
 

                                                              5269 

 
ISSN 2286-4822 

www.euacademic.org 

EUROPEAN ACADEMIC RESEARCH 

Vol. IX, Issue 8/ November 2021 

 
Impact Factor: 3.4546 (UIF) 

DRJI Value: 5.9 (B+) 

 

 

A Comprehensive Study on Microwave Imaging 

System for Breast Cancer Detection and Confocal 

Microwave Imaging 

 

SAMIRAN KUMAR MANDAL1 

 Instructor (Electronics Technology) 

 Shariatpur Polytechnic Institute, Bangladesh 

SAZAL KUMAR SAMADDER 

Instructor (Computer) 

 Ministry of Women & Children Affairs, DBWCTP (64 District) 

Jatiyo Mohila Sangstha, Shariatpur, Bangladesh 

 

Abstract 

 Breast cancer is one of the most commonly diagnosed cancers 

in females. Early breast cancer detection which has recently been 

gaining a lot of consideration within the research community and the 

most important for a quick and effective treatment of the cancer is 

early detection. Confocal microwave imaging algorithm is best for 

early breast cancer detection and is also one of the most promising and 

attractive screening techniques currently under research.  This 

technique offers several advantages such as low cost, better patient 

comfort, non-ionizing and non-invasive radiation compared to X-Ray 

mammography. In this technique the breast is illuminated from 

various points with short UWB microwave pulse(s) and the collected 

backscattered energy is then processed to identify the presence and 

location of the tumor. In this thesis experimental measurement of the 

reflection coefficient in complex frequency domain is obtained from 

Vector Network Analyzer when the antenna is exposed to the 

environment and when the antenna is exposed to breast phantom. The 

tumor is simulated with different materials to investigate the 

effectiveness of the Confocal Microwave Imaging Algorithm for breast 

cancer detection.  In addition, we used the materials at different depths 

to determine the effect of antenna distance to that of the tumor 
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response. The Confocal Microwave Imaging (CMI) Algorithm for breast 

cancer detection is an easy and robust technique for tumor detection, 

which is used to approximate the precise location of the tumor. CMI is 

based on illuminating the breast with the UWB pulse from different 

antenna locations. The relative arrival times & amplitudes of the 

backscatter signals is used to estimate the location of the tumor.  We 

applied the Confocal Algorithm in this study to the numerical data 

generated with the VNA and analyzed the results with different 

material(s) as tumor at different depth to verify its ability to estimate a 

tumor response. 

 

Keywords: Microwave Imaging System, Breast Cancer Detection, 

Confocal Microwave Imaging 

 

 

INTRODUCTION: 

 

Confocal Microwave Imaging (CMI) is slowly progressing from the 

theoretical stage involving extensive simulations to experimental 

feasibility studies. Two aspects need to be addressed: (i) the practical 

capability of CMI to detect tissue abnormalities, and (ii) verification of 

the hypothesis that large contrast exists between electrical 

parameters of breast cancer and normal breast tissue. In this paper 

we present initial results on both aspects of the technology. Creating 

images based on the dielectric properties of biological tissues at 

microwave frequencies is of increasing interest due to the potential for 

new and valuable medical diagnostic information. The nonionizing 

and potentially low cost aspects of microwave imaging are also 

appealing. Microwave imaging systems developed for clinical 

application incorporate radar-based techniques [1], [2], tomographic 

imaging [3], [4], or analysis of data collected at a number of sensors 

[5]. Tomographic images provide estimates of the dielectric properties 

of the imaging region, while radar-based techniques provide a 

scattering map related to changes in dielectric properties.  

 Microwave  imaging  has  been  of  interest  for  many  years  

for  tumor  detection.  The  advantage  of microwave  imaging  

includes  wide  range  of  frequencies,  capability  to  focus  the  

energy,  ranges  of simulation tools,  less  health risk  and  less  
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expensive. Presently, microwave imaging for early tumor detection 

has successfully gained attention due to the current advancements in 

imaging algorithms. Microwave imaging is a  non-ionizing technique  

which  is without doubt  inexpensive compared  to MRI  and  X-ray, 

and  therefore  is  considered  as  an  alternative  imaging  technique  

for breast cancer detection in the future [5]. 

