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Abstract

The realization of ubiquitous computing is one of the most prospective challenges
for computer science in 21st century. Although many hardware and software technolo-
gies for ubiquitous computing have developed so far, yet many challenges still remain
unsolved especially in the field of HCI (Human Computer Interaction).

First, this research points out problems of GUI (Graphical User Interface) as a user
interface for ubiquitous computing, and proposes the concepts of Ubiquitous Interface
which has the following four features: “Direct Manipulation”, “Natural Interface”,
“Peripheral Sense”, and “Invisibility”.

Next, this research focused on three major domains of ubiquitous computing: “In-
formation Appliances”, “Daily Commodities”, and “Location-Aware Information Ser-
vices”. Based on the above concepts, this research proposed three novel interfaces:
“Ubi-Finger”, “MouseField”, and “ActiveBelt”.

Ubi-Finger is a gesture-input device, which is simple, compact, and optimized for
mobile and ubiquitous environment. We develop prototype systems and some appli-
cations to control devices in the real world. Using our systems, a user can select a
target device by pointing with her/his index finger, then control it flexibly by perform-
ing natural gestures of fingers. Additionally, we evaluate how effective our approach
works.

MouseField is a simple and versatile ubiquitous interface which consists of an ID
recognizer and motion sensors that can detect an object and its movement after the
object is placed on it. The system can interpret the user’s action as a command to
control the flow of information. In this paper, we show how this simple device can be
used for handling information easily in ordinary environments and show the benefits
of using it in the ubiquitous environment.

ActiveBelt is a novel belt-type wearable tactile display that can transmit multiple
directional information. Since the information given with tactile sense hardly disturbs
people’s activities, it is suited for daily use in mobile environment. However, many of
existing systems don’t transmit multiple information with tactile sense. Most of them
send only simple signals, such as vibration of cellular phones. We develope prototype
systems and some applications, evaluate the system performance and usability, and
confirm the possibility of practical use.

Moreover, we discuss uniqueness and differences of our approach compared with
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various related works. Finally, we summarize features of ubiquitous interfaces, and
discuss future possibilities of ubiquitous computing.
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223 0JU0OOOOOoOoOoooUboOood

goboobbogbboboobbobbooobooobooobbuoonoboo
goboboboboogoooobbbbbobodooooobobobbooooooon
00000000 [Weiser, 1991|100 0000000000000000O0O00OOO0OO
goboboooogbooood
OO000O0OWeiserUOODODODOODOOOO0OODboard00O0OOODOOpadddd
OO000tbOOO0OOOOODODOO0OOODOOO0ODOOODOODbOObDODOODOO
O0000000000000000000000 [Weiser, 1993|000 00000000
gobobboboogoooobobobbbdooooobobobobobooooooon
00 [Want, 1992, Norman, 1999|0000 00000000000000O0O00O0O0O0O
gobobbuooogoooobobbbooooobobobbooooobooboon
gboggbbogboboobbogbobbboobobobobbooobooooagnn
O00000000000000000000000 [Weiser, 1991]0
gbobooggboogbobbbobbooobooobobobbuooobobo
gobobbobobogoggobobbbbdoooboboboooooooooon
O000000000000000000000 [Hirose, 1999, Siio, 20000
godgooooobobobbbobooooobbbbbboooobobbbod
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2.00000000 2300000000000b00000
gbobobbuotoogooooobbbbbbdooooobobbboougoon
gbobobooooobooog3bboboooaobon

23 UO0UOOobooboboobobooboodn

OO0 HCIDOCUIOO GUIODOODOOO0ODOOoooooooculg guiooono
goboboogoboboooon

2.3.1 CUI (Character User Interface)

CUI(Character User Interface) 000 0000000000000 OOOOOOO
0000000000000 0000000000000 [Shneiderman, 1997a]00 0O
gbgoboobuodgbooboobogoboboboobbonobobbagon
gbobobbuogugooboobbbobodooobooboboooooooooboon
OooooooboocpyiboboboboobOoooobooboobooboboooDoo
OOooobooooboobooboobodcuiboboobooboobooooooboboboo
gooobog

cuvlbodoooopobooobooooboboobobooOoooboboobobooobooboooo
Ooooboobobooboob0obobobo0obOoboboobooooocevIoboo
gobobboboogoooobbbbboooooooobobbboooooboon
00 [Shneiderman, 1997|0000 0000000000000 O0O0O0O0OOOO0OO
gobobboboogoogobbbbbodobooooobobobbobooooooon
gooo

