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Abstract—Microwave Radar imaging is one promising The studies carried out by Hagness et al. initiated the recent

technique used in place of X-ray and MRI for detection of breast
cancer. The Ultra-Wideband (UWB) pulses are used to detect the
tumor in the breast from the backscattered signals, which are
transmitted sequentially from the array of antenna. The UWB
Microwave imaging (MWI) is applied for detection of small
malignant tumors inside the breast due to its high resolution and
capability of detection and classification. The UWB imaging
exploits the significant contrast in dielectric properties between
malignant tumors and normal fatty tissues. The MIST
(Microwave imaging via space-time beam-forming) and TSAR
(Tissue sensing adaptive radar) are different Radar approaches
for cancer detection. These are based on the different antenna
setup at the transmitter and receiver side of the breast, called
monostatic, bistatic and multistatic.
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. INTRODUCTION

Breast cancer is the most common cancer among the women
and it can cause death of the patient. The breast cancer must
be diagnosed at the early stage to save the patient.
Mammography is the method used to diagnose the breast
cancer, X-ray imaging of the breast. This technique has been
satisfied to be relatively sensitive to the presence of lesions in
the breast. Though, this diagnose technique may lead to
painful breast compression and unhealthy exposure to ionizing
radiation may prevent patients from early-stage assessment,
which is the best and valuable phase for medical behavior.
Approximately 15% of all breast cancers are missed by
conventional mammography while 75% of identified breast
lesions turn out to be benign [1]. These concerns provoke
motivation for engineers to introduce new breast imaging
techniques [2]. Microwave imaging technique provide no. of
advantages over X-ray imaging, it can be nonionizing, reduce
unnecessary breast compression, less invasive than x-rays, and
is low cost. The physical basis for microwave detection is the
significant contrast in dielectric properties between normal
tissue and cancerous tissue [3]. The dielectric contrast between
normal and malignant tissues ensures that any tumor present in
the breast tissue will provide backscattered energy that may be
used to detect of the presence of the tumor when illuminated
by microwave radiation.
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high level of research activity in microwave imaging of breast
cancer [19]. The active microwave imaging techniques have
been proved as corresponding modalities to X-ray
Mammaography. The basic theory of microwave imaging is the
significant dielectric-properties contrast between malignant
tumors and normal breast tissue at microwave frequencies [4]-
[5]. Recently, Lazebnik et al. and Zastrow et al. performed
essential studies in the ultra wideband microwave dielectric
properties of normal, benign and malignant breast tissues [20,
21]. This technique can be divided into two general categories:
microwave tomography and ultra wideband (UWB) radar
techniques. The tomography image reconstruction technique is
used to illuminate the breast with microwaves and then
measuring transmitted or reflected microwave signals, to
quantitative compute the spatial distributions of the dielectric
constant and/or conductivity [6]. The UWB approach is
current approach, where UWB pulses are transmitted from
antennas at different places near/on the surface of the breast
and backscattered signals are recorded to form an image.

The Ultra-wideband is proved very significant alternative to
mammography. It is safe, simple and more comfortable for
patients. The UWB microwave imaging technique relies on
two fundamental properties. Firstly, dielectric properties of
malignant tumor is higher as they have higher water content
in compare to normal breast tissues, which have relatively
lower water content. Thus, strong scattering takes place at the
boundary between normal tissue and lesions. Secondly,
microwave attenuation in normal breast tissue is less than 4
dB/cm up to 10 GHz [2]. Thus in this frequency band
microwave devices provide high sensitivity and by selecting
appropriate bandwidth, it can give better resolution.

Il. DIFFERENT CONFIGURATIONS FOR
TRANSMITTING & RECEIVING ANTENNA

In this paper we have discussed only two RADAR techniques
mainly, which are Synthetic Aperture Radar (SAR) based
techniques such as Tissue Sensing Adaptive Radar (TSAR) [8,
9] and Microwave Imaging via Space Time Beam forming
(MIST) [10, 11] are proposed. At a time of simulation of both
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the systems for improved matching, breast and antenna model
are immersed in a substance similar to breast tissue [12]. The
ability of these systems to detect tumors relies on the
increased backscatter caused by malignant tissue. The ability
of these systems to detect tumors relies on the increased
backscatter caused by malignant tissue [13]. The UWB radar
technique is also defined as time domain techniques. These
techniques radiate low power pulses, which are received at
different positions with a probe antenna or by group of
antennas. The time delay between radiated and received pulses
is used to measure the scattered signal and collect the
information [18]. As same in frequency domain system, there
are three different approaches in time domain system
monostatic, bistatic and multistate in ultra-wideband (UWB)
radar imaging technique, each defined by how the
backscattered energy is acquired.