  Breast cancer has become one of the most widespread diseases 

worldwide making it a threat to the women of our society [2-5]. The 

technological boom in every aspect has made researchers to ponder 

over a screening tool that can be used to detect tumor in its 

developing stage, which can be used by the surgeons for further 

diagnosis [10]. Researchers have been  trying  to  develop  a  way  to  

utilize  non-ionizing  electromagnetic  waves  to image  the  human  

body  in  order  to  detect  cancer.  Recently, significant progress has 

been made towards breast cancer detection [3].  In the advent of ten 

years it is likely that microwave systems will become a possible 

solution. Breast tumors have electrical properties at microwave 

frequencies, which  are  different  in  contrast  to  healthy  or  normal  

breast  tissue  [11].  X-Ray  being  a  known technology  to  detect  

breast  cancer  has  reportedly  caused  side-affects  to  the  breast  

tissues  of  the patient under examination. Researchers have 

implemented ultra-wide band radar based microwave imaging 

techniques, and have found it to be a potential modality for early 

detection of breast tumor in the recent years to come and the 

advantages can be noted as follows [3]: Low cost implementation; 

Exposure to non-harmful radiation; High accuracy; Better patient 

comfort compared to the currently used X-Ray mammography.  

 For  detection  of  small  tumor(s),  a  consistent  contrast  

between  tumor  and  normal  breast  tissues is required.  Medical  

imaging  methods  have  been  applied  to  breast  cancer  detection  

with  various degrees of success [12]. Ultrasound is used to determine 

whether the detected lesion is a liquid cyst or a solid tumor. Magnetic 

resonance imaging, is useful to examine embedded tumors, but 

expensive as a screening tool [12].  Methods  to  detect  cancerous  

tissues  are  based  on  different  physical properties  being,  tissue  

elasticity,  temperature,  and  optical  or  electrical  characteristics. 

We are particularly interested in techniques that employ electrical 
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property contrasts. Active approaches for breast tumor detection are 

currently being researched in the microwave frequency range. 

Ultra-wideband  (UWB)  Radar  imaging  of  the  breast  uses  the  

difference  in  dielectric  strengths  of normal  and  cancerous  tissue,  

in  microwave  frequency  ranges  [7]. Imaging techniques are then 

applied on the backscattered signal to construct an estimated image of 

the examined breast tissue [13]. Figure 1.1 shows the basic principle 

of tumor detection in a breast where a signal is transmitted through 

an antenna and the received signal is then processed to determine the 

location and size of tumor. 

 A  number  of  imaging  algorithms  have  been  presented  by  

many  researchers. In  this  report experimental  results obtained  to  

evaluate  the  effectiveness  of  Confocal  Microwave  Imaging  

Algorithm  with different materials as tumor. A  number  of  imaging  

algorithms  have  been  presented  by  many  researchers.  In  this  

report experimental  results  of  UWB  microwave  imaging  system  

for radar-based  breast  cancer  detection were  obtained  to  evaluate  

the effectiveness  of  Confocal  Microwave  Imaging  Algorithm  with 

different materials as tumor. 

 The dissemination of breast cancer disease is reported to 

increase rapidly due to the shortcomings in the  currently  used  

screening  methods,  where  X-ray  mammography  is  the  widely  

used  screening technique amongst MRI and Ultrasound to detect 

breast tumors; however it has been reported to have estimated false 

results for around 30% of women who have had a  screening [7-8].  

The considerable amount  of  false  results  obtained  is  noticeably  

the  limitation  of  the  present  screening  methods  in analyzing 

dense breast tissue and the area where the tumor might be located 

close to the chest or under  the  arm  and  mainly  the  estimation  of  

early  stage  tumors  [14]. Nowadays, researchers are employing 

microwave imaging techniques for non-invasive testing of breast 

cancer. The presence of tumor is being detected by comparing the 

dielectric properties of cancerous and normal breast tissues for 

detecting breast cancer. 

 The motivation of using the microwave techniques to diagnose 

a patient with breast cancer at the early stage is beneficial. In this 

thesis we demonstrate the experimental setup to review the confocal 

imaging algorithm which is used in  radar  based  breast  cancer  
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detection  with  high  concern  in reducing  the amount  of  clutter  in  

the  backscatter  signal(s)  to  investigate  its  effectiveness  for 

different  materials  as  tumor.  In addition, we use the materials at 

different depths to identify the effect of antenna distance to that of the 

tumor response. 