2.3.2 GUI (Graphical User Interface)

GUIO Graphical User Interface) 0000 0000000000O000O00O0O0OO
00000000000 bO0o0oo0boobo0b0oooDbOooDooooooooDon
O000000000000000 [Shneiderman, 1997a]00

GUIOOWIMPODO O OO Window, Icon, Menu, Pointing Device DO O OO0 0O O
00000000000 b0oo0boooboOobo0ooboooooDoooooooon
00000000000 0oOoooobobooooooooooooboobooooon
O000000000b0b00oo0ooooooooooooooooooooobon
O0000000000GUIDO0D0O0000D0O0DO0O0OO0 Direct Manipulation[T]
Oooooooo.

gooo

OO0300000000  HCIDOODOODODDOODOOO Direct Manipulation O
000000000000 [Rekimoto, 2002]0
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2.00000000 2300000000000b00000

19620000000 Sutherland O SketchPad D00 O0O0OO0O0O0O0O0O0O0O00OO
0000000000 [Sutherland, 1963]0 SketchPad 0 0000000000000
OobooooooobooooooobooooobooooooboboOoOooooooooon
0000000000000000000000000000Engelbartd NLS(OO
000000000000000000000)[Engelbart, 1968] O O Xerox PARC O
O Alto0OO0OWIMPOOOOOOO GUIODOOOOOOO [Perry, 19990

Shneiderman 000 000000000000000000O000O00O00ODO [Shneiderman, 1997a]0

1. goboboooboboooan
2.0000000bbo0ooan
. 0ugbdboobobobboboobooboboboobobobbogn

4. 000000000000 (Doooooo)

gbobobooodgoboogoobobboobobbbuoooobbbooobon
gobobbobobogoooooobobobboboooooobobobbbobbo
gbogoboggbbogbogobbobboobooboboobooboboagon
00000000000000000'000000000000000000000
gbobobooogbboooobobboooobboooobbboooooboDo

GuUIO OO

OOooooboooGuIiDgbo culbobooooobooooobooboooo
gobboogbbooobbbooobbbbobooooobbooooboooaon
gboboboogoobgbbbooobbbbooooobobboo

oooGuibooobooooooobbooboooobobobobbooboooo
gobobboboogoooobbbbobbooooobobobbooooooobooon
gboboboogobobooogoobobobbbooooobobbooobbbod

OOoobooboobooboooobooooGuliobooboooooooooooo
gobobbobobobooodoouooooobobboboooooooobooboon
OoooooGUIDODONO0OOoooooooooog WWWO World Wide Web) O
obooboobobooooooboowwwionoooboooobooboooboboo
oobooowwwiooooobooobooooboooooooboocevioooooo
Oo0000O0bo0o0ooob0oobooboboooooooobooGGUIDooo Www
gobobobobobbobobobbbuoouooooooobobobbbboobn
gboboboogooboooobbobooooobod

gbobogbooboooboboobbobboogbbbbboooboboboon
gulboooboOoboboooooooooboobooboooboboboboboboooboo
gobobboboooggooobbobobbodoooooboobbbooooboon
OOooOobooGuUIDbobooobooboos3sgboobooooooog

000000000000 WYSIWYGO What You See Is What You Get) 0 0000000000000
ooo
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2.0000000 24000000000000000
24 U0O00O0OO0OOOOOOOOO0

O00000o0oooooooooooooGeUIDbOOoonO 300000 0eul
O0O0000bO00oooooooo GUIDOooDbOobooboboooooboooon
O000000O00O0o0oboOooboOob GuUIoOOooboooooooooooooo
GguldooonooobooooooooooooooooooDobooobooooooog
guobddobooobobobommooboboobobboobbbbooobboooobo
O [Siio, 2000][Yasumura, 1996]0

241 0U00OOLOODOOOOOOOOO

000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000 [Shneiderman, 1997b]0

