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ABSTRACT

MODELING AND SIMULATION OF THE EMISSIVITY
OF VEGETATION USING PASSIVE REMOTE SENSING
METHODS

Remote sensing is a scientific technique to acquire characteristics of object with-
out physical contact. Gravitational, magnetic, optical and electrostatic forces and
resulting actions are sources for remote sensors. Electromagnetic radiation that is
emitted or reflected by the object carries specific properties about object. The ef-
fect of object on the gathered wave is investigated and some unique properties of the
object is obtained with this remote sensing process. To be able to sense complex struc-
tures, the structure should be modeled as a familiar geometry. In this thesis, modeling
of vegetation and calculated absorption cross section and emissivity simulation was
studied. Emissivity is one of frequently used remote sensing parameter for objects.
In literature, remote sensing of vegetation includes different methods that are based
on measurements with active remote sensing. In this study, vegetation components
were considered separately that leaves were modeled as dielectric disks and branches
and trunks were modeled as cylinders. Emissivity and absorption cross section equa-
tions of geometrically facilitated vegetation was found out using two approximations.
Emissivity for leaves was calculated using physical optics approximation on disk. In
branches and trunks, infinite length approximation was applied on cylinder. To check
the accuracy of equations and MATLAB calculations, absorption cross section calcu-
lation results were compared with literature studies on that of vegetation, and good
agreement was found. Equations were simulated for frequency, dimensions, angle of
incidence, and permittivity. In conclusion, vegetation was geometrically modeled, ab-
sorption cross section and emissivity equations were found. Emissivity and absorption

cross section were simulated and effects of each parameter was examined.



OZET

PASIF UZAKTAN ALGILAMA YONTEMLERINI
KULLANARAK BITKI ORTUSU EMISSIVITESININ
SIMULASYONU VE MODELLENMESI

Uzaktan algilama, nesnenin fiziksel temasi olmadan 6zelliklerini elde etmek icin
kullanilan bilimsel bir tekniktir. Yercekimi, manyetik, optik ve elektrostatik kuvvetler
ve bunun sonucunda ortaya cikan eylemler uzak sensorler i¢in kaynaktir. Nesneden
yayllan veya yansitilan elektromanyetik radyasyon, nesne hakkinda belirli ozellikler
tagir. Nesnenin toplanan dalga iizerindeki etkisi arastirilir ve bu uzaktan algilama
islemi ile nesnenin bazi benzersiz ozellikleri elde edilir. Karmasik yapilar: algilayabilmek
i¢in nesne bilinen bir geometride modellenmelidir. Bu tez caligmasinda, bitki ortiisiiniin
modellenmesi ve absorbsiyon kesiti ve emisivite hesaplanarak simiilasyonu yapilmigtir.
Emisivite ve absorbsiyon kesiti, farkli nesneler igin siklikla kullanilan uzaktan algilama
parametresidir. Literatiirde, bitki ortiisi uzaktan algilanmasi caligmalari, genelde
aktif uzaktan algilamali Olgiimlerine dayanan farkli yontemler igerir. Bu caligmada,
bitki ortiisii bilegenleri ayri ayri ele alinmig, yapraklar dielektrik diskler, dallar ve
gévde silindir olarak modellenmistir. Iki yaklasim kullanilarak geometrik olarak ko-
laylagtirilmig bitki ortiisi yapisina ait pasif algilamada kullanilan emisivite ve absorb-
siyon kesit denklemleri bulunmusgtur. Yapraklar i¢in emisivite ve absorbsiyon kesiti,
disk tizerinde fiziksel optik yaklagim kullanilarak hesaplanmigtir. Dallar i¢in silindir
tizerine sonsuz uzunluk yaklagimi uygulanmigtir. Denklemlerin ve MATLAB hesapla-
malarinin dogrulugunu kontrol etmek igin, absorbsiyon kesit hesaplama sonugclari, ilgili
literatiir sonuclar ile kargilagtirilmigtir. Olusturulan denklemler frekans, boyutlar, gelig
acis1 ve dielektrik sabiti parametreleri igin simiile edilmistir. Simiilasyon sonuclar1 yo-

rumlanarak her parametrenin etkisi incelenmistir.
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1. INTRODUCTION

Remote sensing is a scientific method of gathering information about objects
without being in physical contact with the object itself. Sensing objects remotely is a
process used from the beginning of the earth life. A human utilizes its body organs
as sensors to collect and evaluate the information. Scientists developed various remote
sensing methods, to be able to detect objects that are not in the range of natural
sensory mechanisms. Especially in the last century, technological developments that
are taking place rapidly have started to improve remote sensing techniques [6]. Natural
forces and actions of the earth provide different methods to sense objects remotely
as optical, gravitational, magnetic, acoustic and electromagnetic sensing. In actual
meaning, the term "remote sensing” is used for the process of acquiring information
with the gathered or sensed reflected or emitted electromagnetic radiation of objects

about the Earth’s surface [7].

Electromagnetic wave can carry significant and detailed information about places
or objects. The wave reflected from the object and sensed with a type of electromag-
netic radiation sensor. Electromagnetic wave theory constitutes the base for many
research areas, related to the electronic device; however, even for a natural object that
does not related with electronics, electromagnetic radiation can be utilized for the in-
formation. In remote sensing applications, there are two basic approach that forms the
characteristics of the measurement and evaluation process. One is passive remote sens-
ing and the other is active remote sensing. The fundamental difference between these
methods is the source of electromagnetic radiation. In passive remote sensing, sun is
the source of electromagnetic wave. In active remote sensing, electromagnetic wave

provided by the device itself that can also be used for detection of reflected wave [8].

In this thesis, modeling and simulation study of the emissivity of vegetation using
passive remote sensing methods will be presented. In Chapter I, remote sensing will
be explained in detail as the fundamental step, after a brief introduction on the title

of the study. Definitions and related sub-topics will be explained in consideration of



the electromagnetic radiation theory. Researches, developments, and application areas
of remote sensing will be mentioned at the end of this chapter. In Chapter II, passive
radiometric microwave remote sensing method and approximations will be explained
in detail. In this chapter, each component belongs to the vegetation is modeled to
obtain computable geometry. In Chapter III, studied model was simulated with unique
parameters for absorption cross section and a table is found. The reason for this chapter
is to show the accuracy of the model by comparison of absorption cross section result in
two studies which are NASA report [9], and a PHD thesis [5] . Chapter IV consists of
simulations of modeled vegetation. Then, in Chapter V, simulation results for modeled

vegetation will be discussed and at the end of this chapter the study will be concluded.

1.1. Electromagnetic Theory and Remote Sensing

Electromagnetic (EM) energy, characteristics of EM energy and its interactions
is a fundamental step to comprehend the remote sensing theory. To understand and
to make comment on the remote sensing data, electromagnetic wave theory must be

investigated.

The two explained model of EM energy are wave model and photon model. In EM
wave model, it is considered that the energy carried in the form of sine waves, and wave
propagation is examined in this model. Electric and magnetic fields are perpendicular
to each other and the third perpendicular dimension is the propagation direction of
the electromagnetic wave. In this direction, both fields propagate through space in the
speed of light. These are general explanations about the electromagnetic wave theory,
however one of the characteristic parameters of EM wave is significant for the remote
sensing modeling and theory that is the wavelength. Wavelength and the frequency
are inversely related, because of the constant speed of light [6]. Particle model of the
electromagnetic energy is utilized for some applications. Energy of a photon is also
related with the frequency of the wave, such that wave of the higher frequency is more
energetic. In the physical world, there is a wide range of frequency that begins from

the low electric waves and ends with the gamma rays of the atomic nuclei.



The source of EM energy can be any object that has the temperature above the
absolute zero, because of the movements of the molecules of the material. Therefore
the earth is a source of EM energy, and if it is observed it can be seen that the earth
has emission beside the solar radiation reflection. At this point, the term of blackbody
has to be defined. Matter called as blackbody can absorb and re-emit all EM energy,
and values of the emissivity and absorbance for the blackbodies are both equal to 1. In
actual meaning, random motion of the molecules in the matter leads to EM radiation

according to the Plank’s Law of EM radiation for an ideal source that is the blackbody.

The electromagnetic spectrum is given in Figurel.l which is the entire range of

electromagnetic radiation.
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Figure 1.1. Electromagnetic spectrum [1].

Unique energy levels of the electromagnetic spectrum portions are utilized for
sensing various materials in the earth. As examples, UV radiation is used to detect
some minerals, rocks on the earth surface and as a lower energetic wave type, IR

radiation is used frequently in defense systems.



1.1.1. Electromagnetic Interactions

Electromagnetic radiation travels through the atmosphere before it reaches the
earth’s surface. During this passage, electromagnetic radiation encounters various nat-
ural factors as particles and gases, so that some properties of the radiation can be
changed in the end. Radiated electromagnetic energy can be immersed, conducted,
or reflected through the matter and it also can be scattered and absorbed by the at-
mosphere. These interactions cause changes in its energy and wave characteristics.
In electromagnetic modeling, interactions with the matter and with the atmosphere
are investigated to collect information about the object; therefore, EM interactions is
explained in two subsections as EM interactions in atmosphere and EM interactions

with matter [10].

1.1.1.1. Electromagnetic Interactions In Atmosphere. Electromagnetic radiation car-

ries energy that is inversely proportional with the wavelength. This energy is conserved
according to the theory of conservation of energy through the travel in the atmosphere.
Hence, EM radiation is either scattered or absorbed in the atmosphere [11]. Scattering
the comprehensive definition for reflection and refraction is the unforeseen diffusion of
radiation by the particles in the atmosphere. The radiation is also absorbed by the

atmosphere and that is actually loss of the radiation energy to atmospheric absorbers.

