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##4971479621 : MAJOR SCIENCE

COMPUTE

order to create a Jre : ';:'-‘ 3'ta) gesign by using 3D model.
Although therg#life mighy/3 0gras &l theprésahi, & ,inBinterface is still mouse
and keyboard whi .I or 6 th K | :
not intuitive to manipyffie / 8lia 08l As the input device receives
: X \

ditional

only 2 degrees n' _' ‘\ e to operate their task. This

might be the causesj 30 mo jgitaWifficult and take a lot of time.

Therefore the design is fr_ Ching in a paper or making a physical

model. Then designg nsform ‘it into 3L : is research tries to solve this

problem by pieopesing-intuitive-interfac il§ 1@ control and modify

3D object. Mg ip
e | —

object only byﬂuing O rotatina input devies ﬂnclusiuq&is report supposes that

this interface will ?wde easier and faster rnamnd for designing in the conceptual stage

ﬂﬂU’JWﬂ'ﬂi‘WMﬂ‘i
q WJJ a3n30 Nlﬂ&:&ﬂﬂm
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Chapter |
Introduction

*&#

1.1 Background and Statem
Most 3D appli ..;__m., 9 .é(; only mou ﬂrd interface for creating and

erface is difficult for user to

-

additional steps to do to
such as if they want to
rotate 3D object j " . afate and select the axis
between x and y thefPr F 0 0N i 1on teps interrupt the flow of task
while designer: ing. ret » o these additional steps
and take a time longlr hein ifEnbe b ioiinish thei he result of this interface,
most designers l i8fs refuse to-use-co : f"*,__ esigh tool. They only use 3D
digital to visualize o p ‘ W The prefe . pen and paper interface to
sketch or 3d paper p _, ‘,:'r--—---=---.4-,—;' geir fgibdel to be digital. The poor 3D
model interface using mou$S Ad-—keybo e not only making design task more

difficult. Furthermore thisi{ee

digital objeé) gzz

hinking on how they modify 3D
( I':QD input interface to
i IS Iqlir thinking to create
their work rath !ﬂ‘ an thi in digit' || In addition, simple and

inexpensive equments will be used in this project, for example, USB Bluetooth

RN (1) kh L Rlik

e objective of this project |s‘0 create a 3D tool WhICh supports 3D mput evice

IR NIWAMIINYINY

Wiimote does not provide key to input value like a keyboard and it is controlled by

movement. Thus we will not address in accuracy issue in this system. In addition, this

tool should be easy to use and inexpensive. As a result of using this interface, users



should perform their tasks better in term of time. If we can reduce time to complete task
and user satisfies to use our tool, we should reduce the process of design by encourage

\\

users to use 3D digital tool in prel

1.3 Project Scope

e to control 3D object

2. ight line and project it

O pieces
3 e 3D objects by using the
4, USB Bluetooth adapter
5. j D 50ftwa \ __ g mouse and keyboard
6. ' system d* . : : R2ndhnoMiipree feedback
7. Observin qa alé\ systen &t sk for users to perform in

this system y

1.4 Research Procedures ———
_, e Aad |
e -W
1. S@ re D, Lf?‘ interface and
A )
ta e r
il i
2. StudyZBxistig ot
I il
3. StudMe method to connect Wiimote to computer I

Study thd'lw and language to use”ﬂs report

AUHINENINEINT..

position and orientation of@) digital model

N1 AR IANYTA Y

8. Analyze the strength and weakness of this interface while users perform their

task



9. Study the behavior of users who use the system of this research

10. Evaluate and propose future development
\Wirs4 .
1.5 Expected Benefits *\ | ;/

1. Create a@h is i‘litive@oyable to use
2. 3D ian ysten shaglebs

erform better in term of

B—
T " g ™
i ,-:.i-j‘- ﬂ-&

P R T o h -
e e -

75 7
i "‘f" Fa

AUINENINYINS
RIAINTUNRIINYIAE



Chapter I

Related Theories and Literature Review
\‘; y/
utér mteﬁctlo@der than just designing an

2.1 Related Theories
2.1.1 Human Comipu

The term of humiarrcomput

e —
interface since 1W Is all-aspe s Whtelagiglate,to the interaction between

them.” The intim J £\ e !y BAComputer Aid Design has
employed HOP '! 4 , I‘ age O diiav etcMpad which was Ivan
Sutherland PhD . is if o | Il"Hl o t using light pen [2]. At
present, much of ¢ e‘n‘:‘- chiidlogy “is “based. o "g tem. Along the history of

\l

development, the i erfa : bec' ! al to "‘. itham the past. From light pen to

mouse, then stylus of arly f;-_-w L' T te . e employ gesture recognition,
speech recognition, tanglbl inte --“"- gle eality technology. Many researches
utilize thes.Aipro ance CAD cffecjive for designer to use
because d&sieErS—SHOUODErOr Uy 10— EXDIOT et =twdking in conceptual
design. Inp i i'v» Ca-h O this change. In this
section, we wHIlH iew some of input hardware technology wh is used to be interface

in many systems. ‘

ﬂumwamwmm

ormally devices which use 0 communicate Wlth computer are called input

IR ITNIR ANy

choose input device should following these aspects. The first issue is to match
physiological and psychological characteristics of users. The second issue is

appropriate with the task that users perform. For example, drawing system should use



input device that support free movement to create form. In contrast, to select menu or

option, the input device should be discrete movement device. The third issue is that the
input device is expected to suitab d work and environment. The condition to
accomplish task often di , endmg on the environment and

speech input device to control

system, the envirogg ol , ' ise. Input devices can be

divided by the n be classified into two

categories [3]. T such as keyboard or

using speech reco it , e et ypoint and select object in

1 ensi ofiiputy& . First is one dimension

! 1
-y L %
3

input such as keybg@ird. herentry.of -this fa A S¥icxt. Second is 2D pointing

device. These dewces" e to ce @ on the screen by synchronize

with the location of m@ ing he nc and.” 10 'I ! tr mouse which is indirect input

device. It controls cursor b

.-

2D planar. This device can lift up

and chan ositi s an : ™ ce is limited. It is

however, nqt iaeiti [ 2 9deV|Ce is joystick. It
L’

uses rotation asily control cursor by

ofwo a v er
|
this method, itdg difficult to use it for drawing task. This is the‘Eme as track ball which

users control pos‘o turning knob. On t ther hand, there are also 3D input

Fubanininpng -

mouse allows users to contr‘by sensing six paaeters which are posm

ARTRNMIWAATIN 418 Y



Figure 2 Source? e Hand Form

Generatig

The SpaceMouse . SE )", contrc C ract™with 3D graphic objects. By

glposition and orientation

Figure 3 Sourcﬁ}iniz - Sign F—’ﬁ Hand Form
WL i
Generation. University College London, 2003.

