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= Specify view point (change of coordinate system)
Univerty of Project from 3D to 2D (introduce perspective)
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* Rendering Pipeline

= result

= all vertices of scene in shared
3D world coordinate system
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= result
= scene vertices in 3D view
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* Rendering Pipeline

= result
= 2D screen coordinates of
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Object geometry
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Computer Graphics

!- Projective Rendering Pipeline

NDCS - normalized device coordinate system
=3 DCS - device coordinate system
et
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CCs

OCs WCS VCS .
__| ~modeling viewing
transformation transformation transformation
perspective
division

OCS - object coordinate system l NDCS
WCS - world coordinate system :
VCS - viewing coordinate system
CCS - clipping coordinate system transformation

!- World vs. Camera Coordinates
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c2
c a=(11)y
b b=(1.1)c; = (5.3)w
€ =(1,1)c= (1,3)c1= (5.5)w
a C1
I
3

‘_: Camera Description

= arbitrary viewing position
= eye point, look-at direction, up vector

a3
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Transformations

Viewing Transformation

object world viewing
oCs WCS VCS
modeling | | viewing
transformation transformation

E M mod M cam

OpenGL ModelView matrix
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OpenGL Basic Viewing

= starting spot - OpenGL
= camera at world origin
= probably inside an object
=y axisis up
= looking down negative z axis
= why? RHS with x horizontal, y vertical, z out of screen
= To position — coordinate frame change
= Intuitive description
= eye point, look-at point, up vector
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From World to View Coordinates: W2V

= Setup wvw basis with origin at eye
= translate eye to origin
= rotate uvwto align with xyz

look-at °
/ Pref

eye
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Computer Graphics

Deriving W2V Transformation
= Gaze is (look-at — eye) g
= Use opposite of gaze W=—(g=——"
ol
look-at °
/ Pret
gaze
=3
Uniﬁo'
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!. Deriving W2V Transformation
100 -e
- 010 —e
= translate eye to origin T =
001 -,
000 1
lookat P
=
i onttia w .

!- Deriving W2V Transformation
u o u u 0 100 -e
X
v, v, v, O 010 -
= M=RT R= * T= y
w, o w, w, 0 001 e
0 0 0 1 000 1
u u, u, 01 0 0 e u, U, u,
v, v, v, 0j0 1 0 -e vV, v,V
M I L vy | x Yy V2
world—>view |w w, w, 0[0 0 1 —-e | |w, W, w,
0 0 0 1j0 0 0 1 0 0 O
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Transformations

Deriving W2V Transformation

= U - perpendicular to W and Up vector
= V — perpendicular to W, V

txw
U=——— V=WxUu
[t w]
look-at P
/ Pret

gaze

L
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Deriving W2V Transformation

= rotate from WCS xyzinto uvw coordinate
system with matrix that has rows u, v, w

U= txw
_HtXWH uoouoou 0
v, v, v, 0
V=WXxu R=
g w, w, w, 0
W=—(g=—7"r 0 0 0 1
[€]
= reminder:
= rotate from uvw to xyz coord sys with matrix M that
3 has columns u,v,w

= rotate from xyz coord sys to uvw coord sys with matrix
University of MT that has rows u,v,w
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!- OpenGL Viewing Transformation

gluLookAt(ex,ey,ez,Ix,ly,1z,ux,uy,uz)

= postmultiplies current matrix, so to be safe initialize first

gIMatrixMode (GL_MODELVIEW);
glLoadldentity();
gluLookAt(ex,ey,ez,Ix,ly,1z,ux,uy,uz)
// now ok to do model transformations

= Ed€ino: Nate Robins tutorial projection

University of
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Computer Graphics

Moving the Camera or the World?

= two equivalent operations
= Mmove camera one way vs. move world other way
= example
= initial OpenGL camera: at origin, looking along -z axis
= create a unit square parallel to camera at z = -10
= translate in z by 3 possible in two ways

= camera movestoz =-3

Note OpenGL models viewing in left-hand coordinates

= camera stays put, but square moves to -7

= resulting image same either way

= possible difference: are lights specified in world or view
coordinates?