0000000000000000000000000000000000000
0000000000000 000000000000000000000000
0000000 [Ishizuka, 2000]0

0000000000000000000000000000000000000
00000000000000000000000000000000000000
00 [Siio, 1999]0

242 0JU0OOOOOOOO

Oooboooooooooooobobooboboooooooboooooboonoood
Oooobboooooobooooooboooooboooooooooooooooon
000000000000000 [Hirose, 19950

OoobooooboooboboooobooboodoobooOonoddPresenceld OO0
O Interaction( 0 O 00 AutonomyO0O0 000 00000 [Hirese, 1995|000 000000
Ooobodooboobooooboooooooooooboooooooooogn
Oooboobbooboooboooboboooooooooooooboooooooogn
Ooobooooooooboooboboooooooobooooogo

Ooooooobobooooooobocooooooobooooobooboooood
Ooooooooboooobodoooooboooboooooo0oooooobobooboan
Ooobooboobboooobooooodoooooooobooooooobogo
Oooooooooooood

243 0UUUOOOOOOOOOO

gbobuogobobogbbooobooobooobboooboobbobbod
O00000000000000 [Rekimoto, 1996]00
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2.00000000 25000

gboboggbobbogbbboooboobbobooboogbboognobod
OOoooooobob GulIooobooooooooobooobooboboooooo
guodobbboogoobboboogobbboooobbboooobbod
gboboguboboboobbobobbooobobbooobooobbuoobobod
gobobboboogoooobobbbbdooooobobobooooooooon
O [Hirose, 1995|000 0000000000000 0O0OOOOOOOOOOOOOO
gobobboboogoogobobobbbdooooooboboboooooooon
godgodobogboboboogbobibdtbdgooooooooobbobobon
DO0O00obobobOobOobbOBack tothereal worldlDO OO OODOOOOOO
O00000000000000000000000 [Wellner, 1993b]0
goobobbbbbodoooooobobobbbbooooooooobobn
O00000000000000000000O0O0O0 [Sio, 2000000000000
goboboboboogoooobobbbbdooooobobobbooooooooon
O000000000000000000 [Kojima, 1993|0 0000000000000
gobobbobobogooooobbbboboboogbooooooooooobooboon
gobobbuoboogoooobooooobobboobobooooooooooobooon
goobooogogno
O00000000000000000000000000 (Augmented Reality )00
gboboggogbbogbbuogbboooobbooobooobobobobood
gboboboooobbooooobobbbboooobobobooobobbod

244 0JU0OOOOOOOOOOOOO

ddodoobodooooodooooooooooooooo oo oooon
Jdododoooboooooobodooooobooboooooooooooooooon
O0000000000000000000O00 [Blattner, 1992, Bolt, 19870

Brunner 00000000 OOOODOOOOenactivedd OO O OiconicdO O O
OO0symbolicOOO0OO0O0OODOO [Kay,1990|0000000000000000O0O
0000000000000 o0oo0ooooo culoooooooooooooao
0000000 GUIDOOOO00DO0O0oOOo0OoooooOooOoooooooOoOoon
Jdoddoooodoodobooooooboooooooooooooooooon
[Yasumura, 19960

0oodddooooooooboooooboooooboooobooooooooon
O000000000000000000000 [Yasumura, 1996]0

25 OO0

gbogboboobboobobbobooboooooboboooooobon
gobobbuoboogooboobbbbbdooogboobboboooooooooboobon
OO0O0Oo0oo0obobooboo HAIDOoOoOooooooboobo coculo guiIoDoogoo
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2.00000000 25000

OoooooobooooGulDbooboooooooboooooboobooboogo
gboboodbobogobogobooobobooobboobbodnboogabon
gobboggugboobuogbobogbboobbogboooboboobogogn
gobobodgrgoobobooogoon
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1 3 0

Jooobobooooboboboood

HEN

gbooobuobobobogbougobobbobooboobuoobooboa
gogdbbbbbodoooboooobobbobobbobbooooobobobon
OOo0OooobOoboboboobooboobooboobobobooobooGUIOOOooDOoo
gbobogbobbooobobooobbbooobooobobbooobbooaon
goboboboboogoobobobuoogooobooboboooooooobon
gooobog
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3.0000000000000000 31000000000000000000
3.1 Lubgboububoubogbogogod

