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Flexible Antenna Array for Early Breast
Cancer Detection using Radiometric Technique

A. Afyf, L. Bellarbi, F. Riouch, A. Errachid, and M. A.Sennouni

Abstract— Radiometry (or Microwave Thermography) as an early
non-invasive and highly sensitive method helps on the detection of
the malign tumors in the early curable stages, contributing to
diminish the mortality which appears in the cases where the breast
cancer was detected in late incurable stages. In this paper we present
a novel design of an antenna array structure which is a crucial part
in a radiometer system. The flexible compact antenna array is
composed of two elements coupled with a T-junction, feded by a co-
planar waveguide (CPW). Using both CST Microwave Studio and
HFSS Software The antenna array prototype has been built and
carried out. The proposed smart structure provides a bandwidth of
480 MHz around operating frequency of 3 GHz with a total gain of
about 6 dBi.

Keywords— Antenna array, Compact, CST microwave studio,
Early breast cancer detection, Radiometry, Flexible, HFSS software.
Breast cancer is a significant health issue affects one in

every seven women [1], [2]. Early diagnosis and treatment
are the hot keys to survive from breast cancer. Various
technologies have been implemented to measure a multitude of
physical quantities for diagnosis of abnormal medical
conditions as well as to provide guidance during therapeutic
intervention [3]. However, whether we face advanced imaging
systems or simple fixed point measuring devices, performance
is fundamentally linked to instrumentation repeatability and
reproducibility of the physiological variable under
investigation. The quality of medical imaging methods is
influenced by several factors the most important being object
contrast, blur, noise, artifacts, and distortion [4]. Image
blurring due to patient motion is a well known problem in
medical modalities such as X-ray imaging, computer
tomography (CT), magnetic resonance imaging (MRI),

positron emission tomography (PET), single-photon emission
computed tomography (SPECT), and ultrasound imaging [4],
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[5]. Motion blurring typically occurs if the patient moves
during image acquisition. Unfortunately, involuntary and

uncontrollable motion of internal organs (e.g., respiratory
movement) is also a contributing factor. Passive methods like
microwave radiometry [6]-[9] and infrared (IR) thermography
[10]-[12] are sensing techniques that can read noninvasive
temperatures of superficial tissue. For these methods, the
emitted power from an object is spontaneous thermal radiation
in the microwave or infrared frequency bands. Infrared
thermography is used in breast cancer detection [13], [14],
imaging of varicose and subcutaneous veins [15], vein pattern
biometric [16], and inflammatory detection [17], to mention a
few. Complementary microwave radiometry, with less spatial
resolution but significantly higher sensing depth than IR
thermography, has been investigated for brain temperature
monitoring in infants [18], hyperthermia temperature
monitoring [19], and breast cancer detection [20]-[22]. A
recently proposed application for radiometry is detection of
vesicoureteral reflux (VUR) in relatively young patients ( <4
years) [23]-[26]. VUR is a condition in which bladder urine
flows back through the ureters and into the kidneys [27].

A. Motivation to use Microwave Radiometry in Medicine

Microwave radiometry has explicit low investment costs and
low technological complexity, also low spatial resolution
compared to the other modalities as seen in table 1.

Table 1. Comparison of some imaging methods.

Modality Cost Hardware Resolution
complexity
X-ray Moderate | Moderate High
PET High High High
Gamma Moderate | Moderate/ Moderate
camera High
MRI High High High
Ultrasound | Moderate | Moderate Moderate
IR Moderate | Moderate/ High
High
Radiometry | Low Low Low
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Other advantages of this method are that it can see at depth of
the human body and instrumentation and applicator can be
made practically small.

B. Principle of Radiometers

A microwave radiometer is a sensitive instrument that can
read temperatures noninvasively in a human body [6], [28] -
[31]. The instrument measures the naturally radiated noise
power that is emitted from all sources above absolute zero
when the material is lossy. Blackbody spectral radiance B at
temperature T at any given frequency is given by Planck’s law.
For frequencies in the microwave region and temperatures
relevant in microwave radiometry, Planck’s law can be
approximated by Rayleigh—Jean’s law [32]

2KTf?
Y 1)

B(f,T)=

from which, the tissue temperature T ( in K) can be written as
(1], [33]
P
K xAF

where AF is the antenna bandwidth in MHz, K is Boltzmann’s
constant, and P is the power available at the antenna port. The
temperature read during this experiment is given by the
radiometric equation [34]

Ty = (L= p) [W(NT(N)aV + (- p)T,,
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where Tg is the brightness temperature of the object, p is the
power reflection coefficient, W, is the radiometric weighting
function, T is the spatial temperature of the object at the
position r, Te is the electromagnetic interference and Ty the
equivalent noise temperature in the radiometer system. The
radiometric weighting function is given by

0w ([EC)|

Jour

where E is the electric field intensity of a lossy medium and o,
is the medium conductivity for a specific frequency with all
terms of loss included. The radiometric weighting function is
normalized according to [32], [35].

jwq)dv =1

(4)

®)

The technique can be used to form an image with low
resolution. An example is given in Fig.1l. where 9 probe
responses from a breast are used to form the image Fig.2.
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Fig.1 Schematic representation of the measurement points
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Fig.2 Example of a microwave radiometry image of human breast.
The left is a healthy breast and right is a breast with cancer [36].

