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ABSTRACT

The radar systems that use horizontal and vertical polarization antennas have several
advantages such as having different clutter power and Radar Cross Section (RCS), improving
synthetic aperture radar (SAR), and tracking cross-polarization jammer. In this thesis changes
in sea and land clutters according to vertical and horizontal polarizations are analyzed using
Matrix Laboratory (MATLAB). The angle is between the main beam of radar and the surface
defined as the grazing angle. Clutter is defined as the unwanted reflections from the surface
on which the target is to be detected. Clutter depends on the frequency, polarization, grazing
angle, land type, sea state, wave height, wind velocity, and wind direction. Normalized clutter
is shown with ¢° and is also called a backscatter coefficient. Analyses of clutters are
calculated for 0.1° — 10° grazing angles, and results are given in a° (in dB) vs grazing angle
(in degree) graphs. Analyses of sea clutter performed with Royal Radar Establishment (RRE),
Georgia Institute of Technology (GIT), Proposed, and Naval Research Laboratory (NRL)
models. Sea clutter is calculated and 1 - 6 sea states. Analyses for land clutter performed with
the Ulaby and Dobson model for different land types such as soil & rock, grasses, shrubs,
short vegetation, road surfaces, and dry and wet snow. To have comparable results from
models, clutters are calculated for X-band (8 - 12 GHz) which is the common band between
models. The main findings are using horizontal and vertical polarization antennas provide the
changing sea and land clutters. When horizontally polarized electromagnetic (EM) waves are
used in radar, less sea clutter is calculated than when vertically polarized ones are used. For
land clutter calculations, the polarization type which has less clutter varies for different land
types. Therefore, dual-polarization antennas and horizontal polarization ones are used in
practical applications. Chilbolton Advanced Meteorological Radar (CAMRa), WR120, Radar
Satellite-1 (RADARSAT-1), RM-1290, and FINO-I are examples.
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X-BANTTA YATAY VE DUSEY POLARIZASYON ANTENLERI KULLANILARAK
DENIZ VE KARA KARGASASI ANALIZI
(Ylksek Lisans Tezi)

Zeynep ALBAYRAK

GAZI UNIVERSITESI
FEN BiLIMLERI ENSTITUSU
Haziran 2024

OZET

Radar sistemlerinde yatay veya diisey polarizasyon antenleri kullanildigir durumlarda farkli
kargasa yansima katsayisi elde edilir. Bu tezde yatay ve diisey polarizasyon antenleri
kullanilmasmin deniz ve kara kargasasina olan etkisi farkli modeller kullanilarak
incelenecektir. Kargasa analizleri MATLAB kullanilarak yapilmstir. Yiizey ile radarin ana
hiizmesi arasindaki aciya bakis agis1 (grazing angle) denir. Kargasa, hedef tespiti yapilmaya
caligilan yiizeyden gelen istenmeyen yansimalar olarak tanimlanir. Radarin ¢aligma
frekansina, elektromanyetik dalganin polarizasyonuna, bakis acisina, yiizey tiiriine bagh
olarak degisir. Ayrica, deniz kargasasi deniz durumuna, denizdeki dalgalarin yiiksekligine,
riizgar hizina ve riizgar yoniine baghdir. Kargasa sinyali radarin aydinlattig1 yiizey alanina
bagli olarak degistigi icin sinyal seviyesini analiz etmek iizere “Normalize kargasa yansima
katsayis1, % kullanilmaktadir. Bu tezdeki hesaplamalar 0.1 ile 10 derece araligindaki bakis
acist i¢in yapilmistir. Deniz kargasasini hesaplamak icin dort model kullanilarak 1 ile 6
arasinda degisen deniz seviyeleri i¢in deniz kargasasi hesaplanmistir. Kullanilan modeller
Kraliyet Radar Kurulusu (Royal Radar Establishment, RRE), Georgia Teknoloji Enstitiisii
(Georgia Institute of Technology, GIT), Onerilen (Proposed) ve Deniz Arastirma Enstitiisii
(Naval Research Laboratory, NRL) modelleridir. Kara kargasasi icin Ulaby ve Dobson
modeli kullanilarak toprak ve kaya, ¢imenler, ¢alilar, kisa bitki ortiisti, yol yiizeyleri ve kuru
ve 1slak kar gibi farkli yer tiirleri i¢in hesaplamalar yapilmistir. Modeller arasinda
karsilastirma yapabilmek i¢in, modellerin gegerli oldugu ortak frekans bandi olan 8 — 12
GHz (X Bant) segilmistir. Ayrica, kara ve ortalama deniz kargasasi karsilagtirilmistir. Sonug
olarak yatay polarize anten kullanildiginda daha diisiik kargasa oldugu hesaplanmistir. Bu
sayede radar, daha hedef tespit menzilini artirir. Bu avantajindan dolay1 pratik
uygulamalarda kullanilmaktadir. RADARSAT-1, RM-1290 ve FINO-I radarlar1 6rnek
olarak verilmistir.

Bilim Kodu : 93415

Anahtar Kelimeler  : Kargasa, Kraliyet Radar Kurulusu, Georgia Teknoloji Enstitiisi,
Deniz Arastirma Laboratuvari, Ulaby ve Dobson
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SYMBOLS AND ABBREVIATIONS

The symbols and abbreviations used in this study are presented below, along with their

explanations.