In the monostatic method, there is only one
antenna used as transmitter to generate the ultra-wideband
pulses and record the backscattered signal itself. Often the
transmitting antenna is moved across the breast to produce a
synthetic aperture. In the bistatic case, two antennas are used,
a single transmitting antenna and a single receiving antenna.
At last, in the multistatic configuration, the tissue is
illuminated by one transmitting antenna while the
backscattered signals are recorded at several antennas placed
at different positions around the breast [7]. In the multistatic
approach, a real aperture array (see Fig. 1) is used for data
collection. In compare to monostatic and bistatic
configuration, the multistatic approach is proved better.

As described by Xie et al. [14],
the multistatic approach can produce improved imaging results
when the actual aperture used in the multistatic system is close
to synthetic aperture used in the monostatic case. A multistatic
imaging system has been developed by Craddock et al. [15,
16], while several other multistatic imaging algorithms have
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Fig. 1. Antenna array configuration (for Multistatic system) [6].
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been developed and demonstrated, including a simple Delay
and Sum (DAS) [17] and a Robust Capon Beam forming
(RCB)-based adaptive method. The multistatic approach
acquires additional information about the tumor using received
signals that transmit via different paths [7]. The ultra wide
band radar techniques have different advantages which occupy
a simple approach, it locate strong scattering in the breast area
thus avoiding the full wave electromagnetic analysis [18].

I1l.  MIST (MICROWAVE IMAGING VIA SPACE TIME BEAM
FORMING) TECHNIQUE

In recent times a method proposed called microwave imaging
via space-time (MIST) beamforming for breast cancer
detection [22]. The MIST technique uses the multistatic
configuration for transmitting and receiving the backscattered
signals for imaging. The reason of better imaging is that the
multistatic approach exploits multiple received signals that
transmit using different routes, accruing more information
about the tumor. It is assume that space-time beamformer
transmit consecutively a low power ultra wideband (UWB)
signal into the breast with the help of each antenna in an array
and records the backscatter signals. The beamformer then
spatially focuses the backscatter signals to differentiate against
clutter generate by the heterogeneity of normal breast tissue
[1].

In contrast to narrowband tomography [23]-[24], the
MIST beamforming technique provide the advantage of
identifying the presence and location of malignant breast
tumors by imaging backscatter signal energy as a function of
location, instead of reconstructing the dielectric-properties
profile of the breast. Therefore, by using the strong signal
processing techniques, it is not necessary to solve the
nonlinear inverse scattering problem.

The MIST technique follows the procedure of
scanning the patient, which lies in supine position. The no. of
transmitting antenna array or one is situated on the flattened
breast surface, and scanned to multiple locations. Special
liquid has been used to approximate the dielectric properties of
the medium to those of the object [1]. In this technique first,
the space-time beamformer time-shifts the returns to arrange
in a line the signals from an exact point in space. A finite-
impulse response (FIR) filter is use to pass the time-aligned
signals and summed to create the beamformer output. Then
the output is time gated and energy is calculated. A display of
energy as a function of location provides an image of
backscattered signal strength. Locations of high energy
indicate the presence of significant scatterers, i.e. malignant
lesions [22].The beamformer is considered to compensate for
the attenuation and frequency-dependent transmission effects
encountered as the signal propagates to and from the point of
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Fig. 1. Block diagram of overall system [7].

interest [7]. The beamformer scan to all location of interest and
formed an image, which present the produced energy
distribution. The MIST beamformer has been revealed as an
effective technique and it can detect small tumors (2 mm). It is
compulsory to transform the monostatic artifact removal
algorithm, in addition to the MIST adaptive beamforming
algorithm itself. A block diagram of the overall system is
shown in Fig. 2.

