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What is COLLADA?

COLLADA (COLLAborative Design Activity) is an XML-based
interchange file format for the tools in content pipeline, such
as Digital Content Creation(DCC) tools and conditioners

Coupling of geometry, kinematics (and rigid-body physics)
information

Support of BREP-Geometry, NURBS
File extension: .dae

Hierarchical structure of the elements (parent-child
relationship), instantiation and addressing concepts
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Structure of COLLADA

<?xml verzion="1.0" encoding="ntf-8"7?>
<COLLADE wversion="1.5.0" zmlns="http://www.collada.org/2008/03/COLLADAS chema" >

<asset>

= <contributors>

<author>tarakos GmbH</authors>
{authnr_email}ender.yemenicioglu@tarakns.ccmifauthnr_email}
{authnr_websitebwww.tarakns.cnmifauthmr_wehsiteb

<guthoring tool>tarakos Vrml To Collada Converter Version 1.1{fautnnring_tnml}
<copyright>tarakos GmbH</copyright>

= < /fcontributory>

“ocreated>2015-10-08T13:26:43%</created>
“modified>2015-10-08T13:26:44%< /modified>

funit meter="1" name="meter" />

<up axis>Z UP</up axis>

- </ assetr

[ <library geometries id="6eefceaa-ablf-48a6-af40-130e4T78703fc" name="libGeo World":>

[ <library materials id="2ec85307-3a70-4111-b97d-Teff54c0cd4l1li0" name="libMaterial World":>

[ <library effects id="3TBebafe-73d5-4708-b05b-f445%ba598173" name="libEffect World":>

[ <library wvisual scenes id="c3116fel-8780-444a-a%0-f07d45%26903" name="libVisunalScenes World":>»
[ <=scene>

L < /COLLADA>
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The description of library elements in COLLADA format

COLLADA Libraries
library_animations Contains <animation> elements. <animation> describes the transformation of an object or value over time.

library_animation_clips Contains <animation_clip> elements. <animation_clip> separates different pieces of a set of animation curves, formulas, or
both.

library_cameras Contains <camera> elements. <camera> describes the eye point of the viewer looking at the visual scene.
library_controllers Contains <controller> elements. <controller> is a general, generic mechanism for describing active or dynamic content.
library_geometries Contains <geometry> elements. <geometry> categorizes the declaration of geometric information.

library_effects Contains <effect> elements. <effect> defines the equations necessary for the visual appearance of geometry and screen-
space image processing.

library_force_fields Contains <force_field> elements. <force_field> describes a force field which affects physical objects, such as rigid bodies.
library_images Contains <image> elements. <image> describes raster image data, but can conceivably handle other forms of imagery.

library_lights Contains <light> elements. <light> declares a light source that illuminates a scene.

library_materials Contains <material> elements. <material> describes the appearance of a geometric object.

library_nodes Contains <node> elements. <node> embodies the hierarchical relationship of elements by declaring a point of interest in a
scene.

library_physics_materials Contains <physics_material> elements. <physical_material> defines the physical properties of an object.

Contains <physics_model> elements. <physics_model> provides a logical grouping mechanism for a collection of rigid
bodies and constraints.

Contains <physics_scene> elements. <physics_scene> specifies an environment in which physical objects are instantiated
and simulated.

Contains <visual_scene> elements. <visual_scene> embodies the entire set of information that can be visualized from the
contents.

library_joints Contains <joint> elements. <joint> defines a single joint with one or more degree of freedom.
library_kinematics_models Contains <kinematics_model> elements. <kinematics_model> categorizes the declaration of kinematical information.

Contains <articulated_system> elements. <articulated_system> categorizes the declaration of generic control information
for kinematics systems.

