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A Modified Exact Reconstruction Algorithm
to Determine the Complex Permittivity

Perturbations of a Cancer-Affected Biological
Target Using the Microwave Tomography

Technique

Deborsi Basu† and Kabita Purkait, Non-members

ABSTRACT

As an emerging technology, the microwave to-
mography technique (MTT) is demonstrating its
effectiveness in detecting cancer at an early stage.
Due to the random, non-deterministic characteristics
of cancer cells, more advancements are required in
MTT to accurately detect the presence and location
of the affected region. In this paper, we consider this
fundamental issue and propose a modified exact re-
construction algorithm (mERA) capable of providing
a detailed analysis of all kinds of complex dielectric
perturbations in any cancer-affected biological tar-
get. In MTT, the detection of a cancerous tumor
inside any organ of the human body is performed
using different image reconstruction algorithms. In
contrast, the proposed algorithm in this study uses a
selective data segregation mechanism to generate the
perturbed complex cell permittivity of the affected
organ tissues. The efficiency of our approach in
detecting all types of dielectric variations such as
large (20%), small (5%), positive or negative has also
been verified, even in a mixed scenario where affected
cells possess all types of perturbations simultaneously.
As a cancerous cell shows peculiar behavior inside
the human body and its nature varies from person
to person and even in between the different stages
(1, 2, 3, and 4) of cancer, the algorithm is designed
in such a way that it can detect the presence of a
tumor taking all these possibilities into account. The
results validate the high accuracy and effectiveness of
the proposed mERA in the field of cancer diagnosis.
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1. INTRODUCTION

Microwave tomography is currently showing some
remarkable results in different areas of biomedicine
[1, 2], specifically the detection of cancerous tumors
inside the human body. The MTT can detect the
presence of tumors based on certain cell properties
and is considered to be one of the best among
the existing techniques such as X-ray computed
tomography, MR imaging (MRI), positron emission,
ultrasound, C-ray imaging, etc. [3, 4].

The devastation caused by cancer is increasing
every year across the globe. Global fatalities
due to cancer reached almost 10 million in 2020
[5]. In the next five years, the global parameter
of cancer-affected people is expected to pass the
50-million mark by the end of 2021. This increasing
rate of casualties is driving researchers to think deeply
to develop effective methods for early diagnosis. The
cancer mortality rate can be curbed if the cases can
be detected and treated at the early phase [6]. MTT
is a helpful diagnostic tool to detect cancer at an
early stage when used with a proper reconstruction
algorithm and the appropriate methodology. To date,
different image reconstruction algorithms have been
used in MTT such as the 3-D image reconstruction
algorithm based on the forward difference time do-
main (FDTD) algorithm [7, 8], the 2D point-spread-
function-based iterative reconstruction algorithm [9],
an inverse iterative algorithm for microwave imaging
based on the method of moments [10], etc. All
these techniques have their own accuracy and error
minimization criteria. The proper algorithm is
selected based on the specific situation. Apart from
cancer cell detection, reconstruction algorithms are
also applied in brain stroke detection along with some
changes to the fundamental frequency of operation
and antenna radiation pattern [11, 12]. Among the
various biomedical applications, creating a suitable
algorithm that is effective in all possible cases remains
a challenging issue and researchers are rigorously
working to find a solution, especially in the case
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of cancerous cell detection. It is important that
a suitable algorithm is created with the ability to
detect cancer from the initial to the critical stage.
Considering the increasing demand for the MTT in
cancerous cell detection, this work also attempts to
develop a new algorithmic approach to aid future
cancer diagnosis.

In this work, a new approach is proposed to
improve the existing reconstruction algorithms. The
advanced simultaneous iterative reconstruction algo-
rithm (SIRT) is primarily based on the method of
moments [13, 14]. The technique is used mainly to
detect dielectric perturbations in the affected bone
regions. A modified version of the algorithm is
developed in [15, 16] and termed as an improved exact
reconstruction algorithm (iERA). This improved
version of the algorithm has now been further im-
provised and used here with newly defined concepts.
The latest form of the algorithm is known as the
modified exact reconstruction algorithm (mERA). All
possible perturbations of the complex dielectrics of
a cancer-affected cell have been studied using this
algorithm. The output results of the reconstructed
dielectric constant values reveal that this algorithm
can identify all types of variations with minimum
errors and produce optimum outcomes.