0200000000000000DO00000O00DOO0ODOOO0ODOOOODOOO0O
O0oo0ooooooooooooooooooooooooooooooooon
000000000000 0o0ooDb0o0ob0o0ooDbooobOooDooooooooDon
O00000OoDoO0o0oDO0o0bO0o00oo0oooooooooooDoooooooDon
D00000ooooooooto

O00000000O0O0O0oO0o0b0b00o0oo0oDOoDbOOoDbDooooDoOOooDon
O000000o0o0ob0o0ooooobooboooDboooooboooooooooog
00000000000 DOO0o0ooOo0o00obo0ooDb0ooDoDoOoooDoOoooooooog
O000000000000000000 [Weiser, 1997, Ishii, 2002b]0

O000000000000000000000 WeiserOOOOOOOOOOODO
00000000 The Computer for the 21st CentwryD D OO0 D 0000 O00OO0O0O
000000000000 [Weiser, 1991]0

Specialized elements of hardware and software, connected by wires, radio waves and
infrared, will be so ubiquitous that no one will notice their presence.

O ubiquitous0 O O 0O OO 0O O everywhere O O 0 00 00O 0O O O ubiquel O O
O00000000OOeverywhereUOOOODOOODODODOOODOOOODODOOO
00000 (=very common)00 0000000 [Siio, 200300 000000000O0
O000000o0obO0oo0ob0oooobOooobo0oboooDbOoooooooDon
000 WeiserOOODOOQOOO

00000000 00ObOO000o00bOooooboooooDooooooooon
0000000000000 [Weiser, 1991]0

O0000000000000bO0ooDo0obOooDoobOooDooboooooon
O00000000D00000000DO00000000GutenbergDOOODOO0O
000000000 0o0obObOOo0obooooooobOo0obDbOOooDooDoooDOon
00000000000 bO0o0obO0oo0ob0o0ooDboOoobOooDooooooooDon
0000000000000 0o0obooOooDboooooooDoooboooboooog
O0O0000o0ooO0obOoOobOooooon

O00200000000000000DO0O0O0O0O000ODODO0OO0OOOOOOOO0
000000000000 Db0oO0O00ob0obOOobOOooOOobOoooobObOOobOooOooo
0000000000 0bOO0oobOb0o0oboooDooobOoooDooobDooDon
0000000000000 000000o00ob0obOobobOOobooooooOoog
O0000000O0DO00bO00bO00b0o0bO0obOoooOoobOoooDooon

0000000000000 00000000000000o0oooooooooon
O00000000oDbOooDbOoooOobOo0obOo0obOoobOoooboOooon

O00000000000bOo0o0o00obOooo0oboooobOooDoooDooon
000000000000 0oobOooobo0ob0oooDbOooDoDoooooooDon

'00000000000000 199 00000000000000000000000000000000
000000000 [Sakamura, 2002]0
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. O000ooooooooooood 20000000000000000004d
000000 HCIOOODOODOOOOOOoOoooooOooooooooooooo
00000 [Siio, 2003]0

0oooooooooooboooooooooobooooooooogIiBMO Per-
vasive[] Georgia Tech 0 Everyday Computingd MIT O TTT(Things That Think) O O
0ooooooooooooooooobooonooooooooooooooo
goooo

3.2 UOootdootubtouobobubogbod

g20000000000b0b000boooboooboooboboboabod
gbobobboogoouooogoobbbiooobogagbobooooobooon
O0000000000000000000000000 [Hirose, 1999, Siio, 2000]0

goboub3g1boboggbboooboobooobooobooboooboon
gobobboogogobbobobooooobbbdoonoooobobboouoaon
gobobbobooogogoobbbbobbooooooooooobooooooon
gobobbuoboogoooobbbdoooooboobobobbooooboobon
goboboboboooggooobbobbobbobobbbbooooooooboboon
gb ggbbobogobbogbbobooobooooboboboobbbognbobon
goboboooogboobood

