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Abstract: Terahertz emerges as a promising cancer imaging technique. Many factors can cause
imaging results, including polarization and different tissue types. This research discusses the effect
of wave polarization and different tissue types. The imaging results with perpendicularly two linear
polarization give the best imaging results qualitatively and quantitatively with a standard deviation
of 7.519. Different tissue types affect the imaging results, but the effect is not linear with the
increasing dielectric constant. This research can be used as a consideration and reference for other

researchers developing a THz imaging system.
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1. Introduction

Cancer remains one of the most prevalent and deadly
diseases affecting humanity. It has the highest mortality
rate worldwide, causing approximately 10 million deaths
in 2020 12, Among various types of cancer, including
breast, lung, colon, prostate, and skin cancer, breast cancer
is the most diagnosed. According to World Health
Organization (WHO) data, breast cancer accounted for
around 2.3 million new cases in 2020, ranking fifth in
cancer-related deaths with approximately 685 thousand
fatalities V. Cancer can affect anyone due to lifestyle
choices, genetic predisposition, or other factors,
underscoring the importance of maintaining good health
and vigilance 3-9,

Discovering a definitive cure for cancer remains an
ongoing challenge. While alternative methods like
chemotherapy, surgery, and medications have improved
and contributed to increased survival rates, they cannot
guarantee a complete cure. Early cancer detection plays a
crucial role in enabling effective treatment while the
disease is still manageable, enhancing the chances of
successful recovery. Therefore, it is vital to have reliable
and safe cancer detection methods that provide high-
quality imaging results. Although several technologies
have been employed for cancer imaging, they each
possess advantages and disadvantages and fail to fulfill
both requirements mentioned earlier 610,

Terahertz emerges as a promising solution to address
this problem. The unique characteristics of the terahertz
region make it well-suited for cancer detection methods.
The radiation in this frequency range is non-ionizing and

poses no harm to the human body, meeting the safety
requirements for cancer detection 1213, Moreover,
terahertz technology offers high spatial resolution,
translating into superior image quality, fulfilling the
second requirement. The terahertz spectrum spans from
0.1 to 10 THz, falling between the millimeter wave and
infrared regions on the electromagnetic spectrum 4. A
terahertz imaging system can be designed specifically for
cancer detection to leverage the terahertz spectrum's
advantages 15-17,

Over the years, numerous terahertz imaging techniques
for cancer detection have been developed. These
techniques encompass various approaches, such as
mammography, pulsed systems, reflect emission, and
other methodologies, targeting different types of cancer
18-24) Several of these approaches have been dedicated to
breast cancer imaging, although they may also incorporate
techniques applicable to other cancer types 25-39,
However, a few designs have explored the utilization of
antennas to create a distinct terahertz imaging system 34
38), While there are challenges associated with developing
antenna-based systems using terahertz frequencies,
potential solutions can be implemented to optimize the
performance of such systems.

Terahertz imaging system for cancer has been designed
in previous research, which uses microstrip and horn
antenna as the source and detector. The proposed system
has been able to indicate the presence of a tumor but has
not produced the best imaging results. Many factors can
cause the imaging results. The placement of the
transmitter and receiver antenna may affect the imaging
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results. The antenna's polarization also may affect the
imaging results as there is still no specific standard in this
field. From the object perspective, different tissue types
with different dielectric constants can also affect the
imaging results as each tissue will have different
absorption levels or may cause some wave incidents.

This research discusses the effect of wave polarization
on imaging results. This research also discusses the effect
of different tissue types on imaging results. The
polarization investigation is simulated with a plane wave
source with varying polarization using CST Microwave
Studio. The different tissue types will be investigated by
simulating imaging system scenarios on each tissue type
using both plane wave and antenna sources. By observing
this, hopefully, it can be used as a reference and
consideration when creating a THz imaging system,
especially for cancer imaging.

2. System Setup

The simulation's system scenario is built upon prior
research 38, The imaging system comprises three primary
elements: the transmitter antenna, receiver antenna, and
phantom model serving as the sample. The transmitter
antenna is a microstrip antenna, while the receiver antenna
is a horn antenna. In this configuration, a single
transmitter antenna is employed as the source, while 25
receiver antennas function as detectors. The number of
receiver antennas determines the level of pixel detail in
the resulting imaging, generating a 5x5 image pixel
resolution.

