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Reading

Requirad:

* Ancel sections 10.1 - 106, 10.8

Optional:

b

Symbols and instances

Most graphics APls support afew geometric
primitives:

* spheres ﬁi”‘g(’bn
* cubes
* oylinders

These symbaols are instanced using an instance
transformation.
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Q: What is the matrix for the instance transformation
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3D Example: Arobot arm

Consicker this robot arm with 3 degrees of freedom:

* Base rotatesaboutits vertical axis by 8

* Upperarm rotates in its xy-plane by ¢

& |ower arm rotatesin itsxy-plane by y
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{Mote that the an gles are set to zero in the figure; ie.
the parts are shown in their “default” positions.)

Q: What matrix dowe use totransform the base?
Q: What matrix for the upper arm?

Q: What matrix for the lower arm?
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3D Example: Arobot arm

An alternative interpretation is that we are taking the
original coordinate frames...

Lowerarm

Upperam

-
i
-

Robot arm implementation

The
arid

ot ammn can be displayed by keeping a global matrix
puting it ateach step:

Hatrim B model:

}

robot_arm()

{
H model = R yitheta);
base();
H model = B yitheta)*T{d,hl,0)}*R z{phi);
upper arm{};
B model = B yitheta)*r{d,hl,0)}*r z{phi}

*=r{0,hl,0)*R =(psi) ;

lossar arm() ;

}

Do the matrix computations seem wasteful?
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Robot arm implementation, better

al rratrix each tirre, we
can just update it i place by concaterating matrices on
the right:

Instead of recalculating the glob

Hatrin M model;

main(}
{

H model = Idemtity():

robot arm();
}
robot_armi )
{
H model *= B yl(thetal;
basa():
H model *= T(0,hl,0)})*R ={phi);
upper_arml};
H model *= T{0,h2,0)*R =(psi);
lower armi)};
}

Robot arm implementation, OpenGL

OpenGL maintains a global state matrix called the
model-view matrix, which is updatad by
concatenating matrices on the right.

main( }

{
glmatrimmoda( GL MODELVIEW )
gli.oadTdentityl ) ;

rcbot arml);

}

robot armi}

{
glRotatef{ theta, 0.0, 1.0, 0.0 );
basa():
glrranslatef{ 0.0, hl, 0.0 };
glrotatef{ phi, 0.0, 0.0, 1.0 )
lower armi);
glrranslatef{ 0.0, h2, 0.0 };
glrotatef{ psi, 0.0, 0.0, 1.0 );
upper armf };

}




Hierarchical modeling

Hierarchical models ca compasad of instances
using trees or DAGs: Twerl
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* edges contain geometric tran sformations

* podes contain geometry fand possibly drawing
attributes)
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How might we
draw the tree for
the robot arm?

A complex example: human figure
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Human figure implementation, OpenGL

Eigure()
i
torss i}z
glPushBatrix(};
glTranclate{ ... };
gllotate( ... )i
I H
glPoplatrix(};
glPushBatrix(};
glTranclat={ ... };
glictatel ... b
l=ft wpper armi};
glPushMatzix();
glTfranslate{ ... )z
gliRotate{ ... }s
left lower arm{};
glPopBatrix(};
glPopBatrix(};

Animation

The above examples are called articulated models:
* rigid parts
* connected by joints

They can be animated by specifying the joint angles
{or ather display parameters) as function s of time.




Key-frame animation

The most common methodfor character animation
in production is key-frame animation.

* FEach joint specified at various key frames (not
necessarily the same as other joints)

* System does interpolation or in- betweening

Doing this well requires:
* Away of smoothly interpolatin g key frames:
splines
* A goodinteractive system
* Aot of skill on the part of the animator
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Scene graphs

Theidea of hierarchical modeling can be extended to
an enfire scene, encompassing:

* many different objects
+ lights
& cameraposition

Thisis called a scene tree or scene graph.

Scene

Geometryl

Summary

Here'swhat vou should take home from this lecture:

¢ Allthe bold faced terms.

* How primitives can be instancad and composad
to create hierarchical models using geometric
transforms.

* How the notion of amaodel tree or DAG can be
extendedtoentire scenes.

* How OpenGL transformations can be used in
hierarchical modeling.

* How keyframe animation works.