Contains <kinematics_scene> elements. <kinematics_scene> embodies the entire set of information that can be articulated
from the kinematic contents.

library_formulas Contains <formula> elements. <formula> defines a formula using MathML as its common technique.
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Instantiation and addressing

<library effects id="libeffect":>

<library materials id="libmat"> <effect id="effect4278190335"> |
<material id="materialdlTH190335"> : <profile COMMOH>
I<in5tance effect url="geffectd2TBI190335" /> <technigque sid="common">

</material> <phong>
<material id="materiald42T78255360"> <ambients
<material id="materiald42S4501760"> <color>l 0O 0 1</color>
<Ilibrary_materialsb «/ambienty
<diffusex>
<color>»l 0 0 1</color:>
< fdiffuse>
</phong>

</technigque>
<fEIDfilE_CDHHDN>
</effect>
<effect id="effectd2TB255360">
<effect id="effectd254501760">
</library effects>

* The actual data representation of an object can be defined only once. However, the object can
appear in a scene more than once. Each appearance in the scene is called an instance of the
object.

* COLLADA uses two mechanisms to address elements and values:

1) URI addressing: Referencing the id attribute of an element. In “url” and “source”
attributes.

2) Scoped-ldentifier (SID) addressing: Referencing the “sid” attribute of an element. Mainly
in “target” and “ref” attributes, <SIDREF> and <SIDREF_array> elements.
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COLLADA Geometry
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Tessellated
BREP Model Representation

* BREP represents the data structure of an object by giving information about each of the

object's faces, edges and vertices and how they are joined together.
* To visualize the geometries, they must first be "tessellated". That means they should be

converted into a format which is suitable for graphics cards.
» Tessellated geometries are introduced by the element <mesh>.

* Drath, Rainer. (2010) Datenaustausch in der Anlagenplanung mit AutomationML. Berlin Heidelberg: Springer-Verlag, 2010
www.taraVRbuilder.com
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COLLADA mesh

* To describe geometric primitives that are formed from the vertex data, the
<mesh> element may contain zero or more of the primitive elements <lines>,
<linestrips>, <polygons>, <polylist>, <triangles>, <trifans>, and <tristrips>.

* The <vertices> element under <mesh> is used to describe mesh-vertices.
Polygons, triangles, and so forth index mesh-vertices, not positions directly.

* Mesh-vertices must have at least one <input> (unshared) element with a
semantic attribute whose value is POSITION.

» <source> provides the bulk of the mesh’s vertex data.

e <source> contains a <float_array> element to define coordinates for the
positions or normals, etc.

* The <accessor> element under <source><technique_common> declares an
access pattern into the float array element.

 Theindices in a <p> element refer to different inputs depending on their order.
The first index in a <p> element refers to all inputs with an offset of 0. The
second index refers to all inputs with an offset of 1.
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COLLADA mesh

<gecmetry id="geol" name="GCGEOM O0">
<mesh>
<zource id="geol.positions">

-—-—-—-—-*'iflnat_array id="geol.positions-array" count="60">-3000 -3000 O -3000 -3000 O -3000 -3000 O -3000 3000 O -30
15000 1500 O 15000 3000 -3000 O 3000 -3000 00 3000 O 3000 3000 O 3000 3000 O</float arravr
<technigque common>

<accessor count="20" on=-array" stride="3">»

<param name="X"

<param name="¥"

<param name="Z" Type="float"/>
</accessor>

<Itecnnique_conmon>

</ sources

<zource id="geol.normalz">
<vertices id="geol.vertices">

— <input semantic="POSITION" source="g#geol.positions"/> S
< /vertices>

<triangles count="2" material="mat0">

<input offszet='0" semantic="VERTEX" source="#geol.vertices"/>

<inp1;—ﬂff§’—’—1“ zemantic="HOBMAL" scurce="#geol.normals"/>
<p>1T 11‘Egsizu2 22 2 44 17 17</p>

“/triangles>

<triangles count="3" material="matl">

<triangles count="3" material="mat2">

<triangles count="3" material="mat3">

<triangles count="3" material="matd">
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COLLADA scene

* <scene> embodies the entire set of information that can be visualized from the contents of a
COLLADA resource.

