Clipping

In graphics it is sometimes required to view an object through an area on the display device called a viewport which is normally rectangular in shape. A clipping algorithm identifies those portions of the object which are within the viewport. 
These ideas can be extended to three dimensions.

Clipping can cover


Point Clipping


Line Clipping

Area Clipping


Curve Clipping


Text Clipping

Point Clipping

A point  P = (x, y) is within the clip window (xmin, xmax, ymin, ymax) if the following inequalities are satisfied:



xmin < x < xmax


ymin < y < ymax
Line Clipping

This involves the removal of lines or line portions which do not lie within the clip window.

A number of efficient line clipping algorithms have been developed, eg




Cohen – Sutherland




Liang – Barsky




Nicoll – Lee – Nicoll

Cyrus-Beck

Usually only a small part of our modelled world is viewed at any one time.  As we have already discovered for 2 dimensional models a viewing plane defines the limits of the viewable world or, if we are working in three dimensions, a viewing volume delineates the objects we see.  All objects and parts of objects outside the defined viewing region are clipped away and not rendered.  Several clipping algorithms exist which clip 2D rectangles and polygons, and polygons in three-dimensional space. Common algorithms include the Cohen-Sutherland  line clipping algorithm, the highly efficient Liang and Barsky clipper for rectangled windows, the Cyrus-Beck algorithm which clips line segments against any convex polygon and can be extended to work in three dimensions.  The algorithm developed here is called the Cohen-Sutherland Clipping Algorithm which is used to determine which part of a line segment lies inside a rectangle, the “world window”, and then reports the end points of that line.

The diagram below illustrates lines to be clipped (part (a)) so that only those line segments within the window are drawn (part (b)).








  
 (a) before





(b) after




Clipping lines outside a rectangle.

The Cohen-Sutherland algorithm quickly detects and dispenses with two common cases called trivial accept and trivial reject.  A line’s endpoints are first tested. If both a line’s endpoints are entirely within the clipping rectangle then the line is obviously within the rectangle and is trivially accepted (eg line B above) and needs no clipping. If both a line’s endpoints lie entirely to one side of the rectangle (top,bottom left or right sides), then the line is trivially rejected and nothing is drawn.

Testing for Trivial Acceptance or Rejection 

A codeword is generated which facilitates fast detection.  The method works as follows.  The code word has four bits.  If a line segment’s endpoint lies in a particular region as defined in the diagram overleaf, then the bit associated with that region is set TRUE, otherwise it is set FALSE.  This leads to 9 possible codes also shown overleaf.

P.


Is P to the left of the rectangle? 
Is P above the rectangle?




Code for P:  TTFF

Is P to the right of the rectangle?


Is P to below the rectangle?






The code word generated by testing end points can now be analysed as follows:

Trivial accept: Both end point code words are FFFF.

Trivial reject: Both end point code words have a T in the same position (A bitwise AND will ascertain this) – both points to the left, both above, etc.

If there is no trivial accept or reject then the line must be chopped repetitively until it can be trivially accepted or rejected.  This leads to a divide and conquer algorithm which will give a result in at most four chops.  The following procedure details this:

do{

   form the code words for P1 and P2.

   if (trivial accept) return TRUE;

   if (trivial reject) return FALSE;

  chop the line at the next window border; discard outside part;

while(TRUE);

Chopping requires us to determine the co-ordinates of the new endpoint for the chopped line.  

Line Intersection.

Consider the line joining points (x1, y1) and (x2, y2).

Gradient of line is m = (y2 – y1) / (x2 – x1)

Equation of line is  y = mx + (y1 – mx1)

Intersection with x = xmin occurs at


y = mxmin + y1 – mx1
Intersection with x = xmax occurs at


y = mxmax + y1 – mx1
Both these values must lie in the range ymin < y < ymax for intersection with the clip window.

Intersection with y = ymin occurs at


x = (ymin - y1 + mx1)/m

Intersection with y = ymax occurs at


x = (ymax - y1 + mx1)/m

Both these values must lie in the range xmin < x < xmax for intersection with the clip window.

