"% $% &' &'

, K— 2] f R ') 8 2
AEITfR 8 *U ./
" # $% YR *, R& Nu twiddle, &. /

& ') *+, - & / 01" 2 HR a - -U ./2

3 4 567 89 .; < =>6" 0 1"3 o «=|}n

() *+6 ?@ AB&. "C D&E < 2 -, K f *+ .ha / 46

, FG HI6 JK, LMNO 3 567 & AoARA6 87 1

P JK Q3, R& T& UV < a(f } 507t ¢7(6 &a

, 4 H6 WXY < Z* \|"6 & b cdef ?2& ~,_ u

6J T& Uva b 6 cd vw &0r, xB&E 2

ef Ag&E Ah; U¥6 ij7 K

& K&S b cdef Cm no

P./ + pg rs'(r teu() *

+ vw xy z{&E?2 FeelTip Oc¥ «= |}, K&S .h|
é=') R L K+Q3, &S
H16 JK, T& 1é Bg K;OK
+ %P / H 4&2<éH

| R&S °g ;2
|}~ €6 ve ( ,f *,..T6 TiltType OiYe &Y T& K; aE
X* |3, & P %S Q3 i 7616 R& S 8
“= 6 El& /I R; 2 & «= R 17618 °i R
6 ,f'-‘Z '“_'"f &S S 8 z{Az/a O u
JP e e A g. st T NF H 4&S

B&. / 2, — ™ & i&?2
A,S\' . —29& 2(( oeezY GesturePadUdY i...6 fEE, R&S [

II.,.¢,~_S’£-‘-}Z£\¢ 59 Az /t Y8 *+R i1 2
¥ R R2 § 0 7R 7 R NF 6 f ot ..4
«}--6 ?2R ®P. R & 28S Az/2
.21?06 5 )? :36'8:" ;Ir? SmartPad UdY 6 HI16 Rga »-;
(PRO6 2. X 76 I 66 TA z /f V8§ R GOHI 2

Y«/il}B-'L-lﬂ3é&f 12 «}i? u ’ 6 &N RBa | Ugle 8 A z

S e oy ¢ " “6 f 5RU /. Obea H1 éox ° R06
IR Ya %% A & %S 6 o ?6 /\*N;Y/ Tg fz ‘imy @F‘fis H
: AoARA °gA z | f 6 2 : -
8E %¥%A ; R, K- AZE3 «=
[}=-, K; GOrf, () *
+ 2PV XE a +2z/
') *+6 E Ee o j2

1 Ecea ER P./ “RIi _ C'E&S Opb/a§ N ©
re 6 NH 4& Sy o o .
ipl6  QWERTYl)q, R—3 f.& NF SO f< ®7E¥ -'R'"EEE;&BT < bA 2(6
f, v— OGf fA z |/ f¥ R R: 2.
1 1 1]

VUO O' O NF "_ OO &%3 — e gCER Z{¥ IR RB R'e
#_4&S & @5 -UR/ U ) 2 13(.(’) ge - 56 A 7
Georgia "tecrs YS$ twiddletUU8 N I}qu [t gt | ,: 6-;2’
MNO PA RB & a 26 (00 < &S



4 Rf * 1"P U

x N z /| Y N
g. A& u 30 => 4 P
4 . WTR A ; U; RR 2

E R 8—A& R, K—3uf, *

+, X al}/ "E°Azl
A 0.2# 48& [%"E
(' & *R A ;2

R; o( => ,, I" # &
') *+ ¢A & 8(!I" #

} K—3 @ , A
la E_ P MP3 A Ru PMP(Portable
Mead Playen) <, t T &E R ¥
~— 3R RRB «i& 6 1!
8e ¢ ; R. &3 «¢

u zY i~ Z ( I 3" ‘a
A'VEAz/l 1 2 # AoARAR -

I & °g6o® <= '()*+3
8; A3 $ % |o&E 2
AoARA °g A
mO ul|
&a Tu i3 uORU
. e Tu N & @8
«¢ md fRf f u R~
ghi ou
gh Zo
. 7 QRuUj 3 wu
Z} ®, * &« N & @
00 k R o-
00 k Ru 3 wu
(s NET SN_&J &
& a R
FeelRing
&3 1" # 1 -', (0 3b e

6 <= '() *+6 ?@ OA+&. ©
© FeelRing-1 FeelRing-2 886&E 2

FeelRing

0292% FeelRing-1

S ?6 <§ * o+ 4—A & .. ,
1 "ax3 j ('() gee K—3

&86 < => Bg&E. ; H °g Ku

—3 K+ k6 b - M¢ 4 &.

