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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 flooded with informa-
tion, manifested in the very high number of “files” 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
difficult 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 fit for 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 fish-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 fit 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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linear accelerometer 7+ o] 2 73 9-<l 2D o|AFe AolS QAlSt 4~ glom =z,

(o]
=l
3 DOF linear accelerometer?} 719|215 ¥H-85t= HH[1]1S FH QA o] A~E 9]
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|3} th I o]+ 2D panning} 1D zooming & 5 5= 9= S E | o] 2 0] 7]

ol th

2.2 wuld #x]9 2] FAE o]L&3t 2lE v o] A(Position Tracking
Motion Interface)

! Proximity changes of feat

] Stabilization
3 Axis accelerometer

29 3.1 Hwang[1]¢] 3 DOF Linear Accelerometer®} 7}v| 2} ojuj A& -3}
4DOF 9= =2
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Roll Translation
along screen normal

29 3.2 AH8-#He] 4 DOF =4 <
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Current position of
virtual camera

39 3.3 FA9 A9 22 Yol 7]¥+3k 3D Navigation

ol ZA doj AHEALY] B A Y= oW A HEk-4] 2] manual operation} v 7
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workspace®| 37| = A8l 71 4A Z71E 5 g orm g 7AW L workspace2}
A4 o) AlgE workspacertolo]l £ LX) 7} dA gk o] A A9 AU 7}



2. BAL 08T AEsol2 14

‘ ‘ 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 Eutd FA 94X FAL o 8Y Aelse Mg LAYR

Browser Operation}2] wjj 3

48 = A 4 Abel 9] gaings F7HA 71 A =T, o] gaino] F 3] 2 A< vAE
o] ¥l= e o] 9t} 3], motion interface?] £ oFF A1} S A B3 HAE
] Fof, 4Z A o7 7}4Fe] workspace?} &4 2] workspacel] Alo]o] 3 7] xpo] 7}
SHA| o] 4 EobE, A

d wj= AR 5 gtk =3 $23] interface?] 3 A= 7}
Z}2] €& QA9 AT} 20 wpE 2] B T Ut wetA], 7H3e] workspace 2}
34 9] workspace?] o] = &2 & 4

i
A= ol Basith o] Wy Foll shE
clutching[24]¢] ¢l T}. Clutching € ¥FA Q1 2D mouse?] 2 2 43} 22 wh4] o]},
u- e~ E ARR-3}} 7}, workspaced] Zof titt2 W, nf- A E £ o] A(declutching)
workspace?] 7}-2H 2 &7 th29f, W2 =+=(clutching) 2 3} 2t}
73t pilot testol] W= browsing time?] 10%7} clutching timeo & A&
= 2t} Clutching© 2 Q3F A|7F AR 7 FAIE 4= Q&= A7) 7F oo rZ | o]
£ W2 & 5 Jd= IS 2HsAh 7B 2 EAl= workspace=3 7] 9] Aol
dormz AR workspace= 7|9 A|HS ¥H= position control WAl o] o}z,
workspace?] = 7)o A|8H-2 W] ¢k velocity control B4l © 2 W A 3= A 0] 7}
7 2 Aol ] 2 A o] At} thAl velocity control 4 Y w = o8] 7} v X =
o] position control Xt} ZZF 22 o 2|7} & H = cameras o] &3 F2 W

4 Rohs 7127 B o 88 24 B4 o] B8 EIH el gk,

2.3 2nld #Ax]e] 7| & 7] FAHE o] L3 ¢l o] A(Tilt Motion Inter-
face)

E2akd ZFA 9] 7]-&7] 42 o] 83t 2 E ¥ o]~ = 3 DOF linear accelerometer?]

absolute sensing< ©]-83} 3 T} %% HAAZFEE ] 71270l v]& s, HelheA
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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

£ 3.3 2utd FAY 7|27 FHS o83 A H o]~ AR S F A
Browser Operation3}2] wjj 3

9] panning velocityE X sh= FEN7F Aok gubA <l 2D oju] 2] BHepeA e 7
24 =9 X2 HE 9 rolle] x}o]= horizontal panning?] £ 5 & Ao 5l &
H X ZHE 9] pitche] #}o]+= vertical panning?] < = & A o]ttt} stH 3 DOF
linear accelerometer= 2 =% A& 7153t @@ o] o A3 £A)5tEZ, zoom-
ing& o] 3] 7Hrl2kE o] &3 Ath A 2l position control B4 5 ©]-§5to] A3
= 01 °1E4§ﬂ°1i AA ‘mubd 29 f A FA 2 o] &3 AT o] 279} o] 32k
AHge 4= 9t} Screen normal #3F2] &2 ¢ o] A

10 & 73] 9] workspaceE A1 & 4 YA At
A5 71 7] 2ol 8] Alsgell vl ste] S5 W3} A Zit

J%w@

A x abs(© — basis®) x (O — basisO)
samplingTime

219] O3 @]+ radian, samplingTime 3FS] 32 &9 = second 7} T} wh
2hA] Velocity of panning rad/s®] @915 Zr+=1t}. Accelerometer”} <141 & 4~
9= 712719 Ao Zr-E +£1.53rado] A T, Ao A XH e uhel AA A

9= Ao e oKt AL gro] Aok AA AL e 4324 2 H] A
37 REo] Ausar,

Pilot testd 7} workspace®] A&t S5 o QIAA W, AL g Ao o] A FA]
£ 23t d 2ok A9 rollg o] §317] wjol, Hw o] 7oA o) o]
AstA "t o] € 3l 2 st7] 94l virtual camera A] rollA] A A, AR-g-A}7F H 7] o]

3.1)

Velocity of panning =
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‘ 2D Browsing operation ‘ 3D Navigation operation ‘

along screen normal

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 view direction

Translation along
vertical direction of screen

1D Vertical panning 1D Vertical translation

Yaw 1D Horizontal panning 1D Horizontal arc
# 34 94, 717 4 74 A" o] 29 AR =2 Y3t Browser Opera-

tion}2] v 3

Eplg HolE 2

p .
fu

=

2.4 91, 7187 BY 27

‘mrpe 39 97 27
workspaceA}o] 2] x}o
olt}. sl ‘muld g9} 7]
o]-g3t7] uf &oll, A

£ 3t pitch sensing?] 4
o] glt}. meba] A7)

olo| we}, yawe} pitche
oldo] A+9] pitch®] 7 -$-<l

I~

r= /qg 7 3}3F

78 3F A TH251.

7 2le] ¥ o] A(Hybrid Motion Interface)

real workspace 2} virtual
A7 A BT 7
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28
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[
I
=}
A
~
3
c+
&
g
o
5
(o
o2
do
ol
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Current position of
Qwﬂ'jmera

29 3.4 AdE o] 28] A AT A7]S WA

A3 wupel 71716l A Thae] olmlA] )]
3.1 Tiled Cylindrical Layout

BAL o3 AEH ol AT AR, olul o) WA A AL ASE A
Flojxo AgeteS sfof & da Aol Atk ALY AdHF ol 3 A BHS
248 4 Jonz, ouAe] WAE 3 A Ao AL ZAE Wtk 53 per-
spective view= /\}%'3} 3D navigation2 ©]-2% 7 $o+= zoomo| 753 2D
image browser®} 7|52 o2 o7} gith 18 3.39] A Qg H o]~ 239
= 12s & of, v E3A<Q oln A wiX= AHRALE SHSE AT 3
glojrth. B Qo] Aol 2ol ARAE FAHLE = T F 9 uﬁi]
£ @ A9 oln A A= A 27 Ak wH, AA 2 LA} AR

o] ol A pitche] Mgte 34 gtome, 7 Al 9752 ATz A T4
€ M= g ZA gtk 19 8.42 AE o]~ 22 A3 AT]F wfA] Alel e

rJQL'rﬁ

A no E}
S8 94715 FENZ WA G ul, o] v A Abol o] ZHA 3 of v A\ 9 ALG A} Abe] ) 7
2 QA WA Fel, WA 2D olml A nekA tiled WA} 2 3
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IMlustration Snap Shot