Electromagnetic radiation is redirected from its original path because of the in-
teractions with the particles and gas molecules in the atmosphere. There are three
basic types of scattering. Depending on the wavelength of the radiation, density of the
particles and gas molecules, and the travel distance; the amount of scattering changes.

The first scattering mechanism is named as Rayleigh scatter.

In common, Rayleigh scatter occurs when radiation interacts with particles that
have much smaller diameter than the wavelength of the radiation and atmospheric
molecules. The relation between wavelength and the scatter mechanism yield the

result that radiation at short wavelengths have stronger tendency to be scattered by



this mechanism. Rayleigh scatter is inversely proportional to the fourth power of
radiation wavelength. Additionally, radiation is redirected equally in all directions in
this scattering mechanism. In the solar radiation examples of Rayleigh scatter can be
seen in daily life as blue sky and red sunset. Travel path of the radiation can change

the amount of scattering therefore amount of remaining radiation wavelength [12].

One of the other types of scatter is called as Mie scatter. Mie scatter occurs
when radiation encounters with particles that have the diameter between 0.1 to 10
times of the wavelength. Wavelength and scattering intensity have the changing ratio
between fourth power of wavelength and the one times wavelength. Water molecules,
dust, smoke particles can cause Mie scatter. For longer wavelengths this scattering

mechanism is seen in general.

In the interaction with the larger aerosol particles, redirection of radiation is
named as nonselective scattering. These particles commonly have 5 to 100 pm diameter
size and cause scattering of all visible and IR wavelengths that are reflected. The
amount of scattering does not depend on the wavelength, so that the name of this
mechanism is nonselective scatter. Water droplets, fog, clouds and ice crystals are
main causes. As an example, interaction with clouds means scattering of almost all
blue, green or other visible color wavelengths, therefore they can be seen as just in

white.

Absorption is the second type of interaction that EM radiation encounters in
the atmosphere. Absorption of electromagnetic radiation is a kind of energy conver-
sion mechanism that the energy of the incoming radiation is transferred to absorber
molecules. Absorbed energy is converted to heat and gas, so the total energy is con-
served in the atmosphere. Ozone, carbon dioxide and water molecules are counted as
main reason of absorption in the atmosphere. Ozone absorbs UV and higher frequency
radiation and serves us as a conserving layer. For the far infrared region of the spec-
trum, the critical absorber is carbon dioxide that thermal heating mechanism changes
because of the high carbon dioxide density [13,14]. Some regions exist in the electro-

magnetic spectrum that at those wavelengths atmosphere let the radiation to transmit



without absorption. Regions of this property is called as atmospheric windows [15].

Transmittance characteristic of the atmosphere is displayed in Figure 1.2.
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Figure 1.2. Atmospheric transmittance characteristics [2].

Remote sensing applications have to be limited to atmospheric windows, because
of the data acquisition availability. A portion in UV, visible light, emitted thermal

energy from the earth, microwave energy are counted as atmospheric window regions.

1.1.1.2. Electromagnetic Interactions With Matter. Electromagnetic radiation reaches

the earth surface or the surface of the target matter after some loss and scattering. At
this time, EMR interacts with the object in three mechanisms. Incoming wave energy
can be transmitted, reflected, or absorbed by the object. If the surface of the object is
rough that contains small slights, scattering of the wave is also a possible case. Physical
and compositional characteristics of the medium effects the action of the radiation. For
instance, the shape of the object can cause difference in reflection. In the atomic level,
the incoming energy results in an action inside the material atoms, by this way, some
electrons can climb to a higher energy level and turn back so that energy is released

as photons with this specific energy level.



The wavelength of incident radiation is significant as the material properties. Ob-
jects can exhibit different behaviors against the radiation depending on the wavelength.
The carried energy may cause or not the expected atomic action. Therefore it can be
said that different wavelengths provide detection of different properties of the target

object. In Figure 1.3, interaction mechanisms are exhibited.

Transmission Reflection

Absorption Scattering

Figure 1.3. Interaction mechanisms between material and incident radiation.

As it can be seen in Figure 1.3, the target object transmits, reflects, scatters or
absorbs the radiation and the total energy is constant. Total energy is proportioned
between these mechanisms. In remote sensing applications, absorption mechanism
holds a significant place. The absorbed energy has to be released or hanged to a form
of energy because of the conservation of energy rule. Therefore, in absorption energy
is released as thermal radiation in general, and this releasing process represents the

emission of the object.



1.1.2. Active Remote Sensing

In active remote sensing, the active sensor provide its own energy source of il-
lumination by emitting the radiation toward the terrain. Backscattered energy of the
terrain is collected by the receiver of the active sensor. Airborne and satellite based
active sensors emit electromagnetic wave at specific frequency, sense and measure the
time, intensity and other characteristics of the backscattered pulses. In this way, trans-
mission and scattering properties of the object that is intended to be sensed can be

obtained [3].

Receiver

Atmosphere

Receiver \

L

Transmission mode Backscatter mode
Transmuitter Receiver

v

Bistatic scattering mode

Figure 1.4. Active remote sensing [3].

In the measurement of transmission characteristics of the medium, two antennas
are utilized generally as transmitter and receiver on opposite sides of the medium. In
scattering measurement, oblique or backscatter modes of radar can be used. Active
remote sensing measurement methods are depicted in Figure 1.4. As it can be seen
in figure, oblique mode of radar has separated transmitter and receiver that is called
as bi-static and as in the backscatter mode transmitter and receiver are at the same

location.



The receiver of the radar system measures the power of scattered and collected
electromagnetic wave. Radar power equation consists of products of transmitter power,
transmitter and receiver gains, loss factors, range between transmitter and target, range
between target and receiver, radar wavelength and radar cross section. The last term,
radar cross section provides the basis for the information about characteristics of the

target [16].

1.1.3. Passive Remote Sensing

Remote sensing process requires a source for electromagnetic radiation that can
be provided by an artificial device or by the sun, the natural life source. In passive
remote sensing, the source is the solar radiation. In previous subsections it was men-
tioned that absorption of the radiation by the object produce a form of energy and
emits thermal radiation to outside. In addition, some of the materials can reflect the
incoming radiation, and forms the radiation for the remote sensor. Therefore, the
object depending on its composition and physical properties, forms indirect source of

radiation that can be detected by the passive remote sensor [17].

Blackbody radiation was mentioned in previous sections, and that topic summa-
rizes that all object greater than absolute zero emits thermal radiation at different
wavelengths. The blackbody radiation curve for the earth displays the maximum emis-
sion wavelength range for the earth which is thermal infrared range. Additionally, at
the right end of the curve, it can be seen that small amount of energy is transferred
with microwave radiation [18]. Blackbody radiation curve for the earth is given in

Figure 1.5.

This naturally emitted microwave energy is valuable for remote sensing of the
earth, with the advantage of clouds’ insignificant microwave range emission that do not
interfere with the earth’s emission. Passive remote sensing systems does not use only
microwave energy. Various studies that utilize wavelengths of electromagnetic spectrum
are exist. Film photography is an example for passive remote sensing. Also infrared

range of spectrum is used in sensing studies [17]. Radiometry is the technical term
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Blackbody Radiation Curve for the Earth (300K)

Thermal Infrared Range
8-14um

\
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Energy

Wavelength

Figure 1.5. Earth’s blackbody radiation curve.

for passive sensing of all wavelengths of spectrum that includes all others. Microwave
remote sensing has a different role among other investigations, as it is mentioned at
first, it enables observations in all weather conditions without any degradation in the
information. Unique information about the characteristics of object can be obtained

with frequency dependent data of object by utilizing microwave energy [19].

In this study, electromagnetic modeling of vegetation will be examined with mi-
crowave passive remote sensing methods. Therefore, basic equations and explanations

related to microwave remote sensing will be mentioned.

The microwave portion of the electromagnetic spectrum includes wavelengths
from 0.1 mm to 1 m, so that microwave frequency range is between 300 GHz to 0.3
GHz. Radiometers, that are devices for passive remote sensing operate in the range
0.4-35 GHz (0.8-75 cm). If the blackbody radiation curve of the earth is considered,
it is seen that the highest radiation is in the range of microwave radiometers. Some
other objects as dry ice, liquid air has blackbody radiation curves that follows ideal

blackbody radiation curve [6].
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Total energy emitted by the blackbody is explained by the Stefan-Boltzmann
law, that it is proportional to the T¢. The wavelength of the peak in the spectral
radiance curve is described by Wien’s displacement law as it is proportional to 7.
Spectral radiance for wavelengths other than the peak wavelength is explained with

Rayleigh-Jeans approximation, which is given in Equation 1.1.

2kcT
L)\:{:" \ (11)

This equation consists of ¢, speed of light, k, Plank’s constant, T', kinetic tem-
perature and e, that is the emissivity. Microwave radiometers measures emitted spec-
tral radiance that is described in the equation. In addition, approximation equation
provides a relationship between emissivity, spectral radiance temperature and wave-
length, and that is a linear relationship can be represented by straight line at long
wavelengths [6]. In following chapters, equations for emissivity and modeling method

will be explained in detail.

1.1.4. Microwave Radiometer Working Principle

Remote sensing process steps will be explained in this section. Remote sensing
process begins with the radiation source and ends with the data analysis. Electromag-
netic radiation is emitted by the source that can be natural or artificial. The emitted
radiation is transferred through the way as atmosphere from source to the object. As it
was mentioned in previous sections, the object reflects, transmits or absorbs the radi-
ation. In absorption and reflection case, there will be subsequent emission of radiation
in which the object behaves a source. The radiation is transmitted from the object
to the sensor. Sensor, depending on its analysis mechanism, converts and transmits
the energy of radiation to the ground station. In the ground station, obtained energy
is converted to a meaningful digital data and by processing an image belongs to the

object is composed [20,21]. Remote sensing process flow is displayed in Figure 1.6.
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Figure 1.6. Remote sensing process flow [4].

