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Abstract

The detection of breast cancer in its early stage is a developing research field that can
rescue the women affected by cancerous tissues. A modest and skilful approach in
microwave imaging (MWI) for data inversion is proposed. MWI in medicinal applications
has been famous in last two decades and presently it is using for the detection of breast
cancer. Medical imaging by microwave technology has been potential to investigate the
electrical distribution, dielectric properties, and as well conductivity for malignant tumor
inside the breast. In this study subscription, the writers have reviewed the research
importance for inverse scattering method in the microwave tomographic imaging as well
as discussed Born type approximation for malignant tumor detection. Distorted Born
iterative method (DBIM) will also be discussed. This paper presents the approaches of
image reconstruction for breast cancer detection.

Keywords: Microwave Tomography, Breast cancer Detection, Distorted Born iterative
method (DBIM)

1. Introduction

Microwave imaging (MWI) is going to one of the main pillars in biomedical fields of
comprehensive cancer care. The advantages of MWI are non invasive, diagnosis without
any destruction of tissues, unharmed microwaves and can be overcome of the large amount
of time-consuming for the biomedical treatment. The purpose of MWI is, to collect the
information from the interrogative microwaves at specific frequencies. This method is
supposed to be an emerging method for a long time. In several fields, like biomedical
engineering, geophysical prospecting and civil and industrial engineering, MWI has been
proven to provide the information for diagnose the problem. It is important that to motivate
for the improvement in microwave technology for the detection of breast tumors [1].

In order to treat the malignant tumor is needed to be detecting in its early stage [24]. The
restrictions of traditional magnetic resonance imaging (MRI) and X-ray mammography are
well-known and in reaction to these restrictions, a lot of perfect modes for the detection of
malignant tumor are under development [24, 25]. However, presently X-ray’s technique is
very famous and considering as a gold standard technique for this purpose. On the other
side, MRI and ultrasound techniques are very expensive and less effective in case of mass
screening. For the further details of X-ray mammography readers refer to [2]. However, X-
rays mammography and other techniques are not able to detect the tumor in its early stage.
It is noticed that ionized radiations are accumulated due to several scans in X-ray’s
technique.

MWI methods in case of early breast cancer detection give charming and alternative
technigues over conventional x-ray mammography. The motivation to this method is due
to the investigation of conductivity and dielectric properties between healthy and cancerous
tissues at different frequencies (healthy is 2:1 and malignant tumor is 10:1) [3]. The best
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way of this method is very comfortable and painless as compared to other methods like x-
ray etc. and there is non ionizing radiation in microwave imaging methods. For detailed
information see [4].

Although super-resolution has been observed and attributed to evanescent waves in
near-field measurements or in multiple-scattering environments [5, 6], microwave
detection of early-stage malignancies is nevertheless challenged by the moderate
endogenous dielectric contrast, the small scattering area of these malignancies, and the
heterogeneous scattering environment of healthy glandular tissue in which tumors often
form.

The three-dimensional (3D) imaging results presented in [7, 8] were obtained with a
frequency-domain inverse scattering algorithm formulated using the distorted Born
iterative method (DBIM) [26]. The imaging method was evaluated in [8], in application to
realistic numerical breast phantoms of healthy tissues over a range of fibroglandular
density classifications. The method was shown to produce representative reconstructions of
the actual profile of complex permittivity, suggesting that it may be suitable for normal
tissue density assessment. However, the low resolution of the images suggests that early-
stage malignancies may not be identifiable by direct inspection of the images. Another
class of numerical technique is then considered, which is stated in radar terminology as
inverse scattering methods. The object profile is reconstructed by solving the inverse
scattering problem using iterative methods. In addition to obtaining the shape as the object,
a quantitative sketch of the dielectric constant profile is also obtainable, which is extremely
valuable for diagnostic information.

This paper is drafted in a following sequential manner. Section Il presents the review on
inverse scattering in microwave imaging for breast cancer detection. Section Ill and IV
present concept and implementation of Born iterative method of inverse scattering and
non-linear inverse scattering method are presented in section V, and paper concludes with
some recommendations and references.

2. Review on Inverse Scattering in Microwave Imaging for Breast
Cancer

Scattering in microwave imaging are discussed throughout this section.