 

METHODS: 

 

Instrumentation. This section discusses the experimental setup in 

detail which was used to analyze the effectiveness of confocal 

microwave imaging algorithm for different materials as tumor. The 

current technique for radar  based  microwave  imaging  consist  of  

transmitting  short  pulse  into  the  breast  phantom  and processing 

the collected reflections. Due to the difficulty on hardware for 

producing ultra-wideband pulses and fulfill the requirements for high 

dynamic range and measurement accuracy,  all  the experimental set 

up for pulse based method rely on frequency domain  measurements  

of  the  scattering  network  parameters  performed  with  a  vector  

network analyzer (VNA). The pulse time domain characteristic is 

synthesized, using MATLAB software, through the inverse Fast 

Fourier Transform of the scattering parameters from the VNA.  The 

breast phantoms in our experiment are built of liquid and solid 

materials as in Table 1. The vector network analyzer as we said 

serves as transmitter and receiver. The personal computer (PC) is 

used for signal processing and also controls the VNA and antenna 

positions. 

 

Experiment setup. To investigate tumor detection and localization, 

as well as the influence of the antenna, the experimental 

arrangements are shown in Figure 4-1. The first experiment is 

designed for initial verification of tumor detection and localization in 

a 2-D plane and incorporates a monopole antenna. To study the 

feasibility of using a more efficient antenna, the test setup in Fig. 2 is 

developed. In all experiments, an 8720C vector network analyzer 

(Agilent Technol., Palo Alto, CA) is connected to the antenna with a 

50Ω- coaxial cable. The setup is surrounded with electromagnetic 

absorbing material to reduce ambient reflections. The antennas 

illuminate the phantom, and S11 is recorded as the frequency is 
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varied from 50 MHz to 20 GHz (monopole) or from 1 to 18 GHz (horn). 

Data are recorded at 401 frequency points, and 128 measurements are 

averaged at each frequency. The phantom is rotated in 16 increments 

of 22.5o to simulate scanning the antenna around the pipe, and 

reflections are observed after each rotation. Measuring their 

performance [9], The antenna is placed 10 cm from the phantom, as 

finite-difference time-domain (FDTD) simulations [10] indicate that 

time signatures of the radiated fields do not change with increased 

distance from the antenna (i.e., the phantom is illuminated with fields 

having the same time signatures). A horn antenna is used in the 

second experimental arrangement, specifically an EMCO model 3115 

double-ridged waveguide antenna (EMC Test Syst., Austin, TX), 

which is a linearly polarized broad-band antenna designed to operate 

from 1 to 18 GHz. The gain at a distance of 1 m from the horn varies 

from 5.6 dBi at 1 GHz to 16.5 dBi at 16 GHz [11]. The E and H plane 

beam widths are approximately 60o at 1 GHz, decreasing to 40o at 5 

GHz [11]. An appropriate separation between the antenna and 

phantom is determined by examining reflections from a metal plate 

placed between 120 and 150 cm from the end of the horn. At distances 

of 140 cm and greater, the time signatures of the reflections from the 

plate do not change significantly. The antenna-object separation is 

larger than expected for the imaging application; a more practical 

distance will result from both use of an immersion liquid and design 

of an application-specific antenna. 

 

RESULTS AND DISCUSSION: 

Process Flow Diagram of con-focal Algorithm. 

 
Figure 1.  Process Flow Diagram of Algorithm 
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As discuss in below, to create the image  of tumor  confocal algorithm 

is used.  Two sets of frequency domain data are obtained from the 

VNA at antenna position(s); 

 i.  In  the  Environment  EXY(f)  (involves  reflections  from  

different  sources  which  are  used  for experimental work, i.e. VNA, 

PC, X-Y Positioner, surroundings etc.)  

 ii.  In  the  presence  of  Breast  phantom  BEXY(f) (different 

materials simulated  as  tumor  in environment)  

 

The frequency domain measurements (i) and (ii) at antenna positions 

are transformed into time domain by Inverse Fast Fourier Transform 

(IFFT).  The  obtained  time  domain  signals  EXY(f) & BEXY(f)  are  

then  calibrated  in  the  calibration  process  which  involves  

subtracting  the response  of  the  Environment  EXY(f)  with  that  of  

the  Breast  phantom  in  environment  BEXY(f)  to remove the 

Environment signal(s) EXY(f)  so that we can get approximate  Breast  

Phantom  signal(s)  BEXY(f). 

