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A Virtual Oval Keyboard and a Vecor Input Method
for Pen-based Computing

MINAKO HASHIMOTO,H* UMPEI NAGASHIMA,t MASATOMO TOGASI!
and HARUO HOSOYAt

This paper proposes a virtual oval keyboard whose shape is designed on the basis of the
easily pointed area with a pen, and a vector input method where user can input both a vector
and its origin with a flick gesture. Efficiency of the vector input method on a virtual oval
keyboard (VOKB+VIM) for pen-based computing was evaluated by analyzing the distance
and direction of pen top movement. Distance of pen top movement is significantly reduced
by VOKB+VIM in comparison with the traditional virtual rectangular keyboard. Moreover,
direction of the movement of VOKB4VIM is quite suitable to rotational movement of the
user’s wrist. The number of actions for a character input by VOKB+VIM was also compared
with two other shorthand input methods, unistroke and T-Cube, and was found to be the
smallest of all.
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Alice’s Adventures in Wonderland 146,410

(Lewis Carroll)

Anne of Green Gables 564,847

(Lucy Maud Montgomery)
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(Jonathan Swift)
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(James M. Barrie)
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(Robert Louis Stevenson)
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(Sir Richard Burton &)
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The Adventures of Tom Sawyer 390,759

(Mark Twain)

Wuthering Heights 659,258

(Emily Bronte)
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Fig.6 Definition of movement area.
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Fig. 7 Direction frequency of movement (novels).
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Fig.10 Distance frequency of movement (novels).
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Fig.14 Assign of vector to SP, C/R, BS and SHIFT
operation.
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Fig.15 An example of SHIFT operation with VIM.
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Fig.16 An example to input SP with VIM.

%3 SP, C/R, SHIFT DEYHEHE
Table3 Averaged probability of SP, C/R, BS and
SHIFT operation.

XS SP C/R | SHIFT
R85} 17.53% | 0.37% | 2.85%
RERZE 0.32% | 0.21% | 0.72%
A SP C/R | SHIFT
iy 15.37% | 0.56% | 5.09%
RRE 0.72% | 0.00% | 1.61%
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Fig.17 Direction frequency of movement (novels and
technical literature).
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Fig.18 Distance frequency of movement (novels).
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Fig.19 Distance frequency of movement (technical
literature).

BOLEVANINHIRMEN-Z L ERL TS,

3.1.3 BBHEM

18, 192, SANETLETFXAMEANTH L
XIQBELEINLIRVEOBBERNISES S 7%,
$7:H 20, 21 IZFDRWMT T 7 %RT.

INhHDY T 76, VIM TR, HRXE
EHICBHELEL LRZVADYFSWI LSS,
SHIX 312 HERFBIC, VIMIZE > THENE
25 SP, C/RVANTEB LIk HRERL
Tw3. ¥7:, PIM TR 1XFEANTIOIIERK
T 141 mm OBEHALESA, VIM TIEEDOEFLL
TO6lmmiERINTVa, PIMIZBITA 61lmm
DEOKELBETLELTDANICIX SHIFT HRME
nEMNEINTEBY, SHIFT#EX VIM TiTH) 2 L
T, RVELPKESHPTLEN RS B0/ LER
LTWwW5,

T4 XL XFEYANTIDILERRVEOFY

RYAND D OMARERF — K- Fe 7 P VAT®E 2111

1004~
90 4
80+
704
60-
50
404
30
204
104

VIM

PIM

Frequency( %)

o¥r——t— v
0 20 40 60 80 100120140
(mm)
®20 BOHEMIRRET S 7 (U#EED)

Fig.20 Accumulation of distance frequency of movement
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Fig.21 Accumulation of distance frequency of movement
(technical literature).
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Table4 Averaged distance of a movement and its
standard deviation.

P VIM PIM | VIM/PIM
iy 17.085 | 28.312 0.60
iR~ | 0.153 0.622 —
HAXE VIM PIM VIM/PIM

1 18.193 | 29.328 0.62
|2 | 0.380 0.806 —
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8L, QWERTY EF & h bEVBEERCAD
L 2 2RFIHINE) 2B TS, 21X
FEANTHDILECHERDEBRELTT 7V 3
CHEEREL, A DICMELR 2 2AF vy —2HVWEHE
FRI AN D unistroke $ X U T-Cube & ¥ 5.