The basic and well known radiometer is Crookes radiometer. It has four vanes in a
perfect vacuumed glass tube. When it detects the radiation, they spin. One side of the
vanes is black and the other side is white. When strong radiation is detected, it heats
up more than absorbed by the dark surfaces of the vanes. Gas molecules hitting these
surfaces cause them to rotate. Thus, detected radiation energy is transformed into
motion energy. According to rotation speed, the brightness temperature is calculated
[22]. Passive microwave radiometer’s objective is to measure power that expresses the
brightness temperature of the object. There are many advantages working on the
passive microwave region. It is independent of weather conditions and atmospheric
interactions, wide bandwidth and also objects emit microwave radiation in day and

night.

One of the most popular passive microwave radiometer at NASA is AMSR-E.
It has twelve-channel, six-frequency (6.925, 10.65, 18.7, 23.8, 36.5, and 89.0 GHz.)
and two polarization (vertical and horizontal) [23]. In this thesis study, frequency

simulations are done from 4 GHz to 40 GHz.
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In literature, emissivity of the object is calculated generally from measured data
that comes from the radiometers [6]. The objective of a radiometer is to measure power
from its antennas and they are sensitive t measure thermal electromagnetic radiation.
In many applications about remote sensing, it is common to express power in terms of
brightness temperature. The basic diagram of measurement method of radiometer is

shown in Figure 1.7.

Ta

Radiometer

Tn

Figure 1.7. Basic diagram of radiometer measurement steps.

A radiometer sense the power emitted from the objects. The basic formula about

the power measured from the antennas is given in Equation 1.2.

P=kBG-(Ts+Ty) (1.2)
The equation consist of B, bandwidth , G, amplifier value, k, Boltzman constant
that is equal to 1.38 x 10723 J / K, T4, input temperature of the radiometer, Ty noise

temperature. After calculation of the Ty from Equation 1.2, e, emissivity is calculated

from Equation 1.3. In the formula T, is kinetic temperature and € is emissivity.

TA = E'TKm (13)
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In the ideal measurement environment of radiometer, k, B, G and T are constant.
Although k is always constant, B is generally stable, G and Ty are dependent with
the device and environment. To calculate the emissivity from measured power from
radiometer, G and T should be calibrated and calculated [24]. After calibration,
brightness temperature can be calculated from the detected voltages of the radiometer.

There are linear relation between measured power and the brightness temperature.

Emissivity value of the object can be calculated from the brightness temperature
that is calculated from the measured power. Emissivity is a function of the dielectric
constant. Different from the emissivity calculation from the measured power, in this
thesis, emissivity of the object is calculated reversely like calculation from the object
and its absorption cross section. Estimation of the emissivity before the measurements
allows the prediction about the specification of the object and its content. These

estimations can be used as the basis for further studies.

1.1.5. Remote Sensing Applications

Remote sensing is a well known research and application area that utilized in
various fields. Active and passive remote sensing are both in the interest, because
of diversity of being sensed objects in the earth. Application topics were listed and

explained to construct an idea about research fields.

e Mineral exploration is one of the fields in which the sensed radiation has differ-
ent characteristics and carries signatures of each different minerals. In mineral
exploration, more energetic radiation is preferred to eliminate the effects coming
from compositions of the earth top layer. In the most of studies, the ultraviolet
range of the electromagnetic spectrum is utilized [25].

e Soil moisture examination basically related to the amount of water present in the
voids between particles in the soil for a certain size. The amount of energy that is
radiated from the soil changes depending on the type, amount and water content
of the soil. This method provides information about water resources, irrigation,

monitoring plant water requirements [26].



15

Oceanography is another research field of remote sensing. Electromagnetic emis-
sion of oceans gives information about radiant temperature, roughness, color and
the depth of the oceans. Chlorophyll content, suspended sediment concentration
and coastal zone management are investigated with remote sensing processes [27].
In the modeling of clouds, after modeling the scattered hydrometeors (rain, snow,
ice, etc) in the cloud and calculating the average emissivity, meaningful data
about the structure and composition of clouds can be obtained. This technique
can be used in space communication and weather forecasting [28].
Electromagnetic scattering mechanism is very sensitive to permittivity and also
water content is a first order determinant of complex permittivity which makes
it very useful for remote sensing of water resources. Different frequencies can be
used for determining the characteristics of the ground and surface water [29].
Disasters as earthquake and fire cause sudden changes in thermal radiation that
is naturally emitted. This change can be detected by remote sensors that can
recognize the action just before or soon after the disaster began. With proper
warning systems, precautions and interventions can be carried out [30].
Investigation of organisms with their surrounding environment is a field of remote
sensing. Ecological communities, species assemblages and related conservation
precautions is investigated by the help of developing spatial resolution in remote
sensing. Change in biodiversity, and loss of special organisms can be observed
and future about ecology can be estimated [31].

In todays diagnostics, remote sensing methods are frequently used. CT (Com-
puted Tomography) and MRI (Magnetic Resonance Imaging) are critical meth-
ods in detection of diseases such as tumor radiation, brain structure, thyroid
cancer [32].

The high spatial resolution sensors, laser scanning, data mining and image pro-
cessing and some other remote sensing technologies, monitoring of urban ex-
pansion, changing land usage, urban environment about air pollution and water
resources, traffic analysis and other aspects of urban planning can be modeled

and planned with remote sensing [33].
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e Vegetation covered areas can be counted as special topic in remote sensing appli-
cations and studies. Vegetation of an area carries critical signatures, represents
different characters that effect the life in a large perspective. Vegetation rep-
resents nature and natural resources, so that future plans about the life in the
earth requires detailed studies about vegetation. Spectral, spatial, radioactive
and temporal characteristics are used to map vegetation with remote sensing.
Remote sensing of vegetation is the basic topic of this study, therefore literature

review will be indicated in following sections.

1.1.6. Literature Survey on Remote Sensing of Vegetation and Modeling

In literature, there are various studies on remote sensing and vegetation mod-
eling with different perspectives. In the development of technology and research on
remote sensing of vegetation, sensing the signature belongs to the vegetation is not
only purpose; naturally, vegetation is also a representative layer for soil, moisture and
atmospheric gas concentration. In this section, past studies on vegetation modeling
related to the remote sensing will be mentioned and in the end the difference of this

study will be explained with its contributions.

In soil and moisture research studies, vegetation components are modeled with
different methods to collect information about scattering mechanisms and soil charac-
teristics as in [34,35]. In [36], vegetation is modeled assuming that it is like a layer
that consists of only short type of plants. Similarly in [37], emission and absorption of
vegetation layer on soil is considered as in the model found by Basharinov and Shutko
(1975) and in that the vegetation is a layer which absorbs or emits radiation. Grass

and that type of vegetation is also modeled with natural surface interactions in [38].

In a different approach, emissivity of vegetation is modeled in various researches
utilizing the dielectric constant as a primary factor. Dielectric constants of unique
plant leaves are detected with microwave measurement methods in [39]. Measured di-
electric constant is studied with the perturbation model for rough surface to obtain the

scattering coefficient. In [40], dielectric constant of sample leaves is measured in simi-
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lar way and experimental data is comprised with theoretical data. Dielectric constant
calculation or estimation for microwave frequencies can provide a basis for emissivity
and remote sensing data analysis steps. Complex dielectric constant is examined for

leaves in [41].

Temperature is another frequently used data for investigating emissivity of veg-
etation. Thermographic camera data is used to evaluate radiation emission and emis-
sivity modeling of vegetation in [42], and resulting emissivities are valid for surface
temperature of utilized water bath. Thermal hyper-spectral data, spectrometer data,
satellite observations for soil moisture are all different approaches for the evaluation of
vegetation emissivity used as in [43,44]. Thermal hyper-spectral data at the vegetation
level is investigated in [45], and provided leaf area index is applied in emissivity formula

to found the emissivity of selected vegetation component structures.

Brightness temperature is one of the most common used parameters by pas-
sive remote sensors. In calculation of brightness temperature, because of the natural
restrictions of vegetation and scattering mechanism, resulting formulation based on
various assumptions. Brightness temperature is calculated utilizing radiation transfer
equations in consideration of energy conservation for a geometrically defined vegeta-
tion component structure in [46]. In this model, emissivity is a parameter to calculate
the brightness temperature. The emissivity is taken from an other study that models

emissivity in terms of scattering coefficients [47].

As a result, surveyed researches and studies were mentioned in this subsection
to learn basics about remote sensing of vegetation. Additionally, in the following

paragraphs, objectives, differences and contributions of this thesis will be described.

In this thesis, the vegetation component is modeled part by part as discs and
cylinders e.g. disk model is used for modeling vegetation leaves and cylinder geometry
is utilized for branches and trunks. Physical Optics and Infinite Length approximations
are employed for the derivation of absorption cross section. Absorption cross section

derivation is one of the key points to define emissivity. Reflection and transmission
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components of the scatterer layer in the emissivity formula are investigated to minimize
the effort of mathematical calculation. Resulting emissivity definition is explained with
derivation methods. Emissivity of the defined vegetation components are simulated

with changing different parameters account in real life.

e Absorption cross section for vegetation components modeled as discs and cylin-
ders was derived, vegetation was not considered as a coverage layer.

e Physical Optics and Infinite Length approximations were used to describe ab-
sorption cross section for separate components of vegetation.

e Emissivity formula is investigated to simplify reflection and transmission compo-
nents.

e Emissivity of a vegetation is simulated for different conditions to provide an
applicable useful model results.

e Simulation results of this thesis were compared with literature and agreement
was found.

e Obtained simulation result provides data with much cheaper method than exper-
imental process.

e With using parameter simulation MATLAB code written for this thesis study,
emissivity and absorption cross section calculations can be made with different

variables.
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2. EMISSIVITY AND VEGETATION MODELING

Emissivity is the description of radiation emission ability of the subject surface.
Emissivity is a dimensionless relative quantity that changes between zero and one.
Emissivity value of 1 belongs to the blackbody radiation as it is explained in previous
sections [48], and there is no absolute zero emissivity in real, all objects emit radiation

to some extent.

