbouogobodgbbdobgobogobuoobbuogbboobooooo o
OO0 12ns000 LEDOODOODOO

4.2.3 00000

gbobogbuogbbboobooboobbooboobboobuoobobo
gbuogbobodgogbbooboboobbuoobbodbuoobooooboon
gbbouoogbobouooooboo

gbobuobogbogobbboobooobbobbuoobbuooboooo
ooooboobuooboobbobbooboobboobbooboob LED
ooobooobooon 4.3



34 0 40 GHOSTTAGODUOODOOOO

i-EJ?L . I %
Il = S
v |H

? 9
| 1
for] o
-
ol f=]
I
g A

&
5
!
e
il

0 43: 0000000000000

il

000 000O00000005V000000000000000000000
O5VO0HIOOOOVO LOOODOOOOOOO0O0OO000O00000000000O
O000O0000C0CO0HIOLOOOOOOOOO0OO0O00000000000
000000000000 3V00001vOoO0O0oO0oooooooooooo
000005V00000000TILO0000000O
0000000000000 00000000000000000000000
00000000000000000000000000000000000000
OHz0OOOODOOODOOOOOO0OOOOO0OO0O00O000000000000NOT
O0000ONOTOOOOOOO0OO00C0OO00O0O0DOO000OO0noononoa
O00ONOTOOODOOO0OOO0ONOTOOOOONO0ODO00DONON0NONnoo
000000O00ONOTOOOOOOOODO0O0OO000O00O00000000 44
0000
000000000000000000000000000000000000
000000000000DOO0O0000000000000000000000
00000DODOO00O00C0OO000OO00ODOOOOODOOD CLKOOO
00 QOO0 QOO0OOD0O00OO0CLKOOOOOOO0O00O0 QOO0 QO
0000000000000000000 (04500000000000000
00QODO00QUDOO00D0N00DNDON0NOONDONONONONDoNoNooonooog



42, 000 (@O)

EB8ANH —

>

NOTEIIRIZKDIETEEMNELS

EEEEDIER. 2DODIEF%E

* EHH

5 >

* Réz
—

HABDHETELIZTYMESITGLELHED

0 44: NOTODODODODOOOOOODOO

OodbodoHzOOODOODOOODOOOD

35

—»

-«

]

(HANNEN
111

:

W

|

\

\/

gbouodgbtd goboobbobbodbuoobobobbodoboooboon
oboogboboobooLebbooboooooooboobbooboonn
gbobooogooobooooboobbuoooon

0000000000000000000000000000 FET*°00000
OO000 MOSFETOOODUODOODODOODOOODODODOOOODOOOobDoooDoo
OO0D0D00DO0OD00OOOMOSFETODODOODOODOOODODODO MOSFETOODO
gbbooodgbobbuoooobbbuooobboooobbon

4.2.4 0O00O0OO0OOOO

04.604.704800000000000000 460000 LEDDO DNK318U
Oooboodooob Lebbooboooboobooboobboobonoo
O000000obo0ooboOoO 4704800 SFH46500 000000000 LEDDO

00000000000



36 0 40 GHOSTTAGODUOODOOOO

E2AH___ [ L. EH .
EEAN ‘ \
sasoan |1 111
HOvIZ AL TES OREEER MRS ‘
I
RERH A
2OMIEBERLADESE, OHAEEITHD

045 DFFOO0OOOOOOOOOOOODOOO0

gugbboooobbbuoobuoodobbbboooobbbooobbbooan



42, 000 (@0O)

046 00000000O0OLEDDODODDODD6.0emU000 LEDDODODO




0 40 GHOSTTAGODUOODOOOO

U477 000000000LEDODOODODOS0emUDODO0OO0O LEDDOOODO




42, 000 (@0O)

048 000000000OLEDODDOODOOOD 65emU00000 LEDDOOODO




40 0 40 GHOSTTAGODUOODOOOO

4.3 OO0

gddddooooboooobooooobobbbobobboobobbdgn

gbbodbudgoobuoobooobuooboboboobooboooboaon
gbobuodbbogugbooobobbobboobbuoobbuogbobobon
gbbodbbogoboogobuoobooobobuobobuooboboobbon
gbbogbuogbbogbuoobobbboobbobobooboooboaob
gbooobgooon 4.9

A=ty

BRIGHA | — —

y THrEAF—F
J4I)LA ER-EE
[B] B pug A

i
Jjn
EE
ot

g 49 000000

4.3.1 0O0O00O0OO

gbboggbuoobobbuobobodbuooobuoobbboobbobboo
gboggbuodgboobbbuoobuogbbobbodbogobuooboan
gogoobobobobbotodgo 4iobbbbobobbbooooooooobn
gbbudgbobooobobbuoobbuboobbuoobboobboobbon
gugbboodgobbuooobbboooobooodgbboooobboaan



4.3. 000 41

.

THhEAF—F Il

! +
0 1 ~gs5=5005 f l
Al

TR-BELERER 28R/ (/SR T1LE
0 4.10: OO0

gbobooooooboooobobbuoooon

gbbogbuodgbobuogbbobobuoobuoobboboboobuooboo
ooouobooobobobooboboo e, 0000 bO0ODLO ROODODOO
00000 I, 000000000000 4.2

Is, = R x ®, (4.2)

godbogobogt bobbooboobbuoobboobooobbon
gbouogobodgboobogbboobbboobooobuoobbooboan
gbogoobobbobbobbbbbbobbbbbbobbbbbbbbbbbbb
goo

gogboodgbboobuogd boboubodoboooboobboobodon
gboboogobbooogbbbuooobbobooobbbooobbbouooon
ff0oooboogooooooooooboooobobboobboobooboooo
gboboouoooogoo



42 0 40 GHOSTTAGODUOODOOOO

O0000000oboO0ob0bO0 ObboOoUob I, 0DboobboOobboOobOoDopA
ggbboboooobbuooooboboooobbuooobbbuooobbooon
gbboggbugbbogbuoobbobbobuoobbooooboooboaon
ggbbooooobbbuoogooboo

gbbogboobobboobooobobbobobooboboobbon
gbobogoobobuobodgbuoobbuobooboobbobbooboon
gooooooooooboov,boboobobooobobooboooobooo
000000000000000000000000 MOV,0000000040
MW Ooooooooo

04200000000000000000000000000 M5844°0000
gogoon

M5844 M6612 00
0ooQ 0.42(\ = 850nm) | 0.36(\ = 850nm) | A/W
00000 [600(50Q0000)|120050Q0000) | MHz
00O 2.0 0.13 nA
00O 100(MIN) 100(MIN) 0
0ooQ $0.5 $0.2 mm

042 0000000000000 0O:Md8440Me61200000

gogbooood

gbgbboobuogbboogbuoobbuoobooboboobooooboo
gboggbuodgboobboobbuoobbobbodbooobooboan
gbbodgboboouoobbuoobboobbobbuooboobboobbon

‘0000000000000
000000000



4.3. 000 43

gboboooogbobboooooobobodg 4.1100

Yy
T_T_JQF'D
Fe

U411 0J0gbobodoooobbooogobboooon

oooodoooooooooo ,uooooooo0 R,O0D00O0000

V, =Ry x I, (4.3)
goooogooooooyv,0oo0ooo0d
goooooboooooo v, 0bboooooooooobobooooooo
000041100000 0000O00O0000O0O0OOO0OO0OOODOO ,000
00odooooooooooooooono ROODOooooo V,ooooooa
00 MWODOOOooooo v,o00

Vo=Ry x M(V}) x R x ®, (4.4)
gbbugbbooogboobbuobuoobbobobboobbobboo

00 ,00000000000000C000000000000000O000D0A0
gbobogogn

4.3.2 UO000O0OOO0OoOoOooObOooooobooo

gbbuogbobooogbbuoobboobuooboobuoobobbooboo
gbuogboboobodgbbuoobobobbobbobboobooboboboob



44 0 40 GHOSTTAGODUOODOOOO

gL bb bbb bOn
gbodbogobooobbuodgbbodbooobuooubuoobobooboban
gob0oboobooboobobooboobt2ex20000000000000
b o, 000b0obogbobonoobobooboboboobobonon
gogbbbuogoobbbuoooobbbuooooboboog 4120

THEEALA—F
THREFAA—F
REDZIHE
THEFAA—FDERR

EvR—IL

WuNEEEA LD K5

AASHIE
(RESDRSTE)

0412 0000000000000

goddod pgdgoooboobobbbbbobbbbboboobboon
OO00oo0ooooooooo0do Ao, 000000000000000 Ad®,;
gogooo

Aq)ep == pAq)ei (45)

gbboggbuoobbbobuodobooobuoobboobuoobbooboo
O000b0o0obo0bOoobooboob 2«x200000000000000O00OO



4.3. 000 45

00006,,000000000000000000000000C0000000
00 Ad,, O

AD,, = pAd,; cosbcos ¢ (4.6)

gbobuogbobogobbuoobobbuoobboobuoobobuoobbooo
Oo00boooodbooboboobobd 2ex2000000000O0OO0O0ODO
gboogoobobbobbbbbobbbbbbbbbbbbbbbobobbbbb
guodbbodgbbuodgogbooboogbuooboobobboobboob
0o, 000000000000 00O0O0DOO0
gbgdooboobbuoobobuoobboobbogbboooboboogo
gboogboboobuogboobbooboobboooboobbooboon
gboogbboobuogbobobbooobbobobooboobbooboon
gboooogo

gboboodgog

gbbugboboogbuoobdobodobuooobuoobboobbouboo
gbobodogdgobbuoogobbuooogobooogon

1. ggbbodaod

2. 000000bboooooboo
3. 00gggooog

4. 000000 O0OO0bOoO0bOo0obo

5. OUuogooooboog

gogbobobooogboo



46 0 40 GHOSTTAGODUOODOOOO

gbgbobodobobuogbboobobooobbooobooboboobban
gbobuogboboogbbodobbuobuodbboobooboobuoobooon
gboggbuodgbbooobuogbuobbobboobooobooboab
gbbuguobbuodooobobboobboobboooobboobbon
gogbboooooobbuooooobobooon

O0000bOO0o0obOobOOobObOobooobOoboboRCObODOOORCLOODO
gbdbbooboogbobobbuoobbuoouobobobobboobbon
ggboboobbobuoooobbouooaoboo

gboboboodbbogbugobodgbooobbooobuoobbonoboo
gogbooood

000000000 00000000000000O0O0O00000000000
0000000000000000000000000000000 50/60Hz0
0000000000000000004300000000000000000
0000000 [16)0

ggooood goboooood
gogoo 100/120Hz O
gogoo 100/120Hz
gogbobobooodn 80-200kHz
HIDOOOO 50-0 0 Hz
ggoboood 0goodd MHz

0 43: 00000000040

gogbboogobobbuooooboboooooo

gbogbobobbodbodbtd oobuooubbodoboobooboob
gbobooHzO00OO0OOODOOoouooOooobobuoboHzOO0DOOooOooooo



4.3. 000 47

goboogoobbuoooobbodgd

gbogbobdoobod booobobobbobbooboobobboobadn
gobooooogoo

e il [T B
7\ a
4 —
§ /\ /\
S 1111111 | W E N TTTTTT T e TTTTI T
se 7 7
4 14
— )7 L
BIRENGUMES 4
|| ({013 |
JARXADEALI-ZEES
0.2
< 014
5
g 0.0
g j
-0.1
A—/XRT4ILAE
. (fc=7.5kHz) 12k %
2] A XBRELITOI-ER
-3.0m ‘ —2.I0m I —1.I0m ' 0{0 ' l.(l)m ' 2.(I)m ‘ 3,(l)m
time(sec)

U 413: 00000000000000000



48 0 40 GHOSTTAGODUOODOOOO

goon

goobobocooooobooboooyv,oboobobooooooboooooooon
gbbogbugbbboobobuoobboobuooobooboooboob
gbobogbbooboobbooboobbuoobobodoboooboob
gbobuogudgbooogboobobuoobobouoouobboobbuobooobon
gogbbbuoooobbbuoooobbbuoooobbbuoooon

4.3.3 OUOO0O0O0bObOOOooOoOon
gogbbooooobbuoooobbobuooooboboboao

e HUUOODLOOOUOODLODOOOODLDOOOODDLDODUOODLDLOOOODn
goooo

ggon
gobboogoobbouooogd

l.dgobboboooobbbuooooboboooan
2.0ou0obbbooobobbobooobbobboooboboo

gogoo
ggbboooobbbuooobbbooobboobboo

1. ogogbboo
2. 00000000
. 00boobomoooboboobooboobooboonn

gogbbbuogoobbbooooobbogoooboogg
gbbooggboobbboooboobbuooobooboboboboobbod
gbogbobbo414mobobobobooboobuooboobobn



4.3. 000 49

! BIE (LX)
ELJE“%TJ Cuhey, ERE J ERS
; . ®wE(HE)
§ ® SRR
' RS e
‘ ® P it
vo! Lox A i g
EvR—ILAAS Lo X EREk M5 D
NoD gt D =5t &5t

