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Abstract

One of the recent trends in the use of digital technology is the proliferation
of sensing, communication and storage devices (mostly due to low cost), either
separately (e.g. USB memories, digital cameras) or in integrated form such
as a cell phone. One side effect is that we get ourselves ooded with informa-
tion, manifested in the very high number of les we have to manage. For
instance, it is often the case that hundreds (even thousands) of multimedia
data are stored in one’s PC or mobile devices in an unstructured manner. This
in turn makes the browsing and manipulation of such high amounts of data
dif cult and time consuming. Moreover, the basic hand-held device interfaces
are 2D and discrete input based with a very limited display size, and thus is
not tfor such a demanding task.

A possible solution is to adopt a 3D and continuous input based interface
such as a motion based interaction. Previous researches have shown that a
motion based interaction on hand-held devices produces high task performance
(e.g. object selection and navigation), and is intuitive and natural to use as
well. To further enhance the effectiveness of the motion based interaction, we
also explore the use of particular data layouts, tiled cylindrical and sh-eye
cylindrical are implemented and tested for their usability and effectiveness in
combination with different styles of data layouts, vs. the traditional button

based interface



The motion based interface on the hand-held device is implemented using
the camera and a 3 axis accelerometer and can track motions in 4 degrees of
freedom (e.g. forward-backward translation and rotations in roll, pitch, and
yaw). Three types of motion based interfaces (position tracking, tilt tracking
and hybrid tracking) are implemented.

Contrary to our expectation, the motion based interface did not exhibit any
particular advantages over the button based one in our evaluation study. This
may be due to the nature of the task, image browsing, that requires a mini-
mum amount of scanning time for effective browsing. Motion based interface,
on the other hand, seems to be t for fast scanning of data. In addition, the
motion based interface may be more appropriate for 3D task as well. The study
suggests that a careful interface design is required for hand held devices for

different tasks and applications.
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< ... 2 s OKFtB.— H, t n o™ xX““OH gFe...
— @8B% " e .pitch _ "\, vyaw< ¥ €t— & Xp..— [,
8 < ... 2 s OKXKFtB.— H©T 1 7™F &KX “oH gFe
L— OB T e ... 2% _ Fer ““@—screen% __ translations

.screen% r &8 <7F f & ... — 8 < ... 2 s

OK O H®Psa_EFE "a331ccrAl__gfesa .sE &
__gTFe 1 browseroperationn _ @& F 32\ &0 B
SR> &F_ TR "T@dOu< " _ "@OuK“@—Si # 3D

~“FF - , >5 gfFe ~ ~“f H gfFes..—, L
[ Fag T s.., 7 e . t°s 7P &=_ workspaceH
8 T Us\N] sa. " K Hspt 7\ -
workspace_ .. IH”J "\ =¥ %" e.... —, T _Vr workspace<

&= J 2workspace s\ fQu Ty .s 7 &= gfFen
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\ 2D Browsing operation \ 3D Navigation operation

Yaw 1D Horizontal panning 1D Horizontal arc
Pitch 1D Vertical panning 1D Vertical arc
Roll
Translation Zooming 1D Translation
along screen normal view direction
» 32 . 9 "u_ Au TAf s&° Tcfs... &  gfFfe

Browser Operations __ Bg

" _gFe s_ganf¥ rv=&HX sgans " yve® Tpqg-f
BRs &H ORs e £, motioninterface_ f &$1 r t® K=,

MAN\, zPR...— ~_  workspace< &= _workspace. s _ ..1 s
T>sSsTQPNMH &% TV ¢ ryinterface. K=, ZEX ., &
_gFe_ K=, “°\ T®%h ™, e . T, = _ workspace<<

&= workspace . sSKXK %7 eH %Ads 9f] .S%E@ \ —
clutching[24]s € .Clutchingr 9B 2D mouse_ 8 Fe 1 cer %ds

M U - , workspace_ ©\ . L K E®T (declutching)
workspace__ rxX— “ ] 6\, Z9 ZH(clutching) fl» o