In Section 2.1, theory of the emissivity and emissivity formulation will be ex-

plained.
2.1. Emissivity Theory

Emissivity of a material can be defined by means of energy conservation relation.
The situation is the same for vegetation, as the emissivity is equal to subtraction of
reflected and transmitted portions from 1. Emissivity of the vegetation component

formula is given in Equation 2.1 [49].

eq(0) =1 = Ry(0) = T,(6) (2.1)

where;

s

27 5 o _
Ry(8) = L /0 /0 > %p0(6,0x: 0 = 9) sin 0,d0,d(¢s — ¢) (2.2)

- cos 0
p: 7/0

cos 6

- 1 2 g 0-;;2(07057¢s _¢) .
T,(0) = - /0 / ; sin 0,d0,d(¢s — o) (2.3)
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In vegetation components’ emissivity calculation, the reflected and transmitted
portions have to be calculated, however the integral calculations might be troublesome.
Here, terms of the integral at first that are op, (6,05, s — ¢) and a;j;(@, s, ps — @) rep-
resents bi-static scattering coefficients. Bi-static scattering coefficients are calculated

by Matriz Doubling Method.

Scattering coefficients for an inhomogeneous irregular layer have been calculated
and explained in [50]. If the model that is considered in this study is envisioned,
bi-static scattering coefficients have to be analyzed for discs and cylinders. In [51],

bi-static scattering coefficients have been investigated for discs and cylinders.

From the average scattering patterns of randomly oriented cylinders and discs
have shown that when cylinder dimensions are large with respect to wavelength, bi-

static scattering cross sections are peaked in the forward direction.

Dependency on sampling of scattering angle cause the calculation be problematic,
therefore an approximation is builded for transmission and reflection behavior of the
layer. Based on the average scattering patterns that display a forward behavior it has
been assumed that cylinders behave like absorbers. The resulting transmission function

equation for the approximate absorbing layer is given in Equation 2.4.

n Az ci(0)

2.4
cos (2:4)

Scatterers amount per unit volume is represented by n. Az is the layer height.
Both of them holds for the density of scatterers in volume. In Equation 2.4, 0 represents

the angle of incidence and 04(f) represents absorption cross section function.
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Because the cylinder layer is considered as an absorbing layer, following approx-

imations in 2.5 and 2.6 are also provided;

Ry(0) < T,(0) (2.5)

Looking back to the first equation in the definition of emissivity of vegetation, the
resulting formula holds, Equation 2.7. Absorption cross section term o in Equation

2.4 has to be calculated for the conclusion of emissivity equation.

eq(0) = 1 — TA(0) (2.7)

2.2. Absorption Cross Section

Absorption cross section is the most critical term in the definition of emissivity
equation as it is mentioned in the previous section. In the definition of absorption
cross section first the total power absorbed by a single particle must be considered.
The single particle cross section which causes this much absorbed power is called as
absorption cross section. A definition for the scattering cross section can be considered
in the same way. The total cross section term is the sum of scattering and absorption

cross section.

Absorption cross section and electric field relation is the first step for the evalu-
ation of the absorption cross section. An electric field of unit amplitude with (jz(@,ﬁ)

is considered to analyze, and it is shown as F;,;'= geiki.r.

In this representation, k is the wave number. The incidence and scattering di-

rections are shown for impinging field to the lossy dielectric body. The direction of
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incidence is symbolized with 1 and the direction of scattering is symbolized with o.

Part of the incoming power is absorbed by the object because of the material
conductivity or polarization loss. Absorbed power evaluation is the main step to form
the absorption cross section equation. Division of total power absorbed by the object
to the magnitude of the poynting vector of the incident field gives the absorption cross

section [52]. Total power absorbed by the object is formulated in the Equation 2.8.

P, =

1
ey / | B (r) |2V (2.8)
2 1%

Absorption cross section o, and total power absorbed by the object is related

with the following equation;

(2.9)

Here |5;| is the incident Poynting vector for the unit amplitude incident electric

field, and it is given in the Equation 2.10

12
Bl (2.10)
2n

|S;| =

To obtain the absorption cross section, we put the P, and |S;| in to Equation 2.9,

and resulting equation is;

0o = ke;’/ | Eint? (1))?dV (2.11)
14
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2.3. Vegetation Modeling

Emissivity and back scattering evaluations of vegetation requires a model that
relates these characteristics with definable structures in theory. Vegetation components
are basically leaves, branches and trunks are considered as absorbing and scattering
layers. Leaves of the vegetation is modeled as thin and thick layer of disk shape with
complex permittivity. As for branches and trunks, cylinder shape is taken as a basis
again with complex permittivity, €.. The complex permittivity is given in Equation

2.12.

€ = €, — i€l (2.12)

In complex permittivity equation, first term on the right side is the real part of
the complex permittivity. The second term, € represents the loss factor of the material,

therefore with a larger €, the conversion of EM energy to the thermal energy increases.

The definition of absorption cross section provide an insight for the absorption
cross section term in the emissivity equation, however the basic problem about this
is that the incident electric field is not known exactly. Therefore models for leaves,
branches and trunks are used to formulate the electric field with proper approximations

and complete solution is found for the absorption cross section.

First of all, the disk and cylinder model of the vegetation components are inves-
tigated to understand the scattering and absorbing behavior as lossy structures. Disk
and cylinder representations are given in Figure 2.1. a and b are axes of the elliptic
disk with thickness of § and for the cylinder a represents the radius of cylinder. Half
length of the cylinder is given as .

Electric field inside leaves, branches and trunks are calculated with two basic
approximations which are explained in following subsections in detail. Leaves are

considered as thin and thick disks and the field inside the disk is calculated using
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Figure 2.1. Disk and cylinder models.

physical optics approximation. Branches and trunks are considered as cylinders, infinite

length approximation is utilized in calculation of field inside the cylinder.

2.3.1. Modeling Of Leaves As Thin and Thick Disks

Leaves of vegetation was investigated in this section and modeled as disks. Phys-
ical optics approximation is proper to be employed at this step of the calculation, since
the cross section of the disk is large compared with the wavelength. Large cross section

with respect to wavelength and thickness provides the advantage of non-effective edges

on field.

In the approximation defined as Physical Optics, it is assumed that if the disc axes
is large with respect to wavelength of the incident wave, then the disk can be assumed
as a slab. Dielectric constant, orientation and the thickness of the slab are the same.
The principle behind the approximation is to replace the unknown fielded object to
a specific solvable object which is the slab in this case and then to use resulting field

description in the object of the study [53,54].
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The incident plane wave is resolved to create two independent wave problems
with different polarization. In this way, the field inside the slab is resolved in the same
way and each component depends only on the respective incident wave with proper
polarization vector. The unit amplitude , polarization ¢ incident plane wave is given

in Equation 2.13.

B (1, §) = Gelkor) (2.13)

2.3.1.1. Absorption Cross Section of Disk. Figure 2.2 is drawn to display polarization

vectors, propagation direction of the incident wave and the dyadic plane wave inside the

slab. Horizontal and vertical polarization vectors are h and ¢ respectively, and inside
T

the slab they are shown as h. and 9.5. (% represents the propagation directions

inside. 7 is the unit vector normal to the slab surface.

Y

Figure 2.2. Dielectric slab, polarization and propagation vectors.
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Solution of Maxwell’s equations provides the field definition for slab medium.
From that solution, this field is generated by waves with opposite propagation directions
with their respective polarization vectors. Therefore the resulting field equation inside

the slab is as given in Equation 2.14.
Ein(r,4e) = (eg"4F e ™% 4 ey~ g e™P=%)e~MEm (2.14)
In this definition, propagation directions are éi = ﬁt + ézﬁ e, = are respective
wave amplitudes and ¢* are unit polarization vectors.

In the case of horizontal polarization, ¢= is equal to ﬁf that is given in the relation

of propagation direction as shown in the Equation 2.15
(2.15)
In vertical polarization;

=0 =hExp (2.16)

Remaining undefined component in Equation 2.14 is the amplitude for forward and

backward directions inside the slab. e,* and e, are defined in following equations.

tyre€® o
+ o 9 ia(i+pT)A 2.17
“ 1- rgewe (2.17)
e = — 1 gial48) (2.18)
1 1— rgew
a= %k:l and ¢ = 4af,. Transmission and reflection coefficients for the slab are ¢, and

rq respectively. These coefficients are scalar characteristic parameters of the dielectric

material of the slab. The dependency on the material or the material specification
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is included in the equation with these parameters. Equation 2.19 and Equation 2.20

describes transmission and reflection coefficients for the slab.

2, /0411
K (i-ﬁ)\/—_ff(q(ﬁg ¥ 219

=2

P f) + o (BT R
ry= Elniiaqégni (2.20)

In these expressions, o, is the representative factor for relative permittivity and rel-
ative permeability of the dielectric, the slab. In this case, because the slab or the
original material is non-magnetic, relative permeability is not effective, meanly it is 1.

Therefore, according to the polarization, o, is given as in the Equation 2.21 [55].