29 8.5 Tiled Cylindrical Layout

0.5ImageWidth
tan(0.5SpanAngle)

Layout Radius = (3.2)

3.2 Fisheye Cylindrical Layout
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Ilustration Snap Shot

19 8.7 Fisheye Cylindrical Layout

ViewDirection - (ImagePosition — ViewPosition) )|
|ImagePosition| - |[ViewPosition)|

Image size = A - |(

(3.3)
AM4ad olux HeksAe] FH
4.1 leEdd AA
A 2] Aol Al o] u] 2] B Eh-e-A o A AFEZ B QTE]H| o] 29} & o] o}-5 T E| 8k
ATt oju] A BepeA o AbgE B QQEFH o)A 54 AF B, 71&7] 4
$ 0] 23} ¢1E 5 o] A~ absolute input device©ll, $] X9} 7] L 7] EA =2 QI HH
o] relative input deviceol| 43t} Al 72 g3 o] 2F 3DOF oA
A/t Qe S o] 2o, B X 23 -eo|u BB A7, S-S It E Y ZX
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B 7 ]’\ﬂ 2 o] } % 136}04
A9 7ed I IS

olm A Hz}$A7} 7FA]= 7]5 2 £+ panning, zooming©] It} the] o))
Z) 9] thumbnailS A A 4= ¢l o] oF 3111, o] thumbnail ©] 1] %] o] A 9] panning™}
zooming©] 7}53l ofF 3tt}. zooming©] ©]Fo] X t}H, thumbnail o] ] 2] 2] detail &
Ho] & 4 Qojof &, B 12} 3= o] 2] 9] original size2] o]n] %] A Ho] =
4= glojok st} 2.2,2.3,2.4 | A At == ¢7H gk 1B 9] o] 2= panning 3} zoom-
ingS 27 A Aste FEo e Fo]xeln g, oju|Z] Bl 7} 74A of &t 7]
TS g4A ALY = Ak £ QAEHolA HoZ o7 o]u] X9 thumbnail & X
of F AElolA EHIE AT o] AE Hol & 5 AT, LA two level
discrete zoom browser®} Zto] A&l of wlelA], original image3s}u} 9t original res-
olution® & Ho]FE= 27l 98 5 9

oju| A B} AE F+a3 37L& v} -t Intel M733 CPU, 512MB mem-
ory,5 inch LCD, Windows XP %7 ONY VGN-U71P ultra mobile computer&
o] 83}l o1, Freescale®] MMA7260 3 axis-accelerometer®} Logitech quick-
cam cameras AAZ o] &3}ATE e T3 BA A4 o] Thsd 2 M4

jJr-rl S 337 3?9371 o, duk AFE e 52 ¥ 4 = ultra mobile com-

Ry

o
w0

olm| 7 Bl & FAl oln A& AElstal Fel et Y HeAEA L] V)5
< 3 7HE 4= Ak o|uAE FeEdta He st Ve S ZETHY, oluA Y A
8, o5, BAF 59 75 28 = Stth BAE o] 83 9] A 7} indirect input
deviceo| 22, HES FA o AMSEE 5 & FZ o] 831, o] 3t F7HA <l U E
Ei‘/éiﬁ H% JJrUﬂ‘T‘r AEH o]~ E Ak

E2 %3.59 Z+11, state diagram-2. 71
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T WEgER | e \
Select button upe 2ol &% HET Zo] AE 7] 5& stttk
Menu button np 20 @ 2X W ET} 7o)

SHAME At FE S5t
Toggle button A2 slite] oju A& AE sl BREQlA],
th9] o] 2| & A et R Q1A 24 sttt

Left arrow button 2] A= o A&}
Right arrow button o] Aeof AHEHTH

Reset button AA el e gk %73 3t

A2 XS 7]F L = calibrationdtr}.
Clutch button AMA 2 JE S F A5, decluchingS <3 st}

% 3.5 Motion Interfaceol| A AF&3= HE
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State diagramol] A T A] gl QA1 Ef 2 A | A A =
arrow,right arrow®] 57j¢]w, z2}7t ES F+8 1o W <oz yHdrh &
state diagram-2 1071¢] o8 kS Zr=rt}. State diagramol|A] & Fro] Tl
= o, @79 stateE IHE A oh= AP BTt
State diagram-2 Idlet™=+= MIdle stateE 7] 2 S & 3lr}. o] State= o}F o|n
AEE 2] ke A9E 2w slo], Mo g2 X &8l state T}2] o] w] %)
st 4~ 9= A$E o)ttt Move interaction®] 7-$-<l Drag stateE %
o] o]Foj At} Drag statet select HES F2 AejojA] €2 g0, Sol7}
ot @A A= FE A A3 A7t ol F ol select HEZ W ¥, move
interactiono] o] o] # 11, Select™=+= MSelect state 2 ¥ 3} A4 E t}. Select=+=
MSelect stateoll 4| menu button-& A1 &3} Select®™=+= MSelect state2} A&H
menu stateZ £ o] 7} open,copy,clear,cancel 52| Qe AAH LS & 4 ). ClearH
L ) A oluAE v} H A%, Idler = Mldle state2 = o} 7= 1 o)
1, cancel®] 7392 o] A AE 2 Eolrk= W frolth OpenH P M & Ae5 S
7372 Open state7} = o] sfuto] ojm| 2wk Hof Frh o] Al of| Al select®™ &
menut] ES M3 H, A Select™ = MSelect state £ = o}-2t}. Copy 2l E &

do
i

B E -2 select,menu,toggle,left

—_

r[r o

l

l

_I

Ae AEstd, @A Aded olm A7} EabE AEjolA Bl S & 5 . o]
7o menu buttong A =3}, paste,clear,cancel’s o] JEHFHAE T 4 9t}

Paste™ 2 M elsld, B A}3} o] 22 o] U8 4 9t}
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LEFT-ARROW DOWN.._
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FT_ARROW_DO MENU_BUNON_UP / meny BUTTON AP
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RIGHT_ARROW_DOWN ‘.\ Can|
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ok B oo o SELECT BUTTON_UP P
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e P P | Open | /| Clear
MENU_B _bp
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: a - \ /
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. g Y Moopy —&
N Menu | \
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R\GHTJ\RRGWB:

LEFT_ARROW_DOWN /
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4.2 I3

oju]x] HghA+= Z+7Z hybrid motion interface®} tilt motion interface®} tiled
cylindrical layout, fisheye cylindrical layout®] Z3o=Z F =2t 3D mo-
tiono]] 7]®13l 2D panning} zooming©] 7}53dlw, 712 AE, o], BA}, 3
omAI ¥7], 59 7les FASAh 47 7159 FF 11 3.9,3.10,3.11,
3.12¢] vreb itk

1@&-

07 06 07 o8

Target Select button down Select button up
ERETREEERE

[FIETED
I.ﬁﬂﬂ

s

LA

Select button down Panning(Drag) Select button up(Drop)

2 3.10 o] u] 2] 9] o]F
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: - - @
| 34
m| I n mCopy Clear CanceII

Selected state Menu button down Single image view
(Menu Open)

2% 3.11 3 o] u| A gk H 7]

11
Kif
QMEE
24

Clear Cancel

u a4 disr

Selected state Menu button up Select Button Down
(Menu Copy) (Copy)

