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A Printed Antenna with an Infrared Temperature Sensor
for a Medical Multichannel Microwave Radiometer

S. G. Vesnin'?, M. K. Sedankin'?, A. G. Gudkov'*, V. Yu. Leushin!, I. A. Sidorov’,
I. O. Porokhov*, S. V. Agasieva®, and S. I. Vidyakin'

The results of designing a printed ultra-wideband antenna intended for use as a part of a multichannel
microwave radiometer are presented. The design of a ring-shaped antenna with a built-in infrared sensor for
measuring skin temperature is proposed. The results of numerical simulation of the electromagnetic field of the
antenna in tissues of a biological object are presented. The results of calculating the voltage standing wave ratio,
measurement depth of the antenna, the resolution, and the distribution of radiation power over the tissue volume

under study are presented.

Introduction

In recent years, there has been a growing interest in
medical microwave radiometry [1-11]. In contrast to
infrared thermography, which allows visualizing the skin
temperature, microwave radiometry provides for identifi-
cation of thermal anomalies in biological tissues at a
depth of 5-7 cm. In many cases, it is important to meas-
ure both the internal and the skin temperature. This
makes it possible to take into account both contributions
to the measured brightness temperature and thereby
increase the accuracy of detecting deep thermal anom-
alies [11]. Antennas used in currently available commer-
cial medical radiometers are implemented as complex
waveguide systems of rather large size and weight, which
hinders their use in multichannel systems. The develop-
ment of ultra-wideband antennas several centimeters in
size and the reduction of the overall dimensions of their
radiometric receivers open up the possibility of creating a
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multichannel multifrequency radiometer [5] based on the
positive experience in developing antennas using modern
materials and advanced technologies [9, 10]. The goal of
this work was to suggest a design and to model perform-
ance of a small-size ultra-wideband antenna with a built-
in infrared (IR) sensor that could be used in a multichan-
nel multifrequency radiometer for 3D imaging of the
brightness temperature distribution inside a biological
object.

Methods

The relationship between the brightness temperature
T,. measured with a medical radiometer and the thermo-
dynamic temperature 7(r) of human tissues is given by
the following equation:
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where W(r) is the radiometric weighting function of the
antenna, |E(r)]® is the squared electric field, o(r) is the
electrical conductivity of tissue, and r is the running
coordinate. Development of the antenna should involve
simulation of electromagnetic and thermal fields of bio-
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TABLE 1. Parameters of Biological Tissues within the Frequency Range under Consideration [10]

Parameters Skin Breast tissues Muscles Malignant tumor
Permittivity € 36.75 10 51.1 50
Electrical conductivity o, S/m 2.21 0.4 2.82 2
Layer thickness, mm 2 88 10 -

logical objects [7, 9, 10, 12, 13]. The HIPERCONE
FDTD software for electrodynamic simulation based on
the Electromagnetic Template Library (EMTL) was used
for electric field computation by numerical methods [14].
The suggested antenna design is shown in Fig. la. A
printed ring-shaped ultra-wideband source antenna oper-
ating within a frequency band of 3.4-4.2 GHz is used. It
is compatible with an IR sensor for remote measurement
of skin temperature. Figure 1b shows the topology of the
printed circuit board of the antenna. The board is made of
1.28-mm-thick RO3010 laminate (permittivity € = 10.2).
To meet the requirements for noise immunity, the anten-
na housing is implemented as a hollow metal cylinder
32 mm in diameter and 6 mm in height. The housing is
open on one side. It contains the printed circuit board of
the antenna and a shielded Melexis MLX90615SSG-
DAA IR sensor. The estimated weight of the antenna is
8 g. A multilayer breast model was used for electric field
computation (Fig. 2a). It simulates several biological tis-
sues: skin, breast and muscle tissues, and malignant

tumor. Each layer has its own electrical conductivity, per-
mittivity, and thickness (Table 1). The dimensions of the
multilayer breast model are as follows: length, 100 mm,;
thickness, 100 mm; height, 100 mm.