Symbols Explanations

() Grazing angle

AR Range resolution

A Wavelength

03 3 dB azimuth beamwidth
a’ Backscattering coefficient
oy Roughness parameter

A; Interference term

A, Wind direction dependence term
A, Sea state dependence term
dB Decibel

f Frequency

G Antenna power gain

E Electric field

h,, Average wave height

H Magnetic field

Hz Hertz

L System loss factor

P, Received power

P, Transmitter power

R, Radar range

s Sea State

U Wind velocity
Abbreviations Explanations

CAMRa Chilbolton Advanced Meteorological Radar



Abbreviations

EM

GIT

LWC
MATLAB
MIT
NRCS
NRL
RADAR
RADARSAT
RCS

RRE

SAR

SCR
SWH

XVi

Explanations

Electromagnetic

Georgia Institute of Technology
Liquid Water Content

Matrix Laboratory
Massachusetts Institute of Technology
Normalized Radar Cross Section
Naval Research Laboratory
Radio Detection and Ranging
Radar Satellite

Radar Cross Section

Royal Radar Establishment
Synthetic Aperture Radar

Signal to Clutter Ratio
Significant Wave Height



1. INTRODUCTION

The direction of the electric field defines the polarization of electromagnetic (EM) waves.

There are two types of polarizations [1]:

o If the directions of the electric field (E) and magnetic field (17) are in fixed planes, the
wave is linearly polarized. When an electric field moves in a horizontal plane, the
electromagnetic wave is horizontally polarized. In the case of vertically polarized, the

electric field moves up and down in the vertical plane (Figure 1.1).

e If the directions of the E and H change with time, it is elliptically polarized. In this type

components of the electric field.

A

of polarization, there is an arbitrary phase between the vertical and horizontal
,:"w
't

Y\ - !

~

Figure 1.1. Horizontally and vertically polarized electromagnetic waves, respectively and
wavelength () [2].

Surface clutter is defined by radar cross section per unit area of the surface that leads to
clutter. It is called the backscattering coefficient, reflectivity, clutter coefficient, or clutter
depending on interests [3]. It differs from noise being proportional to the amplitude of the
transmitted radar signal level, varying with frequency, environmental conditions, and range
resolution [4]. To symbolize the backscattering coefficient ¢° is used. It depends on land

type, grazing angle, radar frequency, and polarization [5]. Also, the backscatter coefficient



of the sea depends on the sea state, wind speed, wind direction relative to the look angle of
the radar, and wave height [6]. Sea state describes the sea and ocean surface roughness.
Douglas sea state that is used in models is given in Table 1.1 with description, wind speed,

and significant wave height (SWH).

Table 1.1. Douglas sea state [7]

Douglas Sea Description Wind Speed Significz_int
State (knots) Wa\zielgt(;lght
1 Smooth 0-6 0-1
2 Slight 6-12 1-3
3 Moderate 12 -15 3-5
4 Rough 15-20 5-8
5 Very rough 20-25 8-12
6 High 25-30 12 -20

2
The unit of ¢° is — in linear scale; hence, it is dimensionless. In the dB scale, it is

m
mZ
2
represented with dB % or simply with dB. It is also called normalized radar cross-section

(NRCS) [8].

A maritime radar observes EM waves that are reflected from the sea surface in addition to
reflected waves from the target. These additional signals are usually unwanted signals and
are known as sea clutter. If the power of sea clutter waves is comparable with the power of
reflected waves from the target, the signal-to-clutter ratio (SCR) will be low which is not

enough to detect the target on the sea surface [9].

Radio Detection and Ranging (RADAR) that is performed to detect a target on land receives
reflections from objects such as soil, rock, grass, shrubs, roads, and snow. These reflections
are known as land clutter, and they are unwanted since they mask the signal while the radar
is trying to detect the target. The performance of target detection of radar deteriorates

because of clutter [10].

The angle between the surface and the axis of the main beam is defined as the grazing angle

[11]. Itis shown in Figure 1.2. As the grazing angle changes, clutter also changes.



surface

Figure 1.2. Grazing angle between the surface and the middle of the main beam

Several models are developed to calculate clutter. They are based on theoretical
approximations of the environment or empirical measurements. They usually give a typical,
average, or normalized backscatter coefficient [12]. They may into account land type,

grazing angle, polarization, and frequency.
Some of the applications of dual-polarization usage on radar systems are:

e Chilbolton Advanced Meteorological Radar (CAMRa)
It has a 25 m diameter dish antenna, and it is shown in Figure 1.3. It transmits alternately
horizontally and vertically polarized EM waves and receives both co-polarization and

cross-polarization returns [13].

Figure 1.3. CAMRa radar system

e Compact Dual Polarimetric X-band Doppler Weather Radar: WR120
It is produced by Furuno Norge to compensate for the rain intensity loss. It recovers the

attenuation due to rain and gives accurate measurements compared to single polarization.



Also, it classifies the particles as hail, snow, and rain [14]. The radar is at the top of a
building as shown in Figure 1.4.

Figure 1.4. Furuno’s meteorological monitoring and analysis system

Furthermore, the advantages of using a dual-polarization weather radar are explained on
Furuno’s website [15]. It provides forecasters the better estimations for the target’s size,
shape, and variety. Secondly, it recovers signal loss due to heavy rain. Thirdly, it is used to
recognize the target as snow, hail, or rain. Also, it detects the layer called as melting layer.
In this layer snow and ice crystals reach the temperature above the freezing point and they

start to melt. Finally, it reduces the sea clutter as will be explained in this thesis.
Some of the applications of horizontal polarization usage on radar systems are:

e RADARSAT-1
It is used to detect ships. Detection by using horizontal polarization is preferred since
horizontal polarization has lower clutter than vertical polarization. Hence, synthetic

aperture radar (SAR) has the ship-sea contrast in the imagery. Figure 1.5 shows the



image enhancement of ship detection by comparing the horizontal and vertical
polarization waves for the same area [16].

o !

Figure 1.5. RADARSAT-1 images that use horizontal and vertical polarizations

e RM-1290
It is a marine radar that uses horizontally polarized waves to measure wind direction.

