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LECTURE 8 – Clipping
Clipping

Generally, clipping (or the clipping algorithm) refers to any procedure used to determine portions of an image that are inside or outside a specified region.

The specified region is called the clip window.

The clip window is usually defined as a rectangular area. However, other shapes can also be used.
Point Clipping
Point clipping is the simplest form of clipping. If a rectangular clip window is used a point A (x,y) is displayed if the following inequalities are satisfied:
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If any of these equality tests fail then the point is clipped (not be rendered)

Line clipping

Steps:

1. Check if line lies completely inside clip window
2. Check if line lies completely outside clip window
3. Otherwise, perform intersection calculations with one or more clipping boundaries
If a line is not completely inside / outside a clip window, then we need to perform intersection calculations using the following parametric representations to determine the value of u that corresponds to the intersection point with the boundary coordinates:
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The process of stepping along the line by increasing the value of u is a fairly expensive brute-force approach.

Alternative approaches can be taken to determine the intersection point that do not necessitate stepping along the line. We shall look at some of these next week.

However, one solution that can be taken to quickly determine the point of intersection is to use a binary search method… i.e. repetitively sub-divide the line segment in to two parts and check the mid-point for containment.
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Cohen-Sutherland Line Clipping
The Cohen-Sutherland Line Clipping algorithm speeds up the processing of line segments by performing initial tests to reduce the number of intersections that need to be calculated.
Every line segment in a scene is assigned a 4 digit binary code (region code), that identifies the location of the end point relative to the boundaries of the clipping rectangle as follows:
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A 2D space is divided into 9 parts. The middle part is the visible area ( clip window)

	1st bit
	Above
	y > ymax

	2nd bit
	Below
	y < ymin

	3rd bit
	Right
	x > xmax

	4th bit
	Left
	x < xmin


NB> If both ends of a line are completely inside the clip window, the region code for both ends of the line would be 0x0000

The assignment of region codes for each line segment reduces the number of line intersection calculations needed to be performed. A set of simple masks can be used to logically AND the region code for each point before running intersection calculations
· If both 4-bit codes of the end points are 0x0000 then the line is contained within the clip window and should be drawn

· If the logical AND of the two end point codes do not equal zero then the line can be rejected (culled)
· i.e. if we logically and the end points for line: 0x1001 & 0x1000 we can see that the 1st bit is present in both codes. We can therefore reject the line as completely outside (Above) the clip region

· If both end points are in different parts, at least one end point has to be outside the clip window. Use the parametric equation for the line (as described above) to determine the intersection point along the line.




Exercises:

1. Implement a simple point clipping algorithm to determine if a point is inside the clip window.
2. Implement the basic (no frills) line clipping algorithm

3. Implement the Cohen-Sutherland Line clipping algorithm using the four bit masks as described above
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