Reading

Requiredh

* fngel 51-5.5

Further reading:

* fngel 5.8-54

Foley, et al, Chapter 5.6 and Chapter 6
. . & DavidF. Regers and 1. Alan Adams,
Projections

Mathematical Bemen ts for Computer Graphics,
2 Ed, McGraw-Hill, Mew York, 1990, Chapter 2,
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3D Geometry Pipeline 3D Geometry Pipeline (cont’d)
Before being turned into pixels by grmphics hardware, a
piece of geormetry goes through a number of
transfarmations..
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World -> eyetransformation

Let'slook at how we would compute theworld->eaye
transformation.
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Waorld space Eye space
POhject space) {Wiew spacc

gluLookAt

To specify the world-=eye transformation, OpenGL hasa
helper command:

~l
gluLookAt (ever, evey, evez, afX, afy, afz, up, upy, upz ) Z - G-
e

To simplify notation, we'll re-write as: Llﬂ.aﬂ\
gluLockat (e a, u) A
Ke = WXEG,
Mote that wis only required to lie inthe -7 plane,
A
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The pinhole camera

The first carmer - "warmer obsoua” - known to Aristotle,

Image plane

Pinhole camera

In 30 we an visualize the blur induszd by the pinhole
(aka. aperture):
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u

Q: Howwould we reduce blur? \ ) \!<
S I./]'-, VoI .

Shrinking the pinhole
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Q:What happensas we continueto shrinkthe aparune?




Shrinking the pinhole, cont’d

Diffraction
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Imaging with the synthetic camera

In practice, pinhale cameras require lon g expasureas,
can suffer from diffraction effects, and give an
invertadimage.

In graphics, nene of these physical limitationsis a
problem.

*‘E raytetion
L|

plant

Theimageis rendered onto an image plana (usually
in front of the camera),

Viewing rays emanate from the cantar of projaction
[COF) atthe center of the pinhole,

Theimage of an object point £is at the intersection
of the wiewing ray through © andthe image plane.

Projections

Projactions transform pointsin n-space to m-space,
where m<n.

In 3-0, we map points from 3-spacetothe
projection plna (PP (ak.a, image plane) along
projectors (ak.a., viewing rays) emanating from the
canter of projaction (COF):
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There are two basic types of projections:

* Parspective - distance from COP to PP finite
¢ Farallel - distance from COP to PR infinite

Parallel projections

For parallel projections, we specify adiraction of
projection [DOP) instead of a COP,

There are two types of parallel projections:
¢ Orthographic prejection - DOF perpendicular
to FF
* Oblique projection - DOP not parpendicular
toF

We can write orthographic prejection ontothe z=0
plane with a simple rmatrix.
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Mormally, wee do not drop thez value right away.

Why not? | o .
ol N5 8




Properties of parallel projection

Properties of parallel projection:

& Mot redlisticlocking

¢ Good for exact measurements

* Areactually akind of affine transformation
+ Parallel lines rermain parallel
+ Ratiosane preserved
+ Angles not (in general) pressreed

* fMost often used in CAD, architectural drawings,
etc, where taking exact measurement is
important

Derivation of perspective projection

Consider the projection of a point onto the
projection plane:
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By similar triangles, we can compute howmuch the x

and ¥ coordinates are scaled: E - alt }
| T
A
T

[Mote: Angel takes dto be anegative number, and
thus awoids using a minus sign.]
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. ‘. Homogeneous coordinates and
Homogeneous coordinates revisited . . .
perspective projection
Rernermber how we said that affine tran sformations Mo wie can re-write the perspective projection as a
wiork with the last coordinate ahways set to one, ratrix equation:
i i i ? X
What happens if the coordinate is not one? \ 1o o o , %
We divide all the coordinates by w: S N M
w| o o @ ol 7] Lz
X Xiw X C)\
Iw After division by w, we get: : _h"____
y — }{ L
z Z -+ %
-—x
iy 1 P z P
R A
Ifw =1, then nathing changes. 1 ]

Sornetimeswe call this division step the"perspective
divice.”

Again, projedion implies dropping the z coordinate
togive a2l image. but we usually keep it around a
little while lon ger.




Projective normalization

After applying the perspective transformation and
dividing by w, we are free to do asimple parallel
projection to getthe 20 image.

What deoes thisimply about the shape of things after
the perspective transformation +divide?
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Viewing angle

An alternative to specifying the distance from COP to
PFisto specify aviewing angle:

Given theheight of theimage h and dwhat is 7 A
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What happensto d as fincreases (whileh is

cohstant)? &\ (A'\‘( {w‘ SQ‘S

Zoom and doll
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Vanishing points

What happensto two parallel linesthat are not
parallel tothe projection plane?

Think of train tracks receding inte the horizon..

i AN

The equation for alineis
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After perspective fransformation we get:
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Vanishing points (cont'd)

Dividing by s

Letting £ go toinfinity:
/ _ \‘IW\ _{P’K’{_J(_‘V)()A _
ek (PZ‘ftui\ -

Weaqeat g point!

X

What happensto theline l=q + tw?

Each set of parallel lines intersect at a vanishing
peint on the PP,

Q: How many wanishing points are there? a

21

Clipping and the viewing frustum

The center of projection andthe portion of the
projection plane that maptothefinal image form an
infinite pyramid, The sides of the pyramid ara
clipping planes.

Frequently, additional clipping planes are inserted to
restrict the range of dapths These clipping planes
are callad th e near and far or the hither and yen

clipping planes,
no E‘R

v

o

Near
(Hither) Far

i Yon)

All of the clipping planes bound the the viewing
frustum.

Properties of perspective projections

The perspective projection is an example of a
projectiva transformation.

Here are some properties of projective
transformations:

* linesmaptolines
* Pardlel lines do net necessarily remain parallel
¢ Ratiosarenot preservad

One of the advantages of perspective projection is

that size waries inversely with distance- looks
realistic.

A disacdvantageisthat we can'tjudge distances as
exactly aswe can with parallel projections,
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Human vision and perspective

Thehuran wisual system usesa lens to collect light
more efficiently, but records perspectively projected
images much like a pinhale cameara,

Qi Why did nature give us eyes that perform
perspedctive projections?

Q: Do our eyes"sea in 3077
A
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Summary

What totake away from this lecture:

-

L]

. * >

All the boldfaced words,

An appreciation for the warious coordinate
systerns used in computer graphics.

How to compute theworld-reye coordinate
transformation with gluLookAt,

How a pinhole camera works,
How orthographic projection works,
How the perspective tran sformation works.,

How wa use hemogeneous coordinates to
rapresant perspective projecions,

The properties of vanishing peints,

The mathem ati cal properties of projective
transformations.
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