Frequency of the radar is in the X-band. A mounted radar is shown in Figure 1.6 [17].

Figure 1.6. RM-1290 radar mounted above sea



e FINO-I
It is a marine radar to measure wind velocity. It uses horizontally polarized waves to
image the ocean surface with trustable information about the velocity of ocean winds
[18]. Its platform is shown in Figure 1.7 [19].

NH L L

j Yopee "!

Figure 1.7. FINO-I platform with measurement mast that is ~100 m

In this thesis, four models are used to calculate sea clutter. They are depending on frequency,
polarization, sea state, and grazing angle. Also, one model is used to calculate land clutter
depending on land type besides frequency, polarization, and grazing angle. To achieve that,
NRCS is calculated numerically for each case and the results are given in grazing angle vs
a? in dB. Since the X band (8 — 12 GHz) is the common band between the models, it is used
in analyses to compare the results. Calculations are made using MATLAB for 0.1° — 10°

grazing angles. Results are compared with the expected results in the literature.



A brief outline of the thesis is given below.

In the first chapter basic definitions and introductions related to EM waves, radar, and clutter
are given. In addition, the measure of clutter amplitude, i.e., the NRCS parameter, and
parameters affecting it are introduced. Then, examples of practical applications of using dual

polarization are listed.

In the second chapter sea clutter is calculated. It is calculated for different sea states between
1 and 6. Moreover, parameters that are used in models are presented in this chapter. In
addition, comparisons according to polarizations, models, sea states, and grazing angles are
given in this chapter.

In the third chapter land clutter is calculated for different land types which are soil and rock,
grass, shrub, short vegetation, road surfaces, and dry and wet snow. Also, comparisons

according to polarizations and grazing angle are given.

In the fourth chapter, a brief conclusion is given according to the calculation results. Also,

differences and future work are explained.






2. SEA CLUTTER

Sea clutter is the unwanted signal that is backscattered from the sea surface. Polarization of

the transmitted wave affects the clutters of the sea.

There are several models to calculate the sea clutter scattering coefficient in terms of
polarization, frequency, grazing angle, and sea states. In this thesis four of them will be
examined. They are the Royal Radar Establishment (RRE), Georgia Institute of Technology
(GIT), Proposed, and Naval Research Laboratory (NRL) models. Clutter is calculated for a

0.1° — 10 grazing angle. Results are also given numerically in Table 2.2 (Section 2.4).

2.1. RRE Model

These should Royal Radar Establishment model was released in the 1970s in the United
Kingdom (UK) by using data from [20] and [21]. It has been used for 30 years in the UK to
evaluate airborne radar performance. This model is valid for X-band radar frequency and
grazing angles which are smaller than 10°. It gives the normalized clutter RCS in dB. To
calculate ¢, it uses polarization type, sea states, and grazing angles. Expressions of the
model are [22]:

180D gy
T

0% = a[s] + b[s] * logy,(

. T o
)if by, <=1 (2.1)

180x® g
b4

0% = a[s] + c[s] * logyo( ) if @y > % =1 (2.2)

where s is the sea state (s = 1 to 6), @, is the grazing angle in degrees, and constants used

in this model

ayuls] = [-52.0, —46.0, —42.0, —39.0, —37.0, —35.5] (2.3)
buulsl = [21.0,17.5,12.5,10.5,7.0, 3.5] (2.3b)
cunls] = [1.015,3.39, 2.03, 1.35, 2.03, 2.37] (2.3¢)
ayyls] = [-51.5,—45.5, —41.0, —38.5, —36.0, —34.5] (2.3d)

byy[s] = [15.0,12.0,11.5,11.0,9.5,8.0] (2.3¢)
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covls] = [8.2,9.5,8.0,7.5,7.0, 6.5] (2.3f)

In the above constants, HH implies that radar transmits and receives horizontally polarized

waves. Similar way, VV implies that radar transmits and receives vertically polarized waves.

Calculations in this thesis according to the RRE model and 6 sea states are given in Figure
2.1 — Figure 2.6. In each graph, the normalized clutter is calculated concerning horizontal

and vertical polarizations.

HH & VV Sea Clutter Normalized RCS
Sea State =1

T

7
T
L]
£
=2 | ]
73]

_QD 3 -
=100 H -
110 b —e—V|.

107 10° 10'
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Figure 2.1. HH and V'V sea clutter normalized RCS at 10 GHz as a function of grazing angle
from the RRE model for sea state 1.

In Figure 2.1, less clutter is calculated for all grazing angles when horizontally polarized

waves are used.

As can be understood from the Figure 2.2, horizontally polarized waves have less clutter

than vertically polarized ones for all grazing angles.
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Figure 2.2. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing angle
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from the RRE model for sea state 2.
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Figure 2.3. HH and VYV sea clutter normalized RCS at 10 GHz as a function of grazing angle

from the RRE model for sea state 3.

In Figure 2.3, the normalized clutter is calculated for sea state is 3. In the range of 0.1° — 10°

grazing angle, the wave that has less clutter is the horizontally polarized wave.
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HH & VV Sea Clutter Normalized RCS
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Figure 2.4. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing angle
from the RRE model for sea state 4.

In Figure 2.4, when horizontally polarized waves are used, for all grazing angles less clutter

is calculated.

As can be understood from the Figure 2.5, horizontally polarized waves have less clutter
than vertically polarized ones for 0.4° — 10° grazing angles. When grazing angle is in the
range of 0.1° — 0.4" grazing angles, horizontally polarized waves have more clutter than

vertically polarized ones.
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Figure 2.5. HH and VYV sea clutter normalized RCS at 10 GHz as a function of grazing angle
from the RRE model for sea state 5.
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HH & VV Sea Clutter Normalized RCS
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Figure 2.6. HH and VYV sea clutter normalized RCS at 10 GHz as a function of grazing angle
from the RRE model for sea state 6.