0 414: 0000000bo0boobobboboboobooboobogn

gbouodgboobb ogbbobbodbuodobboobbodobooboobn
gbuogoobobbogbbuoobbodobbuoobdobboboboooboobob
gbooooobboooobobbooobobbooooboboobobbbbbbon
gboogobuogoogbobuoobbuoooboboobobbuogboboon
gbbouooobbodoodgbobbuoooobbbuooobbbooaon
gbbudgbbbodobuoboboboobuoobbooboobbooboo
gbouogbobooboboobboobuobbobobooboobobooboon
gobooogn

gobogoon booobbbuooobbboodbbooobbboooon
gbuogbobodgbboobbobodgbbooboogbuoobobboboboob
0000000000000 0000000000D0oooooOoOoooo/o0
gbogbogbobobogbobobuogbobooboboobobooobon
gbbuoguobbogobuogbboooobobobobuoobbuooboboo
gbuogboboobodgbbuoobbbuodgbbobboboobboboboob
gbobbodgbdbbooboobbuoooobboobbobbooboboob



20 0 40 GHOSTTAGODUOODOOOO

0415 00000000000 0O0000

gogooo

gboobogob bObodbbooboobbobooobooboboobban
gbbuogbbuobuodgbbuobobobobbooooboobooboboon
gbobuogbobogboobboboobbooboboboooboooboonoon
gbooobobogbooobuogbooboboobboobooboooboon
gboooobooobodob 415000boobboboboobbooboon
goboon

4.3.4 OU0O0O0O0bOOOO0OOOOOOOoOObOOOOOn

gdddddoddddooododoooooobboboooboooboboon
gbboggbugbobogbuoobbuoobuoougboobobuooboboon
gboboboobbogboobboooobboboboobbuoobobobon
gbogbobuoobooobbobbuooobbobboobbooobboon
ggbbbouoooobbbuoooobbbuoooobon



4.3. 000 ol

gbooboboood Oboobooboooodgooooooooobbon
gboogbboobuodgboobbooboobboobooobobooboon
gbuogbobodgbobuogobodgbbuoobooobobooooboboon
gbuogboboobodgbbuodobbobuodgbbobboobobbobboob
gbobooogoobbuooonbn 4.16

gbobudbbogobogbbooobugobougoboobooobooo
gbuogboouodgbboogbboouoobooobuboobobboobboob
gboobogobogbbuogboboobbbbuoooboobbbboobon
gboogbboobuodgboobbooboobbbuooboobbooboon
gbuogoobboobboouoobbuoobboobbobobbbooboboob
gbboodgobbooobbbooobbbooobbuoooobboooob
gbobooggobbouoooobbuoooon

gbooooooboooobooboobuoobboboboobuood,obooo
gbuodgboboobuodgboobbbuoobbobbooboobbooboon
gboogobuogooboobooobobobuoooobbooboboobboon
goboodgboboogobbbooobbbooobbboooobboooon

gbbodgbuoobboobuoobbobbuobobuoobboobobbuooboo
gbouodgbboobodgboboobbuodgboboooboobboboboob
gobbodgodbbooboobbuobboobbooboooboooan
gobbodgbbogboboobbuoobboobboobbooobooboon
gbbouogobboooobbbuooooon

gbobudbbogobuodgbbooobuoooobuoboboobobogboo
gbouogobbodgbbodgbooobuobbobuoobbooboooboon
gbobogdobbbuogobbbuoobbuoooobbooobbboooob
gbbooooobboooobbbuoooobboooan



52 0 40 GHOSTTAGODUOODOOOO

= N ,—————SSs———————— -
N\ -

q —
SIS 2 DLESE EARTF
REEFDE

HESOEBEEARFOROTH

A A=Y DMIE

0 416: 0000000000 bobooogoooboooooobogo

gbogbbobbod bbobbodobuooboobboobobooboob
gogbboooooobobuooooboobooon

gbbodgboogboooboooboobbbboobobobobbon
gbobogbbooboboobuoobboobooobodoboooboob
gbbbbooobboobbodobboobbobbuooboboboobbon
gboggbuodgboobbobuogbugbobobobodbooobuooboaon
gbboodbboobobobodbuoobboobooobooboooboon
ggbbooogbobbuooogboboboooobbbooobboo

gbboggbuoobbooogbuoobbooboobbooobbooboo
gbobogbugbbogbuoobboobuooobooobooboooboon
00 2«x20000000000000000O00O0OO0ODOOOOOOOLOODO
gbooboboopooboobpobooooooooouoooooooooobo 4.1t

ggbboodgobboogobbuoooobbooodobboooobooo
gbgboboobbuodgboboobbbuoobbodobbbuoobboobbon



4.3. 000 93

RARTFDE
JAE = DR
A A=Y DRI

U417 000pboboooobbboooobbbooobbboooon

gbuogbobodgboogbbooobuobbodbuooobuoobbogon
gboboduodgobobooooboo
oo UUgo
oobooooobooboobooboobobobobod,00b0oboboboboon
gbbougobbbooobbbuooobboooobbbooomuoon
gbogodbuogobodgbooobuobbodbooobuoonbooon
gobobooggbbboooooboobbuooogoo

gbuogoobdod bOboobbbouoobobobbobbuoobbodgbobodob

l.ggbobobuoggbbobooogbobooooboboooon

2. 000o0ooboboooobobobouooon

gddgdoddoododdoooododoooooodooooooooooooo
gbbouogobboooobbouoooobbod



54 0 40 GHOSTTAGODUOODOOOO

gbbogobodbogbbogbuoobbbobobooboobbogboo
gogbbodgobobtoooobbbouooobboooobobbooobbooaon
gbbogdboboobobooobuoobboobbobouoooboobbbobon
ggbboooobbbuoooon

0000000 0O00000000000000000000000 21-25mm
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0D000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000
0000000000000000000000 133000000 24mm®00
Doooooo 7o
0D0000000000000000000000000000000000
000000000000000000000000000000000000
Purkinje 000 0000000000000000000000O00O00OC
000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000
000000000000000000000@MO0000000000000
00000041800 000000000000000000000000000
0000000000000000000000000000000000000
000

‘0000000000




4.3. 000 95

0418 00000000000 00000

gbgbobobobuobobbubooobooboogobobobobobooo
gobbodgbbogbobooogbboobboobboboboooboon
gobbggobobbuogboobobuodgbbooboobobodbbooboon
gbobooogobobodooan

gbbodgbodbodb booboobbobobbobboobooboo
gbuogogbuogobodbooobuobbodboooobbooboon
gbobboogoobboooobobbuooobboooobbbuoooon
gbbbboobogbbuoobboobuooobobobuoobbooboo
gbobooodgobobodaogan

oo ooooooooooogn
gbobuobbuodbbodbuooobuobbooboobobuoobboboob
gbouboggobbobooobobuoobbuoobboobboobboobon
gboooogogbooood
gbbubgoboobbuogobobobbboboboobbuoobbodgboo
gbugbobougbbodgbbobuodgbbooboobbodgbboboboob



26 0 40 GHOSTTAGODUOODOOOO

Eoh—ILDES

RIRT

RARFOB
FAE 5 DREE

AA—=T LY DB

0 419 000000000000000000b0000bo00

gboboggbudgobooobuoobuobbobboobooobooboan
goobog 4.190]

gbogdgbd dodgbobuodobbodbuoobbdodoboboboobbodoo
gdddddddddoooooooooooooodoooooooboon
gbobbbgooboboobbuoobboobbobbooobuooooboboan
gbobogbbooboobbooboobbuouooobodoboooboob
goboog

gbbogudobbodbbobuoguooboobbuoobobooboon
gL b oo
gdddddodoooooooboooobboobobobboooobobooon
ggn



44. DODOODO 57

~ \\\\ \\ - d
g ERERT
ERRTFOR
SIES DML
AA—SHo Y D

U 420: DO00O0obhooooobbooooobobooooobooon

4.4 0O00OO0OO0OOOO

4.4.1 0OO00O0OO0OO0OOO

GhostTagOD O OO OODOODOODOOODOODOODOODOO

gbgbdobdobobbooguoouobobuobodbooobooboobobo
gboogbbogbodgbbuodbbooobbobooobuoobbooboon
O0000O000bOO00boO00b0bOOoobbObO00bOo0oO0obbOodGhostTag
gbougboboobuodgbobobbouobbobbooboobbooboon
gooood 4.2100

gbbodgbuoobboobuogbbobbuobobuoobboboobuooboo
gbuogbobodgooboudgboobboobbuoobbodgbooboboaob
gobbodgboogbuogoboodgbbuooboogboboboooboon
gboogboboobobbogboobbobuoobooobuoobbooboon
gbogbogbdubuogbboobbubboobboobbbboobboob
gboooo



o8 0 40 GHOSTTAGODUOODOOOO

A A=Y R
A=ty
TANAF—FZ
o Tk iz
HAos ﬁ\ AN = T s
BEHRERIEE
ZE%

0421 00000

gbbogbobooobogbbuobuoobboobbobuooboboban
gboggbuodgboobboobogbooobobodbooobuooboan
O000OO0GhostTagOODOOOOOOOOODOODOO

gbogbobdgbuodgboboobuoobboobooobuooboooobbon
gbobuogbbuogbbuoobbogboboobooobuoonobuoooobooon
gbboggbugbobogbuoobboobuoooboooboobooobuoon
ggbbbooooobboooooboo

44.2 OU000O0OO0OOO0OO0OO0OOOOOOOOOOOOO0

GhostTagOD O OO DOOOOODOODOOOOODOODOOOOOOODODLOOO
gbbogbudgbbouoobbooboobobuooobooboooboon
gbobodgboboogobooobuoobbooobbouobobobboobboan
gbobodgbobogobooboooboboobbbboboboobbuogbobbon
ggoodgobbuoooobobboooon

GhostTagOD OO OO0ODOOOOODOOO0OODOOOOODOOOOOLODOOODODOO



44. DODOODO 29

gboogoboogboobooobooooobboobbuoobbooogan
goboooobooboboboobbobbbbobbobbbbbobbobbbbbbn
goo
gbbugobodbbobboobbuoobboobuoobobbooboo
gobodgggd
gbogoboogbbuoboobooobbuoobbogbuooboboobogboo
gbuogbobodbbooboouodgbbobobboobboobbooobob
gbuogbobodgbbdoboboboooboobbooboboboooboob
goubgbuogoboobboobobobbuoooobbodboooboon
gbobbuogoobbboogogbobbooooobobooooobboga
gbgbobodgboobbuodgbbobobuoobobooboobbooboo
gbbougobbobuogobbbuooobbboobbbooobbboooob
gboogobodbbogboobbuooobodbboobbobuogoboon
gbouogbboobuodbobobbodgboobobuooboobobooboon
gbboduooobboooobbbuooooon
gogobogbogbboggoodbboobuoobboboboobobooo
gopoobbobobooobbbboobbbbobbobbobobobbobbbbbn
gbuogbobodgbboobbobogoboobboobboobooboboan
gbuogbodbooobuogobodgbboobboodgbuoobboobobob
gboboogoobogobobbuooobbbuooobboooobbboooon
gobugobobogobobbuooobbbooobbbooobbouooon
gbuogbobodgbbooboobobbuoobbooobuoobboobobob
bbbt bobobobbooobboobobn
gboboooooboboooobobbuoooooboooon
gbobuobgoboobbuoooobbuoobbodgbuooboboobbboo
guodbdgbobogbobobuobobobobuoobooobogbobobon
OO0D0000b0O0b0oboo0bo0ob0ob0o0ooboDobo0oobo0obUobO GhostTag



60 0 40 GHOSTTAGODUOODOOOO

gogbbbouogoobboooooobobobuoooobobao

4.4.3 O0OO0O0O0OO0OODOOOOOO0

GhostTagOD O OO DOOOO0DOOODOOOGhostTagD OO OOOODOOOODO
gbobogboboobobobbuoobbobbuobodgbbobooobobooon
gbooooobooboobobobo™moboboooboobuooboboon
goboog

4.5 RealEyeCommunicator

RealEyeCommunicator J O GhostTag D OO0 00D O0DO0O0OOOOOOOOOO
0 0 0 0 RealEyeCommunicator(REC) D 00 0000000000000 OOO
O GhostTagOD OO ODOOOOODO GhostTagO OO D ODODODOODOODOODOODO
00000000 b0o0ob00obob0obobobob0o0ob0o0obooUgnOGhostTag
000000000000 00O00DO00O00ooDOOobOOOobODOOobObODOOoOon
000000000000 O0oOooooooooooog

000000000000 0DO000O00bO00bOO00bOO0bOO0ObODbD0ODbODbOO
000000000000 0bO00DO00o0oDOOoo0obOOoooOOoDOoOOobOoOOooOO
000000000000 00000O0000O00Do0O0oooooooooon
0000000000000 0000000O00000000Do0o0ooooon
000000000000 0DO0bODO0bOO0ODO0bOO00oDObDOOobODOOo0OOon
000000DO0DbO0bOD0OO0ODOooDOooDo

0000000000 0DO000ODO0DbODO0bO0DbO0O0bO0O0DbOO0bODbD0ObODO
000000000DOO0DO0D000D422000000000000000000
0000000000000 000O00O00ooOOoooooooooooooon
00 4.240 4.25[13

0000000000000 0DbO00DbOO00DbOO0oDODOO00oDOoOoDOOoOoDOoO



4.6. VISIONCOMMUNICATOR 61

godbogobooboboboooboboobboooobobboobboon
O0D0GhostTagOD OO ODODOODOOOOODOODOOOOODODOOOODODO
gbuogbobodgbbobuodgbbobobboooobbodgbooboboaob
OO0b0bO0o0bO0oUOdoRECOOODOOODODOODOOOOOOOOODOODOD
goobbboboouodugoodoob 42000bbboobooooooooon
gooobooooooobooobboobbbbbbbbobobbbbbbbo
ob41900000000000000DO0ODOODOODOODOODOODLODOD
gbobouodgobbuooodgbbobuooobbouooobbodao

