Hierarchical Modeling

Reading

Requiredh

* fngel sections 10,1 - 106, 10.8

Cptional:

*  OpenGl Programming Guide, chapter 3

Symbols and instances

Wiost graphics APls support afew geometric

primitives: ﬂl wslahcr(_.( \

* phares
+ cubes
* olinders

These symbols are instancad using an instance
transformation.

A ,,SD ,L&,l_ ﬁ

Q: What is the matrix for the instance transform ation

aboa? M _ __[ P\S

Connecting primitives




3D Example: Arobotarm

Consider this robot arm with 3 degrees of freedom:

* Base rotatesaboutitswertical axisby 8
* Upper arm rotatesin its xy-plane by ¢
* Lower arm rotatesin itsxy-plane by y
Lowwaram

Uppararm /,

[Mote that the angles are set tozero in the figure; ie.
the parts are shown in their “default” positions)

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

Q: What matrix for the lower arm?

R, (6) T p MR T(oh,p)RLY)
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Robot arm implementation

The robot armecan be displayed by keepinga global rmatrix
and computing it ateach step:

Matrix M model;

maing)
i

robot_armd);
H

robot _armi)

{
¥ model = R y{theta);
base();
M model = R_y(theta)*T (0, hi, 0)"R_z(phi);
upper armi);
M model = R_y(theta)*T (0, hi, 0)*R_z(phi)

*[{0 h2, 0)*R_=z(p=i);

lower armi);

H

Do the rmatrix computations seerm wasteful?
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Robot arm implementation, better

Instead of recalculating the global matrix each tirme, we
canjust updateit inplace by concatenating matrices on
the right:

Matrix M model ;

main()

i

¥ model = Identity();

robot armd );
H
robot_armi )
i
¥ model *= B yitheta):
base();
M model *= T(0 hl, 0)*E_=z(phi);
upper_army ) ;
M model *= T(0 h2, )*E_z(psi);
lower aemd);
1

Robot arm implementation, OpenGL

OpenGL maintains a glebal state matrix called the
modal-view matrix, which is updated by
concatenating matrices on the right.

madn ()

f

glMatrixMode ( GL_NODELYTEWY ):

glLoadTdentity();
robot arm();

H

robot_armi )

{
glBotatef theta, 0.0, 1.0, 0.0 );
basze():
glTranslatef( 0.0, hi, 0.0 );
glRotatef( phi, 0.0, 0.0, 1.0 );
lower armf);
glTranslatef( 0.0, h2, 0.0 ):
glRotatef{ psi, 0.0, 0.0, 1.0 );
wper arml );

}




Hierarchical modeling

Hierarchical maodels can be composed of instances
using trees or RAGS:.

L .""""ﬂ A
¢ Hﬂ
Chassis | L'ha.\hihl
Pk RELF
e RFy } o, LR
" - “ "
Right-fromt | = Right-rear | | Left-front Left-rear =
wheel wheel wheel wheel

* adges contain geometric transformations

* nodes contain geometry (and possibly drawing
attribautes) _—
,.’_L-nrl.' /

Heww might we
drawe the treea for
therobot arm?

M

LY
| il arm,

A complex example: human figure

(2

Torso

M M
LY ) .
Left-upper || Right-upper
leg leg
A Mg M
1 T 3 )
fi-lowgr | | Right-lower| | Left-lower | Right-lower
Ao arm leg leg

ibleweay totraverse this

Aﬂ’i’f‘”\ 4 jeit dervteshl
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Human figure implementation, OpenGL

figurel)
i
torsal];
glPushHatzix() ;
glTranslate( ... 1:
glRotatel ...
headl]:
gIPcpHatrinil;
glPushiatzin(] ;
glTranslat=( ... 1:
glRotatel ... ];
1= ft_upper_a.tm[ 1
glPushHatzixl )

glTranslatel ... ]
glRotatel ... );
left_lower_arml);
glPopHatrin(] ;
glPopHatrix(] ;
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Animation

The above examples are called articulatad modals:

* rigid parts
* connected by joints

They can be animated by specifying the joint angles
{or other display parameters) as functions of time,
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Key-frame animation

Themaost common methodfor character animation
in production is key-frama animation.

* Fach jeint spedfied at various key framas (not
nacassarily thea same as cther joints)

& Systemn does interpolation or in-baetwasning

Doing thiswell requires:

& Aoway of smocthly interpelating key frames:
splinas

* A goodinteractive system

* Aot of skill onthe part of the animator

[ )
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Scene graphs

Theidea ofhierarchical modeling can be extended to
an entire scene, encompassing:

* many diffarent cbjects
+ lights
& cameraposition

Thizis called a scena tree or scene graph.

|Object2 | | Objects |
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Summary

Here'swhat you should take home from thislecture:

¢ tllthe boklfaced terms.

* How primitives can be instanced and composed
to create hierarchical models using geornetric
transforms,

¢ Howthe notion of a model tree or DAG can be
extended to entire scenes.

* How OpenGl transformations can be used in
hierarchical modeling.

* How keyframe animation worlks,
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