In Figure 2.6, for sea state 6 the normalized sea clutter is calculated and in the range of
0.1" — 0.6° grazing angle, the wave that has less clutter is the vertically polarized wave. On
the other hand, vertically polarized waves have less clutter than horizontally polarized ones

in the range of 0.6° — 10" grazing angles.

2.2. GIT Model

The Georgia Institute of Technology (GIT) model was released in the 1970s to calculate o°
concerning sea state, wind velocity, wave height, and polarization. This model is valid for 1

- 100 GHz frequencies [23]. Expressions of the model are [24]:

U=23.16x*s%8 (2.4)
where U is the wind velocity and s is the sea state.

hgp = 0.00452 * U%5 (2.5)
where h,,, is the average wave height in m.

Define a roughness parameter

Op = (144 A+ 5.5) 22 (2.6)
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where A is the radar wavelength in m.

Evaluate an interference parameter by using the roughness term

4

A =22 (2.7)

- 1+op*

The wind direction dependence term
Ay, = exp (0.2 x cos(6,,) * (1 — 2.8 x By, ) * (A + 0.015)704) (2.8)
where 6,, is the angle between the wind and radar look directions in degree.

The sea state dependence term

1.1

)(/1+0.015)°-4 (2.9)

1.94xU

U
1_+_15.4‘

Ay = (
Finally, o° for two polarizations
oy = —54.09 + 10 * logyo (4 * @5, **4;4,4,) (2.10a)

opy = oy — 1.05 * Iny (hgy + 0.015) + 1.09 * Iny(4) + 1.27 x In, (&, + 0.0001) + 9.7
(2.10D)

Table 2.1. The average wave height and wind velocity according to sea state

S U haw
1 3.16 0.08
2 5.50 0.32
3 7.61 0.72
4 9.58 1.28
5 11.45 2.06
6 13.25 2.89

By using the above expressions, calculated average wave height, and wind velocity values

are given in Table 2.1. As expected, they both increase as the sea state is increasing.

Calculation results according to the GIT model and 6 sea states are given in Figure 2.7 —
Figure 2.12. In each figure, horizontal and vertical polarizations are concerned while

calculating the normalized sea clutter for 0.1° — 10° grazing angle.
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In Figure 2.7, o° is calculated for sea state is 1. For the whole calculation range, i.e. 0.1° —

10°, horizontally polarized waves have less clutter than vertically polarized ones.

HH & VV Sea Clutter Normalized RCS
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Figure 2.7. HH and V'V sea clutter normalized RCS at 10 GHz as a function of grazing angle
from the GIT model for sea state 1.
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Figure 2.8. HH and V'V sea clutter normalized RCS at 10 GHz as a function of grazing angle
from the GIT model for sea state 2.

As can be seen in Figure 2.8, horizontally polarized waves have less clutter than vertically
polarized ones for 0.2° — 10° grazing angles. However, in the range of 0.1° — 0.2° grazing

angle, horizontally polarized waves have more clutter than vertically polarized ones.
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HH & VV Sea Clutter Normalized RCS
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Figure 2.9. HH and V'V sea clutter normalized RCS at 10 GHz as a function of grazing angle
from the GIT model for sea state 3.

In Figure 2.9, less clutter is calculated for 0.4° — 10" grazing angles when horizontally

polarized waves are used. In the 0.1° — 0.4" grazing angle range, vertically polarized waves

have less clutter.
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Figure 2.10. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the GIT model for sea state 4.

In Figure 2.10, ¢ is calculated for the sea state is 4. For the range of 0.6° — 10°, horizontally

polarized waves have less clutter than vertically polarized ones. On the other hand, for 0.1° —
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0.6" grazing angles, vertically polarized waves have less clutter than horizontally polarized

ones.
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Figure 2.11. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the GIT model for sea state 5.

As can be seen in Figure 2.11, horizontally polarized waves have less clutter than vertically
polarized ones for 0.9° — 10° grazing angles. However, in the range of 0.1° — 0.9° grazing

angle, horizontally polarized waves have more clutter than horizontally polarized ones.
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Figure 2.12. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the GIT model for sea state 6.



18

In Figure 2.12, less clutter is calculated for 1.3° — 10" grazing angles when horizontally
polarized waves are used. In the 0.1° — 1.3°grazing angle range, vertically polarized waves

have less clutter.

2.3. Proposed Model

This model was proposed in 2012 by Gregers-Hansen whose IEEE life fellow and Mital

whose electronics engineer at Naval Research Laboratory [25]. It has the form:

(27.5+cz*a)*logyo(f)
1+0.95*x

Opy = €1 + ¢ xlogyo(sin(a)) +
1
+cy * (1 + SS)2+0085:a+0.033:55 + (g * (2 (2.11)

where a is the grazing angle in degrees, SS is the sea state, f is the radar frequency in GHz,

and constants used in the empirical sea clutter model

ey = —73.0, ¢y = —50.79 (2.12a)
oy = 20.78, oy = 25.93 (2.12b)
Cay = 7.351, c3y = 0.7093 (2.12¢)
Cay = 25.65, cyy = 21.58 (2.12d)
csy = 0.0054, c5y = 0.00211 (2.12¢)

The point of departure for this model is supporting the model to calculate sea clutter using
experimental data [26]. The first term of the expression is a constant c;. It represents the
offset of the reflectivity in dB. The second term represents the assumption that sea clutter
reflectivity depends on logarithmic grazing angle. The third term which includes cs,
represents the frequency dependence and an empirical correction with grazing angle. The
fourth term symbolizes the effect of the sea state on sea clutter and includes an empirical
correction with grazing angle. Finally, the fifth term represents the rapid increase in sea
clutter reflectivity. While the grazing angle comes close to vertical incidence, reflectivity
increases proportional to the square of the grazing angle. Using the above expression and
constants, normalized sea clutters are calculated for 6 sea states and 0.1 — 10" grazing

angles. Results are given in Figures 2.13 — Figure 2.18. In Figure 2.13, ¢ is calculated for



19
sea state 1. For the whole calculation range, i.e., 0.1 — 10°, horizontally polarized waves

have less clutter than vertically polarized ones.
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Figure 2.13. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the Proposed model for sea state 1.
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Figure 2.14. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the Proposed model for sea state 2.

