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LECTURE 7 – Perspective - Projection
Orthographic Projection
Orthographic projections give a planar image of a three dimensional object – commonly seen in CAD drawings. All lines parallel to the plane of projection are of ‘true length’ (i.e no distortion).
x-y plane

An orthographic projection onto the x-y plane, where z=0, the matrix is as follows:
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As can be seen, the third column contains only zeros. When this matrix is multiplied by a vector, the z coordinate of that vector becomes zero as follows:
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y-z plane

An orthographic projection onto the y-z plane, where x=0, the matrix is as follows:
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x-y plane

An orthographic projection onto the x-y plane, where z=0, the matrix is as follows:
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There are 6 standard projections: 
[image: image6.jpg]



	Front

(onto z=0, from +z)
	Rear

(onto z=0, from –z)

	Right

(onto x=0, from +x)
	Left

(onto x=0, from –x)

	Top

(onto y=0, from +y)
	Bottom
(onto y=0, from -y)


Perspective

Perspective is an approximate representation of a 3D object / scene on a flat surface.

Two of the most characteristic features of perspective are:

· The further away an object is from the viewer, the smaller it appears

· Spatial foreshortening – the distortion of objects when viewed from an angle

[image: image7.png]



Similar Triangles

In 3D computer graphics similar triangles are used to calculate perspective as follows:

y1 = (d/(d1+d)) * y
The x position on screen can be calculated in the same way as follows:

x1 = (d/(d1+d)) * x
Perspective Transformation Matrix

The top three entries in the last column of a 4x4 matrix that are involved in a perspective transformation as follows:
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One Point
When the transforming matrix has a single non-zero value among the top three entries in the last column of a 4x4 matrix it produces a single-point perspective projection.
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The matrix above produces a single-point perspective with the viewing point on the z-axis. Single-point perspective matrices can be generated for each axis as follows:

z-axis
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y-axis
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x-axis
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Two Point

Two non-zero entries in the top three of the last column give two-point perspective, in which two principle vanishing points occur.
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Three Point

Three non-zero entries in the top three of the last column give three-point perspective, in which three principle vanishing points occur.
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Perspective-Projection

We take the homogeneous vector corresponding to the coordinates of a point and transform it by the perspective matrix as follows:
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… next divide all coordinates by w
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…. And project them onto the x-y plane z=0 using the projection matrix:
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Calculating 
[image: image18.wmf]r


Suppose the camera position is (0,0,8), we can calculate 
[image: image19.wmf]r

as follows:
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Combining the matrices

Instead of multiplying by the perspective matrix, and then by the projection matrix, we can create a single matrix from the two matrices multiplied together as follows:
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NB> Care must take care to multiply these matrices in the correct order: perspective first, and the projection. The Projection must always be done last as it causes information to be irretrievably lost.

Improving the Sense of Perspective:
One method for improving the sense of perspective whilst maintain a fixed 
[image: image22.wmf]xy

viewing plane, i.e 
[image: image23.wmf]0

=
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, is to simply move the object around – much as you would do if examining a small object held in the hand.

One Point Perspective:
Translation then single point perspective
Two Point Perspective:
Rotation, then single point perspective

Improved Two Point Perspective:
Rotation, translation and then single point perspective

Three Point Perspective:

Two rotations, translation then single point perspective

Three Types of Perspective-Projection
	One Point:
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[image: image25.emf]

	Two Point:
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[image: image27.emf]

	Three Point:
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[image: image29.emf]


Exercises:
1. Consider a cube whose centre is at the origin. To obtain a realistic view of it projected on the 
[image: image30.wmf]xy

plane, shift it 8 units in each of the x and y directions, and then project it onto the plane 
[image: image31.wmf]0
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z

from a viewing point at (0,0,12). Write down the single matrix that performs the combined transformation, and sketch the projected view that results.

2. An object is rotated about the y axis through an angle of 45 degrees, and then subjected to a single point perspective projection onto the plane 
[image: image32.wmf]0
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, with a viewing point at (0,0,8). Determine the single matrix that will perform this transformation, and verify that this is equivalent to a two point perspective-projection.
3. Implement your own custom-made perspective-projection within your software renderer that demonstrates using a fixed 
[image: image33.wmf]xy

 plane with 
[image: image34.wmf]0
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4. Implement your own custom-made perspective-projection within your software renderer that demonstrates using a fixed 
[image: image35.wmf]xz

 plane with 
[image: image36.wmf]0
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