4.6 VisionCommunicator

VisionCommunicator(VC) OO OO ODODODOOOOOOOOOOCCDOOOO
OO0000D00OD0 GhostTagO DO ODOODODOOORECOODODOOOOOODO
Doobooboobobboobuoobobgo42elobboboobonon
goboodgobbogogbbbuogobbbooobbbooobbbouooon
bbb onooooobbon
gbbobouooobbtodgodgbobbuoooobobbuoooobbbuooaon

goovCOOoobooooooooooboobooboooboobobobooooboo
gboogoboboobbuogbbogboooobobobooboooboon
oobobooobobobooboobobooboooobobobooboooobooveogoo
gbogbgobooboobboobobobboobbooboogboboaon
gbobooooooboooobbooooobbod

gbbogbuoobboobuodgbbobbobobooobboobuooboo
gbhogubogboboooboooobobuoooboobbuoobobboon
OOob0ob0oOOobb0obo0ooboOoboobO0oboobOobobOOobDOobooboove
gboogbobbbboobbbbbobbbbbbbbbbbobbbbobobobbbb
gbobboobugbboobuooobuoobbboobbodgbboboboon



62 0 40 GHOSTTAGODUOODOOOO

gbobgdboobooobbuodgbbobuoobboobbooboobobobon
gogbboogoboboobbbbouooobboooobobbooobbooaon
gbbugbbodobooboooobuobbobooboboooooboon
gbbodgboboogbbuoooobbobobboobboobboobobobon
O000o0obOoO0obO0obO0obooboobD0obboOo42r0000O0RECODOODO
gobbooogoobbuoooobbobooon

47 00000000000 OOO

gbbodgboougobooobuoobbuoobbooboboboboobo
gbboggbugbooboogbbooboobbuogboonobuodbbooan
goooooooGuloDoooooooobooboooobooooooooooo
gbbudboogbboooobbobboboobbooboobobodoon
gobbooogoobbuoooobobobooon

471 0ODO00OO0OOOOOODOOOO

gbbubuoobooobooobuoobbuoobobboouoobboobon
oo obbbbbbbbobbon
gbobuobooboooobbuooboobbobboobbogbbooboon
g

gboooooboobobbobobbobobbOobu0o0DbODFittsd 1954
000000 [8oooooooooooooooooOoooooooooooO
0000000000000 000000 MT(Motion Time)OOOOOOOOO
o0Jd00b0b0oobooboooobobobowioooobobooooooon
g



47, DO00DOODOOO0ODOOO0ODOOO0 63

d
T = a+ blog, (W) (4.7)

gboboboob4/mbobobobobobobooobobobobo
gbogodboodboobbooboobboouobbogboooboon
oooooobo d0000000b0b0ob0booboobooboooooboonoo
DooboobDAHxwihobhooboobooobooobobooboobooo
O00McKenzieOO Fitts DO OO0OO0OO0OO0OO0OOOO [19]0

d

T =a+blog, (W+1> (4.8)
00000000 (O 4.30)0
ggodgubbboooobbobbbddoguuduouoouoooboo

gboboboboooodubFitssbdobbbooooooobobboooooooboo

0000000000000 00000000000000000O0o0ooO 200

4.7.2 0O0O0O0OO

0000000000000 0O0000O00O0ObObO0O00ObOO0OOOGhostTag
gbuogbobobogbboobobuoooobboobboboboooooboob
gbuogbobodgboogbuoobbodbuoooobuoooobbooboob
gboogobogbogobuogbbodboobbuouooobuoooooboon
gbogoboogboboogbobuogbbooboobbodgbbooboon
gbouogoobobbooboboobbuoobboobbobobbbooboboob
gboobbboooboboooooobbbbbbbobbbboobobbbb
gboogobodgbbogoobogbbuooboogbobooboooboon
gobooogn

gbbubodgbbogboboobuoobbuoobbbobboobobboo
gbougbobodgbbooboobbubuoobodboobooobobobon



64 0 40 GHOSTTAGODUOODOOOO

gogbboodgobbuoooboboboooobobooobbbuooobbooon
ggbboooobobbuooobobooobobboooon

473 OUOOgOoOobOOOOoOon

gbbogdgbbboobugbbodgbobooboooboobbobboo
gbbgdbobooboobbuodgbbooobboobboobboboobboo
gbbodbboobogobuoooobooobuoobobboobooban
gbobuodgbboobouobooobuoobbooboboobobboobbon
gbbboobodbooobuoobuoobbobbooboobobooboan
ggbobobouogogbbbuoooobobuooouobobobuoooon
gbbguogobuogboooboooboboobbuoobooobuooon
gbbogbudgbbodgbobooboobbuogboobbuodbbobob
gbogbooboobobbobbobooboobooboobd 4.310
gbobogdgobboobuogobodbooobuoobbobobooooooboo
gboggbudgbogbboobuogbooobobodbooobuooboan
gbboggbuodgbboobuoobbobbuooboobbooboobboon
ggbbbooobbbuooobbbuoodobbboooon
gbobogdgbuogbbdugougboogbuoobboobuoobbogboo
gdddoodoooobobbboobboooooobobboooboboon
gbdbbooobboobbuoobboobbboobboobboobbon
gbbogbugooboobbooboobbuogboobbuodboboob
gobbobooooobboooodn 4.320



47, DO00DOODOOO0ODOOO0ODOOO0

O 4.23: RealEyeCommunicator 00 000000000000 DOO0O

65



66 0O 40 GHOSTTAGOUOOOOOO

0 4.24: RealEyeCommunicator DO OO0 00000000

E 4

0 4.25: RealEyeCommunicator 00 000000000000 0O0O00O0O0OOO
googo



47, DO00DOODOOO0ODOOO0ODOOO0

cCcDDL X
[T CRAF/EHRE
| T

0 426: 00000 O0O0gOooooboooon

EHREFEDIMTIEL—D
EZRETRAUMELTS

0427 00gooboogoooboaon



68

0 40 GHOSTTAGODUOODOOOO

O 4.28: VisionCommunicator OO 00 OO0O0O00OO0OO

0 4.29: VisionCommunicator 0 0 0 0O O 0O O O PointSpeech 00 0 0 0O O



47, DO00DOODOOO0ODOOO0ODOOO0 69

w
4 |
8
RA L BORIL G E
FitsQAMTHELCLOERE -
A—Hyk
/
H
& |
RAL A DEAR B /
0 2RFTDE—H Y~ DFitts D% Bl D& FA

0 430: 0DOO0ooobOoooooooooobuooboboooobooboon

gbobodgg



70 0 40 GHOSTTAGODUOODOOOO

RNBFROBELLEACRETHE. FL
DI DIZ&H>TTEEDT U INTURMN
HC EEEERTACENTREICHS, O

O

@ © 0 O
O
O

U0 431: 0o obooooboboooobobod

RAUPEERLLGUVKES RAVD DB
(ADEYI ) A H-THLIESTIFFHRELGN

© O O O
FROKLRDTIL—T5LT
RAVREITIEEE N FELETD O O

3 8

©O 0O 0 O

0 432 0000000000 bobOooooooon



U 50

GhostTag DO OOOOOOOOOO

5.1 GhostTag DO UOUOOODOOOODDOOOODOO

000000000000 00O0DO0DbODO000O00DO00oODO00oDODOoDDO
O0000000D00D0D GhostTagD D OO ODODOODODOOODOOODOOOODO
OO000000000000O0d00dDO000oooooooooooooooogn
OO0D00O00000O00O0oDO0obO0ooooooon

000000000 00O00obO0oo0obo0ooOoOo0bOOo0bDOobDODDO
0000000000000 00oDOO0bOoOooObDO0bObObOOoOoboOoDOooODOn
O00000000000DO0oOO00o00oooooooooooooooogn
O00000000O00ooooooooooooooooooooooooogn
OO000D0O00O0000D00oDO0obOooooooooon

RealEyeCommunicator VisionCommunicator U D OO0 OO O0O0OOOOOOO
0000000000000 0O000boO00O0ooO0ooOoOOooDOoobODOn
0000000000000 0000000O000D00DbOO0oDoDOo0oDOOooooO
000000000000 00000000D000oooo0oooooooogn
O000000O0Fists000 [BODODODOD0OD0OD0O0O0O0O000000000oQg
0000000000 0b0bODO00DO0bOOoO00ODO0o0DO0bOOOoDOOoODD

71



72 O 50 GHOSTTAGOODOOOODOOODOOOODOO

gbbogdbobgobtogobuoobboodoobobbuoobboobobbon
gogbboodgobbooobboooobboooubobbooobbooan
gbboggbudgbobobbobobuooboobobooobooobooboon
gbbbogobboooobbobuoobboobooobuoobboobbon
ggbboogobbooobobouooobbooodbobbooobbooon
gbboggbooboobbooboobboobuooboboobooobuoaon
ggbbbooooobbooogbobobobo
O000GhostTagOD OO OOODOOOOODOOOOOOOOODOODODLOOO
gbboggbugboobogbuoobuobboobuoooobooboooboon
ggbbobooooobboooooobooo
gbobogobobuobbooboboboboobboobooobooan
gbogboobooboovrRLooboobooobooooboobooboon
gdddddgooooooobobbbobbibboobbboooobogn
gboboboobOobOobURLO IDDOODOOOODOODOObOODObDOOD
gbbgbuooobodgbbuoobbodobbooboboboobboobon
gddddoooooobobooooboboooooboooooooogn
O0O0OGhostTagD O OODDOODOODOOOOODOODODOODOODODOOO
ggdbboobbuoboobobboobboobobboobbooboboo
gbbodgodobbbbobobuoobbuoobboobboboboobbooan
000 GhostTagO O OO OODODOODODOODOOODOOOOODOOODOODOOODO
gobboooobbboooobboboan
gbbogbdobuogoboobbuoobbuooboooboboooobbon
gbbogbudgbbogbuoobobboobuoobooobuooooboon
gbogbobooboobbougboboboboobboobooboooboan
gbbogbuogbobogobbboobboobooobooboooboon
gbbobobooobbbuooboboobuobbuoobbuooboobaboon
gbbodboboooobbuobboobuoooboobboobboobbod



5.1. GHOSTTAGUOOODOUOOOOOOOOODOOOoOoO 73

O00000000D0Ob0O0O00O0D0obOoboboOgbOGhestTagOOOoO0OOnO
gbhogboboobogbbboobbuoobobooobogbbooboan
gbogooobboobbbbbobbbbbbobbbbbbbbbbbbb
gbodbbodobbodobbodobbuodobbobboboobobooobboo
gbogooobbooooboobboobbbbbobbbbbbobbbbbbn
gboubogoobobooogbobuoobobuoobbuoobbboboobboon
gbogbouodgbboobugbobooobbooboooboobboboboob
gbobbodgboogbobgboobboobbogbbogbooboboab
gbobboogoobobuoooobbuooogobboooobobao

gbobodgbuogbboobuodgbbobbuoobboobboobuoobobo
gobogoooboggbobbuooobbbooobbboobbbboooon
gbuogbobodgbbbboboobbuoooobboobbobbooboboob
gbuogbobodgbbooboboboobboobbuooboogbooboob
gbuogobodgbbooboobobuooobodobbbooooboooban
gboogobodgbbdogoobogoobboobbuoobboooooboon
gbuogbdgbbouodgbboobuoobbooboooboobboboboob
gbubodgbgbbodobbooboobboobbooboooboboboon
gouobggbugobodgbooobuobbodboooobbooboaon
googoboboogbuogoooboobobbuoobbodboooboon
gbobooodgbobbuoooobbboodgbbbooan

gbbugbbboobugbboobuoobboobuoobbooooboo
gbbooodgbobbuooobobbuoooon



74 O 50 GHOSTTAGOODOOOODOOODOOOODOO

5.1.1 000O0ooOoooogooon
ggbooogaooo

gbbogdgbuogbdobbouobooobuoobboobuoobbodoboo
gboggbuodgboobboobogbooobuogboobbbuoobuoaon
gddddoooooobobooooboboooooboooooooogn
O000000000000000000D00O00O0 Fitts[18)]J 00000000
gboooooobobgowioiboooobobooodgooDbd MacKenzie U O
W,HOOOOOOOOOOOoOoooooo [19)0

GhostTagOD O OO DOOOOODOODODOOODOODOOOOODOODODOOO
oobodJd.000000000000DO0O0OOODWOOOOOOOOOOoD e,
gogoboood

w
=2 — A
0, X arctan 5 (5.1)

gboboogbbooboobbboobboobooobooboooboon
gogbbboogoobbbodooooboboboooobobooobbooo

ggoboood

gbboogbobodgbodgboobboobooboboobboobodgboo
gogbboogoboboooobbouooobboooobobbooobbooan
gboggbuodgboobboobuogboooboobooboonooboon
gbbogbudgbbodgbobooboobbuooboobbuooooboob
gbbogdboggbuobuobboooobbobbuoobobuoobbodoon
gbobuogbbooobboooobboobuooobooobouobboobbon
gogbbooooobbuooooboboboooobooboo

gbboogboobbuodgbboobobuodgbbodgboooboobbbad
gbbogdbogboobbobuoobbuoobboobboboboobbooon



