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Assignment 5

Due at the beginning of class on 

Tuesday, 16 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. [36 marks] Recall that a 3D rotation about an axis passing through the origin at an arbitrary orientation is performed as follows. First, a pair of auxiliary rotations are performed to align the given axis of rotation with one of the coordinate axes. Then, the specified rotation is performed about this coordinate axis. And finally, the axis is restored to its original orientation by reversing the two auxiliary rotations. The auxiliary rotations may be chosen in any of 12 different ways, depending on which is the axis of the first auxiliary rotation (axis1), which is the axis of the second auxiliary rotation (axis2), and which is the axis of the specified rotation (axis3).

Write a MatLab function, AxesToAngles(), that calculates the angles of the two auxiliary rotations, given specific choices of axis1, axis2 and axis3.  Your function should conform to the decription given in the following comment block.  Be sure to inlcude tests to ensure that the given choices of axis1, axis2 and axis3 form a valid combination.

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

% AxesToAngles - Calculate the angles by which a line must be rotated

%                about axis1 and axis2 to align it with axis3.

%

% Args: L – a 4 x 2 matrix of points on the line to be rotated

%       axis1 - 'x', 'y' or 'z': axis of the first rotation

%       axis2 - 'x', 'y' or 'z': axis of the second rotation

%       axis3 - 'x', 'y' or 'z': axis to align the line with

%

% Rtns: angle1 - the angle of rotation about axis1

%       angle2 - the angle of rotation about axis2

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

2. [6 marks] Write a MatLab function that extends your ConstructRotation2D() function to construct 3D rotations about any one of the cordinate axes.  Your function should conform to the following comment block.  Once again, remember to have your function validate it parameters.

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

% BasicRotation - Construct the 3D homogeneous transformation matrix that

%        rotates about the given axis by the given angle

%

% Args: axis - 'x', 'y' or 'z': the axis of rotation

%       angle - the angle of rotation

%

% Rtns: A - the 4 x 4 matrix of the transformation

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

3. [6 marks] Write a MatLab function, ConstructProjection1(), that constructs projections onto any of the coordinate axes.  Your function should conform to the following comment block.  As always have your function validate it parameters.

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

% ConstructProjection1 - Construct the projection matrix that projects

%       onto the given axis.

%

% Args: axis - 'x', 'y' or 'z': the axis of rotation

%

% Rtns: P - the 4 x 4 matrix of the projection

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

4. [6 marks] Extend your Draw2D() function to become Draw3D().

5. [24 marks] Test the functions you wrote in questions 1, 2, 3 and 4 by drawing a figure like the following for each of the twelve cases.

[image: image1.emf]zxy: 37.4°, -35.0°


Use the following script, together with the accompanying scripts and functions, to create your drawings.

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

% script file for testing the AxesToAngles function

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

% initialize drawing parameters

datalim = 1; figsize = 3; fignum = 1; a5setup

L = [3 -5 -7 1; 16 12 8 1]'; % line defined by two points
steps = 10; % number of steps to break the rotations into
for i = 1:12 % loop through the twelve cases
  switch i

  case  1

    axis1 = 'x'; axis2 = 'y'; axis3 = 'x';

  case  2

    axis1 = 'x'; axis2 = 'y'; axis3 = 'z';

  case  3

    axis1 = 'x'; axis2 = 'z'; axis3 = 'y';

  case  4

    axis1 = 'x'; axis2 = 'z'; axis3 = 'x';

  case  5

    axis1 = 'y'; axis2 = 'z'; axis3 = 'y';

  case  6

    axis1 = 'y'; axis2 = 'z'; axis3 = 'x';

  case  7

    axis1 = 'y'; axis2 = 'x'; axis3 = 'z';

  case  8

    axis1 = 'y'; axis2 = 'x'; axis3 = 'y';

  case  9

    axis1 = 'z'; axis2 = 'x'; axis3 = 'z';

  case 10

    axis1 = 'z'; axis2 = 'x'; axis3 = 'y';

  case 11

    axis1 = 'z'; axis2 = 'y'; axis3 = 'x';

  case 12

    axis1 = 'z'; axis2 = 'y'; axis3 = 'z';

  end

  fprintf('Case %i: %s%s%s\n', i, axis1, axis2, axis3);

  SetupFigure; hold('on');

  [angle1, angle2] = AxesToAngles(L, axis1, axis2, axis3);

  AnimateRotation(L, axis1, axis2, axis3, angle1, angle2, steps);

  hold('off');

  fprintf('  Copy the figure to the Word document.\n');

  fprintf('  Hit any key when ready for next case.\n');

  pause

end

fprintf('Done.\n');

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

% a5setup: overall setup script for assignment 5.

% Written by Bernie Till.  Last modified 06 Oct 2006.