IV. TISSUE SENSING ADAPTIVE RADAR (TSAR)
TECHNIQUE

Fear and Sill developed Tissue Sensing Adaptive Radar as an
alternative of MIST technique [1]. However both the systems
are similar, but there are some fundamental differences
between the two. In the TSAR system, the patient lies in prone
position, the breast falls through a hole in the examination
table, and antennas are scanned around the breast [26].
Moreover, the TSAR system uses less complicated clutter
reduction methods than MIST, which uses advanced clutter
reduction algorithms to create an image. In TSAR system,
simple time shifting and adding algorithm were used to
reconstruct images. The TSAR approach also used monostatic
setup. A single antenna is used to scan the breast in the desired
region. The recorded scattered signals process to increase
reflections from the breast tissue/tumor edge [27].
The TSAR algorithm uses simple clutter reduction
methods; though, tumors of 4 mm have been detected in a
three-dimensional (3-D) cylindrical breast model [28]. In a
reasonable system, practical issues such as antenna
manufacture, the electrical properties of breast tissues, and
breast shape must be considered. The first experimental
system for testing radar-based breast cancer detection was
presented in [29].
The TSAR algorithm has a number of different
stages: skin sensing, skin subtraction, tumor detection, and
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show an image. The reflection from the skin is on the order of
50 dB greater than reflections received from tissue interfaces
inside the breast [30] and must be reduced to permit tumor
detection. As a result, skin sensing and reduction of the skin
reflection are key components of the TSAR algorithm [27].
The purpose of this technique, is similar as other radar-based
imaging, classify sources of backscattered energy arising from
the- dielectric property differences between the various breast
tissues. The scattered fields (or reflections) are received at the
same antenna. The antenna is consecutively moved around the
breast in a 3D pattern in order to collect reflections at multiple
locations.
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Fig 2. Test setup with a monopole antenna, immersion liquid, and breast
phantom. (a) Top-down view. (b) Side view [26].

Early and late-time contributions are supported by scattered
fields received at each antenna. Effective suppression of the
clutter is required in order to successfully detect and localize
tumors; clutter is defined as signals arising from scattering
mechanisms other than the tumor [31]. This algorithm is
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defined as: First, tissue sensing carried out to locate the breast
in the tank; secondly, the skin reflections were estimated and
subtracted, signals without skin reflections were formed into
an image. The results of this technique showed the ability for
detecting image, for detecting and localizing tumors of greater
than 4 mm diameter [32]. The skin-sensing step involves
estimating skin thickness and location relative to the antenna
position. Data indicated that skin location was estimated with
an error of 4.55% or less. However, error in thickness
estimates may exceed 160% for a 1-mm skin layer [27].

V. CONCLUSION

The RADAR techniques are used to detect and localized
the malignant tumor in the breast, by transmitting sequentially
ultra-wideband pulses using one antenna or an array of antenna
and received the reflected signals using different setup of
antennas. There are three types of setup used for receiving
backscattered signals; monostatic, bistatic and multistatic. The
multistatic configuration provide more information about
cancerous tumor, hence this setup is used in some techniques.
The beamformer approaches are used to focus the tumor at an
early stage and these are capable of detecting the millimeter-
sized tumor inside the breast.

In this paper the MIST (Microwave Imaging via
Space Time Beam Forming) and TSAR (Tissue Sensing
Adaptive Radar) techniques are given and compare at different
levels, for example the MIST used all three types of
configuration for antenna and currently it is using multistatic
while TSAR uses only monostatic setup. The MIST techniques
can detect tumor of 2 mm size, while TSAR approach detect
only the tumor of 4 mm size or greater then this size.
Therefore, the MIST technique proved better then TSAR
technique in terms of detecting the tumor at an early stage and
it uses multi-MIST beamformer which will provide spatial
diversity at the transmitter and receiver, provides multiple
reflections from tumors that transmit from different paths.

ACKNOWLEDGMENT

The authors would like to thank Prof. Sanjay B. C. Gaur for
his helpful comments on the paper.

REFERENCES

[1] Xu Li, Susan C. Hagness, Barry D. Van Veen, and Daniel van der Weide,
“Experimental Investigation of Microwave Imaging via Space-Time
Beamforming for Breast Cancer Detection” 2003 IEEE MTT-S

International ~ Microwave Symposium Digest (color version).