As can be seen in Figure 2.14, horizontally polarized waves have less clutter than vertically

polarized ones for 0.1° — 10" grazing angles.
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Figure 2.15. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the Proposed model for sea state 3.

In Figure 2.15, less clutter is calculated for 0.12° — 10° grazing angles when horizontally
polarized waves are used. In the 0.1° — 0.12°grazing angle range, vertically polarized waves

have less clutter.
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Figure 2.16. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the Proposed model for sea state 4.

In Figure 2.16, o is calculated for sea state 4. For the range of 0.2° — 10°, horizontally

polarized waves have less clutter than vertically polarized ones. On the other hand, for the



21
range of 0.1° — 0.2°, vertically polarized waves have less clutter than horizontally polarized

ones.
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Figure 2.17. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the Proposed model for sea state 5.

As can be seen in Figure 2.17, horizontally polarized waves have less clutter than vertically
polarized ones for 0.4° — 10° grazing angles. Moreover, horizontally polarized waves have

more clutter than vertically polarized ones for 0.1° — 0.4° grazing angles.
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Figure 2.18. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the Proposed model for sea state 6.
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In Figure 2.18, less clutter is calculated for 0.6" — 10" grazing angles when horizontally
polarized waves are used. In the 0.1° — 0.6” grazing angle range, vertically polarized waves

have less clutter.

2.4. NRL Model

This model is also empirical. It is valid for 500 MHz — 35 GHz, and grazing angles for 0.1" —
60" [27].

Expression of the model:

1

Oy = €1+ €3 * logio(sin(@y,)) + (C3Iitiq:i;)r*i(;i:2(f) + ¢y % (1 4 5)Fea@aricoss
(2.13)
The constants of the model
Cig = —72.76, ¢;y = —48.56 (2.14a)
Cop = 21.11, ¢y = 26.30 (2.14b)
Cay = 24.78, c3y = 29.05 (2.14c)
Cay = 4.917, ¢,y = —0.5183 (2.14d)
csy = 0.6216, ¢y = 1.057 (2.14e)
cey = —0.02949, ¢y = 0.04839 (2.14f)
Coy = 26.19, ¢y = 21.37 (2.149)
cgy = 0.09345, ¢y = 0.07466 (2.14h)
oy = 0.05031, coy = 0.04623 (2.14i)

Using the above expressions and constants, normalized sea clutters are calculated for 6 sea

states and 0.1° — 10° grazing angles. Results are given in Figures 2.19 — Figure 2.24.

In Figure 2.19, ¢° is calculated for sea state 1. For the whole calculation range, i.e., 0.1" —

10°, horizontally polarized waves have less clutter than vertically polarized ones.
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Figure 2.19. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the NRL model for sea state 1.
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Figure 2.20. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the NRL model for sea state 2.

As can be seen in Figure 2.20, for the whole calculation range, i.e., 0.1° — 10°, horizontally

polarized waves have less clutter than vertically polarized ones.
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Figure 2.21. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the NRL model for sea state 3.

In Figure 2.21, less clutter is calculated for 0.9° — 10° grazing angles when horizontally
polarized waves are used. In the 0.1° — 0.9” grazing angle range, vertically polarized waves

have less clutter.
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Figure 2.22. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the NRL model for sea state 4.

In Figure 2.22, ¢° is calculated for sea state 4. For the range of 1° — 10" grazing angles,

horizontally polarized waves have less clutter than vertically polarized ones. Also,
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horizontally polarized waves have more clutter than vertically polarized ones for the range

of 0.1° — 1° grazing angles.
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Figure 2.23. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the NRL model for sea state 5.

As can be understood from Figure 2.23 for the range of 2.5° — 10" grazing angles,

horizontally polarized waves have less clutter than vertically polarized ones. Also,

horizontally polarized waves have more clutter than vertically polarized ones for the range

of 0.1° — 2.5’ grazing angles.
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Figure 2.24. HH and VV sea clutter normalized RCS at 10 GHz as a function of grazing
angle from the NRL model for sea state 6.



26

In Figure 2.24, horizontally polarized waves have less clutter than vertically polarized ones
in the range of 3.1° — 10" grazing angles. On the other hand, horizontally polarized waves

have more clutter than vertically polarized ones in the range of 0.1° — 3.1° grazing angles.

The average of the horizontal polarization wave of the four models and sea state 6 is
—30.38 dB at the 10" grazing angle. Moreover, the average of vertical polarization is
—26.32 dB. This 4.06 dB difference thanks to using horizontally polarized waves provides
an increase in the maximum radar range of 1.37 times. Range difference is calculated by
using the following equation [28]:

Pt*GZ*lZ*O'O*AR*63 )1/3
(4#11)3%Pp*Lg*cos (8)

Ro = ( (2.15)

where,

R,: The distance between the antenna and the surface (m)
P,: Power transmitted from the transmitter (Watts)

G: Antenna power gain

A: Wavelength (m)

AR: Range resolution (m)

65: 3 dB azimuth beamwidth (radian)

P.: Power received at the receiver (Watts)

Ls: System loss factor

&: Grazing angle (degree).

