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The complexity of the human body and its understanding
through medical imaging techniques require the development
of image processing and interpretation methods that cope with
this complexity. Recently, significant advances both in image

ition techniques and in image processing have been

1. Modelling and Knowledge

Representation

Models constitute an important
source of information that provides
generic knowledge, complementary to
the actual patient’s data and images. On
the one hand, biological, anatomical or
biomechanical models can be used to
guide image interpretation. On the other
hand, medical images can be exploited
in order to build models of the human
body, from an anatomical or functional
point of view. Such models have been
developed for specific organs, or for
some functions such as breathing.

Let us here consider more
specifically the first aspect. Iconic
.representations of anatomical knowledge
can be found, as anatomical atlases.
Although their use for normal structure
recognition is well acknowledged, they
remain difficult to exploit in pathological
cases. Anatomical knowledge is also

, advanced and sophisticated image

ing a privileged field of

available in textbooks or dedicated
web sites, and expressed mainly in
linguistic form. These models involve
concepts that correspond to anatomical
objects, their characteristics, or the
spatial relations between them. Human
experts use intensively such concepts
and knowledge to recognize visually
anatomical structures in images. This
motivates their use in computer aided
image interpretation. Some attempts
to formalize this knowledge have been
recently performed, in particular in the
form of ontologies (e.g. the Foundational

Model of Anatomy). In our work, we'

concentrate mainly on spatial relations,
which are strongly involved in linguistic
descriptions. They constitute a very
important information to guide the
recognition of structures embedded in
a complex environment, and are more
stable and less prone to variability
(even in pathological cases) than object

characteristics such as shape or size. We
proposed mathematical models of several
spatial relations, in the framework of
fuzzy sets theory, which prove useful to
recognize thoracic and brain structures.
These fuzzy representations can enrich
anatomical ontologies and contribute to
fill the semantic gap between symbolic
concepts, as expressed in the ontology,
and visual percepts, as extracted from
the images. These ideas were used in
particular in our segmentation and
recognition methods.

2. Segmentation and Recognition
of Normal and Pathological
Structures

The methods we develop for
segmentation and recognition of 3D
structures in medical images can be
seen as spatial reasoning processes.
Two main components of this domain
are spatial knowledge representation
and reasoning. In particular spatial
relationships constitute an important
part of the knowledge we have to
handle, as explained before. Imprecision
is often attached to spatial reasoning
in images, and can occur at different
levels, from knowledge to the type
of question we want to answer. The
reasoning component includes fusion
of heterogeneous spatial knowledge,
decision-making, inference, and
recognition. Two types of questions
are raised when- dealing with spatial
relationships:

1. given two objects (possibly fuzzy),
assess the degree to which a relation
is satisfied;

2. given one reference object, define
the area of space in which a relation
to this reference is satisfied (to some
degree).

In order to answer these questions
and address both representation
and reasoning issues, we rely on
three different frameworks and their
combination:

- mathematical morphology, which
is an algebraic theory that has
extensions to fuzzy sets and to
logical formulas, and can elegantly
unify the representation of several
types of relationships;

- fuzzy set theory, which has powerful
features to represent imprecision
at different levels, to combine
heterogeneous information and to
make decisions;
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- formal logics and the attached
reasoning and inference power.
The association of these three

frameworks for spatial reasoning is an

original contribution of our work.

The first recognition approach,
called global, uses the first type of
question (1). The idea is to represent all
available knowledge about the objects
to be recognized. A typical example
consists of graph-based representations.
The model is represented as a graph
where nodes are objects and edges
represent links between these objects.
Both nodes and edges are attributed.
Node attributes are characteristics of the
objects, while edge attributes quantify
spatial relationships between the objects.
A data graph is then constructed from
each image where the recognition has
to be performed. Each region of the
image (obtained after some processing)
constitutes a node of this data graph,
and edges represent spatial relationships
between regions, as for the model graph.
The comparison between representations
is performed through the computation
of similarities between model graph
attributes and data graph attributes.

The second type of approach relies
on the second type of question (2) and
is called here progressive or sequential.
In this approach, objects are recognized
sequentially and their recognition
makes use of knowledge about their
relations with respect to other objects.
Relations with respect to previously
obtained objects can be combined at
two different levels of the procedure.
First, fusion can occur in the spatial
domain, using spatial fuzzy sets. The
result of this fusion allows us to build
a fuzzy region of interest in which the
search of a new object will take place,
in a process similar to focalization of
attention. In a sequential procedure,
the amount of available spatial relations
increases with the number of processed
objects. Therefore, the recognition of the
most difficult structures, usually treated
in the last steps, will be focused in a
more restricted area. Another level of
fusion occurs during the final decision
step, i.e. segmentation and recognition
of a structure. For this purpose, spatial
relations are introduced in the evolution
scheme of a deformable model, in which
they are combined with other types of
numerical information, usually edge and
regularity constraints.
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Fig. I: Fuzzy representations of spatial

relations: (a) close to the lateral ventricle and

(b) below the lateral ventricle.

3. Some Hiustrations

Fuzzy representation examples of
spatial relations close to and below the
lateral ventricle are shown in Fig. 1.

A few segmented and recognized
structures in 3D MRI using spatial
relations and deformable models (3D
views superimposed on one slice of
the original MRI volume) are shown
in Fig. 2 in a normal case and in Fig.3

Fig. 3: Examples of two pathological cases.
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Fig. 2: Segmentation result
superimposed on one axial slice.

in two pathological cases. The use of
spatial relations allows us to obtain
good segmentation and recognition
results, although the objects are strongly
deformed.

Fig. 4 (a) Segmentation of the lungs and
(b) the heart in thoracic CT images

Segmentation of the lungs and the
heart in thoracic CT images, using the
information on the position of the heart
(between the lungs) is shown in Fig. 4.
One axial slice and one thoracic slice
are shown.

(b)

(e) 6]
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This segmentation is then used
in a non-linear registration procedure
between CT and PET images, including
a breathing model. A slice of the
original ‘data is shown in (a) (CT) and
(d) (PET). (b, c, e) show non satisfactory
registration results (problems are
indicated by arrows) while (f) shows a
good registration, as obtained using a
non-linear technique and exploiting the
segmentation results.

4. Current Work

Our current work consists
of developing further methods for
pathological cases, including
quantification and patient’s follow-
up. Other applications such as heart
imaging, high-resolution vascular
imaging, foetal imaging are also under
study. On a more methodological point
of view, complex spatial relations as well
as spatial reasoning schemes are still
being developed.
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