1 if g=h
o, = (2.21)
Loif g=0

Expressions of all mentioned above is to obtain the electric field expression in the slab
and by this way in the thin and thick disks model for the absorption cross section
of leaves of vegetation. At the beginning of the physical optics approximation, the
absorption cross section expression is known as in Equation 2.22, so |Ej,|*> must be

defined.

0o = ke” / | B (r)|?dV (2.22)
14

|EZ.|” is obtained from the dot product of E;,? and its complex conjugate;

|E1{1m|2 — (eq‘i‘qA:-e—ikﬂzZ + eq—(je—eikﬁzz) . (€q+*(j:-*ez'kﬂ;‘z + eq—*qu—*e—ikB:z) (2.23)
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Since ¢+ is the unit polarization vector inside the slab, ¢ - ¢=* = 1.

|EL |2 = |e, T [Pe BBz 4 e~ |Peik(BBe")z Lo e, ~HGt - Gt e R (BB

te, ey TG - et PRz (2.24)

q |2 _ +12 2kIm(B.)z —12 _—2kIm(B.)z 4+, —x 45+ | =%, ,—2ikRe(B:)z
|E5” = leg|7e ()+|6q|6 ()+€q€q 4. 4. ¢ (Be)

+eq e, - G PRRes:)2 (2.25)

From Equation 2.25, |E;,;?|* is known. The volume integral in Equation 2.11 can
be solved by using disk dimensions, because the change in the inner field depends only

on the variable z.

s
/ |EL AV = mab 2 | Bt (r)|2d2 (2.26)
v

_3
2

Utilizing the resulting |FE;,;|* in Equation 2.26, following expression is obtained:;

3 B 2sinh (k6Im(B.)), _ 2sinh (k6Im(B.))
Wab/_ |Eie(r)|?dz = wab||e, | RIm(3.) leg” | kIm(B,)

N[>

i ._,sin(kdRe(B,))
+6q+€q qg—'Qe kRe(ﬁ)

-, tRa— | Atk Sin (kéRe(BZ))
+eq eq QG QE kR€</Bz)

(2.27)
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Lastly, collecting the integral and terms on the right side; absorption cross section
of the disk is founded as given in Equation 2.28, here Re and Im are real and imaginary

part operators of complex components.

sinh(kdIm(5,))
ko Im(6.)

sin(kdRe(,))

ol = kelabs | (lef|*+]e; |*) kS Re(B.)

q

+2Re(e;qj-e’*q“*)

q €

(2.28)

2.3.2. Modeling Of Branches and Trunks As Cylinders

Branches and trunks of the vegetation has an expression for absorption cross
section similar to leaves mentioned in previous section. Similarly, for the calculation
of absorption cross section of a modeled branch which is a cylinder, square of electric

field inside the cylinder medium has to be evaluated.

Electric field expression is obtained utilizing a proper approximation which is
chosen according to the geometrical relation. Cylinder shown in Figure 2.1 is 2/ long
with a radius and complex permittivity constant € = €. + €. In the case of the relation
that kIl > 1, Infinite Length Approximation is appropriate to derive the expression for
electric field inside the cylinder [56]. In this approximation, electric field inside a finite
length cylinder is assumed that it is similar to the infinite length cylinder with same

orientation and permittivity [57].

o0 = k! / | B () 2dV (2.29)
1%

For the sake of simplicity, £ will be used instead of EY , in the following equations
representing the q polarized incident field. Axes of the cylinder is aligned with the z

axes of the cartesian coordinate.

Considering the field inside the infinite length cylinder, the field inside the cylinder

under evaluation is formulated, and it is the sum of electric field components of z, y
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and z axes [54].

E" = El% + E% + E12 (2.30)

x,y and z axes components are described by following equations. These equations
are created by matching the tangential components of field’s boundary conditions at

the cylinder surface. In that, 8 and ¢ represents polar angles of incident electric field.

[e.9]

El = Z Fo[c? T (Nip)e'® + d2 J_q(Nip)e™ ] (2.31)
= —1 Z Fn c 4 Ji1(Aip)e'® — d%Jn_l(/\ip)e_i‘b] (2.32)

[e.9]

El= " F,[el].(\ip)] (2.33)

n=—oo

Infinite sum of cylindrical wave functions, provides transformed electric field ex-

pressions inside the cylinder.

Fn — Eo,ifneindﬂrikz cos 0 (234)

In these equations, there are some parameters, given in following equations. These

parameters are related with the unknown coefficients, that are extracted from boundary



conditions for three axes.

cd = o (nhi — el cos )
di = b (nhi +iel cos @)

(&

_ isind H;L@)(v) ()
" RyJu(u) (UH}?)('U) uTan(“))

h_ isind (H;(Q)(v)_ Jn’(u))
" Ry Ju(u) \oHP (v)
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(2.35)

(2.36)

(2.37)

(2.38)

(2.39)

(2.40)
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2H1(L2) H;(Q) / H;L(Q) ! 1 1
R — T {( (2)(0) o g, (u) ) ( (U) . ' (u) ) B (_2 B —2)n2cos 62}
2 vHy (v)

In the end, an expression for the internal electric field of cylinder with infinite
length is derived, however the necessary expression is the modulus of squared inner
field. Therefore in the following, sum of modulus of squared inner fields for three axes

is derived. In absorption cross section equation this derivation will be used.

B9 = | B2 + | B2 + | B2 (2.42)
Each of them are extracted separately,
‘Eq‘ = n;ooFC rInr1(Aip) n;oopd rIn—a( z/))
MH_Z_OOF Wde T (Nip m_Z_OOF* & Jms1(Aip)
e Z Focd Ji1(Nip) Z Fd? J 1 (Aip) (2.43)

n=-—0o m=—00
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|EBi” =

Z FC Jn+1 zp

n=—oo

ZFdJM 2p>

n=—oo

—e e Z Fod? g, (Xip) Z F e T (Nip)

n=—00 m=—00

—e? Z Focd T (Nip) Z FXd? T (\ip) (2.44)
0o 2
EI* = > Fueldu(Aip) (2.45)

n=—0oo

The squared modulus of inner field is derived and given in Equation 2.46. In

absorption cross section equation, volume integral is seen as the next step.

B =

Z Fuch Jusi(Nip)

n=—oo

ZFdJnl zp)

n=—oo

00 2

n=—oo

(2.46)
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Volume intergal;

l a 2
/ |EdV = / / / |E?p dp do dz (2.47)
1% -1 JO 0

Separate solution for dp d¢ dz is used and for the z coordinate we have;

l
/ eikzcos9e—ikzcosﬁ dz = 91 (248)

-l

Secondly, d¢, that is azimuthal coordinate is calculated as;

27 S oo
:/ [Z i Eye™el J,(Nip) Z —i T EreT Mot 1% (\ip) | do
0

n=—oo m=—0Q0

—omlBf Y el (p)els T ()

n=—oo
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=21 Y e Tu(Nip)[? (2.49)

n=—oo

with |E,|* = 1.

/ Z Fo.cl g ( Zp) do = 2w Z T (Nip) | (2.50)
/ Z Fudt g AOup)| 0 — 2 S ()P (2.51)

For the radial coordinate, including results from previous equations,

/ {Z e J, (Aip)|” + 2 Z | T |* + 2 Z |d9 T,y ]pdp

nN=—00 n=—oo n=—oo

= eV + 20l Yo + 20dL Y (2.52)

n=—oo

Equation 2.52; represents the squared modulus of inner field.

In the final expression the Y,, term causes from integrals of Bessel functions of the
first kind, which come from the beginning of the inner field expression for cylindrical

wave transformation.
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Vo= [ BT updp = [ Iuue)lNip)pds
0 0

a

Absorption cross section equation is the latest and the most critical step in the
derivation of emissivity equation for a modeled branch. Using the following equation
and emissivity equations in section 2.1, Emissivity value is obtained for a branch.
Absorption cross section is also an important parameter indicating properties of subject

material.

ol = 47rke'ﬂ< > (el + 2 Yo + 2|dg|2yn_1> (2.54)

n=—oo
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3. MODEL ACCURACY AND LITERATURE
COMPARISON

The aim of this chapter is to present the accuracy of created model by compar-
isons. In literature, disk and cylinder models were used for absorption and scattering
cross section calculations with various materials. In these studies, absorption cross
section was also calculated for vegetation parameters using similar approximations,
however the simulation tool and method is different. Therefore, comparison of results

with literature provides accuracy of model.

3.1. Thesis Study Comparison

Firstly, absorption cross section was simulated for frequency parameter using
same vegetation characteristics and same angle of incidence in [5]. Frequency range
in these graphs, includes low and high frequencies. Frequency restriction for the ap-
proximation was mentioned in theory part. That is the wavelength must be smaller
than the disk radius to assume non-effective edges for calculation. At low frequencies,
wavelength is larger than disk cross section, the use of physical optics approximation

is not effective.

In simulation, angle of incidence is taken as 0° and disk radii is 7.0 cm. Thickness
of the disk is 0.3 mm. Frequency range was selected as low frequency and high frequency

values included, from 1 GHz to 40 GHz.

As we observe two curves in Figure 3.1, it is seen that both graphs increases with
decreasing slope. This is an expected situation. At low frequencies, meanly from 1
GHz to 5 GHz, shape of graphs are similar, however absorption cross section values
are different. Low frequency region displays the reason of approximation restriction.