Menu button up (Menu Paste) Select Button Down (Paste)

29 8.12 o] v] A 9] B}
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22 Sy dHs

A3 =37 W4 button interface, tilt motion interface, hybrid motion in-
terface?] = 3}1}o] Qg F o]~ AZ o Ko} tiled cylindrical layouty} Fisheye
cylindrical layout % 3hipe] ] o] o}--2] 2§ of Ho|c}. Fa1o] 5 WsSo| 4
2] =] o] 9l t}. Pilot experimentA] position tracking motion interface+= clutching
E A 2 213, hybrid motion interface X T} £ X 23 A5 S Ho] Fonz, A

o AFEEH &= W Sl A= A AT AP AAAQA AL 3 == 2 level &
zt= 2 factor within-subject design© 2, 3] A F x}= 7 4.29} 22 6 712 2] AF
AlAds 3 sHA At

=3y Levels
Interface Button interface ‘ Hybrid motion interface | Tilt motion interface
Layout Tiled cylindrical layout ‘ Fisheye cylindrical layout
¥41=9 4
Interface
Button interface | Hybrid motion interface | Tilt motion interface
Lavout
Tiled cylindrical
B TH T
layout
Fisheve
o FB FH FT
cylindrical lavout

#4.26 719 AEF o] 29} g o]opx2o] =9
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A Z+zhe] Q1 E] ¥ o] 2~ & ol A+ zooming 2 47} A 7] = ¢ t}. pilot testo] 23}
A5 L zooming g ©|-§3}7] Hl= & ) zoom outd AE] o A A& 45t
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AP & ASE AY A7, B9 AL 9% o5 A & Do, AR T o~
o] AF837] 1%, AEH o] 28 vj%7] 91, AEH o]~ HEE, AEH o]~
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Sl A S 37 o] A tilt motion?] ©]5 < = = horizontal panning®] 7-¢ 413.19]
A Zrol 1200pixels/radS o) Y 3t 7‘015’_, vertical panning®] 7 -$d 72 2
1536pixels/radS Y3t Frelct skA A13.19 samplingTime? 7} 2%
sampling3}t 2 2, 0.125% o] t}. Panning< = o] ©9] 7} pixels/s7} 5 £ & Z A 51 4]
2 4.10]t}

Velocity of horizontal panning

1200x abs(roll—basisRoll)) x (roll—basisRoll) ; .
0135 (pizels/s)

Velocity of vertical panning

1536 x abs(pitch—basis Pitch) x (pitch—basisPitch) ;.
0T2E (pizels/s)

(4.1)

F&of| ALg3 accelerometer= +1.53rad®] g A2 4 AT A X F /}}FJ]
of Wt AAZ AT 5 d= "= Aol 7 Atk AA roll Fe Ao, H &
2 +1.21rado] Ht} Basis= HU 33 Ha 3 S0 32 Fomg,
3hr}. o] ZHS Al 4.1 th¢) 3t vertical panning?] 3 11 £ %= 1757pixels/s 7}
"k ol WE Y89 F 1 £ % 1800pixels/se} 7H7h-g gholth w7t 2 A A
pitchzte] o) 33 H A k2 ZhzF-1.53rad,0.72rad o) t}. 1 = 7F 7H-2 basisZ 3+
© 9 pitch - basisPitch®] Zte] Hoff, H 4 k2 +£1.12rad”7} Et}. o] & Al4.19] of
{13}, vertical panning?] ] 17 &%= 1927pixels/s7} Et}. o] GA] HE ¢ 9
H 11 £ % 1800pixels/s&} 7}7H-E kol th.

Fisheye Layoutol A4 AF-&-3F o] u] x| =27]9] ¢, 213.35 2]4.29} o] W3}

o}.

ViewDirection - (ImagePosition — ViewPosition)

DotProduct = (|( )|

[ImagePosition| - | ViewPosition)|
ModifiedDotProduct = 10 x (DotProduct — 0.9) if DotProduct > 0.9

ImageSize = Modz'fz'edDotProductmX (ModifiedDot Product)!-* 4.2)
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< Manipulator

CRRIRIor B %

BUTTON_Training_sesssion_(_BROWSE_)

(A)5=3) 2] 27 (B)E3& AR A A

nipulator =l I::i
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o] ! T
.
74 T T
1
6]
@
T 5
£
= 4
3]
2]
1]
ol . : : " :
B TH TT FB FH FT

T:Tiled Cylindrical Layout F: Fisheye Cylindrical Layout
B: Button Interface , H: Hybrid Motion Interface , T: Tilt Motion Interface

Layout Interface Hoak (F) BEHAN=)
Tiled Button 3.1800106 0.56149285
Cylindrical Hybrid Motion 6.8812734 2. 4388042
Layout Tilt Motion 7.3238034 1.6244274
Fisheye Button 3.26244978 0.5342975
Cylindrical Hybrid Mot ion 8.1701486 2.3675H440
Layout Tilt Motion 8.5266817 2.4212651

IH 44 A E CHE AR ti 3 Beked A Ad A7
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] Source | F value P Value |
Layout F(@1,23) =11.53 0.0025
Interface F(2,46) = 84.10 <.0001
Layout*Interface | F(2,46) = 2.92 0.0642
(A) 2-way within subject ANOVA, 72 4% p<0.05
8- I T
1 ;
Tiled Cylindrical Fisheye éylindrical o Button HybridlMo(ion Tilt Mlotion
Layout Interface
(B) SNK Test, +& 122 7o Moz F A, 49 42 p<0.05
£ 44 A E L2 Aol thg Beke-A 43 A ghol] th ek E4k 24
AAE L AR e BekeR 3 A B, 3E 449 24 24

=

, button ¢1E] 5] o]~ 7} hybrid motion 21 €] 5] o] A1} tilt motion
| E9th & 24 g o] A

Zpol= QURTE ERE FlojopR AA] HepeA £ Az ol 3E F3
4

o 3
B Roe e

K
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1600

T
1400 I t
12004 —F T F
§ 1000
[
£ 8004
g 600 -
& 400
200 -
o T T T T T T
B TH T FB FH FT
T:Tiled Cylindrical Layout F: Fisheye Cylindrical Layout
B: Button Interface , H: Hybrid Motion Interface , T: Tilt Motion Interface
Layout Interface gt (Pixel) | EEERHPIxe!)
Tiled Button 1207.42 120. 8696531
Cylindrical Hybrid Mot ion 1471 .88 323.4667048
Layout Tilt Motion 1175.15 177.8883714
Fisheve Button 1187.26 89.7946133
Cylindrical Hybrid Mot ion 144087 214.7745210
Layout Tilt Motion 1201.07 163.8902333

P45 AAE L= Aol i Bk A a3 3 A olF AAY F 2ol

(911

RS LEEE EDE T OEE 8
(A)S] Z2F FA A & = A%, AEH o] 2ol vk F3FS A Th SNK test 2 7K
gho] T} Sl el 5 o] 29} §2] 7 Ao
Wt} o] hybrid motion interface”} 7|t 3t Ax}t= D], A A3 Ao &1
o] A B &} th= AL 9 v gt} Hybrid motion interfaceol] o 3 AF-&x12] A
ol W, ‘gro] EEAT WA= ‘A 222 dt=t EdstbF= Aw

ATt

—_

O iy &t kM

]

=
°|

b
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| Source | F value P Value |
Layout F(1,23) = 0.06 0.8038
Interface F(2,46) = 34.06 <.0001

1600

1400

1200

PathLength(Pixel)