The remaining portions of the paper are organized
as follows. Section 2 details the complex dielectric
properties of human tissues. Section 3 describes the
experimental model and setup formation. Section 4
elaborates on the mERA derivation. Section 5
explains the processing of the model inside the
experimental setup. Section 6 presents an analysis
of the detailed output results in a tabular fashion to
provide all the possible outcomes of a cancer-affected
cell. Section 7 evaluates the output results. Finally,
Sections 8 and 9 summarize this work and offer
suggestions for its potential future extension.

2. LITERATURE REVIEW
Larson and Jacobi were the first to use MTT in

biomedical applications during the late 1970s [17, 18],
whereby a water-immersed antenna was formed to
scan biological targets. The impedance matching of
the water medium and human body in this technique
helped to penetrate the biological target using a
microwave to create images of the internal structures.
Through these results, a new path was carved
in microwave imaging for biomedical applications
[19]. Since the dielectric properties of biological
tissues depend on temperature, they are suitable
for hyperthermia treatment [20]. Semenov et al.
[21] attempt to identify other methods of treatment.
For example, in the field of breast cancer detection,
Meaney et al. [22, 23] were the first to employ
MTT. Recently, many other groups have also been
working in this area of application [24]. The two most
common approaches to microwave imaging today are

tomographic and radar. The tomographic approach
involves the generation of cross-sectional slices of
dielectric properties, while the radar technique is used
to find strong scatterers inside an object.

The non-linear deterministic approach was first
introduced by Joachimowicz and Chew at the begin-
ning of the 1990s [25]. Caorosi also made an early
contribution to this domain [26]. The method is
based on the iterative optimization of an objective
function using a Newton-based or conjugate gradient-
based scheme. The non-linear inverse problem in
microwave imaging has attracted the interest of many
groups [27, 28]. Since the algorithm is computational
heavy, two-dimensional (2D) imaging has mainly
been used, although some efforts have been made
to initiate the three-dimensional (3D) case. Infinity
approximation of the coupling medium is also used
for computational saving, whereby the interaction
between the antennas, surrounding cover, and object
is ignored. This approximation is very useful as
long as the background medium is lossy, like water.
However, antenna interaction has been implemented
in some cases.

Alternative optimizing schemes have recently been
reported, such as the multiplicative regularization
contrast source inversion by Hopfer et al. [29], global
optimization using neural networks, genetic algo-
rithms, and non-destructive evaluation by Goetzke-
Pala et al. [30]. These methods avoid local minima,
albeit at the cost of a slower convergence and higher
computational load. Until now single frequency
solutions have been widely used, but different
groups are working on multi-frequency solutions.
Low frequencies are known to reduce the effect of
phase non-linearities and stabilize the algorithm,
while higher frequencies increase the resolution, and
the idea is that a combination will improve the
reconstruction. However, the frequency dependence
of biological tissues is one of the difficulties in this
approach and potential future research efforts could
focus on this area.

The application of MTT in biomedical image
processing using the iterative moment method was
performed by Richmond et al. [13]. Since
then, the same process has been used by many
researchers with different antenna orientations and
medium constraints [31]. The results are satisfactory,
motivating us to apply this fundamental approach
with a modified algorithm to validate all the cases of
cancer-affected tissues inside the human body. Few
test cases have previously been conducted [32] and in
this study we have tried to consider all the possible
cases of dielectric perturbation in cancer-affected cells
inside the human body. The random deviations
and abnormal dielectric fluctuations are difficult
to monitor in cancerous cells and also vary from
person to person. This algorithm mitigates such
difficulties and produces a generalized solution based
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on all cases. The results are also satisfactory while
error levels support the application of this algorithm
in biomedical diagnostics. The following sections
elaborate on the specific aspects in detail.

3. COMPLEX DIELECTRIC PROPERTIES
OF HUMAN BODY TISSUES
Scientists and researchers have found it necessary

to analyze the behavior of complex dielectric per-
mittivity in the water content inside human body
tissues and cells. Based on the variations of the
mobile ions inside the water content, the interactive
nature between the electromagnetic waves and cell
changes altering the field inside it [33, 34]. The
materialistic dielectric properties are obtained from
their respective complex relative permittivity as
expressed in the following equation:

ε∗ = ε′ − jε′′ (1)

where ε′ is the relative permittivity of the material
and ε′′ is the out-of-phase loss factor associated with
it, such that the following equation holds true.

