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1 A commonly used 1D smoothing filter in computer vision and image processing
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is the Gaussian: g,(z) = exp (—2%25) where o determines the size of the filter.

(a) Show that repeated convolutions with a series of 1D Gaussians, each
with a particular standard deviation o, is equivalent to a single convolution with a

. . 2
Gaussian of variance ), o7.

(b) The first stage in localising edges and blobs at different scales in images
is to low-pass filter an image with smoothing filters of different scales. Show how

these computations can be performed efficiently.

(c) Explain how blobs are localised in the image and how the appropriate

scale is chosen.

[30%]

[40%]

[30%]



2 (a) An image is formed by perspective projection onto an image plane, as
shown in Fig. 1. The image plane is sampled by a CCD array with k, pixels per unit
length in the X, direction and k, pixels per unit length in the Y, direction. Show
that the relationship between a point (X, Y., Z.) and its image co-ordinates (u,v)

(in pixels) can be expressed in homogeneous co-ordinates by
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where f is the focal length and (ug,vo) is the principal point.

(b) A weak perspective projection comprises an orthographic projection onto
the plane Z, = Z4 followed by perspective projection onto the image plane. Derive
the homogeneous relationship between a point (X, Y., Z;) and its image (ua,v4)

under weak perspective projection.

(c) Under what viewing conditions is weak perspective a good camera model

and what are the advantages of using this simpler model?
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Fig. 1
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3 A single camera views a world plane in the scene. The transformation between
points (X,Y) in the plane and pixels (u,v) in the image is described by a 2D

projective transformation.

(a) Under what viewing conditions will the mapping from world plane to
image plane be a 2D linear (affine) transformation? How many degrees of freedom
does this transformation have? Explain their geometric significance by showing their

effects on the transformation of a unit square in the world plane.

(b) What do the additional degrees of freedom of the planar projective trans-

formation specify?

(¢) Explain how the transformation from world to image plane can be es-
timated in practice. Your answer should include details of the localisation of im-
age features, suitable descriptors for matching and an algorithm to reject incorrect

matches.

(d) For a camera that moves relative to the plane, derive an expression for
the transformation between correspondences in two successive views and show how

this depends on the camera motion.

[20%)
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[30%]

[30%)]



4 (a) What matching constraints can be used to find point correspondences in

stereoscopic vision? [30%)

(b) Explain what is meant by the epipole and describe the epipolar constraint.

[20%)]
(c) Derive expressions for the left (u,v) and right (v, v') pixel positions of a
point in space viewed through weak perspective cameras. [20%)
By eliminating the world coordinates, show that the pixel coordinates are
related by
U
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where F4 is a matrix which has maximum rank 2 and can be expressed in the form:
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) (a) A video sequence is taken with a single camera undergoing general 3D
motion in an arbitrary scene. A set of image features and point correspondences
from frame to frame are automatically extracted from the sequence. Describe an
algorithm to recover the scene structure and camera motion from these image mea-

surements.

(b) Give details of an algorithm to detect a known 2D pattern from an image
taken with a mobile phone which is equipped with a camera. Discuss how the image

features are extracted and matched and how the pattern is localised in the image.

END OF PAPER

150%)

[50%]



