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Abstract— Breast cancer is one of the leading diseases among 
women nowadays. As a rule, the routine diagnostic procedure by 
common methods can not guarantee identification of aggressive 
tumors. Therefore, there is a need for a new method, which 
could detect the tumors at the earliest stage possible. This 
problem may be solved with the help of holographic radar, 
which detects dielectric inhomogeneities. It is known that the 
dielectric properties of normal and malignant breast tissues 
differ even at the earliest stage of a tumor genesis. Thus, 
frequent scans with holographic radar could be used for safe 
early stage breast tumor detection. This report presents the 
results of two series of experiments carried out to confirm the 
possibility of using holographic radar for the detection of breast 
tumors. A specially constructed model breast with two 
dielectrically realistic inclusions of various sizes simulating 
neoplasm was used in the experiments. It was found out that 
among holographic radars operating at 4 and 7 GHz the latter is 
preferable for breast inhomogeneity detection. 

I. INTRODUCTION 
Early stage breast cancer detection is now one of the most 

actual problems in medical diagnostics. In some countries this 
pathology is the leading cause of death among the women. 
Every 9th female in USA is under the risk of this highly 
dangerous disease. As a rule, the routine diagnostic procedure 
consists of individual examination by doctors and 
mammography or ultrasound screening. Screening for early 
detection of breast cancer is conducted by these methods at 
12-24 month intervals, which can not guarantee identification 
of aggressive tumors. Also, however rarely, such methods as 
computed tomography, positron-emission tomography, 
magnetic resonance imaging, all kinds of biopsy are applied. 
They allow to purposefully look for certain changes in the 
mammary glands and specify their cause, nature and 
prevalence. However, none of them are applicable for routine 
scanning because of high cost, prolonged time of a diagnostic 
procedure and invasiveness (for biopsy). 

Therefore, it is advisable to complete a routine diagnostic 
procedure by an other noninvasive screening method, which 
could detect the tumors at the earliest stage possible. This 
problem may be solved with the help of holographic radar, 

which detects dielectric inhomogeneities. It is known that the 
dielectric properties of normal and malignant breast tissues 
differ even at the earliest stage of a tumor genesis [1]. Thus, 
frequent scans with holographic radar could be used for safe 
early stage breast tumor detection. Although at present there is 
a growing interest in literature to the usage of ultrawideband 
radars for breast malignant tumors detection [2-4], these 
devices have not yet achieved necessary accuracy and 
specificity when applied on the realistic breast phantoms. 
Holographic radars have not been used for this purpose until 
the present. 

In this paper holographic radar RASCAN is proposed for 
breast screening. A special realistic phantom of a breast is 
proposed, which allows creating phantoms with different 
displacement of neoplasm. In section 2 apparatuses, model 
and experimental procedure are described. Section 3 contains 
some experimental results. 

II. APPARATUSES AND METHODS 
During experiments two types of multi-frequency 

holographic radar RASCAN were compared: RASCAN-
4/4000 with frequency from 3.6 to 4.0 GHz and RASCAN-
4/7000 with frequency range of 6.4 - 6.8 GHz (Fig. 1) [5, 6].  

 

Figure 1.  Radars used in the experiments. 

Both of them operate at five probing frequencies and two 
types of polarization (cross and parallel). 

Since the reflection of electromagnetic wave radiated by 
the radar takes place on the boundaries of objects with 
different dielectric properties, the device can detect tumors by 

978-1-4673-0658-4/12/$31.00 ©2012 IEEE 1004



presence of such re-scattered waves. To prove the fact several 
experiments were carried out on a special breast phantom. 

It is always a challenge to construct realistic models of 
biological objects. In the literature many different breast 
phantoms are described [7-10]. The main disadvantage of such 
phantoms is their complexity. In this study a simple in use 
model proposed by Dr. S. Vesnin, who has been working in 
the field of breast cancer diagnostics for more that 20 years, 
was applied. The scheme of the experimental breast phantom 
with two heterogeneous inclusions of various sizes, simulating 
neoplasm, is presented in Fig. 2. 

 

Figure 2.  Scheme of the experimental model. 

 

Figure 3.  Photo of the experimental setup. 

In the experimental phantom normal breast tissue was 
assumed to have the same dielectric properties as adipose 
tissue (dielectric constant is about 7 and conductivity 
0.5 Sm/m [1]). It was simulated by lard, neoplasm and skin 
(dielectric constant is about 40 and conductivity 4 Sm/m [1]) - 
by pudding. Radar head was connected to a control unit and 
through it to a PC. After that scanning procedure was carried 
out by the straight movements of the radar in series of 20 
parallel lines for the full coverage of the experimental model. 

For two of the RASCAN radars the experiments were 
conducted for next configurations of the breast phantom: 

 phantom without inclusion (#1); 

 phantom with inclusion and without the skin 

layer (#2); 

 completely assembled phantom: layers of normal 
breast tissue with inclusions covered with skin 
layer (#3). 

For every experiment 2 images for each of the five probing 
frequencies are obtained (10 total images). In this paper only 
the most informative of them are given. 

III. EXPERIMENTAL RESULTS 
First of all preliminary experiments with phantom #1 were 

carried out. Their results showed that it is highly important to 
exclude any air gaps between antenna and breast phantom, 
because it may be the reason for a false alarm (Fig.4). 
Obviously, in case of any air gap presence there is a reflection 
from the surface of the phantom. Its amplitude is much higher 
than the same parameter for the reflection from the inner 
inhomogenities of the model. 

 

Figure 4.  Holographic image of the phantom #1. 