6 °g& UV / &E 2 0 ; WXY

*0,< w Bg RE&. ul (

o, RB& N &€ Q3, R&S

H6 WXY (V& R, R; 2 2 %
H 3 4 R FeelRing-2 xA HI 4

& < ..t fue PC1 5.t 6

& H..ta "7[2

022¢ FeelRing-2

FeelRing-B cdef R; 78 O
¢3 A[; FAU- 06 w R
| F’ \ 3
LS _q.i g
L
B S : )
R = e i L4
(a) FeelRing-1 ) &5 2£ (c) FeelRing-2
2 1 FeelRin¢ &q
g & Bh <= * HI 0 4P
& WXR% 9aa | 0; °gR @3
UR 2R FA Cm cdef A F
A zE /. o _ . z; 6 cdef3
— 5¥z/ FARE &§ + — 5<
= a kd— Y} ? 3 FG
A 6& ". H6 WXY } 0
&t T&S O0& U @ kd& &E
2
Oa FeelRing-1 FeelRing-2 ( 6 @
; =>, . lau FeelRing-2 aE Q
3., &a @& Uga L A JK Q3
K+; 732 FeelRing-23 FeelRing-1
3BC éR RBg (V& - o. .
JK Q3 1 (o DUR E¥%Z FG
*AP Y66 H " ? & u JK,
Iz IE J P/ # 27 4&
A I&E NF '() K—
3 6E; WXY K N, "f{& K—3
ié LG./ BhY H6 WXY T
&E J P /| lé2 Mf NO P
N QR a (V; 2 2 %STU
FeelRing-5 < ..fRu FeelRing-5 H

te  FeelRing-1 RB'& 2

0221 FeelRing-1 FeelRing-B vw

FeelRing-1 FeelRing-2 0a 4+ L A
JK Q3, & NF Z..( \Y (
6 4 2 uFeelRing-5 N 2 %SwWaJ BC
MNO Q3 & X6 AA\O YZ K6 HI
Q36 DUR E¥% Z <xu FeelRing-2 L A
JK Q36 FG -, DUR E%¢ /

2; FeelRing-B N " ( 1éR [ .
\r] 6 +pq 4R N~ 1
tbg _ N6 DUR J& ! T&S
QR R r, 07;2 FeelRing-3 N 2
%STB §e a | BC " (IéR m&.

R Ié L, NY gR; £ 2
6 gl UV6 bR (— &g a c,
R P dR EK G NF d Bo



& ..t | E Bo— YA :2

Acocelerometer
FeelRing (2 axes)
& *3 AB; b cdefe L Optical sensor \" Microcontraller | | Serial-USE +
AQ3 uacE Q3 iéGU => K+, AL (ADNS2E20) »| PIC16FET3 »{ USE Powsr (5V)
or ATMEGAL8) :
&. V&8 mb©6 bR (6 [ 2 !
cd ef3 bR § ..t [~ ™ —— /
n & 8§ o] p~(Za €;2
i2c2%&q "7 : ;
< ..T Q33 K+Bl. ¢ 3 <SENSORS> ! (PROCESSOR>  } <PCInterface & Power>
futs§ o ..teH.. +&E Ch ’ :
?21 ..o a "C&%kN"NE - ... MR ; "
< tibael v F q 2 ¢ FeelRing BO 7E
A iY fu..6 N «<& @3 . o , . 3
NF 5AH.. -& r s 4. R-ru eR  uj?*R r 0
7 / &t P2 51; 2SS 2 iU
2 ¢3 Accelerometer H6 AO B, T
& IR R r %Hz |E b t A i 22Uz
&. *»6 Si, b 1D Hz uAv &EJ oo B
" &E 2 Optical sensor Agilent6 MNO JK
Q3 SwxyzichU 2 4+ «RY FeelRing-13
HI6 JK, {1& PA &u
FeelRing-23 H ~ 6 JK, {|& b
A, HIR F %& K—
3 Microchip6 F Q3, .:.&Ea§ Q u
33 c.,P o JK | [} R
R r R.. JK ' E& K—3 E.. i2c2c R*r,0
c 36 E- ... , R -& NF F FeelRing-13 , éR R tor n
~ P/ "a8 JK R, X c it bgo QR R r wbHI <
—1 Agilent6 JK Q3, I &E?2 FG N ,0& RB R S rt6
FeelRing-13 Agilent 3 & « ApP R " r ,0OBlu FeelRing-23 1é
LMNO FG , p&S R& K H it NO P N QR R 1, O
IR + A z IE J & K— X, A BI. ié L >3 H wx RNu
oy i 3L A.., "T&E?2 FeelRing-B RRR " r ,0B f2
N «=\]* MRO v¢ €FG | R FeelRing-B éR R 6 N KB
—3L A.. "T&E?2 0; | BC N pO - v ~—3 ,
&N |; ; '+ R_ &E N
i2c2¢ » Bo & 1 R r O R 2
FeelRing3 [ c s &q 3 NuRrR ; ' +, .t | B “ N éR
Bod ~+ ~— f f o 3 B 0&S , A NM | ; Ua RR B ‘
R, ¢ « 3 AzIE J R r éR, —A & FAUR / NF AN |
, ,OBuY PA ;2 H i e » 66 ; { l&.
MNO JK Q3 R6 N \ RG E. R ;6 b d R R Px &Y
J . & NF \RG A( R h| R r (V&E J &E?2

