












DIFFRACTION TOMOGRAPHY 

We shall present two alternative schemes for generating a reconstruction of the object profile 
from cylindrical beam scattering data. The first is a two-step method in which the scattering 
amplitude is first computed from cylindrical beam scattering data. The object profile is then 
reconstructed in a second step using the plane wave filtered backpropagal.ion algorithm 141. The 
second method combines the two steps into a single mathematical operation. What results is then a 
filtered plane 





DIFFRACTION TOMOGRAPHY 

Table I. Scattering amplitude in different cases 
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the result is employed in Eqs. (22)-(24) to compute f(2.s). By combining these equations, the two 
steps can be combined into a single integral transform relating the cylindrical wave scattering data 
directly to the plane wave scattering amplitude. Table I lists these transforms for cases where Z and 
Z0 are straight lines or circles and for cases where the curvature of both boundaries is small. 

The transformations listed in table I allow the plane wave scattering amplitude to be synthesized 
from cylindrical wave scattered field data. Once f(s.sJ is computed the plane wave filtered 
backpropagation algorithm as embodied in Eqs. (9) or (11) can be employed to obtain a 
reconstruction of the object profile. An alternative, one step reconstruction algorithm, is readily 
derived by substituting the transformations listed in table I into Eq. (9) and reorganizing the result. 
We present in table II the resulting reconstruction algorithms corresponding to the three cases - 
lines, circles and weakly curving boundaries - covered in table I. 

Table II. Reconstruction formulae in different 
08.988 of source-receiver geometry 
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DEVANEY AND BEYLKIN 

The reconstruction algorithms presented in table II are “fan beam” algorithms in the sense that 
they operate directly on the measured cylindrical wave scattered field data. Like the plane wave 
filtered backpropagation algorithm presented in Section 2. they can be decomposed into two 
sequential operations: 

I. Generating a partial reconstruction using data collected in a single scattering experiment 

2. Summing the partial reconstructions obtained in step 1 from different experiments to obtain 
the final reconstruction. 

In table II the inner integral represents step 1 while the sum over partial reconstructions is 
performed by the outer integral. In the plane wave case, the sum over experiments consisted of 
summing over different insonifying angles x0. Clearly, for fan beam insonification (cylindrical wave 
insonification) the sum over experiments corresponds to an integral over source points I&. 

We conclude by remarking that the fan beam reconstruction algorithm for circular boundaries 
given in table II is the generalization, to diffraction tomography, of the x-ray fan beam algorithm 
presented, for example, in 1171. The parallel beam filtered backpropagation algorithm of diffraction 
tomography is known to reduce, in the limit where the wavelength goes to zero, to the filtered 
backprojection algorithm of x-ray tomography 141. It should then be expected that the circular 
boundary fan beam algorithm in table II should, likewise, reduce in this limit to the corresponding 
X-ray algorithm. We have not yet been able to establish this reduction and consider this an 
interesting and important future research goal for fan beam diffraction tomography. 

5. CONCLUDING REMARKS 

We have, in this paper, shown how the theory and algorithms of parallel beam diffraction 
tomography within the Born approximation can be extended to cases where the scattered field is 
measured over arbitrarily shaped boundaries surrounding the object. In addition, we presented two 
reconstruction procedures for fan beam diffraction tomography. The first of these is a two-step 
inversion algorithm where plane wave scattering data is synthesized from cylindrical wave scattering 
data in the first step and the object profile is reconstructed in the second step using the parallel 
beam (plane wave) filtered backpropagation algorithm on the synthesized plane wave data. The 
second algorithm combines these two steps into a single “fan beam filtered backpropagation 
algorithm.” In this method the reconstruction of the object profile is obtained by summing 
reconstructions corresponding to a single fixed location of the source. over the source point 
locations. 

The results presented in the paper apply only to two-dimensional objects; i.e., objects whose 
properties are constant in one direction. They are readily extended, however, to the three- 
dimensional case. This extension can be performed in two ways. The first of these simply requires 
that the measurement boundary Z be replaced by a surface Z formed by sweeping the I boundary 
along the perpendicular to the plane in which Z lies. Thus, for example, for the case of a circular 
boundary i is a circular cylinder while for a line boundary 2 becomes a plane surface. The 
treatment presented in the paper then applies for three-dimensional objects enclosed by 2 if the 
two-dimensional scattered field measurements performed over Z are projected onto the boundary 








