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Reading (Mon and today)

» FCG
» Section 5.3.1
. rest of Chapter 6
»~ RB
» rest of Chapter Viewing
» rest of Appendix Homogeneous Coords

Review: Graphics Cameras

- real pinhole camera: image inverted

eye
image point
plane

» computer graphics camera: convenient equivalent

eye
point

center of
projection image
plane

Review: Basic Perspective Projection

similar triangles le_> yvzﬂ
y Py2) d 2 z
/’m x':ﬂ Z'=d
Z
z
z’=d
z/% homogeneous X 1 0 0 0
y coords y 01 0 0
zld z 00 1 0
d z/ld 00 l/d 0

Review: Orthographic Cameras

center of projection at infinity Xy 100 Ofx
no perspective convergence Y, 10 100]y
just throw away z values 211000 olz

111000 1]1

Review: Transforming View Volumes

perspective view volume orthographic view volume

y=top

vCs
vCcs N y=bottom Z=-near z=-far z=-fal
x=right y=bottom ;. ear
NDCS y 1,1,1)
z
('1 1,71 ) X
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Review: Ortho to NDC Derivation

» scale, translate, reflect for new coord sys

VCs NDCS
y 1,11
x=left i .11
y z
z(/K (-1,-1,-1) .
x / z=-far
y=bottom  ;__oar 2 0 0  right +left
right—left right—left
2 top +bot
0 0
P'= top —bot top—bot |P
0 0 -2 _ far+near
far—near far—near
0 0 0 1 7

NDC to Viewport Transformation

» generate pixel coordinates
» map x, y from range —1...1 (NDC) to pixel
coordinates on the display
» involves 2D scaling and translation

Y display

viewport

NDC to Viewport Transformation

» 2D scaling and translation
an (w,h)

NDCS _— bes D b

(-1,1) I i

©0,0) x
X +1
Xpes = W(LZS) OpenGL
glViewport (x,y,a,b);
Voes = hw default:
( 2+ n glviewport (0,0,w,h);
Z
Zpes = 2&NDes T
2 9

Origin Location

» yet more possibly confusing conventions
» OpenGL: lower left
» most window systems: upper left

» often have to flip your y coordinates
» when interpreting mouse position

Perspective Example

. view volume
tracks in VCS: left = -1, right = 1
left x=-1, y=1 bot =-1, top = 1
right x=1, y=-1 near=1,far=4
1 ymax-1
real /\.%}“ %}
1-17_1 1 0, xmax-1
NDCS DCs
(z not shown) (z not shown)
VCS
top view

Viewing Transformation

object world viewing
ocs WCS VCs
modeling viewing
transformation transformation
M M

mod cam |

OpenGL ModelView matrix
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Projective Rendering Pipeline

object world viewing
ocs wcs ves  ferw
transformation transformation transformation clipping

/w  CCS
|
OCS - object coordinate system division normgllzed
device
WCS - world coordinate system NDCS
VCS - viewing coordinate system viewpon_
transformation
CCS - clipping coordinate system device
NDCS - normalized device coordinate system DCS

DCS - device coordinate system

Projective Rendering Pipeline

object world viewing
wecs ves alter w

viewing projection
transformation | | transformation
perspective

division

modeling
transformation

clipping

OCS - object coordinate system normgllzed
device
WGCS - world coordinate system NDC!
VCS - viewing coordinate system Viewport
transformation

CCS - clipping coordinate system

NDCS - normalized device coordinate system DCs

DCS - device coordinate system

Perspective Projection

» specific example
. assume image plane at z=-1
» a point [x,y,z 117 projects to [-x/z,-v/z,-7/z, 11" =

[x,y,z,-z]"

Perspective Projection

X 1 0 0 O)|x X —-x/z
y 01 0 Offy y —y/z
T = . -
z 00 1 O0ffz z -1
1 0 0 @ 0 1 -z 1
__.| projection | .| perspective |,
transformation division
alterw Iw

Canonical View Volumes

» standardized viewing volume representation

orthographic perspective
orthogonal
parallel
xory xory X ory=+/-z
back / back
front « plane
plai Z

Why Canonical View Volumes?

» permits standardization

» clipping
. easier to determine if an arbitrary point is
enclosed in volume
. consider clipping to six arbitrary planes of a
viewing volume versus canonical view volume
» rendering

- projection and rasterization algorithms can be
reused
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Projection Normalization

» one additional step of standardization

» warp perspective view volume to orthogonal
view volume

. render all scenes with orthographic projection!

/

\

Predistortion

Perspective Normalization

» perspective viewing frustum transformed to
cube

» orthographic rendering of cube produces same
image as perspective rendering of original

21

Demos

-~ Tuebingen applets from Frank Hanisch

http://www.gris.uni-tuebingen.de/projects/grdev/doc/html/etc/
Appletindex.htmi#Transformationen

Perspective Warp

» matrix formulation

10 0 0
01 0 0 ( )d
d 1 z—a)-d z
EANAl — —F Ry
&3 00 d-a d [ y d-a d]
00 ;—d 0 -
-a [ x oy ( a))
VpeZp) = 1-—
O 2%) (z/d zld’ d-a\  z

» preserves relative depth (third coordinate)
» what does a=0mean?

