ELEC 200 — Fall 2007

Answers for Assignment 4

% == All Questions ================================================

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

% Set up script for assignment 4.

% All questions run this script first to set up the context.

% Written by Bernie Till.  Last modified 25 Sep 2007.

%

% variables expected to exist on entry into this script:

%

% datalim: axes will run -datalim:datalim in both x and y

% figsize: the size of the figure, in inches

% fignum:  the figure number

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

% make the 2D functions visible - your directory name is probably different

addpath 'c:\matlab7\work\elec200\Tranforms2D';

% these calculations are not strictly required, but they allow one to finesse

% the scale factor to make the figure import nicely into an MS Word document

scrpix = 120; % pixels per logical inch on my screen - yours may be different
extra = 0; % an extra 1 or 2 pixels may be needed to prevent border clipping
figpix = scrpix * figsize + extra; % the size of the figure window, in pixels
limadj = figpix / (figpix - extra); % = 1 if extra = 0
% make the figure current and initialize its parameters

figure(fignum); clf;

set(gcf, 'color', [1 1 1]); % background color of figure
set(gcf, 'position', [20 20 figpix figpix]); % location & size of figure window
xlim = datalim; ylim = datalim; % our figures are always square
set(gca, 'position', [0 0 1 1]); % the axes fill the figure: no room for titles
% same as axis(limadj*[-xlim xlim -ylim ylim],'square');

set(gca, 'xlim', limadj*[-xlim xlim], 'ylim', limadj*[-ylim ylim]);

set(gca, 'dataaspectratio', [1 1 1], 'plotboxaspectratio', [1 1 1]);

% set up the gridlines

set(gca, 'xgrid', 'on', 'ygrid', 'on');

set(gca, 'xtick', [-xlim:xlim], 'ytick', [-ylim:ylim]);

set(gca, 'xcolor', [.8 .8 .8], 'ycolor', [.8 .8 .8]);

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

set(gca, 'ticklength', [0 0]);

hold('on');

Qa = [ % endpoints of the axes and borders
  -xlim  xlim   0     0   -xlim  xlim  xlim -xlim -xlim

    0     0   -ylim  ylim -ylim -ylim  ylim  ylim -ylim

    1     1     1     1     1     1     1     1     1

];

Da = [1 0 1 0 1 1 1 1 0]; % drawing command for axes
Ca = [.8 .8 .8]; % color for axes and borders
Cr = [.8  0  0]; % red
Cg = [ 0 .6  0]; % green
Cb = [ 0  0 .8]; % blue
Dt = [1 1 1]; % drawing command for triangles
Dl = [1 0]; % drawing command for lines
Draw2D(Qa, Da, Ca); % draw the axes and borders
% -- end of m-file -------------------------------------------------------------

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

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

% Script for Assignment 4, Question 1.

% Written by Bernie Till.  Last modified 25 Sep 2007.

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

datalim = 5; % size of drawing in x and y
figsize = 6; % desired size of the figure in inches
fignum = 1; a4setup; % set up figure 1 -----------------------------------------
set(gca,'visible', 'off'); % but the axes are not displayed
% assemble the endpoints of the red, green and blue line groups

Qr = []; Qg = []; Qb = [];

for k = -4:4

  Qr = [Qr [max(-4,-4+k) k 1]' [min(4,4+k) k 1]']; % red lines
  Qg = [Qg [k max(-4,-4+k) 1]' [k min(4,4+k) 1]']; % green lines
  Qb = [Qb [k max(-4,-4-k) 1]' [k min(4,4-k) 1]']; % blue lines
end

D = repmat([1 0],1,9); % drawing command for all of them
S0 = ConstructScaling2D(1, cos(pi/6)); % vertical scale compression
S1 = ConstructShear2D(0, +pi/6); % slant to the right
S2 = ConstructShear2D(0, -pi/6); % slant to the left
Draw2D(S2 * S0 * Qr, D, Cr); % red lines
Draw2D(S2 * S0 * Qg, D, Cg); % green lines
Draw2D(S1 * S0 * Qb, D, Cb); % blue lines
% -- end of m-file -------------------------------------------------------------

[image: image1.emf]
% == Question 2 ================================================================

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

% Script for Assignment 4, Question 2.

% Written by Bernie Till.  Last modified 25 Sep 2007.

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

datalim = 6; % size of drawing in x and y
figsize = 6; % desired size of the figure in inches
fignum = 1; a4setup; % set up figure 1 -----------------------------------------
set(gca,'visible', 'off'); % but the axes are not displayed
C = [Cr; Cg; Cb]; % used to make the colors cycle ring by ring
p0 = [0 0 1]'; % the origin
p1 = [1 0 1]'; % one unit from the origin on the x axis
R = ConstructRotation2D(pi/3 + eps); % 60 degrees - eps cures a round-off jaggie
T1 = ConstructTranslation2D(p1(1),p1(2)); % one unit along the x axis
p2 = R * p1; % one unit from the origin at 60 degrees to the x axis
T2 = ConstructTranslation2D(p2(1),p2(2)); % one unit at 60 degrees to the x axis
Qo = [p0 p1 p2]; % the basic angle shape
% initialize the current edge construct to the basic angle