5.1. GHOSTTAGUOOODOUOOOOOOOOODOOOoOoO 75

godbgbogdbbooboooboobbuoooboobbogbboon
gobooooobod

gbobuogbobooobuoguobboooobboobuoobobooooboo
gboogbboobuodgbobobbogboobboooboobbooboon
gbuodgbboobodgbbodouobbooboooboobbooboon
gbobooodgobobodaodan

gbbudgboboobbuodgbboodobuoobbooboobbooboo
gbuogbobodgboogbuoobbodbuobodoobbodgbboboboob
gboogobogbooobuouooobuoobbodgbooobuogbobooon
gboogobuogobuoogobobooobooobooobboobobbob
gbobboobudgbboobuooobuobbodbuooobuodoooboon
gbobooggobobodaodan

5.1.2 0J00OO0OOO0OO00O0OODOOOO0OO00

gbbudgbuoobobobudgbbobobooboobbuooobbooboo
gbogbogoudbogobuoobboobbobobooobbuooooboon
bbbt oooooonoon
gbouogbobuogbobuoogobooobooobobboobobbooooon
gbodbodgobboogobuoobbuoobboobbuooobooooobon
gboogbbogbodgbbuobodgbooobuoobboobooboboon
gboogobogbogobuoobbodbooooboooobbooboon
gbboduodgobbuoooobbbuooobboooobbon

gbobboogbbogbogobodbboobuooboboobbobooboo
gbouogboboobboobboobuoobbobbooboobbooboon
gbbouoogobbodaodan



76 O 50 GHOSTTAGOODOOOODOOODOOOODOO

goooboouRLOObooooon

URLOOODOOOOOOODOOODO0OO0DOOGhoestTagO ODOODOOOOOOO
gobobobooogoobooooobbioddp sec-UOmsecDDOOOOMO
gddddoooooooobbobbbiobbiboboobbboooobogn
oo oooooooooooboo
godgooggobobboobobbbobbbbbbbbbooobbobbon
gddddddoddooooooooooooooooooooooboon
PointSearch D0 00000 OOOOOO

ggbbbouoooobobooooon

OoooobopPWMOAZOOOOODOODOOOOODOOOOODOODO
gbdbbooboogbobboobboobbobbobuoobboobbon
gbobuogbbuogbooboobooobooobooobuoonobuoooooobon
ggbboboogoobbooogobobboogooo

ggbbbouoooobobooooon

MpOOOOOOODOOODOODOOOODLDOOOODObDObOODbOODbDODO
gugbodgodgbbbuooobboooobbooodobbbooobboaan
gbobodbuogoboobooobuooobodobooobuoonooboonn
O0000000D0 GhostTagD OO ODOOOODOOOOODOOOODOOODO

gobboooobbbooobobbobaan

gbooboobooboobobooobuoobobobobobobooMP3ODO
gbbudboobuodobbuoobouobboobbobuoobboobboo
0000000000000 00DObO0DO0O000ODFLASHO HTMLOODO



5.2. POINTSPEECH 77

guobobudgbogboboogbuogboobobobooboobobobobon
gbobooogobobooooboobuoooobbogooobbogd

5.2 PointSpeech

PointSpeech 0 GhostTagOD 0O O 00000000 OOODOOOOOODOODOO
gbuogbobodgbouooobuoobobuoobboobuooobuodobbodoan
gogbuodgbdbugboboobobobobbobuodbobboboobob

gbobuodgbogoobooobuodbboobuooooboobbooboo
gbouogbobuogbobodgbbbboobbuoobogbuoobobobboob
gbuodgbboobuodgboobbbuoobbobbooboobbooboon
gboogbobogbodgbobuogboboboobboboboobobbooboon
0000000000000 000000000000 210000000000
gbbouooobobooooobbuooodgooboog

5.2.1 0O00OO0OOOOO0OOO0OO

OO00000 PointSpeech 0O DO O0D0O0OO0ODOOOOODOOODOOOODODOO
gbouooogoboogbbuogbbogbooobuoobbodbobobooon
gboogbboobuodgboobbogboobboobooobobooboon
gbobooodgooobod

gbobogbuogbbooobooboobbooboobboobuoobbo
gbuoguogobuobbuouoobbuobbodobboobboobooon
gbouogboboobodgbbuodobbobbuooboogboobaobbboob
gbobogobobooobbbuooobbbooobbbooobbboooon
O0D00000D00000D00000b0b0b0O0D0Ob0OPointSpeechDO00OONO
gboboudbbbooobbbuooobbbooobbbooobboooob
gbobooodgobbuoooobbooooobbod



78 O 50 GHOSTTAGOODOOOODOOODOOOODOO

5.2.2 0O0O0OO

O00GhostTagOD OO ODOOODOOODOODOODOOOODOODOOOODOO
gbbugboboouodgbobbodobooobbooobbobbooobooo
gbbogdgbuogbbodbuoobbooobbuooboobbuodbbobob
gboggbudgbogbboobuodgbooobobodbooobuooboan
gbbogobuogbobogbobbooboobobooobooboooboon
ggbboooobbbuoooobbbuooobbbobuooobbbooan

5.3 PointSearch

PointSearch 0 O 0O 0O 0O O PointSpeech D 0000000000 O0OO0OOOO
gbobogboobbuodgboboobuoobbuoobbuoobobooboboboan
gooooo ibooboobogoooobuobobobuooboboboboboobon
ggoobobobbobbbbbbbbobobbooboboooooooobbon
O00000DO0000D00Db0Ob00OO0b0GhestTagh OO ODOoOoOoDOoDOODO
gooobobooobooboboboobooboboobobobobooo IDoO
gbbugbbodobboobboooodobuooobooobuobobobobbon
googboibobbgoooboobooboobooboobobbobooo

gbboogogobogboooboooooboobbooboooobboan
gbbogbudgbbodgbuoobbodobuoobbooobbuodbbooan
gbbogbuobbodobuoobbodobuooboboobooobbbobob
gbbogbuogooboobboobbboobooobooboooboon
000000000000 0Db0O0O000 PointSearchDODOOOOOODOOOO
gbbodgbudgbbodbooboobboobbbobobooboooboon
gobboooogbbbdao



5.4. POINTSPEECHUO OO 79

5.4 PointSpeech [

O0D00000O00D0O00000 PointSpeech DO O DOODOOODOOODODOO
gboooogogboobood

5.4.1 00O

000 O00000DNK3I8UDOOOODOOOOOOOOooooooooooo
OO000DO00o0o0boooODNK3IsUDOODOoo 8ronmooooooooogon
OoobooLEpobogboO?20e0000

O0b00O0 OO0oOOooooboOoOo TCYWH7MFO DOOOOODOOoOoOooooon
gbobouoodgooobod

00000 O0bhOoOO0bOo0obObO0obb0bO0oobO0oU0bOoU0bDO PointSpeech OO
gboogobodgbogobuogbbodbuoobgbooobuoobbooan
gbogoobobboooobobboooboboboobbbbbbobbbbbbn
0000000000 (Pulse Width Modulation) 0 0000000000000
gbuogbobodgbbbooboboobboouobuogbbogbooboboob
gbhogogbugbobodgbooobuoobboobooobbbooboon
goooodg

gbbogbuoobboobbooboobbooboobboobuooboo
oooIicoooNT21700000000000O0O00DOOODOODO LEDOODO
gooodgg

lopooooo



80 O 50 GHOSTTAGOODOOOODOOODOOOODOO

5.4.2 00O

VisionCommunicator VisionCommunicator0J 0000000000 O00O00O0O
goboogbooccbbooooonooboonn Vodafondd DO OO OOOO V301SH
OO00000V301SHO 160 x 120000 CcChUOODOOOoOOoooooooon
0000000000000 00000000bO0O0O0DODOo0oOoOOO V301SH
0000000000 0o0DOooDo0ooooooooDs1mboboboboooon

O 5.1: PointSpeech OO 0O O0OO0O0ODOOO0ODOODOOOOOOO

gbgbobooboobboooodobboobuoobobooboooboon
gbbodboboobodbboooobboobbobboobobbuoobbod
ggobood



5.4. POINTSPEECHUO OO 81

PointSpeech 0 0 0 0 O O O VisionCommunicator D 0 00000 OOOOOO
000000000000 0000O0000ooooooooooooooogn
Oo0OoIicoobooboooPWMOODOOODDOOODODOOOOOODOooDO
OO0DO0D0OO000O0oogo

RealEyeCommunicator RealEyeCommunicator OO0 O 0000000 OO0O
O000d00d0oO00oo0oooooooodoooooooooooooogn
O000000o00O00oo0ooooooooOoooooooooooooogn
000000000000 0bO000O00DO00DO00ooO0obOobOOo0oDoODOon
OO0o00oooboooobooboooboboooboobooo20VOooooO
000000000000 00OOoO00o0o0ooooo0ooooOooooooagn
OO0DoDO0oooooo

000000000 M5442000000000000000000O0O0DOO0O
0000000000000 000O0D000D000D00bO0obOOooDooogog
0000000000000 000000o0oooooooooooooooon
ooo

0000000000000 0Obs20000

543 U0O0OOOOOOO

GhostTagOD DO OOODOOODOODOODOODOODOODOOOODODOOO
gbuogobogboogobuoobbodbooogboooobbooboon
ooopPWMOOOODOOODOODODODOODDOODOODOODOODOOD
gbuogbobodgbbooboobbuoobbodobbouooooobobooan
o000 pwMOOOOOOOoOOOOOOOOoOOOoOooObODOOoOobOoOoooo
goboooogoobooago

‘Doooooooon



82 O 50 GHOSTTAGOODOOOODOOODOOOODOO

*54F  XIER

(BZ B 1#T)

PWM R

Hl _
e T
2~z /T) @Eﬂ:l::}:éi i
"""""""""" : ,, B ) - ;
' D-FF | !
B !
% 5 : : :
e leee jiEEE ..l

<@

0 5.2: PointSpeech D0 OO0 O00O0O0O

gobooooob0 bOoOobooboooooboooobcOoboooobooooon
gbbbodgbbooboobbooboobbuooboobbuodgboboob
ggbbuoogobboogobboobbuoooboooobooobbooooon
gboobobobobobobobobbobobbooboobooopPWMODOO
0. 30000

gbboggodb booboboodobbbodobbobobodbboobodob
O000D0O0000D0000D000O0PointSpeech 00O ODOOO0OOODOOODO
gbogobooobogbobogbboobbodbbuooobooobobbo
gbdgbboobobbuooboboobbuoobboooobbbboobobon
gogbboooobogogbbbuooobbbooobbooobbobod 5.3

rSkHzODOOODOOOOODOOODOODOOOOOODOOOOODbDOoODOg 5.3
gbboodgbbooboobboobbboobuoobobooboooboon



5.4. POINTSPEECHUO OO

LowPass Filtered(fc=7.5kHz) signal

02
020
— 0.15
SR
T >
= i
© an
= E
z 00 5 o005
2
Q =
£ 2 000
o =3
- é
01 0,05
0.10
-02
0.15
T T T T T 1 T T T T T 1
-30m  -20m  -10m 00 10m 2.0m 3.0m -30m  -20m  -10m 00 10m 20m 30m

goooo

time(sec) time(sec)

gs3:0b0u0uobbuooodgnoobouooan

83






U 6

oo

6.1 UJUUoboooooon

Ubigiutous Computing 00 [1]0 0000000000000 0O0O0OOO0OO
gbuogbobbudgbbodbouooobuobbodbuooobuoobbooon
gboogboboobuodgboobobogboobbooboobbobooboon
gbobbuooogbobbodoogoboboooooobooooobboga

6.1.1 RFID

RFOOO0O0000000000000O000000000000000000
00000000000Brygg Ullmer 00 DiButton 0000000000000
000000000000000000000000000000000000
0000000000000000 [22)0000RoyWant 000199900000
000000000000000000000000000000000O000O0
000000 (20

85



86 Oe60 0000
6.1.2 Augmented Reality 00O 000000

gdddddddddoooodoooooooooooboooobooon
gbbgbodgboobbooboooboboobboobooboooboaon
000000000 O000O000bO00DboO00DOOd AugmentedRealityD O O
goobgmsobobbooboobdbdbbFeinger 000000 0O0OD0OOO
gbobuodgboobogbbuooboobbuooboogboboboobobobboan
00000000000000000000 [23,4)0000000000000
00000000000000000000000 2000000000000
gogbbobouogoobboooogobooda

gbbogdgbuogbbodgbobboobobbobbooboooboboo
gidddddoooooooooobobbbbobbobbbobbbbbobbon
00000000 2000000000000 00000000000OO0O0O
O000000000000000000000000000NaviCamOO [25]0
goooboobodoboboooogoooceccpobooooooboboooooogoon
0000000000 26)0000000000000000000O0ODOOOO
O00000000000000000 [3,270CyberCode0 0000000000
0 QRCode0 0O ODODO'0DOO0ODOODO