%

% variables expected to exist on entry into this script:

%

% datalim: axes will run 0:datalim in x, y and z

% figsize: the size of the figure, in inches

% fignum:  the figure number

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

% make the 3D functions visible - your directory name is probably different

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

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

% SetupFigure: per-case setup script for assignment 5.

% Written by Bernie Till.  Last modified 06 Oct 2006.

%

% variables expected to exist on entry into this script:

% see variables defined by a5setpup.

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

% 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 - leave room for title

set(gcf, 'position', [20 20 figpix figpix + 30]);

% location & size of axes in the figure -leave room for title

set(gca, 'position', [0 0 1 figpix / (figpix + 30)]);

xlim = datalim; ylim = datalim; zlim = datalim; % our figures are always square
% same as axis(limadj * [0 xlim 0 ylim 0 zlim],'square');

set(gca, 'xlim', limadj * [0 xlim]);

set(gca, 'ylim', limadj * [0 ylim]);

set(gca, 'zlim', limadj * [0 zlim]);

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, 'zgrid', 'on', 'zcolor', [.8 .8 .8]);

set(gca, 'xtick', [0 : xlim/4 : xlim], 'xticklabel', []);

set(gca, 'ytick', [0 : xlim/4 : ylim], 'yticklabel', []);

set(gca, 'ztick', [0 : xlim/4 : zlim], 'zticklabel', []);

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

view(135, 12.5); % set the viewing angles
Important: be sure you understand how this function works.

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

% AnimateRotation - Translate the given line to the origin, scale it to unit

%       length, and then rotate it about the given axes by the given angles.

%       After drawing the line in its initial position, perform each rotation

%       in the given number of steps and draw the line after each partial

%       rotation.

%       Also draw the coordinate axes.

%

% Args: L - a matrix of endpoints of the line to be operated upon

%       axis1 - 'x', 'y' or 'z': axis of the first rotation

%       axis2 - 'x', 'y' or 'z': axis of the second rotation

%       axis3 - 'x', 'y' or 'z': axis to which L will be aligned

%       angle1 - real number giving the angle of the first rotation

%       angle2 - real number giving the angle of the second rotation

%       steps - integer number of steps to show for each rotation

%

% Rtns: none

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

function AnimateRotation(L, axis1, axis2, axis3, angle1, angle2, steps)

  % print the title

  title( ...
    sprintf( ... % [176 ''] is the degrees symbol
      '%s%s%s: %.1f%s, %.1f%s', axis1, axis2, axis3, ...
      angle1*180/pi, [176 ''], angle2*180/pi, [176 ''] ...
    ), 'FontName', 'Verdana', 'FontSize', 10 ...
  );

  % draw the coordinate axes

  Draw3D([0 0 0 1; 1  0  0 1]', [1 0], [.7 .3 .3]); % positive x axis
  Draw3D([0 0 0 1; 0  1  0 1]', [1 0], [.3 .6 .3]); % positive y axis
  Draw3D([0 0 0 1; 0  0  1 1]', [1 0], [.3 .3 .7]); % positive z axis
  u = L(1:3,2) - L(1:3,1); % delta x, delta y and delta z of the line
  h = 1 / sqrt(dot(u, u)); % 1 / (length of line)
  S = [ % scales the line to unit length
    h 0 0 0

    0 h 0 0

    0 0 h 0

    0 0 0 1

  ];

  T = [ % translates the starting point of the line to the origin
    1 0 0 -L(1,1)

    0 1 0 -L(2,1)

    0 0 1 -L(3,1)

    0 0 0    1

  ];

  % calculate the rotation matrices

  R1 = BasicRotation(axis1, angle1/steps);

  R2 = BasicRotation(axis2, angle2/steps);

  % calculate the matrix to project onto axis1

  P = ConstructProjection1(axis1);

  L = S * T * L; % put the line in its original position
  Draw3D(L, [1 0], [.8 .0 .0]); % draw the line
  Draw3D([L(:,2) P*L(:,2)], [1 0], [.85 .85 .6]); % drop a perpendicular
  % perform the first rotation

  Arc = L(:,2); Op = []; % initialize the arc
  for i = 1:steps

    L = R1 * L; % rotate the line incrementally
    Draw3D(L, [1 0], [.8 .0 .0]); % draw the line
    Draw3D([L(:,2) P*L(:,2)], [1 0], [.85 .85 .6]); % drop a perpendicular
    Arc = [Arc L(:,2)]; Op = [Op 1]; % add the endpoint to the arc
  end

  Draw3D(Arc, [Op 0], [.8 .0 .0]); % draw the arc
  % perform the second rotation

  Arc = L(:,2); Op = []; % initialize the arc
  for i = 1:steps

    L = R2 * L; % rotate the line incrementally
    Draw3D(L, [1 0], [.0 .6 .6]); % draw the line
    Arc = [Arc L(:,2)]; Op = [Op 1]; % add the endpoint to the arc
  end

  Draw3D(Arc, [Op 0], [.0 .6 .6]); % draw the arc
end
















