COMPUTERS AND BIOMEDICAL RESEARCH 25, 569-585 (1992)

A Neural Network Architecture for Understanding Discrete
Three-Dimensional Scenes in Medical Imaging

G. CoppiNL,* R. PoL1,T M. Rucct, AND G. VALLIT

*C.N.R. Institute of Clinical Physiology, Pisa, Italy; and tDepartment of Electronic
Engineering, University of Florence, Florence, Italy

Received October 9, 1991

Magnetic resonance and computed tomography produce sets of tomograms which are
termed discrete 3D scenes. Usually, discrete 3D scenes are analyzed in two dimensions by
observing each tomogram on a screen so that the three-dimensional information contained
in the scene can be recovered only partially and qualitatively. The three-dimensional recon-
struction of the shape of biological structures from discrete 3D scenes would allow a complete
and quantitative recovery of the available information, but this task has proved hard for
conventional processing techniques. In this paper we present a system architecture based
on neural networks for the fully automated segmentation and recognition of structures of
interest in discrete 3D scenes. The system includes a retina and two main processing modules,
an Attention-Focuser System and a Region-Finder System, which have been implemented
by using feed-forward nets trained with the back-propagation algorithm. This architecture
has been tested on computer-simulated structures and has been applied to the reconstruction
of the spinal cord and the brain from sets of tomograms. © 1992 Academic Press, Inc.

1. INTRODUCTION

Magnetic Resonance (MR) and Computed Tomography (CT) are among the
most widely applied digital techniques in medical imaging. They produce a set
of tomograms representing parallel sections of the body. According to Udupa
(1), the set of 2D digital images is termed discrete 3D scene and can be seen as
a 3D array of items, called voxels, whose values depend on the local characteris-
tics of biological tissues.

Usually, discrete 3D scenes are analyzed in two dimensions by observing the
set of tomograms on a screen. In this way the observer can recover the three-
dimensional information contained in the scene partially and qualitatively. This
is the basic reason why in the last few years methods have been developed to
analyze discrete 3D scenes quantitatively (2-6).

In this view, three-dimensional reconstruction of the shape of the imaged
structures is one of the most attractive goals. In fact, operations like quantitative
measurements, surgery planning, and radiation therapy can take advantage of
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Due to their typical properties, Artificial Neural Networks (ANN) (19, 20)
can automatically integrate bottom-up and top-down paradigms so as to over-
come the problems described above. In fact, the output of a neural network is
dependent both on the input data and on the a priori expectations that have
been stored in the network connections during the training phase. Thus, using
ANN s there is no need for an explicit description of the imaged object because
such a description is implicitly included in the net in a distributed form.

In this paper, we are proposing a neural architecture for segmenting and
recognizing biological structures in discrete 3D scenes as produced by MR and
CT scanners. :

The basic design requirements include the recognition of the part of the human
body being imaged (such as the head or thorax), which we term anatomical
district, the identification of the organs of interest in the anatomical district, and
the 3D reconstruction of their shape. In our opinion, to achieve these goals the
use of a multiresolution approach and of attention-focusing mechanisms is
advisable. Both are of biological inspiration and are suitable for an ANN imple-
mentation; they also allow a drastic reduction of computation load.

A few of the existing segmentation techniques process the scene as a single
3D image, thus taking advantage of correlation among the data along the scan-
ning axis. On the other hand, these techniques usually require large amounts of
memory and a noteworthy computation power. In addition, they cannot be
applied to sparse or unevenly spaced sets of slices (2/). For this reason, we
chose to process discrete 3D scenes in a slice-wise way, restricting the use of
the information of the third dimension to the evaluation of the characteristic
view of each tomogram. The characteristic view is a member of a minimal set
















































