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studied, the combined algorithm produces significant
improvements over AHD or ART alone.

3. Tests of the Algorithm

We generated two 3-D objects for testing the algorithm,
The first test object was a solid shape of constant density
with a variety of asymmetrical features, including:

~ A sphere with an extrusion

— An off-axis torus connected to a cylinder at one end
— An off-axis sphere

A localized spherical defect

AHD reconstructs a wide range of density values, although
the value is correct for many portions. ART does not do
well in reconstructing either the density or the shape using
two views. ART does much better as the number of views
increases to six or more. For the combined algorithm, with
only two views, the shape of the object and densities are
reconstructed accurately in most regions.

We studied the effects of parameter variations in the
combined algorithm. For the lower threshold (the
minimum density for accepting initial reconstruction
regions), the shape of the reconstructed object changed as
this value was raised, so it appears to be an important
parameter. The threshold value scems to have the greatest
effect for the small spherical defect. For low values
(threshold = 0) the result resembled the AHD
reconstruction, while at high values the entire regions was
removed from consideration. The effect of the ART
algorithm is demonstrated in this case by the high density
region that results from removal of the sphere from the
Region of Support. We also studied the result of varying
the range of values of elements that are excluded from
consideration by ART (i.e, the AHD reconstruction
clements that are "frozen" at their initial value). The
resulting reconstructions did not change significantly as
this parameter was varied between 0.1% and 10% of the
reconstructed density. This increases our confidence that
the algorithm will yield satisfactory results for systems with
multiple materials or varying density. The fact that the
resulting reconstruction seems to be independent of the
choice of the two angles indicates that we are observing the
limits of resolution of the algorithm, not a good or bad
choice of view angles.

The second test object, consisted of a broken torus (with
density = 0) embedded in a constant density sphere. The
grayscale representations of a horizontal slice through the
center of the reconstructed objects are shown in Figures 2
through 4. AHD produced an object that appears to contain

a circular cavity with varying density (Figure 2). By itself,
ART could not reconstruct either the shape or density of
any part of the object (Figure 3). The combined algorithm
correctly reconstructed a broken toroid, but the area near
the defect did not have exactly the correct shape or density

(Figure 4).

These results encouraged us to begin development of
quantitative methods for comparing and evaluating
reconstructions. We have written software to compare
histograms, difference schemes such as RMS, and various
forms of 3-D display.

4. Conclusions

We have demonstrated a method for reconstructing a
restricted class of 3-D objects ("nearly" axi-symmetric)
using two radiographic views. The algorithm is the result
of combining two methods that, by themselves, could not
produce similar results. These results encourage us to
investigate other combinations of image analysis algorithms
that take advantage of special features or constraints in the
objects they study.

Our work with the ART algorithm has also led to
improvements that can be applied to fully 3-D systems, i.e.,
those involving more than two views. Even the combined
algorithm benefits from an increased number of views. Our
studies showed that;

- Mass conservation is helpful for reconstructing the
correct density.

- Mass redistribution sharpens reconstructed edges
- (material interfaces).

= Dynamic ROS helps to define the object shape. We
believe that the concept of dynamic ROS should be
broadened to both remove and insert reconstruction
regions.

The combined algorithm proﬁdes significant improvements
in two-view reconstruction for objects that are "nearly” axi-
symmetric. For these objects, two views provide:

— The correct density in axi-symmetric regions.
— A good density approximation in small 3-D regions,
- A good shape determination in most regions.

We have begun categorizing the range of shapes that can be
classified as "nearly" axi-symmetric. We considered both
internal and external features. In this study we only
considered interfaces between regions of zero and non-zero
density, so the task of removing regions from the ROS was
made easier.
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~ Studying a greater variety of test objects
We beliove that the techniques shown here indicate Consider multiple materials
promising dircctions for further study. We intend to Consider varying density
improve the uscfulness of this algorithm by investigating -~ Investigate the use of histograms to determine
the following topics: parameter valucs
Consider other 3-D defects
= Applying the algorithm to experimental data.
Consider the effects of blur
Consider the effects of noise
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COMPARE HORIZONTAL SLICE THROUGH 2 VIEW RECONSTRUCTIONS

Figure 1. Original Object Figure 2. Annular Harmonic Decomposition

Figure 3. ART Figure 4. Combined Algorithm
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