The average of the horizontal polarization wave of the four models and sea state 5 is
—32.17 dB at the 10° grazing angle. Moreover, the average of the vertical polarization is
—27.66 dB. This 4.51 dB difference provides an increase in the maximum radar range of
1.41 times.

The average of the horizontal polarization wave of the four models and sea state 4 is
—34.46 dB at the 10° grazing angle. Moreover, the average of the vertical polarization is
—29.50 dB. This 4.96 dB difference provides an increase in the maximum radar range of
1.46 times.

The average of the horizontal polarization wave of the four models and sea state 3 is

—37.08 dB at the 10" grazing angle. Moreover, the average vertical polarization is
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—31.7 dB. This 5.38 dB difference provides an increase in the maximum radar range of
1.51 times.

The average of the horizontal polarization wave of the four models and sea state 2 is
—40.46 dB at the 10° grazing angle. Moreover, the average of the vertical polarization is
—36.18 dB. This 4.28 dB difference provides an increase in the maximum radar range of
1.39 times.

The average of the horizontal polarization wave of the four models and sea state 1 is
—46.72 dB at the 10° grazing angle. Moreover, the average of the vertical polarization is
—40.05 dB. This 6.67 dB difference provides an increase in the maximum radar range of
1.67 times.

Range difference increases while the average increases as the formula indicates. The average
of the horizontal and vertical polarization waves of the four models for sea clutter is shown
in Table 2.2.
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Table 2.2. Sea clutter for four models and 0.1° — 10° grazing angles (in dB)

Model RRE GIT Proposed NRL
Pol. H V H V H Vv H Vv
Grazing | Sea
Angle | State

0.1° 1 -73.0 |-66.5|-113.51 | -113.15 | -68.51 | -66.82 |-69.84 | -66.02
0.1° 2 -63.5 |-575]-82.23 |-83.2 -60.97 | -60.48 | -61.71 | -60.92
0.1° 3 -545 |-525]-64.39 |-66.18 |-5547 |-55.01 |-55.28 |-57.15
0.1° 4 -49.5 | -495|-52.09 |-54.48 |-51.36 |-50.12 |-49.98 |-54.25
0.1° ) -44.0 -455 | -43.32 | -46.18 |-46.04 | -47.92 | -455 |-52.0
0.1° 6 -39.0 -42.5 | -37.73 | -40.97 | -4257 | -45.0 -41.65 | -50.25

1° 1 -52.0 |-515]-42.32 |-40.43 |-56.08 |-51.98 |-55.03 |-51.62

1° 2 -46.0 |-455]-69.63 |-66.42 |-48.91 |-45.95 |-47.66 |-46.07

1° 3 -42.0 |-410|-36.44 |-3538 |-43.27 |-41.2 |-41.93 |-41.87

1° 4 -39.0 |-38.5-33.9 -33.43 | -38.65 |-37.31 |-37.31 |-38.56

1° 5 -37.0 |-36.0 |-32.14 |-32.13 |-34.78 |-34.06 |-33.5 |-35.91

1° 6 -355 |-345]-30.8 -31.17 |-315 |-31.3 |-30.3 |-33.77
10° 1 -50.99 |-43.3 |-44.38 |-38.25 |-46.02 |-39.55 |-45.48 |-39.11
10° 2 -42.61 |-36.0 | -37.11 |-32.31 |-41.25 |-35.55 |-40.87 |-35.04
10° 3 -39.97 |-33.0|-33.34 |-2936 |-37.6 |-32.47 |-37.39 |-31.97
10° 4 -37.65 | -31.0 | -30.9 -27.51 | -34.64 | -29.98 | -34.64 |-29.52
10° 5 -34.97 |-29.0 | -29.14 |-26.22 |-32.17 |-279 |-32.39 |-27.53
10° 6 -33.13 |-28.0 | -27.81 |-25.26 |-30.07 |-26.14 |-30.52 |-25.87

2.5. Comparison of Models

In this part of the thesis, four models are used to calculate sea clutter are compared in each

sea state. In Figures 2.25 — Figure 2.30, models are compared in terms of horizontal

polarization, and in Figures 2.31 — Figure 2.36, models are compared in terms of vertical

one.
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It can be understood that from Figure 2.25 and Figure 2.26 three of the models give similar

results. On the other hand, the GIT model gives 40 dB less clutter at the 0.1" grazing angle
than the RRE, Proposed, and NRL models.
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Figure 2.25. HH sea clutter normalized RCS at 10 GHz as a function of grazing angle from

Sigma0 for VV (dB)

all models for sea state 1.
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Figure 2.26. HH sea clutter normalized RCS at 10 GHz as a function of grazing angle from

all models for sea state 2.
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Figure 2.27. HH sea clutter normalized RCS at 10 GHz as a function of grazing angle from
all models for sea state 3.

In Figure 2.27, the GIT model gives 10 dB less clutter at the 0.1° grazing angle than the other
three models. After the 0.2° grazing angle, it gives the higher clutter.
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Figure 2.28. HH sea clutter normalized RCS at 10 GHz as a function of grazing angle from
all models for sea state 4.

In Figure 2.28, ¢° is calculated for sea state 4. All of the models give the same result at the

0.1° grazing angle. For the whole range of grazing angle, i.e., 0.1° — 10°, Proposed and NRL



31

models give the nearest results. On the other hand, the RRE model gives 3 dB less clutter,

and the GIT model gives 4 dB more clutter than these two.
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Figure 2.29. HH sea clutter normalized RCS at 10 GHz as a function of grazing angle from
all models for sea state 5.

