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Introduction

mage processing and analysis in

support of the nuclear weapons

research and development pro-

gram have been pursued at this
laboratory for more than a decade. In M
Division, radiographs of various sizes
are produced by PHERMEX—a
pulsed, high-energy x-ray source—as
part of dynamic explosives experi-
ments. The fundamental mission of our
image analysis is to quantify the dy-
namic behavior in the radiographed ob-
ject to determine the positions of sur-
faces and to provide both a qualitative
visual perception of the distribution of
the materials and a quantitative esti-
mate of the material densities. The tech-
niques used to fulfill this mission are
edge localization and x-ray computed
tomography. These techniques are
based on the assumption that the object
has axial symmetry, which is character-
istic of many of the objects radio-
graphed at PHERMEX and elsewhere.
The edge localization technique uses a
physical model of the object, in-
corporating the radiographic system, to
estimate parameters that describe the
positions of the object’s surfaces and
material densities. The other technique,
x-ray computed tomography, provides
both a qualitative visual perception of
the distribution of the materials and a
quantitative estimate of the material
densities in the object.

Radiographic Recording System and
Analysis Hardware

o make the radiographic films
of the static and dynamic ex-
periments computer com-
patible, we digitize them on
Perkin-Elmer flatbed micro-
densitometers. A microdensitometer

converts the film density into 10 bits
(which gives a film density range of 0-5
density units) for each 200-um-square
picture element (pixel). A typical
digitized radiograph consists of a
1300 X 1300 array of pixels. A film
pack may contain from one to a dozen
or more registered films for a given
experiment because each film captures
only a small portion of the incident x-
ray flux. Experiments have been con-
ducted to increase film efficiency by
averaging the digitized images from up
to 20 registered films. The images on
each developed film are similar (Figs.
la and 1b), but the grain noise is dif-
ferent and nearly independent. When
the films are digitized and the averaging
complete, the result is a greatly reduced
image noise. This is dramatically shown
by comparing Figs. 1a and 1b with the
averaged image in Fig. lc, where 20
registered films of a step wedge are used
to reduce the image niose by approx-
imately 1/20.

To analyze the composite radio-
graphs, we use software tools on an
integrated network of computers and

Sfilms: (lefl) first film; (center) last film; (right)
average of all 20 films.
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image display hardware. Typically the
software tools are on a Digital Equip-
ment Corporation VAX 11/780 or a
CDC 7600; the display and some addi-
tional analysis are carried out on a
COMTAL Vision One/20 connected to
aVAX 11/780.

As noted above, the individual high-
speed radiographic film vyields very
grainy images, and the system point-
spread function (PSF) caused by the
finite size of the x-ray source and by the
film pack internal scatter makes the
images blurred. In addition, the
spatially variant blur caused by the mo-
tion of the object’s surfaces further de-
grades the image quality. This combina-
tion of blurs plus the superposition of
overlying material impedes (1) meas-
urement of various radii, lengths,
widths, and relative locations; (2) visual
perception of material distribution; and
(3) estimation of material densities.
Traditional deconvolution techniques
of removing the image blurs are imprac-
tical because the film grain noise would
be grossly amplified.

Edge Localization of Axially Symmetric
Objects

major obstacle in the analysis

of radiographs of weapons or

other complex objects is the

superposition of the overlying
structures: the three-dimensional object
is projected onto the film in only two
dimensions. In edge localization, the
superposition of overlying material is
circumvented by a one-dimensional
radial model of the object that takes
into account the x-ray linear attenua-
tion coefficients associated with the
overlying structures. In addition, the
model incorporates the blur of motion
in the dynamic object and the blur of
the radiographic system caused by the
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x-ray source and film pack. The amount
of expected motion blur, which can be
calculated from the basic physics of the
dynamic experiment, is approximated
by a linear blurring function. The PSFs
of the x-ray source and film pack blur
can be estimated by calculating what is
called the modulation transfer function
(MTF) of an edge from a step wedge of
dense material placed in the same
geometry as the experiment. Once we
know the estimated MTF, an analytic
functional form can be used to approx-
imate the x-ray and film pack PSFs. The
one-dimensional model of the planar
geometry projection is then blurred
with the appropriate motion and x-ray
and film pack PSFs. Figure 2 shows an
example of a one-dimensional projec-

tion through a hollow sphere, the blur-
ring process, and the correction for
radiographic film response and film fog,.
The resultant blurred and modeled data
are fitted to the radiographic data by
means of a least squares technique. Fig-
ure 3 indicates that the fit can take into
account a nonuniform film back-
ground. Figure 4 shows an example of a
radiograph of a hollow shell of depleted
uranium. The inner surface of the shell
remains unobscured by a large collima-
tor that obscures the outer surface. The
collimator shows up as the very dark
ring at the periphery of the figure. We
are interested in estimating the location
of the inner surface of the uranium shell
with the greatest precision our measure-
ment system will allow. Pie-shaped sec-

tions of the data are extracted and col-
lapsed to one-dimensional averaged
data sets. This is done by first determin-
ing the center of the object and then
transforming the data from Cartesian
coordinates to polar coordinates. An
example ofaline at 0° is shown in Fig. 5.
Figure 6 shows a least squares fit to a
limited section of the data to determine
the inner edge of the hollow sphere
when we used a one-dimensional model
for the sphere’s structure. The accuracy
of determining the inner diameter of
this hollow sphere was approximately
+0.Ilmm.

The edge localization method can be
used to estimate the edge position of a
static object to +0.1mm and that of a
dynamic object to £0.3mm.

