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In this paper, the behavior of different tissues to microwave signal is
presented. Beef, lamb, and fat were taken as tissue samples. Moisture
content, tissue thickness, and distance between transmit antenna and receive
antenna were the main parameters to be investigated. Therefore, three types
of tissues were tested as soaked, normal, and dried. Moreover, each
individual sample was prepared in five thicknesses (1mm-5mm). The
objectives of this paper is to discuss and determine the power absorption
when each sample is tested under microwave signals. The experimental
results declared the soaked tissue as the most power absorbing state when
compared to the other two cases (normal and dried) for the same thickness
value. It has also been found that the microwave power absorption is directly
proportional to smaple thickness. Besides, the relationship between the
microwave power absorption and distance between transmit and receive

antennas was concluded to be directly proportional. With the aid of two
techniques represented by an insertion transmission method and free-space
transmission method, this paper presented an insight about the behavior of
real tissues under the effect of microwave signals.
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1. INTRODUCTION

The rationale beyond the excessive studying microwave power absorption effect on human beings
along with other creatures in recent decades, belongs to the extreme application of such waves in our daily
life. Therefore, the form of electromagnetic radiation (EMR) has been increased due to the wide spread use
of electrical and electronic devices in which electromagnetic field are common. However, the great service of
such devices come in parallel with their dangerous effects on living tissues. Therefore, microwave sensors
were developed to sense the behavior of such materials when exposed to microwaves [1].

The topic of absorbing electromagnetic power in highly lossy biological tissues is of importance to
be intensively under investigation. For instance, the wide use of mobile phones has led to an important
arousal regarding possible expected risks that might result from intensive mobile phones usage especially
when facts come to analyze the head as the main power absorber [2]. It is worth mentioning that tissue
damage can be set as a function of tissue type, microwave power density, operating frequency, and specific
absorption rate. For example, the more moisture is the tissue the more microwave power is absorbed.
Also, the period of exposure to electromagnetic fields has a great impact on tissue damage level [3].

In this paper, microwave power absorption investigation into real tissues of beef, lamb, and fat is
presented. The investigation seeks Moisture content, tissue thickness, and distance between transmit antenna and
receive antenna as the main parameter to be investigated. The study is based on testing all samples by using
two schematic circuit design represented by an insertion transmission technique and free-space transmission
technique. In the first technique, tissue size is finely designed to fit waveguide dimensions while the other
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technique uses larger sample dimensions as it will be tested in free-space. Results from this study provided an
important information and presented an insight about the relation between microwave power absorption and
moisture content, thickness, distance between transmit antenna and receive antenna [4].

2. LITERATURE SURVEY

Studies on power absorption in tissues have been found to search different aims. In 2004, a research
on electromagnetic estimation regarding the power absorption in highly losses mediums was presented.
Upon this study, prototype models of a highly losses material were gained to give an important insight into
electromagnetic power absorption estimations [5]. In 2005, R. Zaridze took the side of investigating the
relation between the thermal effect and the microwave power absorption amount which provided information
about the RF power exposure effect on live tissue as well as its correlation to the temperature rise [6].

In 2006, Roman K. and et al presented an investigation of mice tissues in a term of an in vivo study
where the mice are anesthetized during measurements. Results has come to show that young mice experience
low levels of energy absorption compared to mature mice [7]. In 2007, another study presented an
investigation of microwave energy absorption in living tissues in order to provide information about the best
way of eliminating the possible attenuation that might affect the power transfer between the transmitter and
the receiver of the biomedical implant [8, 9].

In 2010, Gheorghe G. et al. presented a study about the effect of microwave fields on the
performance of the thyroid gland. In their study, the thermal rise caused by the long exposure to microwave
radiation is put under assessment especially for such a vital organ that is highly exposed to microwave
radiation [10]. Another contribution was published by A. M. Medhat and et al., in which they explored the
microwave power absorption within different parts of the human body in order to make use of it in non-
invasive glucose monitoring (NGM) [11].

In the literature of Pradip k. Datta, it was concluded that the contamination of microwave energy has
a main effects on human health to a point that makes it highly considerable since tissues with high moisture
experience more power absorption than that of the normal tissue. Therefore, the tissue itself can be regarded
as a function of the microwave power density [12]. It is worth mentioning that some researchers used another
types of antennas by which measuring the wireless Wi-Max and WLAN purposes are achieved. For instance,
P-shaped Microstrip antenna, Elliptical Microstrip Patch Antenna, Dual band Microstrip antenna,
and diamond patch antenna were to be able to cover a band of 2.3 GHz — 18 GHz. Therefore, the effect of
such GHz should also be under research especially when the human lives tissues is probably an absorber
candidate [13-17]. Consequently, in 2018 David C. et al. took the part of making an investigation to the
mechanism of absorbing the energy for microwave signals of more than 10 GHz and their interaction with
human body-antenna. It was found that for frequencies above 24 GHz, the reactive near field provide less
power absorption than the case of frequencies below 6 GHz [18].

