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Abstract

Thispaperdescribesa methodfor manipulatinga three-
dimensionalobjectwithout consideringcorventionalthree
independentrthogonalviews. We applythedirectmanipu-
lation to operate the three-dimensionabbject. We propose
“augmented manipulation” which is an enhancedlirect
manipulationtechniqueby usingadditionalinformation.

We implementthree-dimensionamodelingtool “Clay-
more” by usingthe“augmented manipulation” tednique
Users can constructthreedimensionalmodelsin an intu-
itive manner

“Claymore” and the examplesdescribedin this paper
are fully implementecnd canbe obtainedvia WWW

Keywords — 3-D interface virtual reality, designervi-
ronmentyisual programming World Wide \WWeh

1. Problems of three-independentorthogonal
views

Corventional three-dimensionalmodeling tools use
threeindependenbrthogonaliews[7]. Thethreeindepen-
dentorthogonalviews areusedasthe methodto operatea
three-dimensionabbject. It is composedof threeviews.
Eachview is representedy two of the three orthogonal
axesof z,y, 2. Whenusersoperatethe three-dimensional
object by using the three independentrthogonalviews,
they often changethe view. Therefore,they cannotoper
atethe objectintuitively.

2. AugmentedManipulation

Direct manipulationis the operationin which users'
operationdirectly invokesthe reactionof the system[1].
We apply the direct manipulationtechniqueto operatea
three-dimensionabbject. Somework on editing a three-
dimensionalobjectby usingthe direct manipulationtech-

niguehave alreadybeenproposed5, 6]. Butthey requirea
specialinput device. We think it is beneficialto make users
be able to manipulatea three-dimensionabbject without
using the specialinput device. In this paper we usethe
mouseasour input device insteadof usingthe specialinput
device. We implementa systemin which userscanmanip-
ulateathree-dimensionadbjectby usingamouse.
Whenusersmanipulatea three-dimensionabbject,they
have the difficulty to specifythe positionof the objectbe-
causeheinputdeviceis two-dimensionalWhenthey oper
atethethree-dimensionadbject,thereis alack of informa-
tion becausehe displayof a computeris two-dimensional.
To solvetheseproblemswe proposé’augmented manipu-
lation” whichis anenhancedlirectmanipulationtechnique
by usingadditionalinformation (seeFigure1). We usethe
following objectsto representhe additionalinformation.

bounding box

Figure 1. The additional information.

e Ground

By shawing theground,userscangraspthe spatialpo-
sition of anobjectin athree-dimensionadpace.They
canregard the groundasthe standardposition of the
three-dimensionapace.

e Shadev



By shawing the shadav of an objecton the ground,
userscan graspthe position of the objectrelative to
otherobjects. They canunderstandhe outline of the
objectby looking atthe shapeof the shadaov.

e Three-dimensionatursor

Thepositionwhich is specifiedby userss represented
asa three-dimensionatursor Its shapeis like anar
row.

e Boundingbox

A boundingbox is a parallel hexahedronwhich en-
closesthe specifiedobject. Usersoften wantto move

an objectalonga planewhich is usedin the threein-

dependenbrthogon& views. By usinga planewhich

composesheboundingbox, they canperformthis op-
erationwithoutusingthethreeindependenorthogonal
views.

We shav all the additional information semi-
transparently When an object overlaps with additional
information, shaving the additional information semi-
transparentlys moreeffective [3].

3. The conceptof modeler“Claymor e”

We implementthree-dimensionaiodelingtool “Clay-
more”. We emphasizéhefollowing concepts:
e Augmentedmanipulation
Userscanoperatea three-dimensionabbjectdirectly
by the additionalinformation.
o Intuitive operation

The objectthatis representedby the surfacemodelis
composedf a group of polygons. The inside of the
objectis empty We shav the objectto usersasif it is
notempty

3.1.The surfacemodel

We usethe surfacemodelwhichis commonto represent
three-dimensionahodel. The surfacemodelis represented
by polygons.A polygonis definedby a groupof vertices.

3.2. Specifying the position of a thr ee-dimensional
space

Thefollowing two piecesof informationareusedin this
modeler:

e Themouseposition.

e Theshapeof the object.