400 -

200

1000

800

600

Layout*Interface | F(2,46) = 0.40

0.6733

(A) 2-way within subject ANOVA, 2] = p<0.05

Tiled Cylindrical
Layout

(B) SNK Test, 22 1

Fisheye Cylindrical

1600

1400

Pathlength(Pixel)

HH

T
Hybrid Motion Tilt Motion
Interface

FeZE Aor A, 79 +F p<0.05
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3.2 A8 FAFA P Aol e nepe Baz 59 A7

3.2.1 2 A7+

16 o T
4] I I
T
124
;
104 T E T
= T
T g
E
E
64—
44
24
0 T T T T T T
B TH T FB FH FT

T:Tiled Cylindrical Layout F: Fisheye Cylindrical Layout
B: Button Interface , H: Hybrid Motion Interface , T: Tilt Motion Interface

Layout Interface "2t (A2 | BEEEAL (AlZD)
Tiled Button 6.0808370 1.6620614
Cylindrical Hybrid Motion 10. 0425143 2.04427158
Layout Tilt Motion 10.6893280 26629527
Fisheye Button 9.5879515 2.9995676
Cylindrical Hybrid Mot ion 13.9202137 3.8663998
Layout Tilt Motion 15.1804130 43622829

IYH 4.6 X E LA -2 Aol st Beke A 3 A] A3 AT

AAE g8l A %+ AR g Bebe A eaa ] dae fAE dEFe
AR} uhR AR 2, QB | o] 29} g o] ofx B 707 FFS FUh !

o] 228 A}§5H
G5 BYAW, = 2R BA e o] 2 Apolo] i 498 xfo] 7 WA HA
oFkth. T3 tiled cylindrical layout©] fisheye cylindrical layout®2 t} St &2
THAN S Hol FAoh ookt AE F o] & Abo] o B & H-2 2 oFA] 2%k

o}.
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] Source \ F value P Value \
Layout F(1,23) = 70.51 <.0001

Interface F(2,46) = 48.61 <.0001
Layout*Interface | F(2,46) = 0.50 0.6117

(A) 2-way within subject ANOVA, 2] == p<0.05

—H

HH

a

Time(s)
o
Time(S)

T
Tiled Cylindrical Fisheye Cylindrical
Layout

T T
Hybrid Motion Tilt Motion
Interface

(B) SNK Test, 22 122 2o Moz %A, 49 42 p<0.05
3H

4.6 A5 L FA 42 ARl the Bepe A 3 A zbol| ti gk 24k #4
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3.2.2 o]F AH F Ao
2000 4
1800 T
T
1600 | ! I 1
__ 1400 I I I
% 1200
g 1000 |
§ 800 -
8 600
400
200
0 T T T T T
T8 ™ T FB FH
T:Tiled Cylindrical Layout F: Fisheye Cylindrical Layout
B: Button Interface , H: Hybrid Motion Interface , T: Tilt Motion Interface
Layout Interface HIGE (Pixel) | E=EAE (Pixel)
Tiled Button 1455.68 381.8858419
Cylindrical Hybrid Motion 1779.78 507.8030686
Layout Tilt Motion 1456.48 AM4.7463430
Fisheyve Button 1607.18 476.0865156
Cylindrical Hybrid Mot ion 1709.93 422 6120121
Layout Tilt Motion 1437.68 34 ,6922511
3 4.7 AAE LY FA g2 AR tig Bepe A Blaa A o]F Al A4
% 7ol
AAE &8 FA &+ 4-7°l=, hybrid motion Q& 3|27} THE B 3 o] &
BTk RS 2 ol% A Kol F3irh 299 layoute] L Gt
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| Source

| F value P Value |

Layout
Interface

Layout*Interface | F(2,46) = 1.75 0.1853

F(1,23) = 0.06 0.8090
F(2,46) = 14.72 <.0001

(A) 2-way within subject ANOVA, 2] = p<0.05

2000

1800

1600

1400

1200

1000

800 4

Path Length(Pixel)

600 4

400

200

Tiled Cylindrical

Layout

(B) SNK Test, & 1%

Fisheye Cylindrical

a

i~
S
3

I
H

Path Length (Pixel)

T T
Button Hybrid Motion Tilt Motion
Interface
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3.3 <QlE]F o] 20 3t HE AT
3.3.1 ClE]Ho]AE A1L3}7] & AT
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Ease of Use (7Scores)

0 T T T T T T
B TH T Fl H FT

T:Tiled Cylindrical Layout F: Fisheye Cylindrical Layout
B: Button Interface , H: Hybrid Motion Interface , T: Tilt Motion Interface

gt BEEEHA

Lavout Interface
(Tscares) (Tscores)
Tiled Button 6.2083333 0.8836272
Cylindrical Hybrid Motion 4 0416667 1.b457984
Layout Tilt Motion 4. 6260000 1.6244274
Fisheye Button 5.5833333 1.0134959
Cylindrical Hybrid Motion 41666667 1.4645571
Layout Tilt Motion 4 0416667 1.3666578

I 4.8 AE}FH )25 AHEE) A2 A=

AE |28 4§37 41 A=) that A8 A3} button AE| o] 27} F
TR B4 AdEsols Br} gy Pk 2ES AUk Ao 2 AHg
7] 41¢ 2ol dlolob Ee 4o L T M E AEH ol Ak ofn] 4}
FEo7] %51, BAs B FAL we 4 o) i Aow Az
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Ease of Use

| Source | F value P Value |

Layout F(1,23) =5.79 0.0245
Interface F(2,46) = 32.76 <.0001
Layout*Interface | F(2,46) = 2.31 0.1104

(A) 2-way within subject ANOVA, 72 % p<0.05

HH
HH

Ease of Use (7Scores)

T h T T
Tiled Cylindrical Fisheye Cylindrical Button Hybrid Motion Tilt Motion
Layout Interface

(B) SNK Test, 2-& 152 22 Moz %4,

_FIJ_
£ 4.8 AH 0|2 E A FI] 4¢ Aol thI B4 BA
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332 AT W7 AL A%

Ease of Learning (7Scores)

—

=

HH

T T
B TH

T
T

T

f 1
T T T
FB FH FT

T:Tiled Cylindrical Layout F: Fisheye Cylindrical Layout
B: Button Interface , H: Hybrid Motion Interface , T: Tilt Motion Interface

gt HEER

Layout Interface
{7scores) (¥scores)
Tiled Button 6.5833333 0.5835921
Cylindrical Hybrid Mot ion 48333333 13406601
Layout Tilt Mation 49583333 1.0826363
Fisheye Button 6.3750000 0. 7596636
Cylindrical Hybrid Mot ion 4. 7916667 1. 4440031
Layout Tilt Motian 48333333 13406601

EEPTREE BRI ER R 15
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EaseofLearning

| Source | F value P Value |

Layout F(1,23) =1.11 0.3020
Interface F(2,46) = 33.38 <.0001
Layout*Interface | F(2,46) = 0.17 0.8417

(A) 2-way within subject ANOVA, 2] = p<0.05

HH

-

T T
Fisheye Cylindrical Button Hybrid Motion Tilt Motion
Layout Interface

Tiled Cylindrical

(B) SNK Test, 22 152 Z2 Moo= A, 79 < p<0.05

£49 JEFA LS w7 A2 Bl hE E4F 24
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3.3.3 QAHH)AE A5 F
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6
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g T il T
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]
c 34
o
2
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o
14
0 T T T T T T
B TH T FB FH FT

T:Tiled Cylindrical Layout F: Fisheye Cylindrical Layout
B: Button Interface , H: Hybrid Motion Interface , T: Tilt Motion Interface

Layout Interface Bk HEHRF
{Tscores) {Tscores)