3. MATERIALS AND METHODS

In order to successfully obtain the materials of this study, beef and lamb meat as well as the fat of
the sheep were chosen to be the tested tissues. The sizes of tested samples were prepared in two different
dimensions according to two different measurement techniques. In the first technique, which is the inserted
transmission method, the sample size is cut to be as the size of the waveguide cross sectional area in order to
ensure a complete fit to its surface. On the other hand, the second size is prepared to be suitable with the free-
space transmission method which requires larger sample size that should cover the horn antenna front size for
better signal transmitting.

4. MICROWAVE MEASUREMENTS
4.1. Transmission Methods

Two-transmission methods were applied within this work. Firstly, an insertion transmission method
is used to test the small size samples. In this method, the challenge of the necessary accurate sample
preparation was avoided by setting up the sample to cover all the cross-sectional area of the waveguide
instead of focusing on the cavity size. This will ensure that the transmitted signal would pass through the
tissue with no probability of any leakage. Secondly, Free-space transmission method was used to test large
size samples. This method supports a wide band of frequency ranges and it is regarded as an easy installation
method as well as non-necessity for complicated sample preparation [19].

The first system is the insertion transmission method. This system includes a signal generator with a
microwave oscillating output of (8.5 - 12.5) GHz range of frequencies. This oscillator is connected to a
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variable attenuator which is used for power controlling and level sensing. Next to the attenuator a waveguide
for signal directing is connected and then a power meter is connected for power measurements. The sample
was inserted between the waveguide and the power meter. Figure 1 shows a photograph of the
experimental setup.

The second system is the free space transmission method. The system equipment of the transmitting
side includes a signal generator represented by a Gunn diode oscillator which is negatively biased by a range
of dc voltage from (-7V to -10V). The oscillator provides an x-band range of frequencies from (8.5 to 10.5)
GHz. This Gunn is connected to an isolator which transmits microwave or radio frequency power in one
direction only providing a protection procedure by isolating the input side from the conditions of the output
side. Next to the isolator, a variable attenuator is connected and then the transmitted horn antenna is set up
for signal transmitting.

On the receiver side another horn antenna is used to capture the transmitted signal which is then
directed through a waveguide in order to measure it by a special power meter device. The holder of the
sample was made from wood for better minimizing to the unwanted reflections. The distance between the
transmitting antenna and the receiving antenna was set to be variable distance. It is worth mentioning that the
distance between the transmitter station and the receiver station was accurately changed by using a sliding
technique through which the various distance steps are smoothly achieved. The various distances are
necessary in order to include the near field and far-field considerations. Figure 2 shows a photograph of the
experimental setup.

Figure 1. First system photograph Figure 2. Second system photograph

4.2. Power Absorption Measurements

In the first system, measurements are performed without inserting material under test (MUT),
then with the existence of MUT. This procedure is followed to test meat tissue samples ( beef and lamb) for
different ratios of monisture content as well as fat tissue samples before and after inserting them between
waveguide and power meter. A schematic diagram of measurement setup is shown in Figure 3.

 CTOWAY . C
Microwave |4 Attenuator B Waveguide .| Sample D | Power

Oscillator " v 7| Meter

A A

Figure 3. Schematic diagram of the measurement setup

Before testing any sample, the process is implemented by setting up the transmitter and the receiver
as shown in Figure 1 where no sample is located. From Figure 3, point A represents the value of the
microwave signal at that moment and it is given by:

v =1 e/t )

Where v. is the Maximum voltage in volt and w is the angular frequency (rad).
The signal after the attenuator at point B will be:

v =k,v-e/® | for k; <1 )

Where, k, represents the effect (attenuation) of the attenuator. At point C, the signal will be affected by
the waveguide.

