University of
British Columbia

Viewing and Projection
Transformations

— e viewing transformation (Amt/a modde] /”ﬁm
* intro to projection transformations

— e view volumes

e viewport transformation
— viewp /@%g})

U)))
—
Q‘*‘L’Pwa

=
@‘D P)’y {y @© Michiel van de Panne

VCIP
P

ey

WCJL

s PSP} 5

pvgr < Mvm’\:'m)gcj

I pd [[o’-l"
[’] = |11/
- | Veg D o0)J

A~ (),

i) @@L{ﬂ

q

[
7

7 'w‘ev

1
]
1

ocs
¢

Hi

Projective Rendering Pipeline
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Viewing Transformation

Positioning the camera
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Viewing Transformation

Defining the camera position

* eye point
« reference point v
* up vector I WCS N
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Viewing Transformation

Computing Mcam
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Viewing Transformation
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Viewing Transformation

OCS WCS VCS
_| modeling viewing
transformation transformation
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OpenGL ModelView matrix
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Viewing Transformation Universiy of
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OpenGL "NMW'W ij%“‘)

= gluLookAt(ex,ey,ez(rx,ry,r ,Qx,uy,u% B
OCS- WCS \]C%‘: —
. - - modeling viewing projection
but this postmultiplies the current matrix; transformation transformatio/ transformation
therefore usually use as follows: —— %CS
gIMatrixMode(GL_MODELVIEW) ; /h
— glLoadldentity(); DCS
OCS - object coordinate system —"l__q
ﬁg luLookAt(ex,ey,ez,rx,ry,rz,ux,uy,uz) Qs - Wgrlld Soardinats System _
; ; Le3 g cainats Jaeh s
// now ok to setup modeling transformations NBas CRpIng oo nale Sy e ate system transformation
DCS - device coordinate system l DCS
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Pinhole camera + definition VY20

. mapping f :R" —)9?@
pinhole camera 'ET:??
« parallel projection

oblique

orthographic
real pinhole camera _|;1 [
aperture

f . L
camera ‘% * perspective projection
lens

center of projection
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Taxonomy

planar
gjections

perspective: parallel
1,2,3-point
oblique orthographic
cabinet cavalier top, axonometric
front, isometric
side dimetric
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perspective
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perspective

two-point
perspective
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Homogeneous Coordinates

homogeneous cartesian
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Basic Projection

Using h and 4x4 matrices
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=N < X
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luL kAt ~ 2reetT 11
ocs wes 9/ULooKAD yog——a
_| modeling viewing | || Projection
transformation transformation transformation
1 CCSs
/h
OCS - object coordinate system l NDCS
WCS - world coordinate system -
viewport

VCS - viewing coordinate 'system
CCS - clipping coordinate system

transformation

NDCS - normalized device coordinate system
DCS - device coordinate system l

DCS
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View Ff/(7Vnn
View Volumes

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

orThigndha po

orthographic view volume
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Z==near

x=right
perspective view volume
P ef;plcﬁ'bc
p ”\) '“'jTU y=botiom Z=-near

2=-far
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View Volumes
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OpenGL
canonical view volume

(-1,-1,-1)

NDCS

Ocs WCS

YCS VCS CCs /l! NDCS
modelling viewing rro jection perspective
tranformation transformation ansformation

division

méﬁ g.y
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Derivation — orthographic projections

Z==near Z_-far

x= Ieﬂ
-top

X=right

~y=hottom
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View Volumes
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Derivation — orthographic projections

y'=a-y+b y=top — y'=1
y=hbot —» y'=-1

solving for a and b gives:

2 b_—(top+bot)
~ top —bot top — bot
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View Volumes
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Derivation — orthographic projections

2

_ right +left |
right —left right — left
2 _ top +bot
P'= top — bot top —bot |P
-2 _ far +near
far —near far —near
L 1 .
OpenGL
gIMatrixMode(GL_PROJECTION);
glLoadldentity();

glortho(left,right,bot,top,near,far);
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Derivation — Perspeq Derivation — Perspective case
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s . -, . ) )
z N . with additional ability to scale, etc.: y = Fx +A=2
y=hottom x=right ) X' E A X |
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View Volumes University of View Volumes
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Derivation — Perspective case N = oo E /w

- view volume

f‘«fx’yk/' flﬂr left = -1, right=1

bot=-1, top=1

University of

top plane: L > et b= é‘,#‘m‘ near = 1, far = 4
y= - SO -
2n r+l 1
r—I| r—I 1
top 2n t4b
F -B=1 t-b t-b ~5/3 -8/3
near —(f+n) -2
repeat for bot plane to get another eqn, f-n f—n L -1 i
then solve for F and B L -1 i

similar process for solving for the other unknowns,
using the left/right and near/far planes
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Example ( Example /,‘71\}[,“/
tracks in VCS: view volume Gme/a {lf [ vin )‘/»51)/»‘, 1 1 % ]
left x=-1, y=- left = -1, right = 1 ﬁ’hij
r'iegthtxx=11’, il/:ll beoi = 1 :?p t= 1 J,L" ’j'/ ”‘4/5 -1 — 1
near =1, far =4 -5z, /3-8/3 -5/3 -8/3
T — Zycs -1
) : ) s N Yoo |
2=-4 > 3 p <L %
P : / :neiglpoint =1 B 1] %}ﬂéf = ~ ’
- .y =1 0 Fonaz™ 1 \xN
{_ NDCS DCS {g
(z not shown) (z not shown)
VCs
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OpenGL

glIMatrixMode(GL_PROJECTION);
glLoadldentity();

0.3 03 -0.3 03 1

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

or
glPerspective(fovy,aspect,near,

/0e/ﬂﬂkﬁlq
¢ o jedhing

far);

fov = 2- Wr“‘(;&eeame

OCSs WCS VCS -
_| modeling viewing projection
transformation transformation transformation

1 CCSs
/h

OCS - object coordinate system l NDCS

WCS - world coordinate system -

VCS - viewing coordinate 'system viewport

CCS - clipping coordinate system ;
NDCS - normalized device coordinate system transformation

DCS - device coordinate system l

DCS
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Viewport Transformation Universiy of
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(1,2) w.h)
NDCS _ DCS b
a
[y
(-1,-1) ~ (0,0) X
Xpes = W (XNDCS +1) OpenGL
2 glViewport(x,y,a,b); f“ﬁ,
(Ynoes 1) default: 7
Ypcs = hf - S
iewport(0,0,w,h); lﬁf
(Zypes +1) - p 'h
DCS — # /l@qr

© Michiel van de Panne

[/(; 2o € L"/) ‘j’\ﬁ

Projective Rendering Pipeline  uiwesiyor

British Columbia

glVertex3f(x,y,z)

glFrustum(...
OCS mvc —
. modeling viewing prOJect|or.1
[ transformation transformati transformation
PiTramstateteyez)alulookAt(/.) |

perspective

glRotatef(th,x,y,2)
- division

NDCS

OCS - object coordinate system
WCS - world coordinate system -
\égg - V||_eW|_ng coor((jjl_natte systtem viewport
- clipping coordinate system i
NDCS - r?c?rm%lized device ():/oordinate system transf(l)rmatlon

DCS - device coordinate system

glutinitWindow Size(w,h)
glViewport(x,y,a,b)

DCS
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Coming Up... el
« clipping and culling

« visibility

* scan conversion
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