Tiled Button 5.6250000 1.0134959
Cylindrical Hybrid Mot ion 41260000 1.7523276
Layout Tilt Mation 4 7H16BET 11787670
Fisheye Button 4.8333333 1.2038585
Cylindrical Hybrid Mot ion 4.2083333 1. 4440031
Layout Tilt Motion 4. 4 BBEET 1.6012072

AEIFH o]~ E AT st FEol oA do]oba} AEF o] Aol o] Q1H &)
A o] WA sE o). Tiled cylindrical layout®] 7-$-9j+= button interface, tilt mo-
tion interface , hybrid motion interfaces= & 2 723l A & % 2] X}o] 7} QI A vt
fisheye cylindrical layout®] 7 -%-oll= Al Qg 5] o] 2 Abo]o] AE =9 A}Fo]= {2
3t eksteh. &, Haol 3t dololgol A BE HEE foj7h 2 AL B 4
ATt 3] HE QA o]27} tiled cylindrical layout w2} fisheye cylindrical
layout®] Atojoll Al & zfo] & Hof F3UTh
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] Source | F value P Value |
Layout F(1,23) =3.12  0.0907
Interface F(2,46) = 5.69 0.0062
Layout*Interface | F(2,46) = 3.30 0.0459

(A) 2-Way within subject ANOVA, 2] 4~% p<0.05 , Layout*Interface
Interaction = #j

Button Hybrid Motion Tilt Motion
Source | F(1,23) P Value | F(1,23) P Value | F(1,23) P Value

| Layout | 9.11  0.0061 | 0.10 0.7531 | 1.35  0.2577 |

Tiled Cylindrical | Fisheye Cylindrical
Source | F(2,46) P Value F(2,46) P Value

]Interface\ 8.80 0.0006 \ 1.56 0.2217 \

(B)elE] H| o] 2~ A & % o] t] 3} simple effect,1 way-within subject ANOVA, 2]
= p<0.05

—u— Button
6.5 —e— TiltMotion

HybridMotion
5.5 %
5.0+ }

45

Preference (7Scroes)

4.0

3.5

T T
Tiled Cylindrical Fisheye Cylindrical
Layout

(C)¢1E 3| o] 2 2] AT 5 o] £2)3}= Layouts} Interface Alo] 2] Interaction

H A M

£ 4.10 Qe H o]~ B AT 3}

<

rr

o o
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Intuitiveness(7Scores)

2
|
—
—

B TH 1T B FH FT

F
T:Tiled Cylindrical Layout F:Fisheye Cylindrical Layout
B:Button HM:Hybrid Motion TM:Tilt Motion

gt BEEZ

Layout Interface
(Tscores) (Tscores)
Tiled Button 5. 7894737 1.1342617
Cylindrical Hybrid Motion 4.5789474 1.1697953
Lavout Tilt Motion 5.2631679 1.0457377
Fisheye Buttaon 5. 4210526 1.0173926
Cylindrical Hybrid Motion 4,7368421 1.5217718
Layout Tilt Motion 5.5263158 .6966923

2 411 AEslo] 29 ABAA R

Sl H o] 2] H#HAQl HEof tfst AF Z3Z = button interface®} tilt mo-
tion interface”}, hybrid motion interfaceld t} 2 #Z ol Ao 2 ELY T} o)==
hybrid motion interface7} F 7}2] W419] Qe | o]~ E 2§53 7] wfoll, 2

Aol2] X3 o7 Wl
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Intuitiveness(7Scores)

| Source | F value P Value |
Layout F(1,18) = 0.02 0.8808
Interface F(2,36) =5.19 0.0104

Layout*Interface | F(2,36) = 1.74

0.1898

(A) 2-way within subject ANOVA, 2] = p<0.05

Tiled Cylindrical
Layout

(B) SNK Test, & 152 22 Hog BA, §9 ¢

® 4.11 A o]~

Fisheye Cylindrical

Intuitiveness(7Scores)
P .+ .7

=3
I

=2

-

Button

o 4#A FEof The 24

T
Hybrid Motion Tilt Motion
Interface




N2
m
rhu

51

3.3.5

ATef sl o] 29] 2ol

[e)
28 AR

64 T
T
= | T
£ ¢ = f
7 I I
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R
s ]
14
o T T T T T T
B TH T FB FH FT
T:Tiled Cylindrical Layout F:Fisheye Cylindrical Layout
B:Button HM:Hybrid Motion TM:Tilt Motion
et HE=HEAL
Layout Interface
(Tscores) (Tscores)
Tiled Button 5.8947368 0.9365858
Cylindrical Hybrid Mot fon 3.b263158 1.3480968
Layout Tilt Motion 4.8947368 1.3289401
Fisheye Button 5.1578947 1.1186876
Cylindrical Hybrid Mot ion 4.,0000000 1.7320608
Layvout Tilt Motion 4.8947368 1.3701069

39 412 AJE o] 2] AA AT A=
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A o] A9 AAAHE T st AF Ao A= layoutd} interfaceAl©]
o] oA o] &A)3tA ). Tiled cylindrical layoutol] A+ button interface, tilt
motion interface, hybrid motion interface < © 2 XA~ #Hth= FH-E A A g
fisheye cylindrical layoutol] A1, button interface2} tilt motion interface 7} hybrid
motion interface 2 T} A} A A th= @2 A 9ith o] wl, button interface$} tilt
motion interfaceAlo] o= 2]t x}o] 7} gl ). o] 2o A= tiled cylindrical

layout} button interface®] Z3to] =2 H4E At

3
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] Source | F value P Value |
Layout F(1,18) =0.18 0.6765
Interface F(2,36) = 15.74 <.0.0001
Layout*Interface | F(2,36) = 4.50 0.0180

(A) 2-way within subject ANOVA, 9] 4% p<0.05 , Layout*Interface
A d =

Button Hybrid Motion Tilt Motion
Source | F(1,18) P Value | F(1,18) P Value | F(1,18) P Value

[Layout | 5.20 0.0349 | 3.70 0.0704 | 0.00  1.0000 |

Tiled Cylindrical | Fisheye Cylindrical
Source F(2,36) P Value F(2,36) P Value

| Interface | 29.35  <.0001 | 3.90 0.0294 |

(B)2lE]g o] 2~ 9] AFA A2 A= )3l simple effect,1 way-within subject
ANOVA, (2] 4= p<0.05)

—a— Button
7.0 4 —e— HybridMotion
—4&— TiltMotion

Naturalness(7Scores)
o o o
o (%] o
1 1 1
j

~
o
1
—e—

T T
Tiled Cylindrical Fisheye Cylindrical

Layout

(C)QAE | o] 28] A2 B¢ H & o] £A) 3= Layouty} Interface AFo] <]
Interaction

#4.12 A FH o] 29 AR AEo hE F4 24
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3.3.6 <QEFHo]x9 Au|YE HE
74
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k=X
&
14
o T T T T T T
B ™ T FB FH FT
T:Tiled Cylindrical Layout F:Fisheye Cylindrical Layout
B:Button HM:Hybrid Motion TM:Tilt Motion
Hrgt BEHAL
Layout Interface
{Tscores) {Tscores)
Tiled Button 3.8315789 0.8950808
Cylindrical Hybrid Mot lon 4.,9473684 1.2235506
Layout Tilt Motion 5. 4736842 1.3891813
Fisheye But ton 4.1052632 {1.9365858
Cylindrical Hybrid Mot ion 5.1578947 1.5004873
Layout Tilt Motion 5.5789474 1.1212883
2% 413 JH o]~ AW e A=
AElF o] 29 An Y= Aol tiet AR = BA AEFH o] 2F0] HE QAH
slo]2 Hoh Audtte 28-S @At AFA SA, A Dol AHgSHE FA 2
£ AFE e AYE Yot
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Enjoyment(7Scores)

| Source | F value P Value |
Layout F(1,18) = 2.24 0.1518

Interface F(2,36) = 15.21 <.0001
Layout*Interface | F(2,36) = 0.59 0.5612

(A) 2-way within subject ANOVA, 2] = p<0.05

Enjoyment(7Scores)
HH

Tiled Cylindrical Fisheye Cylindrical Hybrid Motion Tilt Motion

Layout Interface

(B) SNK Test, 22 152 Z2 Moo= A, 79 < p<0.05
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3.4 @lolohzel gt 4¥ A3t
3.4.1 #olo}2e AFele A%