Investigation into the microwave power absorption in tissues (Raad Hamdan Thaher)



1260 0O ISSN: 2502-4752

v = kik,vel®t | for k, <1 ©)
Where, k, is the effect (attenuation) of the waveguide, and it is given by (4):

k =kik, 4)

Therefore, v can be written in terms of (5). Shown below:

v = kv.el®t (5)

At point D, the received signal is related and affected by the meat (sample). Generally, the value of
the signal at point D can be written in the form below:

v = kv.el®te~¥Ymt (6)

Where ¢ is the thickness of sample in (mm) and y is the propagation constant (in per meter) of the medium.
y is given (7) below:

y=a+jB (7)

Where a represents the attenuation constant or attenuation factor of the medium in (Np/m) or (dB/m) and 8
refers to the phase constant or wave number that is given in (8). Below:

g = 27T//1 rad/meter C)

With A as the wavelength in (meter) and y,,, as the meat propagation constant.
By substituting the value of propagation constant of (7), v can be written in terms of (9) as shown below:

v = kvoejwte_(am"'jpm)e (9)

In order to estimate the value of the power absorption, the absolute value of the sent and receivd
power is recorded for the comparing calculations with the specific sample inserted in the way of the
transmitted power. Hence, (Pans) Or the amount of attenuation (a) can be written in terms of (10):

Pabs= a = Pr1 —Pr2 (10)

Where Paps is the power absorption, Py is the received power without sample, and Py is the received power
with sample [19].

Similarly, the second system measurements are performed according to the procedure of the first
system with the installation of the Schematic diagram shown in Figure 4 where MUT is inserted between
transmitter and receiver antennas. Hence, signal at point A and B of Figure 4 is described by (1) and (2).
However, the received signal at point C is related and affected by air (free space). Therefore, the value of the
signal at this can be written in the general form of (11):

Microwave
Oscillator
Transmitter Receiver
A Antenna Antenna
v
D
B C )
Isolator —|  Attenuator | Wave guide Power
Meter
Sample

Figure 4. Schematic diagram of the measurement setup
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v =k, v.e/¥e % (11)

Where a, is the attenuation of air with a very low value. As the signal takes it way toward point D of
Figure 4, it will be well represented in (12) below:

v =k, k,v.e/®e %, for k, <1 (12)
With ki ko written as one constant symbol k, (13) cn be written as follows:
v = kv.e/®te % (13)

In the case of insertion samples between antennas, the received signal at point C is related and
affected by sample thickness according to (14) shown below:

v =k, v.e/®te=% g=t¥m (14)
Then at point D, the signal is given by (15):

v =kk,v.e/®te "% g=t¥m (15)
By substituting (4) and (7), v can be written in terms of (16) shown below:

v = kvoejwt e_aa e_(am"'].ﬁm)f (16)

5. RESULTS AND DISCUSSION

Results are taken for each case of meat (beef and lamb) for different ratios of moisture as (soaked,
normal and dried) as well as FAT tissues. Based on two measurement methods which are the insertion
transmission method, and the free space transmission method and for range of sample thicknesses and
microwave frequencies. It was found that the most power being absorbed is in the case of the soaked sample
whether it was beef or lamb tissues. In first system, curves of Figure 5, 6, 7, and 8 show that the amount of
power absorption is directly proportional to the MUT thickness and the most power absorption occurs at the
case of soaked beef when compared to the other cases. Besides, the curves show that the amount of power
absorption in fat is very low due to its low water contents.

The experimental results are applied to a computer package in order to express the attenuation in
terms the sample thickness and it is expressed by:

Paps = @ = Co + ¢ 01 + 0% + ¢33 + ¢, 84

The coefficients (cy, ¢4, ¢, 3, and c,) depend on the properties of samples (dielectric constant,
and conductivity ) and the moisture content.
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Figure 7. Power absorption for lamb at 9GHz

5 'l - - - . - - - - L .
' " 1 1 ] ) ' " . “ )

Average Thickness (/) in mm.,

Figure 8. Power absorption for lamb at 9.3GHz

In the second system, the curves of Figure 9 to Figure 16 show that the power absorption is affected
by the distance between the transmitter antenna and receiver antenna where the amount of power absorption

is increased as the distance increases.
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6. CONCLUSIONS

In this paper, a study of microwave power absorption in real tissues using cow meat (beef),
sheep meat (lamb) and fat in range of thicknesses (1 mm to 5 mm) is practically investigated. It was found
that, the power absorption increases with the increasing of specimen thicknesses. Moisture content (water
content) with three cases normal, soaked and dried was also found to have a great impact on the microwve
power absorption. Hence, the relationship between the water content and the power absorption is a directly
proportional. The results of the test showed a curve plot with a clear indication shown in the case of the
soaked meat (beef and lamb) as the most power absorbing case when compared to the other cases due to their
high water content. The natural meat are in the middle of the graph and in the end comes the dried meat
where the value of power absorption is low due to its low water content. Consequently, the results of FAT
tissues show that the value of power absorption is very low as it is closer to insulation behavior because it
does not contain a blood circulation as well as its very low water content.

Additionally, relation between power absorption and distance between transmitter antenna and
receiver antenna at fixed frequency was also studied. This research work was applied on all samples types,
and it was found that the absorbed energy increases with increasing distance because the power received is
low due to the attenuation.
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