D~ pilot test\ browsing time__ 10% clutching time...— £

&% . Clutching..— " r . 7r% 7~ eH..I m3B...... — S
KK %7 eH%ABF f9O ® . ~ HAJH workspace...1__ ]~ s
B...... —, &F__ workspace... 1 __ ]~ F =H position control %sds m ,
workspace__ ... I\ ]~ F =& &H velocity control %.d...— H fls
"Hrk K s . @ velocity control %d®P MH \NQ puH %
s position control — 25 &..— \NQ 7B &H cameraX s&  — B %o
d— HIfI°Fs&8 ~TR%ds ZS - 1Rs®

23 & *N+e=e \£ 1£5% A& 1 «<(Tilt Motion Inter-
face)

» PT"u_I1f1RfFsS& ” “ s...H 3 DOF linear accelerometer__
absolute sensingf s& ® . wQu— ~_ 1 I\ qQV #, >
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| | 2D Browsing operation | 3D Navigation operation

Yaw difference
from center position
Pitch difference Velocity of Velocity of
from center position 1D vertical panning 1D vertical panning
Roll difference Velocity of Velocity of
from center position | 1D horizontal panning | 1D horizontal panning
Translation Zooming 1D Translation
along screen normal along view direction
» 33 ., Y "u_I1fl1 TRAf s&° Tcfs... &  gfeu

Browser Operationns __ B8

__panning velocityX ., & HALI 22 9FR 2D spt 6
P wfBu— "~ 7 __roll_  sH horizontal panning__ . X 18® 9,
wAuU—_ ~_ pitch__  sH vertical panning_ ., X1V . #3DOF
linear accelerometerH2-p RI& KA HoRks # Yy ¥F ..—, zoom-
ingr# v B Ks& ~“@R position control %ed f s&8 # X~

S T s.®r', 9 "u_Au RAfs&’ T s..'<ekes3
8 Wag>s [FAOAK &% 7 e .Screennormal% _ §Fes ]
- CZPR..— 7 @  workspaceX I B% T e= A

zPB w& Tplfl s_JI¥Y\NqqV #.K or(

abs( basis ) ( basis )
samplingT ime

V elocity of panning = (3.2)

d_ & _ IAH radian, samplingTime &8 & r JOH second 2

T Velocity of panningr rad=s__ 8K ceH . Accelerometer d% ™~
eHlfl1_j@®r 153radste, "g\QPuaAIl\ z1Br ™
eH J@tirs— Rrfisa . Zz] & ®ri4 24X == O
T W& T r\@P"t ®

Pilot test m workspace . ]~ r &4% 7~ e3t<, R JIO\T ]
K—® . #., @9 "u_rilfss INMA\NO slIfeR=—"@EFsT
T > .sKK I AK virtual camera®r rollr&T, & — I\
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| | 2D Browsing operation | 3D Navigation operation |

Pitch difference Velocity of Velocity of
from center position 1D vertical panning 1D vertical panning
Roll difference Velocity of Velocity of
from center position 1D horizontal panning | 1D horizontal panning
Translation Zooming 1D Translation
along screen normal along view direction
Translation along 1D Vertical panning 1D Vertical translation
vertical direction of screen
Yaw 1D Horizontal panning 1D Horizontal arc
s340u IfIBE A ~“s.... & _ gFer Browser Opera-
tionn __ B8

H#E ——s, 27& ® [25]

24 Dn,e=e f4 ] "\ EAZ 1 «(Hybrid Motion Interface)

‘. P9Tu_ AU RfFs& 7 “s..._  Br real workspace<< virtual
workspace s s ® “7clutching..— ~ $RA] TITw H fl
s . &', 9Tu_I1f1TRAfF s& * “ s...’H velocity control f
s& IMA\ R X  ™\A] Ty % .st_ "BfF Bk

~ e , B8 - 1R T s. T effls FXT B .I32<
F33kAL 1. ¥ "u_BU RAFsSB ~°s.'Xs8%NMH
rlf 8 t&H . # 8  gFe_ "7\, "u_7=NMARA\ a