All antennas have been specifically designed for a
frequency of 312 GHz, drawing upon multiple studies
considered and referenced in previous research 3®. The
transmitter antenna exhibits a return loss of -40 dB,
accompanied by an approximate gain of 7.1 dB. As for the
receiver antennas, they possess a return loss of -18 dB,
along with an approximate gain of 8.1 dB. The distance
between the receiver antennas and the sample is 1.5 mm.
Conversely, the distance between the transmitter antenna
and the sample wvaries across different scenarios,
calculated in the subsequent section.

The sample model comprises three layers: fat, fibrous,
and tumor, with a detailed description in the previous
research 38, Figure 1 illustrates the internal composition
of the sample and can be utilized for comparing the
imaging results with this visual representation. The red
section denotes the tumor, the fibrous region by the orange
section, and the fat region by the yellow section. The
dimensions of the sample measure 3 mm in length, width,
and height.

The transmitter antenna acting as a source will emit
waves propagating through the sample 39. The receiver
antenna will then receive the propagating wave, which
acts as a detector. This research considers the received
power level detected by the detector by using the S21
parameter in the dB unit, which is a comparison of the
received power at the receiver with the transmit power at

the transmitter. The received power value from each
receiver antenna will be visualized into a 2D image for the
imaging results.

Fig. 1: Reference Results of the Breast Cancer Model

3. Simulation Results

3.1 Polarization Variation

Polarization variation simulation uses two sources:
plane wave and antenna. The plane wave simulations use
5 different polarizations, while the antenna simulation
results will be compared to the plane wave simulation. The
plane wave scheme consists of a plane wave as a source, a
horn antenna as a sensor, and a phantom model. The
scheme used can be seen in Fig. 2. The distance between
the sensor and the object is 1.5 mm. The plane wave source
is on the other side of the object, with a distance of 1.5 mm
from the object. Each scheme uses a plane wave with a
power of 1 V/m. The scheme used is the same for the five
polarization variations simulated.

Fig. 2: Imaging Scheme for Polarization Variation with
Plane Wave Source

Figure 3 shows the imaging results using linear
horizontal polarization. The received power ranged from
-84.071 dB to -124.660 dB.
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Fig. 3: Imaging Results for Linear X Polarization

Figure 4 shows the imaging results using linear vertical
polarization. The received power ranged from -84.239 dB
to -136.030 dB.
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Fig. 4: Imaging Results for Linear Vertical Polarization
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Figure 5 shows the imaging results using linear two
polarization. The received power ranged from -78.134 dB
to -116.950 dB.
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Fig. 5: Imaging Results for Linear Dual Polarization

Figure 6 shows the imaging results using left circular
polarization. The received power ranged from -81.132 dB
to -118.870 dB.
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Fig. 6: Imaging Results for Left Circular Polarization
Figure 7 shows the imaging results using right circular

polarization. The received power ranged from -81.156 dB
to -109.070 dB.
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Fig. 7: Imaging Results for Right Circular Polarization
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The antenna scheme consists of a transmitter antenna as
a source, a 25-horn array antenna as a sensor, and a
phantom model. The scheme used can be seen in Fig. 8.
The distance between the sensor and the object is 1.5 mm.
Figure 9 shows the imaging results using an antenna
source. The received power ranged from -16.280 dB to -
55.241 dB.

3.2 Tissue Type Variation

In this section, simulations are carried out with various
tissue types. Three variations of tissue types are simulated
using both plane wave sources and antennas. The three
types of tissue are fat, fibrous, and tumor. In the previous
simulations, the imaged object consisted of a combination
of these 3 types of tissue.

In this simulation variation, simulations are carried out
on objects that only consist of 1 type of tissue. This tissue
type variation simulation is carried out to determine the
phenomena that occur when waves pass through that type
of tissue and how big the effect is on the waves. The
distance from the source to the object is 1.5 mm. The
distance from the sensor to the object is 1.5 mm. The size
of the tissue-type object is 3 mm. All distances and sizes
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are the same in each variation of the simulation. The plane
wave scheme consists of a plane wave as a source, a horn
antenna as a sensor, and a phantom model. Each scheme
uses a plane wave with a power of 1 V/m.

Fig. 8: Imaging Scheme for Polarization Variation with
Antenna Source
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Fig. 9: Imaging Results for Antenna Scheme
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Plane-wave scheme with fat tissue type can be seen in
Fig. 10. The plane-wave source is on the other side of the
object with a distance of 1.5 mm. The distance between
the sensor and the object and the size of the object is the
same as previously mentioned. Figure 11 shows the
imaging results for fat tissue type using a plane wave
source. The received power ranged from -83.857 dB to —
115.150 dB.