 The Breast Phantom signal(s) BXY(f) still contains reflection 

due  to  the  antenna.  To delete, or reduce  the  reflections  due  to  

antenna,  the  Breast  Phantom  signal(s) BXY(f) are  averaged  and  

the averaged  signal  is  then  subtracted to  each  of  the  Breast  

Phantom  signal(s) BXY(f). The signal(s) obtained after subtraction are 

called the Processed signal(s) PXY(f).  The Processed signal(s) PXY(f) 

are synthetically focused to generate the approximate image of Breast 

Phantom containing tumor.  

 To evaluate the effectiveness of Confocal Microwave Imaging, 

the algorithm is written in MATLAB to generate the results of 

different materials used in our experiment as tumor. After the 

backscatter signals were transformed into time domain, confocal 

algorithm  is  applied,  where  first  calibration  of  the  signals  has  

been  carried  and  the  environment response  is  removed to  get the 

approximate  Breast Phantom Response.  

 After  getting  the  approximate  Breast  Phantom  response,  

synthetic  focusing  is  performed to generate the image of Breast 

phantom  containing tumor. The  results  obtained  by  the  

experiment  performed  which  are evaluated  using  MATLAB.  The 

analysis of the result is discussed to assess the effectiveness of the 

confocal microwave imaging algorithm. The Image of the intensity 
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values when the antenna is subjected to the Breast Phantom 

(environment containing wood as tumor), where Wood is taken as 

tumor at a depth of 1cm and 3 cm respectively. 

 

Explanation of the Process Flow 

Frequency domain data (scattering parameters) is obtained from VNA 

when antenna is exposed to the environment and when antenna is 

exposed to the breast phantom in environment.  The frequency 

domain data EXY(f) & BEXY(f) are then transformed to time domain for 

further processing.  The details of each process are discussed below; 

 

i. Transformation: 

The antenna is excited with a sweep signal generated by the Vector 

Network Analyzer (VNA), at 6 different positions  in a grid  (2 x 3)  of  

covered area  100 mm  by 100  mm  as shown in Figure 4-3, at 

different height (1cm and 3cm) from tumor. 

 

                                                       Columns  

 

                Rows                                 Antenna Position 

  

 

 

 

 

The  frequency  domain  data  (Environment EXY(f) and  Breast  

Phantom  in  Environment  BEXY(f)) obtained  from  the  VNA  is  first  

windowed  using  the  Hamming  window.  A  Hamming window is 

applied to the signal(s) to reduce the level of side lobes. The obtained 

signal is then transformed into time domain by taking the Inverse 

Fast Fourier Transform (IFFT) of the signal(s). 

 

 

 

 

 

 

 

* *  

* * 

* * 

EXY(f)windowed = EXY(f) * W 

BEXY(f)windowed = EXY(f) * W 

EXY(t) = ifft (EXY(f) windowed) 

BEXY(t) = ifft (BEXY(f) windowed) 
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Where; 

W is the Hamming window signal; XY are the antenna positions 

defined by row X and column Y in a grid.  The grid is represented as a 

matrix of 3 rows and 2 columns. For 6 antenna positions, the matrix is 

as follows; 

 

 

 

 

 

Exy(t)  and BExy(t) are  the  time  domain  signals  for  Environment  

and  Breast  phantom  in environment  at time  t  respectively. 

Therefore for 6 antenna positions Exy(t)  and BExy(t) can be 

represented as; 

 

        E11(t) E12(t)   BE11(t)        BE12(t) 

        E21(t) E22(t)   BE21(t)        BE22(t) 

        E31(t) E32(t)   BE31(t)       BE32(t) 

 

 

ii. Calibration:  

The calibration process involves subtracting the response of the 

Environment with that of the Breast phantom in environment to 

remove the Environment signal(s) so that we can get approximate 

Breast Phantom signal(s) This subtraction generates a higher peak at 

the location of the tumor by reducing the environment response from 

the target signal.  The subtracted signal contains the Breast phantom 

signal [18-19]. 

