ELEC 200 — Fall 2007

Answers for Assignment 5

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

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

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

%                about axis1 and axis2 to align it with axis3.

%

% Args: L - a 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

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

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

  d = L(1:3, 2) - L(1:3, 1);    % calculate deltax, deltay and deltaz
  x = d(1); y = d(2); z = d(3); % extract components of the vector
  switch axis1

  case 'x' % rotate about x first
    h = sqrt(y*y + z*z);

    switch axis2

    case 'y'
      angle1 = atan2(y, z); % by (90-a) about x => zx plane
      switch axis3

      case 'x'
        angle2 = atan2(h, x); % by (b) about y => x axis
      case 'z'
        angle2 = atan2(-x, h); % by -(90-b) about y => z axis
      otherwise
        error('axis3 = %s is invalid when [axis1 axis2] = %s%s', ...
          axis3, axis1, axis2 ...
        );

      end
    case 'z'
      angle1 = atan2(-z, y); % by (-a) about x => xy plane
      switch axis3

      case 'y'
        angle2 = atan2(x, h); % by (b) about z => y axis
      case 'x'
        angle2 = atan2(-h, x); % by (90-b) about z => x axis
      otherwise
        error('axis3 = %s is invalid when [axis1 axis2] = %s%s', ...
          axis3, axis1, axis2 ...
        );

      end
    otherwise
      error('axis2 = %s is invalid when axis1 = %s', axis2, axis1);

    end
  case 'y' % rotate about y first
    h = sqrt(x*x + z*z);

    switch axis2

    case 'z'
      angle1 = atan2(z, x); % by (a) about y => xy plane
      switch axis3

      case 'y'
        angle2 = atan2(h, y); % by (-b) about z => y axis
      case 'x'
        angle2 = atan2(-y, h); % by (90-b) about z => x axis
      otherwise
        error('axis3 = %s is invalid when [axis1 axis2] = %s%s', ...

          axis3, axis1, axis2 ...
        );

      end
    case 'x'
      angle1 = atan2(-x, z); % by -(90-a) about y => yz plane
      switch axis3

      case 'z'
        angle2 = atan2(y, h); % by (90-b) about x => z axis
      case 'y'
        angle2 = atan2(-h, y); % by (-b) about x => y axis
      otherwise
        error('axis3 = %s is invalid when [axis1 axis2] = %s%s', ...
          axis3, axis1, axis2 ...
        );

      end
    otherwise
      error('axis2 = %s is invalid when axis1 = %s', axis2, axis1);

    end
  case 'z' % rotate about z first
    h = sqrt(x*x + y*y);

    switch axis2

    case 'x'
      angle1 = atan2(x, y); % by (a) about z => yz plane
      switch axis3

      case 'z'
        angle2 = atan2(h, z); % by (90-b) about x => z axis
      case 'y'
        angle2 = atan2(-z, h); % by (-b) about x => y axis
      otherwise
        error('axis3 = %s is invalid when [axis1 axis2] = %s%s', ...
          axis3, axis1, axis2 ...
        );

      end
    case 'y'
      angle1 = atan2(-y, x); % by (90-a) about z => zx plane
      switch axis3

      case 'x'
        angle2 = atan2(z, h); % by (b) about y => x axis
      case 'z'
        angle2 = atan2(-h, z); % by -(90-b) about y => z axis
      otherwise
        error('axis3 = %s is invalid when [axis1 axis2] = %s%s', ...
          axis3, axis1, axis2 ...
        );

      end
    otherwise
      error('axis2 = %s is invalid when axis1 = %s', axis2, axis1);

    end
  otherwise
    error('axis1 = %s is invalid', axis1);
  end
end
% -- end of m-file -------------------------------------------------------------

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

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

% 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

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

function A = BasicRotation(axis, angle)

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

  switch axis

  case 'x' % rotate about the x axis
    A = [

      1  0  0  0

      0  c -s  0

      0  s  c  0

      0  0  0  1

    ];

  case 'y' % rotate about the y axis
    A = [

       c  0  s  0

       0  1  0  0

      -s  0  c  0

       0  0  0  1

    ];

  case 'z' % rotate about the z axis
    A = [

       c -s  0  0

       s  c  0  0

       0  0  1  0

       0  0  0  1

    ];

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

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

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

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

% 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

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

function P = ConstructProjection1(axis)

  switch axis

  case 'x' % project onto the x axis
    P = [

      1  0  0  0

      0  0  0  0

      0  0  0  0

      0  0  0  1

    ];

  case 'y' % project onto the y axis
    P = [

      0  0  0  0

      0  1  0  0

      0  0  0  0

      0  0  0  1

    ];

  case 'z' % project onto the z axis
    P = [

      0  0  0  0

      0  0  0  0

      0  0  1  0

      0  0  0  1

    ];

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

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

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

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

% Draw3D - Draw the indicated line segments between the given points in 3D.