Error percentage is larger than increased frequency regions.
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Frequencies around 5 GHz absorption cross section values become consistent with.
1073 is reached at 10 GHz frequency and slope is decreased. In comparison of values

at 5 GHz, 10GHz, 20 GHz and 40 GHz, absorption cross section values are consistent.
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Figure 3.1. Absorption cross section o, in [5] and o, in simulation.
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3.2. NASA Report Comparison

In second comparison, absorption cross section was calculated using parameters
from NASA report on high frequency scattering of dielectric disks [9]. Horizontal
and vertical polarization were both taken into account. Comparison was done for
three frequency values. 1GHz, as low frequency, 4 GHz as mid and critical frequency,
and lastly 7 GHz, as high frequency were calculated. 4 GHz is mentioned as critical

frequency, because of the restriction in approximation.

The thickness of the dielectric disk is taken as 1 mm, and radius is 7 cm. Angle
of incidence is 30° for calculations. relative dielectric constant is taken as 36 4+ 413 that

corresponds to a leave with 70% water content.

Table 3.1. Comparison of calculated absorption cross section with NASA report for

horizontal polarization.

Frequency | NASA Report | Thesis Model | Error %

1.0 GH~z 0.00276 0.0025 9.42
4.0 GHz 0.00318 0.0032 -0.629
7.0 GHz 0.00264 0.0026 1.515

In Table 3.1, three values of absorption cross section of disk is given with fre-
quencies. At 1 GHz, calculated absorption cross section is about 0.0025 and for NASA
report, that value is 0.00276. Error is about 9.42 %, that is not a small error. However,
if dimensions of the disk are considered, radius of the disk (0.07 m) is much smaller
than the wavelength (0.299 m). Therefore, the assumption made in the absorption
cross section approximations part is not valid. Results might be improved by another

method.

At larger frequencies, for 4 GHz and 7 GHz, error percentage is smaller enough

to accept that the calculated results for the model are accurate. At 4 GHz, error is



0.629% and for 7 GHz, error is 1.515 %.
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4. SIMULATION

In this chapter, resulting equations for the emissivity of modeled leaves ,branches
and trunks of the subject vegetation is simulated using MATLAB program [58]. Emis-
sivity of leaves obtained from the disk shaped dielectric equation that is calculated
using physical optics approximation in the previous chapter. For the emissivity of
branches and trunks of the vegetation, infinite length approximation is utilized for a
cylinder. Randomly oriented disks and cylinders are considered and simulated with

specified geometrical and observational parameters given in tables.

4.1. Leaf Model Emissivity Simulations

In this section, leaf model simulation is given. In tables; 8, f,, a., €,, €, and nAz,
represents second parameter in simulations, for example in emissivity versus frequency
graph, three values of the angle of incidence is used and it is given in table as 6,. In
Figure 4.1, leaf model that is disk in specified geometry is given. Model is simulated

for horizontal and vertical polarizations of the wave.

Different thicknesses and diameters for leaves were selected in simulations. Thick
and thin leaves were considered according to the assumption that if the ratio a/d is
smaller or equal to 10, then the leaf is called as thick disk. Otherwise, it is assumed as

thin disk.

4.1.1. Emissivity versus Frequency - Horizontal Polarization

Emissivity of leaf simulation with respect to frequency is given for three values
of three variables in horizontal polarization. In all, frequency is continuously changed
and three curves exist for each variables. Increase in frequency, results in decrease in
emissivity in all curves except for the smallest real component of the complex relative

permittivity.
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Figure 4.1. Leaf model geometry and vector representations.

In Figure 4.2, frequency was simulated for three radius values. Radius is one of

the multipliers in Equation 2.28, therefore larger radius value causes higher emissivity.

Thickness of the leaf has similar effect on emissivity. In Figure 4.3, three curves
for thickness (0) values were given. Thick leaves have larger emissivity, that is also a

result from the absorption cross section equation.

Angle of incidence is another critical parameter for emissivity. In Equation 2.7
and Equation 2.4, angle of incidence has direct effect. If the cosine factor in Equation

2.4 is considered, higher angle of incidence causes low emissivity.

Real and imaginary parts of dielectric constant were simulated separately. Real
component is not shown at first sight in equations, however the imaginary component
is a direct multiplier in absorption cross section. Imaginary part is responsible for the
loss of the material, so that the higher value means higher emissivity. In case of the
real part, it effects the emissivity indirectly. The smaller real part has higher emissivity

in simulation results.



Table 4.1. Plotting parameters for emissivity versus frequency graph of leaf for

horizontal polarization.

Parameters Graph.1 | Graph.2 | Graph.3 | Graph.4 | Graph.5
Radius of Leaf (a) (m) Ay 0.04 0.04 0.04 0.04
Thickness (0)(m) 0.002 Oy 0.002 0.002 0.002
Angle of Incidence 30 30 0, 30 30
Real Part (€)) 18.3 18.3 18.3 €, 18.3
I'maginary Part (€!!) 7.0 7.0 7.0 7.0 e
# of Scatterers (nAz) 1000 1000 1000 1000 1000
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Figure 4.2. Emissivity versus frequency graph for leaves with three values of leaf

2 25
Frequency [Hz]

radius for horizontal polarization.
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Figure 4.3. Emissivity versus frequency graph for leaves with three values of leaf

thickness for horizontal polarization.
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Figure 4.4. Emissivity versus frequency graph for leaves with three values of angle of

incidence for horizontal polarization.



45

0.9

08

07

0.6

5.0
05

04

Emissivity

03

02 T —

[ ——

0.4 —— 360

| ‘ ‘ ‘ |
% 05 1 15 2 25 3 35 4

Frequency [Hz] x10

Figure 4.5. Emissivity versus frequency graph for leaves with three values of €. for

horizontal polarization.
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Figure 4.6. Emissivity versus frequency graph for leaves with three values of € for

horizontal polarization.
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4.1.2. Emissivity versus Angle of Incidence - Horizontal Polarization

Emissivity versus angle of incidence simulations are given in this subsection.
Emissivity decreases with increase in angle of incidence in curves generally. Angle
of incidence takes part directly in Equation 2.4. If the angle between incoming wave
and normal vector is large, transmission factor is higher. Transmission effects emissivity

inversely.

In Figure 4.7, emissivity is simulated with three leaf radius value. Similar to
frequency simulation, higher radius has higher emissivity value. After some region,
stable emissivity decreases. As for the thickness (0), thicker leaf has higher emissivity

value. Absorbed power in Equation 2.8 increases with increasing leaf thickness.

Table 4.2. Plotting parameters for emissivity versus angle of incidence graph of leaf

for horizontal polarization.

Parameters Graph.1 | Graph.2 | Graph.3 | Graph.4 | Graph.5
Radius of Leaf (a) (m) ay 0.04 0.04 0.04 0.04
Thickness (6)(m) 0.002 5, 0.002 | 0.002 | 0.002
Frequency (GHz) 10 10 fo 10 10
Real Part (€)) 18.3 18.3 18.3 e, 18.3
Imaginary Part (€) 7.0 7.0 7.0 7.0 el
# of Scatterers (nAz) 1000 1000 1000 1000 1000

Figure 4.9 displays three curves created with 7 GHz, 10 GHz, and 20 GHz fre-
quencies. In 7 GHz frequency, emissivity stays almost constant. 10 GHz and 7 GHz
intersects at 35° angle. The reason for that, increase in frequency does not directly
result in a decrease in emissivity. For higher frequencies, as in 20 GHz, emissivity is

much smaller.
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Complex relative permittivity was observed for also angle of incidence simulation.
As it was mentioned before, imaginary component is direct multiplier and effect on
emissivity is obvious. However, real component takes part in 3, in Equation 2.14. For
the smallest, that is 5, emissivity increases with a small slope. Larger real parts has

lower emissivity values, and after some region emissivity decreases.
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Figure 4.7. Emissivity versus angle of incidence graph for leaves with three values of

leaf radius for horizontal polarization.
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Figure 4.8. Emissivity versus angle of incidence graph for leaves with three values of

leaf thickness for horizontal polarization.
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Figure 4.10. Emissivity versus angle of incidence graph for leaves with three values of
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Figure 4.11. Emissivity versus angle of incidence graph for leaves with three values of

e/ for horizontal polarization.
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4.1.3. Emissivity versus Frequency - Vertical Polarization

Emissivity of leaf simulation with respect to frequency is given for three values
of three variables in vertical polarization. In all, frequency is continuously changed
and three curves exist for each variables. Increase in frequency, results in increase in

emissivity in all curves.

In Figure 4.12, frequency was simulated for three radius values. Radius is one of

the multipliers in Equation 2.28, therefore larger radius value causes higher emissivity.

Thickness of the leaf has similar effect on emissivity, meanly increase in thickness
increases emissivity. In Figure 4.13, three curves for thickness (§) values were given.
Thick leaves have larger emissivity, that is also a result from the absorption cross

section equation.

Table 4.3. Plotting parameters for emissivity versus frequency graph of leaf for

vertical polarization.

Parameters Graph.1 | Graph.2 | Graph.3 | Graph.4 | Graph.5
Radius of Leaf (a) (m) ay 0.04 0.04 0.04 0.04
Thickness (0)(m) 0.002 Oy 0.002 0.002 0.002
Angle of Incidence 30 30 0, 30 30
Real Part (e)) 18.3 18.3 18.3 €, 18.3
I'maginary Part (€!!) 7.0 7.0 7.0 7.0 €
# of Scatterers (nAz) 1000 1000 1000 1000 1000

Angle of incidence is another parameter. At low frequencies, smaller than 15
GHz, change in angle is not effective on emissivity. For higher frequencies, increasing

angle increases emissivity.
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Real and imaginary parts of dielectric constant were simulated separately. Real
component is not shown at first sight in equations, however the imaginary component
is a direct multiplier in absorption cross section. Imaginary part is responsible for the
loss of the material, so that the higher value means higher emissivity. In case of the
real part, it effects the emissivity indirectly. The smaller real part has higher emissivity

in simulation results.
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Figure 4.12. Emissivity versus frequency graph for leaves with three values of leaf

radius for vertical polarization.
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Figure 4.13. Emissivity versus frequency graph for leaves with three values of leaf

thickness for vertical polarization.
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4.1.4. Emissivity versus Angle of Incidence - Vertical Polarization

Emissivity versus angle of incidence simulations for vertical polarization are given
in this subsection. Emissivity stays almost stable with increase in angle of incidence in
curves. Vertical polarization changes the effect of angle of incidence on internal electric

field and absorption cross section.