6
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— 59 T T
3 T
8 I
3 4]
2 T T T
3 T
c 34
o
8
o 2
o
14
0 T T T T T T
B TH T FB FH FT

T:Tiled Cylindrical Layout F: Fisheye Cylindrical Layout
B: Button Interface , H: Hybrid Motion Interface , T: Tilt Motion Interface

gt BEHA

Layout Interface
{Tscores) {Tscores)
Tiled Buttaon 5.333838333 1.0072203
Cylindrical Hybrid Motion 5,0833333 0.8286112
Layout Tilt Motion 4.7500000 1.1515585
Fisheye Button 3.6250000 1.bbh1467
Cylindrical Hybrid Motion 3.9583333 1.6b44845
Layout Tilt Motion 3.6BBEEET 1.4039282

I 414 fojokrg Aese A

Tiled cylindrical layout X t} fisheye cylindrical layoutS X5 dl+= 235 42
t}. A Y AE2L fisheye cylindrical layouts ‘oJ A Ho¥, 285 27|17} »F Zof
2}al A5kt
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Preference(7Scores)

| Source | F value P Value |
Layout F@1,23) =18.26 0.0003
Interface F(2,46) = 1.80 0.1761

Layout*Interface | F(2,46) = 1.85 0.1685

(A) 2-way within subject ANOVA, 2] = p<0.05

o
1

o
I

~
1

HH
Preference
w
!

N
1

T
Tiled Cylindrical Fisheye Cylindrical

Layout

Button Hybrid Motion Tilt Motion

Interface

(B) SNK Test, 22 152 &2 Moo= A, 79 < p<0.05
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B TH ™ FB FH FT
T:Tiled Cylindrical Layout F:Fisheye Cylindrical Layout
B:Button HM:Hybrid Motion TM:Tilt Motion
gt HEHEA}
Layout Interface
(Tscores) (Tscores)
Tiled Button 5.3157895 1.1572300
Cylindrical Hybrid Motion 5.10b2632 1.0435300
Layout Tit Motion 5.2105263 1.2727463
Fisheyve Button 4, 7894737 1,084 760
Cylindrical Hybrid Mot ion 4.3473684 10787691
Layout Tilt Motion 4.,3473684 1.0258764
2% 4.15 #ojobx o] HAHA A=
A QA AE o= F gl o] ok Abofof Aol 7} Lt



Intuitiveness(7Scores)

Y AN U EE 59
| Source | F value P Value |
Layout F(1,18) =1.01 0.3275
Interface F(2,36) = 0.19 0.8266
Layout*Interface | F(2,18) = 0.82 0.4476

(A) 2-way within subject ANOVA, 2] == p<0.05

Intuitiveness(7Scores)

Tiled Cylindrical Fisheye Cylindrical Hybrid Motion Tilt Motion

Layout Interface
(B) SNK Test, 22 252 22 Moz FA], 79 &% p<0.05

£ 4.15 Fojo} 0] ABAA FEol e H4b B A
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T:Tiled Cylindrical Layout F:Fisheye Cylindrical Layout
B:Button HM:Hybrid Motion TM:Tilt Motion
gt EEHAL
Layout Interface
{7scores) (7scores)
Tiled Buttan 5.5263158 1.1722822
Cylindrical Hybrid Motion 5.0b26316 1.2235508
Layout Tilt Motion 5. 1062632 1.2864567
Fisheye Button 44210526 1.3464269
Cylindrical Hybrid Motion 4.5263158 1.5043796
Layout Tilt Motion 4.6842105 1.2042803
3% 4.16 gl ojolxo] AAEE AR Jf =
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Naturalness(7Scores)

| Source | F value P Value |
Layout F(1,18) =3.18 0.0914
Interface F(2,36) =0.97 0.3879

Layout*Interface | F(2,36) =2.10 0.1370

(A) 2-way within subject ANOVA, 2] == p<0.05

Tiled Cylindrical
Layout

(B) SNK Test, 2+-< 1

Fisheye Cylindrical

Naturalness(7Scores)

Hybrid Motion Tilt Motion
Interface

e e Mow HA, 9 5% p<0.05
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n 5+ T 1 I
I T T
8 . T
g t
£ s
& ,]
14
0 T T T T T T
B TH T FB FH FT
T:Tiled Cylindrical Layout F:Fisheye Cylindrical Layout
B:Button HM:Hybrid Motion TM:Tilt Motion
el HE=HA
Layout Interface
{Tscores) (Tscores)
Tiled But ton 3.6316789 11160708
Cylindrical Hybrid Motion 4,1052632 0.3941345
Layout Tilt Motiaon 4.5789474 1.2163602
Fisheye But ton 4. 8947368 1.1496249
Cylindrical Hybrid Motion 5.31578%% 1.2932574
Layout Tilt Motion 5.1052632 1.1969747

29 4.17 Fololxe] AuYdE= AE

gl o] opg-2] A u] Q= A = o ul st A -Fof A= layout¥} intefaceAlo] 2] Q1€ 2 A
o] Z7) 35} t}. Button interface2} hybrid motion interfaceol] A]+= fisheye cylin-

drical layouto] © A=) ¢l 1, tiled motion interface’} @ A n| Y+ AHAE HAAF

%A 2 tilt motion interfaceE ©]&& uwlj = & o] o} 2] J o]

AT
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| Source | F value P Value |
Layout F(1,18) =8.19 0.0104
Interface F(2,36) = 9.00 0.0007
Layout*Interface | F(2,36) = 4.40 0.0195

(A) 2-way within subject ANOVA, 9] 4% p<0.05 , Layout*Interface
A A &4

Button Hybrid Motion Tilt Motion
Source | F(1,18) P Value | F(1,18) P Value | F(1,18) P Value
| Layout | 12.49 0.0024 | 12.80 0.0022 | 138  0.2557 |
Tiled Cylindrical | Fisheye Cylindrical
Source F(2,36) P Value F(2,36) P Value
] Interface \ 10.36 0.0003 \ 2.46 0.0995 \

(B)d| o] o}2-2] A 1| Q1= A % of th 3t simple effect,1 way-within subject
ANOVA, (5-9] 222 p<0.05)

(€)@l o] o] Ajm] =

& 417 # o] o}9] Avl Q= Fwol ]

Enjoyment
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o o o °
1 1 1 1
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3.5

—a— Button
—e— HybridMotion
—4— TiltMotion

T
Tiled Cylindrical

T
Fisheye Cylindrical
Layout

<

A

A
A

2

=]
(AN

o] £7)3}+= Layoutd} Interface A}¢] 2] Interaction
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Aei o] 28} #lojopx o] X3t Uit HE 23
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74
64
7 %
g I I t I T
» 4 T I
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ks
2 24
&
14
0 T T T T T T
B TH T FB FH FT
T:Tiled Cylindrical Layout F:Fisheye Cylindrical Layout
B:Button HM:Hybrid Motion TM:Tilt Motion
gk BEEHEA
Lavout Interface
(Tscores) {Tscores)
Tiled Button 6. 4166667 0.5835921
Cylindrical Hybrid Mot ion 4 4166667 1.3486440
Layout Tilt Motion 4 Ba16667 1 A7E7ETD
Fisheve Button 45000000 1.3013278
Cylindrical Hybrid Mot ion 4. 1666667 1.7610932
Layout Tilt Motian 4. 1666667 1.4645571