O00b000O00bO00obD0b0Oo0o0bOo0bDooDOoooOOobDObOODOQR-
Code O CyberCoded Vidget[28) 000 0000000000000 OOOOOO
O0HeOOODOOOOOOOOOOOD 290000000000000000
gbbogdbboobbuodobooobobboobbooboobbuoobbon
0000 @Boj0000000000o0O000oooO0o0o0oooooooooooO
gbbogbuogboobuoobooobuoobboboobooboooboan
ggon

gboogbogoboobobodgbooobuogbbboobobonoboo

I'DENSO



6.1. UOOOoogbooboog 87

Oo0doo0ooooooooooooooooooooooooooooogon
OD0o0ooooooooooooooooooooooooooooooooon
Ddoooododoooooodouooooooioooooouoooon
0000000000000 00000000000O0000O00O00OoaO [31]0
00000000000 000Cell-Phone0 000 O000OOOOOOCOOOO0O
O000000O0O0O0O0O0O0OOO0O0ODODOO0O0OOCOODOOOO0O [32]0Toyed
gdodooodooooioooodououoooooooooooooogn
0 [33]00000CyberCode 00000000 ODOOODODOOODOOODOOOO
50

6.1.3 000000000000

gbobuogbboogbuogobuoobboouooobuoobboobuobbooo
gbouogooboodgbbogbooboboboboobobbbodboooboon
ooobooboobooooboobobboboobooboboLEDOD
000000000000000 4,34)J000000000000000O00O00O0
OobO0obOoboooobooboobceccbboobooboobooobooboooobon
gbhogobogbooobuogbbodboobbuoobbougnobooaon
gbouogbbobodboobboobuoobbobbooboobbooboon
IDCamO0 00000000000 00DO [30000000000000000O
0000000000000 0000000000000000Oo 160

6.1.4 000O0OOOOO0OO0OOOOOO0OO0O0

ooy UUU o
gbouogboboboobuogobodgbooobuogbboobooooobooon
gbbougobbbooobbbuooobbbooobbooobbboooob
Misker DO 0OO0O0O00O00O0DOOOODOOOO0ODOOOODODOODOOOO



88 el ODOOO

O00000000000O0000O [36]0

0000000000000 bo0obuob0obUbHolmquistd OO
O0000000000000000000000000000000 [37]0 Yatani
gbobodgbboobogobuoobobbbbobobbuoobboobbon
000000000000 [38]0Ballagas0 0000000000 OOOOOOO
gbbodgobuoobbogbbooboobbobuoobbooboobon
0000000000000 00 [32]0

Swindell 0 0 'DAODDODOOOOOOO gesturePen 0000000000000
0000000000000 ([39,40[0Peringd000000000000000
0000000000000000000000000000000 [41)0 Lee O
0D0000000000000000000000000000000000 [42]0
00000000 SmartPhoned J000000000000000000000
0 [43]0

0D0000000000000000000000000Ailisle000000
0000000 [44)0

6.1.5 00000

gbbogboobbuobboobobuoobbooooboobbooan
gboboggbudgboobbobobuoobuoobobbodboobobooboan
gooobooboooboo Lebodobooboooobooobuoobooobon
gbogbobobobodbuodgbogboobbobbooboobooboon
0 [45,46, 47|00 0000000000000 00O0OOOO0OOOOOOOOO
0000000000000 000000O0000000O0O0OO 48]0



6.2. JU00DO0o0bOoOobDooon 89
6.2 U0HOOOOOOOOOOO

gbbugboboogbbooboobbuoboobobobbooobbobboo
gbobboboobobboobobbobbbobobobbbbbobobbobobobbbobbbo
gobbodgbboobboooboguobboobbooboooooboon
gboogbbogbogbbuoggbobuogbbobbooboobooboon
gbbouoogbobouooogboo

6.2.1 0J00O0OOO0OO0OO0O0OOOOO0OO0O0

ggbboboooobbboooobbbooobboboooooboo

Henriques 0 0 Khan O OO OO OOOOOOOOOOODOOODOOODOOOO
gbouogobodgbooodgbooobuoobboobooobuoobobooon
0000 (Dominant Eye) 00000000000 [49, 500000000000
O0000000000000000000 [49]0

oo ooooooooooogn
0000000000000 00000000 pljo000000oooooog
gboobobobboobobbobboobobbboobobobboobbbbbbb
OO0DO00000O00O0bO0o0o0ooDobOoboboobOOobOoboboOdCarbinidO
O0000000000000000000000000000000 B2oooo
Tomfelde D0 00000000000 ODOODOODOODOODOODOODODOODOO
00000000000 [B3]00akleyD 000000000 OOOOOOOOOO
0000000000000 000000000000 [54)0

6.2.2 0UJ00OO0OOOOOOOOOOO

Valkkynen 0 000000000000 DOODOOOOOOOOOOODOODOO
00000 B00000000000000000D0oooooooooooog
gbobobobobouoooooobbbbbbbbudduolmbbboooooon



90 el ODOOO

12mO000000000000RukzioOD O OO OOOOOOOOOOOO0OOOn
gboggbuodgboobbooobuoobbobbodbogobooboon
00000 Be)0OFitts 00 0000000000000 00BakevOD OODODOOO
0000000000000 000000 [B70Haikkio0000000O0DOOOO
O0000000000000000000000OOooOoOOoOO [by|o

6.2.3 0O00O0OOOO

gbbooggbuoogobogboogbuoobboobbboobboboan
gbobuodgbbooobgoobbodgbbuobooboboobbuoobobboan
gogbboooobobboboooobbbooon

gobbboogoobbboooobobobboooobobboogioboboodn
00000 [10,0000000000000000000000000 BYOO
0000000000000 0000000000O000OooOMoobooo-
O00000000000000 eoo00ooo0o0ooo0ooooooonn
00000 6000000000000 O000OD0O00OODODOOO0OOOOO
gbboggbuodgboobbbuoobuoobbobbooboooboobaan
000000 1200000000000 00000O0O00o00oog (62,630
0000000000000 000000000000oooooODOoOOD (640
gbbudgbboouobobboobboobobbuoobooboobboo
0000000 [e|000000000000000000000000O0O000
00000000000 00O ee)|D00000000O0ODO00OOOO0ODOOO
O0000000000000000000O000 67000000000 O0DOO0
gbbodgboboobogboobbuoobbuoobbboobbobuoobbon
0000000000 [68)0

gbbogdgbodbboobuoobbobboboobuoobbooboboo
O00OD0Staadt OO O0DOODOODOODOOOOOOODOODODOOOODOOD



6.2 U0O0OOO4OOobOObOOOd 91

DDDDDDDDDDDDDD[69]DDDDDDDDDDDDDDDDDDDDD
0000000000000 booobobtZhangD ODOOOO0DOOOO
bbbttt ooboooooboonobn
[70]0
DDDDDDDDDDDDDDDDDDDDDDDDDDDD[71]DDDDDD
DDDDDDDDDDDDDDDDDD[72,73]D

6.24 0000

gddddddodooddoooooodooooooooooooobOo0Oon
gobboggbuogbbogboobbuoobboboobuoobbooboon
gboogbobodbogbboobuogbbobobooboobbooboon
gooo

gbbuogodgboogboobbuoobbuoobbuoooboobobboo
00 [4)000000000000040000000000000000000
0000000000000 0000O0000ooooOg 70000000
gbutodgbobodbogbboobugobbobbooboobbooboon
0000000000000000000000O0000O0Og |[7eo

gbbbogbouodobbobobooboobbooboobboobuooboo
[77)0Kolesnik 00 0000000000000 O0OODOOODOOO [BOoOOOO
O000000000000000000000000 [790NickelD0O0O0OO0
000000 HMM?20000000000000000O00O000O00OOOO0O0
000 RIU00D00000DD0O000000D00OO0O0UODO [81]0Buchmann
0000000000000 00000000000000000O [82]0

2Hidden Markov Model



92 el ODOOO

6.25 UU0U0O0OO0OODOOOOOODOOOO

XWand OOOUOODODODOODODODOOOODODODOO0OODODOOOODODOOOOO
0000 [83,6)000000000000000OD0OODOODODOOODOOOOO
V000000000 VisionWandD Wand OO O OO OOOODOODOOOOOO
O00000000000000000000 4)pooooogooooo (85, 86)0
0000000000000 000000O0000O00O [87,83,89|0 000000
00000000000 9000000000000 0oooD0oDnDooooDO0O
0ooodooooooooooooooooooooooooooooood
00000000 DoODOo000b0oOoO0o00ooOooooooooOo pPDAOOO
gooooooooooooonoooooboooooooooonooo
0000000000000000000O000 QD000 00D0oooOo00Od
00000000000 000000000000D0OOGuimberetire0 0000
O0000000000000000000O0 (o000 ooo00ooooOd
000000000000 000bO00o0oo0ooDbd0bdBaudishOOOOOO
0o ooboobbbbdddddddodoooUdood Drag-
and-Pop O O O Drag-and-Pick 000000000000 [93]0 000 Collomb O
0 Drag-and-Drop0 00000000 (9400000000000 0OO0OOOOO
0000000 (950



oot

7.1 GhostTag OO OO OO

GhostTagOD OO OOOOODODOODOOOODOODOODOOOODODOOO
gbuogbobodgbbooboobobbuobobboobbodgbooboboon
gbbooodbobbouooobobbuoooon

7.1.1 JO000OOOoooooboboooon

GhostTagO O DO DO ODOOODOODOOOODOODOODOOOOODOODLOOO
gbobooggbbogbobodgboobbogbooobbooobouooooon
oooboobmooboobooboobooboobuoobooboobbobb
gbuogodgbudgboboobbuoobboobbobuoobboobboob
gbobbuoooogoobobuoogobbboooooboobo

O000D000000Fitts0000000 (18,19 0000000000000
OO0D0ODO0O0O0000D00OO0GhostTagO O OOOOOODOODOOODOODODO
gogbobobobobooobbbbobobbbbobbobobobbbbobbbbbn
gbobboobudgbboobuooobubooboobbodbbooboob
gbouogboooboodgboobbuoouobobbobuoobboobboob

93



94 g r7zb0ogodoboo

gboggobodgboogobuoobugbobobbodbooobuoobuoaon
gbbouogoobobbooboobbuoobboobboobooboobbon
ggbboouoooobbooogoon
gdddddddddoooodoooooobooooboooobooon
gbboguodgbbooboobbooboobbuoooobooboooboob
gogbbooogbbbuoooobboboodobbo

7.1.2 00000

gbbogudbbogbugobodbuoooobooobuoobbooboo
gbboggbuodgbobooobuogbugbbobbodbogobooboan
gboboggbuodgboobbbuoobuogbbobbooboobobooboan
ERERE

GhostTagO OO DO OUOOOO LEDODOOOOOODOOODOOODOODOODO
gidddddododdodoooooooooooooobbbooboboboon
gogbbbugoobbbooooomobobuooobnbbooooboobobooon
gbobuogboboobobbooodbbuooboogbobooooobobon
gmoodoboobobobobooboobobooobuoobobboboon
gogbboooobbbuoogooboo

gddddodoobobooooobooooooooodoooooooboboon
gbbobboobboboobobbboobobboobbodbboobobon
JbOO0b00OFttsODO000oboboboooboobobobooboobooooobon
gboboobuogboogboobbooboobbbuodgbboboboboon
goooboooooobooboooooboooboeuInooobooooooon
gbbogbudgbbogbuoobbobbuobbbobobooboooboan
goooo

gbugbooboboobbobooudbuoobobboboboboadgobg



2. 0DO000OO0o0bDOo0obOooon 95

OO0D0000000D00D00000D0GhestTagOOOOOODOOODOODOODO
gobbodboogbuogobogbobbobuoobbodgboooboon
gbuogbboobuodgbobobboobooobbooboobbooboon
gbuogboboobodgboboobuoobbooboooboobboboboon
goboogdaoo

7.1.3 GhostTag OO OO QOO

OO00OGhostTagO D OO DOODOOOOODOODOOOOODOODOOOOODOO
gbhogbbobuogbuogobodgbooobuogbbooboobobboan
goboogobbooogbbbooobbbooobbbooobboooon
gbouogbboobuodobobobbouobbobbooboobbooboon
gbubodgbbogbbuogobboobbuoobooobooobobboob
gbobooooooboooobbboooon

7.2 JUO0ouooboboooood

gbbuogbobbogbbogbuoobbuoobbobbobobobobboo
gbuogbobuogbobogbbbboboouobboobbuoobobboob
gbhuogobodgbogobuoobooboobboobobbuogbobobon
goboooooobbooago

7.2.1 VisionCommunicator0 0O O0O0O0O00OO

VisionCommunicator 0 D0 OO0 0O00000ODO PointSpeech 00 00000
0000000000000 000D00ooDoooooooooooooogn
OoooobooooGuilobobooobboooobooobooobbooooo
ooo



96 g r7zb0ogodoboo

gbbgugobuodgboooboooobooobuoobboboobban
O000000000000000000ViélkkynenOOOOOOOO [55]000
gbbudgbboodgbboobooobuoouoobooboboobbobbon
gbbogdgboogbobobbuogbboobbboobbobuoobboobbon
gbogoboobboodbodil2mb0odbbodb 1omddoooooon
gobooboooobooobbooboboobobog dd 150,200,250em 00O
gbobogboooboobuoobooboobobobobuooboLeEDDDOOD
6.0emJ 0000004600000