L
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Projection Transformations

= Question: How to draw 3D
object on 2D screen?

y = Answer:
= Project transformed object
\D/ along Z axis onto XY plane -
X and from there to screen
(space)

= Canonical projection:

1000

0100

0000
0001

== " ‘ignore” z coordinate — use x and y coordinates
for screen coordinates
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‘_: Understanding Z

= z axis flip changes coord system handedness
= RHS before projection (eye/view coords)
= LHS after projection (clip, norm device coords)

VCS

NDCS
x=left .
y \ z
w A (11D |
m z=-far
jtom z=-near
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British Columbia

(1,1,1)
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Transformations

Projective Rendering Pipeline

object world viewing
o2w W2V yes va2c

modeling viewing ‘ profjection
jon| ion/— | transformation| . /.
transformation transformation | clipping
Ao
A\
OCS - object/model coordinate system b . ces

perspective

WCS - world coordinate system divide normalized

VCS - viewing/camera/eye coordinate N2D device
system NDCS
CCS - clipping coordinate system
=3 NDCS - normalized device coordinate transformation .
= system device
w DCS - device/display/screen coordinate DCs
Universi system
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View Volumes

= specifies field-of-view, used for clipping
= restricts domain of z stored for visibility test

orthographic view volume

zZ=-near
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Understanding Z

= why near and far plane?
= near plane:
= avoid singularity for perspective (division by
zero, or very small numbers)
= 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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Orthographic Derivation

= scale, translate, reflect for new coord sys
y'=a-y+b top -1

bottom — -1
VCS

x=left

y
e
X

z=-far 1.-1.-
Epdtom J=near (-1,-1,-1) X
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Orthographic Derivation

= scale, translate, reflect for new coord sys

. y=top—->y=1
y'=a-y+b
y=bot - y'=-1
VCS 2
a=—
e top —bot
y - _top+hot
Z/K top — bot
/ z=-far

same idea for right/left, far/near
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!- Orthographic Derivation

= scale, translate, reflect for new coord sys

2 0 0 _right +left |
right —left right —left
0 2 0 _ top +bot
p'— top —bot top—bot |p
0 0 -2 _ far +near
far —near far —near
0 0 0 1

40
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Transformations

Orthographic Derivation

= scale, translate, reflect for new coord sys
y=a-y+b top 1
bottom — -1

sSolve two eq.

2

l=a-top+ a=—————
a-top+b top —bottom

—1=a-bottom+b

b —top —bottom

" top—bottom
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Orthographic Derivation

= scale, translate, reflect for new coord sys

2 0 0 __right +left |
right —left right —left
2 0 _ top +bot
p— top —bot top—bot |p
0 0 -2 __ far +near
far —near far —near
L 0 0 0 1 |

s
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Orthographic Derivation

= scale, translate, reflect for new coord sys

2 0 0 | right +left |
right — left right —left
0 2 0 _top +bot
p— top —bot top—bot |p
0 0 -2 B far + near
far —near far —near
0 0 0 1
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Computer Graphics Transformations

:- Orthographic Derivation !- Orthographic OpenGL

= scale, translate, reflect for new coord sys

- . - glIMatrixMode(GL_PROJECTION);
2 right + left -
Tioht —left 0 0 T Tight —left gILoadIdentlty() ;
) ) glortho(left,right,bot, top,near,far);
2 0 _ top +bot
p'— top —bot top—bot |p

0 0 [F2 _ far+near
far —near far —near

0 0 0 1

- . ' |
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!. NDC to Viewport Transformation !. NDC to Viewport Transformation

= generate pixel coordinates = 2D scaling and translation
= map x, y from range —1...1 (NDC) to pixel an
coordinates on the display
= involves 2D scaling and translation NDCS DCs D h
w
-1,-1) Y
y display (0,0) x
=W (Xnpes +1) +x o
pcs =W—"— penGL
IViewport(x,y,w,h);
X (Ynpes +1) 9
viewport Yoes = N2 +y default:
——] 3 (Znoes +1) glViewport(0,0,Wyng, yna) 3
University of University of 2
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‘_: Origin Location ‘_: Projective Rendering Pipeline