3.2.1 U0U0O0U0gooooooood

oo odooooooooooooooooooooo
godddddddodoooooooooboboboboooooDoooOoUoooua
O [Hitachi, 2001] 000 0 00O O HMD(Head Mounted Display)[MicroOptical, 2003]
[Xybernaut, 2002]0 D0 00000000000 [Handykey, 1999) 00000000
gdoddooodooooooodooooooooooooooooouoooon
gddoooodooooououooooooooooooooooouoooon
oo ooooooooooooooooouoooon
ogoogo

gobodbbgobduoobbooobooobbobooobbouoonobod
gobobboboogoooobbbobbodooobobobobooooooboon
00000000000 [Sio,2003]000000000000000OOO0OO (OO
0000)00000000000000000O000oOooOO0ooooUoooo
gobobooooooo

OOo0OoboobOoOOobooOOobobOoboboboobobooboooooooooHCIDODOO
gboboboogooood
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3.0000000000000000 3.3GUI0DO0
3.3 GUIOOO

g200d0bbbbooooouoobogoobbobbbobbobbobbbbod
WIMPOODOO GUIOOODOOOOOGUIDOODOOODOODbOOobOobooooooboo
gbobboogobboooobbobboooooboooobobboooan

ooooGgulobobooooboobooboobbooboobooobobooooo
gboboodbogbobogboboobooobobboobbboooboobobod
OOoOoopoooboGuioboobooboobobobooooobooooboo

e Ggurooog ~
1. gobooogd

2. 0000000000400 obo0n

3. 00o0og

3.3.1 0UUOoooognd

OOooobooooooGuloboooboboobooooobooobooobooooooo
gboboboooooboooobobboooon
gbobogobooobogbboobbbooobobbobooobougnobod
gbogogbggbobbogbbobbuoobobuogoobooboboagn
gbogoboobodgbobobooboooboboboobbooobobboobgn
0000 (location)D 0O 00O (scale) D0 000000000 OODOOOOOOOO
000000000000 [Weiser, 1991]0
OO000O0OWeiserUOD OO Oooooooboooobooboboboobooboon
OO0b0OooobodbOboardd0 D OD0OD0Opadd0 D OOODtabO D OO ODOOO
O00000000000000 [Weiser, 1993|0tab0 00000000 OOOOOO
oboobbboooobobuobobbobobobobobbotabdbooooO
gbobobbuoboogooooobobobbobbboooooboooooooobooboon
OooooobooobboobbuoobbObecardd b DOOODbDOOoOOoOOn
gbggbogboobboogoboobbobboboboooobbooboago
O0tab0 board DO OOODOOODOOOObocard D OD0O0OO0OOOOOOOO
obhodbooooboooboobobooobbobbobobooob tab0b o
gobobbobobogogooobobbobboooooboboooooooooon
gobobbuogoogoooobbboodoooboobobooooooooooon
gooobog
gboboogbbgobobogobougbogbbboooboooboagod
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. U0bbougoobobooobbn 33GUI0D0O

OGUIDO0OO0O0O0O0O0O00O0O000O0oO0ooooooooon [Rekimoto, 2000,
Rekimoto, 2002|000 0000000000000 00O00O00O0O0OOOOOOO0O
gbgbobodbogboogbobboooboobouoobobobobboobon
gobobboboogoobobbbdoodooooobobbboooooooboon
gbogobogbbbobbogbbobobobbogbooboooboobon
gbobogogboggbbooobbbooobooobbbooobboooon
gbobogboggobbogbbogobooobboobooobbuoonobod
OOoO0ooobOooboobooGeulooooooogoogoo