* Each COLLADA document can contain, at most, one <scene> element.

* The scene graph is built from the <visual_scene> elements instantiated under <scene>.

* Inthe <scene> one or more kinematics scenes can be instantiated. For this instance, new parameters
can be defined. Because the kinematics models that are defined in the kinematics scene are
completely separate from the geometric appearance, the instance can be bound to elements of an
instantiated visual scene.

* The instantiated <physics_scene> elements describe any physics being applied to the scene.

<likbrary wvisual scenes id="libvisnalszcenes">

<visual scene id=“libvisualsceues.sceue“>|

<node id="root" name="Prodoctl">
P —— </visual scene>
<instance_visual_sceneI::;=“#libvisualscenes.scene“ﬁ> </library visual scenes>
<instance kKinematics scene|url="gflibkinscenes.kinicene"x>|
</8cene>

Wlibrary kinematics scenes id="libkinscenes">
| <kinematics =scene id="libkinscene=s.kinScene">

<flibrary_kinematics_scenes>
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COLLADA scene

* The <visual_scene> element forms the root of the scene graph topology.

* <visual_scene> contains one or more <node> elements.

 The <node> element embodies the hierarchical relationship of elements in a
scene.

* <node> can have a wide range of child elements, including <node> elements
themselves.

* The transformation elements transform the coordinate system of the <node>
element.

 Transformation elements are: <lookat>, <matrix>, <rotate>, <scale>, <skew>,
<translate>

* <instance_geometry> allows the node to instantiate a geometry object.
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COLLADA scene

<visual scene id="libvismnalscenes.scene">

<node id="root" name="Prodncti":
<naode dd="Prodpct. 1 0" pape="Prodoct"

<instance geometry url="fgeol">

=bind materigl>
<techniq COMMon>

|<inst§nce material syvmbol="matO" ta:cet=“#materia142?8190335“f>|

<instafce material symbol="matl' roget="#materiald4278190335" />

<instanke material symbol="mat2"|cadget="H#materiald2TB190335" />

<instanck material symbol="mat3"|targe ="'f#materiald2 78190335 />

<instance\material symbol="matd" ftarget= ateriald2T78190335" />

</technique copmon>
</bind material>
<finstance geometry>
</node>
<node id="Produoct2.1 1" name=\Produoact2">
<node id="Produoct3.1 2" name="¥roduct3i">
</node>

</visual scene>

cgeometry i1d="geol" name="GEOM 0">
<mesh>

<source id="geol.positions">

<source id="geol.normals":>

<vertices id="geoD.wv - " <library materials ="1ibmat">

<triangles count="2"| material="mat0">» I <material id=“material4278190335“>I
<triangles count="3" material="matl"> <material id="materiald278255360">
<triangles count="3" material="mat2"> <material id="materiald294901760">

<triangles count="3" material="mat3">

</library materials>
<triangles count="3" material="matd4":> -

</mesh>
<EXtrax

</geometry>
<geometry id="geol" name="GEOM 1">
<geometry i1d="geo2" name="GEOM 2">

</library geometries
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COLLADA kinematics: Definition of joints

Virtual made Reality

Typ of joint Degree of Freedom Example <librar y_Joints>

<joint name="prismatic">

<prismatic>

<axis sid="axis">1 0 0</axis>
<limits>

| <max>50</max>

| <min>-30</min>

</limits>

A </prismatic>
Cylindrical Ix rot., 1x trans. -~ </joint>

Prismatic : IX trans.

Revolute 1x rot.

<joint name="universal'>

<revolute sid="revolutel"”>

<axis sid="axis">0 1 0</axis>
<limits>

Planar 1x rot., 2x trans.

