Hierarchical Modeling

Brian Curless
CSE 457

Spring 2013




Reading

Requirad,

+ Angel sections 81 - 86, 8.8

Cptional:

+  OpenGl Frogramming Guide, chapter 3




Symbols and instances

Mot graphics AFIs support a few geometric
primitives:
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+ :phares jlu' EPJL“!{ \J
+ Cubes

+ Oylinders

These symkbols are instancad using an instance
transformation.
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3D Example: A robot arm

Consider this robot arm with 3 dagrees of freadom:

+ Baserotates aboutitswvertical axis by &
* Upperarm rotatesin its xy-plane by ¢ 'F_ b{' h
+ Lower arm rotatesin itsxy-plane by y

oneray (;'5 iw TC 5 0)
Upperarm ) I'r| |
iy 74

' 98 .5
Y (2N

=

[Bongel 2011]
(Mote thatthe angles are set tozero inthe fiqure; i.e.
the parts are shown in their "default” positions)

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

O What matrix for the lower arm?
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3D Example: A robot arm

An alternative intarpretation isthat weare taking the
original coordinate frames..,
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From parts to model to viewer
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Model or ohject space
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Robot arm implementation

The robot armean be displayed by kespinga global ratrix
and cornputing it at each step:
Hatriux M mdel;

Hatriu M view;

min()}
{

H view = compute view transformi);:
robot_armi );

}
mobot_armi )
{
H miel = H view*R yitheta):
base{):
M mdel = M View*R yitheta)*r {0, hl, 0} *R_={phi):
upper_armi ) ;
M mlel = M view*R yi{theta)*r{0,hl, 0)
*R ={phi)*T{0, h2 0)*R =(psi);:
loeer arm( ):
}

Cro the rratrix cormputations seem wasteful? \[/":"':‘.} y
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R obot arm implementation, better

Instead of recalculating the global matrix each time, we

can just updateit inplace by concatenating matrices on
the right:

Hatriw M mlelview:

min()

{
H mndelview = compute view transform{ );
robot_armi );

}

mohbot_armi )

{
H mndelvwiew *= B yithetal:
basel{):
H mdelview *= {0 hl, 0})*R ={phi):
upper _armi );
M mdelview *= Y0 h2, 0)*R =(psi):
lower arm( ):

}




Robot arm implementation, OpenGL

CpenGl maintains a global state matrix called the
model-view matroc. which is updated by
cohcatenating matrices on the right.

maini)

{
gleatrivende{ L HDOELYIEY );:
Hatrix M = compute view aformi):
glioadwmatrisf{ M );
mobot_armi ):

}

mobot_armi )

{
glantatef{ theta, 0.0, 1.0, 0.0 };:
basel):
glrTranslatef{ 0.0, hi, 0.0 }:
gleotatef{ phi, 0.0, 0.0, 1.0 };:
lower armi):
glrranslatef{ 0.0, h2, 0.0 }:
gleotatef{ psi, 0.0, 0.0, 1.0 };:
upper_armi }:

}




Hierarchical modeling

Hierarchical models can be composed of instances
using trees of LA GS:
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+ adges contain geometric transformations

+ nodes contain geometry (and possib Wi
attributes) S
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A complex example: human figure
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Human figure implementation, OpenGL

figare()

{
torso( )
glFochiat rAw ]y

glTrranslotel -.- 1»
glaotatel .- 1»
heendl Jr
glropiatrix( 1y
glPochHat Ciw () p
glrranclatel ... 1»
gliotate( -.- ¥
left wpper aam(]s
glFoshintriswl ) ¥
Y rasiate( ... l»
gRrotatel ... 1p
left Jow=r nrmi )y
glropHatrix(] s
glFopHatrim(]y

- - -
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Animation

The abowve examples are calledarticulated models:

* rigid parts
+ connected by joints

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

The meost cormmon method for character animation
in production is key-frame animation,

+ Eachjoint specified atwarious kay frameas (ot
necessarily the same as other joints)

+ System does interpolation of in-betweaning

Daing thiswell requires:

+ Aoway of smocthly interpolating key frames:
splines

+ A goodinteractive system

+ Aot of skill onthe part of the animataor
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Scene graphs

Theidea ofhierarchical modeling can be exten ded to
an enfire sCene, encompassing:

+ many different objecs
*+ |ights=
*  Cammera position

Thizis called a scana trea or scana graph.
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Summary

Here'swhat vou should take home from thislacture:

*

*

All the bokdfaced terms.

How prirmitives can be instanced and composad
to create hierarchical models using geometric
tran sforms,

How the notion of a madeal tree o DAG can be
extended to entire scenes,

Howe OpenGLtransformations can be used in
hierarchical maodeling.

Howe kevframe animation works,
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