   ( )      ( )     ( ) 

 

Where    ( ) is the Breast phantom signal at time t for 6 antenna 

positions. 

[

   ( )     ( )

   ( )     ( )

   ( )     ( )
] 

 

 

 

(1,1) (1,2) 

(2,1) (2,2) 

(3,1) (3,2) 
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iii. Clutter Removal: 

The Breast phantom signals    ( ) at location X and Y, still contains 

reflections dominated due to the antenna and the environment. In 

order to reduce the reflections due to antenna and environment, the 

Breast Phantom signal(s)    ( ) are first averaged.  The averaging is 

done by adding the Breast Phantom signal(s)    ( ) in a given row  of 

grid (6 x 6), and dividing it with the total number of antenna positions  

in that row  N  (total of 6 antenna positions in a given row for our 

experiment). These signals are known as the averaged signals   ( ) 

[18]; 

  ( )  
∑    ( )
 
   

 
 

  

Where, N is the total number of antenna position in a raw. 

  ( ) is the average signal at row X at time t. for 3 rows the signals 

  ( ) can be represented as; 

[

  ( )

  ( )

  ( )
] 

 

The averaged signals   ( ) are then subtracted to each of the Breast 

Phantom signal(s)    ( ). The subtracted signals are known as the 

Processed Signal(s)    ( ). 

   ( )=    ( ) -  ( ). 

 

   ( ) is the processed signal(s) at location XY at time t. For 6 

antenna positions the signals    ( ) can be represented as; 

[

   ( )     ( )

   ( )      ( )

   ( )     ( )
] 

 

The processed signals(s)    ( ) will then be used to generate the 

intensity values at time  t  for  the formation of image. For generating 

the intensity values, apart from the processed signals we also need 

the round trip time.  For  getting  the  round  trip  time  we  need  to  

perform  synthetic  focusing which is discussed in detail. 
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iv. Synthetic Focusing: 

The synthetic focusing is performed by computing the round trip time. 

In order to evaluate the round trip time following steps were 

performed; 

 

a)  Generate pixel points. 

b)  Evaluate the distance from each antenna position to each 

pixel point 

c)  Generate the round trip time. 

 

a) Generate Pixel points 

To generate the pixel points F(xi, yj) at coordinates  xi  and yj, we 

considered an area of  (300 mm by 300 mm) rather considering the 

area covered by the antenna positions (100mm by 100mm) for better 

resolution of the image.  Figure 4-4 shows the pixel points 

(represented by blue dots) locations in a covered area of 300mm by 

300mm. 

 

 

 

 

 

 

 

 

 

b)  Evaluate the distance from each antenna position to each 

pixel point 

The distance(s)    (     ) of each antenna position XY to the pixel 

(     ) were evaluated using the following equation [18]; 

   (     )   √(    )  (    )     

 

Where;  

h is the height of the antenna (1cm or 3cm) from the tumor; 

xi and yj define the coordinates of the pixel points; 

The antenna positions are defined by X and Y; 

   (     ) is the round trip distance for antenna position XY to the pixel. 
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In the experiment we have used single antenna as transmitter and 

receiver. Therefore the distance covered by the transmitter to each 

pixel point and by the receiver to each pixel point will be same. 

Therefore we multiply the distance by 2.  Figure 2,3  shows the 

method for finding the round trip distance from each antenna position 

to each pixel point. 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Representation of finding the round trip distance of each 

Antenna position to the Pixel points 

 

c)  Generate the round trip time. 

The round trip time is finally calculated for antenna position  XY at 

pixel (xi , yj) by the following equation; 

txy(xi,yj) = 
   (       )

  √  
 

Where c is the speed of light in cm/s; 

   is the permittivity of the medium (air      for our experiment) 

txy(xi , yj)is the round trip time from antenna position XY to pixel (xi , yj) 

 

v. Image Formation 

As  discussed  before  to  generate  the  intensity  values  to  form  the  

image,  apart  from  the  processed signal Pxy(t),  time  values  are  also  

needed.  After  calculating  the  time  values txy(xi , yj)for  each 

antenna  position  XY  at  pixel      (xi , yj),  the  Intensity  values  are  

generated  for  each  pixel  points  by evaluating  the  signal  value  of  

the  processed  signal Pxy(t) at  time txy(xi , yj).  Mathematically the 

intensity values at pixel (xi , yj) is represented as 

 (      )  [∑∑   (   (      ))

 

   

 

   

]
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Where; 

r is the total number of antenna positions in a row; 

c is the total number of antenna positions in a column; 

I(xi , yj) is the intensity value at pixel point (xi , yj). 

