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Abstract. Gaussian smoothing is & well-known technigue in computer vision, Consideration
of the central limit theorem suggesis using a cascade of uniform-coefficient finite-impulse-
response { FIR ) digital filiers, which are especially economical to implement. We discuss the
following problem: how to obtain an optimal cascade of uniform filkers which approxmates
a given Gaussian filter. This means to find a compromise betwesn computational cost and
the degree to which the Gaussian function is approximated. However, not every Gaussian
filter can be synthetized in this way, and we point out the limits of the method, Our approach
provides good approximations to Gaussian pyramids with nearly arbitrary scale parameier
variation, in which each level is the resull of an optimal cascade of uniform filters.
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1 INTRODUCTION

In computer vision, input data is generally degraded by noise. One of the most common
operations performed on images 15 to smooth the image brightness values in order to
reduce noise. Imape smoothing can be adjusted so as to optimally set the resolution at
which image features {e.g. edges and texture) will be located. This focusing on a variety
of spatial scales is the second reason for image smoothing. Among the proposed techni-
ques, Gaussian smoothing (i.e. the result of the convolution by a Gaussian function) 15
appreciated for its elegant and unique properties.

The convolution of an image by a Gaussian function may be decomposed in a cascade
of convolutions by more simple functions. This attractive way to implement Gaussian
smoothing is based on the central limit theorem from probability theory. Much attention
has been devoted to this method in the last years [2—5, 7, 8, 15],

Our paper deals mainly with Gaussian smoothing using a cascade of convolutions by
uniform functions. This idea 15 not a new one. Wells [15] describes the method in detail.
We discuss here the optimality problem, which means finding the optimal cascade for a
given Gaussian. Our attention is also focused on Gaussian pyramids obtained by optimal

