These previous ideas are used to form the following clipping routine:

int clipSegment(point2& p1, Point2& p2, RealRect W)

{

   do

   {

      if (trivial accept) return TRUE  //some portion survives

      if(trivial reject) return FALSE //no portion survives

      if (p1 is outside)

      {

        if (p1 is to the left) chop against left edge

        else  if (p1 is to the right) chop against right edge

        else if (p1 is below) chop against bottom edge

        if (p1 is above) chop against top edge

      }

      else

      {

        if (p2 is to the left) chop against left edge

        else  if (p2 is to the right) chop against right edge

        else if (p2 is below) chop against bottom edge

        if (p2 is above) chop against top edge

      }

    }while(TRUE)

}
 Evaluation of Cohen-Sutherland Algorithm

Effective when bitwise testing can be done cheaply (eg using assembly language or hardware) and trivial acceptance or rejection is applicable to the majority of line segments. 

Not as efficient as Liang-Barsky algorithm (where intersection calculations are reduced) when many line segments need to be clipped.

Can be easily extended to 3 dimensions.

Liang – Barsky Line Clipping

Faster line clippers have been developed which are based on an analysis of the parametric equations of a line segment.


x = x1 + u Dx


y = y1 + u Dy


0 < u < 1

where Dx = x2 – x1 and Dy = y2 – y1.

The point clipping conditions are then written as:



xmin < x1 + u Dx < xmax


ymin < y1 + u Dy < ymax
Each of the 4 inequalities can be expressed as



upk < qk

k = 1, 2, 3, 4

with 



p1 = - Dx

q1 = x1 - xmin


p2 = Dx

q2 = xmax – x1


p3 = - Dy

q3 = y1 - ymin


p4 = Dy

q4 = ymax – y1
Now if a line is parallel to Left / Right boundary then Dx = 0. This gives P1 = P2 = 0.

Similarly, if a line is parallel to Top / Bottom then Dy = 0 which gives P3 = P4 = 0. 

If p1 = 0 and  (q1 = x1 - xmin) <0 then x1 < xmin and the line is outside of window. 

Hence reject

Similarly: 

if p2 = 0 and (q2 = xmax - x1) < 0 then x1> xmax  and so reject. 

if p3 = 0 and (q3 = y1 - ymin) < 0 then y1 < ymin  and so reject. 

if p4 = 0 and (q4 = ymax - y1 ) < 0 then y1> ymax  and so reject. 

So as a general rule: if pi = 0 and qi < 0 reject the lines, else retain lines for further consideration. 

For non-zero values of pk, we can calculate the value of u that corresponds to the point where the infinitely extended line intersects the extension of boundary k as




u = qk /pk
For each line, we can calculate values for parameters u1 and u2 that define that part of the line that lies within the clip rectangle. The value of ui is determined by looking edges for which the line proceeds from the outside to the inside (p < 0). For these edges, calculate rk = qk / pk. The value of u1 is taken to be the largest of the set consisting of 0 and the various values of r. Conversely, the value of u2 is determined by examining the boundaries for which the line proceeds from the inside to the outside (p > 0). A value of rk is calculated for each of these boundaries, and the value of u2 is the minimum of the set consisting of 1 and the calculated r values. If u1 > u2, the line is completely outside the clip window and it can be rejected. Otherwise, the endpoints of the clipped line are calculated from the two values of parameter u.

Clipping in 3D
2 D clipping can easily be extended to three dimensions by clipping lines in 3D against each of the 6 planes of the viewing volume.  Clipping can be carried out against the viewing frustum or in normalised device co-ordinates in homogenous space.  There are advantages clipping  in normalised device co-ordinates since each plane is parallel with the x,y, and z axes and are located at with x,y and z values limited to combinations of  +1, -1 and 0.  Liang – Barsky or the more efficient Cyrus-Beck algorithm is usually used (see hand out).
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