 

The reason behind taking the 4th power instead that the second power 

as in [13] has been done after several  tests  by  research  group  at  

the  University  of  Calgary  [39]  since  they  observed  that  the  4th 

power proved to suppress the clutter but affected the size of tumor 

whereas in [13] the 2nd power did not suppress the clutter as 

compared to the 4th power and the size of the tumor was also not 

affected. 

 

6. Image Reconstruction: To form the image, the processed signals 

are synthetically focused at a specific point in the breast. First, 

distances from each antenna to the focal point are computed and 

converted into time delays. The time delays are used the focal point 

locations extend from the lower boundary of the skin into the breast 

interior. With the cylindrical system, estimates of the skin location 

bound the focal points [42]. 

 

 
Figure 3. Processed signals with and without tumor present in breast 

model. 
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This method avoids nonlinear inverse scattering techniques that may 

be complex and computer intensive. However, it does not provide 

profiles of the permittivity, but only identifies regions of increased 

scattering due to a small region of different permittivity. To acquire 

the data, the breast is illuminated with an ultra-wideband pulse, and 

the same antenna collects the backscattered waves. This process is 

repeated for multiple antenna positions. A time-shift-and-add 

algorithm is applied to the set of pulses recorded at the antenna 

output in all positions. The time delay for the round trip to a given 

point in the test domain is computed for each antenna position. Next, 

the signals with the appropriate time delays are summed up. The 

focal point is scanned to a new location and the focusing process is 

repeated. This procedure ensures that signals from a given pixel or 

voxel in the test domain add coherently. Signals from scatterers in 

other locations add incoherently, which tends to reduce clutter. Thus, 

a small scatterer can be picked up, if it has sufficiently large contrast 

compared to a random heterogeneity within the test domain. The 

same principle is used in several synthetic aperture ground 

penetrating radar systems. One of the significant advantages of this 

approach is that high resolution can be obtained provided that a 

sufficiently wideband pulse can be used. In the system introduced by 

Hagness and colleagues, the woman to be scanned lies on her back 

and antennas are placed on the flattened breast surface. A 

comprehensive numerical evaluation of performance of this system 

has been performed with the finite different time domain (FDTD) 

method. Initial work has suggested the feasibility of detecting tumors 

as small as 2 mm at depths of up to 5 cm. resistively loaded bowtie 

antennas were developed for added sensitivity to small tumors. 

Observation of the cross polarization was proposed for detection of 

tumors in the presence of strongly scattering planar objects such as 

the chest wall. The use of ultra-wideband signals provides ultra-

wideband reflections, or microwave signatures. It was suggested that 

if various tumor shapes are associated with specific microwave 

signatures, then this characteristic may be used to aid in diagnosis or 

detection. Further investigations for more realistic MRI-based 2D 

models were carried out. The successful detection of small tumors in 

this more complex environment was demonstrated. Initial 

experimental feasibility testing is ongoing. An alternative cylindrical 
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system based on the same principle has also been developed. 

Extensive numerical modeling and experimental feasibility 

assessments indicate that this system is also very promising. Since 

the theoretical results in terms of detection of small tumors appear to 

be comparable for the planar and our system, the more detailed 

description that follows is limited to our system. 