In Figure 4.17, emissivity is simulated with three leaf radius value. Similar to
frequency simulation, higher radius has higher emissivity value. As for the thickness
(6), thicker leaf has higher emissivity value. Absorbed power in Equation 2.8 increases

with increasing leaf thickness.

Table 4.4. Plotting parameters for emissivity versus angle of incidence graph of leaf

for vertical polarization.

Parameters Graph.1 | Graph.2 | Graph.3 | Graph.4 | Graph.5
Radius of Leaf (a) (m) Ay 0.04 0.04 0.04 0.04
Thickness (0)(m) 0.002 Oy 0.002 0.002 0.002
Frequency (GHz) 10 10 fo 10 10
Real Part (€)) 18.3 18.3 18.3 €, 18.3
I'maginary Part (€!!) 7.0 7.0 7.0 7.0 ey
# of Scatterers (nAz) 1000 1000 1000 1000 1000

Figure 4.19 displays three curves created with 7 GHz, 10 GHz, and 20 GHz
frequencies. At these frequency values, emissivity stays almost constant with increasing

angle of incidence. Higher frequency results in higher emissivity value.

Complex relative permittivity was observed for also angle of incidence simulation.
As it was mentioned before, imaginary component is direct multiplier and therefore
larger value increases emissivity. However, real component takes part in 3, in Equation

2.14. For all of real part values, emissivity stays constant. Larger real parts has lower
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emissivity values, and after some region emissivity decreases.
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Figure 4.17. Emissivity versus angle of incidence graph for leaves with three values of

leaf radius for vertical polarization.
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Figure 4.18. Emissivity versus angle of incidence graph for leaves with three values of

leaf thickness for vertical polarization.

045

04

Emissivity
o

20 GHz

<
[8)

0.15

10 GHz

0.1

0.05 : : 7 GHz

30
Angle of incidence [*]

Figure 4.19. Emissivity versus angle of incidence graph for leaves with three values of

frequency for vertical polarization.



57

05

045

o
~

4
w
o

o
©

Emissivity

5.0

o
i

18.3

01

36.0

30 40 ' 50 60
Angle of incidence [°]
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4.2. Branch and Trunk Model Emissivity Simulations

In this section, branches and trunks of vegetation are simulated for continuously
changing frequency, angle of incidence, and geometry of cylinder model. Horizontal
and vertical polarizations are considered in separated graphs. Cylinder model is given

in Figure 4.22 with vector representations.

_ =,
]

Figure 4.22. Leaf model geometry and vector representations.
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4.2.1. Emissivity versus Frequency - Horizontal Polarization

Emissivity of branch and trunks are simulated with respect to changing frequency.
To some point, emissivity increases; however at higher frequencies emissivity decreases.
Together with the changing frequency, cylinder radius, cylinder length, angle of inci-
dence and complex relative permittivity is simulated to obtain specific relations between

pairs.

In the first graph, Figure 4.23, effect of radius and length was displayed. Thin
branches have lower emissivity and trunks have higher, as it is expected from the
Equation 2.51. Because of the volume integral of wave transformation equation, length
and radius are direct multipliers. As for the angle of incidence curves are given in
Figure 4.24. Cylinder geometry is different than the disk geometry. Increasing angle
effect emissivity in good direction. 60° angle causes better absorption and therefore

effect of cosine factor in Equation 2.4 is smaller.

Table 4.5. Plotting parameters of emissivity versus frequency graph of branch and

trunk for horizontal polarization.

Parameters Graph.1 | Graph.2 | Graph.3 | Graph.4
Radius of Cylinder (a) (m) ay 0.02 0.02 0.02
Cylinder Length (21) (m) L, 1.00 1.00 1.00
Angle of Incidence 30° 0, 30° 30°
Real Part (e)) 18.7 18.7 e, 15
Imaginary Part () 7.0 7.0 7.0 el
# of Scatterers (nAz) 32 32 64 64
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Equations of electric field components for three axes, which are in Equation 2.31,
Equation 2.32 and Equation 2.33 provide that dielectric constant directly effects in-
ternal electric field. Internal electric field constitutes the absorption cross section and
emissivity. Real and imaginary parts of dielectric constant was investigated in separate
graphs similarly. Imaginary part is again a multiplier of the absorption cross section.
Dielectric constant also takes place in coefficient equations that come from boundary

conditions solution. For both components, high value causes higher emissivity.
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Figure 4.23. Emissivity versus frequency graph of branches and trunks with three

values of cylinder length and radius for horizontal polarization.
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Figure 4.24. Emissivity versus frequency graph of branches and trunks with three
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Figure 4.26. Emissivity versus frequency graph of branches and trunks with three

values of € for horizontal polarization.

4.2.2. Emissivity versus Angle of Incidence - Horizontal Polarization

Incident angle is considered as a second parameter in emissivity simulation of
branch model. With different dimensions, frequencies and dielectric constants three
graph was formed. The obvious effect of angle of incidence is an increase in emissivity.

The geometry and therefore the effect on emissivity is different than leaf model.

In dimensional change, angle of incidence effect emissivity values of geometrically
similar branches. At 50°, two curves intersect. Trunk has higher emissivity than others,
because of higher absorption. Incidence angle effects emissivity and absorption cross
section separately. Dominant effect of geometry changes inversely with the change in

incidence angle.
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Table 4.6. Plotting parameters of emissivity versus angle of incidence graph of branch

and trunk for horizontal polarization.

Parameters Graph.1 | Graph.2 | Graph.3 | Graph.4
Radius of Leaf (a) (m) ay 0.02 0.02 0.02
Cylinder Length (21) (m) L, 1.00 1.00 1.00
Frequency (GHz) 10 fo 10 10
Real Part (€) 18.7 18.7 e 18.7
Imaginary Part () 7.0 7.0 7.0 el
# of Scatterers (nAz) 32 32 64 64

Frequency is another factor that influences electric field inside the object. Wave-
length \; component in Equation 2.31, Equation 2.32, and Equation 2.33 provides that
internal electric field has quite dependence on frequency. As frequency increases emis-
sivity decreases in simulated graphs. In Figure 4.29 and Figure 4.30, real and imaginary
component simulations are given. Similar to frequency simulation, larger values of real

and imaginary parts result in higher emissivity values.
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Figure 4.27. Emissivity versus angle of incidence graph of branches and trunks with
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three values of frequency for horizontal polarization.
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Figure 4.29. Emissivity versus angle of incidence graph of branches and trunks with
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Figure 4.30. Emissivity versus angle of incidence graph of branches and trunks with

three values of € for horizontal polarization.
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4.2.3. Emissivity versus Frequency - Vertical Polarization

Emissivity of branch and trunks are simulated with respect to changing frequency.

Vertical polarization results are close to horizontal polarization.

In the first graph, Figure 4.31, effect of radius and length was displayed. Thin
branches have lower emissivity and trunks have higher, as it is expected from the
Equation 2.51. Length and radius are direct multipliers. Angle of incidence curves
with changing frequency are given in Figure 4.32. Cylinder geometry is different than
the disk geometry, therefore it has different results than disk model simulation. In-
creasing angle effect emissivity in good direction. 60° angle causes better absorption

and therefore effect of cosine factor in Equation 2.4 is smaller.

Table 4.7. Plotting parameters of emissivity versus frequency graph of branch and

trunk for vertical polarization.

Parameters Graph.1 | Graph.2 | Graph.3 | Graph.4
Radius of Cylinder (a) (m) ay 0.02 0.02 0.02
Cylinder Length (21) (m) L, 1.00 1.00 1.00
Angle of Incidence 30° 0, 30° 30°
Real Part (€) 18.7 18.7 e, 15
Imaginary Part () 7.0 7.0 7.0 el
# of Scatterers (nAz) 32 32 64 64
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Figure 4.31. Emissivity versus frequency graph of branches and trunks with three

values of cylinder length and radius for vertical polarization.
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Figure 4.32. Emissivity versus frequency graph of branches and trunks with three

values of angle of incidence for vertical polarization.
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Figure 4.33. Emissivity versus frequency graph of branches and trunks with three

values of €. for vertical polarization.
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4.2.4. Emissivity versus Angle of Incidence - Vertical Polarization

Incident angle is considered as a second parameter in emissivity simulation of
branch model. With different dimensions, frequencies and dielectric constants three
graph was formed. The obvious effect of angle of incidence is an increase in emissivity.

The geometry and therefore the effect on emissivity is different than leaf model.

Vertical polarization has a remarkable effect on leaf model simulations, however
for cylinder vertical polarization results are almost the same with horizontal polariza-

tion case.

Table 4.8. Plotting parameters of emissivity versus angle of incidence graph of branch

and trunk for vertical polarization.

