ELEC 200 — Fall 2007

Answers for Assignment 3

% == Question 1 ==================================================

% == Question 1 a) =============================================================

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

% ConstructScaling2D - Construct the 2D homogeneous transformation matrix that

%       scales by factors sx and sy.

%

% Args: sx - scalar giving the x scale factor

%       sy - scalar giving the y scale factor

%

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

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

function T = ConstructScaling2D(sx, sy)

  T = [

    sx   0   0

     0  sy   0

     0   0   1

  ];

end

% -- end of m-file -------------------------------------------------------------

% == Question 1 b) =============================================================

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

% ConstructTranslation2D - Construct the 2D homogeneous transformation matrix

%       that translates by dx and dy.

%

% Args: dx - scalar giving the x component of the translation

%       dy - scalar giving the y component of the translation

%

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

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

function T = ConstructTranslation2D(dx, dy)

  T = [

     1   0  dx

     0   1  dy

     0   0   1

  ];

end

% -- end of m-file -------------------------------------------------------------

% == Question 1 c) =============================================================

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

% ConstructShear2D - Construct the 2D homogeneous transformation matrix that

%       shears by angles ax and ay, expressed in radians.

%

% Args: ax - scalar giving the angle between the new x axis and the original

%       ay - scalar giving the angle between the new y axis and the original

%

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

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

function T = ConstructShear2D(ax, ay)

  T = [

       1     tan(ay)     0

    tan(ax)     1        0

       0        0        1

  ];

end

% -- end of m-file -------------------------------------------------------------

% == Question 1 d) =============================================================

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

% ConstructReflection2D - Construct the 2D homogeneous transformation matrix

%       that reflects across the given line.

%

% Args: L - the line across which to reflect, may be one of:

%           'x' - reflect across the x axis

%           'y' - reflect across the y axis

%           '+' - reflect across the line y = x

%           '-' - reflect across the line y = -x

%

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

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

function T = ConstructReflection2D(L)

  switch L

  case 'x' % reflect across the x axis
    T = [

       1   0   0

       0  -1   0

       0   0   1

    ];

  case 'y' % reflect across the y axis
    T = [

      -1   0   0

       0   1   0

       0   0   1

    ];

  case '+' % reflect across the line y = x
    T = [

       0   1   0

       1   0   0

       0   0   1

    ];

  case '-' % reflect across the line y = -x
    T = [

       0  -1   0

      -1   0   0

       0   0   1

    ];

  otherwise

    error('"%s" is not a valid line specifier', L);

  end

end

% -- end of m-file -------------------------------------------------------------

% == Question 1 e) =============================================================

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

% ConstructRotation2D - Construct the 2D homogeneous transformation matrix that

%       rotates about the origin by the given angle, expressed in radians.

%

% Args: angle - the angle of rotation

%

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

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

function T = ConstructRotation2D(angle)

  s = sin(angle); c = cos(angle);

  T = [

     c  -s   0

     s   c   0

     0   0   1

  ];

end

% -- end of m-file -------------------------------------------------------------

% == Question 2 ==================================================

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

% a3q2setup – script to set up the context for testing the transformation

% constructor functions for assignment 3.  All parts of question 2 (below)

% run this script first.

% Written by Bernie Till.  Last modified 29 Sep 2007.

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

Qa = [ % endpoints of the axes
  -10  10   0   0

    0   0 -10  10

    1   1   1   1

];

da = [1 0 1 0];  % drawing command for axes
ca = [.6 .6 .6]; % color for axes
cg = [.8 .8 .8]; % color for gridlines
co = [ 0  0  0]; % black
cr = [.7  0  0]; % red
cb = [ 0  0 .7]; % blue
dr = [1 1 1 1];  % drawing command for all rectangles
dt = [1 1 1];    % drawing command for all triangles
% FigNum must be defined from the command line prior to invoking this script

figure(FigNum); clf; axis([Qa(1,1:2) Qa(2,3:4)],'square'); grid('on');

set(gca, 'xtick', [Qa(1,1):Qa(1,2)], 'ytick', [Qa(2,3):Qa(2,4)]);

set(gca, 'xcolor', cg, 'ycolor', cg);

set(gca, 'xticklabel', [], 'yticklabel', []);

hold('on');

