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Assignment 4

Due at the beginning of class on 

Friday, 05 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

1. [10 marks] Using only scaling and shearing transformations, the following figures

[image: image1.emf][image: image2.emf][image: image3.emf]
can be transformed to appear as shown below when overlaid on each other.

[image: image4.emf]
The horizontal and vertical spacing of gridlines is 1 unit.  Determine the required transfromations and use your 2D drawing functions from the last assignment to reproduce the overlaid figure.  Alternatively, you may use the functions posted in the solutions for the last assignment.  Gridlines are optional.

2. [20 marks] Another way to tile the plane with equilateral triangles is to draw hexagonal “rings” as follows.  First, one draws two legs of an equilateral triangle with sides of unit length, and then one rotates it repeatedly about the origin:
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Next, one makes two translated copies of the original two lines, shown in green below, and adds one new line, shown in red below, and rotates the result:

[image: image15.emf]p
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[image: image17.emf][image: image18.emf][image: image19.emf][image: image20.emf][image: image21.emf]
Some more translated copies and rotations put on the next layer:

[image: image22.emf][image: image23.emf]
And so on.  All of this can be done using only 3 transformations: a rotation by /3 radians about the origin, a translation from the origin to p1, and a translation from the origin to p2.  Given only the following definitions,

p0 = [0 0 1]'; % the origin
p1 = [1 0 1]'; % one unit from the origin on the x axis
R = ConstructRotation2D(pi/3); % by 60 degrees about the origin
write a script that starts by constructing p2 and the two needed translations, and then reproduces the figure at the top of the next page.


3. a)
[8 marks] Modify your ConstructRotation2D() function to make another function, ConstructRotPoint2D(), that accepts an angle and a 3×1 column vector representing a point, and returns the matrix of the transformation that rotates about the given point by the given angle.  Use the following comment block.

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

% ConstructRotPoint2D - Construct the 2D homogeneous transformation matrix that

%       rotates about the given point by the given angle.

%

% Args: a - scalar giving the angle to rotate by

%       p – 3 x 1 column vector giving the center point of the rotation

%

% Rtns: T - the 3 x 3 matrix of the transformation

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

b) [2 marks] To test your function, reproduce the following figure by rotating the triangle [[2,4]; [4,4]; [3,8]] about the point [3,2].


4. a)
[16 marks] Modify your ConstructReflection2D() function to make another function, ConstructRefLine2D(), that accepts a line, represented as a 3×2 matrix containing two points on the line, and returns the matrix of the transformation that reflects across the given line.  You may assume that the given line is neither vertical nor horizontal, but your function should reflect across lines with slopes greater than 1 differently than those with slopes less than 1.  Use the following comment block.

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

% ConstructRefLine2D - Construct the 2D homogeneous transformation matrix that

%       reflects across the given line.

%

% Args: L - 3 x 2 matrix with each column representing a point on the line

%

% Rtns: T - the 3 x 3 matrix of the transformation

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

b) [4 marks] To test your function, reproduce the following figures by reflecting the triangle [[1,‑8]; [9,‑8]; [9,‑2]] across the line [[2,‑1]; [6,2]] to produce the figure on the left and by reflecting the triangle [[‑8,1]; [‑8,9]; [‑2,9]] across the line [[‑1,2]; [2,6]] to produce the figure on the right.

