4.1 VOKB+VIM O

VOKB & VIM 2 #A&bE 754 (VOKB+VI-
M) I22WT, EXTFFAMLANTHRICLEL R
BRUSEOBEHE L BRI L AT L. BT,
L1 FHEFEKICKR 1 DEXFF AP ERVAY I
L—ariltoTiiore.

411 BBFHF M@

2212, A I~IVAOBHEES T 75T,
SRS, BRI E QICBRIELEL LEVANN
£, VIM O#BEZRL TS, ¥/, HGXX0OA
DFHOMEHFME BT E 1, III ~OBEHE L,
VOKB+VIM Tb FEOEEXFBH L - AN LR
TWIEERELTWS,

412 BOHENM

5, 1 XFEANTIDIZLELRRY EOF
BEEN L RRELRT. BOHERITRTOF*
A MIZDWT VOKB, VIM 2 BHTHA L & L
DbEL ko7, Zhid, VOKB & VIM #4848 b
HHIEILEY, ANCRLELERY FOBREREAH X
LIZEMEINZERERLTWES,

4.2 *—RHOMNMH

B 23 (27RF QWERTY, DVORAK % & 538
OF —EHIZ2oWT, VOKB+VIM TEXFF A b
EANTHBRICLBELR ROBE AR & BRIEE 2
HELZ. B 3.1.1 BLEHIZ, X1 0EXF*

X#¥VEdh ook
30 30
25 254
& 20. &€ 20
4 =
2 15- g 154
3 2
g 10 g- 104
SIS H = g H
[ e e S [ e e A S
I M mis % I I mivs =%
Yy R % #
% z
L L

22 HEI~IV~OBYEEY 77 CUEER, HHXH)
Fig.22 Direction frequency of movement (novels and
technical literature).
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AMEHWEYIalb—YavilkoTiTo .
42,1 BHEM

6 \Z, 1 XFEXANTHDILELRRV EOFY
BEEM L FEREELRT. SCEER, BAIRED
AR (4), B)TQ) L b EBEIEML L 57,
K5 (5) TIXEH (1) @ 0.82~0.84 {5 CHEYEEMEAS
mRmashrz, chil, BABEEOBVF—2FEIE
W¥—FK—-FOTRICEBLAZHDLEZIONS, T
IERAOBEERYL L - 785 (2) 13, BEILIC,
BEEDTENECEILHMFTCREITRLR TV
BHITHE7:0, REOBBEEIKEL ko72d
DEEZLND,

4.3 ANBEROHLK

VIM # VOKB IZERW A B Z Liz& b, fERDAE
A2 PEMEICIIZANRSZ PAVATDLDDT 2 AF ¥ —

®E 1 LTFOANCLELRYEOBYHESE (mm)
Table5 Averaged distance of a movement and its
standard deviation.

X¥%s | VOKB4+VIM [ VOKBo& | VIM 04
E2T) 13.048 15.539 17.065
- S 0.077 0.120 0.153
H#ix& | VOKB4+VIM | VOKBOA | VIM D&
Ty 13.845 16.026 18.193
(R % 0.246 0.173 0.380
(1) QWERTY (2) DVORAK
[MT2]3]4[8]6]7 8]0] 1533 31
%%-‘-r_gﬁ".?"ué' TI6IRIFIHTS
ZIXTCIVIBINIMI, T BLIEALAS V171
3) TA77~Xy MR (AP @ 77Ty MK (EE)
L%;—4s:7a?o1zaiis7coo
F | J] A
‘%Tu%%‘r%n S|; I%%%%LJ_%‘WLL
Tlolviwixivlzl . T.1?] [CIFLltIQIRIU 1?
XTOHBEED VM
® %ﬁ.'m-e*%i
[ 718]9]0
_%%gvxxggL
RIH[L CIF n
EIT[AJOII[N ?A.LT 7
®23 *—Ay)

Fig.23 Keyboard arrangement.