- — = Ife_&, ] &H se®d . £ &F_ B Xs
&~ pitch sensing__  ”7P translation 1 rotationf &Xy %r f ® HE£ES
se . Tz]l &8s l1fst@8 ., pitch®BfF P =F " e

s\ , yaw<pitch_ 7"pAu ~“s..K & [, rolln thresh-

olds~_ pitch__ pilfl R "“s.X HAI—-Zh ~°“s
KT — %% T ed .PFR yaw §Fe ¢Hpitch gFe . 7pA
u ~“s..<cr%d.— X f,roll ¢H pitch threshold®@f BF
NHOAuTRF 9 F,1f1 RA%d.— X’
D~ pilot test\ , clutching_ Of]Sr VR
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Current position of

virtual camera

« 34 *°s... gFer1 31l Cu

V 3 é. eeg”™ “+01im:o-n
3.1 Tiled Cylindrical Layout

- J S&° T s. K & ..—spt_Cu®r ., | & z
“s.\NB% 2K %9Ofldse . &F_ ~“s.H3 @ . F
TR% T e...... — sSpt_CuX3 BhR.—K, AJHN £ per-
spective viewR & H 3D navigationf s&8% ““\H zooms 8~ 2D
image browser< 1R&..— s W . ““=x33_ , T *s._ gFfe
FrOK M, 8RR -1 sptCuH &8 X d.— @1 A
iIs .. T:fs.._ gFfFeNeT® & X d.— H%A Cu
K% Tspt =8F R.= 2 . ¢ zZz]— & s H .
__BO\Typitch_ oH..tée&.... — %@ 91 §F & . —TIg
H=®r . t& .““2234r ~“s.. gFfer1 ®l Cu s _a
>SK—#r

THDLI AILI—-—Cu¥% M, spt s 1 Spt< & s
oXK P& =>Cu #, 9FR 2D spt 7$H_ tiledCu<ce> B
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Ilustration

Snap Shot
<< 3.5 Tiled Cylindrical Layout

0:51mageW idth

LayoutRadius = tan(0:55panAngle) (3.2)

3.2 Fisheye Cylindrical Layout

Gutwin[7]__ =&\ , ro F

> PITIINTHATK &
H 77 sheyeview  &r “"Jy -18s@ .sfls 7 sptRk &

H "\, B&8s R%fls @qy&B . Fisheye viewH sptk =8

r& rxXHYy, & .>-—-sf, ~H =-—sHAIl_ views
sKY "\NR&F ~ , &F__ view\T d\ *~ r SptH ..
IXE rvf, ~— —eZ2Z2spt_ . IXyLtrvHAIL 2 .¢°
= B __view WXs ¢ WM yWMs T, OXs &G

© #, sheye cylindrical layout . - spt__ ..IHd33<o®e .&F_ ~
B AuU\Tspt_OuX ,7°<&F ~_ B

—H %o
7 7K dot product™ + & s...  .““F, sheyeview\T_ d <

__spt..1 sXp&RX\ TRY AB~""8fF &Kr .=z

J—%&\ & AB "7 Hri4~24tX_ _zx=F 0O %& r\Q
&
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Ilustration Snap Shot

<« 3.7 Fisheye Cylindrical Layout

ViewDirection (ImagePosition ViewPosition)
jlmagePositionj jViewPositionj

Image size = A j(

)Bj
(3.3)

V 4 IamZE _$+ "<«
41 Eas= N

eT_ ~"\Tspt THE\T &% . Tcfs.<WUs “F O

¥ .spt THEN &% . T s.£E£SrEk— 118k
JF s&° 7 “s...H absolute input device\, Bu< I fI B R ~*~
sS...H relative input device\ g~ . JF 2 _ ~°“s.. ,Z3DOFs*F

tTW H ~“s.s9,7u.... 2s TO0 %B, 0 [ ““@—P3 “u
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— 8 TCe&.... —, indirect input devices [24]. r\ ~7 \#Qh
_ Or 9831 983 "u_PBriXr\=f 7”7 eH "Bse . # sE
Tcfs.<WUs "fFs& # spt TEREDNI BKTH spt
~$H MQN - "7 & #

sSpt P tH IR..—H panning, zoomings e . 77_ sp
T thumbnailf Jr¥k ™ e® [, s thumbnail sp€t\T__ panning
zoomings KK =~ .zoomingss B , thumbnailspt__ detail

