
Bayesian alignment of unlabelled similarity shapes

Kanti V. Mardia1, Christopher J. Fallaize1∗, Stuart Barber1,
Richard M. Jackson2 and Douglas L. Theobald3

1 Department of Statistics, University of Leeds
2 Institute of Molecular and Cellular Biology, University ofLeeds

3 Department of Biochemistry, Brandeis University

Introduction

The shape of an object is the information about the object which is invariant under the full
similarity transformations of rotation, translation and rescaling. In statistical shape analysis, we
are concerned with analysing differences in shape between individual objects or populations.
To this end, we first seek some optimal registration which removes the effects of orientation,
location and size, so that any remaining differences are dueto genuine differences in shape.

Objects are often reduced tok points, known as landmarks, inm dimensions and thus can
be represented ask×m point configurations. In labelled shape analysis the correspondence be-
tween landmarks on different configurations is known. Unlabelled shape analysis deals with the
more complex situation where the correspondence between landmarks is unknown. Green and
Mardia (2006) developed a Bayesian methodology for the pairwise alignment of two unlabelled
configurations using the rigid body transformations of rotation and translation. The method is
also applicable to the labelled case. Theobald and Wuttke (2006) and Theobald (2009) have
allowed nonisotropic errors. A review of these methods is given by Green et al (2010).

We present the extension to full similarity shape by introducing a scaling factor to the model.
Taking one of the configurations as a fixed reference, the aim is to estimate the transformation of
the other configurations onto the reference whilst simultaneously identifying the matching be-
tween landmarks. Particular challenges include efficient simulation from a non-standard distri-
bution for the scale factor and the desire for a symmetrical setup to ensure that equal inferences
are drawn regardless of which configuration is taken as the reference. Possible applications
include automated image analysis (where objects nearer or further away have different sizes),
biological morphometrics (where objects at different growth stages may be of different sizes)
and protein folding in comparing and identifying folds.
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