ε′′ = σ

ε0ω
(2)

where σ is the total conductivity of the material.
Depending on the nature of the test sample, that may
include a contribution from frequency-independent
ionic conductivity, ε0 is the permittivity of free space
and ω the angular frequency of the field [35].

The complex dielectric constant value of a nor-
mal cell generally follows limited fluctuation with
respect to its standard value. On the other hand,
cancer-affected cells show significant perturbations in
their dielectric values. This phenomenon is known as
the capacitance relaxation of cancer cells inside the
human body.

3.1 Capacitance relaxation phenomenon in
cancer cells

Capacitors are composed of two metallic plates,
separated by a dielectric medium. The ability of the
system to store the charge is known as capacitance.
The fundamental dependency of the capacitance on
the medium dielectric is represented by Eq. (3).

C = εA

d
(3)

where C is the capacitance of the medium, ε
represents the absolute permittivity of the dielectric
medium, A and d are the area and thickness of the
plates and medium, respectively. From Eq. (3), it can
clearly be observed that the capacitance and medium
dielectric are related and changes in one are reflected
in the other.

Inside a cell, the membrane works as a dielectric
medium and the charged ions of various minerals

(a) (b)

Fig. 1: The approximated cross section of a human
body model, (a) normal condition and (b) affected
condition in the liver region.

Fig. 2: Placement of the experimental model inside
the setup.

work as the parallel conductive plates on its two
sides. Whenever a cell is affected by cancer, the ionic
distribution changes abruptly, and the cell membrane
spreads abnormally. This results in a changing
dielectric inside the affected region. Furthermore, the
electromagnetic fields inside the cell vary when placed
inside a proper experimental setup. The relaxation
of the cell capacitance then occurs so that it deviates
in any direction and in any quantity. This incident
is known as the capacitance relaxation phenomenon
[36, 37]. A reduction in the storage charge capacity
is caused by dielectric relaxation [38, 39] under the
dynamic random-access memory-operating system
(RAM-OS).

4. FORMATION OF THE EXPERIMEN-
TAL MODEL
The experimental model (as shown in Fig. 1) was

placed inside the matching medium (saline water in
this case). The distance between the transmitter
section to the model was fixed at 50 cm. In Fig. 2,
the black dotted lines refer to the 24 transmitter
positions. A quarter-wave dipole array antenna with
a dimension of 15× 15 cm was used as a transmitter.

The orientation and positioning of the antenna can
be adjusted depending upon the scanning require-
ments of the target model. The complex dielectric
permittivities of different cells of the target model in
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Table 1: Descriptions of different cell regions
(healthy condition).

Region Name of No. of Complex
Specification the Region Cells Present Permitivity

Fat Region 60 25− j5

Muscle Region 56 50− j23

Muscle Type Region 123 35− j15

Liver Region 60 46− j10

Stomach Region 57 60− j18

Pancreas Region 5 65− j30

Matching Medium 40 76− j40

normal conditions (healthy conditions) are mentioned
in Table 1.

The receivers are placed inside the matching
medium at the end of the model. Twenty such
positions are allocated to receive antennas. The blue
dotted regions shown in Fig. 2 depict the receiver
positions. A halfwave dipole antenna is used as a
single receiver. The electromagnetic waves come from
the transmitter section, and after passing through
the model the scattered waves are received at the
receiving end. The entire experiment is conducted
inside the matching medium to retain an operational
wavelength comparable with the cell dimensions. The
receiver section is also flexible and can be adjusted
based on the requirements. The accuracy level can
be improved by scanning multiple data for the model
from different orientations and positions. Finally, an
average dataset has been considered and used inside
the algorithm to generate the approximated output.
One important fact is that the model and receiving
section have been placed in the near field region of
the transmitting antenna.