Plane-wave scheme with fibrous tissue type can be seen
in Fig. 12. The plane-wave source is on the other side of
the object with a distance of 1.5 mm. The distance
between the sensor and the object and the size of the object
is the same as previously mentioned. Figure 13 shows the
imaging results for fibrous tissue type using a plane wave
source. The received power ranged from -87.432 dB to —
113.700 dB.

Fig. 10: Scheme for Fat Tissue Type with Plane Wave
Source
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Fig. 11: Imaging Results from Fat Tissue Scheme Plane
Wave Source

Fig. 12: Scheme for Fibrous Tissue Type with Plane Wave
Source

Plane-wave scheme with tumor tissue type can be seen
in Fig. 14. The plane-wave source is on the other side of
the object with a distance of 1.5 mm. The distance
between the sensor and the object and the size of the object
is the same as previously mentioned. Figure 15 shows the
imaging results using a plane wave source. The received
power ranged from -86.825 dB to — 105.710 dB.
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Fig. 13: Imaging Results from Fibrous Tissue Scheme Plane
Wave Source

Fig. 14: Scheme for Tumor Tissue Type with Plane Wave
Source
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Fig. 15: Imaging Results from Tumor Tissue Scheme Plane
Wave Source

The antenna scheme consists of a microstrip antenna as
a source, a horn antenna as a sensor, and a phantom model.
The antenna schematic with fat tissue type can be seen in
Fig.16. The distance between the source and sensor with
the object and the object's size is the same as previously
mentioned. Figure 17 shows the imaging results for fat
tissue type using an antenna source. The received power
ranged from -20.107 dB to — 59.959 dB.

Fig. 16: Scheme for Fat Tissue Type with Antenna Source
Source
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Fig. 17: Imaging Results from Fat Tissue Scheme Plane
Wave Source

The antenna schematic with fibrous tissue type can be
seen in Fig.18. The distance between the source and
sensor with the object and the object's size is the same as
previously mentioned. Figure 19 shows the imaging
results for fibrous tissue type using an antenna source. The
received power ranged from -19.405 dB to — 56.072 dB.

Fig. 18: Scheme for Fibrous Tissue with Antenna Source
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Fig. 19: Imaging Results from Fibrous Tissue Scheme Plane
Wave Source

The antenna schematic with tumor tissue type can be
seen in Fig. 20. The distance between the source and
sensor with the object and the object's size is the same as
previously mentioned. Figure 21 shows the imaging
results for fibrous tissue type using an antenna source. The
received power ranged from -17.498 dB to — 50.037 dB.

Fig. 20: Scheme for Tumor Tissue Type with Antenna
Source Source
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Fig. 21: Imaging Results from Tumor Tissue Scheme Plane
Wave Source

4. Simulation Results

4.1 Polarization Variation Analysis

The imaging results of polarization variations with plane
wave sources can be seen in Fig.3 — 7. The imaging results
show that the waves' polarization affects the imaging
results.

With the condition of the tumor being in the middle of
the phantom, the five polarizations have different effects.
On x-polarized imaging, the area of the highest value is in
the center of the tumor but tends to extend more vertically.
In imaging with vertical polarization, the part with the
highest value is also in the middle but reverses where the
highest value tends to widen towards the horizontal. A
reddish color on the imaging results indicates this highest
value.

Quite different things happen to the imaging results with
dual polarization. The imaging results show that by
combining these two polarizations, the high value is both
horizontally and vertically from the center of the imaging.
The imaging results with this polarization give a combined
impression of the imaging results with horizontal and
vertical polarization.

The results of imaging with circular polarization are
observed. The two circular polarizations give almost the
same results as the dual polarization, with a high value in
the middle, vertically and horizontally. The difference can
be seen where, in the circular polarization, there is a
circular accent in the color gradation of the image. Left-
hand circular polarization accents the counterclockwise
rotation of results, while right-hand circular polarization
accents the clockwise rotation of results.

Quantitative analysis was carried out by comparing the
standard deviation values. Table 1 displays the standard
deviation values of each polarization variation. Based on
the standard deviation value, the scheme with the right
circular polarization has the lowest standard deviation
value. This condition indicates that this polarization
provides ideal imaging results quantitatively compared to
other polarizations.