3.3.2 UUUOUO0OOOO0LOOooon

OOoobooobooobGeuloooobooooboboooooobooooDbOoo
gbobgbooguogogbogbbbooobooobobbboobbbooogo
gbobobbugogoobobbbuobodoooooboboboooooooboon
goobooogbod

gbobogbobboogbbboobboooboooboobbboboabod
00 (000)000oo0o0o0o0oooooo0o0ooooooooooooooooo
000 [Gibson, 19790 0000000000000 O0O0COO0OOOOOOOOOOO
OOoO0obooboboboooooboboboooboooooooGUIDobOobDoo
gbobogoobbobbooogbbooogbbbooobboobboogbobobon
gbobobooogbbooooobobboooan

gbobodgbbgoobbogouoogbboobooobbooobbooooba
gobobboboboguooooooobbobobobbbooooooboboboboo
O000000000000000000000000000000 [Fukumoto, 2000/0

gogoooooooobbbiboooooooouoobooobobbboooo
gobobbboogoooobobbooooobobobobobooooooobooon
gogouguobobbooooubobbooouooooobobbbbooooooon
goboboboboogoooobobbobbdooooobobobbooooooobooon
[Rekimoto, 2000]0

gbobogbogobobogobogbbooobbooobooooonobod
OOoO0oboobOooboobooobooboboboooGeuUIobOobobooogoo

3.3.3 U

OOoOoobooooooGulobooboobooooooboooboooobooooooo
gobobooogbboooobobod

O0000000000D00D00O8UIDOODODDONDDNDONNONNONoNOnoooog
000000000000 000000 [Itow,2003]000000000O000OODOO
gboboboobobouoggobbbogoobobbodoooboboooooon
gobobboboogoobobbbuobodoooooboboboooobobon
goboboooogboobood
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. U0bbougoobobooobbn 40000000DO0O0DbOO0DbDOn

gbogoboobobbogbobuobobobboboobobobaooboboa
gbobuogogbooobboooobbooobbboobobboooobooob
gbobobooogbboooobbobboooobboooobbboooaoboDo

gbobooboogoboboobbogobooobboboogbbuoonobod
OOooooopboGeuicoooooooooog

3.4 UOUOUOOOUOOOOOOOOON

OOoooooGulDbooobooboboooooboooooobboooobooooo
gbobboogobbouooogbbogbbboobooobbbooobooooon
gulOooobOobobooooobooooboooDoooboooboboboboooboo
gobobbobooogooobbboodoooooboboboooooobon
gbobboogbobobobbooobbbooobbobobbbooobbooobon
gboobooogboaogaooo

s gobobooogbbbooobobod ~
1. 000 (Direct Manipulation)

000 (Natural Interface)
000 (Peripheral Sense)
(

4. 000 (Invisibility)

O000000000000000000 (location) 0000 (scale)DO0OOOOO
gobobbuotboogoooobobbobbdooooobobobbooooooboon
gbobobooggbboooooboboboooan

gbobogbogbbodoobboogbboboboooboogbooonobod
gboboogobbooodgobboogbbooobogobbooooboooaon

gboobbodbogboodgbbobboobooboobuooboobood
goboboboogoooobbbobbdooooobobobbooooooobooon
gooo

gbobogbbogoobooobougbboobbboobobooobobobod
gobboogobboogoobobouoobobouooobbbod

gobobboogoobooooobbbooooobooboooboboo
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. U0bbougoobobooobbn 40000000DO0O0DbOO0DbDOn
3.4.1 0OU0OOOOOQoog

gbobobobbobodbooobooobbboobobbooobboobbobo
gbobuogggbbouodgbboogbbooobbooobbbooobboooaon
gobobboboogoooobobbbbdooooobobobooooooobooon
gobobboboogoooobbbbbdoooooboboboooooooboon
gobobboboogooooobbbobbooooobboboooooobooboon
gbobobooooboboooobobbbooooboooon

gbobuoogbuogobboobbboooboogbobboobbobbod
gobobooogboboooobobbboooogon

gbooboogdb ggbboobboobboooboooboobbboooon
gboggbboggbdboobboobobboobboooboooboan
0000 [Yasumura, 2003|0000 000000000CCO0OO0O0OOOOO
gbooogbbodbbogobboobooobboouoobobooobodan
gbooogbougogobooobogobooobooobooobogn
gboboogbbdogobobobbogbbooobbooobboooboban
O000000000000000000000 [Masui, 2000]0

000000 RFID(Radio Frequency IDentification) 0 0000000000000
gboobboobbobibooooouoobobbbboooouooobobobbonbn
RFIDODOOOOOODOOOOOOOCDODVDOOOODOOODOODODODO
O000000D0O0O0D0O0DO0OD0ODO “identification-ready” DO OO OO OO
O000 [RFIDODOOOOOOO,2004|000000000000000000O
gboboboogbbobodgooobobooobbbuoooobboboooan