Projection Normalization

viewing clipping normalized
vCS ccs device
projection || perspective _NPCS
transformation division
alterw /W

» distort such that orthographic projection of
distorted objects is desired persp projection

» separate division from standard matrix
multiplies

» clip after warp, before divide
» division: normalization
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Projective Rendering Pipeline

glVertex3f(x,y,z)

object world viewing
ocs wcs VCs alterw glFrustum(...
modeling _»’ viewing ‘__'
f f clipping

glTranslatef(x,y,z) gluLookAt(...)

Coordinate Systems

Iw
glRotatef(th,x,y,z) - ces
- obj i division |normalize
OCS - object coordinate SySteng];IutlnitWindowSize(w,h device
WCS - world coordinate system  glViewport(x,y,a,b) NDCS
VCS - viewing coordinate system
transformation
CCS - clipping coordinate system device
NDCS - normalized device coordinate system bcs
DCS - device coordinate system 2
Perspective Derivation
NDCS
y (1,1,1)
z
(-1,-1,-1) «

y=bottom z=-near
x=right

27

Projection
Ddatriz
Divide by W
http://www.btinternet.com/~danbgs/perspective/ 26
Perspective Derivation
x' 10 0 Ofx
earlier: y| o1 o ofy
s joo 1 oz
w| [0 0 1/d 0]1

complete: shear, scale, projection-normalization

= e m
o o o
oo mo
a
o9 oo
—_n e x

Perspective Derivation

x=left - x'/w'=1

Xl [E 0 A 0« x'=Ex+ Az :
y' 0 F B 0fy y'= Fy+ Bz x=right > x'/w'=-1
217 1o o ¢ pl: = Co4D y=top = y'/w'=1
w' 0 0 -1 01 - , B y =bottom — y'/ w'=—1
L w'=-z
z=—near — z'/w'=1
z=—far = 7'/ w'=-1
' Fy+Bz Fy+Bz Fy+Bz
y'=Fy+Bz, R =D .
w' w' w' -z
. - ) o
1= 4> 1=Fr2 _B 1=F_1P __p
-2 -2 -2 —(—near)
1= F top B

near

29

Perspective Derivation

- similarly for other 5 planes
» 6 planes, 6 unknowns

_gz_ 0 r+l 0
r—I1 r—1

0 2n t+b 0
t—b t—b

o o —Utm =2

f-n -n
0 0 -1 0

30
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Perspective Example

view volume
- left=-1, right=1
bot=-1, top=1
near=1,far=4
2n LA 10 0 0
r—1 r—1
0 2 tb 0 0 1 0 0
t—b t—b
o o —Utm -2/ [0 0 —-5/3 —8/3
o o A loo -1 o

31

Perspective Example

1 1 1
-1 _ 1 -1
—52,05/3-8/3| —5/3 —8/3| 20
— Zyes -1 1
\ Xypes = =1/ Zyes
I'w Yaves =1 Zyes
_ 8
Znpes —§+%

32

Asymmetric Frusta

» our formulation allows asymmetry
» why bother?

z=-n z=-f
3

Simpler Formulation

» left, right, bottom, top, near, far
» nonintuitive
» often overkill
» look through window center
» symmetric frustum
» constraints
» left = -right, bottom = -top

34

Field-of-View Formulation

» FOV in one direction + aspect ratio (w/h)
. determines FOV in other direction
. also set near, far (reasonably intuitive)

z=-n =

35

Perspective OpenGL

glMatrixMode (GL_PROJECTION) ;
glLoadIdentity();

glFrustum(left, right, bot, top, near, far) ;

or
glPerspective (fovy, aspect, near, far) ;

36
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Demo: Frustum vs. FOV

» Nate Robins tutorial (take 2):
» http://www.xmission.com/~nate/tutors.html

37

Projection Taxonomy

planar
projections
perspective: / [Projectors ’h ‘
. que |
1,2,3-point | 0 Projectors [
parallel N\ \_ Projecfors L| S°nvergs
Jecti Pl jection PI. Jecti Pl
[ || [ ||
oblique orthographic ‘ ‘ ‘ b
cabinet cavalier \ E ﬁ
A.OBLIQUE B.AXONOMETRIC C.PERSPECTIVH

ic:

. top, ) N tamu.edi
front, Mg
D side dimetric

trimetric

620111/5.1/20

Perspective Projections
» classified by vanishing points

one-point
perspective

T

two-point
perspective

three-point
perspective

39

Parallel Projection

» projectors are all parallel
. VS. perspective projectors that converge
» orthographic: projectors perpendicular to
projection plane
. oblique: projectors not necessarily
perpendicular to projection plane

Orthographic Oblique

Axonometric Projections

- projectors perpendicular to image plane
» select axis lengths

3 Equal axes 2 Equal axes 0 Equal axes
3 Equal angles 2 Equal angles O Equal angles

<>
DL

A.ISOMETRIC B.DIMETRIC C.TRIMETRIC

http://ceprofs.tamu.edu/tkramer/ENGR%20111/5.1/20 1

Oblique Projections

» projectors oblique to image plane

» select angle between front and z axis
- lengths remain constant

» both have true front view
. cavalier: distance true
. cabinet: distance half

d/2
v iy
e
. Ef z X
cavalier cabinet

42
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Demos

» Tuebingen applets from Frank Hanisch

http://www.gris.uni-tuebingen.de/projects/grdev/doc/html/etc/
Appletindex.html#Transformationen
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