Parameters Graph.1 | Graph.2 | Graph.3 | Graph.4
Radius of Leaf (a) (m) ay 0.02 0.02 0.02
Cylinder Length (21) (m) L, 1.00 1.00 1.00
Frequency (GHz) 10 fo 10 10
Real Part (€)) 18.7 18.7 e, 18.7
I'maginary Part (€!!) 7.0 7.0 7.0 er
# of Scatterers (nAz) 32 32 64 64
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Figure 4.35. Emissivity versus angle of incidence graph of branches and trunks with

three values of cylinder length and radius for vertical polarization.
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Figure 4.36. Emissivity versus angle of incidence graph of branches and trunks with

three values of frequency for vertical polarization.
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Figure 4.37. Emissivity versus angle of incidence graph of branches and trunks with

three values of €. for vertical polarization.
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4.3. Further Simulations for Human Model

In previous chapters, modeling and simulations for vegetation components are
mentioned. Materials in the world are available as dielectric and magnetic materials.
Many of these materials are present as dielectric materials. By the help of this sim-
ulation study, many dielectric materials can be modeled as disks and cylinders. For
instance, a human body can be modeled as a cylinder of different dimensions. With
this parametric study and developed MATLAB code, it is sufficient for modeling of
objects with known of the dielectric constant and dimensions. In this section, as a
study different from the thesis topic, modeling of human as a cylinder and simulations

according to this model will be made and interpretation of the results will be realized.

Human body can be modeled as a cylinder, as it is given in Figure 4.39.

E

Figure 4.39. Human body modeled as a cylinder.
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According to the data obtained in the literature, dielectric constant of the human
body varies according to the body structure. In [59], there is two different values of
dielectric constants measured for two different people. However, in this study it is
assumed as the same for three example human model. Dielectric constant are calculated
from the paper, [59], for the simulations below. Also, dielectric constant is assumed as
a stable with changing frequency. The parameters of the modeled bodies are shown in

Table 4.9.

Table 4.9. Human body model parameters.

Length | Diameter | Dielectric Constant

1. Person 80 cm 10 cm 32 -115.1
2. Person | 160 cm 30 cm 32 -115.1
3. Person | 190 cm 50 cm 32 -115.1

Using these parameters, simulations of the emissivity versus frequency of two
modeled people with changing polarization is shown in Figure 4.40, Figure 4.41 and
Figure 4.42. Angle of incidence is taken as 45°, when these parameters are simulated,
because of that our approximation about transmittance is proportional to cosines of
the angle of incidence. Since, the approximation is not compatible for simulation in

90°¢ of angle of incidences.

Considering the results in these three figures, it appears that the emissivity de-
creases with increasing frequency. Vertical emissivity is higher than the horizontal
polarization. In Figure 4.40, there is emissivity versus frequency simulation of hori-
zontal and vertical polarization of a baby dimensions. Besides, in Figure 4.41, there
is a woman and in Figure 4.42 there is a man, and his dimensions are considered in
simulation. When these three figures are examined, it is seen that emissivity values
are different but the curves are similar. Dimensions are different, so that the difference
between emissivities of three model is related to the volume of the subject body. When

these two figures examined, woman’s emissivity is higher than the baby’s. It is caused
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third person model.

from that in the ILC approximation formula to calculate electric field inside the cylin-
der. There is direct correlation between the volume of the object and the absorption
cross sections. Thus the emissivity increased with the increased volume. The absorp-
tion cross sections are increased and also emissivity increased with increasing volume

in the third model for man.

In these simulations, the human was modeled as a cylinder and its dielectric
constant was taken constant for the entire human body. This approach is somewhat
inadequate. In literature [60], there is a detailed measurement of the emissivity for
the human arm and its different parts. They measure outer wrist, inner wrist, palm of
hand, back of hand, dorsal surface and volar side of the arm separately in 80-100 GHz
band.

Modeling of a single human as a single cylinder with single dielectric constant
and calculated emissivity values may not provide us with much detailed information

about the human being. In order to obtain detailed information about human, it
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is necessary to model each part of human in various ways and make simulations on
various dielectric constants. However, using the studies in this thesis, information on
the number of people and the general statistics of that group can be provided. For
example, when the other techniques are unable to determine the number and detailed
information about the immigrants those are trying to enter in a country illegally, the
method of this thesis study can be helpful for determining the number of children,
women and men in this group. As a result for human model, this thesis study may not
provide detailed information about human modeling alone, but it may provide some
clues in modeling human as a group. More detailed studies are the subject of a further

thesis.
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5. CONCLUSION AND FUTURE WORK

5.1. Conclusions

In this thesis study, vegetation was modeled and modeled geometry was used to
simulate emissivity of vegetation. As a passive remote sensing method, emissivity and
absorption cross section were obtained from electric field definition inside the approx-
imate model. In the beginning, emissivity equations were developed using reflection
and transmission theory of electric field. The absorption cross section parameter in the
emissivity equation was evaluated, so that the field inside the subject model was the

challenging part.

Electric field inside a well defined shaped model can be extracted with some
proper approximations. Approximations or assumptions were done in consistent with
the frequency range and model geometry. In the first part, a leaf of the vegetation is
modeled as thin and thick dielectric disks. Diameter of the disk and studied frequency
range required physical optics approximation in calculation of internal electric field.
Branches and trunks of vegetation was modeled as cylinders and for the calculation of
cylinder absorption cross section, and therefore the field inside cylinder, infinite length

cylinder approximation was utilized.

Model accuracy should be demonstrated, therefore created absorption cross sec-
tion equations were simulated and calculated to make comparison with the results
found from literature. Two studies were considered as basis for the comparison.At
first, absorption cross section graph in [5] and simulated graph was compared. Results
were consistent with that study. Secondly, absorption cross section was calculated for
three frequency values with the same parameters in NASA report on high frequency
scattering of dielectric disks [9]. Tables were created and error percentage was calcu-
lated for 1 GHz, 4 GHz and 7 GHz. Maximum error occurred at low frequency, the
reason for that the restriction of approximation about the wavelength and radius of

the disk.
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In the simulation part of the study, emissivity of modeled compositions of veg-
etation was simulated. In each simulation, emissivity graph is found with a variable.
In the first part, frequency of the incident field was the main variable and simulated
for three different values of three variables of disk as the leaf model for horizontal and
vertical polarizations. Similarly, angle of incidence were simulated as main variables in

x axes of the graph.

In the leaf model, frequency was increased from 4 GHz to 40 GHz. Increase in
frequency causes decrease in emissivity, except for one of the parameters. In the small-
est value of real part of relative permittivity emissivity curve increases with decreasing
slope and then stays constant for higher frequencies. Angle of incidence is the other
parameter. Wide incidence angle has smaller value of emissivity. In horizontal polar-
ization, emissivity value is greater at low frequencies. In vertical polarization, higher
frequencies result in greater emissivity value, therefore depending on studied frequency
range, horizontal and vertical polarizations could be applied in model. Effective results
for emissivity could be obtained by investigating polarization. From the simulations,

polarization has different effect on disk shaped model.

In the cylinder model constituted for branches and trunks, simulation parameters
are similar. Length, radius, angle of incidence and relative permittivity are all second
variables for curves. Vertical and horizontal polarization situations were considered
separately. Emissivity curves for both polarizations are decreasing with increase in
frequency. Angle of incidence is different than leaf model simulations. Wider incidence

angle causes emissivity to increase.

Imaginary part of the dielectric constant constitutes energy loss in the material,
therefore larger value of imaginary component causes increase in absorption therefore
increase in emissivity. Real component describes the polarizability of material, large
value of real part of dielectric constant results in different emissivity values for leaf,

branches and trunk models.
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As a further study, a human body was modeled as a cylinder and MATLAB
simulations for this model was applied. Infinite length cylinder approximation was
utilized for human body emissivity simulations. Emissivity versus frequency simulation
for a baby, a woman and a man is examined. As a result, it is understood that modeling
human as a single individual does not provide enough data for further studies. However,
it will provide useful data for modeling a group of people in specific area. Because, as
can be seen from the simulation results, the human size and average dielectric constant
value has directly effect on the emissivity. As shown in the simulation results, the
average dielectric constant of baby, woman and man were taken the same and only the
sizes were different. The baby’s emissivity value is lower than woman’s. Also, man’s
emissivity value is higher than the others, because of the increased body volume. These
results provide only general information for an individual person. In addition, these

results will be useful in modeling a group of people.

In conclusion, this study provides a comprehensive work for vegetation emissiv-
ity. Emissivity, absorption cross section and electric field inside dielectric material was
studied. For two main components of vegetation, absorption cross section and emis-
sivity equations were presented. MATLAB was used to simulate these equations with

vegetation parameters. Simulations were evaluated and commented.

5.2. Future Work

Emissivity and vegetation modeling study was brought to a stage with this thesis
work that provides a collected method for object modeling in passive remote sens-
ing. In passive remote sensing, emissivity and absorption cross section parameters are

important indicators about properties of the subject material.

Materials in the world are available as dielectric and magnetic materials. Many
of these materials are present as dielectric materials. By the help of this simulation
study, many dielectric materials can be modeled as disks and cylinders. With this
parametric study, it is sufficient for modeling to know the dielectric constant and

dimensions. Furthermore, absorption and scattering characteristics of an object can
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also be examined with the help of this comprehensive study.

In addition, with using this study, a further study can be done about the soil
and underground resources where plants grow. For example, at first, the emissivity
values of a tree grown under control can be taken as basis. Subsequently, assumptions
can be made about the minerals found in soil and underground mines by changing the
emission measurements of the areas of the same tree species. The variable dielectric
value of this tree can be calculated from the variable emissivity values. Thus, the
mineral content in the tree can be determined by changing the dielectric properties. It
is the signature of the mineral content of the soil where is that tree grown. In the next
study, when minerals are discovered in the soil, fruit and vegetables that can grow most
efficiently in this region can be identified. This study can help governments determine
agricultural policy. In addition, if an underground mine is detected in the calculations,

a resource for the public can be created.
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