Qk = Qo; Dk = [1 1 0]; Ck = C(1,:);

k = 0; kmax = 5; % 1 less than the number of rings

while true % loop over hexagonal rings
  i = 0; Qi = Qk;

  while true % loop over the six sides of the current ring
    Draw2D(Qi, Dk, Ck);

    if i == 5 break; else i = i + 1; end
    Qi = R * Qi; % rotate the current edge construct
  end

  if k == kmax break; else k = k + 1; end
  Qo = T2 * Qo; % translate the basic angle
  % translate the current edge, append the new point and the new basic angle

  Qk = [T1*[Qk Qk(:,4*k-3)] Qo]; % updated edge construct
  Dk = [1 1 1 0 Dk]; % updated drawing command for the new edge construct
  Ck = C(1 + mod(k,3),:); % cycle the colors
end

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

[image: image2.emf]
% == Question 3 ================================================================

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

% 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

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

function T = ConstructRotPoint2D(a, p)

  To = [ % translate the point to the origin
     1    0  -p(1)

     0    1  -p(2)

     0    0    1

  ];

  Ti = [ % translate back
     1    0   p(1)

     0    1   p(2)

     0    0    1

  ];

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

  R = [ % rotate the line into the x axis
     c   -s    0

     s    c    0 

     0    0    1

  ];

  T = Ti * R * To; % construct the matrix
end

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

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

% Script for Assignment 4, Question 3.

% Written by Bernie Till.  Last modified 25 Sep 2007.

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

datalim = 10; % size of drawing in x and y
figsize = 4; % desired size of the figure in inches
fignum = 1; a4setup; % set up figure 1 -----------------------------------------
Q = [2 4 1; 4 4 1; 3 8 1]'; % the triangle to rotate
P = [3 2 1]'; % the center point of the rotation

N = 5; % number of rotated triangles to draw
R = ConstructRotPoint2D(2*pi/N, P); % 1/5 of a circle about P
Qc = [ % endpoints of crosshairs at center point
  P - [.2 0 1]' P + [.2 0 1]' P - [0 .2 1]' P + [0 .2 1]'

];

Dc = [1 0 1 0]; % drawing command for crosshairs
Draw2D(Qc, Dc, Cb); % draw the crosshairs
i = 0; imax = N - 1;

while true

  Draw2D(Q, Dt, Cr);

  if i == imax break; else i = i + 1; end
  Q = R * Q;

end

% -- end of m-file -------------------------------------------------------------
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% == Question 4 ================================================================

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

% 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

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

function T = ConstructRefLine2D(L)

  To = [ % translate the first point to the origin
     1    0  -L(1,1)

     0    1  -L(2,1)

     0    0    1

  ];

  Ti = [ % translate back
     1    0  L(1,1)

     0    1  L(2,1)

     0    0    1

  ];

  % calculate sine and cosine of the slope angle of the line

  dx = L(1,2) - L(1,1); dy = L(2,2) - L(2,1);

  h = sqrt(dx*dx + dy*dy); s = dy/h; c = dx/h;

  if abs(dy) < abs(dx) % closer to horizontal than vertical

    Ro = [ % rotate the line into the x axis
       c    s    0

      -s    c    0 

       0    0    1

    ];

    Ri = [ % rotate back
       c   -s    0

       s    c    0 

       0    0    1

    ];

    F = [ % reflect across the x axis
       1    0    0

       0   -1    0

       0    0    1

    ];

  else % closer to vertical than horizontal
    Ro = [ % rotate the line into the y axis
       s   -c    0

       c    s    0 

       0    0    1

    ];

    Ri = [ % rotate back
       s    c    0

      -c    s    0 

       0    0    1

    ];

    F = [ % reflect across the y axis
      -1    0    0

       0    1    0

       0    0    1

    ];

  end

  T = Ti * Ri * F * Ro * To; % construct the matrix
end

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

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

% Script for Assignment 4, Question 4.

% Written by Bernie Till.  Last modified 25 Sep 2007.

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

datalim = 10; % size of drawing in x and y
figsize = 3; % desired size of the figure in inches
fignum = 1; a4setup; % set up figure 1 -----------------------------------------
Q = [1 -8 1; 9 -8 1; 9 -2 1]'; % the triangle to reflect
L = [2 -1 1; 6 2 1]'; % the line to reflect across
F = ConstructRefLine2D(L); % the transform to do it
% draw the reflection line too big and let the renderer clip it

dL = [(L(1,2) - L(1,1)); (L(2,2) - L(2,1))];

Draw2D(L + [[-20*dL; 1] [20*dL; 1]], Dl, Cb);

% draw the triangle and its reflection

Draw2D(Q, Dt, Cr); Draw2D(F*Q, Dt, Cr);

fignum = 2; a4setup; % set up figure 2 -----------------------------------------
Q = [-8 1 1; -8 9 1; -2 9 1]'; % the triangle to reflect
L = [-1 2 1; 2 6 1]'; % the line to reflect across
F = ConstructRefLine2D(L); % the transform to do it
% draw the reflection line too big and let the renderer clip it

dL = [(L(1,2) - L(1,1)); (L(2,2) - L(2,1))];

Draw2D(L + [[-20*dL; 1] [20*dL; 1]], Dl, Cb);

% draw the triangle and its reflection

Draw2D(Q, Dt, Cr); Draw2D(F*Q, Dt, Cr);

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