<max sid="max">180</max>
i <min sid="min">-180</min>
</ limits>
</revolute>
<revolute sid="revolutez2">
i <axis sid="axis">0 0 1</axis>
</revolute>
</joint>
</library joints>

Ball and socket 3x rot.

Universal 2X rot.

Screw Ix rot., 1x trans.
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Kinematics model

40 40

xllbrary joincs>
<joint [id="joint"| name=['revolute”>
i <revolut
: <axis>0
| </revolute>
i </ joinc>
</library_joints>
<library Kinematics models>
: <kinematics model 1d="kine
i <technicue common>
: <instance_ joint| url="#joint"”|sid="joint"/>
<link —1i—"upper_arm">
E <attachment full joint="jo0int"”>
<translate>40 0 O</translate>
<link =id="forearm"/>
: ’/atrachment full>
i </ link>
xztechnlque common>
’/klnpmatlcs mode 1>
\/llbrary Kinematics models>

Lics_model">
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Combining geometry and kinematics

<ECENnE>

<instance wvisual scene url="#libvisnalscenes.scene" />

1m ] =T
WL 1=

flibkin=cenes.kinScene" >
node="Prodoct.l 0"> |

<paranrlibkin=zcenes.
</bind kiq

<instance kindm

«bind kingmatics model

kinScene_}ibkinscenes.kinScena_jnsp_kinmudel.D(fparam>

Ematics_model>

£bind joifgt axis target="Product2.l 1/joirt 1 axis0">
<bind joifgt axis target="Prodnct3.1 2/joint 1 axis0">»
<bind joifgt axiz target="Prodnct3.1 2/join: 0 axis0">»

2nal=cenes">

<library wisual scenes id="libwv

</instance kifgematics scenes>

<visual =cene i —“llelsuallcenes.scene“>

</ scene>

<node id="root" name="Pyodnctl">
I(nnde id="Product.l 0" name="Frodoct"> I
<node id="Prodmct2.l1 1" name="Prodnct2">
<node id="Prodoct3.l1 2" name="Prodmct3">
< /node>

</wisual scenex

="libkin=cenes">

<library kinematicj scenes 1
<kinematics_5:1&a|id=“libkinscenes.kinScene“}|

url="fkinmodsl . 0"

<instance kinematics model

sid="in=t kinmodel.D">
<newparam|sid="libkinscenes.kinScene libkinscenes.kinScene inst kinmodel . 0"}
<SIDREF>1ibkinscenes.kinScenefinst_kinmudel.D(ISIDREFb

<flibrary_visual_5cene5}

< /newparams

<newparam sid="libkinscenes.kinScene libkinscenes.kinScene inst kimmodel.D joi
<newparam sid="libkinscenes.kinScene libkinscenes.kinScene inst kimmodel.D joi
<newparam =id="libkinscenes.kinScene libkinscenes.kinScene inst kinmodel.D joi
<newparam s2id="libkinscene=s.kinScene libkinscenes. kinScene inst kimmodel.D joi

<Iinstance_kinematics_ﬁodelb
</kinematics scenex
(IlibraIy_kinEEEti:ﬂ_ﬂ:EﬂEﬂb

www.tarakos.com
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Combining geometry and kinematics

* <bind_joint_axis> binds a joint axis of a kinematics model to a single
transformation of a node.

<SCEne>
<instance wvisual scene url="#libvisunalscenes.scene" />
<instance kinematics_scene url="#libkinscenes.kinScene">
<bind kinematics model node="Produnct.l1 0"