K&S ...T+"%0,. B&S N pO - QR R 16 N FeelRing-1 ¢

v ;2 Bo& UVR 3 G2 FeelRing-B N

aE Q3 Bo < %o o - v R MNO JK Q33 | Z—W'Sz™&WTt
& N2 @6 aE d & aE —_WHH 6 I, ). Q3 HR e
d NpO - v & \RG,A (;2 K, Z-& P~ uMes (0 RRBBGE

d b-1T 7z Z+ % g* N pO - Q3 HR e KNF ZPan” QR

v &S B» D o & d R& R™ r( Me ( o RB(, Z-Az [ 2
S aE Q36 ¢ |E, 5[, o2 "3 R, "t& K—3 Q33 c P
b -6 N pO - vd 6 b, "&x I JK d &4 » R& R 23 &@&U -«



ga6 JK ; ', d6 i " E Ry 1 2\ r] 0j6 —C&E ) 2 W

N QR R r( N Me RB6 N ® . Z*P | +pg, R&E?2
1 d 8z NFR2 FeelRing-5 FeelRing-B N cdef Ag €6 ; '
N ié RR R r, Bg& K— N X6, A0 Y x |®&t DU E%
(e} K QR & K—3 "t—A ; ‘& FA (&S HI6 WXY6 T
2 FeelRing-® N | & o( IéR «8 © ; FAUR /" "3 xy2
r NE - . ié NO P~ 3& -® *¢ 4&E J &S HI6 W
¢ B»a 0t b Rg "tAz/ XY T } z A&EJ 2  FeelRing-B
S %6 g ft ;5 IDEED N [L A Q3 Uu- LMNOa A
: - QRu R *RR K; R gP ge P6 I T (&E J ¢
r &E2 (P | '<(2 3 WXY T&
AR /. "3 R; Au i&
! K— Q3 A & fx A~ c
Z H+&S (Ka ,v, ASAaaR
"# B (Vv o&E J &E 2R; cdef6
AU 2@ "C K—3 56_ Al Q3
FeelRing-1 FeelRing- ~ i7 6 AR AB& '() *+ I(&E J
} K—3 \r ] P. /| + Q3, ' & Px — 5z / AUR2
pg, vw ,_a &S xy &E R €& AETTSCKIEN; b
D2 xys ©© ¥l $ / Xy u . AUR — 5P N6 87 }S T
E § xy o0r _~ xyR 2 .12
¥ $ / xy6 N S "© ; K+3 : .
0& S ‘© ; 06 U QR & xyR , — e &
26 2. -« B} 3 -, if) . I ——
R3S © &t |—Z 269D $, |/ ' — [
A KN Xy &8& xy & u i¢ ——— . i
B» $ «- [ 7 =z J ;2 : ) — o !
E § xy3 153DBED ® @AY 25 A% 449 OAZ A8 49 (] ~E Al 49
E 2 1 R 2R S© & H+P
I. R G, i) 65D + ~&S 00 xB; xy?
k & $ 8§ 6 K+ XyM
¥ &t —G&E J &daa 2 ~— 5 ” FeelRing-L FeelRing-21 +pq
3 C_ U&E?2 FeelRing-B 2 E6 ,&S OO ¥ $ / Xyu
N , &S3 00 k &E J P lu & 8§ By oOr " xy & xy 2
FeelRing-2 , WXS3 &, 00 k & Bg& f ©©6 &S 1» i 0
&) P | 224, QR A N at U @ ,&S ° " B» A p &E
1, /| AzIE J P/ 7BW Zy z{; F,~—3 X
1, I AN 6 i¢ B» $ « - Xya Iz [ % (P EE &
/I =z, '"E2 E2
oOr 7 xye % U 36 RB |
Z K: xyR 56 R 9D aR § "# $%
e a HEN $ oOr " | >R P
I. = 00 kv ~&S |; $ K3 0; Xy 3 Xy; 5,1
/| & goe < 1:2 FeelRing-B N & K—3 () *+6 78 D <
. &S 00 K &u FeelRing2 a P Fitt's lawl& R &S throughput
K- WXRx 00 KR [ 25¢o /I & < EBE& @xy ¢ D+ B» % 5b
x xyR @ P ujt B» P , "E&S u 2 6 $ ¢ |~0&E 25,
z, {2 }x ¥: $ 8 Xy o0Or " xy3
“i7 xy6 , + 06 6 T, A FeeIng—lv FeelRing-5 78R +pgq V&
u® , a RY% B 1 2D o 16 VY S f<a ..Z&E <x & 2 § xy6
828 R.Y ™ 3 Y ¢ 6 EK, . N  FeelRing-2  *+ v— 3. 5,
/| B &b vw,a & \r ] 1St 2 3
6 +pg, R— 0 yR J/a u 0 xy6 U- 6C; - Il VW,
ide +pq, o &% Yoz I© X 2 K;~ ' 6 E&cRa8 5 a ?@6 k