A 2.45 GHz microwave camera was developed by Franchois [9] where they used
method of moments combined with the distorted Born iterative methods for image
reconstruction. In microwave imaging, the algorithm developed by Sourov [10], the direct
solution for the scattering problem was obtained by fast forward iterative method and
inverse solution by Newton iterative method. Chew [9] developed a time-domain approach
that incorporated the FDTD method in distorted Born iterative method to the reconstruct
images. An iterative algorithm to solve the non-linear inverse scattering problem for two-
dimensional microwave tomographic imaging using time domain scattering data was
developed by Moghaddam [10]. The method was based on performing born iterations on
volume integral equation and then successively calculating higher-order approximations to
the unknown object profile. Wide band time -domain scattered field measurements made it
possible to use sparse data sets, and thus reduced experimental complexity and
computation time. Tijhuis [29] conducted 2-D inverse profiling with the Ipswich data
provided by the Institute of Fresnel, France. The distorted born iterative approach was
applied to the image reconstruction. They observed that the dynamic range was large and
resolution was limited for low frequency, whereas at high frequencies, the resolution was
increased as the cost of dynamic range. They also developed a technique for solving 2-D
inverse scattering problem in the microwave tomographic imaging by parameterize the
scattering configuration and determining the optimum value for the parameters by
minimizing a cost function involving the known scattered fields [11]. The efficiency of the
computation was improved by using CGFFT iterative scheme.
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Born iterative method was suggested for solving the inverse scattering problem in the
microwave tomographic imaging by Wang [27]. The Green’s function was kept unchanged
in the iterative procedures. As the method failed for imaging strong scatterers, they
proposed an alternative method named distorted Born iterative method [12] wherein the
Green’s function, and the background mediums were updated in every iteration. The new
method showed faster convergence rate. Liu [10] developed fast forward and inverse
methods to simulate 2-D microwave imaging for breast cancer detection. The forward
methods were based on extended Born approximation, fast Fourier transforms, conjugate
gradient and bi-conjugate gradient methods. The inverse methods were based on a two-step
non-linear inversion. Numerical results demonstrated the skill of the algorithm. The work
was extended [14] to 3-D imaging of the breast using stabilized biconjugate gradient
technique (BICGSTAB) and FFT algorithm, to compute electromagnetic fields. The
computational domain of the electric field integral equation was discretized by simple basis
functions through the weak form discretization.

Multiple frequency information was utilized for performing microwave image
reconstruction of tissue property, dispersion characteristics by Fang [15]. They adopted
Gauss-Newton iterative strategy, which facilitated the simultaneous use of multiple
frequency measurement data in a single image reconstruction. Caorsi [16] proposed a
multi-illumination multi view approximation for 2-D microwave imaging based on Genetic
algorithm. The inverse problem was recast as an optimization problem, solved in the frame
work of Born approximation.

Multiplicative regularization scheme was introduced to deal about the problem of
detection and imaging of homogeneous dielectric objects by Abubakar [17]. Contrast
source inversion method was introduced for reconstructing the complex index of refraction
of a bounded object immersed in a known background medium by Van den Berg [18]. The
method accommodated spatial variation of the incident fields and permitted a-priori
information about the scatterer. Newton- Kantorovich iterative reconstruction algorithm
was developed for microwave tomography by Joachimowicz [19]. The results of biological
imaging provided a quantitative estimation of the effect of experimental factors such as
temperature as the immersion medium, frequency and signal to noise ratio.

Multi frequency scattering data was utilized for Image reconstruction in 2-D microwave
imaging by Belkebir[20]. Newton-Kantorovich (NK) and Modified Gradient (MG)
methods were used for image reconstruction. Both methods used a-priori information, and
the same initial guess that the characteristic function was non-negative. Semenov [28, 21]
developed a 2-D quasi real time tomographic system for microwave imaging. The Rytov
approximations were modified to take into account of the radiation method as well as the
locations of the antenna for 2-D microwave tomography. Images of water immersed gel
phantom were developed. Better results were reported with objects of high contrast. The
same group also [22] developed vector Born reconstruction method for improving 3-D
microwave tomographic images. The method utilized only one component to the vector
electromagnetic filed for image reconstruction. They also studied Newton's method for
reconstructing 2-D images of breast phantoms and Modified Gradient method for
reconstructing 3-D images [23].

3. Inverse Scattering in Microwave Imaging

In inverse scattering, scattered data from the target collected from measurement domain
and then with the help of this data construct the desired image. Additionally, for acquiring
the size and shape of the tumor, a detailed description of the dielectric properties and
conductivity can be achieved by inverse scattering method. Furthermore, it (inverse
scattering) depends on the number of scattering take place inside the target. The non
linearity occurs due to these numbers of scattering into the scattered field which is related
to the object function, and this object function gives information about the dielectric
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properties and conductivity distributions of the malignant tumor. However, numerically we
can solve these equations by using different methods such as Born iterative method, Rytov
approximation, etc. The configuration inverse scattering method is given in Figure 1.