0000000000 VisionCommunicator 000000000 OO0O0OO0O
O0D0000oOob0O0d =150,200,250em 00 00000O0OO0OO0O0OOOO0OO
goobboobbooobuobooboboobobbooobuoooboobbon
0000000 VisionCommunicator U0 OO0 175em 0000000000
goooooriooobon

ggbboooobboooobboooobboooobbooobbooo
gbbggbugbooboogbbogboobbuogboobobuodgbobboon
gogbboogobbogobbobuooobbboooboobobuooobbooan
LEDODOO0DOOD0DOObOO0bOo0bOobObOonD 1s0em b0 OO
gugbbooooobbobbbooobbbbooobbbooobbbooon
LEDOO0O0OO00bOooboooobobobooboobuoobbooboboobon
gogbboooooobbooooobbobag r1ibood

godobboooboooobbobbobbbbbbiobobboobobbdn
gboobogbbogbooobodgbbooboooboobbooboonn
gboobooobuoobuoobuoobuoobopPWMbOOODOoOobDoobooo
gboggbuodgbbobbobbuooobbobbodoboobobooboan
gogbboooobbbuoooobboboodobbo



2. 0DO000OO0o0bDOo0obOooon

d =150cm

d =175¢cm

d =200cm

d =250cm

O 71 vCOOOoooooooooboooo

97



98 g r7zb0ogodoboo

00 |00Db00D00 (0bOo0obOo |00
cm pixel pixel °

150 6 18 3°
175 6 19 3.1°
200 6 18 3°
250 6 15 2.5°

071000000000

7.2.2 RealEyeCommunicator U0 OOO0O0O0OOO

00 0 RealEyeCommunicator D 00O 000000 OOOOOOOODOOO
0000 RealEyeCommunicator D O 0D 000000 0OOOOOOOODOOOO
000 VisionCommunicator D O OO0 00000 0O0O0O0OOO0OOOOOODOOO
gbobobooboooooooobobobobooooooooooboboo
oo0o0oO0O0OO0O0O0OO00O0 (Dr200O0OO0OO0ODODOOOOOODOOO0
O000bO0o0bo0oDbOoooon

0000000000 0o0oDb0o0b0obDbOOobDo0ooDOoobOo 30740000

gr72000000O0OW8DO000boDooobooobooobobooobooooo
0000000 b0o0o0obo0ooobo0o0oobooooObooooboooo
O0OowsooOoO 8&emOOODOODOODOOOODOODDOE4ODO 4emOd00O 00O
goooboooboobow3074000000000O0O0DOWTODO ESODO0OO
PpwMOOOOOODODOOOODODOODOOOOObOObOOODOooo0VOOOOoOoOo
00000b0ObO00O0o0O0ooDo0ooo0bO0b0obOobOobODOoooobOobobOoo
6, O

7 5 0.
6, = arctan 150 + arctan 0 2 X arctan 0 (7.1)



2. 0DO000OO0o0bDOo0obOooon 99

O 72 RECOODO0O0OO0OO0O0OODOODOODOOOO

0000000 VisionCommunicator 0 RealEyeCommunicator 0 00O 0O 0O OO
O0000O0D0oOOoOov 500000

000000000000 0DO00DOo00oDOo0oobOo0ooDooooOooDoog
000000000000 Db0bO0000D0DO0DOd0D00D000D2wDOO0O
0000000000000 DO0bO000O0DOoDOoDOODO e, O

O =2 x arctan% (7.2)

gbobooodgooobod
gbooboobobbobbob 2000000000 310000000



g r7zb0ogodoboo

100

ANOAN ANOAN ANOAN ANO AN ANOAN
oSO ©oo oo oo odo
SSo o©oo SS9 OOn_u 000

(ABM - (ANLM (A)IM  (A)SM A>vv>> A>vm>>

T

ANON
(olo)o)

000

_|_I-|_I-I_||
ANOAN AN
S9oS S
oOoOOoO o

i

0.00
-0.02

| | | |
0.000 0.001 0.002 0.003
time(sec)

|
-0.001

|
-0.002

T

-0.003

ANO N
(olo)o)

000

(NCM  (A)LM(AMSIUDD

150cm)

073:0000000W8Center 000D IDODODOOOOOOODO (d



2. 0DO000OO0o0bDOo0obOooon 101

© oo

o O O
N ODN
Lo 141

center(V)

0.02
0.00
-0.02

E1(V)

0.02
0.00
-0.02

E2(V)

0.02
0.00
-0.02

E3(V)

0.02
0.00
-0.02

E4(V)

0.02
0.00
-0.02

E5(V)

0.02
0.00
-0.02

E6(V)

S e L
-0.003 -0.002 -0.001 0.000 0.001 0.002 0.003

time(sec)

0740000000 Center-E600000000000O0O0O0O0O (d=150cm)



102 g r7zb0ogodoboo

359 —
- [==REC] g maKkEE2a
3.0 L
T 1.2cm
254 T TN y4 | 1.0cm
c;\ J - 0.8cm
& 0 O;: M A—=CH YDt
™ RESITFHARGERORAGIRE®
1.5 1
0,1 A—S g hid Rl
2DODRAEKEFMOEROFA (GHEE)
1.0

L I I I I :J I 1
140 160 180 200 220 240 260
d(cm)

0 7.5: PointSpeech OO DO 0OO0OO00OO0OOOOOO

O00o0oooogDeon

R

oobooogobebd,e,00000000O00DO0O0 0 O00ODO0O0ODOODOO
gobooggobo 2«0 0.8,1.0,1.2emU0 00000000000 75000000
OO0ORECOVCOUODOOODOOOOOODLOOO 20 08—-1.0ecmO00000O
gobbooood

f; = 2 x arctan



3. DOooboooboobon 103

73 Uooouoboooood

ggobboobbbbuooooossbbbuooooobbooouoan
gbouogobuogoboogbbuoobobobboobboobbogbobon
goboogobbogobbbuooobbbuoooobboooboboooon
oooogboboobgboeegbobobuoboboooboboboboboob
gbbbuogobbodoooobbuoooobbbuoooobbbuoaoo

gbbugbbooobuoooobboooobbobboobbooboboo
gbobbouogggbobooogooooo

gbbubugbbogobuogboobboooboboobbuogbbogboo
gopoobbooboooobobbobbooobbbbbobbbbobobobbboboobobo
gbuogubbugbbuogbobuoogoboooboobuoobbobbboob
goboobbbobooobbbbbbobbbbbbobbbbbbobbbbbbb
gbhogobogboogobboougbbooboobobodgbbooboon
gobbodgbboobboooobbuogbboobbooboboooboon
gbbobuooggbbbodoooobbboduooobboooon

gbbbbooboobboboobbuoobboobuoobboobbboo
gboogbboobuodgboobboobouooobooboobbooboon
gboogodgbbobbogbooobooobuoooboboobobboon
gboobobobboobobbobbooobbboooobbbbbbbbbbb
gbuogbboobodgbbuodgbbobbuooboboooboooboboon
godbogoboogbbuodgbboobooobuooboboogbooboon
gbhogbboobodgbboobbobbuooboooboobobooboan
gbbouoogobbtooooobbuoooobbbouoooobbo

gbbudgbuooogbugboboobuoobboobuoobbooooboo
gbbooogobboooobbbooooobbod



104 g r7zb0ogodoboo

74 UOOOoon

GhostTag D OO DO ODOODOOODOOOOODOOODOODODOODOOODOODOO
gbobooobooobobooooobobooooobooooobooooo
gbob0oboboboobooboobooobouobooooobooboboboOooon
000000o0bO0o0obo0obOoobooobooooboooog

J00b00O0bO0oo0oo0oooooobobbOobOobOOobOOobOOoooooon
0000b00ObO0bO0o0O0oooooooboobobOoooooDoooboobooon
gbboboooogooooboboboooooooboboooooooogoo
0000O00O00O0o0O0oo0OoooDobDoobo0ob0obO0obOobOooboboOooon
00000 RealEyeCommunicator 0 00 000000000 OOOOODOOOO
0000000000 b00bOobobOonbdRealEyeCommunicator 000 OO
gboboboboooooboboboboboobooobobobboboo
000000o0ooOOo0oboobooobooooooo

CChO CMOSODOOODOoOoDOoDOoOoooboobOobOoobobobooooog
O000000000000000000000 [35,96,97,98, 90000000
gobobodoobobbooboooobooobobooobDooooboooo
gboobobobobobooooboooooooooboboboboboooo
0000000000 bO0obO0o0obO0o0ooOo0oboobOooDoDOon

7.5 UUouooooad

gbboogobodgboobboooboobbobbooboobbooboo
gbobobogoboogbuobuoobboobbobobooobuoobbooan
gobooboboooboooboooboooboobo oHzODOODDOOO
gbbogdgboboooobbuoobboobbobbuooboboobbabon
gbbogbudgbbodgbuoobboobbbuooboobbuodgboboob



76. 0DO0O0OO 105

OO0D000000DO000000DO0b0oboboobo0obOoO0ndGhostTagd O
gboboooooboboooobobobuooooon
gbbbogbbuogboobobodbbooobbooboobbooboo
gbuodgbboobuodgbobobobuoobbobbooboobbooboon
gbouogboboogboobobbuogboobobuoobooobuoobbuooboaon
gbobbuogoobbbooggoobboooooobooooobboga
gddddododoodddoooodooooododooooooooooo
gbuogbobuogbbuobogobobboobbodbboobboobbob
gbobboogoooboooobboouoogobobod

7.6 UUoogd

gbodbogoboobbuogbobuodoobboobboobobonoboo
gbuogboboobbbbuoouboboobboobboobobboobboob
gbugbobodgboooouoobbuobboobooboobooboboon
gbouogobodgbobgdbooobuobbodboooobbooboon
goboogoobbuoooobbodgd

gbbbbooboobbuoobboobuoooboobbobbbooboo
gbouogobodgboggbuoobobuoobooboobbuodbbooboon
gbouogobodgboooboooboobboobbuoobbooobbooaon
gbbooogobbuoooobbbuooobboooobbon






U 8 0

HREEN

gboogobbuogbobogboougbbuooboobobodgbbooboon
gboogobogbboobooboobobboobobooboogoboboan
gbouogboboobodgbbuouoobbuodgbbobboobobboboboob
gbuoggbobgdbouoobboobuoobbobbooboobbooboob
goooodgg
gbbugoobogobbouogoboobbuoboobboobbodgboo
googobobdbbobuodbbobobooobuoobobodboooboon
gboogoboodgbbgbubooboobbobuogbbodboooboan
gbobbodgbbbbooboobbuoobboobbuoboobbooboboon
gbouogbboobogogbuoooobbooboooboobboboboon
gboogobogbooodbooobuoobboobooobuogbobooon
gbuogoboooobuoooogobuogboobuoobbodboooboon
gbobbouogobbooodgbbbuooobbouooobbodao
gbobuogboboobbuogbboobooobobooboboobbooo
gbogbbooboogbobooobobobbobbooboboobboaon
gbubodgbooboobbooboobboobbodoboooooboob
gbugbobodbooobuobbudoobuboooboboooboob

107



108 g sd odno

oo bbobobboobbbbbbbobbon
gboobodgbboobogbbooboobbuogooboobooobuoon
gbboggbuogbbodbuoobbooobbuodoobobooboooboob
gbboggbuogooboobbooboobbuooboobbuooooboaob
gboggbuodgboobboobuogbooobuoobobobboonoobuoan
gbbggbouogooogbuoobobobobuoobboobooboooboaon
gbbogbugoobobboobuoobboobuoobobooboooboob
ggbboooobbbuoooon
gboogdgobuobobboobuodgbboogbuoobboobuoobbogboo
gbobuodbbggubogbbodgbooobobooobobboobbon
gbbgdbboobuodoboboouobboobooobuoobboobbon
gugbboodgbobbuooobbbuoooobbuoodbbbooobbooan
gboggbuodgboobboobuogbooobuogbbooobuooboaon
gbboggbuogbobogbobuoobboouobuoooboobooobuoon
ggbbbooooobbuoooobobobbooobbboooobbbooon
gboboggboboobobuodgbboobuoobboobuoobboobooboo
gy UUO O
gbbudgbboogugboboobbobboboooobobobboobbon
gbbogbugbbodbuoobboobuoobboobobuodgbboaan
gbboggbugbobogbuoobbuboobbooboobogbooobuoaon
gbobuodoobobbbogbobbuoobboobbuoobbbboobobon
gbbogbudgbobuoobooobuoobobbobobooboooboob
gobooboobooboboooboogobooboboobbooboobooogoDn ecebo
cMosOOoOOobOOooDooooooDoooobOobboobOobDOoboboooDbo
gobboggbbodgboboogboogoboooobbooobboooon
ggbbbouoooobboooobobbbooooboboboo
gbboggbuoobboobbbobobuoobboooobuoobbooboo



109

gbouogobodgbooodgbooobuoobboobooobuoooooboon
gboogbbogbogbbuodbbobbuooboooboobanobboon
gbuogudgbooobobbooboobboobobbodbooboboon
gbobouodgoobooodgboo

gbobugbbouogobogbooboobuooboboooboobonoboo
godbgbobgdbobogoogbooobboobooboboobboon
ooboboooboobobooceccbubooooobbooooboooooboon
ooooooobbobobobobobbobobooooooobobOoob
gboboogobbboobboooobbboooobobboooooboooon
gmgggoobbogoboboogobobobuooobbboooon

gobopooccbuobooooobooooobboooooboboooooooobobooo
gbudbbuogbbboobbooobbuoobooobb 2000040 6.0cm
gbobogdgobogdbboobbuoobobuooobobooobb 150,200,250cm
gboogobogbooobuoooobuobboobooobuognobooon
OO0O000o00ooboobouood RealEyeComunicator DO O OO0O0OOOO
gooogd3r1eg29d226cbiooooobooooboboogobbooon
Oob0obOobooooobooobooboboooooooooboboceccbooono
OO00000O0 VisionCommunicator OO O0O0000OO0OOO 3.0°03.0°0 2.5°
Doboboboooboobooooobobg23dl.regl4gooooonog
gbooggbboobbbooobbooobbollrrgoboobobbuooon
gboogbboobuogboooboobuboobboobuoobobooboon
gbouogboboobodgbbuodbbobbuooboboooboooboobon
gbobooogobbooodoobbogo

oo obboobobobooooooooooogn
gboooooobboobobbobobbboobbbbobbbbobobbbbobobbo
gbouogbobuogobogbbobbuobuoobobboobbuoobobbodob
gboobbbooobboooooooooooooobobbobbbbbb



110 gsb odgd

gbobogogobooboobbuogbbobuoobbodgbobuoobobooboboan
gbbogdgbobogobobobooobbuobbooboooboobooboban
gbgoobuodgbbooobuoobobobbuoobboobooboooboaon
guogogbbbuoooobboooan



oo

1]

[5]

Mark Weiser. The computer for the 21st century. Scientific American (Inter-
national Edition), Vol. 265, No. 3, pp. 66-75, 1991.

