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Camera model 

� Typical camera operations
� Move
� Orbit
� Yaw, Pitch, Roll

� Zoom in/out
� …
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Modeling view space
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Sample operations - Zoom

� Given:
� All transformation matrices are constant, except for the 

view matrix
� Camera is represented using three variables position, 

up, target

� Question:
� How do you implement ?

� Zoom in/out operation
� Yaw/pitch/roll operations

� Hint:
� You need to change one of the three camera variables
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Zoom implementation

inline void Camera::Move(const float fDistance)

{

Vec4 kTempVector(0.0f, 0.0f, 0.0f);

Vec4Scale(&kTempVector, &m_kLook, fDistance);

Vec4Add(&m_kPosition, &m_kPosition, &kTempVector);

}
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Yaw/pitch/roll implementation

Up

Look
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Yaw/Pitch/Roll implementation cont.

inline void Camera::Roll(const float fRadAngle)

{

Matrix kTempMatrix;

MatrixRotationAxis(&kTempMatrix, &m_kLook, fRadAngle);

Vec4Transform(&m_kUp, &m_kUp, &kTempMatrix);

}
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Yaw/Pitch/Roll implementation cont.

inline void Camera::Pitch(const float fRadAngle)

{

Matrix kTempMatrix;

Vec4 kRight;

CrossProduct(&kRight, &m_kLook, &m_kUp);

MatrixRotationAxis(&kTempMatrix, &kRight, fRadAngle);

Vec4Transform(&m_kUp, &m_kUp, &m_kTempMatrix);

Vec4Transform(&m_kLook, &m_kLook, &m_kTempMatrix);

}
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Camera to API

� Need to construct the view matrix and 
pass it to OpenGL:

� gluLookAt(position, look, up);
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Modeling view space
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Visibility
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Visibility

� Where visibility needs to be resolved
� Game level
� Room / hallway / location
� Object

� Triangle (primitive)
� Fragment
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Visibility
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Visibility

� Where visibility needs to be resolved
� Game level

� User selection

� Room / hallway / location
� Portals, regions

� Object
� View frustum culling
� BSP trees, octrees, quadtrees
� Occlusion culling

� Triangle (primitive)
� Clip space
� Backface culling

� Fragment
� Z-test, alpha-test, stencil-test, …
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View frustum culling

near plane

far plane

� Frustum representation 
using 6 planes and their 
intersection

� Near 
� Far
� Right
� Left 
� Top
� Bottom

� View frustum culling is an 
operation which determines 
if an object lies inside or 
outside of the viewing 
volume

left plane

right plane
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Plane representation

� Given:
� Plane normal N
� Arbitrary point on plane p

� Then for any point x 
the following holds:
� N . (x – p) = 0
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Plane representation cont.

� N . (x – p) = 0

� Can rewritten as:
� Ax + By + Cz = -D

� (A,B,C) – normalized plane normal vector
� -D – distance from origin to the closest 

point on the plane
� (x,y,z)   – arbitrary point on the plane
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Plane representation cont.

� Define 
� f(x,y,z) = Ax + By + Cz + D

� Then for an arbitrary point (x,y,z) in 3D 
space:
� f(x,y,z) = 0 iff (x,y,z) lies on the plane 

� f(x,y,z) > 0 iff (x,y,z) lies in front of the plane
� f(x,y,z) < 0 iff (x,y,z) lies behind the plane
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Plane representation cont.
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Extracting plane equations from 
openGL

� Near plane:
� z = near

� Far plane
� z = far

� Other planes
� More difficult, see paper posted on course webpage 

if interested in the math
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View frustum culling algorithm

� Assume view frustum planes have their normals
pointing outward

bool Frustum::CullPointAgainstFrustum(const Vec3 kPoint)

{
for (int i = 0; i < 6; i++)
{

if (m_kPlanes[i].IsPointInFront(kPoint))
return true;

}

// point is inside
return false;

}
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Next class

� More visibility
� BSP
� Octrees, Quadtrees

� Shading
� FIEA introduction
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BSP trees

� BSP – Binary Space Partitioning

A

B C

9/9/2008 24

BSP trees

Scene partitioning First 3 levels of 
corresponding BSP tree
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Region search

� How do you find the region containing the camera?
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Region search

� Linear search:
� Iterate over all regions and test if camera 

is inside
� O(n)

� Logarithmic search
� Eliminate half of search space after each 

compare
� O(log n)
� All tree structures