[2] X. Zhuge, M. Hajian, A.G. Yarovoy, L.P. Ligthart, “Ultra-Wideband
Imaging for Detection of Early- Stage Breast Cancer” Proceedings of the
4th European Radar Conference October 2007, Munich Germany.

[3] Surowiec, A.J., S. S. Stuchly, J. R. Barr and A. Swarup, “Dielectric
Properties of Breast Carcinoma and the Surrounding Tissues,” IEEE
Transactions on Biomedical Engineering, Vol. 35, No. 4, 257-263, April
1988.

[4] A. J. Surowiec, S. S. Stuchly, J. R. Barr, and A. Swarup, "Dielectric
properties of breast carcinoma and the surrounding tissues," IEEE Trans.
Biomed. Eng., vol. 35, pp. 257-263, April 1988.

[5] S.S. Chaudhary, R. K. Mishra, A. Swarup, and J. M. Thomas, "Dielectric
properties of normal and malignant human breast tissues at radiowave

www.ijert.org

and microwave frequencies,” Indian J. Biochem. And Biophys., vol. 21,
pp. 76-79, Feb. 1984.

[6] Yao Xie, Bin Guo, Luzhou Xu, , Jian Li, and Petre Stoica, “Multistatic
Adaptive Microwave Imaging for Early Breast Cancer Detection” IEEE,
Transactions On Biomedical Engineering, Vol. 53, No. 8, August 2006

[7]1 Martin O’Halloran, Edward Jones, and Martin Glavin “Quasi-Multistatic
MIST Beamforming for the Early Detection of Breast Cancer”, IEEE
Transactions On Biomedical Engineering, Vol. 57, No. 4, April 2010

[8] Fear, E., J. Sill, and M. Stuchly, “Experimental feasibility study of
confocal microwave imaging for breast tumor detection,” IEEE Trans.
Microw. Theory Tech., Vol. 51, No. 3, 887-892, 2003

[9] Sill, J. and E. Fear, “Tissue sensing adaptive radar for breast cancer
detection: Experimental investigation of simple tumor models," IEEE
Trans. Microw. Theory Tech., Vol. 53, No. 11, 3312-3319, 2005

[10] Bond, E., X. Li, S. Hagness, and B. Van Veen, “Microwave imaging via
space-time beamforming for early detection of breast cancer,” IEEE
Trans. Antennas and Propagat., Vol. 51, No. 8, 1690-1705

[11] Li, X., S. Davis, S. Hagness, D. D. Van Weide, and B. Van Veen,
“Microwave imaging via space-time beamforming: Experimental
investigation of tumor detection in multilayer breast phantoms," IEEE
Trans. Microw. Theory Tech., Vol. 52, No. 8, 1856-1865, 2004

[12] Fear, E.C., et al.: ‘Confocal microwave imaging for breast tumor
detection: localization of tumors in three dimensions’, IEEE Trans.
Biomed. Eng., 2002, 49, pp. 812-822

[13] Muhammad Hassan Khalil*, Jia Dong Xu and Tsolmon Tumenjargal,
“Microwave Imaging: Potential for Early Breast Cancer Detection”
Proceedings of the Pakistan Academy of Sciences 49 (4): 279-288 (2012)
Pakistan Academy of Sciences Copyright © Pakistan Academy of
Sciences ISSN: 0377 - 2969 print / 2306 - 1448 online

[14] Y. Xie, B. Guo, L. Xu, J. Li, and P. Stoica, “Multistatic adaptive
microwave imaging for early breast cancer detection,” IEEE Trans.
Biomed. Eng., vol. 53, no. 8, pp. 1647-1657, Aug. 2006.

[15] Craddock, I. J., R. Nilavalan, A. Preece, and R. Benjamin, “Experimental
investigation of real aperture synthetically organized radar for breast
cancer detection," IEEE Antennas and Propagation Society International
Symposium, Vol. 1B, 179{182, Washington, DC, 2005.

[16] Klemm, M., I. J. Craddock, J. A. Leendertz, A. W. Preece, and R.
Benjamin, “Radar-based breast cancer detection using a hemispherical
antenna array-experimental results," IEEE Trans. Antennas and
Propagat., Vol. 57, No. 6, 1692-1704, 2009.

[17] Nilavalan, R., A. Gbedemah, X. Li, and S. C. Hagness, “Numerical
investigation of breast tumor detection using multi-static radar,” IET
Electronic Letters, Vol. 39, No. 25, 1787-1789, Dec. 2003.