Roy Want, Kenneth P. Fishkin, Anuj Gujar, and Beverly L. Harrison. Bridging
physical and virtual worlds with electronic tags. In CHI '99: Proceedings of
the SIGCHI conference on Human factors in computing systems, pp. 370-377,
1999.

Jun Rekimoto. Matrix: A realtime object identification and registration
method for augmented reality. In APCHI ’98: Proceedings of the Third Asian
Pacific Computer and Human Interaction, p. 63, 1998.

0000.000000000000000000000000000. 00
00000000000000 (0000000,00,000000000
0000), Vol. 2001, No. 7, pp. 259-264, 2001.

Yuji Ayatsuka and Jun Rekimoto. Active cybercode: a directly controllable 2d
code. In CHI °06: CHI °06 extended abstracts on Human factors in computing
systems, pp. 490-495, 2006.

111



112

(6]

[10]

[11]

[12]

[13]

ggoo

Andrew Wilson and Hubert Pham. Pointing in intelligent environments with
the worldcursor. In INTERACT’ 03:IFIP TC13 International Conference on
Human-Computer Interaction, pp. 495-502. IOS Press, 2003.

Daniel Vogel and Ravin Balakrishnan. Distant freehand pointing and clicking
on very large, high resolution displays. In UIST ’05: Proceedings of the 18th
annual ACM symposium on User interface software and technology, pp. 33—42,

2005.

Mehmet Gokturk and John L. Sibert. An analysis of the index finger as a
pointing device. In CHI '99: CHI ’99 extended abstracts on Human factors in
computing systems, pp. 286-287, 1999.

Yunde Jia, Shanqing Li, and Yang Liu. Tracking pointing gesture in 3d space
for wearable visual interfaces. In HCM ’07: Proceedings of the international

workshop on Human-centered multimedia, pp. 23-30, 2007.

Carsten Kirstein and Heinrich Mueller. Interaction with a projection screen
using a camera-tracked laser pointer. In MMM ’98: Proceedings of the 1998
Conference on MultiMedia Modeling, p. 191, 1998.

Dan R. Olsen Jr. and Travis Nielsen. Laser pointer interaction. In CHI
'01: Proceedings of the SIGCHI conference on Human factors in computing
systems, pp. 17-22, 2001.

Duncan Cavens, Florian Vogt, Sidney Fels, and Michael Meitner. Interact-
ing with the big screen: pointers to ponder. In CHI ’02: CHI 02 extended
abstracts on Human factors in computing systems, pp. 678679, 2002.

Yuichi Mitsudo and Ken Mogi. Real eye communicator: An eye-mediated real

world pointing device. In Proceedings of the First International Conference on



gooo 113

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

Pervasive Computing (Short paper), pp. 112-118, August 2002. In an informal

companion volume of short papers.

0000.0000000000000000000000000000. 0
0000000000000000, Vol. 11, No. 1, pp. 153-160, 2006.

0000.0000000000000000000000000 (0000
0000000000000000000,0000000000000000
000O00). 000000000, Vol. 49, No. 2, pp. 859-866, 2008.

gobob.oggboobod.gobob, 2006.
gbob-oggobbodood.obbbo.oogbbbooogabn, 1995.

Paul. M. Fitts. The information capacity of the human motor system in
controlling the amplitude of movement. 1954. J Ezp Psychol Gen, Vol. 121,
No. 3, pp. 262-269, September 1992.

[. Scott MacKenzie and William Buxton. Extending fitts’ law to two-
dimensional tasks. In CHI ’92: Proceedings of the SIGCHI conference on
Human factors in computing systems, pp. 219-226, 1992.

0000,0000.300000000000000000000000 fitts
000000000.00000000000.A, 00000, Vol. 85, No. 11,
pp. 1336-1346, 2002.

Takuichi Nishimura, Hideo Itoh, Yoshiyuki Nakamura, Yoshinobu Yamamoto,
and Hideyuki Nakashima. A compact battery-less information terminal for

real world interaction. In Pervasive, pp. 124-139, 2004.

Brygg Ullmer, Hiroshi Ishii, and Dylan Glas. mediablocks: physical containers,
transports, and controls for online media. In SIGGRAPH ’98: Proceedings of



114

[26]

[27]

28]

ggoo

the 25th annual conference on Computer graphics and interactive techniques,

pp. 379-386, 1998.

Steven Feiner, Blair Maclntyre, Marcus Haupt, and Eliot Solomon. Windows
on the world: 2d windows for 3d augmented reality. In UIST ’93: Proceedings
of the 6th annual ACM symposium on User interface software and technology,

pp. 145-155, 1993.

Steven Feiner, Blair Macintyre, and Dorée Seligmann. Knowledge-based aug-

mented reality. Commun. ACM, Vol. 36, No. 7, pp. 53—62, 1993.

Jun Rekimoto and Katashi Nagao. The world through the computer: computer
augmented interaction with real world environments. In UIST ’95: Proceedings

of the 8th annual ACM symposium on User interface and software technology,

pp. 29-36, 1995.

Naohiko Kohtake, Jun Rekimoto, and Yuichiro Anzai. Infopoint: A device
that provides a uniform user interface to allow appliances to work together
over a network. Personal Ubiquitous Comput., Vol. 5, No. 4, pp. 264-274,
2001.

Jun Rekimoto and Yuji Ayatsuka. Cybercode: designing augmented reality
environments with visual tags. In DARE ’00: Proceedings of DARE 2000 on

Designing augmented reality environments, pp. 1-10, 2000.

Eiji Tokunaga, Hiroaki Kimura, Nobuyuki Kobayashi, and Tatsuo Nakajima.
Virtual tangible widgets: seamless universal interaction with personal sens-
ing devices. In ICMI ’05: Proceedings of the Tth international conference on
Multimodal interfaces, pp. 325332, 2005.



gooo 115

[29]

[30]

[31]

32]

[33]

[34]

Kento Miyaoku, Suguru Higashino, and Yoshinobu Tonomura. C-blink: a hue-
difference-based light signal marker for large screen interaction via any mobile
terminal. In UIST ’04: Proceedings of the 17th annual ACM symposium on
User interface software and technology, pp. 147-156, 2004.

Fakhr eddine Ababsa and Malik Mallem. Robust camera pose estimation using
2d fiducials tracking for real-time augmented reality systems. In VRCAI ’0/:
Proceedings of the 2004 ACM SIGGRAPH international conference on Virtual
Reality continuum and its applications in industry, pp. 431-435, 2004.

Chung-Hua Chu, De-Nian Yang, and Ming-Syan Chen. Image stablization for
2d barcode in handheld devices. In MULTIMEDIA ’07: Proceedings of the
15th international conference on Multimedia, pp. 697-706, 2007.

Rafael Ballagas, Michael Rohs, and Jennifer G. Sheridan. Sweep and point
and shoot: phonecam-based interactions for large public displays. In CHI
‘05: CHI 05 extended abstracts on Human factors in computing systems, pp.

1200-1203, 2005.

Eleanor Toye, Richard Sharp, Anil Madhavapeddy, David Scott, Eben Upton,
and Alan Blackwell. Interacting with mobile services: an evaluation of camera-

phones and visual tags. Personal Ubiquitous Comput., Vol. 11, No. 2, pp.
97-106, 2007.

0000,0000,000,00000.000000000000led00
0000000000 (0000000000000). 000000000,
Vol. 44, No. 9, pp. 2334-2343, 2003.



116

[35]

[36]

[37]

38]

[39]

[40]

ggoo

0000,0000,000,0000,0000. Idecam: 0000 id00
00000000000000(00000000000000000000
0). 000000000, Vol. 43, No. 12, pp. 3664-3674, 2002.

Jan M. V. Misker, Jasper Lindenberg, and Mark A. Neerincx. Users want
simple control over device selection. In sOc-EUSAI ’05: Proceedings of the
2005 joint conference on Smart objects and ambient intelligence, pp. 129-134,
2005.

Lars Erik Holmquist, Friedemann Mattern, Bernt Schiele, Petteri Alahuhta,
Michael Beigl, and Hans-Werner Gellersen. Smart-its friends: A technique for
users to easily establish connections between smart artefacts. In UbiComp 01:

Proceedings of the 3rd international conference on Ubiquitous Computing, pp.

116-122, 2001.

Koji Yatani, Koiti Tamura, Keiichi Hiroki, Masanori Sugimoto, and Hiromichi
Hashizume. Toss-it: intuitive information transfer techniques for mobile de-
vices. In CHI ’05: CHI ’05 extended abstracts on Human factors in computing
systems, pp. 1881-1884, 2005.

Colin Swindells and Kori M. Inkpen. What is that?: gesturing to determine
device identity. In CHI ’02: CHI ’02 extended abstracts on Human factors in
computing systems, pp. 588-589, 2002.

Colin Swindells, Kori M. Inkpen, John C. Dill, and Melanie Tory. That one
there! pointing to establish device identity. In UIST ’02: Proceedings of the
15th annual ACM symposium on User interface software and technology, pp.
151-160, 2002.



gooo 117

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Trevor Pering, Yaw Anokwa, and Roy Want. Gesture connect: facilitating
tangible interaction with a flick of the wrist. In TFEI ’07: Proceedings of the
1st wnternational conference on Tangible and embedded interaction, pp. 259—

262, 2007.

Hyunglae Lee, Heeseok Jeong, JoongHo Lee, Ki-Won Yeom, Hyun-Jin Shin,
and Ji-Hyung Park. Select-and-point: a novel interface for multi-device con-
nection and control based on simple hand gestures. In CHI '08: CHI 08
extended abstracts on Human factors in computing systems, pp. 3357-3362,

2008.

Chunyi Peng, Guobin Shen, Yongguang Zhang, and Songwu Lu. Point &
connect: intention-based device pairing for mobile phone users. In Mobisys
'09: Proceedings of the Tth international conference on Mobile systems, appli-

cations, and services, pp. 137-150, 2009.

Heikki Ailisto, Lauri Pohjanheimo, Pasi Vilkkynen, Esko Stréommer, Timo
Tuomisto, and Ilkka Korhonen. Bridging the physical and virtual worlds
by local connectivity-based physical selection. Personal Ubiquitous Comput.,

Vol. 10, No. 6, pp. 333-344, 2006.

0000.00000.00000000000 :00000000, Vol. 60,
No. 12, pp. 19081913, 2006.

0000.000000000000.00000, Vol. 46, No. 2, pp. 104-110,
2007.

oooo,0b00b0. oobooooob. bgooooooo, Vol 90,
No. 12, pp. 1056-1061, 2007.



118

48]

[49]

[50]

[51]

[52]

[53]

[54]

ggoo

0000,0000,00000,0000.000000000000000
00 chobit 00000000 (000000 /00000000000000
0)0O0OOO0OO0O0D000000:00,00,00,000). 00000000
0, Vol. 44, No. 11, pp. 2670-2680, 2003

D.Y P Henriques and J.D Crawford. Role of eye, head, and shoulder geometry
in the planning of accurate arm movements. J Neurophysiol., Vol. 87, pp.

1677-1685, 2002.

A. Z. Khan and J. D. Crawford. Coordinating one hand with two eyes :
optimizing for field of view in a pointing task. Vision Research, Vol. 43, pp.
409-417, 2003.

O0D00O,0000,0000,0000, Tomoko Imai, Dairoku Sekiguchi,
Naoki Kawakami, Susumu Tachi. O OO OOO0O0O0O0O0OOOOOOOO0O -
Oo0bObOo00ooooboob. bbbooobobooooboogg, Vol 9,
No. 1, pp. 89-95, 2004-03.

Sebastien Carbiniand Jean Emmanuel Viallet and Olivier Bernier. Pointing
gesture visual recognition by body feature detection and tracking. In Pro-
ceedings of ICCVG2004, Inter National Conference of Computer Vision and
Graphics, pp. 203-208. Springer-Verlag, 2004.

Christian Miiller-Tomfelde. Dwell-based pointing in applications of human
computer interaction. In Human-Computer Interaction - INTERACT 2007,
Part I, Vol. 4662/2009, pp. 560-573, 2007.