Figure 2.29 and Figure 2.30 show that the Proposed and NRL models give similar results for
the whole calculation range, i.e. 0.1° — 10" grazing angle. While the RRE model has lower

clutter, the GIT model has more clutter than them at the 10” grazing angle.
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Figure 2.30. HH sea clutter normalized RCS at 10 GHz as a function of grazing angle from
all models for sea state 6.
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In Figure 2.31, ¢° is calculated for sea state 1. Three of the models give similar results. On
the other hand, the GIT model gives 40 dB less clutter at the 0.1° grazing angle and the equal
result with the NRL model at the 10” grazing angle.
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Figure 2.31. VV sea clutter normalized RCS at 10 GHz as a function of grazing angle from
all models for sea state 1.
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Figure 2.32. VV sea clutter normalized RCS at 10 GHz as a function of grazing angle from
all models for sea state 2.
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In Figure 2.32 and Figure 2.33, while three of models give the similar results GIT model
gives less clutter than the other three models 20 dB and 10 dB, respectively at 0.1°. On the
other hand, it gives more clutter at 10°.
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Figure 2.33. VV sea clutter normalized RCS at 10 GHz as a function of grazing angle from
all models for sea state 3.

In Figure 2.34, three of the models give similar results for the whole grazing angle range i.e.,
0.1°—10".
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Figure 2.34. VV sea clutter normalized RCS at 10 GHz as a function of grazing angle from
all models for sea state 4.
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Figure 2.35. VV sea clutter normalized RCS at 10 GHz as a function of grazing angle from
all models for sea state 5.

VV Sea Clutter Normalized RCS
Sea State =6

-30

Sigma0 for VV (dB)
A
(=]

—8—RRE Model
= = =GIT Model
—+—Proposed Model
~—&—HNRL Model

n
=
1

10° 10"
Grazing Angle (degrees)

n
= tn
=
L

Figure 2.36. VV sea clutter normalized RCS at 10 GHz as a function of grazing angle from
all models for sea state 6.

As can be seen in Figure 2.35 and Figure 2.36 four models give similar sea clutter results at

the 10° grazing angle for sea states 5 and 6, respectively.
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2.6. Comparison of Sea States
In this part of the thesis, four models that are used to calculate sea clutter are compared for
each sea state. In Figure 2.37 — Figure 2.40, sea clutter is calculated for horizontal

polarization, and in Figure 2.41 — Figure 2.44, it is calculated for vertical one.
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Figure 2.37. HH sea clutter normalized RCS at 10 GHz as a function of grazing angle from
the RRE model for all sea states.

HH Sea Clutter Normalized RCS

-40

Sigma0 (dB)

—8— Sea State = 1

Sea State =2
== Sea State =3
—8#—Sea State =4
—8—Sea State =5
=8 Sea State =6

-100

-120
107 10° 10°
Grazing Angle (degrees)

Figure 2.38. HH sea clutter normalized RCS at 10 GHz as a function of grazing angle from
the GIT model for all sea states.
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Figure 2.39. HH sea clutter normalized RCS at 10 GHz as a function of grazing angle from
the Proposed model for all sea states.
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Figure 2.40. HH sea clutter normalized RCS at 10 GHz as a function of grazing angle from
the NRL model for all sea states.
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Figure 2.41. VV sea clutter normalized RCS at 10 GHz as a function of grazing angle from
the RRE model for all sea states.
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Figure 2.42. VV sea clutter normalized RCS at 10 GHz as a function of grazing angle from
the GIT model for all sea states.
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Figure 2.43. VV sea clutter normalized RCS at 10 GHz as a function of grazing angle from
the Proposed model for all sea states.
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Figure 2.44. VV sea clutter normalized RCS at 10 GHz as a function of grazing angle from
the NRL model for all sea states.

The conclusion is common for all of the comparisons: The sea clutter and sea state are

proportional, i.e. as the sea state increases, the sea clutter increases.
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3. LAND CLUTTER

There are different models to calculate land clutter such as Barton, APL, Billingesley, GIT,
Morchin, Nathanson, and Ulaby & Dobson. Ulaby & Dobson’s model is examined since it

calculated the land clutter according to polarization.
3.1. Ulaby and Dobson Model

It is a semi-empirical model for frequencies 1 - 18 GHz and 0 — 60° grazing angles and
different land types such as soil and rock surfaces, grasses, shrubs, short vegetation, road
surfaces, dry snow, and wet snow [29]. These categories will be examined, respectively.

Expression of the model:
ofnyy = P1 + Py x exp(—P3 x ) + Py x cos(Ps * 0 + Py) (3.1)

where O is the incidence angle in radians and it is related to the grazing angle with the
equation of 6 =§— @y Also, Py, P,, P;, Py, Ps, and Py are the parameters that are

dependent on the land type and polarization.
3.1.1. Soil and rock surfaces

These surfaces are sparsely vegetated.

Parameters of the model for X-band:

P, = 4.337, P,y = —42.553 (3.23)
P,y = 6.666, Py, = 48.823 (3.2b)
Pyy = —0.107, Py, = 0.722 (3.20)
P,y = —29.709, P,, = 5.808 (3.2d)
P,y = 0.863, Ps, = 3.000 (3.2¢)
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Figure 3.1. Land clutter normalized RCS at 10 GHz as a function of grazing angle from the
Ulaby and Dobson model for soil.

Figure 3.1 shows that horizontally polarized waves have more reflectivity than vertically

polarized waves for 0.1° — 10° grazing angles.

3.1.2. Grasses

Grasses are pasture, hay, and small grains such as barley, oats, rye, and wheat.

Parameters of the model for X-band:

P,; = —33.288, P,y = —22.177 (3.33)
P, = 32.980, P, = 21.891 (3.3b)
Psy = 0.510, Py, = 1.054 (3.3¢)
P,; = —1.343,P,, = —1.916 (3.3d)
Py, = 4.874, Ps, = 4.555 (3.3¢)

P6H == _3142, P6V == _2866 (33f)
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Figure 3.2. Land clutter normalized RCS at 10 GHz as a function of grazing angle from the
Ulaby and Dobson model for grass.