As it is well known, the relation between target and scattered field is non linear. So, the
non linearity occurs due to number of scattering after striking the target is shown in Figure
2.

When only scatterer ‘1’ is present, the scattered field is E1s and when only scatterer ‘2’
is present the scattered field is E2s. However when both the scatterers are simultaneously
present, the scattered field is E1s+ E2s + Ems where Ems is a result of multiple scattering
between the scatterers.

E:J'n Es d'E:ls +E_21 +E:m

Figure 1. The Configuration Inverse Figure 2. Scattering Pattern
Scattering Method

3.1. Non-linear Inverse Scattering Method

Non-linear inverse scattering theories deal with problems involving multiple scattering
effects.

The scattering by an inhomogeneous body is represented by the equation is given by,
[25]

Beat M) = 0% [ g(Fm)0eEGAS (1)

As we know that Et(r_) = Escat(r_) + Einc(r_) 2

T stands for a point in the measurement domain and T for the object domain. In general
it is impossible to solve the non linear equation; hence some approximations need to be
made. The Born Approximation is the simpler approach to linearize this inverse scattering
equation.

Eqn. 1 shows that total field E (7) is expressed as the sum of the incident field Einc ()
and a small perturbation Escat (7). In a similar way we can write as,

Bea @) = B+ 02 [ gG7M8GHES @)

If the scattered field Escat (7) is small compared to the incident field Einc(r),the effects
of the second integral can be ignored to arrive at the approximation,

Bacarn (D) = 021 [ gy 7)86(7 ) Einep (7S (3)
Vv
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This constitutes the first order Born Approximation. This approximation is valid only if
the magnitude of the scattered field is smaller than the incident field. Hence the incident
field can be considered to that generated by a uniform line source, which is given by the
Hankel function as,

Einc (77 /") = L HY (ko (77./7)) (@)

For eqn. 3, it is assumed that the medium is homogeneous and hence Green’s function is
known in the closed form. The field inside the scatterer is found numerically for an initial
guess of the permittivity profile. Then an improved profile is obtained by comparing the
differences between the estimated and the measured scattered field. This process is
repeated until a convergent solution is reached. This iteration procedure is called as the
Born iterative method. While the Born iterative method is simple to implement, it does not
offer second order convergence and hence not suitable to solve non linear inverse
scattering problem.

Hence Distorted Born Iterative Method is developed for the image reconstruction of
breast tissues. The method is described in detail in the following section. Here we only
discuss distorted Born iterative method (DBIM).

3.2. Distorted Born Iterative Method (DBIM)

The very important quantitative approach is the distorted Born iterative method (DBIM)
in reconstruction of image. In this method, the back ground medium is considered
inhomogeneous and is updated with each iteration. Hence the equation for Green’s
function and the equation for incident field are updated with each iteration. The wave
equation for the inhomogeneous medium can be written as,

(V2 +kpE@[@) =0 (5)

Where the wave number kb represents the spatial frequency of the plane wave in the
medium and is a function of the wavelength A or kb=2IT/A=0Vpeb. A solution to this
equation is given by a plane wave as,

E(F)=ejkbT (6)

Which is on simplification using eqn. 1 and using the Green’s function becomes,

E(F) = Emcp (M + 0% [ gy 7)8FEFEDAS  (7)

where T stands for a point in the measurement domain and T for the object domain. @ ()
is the total field at T, Qinc,b () is the incident field measured at T in the presence of the
background inhomogeneity, ® represents the angular frequency and p the permeability. As
biological materials are non» magnetic, the relative permeability is unity and hence u = po
the permeability of free space.

