ELEC 200 — Fall 2007

Answers for Assignment 6

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

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

% a6setup: Setup script for assignment 6.

% Written by Bernie Till.  Last modified 17 Oct 2007.

%

% variables expected to exist on entry into this script:

%

% datamin: axes will run datamin:datamax in x and y

% datamax: axes will run datamin:datamax in x and y

% figsize: the size of the figure, in inches

% fignum:  the figure number

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

% make the functions visible - your directory names are probably different

addpath 'c:\matlab7\work\elec200\Transforms2D';

addpath 'c:\matlab7\work\elec200\Transforms3D';

% 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; % extra 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

% location & size of figure window - no room for title

set(gcf, 'position', [20 20 figpix figpix]);

% location & size of axes in the figure - no room for title

set(gca, 'position', [0 0 1 1]);

xmin = datamin; xmax = datamax; % our figures are always square

ymin = datamin; ymax = datamax;

% same as axis(limadj * [-xlim xlim -ylim ylim], 'square');

set(gca, 'xlim', limadj * [xmin xmax]);

set(gca, 'ylim', limadj * [ymin ymax]);

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

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

% set up the gridlines

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

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

set(gca, 'xtick', [xmin : 1 : xmax], 'xticklabel', []);

set(gca, 'ytick', [ymin : 1 : ymax], 'yticklabel', []);

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

view(0, 90); % set the viewing angles to view the xy plane
% -- end of m-file -------------------------------------------------------------

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

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

% 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

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

function V = ConstructPerspective(axis, c)

  switch axis

  case 'x' % looking along the x axis
    V = [

      1   0   0   0

      0   1   0   0

      0   0   1   0

    -1/c  0   0   1

    ];

  case 'y' % looking along the y axis
    V = [

      1   0   0   0

      0   1   0   0

      0   0   1   0

      0 -1/c  0   1

    ];

  case 'z' % looking along the z axis
    V = [

      1   0   0   0

      0   1   0   0

      0   0   1   0

      0   0 -1/c  1

    ];

  otherwise

    error('"%s" is not a valid axis', axis);

  end

end

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

% -- diary for question 1 ------------------------------------------------------

Vx = ConstructPerspective('x', 5)

Vx =

    1.0000         0         0         0

         0    1.0000         0         0

         0         0    1.0000         0

   -0.2000         0         0    1.0000

Vy = ConstructPerspective('y', 2)

Vy =

    1.0000         0         0         0

         0    1.0000         0         0

         0         0    1.0000         0

         0   -0.5000         0    1.0000

Vz = ConstructPerspective('z', -4)

Vz =

    1.0000         0         0         0

         0    1.0000         0         0

         0         0    1.0000         0

         0         0    0.2500    1.0000

% get some lines ready for question 2

L = [-1 -1 -1 1; 1 1 1 1]';

Lx = Vx*L

Lx =

   -1.0000    1.0000

   -1.0000    1.0000

   -1.0000    1.0000

    1.2000    0.8000

Ly = Vy*L

Ly =

   -1.0000    1.0000

   -1.0000    1.0000

   -1.0000    1.0000

    1.5000    0.5000

Lz = Vz*L

Lz =

   -1.0000    1.0000

   -1.0000    1.0000

   -1.0000    1.0000

    0.7500    1.2500

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

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

% 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]'

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

function Qbar = Normalize(Q)

  Qbar = []; m = size(Q,1); n = size(Q,2); k = m - 1;

  for j = 1:n % in this situation, the loop is unavoidable
    if Q(m,j) == 0

      e = sqrt(dot(Q(1:k,j),Q(1:k,j))); % length of the Euclidean part
      if e == 0 % (0,0,0,0) is not really a projective point at all
        Qbar = [Qbar zeros(m,1)]; % but we keep it to avoid crashes
      else % a projective point at infinity
        Qbar = [Qbar [Q(1:k,j) / e; 0]]; % keep the direction cosines
      end