Fig ougce, Thalf .Introduction_to | Environments. Computer Graphics
Ldb. Bwiss Fedef! 188 th olog¥. 8 ii s
The Flock of Birds ® and (e Nest of Birds @=ffom Ascension Tecfugy

YL GUR k1 LI Rie) 141

in 3D space. These devices employ magnetic sensor to sensing data so it is sensitive to

metal. The advantage of this system is the precise in position and orientation.



Nevertheless, its weakness is the cost of this system which is more than 200,000 baht

for two sensors flock of bird Conﬂguratlon (Figure 3).

Data glove is a glove worn hich user can grasp and move to interact
with virtual objects (Figure 1) Sens %/ via cables to interface board near

ethod, hand and finger position

am—— A
such as head-m ey jec e strength of data glove

is its precise and:jni# tgel By Psig he ap Meltakiowever, its weakness is

From thes " of fisiglg Se 10 el\hcrelere many projects try
to solve this problegn. ' ‘r t can bekcat o_" 2d into two groups. The
first group is in Sectio ) 2. [ o ual eality and sensor to

3 -\'.\ 4 Mhis group based on image

2.2.1 Surface DraW| fg;‘: .’ Org apes with the Hand and Tangible

Tool -ﬁm il » E

=
This grofte Hare

in semi-immersive

virtual envir e 3d virtual object that
ll

users create, augmented in the real world. There are maﬂtools for creating and

interacting with 3? el. The first is the gI eg user wears glove and presses the

ﬂiﬁﬂ”ﬁiﬂﬂﬂ‘i NHInNg

from cone. Users can activate thlitool by squeezing | en it will remove 3d ob ctas

ammﬂ‘smwwwma d



Figure 5 Glove

Figure 8 Magnet

to draw surface Drawing to modify

3d model
Figure 5-8 Source: : Creating organic 3d

shapes with 2001.

F|gum9 ource: Schkolne 'S, Ishil H. Schroeder angl Ie+ VIrtuaI a flexible 3d

interface for spatial Consﬁcnon applied to A. California Instl

ARTRNIEN U1INYIA Y

This project is similar to the first project but it is designed for helping research in
molecular biology to construct DNA [7]. There are many physical tools that are used in

this project. First, is a ray gun which is used for picking point in space. It is modified



from toy but, it is inserted motion tracker and sensor button to activate this tool. As
construction DNA needs to be precise selection within a dense volume such as user

wants to draw bond between bas BN urpose of this tool can compare with

gluing object. Second, is.2“giD i#" fg# controlling 3D location. In addition,
users are able to creatc\aRGCIRENA | AQot” TSt one is tongs which is used for

al transformed and scaled

Figure 10 @rip tq Figure 12 Ray gun
Figure 10-12 SourcalfSck N “oede PATAn8ible+ virtual = a flexible 3d
interface for (gffbtial = it icd tolDNA. California Institute of

Technology, 2002.

Advantages of th

o UD9ELs SE SYS

it | | —
| | .
. TeoMques for creating 3D model’in these system-‘@ easily and natural to

ﬂmmmmw g1n73

- The equipments which ai used in this group are not available in ordmary

ARIRNATN AWIANYIAY

+ ltis not convenient for users to wear HMD (Head Mounted Display) and Data

Glove for a long time.
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There are many advantages of these interfaces because all of these interfaces
employ tangible tool and hand to be an input device. These decrease a lot of learning

period to create 3D model for usery

Furthermore, user can enjoy«ihtuliV&N ¢ ;/d- anipulating 3D model. However,
all of these tools have "Wite %to control and manipulate 3D

ng with keyboard and mouse input interface.

Figure 13 An Approac_ --s-!-!:;‘::::- 51gn Free Hand Form Generation
Figure 13 Source: Diqi N~Bran D Digital Design Free Hand

idMal Conference on

This project ?Oposes free hand drawmg interface to draw 3D surface [8]. It uses

AUl INYNINBINT

s are used to track the posmon of LED’s. One web camera is for tracking

ammrimwﬁmﬁaﬂ



1"

2.2.4 Tangible 3D: Imrr “';""""!“': Mg through Hand Gesture Interaction

_ :‘ '

ﬂug L N9
QRO T I T e A ¢

Figure 16 Source: Kim H., Albuguerque G., Havemann S., Fellner D.W. Tangible 3D:
Immersive 3D Modeling through Hand Gesture Interaction. Computer Graphics

Forum, 2005.
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This research also solved the wire problem which happened in surface drawing

project by employing bare hand to be an interface [9]. However, users have to mark

their hand by wearing four fin les which are made from white paper.

Stereographic is used to. s, wear a polarized glass which is
covered by white papje i ' is system composes of screen,

nd white paper.

Figure 17 Tangiblg D, Sy tem e ,?; et (@) back \»s on screen, (b) two projectors

N

for passive stereo, (c) W€er | J';,:.J,._g i,-u, B imMed polarized glasses and fingertip

markers (d) a black light
Figure 17 Source: i H.~Albuquerqde &S, Fe Eer D.W. Tangible 3D:

. Computer Graphics

b R
I I

Users can i |t|ve manlpulate 3D object usmg their gesture. Each posture of finger

ﬁumwmwmm
Q\W’]Mﬂ‘iﬂJﬁJWl’Jﬂmﬂﬂ
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and rotate

LO

o

Figure 18 Source: JHu G\ Neven K'A‘_ Fellner D.W. Tangible 3D:

oy
teraétion. Computer Graphics

Advantages gffthe s€cofid gro P

« Users spgid a il e system
L/

o t
«  TechniGues flr creatinga! : » e stem are easily and natural to
= - . L1
use ! ‘ diard

Users are enjoyableie

-;;v-

A

Eﬁp b )Is which 'c‘t@ easy to find and
k —_— = o/

«  Inpulagle
Disadvantages of the second group

. Unllke‘eﬁgroup it is not immengiv system

AUEING NINMNT-

*  Only one user can mtera‘wnh the system b use the limitation of tr

ammmmumqwmaﬂ

In brief, All of these project try to create intuitive interface for 3D modeling.

