





Name:

Midterm Exam

CSE 470/598 Introduction to Computer Graphics

Instructor: D. Hansford 
October 18, 2004
Note: Write legibly! I won’t grade it if I can’t read it.


1. The viewing pipeline can be described by the following four stages: modeling, geometry processing, rasterization, display. What are the primary tasks of the geometry processing stage?





2. a) Given points a and b, give an expression for x, the linear interpolant to these points.




b) Is this expression a barycentric combination? Give a reason for your answer.




3. Suppose we have a viewport defined by the lower-left point l = [10,10]T, width 20 and height 10. Recall the NDC coordinates live in the range [-1,1] in each coordinate. 
a) Given the point [0,0]T in 2D-NDC coordinates, what is the corresponding point in the viewport? 









b) Given the point [1,1]T in 2D-NDC coordinates, what is the corresponding point in the viewport?




c) Give an expression for a point x’ in the viewport given x in NDC coordinates.








4. a) Define the aspect ratio a of a rectangle.

b) Sketch and label an example with a=1/2.






5. a) The square on the left has been mapped to the rectangle on the right via an affine map. In the rectangle, sketch as accurately as you can the mapped circle. 
b) What property of affine maps allowed you to determine the shape of the mapped circle?
           

[image: image1.jpg]



c) Now suppose the square on the left represents world coordinates that we input to gluOrtho2D, and the rectangle on the right represents a viewport. Sketch the modification of the world that needs to take place to avoid a distortion of the circle in the viewport. 







d) Suppose in part c) we had started with gluOrtho2D( -½ , ½, -½ , ½), and a viewport with width 2.5 and height 1. What would be the gluOrtho2D parameters to match your sketch? 
6. a) Identify each of the following linear maps as a rotation, scale, shear or projection.
b) Circle the linear maps that are area preserving.
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7. Suppose draw_square() draws a unit square in the z=0 plane, centered at the origin.   Sketch what will be displayed as the result of the following OpenGL pseudo-code.
…
glTranslatef(2, 0, 0);
glRotatef(45, 0, 0, 1);
draw_square();






8. Circle the set of transformations which maps the dark triangle to the light triangle.

                                 [image: image6.jpg]50.50)






A) Translate(-50,-50), Reflect about x, Translate(50,50)

B) Translate(-50,-50), Rotate 180, Translate(50,50)

C) Translate(-50,-50), Reflect about y, Translate(50,50)

D) Translate(50,50), Shear -20 in y, Translate(-50,-50)

E) None of the above



9. Give the equation for the 2D affine map which rotates the point x θ-degrees about the point r (not equal to the origin) to the point x’.





10. Given the homogeneous point x’ = (2,4,6,2)T ,what is the corresponding affine point x?






11. The 4x4 matrix in OpenGL allows for the consolidation of an affine map into one structure. Write down the structure of this 4x4 matrix in terms of the elements of an affine map.







12. a) List the four stages of the camera analogy of the viewing pipeline.
b) Relate each stage to this camera analogy.
c) Give one OpenGL command (name, no arguments) for each stage.













13. a) List the coordinate systems of the viewing pipeline in the order that they occur. b) In the list, indicate where the modelview matrix is applied. 
c) In the list, indicate where the projection matrix is applied.













14. a) The OpenGL routine gluLookAt() allows us to achieve a particular view of an object. Sketch and label the three geometric elements of this camera set-up. 









b) Sketch where these elements are positioned in eye coordinates.







15. Orthographic and perspective projections:
a)  Sketch and name the shape of the viewing volume for each projection.





b)  Give a key advantage of each type of projection.





16. Barycentric coordinates [b0, b1, b2] of a point p allow us to express p in terms of triangle vertices p0, p1, p2 as p = b0*p0 + b1*p1 + b2*p2. Sketch a triangle and label its vertices. Next, mark and label the following points.   
a = [0, 0, 1]    b = [1/2, 1/2, 0]    c = [1/3,1/3,1/3]







17. Given a triangle with vertices v0 = [1, 0, 0]T  v1 = [0, 1, 0]T  v2 = [0, 0, 2]T, find the (normalized) normal to this triangle. (Show your work.) 
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