[18] M. O'Halloran, M. Glavin, and E. Jones, “Performance and Robustness of
A Multistatic Mist Beamforming Algorithm for Breast Cancer
Detection”, Progress In Electromagnetic Research, Vol. 105, 403-424,
2010

[19] H. Zhou, T. Takenaka, J. E. Johnson & T. Tanaka, “A Breast Imaging
Model Using Microwaves and a Time Domain Three Dimensional
Reconstruction Method”, Progress In Electromagnetics Research, PIER
93, 57-70, 2009

[20] Lazebnik, M., D. Popover, L. McCartney, C. B. Watkins, M. J.
Lindstrom, et al., “A large-scale study of the ultra wideband microwave
dielectric properties of normal, benign and malignant breast tissues
obtained from cancer surgeries,” Phys. Med. Biol., Vol. 52, 6093-6115,
2007.

[21] Lazebnik, M., L. McCartney, D. Popovic, C. M. J. Lindstrom, et al., “A
large-scale study of the ultra-wideband microwave dielectric properties of
normal breast tissue obtained from reduction surgeries,” Phys. Med. Biol.,
Vol. 52, 2637-2656, 2007

[22] E. J. Bond, Xu Li, S. C. Hagness, and B. D. Van Veen, "Microwave
imaging via space-time beamforming for early detection of breast
cancer," |EEE Trans. Antennas and Propagat., in press.

[23] P. M. Meaney, M. W. Fanning, D. Li, S. P. Poplack, and K. D. Paulsen,
"A clinical prototype for active microwave imaging of the breast," IEEE
Trans. Microwave Theory Tech., vol. 48, no. 11, pp. 1841-1853, Nov.
2000.

[24] A. E. Bulyshev, S. Y. Semenov, A. E. Souvorov, R.H. Svenson, A.G.
Nazarov, Y. E. Sizov, and G. P. Tatsis, "Computational modeling of
three-dimensional microwave tomography of breast cancer," IEEE Trans.
Biomed. Eng., vol. 48, pp. 1053-1056, Sept. 2001.

387



[25] S. C. Hagness, X. Li, E. J. Bond, S. Davis, M. Choi, P. Gustafson, B. D.
Van Veen, and D. van der Weide, “Microwave Imaging Via Space-Time
Beamforming For Breast Cancer Detection: Experimental Studies Using
Breast Phantoms”.

[26] “Tissue Sensing Adaptive Radar for Breast Cancer Detection—
Experimental Investigation of Simple Tumor Models”, Journal of Cancer
Therapy, 2009, 1, 1-8 1 Published Online September 2009 in SciRes
(www.SciRP.org/journal/cancer)

[27] Trevor C. Williams, Elise C. Fear, and David T. Westwick, “Tissue
Sensing Adaptive Radar for Breast Cancer Detection—Investigations of
an Improved Skin-Sensing Method”, IEEE Transactions On Microwave
Theory And Techniques, Vol. 54, No. 4, April 2006.

[28] J. M. Sill, T. C.Williams, and E. C. Fear, “Tissue sensing adaptive radar
for breast tumour detection: Investigation of issues for system
implementation,” in Int. Zurich Electromagnetic Compatibility Symp.,
Zurich, Switzerland, Feb. 2005, pp. 71-74

International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181

ETRASCT" 14 Conference Proceedings

[29] E. C. Fear, J. Sill, and M. A. Stuchly, “Experimental feasibility study of
confocal microwave imaging for breast tumor detection,” IEEE Trans.
Microw. Theory Tech., vol. 51, no. 3, pp. 887-892, Mar. 2003.

[30] E. C. Fear and J. M. Sill, “Preliminary investigations of tissue sensing
adaptive radar for breast tumor detection,” in IEEE Proc. Eng. Med. Biol.
Society, Cancun, Mexico, Sep. 2003, pp. 3787-3790.

[31] Douglas Kurrant, Jeff Sill, Elise Fear, “Tumor Response Estimation
Algorithm for Radar-based Microwave Breast Cancer”.

[32] Fear, E. C. Microwave Imaging of the Breast. Tech. in Cancer Research
& Treatment 4 (1): 69-82 (2005).

www.ijert.org 388



