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Abstract − This paper presents experimental performances of 
the algorithm used for detection of malignant tissue in breast. 
The algorithm uses ultra-short pulse radar (USPR) technique 
along  with  confocal  microwave  imaging  (CMI)  algorithm 
based on synthetic aperture radar (SAR) to detect tumor cells 
or tissue. A compact Vivaldi antenna having ultra-wideband 
(UWB) performance with bandwidth 3 GHz to 8 GHz is used 
as transceiver and an impulse with no distortion is used as an 
excitation signal in our experiment. We used various synthetic 
breast  phantom  and  metallic  or  high-k  dielectric  balls  as 
tumor. The skin subtraction method using Teflon cover seems 
to be promising for this experiment. 

 
 
 

1.    INTRODUCTION: 
 

Microwave imaging of the complex permittivity 
profile of an unknown object buried under dielectric 
interface or half-space is an important technology that 
has been used successfully in subsurface sensing such 
as GPR (Ground Penetrating Radar) used in mine 
detection [1]. Other potential applications include 
nondestructive  testing  of  materials,  biomedical 
imaging, [2] and the detection of defects and cracks in 
construction materials [3]. Recently, the approach has 
received considerable attention due to its potential 
advantages over more established techniques, such as 
X-ray tomography, as an alternative tool in medical 
diagnostics such as the detection of breast cancers. 
Today  breast  cancer  is  the  most  common  form  of 
cancer among women in most of countries, and the 
standard method of diagnosing breast cancer, is by X- 
ray mammography [4]. Despite its wide-scale usage, 
there are limitations in this technique; for example, (a): 
upto 15 % cases the tumors cannot be diagnosed 
properly due to false-negatives cases such as, low 
contrast between the malignant and healthy tissue, or 
with false positive cases, where the suspected tumors 
are found to be benign in further examinations [4]; (b): 
difficulty in imaging for women with dense breast and 
inconclusive results and etc. Therefore from a 
diagnostic  point  of  view,  these  limitations  provide 
clear motivations for investigation for alternate or 
complimentary tools for imaging. 

In general, two different approaches are used to 
detect the dielectric contrast between the object and the 
background medium: (i) radar-like backscattering 
methods and (ii) tomographic methods. In the radar- 
like methods, an ultra-wideband signal illuminates the 
object from several directions and the amplitude and 
the arrival time of the reflected signals are used to 
identify the location of the strong scatterer [5]. In the 
tomographic approach, the measured scattering data is 
used to recover quantitative images of the dielectric 
profile  using  either  linear  or  non-linear 
approximations. Linear techniques such as Born and 
Rytov approximations have been used widely in the 
image  reconstruction process for  weak  scatterers as 
first order approximation [6]. However, for large 
objects with high contrast ratio, such as often found in 
biological tissue structures, iterative nonlinear methods 
are  used which usually involve the minimization of 
cost function [6-7]. This paper primarily focuses on 
radar type backscattering method for breast imaging. 
 

An  ultrashort-pulse  radar  (USPR)  having 
frequencies  in   microwave  region  is   a   promising 
method for non-destructive detection with imaging 
diagnostics, due to good spatial resolutions [8-9]. The 
shorter the incident pulse-width is, the wider the band 
extends, thereby producing greater information as well 
as better resolution about the reflected objects. We use 
an  impulse  with  picosecond  (ps)  pulse  width  as  a 
source and measure the reflected waves from the 
discontinuous layer of different dielectric constant. In 
addition, the impulse contains little power energy due 
to its so small duty cycle. Therefore, it is appropriate 
for imaging diagnostics of living human body in order 
to detect abnormal tissue, such as, breast cancer. 
 

In this paper, the numerical simulation and the 
experiments of breast cancer detection using the USPR 
with a compact Vivaldi antenna having ultra-wideband 
(UWB) performance are described. The antenna has a 
wide bandwidth with frequency band from 3 GHz to 8 
GHz. An impulse with no distortion is used as an 
incident wave for two-dimensional simulation study to 
perform the image reconstruction of the breast. In our 
experiments, we use various synthetic breast phantoms 
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including laboratory made and commercially available 
phantoms, and metallic or high-k dielectric balls as 
tumor. The image reconstruction algorithm is based on 
confocal microwave imaging (CMI) algorithm as used 
in synthetic aperture radar (SAR) [11-14]. 

 
 
 

2.    MEASUREMENT SETUP: 

Where, sm  is back scattered waveform at the mth 

antenna located at rm; tm(r) is the time delay from mth 

antenna to the focal point of interest (r) and ∆t is the 
sampling time.  For excitation, we use Gaussian ultra - 
wideband pulse as shown in equation 3. 
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The procedures involve the collections of 
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backscattered signal after illuminating the object with 
an ultra-wideband short pulse. 

