Projections

Brian Curless
CSE 457
Spring 2010

Reading

Requirad:

* Ancel 5155

Further reading:

* Angel5.8-59
* Foley, etal, Chapter 5.6 and Chapteré

* DavidF. Regersand 1 Alan Adams,
Mathematical Bemen ts for Computer Graphics,
20 Edl, mcGraw-Hill, Mew Y ork, 1990, Chapter 2.

3D Geometry Pipeline

Before being turred into pixels by graphics hardware, a
pieceof geometry goes through a numberof
transforrmations. .
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World -> eye transformation

Let'slook at how we would compute the world-=eye
transformation.
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gluLookAt

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

gluLookAt (eyex, evey, eyez atx, aty, atz, upx, upy, UpE )
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To simplify natation, we kg awrite as:
gluLookAt (e a, u)

Mote that wis only required to lie in the - 27 plane. Ay _
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The pinhole camera

The first carrera - “cameracbscura” - known to Aristotle.
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Pinhole camera

In 30 we can visualize the blur induced by the pinhole
{aka. apertura):
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Q: Howe would we reduce blur?
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Shrinking the pinhole
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Q:What happens as we continue to shrink the aperture?




Shrinkingthe pinhole, cont'd

Diffraction
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Imaging with the synthetic camera

In practice, pinhole cameras require longexposures,
can suffer from diffraction effects, and give an
invertedimage.

In graphics, none of these physical limitationsisa
problem.

e —
Theimage is rendered onto an image plane Tisually
in front of the camera). I

Viewing rays emanate from the center of projection
(COP)at the center of the pinhole’ —

The image of an object point P is at the intersection
of the viewing ray through £ andthe image plane.

Projections

Projections transform points in n-space to m-space,
where m<n.

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

* Perspective - distance from COP to PP finite
+ Parallel - distan ce from COP to PP infinite

Parallel projections

For parallel projections, we specify adirection of
projection (DOP) instead of a COP.

There are two types of parallel projection s:

+ 0Orthogra phic projection - DOP perpendicular
to PP

¢ QOblique projection - DOP not perpendicular
to PP

We can write orthographic projection onto the z=0
plane with a simple matrix.
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Normally, we do not drop the zvalue right away.
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Properties of parallel projection

Properties of parallel projection:

* Mot realisticlocking
¢ Good for exact measurements
*  Areactually akind of affine transformation
« Parallel lines remain parallel
+ Ratiosare preserved
+ Angles notiin general) pre served
* Most often used in CAD, architectural drawings,
etc, where takin g exact measurement is
important

Derivation of perspective projection

Consicer the projection of a point onto the
projection plane:
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By similar trian gles, we can compute how much thex
andy coordinat;s are scaled:
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[Mote: Angel takes d to be anegative number, and
thusavoids usingaminus sign.]

Homogeneous coordinates revisited

Remeamber how we saidthat affine tran sformation s
work with the last coordinate always set to one.

What happens if the coordinate is not one?

We divide all the coordinates by w:
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Ifw =1, then nothing chan ges.

Sometimes we call this division step the "perspective
divide”
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Homogeneous coordinates and
perspective projection

MNow we can re-write the perspective projection asa
matrix equation:
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Adgain, projection implies droppingthe z coordinate
to give a 20 image, but we usually keep itaround a
little while longer.
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Projective normalization

Afterapplyingthe perspective transformation and
dividing by w, we are free to do a simple parallel
projection to get the 2D image.

What does thisimply about the shape of things after
the perspective transformation + divide?

Viewing angle

An alternative to specifying the distance from COP to
PP is to specify a viewing angle;
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Given the height of the image h and dwhat isd?
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Zoomanddolly Vanishing points
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After perspective transformation we gat:
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Vanishing points (cont'd)

Dividing by we
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Letting t go to infinity: Ay N
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We get a point!
What happenstotheline l=q + tv?

Each set of parallel lines intersect at a vanishing
point on the PP.

Q: How many vanishing points are there? 87
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Clipping and the viewing frustum

The center of projection andthe paortion of the
projection plane that map to the final image form an
infinite pyramid. The sides of the pyramid are
clipping planes.

Frequently, additional clipping planes are inserted to
restrict the range of depths. These clipping planes
are called the near and far or the hither and yon
clipping planes.

(Hither) Far
Yon)

All of the clipping planes bound the the viewing
frustum.

Properties of perspective projections

The perspective projection is an example ofa
projective transformation.

Here are some properties of projective
transformation s:

+ Linesmaptolines % é

* Parallel lines do not necessarily remain parallel
* Ratiosare not preserved
One of the advantages of perspective projection is

that size varies inversely with distance - looks
realistic.

A disadvantage is that we can't judge distances as
exactly as we can with parallel projections.

Human vision and perspective

The human visual system usesalens to collect light
more efficiently, but records perspectively projectad
images much like a pinhaole camera.
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Q: Why did nature give useyes that perform
perspective projections?

Q: Do oureyes“see in 3077
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Summary

What to take away from this lecture:
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All the boldfaced words.

An appreciation for the various coordinate
systems usadin computer graphics.

How to compute the world-»eye coordinate
transformation with gluLookAt.

How a pinhole camera waorks.

How orthographic projection works.

How the perspective tran sformation works.
How we use homogeneous coordinates to
reprasant perspactive projections.

The properties of vanishing points.

The mathematical properties of projective
transformations.
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