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1. Introduction 
Diffraction tomographic method for the imaging of dielectric bodies is 

very popular due to its simplicity and speed [l-31. However, such a theory 
makes the assumption that the scattered field is linearly related to the dielec- 
tric profile of the object. Hence, it does not account for multiple scattering 
effects within the dielectric body. Multiple scattering effects can give rise to 
distortions in the linear inverse imaging method. In some extreme cases of 
strong metallic scatterers, it can give rise to ghost images. 

In order to account for the multiple scattering effects, a nonlinear theory 
has to be developed where the scattered field is nodinearly related to the 
object function to be reconstructed [4,5]. In such a theory, a cost function is 
derived which is a measure of the difference between the experimentally mea- 
sured field and the calculated scattered field by a predicted object. An ideal 
object is sought by minimizing this cost function. In r,he gradient search ap- 
proach, the cost function can be minimized by Newton-type methods where 
the gradient of the cost function can be found. It turns out that such a gra- 
dient can be easily offered by the distorted Born approximation [5]. In order 
to execute the distorted Born approximation, the forward scattering prob- 
lem needs to be solved. Hence, the solving of the forward problem becomes 
usually the bottleneck in nonlinear inverse scattering problems. 

In the past, we have investigated expediting the solution to the forward 
problem by using fast algorithms. As a result, a number of fast forward 
scattering algorithms have been developed to achieve this purpose [6,7,8]. 

2. Born and Distorted Born Iterative Methods 
The Born-iterative method (BIM) and distorted Born-iterative method 
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(DBIM) have been proposed and verified as methods oi solving the nonlinear 
inverse scattering problem for dielectric scatterers [4,5J. A basic scalar wave 
equation that appears in 2-D electromagnetic scattering from a line source 
and also acoustic scattering is 

where S(r) is a radiating source and +(r) represents tDe total field. A non- 
linear integral equation for the total field may be derived as [2] 

where drnc(r) is the incident field, O(r) = k’(r) - ki(r) is the object function 
to be reconstructed and gb(r,r‘) is the background Green’s function. The 
background Green’s function is a solution to 

for an arbitrary assumed profile kb(r). 
In the Born iterative mkthod [4], kb is assumed t*> be that of a homo- 

geneous medium so that it is independent of r whence gb(r,r‘) is known in 
closed form. The internal field d(r‘) inside the integral of Eq. (2) is initially 
set to the incident field $,nc(r) and the object O(r) solved numerically as a 
linear inverse problem. This value of O( r) is not exact because of the errors 
in the estimate of Q(r). However, O(r) can be used to provide a new estimate 
the internal field 4(r‘) in the integral of Eq. (2) and the process is repeated 
iteratively until a convergent solution is obtained. 

In the distorted Born iterative method [5], the bachground medium kb(r) 
is not constrained to be homogeneous and is updated itt each iteration. The 
added difficulty now is that gb(r, r‘) is no longer available in closed form and 
must be sought via a numerical method. However, DBIM can be shown to 
have second-order convergence as opposed to BIM’s first-order convergence 
and hence is usually better for objects with large contrast. On the other 
hand, BIM seems to be more robust than DBIM when noise contamination 
is present [5]. Nevertheless, a convergent solution can be achieved. 

Both BIM and DBIM have been implemented for both CW and transient 
excitation [5]. For the CW case, the recursive-aggregaf,e-T-matrix-algorithm 
(RATMA) is used for the fast forward scattering solver [6] as well as a CG- 
FFT method [9]. We have found that the inversion procedure driven by 
RATMA as a forward solver is more efficient than one driven by CG-FFT as 
a forward solver. This is because CG-FFT takes more iterations to converge, 
especially in the case of lossless media and large objecss. 
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3. Processing of Experimental Data and Conclusion 
The CW implementation of the DBIM was recently used to process mi- 

crowave scattering data collected in Barcelona, Spain [ lo]. Previously, diffrac- 
tion tomography was used to process the data resulting in an image with a 
small dynamic range due to the high contrasts present in the human body. 
Using the DBIM, the processed image was significantly improved and the 
result is shown in Figure 1. The images are plotted with the same gray lev- 
els. The first iteration is equivalent to a linear inverse theory like diffraction 
tomography. It is seen that upon iterating with DBIM, the contrast of the 
image is drastically enhanced. The image is discretized with a 64 x 64 pixels 
and the processing is about one-half hour on a SPARC workstation. 

In conclusion, the nonlinear inversion becomes more practical as compu- 
tational power increases. The use of fast algorithm< in the forward solver 
can greatly expedite the solution speed of such algorithms. Such algorithm 
can be used to process real experimental data, and can yield an image with 
higher contrasts compared to a linear inverse theory. 
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Iteration 4 

(b) Iteration 10 Imaginary part 

Figure 1. (a) Reconstructed microwave image of a human arm at 
2.5 GHz, with 64 transmitters and 33 receivers usiiig (i) the fast 
recursive algorithm (RATMA). and (ii) the CG-FFT ;tlgorithm. The 
arm is immersed in water. Its shape and bones are clearly visible. 
( b )  Reconstruction of the microwave image at different iterations of 
the distorted Born iterative method. The first iteraticin corresponds 
to a linear theory, and hence, resembles the solution from diffraction 
tomography. The imaginary part of the reconstructilm is shown as 
well. 
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