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Basic steps for creating a 2D image

out of a 3D world

* Create the 3D world
— Vertexes and triangles in a 3D space

* Projectitto a 2D ‘camera’

~

Today

/

— Use perspective to transform coordinates into a
2D space

» Paint each pixel of the 2D image
— Rasterization, shading, texturing
— Wil break this into smaller things later on

* Enjoy the super cool image you have created
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How do we get 2D images out
of a 3D world?
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pipeline

application geometry =i

=

. collision detection . transformation . draws images
. animation global . projection generated by
acceleration geometry stage
. physics simulation Computes:
. what is to be dra
. how should be drawn
. where should be drawn
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One possibility: Ray tracing

\/
,ﬂi light source
viewer (eye) -
c
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f?g !‘ay %
visible point
for each pixel { y
compute viewing ray 0 jects
intersect ray with scene In scene
compute illumination at visible point
put result into image
}
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Another one: Projection

Basis Of Perspective — Liries Of Sight Through A Picture Plane = [19]

A\

*_The concept of the picture plane may be better undersbood by Iookmg through aw mdow or otha r transparent plane

- froma fixed viewpoint. Your lines of sight, the multitude of straight lines leading from your eye to the subjeet, will '
all intersect this plane. Therefore, if you were to reach out \nth a grease pencil and draw the image of the subject

“ on this plane you would be “tracing out” the infinite number of points of intersection of szght rays and plane. The
result would be that you would have “transferred” a real thre¢-dimensional object to a two- dimensiona¥ plane.

-
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Projection in photography
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Camera Obscura, Gemma Frisius, 1544
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Lens based projection

I
d 1544

1568

Fig, 434

Lens Based Camera Obscura, 1568

PORTO CG 12/13-T7




Ray tracing vs. Projection

* Viewing in ray tracing
— start with image point
— compute ray that projects to that point
— do this using geometry
* Viewing by projection
— start with 3D point
— compute image point that it projects to
— do this using transforms
* Inverse processes
— ray gen. computes the preimage of projection
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Are there different types of
projections?
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Classical projections

Planar Geometric Projections
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Parallel Perspective
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Multiview . .
Orthographic onometric
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Parallel Projection

Viewing rays are parallel rather than diverging

— like a perspective camera that’s far away
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Multiview orthographic
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right side

bottom

— projection plane parallel to a coordinate plane

— projection direction perpendicular to projection plane
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Off-axis parallel

T

-h‘""ull

axonometric: projection
plane perpendicular to
projection direction but not
parallel to coordinate planes
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oblique: projection plane
parallel to a coordinate plane
but not perpendicular to
projection direction.
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View volume: Orthographic
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Perspective

one-point: projection
plane parallel to a
coordinate plane (to
two coordinate axes)

oH1e-poing

two-point

two-point: projection
plane parallel to one
coordinate axis

three-point:
projection plane not
parallel to a coordinate
axis

PORTO CG 12113 -17 Adapted from Steve Marschner, Cornell University

three-point




Perspective projection (normal)

* Perspective is projection by lines through a point;
“normal” = plane perpendicular to view direction
— maghnification determined by:
* image height
* object depth
* image plane distance

— f.o.v. a = 2 atan(h/(2d)) — Tdy/:

-y =dylz

— “normal” case corresponds
to common types of cameras
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View volume: Perspective
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Field of view

— Angle between the rays corresponding to
opposite edges of a perspective image

— Determines ‘strength’ of perspective effects
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camera tilted up: converging vertical lines
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lens shifted up: parallel vertical lines



3D Viewing
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Pipeline of transformations

object space | camera space

modeling caggera projection viewport
: tran Efﬂrm ation transformation :
transformation transformation

R\ -

P .
world space canonical
view volume
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OpenGL transformations pipeline
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Mathematics of projection

* Always works in eye coordinates

— Assume eye point is at 0 and plane
perpendicular to z

» Orthographic case
— Simple projection: Just discard z

* Perspective case: scale diminishes with z
— And increases with d
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Orthographic projection

projection
plane

(v, 0)

to implement orthographic, just toss out z:
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What about the view volume?
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Windowing transforms
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Viewport transformation

1
—1
—1
_mscreen_ _HTI
Yscreen | — 0
i 1 0

[BPORTO

CG 12/13-T7

'::'b:ﬁ|,§ =

—.5
-5 Hyx— 5
n—17 -
2 L canonical
Thqy— 1
yﬂ Yecanonical
1 | L 1 |

Adapted from Steve Marschner, Cornell University



Viewport transformation

* In 3D, carry along z for the ride
— one extra row and column

=T Tp— 1
00 ma
Mvp: 0 Ty[] yﬂ
0 0 1 0
‘0 0 0 1
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What about the z direction?

* Two clipping planes further constrain the
view volume
— Near plane: parallel to view plane; things

between it and the viewpoint will not be
rendered

— Far plane: also parallel; things behind it will
not be rendered
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Orthographic projection

» First generalization: different view rectangle
— retain the minus-z view direction

— specify view by left, right, top, bottom (as in RT)
— also near, far
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Orthographic projection matrix

* We can implement this by mapping the view volume
to the canonical view volume.

* This is just a 3D windowing transformation!

Ii*’{vt::rth —
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Viewing transformation

the camera matrix rewrites all coordinates in eye space

Advanced topic: Refer to the text book if interested!
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Orthographic transformation chain

 Start with coordinates in object’s local coordinates
« Transform into world coords (modeling transform, M )

« Transform into eye coords (camera xf,M_, = Fc_')
« Orthographic projection,M_ .,

« Viewport transform, Mvp
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Perspective projection
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View volume: Perspective (clipped)
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Perspective projection matrix

* Product of perspective matrix with orth. projection matrix
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Advanced topic: Refer to the text book if interested!
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Perspective transformation chain

« Transform into world coords (modeling transform, M )

. . = F -l
Transform into eye coords (camera xf,M_,. = F_')

* Perspective matrix, P

« Orthographic projection, M

« Viewport transform, MVP
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Summary

 Different types of projection
— Orthographic
— Perspective

* Integrate nicely into the transformation
chain

* Other elements:
— Viewing transform
— Viewport transform
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