y» IBM ThinkPad R30\ r ] , R&S | cdef6 ¢ ITRP2



FeelRing-B N xy B I *¢ &
S HI JK { IR R&E J Y 8f
JK6 {|R BN & -&S °g6 S554R
Sf’ . Z; Q3, R;
A11SOzhdef 3 R FA [~
U .:&x AHBSCITE'% A ... Q36 78
A, U0& & |/ U z/
2 FeelRing-3 N g WXY K—3 H

. & ° " A-1 /7 Q3 Ru
 WXY A, %& -&S €E  ER
0 R 6& AE1FSCZ66M R
. FA [~ U ..&x R; FA

Q36 ? ~&S — 5¥!a 0©;2

R- xy3 0871 xy % 4+ 7
d R&S xy Y&E J &~ 7a
ANeY J (6 WXYR o !

>& N '(6 WXYR Ee |

& la § L O z 12 FeelRing

*+ 3 ¥ *+R. "3

6 79 EO z d ° ' & UV GEf

x 1} 8 78 }S O la ,[2

xy ¢°(3 vw ,_6 /I R &

UE P , R

p*+ 0 1R r vw, bB
3 P | I &

E R&f &SA &E  +pgq 2
T & e *+ Y v

w xy6  $x&x +pg, 4 U

7 & &EA 20 xy3
&R || Sr] zZ* [U>3 R
&E 2

Xy R fe F T
u FeelRing-1 FeelRing-2 &
2RO , "3 x& @%¥ 6
ry (2RO} &
£(U .u€- —3 % —x 50&%
Azl 4 6 @QE&!I z/I2

o
S
o a

N«
L]

FeelRing-2 &' () *+

K xy 5, — FeelRing-23 ; M
NO Q36 Ue — E - D0 (V&
T$t& z[m 732 Circle
& Identify(’Y 1"3 R[ cdef R
&S FeelRing-3 ? 87 KkI&S } . 2
C&l u- p »MNO6 (V K; @R
1"6 ., 9JAR& H WX N f "
6 WXY R&S MNO 1B, ,0 Bi
.u  FeelRing-23 4R ; ?6 1éR /3
6 °g& U3 FeelRing-21"6 } 1)
87 } K v ¥z [2
R&6 03 R, FeelRing-24. 66&E J

; 2 FeelRing-2&3 [ \|n
Dragonfly(Point Grey) \]* Extended CCI¥
&Ea u lepv®d U Re, D6 ifc
Ya | z |/ R 2*+, R-—3
FeelRing-23 P L A Q36 — E A
x Cm} %o 8§ 78 }S O z1/
IRA kl& K—3 4. x
ye z{&E 2
'< LMNO IBM \ r ] Um[ rs'
(r, vw ,_a &S ¥ $ xy z{
&E B Y ; . @& PpA
6 AORa R3UMNO rs'(r,
8»&F W xy2 Bg& f
FeelRing-2a xAz IE J 037 xy
« D Bh "i 0r, A vV, 1 2
ixy” o A6 xy z{&E. ; u
A 1 , (b &Or &E 2
2 13 8e a throughput }x '< LM
NO * b a 78 }ST. /u
mo il u
7 Throughput-. 3 Throughput-2
/  AB
I"# )*
$%&'( +
FeelRing-1 /012 13
- FeelRing-2 12 /13
4 56 712 1/
FeelRing-1 /;1 21/
8 9 FeelRing-2 713 /1<
4 56 /1 1
FeelRing-1 /1 /13
= ?7@ FeelRing-2 /1 10
4 56 2 13




