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To be answered on the paper.

This question paper has 12 pages, including this cover sheet. 

Students must count the number of pages in this examination paper before beginning to write, and immediately report any discrepancy to the invigilator.

Programmable calculators are not allowed.

A single-page, single-sided formula sheet is allowed.

Points are represented as column vectors unless otherwise stated.

Show each step of your derivations and calculations.

Clearly sketch and label all points, lines, distances and angles used in your derivations and calculations.

Answer all questions.

1. (20%) Let pv = [xv, yv, zv, 1]T be the view point and let po = [xo, yo, zo, 1]T be the object point.  Derive the perspective projection which views po from pv and write it as a product of elementary translation(s), rotation(s), perspective(s) and projection(s).  Draw one or more diagrams which clearly show(s) every relevant point, line, distance and angle.

2. (15%) Wite a MatLab script that animates the following rolling motion over a total of N frames:
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Using 2D homogeneous coordinates, you may assume that you have a 3×N matrix, Q, containing the vertices of the object in columns, such that the call

h = patch( …

  'vertices', [Q(1:2,:); zeros(1,size(Q,2)]', 'faces', [1:size(Q,2)] …

);

will create a patch object with a single face having the shape of the object which is to be transformed, placed so that the center of the circular part of the object is at the origin.  Take the radius of the circular part of the object to be r.  Use drawnow() instead of getframe().

3. Consider translations and rotations in three dimensions, expressed as 4x4 homogeneous matrices.

a)
(10%) Prove that translation and rotation do not commute in the general case.

b)
(5%) Prove that they do commute in the specific case when the translation is perpendicular to the plane of the rotation.  Hint: Use your freedom to choose the coordinate system to simplify the algebra.

4. (10%) Sketch the Bézier curves defined by the following control polygons.  Hint: recall the rule about midpoints and tangents.
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(10%) Sketch the Bézier blending functions Jni(t) over 0  t  1 for n = 3.  Label the curves you draw to show which is which.

6. (15%) Consider the operation of rotating about an arbitrary point, p = [x, y, 1]T, in the plane.  Using 3×3 homogeneous matrices, prove that rotating about the origin and then applying the translation that moves the image of p back to its original position is equivalent to translating to the origin, performing the rotation and then translating back.
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(15%) Sketch top, front and right side views of the following object. 
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