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D-7 Scale space random fields and the continu-
' ous wavelet transform, with applications to
astrophysics and brain mapping
McGill University Keith Worsley

We consider the problem of testing for localised
signals with unknown location and scale added to a
stationary ‘white noise random field in D dimen-
sions. The resulting random field is smoothed
with a filter that matches the signal, and the width
of the filter is varied. This creates a D+1 dimen-
sional ‘scale space’ random field, D dimensions for
location and 1 dimension for the scale of the
smoothing filter. Scale space is identical to a
continuous wavelet transform with a kernel
smoother as the wavelet, though the emphasis here
is on signal detection rather than image compres-
It can be shown that the
scale space maximum is the likelihood ratio test
statistic for detecﬁng the signal, and our main
result is an approximate null distribution found
using the expected Euler characteristic of the
excursionset. The results are applied to the prob-
lem of detecting abnormalities in the COBE mea-

sion or enhancement.
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surements of the cosmic microwave background,
galaxy clustering, and searching for activation in
brain images obtained by functional magnetic reso-
nance imaging (fMRI), positron emission tomogra-
phy (PET), and changes in the shape of brain
surfaces. )
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