Results

Figure 2b shows the calculated frequency depend-
ence of the voltage standing wave ratio (VSWR) of the
developed antenna. The main specific feature of the
antenna is a broader operating frequency band. It can be
seen from Fig. 2b that the antenna VSWR in the frequen-
cy band of 2800-5200 MHz is less than 1.5; i.e., the oper-
ating frequency bandwidth is 2400 MHz, which consider-
ably exceeds that of the antennas used in the commercial-
ly available devices [15]. This makes it possible to use the
same antenna in several frequency ranges of operation of
multichannel multifrequency radiometers with 3D visual-
ization of the internal brightness temperature distribution.
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Fig. 1. Design of the broadband antenna with a built-in IR sensor. a) Structure of the antenna: 1 — shielding housing; 2 — substrate; 3 — IR
sensor; 4 — source antenna; b) topology of the printed circuit board of the antenna.
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Fig. 2. Computational model of a biological object and results of VSWR calculation. a) Multilayer model: 1 — antenna; 2 — skin; 3 — breast

tissue; 4 — muscles; 5 — tumor; b) antenna VSWR vs. frequency curve.
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Fig. 3. Normalized components of the antenna’s electric field vector at a depth of 20 mm in the E-plane (a) and the H-plane (b): 1 — E%;

2- E2.

Figure 3 shows the calculated distributions of the
normalized components of the antenna’s electric field
vector at a depth of 20 mm in the E-plane (a) and the H-
plane (b). It can be seen that there is a noticeable pre-
dominance of the X-component of the electric field,
while E, is close to zero.

When describing fields in the near-field region, the
conventional parameters used to describe antennas in the
far-field region (radiation pattern, gain, etc.) cannot be
applied. For this reason, we have developed and used a

system of parameters allowing different antennas to be
compared. The depth of measurement of the brightness
temperature provided by a microwave radiometer is usu-
ally defined as the depth of plane wave penetration into
biological tissues. At 3.8 GHz, this depth for the breast
tissue is 42 mm. However, the electric field of the anten-
na is different from a plane wave, so that the measure-
ment depth is also different. For this reason, it was pro-
posed to calculate the volume in which 85% of the power
radiated by the antenna is dissipated to find the depth of
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TABLE 2. Comparison of Parameters of Printed and Waveguide Antennas
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F,GHz AF,MHz D,mm W,mm W,mm W, mm V,mm V,mm
Printed antenna 3.8 2400 32 30 39 28 23 18
Waveguide antenna @32 [15] 3.8 700 32 40 39 40 23 20

measurement of the brightness temperature for specific
antennas. The relative power dissipated in a volume V can
be calculated as follows:

-

I~

Figure 4 shows the results of calculation of the vol-
ume for which the percentage of the total dissipated
power of the antenna is 85%. In Fig. 4, W, is the depth of
measurement of the brightness temperature; W, and W,
are the lateral dimensions of the area under study. The
resolution is an important parameter of the antenna. By
analogy with the theory of optical systems, the antenna
resolution ¥ along the X axis is defined here as the mini-
mum distance between two single heat sources, at which
these sources are distinguishable. The antenna resolution
V, along the Y axis is defined similarly. Two sources are
considered distinguishable if the temperature between
them is at least 20% below the maximum values.

The calculated parameters of the printed antenna
and a waveguide antenna with a diameter of 32 mm used
in a commercially available radiometer are compared in
Table 2 [15] (F, is the central frequency, AF is the fre-
quency bandwidth, and D is the antenna diameter).

(r) av
L) = ()
E(r) dV

The designed antenna has a significantly broader
operating frequency band compared to currently used
antennas (2400 MHz instead of 700 MHz). In this respect,
it is comparable to the ultra-wideband spiral antenna
described in [16]. However, it is rather difficult to build an
IR temperature sensor into a spiral antenna. As for the
measurement depth, the suggested antenna is slightly infe-
rior to the waveguide antenna (30 vs. 40 mm). The cause is
that the thickness of the dielectric substrate of the printed
emitter is much smaller than that of the waveguide anten-
na. However, for many practical applications of a small-
sized ultra-wideband antenna this is not critical.

Conclusions

The suggested printed ring-shaped antenna with a
built-in IR temperature sensor is distinguished by its sim-
plicity of design, small size, low height, and wider operat-
ing bandwidth. The antenna is manufactured using print-
ed circuit board technology. Its expected cost is low. The
antenna is intended for use as a part of a multichannel
multifrequency radiometer. It is planned further to man-
ufacture a prototype of the antenna, verify experimental-
ly its characteristics, and conduct medical tests of the
antenna when used as a part of a medical multichannel
diagnostic system.
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Fig. 4. Volume under study of brightness temperature measurement at the 85% level in the XZ (a) and YZ (b) planes.
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