5. MODEFIED EXACT RECONSTRUCTION
ALGORITHM

In microwave tomography, although the concept
of geometrical ray tracing fails for biomedical image
processing, it is suitable for geo-tomographic cases.
One of the primary reasons is the difference in
the objective dimension target. The frequency
range of the microwave falls under the range at
which it complements the biological cells. Moreover,
the presence of matching medium results in the
complementary matching of the wave nature with the
cell membrane. The biomedical image resolutions
are in millimeters which is only a fraction of the
fundamental wavelength propagated in the medium.
The resultant field is calculated considering the
cumulative effect of the cells along the ray paths as
well as the cells contained within the beamwidth of

the radiation pattern. The optimal effects of the
rays are considered in calculating the results. It
is assumed that the scattering energy dissipation
is controlled by the Tx-Rx sections as per the
requirement.

The resultant field induced inside an inhomoge-
neous biological medium can be calculated using the
method of moments in the solution developed by
Richmond [13]. The method considers an inhomoge-
neous dielectric cylinder placed along the z-axis of the
reference frame, illuminated by an electromagnetic
wave. As a result, only the z-component of the field
will be maintained. The transverse coordinates (i.e
ε = ε (x, y)) are used to express the permittivity
of the medium. The difference between the total
electric field (E) incident source in the presence of
the dielectric cylinder and the incident field (Ei) in
the absence of the cylinder is the effective scattered
field (Es).

Es = E − Ei. (4)

A large number of small cells over the dielectric
cylinder helps to distribute a uniform field across
the cells. The system of linear equations can be
represented in matrix form as in Eq. (5).

[C] · [E] =
[
Ei
]

(5)

where [C] is the co-efficient matrix corresponding
to the fundamental homogeneous medium considered
here. [E] is the total internal field in different cells
of the homogeneous medium and [Ei] is the incident
field matrix with different pixels in a vacuum.

Eq. (6) represents the set of linear equations in a
compact form.

N∑
n=1

CmnEn = Ei
m ∀ m = 1, 2, . . . , N (6)

where

Cmn =(εm−1)
(
j

2

)[
πkamH

(2)
1 (kam)−2j

]
if n=m,

and

Cmn =
(
jπk

an

2

)
(ε1−1)

[
J1(kan)H(2)

0 (kρmn)
]
if n 6=m.

The analogical circular section similar to the cross-
sectional area in cells n and m have a circular radius
of an and am, respectively. H

(2)
0 is the Hankel

function of type two and order zero, while J1 is a
Bessel function.

The resultant field at the center of each cell is used
to solve these N equations. The cumulative electric
filed at different receiver locations is calculated
to identify different transmitter locations in the
microwave tomography imaging process.
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After considering each cell in the cylinder, it
is assumed that the scattered field represents the
summation of the contribution from each of the N of
cells. Although the perturbation method is evaluated
using various approaches [41, 42], the received field
has been processed in order to produce tomographic
images.

The complex permittivity of the cells is perturbed
due to the presence of inhomogeneous biological cells
which are affected by cancer. The small amount of
dielectric perturbation ∆εi (i = 1, 2, . . . , n) further
changes the internal field by ∆Ei. The modified
Eq. (5) can now be written as:[

Cl
]
· [E + ∆E] =

[
Ei
]

(7)

where
[
Cl
]
is the co-efficient matrix corresponding to

the inhomogeneous medium. According to the exact
algorithm [13, 36], the change in the electric field of
different cells is obtained by subtracting Eq. (5) from
Eq. (7) and given by

∆Ei = −xiE
l
i +

∑
xjE

l
j

Mji(0)
∆(0) (8)

where El
i = Ei + ∆Ei is the modified field in the ith

cell under perturbed conditions. ∆(0) and M i
j(0) are

the determinant and cofactor of jth and ith element
of unperturbed co-efficient matrix [C] respectively.

Let ERml(k) denotes the scattered field at the lth

receiver location for the kth beam in the numerical
model and ERol(k) denotes the calculated scattered
field intensity at the same receiver location for
the same beam with an assumed uniform baseline
permittivity for the object. Therefore, the total
change in the scattered field at the lth receiver
position corresponding to kth beam is

ERml − ERol (k) =
n∑

i=1
xi

n∑
j=1

Ei
j

Mji(0)
∆(0) . (9)

The values of xi, i.e, the requisite fractional changes
in permittivity values for different cells from the
assumed initial permittivity for the medium can be
determined from the above equation.

