
The Geometry Stage 
3D Objects, Camera, Projections, Clipping and Viewports 

1 



Cameras 

Cameras and orthographic/perspective projections 
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Cameras 

ÁWe view our 3D scene through the eyes of the camera, it 
determines how we see a scene and how much we can see 
at any given moment. 

ÁTo navigate through a 3D scene, we need only move the 
camera through the scene. 

ÁCameras are sometimes referred to as ñeyesò in graphics 
literature. 

 

ÁEach Camera has: 
ÁA position, a view vector and an up vector. These define the cameraôs 

coordinate system. 

ÁA View Volume ï only objects in this view volume are visible. 

ÁA Projection ï this defines the shape of our view volume. 
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Cameras: View Space 

ÁOur 3D scene has its own coordinate 

system called world space and all 

objects are positioned relative to it. 

ÁOur camera is also positioned and 

oriented in world space. 

ÁTo draw our scene it is necessary to do 

so from the cameraôs perspective. We 

need to transform the scene so that the 

camera is at the center. 

ÁWe create a new coordinate system 

called view space which is centered on 

the camera.  
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World Space 



Cameras: View Space 

ÁThe cameraôs position is the origin 

ÁThe cameraôs up vector is the Y axis 

ÁThe cameraôs view vector is in the 

direction of the: 

Á+Z axis (left handed system) 

Á-Z axis (right handed system) 

ÁThis new coordinate system is stored in 

a view matrix (the graphics API can 

usually calculate this for you).  

ÁWe transform world space into view 

space by multiplying all world space 

geometry with the view matrix.  
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World Space 

View Space 



Cameras: View Volume 

ÁEach camera has a view volume. 

ÁThis view volume is defined by a near view plane and a far 

view plane and its shape is determined by the type of 

projection used. 

ÁOnly geometry within the cameraôs view volume will be 

visible. 
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Example of a View Volume 

a ï near view plane 

b ï far view plane 

gray area ï view volume 



Cameras: Projections (The CVV) 

ÁThe cameraôs arbitrary view volume needs to be transformed 

into a unit cube centered on the view space origin. This is 

done to improve the efficiency of the clipping and screen 

mapping stages. 

 

ÁThis standard cubic view volume is called the canonical view 

volume (CVV) and is used in the clipping and screen 

mapping stages. 

 

ÁThe transformation of the cameraôs view volume to the 

canonical view volume is called a projection. Applying this 

projection to view space moves us into homogenous clip 

space. 
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Cameras: Projections 

There are two common projections in use today: 
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Orthographic Projection Perspective Projection 



Cameras: Orthographic Projection 

ÁIn an orthographic  projection, the view volume is a cube, and so 

the conversion from the  orthographic view volume to the 

canonical one is a simple matter of scaling and translation. 

ÁThis form of projection keeps all lines parallel and doesnôt scale 

objects according to depth and so is ideal for CAD applications. 
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Images from ñDeriving Projection Matricesò By Joe Farrel - http://www.codeguru.com/cpp/misc/misc/math/article.php/c10123__3/ 