3% 4.18 <l E]H o] 29} Ho] o} 9] ZFo] AFEFLY]

AE | o] 28} & o]op8] o] AMRELY] 4%
cylindrical layout=} button interface®] Z3to] 7173 AFR- 517 o+
t}. o}& 2 E 3 X} button interface®} tiled cylindrical layoute] %

Ag37) Aeke A9hE ATk uvA 285

e A=
BEo] that 2o At tiled
482 99
ol 743

Apolol A= fre) & 2Fe] 7} ¢l oAk
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] Source | F value P Value |
Layout F(1,23) = 15.92 0.0006
Interface F(2,46) = 16.03 <.0001
Layout*Interface | F(2,46) = 10.65 0.0002

Interaction &)

(A) 2-Way within subject ANOVA, -72] % p<0.05, Layout*Interface

Button Hybrid Motion Tilt Motion
Source | F(1,23) P Value | F(1,23) P Value | F(1,23) P Value
]Layout\ 42,39 <.0001 \ 0.66 0.4259 \ 1.22 0.2808 \
Tiled Cylindrical | Fisheye Cylindrical
Source | F(2,46) P Value F(2,46) P Value
| Interface | 29.85  <.0001 | 0.71 0.4967 |

(B)AE 3| o] 28} & o] o} 9] 2 FFo] AR-E17] 412 A = ol th & simple effect,1
way-within subject ANOVA, 2] == p<0.05

—a— Button
—e— HybridMotion
—A— TiltMotion

7.0

6.54

6.0+

Ease of Use

>
o
1

4.0

35

T T
Tiled Cylindrical Fisheye Cylindrical

Layout

(C)YAE | o] 28} & o] o} -] Z3FFo] AR-317] 4] H ol £A) 8= Layout}
Interface AF©] 9] Interaction

A

# 4.18 A E o] 28} FloJohRo] 7ol ARG 412 A=l th e EAt A
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T:Tiled Cylindrical Layout F:Fisheye Cylindrical Layout
B:Button HM:Hybrid Motion TM:Tilt Motion
ot HEEEA
Layout [nterface
{Tscores) {Tscores)
Tiled Button 5. 7hooooo 1.0320937
Cylindrical Hybrid Motion 4.2085333 1.6412924
Layout Tilt Motion 47083333 1.3014763
Fisheye Button 3.8333833 1.1671842
Cylindrical Hybrid Mot ion 4.0000000 1.5603790
Layout Tilt Motion 42083333 1.6934443

2% 419 AE 5 o] 29} oo} o] 2

AE | o] 28} oot 23 AT o= Aol thsh A+
drical layout} button interface2] A
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] Source | F value P Value |
Layout F(@1,23) =12.05 0.0021
Interface F(2,46) = 3.48 0.0391
Layout*Interface | F(2,46) = 10.41 0.0002

(A) 2-Way within subject ANOVA, -72] % p<0.05, Layout*Interface
Interaction &)

Button Hybrid Motion Tilt Motion
Source | F(1,23) P Value | F(1,23) P Value | F(1,23) P Value

]Layout\ 29.04 <.0001 \ 0.46 0.5039 \ 1.92 0.1795 \

Tiled Cylindrical | Fisheye Cylindrical
Source | F(2,46) P Value F(2,46) P Value

| Interface | 9.90 0.0003 | 0.77 0.4668 |

(B)QlE] | o] 29} g o] o}2-9] 2¥HE Al F 3= A= tl s simple effect,1
way-within subject ANOVA, 2] == p<0.05

—a— Button
6.0 - —e— HybridMotion
—4&— TiltMotion

& o o
2] o o
1 1 1

Preference(7Scores)

>
o
1

35

T T
Tiled Cylindrical Fisheye Cylindrical
Layout

(C)olE] | o] 28} g o] o} Z3E Al T dl= A= £4)3F+= Layouts}
Interface AF©] 9] Interaction

£ 419 A6 0] 2} Fojob o] 2FE NEFHE Awo| o AL #A
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353 QlE|slo] g} dlojol o] xite] HAHA AE
74
6
- I I
8 s T T T
Ik I
g ]
14
0 T T T T T T
8 TH ™ FB FH FT
T:Tiled Cylindrical Layout F:Fisheye Cylindrical Layout
B:Button HM:Hybrid Motion TM:Tilt Motion
oyt HEHEAL
Layout Interface
{7scores) (Tscores)
Tlled Button 5.4210526 1.5024347
Cylindrical Hybrid Motion 4.6315789 1.0651305
Layout Tilt Motiaon 4.7804737 1.2727463
Fisheye Button 5.0b26316 0.8112680
Cylindrical Hybrid Motion 4.5789474 1.7421503
Layout Tilt Motion 5.1062632 1.1496243
39 4.20 AEj | o] 28} Flojobx o] 2 gte] A A A= T =
AE s o] 28} o] of-9] o] A AAQ Ao thet dEoA= BE 3=

Aol o A -2 & Aol 74 WA )
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| Source | F value P Value |
Layout F(1,18) = 0.02 0.8786
Interface F(2,36) = 2.88 0.0689
Layout*Interface | F(2,36) = 1.28 0.2916

(A) 2-way within subject ANOVA, 2] =& p<0.05

Intuitiveness(7Scores)

Tiled Cylindrical
Layout

(B) SNK Test, 2 1

F 4.20 AE)H o] 29} Ho] o} o] Zgto] A 7A

Fisheye Cylindrical

Intuitiveness(7Scores)

Hybrid Motion Tilt Motion
Interface
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T:Tiled Cylindrical Layout F:Fisheye Cylindrical Layout
B:Button HM:Hybrid Motion TM:Tilt Motion
Hgt BE=HA
Layout Interface
(Tscores) {Tscores)
Tiled Button 5. 7894737 1.3b72418
Cylindrical Hybrid Motion 3.8421053 1.1672931
Layout Tilt Motion 4.7894737 1.2727463
Fisheye Button 4.5789474 0.9612370
Cylindrical Hybrid Motion 3.7894737 1.4749368
Layout Tilt Motion 4.7368421 1.4079972

[
&
(&

29 4.21 AEH o] 28} F oo} 2Eo] AFA Y-

AE | o] 29} | o] of2- 0] ZF}o] AAL B2 A Fo| M =, tiled cylin-
drical layout®} button interface®] Z3}o] 717 A2 7t &2 2 3ltt Tiled
cylindrical layoutol] A]+= button interface, tilt motion interface, hybrid motion
interfacess 0 2 A A A2 F =9 Aol 7} ) glo 1, fisheye cylindrical layoute]
A= button interface2} tilt motion interface7} H]$23F A £ 9] A A &S H o]

Z 9 11, hybrid motion interface”} 7} 2 ApA A~ H A5 Ho] ).
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] Source | F value P Value |
Layout F(1,18) = 2.21 0.1546
Interface F(2,36) = 16.00 <.0001
Layout*Interface | F(2,36) = 7.33 0.0021

(A) 2-Way within subject ANOVA, -72] % p<0.05, Layout*Interface
Interaction &)

Button Hybrid Motion Tilt Motion
Source | F(1,18) P Value | F(1,18) P Value | F(1,18) P Value