5.1 Algorithm Based on Method I
In this work, we have proposed the modified

exact reconstruction algorithmic approach where
the standard normal complex dielectric permittivity
values are taken as the initial condition at the start
of every iteration.

In order to detect the affected region at an early
stage, this type of test case has been prepared for
rapid convergence and quick results. The required
values of x1

i from the corresponding normal values
are obtained by Eq. (10).

x1
i = εical − εinor

εinor − 1 (10)

where εical is the complex permittivity of ith cell
calculated from xi and obtained from Eq. (10) using
Ei,nor = E1

i . Internal fields are modified each time
by Eq. (8).

5.2 Algorithm Based on Method II
Method I detects the approximate affected region

inside the experimental model. Another iteration in
then made only inside the affected region previously
identified by Method I.

The accuracy level of Method II is very high and
it is able to detect the exact location of affected
regions and the corresponding stages of cancer. The
main reason for this high level of accuracy is that the
iteration is performed only inside the affected region,
leaving the remaining area unaffected.

6. PROCESSING OF THE MODEL IN DIF-
FERENT CONDITIONS USING AN AL-
GORITHMC APPROACH
In this section, the processing of the experimental

model is explained as an input of the experimental
setup.

The intermediate processor along with the
transceiver system performs the required analysis
following the modified reconstruction algorithm and
generates the output results. An analysis of the
detailed results are shown in flow chart format in
Fig. 3.

6.1 Data Analysis with Positive Complex
Dielectric Perturbations

In this section, the analysis is performed based
on small perturbation variations in the complex
dielectric constant of the cells belonging to the
affected region. The deviation is greater (positive
deviation) than that of the normal cell.

The liver region with a standard normal dielectric
of 46 − j10 is considered to be affected. Detailed
analysis of the complex dielectric before and after
reconstruction are shown in Tables 2–8. The errors
found in the fifth column have been calculated using
the error calculation formula in Eq. (11),

Error (%) =∣∣∣∣Complex dielectric in diseased condition
Complex dielectric in diseased condition

∣∣∣∣×100

(11)

where the error signifies the deviation of the affected
complex dielectric value with respect to that in a
healthy cell condition.
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Fig. 3: The algorithmic flowchart for mERA.
Table 2: Analysis of the reconstructed dielectrics and corresponding errors for the diseased model (5%
perturbation) using Method I.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Fat 25− j5 25− j5 25.02588− j5.05244 0.1400
Muscle 50− j23 50− j23 49.87674− j22.88554 0.2903

Muscle Type 35− j15 35− j15 34.92036− j15.07454 0.1147
Pancreas 65− j30 65− j30 64.91367− j30.00112 0.1088

Liver 46− j10 48.3− j10.5 48.25634− j10.50991 4.9289
Stomach 60− j18 60− j18 59.96296− j17.99522 0.0588
Water 76− j40 76− j40 76− j40 0.0000

Table 3: Analysis of the reconstructed dielectrics and corresponding errors for the diseased model (10%
perturbation) using Method I.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Fat 25− j5 25− j5 24.95391− j4.57078 0.4943
Muscle 50− j23 50− j23 49.95723− j22.76435 0.2488

Muscle Type 35− j15 35− j15 35.08332− j14.94211 0.1414
Pancreas 65− j30 65− j30 65.24102− j30.54123 0.6240

Liver 46− j10 50.6− j11 50.34289− j10.90528 9.4235
Stomach 60− j18 60− j18 59.42091− j17.82558 0.9654
Water 76− j40 76− j40 76− j40 0.0000

Table 4: Analysis of the reconstructed dielectrics and corresponding errors for the diseased model (15%
perturbation) using Method I.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Fat 25− j5 25− j5 24.73079− j5.73967 0.4196
Muscle 50− j23 50− j23 49.60423− j22.58049 0.9710

Muscle Type 35− j15 35− j15 34.71792− j15.14485 0.5289
Pancreas 65− j30 65− j30 64.74480− j30.01244 0.3162

