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Viewing and Projection 
Transformations 
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Projective Rendering Pipeline 

    OCS - object coordinate system 
WCS - world coordinate system  
VCS - viewing coordinate system  
CCS - clipping coordinate system  
NDCS - normalized device coordinate system 
DCS - device coordinate system  
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Viewing Transformation 
Positioning the camera 
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Viewing Transformation 
Defining the camera position and orientation 
•  eye point 
•  reference point 
•  up vector 
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Viewing Transformation 
Computing Mcam 
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Viewing Transformation 
graphics libraries: 
•  matrix.setLookAt(ex,ey,ez,rx,ry,rz,ux,uy,uz) 

•  matrix.lookAt(ex,ey,ez,rx,ry,rz,ux,uy,uz 
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Projective Rendering Pipeline 

    OCS - object coordinate system 
WCS - world coordinate system  
VCS - viewing coordinate system  
CCS - clipping coordinate system  
NDCS - normalized device coordinate system 
DCS - device coordinate system  
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Projection 
Pinhole camera 

pinhole camera image 
plane 

real pinhole camera 

lens 

camera 
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Projection 
•  definition 

•  parallel projection 

•  perspective projection 
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http://metal.brightcookie.com 

fortunecity.com 
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Projections 
 
Taxonomy 

planar 
projections 

perspective: 
1,2,3-point 

parallel 

oblique orthographic 

cabinet cavalier top, 
front, 
side 

axonometric 
isometric 
dimetric 
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Projections 
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Projections 
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Basic Projection 

z 

P(x,y,z) 

P(x’,y’,d) 

z=d 

y 

University of 
British Columbia 

Homogeneous Coordinates 

),,,( hzyx

homogeneous cartesian 

•  redundant representation 
•  h=0:   point at infinity (direction) 
•  geometric interpretation 

h ),,,( hzyxP
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Basic Projection 
Using h and 4x4 matrices 

h/
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Projective Rendering Pipeline 

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

OCS WCS VCS 

CCS 

NDCS 

DCS 

modeling 
transformation 

viewing 
transformation 

projection 
transformation 

viewport 
transformation 

alter h  

/ h  

LookAt()  
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View Volumes 
•  specifies field-of-view,   used for clipping 
•  restricts domain of  z  stored for visibility test 

perspective view volume 

orthographic view volume 
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View Volumes 

OpenGL 
canonical view volume 



University of 
British Columbia 

View Volumes 
Derivation – orthographic projections 

University of 
British Columbia 

View Volumes 
Derivation – orthographic projections 

solving for a and b gives: 
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View Volumes 
Derivation – orthographic projections 
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OpenGL 
matrix.Ortho(left,right,bot,top,near,far); 
matrix.setOrtho(left,right,bot,top,near,far); 
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View Volumes 
Derivation – Perspective case 
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View Volumes 
Derivation – Perspective case 
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earlier: 

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

top plane: 

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

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

view volume 
  left = -1,  right = 1 
  bot = -1,  top = 1 
  near = 1, far = 4 
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Perspective Transform 
Example 
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Perspective Transform 
OpenGL 

glMatrixMode(GL_PROJECTION); 
glLoadIdentity(); 
 
glFrustum(left,right,bot,top,near,far); 
  or 
glPerspective(fovy,aspect,near,far); 
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Projective Rendering Pipeline 

    OCS - object coordinate system 
WCS - world coordinate system  
VCS - viewing coordinate system  
CCS - clipping coordinate system  
NDCS - normalized device coordinate system 
DCS - device coordinate system  
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Viewport Transformation 

(-1,-1) 

(1,1) 

(0,0) 

(w,h) 

NDCS DCS 

gl.viewport(x,y,a,b); 
default: 

a 

b 

x 

y 

gl.viewport(0,0,w,h); 

WebGL 
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Projective Rendering Pipeline 

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

OCS WCS VCS 

CCS 

NDCS 

DCS 

modeling 
transformation 

viewing 
transformation 

projection 
transformation 

perspective 
division 

viewport 
transformation 

m.translatef(x,y,z) 
m.rotatef(th,x,y,z) 
.... 

m.lookAt(...) 

m.frustum(...) 

gl.viewport(x,y,a,b) 
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Coming Up… 
•  clipping and culling 
•  visibility 
•  scan conversion 


