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INTRODUCTION

Radiographic inspection, where access is limited to one
side of the part, can be performed by the use of backscatter
imaging techniques. Compton scattering is the primary
source of the backscattered signal strength with some
contribution from x-ray fluorescence. A variety of
approaches have been used in both medicine and industry to
create the images [1-25]. The flying spot technique which
uses a collimated beam of x-rays, and a large area detector
has been used in the work reported here. The backscatter
imaging is particular useful in the inspection of
low-density, composite materials.

RADIATION BACKSCATTER

The attenuation of photons of the energies less than 1
MeV (a range of most industrial inspections) is composed of
Compton scattering, photoelectric effect and to a small
degree coherent scattering. Figure 1 shows the contribution
of Compton scattering to the total attenuation for several
elements as a function of energy. Low atomic number
elements, such as carbon, attenuate predominately by
scattering even at relatively low energies. Composite
materials are therefore good subjects for backscatter
imaging.

The backscatter signal will be dependent upon the
atomic number, density and thickness of the material under
test and the incident energy spectrum of the photons.
Calculations have been run using the FSCATT [26] slab
geometry radiation transport code. Figure 2 shows the total
backscatter as a function of thickness of acrylic and
aluminum for two incident spectra. The spectra are
bremsstrahlung at 55 kVp and 110 kVp. The results indicate
that at 110kVp, an infinite thick acrylic layer would
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Fig. 1. Fraction of Compton scatter in the total x- ray

attenuation as a function of energy for selected
elements.

backscatter approximately 25% of the incident energy and an
aluminum layer about 7%. From the figure, the depths where
75% of the maximum backscatter is reached is 5 cm in acrylic
and 1 cm in aluminum.

Figure 3 shows the effect of changing the atomic number
of the scatterer. The relative scatter is calculated to
be high at low atomic number, decreases, and then increases
again before decreasing at high atomic number. The curve
shapes are a function of the kVp used in the calculations.
(Note, a limited number of elements are available in
FSCATT). The increase in scatter at intermediate atomic
numbers is due to fluorescence yields. These results
indicate that x-ray fluorescence can be a large contributor
to the scatter depending upon the incident energy spectra.
This leads to the possibility of atomic number
discrimination with x-ray backscatter imaging.
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Fig. 2. Calculated backscatter as a function of acrylic and
aluminum thickness as 55 kVp and 110 kVp.
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Fig. 3. Backscatter intensity as a function of atomic number

from FSCATT code calculations.

Conventional radiography images the transmitted photon
beam, with the transmitted signal given by

I = Ige™Hx (1)

where I is the transmitted intensity, Ig is the incident

intensity, y is the linear attenuation coefficient and x is
the material thickness. The contrast sensitivity to a
change in material, dx, is then

%—:-udx (2)
which shows that the change in signal is a function of the
attenuation coefficient and thickness change.

In backscatter imaging, the scatter signal(Ip) from a
volume element is given by

I, = Ige HX pweH2X (3)

where Ig is the initial intensity e H¥ is the attenuation
of entering the material e HM2X is the attenuation of the
scattered beam leaving the material and uw is the
probability of scatter at location x by a material with
scattering coefficient p and thickness w. If the material
is changed then the contrast is

Th-To  pp
I, "

where [L'is the scattering coefficient for the new material
at location x. The contrast in this backscatter case is due
only to the change in coefficients. [18, 25]. This is an
advantage in the inspection of thin materials. Backscatter
imaging is usually superior to through transmission imaging
for thicknesses that are radiologically thin, where the
product of the linear attenuation coefficient and material
thickness is less than one [18].

(4)
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Backscatter image of water injected in a graphite
honeycomb panel. (B&W print is obtained from a
color original).

Composite honeycomb part, 12 cm x 12 cm x 1 cm thick
with large front surface skin cut out and small back
surface skin cut out, and graphite step block
(approx. 4 mm steps with 3 mm holes). (B&W print is
produced from a color original).



EXPERIMENTS

Backscatter images have been obtained by using flying spot
imaging approaches. A collimated beam of radiation is made
to move over a part by means of mechanical apertures and
part positioning. Detectors placed on the source side of
the object detect the backscatter radiation.

Figure 4 shows the image of water in honeycomb. The
scanning technique used for this image acquisition was the
American Science and Engineering flying spot device [28,
29]. Figure 5 shows the backscatter image of a graphite
step block (steps of approximately 4 mm with 3 mm holes) and
a composite honeycomb part with removal of small patches of
front and back skins. This image was obtained with a
prototype Boeing experimental device. The part was moved in
a rastor scan motion relative to a pencil beam of radiation.
A large (76cm O.D., 38cm I.D.) annular ring detector was
used to detect the radiation.

The Boeing system is being modified to incorporate a
spiral scanning aperture located in the center of the large
annular ring detector. With this approach, images may be
obtained without requiring motion of the object or scanner.
Figure 6 shows how this system is conceived for field

implementation.

Fig. 6. Spiral scanning backscatter imaging device for field
inspection.
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