Liver 46− j10 52.9− j11.5 52.78141− j11.55418 14.7783
Stomach 60− j18 60− j18 59.91796− j18.02007 0.1162
Water 76− j40 76− j40 76− j40 0.0000
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Table 5: Analysis of the reconstructed dielectrics and corresponding errors for the diseased model (20%
perturbation) using Method I.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Fat 25− j5 25− j5 24.89319− j4.19063 0.9870
Muscle 50− j23 50− j23 49.84424− j22.52381 0.6164

Muscle Type 35− j15 35− j15 35.14381− j14.86586 0.2094
Pancreas 65− j30 65− j30 64.55645− j28.02348 1.7230

Liver 46− j10 55.2− j12 54.67350− j11.77476 18.8056
Stomach 60− j18 60− j18 59.00829− j17.63408 1.6841
Water 76− j40 76− j40 76− j40 0.0000

Table 6: Analysis of the reconstructed dielectrics and corresponding errors for the diseased model (mixed
perturbation) using Method I.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Fat 25− j5 25− j5 23.85823− j6.77213 2.7234
Muscle 50− j23 50− j23 48.11037− j22.83154 3.2402

Muscle Type 35− j15 35− j15 33.24918− j15.15035 4.0459
Pancreas 65− j30 65− j30 63.43673− j31.28860 1.1954

Liver 46− j10

48.3− j10.5 48.25634− j10.50991 4.9289
50.4− j11 50.34289− j10.90528 9.4235

52.9− j11.5 52.78141− j11.55418 14.7783
55.2− j12 54.67350− j11.77476 18.8056

Stomach 60− j18 60− j18 57.11947− j19.44377 3.6775
Water 76− j40 76− j40 76− j40 0.0000

Table 7: Analysis of the reconstructed dielectrics and corresponding errors for the diseased model (mixed
perturbation) using Method II.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Liver 46− j10

48.3− j10.5 48.30001− j10.50014 5.0001
50.4− j11 50.40002− j10.99999 10.0004

52.9− j11.5 52.89999− j11.50001 15.0000
55.2− j12 55.20001− j11.99999 20.0000

Table 8: Comparison between the errors found using Method I and II in the affected liver region.
Different organs Complex dielectric Complex dielectric Error found in the Error found in the
of the model in normal condition in diseased condition reconstructed values (%) reconstructed values (%)

using Method I using Method II

Liver 46− j10

48.3− j10.5 4.9289 5.0001
50.4− j11 9.4235 10.0004

52.9− j11.5 14.7783 15.0000
55.2− j12 18.8056 20.0000

6.2 Data Analysis with Negative Perturba-
tions of the Complex Dielectric

In similarity to the previous section, here the
analysis has also been extended to the perturbations

in the negative direction. The complex dielectric of
the cancer-affected region shows a decrease from the
standard normal value. (Tables 9–15)
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Table 9: Analysis with negative perturbations of the reconstructed dielectrics and corresponding errors for
the diseased model (5% perturbation) using Method I.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Fat 25− j5 25− j5 25.02786− j4.91221 0.0402
Muscle 50− j23 50− j23 50.06727− j22.96679 0.0858

Muscle Type 35− j15 35− j15 35.17583− j15.11028 0.5385
Pancreas 65− j30 65− j30 65.08768− j30.00189 0.1123

Liver 46− j10 43.7− j9.5 43.74286− j9.49063 4.9319
Stomach 60− j18 60− j18 60.05104− j18.01591 0.0853
Water 76− j40 76− j40 76− j40 0.0000

Table 10: Analysis with negative perturbations of the reconstructed dielectrics and corresponding errors for
the diseased model (10% perturbation) using Method I.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Fat 25− j5 25− j5 25.20867− j5.24254 0.9920
Muscle 50− j23 50− j23 50.36450− j22.96961 0.5791

Muscle Type 35− j15 35− j15 35.22725− j15.00306 0.5519
Pancreas 65− j30 65− j30 65.26897− j30.01766 0.3515

Liver 46− j10 41.4− j9 41.59888− j9.00577 9.5845
Stomach 60− j18 60− j18 60.23713− j18.01148 0.3678
Water 76− j40 76− j40 76− j40 0.0000

Table 11: Analysis with negative perturbations of the reconstructed dielectrics and corresponding errors for
the diseased model (15% perturbation) using Method I.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Fat 25− j5 25− j5 25.20840− j4.42036 0.3841
Muscle 50− j23 50− j23 50.10479− j24.03536 0.9723