    else % a finite projective point
      Qbar = [Qbar [Q(1:k,j) / Q(m,j); 1]]; % scale the Euclidean part
    end

  end

end

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

% -- diary for question 2 ------------------------------------------------------

% operating on lines prepared in question 1

Normalize(Lx)

ans =

   -0.8333    1.2500

   -0.8333    1.2500

   -0.8333    1.2500

    1.0000    1.0000

Normalize(Ly)

ans =

   -0.6667    2.0000

   -0.6667    2.0000

   -0.6667    2.0000

    1.0000    1.0000

Normalize(Lz)

ans =

   -1.3333    0.8000

   -1.3333    0.8000

   -1.3333    0.8000

    1.0000    1.0000

% == Question 3 ================================================================

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

% a6q3: script for assignment 6 question 3.

% Written by Bernie Till.  Last modified 17 Oct 2007.

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

datamin = -3; datamax = 5; figsize = 4; fignum = 1; a6setup;

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
Pz = [ % orthograpic projection onto xy plane
   1   0   0   0

   0   1   0   0

   0   0   0   0

   0   0   0   1

];

Vz = ConstructPerspective('z', 25); % perspective from (0,0,25)
R1 = BasicRotation('z',-115 * pi/180); % -azimuth
R2 = BasicRotation('x', -(90 - 22.5) * pi/180); % -(90 – elevation)
hold('on');

% draw the coordinate axes

Draw2D([datamin 0 1; datamax  0  1]', [1 0], [.9 .8 .8]); % x axis
Draw2D([0 datamin 1; 0  datamax  1]', [1 0], [.8 .9 .8]); % y axis
% draw orthographic projection of cube

Q = Pz * R2 * R1 * Cube;

Draw2D(Normalize(Q([1 2 4],:)), Cmd, Clr1);

% draw orthographic projection of perspective transformation of cube

Q = Pz * Vz * R2 * R1 * Cube;

Draw2D(Normalize(Q([1 2 4],:)), Cmd, Clr2);

hold('off');

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

[image: image1.emf]

% == Question 4 ================================================================

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

% a6q4: script for assignment 6 question 4.

% Written by Bernie Till.  Last modified 17 Oct 2007.

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

datamin = -5; datamax = 12; figsize = 5.667; fignum = 1; a6setup;

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
Vz = ConstructPerspective('z', 15); % perspective from (0,0,15)
Pz = [ % orthograpic projection onto xy plane
   1   0   0   0

   0   1   0   0

   0   0   0   0

   0   0   0   1

];

Tc = [ % center the figure on the origin
   1   0   0  -2

   0   1   0  -2

   0   0   1  -2

   0   0   0   1

];

Se = [ % scale the figure to have unit edges
  .25  0   0   0

   0  .25  0   0

   0   0  .25  0

   0   0   0   1

];

Ts = [ % move the figure to the start point
   1   0   0  -6

   0   1   0  -6

   0   0   1  -6

   0   0   0   1

];

Tf = [ % move figure by (2,2,2) for each frame
   1   0   0   2

   0   1   0   2

   0   0   1   2

   0   0   0   1

];

% calculate the number of frames to draw

Pstart = [-6 -6 -6]'; Pend = [6 6 6]';

path = Pend - Pstart; disp = [2 2 2]';

N = 1 + fix(sqrt(dot(path,path) / dot(disp,disp)));

hold('on');

% draw the coordinate axes

Draw2D([datamin 0 1; datamax  0  1]', [1 0], [.9 .8 .8]); % x axis

Draw2D([0 datamin 1; 0  datamax  1]', [1 0], [.8 .9 .8]); % y axis

Cube = Ts * Se * Tc * Cube; % centered, scaled and moved to starting position
for i = 1:N

  Q = Pz * Vz * Cube; % perspective projection of cube
  Draw2D(Normalize(Q([1 2 4],:)), Cmd, Clr2); % draw the cube
  Cube = Tf * Cube; % move cube to its next position
end

hold('off');

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