Surface Drawing and A Fiexible 3D interface for Spatial Construction Applied to DNA
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have wire problem so users may not convenient to move or rotate around to interact with
3D objects. In Freehand Form Generation and Tangible 3D solve wire problem.

Moreover they used ordinary t

re not expensive and easily to find in

computer store.

ﬂﬂﬂ??ﬂﬂﬂﬁﬂﬂ’mi
RIINTU UM INYIAY



Chapter Il

Methodology

A

y ¥ Fv -
/ t o
The conceplfof researchawill
[} r ; o -

| the 1080 ‘ahoullising 3D input to roughly

create and modify r‘ﬂ ol Therefore Ve tolb 3D system which receives

-

T

input from Wiimote? h;é. put devieershou ol and modify 3D object by

translating, rotating, s@&ling ,':: T ,ﬁﬁ

- w3 . " -
re fi'{f =f;§€7 -------------------------------

Crangog » -
— Position and Oriontaton olu poskion of
maed oliimots = el
. . ‘Ilal-
[ 8 |-
.. 4 |
¥ AR o B — o BN J
— 4 " Ricate
Changeg Rotaton or comeman
o Folding

IURIINHIA Y

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 20 System Overview to manipulate Object
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In order to implement this system, we require two significant parts which are hardware
and software. The software part is closely related to the interface of the system as it will

manage the input to control 3D obj

' 3l parts are completed, we will evaluate our
system comparing with t ich is manipulated by mouse and

keyboard.

Wiimote ith com e B device. However the
problem is some g ( sand'| ooth not support to send and

iimote, system should

have proper Blug a‘ er uﬁg th sta .,\5 Mthisy@roject, Toshiba Bluetooth
‘ ) ' c'rj?-:; \ ."i
adapter and BlueSol@ll veFsion, g u_m' ) eWillll B8 used to communicate with
v j 7 /‘ L

Wiimote (Figure 3.3). ,"l e g, ; |I"-. |

- ".-‘-Ir s

P e - L
i -

A7 - PC

Figur

FW E]Tefjﬂ HNIN ﬂ'ulﬂ ﬁar ner

|n front of wiimote which is CMOS monochrome camera will detect S|gna| from
; - en fthe te prets t bﬁ

uf Capa0|tor 470 pf capamtor three transistors no. 2SC1815, 8 IR LEDs, one red LED

and one 7 mH inductor (Figure 3.5). [11]



17

w ¢ 6y C7 &

AA + )

Bar Circuit [11]

Figure 23 Source: Sosuwan Jﬂ'f Nintendo Wii Console. Hobby

Ele@i
§

3.1.3 Wii.u‘gﬁne .
| i L]
Wiimote 7§ a game controller for Nintendo’s Wii consol€. In September 2007, a

Nint: oWug le_has sold re_tha illion consoles [1
va er h n \ero ﬁ gﬂ W tion f i

by axis linear accelerometer (ADXL330). Moreover IR sensor is added to Wiimote

. This amount is

otdlis sensed

because motion sensor is not aCCL‘ate enough to co nscreen cursor. IR Mor

S@ NtANTINIBIREY
are in the Sensor Bar. Trac INng these two beacons, system can make more accurate

of pointing information. Wiimote also have 12 buttons to send data, when they are

0

pressed or released, to the host via HID input report. The ability to senses 6DOF data
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and its cost is inexpensive. Therefore, in this project will employ Wiimote as an input

device to modeling 3D object.

3.2 System Software

Software in this dobe Flash which is based on

, SYsS " h has to process the position of
two IR LEDs via the WimotellRae "r_ >ra al s these data to be a screen point

coordinate. Finally, system, Lfingt

-t
as a posmo@(:u

ition between two points to employ it

ﬂumwamwmm

Find the a age position of two I

R FEATRUUNIINIAN Y

Wiimote receives two beacons from LEDs sensor bar. The return value of these

two beacons from WiiFlash will be range from 0 to 1. If the IR point is on the top left, its
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coordinate is (1, 0). Thus the coordinate for bottom right is (0, 1). Coordinate of Adobe
Flash in top left is (0,0) and bottom right is (1,1). Hence, the data receives from Wiimote

is converted as following formula.

\Wiimote * screen width)

}n height)

--a-—'-—r‘ﬁn.._; .
Rﬁ?’i.- g . S

X screen coordinate =

y screen coordinate

ot one IR LED might be out of

While user mov ility

the IR camera view. This follow “employed to calculate cursor position

e f—l -1':’ ? 7,
even though only oneJsEE 15

'_.-

P1 and P2 > ﬂ Wﬁ 2 Position = average of

F‘J‘ + min of P1 and P2

ﬂﬂﬂ?ﬂlﬂﬂﬁwmﬂﬁ

Yo Mouse Position = max af P1

M-:nrse Posltio
-,\_ max of P1 "’# L “"—'} and P2 - avera F‘1 and P2

R ANTANNIINYINY

Mause Position = min of P1
and P2 + average of P1 and P2

Figure 26 Algorithms to Stably Detect Mouse Cursor
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3.2.2 Picking Object

For selecting object, system has to convert the position of mouse cursor which is

screen coordinate to coordinate | ) % e4 The screen coordinate origin is on top left
however the 3D coordinate! A

used to convert the scr » ) 3, i Papervision3D.

¥ . i
F| f a‘i'qi’q! 'é:r DEe IOH?)D

X positon i : ion'c - (sgreen width*0.5)

Y posiien n height*0.5)

- |
After thatﬂge use this point 10 Checkthat it intersects w@'any object in scene. If

this pointis in anyebj t, this object will be sel

ﬂﬂ&l%ﬂ&lﬂ’mmﬂ‘i

hen user clicks on the soree the position of cursor will be used to create a ray

RIS 'mazmﬂmmw

of plane in xy axis and our ray to and translate object to that position. [
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Camera

W& axis. When user press the

down button, sygtem il ol e thateb &dlio record the distance

4 fi N B f‘- %
between two LEDg#n 4 »"X . Whi ¢& igote, the new distance is
L b !r’-J 1% LW
recorded and ig#Used oAr ‘mpa O ey The, différent between these two
:r’*’" )
mp Oje i -v?ch
i A2
P T AT
3.2.4 Rotate Object W=t =18

values will be used

i i.*"' ding ientati i i
3D object will be ro _r_?':,‘L m ntation of Wiimote. WiiFlash API

return roll, @ aﬂjotation 3D object in

L -
Papervision( grge before using it to
rotate object o ‘ enﬁ:. User's hand cannot
|
stay still all th e. There is always a little movement. If we loy data from Wiimote

PUE? mﬂ%‘lﬁ NS~
RTa ATRNNTINEE Y

drectE to rotate, ‘eﬂmn of object will notusmooth Therefore this system must
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3.2.5 Scale Object
3D object is scaled depending on the distance between user clicks and drags the

wiimote. When user clicks, syste ' rg the point of mouse cursor. Then system

mouse cursor while user is moving

employs this point data to

Wiimote. The distancesggtween. ' /x}calculate to scale object. For
example, if user cligksa (o i i i g@ce in x axis will be used to
scale 3D objeoth g offject inzsax to push the down button

The sequeng Srat ks fromy _ Wdelects object. Later user

must changeo cut o T g » ok by Click to define the first

point. While user, dra gti ) DOoINt "._ defined position of cursor. After
F | l % 1 B ;

!I
2 fWO DOIR
; 1
1
\

SiPkojecting these along z axis.