 

 
 

(a) (b) 
 

 
 

(c) 
 

Fig. 1. The simulation setup; (a): the breast phantom with 
tumor  and location of antennas, (b): breast phantom made 
by CRIS [15], (c): experimental setup used for 
measurements. 

 
First, the relative distances between the focal point 

and each antenna position are determined and then 
converted to the time delays. The reflected waves 
obtained from each antenna are summed up coherently 
to determine the pixel value at each focal point. The 
reconstruction algorithm used in this study is based on 
confocal microwave imaging (CMI) algorithm as used 
in   synthetic   aperture   radar   (SAR)   [11-13].   The 
intensity S of the pixel is given in eq(1). 

where, Vo is used to adjust the amplitude of pulse 
and τ is 65 ps.  The geometry of the problem used in 
FDTD simulation is shown in Fig. 1(a). A semicircle 
shape with radius of 10 cm is used as a breast model 
in our FDTD code. The material property of normal 
breast tissue is assumed as εr= 9, σ = 0.4 S/m and 
that of the malignant breast tissue is εr= 50.0, and σ = 
4 S/m [3, 6], where εr and σ are dielectric permittivity 
and conductivity respectively for given tissue types. 
The full width half-maximum (FWHM) of pulse 
covers  the  frequency  band  of  3-8  GHz.  The  Tx 
antenna  is  rotated  5  degree  increment  around  the 
breast from 0 to 180 degrees. The reflected scattered 
waves are collected at the Rx antenna port. 
 

Once the reflected signals are collected, the post 
processing  routines  are  used  to  extract  the 
permittivity and conductivity profiles. 
 
 
 
3.    NUMERICAL RESULTS AND DISCUSSION: 
 

For experimental testing, we used the commercially 
available phantom (CRIS model-051) [15] as shown 
in Fig 1(b). The phantom has relative dielectric 
constant close to 20 and attenuation of 19 db/cm at 8 
GHz.  The  prototypes  including  antennas  are 
immersed in matching liquid (cooking oil) with 
relative dielectric constant of 3.0 and attenuation of 
0.05 dB/cm at 8 GHz. The antennas are placed 20 
mm above the outer skin of phantom. This distance 
will be sufficient to provide a reasonable coverage by 
the radiation pattern of transmit antenna. 
 

A metallic ball with 9mm in diameter is used as a 
tumor and is placed around 10mm from the top of the 
breast phantom. Both transmitting (Tx) and receiving 
(Rx) antennas are attached to rotational axis of 
stepping motor. During the measurements both 
antennas  are  used  to  move  with  5  degree  step 
sequentially around the breast phantom. The reflected 

𝑆  �   =
 

𝑀  2 
𝑚 =1  �𝑚 (�𝑚   �  )

 
� −�𝑚 

 

(1) waves from the  breast model are  received at each 
antenna  location.  An  8V  magnitude  of  pulse  with 
65ps FWHM is used in our experiment. 
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The Vivaldi antenna is used as both transmitter and 
receiver.  The  antenna  was  fabricated  on  1.57  mm 
thick Taconic TLX substrate with dielectric constant 
of 2.7. The antenna uses a modified version of stub 
for broad band operation. The impedance 
characteristics of both Rx and Tx antennas are 
measured with Anritsu network analyzer and are 
shown in Fig.2 along with maximum gain data. As 
can be seen, S-parameter performances of both 
antennas are in agreement with calculated 
performances. The frequency spectrums are in 
acceptable range for measurements. The antenna 
shows maximum gain of 9.6 dBi and agrees well with 
simulated data. The scattered signals are detected by 
a high-speed sampling oscilloscope. 

 

 
 

Fig. 2: Measured performance of Vivaldi antenna in both 
Rx and Tx configuration. 
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Fig. 3 (a-b): The measurement setup for Teflon cover used 
for  background  subtraction;  (c):  time  delay  for  Teflon 
cover only. 
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(c) 
Fig.  4.  The  time  delay  and  reconstructed  permittivity 
profile for tumor placed at (a): 5mm; (b): 10 mm and (c): 
15 mm from top of breast phantom. 



 

The data were preprocessed for background 
subtraction before using the focusing/image 
reconstruction algorithm. (Teflon covers are used for 
background subtraction and as shown in Fig 3(a-b)). 
The  primary  aim  of  this  process  is  to  equalize  or 
time-aligned the scattered response from tumors as 
received by antennas in different locations. 

 
 

The reconstructed results are shown in Fig. 4 for 
three different locations of tumor i.e. 5 mm, 10 mm 
and 15 mm from top surface of breast phantom. As can 
be seen the surface reflection levels are reduced by a 
factor of 4 compared to our previous measurements 
[10]. 
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