Thesystenrtalculateshethree-dimensionaloordinateval-
uesof anobjectin thetwo-dimensionalvindow. Userdook
at a two-dimensionaimage. They specify a point in the
window by usinga mouse. They cantouchthe surfaceof
thethree-dimensionabbjed.

We have thefollowing assumptiorio simplify themodel
of the perspectie transformation:The viewing coordinate
hasthe origin which existsin the centerof thewindow (see
Figure2).

(P2 e (XY 0)

“window

- . eyepoint
(0,0,L)

input

coordinate valug~" (tx,y,0)

xy.2) normal

(nx,ny,n2)
Figure 2. Specifying the coor dinate values.

Let (p.,py,p-) be a point in the three-dimensional
space. After the perspectie transformation,(ps, py, p-)
is transformedo (p/,, p;,) whichis in the two-dimensional
window:

p;/c = pz%pa:!
L

Py = 5Py
WherelL is thedistancebetweerthe eye pointandthe win-
dow.

The systemcalculateghe coordinatevaluesof aninter-

sectionpoint betweerthefollowing two elementgseeFig-
ure2):

(1) A linewhichconnectsheeye pointandthepointspec-
ified by the mousecursorin the two-dimensionaivin-
dow.

(2) A planewhich composeshethree-dimensionadbject
thatis specifiedby the mousecursorin thewindow.

Let (t.,t,,0) bethepositionof the mousecursorin the
window. The equationof the line (1) which passeghe
eye point (0,0, —L) andthe position of the mousecursor
(tz,ty,0) in thewindow is computedoy:
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The equationof theplane(2) which composeshe specified
objectis computedby:

NgT 4+ nyy +n,z+d=0. (2)

Where(n,, ny, n.) is the normalvectorof plane(2). The
intersectiompoint betweertheline (1) andtheplane(2) is:
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(z,y, z) aboreis thethree-dimensionglointwhichis spec-
ified by users.

3.3.Moving an object

When userspick and move an objectin the window,
the objectshouldbe moved in accordancevith the mouse
movement.

Threeparametersf z, y, z, arenecessaryor the move-
mentof an objectin a three-dimensionaspace. However,
there are only two parameterdecausehe mousemove-
mentis two-dimensional. Thereis a lack of information.
To solwe this problem,we preparegwo planeswhich restrict
the movementof an object (seeFigures3 and4). Oneis
parallelto theground.The otheris verticalto theground.

Figure 3. The plane that is parallel to the
ground.

Figure 4. The plane that is vertical to the
ground.

They canselectheplaneby usingtheleft or right button
of themousewhenthey move the object.

Whenusersmove the objectwhile holdingdown theleft
button of the mouse,the objectis moved along the plane
thatis parallelto theground(seeFigure3). If they movethe
mousecursorto theright (left), the objectin thewindow is
alsomovedto theright (left). If they movethe mousecursor
up (down), the objectin the window is moved to the front
(back).

When usersmove the object while holding down the
right button of the mouse,the objectis moved along the
planethatis verticalto theground(seeFigure4).

The normal of the planethat restrictsthe movementof
the objectis computedby:

e (0,1,0) — theplaneis parallelto theground.
e (0,0,1) — theplaneis verticalto theground.

The new positionof the objectafter moving it is thein-
tersectiorpoint betweerthefollowing two elements:

(1) Theplanethatrestrictsthe movementof the object.

(2) Theline which connectsthe eye point and the point
specifiedby the mousecursorin the two-dimensional
window.

3.4.Rotating an object

The objectrotatesto the directionto which the mouse
maves.

By usingthe corventionalmethodof rotation[7, 9], the
distanceof themousemovementis resohedinto smalldis-
tancesandtheobjectis rotatedlittle by little. However, the
cornventionalmethodhasa problemthatif usersreturnthe
mousecursorto thebeginningpointof therotation,the pos-
ture of the objectmay not returnto the initial position(see
Figureb).
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Figure 5. A conventional rotation technique:
The final position is different from the initial
one.

The direct manipulationtechniquerequires‘“reversible
manipulation”[1]. We adoptthe reversible manipulation
while rotatinganobject.Userscanrotatetheobjectwith the
correspondinglirectionof the mouse. If usersmove back
the mousecursorto the beginning point of therotation,the
postureof theobjectis returnedto theinitial position.
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Figure 6. Our rotation technique: The final
position and the initial one are the same.

