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Viewing and ProjectionViewing and Projection
TransformationsTransformations

• intro to projection transformations
• viewing transformation
• view volumes
• projection transformations -- details

• intro to projection transformations
• viewing transformation
• view volumes
• projection transformations -- details
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ProjectionProjection
Pinhole cameraPinhole camera

pinhole camerapinhole camera imageimage
planeplane

II for CGfor CG

real pinhole camerareal pinhole camera
apertureaperture

ff

lenslens

cameracamera

price to pay:   limited depth of fieldprice to pay:   limited depth of field

center of projection
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ProjectionProjection

mappingmapping nmf mn <ℜ→ℜ ,:

II
orthographicorthographic obliqueoblique

center of projection

II

II

•• definitiondefinition

•• parallel projectionparallel projection

•• perspective projectionperspective projection
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ProjectionsProjections

TaxonomyTaxonomy
planarplanar

projectionsprojections

perspective:perspective:
1,2,31,2,3--pointpoint

parallelparallel

obliqueoblique orthographicorthographic

cabinetcabinet cavaliercavalier top,top,
front,front,
sideside

axonometricaxonometric
isometricisometric
dimetricdimetric
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ProjectionsProjections

oneone--pointpoint
perspectiveperspective

twotwo--pointpoint
perspectiveperspective

threethree--pointpoint
perspectiveperspective
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ProjectionsProjections
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Basic ProjectionBasic Projection

similar triangles:similar triangles:
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P(x,y,z)P(x,y,z)

P(x’,y’,d)P(x’,y’,d)

z=dz=d

yy

similarlysimilarly

z
dxx ⋅
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Homogeneous CoordinatesHomogeneous Coordinates

),,,( hzyx

homogeneoushomogeneous

),,(
h
z

h
y

h
x
cartesiancartesian

/ h/ h

•• redundant representationredundant representation
•• h=0:   point at infinity (direction)h=0:   point at infinity (direction)
•• geometric interpretationgeometric interpretation
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HomogeneousHomogeneous MatricesMatrices
Note:Note:
•• Multiplication of the matrix with a constant does not Multiplication of the matrix with a constant does not 

change the change the transformation!transformation!

normalize: divide by wnormalize: divide by w
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Basic ProjectionBasic Projection
Using h and 4x4 matricesUsing h and 4x4 matrices
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Projective Rendering PipelineProjective Rendering Pipeline

OCS OCS -- object coordinate systemobject coordinate system
WCS WCS -- world coordinate system world coordinate system 
VCS VCS -- viewing coordinate system viewing coordinate system 
CCS CCS -- clipping coordinate system clipping coordinate system 
NDCS NDCS -- normalized device coordinate systemnormalized device coordinate system
DCS DCS -- device coordinate systemdevice coordinate system

OCSOCS WCSWCS VCSVCS

CCSCCS

NDCSNDCS

DCSDCS

modelingmodeling
transformationtransformation

viewingviewing
transformationtransformation

projectionprojection
transformationtransformation

viewportviewport
transformationtransformation

alter halter h

/ h/ h
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Viewing TransformationViewing Transformation
Positioning the cameraPositioning the camera

OCSWCS PMP ⋅= mod

VCScamWCS PMP ⋅= OCScamVCS PMMP ⋅⋅= −
mod

1

OpenGL ModelView matrix
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Viewing TransformationViewing Transformation

OCSOCS WCSWCS VCSVCS
modelingmodeling

transformationtransformation
viewingviewing

transformationtransformation

modM 1−
camM

OpenGL ModelView matrix
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Viewing TransformationViewing Transformation
Defining the camera positionDefining the camera position
• eye point
• reference point
• up vector
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Viewing TransformationViewing Transformation
Computing McamComputing Mcam

refeye

refeye
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PP
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Viewing TransformationViewing Transformation
Computing McamComputing Mcam
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Viewing TransformationViewing Transformation
OpenGLOpenGL
•• gluLookAt(ex,ey,ez,rx,ry,rz,ux,uy,uz)gluLookAt(ex,ey,ez,rx,ry,rz,ux,uy,uz)

but this postmultiplies the current matrix;but this postmultiplies the current matrix;
therefore usually use as follows:therefore usually use as follows:

glMatrixMode(GL_MODELVIEW);glMatrixMode(GL_MODELVIEW);
glLoadIdentity();glLoadIdentity();
gluLookAt(ex,ey,ez,rx,ry,rz,ux,uy,uz)gluLookAt(ex,ey,ez,rx,ry,rz,ux,uy,uz)
// now ok to setup modeling transformations// now ok to setup modeling transformations

©© Mi hi l d PMi hi l d P

University ofUniversity of
British ColumbiaBritish Columbia

Projective Rendering PipelineProjective Rendering Pipeline

OCS OCS -- object coordinate systemobject coordinate system
WCS WCS -- world coordinate system world coordinate system 
VCS VCS -- viewing coordinate system viewing coordinate system 
CCS CCS -- clipping coordinate system clipping coordinate system 
NDCS NDCS -- normalized device coordinate systemnormalized device coordinate system
DCS DCS -- device coordinate systemdevice coordinate system