—

that, system creates dfcutfifigPreie

@,N Eﬁ HE¥ ‘fﬂﬂ’] na

Figure 2‘Cut Operation Profs Qs
q‘ inally, our system ca cu%e !nterseotion of plan;e ambnghe |ﬂt§0tiﬂ

points are used to separate object into two pieces. For cutting object in this system, we

employed MeshULtil class in Papervision3D engine. Object’'s vertices do not update
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therefore we have to transform the plane back in order to cut the object. MeshUtil class

returns an array which contains mesh objects. This system checks this array to decide

V B S Ay
. F bove ‘f’;'.
- St

Scene

Figure 30 Algorithms for Cut Operation
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3.3 System Interface
Interface of this system comprises of menu on the right side, cursor, two circles

represented IR LED, and status o n
three main groups. The firstag

op left. The right menu bar is divided into

rimitives object. The next one is for

scale. The last group is for

enu for creating primitive shapes

Change to "CUT" Maode
Change to "ROTATE" Mode
Change to *SCALE" Mode

Change to "CAMERA" Mode
Wove camera to its default position

N
L\
‘.;

A

Turn on and Turn off Force feedback

There amve i ormﬂ, user presses HOME
L]
button and LEFbutton on Wiimote to change into different méete. In normal mode, user

is able to translate&hect The A button is Mar to left mouse click. User pushes A
butteny to

y O ‘c 5 N and u rags Wiimote,
obj’e“Ni’ translate |n Xy axis. On the other hand, user pushs down button and

moves Wiimote far away or close tc‘ensor bar to transhobject in z axis. In a

R TUURTINENAY

rotate only one axis by pushing RIGHT, UP and DOWN button. RIGHT button is for

&

‘be

rotating only x axis. User pushes RIGHT button and pitchs Wiimote to rotate object
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around x axis. UP button is employed to rotate only y axis. While user pushes UP button
and rolls Wiimote, object is yawed according to the orientation of Wiimote. The range of

yaw data which Wiimote can sen

Wiimote roll is used to co

b, - Rotate all Axis
- Scale XY Axis
- Camera Pan XY Axis

‘ ghioure 32 Algorithms @igut Operation
|

AUEINENINEING .

pressing B button and moving V\‘note, selected ob'ﬂ will be scaled in >u><

JRIRNIBNNIINAIAY

press DOWN button and move the Wiimote in z axis to come closer or further away from

sensor bar.
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This system provides a method to cut object into two pieces. An object which is
going to be cut has to select. Then mode must be changed to CUT mode. Next A button

is pressed to define a first point o

r] and Wiimote is dragged to define the last
point as described in ab jshes defining a cutting plane, A
button is released and he intersection of cutting plane
and object.

In CAME | & iTxaxis.0 g RIGHT button and pitch

pans camera ursor is moved to the

left side, camer: WGoan camera in right, up

or down direction, 179 [ pressing PLUS button and

ey

Blsglia ment

MINUS button. Ti€ 110 re Sta'S and orientation back in
Y | :f’*'. &
its original position @hd @richtatiops L: oMU s “‘\ theSright hand side below the
‘ : Y ' . [ \ L
CAMERA menu. User ' press ses it o retu pera II\. 5 original point.
; r"*‘.ﬁ.ﬁ&_ . . ,
The FEEDBAC menu ‘.—:‘:..._.-.,r. t hand side, is for turning on and

turning off force feedbakf D

click any rle:m e

object. Fina‘,

on, Wiimote will rumble when user

' ﬂe\ ts object or copies
A%~ | |
J‘I cutting object.

3.4 Evaluation Hl

After all part.’of s system are |mpleme , we will evaluate this tool comparing

fl uANEN ﬁwmm;;f;

neve se 3D software. Another grwp is designers who frequently use 3d soft

ARIRNNIIUAN TINYINY
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3.4.1 Hypotheses

This project addresses the performance of 3D input device and the user’s

satisfaction. In order to compare

these Iwe
|
evaluate users’ opinion an\ r

followings are our hypo

stems we used several questionnaires to

.}ending to finish the task. These
Nputs devig@ Wii@fﬁecient than mouse and

- The wirel

amgmeuse and keyboard
WsBis' performance to operate

ipulating 3D model in

i/t

I/ vy
3.4.2 Tas ‘}?r;_ ".
In this system, ewr :"£=--’-.rr-:"’£ SHape "-II highkare ready to create such as
g 4 _|l j , g i| ‘
box, sphere, cone, cyligifler, plang~afrow pape '\,l lane. Furthermore, this system

supports many operatfons _ﬁ’fi’:”‘fﬁ"c'; btating, scaling and cutting object.

Hence the task, we will givesisenssta dg in f@Rtiese operations. Users are asked to
create fourﬁere tatgcale and cut these
objects as (S o VTS ET= o — —/

TR M4

Can 4
ftiglsnangins
VBRI PTII ) CRE

Figure 33 Task for Experiment
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In order to complete the task, users have to create all objects and translate to the

position related to figure 33. There are two boxes in scene. Users must scale the first

box in xy axis. Then they have to mov: ond box and scale in z axis. After that the

e upper right which will be rolled

/ }r to cone but it is in opposite

er and sphere will be cut

’ .
fi“"' ;'L

Fa

ﬂuEJ’J?/IEWﬁWEI’]ﬂi
RIINTU UM INYIAY



Chapter IV

Data AnaIyS|s and Results

4.1 Preliminary Test

After we finishe "
Three of them aremrs‘ who
system. The oth

{:Elﬁed our system with 5 users.
md and frequently use 3D

iliar in 3D system. The

& in

first prototype "mt@iace which is described
in above section. l : tragslating and scaling in Z
axis. Most operatio \ B 'p" "34). B button is designed for
| o pyed to rotate camera

around x and y axi : <) r NS :, areyh M\ US, and PLUS button are

i
N 2 s

‘."—' RRID raT B dian = - Change to CUT mode
-ﬂ
l,u Normal : Copy | Camera : Zoom In