<bind joint axis ta:get=IProduct2.1 1/jo0int 1 axisD“: T
<axis>
_Epﬂml. >libkinscenes . kinScene libkinscenes.kinScene inst kinmodel.0 joint 1 a.xis[l’/’pararr.}
</faxis>
<wvalue>
<paraﬂ)hibkinscenes.kinScene libkinscenes.kinScene inst kinmodel .0 joint 1 axis0 value(lparam>
</value> <node 10="TooL! name="F¥oductlin
/bind_joint_axis> <node id="Produoct.1w0" name$"Product">
bind joint axis target="Product3.1 2/joint 1 axis0">» |<:mde id="Product2.1 1" namf="Product2"”
bind joint axis target="Product3.l 2/joint 0 axis0"> <matrix>»>1 0 0 00O 1 0 OfJj0 O 1 30000 0 O O 1</mat
<ii:stance_kinematics_scene> <matrizx>»1 -0 0 -0 -0 1 §0 0O 0 -0 1 -30000 -0 O -
</sceney <matrix>l1 0 0 0 0 1 O OWO O 1 30000 0 O O 1< /mat
I <rotate sid="jJoint 1 axis0">-1 -0 -0 0</rotate>
<likbraryj kinematics_scenes id="libkinscenes"> <cmatrix»*1 -0 0 -0 -0 1 -0 0 O -0 1 -30000 -0 O -
<kingmatics scene id="libkinscenes.kinScene"> <matrix>1 0 0 001 000031 30000000 1</mat
instance kinematics_model url="gfkinmeodel.0" sid="insY kinmodel.O"> <instance geometry url="g#geol">
<newparam sid="libkinscenes.kinScene libkinscenes JkinScene inst kinmodel.OD":> </node>
<SIDREF>1ibkinscenes.kinSceneiinst_kinmodel.D /SIDREF> <node id="Prodoct3.l 2" name="Product3i">
</newparam> </node>
-Pknewparam zid="libkin=scenes.kinScene libkinscened.kinScene inst kinmodel.0 joint 1 axisﬂ"ﬂ

<5IDREFrlibkinscenes.kinScene/inst kinmodel.§/joint 1/axis0</SIDREF>
</ newparams

I<newparam zid="libkin=cenes.kinScene libkinscenes.kinScene inst kinmodel.0 joint 1 axis0 value">
ZTloat-b<s/Tl0at>

</ newparams
<newparam sid="libkinscenes.kinScene libkinscenes.kinScene inst kimmodel.0 Jjoint 0 axis0">

<newparam sid="libkinscenes.kinScene libkinscenes.kinScene inst kimmodel.0 Jjoint 0 axis0 value">

<finstance_kinematics_model>
</kinematics scene>

<!libIary_kinematics_scene5>
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COLLADA physics

e Supports basic rigid body dynamics. A rigid body is a non-deformable object
that interacts with other rigid bodies according to Newton’s basic laws of
physics.

* A constraint specifies how one body can move in relation to the other. It can
limit the various angular and linear degrees of freedom.

* Physically based systems don’t have the same notion of hierarchy or parent-
child relationships used by animated articulated models.

* The simulated physics models are visualized by having their instantiated rigid
bodies directly control the placement of nodes in the visual scene. The node
could display different geometry than what is defined in the physics scene.

* Convex meshes might be needed for proper collision. <convex_mesh> element
generates the convex hull for a given mesh.

* In addition to general meshes and convex hulls, COLLADA defines analytical
shapes (boxes, spheres, capsules) for collision volumes, too. ->Better
representation of certain round surfaces, improved performance, and reduced
memory usage.
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<physics_model id="Bullet-PhysicsModel" name="Bullet-PhysicsModel">
Ph SiCS m odel <rigid body =zid="dRigidBodyShaped-RigidBody" name="dRigidBodyShaped-RigidBody">
y <rigid body =zid="dRigidBodyShapel-RigidBody" name="dRigidBodyShapel-RigidBody">

<technigue common>

<dynamic>troe<,/dynamic>

L The <phySICS_mOde|> <mass>l</mass>

<inertia>0.141067 0.141067 0.141067</inertcia>

element |S a |Oglca| grouplng <instance physics material url="#dRigidBodyShapel -PhysicsMaterial" />