OCSOCS WCSWCS VCSVCS

CCSCCS

NDCSNDCS

DCSDCS

modelingmodeling
transformationtransformation

viewingviewing
transformationtransformation

projectionprojection
transformationtransformation

viewportviewport
transformationtransformation

alter halter h

/ h/ h

gluLookAt()gluLookAt()
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View VolumesView Volumes
•• specifies fieldspecifies field--ofof--view,   used for clippingview,   used for clipping
•• restricts domain of  restricts domain of  zz stored for visibility teststored for visibility test

perspective view volumeperspective view volume

orthographic view volumeorthographic view volume
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View VolumesView Volumes

OpenGLOpenGL
canonical view volumecanonical view volume
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View VolumesView Volumes
Derivation Derivation –– orthographic projectionsorthographic projections
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View VolumesView Volumes
Derivation Derivation –– orthographic projectionsorthographic projections

byay +⋅='
1'
1'
−=→=

=→=
yboty
ytopy

bottop
a

−
=

2

solving for a and b gives:solving for a and b gives:

bottop
bottopb

−
+−

=
)(
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View VolumesView Volumes
Derivation Derivation –– orthographic projectionsorthographic projections

P

nearfar
nearfar

nearfar

bottop
bottop

bottop

leftright
leftright

leftright

P
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OpenGLOpenGL
glMatrixMode(GL_PROJECTION);glMatrixMode(GL_PROJECTION);
glLoadIdentity();glLoadIdentity();
glOrtho(left,right,bot,top,near,far);glOrtho(left,right,bot,top,near,far);
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View VolumesView Volumes
Derivation Derivation –– Perspective casePerspective case
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View VolumesView Volumes
Derivation Derivation –– Perspective casePerspective case
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earlier:earlier:

with additional ability to scale, etc.:with additional ability to scale, etc.:
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View VolumesView Volumes
Derivation Derivation –– Perspective casePerspective case

top plane:top plane:

)( near
topzy
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= 1
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1=
−
+
z
BzFy

1=− B
near
topF

repeat for bot plane to get another eqn, 
then solve for F and B

similar process for solving for the other unknowns,similar process for solving for the other unknowns,
using the left/right and near/far planesusing the left/right and near/far planes
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View VolumesView Volumes
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view volumeview volume
left = left = --1,  right = 11,  right = 1
bot = bot = --1,  top = 11,  top = 1
near = 1, far = 4near = 1, far = 4
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Perspective Transform Perspective Transform 
ExampleExample
tracks in VCS:tracks in VCS:

left  x=left  x=--1, y=1, y=--11
right x=1, y=right x=1, y=--11

view volumeview volume
left = left = --1,  right = 11,  right = 1
bot = bot = --1,  top = 11,  top = 1
near = 1, far = 4near = 1, far = 4
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Perspective TransformPerspective Transform
ExampleExample
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Perspective TransformPerspective Transform
OpenGLOpenGL

glMatrixMode(GL_PROJECTION);
glLoadIdentity();
glFrustum(left,right,bot,top,near,far);
or

glPerspective(fovy,aspect,near,far);
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Projective Rendering PipelineProjective Rendering Pipeline

OCS OCS -- object coordinate systemobject coordinate system
WCS WCS -- world coordinate system world coordinate system 
VCS VCS -- viewing coordinate system viewing coordinate system 
CCS CCS -- clipping coordinate system clipping coordinate system 
NDCS NDCS -- normalized device coordinate systemnormalized device coordinate system
DCS DCS -- device coordinate systemdevice coordinate system

OCSOCS WCSWCS VCSVCS

CCSCCS

NDCSNDCS

DCSDCS

modelingmodeling
transformationtransformation

viewingviewing
transformationtransformation

projectionprojection
transformationtransformation

viewportviewport
transformationtransformation

/ h/ h
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Viewport TransformationViewport Transformation

((--1,1,--1)1)

(1,1)(1,1)

(0,0)(0,0)

(w,h)(w,h)

NDCSNDCS DCSDCS

2
)1( +

= NDCS
DCS

xwx

2
)1( +

= NDCS
DCS

yhy

2
)1( +

= NDCS
DCS

zz

glViewport(x,y,a,b);
default:default:

aa

bb

xx
yy

glViewport(0,0,w,h);

OpenGLOpenGL
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Projective Rendering PipelineProjective Rendering Pipeline

OCS OCS -- object coordinate systemobject coordinate system
WCS WCS -- world coordinate system world coordinate system 
VCS VCS -- viewing coordinate system viewing coordinate system 
CCS CCS -- clipping coordinate system clipping coordinate system 
NDCS NDCS -- normalized device coordinate systemnormalized device coordinate system
DCS DCS -- device coordinate systemdevice coordinate system

OCSOCS WCSWCS VCSVCS

CCSCCS

NDCSNDCS

DCSDCS

modelingmodeling
transformationtransformation

viewingviewing
transformationtransformation

projectionprojection
transformationtransformation

perspectiveperspective
divisiondivision

viewportviewport
transformationtransformation

glVertex3f(x,y,z)glVertex3f(x,y,z)

glTranslatef(x,y,z)glTranslatef(x,y,z)
glRotatef(th,x,y,z)glRotatef(th,x,y,z)
........

gluLookAt(...)gluLookAt(...)

glFrustum(...)glFrustum(...)

glutInitWindowSize(w,h)glutInitWindowSize(w,h)
glViewport(x,y,a,b)glViewport(x,y,a,b)
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ComingComing Up…Up…
•• clipping and cullingclipping and culling
•• visibilityvisibility
•• scan conversionscan conversion