86 1| LFOANNILELNKOBHEM (mm)
Table6 Averaged distance of a movement and its
standard deviation.

X (1) (2) (3) ) (5)

T 13.048 | 15.150 | 13.807 | 12.429 | 10.962
RHE£ | 0077 | 0.104 | 0.111 | 0.071 | 0.102
FH/(1) 1.00 1.16 1.06 0.95 0.84

ok (1) (2) (3) (4) (5)

R3] 13.845 | 15.975 | 14.067 | 12.817 | 11.371
tRfwE | 0.246 | 0.263 | 0.203 | 0.235 | 0.273
FH/(1) 1.00 1.15 1.02 0.93 0.82
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ARELLZY, AMCE bR EER; ML £
IT, 1 XEOADCLECHEROBRL L TT
yvavBiEHL, VOKB+VIM % ANICMB %
1 AF v —%HV 5 EILE AT D unistroke B X
T-Cube & 8L 7=,

4.3.1 Unistroke

unistroke? & 13, TNV 7 7Ry + 2 —EBEDT >
AF ¥ — A S ¢ HELBATET, unistroke 7
V7 7Ry FEEEHLEICHCTXFEANT S, uni-
stroke 7L 77Xy PIZEZRT S L HERT LA
HICHAMZEBTRBESNTWANDT, BZ#I Lk
(, FEERGVWCEBRIIANTELEREZEAT
V3. [F24 7 unistroke 7V 77Xy FERT. Z
NORITFEEEL, RVOMEIIHLFEY 2L
RHELELERXFVPANIESNS.

4.3.2 T-Cube

T-Cube® & i3, BfED V> flick gesture I2 X - T
EHROBGIE L HaeEHELTANL, XFEHE
TARRBMADETHS. EROFHBAEIIE25 ©
25 9@ MIcHE ST Target 2 HRE. &
iz FnEFR 8 58 Pie Menu 25 L TH
D, —FRAHLIZOXFORENR Y Ee@H L
THTIEILE>T, XFEANTA.

Se&ir
>

T
J/LAATOAN

L] t u v w X y Z__ space
N—=VVWMNS /L
E24 unistroke 7V 77X b
Fig.24 Unistroke alphabet.

gyp =t 4\ A7

B25 T-Cube
Fig.25 T-Cube.

RYADOL-OOHBHAREF — K- Fe 7 FVADE 2113

T-Cube 3E)fED#E\ > flick gesture ZFIAHL TV 5
DT, MRUIUTHRER ANV TERE 25, FLADF
LRI T Target DANTRRENLDT, 2RICT
NRTOFTNT 7Ry P F—HPRRINLHEEF—F—
IR CHEELICED BEEINE L, MRUEFL
ELMERKBETHL LV D,

4.3.3 77 a BOEK

BANEDT 27 a v BEUTOI)ICERTS.
VOKB+VIM: AXFOANCIE1EDOFRA >~ b

BEVDLELDT, Tr7YaryBr1ET5. K

XEDANDIE, BETEIXFERA L FLTEDL

SHIFT OB 2B TLEMNHLDT, 7

yavBEk2ET 5. SPREROMNRDY LT

FAERY MVERBVTANTEOT, 773 av ¥

21¢45.

Unistroke: AN ELRE{EIZR 24 ISR L7 un-
istroke 7V 77Xy bEWLILLEDT, T3
%% unistroke 7V 77Xy FOBKLE LTERT
DEHIEET D, RPBHROERKY 1.5, ROE
BH05LL, KXFELIXFEDT 7 ¥ a »BilF
Uiz tbsbDET 5.

