Summary

This paper describes CORTEX, a Computer Vision sys-
tem for the description of the bidimensional shape and posi-
tion of coronary vessels in standard non-subtracted
radiographic images.

Having summarized the basic ideas used in the project of
the system, the modules of CORTEX and their algorithmic
implementations are described. According to a bottom-up
approach, we utilized grouping criteria to produce inter-
mediate image representations of increasing scale in a hierar-
chical manner (from edge points to curves, segments, bars,
and finally to vessels and bifurcations).

The evaluation of CORTEX performances according to
a Signal- Detection-Theory-like approach is also discussed.

Introduction

Inthe last twenty years, many researchers have developed
algorithms for the numerical processing of coronary X-ray
angiograms in order to obtain quantitative descriptions of
cardiac pathophysiology.

Much research has been dedicated to developing com-
puter-based tools for the measurement of artery diameters.
The proposed algorithms measure the diameters of a portion
of vessel selected by an operator, or identify all vessel con-
tours (usually by tracking techniques).!*

The recovery of the 3-D shape of coronary trees from a
reduced set of radiographic views has also been investigated.
Both the reconstruction of the three-dimensional tree
skeleton, and the estimation of vascular cross-section are
reported.>’

Each of these algorithms contains some type of basic
anatomical knowledge of coronary vessels. This information
is procedurally embedded with the aim of improving
reliability and robustness against structural and non-struc-
tural noise, and reducing the processing time, the inter- and
intra-observer variability and the operator intervention.
However, these goals are only partially reached and most of
these algorithms are limited in their reproducibility and clini-
cal applicability.

With the purpose of going beyond these drawbacks, some
researchers®”, over the last few years, have directed their
attention to systems which, through some Computer Vision
(CV) techniques, make an explicit use of anatomical
knowledge. The first results of these knowledge based sys-
tems support the idea that a fully CV approach could be
extremely effective in building totally automatic, reliable
systems for medical image analysis.
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The main idea of today’s CV is that images are not simply
2-D gray level arrays but they are representations which hold,
in implicit form, a lot of information about the three-dimen-
sional environment. The extraction of such information from
images, i.e. the explicitation of the three-dimensional shape
and position of the objects in the scene, is the prerequisite
for any type of high-level reasoning. Thus, the output of any
CV system for medical imaging should be a 3-D description
of the imaged biological structures.

As an intermediate step toward such objectives, we
developed CORTEX (CORonary Tree EXpert analyzer). It
is a completely automated, personal computer-based, artifi-
cial vision system for the description of the 2-D shape and
position of coronary vessels, using standard non-subtracted
radiographic images.

Artificial Vision of Coronarographic Images

The system was designed following the general ideas of
the computational approach to vision developed by David
Marr.!% According to this approach, the non-invertibility of
the process of image formation can be overcome introducing
in CV systems some physical assumptions about the imaged
world. These assumptions represent such a general type of
knowledge that little information is lost in 3-D recovery
processes driven by them.

Because of the differences between the image formation
process of coronarographic images and the one of images
representing natural scenes, the physical assumptions
needed for CORTEX were restated as follows:

Al The environment is composed of bodies (volumes with a
different density from their surroundings) which usually have
aspatially smooth distribution of the X-ray linear absorption
coefficient u;

A2 Body thickness T is usually spatially smooth;

A3 The loci of discontinuity of u and T are usually regular,
low-bending continuous curves;

A4 Bodies are continuous elongated structures (denser than
their surroundings ) joined at their extremes .

Statements Al, A2, A3 are general assumptions about
radiographic imaging. Statement A4 is typical of angiog-
raphy: it specifies some morphological features of vascular
structures.

These physical assumptions suggest in themselves which
3-D clues are held in the image: according to A1 and A2. they
are the edges and their spatial arrangement. (An edge is a
point where an intensity change occurs, so edges can be













