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Mutual Information

theory as a measure of the dependencies between
two random variables. There are many biomedical
applications in which it is beneficial to quantify the infor-
mation content using a measure such as MI. In classifica-
tion problems, MI is used as a dependence measure to select
features such that they are dissimilar from each other in
order to reduce feature redundancy. MI can also be used in
database retrieval. The MI is calculated between a query
item and every entry in the database in order to identify the
entry in the database that is most similar to the query item.
In image processing, it is also used extensively as a sim-
ilarity measure for image registration and for combining
multiple images to build 3D models. We will use the appli-
cation domain of medical image registration to illustrate
the utility of MI.
The mutual information of random variables A and B
is defined as
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where p(a,b) is the joint probability distribution function
of A and B, and p(a) and p(b) are the marginal probabili-
ty distribution functions of A and B, respectively.

Thus, in the context of medical image registration, MI
measures the distance between the joint distributions of the

Mutual information (M) is defined in information

and post-operatively in
order to assess the success-
fulness of a surgery. To
facilitate the interpretation
of such sets of images, reg-
istration—the process of
aligning multiple images—is neces-
sary. The goal of registration is to identify a transformation
that maps each point in one image to the corresponding
point in the other image.

One approach to image registration is based on defin-
ing landmarks or fiducial points in the images. By deter-
mining how to align those landmarks, one can determine
how to transform one image to match the other. However,
manual definition of landmarks is time consuming, may
be difficult even for an experienced observer, and suffers
from intra- and inter-reader variability.

Another approach to image registration is to determine
a transformation based on a measure of the similarity of
the images, such as MI. Since larger MI corresponds to
more similarity of the two images, MI is maximized in reg-
istration algorithms.

In image registration, the goal is to determine a trans-
formation of one image such that the MI between the trans-
formed image and the reference image is maximized.
Different types of transformations may be considered based
on the application. The simplest class of transformations
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each other. It is a
measure of the
dependence be-
tween the two
images. Since the mutual information I(A,B) is the reduc
tion in the uncertainty of A due to the knowledge of B,
when p(a) = p(b), the uncertainty is minimal and the reduc-
tion of uncertainty is maximized.

In medical imaging, it is often necessary to compare
images of a patient that are acquired at different times or by
different modalities. For example, images may be taken pre-
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mutual information between the transformed
iImage and the reference image is maximized.

and shape
changes are
often needed,
including non-
linear transformations that allow for non-uniform changes
across the image. An optimization algorithm is applied to
dynamically search among transformations for the one with
maximal MI.

MI has been shown to be especially valuable for regis-
tering multi-modality images. For example, computed
tomography (CT), positron emission tomography (PET),
and magnetic resonance imaging (MRI) images
of the same patient provide complementary
information. Registration based on M1 enables a

healthcare provider to directly correlate the data
from such different imaging techniques. MI has
also shown promise for registering time series
images. A series of images over time is often
used to evaluate tissue function in addition to
structure. []
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