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Homework # 1

1. For a pinhole camera (Figure 1(a)), the focal length is the distance from the pinhole
to the film plane. The dimensions of a frame of 35-mm film are about 24mm (width
along z-direction) x 36mm (height along y direction). The field of view or angle
of view of the pinhole camera is the angle made by the largest object that the
camera can image on its film plane. A real field of view should be a volume angle
which is hard to deal with. People use surface angles of view such as the one in the
xz-plane, the yz-plane (Figure 1(b)), or in the planes passing through one of the
diagonals of the film plane. Assuming that the human visual system has an angle of
view of 90°, what focal length should we use with 35-mm film to achieve a natural
view in

(a) the zz-plane,
(b) the yz-plane, and

(c) one of any of the planes passing through one of the diagonals of the film plane?
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Figure 1: (a) Pinhole Camera and Perspective Projection (b) Angle of View in yz-plane.

2. Consider a pinhole camera (Figure 1). What is the shape of the image of circular
disk? Assume perspective projection and allow the disk to lie in a plane parallel to
the image plane within the field of view of the camera.

3. Consider a wire-frame object defined by the following four 3D points (X, Y, Z) lying
in the field of view of pinhole camera with focal length d:

- p1:(0.5,05,1)
- p2:(1,0,1)
- p3:(0,0,1)
-pa:(1,1,2)



These vertices are connected with single lines between p; and p2, po and ps,
p3 and py, but not between ps and p;. Remembering that, for perspective
projection, the coordinates of projection onto an image plane are given by:
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The 3D coordinates of the object are given by uppercase letters (X, Y, Z) and
the 2D coordinates of the projected image are given by lowercase letters (x,y).

(a) Compute the z and y coordinates for each point projected onto and x —y image
plane located at a distance of 1 from the center of projection (d = 1).

(b) Sketch the projected image of this object onto the & — y projection plane, and
label each of the projected points with their (x,y) coordinates.

4. If we use direct coding of RGB values with 10 bits per primary color, how many
possible colors do we have for each pixel?

5. If we use 12-bit pixel values in a lookup table representation, how many entries does
the lookup table have?