FeelRing-2a rs'(r } 3« 5 199
./ &% LMNO MNO, iz
[, -la &x
3  8; rs'(r FeelRing-2a 3
FeelRing-2a % 3 ¢ 5 , Bje 6’
R R 2 FeelRing-8 — & FA, — 5
&x R *+ 3 () *+

P $ta }ST NFR2
© $,- %

01"3 < =>6 ¢ 3
Azl ()¢ 3RO WwE Q3
16 R; () *+( 0. FeelRing-1, p »
MNO ?@ ¢ ~— ') A z /t
Y§ *+( FeelBin@ AB&. cd
ef Ag&E cdef 2R; ~
Xy ~&S S FAU ? Ug 5
|Azrl2 FeelRing-B N *+ HI

|® P " FA (— € O
& FA Lu A..6 € (; Q36 78
A, U& - FAu FeelRing-5 N —
_E Us MNO Q3 (; FA tR 1!

? #a P2
Q3 ? ~&S —
Identify6 c def
&E 2
0 1"3
I~ %

FeelRing-B FAUe
5R ¥ z/ Circle &
SFeelRing-28) R &S ®(

AEHFCItE™ 3« 7 iq

1" 1S tEdef

6 ? DU Ec'E R D 1"3

: MNO Q36 N — E
%71} 6" Ue

i& " R: FAR —
4 aS SoUa vA ?R -1& 2

Cmé6 cdef6 N f, t6 FA (

— < ..T (a8 *+, a & H

t % (*+, *4 &E 2
Q36 ?

3 .PAA #R U; Cm6c®

ef6 N x°, & 7. ¢( &

E NF s oo (1« & .

Toa 3 ; ...t &S xA

4&E N &86 *" z¥ z /A

A'R2

%° |} u
N o
5&
BO

«=" e

7 kI R To= :

1234

[1] MacKenzie, I. S., & Soukoreff, R. W. (2002).
"Text entry for mobile computing: Models and
methods, theory and practice." Human-Computer
Interaction, 17, pp. 147-198, 2002.

[2] Sunyu Hwang, Geehyuk Lee, Buyong Jeong,
Woohun Lee, llyeon Cho, "FeelTip: tactile input
device for small wearable information appliances"”,
CHI '05, ACM Press, pp.1475 - 1478, 2005.

[3] Kurt Partridge, Sauray Chatterjee, Vibha Sazawal,
Gawtano  Borriello, Roy Want, "TiltType:
Accelerometer-supported text entry for very small
devices", Proceedings of the ACM Symposium on
User Interface  Software  and  Technology
(UIST2002), ACM Press, pp. 201-204 , Nov. 2002.

[4] Jun Rekimoto, "GestureWrist and GesturePad:
UnobtrusiveWearable Interaction Devices.", Fifth
International Symposium on Wearable Computers
(IswcC '01), Vol 5, pp. 21-27, Oct. 2001.

[5] J Rekimoto, H Oba, T Ishizawa, "SmartPad: a

finger-sensing keypad for mobile interaction",

Conference on Human Factors in Computing

Systems, ACM Press, pp. 850-851, 2003.

Colin  Swindells, Alex Unden, Tao Sang,
"TorqueBAR: An undergrounded haptic feedback
device", ICMI'03, ACM Press, pp.52-59, Nov.
2003.

[7] lvan Poupyrev, Shigeaki Maruyama, Jun Rekimoto,
"Ambient Touch: Designing tactile interfaces for
handheld devices", CHI letters, ACM Press,
Volume 4, Issue2, pp.51-60, 2002.

[8] Byungkon Sohn, Geehyuk Lee, "Circle & identify:
interactivity-augmented  object  recognition  for
handheld devices", Proceedings of the 18th annual
ACM symposium on User interface software and
technology UIST '05, ACM Press, pp.107-110,
2005.

[9] Kent Lyons, Thad Starner, Daniel Plaisted, James
Fusia, Amanda Lyons, Aaron Drew, E. W.
Looney, "Twiddler typing: one-handed chording
text entry for mobile phones", Conference on
Human Factors in Computing Systems, ACM
Press, pp. 671-678, 2004.

[6]