‘UEI’JY]EI

Rotate Camera around X Axis

ol mﬁ”’%"‘”ﬁl“ AINYIAY

Figure 34 The First Interface
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The result of testing the first prototype was collected from users via an observation
and interview. All users reported unsatify and difficult to use this system. We found that

the causes of problem might comeyfrok sg following lists.

object in other mode which is not
Ect object and object is operated
just wants to select other

iately according to the

P
Y | o
- User accid@ntall§f pres =".‘_L: .s?, Ohthey were in CUT mode. As
b ‘ ' \
they did not alare i s &ituation bey diddnot change the mode back to

¥ ‘!f‘ i .
NORMAL mode. They unintention dbject' which they did not want.

e the object did not rotate as their

his pr oé‘ajses. The rotation all

- ;
j range of Wiimote

r' 360 Clegrees.
|
H m was improved by changing button tﬂerate 3D model. We

adapted A buttor‘omrate only selecting, wing and cutting object. B button is

tal efrorsfrom ati] g !n ali bj ntal e!&lg utton. For

the problem of scaling object, we c@reased the speedéscallng object. l\/Iore

FRIRNAAUAIATIN T§Gl

corrected by expand the range of input to cover all 360 degrees. Furthermore, the UP,

The current s
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RIGHT, DOWN buttons are added to rotate only specific axis. The result is current

interface.

4.2 Data Analysis and ReSuIts \"/

""""

Time to
complete
task in

Wiimote

Time to
complete
task in
Wiimote
with
feedback

Time to

task in

3ds Max

complete :

—

L[

Sring Uses <

Subject w Subjﬁt Su"'
,“

* Group Il (Designers)

6
-

-.‘lll:]@- Subject | Subject | Subject | Subject
8 9 10
4:03 4:15 | 14:28
mins | mins | mins
4:34 | 2:22 7:59
mins | mins | mins
L]
22, -*")6:48 8:10 | 10:13
0 A I
mins | mins | mins

71 UHINBININGING

en subjects tested in our sys?m The first group is normal users who are b ct

ARIRNIRANT INYINY

with Wiimote but they rarely play it. However the other in this group has never used

Wiimote before. The second group is designers who are expert in 3D software. Subject

6 is expert in Rhinoceros 3D. Subject 7 is a FORM Z user. Subject 8 and subject 9 are
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professional in 3ds Max. However subject 9 is also able to do AutoCad. Subject 10 is an
expert SolidWorks user. Only subject 10 is familiar with Wiimote. Subject 6 and subject 7

have never played Wiimote. Subjegt

subject 9 have some experience in Wiimote
JI ¥ &

but they play Wiimote abo

All subjects were"e R 210 do }Jred elaspsed time to terminate

task. We compared.glal limes that onecw task by Wiimote, Wiimote
with force feed ; 3D §ofty .‘._-'_":-u.‘s__g nd keyboard. From the
graph, we found ' i€ i ou - an normal 3D software as

..................................................................

W Wiimote

Wiimote with force feedback

W General 3D software

bececccccccacccccnaas e - - e e e - - - - - S - - - - - - - - - ccccmcccmaccnocanocalonaaaaaaa,

4 5 Subject

Jsel roup xpert Users

Figure 35 Elapsed Time Graph
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From table 1, subject 10 took 7miniutes and 59 seconds which was the longest
time to finish task in Wiimote. This subject also spent the longest time in Wiimote with

force feedback which was 14 min,

28 seconds. This subject was confused in
described later in this chapter. In

( ﬂwas the best performance time

in Wiimote. Subjeci Qfinished.iiask in ‘ﬂinu nds which is the shortest

time in Wiimote W : %

our system so he created ang

contrast, subject 4 took"8

B 4 7 -~ Time't le (mins)

ii e Wiimote with

Force feedback

Group | S 11 ' in %o , ‘ S 5 mins 14 secs
Normal Users ' v |
Group |l Wo nﬁ - sWas 6 mins 24 secs
Designers | ,'I . |
Overall MiAs - 41'Secs 5 mins 49 secs
Tabl e mplete Task

From@ £ nd another is in
Wiimote wit .Jfl- e',' Famatically longer than
others. On the yjer hand, subje ask within a Iitjﬂ'time in Wiimote with

force feedback sy?m These two data are tre endous different from the others so we

ﬂummm 13 NeINI

Ieast average time is in Wlm?te system which |s about 4 minutes and 41

q RIRINSUNRTAING T8 Y

in general 3D software using mouse and keyboard.
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Time (mins)

B Wimote

Wiimote with force feedback

Subject

Force feedback first

ence of Using Wiimote

Q 8

is no strong evI énce indi

do their task, there
|
ir task q I er than using Wiimote

without force fee ack. However if we rearrange the elapsed time graph in the

ﬂmﬁmm TNYTNS

ve subjects used Wiimote before using Wiimote with force feedback. In contrast,

ARG AR IN gAY

times. Subject 5 spent time to do task in the second time just a little more than the first
time. Only two subjects finished their task in the second time longer than the first time.

Subject 3 did wrong rotation so he has to delete and creating object again. Subject 10
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confused in rotation. As a result of object rotated around its own axis. For example, if
subject rotates object in x axis 90 degrees, the rotation in y axis now is roll or rotation in

12

z axis. Thus this subject confused,i pent a lot of time trying to understand this

by creating, modifying an

Group Il (Designers)
Subject | Subject | Subject
8 9 10
Force Normal | Good Good
3 4 4
feedback
(Helping)
Awareness Yes Yes Yes
of Force
feedback
Awareness Al Menu, No Menu, Menu
e Events 1 e o —— s | Cutting, Cutting
of Event ’
Copy
trigger
Force
feedback Wi wr e e B s B )
Table ‘!- e awareness

i

Six subJectSfport that force feedback hglps them to do their task. For example,

AUINENINGIAT

usera!onfusmn From table 3, data.;s collected from |nterV|ew and queshonnawes This

aw:mﬂ:mwm Ny Y

also know which state it will vibrate, will respond to questionnaire that force feedback of

Wiimote is useful. Hence, we can conclude that awareness of force feedback is
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significant in using this system. Most users who observe that which operations Wiimote

will send feedback to them, will employed this feedback in such a useful way.