Table 1. Standard Deviation for Polarization Variation

Standard | Range of Received

Polarization
Deviation | Power Level (dB)
Horizontal 8.471 -84.071 to -124.660
Vertical 9.003 -84.239 t0 -136.030
Dual Vertical and -78.134 t0 -116.950

7.519
Horizontal

Circular Left 8.026 -81.132t0 -118.870
Circular Right 6.494 -81.156 to -109.070

Qualitative analysis was carried out by comparing the
existing imaging results. Overall, dual linear polarization
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gives better and clearer imaging results qualitatively. In the
middle, the red color is the brightest and clearest compared
to the surrounding colors so that it can indicate the
presence and location of the tumor properly. Although
circular polarization also gives similar imaging results,
some accents or circular patterns make the imaging results
unclear. Linear dual polarization gives the best imaging
results by considering the quantitative and qualitative
aspects. Although quantitatively, this polarization is not
the best, the standard deviation is not too high and is the
best when compared to other linear polarization.

The analysis in this section also intends to compare the
imaging results using an antenna source with the imaging
results using a plane wave with polarization variations.
This condition is done to know the polarization of the
antenna. By knowing the antenna's polarization, we can
know the plane wave polarization settings for plane wave
simulation in other scheme variations so that apple-to-
apple comparisons can be made for later analysis.

The imaging results using a microstrip antenna are
observed compared to those using a plane wave. It can be
said that the imaging results using a microstrip antenna are
more similar to the imaging results using a plane wave
horizontal polarization. This similarity is not based on the
color similarity or the overall imaging results but rather the
pattern of the imaging results where it can be seen that the
imaging results using a microstrip antenna produce the
highest reddish values tending horizontally in the center
where the pattern is similar to the plane wave polarization
y imaging results. This condition also indicates that the
simulation experiments using microstrip antennas are valid
because it is proven by the similarity of patterns when
simulated using plane waves.

In addition, the difference between the simulation
results using plane waves and antennas is that the
propagating waves are not perfect in simulations using
antennas. If the far field is calculated from the dimensions
of the transmitter antenna, the distance between the
antennas is more than the far field, although only a little.
In addition, the power and gain generated by the antenna
and its radiation pattern make the difference in value
between the simulation with the antenna and plane wave.
However, if we look at the pattern, there are still
similarities between the two simulations.

This analysis must be explored using other simulation
variations where the tumor point is moved, not in the
middle. By carrying out these variations, it can be further
proven whether the analysis of the polarization effect is
true or not. However, this simulation indicates that the
polarization effect on the waves influences the imaging
results. However, this experiment is not too significant
because the five results still indicate the tumor spot is in
the middle of the sample.

4.2 Tissue Type Variation Analysis

Imaging results of variations in tissue types with plane
wave sources can be seen in Fig.11, Fig.13, and Fig.15.

When viewed from the three imaging results. It can be said
that the three types of tissue influence the waves that enter
the object, resulting in various results. The assumption is
that with a plane wave source that produces planar waves,
the power received by each sensor will be the same. The
different power levels will differentiate the three types of
tissue due to the absorption of the three types of tissue with
different characteristics. However, the three imaging
results are quite different, and the pattern of imaging
results varies widely.

A wave phenomenon occurs both inside and out of the
object. This phenomenon can be analyzed from the power
flow results. The power flow simulation results can be seen
in Fig. 22 — 24. Figure 25 shows the power scale from the
power flow results.
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Fig. 25: Color Scale for Power Flow Results

The simulation results show the power flow from the
source on the left side of the image that passes through the
object and then is received by the sensor on the right side.
The results displayed a two-dimensional power flow in the
object's center and viewed from the side of the system.
From the three power flow results, it can be seen that a
phenomenon occurred.

Near the edges, some power directions tend to converge
towards the center, indicating the occurrence of diffraction.
Diffraction refers to the deflection of waves when they
encounter an obstacle that is proportional in size to the
wavelength. In this study, the frequency employed is 312
GHz, corresponding to a wavelength of approximately 960
pum or nearly 1 mm. On the other hand, the object being
imaged has a size of 3 mm. Given the comparable scales
of the wavelength and the object size, it is likely that
diffraction phenomena occur as the waves penetrate the
object.

However, the diffraction patterns are not the same as one
another. In addition, the same phenomenon also occurs
when waves come out of objects, namely waves that
diffract and interfere with each other. However, the
diffraction patterns are also not the same as one another.
This phenomenon causes the imaging results to vary in the
three tissue types.

Imaging results of variations in tissue type with the
antenna source can be seen in Fig.17, Fig.19, and Fig. 21.
When viewed from the three imaging results. It can be said
that the three types of tissue influence the waves that enter
the object. However, the imaging results are the same in
the scheme with the antenna source.

