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ABSTRACT

Metric distances can be used to quantify the notion of
close and far on anatomical shapes as represented in
images. This is achieved by computing diffeomorphic
transformations between given images and measuring
their size. Transformations that are “far” from iden-
tity represent larger differences in shape and size than
those “close” to identity. Such metrics may find possi-
ble clinical applications such as the detection and study
of shape and size changes in various diseases that man-
ifest in shape and size changes of anatomical organs.

1. INTRODUCTION

In the deformable template model, the space of anatom-
ical configurations T is an orbit under the group G of
diffeomorphic transformations acting on the coordi-
nate space {2 of the configurations. The fundamental
assumption within this model, given two images I, I

in the orbit of a template, is that there exists an ele-
ment of the diffeomorphisms ¢ matching the images

I = 1 Iy. The diffeomorphism matching the images
is the end point of a path ¢ : [0,1] — G in the space
of diffeomorphisms which is generated from a time-
dependent vector field v : [0, 1] — V satisfying

with ¢ = Identity
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where V is a Hilbert space of smooth vector fields. The
notation ¢ is used to make explicit the dependence of
¢ with its associated velocity field vand ¢ ¢ : 2 > Q
is used to denote the composition ¢ ¢ = ¢ o (¢s) 1.
The interpretation of ¢, ;(y) is that it is the position at
time ¢ of a particle that is at position y at time s. The
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metric distance on the space of images is defined by

prlo, 1) = inf{ pold, 1} | h =p1do, p1 €G }

_ (2)
The metric distance pg between two points in G is de-
fined as

1
potnron) =it { [ a1 = 6700 },

3
it is the shortest length path joining the points and is
a distance on § for which G is complete. The inner-
product (, )y is defined through a differential opera-
tor L on C*(Q,K") such that (u,v)y = {Lu, Lv}s
where (, }o is the usual L2-product for square inte-
grable vector fields on £2 and that V is the completion
of C° (2, R™) for the chosen inner-product. Details of
this construction can be found in [1, 2, 3, 4].

The computation of the metric distance requires
the estimation of matching diffeomorphism for the im-
ages 1 as well as the shortest length path connecting
the identity element to the estimated ¢ in the space
G. In the inexact matching setting, this estimation is
achieved by minimizing an associated energy function

1
Fv) = /0 foeli2dt + fﬂ oo o — L%y @)

where the first term is the regularization term and the
second term is the data or the fitting term.

2. METHOD
Let Ip, 1 be the template image at time ¢ = 0 and

the target image at time £ = 1 of the flow respectively,
The variational gradient of the energy functional E(v)
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Fig. 1. Shown are computed metric gebdesic distances between the template mitochondria image (left column)

and other mitochondrial images.

in the space V is calculated to be [5] :

VoE = v~ (1) S1D60, 1 - )9 )

S ®
where JP = Iy o ¢}, and J! = I o ¢{,. This vari-
ational gradient is used in a standard gradient descent
msthoda[z,S] where I = —~aV? + cI and for 2D, V2 =

b
3t T 557

3. MAPPING MITOCHONDRIA IMAGES

We show results of computing metrics on a few sim-
ple shapes from biological images, narnely mitochon-
dria segmented from cell electron-microscopic images.
The images are 64 x 64 pixels and were rigidly reg-
istered to remove rotation and translation. Operator
L = -0.01V? + 17 and flow was discretized into 20
steps of size 0.1. Figure 1 shows the images as well as
the corresponding metric distances calculated from the
template image.

4. DISCUSSION

We present a method for computing metrics on anatom-
ical images. Such metrics will provide useful informa-
tion about the anatomical configurations contained in

the images and may be useful in clinical detection, di-
agnosis and followup of various diseases that manifest
in changes in shape and size of the anatomical config-
urations.
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