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Abstract. We propose a new approach for nonrigid registration of mam-
mograms. We use texture models for the mammographic appearance
within the breast area. The mammograms are registered, based on cor-
responding points along the boundaries of the region of adipose tissue
near the breast edge, using geodesic interpolating splines.

1 Introduction

Registration of mammograms is required for analysis of bilateral, temporal, and
different view mammograms, and for multi-subject studies. Mammogram regis-
tration has proven a difficult problem, not least because of the enormous diversity
in the appearance of mammograms. Various classes of image transformations for
registration have been investigated, including flow and thin plate splines. Re-
cent progress in the estimation of flows of diffeomorphisms have resulted in the
development of geodesic interpolating splines (GIS) [1]. These provide an un-
ambiguous one-to-one correspondence between all points in any pair of images.
Registration results can be used to detect changes in the breast tissue that are
characteristic of cancer. Most algorithms compare registered image intensities
or a representation derived from image intensities, which requires some form of
normalization. However, we have shown that it is possible to compute a repre-
sentation of textures within a mammogram; these are known to be significant in
the evaluation of disease.

2 Method and Results

In this paper we propose an approach to matching mammograms which com-
bines texture classes as image descriptors and GIS. Texture classes are used to
establish control points for the geodesic warps and to evaluate the outcomes
for temporal matching. The preliminary results are very encouraging. Textons
are defined as clustered filter responses, where the set of filters used, mirrors a
non-parametric representation of Markov Random Fields. First we construct a
texton dictionary by processing a large number of segmented mammograms and
then aggregating and clustering filter responses using k-means analysis. Given
the texton dictionary, each image pixel in the breast region is assigned a label
by the texton which lies closest to it in the filter space. A texture based classifier
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segments the image in different tissue types of varying parenchymal density as
in Figure 1(d) and (e). One of these classes corresponds to the fatty breast edge
which can be consistently observed in all the mammograms. The boundary of
the transition from the fatty breast edge to dense tissue, along with the nipple,
the axilla and the rib, and other points on the breast boundary provide the con-
trol points. After mapping the points in both views onto each other the warped
image is obtained by interpolating between the control points using geodesic in-
terpolating splines. The GIS uses, instead of one large step, a succession of small
diffeomorphic steps to warp the image [2]. A pair of registered mammograms is
shown in Figure 1(a),(b) and (c). To compare the registered mammograms, the
warped image is also segmented into the different tissue types, using the pre-
sented texture model followed by a texture-based classifier. A region is labelled
suspicious if it corresponds to tissue that has evolved to be very dense. We are
still developing a more robust system for evaluating the tissue changes. The com-
plete algorithm has so far been applied to 10 pairs of temporal mammograms
with excellent results.

a. b. c. d. e.

Fig. 1. (a)The mammogram that needs registration. (b)The base mammogram. (c)The
geodesically registered mammogram. (d-e)The texture based representation of (a-b)
respectively.

3 Conclusions

We have presented an algorithm for nonrigid mammogram registration which
investigates the combination of texture models with GIS. The use of texture
models provides a reliable framework for establishing correspondences and de-
tecting comparative changes in mammograms. The method overcomes the diffi-
culty arising form the degree of involution in the breast tissue.
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