It can be seen from the three imaging results that the
center of the image is the part with the lowest power level,
while the left and right are the parts with the same high
power level. This condition indicates that a phenomenon
occurs to produce the imaging results obtained.
Quantitative analysis was carried out by comparing the
standard deviation values. Table II displays the standard
deviation values for each type of network.

This standard deviation indicates the population's
distribution level, in the context of this study, is received
power. So, it can be said that the standard deviation value
describes how much the diffraction effect occurs, resulting
in a wave deflection. As previously mentioned, these three

tissue types have different dielectric constants: fat tissue is
2.41, fibrous is 2.8, and tumor is 3.15. Based on the
standard deviation value, it was found that the increase in
the dielectric constant was not proportional to the increase
in the diffraction effect. Further analysis is carried out to
understand the phenomena that occur in this scheme. The
analysis examined these three tissue-type schemes' power
flow simulation results. The power flow simulation results
can be seen in Fig. 26 — 28. Fig. 25 shows the power scale
from the power flow results.

Table 2. Standard Deviation for Tissue Type Variation with
Antenna

Standard

Range of Received
Tissue Type

Deviation Power Level (dB)

Fat 10.709 -83.857 to -115.150

Fibrous 11.906 -87.432 to -113.700

Tumor 9.592 -86.825 t0 -105.710
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Fig. 26: Power Flow for Fat Tissue Antena Source
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Fig. 27: Power Flow for Fibrous Tissue Antenna Source
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Fig. 28: Power Flow for Tumor Tissue Antenna Source

The first thing that can be seen is the phenomenon that
occurs is the same as the previous scheme variations where
wave diffraction occurs inside the object. However, the
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diffraction effect is not noticeable when the waves leave
the object. The wave that comes out of the object has quite
a lot of power but weakens when it reaches the sensor. This
condition causes the imaging results to be obtained where
the power in the middle is weak, resulting in yellow and
orange colors. Just like the simulation with a plane wave
source, the simulation with an antenna source show that
even when simulating an object with the same type of
network, the imaging results are not uniform due to the
wave incident phenomenon that occurs when the wave is
inside the object.

The novelty of this research is the analysis of potential
factors that affect the terahertz imaging system, especially
for breast cancer imaging. This research is needed due to
only a few research that observed the challenges and
limitations of the terahertz imaging system. Most of the
research only focuses on creating the system without
giving more observation of factors that can affect the
whole system.

There are a few researchers that have observed these
challenges. A study has been done to analyze the
challenges of imaging breast cancer due to the water
content of breast tissue and constant changes in tumor size
and properties 9. Other studies observe the heating effect
inside the body to the terahertz radiation or wave *D. A
study was also done to get a better understanding of the
interaction between terahertz waves and breast cancer by
mathematical modeling using the Double Debye Theory

Table 3 shows the comparison of this research with
related other research. It shows that factors of transmitter
and receiver types, scanning method and polarization are
also affecting the standard deviation. This research obtains
a comparison with the best standard deviation by
combining direct radiation and circular polarization. This
method is useful to provide more practical dan faster
results compared to translation scanning, which needs a
longer time in data acquisition.

Table 3. Comparison with related research

42)

Transmit | Detector | Scanning | Polari | Standard
ter type Type method zation | Deviation
Microstrip | Microstrip | translation | linear
P P _ 5.494%)
array 1D array 1D scanning
Microstrip | Microstrip | translation | linear 45536
array 2D array 2D scanning
Microstrip direct linear
Horn . 12.3274)
array 1D radiation
Plane- Direct circula .
. 6.494 (this
wave Horn radiation r
paper)
source

From those studies mentioned above, countless factors
still need to be observed, and this study is observing some
of the factors, which are polarization and tissue type effect.
The study above also mentions the need for simulation to
observe these challenges besides analysis using

mathematical modeling and theory. Thus, this research is
done by simulating these factors that can affect the imaging
results.

5. Conclusion

This research successfully simulated different THz
breast cancer imaging scenarios with polarization and
tissue type variations. Based on the results, polarization
affects the imaging results. Dual linear polarization gives
the best imaging results qualitatively and quantitatively,
with a standard deviation of 7.519. Different tissue types
affect the imaging results based on the results, but the
effect is not linear with the increasing dielectric constant.
This research can be used as a consideration and reference
for other researchers to determine the best polarization for
antenna design when creating a THz imaging system. Also,
this research shows that further exploration and
observation need to be done to minimize the diffraction
effect that may be happening due to different tissue effects.
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