]Layout\ 11.10  0.0037 \ 0.04 0.8534 \ 0.02 0.9005 \

Tiled Cylindrical | Fisheye Cylindrical
Source | F(2,36) P Value F(2,36) P Value

| Interface | 17.39  <.0001 | 6.90 0.0029 |

way-within subject ANOVA, 2] == p<0.05

—=— Button
6.5 —e— HybridMotion
—A— TiltMotion

6.0

554

5.0+

45

Naturalness(7Scores)

4.0

3.54

3.0

T T
Tiled Cylindrical Fisheye Cylindrical
Layout

(C)QE] | o] 28} g o] o} ZFo] AAA 2B H & EX) 3t Layouts}
Interface AF©] 9] Interaction
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T:Tiled Cylindrical Layout F:Fisheye Cylindrical Layout
B:Button HM:Hybrid Motion TM:Tilt Motion
gt HEHA
Layout Interface
(Fscores) (7scores)
Tiled Button 3.84210853 1.2586865
Cylindrical Hybrid Motion 4.4210526 1.30456131
Layout Tilt Mation 5.1578947 1.46208838
Fisheye But ton 4.7894737 1.0316625
Cylindrical Hybrid Motion 4.8473684 1.4700666
Layout Tilt Motion 5.5263158 1.389181

29 4.22 AE T 0] 29} A olobe] o] An| Yt A= e

[t

OlE] H o] A2} d o]ol22] Z3to] AnYE AX o thdl A= tiled cylindrical
layout X t} fisheye cylindrical layout©], button interface 2 t}= F 24 Q€ 3
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Enjoyment(7Scores)

| Source | F value P Value |
Layout F(1,18) = 4.87 0.0406
Interface F(2,36) = 6.40 0.0042

Layout*Interface | F(2,36) = 0.98 0.3856

(A) 2-way within subject ANOVA, 72| 4% p<0.05

o
HH

-
En

Enjoyment(7Scores)

T
Tiled Cylindrical Fisheye Cylindrical

Layout

(B) SNK Test, & 1%

T T
Hybrid Motion Tilt Motion
Interface
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Zz3t TB|TH |TT | FB | FH | FT
gx= gz Ao 216 |2 2 1|2
] =74%| 0 0| 2|1 2 1

93t A1(p<0.05) A& 4= 7 LA e

¥4.230) wp= 1, & 24 o] AFR X} = tiled cylindrical layout} hybrid motion
interface®] 231 A9 312, 2 B o)3he] A3} who] frold AW B S Bt
314 tiled cylindrical layout} hybrid motion interface®] Z o] 3o = 24 ©
% 6 4o A3 vho] o3t Ay AP Btk

AnH oz Apgate] S8 Aol A Erlo]d o EE BN A Rskey. & o
£ 3 717 ke Ealold oM =o)L, I v} o) ake] 71 Eelold o] H =)

2A% 7Hs 4o Yk,
37 EE

A3} A © 2 button interface®] AF-&-A] o] motion interfaceE Et} £9ko 1, tiled

layouto] fisheye layout® o} £ AH-8-/49 A5 ATt W2 45 AP

button interfaceol] A2t z+ Q| F o] 2o A W@ 5= Q= H 1 £ o) 7p7te o

3} 311, motion interfaceo| A= £t H4Aola A Ad] 22 o=
i
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face?] A Z o} Al Ao 71 BA o7 BEA7F IV wjEoz Ak v & 2

v 2 o] FojA S 9138 A<= inertial sensing©] & 314 o] 2] gk, A8 A o] = of =
S WA 7= gl HAtta Bk £9 AFA e BA A 7l
5

= U
1sk QA o] At} 1 9o, tilt motion interface®] 7% transfer func-
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function & & ¥ o] Z7}etA] g2 3¢ vhE AFE S 2 JA] FAIZFH ATk A7
st

=3} button interface A4 A5
2le g Cooper[26]9] A Ao A & A ~
presentation ¥ t}, fixed presentation©] © &
ton interface?] 7% fixed presentationol] 7} A
moving presentation®l 7}t weba] A& 2Fe] o] m] x| ¢14lo] &1 4]-¢ button
interface”’} t] £2 A5 42 4 At} BA QAEH o] 2o A &, fixed presenta-
tionol] 7}7}-# presentation RS AHE& S o YT ST 23H < o|w] A Bty
A5 vs g S Aoleta A Zeith

¢H3 fisheye layoute] o W A5 42 Zo dojia+= FoX H
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2 AR A= dAY A2 O Fotets B4 A S Btk ZHEoA o
= ATgA =0 3t tiled layouto] obd 7-$-<l button interfaceol] th3t A&
= o2 Qe H oAt ¥ o] S Holx ¢kttt Tiled layouto] ofy A, &1
2314 2l layouto] &) g, motion interface’t £ A% W 5 & 74
o]

2 5

ARGARR BE QL slew F 7Pg g B Qo]0 FA O thE B
o] Atk thFEY AL AFE ©] Z3} o7 T35S S 4313 3L, motion interfaceE At
£33 Ao 20 thd A7} B Z T} motion interface At Aol 2E 3} &8 o)
e 2 Zole dHF ol EAE Fs] avk Azdn o] B2 A
9] <l CPU powerE £ 3F+ vision sensings X 7|34 ok o A& 4= gl
S g} 2t} 8- gk mobile 7] 71¢] computing power= A& S7FskA o g
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o 1

A2 T2 252 2guttie] &4 o] A w, tiled layout} button inter-
face?] A5 AT EE FEH7A JRFo| At 2449 oW x| Hel Ao A=
motion interface 2.t} button interface’} o] 328 A& H o] Zt} o]= 2 A 9H
Fol~E T8l €2 U AdL# 2 UH P4 v Bk U, proprioception®] &
of RAAU, o152 =&o] o]uA Hep A A A oA R T AIARRE
th 53] 71271 € ©]-83 B F o]~ Kt spatialdt £ 2 o] 8 F =, TEID
A o] 27 H Y A5 HoE o] o] 7ol B &= Aol 228,
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= @AY X Ej 2T 7} overviewH Th= detailo] 583 EjAF o7 jF o E
73 2+ ). 3HA| g, fisheye layout®] 2 23t parameter 27 o] o] Fo] XA ¢Sk
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= 7He 3= AT ek @A A9 2 Ao 77k #l o] ok o] ok e, 2.5
WA= 3x-g el 717k @ o] o} ol A 3 XY motion interfaceS AM-§-3HThH, £ 4
2AE L9 7hedol =k

Motion interfacex[A| 2] A1E]| A3} s G A1 7F AATES ALolA ] B
P-AE o] F7] A= AF AT A E7 =2 3D motion interface7} A1)
= ojof 3t} 7F5Al o] Y= QA E H o)A =9, IR range sensor”} it} IR range
sensor+ inertial sensing©] o}u A 9k, AFR-R}2} 7] 7] Alolo] ARE A o A&
T Atk oA A2 AR} 717] Atole] Agl= 1D translationo 2 HFE ¢
Ut} IR range sensor= A1 F A3} 4= 7 AE3] =orn=w, 2utd 717 E 93t
<% 3l 3D motion interface®] K2 A& o] 7158 Aol A ZHT}. T3 gyro
sensor®] F-¢-%= o 2l7t A= d4E A3 Lz EQ o] Al Wy oli} 3 axis
acelerometer?] Ao 7] T2 wofx AT 4~ 9}, £33 9 3D motion
interfaceZ A&E 7}5 A o] 9t} o] IR range sensor®} gyro sensors o] |22
motion interfaceE ©]-&3}o], 3D layoutZF ol A2 AF2A H7ME S8 2R 7F 9
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