C. Flexible antennas for Radiometers

Recent years have witnessed a great deal of interest from
both academia and industry in the field of flexible electronics.
In fact, this study tops the pyramid of research priorities
requested by many national research agencies. According to
market analysis, the revenue of flexible electronics is estimated
to be 30 billion USD in 2017 and over 300 billion USD in
2028 [37]. Their light weight, low-cost manufacturing, ease of
fabrication, and the availability of inexpensive flexible
substrates (i.e.: papers, textiles, and plastics) make flexible
electronics an appealing candidate for the next generation of
consumer electronics [38]. Moreover, recent developments in
miniaturized and flexible energy storage and self-powered
wireless components paved the road for the commercialization
of such systems [39]. Consistently, flexible antennas operating
in specific frequency bands to provide wireless connectivity
are highly demanded by today’s information oriented society,
where antennas are the most crucial components in a
microwave radiometer as shown in Fig. 3.
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Fig.3 Microwave radiometry system, (a) Antenna array, and (b)
Synchronuous Detection.

Based on the above references, we propose a flexible
antenna array with two elements, having I-shaped slots and a
tuning stub which is designed as an RF receiver. This paper is
organized as followed: Section Il and Il respectively
introduce, Design Procedures and Simulation Results for both
elementary and antenna array. Conclusion is shown in Section
IV. As described in subsequent sections, the optimization of
antenna structures was carried out by simulations with CST
Microwave Studio [40], and Ansoft HFSS [41].

Il. ELEMENTARY ANTENNA

A. Antenna Design

The elementary antenna is a thin rectangular patch printed
on a Kapton Polyimide substrate having a thickness of
HS=0.125mm. The antenna design required to look into the
permittivity or dielectric constant of the substrate, width,
length of the patch antenna and the ground plane. The
permittivity of the substrate plays a major role in the overall
performance of the antenna. It affects the width, the
characteristic impedance, the length and therefore the resonant
frequency that resulting to reduce the transmission efficiency.
Using a permittivity value ¢, of 3.4, the effective dielectric
constant & of the antenna is determined from the (6) which
was obtained from [42].

{1+12 h } %

In the xy-plane due to fringing effects, the dimensions of
patch along its length is extended by a distance AL, which is a
function of the effective dielectric constant ¢, and the width-
to-height ratio (W/h). In addition the length L of the patch
determines the resonant frequency and is calculated using (2)
and (3)

&+l Srl

Ereff= 5

(6)
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The width W of the patch is critical in terms of power
efficiency, antenna impedance and bandwidth. It is dependent
on the operating frequency and the substrate dielectric
constant.

Equation (4) was used to determine the width.

W= 1 2 v
2\ s, & +1

2 fr &, +1

©)

To preserve the flexibility of the antenna, the rectangular
radiator with two symmetrical I-slots is feeded by a coplanar
waveguide transmission line ensuring 100Q characteristic
impedance. The two conducting vias also pass through the
dielectric substrate as shown in fig.4.
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Fig. 4. A schematic diagram of coaxial [43].

Hence the main goal is to develop a receiving antenna with
good performances working in S-band at 3 GHz which can
provides a good penetration into the breast tissue. Then to
achieve the goal, several optimisation processes were applied
by using an optimization solver in CST Microwave Studio.
Fig.5 presents the geometry shape of the proposed design with
parameters shown before. Also Table 2. below presents the
various optimized parameters of the proposed elementary
antenna.
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TABLE 2. PHYSICALS DIMENSIONS OF THE ELEMENTARY ANTENNA

Parameters | Values | Parameters | Values
(mm) (mm)
W 15 Ls 9
L 20 Ws 0.5
Wy 14 Hs 0.125
La 12 Twm 0.035
Lg 5 G 0.25
We 3.122 Le 7
(a)
L
| W | W ' Gaps
e ——— e Ground Flane
() Substrate Feedline
Fig. 5. Elementary flexible CPW antenna, (a) Front view, (b) Bottom
view.

B. Simulation Results

It’s reported in literature that abnormal both tissues and it
surrounding area are warmer than normal’s [44], which mean a
self radiation with a weak power. This report overviews the
design and optimization of a novel microwave receiver
antenna which must serves as an element in a radiometric
system for early breast cancer detection.