Translate XY
Transiate Z
Rotation

Scale XY

Scale Z ! ;

¢

Ease of use

Cutting

Satisty

Enjoying

Feedback Disturbing

Feedback Helping

i
-

|
Jll
jedﬂ'From graph above, the

result shows that ‘ erations in this syste easy to use. Only one subject feel

ﬁ]jiﬂfmzﬁﬁ M HANT

translation in z axis and scale in z a& most subjects w feel it was difficult rep

q RN TUUNIINGIAY

trouble for translating and scaling in z axis. Furthermore, subjects also indicated that

ot
This grapwihows the answer of questionnaire by sub
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they did not know which direction object was scaled while they were scaling object in z

j ,t/n
' t 10 confused about rotation

.

ified that this operation was

axis.

, i
Ten percent of subjects ‘
subject explained that.he™was<n ‘

eyed that rotation was difficult. This

object in x axis by pitching

Subject 10 expl at e forc g was a 0 seég in two lines which were

...'ot.“'\' oMMihced that for cutting more

. 9

the edges of planeg

precisely, it should sei _ lide for

Thirty percent of subj :“""’T} iuthe force feedback disturbed them a
"'.'r "?::I # o
little. Two ,LS_ects » 5 EFE of Wi

Then they * -=-f............._.._.._....._.........,-._...,.....A......_.._.A...'...g_3 his task and

ote at the first time.

e.£®dfd continue or had to
=

i

rom intervi&“observation, we aIsoM that some subjects immerse to the

stopped for*g=tuhile
=

wait until the vi&H ion finished.

Sy . The theirlbo ale * hei e Wiirngote similafito playing
gam@ome subjects prefer to rotate object only one axis at a time because it is quite

sure that they will not lose the direcln. One Subject likg&lihis kind of input becallgdhe

q d left-n8n8ed Bne¥iom s to‘ nof'have to
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In summary, ninety percent of subjects satisfy our system. They enjoy using our

system because of its ease of use and intuitive to use. Nevertheless, from observation

and interview, there are still some ich have to be improved.

LEFT button

accidental

a little. As the Wiimote is
keyboard. Thus system

QOSition and orientation.

_ ese circles help subjects
to traffSlate#hd gCal in 2 aKis: i8n Ve Whiso 8 subjects that IR LEDs
are stil ;. | :‘ ): Opere | L pss, some subjects feel

annoyed t . Iherel S S Bk less obvious than they are

elect object. Object will be moved to

the center of ¢

A

any*subjects askfora oridto T eference while theyv 2 A4 nipu|ating object_
L ‘

i
Someﬁﬂ;bjec ask 'iil

Obiject |@|Ht to operate, if itis ne”s edge of the screen.

ﬂuﬂ VIEIVI?WU’]ﬂ‘i
QW’]Mﬂ?ﬂJNWYJVI?J’mEJ

ange object as subjects want.




Chapter V

CO”W nd Suggestion
5.1 Conclusion \\ ///

In this Systthod‘ conmﬁ@een Wiimote and computer

which are hack ents in this project are

simple. We em ireless sensor bar. For

which are renc >gPervisi -.n\-ﬁ fis 8B interactive system which is
' & ralh Fa
inexpensive, easy tolf nd d're V,-s;n-f. 0 i alftime. Six DOF input data from
] L "i" ;
Wiimote are employed t@ftrans|2t&ta Totat ale andito cut 3D objects. The wireless

il .
3D input shows its potent| ‘“-« ‘iﬂ- f uitive and eases of use. The result

erface proves its ease and its

: ; _‘E.'J.'l- Y
confirms that direct ma ‘f:r:r;: :’-; "]

effectivene{s:} ' J pre +@ual project [7]. Our

y rotating, scaling,

o~

translating andﬂttm ' ; njoging it. This system not
L]
only provides s DOF data but it also provides force feedbaek. Although there is no

eV|dence that it er‘aﬂ users’ performance u it aids users to confirm their action

ﬁ of ' ﬂ ﬂ ere } nfuion As in
Tan ] conveys that complex geometry or large number of polygon is difficult to

mampulate without haptic feedbac‘ However force f sgback is the second |ty

ARIRANFUHNT INHRY

information and know when it will occur. Hence system should provide some clue to

make them realize this information. Although we do not address to create rich detail 3D
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model in this system, we can count that the drawback of this system is precision.

Wiimote is wireless and it can freely move unlike mouse which has an area to support.

i s object a little. Nevertheless, the direction

/ is project proposes a tool which
! &e and it is intuitive and easy to
use. Therefore it ha i : brin#jesigneMoughly 3D model in digital.
We hope that it {

Hence it is difficult to move a litt

odel in physical which

have to transform:itslef

This system It shows a new possibility
to create 3D ost users satisfy this
system, it still in th :r " ) stag 1' ank, Br i hexperiment, there still are
some problems’as d X | @ﬁilvﬁ‘ i{. ‘\ "improved in the future.

, ‘ "|IR@EDs 'ﬁ‘EEE‘: blem in o \\\.; m. In real sensor bar, there

are five IR L ‘_,ﬂ _-__ - inM@LIr system, there are only four

ase number of LEDs per each side, the

- e tircles indicate IR LEDS pos J’)sible. Our system is
are out of range.

There}‘ﬁe these only whiﬂisers want to do some

operatlon elated to z axis.

f k) ﬂmfwmm::z:

more accurately.

q W’] asnInianAneaY

quaternion. Thus there will not be a problem of changing axis and gimbal lock

after object is rotated. In addition, there should be some visual cue to visualize
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which axis and direction users are going to rotate. This visual cue will increase

the intuitive of rotation object.

d for reference but it also has to add text

label to sho / t label is an important issue
especially ile ey are scaling object.

LEFT but 0l > ) ething related to rotate object.

- This system not only

_ ' videfamethad t mec e precision.

- proVide aton; ASIE R [OF easing users while
- From this only on visual until they do
not noji€e the |b g:on of Wiimc th ~ dipbe a visual feedback for

- "!g J
increasingg@war eésb f
b 1

imple, screen is blinked while

users are d" ng that tr » e fofc@ feedback.
AL
- Force feedback isvable to employ ptic feedback. It is able to provide a

A,

little or strong Vil rfa v’n'rT- 3"' » object. Thus this haptic feedback

el ad
A

e ci.‘F)')r example, if users

}o give a sense of

hﬂong it vibrates. Hence,
|
to impl€ment the level of force feedback, we will se‘ an interval for Wiimote to

adjust itﬁ'eﬁf vibration.