—Hf T e o, —f H spt_ original size . spt®r —# f
Te® T .22,23,24\T] JTHLELBR" ” “s...H panning ® zoom-
ingf .2 €W HAIL__ ~“s.s.— spt P R H 1
Rri=>tHh%H " e .¢° T s RA.—#Q spt__thumbnail f —
# HTINTE —Nn_ 9 sptX—#H[f 7 et 9FR two level
discrete zoom browser< ces AN T, original image < original res-
olution..——# H ... ef ™ e

spt THER®BE 8 r B e .Intel M733 CPU, 512MB mem-
ory,5 inch LCD, Windows XP8 , SONY VGN-U71P ultra mobile computerk
s&8 ®...9, Freescale_ MMA7260 3 axis-accelerometer<< Logitech quick-
cam camerakK Tr—s8 ® . Pp K x~ ds R A—jd

K Of]l— ®I MA\, 9F C ~_ $BAF H ™ eH ultra mobile com-
puterKk s& @

spt TEHErN\sptX&o fao H a0 —T_ 1R
F<a P97 e .sptX&0 fao HIRF ecH , Spt__

sSkt4 g 1QRQRF9Ofl—" .., [Fs& P8 “u indirectinput
devices..— ®Or F Xr\ &% T eHRFs& #,sQ ~— R z
7 rOrip>» T s . . Kss #w& B

W&k 7 \T S8&H ®r__ #&2T F3.5<cef, state diagramr “*
a2@x38< e
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| ®or_ X

g

Select button

7 SR Or1 es 1IRF -

Menu button

7. LKA Oria s
7 I8 B>K[fad-

Toggle button

&F __ sptTtX H... T,
™ sptXk H.,. T© &

Left arrow button

B>_  \ &2

Right arrow button

B>_ \ 82

Reset button

oT_9¥86@&r 1o f,
&F AuX I r...—calibration”

Clutch button

BT P93 &F T~ r #£ decluchingf =™~

» 3.5 Motion Interface\ T & H®r
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State diagram\T F+r 7 \T 8&8&H ®r r select,menu,toggle,left
arrow,right arrow_ 5hs9O, vy ®r f rH \phH ..— 99 2
state diagramr 10 P83 B F ocH . State diagram\T 938 s B&
F M &F_  stateX “@—>t HPEr g B

State diagramr ldle¢H Mlidle stateX B C...— ~ . s StateH ™ sp
T, &tC&® T 7K_p # M.—r HstateH ™~ _ sptX
% 7" eH “K _p~ . Move interaction__ 7P Drag stateX x

Hs B . Drag stateH select ®r F "r " IN\NT ST®FM, @ H
states . &F Au— "~ T BX" o b F\select®rf b , move
interactions s L[, Select¢H MSelect state— o©O =2 . Select¢H

MSelect state\.T* menu button f Select¢H MSelect state< a2
menu state— E&  open,copyclearcancelgs . 7 F % ™ e . Clearlp
»>H &F AaAsptX P [, Ildleg¢H Mildle state— E HB>»>s
f.cancel __ "rs “I1—E Hp>»>s .Open 7 F ®F
7P Open state && _ sptef —#r .s r&\Tselet¢H
menu®r , WA __ Select¢H MSelectstate—  E © .Copy ~7
r , &F Aspt 4 2 "I\T TFfF% T e . s
N\ menu button F , pasteclearcancelpp = 7 [ % 7 e

Pastelp>>X -4 T sptRXe*HVF T e
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<« 38" % 7,

_ State Diagram