= yet more possibly confusing conventions _ o
= OpenGL: lower left object O2W world W2V V'\‘j‘c’:‘”;g V2
= most window systems: upper left

= often have to flip your y coordinates transformation] inning

= when mterpretmg mouse pOSItIOI’] OCS - object/model coordinate system ces

perspective
WCS - world coordinate system divide normalized

modeling
transformation

viewing
transformation

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

CCS - clipping coordinate system Viewport

" . ) transformation
NDCS - normalized device coordinate
E3 B3 system device
*  DCS - device/display/screen coordinate DCs
u system
niversity of University of
British Columbia British Columbia
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Computer Graphics Transformations

* Perspective Projection * Perspective Projection (cont'd)
= Viewing is from point y = In matrix notation with homogeneous
at finite distance » coordinates:
= Without loss of e
generality: p? p
= Viewpoint at origin X
= Viewing plane isz=d | P=tiyd)
= Given P=(x,y,2) %% . In Euclidean coordinates:
t(langle similarity i e—— >
gives: projection
=3
Gl R 5 e
University of University of
ritish Columbia British Columbia
Perspective Projection (cont’d) How to make non-degenerate?

= What is (if any) is the difference between:

= Moving projection plane
‘gp = Moving viewpoint (center of projection)?

camtrans

X !

increasing function of z

University of University of
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* Perspective Warp —Geometric Meaning Perspectlve Warp

= Warp viewing frustum (world) = Matrix formulation
= Then use parallel projection

X
7=0 z=d
= Preserves relative depth (third coordinate)
D - = What does «=0 mean?
it Columbia____ ritsh Columbia
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!- OpenGL Perspective Derivation

1,1,1)

y=bottom z=-near

x=right
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!- Perspective Derivation

x=left > x'/w'=1

X' E 0 A 0fx X'= Ex+ Az i
y| o F B o]y y'=Fy+Bz x=right - x'/w'=-1
7] |0 0 ¢ D|z 7=Cz4D y=top - y'/w=1
w| |0 0 -1 01 We—z y =bottom — y'/w'=-1

B z=-near - z'/w=1

z=—far > z'/w=-1
y'= Fy+ Bz y Fy+le’ 1= Fy+le’ 1- Fy+Bz’
w w -z

1=FYig2 1-FrYL B 1- (mp -
[":!72 -z - —(—near
— to|
W “F ear ®

near
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!- Perspective Example

view volume

= left=-1, right=1
= bot=-1, top=1
= near=1,far=4

r+l

o 0 10 0 0
2 tsb 01 0 0
t-b  t-b
o —(f+m -2m| |0 O -5/3 -8/3
0 f_—ln fan 0 0 1 0
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Transformations

:- Perspective Derivation

earlier:

o
o o o o

10 X
01 y
00 z
00 1

S N < %

complete: shear, scale, projection-normalization

T N < X
ococom
o o T o
(@]
o U o o
PN o< X
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Perspective Derivation

= similarly for other 5 planes
= 6 planes, 6 unknowns

[ 2n
<=0 'il 0
r—I r —tI)
2n t+
o — — 0
t-b tf—b .
- n -2fn
0 0 (f+n)
= f-n f-n
Uni?;;/ol - 0 0 _1 0 -
Ennshcmumma
!- Perspective Example
1 1 1
-1 |1 -1
~52,.,/3-8/3| ~5/3 —8/3| z,c
— Zycs -1 1
\ Xnbcs =-1/ Zycs
I'w Ynoes =1/ Zycs
5 8
=3 Zypes = —+
% NDCS 3 SZVCS
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* Perspective OpenGL

gIMatrixMode(GL_PROJECTION);
glLoadldentity();

glFrustum(left,right,bot,top,near,far);
or
glPerspective(fovy,aspect,near,far);
- symmetric version

=3
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Transformations

Another Transformations Quiz

= What does each transformation preserve?
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