AUEANERINEANT

- This system can support‘unchuck which is troIIer attached to

RTINS, MANIAINENAE

This project focuses only on using wireless 3D input device to create and modify 3D

model. The result addresses the potential to model 3D via Wiimote. Furthermore, there
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also are many possibilities to extend this project which we hope to study further. As
Wiimote is wireless input device, users can freely move it. Thus we can study on how

users create freeform from movegie iimote. Wiimote has a potential to bring

designers to sketch rough odallin [idits iPsystem provides a method to draw a
freeform 3D model. We' hat T v }ss of sketch or making a model
in physical which hay . 0S| d'@ﬁ-ﬁsee Hand Form Generation
project [8] state tem is possible and will
be a common t er topic which is also
interested is to a : ifier opet K eating scooping out 3D object
using Wiimot F thi siem 7_ , alh, tONSL “multi user. Moreover
Wiimote is wirel i ar ! O o . display. Hence it can
be used in collabogftti Sii ask.We, ¢ | 3k il enhance communication

which is a signi t iSSueiir laborati oj), \ y '.., lit will overcome a lot of

ﬂuﬂ'mamwmnﬁ
QW’]Mﬂ‘itMﬂJW\’Jﬂﬂ’mﬂ
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Appendix A

Questionnaire Results

Grou Group Il (Designers)
Subject | Subj bjec S t | Subject | Subject | Subject | Subject
1 4‘ o 7 8 9 10
Easy rma iff'i - Very N : orma Easy Very Easy Easy
Translate | — -
XY :‘,»_Ea Easy
Translate Eas iffic . N Ea Very Easy Difficult
Z Easy
Rotate al y 4 Dific as Ea Normal | Easy Very
Difficult
Scale ! Sy | N m E Easy Easy | Normal
XY
Scale Ea Digficuit § ﬁs\y' s Nor Difficult | Normal | Easy | Difficult
7 i \
Cutting Very N - Very | Normal | Very | Difficult
Easy easy easy easy
Ease of — 7
use Easy y Easy Normal Easy Difficult
L
Satisfy ; _f,katisfy Satisfy Not
L ’ g'.l . Satisfy
Enjoyin Norrma Enjoy Enjoy | Normal
joying i
LIL) 7
Force .
feedback No & Little No N Little No
isturb
Normal Normal | Normal Normal Good Good
for using this Easy Normal | Normal | Normal | Normal | Normal Normal Eas3; Difficult
system

Table 4 Questionnaire Results
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Appendix B

Sketch from Designer Group

:‘ e Yew Comrol Mep
!scau Label

CAMIRA
CINTER CAMERA
Toatrepe

FEEDOACK OFF

CYLNDER |

SPHERE

ARROW

PAPERPLANE |

| CENTER CAMERA |

TotalShape u
B iematicn D |

QNI Inea

Figure 39 Sketch from Subject 7
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= Lz |
g — ==
\; —— — e —

l Ble Yiew Contret Hetp
imnf! Lavel 20 %591 y 1471 = Lavel

Adobe Mlash "ig _
| Fite ,{“M Contred
|cavens Late




R

Adobe Flash Plajier 10

CUBE |
| PLANE |
CONE

CYUNDER |
L SPHERE

ARROW |
| PapereLANE |

cuT |
| moar |

SCALE

| camera |

|caveR cauer |

TotsiShape |
| FEEDBACKON |

File View Control Hef
NORMAL Label

CYLNDER
SPHERE

[ aseow |
PAPERPLANE |

——an J

A N . . s N W e . N S N N |

Figure 43 Sketch from Subject in Preliminary Test

49



50

Appendix C

uestionnaire

da3adaurnTeeinuazy | nanaaesazgni gl
nsANE NI ® ' '

(I annilmenssw eyl I maguiae 3}, I e M
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Wiimote Interface for Cutting and Folding 3D Digital Model

Sutas Chaisinanantkul and Pizzanu Kanongchaiyos
Department of Computer Engineer, Fagulgyjof Engineer, Chulalongkorn University
Phayathai Rd., Patupy 10330, THAILAND
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&ﬁ on their design task or their

~thinkingsssM@reover, unintuitive  interface

“Wﬂg curve to create 3D digital
Sumede fon, mouse and keyboard

design and m
their  colleague.
architectural physic

han“tising 3D modeling software.
- af@le, Nthe physical interface, which is
employed, 3B8Minput device to be an input to
reate % model, is used in this project. In
toWglleate intuitive interface support for
boratiVe and creative thinking design.

Key Words: InterfaCe, 3D§¥m

enhance 3D modeling tog iy
]
I
Device, Wiimote =

deligRi bR
T AT 7 7

b

1. Introduction — T '
r e -y

Three dimensions mode &::,?1‘}19 5
useful in manyy field lly in design, .
many users jogy is employed to

do_'esign_ers and gantlst i aiodel as the interface is
visualize or Ggeg

system aid desighgy to
found that it is nq}liktuitive toU
reasons of this i§most input device in 3D

program using mouse and keyboard which, is
2D control device. g to control 3D

e e
obj esignars ire ti tepst
to ensate fthésmissing axis Suchja e
waiit tgj rot object igfX a , the
havem,(\:/hoos icon for rotate and select the

axis een x and y then move the mouyse.
These additional steps interrupt the flolW of

' hilgmsdesigrer e _sworki
' Jdesigners i ic ofiu
: ecially e ceptual d e
q iMfterrupt tA€Ir'thinkthg™ THey have 6 focts o

how they will manipulate 3D object rather than Figure 1. Surface Drawing : Creating Organic 3D Shapes
with the Hand and Tangible Tools (2001)
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For example, in Surface Drawing, this project
also uses VR technology (Figure 1). Users
have to wear data glove and Head Mounted
Display to interact with this system. There are
many tools for creating and interacting wi '
3D model. The first is the glove, user wears

tongs. This tool is for movinggs
rotating 3D model. The thi as / ‘ -
made from silicone. S Va is & ' P - .

tool by squeezing it then it wulr ' _ e
object. The last onw i : . s

is for modify object. Altho asily S,

create 3D digital mo /e ,

wear and the devi v o \ :
from gloves and other aclg ) . yure s, ach to 3D Digital Design: Free
create or rotate obj '