Draw2D(Qa, da, ca); % draw the axes

% -- end of m-file -------------------------------------------------------------

% == Question 2 a) =============================================================

FigNum = 1; a3q2setup;

Q0 = [ % the black rectangle
   1  3  3  1

   1  1  2  2

   1  1  1  1

];

Q1 = [ % the blue rectangle
   2  6  6  2

   3  3  6  6

   1  1  1  1

];

Q2 = [ % the red rectangle
   3  9  9  3

   4  4  8  8

   1  1  1  1

];

% scale factors and transform for the blue rectangle

T1 = ConstructScaling2D( ...
  Q1(1,1)/Q0(1/1), ... % x scale factor
  Q1(2,1)/Q0(2/1)  ... % y scale factor
);

% scale factors and transform for the red rectangle

T2 = ConstructScaling2D( ...
  Q2(1,1)/Q0(1,1), ... % x scale factor
  Q2(2,1)/Q0(2,1)  ... % y scale factor
);

Draw2D(Q0, dr, co); % black rectangle
Draw2D(T1*Q0, dr, cb); % blue rectangle
Draw2D(T2*Q0, dr, cr); % red rectangle
[image: image1.emf]

% == Question 2 b) =============================================================

FigNum = 2; a3q2setup;

Q0 = [ % the black triangle
   2  9  6

   2  1  4

   1  1  1

];

Q1 = [ % the blue triangle
  -3  4  1

   4  3  6

   1  1  1

];

% inter-triangle displacement and tranform

T = ConstructTranslation2D( ...
  Q1(1,1) - Q0(1,1), ... % x component
  Q1(2,1) - Q0(2,1)  ... % y component
);

Draw2D(Q0, dt, co); % black triangle
Draw2D(T*Q0, dt, cb); % blue triangle
Draw2D(T*T*Q0, dt, cr); % red triangle
[image: image2.emf]

% == Question 2 c) =============================================================

FigNum = 3; a3q2setup;

Q0 = [ % the black rectangle
   0  6  6  0

   0  0  8  8

   1  1  1  1

];

Q1 = [ % the red parallelogram
   0  6 10  4

   0  2 10  8

   1  1  1  1

];

% shear angles and transform for the red parallelogram

T = ConstructShear2D( ...
  atan((Q1(2,2)-Q1(2,1))/((Q1(1,2)-Q1(1,1)))), ... % angle between x axes
  atan((Q1(1,4)-Q1(1,1))/((Q1(2,4)-Q1(2,1))))  ... % angle between y axes
);

Draw2D(Q0, dr, co); % black rectangle
Draw2D(T*Q0, dr, cr); % red parallelogram
[image: image3.emf]

% == Question 2 d) =============================================================

FigNum = 4; a3q2setup;

Qd = [ % diagonals
  -10  10  10 -10

  -10  10 -10  10

    1   1   1   1

];

Q0 = [ % the black triangle
   2 10 10

   1  1  7

   1  1  1

];

% reflections for the red triangle

T1 = ConstructReflection2D('-');

T2 = ConstructReflection2D('y');

% reflections for the blue triangle

T3 = ConstructReflection2D('x');

T4 = ConstructReflection2D('+');

Draw2D(Qd, da, ca); % diagonals
Draw2D(Q0, dt, co); % black triangle
Draw2D(T2*T1*Q0, dt, cr); % red triangle
Draw2D(T4*T3*Q0, dt, cb); % blue triangle
[image: image4.emf]

% == Question 2 e) =============================================================

FigNum = 5; a3q2setup;

Q0 = [ % the black triangle
   0  8  8

   0  0  6

   1  1  1

];

% angles of rotation and transforms

theta = atan((Q0(2,3)-Q0(2,2))/(Q0(1,2)-Q0(1,1)));

T1 = ConstructRotation2D(pi/2 - theta); % red triangle
T2 = ConstructRotation2D(pi/2 + theta); % blue triangle

Draw2D(Q0, dt, co); % black triangle
Draw2D(T1*Q0, dt, cr); % red triangle
Draw2D(T2*T1*Q0, dt, cb); % blue triangle
[image: image5.emf]