Whenusersrotatethe object, the axis of rotationthatis

vertical to the directionof mousemovementis calculated.

Theobjectis rotatedalongthis axis(seeFigure7).

A rotation angleis computedby the direction and the
distanceof the mousemovement. This rotation methodis
differentfrom the corventionalapproachebecausehe ro-
tationangleis independenbf the pathof the mousemove-
ment.

Our rotationmethodis calculatedby the following pro-
cesses:

Let (¢.,t,) be the coordinatevaluesof the mousecur-
sor, Mrw be the transformationmatrix which is usedto
transformthe modeling coordinateinto the world coordi-
nate. (¢, t,) and My, arestoredto be usedastheinitial
conditionof therotation.

Let (m.,m,) be the current coordinatevaluesof the
mousecursor Let r be the distancebetweenthe position

of the mouseclick andthe currentposition of the mouse.

Let 6 be the directionof the mous movement(seeFigure
7). r andf canbe computecby:

r= k\/(mx —t2)2 4+ (my — ty)?,

—t
0= atanM
myg — t:z:
final

axis diStance\/ﬁ; (mx,my)
/ theta N
e

initial L\"

(tX,ty)

direction

Figure 7. The rotation of the object.

The axis of rotation is vertical to the direction of the
mousemaovement. My is transformedby rotating ob-
jectalongthe axis. The new transformatiormatrix Mj y;,
is computedby:

cosf sinf O cost 0 —sinr
—sinf cosf 0 0 1 0
0 0 1 sint 0 cosr

U
MLW:

cos—f sin—6 0
—sin—60 cos—60 0 | Mrw.
0 0 1

By using M} ,,, asthe transformatiormatrix, userscan
rotatethe objectwith the correspondinglirectionof mouse
movement.

3.5.Deforming an object

The Free-Form Deformation(FFD) techniques the de-
formationmethodof anobject[8].

An objectcanbe transformedsmoothlyby using FFD.
An objectis surroundedwith a boundingbox which has
several control points. Userscantransformthe objectby
moving the control points. We usesimplified FFD.

We preparedeight control pointsfor the verticesof the
boundingbox. Userscanmove four control points simul-
taneoushby moving the planethatcomposeshe bounding
box (seeFigure8).

movement
of the plane

Figure 8. Simplified FFD.

Let(X,Y, Z) bethesizeof theboundingbox (seeFigure
8). Let (z, y, z) betheamountof movementof the planeof
the boundingbox. The transformatiommatrix of the defor
mationis computeddy thefollowing cases:

o thespecifiedplaneis verticalto the axis X:
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o thespecifiedplaneis verticalto theaxisY:
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o thespecifiedblaneis verticalto the axisZ:

1 0 o 2
o1 o %
x x l+tx 3
0o 0 o 1



All theverticesof the objectaretransformedoy usingthis
matrix.

They can transform the object in the bounding box
smoothly The moving methodof the planethatcomposes
the boundingbox is the sameasthe methodwhich is used
in 3.3

3.6.Cutting and grouping an object

Userscancut an objectby usinga cutterplane. When
the cutter planecutsthe object, the objectis split into two
parts.

They can move the cutter plane by using the mouse
movement. The normal of the cutterplanedependsn the
pointwherethey click (seeFigure9). Therearethreepos-
sibilities of thedirection:

a— asurface.
b — anedgeof the object.

¢ — avertex of theobject.

c b
-— a
a b ¢

Figure 9. Three kinds of the cutter plane.

They canmove the cutterplanealongthe directionof its
normal.

Whenthey split an object,the systemsubstitutesll the
coordinatevaluesof the verticesof the objectfor the equa-
tion of the cutter plane (ax + by + cz + d = 0). The
systemdivides the objectinto two partsby using the re-
sult of the substitution. Oneis the right side of the plane
(ax + by + cz + d > 0). Theotheris thereversesideof the
plane(ax + by + cz + d < 0).