<shape>

mechanism for rigid bodies

<half extents>0.5 0.5 0.5</half extents>

and constraints. Physics </pox>

</ shape>

models might be defined with a </vechnique_common>

</rigid_body>

S|ng|e r|g|d bOdy Or W|th |’|g|d <rigid body zid="dRigidBodyShape3-RigidBody" name="dRigidBodyShape3-RigidBody">

<rigid body =sid="dRigidBodyShape2-RigidBody" name="dRigidBodyShape2-RigidBody">

i I i <rigid constraint =sid="BulletUnnamedConstraint-0" name="BulletlUnnamedConstraint-0">
bodies which have constraints §

<ref attachment rigid body="dRigidBodyShape2-RigidBody">

I|nk|ng them <translate»D -2.78861 2.56579</translate>

<rotate>l 0 0 O</rotate>

* Rigid-bodies may contain a single et avtacmenes
shape or a collection of shapes ranslece>0 270061 -2,36575</cranslae>
for collision detection. </atsacimenc>
* A <physics_material> or e A
<instance_physics_material> cmne
describes the surface properties <mdns0 0 se/min>
for restitution and friction. </awing_cone_snd_twist>
* <rigid_constraint> is specified by: im0 0 o</min>
e Two attachment frames | Snsac>
e Its degrees-of-freedom (DOF). </technique_common>

</rigid constraint>
</physics_model>
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Combining visual and physics scene

<SCcenex

| £<instance phgﬂica =cene u:l=“#Scene—Ph¥sics“f}.

<instance_ visual scene url="fscens" />
</ scenex

<library physics scenes>

<phvsics scene id="Scene-Phy=zicz" name="MyPhv=zioczScene">

<instance physics model url="#Bullet-PhysicsModel">
<instance rigid body bodyv="dRigldBodyShaped-RiglidBody" target="#dRigidBodyShaped">
Icinstance rigid body body="dRigidBodyShapel-RigidBody" target="#dRigidBodyShapel">
<technigue commons

<angular wvelocity>0 0O Ucfangular_velmcityb
<velocity>D 0 O</velocity>
cftechnique_cnnmnn}
</instance rigid body>
<instance rigid body body="dRigidBodyShape3-RigidBody" target="#dRigidBodyShape3":>
<instance rigid body body="dRigldBodyShapeZ2-RigldBody" target="#dRigidBodyShape2">
<instance rigid constraint constraint="BnlletUnnamedConstraint-0"/>

<finstance_physics_model>
<technigque commoni

</physics_ scenex

< /library physics sScenesr»

<library wisual scenes>
<visual scene id="Scene" name="MyScens">
<node id=“dRigidEudyShapE4“ :ame=“dRigidEudyShapE4“>
I{nnde id=“dRigidBndehapel“ :ame=“dRigidBndehaEel“}
<node id="dRigidBodyShape3" name="dRigidBodyShape3">
<node id="dRigidBodyShape2" name="dRigidBodyShape2">
</wvisual sceneX

»

<Ilibrary_visual_scenes}
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COLLADA programming

* COLLADA DOM (Document Object Model) is an open-source (MIT-licence)
application programming interface (API) for C++.
http://sourceforge.net/projects/collada-dom/

e Alternative: Creating your own COLLADA objects(POJOs) in Java.

* How to:

1) Download COLLADA schema.
https://www.collada.org/2008/03/COLLADASchema/

2) Xjc to generate classes from XML schema. ->Part of JDK. Under “bin” folder.

3) Command “xjc collada_schema_1 5.xsd” should work, but doesn‘t because
of name collision error.

4) Download this schemalet "simpleMode.xml":
http://weblogs.java.net/blog/kohsuke/archive/20060315/simpleMode.xsd/
simpleMode.xsd

5) Command "xjc collada_schema_1 5.xsd -extension simpleMode.xm
sure the file paths are correct)

www.tarakos.com www.taraVRbuilder.com
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Questions?
Thank you for your attention.
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