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Reading

Requiredh

* fngel sections 8.1 - 86, 8.8

Cptional:

*  OpenGl Programming Guide, chapter 3

Symbols and instances

Wiost graphics APls support a few geormetric
primitivas:

| .
* sphares 3'“ SPJkU! ( ]
* cubes

* olinders

These symbols are instancad using an instance
transformation.

Q: What is the matrix for the instance transform ation

abona?
M=TRS

3D Example: Arobot arm
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# Base rotates aboutits vertical axisby 8 !
* Upper arm rotatesin its xy-plane by ¢ %b( h
* Lower arm rotatesinitsxy-plane by y
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Consider this robot arm with 3 degrees of freedom:

Upperarm

Engel 2011]
[Mote thatthe angles are set tozero in the figure; ie.
the parts are shown intheir “default” positions.)

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

Q: What matrix forthe Iot:ger arm?
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3D Example: A robot arm

An alternative interpretation isthat we are taking the
ariginal coordinate frames...
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..andtranzlating androtating them into place:
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From parts to model to viewer

Model or object space
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World space

M yipw

Exye or camera space

Robot arm implementation
The robot arrmcan be displayed by keepinga global rmatrix
and computing it ateach step:

Matriz M mndel:

HMtris M views

min{}

i
H view = compute view trancform{):
mbot_arm{ ):

H

mbot_armi )

{
M model = M view'R yitheta);
base{);
M mndel = M ¥Viee'R yitheta)* {0, hl 0)*R ={phi);
upper_armi }:
M mndel = M wiew*R yitheta)*r{d. hl, 0}

*B_={phi}*?{0, h, 0)})*R ={psi):

lower_armi }:

H

Do the rmatrix computations sesm nwasteful? \T/d'5 P
T

Robot arm implementation, better

Instead of recalculating the global rratrix each tirme: we
can just updateit inplace by concatenating rmatrices on
the right:

Matrix M modelview;:

min()

{
M msndelwiew = compute wiew transform();
mobot_arm{ };

H

mhbot_arm{ }

{
H modelview *= B yithetal:
asa{):
H modelview *= T{0,hl,0)})*R ={phi);:
upper_arm);
H mndelview *= Tl hi, 0)*R _=ipsi):
lower_armf}:

H




Robot arm implementation, OpenGL

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

mini}

{
glatrizkye{ SL_MIDELYIEF ):
Hatriz M = compute view wformi):
glioadmatriaf{ M );
mobot_arm{ }:

}

robot_arm( )

{
glEntatef{ theta, 0.0, 1.0, 0.0 };
ase{l:
glrranslatef{ 0.0, hi, 0.0 }:
glEotatef{ phi, 0.0, 0.0, 1.0 };
lower_arm{ );
glrranslatef{ 0.0, h2, 0.0 }:
glEntatef{ psi, 0.0, 0.0, 1.0 }:
upper_armf ):

H

Hierarchical modeling

Hierarchical maodels can be composed of instances
using trees or DAGS:

Chassis Chassis
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* adges contain geometrictran sformations

* nodes contain geometry (and possik, wirg
attribautes) )

Hewe might we
draw the tree for
therobot arm?

A complexexample: human figure
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sensibleway totraverse this

tree? Depth Vitw fravusal
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Human figure implementation, OpenGL

figarel()
i
toxrzol Iy
glroshumt cix ()
lIranslatel .. Ir
glrorate( ... 1
hemd( Iy
glropea-rin( 1y
glPushnt rix () »
FlIrmmzlatel --. 1y
oliotate( ... Iy
lefe_upper_arm()y
glrushimtrin( )y
Y rensciate] ... 1»
glRotatel ... Ir
left_Jowr_mym( )y
Flropatrix()y
glFopintcix(]y
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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) asfunctions of time,
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Key-frame animation
The mast common method for character animation
in production is key-frame animation.

* Fach jeoint spedfied atvarious key framas (not
nacassarily the same as cther joints)

& Systemn does interpolation or in-betwasning

Doing thiswell requires:

& Aoway of smocthly interpelating key frames:
splinas

* A good interactive system

* Aot of skill onthe part of the animator

[ v B(1)
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Scene graphs

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

* many diffarent cbjects
+ lights
& camera position

Thisiscalled 3 scena trea or scana graph.
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Summary

Here'swhat you should take home from thislecture:

¢ pllthe boklfaced tarms.

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

& How the notion of a model tree or DAG can be
extendedto entire scenes.

& How OpenGltransformations can be used in
hierarchical modeling.

* How keyframe animationworks,
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