University Of Victoria

Final Examination – December 2005

ELEC 200 – Engineering Graphics

Section F01

Answer Sheet

1. (5%) Let L be the 4 × 2 matrix of endpoints of an arbitrary line in space.  Write a MatLab function that returns the 4 × 4 matrix that translates objects in a direction parallel to the given line by a distance equal to the length of the line.  Use 3D homogeneous coordinates. (10 min)


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


% TransLine - Return the 3D homogeneous matrix that


% translates in a direction parallel to the given line


% by a distance equal to the length of it.


%


% Call: A = TransLine(L)


% Args: L - a 4 x 2 matrix of endpoints of the line


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


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


function A = TransLine(L)


  A = [


    1   0   0   L(1,2) - L(1,1)


    0   1   0   L(2,2) - L(2,1)


    0   0   1   L(3,2) - L(3,1)


    0   0   0          1


  ];


end

2. (5%) Let Q be an irregular polygon lying in the xy plane.  The vertices of Q are given by



[image: image9.emf]a) b)

c) d)





in 2D Euclidean coordinates.  The 2 × 2 transformation matrix, A, operates on Q to give
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What is the transformation matrix? (10 min)


We need only consider 2 of the points in Q to obtain A, so let R be the matrix consisting of the first two columns of Q, and S be the first two columns of P.  Then
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but
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so
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(20%) The object in the following figure consists of a square with sides of length 2a, centered on the origin in the xy plane, and 24 rotated and translated copies of it.  Write a MatLab script which draws the object by creating x, y and z matrices and then calling surf(x, y, z).  Define a 3D homogeneous transform that lifts the square by distance b along the z axis and rotates it by angle phi about the z axis.  Accumulate rows in your x, y and z matrices by repeatedly applying the transform to the square and extracting coordinates.  Hint: x, y and z will end up as 25 × 5 matrices.

(40 min)


% the square

Q = [

  a -a -a  a  a


  a  a -a –a  a


  0  0  0  0  0


  1  1  1  1  1


];


% translate along z

T = [


  1  0  0  0


  0  1  0  0


  0  0  1  b


  0  0  0  1


];


% rotate by phi about z

R = [


  cos(phi)  -sin(phi)    0    0


  sin(phi)   cos(phi)    0    0


      0          0       1    0


      0          0       0    1


];


% initialize

A = T * R;


x = Q(1,:); y = Q(2,:); z = Q(3,:);


for i = 1:24 % accumulate transformed copies

  Q = A * Q;


  x = [x; Q(1,:)]; y = [y; Q(2,:)]; z = [z; Q(3,:)];


end


h = surf(x, y, z);

4. [image: image6.wmf] 

(10%) Sketch the Bézier curves defined by the following control polygons. (15 min)

5. [image: image7.emf]-4
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(10%) Sketch the Bézier blending functions Jni(t) over 0  t  1 for n = 2.  Label the curves you draw to show which is which.


(15 min)

6. (20%) When a wheel of radius r rolls without slipping, the distance it moves forward when it rotates through an angle  is d=‑r.  Write a MatLab script that animates such a wheel rolling along the positive x axis for one full rotation in n frames.  You may assume that r and n are already defined, and that you have a handle, h, to a patch object whose vertices define the wheel, which initially has its center on the y axis and its rim touching the x axis.  Use 3D homogeneous coordinates for your transformations. (40 min)


dtheta = -2*pi/n; s = sin(dtheta); c = cos(dtheta);


R = [ % rotation for one frame

  c -s  0  0


  s  c  0  0


  0  0  1  0


  0  0  0  1


];


dx = r * -dtheta;


T = [ % translation for one frame

  1  0  0  dx


  0  1  0  0


  0  0  1  0


  0  0  0  1


];


vertices = get(h, 'vertices'); % extract vertices from patch

Q = [vertices'; ones(1, size(vertices, 1))];


center = [0 r 0 1]'; % center of wheel

for i = 1:n


  To = [ % to origin

    1  0  0 -center(1)


    0  1  0 -center(2)


    0  0  1  0


    0  0  0  1


  ];


  Ti = inv(To); % back from origin

  Q = T * Ti * R * To * Q; % rotate, then translate

  center = T * center; % update position of center

  set(h, 'vertices', Q(1:3,:)'); % update patch object

  getframe; % draw the frame

end
7. (10%) Write a MatLab function that accepts two vectors which define a plane by giving a point on the plane and the direction of its normal vector, and returns the 4 x 4 matrix that reflects objects across the plane, using 3D homogeneous coordinates.  You may assume the availability of a function AlignZ(v), which returns the matrix required to align the vector, v, with the z axis. (15 min)


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


% RefArbPlane - Return the 3D homogeneous matrix that


%       reflects across a plane defined by a normal


%       direction and a point on the plane.


%


% Call: A = TransLine(N, P)


% Args: N - a 4 x 1 vector normal to the plane


%       P - a 4 x 1 vector giving a point on the plane


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


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


function A = RefArbPlane(N, P)


  T = [ % move P to origin

    1   0   0  -P(1)


    0   1   0  -P(2)


    0   0   1  -P(3)


    0   0   0    1


  ];


  R = AlignZ(N); % align normal with z axis

  F = [ % reflect across xy plane (z = 0)

    1   0   0   0


    0   1   0   0


    0   0  -1   0


    0   0   0   1


  ];


  A = inv(T) * inv(R) * F * R * T;


end
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(20%) Sketch top, front and right side views of the following object.

(35 min)
9. zxczxczxc
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