A Computational Approach to Medical Imaging
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Notwithstanding the progress in medical imag-
ing by means of computer-based techniques,
several problems still remain unsolved in this
field. In particular, a unified approach for the
treatment of biological complexity and varia-
bility is lacking. Moreover, perceptive and cog-
nitive aspects of medical vision play an impor-
tant role in a computational approach to med-
ical imaging and must be carefully considered.
The recent developments of Computer Vision
and Artificial Intelligence suggest that such a
computational approach is feasible. As a con-
sequence, symbolic representations of the clin-
ical information contained in the images as well
as adequate processing techniques are neces-
sary. In this way the treatment of uncertainty
and the qualitative analysis are made possible.
Moreover, due to the intrinsic homogeneity of
symbolic representations, the comparison of
different image sources, signals and clinical
data is attainable. In the paper, the basic prin-
ciples of Computer Vision are summarized and
the need of a specific computational theory for
medical vision is emphasized. Afterwards, the
main characteristics of integrated systems for
computational imaging in medicine, are
described. Some examples relative to the im-
aging of the cardiovascular system are also
given. Although the development of artificial vi-
sion systems in biomedicine is still an area of
research, very promising perspectives are
opened by a computational approach.

[J Nuc Med Allied Sci 1990;34:42-50).

Key words: Medical imaging - Computer Vision
- Artificial Intelligence.

The introduction of computer methods
has greatly changed medical imaging over
the last two decades. However, in spite
of the progress made in clinical applica-
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tions, the development of methods for
processing biomedical images still en-
counters many difficulties. In particular,
a unified approach is lacking in this field.
This is due both to the difficulty to
describe the complexity and the variabil-
ity of biological objects and phenomena,
and to treat the perceptive and cognitive
aspects of medical vision in a satisfacto-
ry manner. From a computational point
of view, taking these aspects into con-
sideration means explaining, in a com-
putationally useful way, the clinical in-
formation contained in the images. To be
more precise, this means introducing and
processing innovative symbolic descrip-
tions which are different from the more
widely used numeric descriptions (e.g. the
gray level matrix) of images. Furthermore
if one wants to bear the cognitive aspects
in mind, consistency is needed between
the representations above and those of
the procedural and descriptive
knowledge. The latter is typical of the in-
terpretative processes of the specialist.

Thus, it is clear that a correct com-
putational approach to biomedical imag-
ing is unlikely, without first having a
complete design of the various symbol-
ic representations and their relative
manipulation mechanisms. Moreover, it
is worth noting that the use of symbolic
descriptions makes the techniques for
the symbolic treatment, such as those de-
veloped in the field of Artificial Intelli-
gence, available for biomedical image
processing. Among other things, these
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tem that carries out a set of tasks and does
not require specific domain knowledge, and
an Expert Vision System that includes high-
level specialistic knowledge. This approxi-
mate subdivision makes the role of vision
processes more explicit, and emphasizes the
need to structure, in an efficient manner,
one’s medical knowledge.
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tions again. In general, an artificial vision
system can be viewed as an informative
process, the purpose of which is similar to
that of the human visual system. Accord-
ing to Marr, three processing modules and
three corresponding intermediate represen-
tations can be outlined for natural scene
vision.
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