\; An Approach to 3D Digital
Iy '»., e "-..l 0 web cameras to track two

forferedtifiy surface. User moves their
o drally 3D surface (figure 3). Two web
-~ . » S /C2 areMused to track the position of
by b P ‘ el LED’n eb camera is for tracking

= Rl R ; ’ oordinat@yin x and y axis and another web
= % e era sed for finding position in z axis

—
This is the same Flexible 3D
Spatial Construc Applied to DNA project
(Figure 2). There are so many physical tools
in this project First a“gun WhICh is for

c ti W fi
se e ion tfac
! structio
ecise electio
dens I

ume such as user want to draw bond -
between base DNA. The purpose of thi ooI

’ ﬁﬁiﬂﬁm WAINHIRY

manipulating object. DNA that is created can

be local or global transformed and scaled by In Tangible 3D, users have to wear four white
this tool. In brief, this project also uses device paper rings (Figure 4). The polarize glasses
for specific purpose which is to model DNA covering with white paper is employed for

[2]. creating stereographic to display 3D objects.
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Tracking system is ease by black light. Gesture inexpensive. Therefore, in this project will
recognition also employs to manipulate 3D employ Wiimote as an input device to
object [4]. These two projects are efficient way modeling 3D object.

to interact with 3D object. However the

limitation of tracking via image processing =Y

that it is difficult in tracking multig -

Wiimote which is 3D input devige, ‘¢an'Solyd

detecting level of force=wil
This project offers newzini

this problem. It is inexpensivesghd WtUlitive _ ; ‘\ +Z
use. As it is motion SeRSORs. HasSUPPO ; ‘ \
rhi acs 5 - ; l

\ ! +Y
enough for desig ilgf -_; \

ugh NN
designing. The L \ Oe ,
ario \,. physical paper modeling

significant parts whic
interface. .
ndefstand 3D model, the scenario

a | prid 1S used to explain (Figure 6).
\ design stage, architect or
console has sold eS|g ﬁ antg| to see how their id_eas form !n
consoles. This amount is Aumber P ThgRgusually use. paper which is rigid
of Tablet PC sales. | gh ¥@§model and it is frequently called
¢ atic model. A rigid paper is cut and folds

3.1 Hardware
In September 2007, -

communicates with the Wii

Bluetooth device (Figure 5). T, O rotates and glues it with other pieces to form
Human Interface Device (k ,.#f; HEY idea. Designers often mark, by using
based upon nerigal USE y A gefine the ne which they want to
Wii Remotel isdail ' The operation that
computer an ‘ 11 be=seen TR TeYRTATS GeSIghers—eu-can vided into two ways.

. | ala '
device for co . '\ e jone phlecr:e or:‘ paper into
of Wiimote iS ¢ g" the™pitce which they want to

se ) :
accelerometer  (ADXL330). Mg v ther! ce. Second is cut slightly
sensor is added tofWiimote because motion enough to makelrigid paper be able to fold.

sensor is not accur te enough to control Another operati hich designers may want

ONSCIeen Cursor. IR |ch |s in front of rform is to drill or to take inside piece out
Wii |" ure 7).
S t
be o % ,
accu in
infor

on. Wiimote also have 12 buttons to -_----

send data, when they are pressed or reI

aﬁmﬁmwmmay

object. In addition, other hardware devices Figure 6. (a) Drawing the draft line before cutting. (b)
which are Bluetooth adapter and the Sensor Cutting,_rotating and gluing with other piece. (c) Cutting
Bar will be used to make Wiimote and folding.

communicate with the computer. In brief, the
ability to senses 6DOF data and the its cost is
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position. Hence this can be an optional for
users. Due to the limitation of angle to turn
— =5 wrist, the plus and minus button is used to

weight the angle while designers need to rotate

' 3D object at once. Otherwise users have to
‘ ' gleselect object after they reach the limited of
A\l hgir wrist and turn back their wrist to normal
W _ Xﬂ_ Then select 3D object to rotate again.

Figure 7. Cutting frame

3.2 Mapping operatior rs press Plus button, it will add the

interface 9le to increase angle such as when
Traditionally, the cutting=—opera : iimote the 3D object will be
software package is operated.by-using than normal corresponding to the
Boolean operation, ki . ing : sers. In contrast, pressing
two forms and translates th i At S, RIS will decrease rotation angle when
which designers wa A %, SCTSy imote. The last two buttons
have to select t whieh W used are One button and Two
want. Then designers ' aind \ g ally, they are used to send data
object. After thaig¥ jectss - Settigsup CORANECtion via Bluetooth. In this
which they want to us v g. ’ 18se two buttons will be employed
with main object. In ).operation. One button will be

operation can
physical method. As
Wiimote, this sy
button combinin
orientation of Wiimote
operation in physica
following steps confivey
interface from cutting pll
First is to define the cultti
this, this system will be designed=

- Aquite often, it will be put in
\’ G d the button A which is the
centeriolyoper@tion. The buttons on the face is
pressed k b but only the button B at the
is pressed by index finger. As a result of
Ding Trequency operation with location of
Itton, it should make a better performance
movement of Wiimote while pre se users spend less time to locate their
A. This will create a lineanhich=iS-used-"to,* == o press the button. The directly
define for cu 3D user |l physical interface into this
have to confirm 4 nd s@ that users are able to
pressing buttﬁb 3 yStem and spend less time

Second is to

r odh in this system.

users create multiplg de =

users pressed button|B to cut. The"sys " onclusiom

detect and ask users'to press on up directional The resuf=®f mapping physical paper
button or down direcgional button. If users uting model to this Wiimote interface, is
select up directional Biittgfe system will cut hdten the operation that users want to do in
accrding to t | e a theyo r a hich use
ha usgrs own fir al*Buttorn, ~fhou d Jkeyboard Deslgnersl is able to
system il I ﬁers ionfof igoardi m iuwm ﬁ bydmoving and
of line and"use this Shape to subtract it rotating Wiimote like they move and rotate
from thé main 3D object. In order to select,3D object in the real world. Furthermore, as_the
object, the left directional button willy be number off@ion to accomplish task i ing

lefimeli meu ' e ig%c cl ‘
e O thie W9 : signers petformithgir in desigi fiten
I1fbe Bsed li eir Khinkig Wil e intertlpted
[ mend. The ho Itto

; toge,the
e safhe

ectigha on'

q t0 choose additional mend. - _ additional operation in normal 3D package.
will be used for moving pivot point of 3D
shape. Although after cutting the pivot is
moved to the edge near other 3D object for
preparing to fold it or rotate it, sometimes

users might want to rotate with different pivot
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