%       Written by Bernie Till.  Last modified 09 Oct 2007.

%

% Call: Draw3D(Q, d, c)

% Args: Q - a 4 x N matrix of vertices in columns

%           Q(:,i) is the ith vertex

%       d - a 1 x N vector of drawing commands

%           when i < N, d(i) indicates a line joining adjacent vertices:

%             if d(i) = 1 then a line joins Q(:,i) to Q(:,i+1)

%             if d(i) = 0 then there is no line between Q(:,i) and Q(:,i+1)

%           when i = N, d(i) indicates a line closing the figure:

%             if d(N) = 1 then a line joins Q(:,N) to Q(:,1)

%             if d(N) = 0 then there is no line between Q(:,N) and Q(:,1)

%       c - a ColorSpec, giving the color with which to draw the lines

%             eg, one of 'r','g','b','c','m','y','k'

%             or [R G B], where 0 <= R <= 1, 0 <= G <= 1, 0 <= B <= 1

%           or a 1 x N vector of single-character ColorSpecs, one for each line

%           or a 3 x N matrix of [R G B] triplets, one for each line

% Rtns: H - a 1 x M vector of handles to the lines drawn

%           where M is the number of 1’s in d

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

function H = Draw3D(Q, d, c)

  % parameter checking - check Q

  N = size(Q, 2); if (N < 2) return; end % nothing to draw
  if all(size(Q, 1) ~= [3 4]) error('points must be 3D or 3D homogeneous'); end
  % parameter checking - check d

  if (any(size(d) ~= [1 N]) && any(size(d) ~= [N 1]))

    error('number of elements in d must equal number of points in Q')

  end
  % parameter checking - check c

  if ischar(c)

    if any(c~='r'&c~='g'&c~='b'&c~='c'&c~='m'&c~='y'&c~='k')

      error('c contains at least one invalid colorspec character')

    end
    if all(size(c) == 1) cs = repmat(c,1,N); % all lines same color
    elseif (any(size(c) ~= [1 N]) && any(size(c) ~= [N 1]))

      error('number of elements in c must equal number of points in Q')

    else cs = c; end
  elseif all(size(c) ~= 3)

    error('c contains neither colorspec characters nor RGB triplets')

  elseif any(any(c < 0)) || any(any(c > 1))

    error('all elements of RGB triplets must be between zero and one')

  elseif all(size(c) == [3 1]) cs = repmat(c,1,N); % all lines same color
  elseif any(size(c) == [1 3]) cs = repmat(c',1,N); % all lines same color
  elseif all(size(c) == [3 N]) cs = c;

  elseif any(size(c) == [N 3]) cs = c';

  else
    error('number of triplets in c must equal number of points in Q')

  end
  % function body

  jmax = N; imax = jmax - 1; i = 1; H = [];

  while i < jmax

    while i < imax % combine successive moves
      if d(i) ~= 0 break; end; i = i + 1;

    end
    if d(i) == 0 break; end; j = i + 1;

    while j < jmax % collect successive draws of same color
      if d(j) == 0 || any(cs(:,i) ~= cs(:,j)), break; end; j = j + 1;

    end
    H = [H line(Q(1,i:j), Q(2,i:j), Q(3,i:j), 'color', cs(:,i))]; i = j;

  end
  if d(i)

    H = [H line( ...
      [Q(1,N) Q(1,1)], [Q(2,N) Q(2,1)], [Q(3,N) Q(3,1)], 'color', cs(:,i) ...
    )];

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

% == Question 5 ================================================================

	[image: image1.emf]xyx: 48.6°, 60.2°


	[image: image2.emf]xyz: 48.6°, -29.8°



	[image: image3.emf]xzy: -41.4°, 29.8°


	[image: image4.emf]xzx: -41.4°, -60.2°




	[image: image5.emf]yzy: 49.1°, 49.4°


	[image: image6.emf]yzx: 49.1°, -40.6°



	[image: image7.emf]yxz: -40.9°, 40.6°


	[image: image8.emf]yxy: -40.9°, -49.4°




	[image: image9.emf]zxz: 37.4°, 55.0°


	[image: image10.emf]zxy: 37.4°, -35.0°
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