[an Oakley, John Sunwoo, and Il-Yeon Cho. Pointing with fingers, hands and
arms for wearable computing. In CHI '08: CHI 08 extended abstracts on
Human factors in computing systems, pp. 3255-3260, 2008.



gooo 119

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Pasi Valkkynen, Marketta Niemela, and Timo Tuomisto. Evaluating touching
and pointing with a mobile terminal for physical browsing. In NordiCHI ’06:
Proceedings of the 4th Nordic conference on Human-computer interaction, pp.

28-37, 2006.

Enrico Rukzio, Karin Leichtenstern, Vic Callaghan, Paul Holleis, Albrecht
Schmidt, and Jeannette Chin. An experimental comparison of physical mobile

interaction techniques: Touching, pointing and scanning. pp. 87-104. 2006.

Maxim Bakaev. Fitts’ law for older adults: considering a factor of age. In
IHC ’08: Proceedings of the VIII Brazilian Symposium on Human Factors in
Computing Systems, pp. 260-263, 2008.

Juha Haikio, Arto Wallin, Minna Isomursu, Heikki Ailisto, Tapio Matinmikko,
and Tua Huomo. Touch-based user interface for elderly users. In MobileHCI
‘07: Proceedings of the 9th international conference on Human computer in-

teraction with mobile devices and services, pp. 289-296, 2007.

Terry Winograd and Frangois Guimbretiere. Visual instruments for an inter-
active mural. In CHI ’99: CHI ’99 extended abstracts on Human factors in
computing systems, pp. 234-235, 1999.

Choon Hong Peck. Useful parameters for the design of laser pointer interaction
techniques. In CHI °01: CHI ’01 extended abstracts on Human factors in
computing systems, pp. 461-462, 2001.

Brad A. Myers, Rishi Bhatnagar, Jeffrey Nichols, Choon Hong Peck, Dave
Kong, Robert Miller, and A. Chris Long. Interacting at a distance: measuring

the performance of laser pointers and other devices. In CHI ’02: Proceedings



120

[65]

ggoo

of the SIGCHI conference on Human factors in computing systems, pp. 33—40,
2002.

Sergey V. Matveyev and Martin Gobel. Direct interaction based on a two-
point laser pointer technique. In SIGGRAPH ’03: ACM SIGGRAPH 2003
Sketches € Applications, pp. 1-1, 2003.

Sergey V. Matveyev and Martin Gobel. The optical tweezers: multiple-point
interaction technique. In VRST ’03: Proceedings of the ACM symposium on
Virtual reality software and technology, pp. 184—187, 2003.

Kelvin Cheng and Kevin Pulo. Direct interaction with large-scale display
systems using infrared laser tracking devices. In APVis ’03: Proceedings of

the Asia-Pacific symposium on Information visualisation, pp. 67-74, 2003.

Xiaojun Bi, Yuanchun Shi, Xiaojie Chen, and PeiFeng Xiang. upen: laser-
based, personalized, multi-user interaction on large displays. In MULTIME-
DIA ’05: Proceedings of the 13th annual ACM international conference on
Multimedia, pp. 1049-1050, 2005.

Benjamin A. Ahlborn, David Thompson, Oliver Kreylos, Bernd Hamann, and
Oliver G. Staadt. A practical system for laser pointer interaction on large
displays. In VRST °05: Proceedings of the ACM symposium on Virtual reality
software and technology, pp. 106-109, 2005.

Buntarou Shizuki, Takaomi Hisamatsu, Shin Takahashi, and Jiro Tanaka.
Laser pointer interaction techniques using peripheral areas of screens. In AVI
'06: Proceedings of the working conference on Advanced visual interfaces, pp.

95-98, 2006.



gooo 121

[68]

[69]

[70]

[71]

[72]

73]

[74]

Xiang Cao, Eyal Ofek, and David Vronay. Evaluation of alternative presen-
tation control techniques. In CHI ’05: CHI 05 extended abstracts on Human
factors in computing systems, pp. 1248-1251, 2005.

Oliver G. Staadt, Benjamin A. Ahlborn, Oliver Kreylos, and Bernd Hamann.
A foveal inset for large display environments. In VRCIA °06: Proceedings of
the 2006 ACM international conference on Virtual reality continuum and its

applications, pp. 281-288, 2006.

Liang Zhang, Yuanchun Shi, and Jichun Chen. Drag and drop by laser pointer:
Seamless interaction with multiple large displays. In UIC2006: Third In-
ternational Conference of Ubiquitous Intelligence and Computing, pp. 12—20.
Springer Berlin / Heidelberg, 2006.

Sergey Matveyev Konstantin Matveyev. Tracking of a laser pointer space

orientation by using single camera. 2004.

Charles C. Kemp, Cressel D. Anderson, Hai Nguyen, Alexander J. Trevor, and
Zhe Xu. A point-and-click interface for the real world: laser designation of ob-
jects for mobile manipulation. In HRI ’08: Proceedings of the 3rd ACM/IEEE

international conference on Human robot interaction, pp. 241-248, 2008.

Francisco de la O Chavez, Francisco Fernandez de Vega, Gustavo Olague,
and Joaquin Llano Montero. An independent and non-intrusive laser pointer
environment control device system. In ICPS ’08: Proceedings of the 5th in-

ternational conference on Pervasive services, pp. 37—46, 2008.

Shunichi Numagzaki, Akira Morshita, Naoko Umeki, Minoru Ishikawa, and
Miwako Doi. A kinetic and 3d image input device. In CHI ’98: CHI 98



122

[75]

[76]

[79]

[81]

ggoo

conference summary on Human factors in computing systems, pp. 237238,

1998.

0000,0000000,000,0000.00000000000000
0000000000000, 00000000000.D1, 000000
0,1-0000, Vol. 76, No. 8, pp. 1813-1821, 1993.

0000,0000,0000.00000000000000000000
000000000000 (00 00000000000000000000
0). 000000000, Vol. 40, No. 2, pp. 556-566, 1999.

Sylvia M. Dominguez, Trish Keaton, and Ali H. Sayed. Robust finger track-
ing for wearable computer interfacing. In PUI ’01: Proceedings of the 2001

workshop on Perceptive user interfaces, pp. 1-5, 2001.

Marina Kolesnik and Thomas Kulessa. Detecting, tracking, and interpretation
of a pointing gesture by an overhead view camera. In Proceedings of the 23rd

DAGM-Symposium on Pattern Recognition, pp. 429-436, 2001.

Julien Letessier and Francois Bérard. Visual tracking of bare fingers for inter-
active surfaces. In UIST ’04: Proceedings of the 17th annual ACM symposium
on User interface software and technology, pp. 119-122, 2004.

Kai Nickel and Rainer Stiefelhagen. Pointing gesture recognition based on
3d-tracking of face, hands and head orientation. In ICMI ’03: Proceedings of
the 5th international conference on Multimodal interfaces, pp. 140-146, 2003.

0000,00000.000000000000000000000. 00
000000000 : 00000000, Vol. 58, No. 5, pp. 721-723, 2004.



gooo 123

[82]

[83]

[84]

[85]

[86]

[87]

[88]

Volkert Buchmann, Stephen Violich, Mark Billinghurst, and Andy Cock-
burn. Fingartips: gesture based direct manipulation in augmented reality.
In GRAPHITE ’04: Proceedings of the 2nd international conference on Com-
puter graphics and interactive techniques in Australasia and South Fast Asia,

pp. 212-221, 2004.

Andrew Wilson and Steven Shafer. Xwand: Ui for intelligent spaces. In CHI
'03: Proceedings of the SIGCHI conference on Human factors in computing
systems, pp. 545-552, 2003.

Xiang Cao and Ravin Balakrishnan. Visionwand: interaction techniques for
large displays using a passive wand tracked in 3d. ACM Trans. Graph., Vol. 23,
No. 3, pp. 729-729, 2004.

Shahzad Malik, Abhishek Ranjan, and Ravin Balakrishnan. Interacting with
large displays from a distance with vision-tracked multi-finger gestural input.
In UIST ’05: Proceedings of the 18th annual ACM symposium on User inter-
face software and technology, pp. 43-52, 2005.

Shahzad Malik, Abhishek Ranjan, and Ravin Balakrishnan. Interacting with
large displays from a distance with vision-tracked multi-finger gestural input.

In SIGGRAPH °06: ACM SIGGRAPH 2006 Sketches, p. 5, 2006.

Le Song and Masahiro Takatsuka. Real-time 3d finger pointing for an aug-
mented desk. In AUIC ’05: Proceedings of the Sizth Australasian conference
on User interface, pp. 99-108, 2005.

Tomer Moscovich and John F. Hughes. Multi-finger cursor techniques. In GI
06: Proceedings of the 2006 conference on Graphics interface, pp. 1-7, 2006.



124

[89]

[90]

[91]

[92]

[93]

[94]

ggoo

Ji-Eun Kim, John Sunwoo, Yong-Ki Son, Dong-Woo Lee, and II-Yeon Cho. A
gestural input through finger writing on a textured pad. In CHI ’07: CHI "07
extended abstracts on Human factors in computing systems, pp. 2495-2500,

2007.

Tovi Grossman, Daniel Wigdor, and Ravin Balakrishnan. Multi-finger gestural
interaction with 3d volumetric displays. ACM Trans. Graph., Vol. 24, No. 3,
pp. 931-931, 2005.

Jun Rekimoto. Pick-and-drop: a direct manipulation technique for multiple
computer environments. In UIST ’97: Proceedings of the 10th annual ACM
symposium on User interface software and technology, pp. 31-39, 1997.

Francois Guimbretiere, Maureen Stone, and Terry Winograd. Fluid interaction
with high-resolution wall-size displays. In UIST ’01: Proceedings of the 1jth
annual ACM symposium on User interface software and technology, pp. 21-30,

2001.

Patrick Baudisch, Edward Cutrell, Dan Robbins, Mary Czerwinski, Peter T,
Benjamin Bederson, and Alex Zierlinger. Drag-and-pop and drag-and-pick:
Techniques for accessing remote screen content on touch- and pen-operated
systems. In INTERACT’03:1FIP TC13 International Conference on Human-
Computer Interaction, pp. 57-64. IOS Press, 2003.

Maxime Collomb, Mountaz Hascoét, Patrick Baudisch, and Brian Lee. Improv-
ing drag-and-drop on wall-size displays. In GI ’05: Proceedings of Graphics
Interface 2005, pp. 25-32, 2005.



gooo 125

[95]

[96]

[97]

[98]

[99]

Tovi Grossman, Daniel Wigdor, and Ravin Balakrishnan. Multi-finger gestural
interaction with 3d volumetric displays. ACM Trans. Graph., Vol. 24, No. 3,
pp. 931-931, 2005.

Shinichi. Yoshimura. A 48kframes/s cmos image sensor for real-time 3-d sens-
ing and motion detection. ISSCC Digest of Technical Papers 2001, pp. 94-95,
2001.

00000,0000,0000,000,0000,0000,0000,00
00,0000.0000000000000000. 0000000000
0000.0CS, 0000000, Vol. 101, No. 283, pp. 31-36, 2001.

00000,0000,0000,0000,00000,000,0000,0
000.0000000000000000000000000000000
00000000 (0000000 (rof, fwal),00000 (catvO 0,000
000000),00). 00000000000000.0CS, 0000000,
Vol. 103, No. 349, pp. 17-20, 2003

00000,000. 000000000000000C0 lan. 00, Vol. 33,
No. 10, pp. 595-600, 2004






googuood

.00 00,0000000000000000000000000,0000
00000,Vol.49,No.2,pp859-866,0 0 0 000 0 0 OO ,2008

2. 00 o, 00boobobuoobobooboobobuoobboobobob,n
oooobobobooobogoobon, Vol1l,No 1, pla3-160, 0000000
gobobbdd,2006

3. Yuichi Mitsudo,A Real-World Pointing Device Based on an Optical Com-
munication System, HCIT2009, Proceedings of Human Computer Interaction

International 2009, Vol.13, pp70-79,San Diego, USA, 2009

4. Yuichi Mitsudo,Pointing and Retrieving: A Data Translation Model for Real
World Computing, FMUIT2006, Proceedings of International Workshop on
Future Mobile and Ubiquitous Information Technologies, pp.89-93,Nara,Japan,2006

5. MITSUDO Yuichi,Interactive Sight : A New Interaction Method for Real
World Environment,HCIT2003, Proceedings of Human Computer Interaction
International 2003,Vol2,pp746—-750,Crete,Greece,2003

6. Yuichi Mitsudo, Ken Mogi,Real Eye Communicator: An Eye-mediated Real
World Pointing Device,Pervasive2002,Proceedings of the First International

Conference on Pervasive Computing (Short paper),pp112-118,Zurich,Switzerland, 2002

127






HEN

gbouogobuogobgodgbbodgougbooobooobboobboon
gbogobuogoooooobobuoobobuoooboobboobboobon
gbobouoobbbboooobbbooobobbbooobbbooooboo
gbuogbobuogboogboboooboouoboboobobboobboob
gbobbouoogoobobboooooobooooooon

gbogoboogbouobuogboobobooboobobobobooboobonon
gbuogbobodgbodgbogbbooboobbbooboboobboboon
gbhogobodgbbogboogbuooobodboooboboooboon
gboogobogbbdogbooogbobbuooboooboobboobobon
gbbobouogobbuoooobobobuoooobbbouoooobo

gbbbbodgbbodbobbuoobobboobboboobobobboo
gbobbouoogoobobboooooobooooooon

gbobuobogboogbuoobboobobbobbobogbobogboo
gooao

129




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