Muscle Type 35− j15 35− j15 35.28049− j14.71091 0.3828
Pancreas 65− j30 65− j30 65.26733− j30.01473 0.3477

Liver 46− j10 39.1− j8.5 39.20390− j8.45233 14.8057
Stomach 60− j18 60− j18 60.06277− j17.90934 0.2364
Water 76− j40 76− j40 76− j40 0.0000

Table 12: Analysis with negative perturbations of the reconstructed dielectrics and corresponding errors for
the diseased model (20% perturbation) using Method I.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Fat 25− j5 25− j5 25.34227− j5.47021 1.6898
Muscle 50− j23 50− j23 50.95795− j22.79272 1.4295

Muscle Type 35− j15 35− j15 35.43258− j15.06917 1.1161
Pancreas 65− j30 65− j30 65.56699− j30.04607 0.7464

Liver 46− j10 36.8− j8 37.24126− j8.01716 19.0761
Stomach 60− j18 60− j18 60.71971− j18.13100 1.1606
Water 76− j40 76− j40 76− j40 0.0000
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Table 13: Analysis with negative perturbations of the reconstructed dielectrics and corresponding errors for
the diseased model (mixed perturbation) using Method I.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Fat 25− j5 25− j5 23.78462− j6.68353 3.0957
Muscle 50− j23 50− j23 50.08430− j26.04166 2.5686

Muscle Type 35− j15 35− j15 36.46439− j15.66881 4.2266
Pancreas 65− j30 65− j30 65.22945− j30.37229 0.5094

Liver 43.7− j9.5

48.3− j10.5 43.74286− j9.49063 4.9319
41.4− j9 41.59888− j9.00577 9.5845

39.1− j8.5 39.20390− j8.45233 14.8057
36.8− j8 37.24126− j8.01716 19.0761

Stomach 60− j18 60− j18 60.04776− j18.32504 0.2232
Water 76− j40 76− j40 76− j40 0.0000

Table 14: Analysis with negative perturbations of the reconstructed dielectrics and corresponding errors for
the diseased model (mixed perturbation) using Method II.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Liver 46− j10

43.7− j9.5 43.70001− j9.49999 5.0001
41.4− j9 41.39999− j9.00001 10.0000

39.1− j8.5 39.10001− j8.49999 15.0002
36.8− j8 36.800001− j8.00002 20.0001

Table 15: Comparison between the errors found using Method I and II with negative perturbations in the
affected liver region.

Different organs Complex dielectric Complex dielectric Error found in the Error found in the
of the model in normal condition in diseased condition reconstructed values (%) reconstructed values (%)

using Method I using Method II

Liver 46− j10

43.7− j9.5 4.9319 5.0001
41.4− j9 9.5845 10.0000

39.1− j8.5 14.8057 15.0002
36.8− j8 19.0761 20.0001

Table 16: Analysis using mixed perturbation (5%
and 15% positive perturbation and 10% and 20%
negative perturbation).
Perturbation rate Complex dielectric Perturbed complex
of the complex in normal dielectric in

dielectric condition diseased condition

5% 46− j10 48.3− j10.5
10% 46− j10 41.4− j9
15% 46− j10 52.9− j11.5
20% 46− j10 36.8− j8

6.3 Data Analysis with a Combination of
Positive and Negative Perturbations in
the Complex Dielectric

In this section, a further extension of the algorithm
is constructed. The complex permittivity of some

cells in the affected liver region are considered to
be positively perturbed while others are negatively
perturbed. Tables 16–18 present tabular analyses,
demonstrating that the algorithm is also efficient
in segregating normal and affected dielectrics with
minimum errors in this type of mixed situation.