0000000000 GPS(Global Positioning System) 0000000000000
0000000000000000000000000000000 (000
000000)0000000000000000 [Abowd, 1997] [Nagao, 1996]
[Tarumi, 19990 0 0000000000000 0O0O00OOO0O0OOOOOOO
OOooOoOooOoooOoOoOoOOOOOOOOOOOOCOOOOOOOOOOO0O0O0
O000000ocooooooo

3.4.2 UJUOOOOOOO

gbobooboogboboboobbbobbogoboooboooboogonod
gbooogbbounobogbboonougobogbbooboooboooboogo
gobobboboogoooobobbuobdooooobobobooooooobooon
gooobog

Ubi-Finger: 0000000000000 OOODOODODOO
gbooogboogbooogbboogboogboogoooooooobogn
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. U0bbougoobobooobbn 40000000DO0O0DbOO0DbDOn

OoOobooogoobobobgovuUbi-FingerhdoOoooooooooon
gboboogboboggboobbbooboogbbbooobobbuogoon
gboobgboobogbuooboobgogbobuoobobboboboan
gbbooguooggbooogbbogbbboobooboobobobodan
goobbobbboodooooooobbobbobbgoooooooobn
Ubi-Finger O OO DO OO0OO0OODOOO0O0ODOOOODODOODOOOOOOLOD
gbooobooobogoboooooboboobbooobooobogan
OO0oooboooobobooboboob Ubi-Finger O OO OOooooooo
gbooogbogbogobbooogboobboobooobbooboban
gbhoogbbobooogoboobboobboboboooboooboban
gboggbboggbogobbogbboobboobbooobbobodan
gobobboooooooooooobobbbbobbdoooooonobn
gbooboogbbboooobboboogoboooan

MouseField: 000000000 0OOOOODOO
RFIDOODOOO0OOOO0ODOOODOOO0ODbOOObDOOD D MouseFieldd
ooboooooooRrRFIDOOODODOODODOOOOOODODOODOOOOO ID
gboboogbbgooobobobbooobobooobooobooobodan
OOooboboooobboooobbooobobooboooooboooboobooOooccD
gboogbuoggbbooobboogbboaobboobobbbooobodan
obhobooooboboboobogooo Iiboboboooboboooon ID
gbooogboogbooogbboogboogbooobooobooobodan
gbogboogboboooboobobooobboooboobbooboan
OORFIDODOOODOOOODOOOOOODOOOOIbODOOoOobOOobOobOoo
Oboob0boooobooooboooobuobobobbUud MouseFieldo O O
OO000000O0O0ORFIDOOUOODOOODOOOOODO MouseField 0O OO
gbogobboooboboobboobbuoooobooobooobbboan
gobooo

ActiveBelt: 000000000 OOODOOOOODOO
gobobboboboouooooooobbbbbbbooooooooobn
OO0000D00000D000D00000O0bOObActiveBetOOD OO OOODOO
gbobooguooggboogboogboogbboogbooooboboboon
goobobobbboodooooooobbbbbobdoooooonobn
gbooogbbugbboobbuogbbooobboooooboooboan
gbooobogobbogbboobbobboooboooboooboan
gbbooguogbooobooobooobooobbooobbooogan
gooboobbobobouoguooooobobobobbobbbobooouooobn
gbooogbbougbbooobbobboobbooboooboooboan
OO000000D0D0O0O0O0000D00D0DO0 Active BeltOO OO OO O Active
Bet OOODODOODODOOOOOGPSOOODOODOODODOOOODOODODODO
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. U0bbougoobobooobbn 3.5 000
OO000D0000000000000000 Active BeltDODOODDOODODOO
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000000000000 000000000000000ooooooooooon
O0000000000000000000000000000OAir-Real [Hosino, 2001]
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2http://www.ti.com/
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“http: //www.jreast.co.jp/SuiCa
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goboboboboogoooobobbbdooooobobobobooooooobooon
gobobboboogoooobobobbbdooooobobobboboooooboon
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http://www.edy.jp/
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