According to Nyquiest low (2) and for getting the emitted
difference of temperature generated by a tissue located at a
depth of about 3cm, the microwave radiometer can indicate a
previous anomaly at operating frequency around 3GHz [45].
As shown in Fig. 6, the return loss of the elementary
antenna is about -22.58dB with a large bandwidth of 480
MHz at center frequency of 3.09 GHz, which means a good
matching input impedance is achieved at the operating
frequency, also Fig. 7 depicts the VSWR obtained for 3GHz,
that is 1.16 (less than 2), within the recommended range.
Thus, the simulation results indicate that the antenna is well
matched at 3.09GHz and a maximum possible amount of
energy is absorbed at the input terminal with a minimum
reflected power.
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Fig.6. Simulated Return Loss of the elementary antenna
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Fig.7. Simulated VSWR of the elementary antenna

Fig.8 presents the 3D-radiation pattern with the structure
below at 3.1GHz. Further Fig.9 represents the gain versus
frequency that is almost around 3 GHz with a peak gain of
about 1dB which is not sufficient for microwave thermography
using microwave radiometry.
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Fig.8. 3D radiation pattern @3GHz
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Gain (dB)

Fig.9. Antenna gain versus frequency of the elementary
antenna

Fig. 10 presents a comparison between the proposed
antenna and some recently developed miniaturized flexible
antennas. Compared with the other structures the proposed
antenna shows a wide impedance bandwidth around the
operating frequency, compact size, and an important gain.
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Fig.10. (a), (b), (c) , and (d) respectively from [24], [25], [26], and
[2], (e) Our proposed antenna.

I11.  ANTENNA ARRAY

A. Design process

In order to increase the antenna gain and directivity by
preserving the operating frequency in S-band at 3 GHz, we
have started from the elementary antenna optimized
before and we have modeled an array of two-Element printed
on the top layer of the same substrate used for the elementary
antenna presented above, with the arrangement shown in Fig.6.
We have chosen this arrangement to minimize the effects
of coupling and the generation of higher modes, also to
reduce the array occupation area. A T-power junction has
been used to transmit power to the array elements, in addition
the CPW feed line with a characteristic impedance of 50 Q is
also used to excite the global antenna array. Further a tuning
stub with an optimized dimensions and position is added to the
CPW feed to improve the antenna array performances. The
proposed antenna array has an overall size of about 5.3cm
x5cm with the geometry along with the parameters of the
antenna array which are shown in Fig.11.(c).



INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING

Fig.11. Proposed antenna array (a) with simple ground, (b) with
shaped ground, and (c) with a tuning stub. (G= 0.15mm, WA=
53mm, LA= 50mm, R=10mm, WFxLF=4.8mmx12.5mm,
AxB=2mmx4mm)

B. Simulation Results and Discussion

To show the effect of the tuning stub, a comparative study
has been applied. It is seen that the tuning stub can shift
the operating frequency from 3.4 GHz to 3 GHz providing
a good impedance matching for the antenna array with a
return loss of about —35 dB at the operating frequency of
3GHz and an important bandwidth of 480MHz which is from
2.72 GHz to 3.2 GHz. Fig. 12 shows the simulated return loss

of the proposed design.
f
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Fig.12 Return Loss vs. Frequency for the three antenna structures:
(a), (b), and (c)
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We have applied another method to prove the antenna
array results by using the FEM (Finite Element Method)
introduced by HFSS software. Fig.13 and Fig.14 shows the
comparison results with the two methods. The results show
that the proposed antenna array is operating at the same
frequency range (S -band, 2-4GHz) for both software with a
good input matching and approximately the same bandwidth.
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Fig.13 The return loss of the proposed antenna array with
CST&HFSS

VEWR

Fig.14 VSWR of the proposed antenna array with CST&HFSS

The radiation pattern taken for the far-field at 3GHz is
indicated in Fig.15 and Fig.16. Results indicates that the
antenna array provides a directional behavior in E-plan (for
PHY=0°) and omnidirectional’s behavior in H-plan (for
THETA=0°). Furthermore Fig.16 presents the normalized gain
against frequency of the developed antenna array. The results
show that the design provides an important gain that is almost
around 5 dB in the frequency range below 2.7 GHz. However
at the operating frequency of 3 GHz the design exhibits a gain
of about 5.3 dB which is perfectly sufficient and suitable for
microwave thermography.
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Fig.16 2D polar radiation pattern @ 3GHz for the antenna array; (a)
E-Plan, and (b) H-Plan.
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Fig.17 Antenna gain versus frequency

Current distribution determines how the current flows on
the patch of the antenna array. Fig. 18 demonstrates these
results at 3 GHz. We observe a high strength of current
radiates along the transmission lines, at the tuning stub and in
the edges of the array patches.
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Fig.18 Simulated surface currents at 3GHz of antenna array

IV. CONCLUSION

A novel CPW microstrip antenna array has been
successfully designed and simulated using CST Microwave
Studio and HFSS Software.  The performance criteria
extracted from the software includes return loss, VSWR,
radiation pattern, and surface currents provide clear indication
that the proposed design, has the required performances to be
investigated in a microwave radiometry system as well as for
wearable applications, due to its miniature size (5.3cm x5 cm),
low profile and weight and very thin substrate. Also the
important gain (6dBi) and the large bandwidth (480MHz
around the center frequency of 3 GHz), provided by the
developed antenna; are good features to improve the
radiometer sensitivity at very low power densities transmitted
by the self-radiation of abnormal breast tissue. Future work
will focus to validate the simulated results of the developed
antenna array by measurements and associate it with a
synchronous detector to complete the microwave radiometer
system.
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