7. RESULTS EVALUATION

From the above-mentioned tabular analysis, it has
been shown clearly that the newly defined modified
exact reconstruction algorithm works nicely on all
possible kinds of deviations of complex dielectrics in
a cancer-affected biological target. Table 2 shows the
mathematical data output of the experiment where
the complex dielectric of the water content of the
affected liver region is perturbed by 5% in the positive
direction with respect to its standard normal value.
The fifth column shows that using Method I, the
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Table 17: Analysis with a combination of positive and negative perturbations of the reconstructed dielectrics
and corresponding errors for the diseased model (mixed perturbation) using Method II.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Liver 46− j10

48.3− j10.5 48.89481− j10.44295 6.336626
41.4− j9 41.95843− j9.01618 8.833240

52.9− j11.5 53.37144− j11.58834 16.087463
36.8− j8 36.81822− j14.45639 18.841673

Table 18: Analysis with a combination of positive and negative perturbations of the reconstructed dielectrics
and corresponding errors for the diseased model (mixed perturbation) using Method II.

Different organs Complex dielectric Complex dielectric Reconstructed complex Error found in the
of the model in normal condition in diseased condition dielectric with the reconstructed values (%)

proposed algorithm

Liver 46− j10

48.3− j10.5 48.30001− j10.49999 5.0001
41.4− j9 41.400001− j8.99999 10.0000

52.9− j11.5 52.89999− j11.50000 15.0001
36.8− j8 36.79999− j8.00001 20.0000

Fig. 4: Summary of the overall workflow.

deviation is found to be 4.9289%, and Method II in
Table 7 gives the exact value with no error. Likewise,
10%, 15%, and 20% perturbed conditions are also
checked in the respected tables. Similar analysis
has been conducted for negative complex dielectric
deviations as well.

Tables 6 and 13 show additional important results,
with a mixture of different dielectric conditions
applied to the affected region, and the reconstruction
algorithm using Methods I and II is also able to
segregate the respective dielectric cells and their
proper positions inside the body. Table 17 shows
the cells of the affected region demonstrating peculiar
behavior with the dielectric constant of some cells
increasing while others decrease. Even in this kind
of situation the proposed algorithm works effectively,
generating the optimum results presented in their
respective tables.

All possible combinations of dielectric constants
may occur when a region inside the human body
is affected by a cancerous tumor. Hence, this kind
of algorithm is extremely effective due to its ability
to adapt to deviations and provide proper results
no matter what kind of behavior a particular cell
may exhibit. These analyses prove the optimum
impact of our proposed algorithm in the detection
of cancer-affected cells inside the human body.

The overall workflow of this work presents in
Fig. 4.

8. CONCLUSION AND FUTURE WORKS

Cancer treatment remains a critical issue for
scientists, researchers, and doctors in the field of
biomedical engineering. The abrupt and indetermin-
istic behaviors of cancer cells make it difficult to
cure especially during the later stages of the disease.



350 ECTI TRANSACTIONS ON ELECTRICAL ENG., ELECTRONICS, AND COMMUNICATIONS VOL.19, NO.3 OCTOBER 2021

However, researchers throughout the globe are at-
tempting to find possible solutions for curing cancer.
Methodologies and techniques are continuously being
improvised to reduce the major causality of this
disease.

The main concept behind this study is to derive
an algorithm with the potential to detect all types
of behavior in a cancer-affected cell. With this
in mind, a modified microwave tomography-based
complex cell dielectric reconstruction algorithm has
been developed in this work.

After examining all possible kinds of deviations in
complex cell permittivity, the proposed technique has
been found to work very well in all such conditions,
producing minimum errors in every case. The
newly framed modified reconstruction algorithm is
very efficient in identifying even small dielectric
perturbations in affected cells, and will also be
helpful in the early detection of cancer. Method II
produces almost 100% accuracy in all the cases.
This fresh approach may provide a new dimension
in the diagnosis of many other fatal diseases as well
as cancer in the future. All the programs relating
to field calculations, iterative reconstruction, model
formation, complex dielectric calculations, etc., have
been performed in this study using FORTRAN and
C programming with Force 2.0 and CODEBLOCK
software, respectively. All the graphical models have
been simulated using MATLAB programming. In the
future, we plan to check other important parameters
relating to the output results to observe the effect
of noise. It is also possible to produce an extended
version of the modified algorithm capable of providing
superior tolerance to noise. We will also extend
this work in an attempt to apply the algorithm in
real-life situations by creating an experimental setup
with a proper transmitter and receiver and feeding
this algorithm to check the results and compare
them with the theoretically measured values for error
calculation. The extended works in this field are
expected to be intensively applied in the biomedical
engineering field in the near future.
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