This problem was solved by placing a plastic sheet 
between antenna and breast phantom surface. Thus the 
gapping was excluded and as it could be seen from the results 
(Fig. 5) there is not any significant variation of brightness in 
this case. 

 

Figure 5.  Holographic image of the phantom #1 (air gapping excluded). 

It is easy to predict the fact that the contract for the fully 
assembled phantom #3 should be much lower than for the 
phantom #2, because the reflection from the skin layer is 
much higher that from the normal breast tissue layer of the 
phantom. This statement was proved by the experimental data. 
For phantom #2 the inclusions are clearly discernible in the 
resulting image (Fig. 6). Variations in the brightness of the 
image depend on the transverse coordinate in longitudinal 
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sections also indicate the presence of inhomogeneities (Fig. 7, 
localizations of inhomoginities are circled). 

 

Figure 6.  Image of the breast phantom #2 
(7 GHz in a parallel channel). 

 

Figure 7.  The plot of brightness dependence on the transverse coordinate 
(section from Fig. 6). 

For phantom #3 the results are shown in Fig. 8 and 9. The 
inclusions can be determined, but not as clearly as in the 
experiments without skin (Fig.6, 7). That means that the skin 
layer blocks most of the radar signal.  

Data given in Fig. 6-9 correspond to RASCAN4/7000, for 
RASCAN4/4000 they are quite similar but the resolution is 
lower. 

 

Figure 8.  Image of the breast phantom #3 
(7 GHz in a parallel channel). 

 

Figure 9.  The plot of brightness dependence on the transverse coordinate 
(section from Fig. 8). 

IV. CONCLUSION 
Experimental results showed that holographic radars 

RASCAN, used during the experiments, allow detection of 
dielectric inhomogeneity in biological tissues, e.g. tumor in 
normal breast tissue, due to significant differences in the 
dielectric properties. 

Based on these experiments, we can conclude that though 
the skin layer greatly attenuates radar probing signal, tumor 
may still be detected by holographic radar. It was found out 
that among holographic radars operating at 4 or 7 GHz the 
latter is preferable for breast inhomogeneity detection. In 
further work it is proposed to apply reconstruction algorithms 
to the holograms, which may significantly improve the quality 
of the image and its resolution. 

ACKNOWLEDGMENT 
The authors would like to express their gratitude to 

Dr. S. Vesnin for his assistance with creating the breast 
phantoms. 

This work was supported by grants of the President of 
Russian Federation MK-118.2011.9 and Russian Foundation 
for Basic Research. 

REFERENCES 
[1] M. Lazebnik, L. McCartney, D. Popovic, C.B. Watkins, M.J. 

Lindstrom, J. Harter, S. Sewall, A. Magliocco, J.H. Booske, M. 
Okoniewski, and S.C. Hagness. A large-scale study of the 
ultrawideband microwave dielectric properties of normal breast tissue 
obtained from reduction surgeries, "Physics in Medicine and Biology", 
Vol. 52, 2637-2656, May 2007. 

[2] Klemm, M., et al.: Microwave Radar-Based Breast Cancer Detection: 
Imaging in Inhomogeneous Breast Phantoms. IEEE Antennas and 
Wireless Propagation Letters, vol. 8, (2009). 

[3] Bindu, G., S. J. Abraham, A. Lonappan, V. Thomas, C. K. Aanandan, 
and K. T. Mathew, “Active microwave imaging for breast cancer 
detection," Progress In Electromagnetics Research, PIER 58, 149-169, 
2006. 

[4] Sill, J. M. and E. C. Fear, \Tissue sensing adaptive radar for breast 
cancer detection | Experimental investigation of simple tumor models," 
IEEE Transactions on Microwave Theory and Techniques, Vol. 53, No. 
11, 3312-3319, Nov. 2005. 

[5] Sergey I. Ivashov, Vladimir V. Razevig, Igor A. Vasiliev, Andrey V. 
Zhuravlev, Timothy D. Bechtel, and Lorenzo Capineri, Holographic 
Subsurface Radar of RASCAN Type: Development and Applications, 
IEEE Journal of Selected Topics in Earth Observations and Remote 
Sensing, Volume 4, Issue 4, 2011. 

978-1-4673-0658-4/12/$31.00 ©2012 IEEE 1006



[6] http://www.rslab.ru/?lang=english&dir=product. 
[7] J. M. Sill, T. C. Williams, E. C. Fear, R. Frayne, and M. Okoniewski, 

“Realistic breast models for second generation tissue sensing adaptive 
radar system,” in Proc. 2nd Eur. Conf. Antennas Propag., Edinburgh, 
U.K., Nov. 2007, pp. 1–4. 

[8] E. Zastrow, S. K. Davis, M. Lazebnik, F. Kelcz, B. D. Van Veen, and 
S. C. Hagness, “Development of anatomically realistic numerical breast 
phantoms with accurate dielectric properties for modeling microwave 
interactions with the human breast,” IEEE Trans. Biomed. Eng., vol. 
55, no. 12, Dec. 2008, pp. 2792–2800. 

[9] J. Leendertz, A. Preece, R. Nilavalan, I. J. Craddock, and R. Benjamin, 
“A liquid phantom medium for microwave breast imaging,” in Proc. 
6th Int. Congress Eur. Bioelectromagn. Assoc., Budapest, Hungary, 
Nov. 2003, p. 232. 

[10] J. C. Y. Lai, C. B. Soh, E. Gunawan, and K. S. Low “Homogeneous 
and Heterogeneous Breast Phantoms for Ultra-Widebans Microwave 
Imaging Applications” Progress In Electromagnetics Research, 
PIER 100, 2010, pp. 397-415. 

 

978-1-4673-0658-4/12/$31.00 ©2012 IEEE 1007