After cutting, the systemcreatesiew two surfacesauto-
matically, at the placeof the cutter plane. Becauseof the
automaticcreationof the two surfaces the usersfeel asif
the objectsarenotempty

Userscangroup selectedobjects. Whenthey selectan
objectby clicking the mousebutton, the boundingbox of
theobjectappearsMore thanoneobjectcanbe selectedo
form a group. The boundingbox for the group of selected

Figure 10. Grouping objects.

objectsis constructedy combiningthe boundingboxesof
eachof the objectsin thegroup.

The group of objectscan be manipulatedas one com-
bined object. Userscanmake a complex modelby using
the cuttingandgroupingoperations.

3.7.Creating an object

We implementtwo kinds of methodsfor the creationof
anobject.

3.7.1 Creatingafundamental model

We preparethefollowing objectsasfundamentamodels:

dbd 4

e Sphere,

Cylinder,
e Cone,

e Cube,

Squarepyramid,
Figure 11. The funda-
mental models.

Triangularprism,

Tetrahedron.

The miniaturesof thesemodels are placed as icons.
Whenusersclick oneof the miniatures the modelappears
in the centerof the window. Its shapecorrespondgo its
original model.

3.7.2 Creating a model on the surface of the other ob-
ject

Userscancreateanobjecton thesurfaceof theotherobject.
They cancontrolthe sizeof the objectby usingthe mouse
movement.Whentheobjectis createdtheboundingbox of
theobjectis used(seeFigure12).

The baseof theboundingbox is decidedasfollows:

Position — The centerpoint of the baseof the bounding
box is decidedbasedon the beginning point of the
mousemovement.
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Figure 12. Creating an object.

Posture — The normal of the baseis the normal of the
surfaceof the otherobject.

Size — Thebaseengthof the baseis twice the amountof
themousemovement.

They cancreatean objectonto the other objectthat is
previously createdby this method. They canmake a model
by piling up theseobjectslik e a building block.

4. The modeling tool “Claymor e”

“Claymore” is implementedwith OpenGL[11, 12,13].
It runson Unix andMicrosoft Windows.

We implement “augmented manipulation” for this
modeler

Figure 13. Screen shot of “Claymore”.

Userscan manipulatean object overlappingthe addi-
tional informationby usingthe mouse while looking atthe
perspeciie figure atthe sametime (seeFigure13).

We haveimplementedhefollowing functions.Theusers
canselectthe buttonsthatareplacedat the top of the win-
dow (seeFigureld). They canchangeanoperatiormodeby
usingthe buttons. Thesebuttonsshawv the following func-
tions: Move, Rotate,Cut, Deform, Create,Delete,Group,
and Save to VRML format. Userscan storethe modeling
datato VRML formator alternatelyWavefrontOBJformat.

The modelthatis madeby using“Claymore” canbe ex-
portedto otherthreedimensionatools. They canmake use

Figure 14. Selecting buttons.
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Figure 15. Saving to VRML format.

of the modelingdatawhile creatingVRML webpageqsee
Figurel5).

5. Relatedwork

Michael Chenet al. [9] evaluatedthe methodof rota-
tion in athree-dimensionagpaceby usinga mouse. They
proposedhe methodof rotation by usinga virtual sphere
controllet In this paper a rotation angleis computedby
thedirectionandthe distanceof the mousemovement.This
rotation methodis differentfrom their approachesecause
the rotationangleis independenbf the path of the mouse
movement.

Robert C. Zeleznik et al. [10] proposeda direct ma-
nipulationtechniquefor operatinga three-dimensionabb-
ject. Their techniqguewas implementedin their three-
dimensionalmodeler“SKETCH” which useda penasa
two-dimensionalnput device. Usersdid notlook at anob-
jectin perspectie becausé SKETCH” projecteda three-
dimensionalobjectto a window by using the orthogonal
transformation. In this paper our modeler“Claymore”
adoptsa mouseasthe input device. The objectis in per
spectve becauséClaymore” usesperspectie transforma-
tion.

6. Summary

We apply the direct manipulationto operatea three-
dimensionalobject. We propose“augmented manipula-
tion” which is an enhancedlirect manipulationtechnique
by usingadditionalinformation. We implementthe three-
dimensionaimodelingtool “Claymore” by usingthis tech-
nique.
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plesdescribedn this paperarefully implementedandcan
be obtainedvia WWW from thefollowing URL.
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