T-Cube: ILFEL SP DANTIX, HieTsEN
2 RA Y P LTHOHIET B AN 2 BB L
ENHENTT I asBEe2LT5. ¥z, KX
FOANCRAXFORHEIIMZ T SHIFT ¥ -0
ADFLELREDT, 77 a B4t Ts.
4.3.4 T a BOHK
H8 T, 1 LEOANLELRFHT 7L a v BE

EREELTRT. 77 a v BRIRTOTFTFARM

S\ T VOKB+VIM 2@/ o7z,

W™7 T7iarHENEH (unistroke)
Table7 Definition of number of actions in unistroke.

alphabet | a | b | c | d e f |l g
unistroke] ¢+ | > [ <[ <[~ 1¢ | ¢
action 1 2 2 2 1 2| 2
alphabet | h | i j |l k ]l | m|n
unistroke] V| + | A Z 1L |[A|A
action 2 1 2 1 2 2 2
alphabet | o | p | g r s t u
unistroke]l 3 [0 [A [N [S [~V
action 15|15]|151 1 3|1 2
alphabet | v [ w | x | y | z |SP
unistrokel M | N | 8 | £ | Z | *
action 2 3 (15[ 1 3 [05
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B8 1XFHLVDANCLELT 73K

Table8 Averaged number of actions to input a character.

VOKB+VIM | Unistroke | T-Cube
EZ5) 1.023 1.262 2.046
L. 0.004 0.006 0.008
5. bV (C

ARTIE, MAREES—FK— F (VOKB) &~2
MV ATIEE (VIM) ORRE X UHRFEE4T - 7-.

TIV=RAYTA Y TERIZE Y, RVETHRL Y
b L2 WEBRARID I AR IR A S - &
2L, VOKB 2%t L7%:. Y 3aL—Ya3vic
2T, VOKB & VRKB T2 OEXLEANT 2
BUCLEE 2R EOBRY AN, BRIERICOVT
HEL-#%, VOKB TCRFEHOREICE>7AD
BESY, RVROBRERIEREIND Z L5
oz,

VIM TIIEBEXF DA 4 B D flick gesture
TRAWAZEIZXD, 1 A bO—2To SHIFT #H{f
EHEEDNBTO SP, C/R, BSAH%WEe: L1,
Y3ialb—=33 v iZtoTVIM & PIM %2 AHIZL
ReRVEOBYSHF, BRERICOVTHEL &
R, EROFA Y PADEIN O FEOREEICEDE
WANPRIR S NS L Fh o7, 1R bo—
7 TO SHIFTHREVTRRL 2o /: 2 L TRVEDK
ELBEHHIHR S, BEERIERIN:. Cok
IBTERL, VIMIZEoTHEAS Y PADEE F—
EROMBENKBENSLZ EMFHor:.

VOKB & VIM A EbE7: 58 (VOKB+VI-
M) CHFEOREEFIBLADNTREEL D, ~
YEROBEER I ZFNFREEMTABETAHSLY
bEHICEMEN. QWERTY, DVORAK % ¥
SENDF—EFIIOVWTRUCKOBEIEREES L
oA, QWERTY X h b BE)EMES & 2 K5
P2 lENBor T, ANCLELZREROGEL
LT72va BireE¥kl, #HILBHADD unistroke
BLU T-Cube LKL/ A, VOKB+VIM T
BNDT 7 ar ekt

BRI, EBICMWREKT VOKB & VIM 2515
T AHBROEmETRH L E 26 I27R3. VOKB DR -
RKES -HESRI-FHHHICWMETEZ2bDET
HIENRILVEERS.

SEREREICIO VS IaL—a v TN,
ANCLBERZR OB AR, BHESICHT 2
VOKB, VIM O#REIZOWTHIgEL 187, 44
EBRICABMPBFIHLA L XIZHROB VAN AT L
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[ )

The quick brown fox jum_

26 VOKB OEjfiHs s
Fig.26 Display image of VOKB.

ZAENEIDEHRL, AHETHLN-IEME EZR
WABPFIH L EORENITIET 208 2R
2T LLEND S,

TLTNT 7y M, HBHEEEL VD REIICE
DV EFIZ2WT VOKB+VIM O > %D BRYEE
BB, 8IS CEFNOEELHER L,
& 1) VOKB+VIM I8 L 7 % — BRI oW TR
LLENDE.

W& VOKB DR D00 ERIZTR W12
W BERDOKRLFREBESRERELZR O BRI R
WwW-LET.
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