Perspective Projection
CPSC 314
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glColor3f](
glVertex3f( 1.0, 0.0, 0.0 );
glVertex3f(0.0, 0.0, 0.0 );
glEnd();

0,0.0,1.0);
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Specll!vlng ma(ﬂces (multlpllcatlon)
glMultMatrixf( GLfloat *m ) / 16 floats

o %IRotatef( GLfloat angle, GLfloat x, Glfloat y,
Lfloat z') // angle and axis

s glScalef( GLfloat x, GLfloat y, GLfloat z )
*  glTranslatef( GLfloat x, GLfloat y, GLfloat z )
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gl (
glRotatef( 30 );

giTranslatef( -4, 3 ); %

ARotatef( 30 )
glTranslatef( -4, -3 );
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DrawSquare()
n glPushMatrix()
n glScale3f(2,2,2)
glTranslate3f(1,0,0)
n DrawSquare()
glPopMatrix()
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glTranslate3f(0,7,0);
DrawHead();
glPopMatrix();
glPushMatrix();
glTranslate(2.5,5.5,0);
glRotatef(6,,0,0,1);
DrawUArm();
glTranslate(0,-3.5,0);
glRotatef(6,,0,0,1);
DrawLArm();
glPopMatrix();
... (draw other arm)
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glBegin( ...)
.. // geometry goes here
glEndList();
// render two copies of geometry offset by 1 in z-direction:
glCallList( listld );
glTranslatef( 0.0, 0.0, 1.0 );
glCallList( listld) ;
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ual function c

Display lists exist across multiple frames

— Represent static objects in an interactive
application

©Wol

Can be cached on the graphics board (bandwidth!)

—  Computational expense
—  Bandwidth
1 347 910,13 151619 2122
25 68,11 12,1417 182023 23
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| oding tl quire
sized part of the whole geometry
single triangle

N triangles need n+2 vertices
1 3 5 7 9

10
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.+ Ideal for pipeline (local knowledge)
Generation

»  E.g. from directed edge
data structure

»  Optimize for longest strips/fans

Strippification by Dana Sharon

Hidrich




conn / g
GLfloat *points[3*nvertices];
GLfloat *colors[3*nvertices];
Glint *tris[numtris J=

{0,1,3, 324, ..};
glVertexPointer( ..., points );
glColorPointer( ...,colors );
glDrawElements(

GL_TRIANGLES,.. tris ); 0

ly (topolog

. G%a‘j)hics memory may not be sufficient to hold
model

»  Then either:

—  Cache only parts of the vertex array on board
(may lead to cache trashing!)

—  Transform everything in software and just send
results for individual'triangles (bandwidth
problem: multiple transfers of same vertex!)
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OCS - object/model coo

perspective
divide |normalized

. ’ device
VCS - viewing/camera/eye coordinate system N2D NDCS

viewport
transformation

'WCS - world coordinate system

CCS - clipping coordinate system

NDCS - normalized device coordinate device

system DCS
Dci;:m. isplay o © Wollgang Heidrich
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Rendering Pipeline

Scene graph = result
Object i - - .
ety = scene vertices in 3D view
1 i .

| Modeling | (camera) coordinate system
\ Transforms ,

Viewing
Transform

i Pro, jec;io_n T
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Perspective Transformation

Pinhole Camera:

= Light shining through a tiny hole into a dark room
yields upside-down image on wall
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Real Cameras

« pinhole camera has small aperture (lens opening)
— hard to get enough light to expose the film
real pinhole camera

aperture
« lens permits larger apertures

+ lens permits changing distance to film plane without actually
moving the film plane

camera f
<«
lens

price to pay: limited depth of field
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Rendering Pipeline

Scene graph = result
Object i .

e = 2D screen coordinates of

! Modelling ' . 3

! Transforms ! clipped vertices

" —V75wi71g_ T

\ _Transform :

Projection
Transform
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Perspective Transformation
Pinhole Camera
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Real Cameras -
Depth of Field

Limited depth of field
B Can be used to direct attention
“ Artistic purposes




f the center

Perspective transformations belong to a class of
operations that are called projective transformations

Lllnear and affine transformations also belong to this
class

All J)rolectlve transformations can be expressed as
matrix operations
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matrices!
— E.g.in the example:

1 0 0 0][x -x/z
el 01 0 17]. —y/z

00 1 z

00 -1 1

=

— N
S o o

© Wolfgang Heidrich

. Only ob]ects insude the parallelpiped get rendered

> Which parallelpied is used depends on the
rendering system

OpenGL:
»  Left and right image boundary are mapped to x=-1
and x=+1

= Top and bottom are mapped to y=-1 and y=+1
»  Near and far plane are mapped to -1 and 1 . g e




z=-n z=-f
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Far plane:

Store depth in fixed-point representation
(integer), thus have to have fixed range of
values (0...1)

Avoid/reduce numerical precision artifacts for
distant objects
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z=-n z=-f
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: .gris.u ingen.de/pro
Appletindex.htmi#Transformationen

© Wolfgang Heidrich

all describe the same transformation
15 degrees of freedom

The mapping of 5 points uniquely determines the
transformation
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ints in general position, e.g.

- [0,0,-£,1]"—[0,0,1,1]"
- [0,0,-n,1]"™—[0,0,0,1]"
—  [left*f/n,top*f/n,-f,1]T—[1,1,1,1]T
Solve resulting equation system to obtain matrix
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z=-near — z'/w'=1
z=—far—z'/w'=-1
V= BB, L'sFy+'Bz, 1='Fy+le, l=Fy+Bz,
w W w -z
l=p- Y g e pd g o P g
-z -z -z —(—near)
g
near © Walfgang Havdrich

o 2 by N (1) 2 .
t-b  t-b L
i -(f+n) -2fn o o =Urm -2mf 0 0 -5/3 -8/3
-n -n o o 40 T 00 - 0
0 0 -1 0

! i \
— E.g. rails vanishing at infinity
Affine combinations are NOT preserved

— E.g. center of a line does not map to center of
projected line (perspective foreshortening)
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=+ Just throw away z values
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Projectars
oblique f
5 <> NS

. converge
Projectofs | 9 |

1,2,3-point parallel

Projection Pl Projection PI.  Projection PI.
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3 Equal axes 2 Equal axes 0 Equal oxes

3 Equal angles 2 Equal angles O Egqual angles
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NO a Dev coorqlr
—  Same as clipping coords A - ,
. Only objects inside the parallelepiped get rendered * glOrtho( left, right, bottom, top, near, far )
« Which parallelepiped? Convenience Functions:
—  Depends on rendering system *  gluPerspective( fovy, aspect, near, far)
—  Another way to do perspective

= gluLookAt( eyeX, eyeY, eyeZ,
centerX, centerY, centerZ,
upX, upY, upZ )

©Wotgang Heicn —  Useful for viewing transform it e




sl et i 0...1 (used later fo
Ees = Involves 2D scaling and translation

perspective
divide |normalized v

OCS - object/model coordinate system

WCS - world coordinate system

VCS - viewing/camera/eye coordinate system N2D device screen
NDCS
CCS - clipping coordinate system
T e s transformation X
- normal ice coordinate sysf devi -
evice window
DCS - device/display/screen coordinate system DCS
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