1. GIVEN: HOLLOW OBJECT

2. CALCULATE: PROJECTION P
OF OBJECT DENSITY

P=fpdt

3. CONVERT: TO NTENSITY
OF UNSCATTERED RADIATION

1=y axpl-p0/po P)

4. ADD: BACKGROUND
AND CORRECT FOR BEAM —=~<
PROFILE (1)

5. BLUR: INTENSITY DISTRIBUTION-
MTF

6. CONVERT: TO FILM RESPONSE
OPTICAL DENSITY

FUNCTION (1} +FOG

Fig. 2. Radiographic model.
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Fig. 4. Radiograph of a hollow spherical shell of
depleted uranium.

OPTICAL DENSITY

RADMUS
Fig. 5. Radial dependence of radiographic film density of Fig. 4 at 0°.

OPTICAL DENSITY

RADMUS
Fig. 6. Fit of spherical shell model to data at 0°.
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X-Ray Tomographic Reconstruction of
Axially Symmetric Objects

s in the case of edge localiza-

tion, a major obstacle in the

analysis of weapons radio-

graphs is the superposition of
the overlying structures. The superposi-
tion problem has been completely
eliminated by the introduction of com-
puted tomography (CT). This field has
had its most notable and publicized
successes in medicine, where most peo-
ple are familiar with the term CAT Scan
(Computer-Assisted Tomographic
Scan).

The idea behind x-ray tomographic
reconstruction (XTR) is fairly simple:
given x-ray views from enough different
directions of a two-dimensional object,
one can reconstruct the complete two-
dimensional distribution of the object’s
x-ray linear attenuation coefficient dis-
tribution, u(x,y). The function p relates
the incident intensity /; of the x rays to
the intensity / of the x rays at the film or
detector. By moving the source and film
around the object, we obtain a series of
views of the object. In a typical CAT
Scan, hundreds if not thousands of
views are taken.

In our dynamic testing program, we
radiograph the object from only one
direction, which is not sufficient to re-
construct an arbitrary three-dimen-
sional object. However, if the object is
essentially axially symmetric, a charac-
teristic of many of our test systems, a
single radiograph taken normal to the
axis of symmetry is adequate to obtain
an XTR of the object. Since the object is
assumed to be axially symmetric, each
scan line normal to the axis of sym-
metry is a one-dimensional projection
of a plane through the object. The stan-
dard method of reconstruction we use
for weapon radiographs is a one-dimen-
sional simplification of a well-known
method called filtered back-projection.
This method is used to reconstruct the
radial dependence of the x-ray linear
attenuation coefficient. After each line
of the image has been reconstructed, a
cross-sectional display of the object is
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created (Fig. 7). This method effectively
eliminates any superposition of mate-
rial that is caused by the projection of
the radiographic image onto the film,
provided the object has axial symmetry.
Several examples showing the value
of this XTR technique are described
below. The reconstructed profiles of
each line of an axially symmetric steel
object in Fig. 8a are combined to form
the image shown in Fig. 8b. The com-
putation time to obtain this result was
1.4 min of computer time on a CDC
7600. The reconstruction closely re-
sembles the cross section of the object
in Fig. 8a, but the grooves, which were
very difficult to observe in the original
radiograph, are now easily seen.

As another example, the static object
whose radiograph is shown in Fig. 4 is
reconstructed in Fig. 9. Only that por-
tion of the uranium shell that was
unobscured by collimation was re-
constructed. The figure gives an ac-
curate representation of a cross section
of a spherical shell of constant density.
The inner edge of the uranium shell is
much better defined than in the original
radiograph (Fig. 4), which has been con-
trast-enhanced to bring out the inner
edge position.

It should be possible to measure the
positions of reconstructed surfaces in
dynamic radiographs to +0.3mm, just
as with the edge localization technique.

AXIALLY

SYMMETRIC o7
oBJECT
"

RADIOGRAPH

% X-RAY SOURCE

RECONSTRUCTION
PROCEDURE

Fig. 7. Overview x-ray tomographic reconstruction method.

OBJECT'S CROSS SECTION

Fig. 9. Reconstruction of a cross section of the
spherical shell of constant density shown in
Fig. 4.

Future Developments

e are investigating the

characteristics of various

film/screen types using

noise-power spectrum
analysis and MTF measurements to ar-
rive at a technique applicable to com-
binations of the various film types. This
film averaging allows one computer-
generated pseudoimage to combine the
attributes of each film type into one
having a very large dynamic range and
increased signal-to-noise ratio. This has
been accomplished on a modest scale
for some of our dynamic weapons ex-
periments.

This brief news note on image analy-
sis at Los Alamos has been provided to
give an insight into this very interesting
and challenging research area. If you
have questions or would like more infor-
mation on this subject, please contact
Rollin Whitman (M-4, 7-7542), Ken-
neth Hanson (M-4, 7-1402), or Karl
Mueller (M-4, 7-6470). Los Alamos Na-
tional Laboratory is operated by the
University of California for the United
States Department of Energy under con-

Fig. 8. (lefl) Radiograph of an axially symmetric steel object taken with a °Co source. The AA film
was sandwiched between two 0.25-mm-thick lead screens. (right) Display of the reconstruction of the
object’s cross section derived from Fig. 8a. The 2-mm X 2-mm grooves machined in the inside cone
are readily apparent. These grooves were almost invisible in the original radiograph.

tract W-7405-ENG-36. The Laboratory
is an affirmative action/equal op-
portunity employer.
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