The d¢ (1) is defined as

8e (") &(T)- &, (T") (8)

where g(r’) is the complex relative permittivity of the object and e(r”) is the complex
relative permittivity of the background medium. gb(r;r’) is the Green’s function and G(1’)
is the total field inside the scatterer. The integral term in Eqgn. 7 is the scattered field due to
the dielectric contrast of the scatterer. Hence,
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Disac,o(T)= D(1)- Binep(T) 9

Therefore
Eqcars() = 0?1 [ gy(F,7)8e(F)E)dS  (10)

This scattered field is a non-linear functional of de(i") because @(i") in the integral is
also a function ofée(r’). In the inverse scattering problem, de(i") need to be solved from
the measurement of the scattered field outside the scatterer. To linearize the non-linear
relation between the scattered field and the object function, it is assumed that &(r) is close
to eb(r) . Hence Qsac,b(r)<< Qinc,b(r). Therefore @ (r’) in Eqn. 10 is approximated with
@inc,b(r’) , which is the incident field inside the scatterer. This approximation is called as
distorted Born approximation. The scattered field is written as

Escars @) = 02t [ gy 7)88(F ) Eing, (F)dS (1)
\

Substituting Egn. 7 in Eqgn. 11,

Escat,b (I‘_) = (*)Z.u J Ib (f' 77,) (Sr (f,) —&rp (F,)Einc,b (F,)dS (12)

Where k2 = w?pe,. The singularity that exists in the Green’s function when
observation point is in the object domain, is taken care by using Richmond approximation
where the square cells in the computation domain are approximated with circular cells of

same cross sectional area. Hence k2 = '[ dSg,(7,7) in Eqgn. 12 is modified as,
\

jtk = = = =/
S 1 an )i (kpan) HG (kp (F— F)) forF = (13)

- s
Eneaan HY (kpan) =2 forf =T (14)

Where N stands for the total number of cells in the computation domain and a,the
radius of the circular cell. Hf,l) represents zero order of Hankel function of first kind,
Hf) represents first order Hankel function of first kind and kb represents the wave number
W = ,/UEpO.

In 2-D, the incident field inside the scatterer is written using egn. 5.19 as,

Eine,s F)=2 HS ke (F = ') (15)

where rr represents the transmitter location. Egns. 13 - 15 are substituted in the
linearized eqn. 12 and is solved numerically to obtain the value of 6e(r”) . This method to
obtain 3e(r’) from @sac,b(r) is termed as the inverse scattering solution . eb (1”) can be
calculated from de(r’) using Eqn. 8. This value of (1) is then used as the new . b (r’) and
using this, the incident field and Green’s function inside the object are updated. The total
field inside the scatterer is then updated using the equation,

E(") = Emep(™) + @?n | gy(F7)8e(FHEG)AS (16)
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Computing @ (r°) using Eqn. 16 is termed as the forward scattering solution. This value
of @ () is then substituted as @Qinc,b(r’)in the Eqn. 11.

The entire procedure is repeated by first obtaining the inverse scattering solution and
then the forward scattering solution. This iterative procedure where the dielectric
properties of the background medium are also updated with each iteration is called as the
distorted Born iterative method.
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4. Discussion

In contrast, in an inverse scattering problem, the goal is to determine the physical
quantities of the media (e, o) from the knowledge of the electric field (E) at a set of

receiver points and knowledge of the source(]).

Finally, microwave tomographic imaging is showing a significant promise as a new
method for the early detection of breast cancer. It contains the measurements of the
scattered microwave signals through the contrast media and simulates these signals
numerically using a breast model. The corresponding inverse problem includes in
minimizing the mismatch between the signal of the scattered waves and the one simulated
with the numerical model, undertaking at the same time the corresponding corrections of
the initial modeling inverse scattering we measure incident electric field and scattered
electric field. Review shows that extensive research goes on in the field of microwave
tomographic imaging to solve the inverse scattering problem, to realize a viable system for
medical imaging. Most of the works reported were simulations, and a few were tested
tentatively on phantoms. Reconstruction of 2-D tomographic images from experimentally
collected scattered fields on breast tissues (normal tissue with cancerous inclusion) in the
presence of a matching coupling medium is not tried somewhere else.

The present chapter analyses distorted Born iterative method to solve the inverse
scattering problem using experimentally collected scattered data on breast tissues and on
breast phantoms. This method is adopted as it is simple, easy to implement and could
develop images with reasonable accuracy, even for strong scatterers.

5. Conclusion

In this paper author present a suitable, inexpensive and exact method for the detection of
malignant tumor inside the breast by MWI. This article showed the research status and
result of bowtie antenna at 3 GHz frequency which will use in our future work. This
antenna can be use in microwave tomography technique because it’s working and
efficiency in this field is perfect. Finally, it is important to remember that in addition to
microwave imaging, several other alternative breast cancer detection modalities are
actively being pursued, including optical imaging methods. However for future work, with
the help of this antenna need to construct a bra-shaped device for this purpose.
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