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Assignment 6

Due at the beginning of class on 

Tuesday, 23 October 2007
Instructions

· Save a diary of your MatLab session.

· Using your favourite text editor, clean up the diary file to remove unecessary output that makes the session difficult to follow.

· Keep all output, including figures, that is needed to show the correctness, completeness and logical flow of your work.
· Include the source code of all your functions and scripts for the assignment.
· Include your name, your student number, the date and the assignment number at the beginning of the file.
· Print out a copy of the resulting document and hand it in.
· The marker may refuse to mark any assignment considered too difficult to follow.

· If any questions are unclear to you, ask in class, by e-mail or during office hours.

Questions

[image: image1.emf]In this assignment, you will be projecting all your three-dimensional figures onto the xy plane and handing in two-dimensional plots of the results. For this purpose, you should use Draw2D(), your two-dimensional drawing function. The figure you will be operating on is the slotted cube with one corner cut off, which we have used in examples in class.  When this object is drawn using Draw3D(), it appears as follows:

For this figure, the viewing transformation was generated by MatLab, using the command view(115, 22.5).  By contrast, the following figure was drawn using Draw2D(), after the viewing transformation was applied “by hand.”

[image: image4.emf]
This figure is generated as follows.  First, the objects to be drawn are rotated about the z axis by -115°, then about the x axis by -67.5° (67.5 = 90 ‑ 22.5), and finally the results are projected down onto the xy plane by anihilating the z component of all vectors.  As you can see, the results are identical except for the gridlines, which give away the fact that everything in this figure is confined to the xy plane.

The definition of the object we are operating on is as follows:

Cube = [ % slotted cube with one corner cut off
  1 4 4 0 0 1 1 1 1 1 1 0 0 0 1 1 0 0 0 4 4 2 0 0 4 4 0 0 4 4 2 4 4

  0 0 4 4 2 2 0 0 0 2 2 2 2 0 0 2 2 0 0 0 2 4 4 0 0 0 4 4 4 4 4 4 2

  0 0 0 0 0 0 0 0 2 0 2 0 2 2 2 2 2 2 4 4 4 4 4 4 0 4 0 4 0 2 4 2 4

  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

];

Cmd = [ % the sequence of move/draw commands for the above figure
  1 1 1 1 1 1 0 1 0 1 0 1 0 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1 0 1 1 0

];

Clr1 = [.75 .25 .50]; % burgundy
Clr2 = [.25 .50 .75]; % blue
As before, we will first write some functions that we need, and then we will draw some figures using these functions.

1. a)
[6 marks] Write a MatLab function that accepts an axis ('x' , 'y', or 'z') and a position on that axis, and returns the 4 x 4 matrix of the perspective transfor-mation which represents looking inward towards the origin from the given position on the given axis.  Your function should conform to the following definition:

% ------------------------------------------------------------------------------

% ConstructPerspective - Construct the perspective transformation that

%       results when we look towards the origin from the given center of

%       projection on the given axis.

%

% Args: axis - 'x', 'y' or 'z': the axis along which we are looking

%       c - distance of the center of projection from the origin

%

% Rtns: V - the 4 x 4 matrix of the perspective transformation

% ------------------------------------------------------------------------------

Test your function by constructing perspective transformations for each of the following viewpoints

b) [2 marks] position +5 on the x axis: [5  0  0 1]'

c) [2 marks] position +2 on the y axis: [0  2  0 1]'

d) [2 marks] position -4 on the z axis: [0  0 -4 1]'

Recall that the perspective transformation alters the value of the w coordinate. Before you can plot the results of your perspective transformation, you will have to recover the Euclidean coordinates of the points in your object from the homogeneous coordinates by making use of the scaling property of the w coordinate, when it is not zero.  Since w = 0 indicates a point at infinity, no real figure should contain such points, but your function should still not crash if it encounters one.

2. a)
[12 marks] Write a MatLab function which performs this scaling for all points in an object with non-zero w coordinates and restores them to a value of w = 1. This function should accept a 4 × N matrix representing an object, and return a 4 × N matrix representing the same object, with the appropriate adjustments made. If you apply this function to the product of a perspective transformation matrix and the matrix representing an object, the result should be ready to project onto the viewing plane in preparation for plotting.  Your function should conform to the following definition:

% ------------------------------------------------------------------------------

% Normalize - Normalize the given points to have a w coordinate of 1,

%       unless they are points at infinity, in which case the normalization

%       is to unit length.

%

% Args: Q - a 3 x N or 4 x N matrix of points [x y w]' or [x y z w]'

%

% Rtns: Qbar - the normalized points [x/w y/w 1]' or [x/w y/w z/w 1]'

% ------------------------------------------------------------------------------

b, c, d)  [2 marks each] To test your function, multiply the line from (‑1,‑1,‑1) to (1, 1, 1) by each of the three perspective transforms you constructed in the previous question, and apply the function to each of the three results.

3. [10 marks] Use the two functions from the previous two questions to reproduce the following figure. The burgundy object is produced by rotating and projecting the slotted cube exactly as described in the example on pages 1-2, while the blue object is produced by applying a perspective transformation after the rotations, but before the projection onto the xy plane. The perspective transformation used looks at the origin from position +25 on the z axis.

[image: image2.emf]
4. [20 marks] Move the position of the viewpoint to +15 on the z axis to reproduce the following figure.  The cube is centered on the origin and then scaled by a factor of .25 along all three axes. The cube is then moved to (‑6,‑6,‑6), from whence it flies to (6, 6, 6) in 6 equal steps.  No rotations are used.

[image: image3.emf]