 
Figure 4. Low resolution Image 5. High resolution Image 

 

Figure 4,5 shows the responses for the materials as tumor for antenna 

distances at 1cm and 3cm. It is noted that the effectiveness of the 

confocal algorithm signifies the tumor responses for all the materials 

in Table 1 chapter 4, but the antenna distance from the object 

indicated that certain materials (PVC, glass, plastic, rubber, wood) 

tend to generate more scatter in the surrounding. The significance of 

the amount of scatter is dependent on the size and the electrical 

conductivity of the material. Since the materials (PVC, glass, plastic, 

rubber and wood) are less electrically conductive as compared to 

water copper, the transmitted signals from the antenna dissipate in 

the surrounding. As the size of the material increase, larger area is 

covered and more signals is dissipated in the environment.  If the 

amount of additional scatter is more, then the size of the tumor 

detected is affected which generates problems in identifying the 

actual size of tumor.  
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Figure 6. Output Image of Confocal Microwave Imaging Algorithm. 

 

Performance Measures. To examine the influence of each step in 

the signal processing sequence, the backscatter recorded at a single 

antenna is studied in detail. To follow the enhancement of the tumor 

response during the image formation process, we compare the peak-

to-peak tumor response with that of the total signal at each of the four 

steps. Estimation of the peak-to-peak tumor response requires 

additional simulations. The tumor is removed from the breast model, 

and backscatter is recorded at each antenna in the selected row. We 

isolate the tumor response by subtracting the tumor-free returns 

recorded at each antenna location from the recorded signals for the 

model containing a tumor. The average tumor response for the 

selected row of antennas is computed, and used to calibrate the tumor 

responses recorded at each antenna in the row. The peak-to-peak of 

the tumor response is calculated initially and after each signal 

processing step. These results are compared with those calculated for 

the total signal. To investigate tumor detection, images are formed for 

the tumor-bearing breast model and the tumor-free model. 

Comparison of results ensures that tumors are detected only when 

present in the models. The influence of the number of antennas is 

examined by comparing images reconstructed with the full set of 

antenna positions and the limited set (6 antenna positions). The 

results of changing array span and tumor location are also examined. 

Several measures related to the tumor response and clutter are 

defined to evaluate the images. To investigate tumor localization, the 

location and FWHM extent of the tumor response are determined. 

Two signal-to-clutter (SC) ratios are defined to quantify the 

magnitude of the tumor response. The within-breast SC ratio 

compares the maximum tumor response with the maximum clutter 

response in the same image. The maximum clutter is determined by 
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locating the maximum pixel value outside of the volume containing 

the imaged tumor (defined by twice the extent of the FWHM response 

of the tumor). The between-breast SC ratio compares the maximum 

tumor response with the pixel intensity at the same location in the 

image formed without a tumor present. To provide additional insight 

into the clutter behavior, the mean and standard deviation of the 

clutter are computed. 

 

CONCLUSION: 

 

Microwave imaging techniques offer the potential of low cost, non-

invasive screening tool and within a non-harmful spectrum range. In 

this report, experimental results of UWB microwave imaging system 

for Radar based breast cancer detection  is  presented,  whereby  we  

confirm  the  detection  of  tumor  with  10  -  20  mm  diameter  and 

producing the viability of using the confocal algorithm for early breast 

cancer detection. We analyze the  Confocal  Microwave  Imaging  

Algorithm  for  different  permittivity  of  materials  to  investigate  its 

effectiveness. The results show that the materials i.e.  Water, silicon, 

PVC, copper, rubber, wood, glass  and  plastic used in the experiment 

tend to generate more scatter in the surrounding  due to difference in 

electrical conductivity between each of them.  The results also show 

that the level of intensity changes when the distance of the antenna is 

changed from 1cm to 3cm from the materials (tumor), because of the 

low power level recorded as the signal is received. The  results  also  

signify  the  effect  of  the  electrical  permittivity  in  contrast  

between  the  normal  and cancerous tissue. Due to the increase in the 

ratio of the dielectric contrast, different materials give more scatter, 

with water having a higher dielectric ratio with air giving a higher 

amount of scatter and PVC with a lower dielectric ratio with air 

recording a lower amount of scatter at the antenna.  If the amount of 

additional scatter is more, then the size of the tumor located will be 

affected which will generate problems in identifying the actual size of 

tumor. The results signify that the distance of the antenna from the 

tumor and the permittivity of the medium directly affects the location 

and the size of the tumor when Confocal Microwave Imaging 

algorithm is considered.  Although  the  algorithm used for our 

experimental work is computationally simple but  it has  limitations,  
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such  as  it  provides  limited  performance  in  terms  of  image  

resolution  and  clutter rejection. 
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