Graphics and Multimedia 03-04

MATLAB Warm-Up Exercise 1

Trying out Matrix Functions
1. Introduction

For this week and next week we will be getting you to try out some of the Matlab functions which you will need for the assessed exercise. This is a ‘warm-up’ exercise intended to get you to familiarize yourself with the ways you can take advantage of MATLAB’s facilities for easy matrix manipulation. This week’s exercise is also intended to reinforce what you learned in the Maths revision lectures and the lecture on Viewing Transformations.

2. Exercises

Exercise 1: Write a MATLAB function which will plot a closed polygon (an N-gon)  from a N x 3 matrix of vertices expressed in homogeneous coordinates. Test it using the square 

[1 1 1; 2 1 1; 2 2 1; 1 2 1]  and the shape [1 1 1; 2 1 1; 2 2 1; 1.2 2 1; 1.2 1.9 1;1 1.9 1]. This last should be a square with a small 2:1 aspect ratio cut-out in the top left corner. You will need to provide the coordinates of the first point again to plot to close the path.

You will need the axis function to set the origin and the axis range, also plot to actually plot out the polygon.. You should set these to give you ‘white space’ around your plot otherwise your square might be indistinguishable from the border of the plot. You will also need to call hold on and hold off to get the axis function to apply to your plot and to be able to draw a new plot. Look these up using ‘help’ if you don’t remember how they work.

Exercise  2: Write a Matlab function which will generate a 3 x 3 scale matrix. Apply it to the square above to turn it into a rectangle with aspect ratio 2:1 (try a= 4 and b = 2 as below). Plot the square in blue and the results of your scale operation on the same graph in red.

The 3 x 3 scale matrix for amounts a in x and b in y is:  
[image: image1.wmf]
Exercise 3: Write a Matlab function to generate the 3 x 3 viewing transformation matrix for rotation by an angle expressed in radians. Apply this function as previously for angle 
[image: image2.wmf].

The 3 x 3 rotation matrix for an amount ( about the origin is:
[image: image3.wmf]
Show that this matrix is orthogonal for the given value of ( by multiplying it with its own transpose. You should get the unit matrix as  a result. Can you show this result algebraically?

Exercise 4: Write a Matlab function to generate 3 x 3 viewing transformation matrices for translation by an amount a in x and b in y. Apply these functions as in the previous case for  distances  a = 2, b = 3.

The 3 x 3 translation matrix for distances a in the x- direction and b in the y- direction is:
[image: image4.wmf].  Is this matrix orthogonal?

Exercise 5: Using the above generate a matrix for rotation by 
[image: image5.wmf] about the point 1.5,1.5, rotate your square by that amount about that point and display the result as previously. You can do this either by performing each operation separately or by forming a single transformation matrix. This transformation matrix will be formed by multiplying the matrices for the three individual primitive transformations together: 

translate ( 1.5, 1.5 ). rotate ( 
[image: image6.wmf]). translate (-1.5, -1.5)

Exercise 6: Write a Matlab function to generate 3 x 3 viewing transformation matrices for reflection about  axis x,  and reflection about  axis y. Apply these functions as previously to see what effect your transformation has on the original shape. Use the modified square for the reflections otherwise it may be difficult to see whether your reflection matrix works the way it is supposed to.

The 3 x 3 refection matrices are 1, for reflection about the x- axis :
[image: image7.wmf] and 

2, reflection about the y-axis: 
[image: image8.wmf]  Are these matrices orthogonal?

Exercise 7: Using the above generate a matrix for reflection about an axis which passes through the origin and makes an angle 
[image: image9.wmf] to the x-axis. Reflect your modified square (with the small cut-out top left) with it and  display the result as previously. Your composite transformation matrix is:

rotate (
[image: image10.wmf]). reflect about x. rotate (-
[image: image11.wmf])

Is this matrix orthogonal?

Exercise 8: Write a Matlab function to generate 3 x 3 viewing transformation matrices for skew in the x direction by an amount a,  and skew in the y direction by an amount b. Apply these functions as previously to see what effect your transformation has on the original shape. 

The 3 x 3 skew matrices are 1, for skew in the x direction by a :
[image: image12.wmf] and 

2,skew in the y direction by b: 
[image: image13.wmf]  Are these matrices orthogonal?

Exercise 9: (longer) Using the above generate a matrix for rotation  by 
[image: image14.wmf] using the following steps,  Generate a skew matrix along x by an amount  tan (-
[image: image15.wmf]) and  a skew matrix along y by an amount sin(
[image: image16.wmf]). Multiply 

skew x (tan (-
[image: image17.wmf])) . skew y (sin(
[image: image18.wmf])). skew x (tan (-
[image: image19.wmf]))

together and show that the result is numerically the same as rotate by 
[image: image20.wmf] (if you subtract the two matrices, the entries of the resulting matrix should all be zero within a floating point rounding error range). Now plot the modified square in black, its skew in x in red, its subsequent skew in y (i.e after being skewed in x) in green and its final skew in x (i.e., after the skew in x and  the  skew in y) in blue. You may find it convenient to compute the matrices for the intermediate skews first.
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