Figure 3.2 shows that vertically polarized waves have more reflectivity than horizontally

polarized waves for 0.1° — 10° grazing angles.

3.1.3. Shrubs

This land type includes:

e natural herbaceous shrubs,

e large grains such as corn, milo, and sorghum,

e legumes such as beans, peas, and soybeans,

e root crops such as carrots, onions, potatoes, and sugar beets,
e forage crops such as alfalfa,

e canola, and

e cotton.

In terms of growth habits, they are typically bushy. After harvesting, this land type becomes
the soil and rock type.

Parameters of the model for X-band:

P,y = —99.000, Py = —99.000 (3.4)
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P, = 97.280, P,, = 97.682 (3.4b)
Py = 0.107, Py, = 0.113 (3.4¢)
P,y = —0.538, P, = —0.779 (3.4d)
Ps,; = 5.000, Ps, = 5.000 (3.4€)
Pgy = —2.688, P, = —2.076 (3.4f)
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Figure 3.3. Land clutter normalized RCS at 10 GHz as a function of grazing angle from the
Ulaby and Dobson model for shrubs.

Figure 3.3 shows that horizontally polarized waves have more reflectivity than vertically

polarized waves for 0.1° — 10° grazing angles.

3.1.4. Short vegetation

Itis also called a wetland. It includes marshes, swamps, and flooded agricultural land. Hence,
this type is highly variable in terms of the amount and nature of biomass and plant geometry.
Parameters of the model for X-band:

P,y = —99.000, P, = —99.000 (3.53)

P,y = 97.417, P,y = 97.370 (3.5h)
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Py = 0.114, Py = 0.119 (3.5¢)
P,y = —0.837,P,, = —1.171 (3.5d)
Psy = 5.000, Py = 5.000 (3.5¢)
Py = —2.984, Py, = —2.728 (3.5f)
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Figure 3.4. Land clutter normalized RCS at 10 GHz as a function of grazing angle from the
Ulaby and Dobson model for short vegetation.

Figure 3.4 shows that horizontally polarized waves have more reflectivity than vertically

polarized waves for 0.1° — 10° grazing angles.

3.1.5. Road surfaces

Using truck-mounted scatterometers, backscatter data are measured from road surfaces. This

land type includes asphalt, concrete, and gravel.
Parameters of the model for X-band:
P,y = —94.472, P,y = —38.159 (3.6a)

P,y = 99.000, P,, = 39.284 (3.6b)
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Py, = 0.892, Py, = 1.598 (3.6¢)
P, = 30.000, P, = 30.000 (3.6d)
Py = 1.562, Ps, = 1.184 (3.6€)
Pey = —1.918, Py, = —1.178 (3.6)
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Figure 3.5. Land clutter normalized RCS at 10 GHz as a function of grazing angle from the
Ulaby and Dobson model for road surfaces.

Figure 3.5 shows that vertically polarized waves have more reflectivity than horizontally

polarized waves for 0.1° — 10° grazing angles.

3.1.6. Dry snow

Snow land type defines the surface that is continuously covered by snow. The only physical
property of snow that can be used to subclassify is snow wetness. To classify the snow as
dry and wet, the liquid water in snow is used. Dry snow has a liquid water content (LWC)

smaller than 1 percent of its volume.
Parameters of the model for X-band:

P,y = —13.298, P,, = —11.460 (3.70)



P,y = 20.048, P,, = 17.514

P3H = 10000, P3V = 10.000

P4-H = 4‘.529, P4—V = 4.891

PSH = 2927, PSV = 3135

P6H = _1173, P6V == _0888
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Figure 3.6. Land clutter normalized RCS at 10 GHz as a function of grazing angle from the

Ulaby and Dobson model for dry snow.

Figure 3.6 shows that vertically polarized waves have more reflectivity than horizontally

polarized waves for 0.1° — 10° grazing angles.

3.1.7. Wet snow

Wet snow has a LWC larger than 1 percent of its volume.

Parameters of the model for X-band:

PlH = 10020, P1V = 10.952

(3.8a)
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P,y = 7.909, P, = 6.473 (3.8b)
P;; = 15.000, Py, = 15.000 (3.8¢)
P, = 30.000, P,, = 30.000 (3.8d)
Py, = 0.828, Ps, = 0.777 (3.8¢)
Py = 2.073, Ps, = 2.081 (3.8)
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Figure 3.7. Land clutter normalized RCS at 10 GHz as a function of grazing angle from the
Ulaby and Dobson model for wet snow.

Figure 3.7 shows that vertically polarized waves have more reflectivity than horizontally

polarized waves for 0.1° — 10° grazing angles.

Land clutter ¢° values are given in Table 3.1. The average clutter of the horizontal
polarization wave of seven land types is —19.74 dB at the 10° grazing angle. Moreover, the

average vertical polarization is —18.95 dB at the 10" grazing angle.

The average clutter of the horizontal polarization is —21.46 dB, and the average clutter of

the vertical one is —20.79 dB at the 1° grazing angle.

The average clutter of the horizontal polarization is —21.63 dB, and the average clutter of

the vertical one is —20.97 dB at the 0.1° grazing angle.
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Horizontal polarization leads to less clutter than the vertical one for all grazing angles on
average as shown in Figure 3.8. It is an expected result that the average clutter of vertical

polarization is stronger than horizontal polarization [30].
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Figure 3.8. Average land clutter normalized RCS at 10 GHz vs grazing angle
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Table 3.1. Land clutter for seven land types and 0.1° — 10° grazing angles (in dB)

Land Type Soil and Rock
Polarization H \
Grazing angle
0.1° -17.49 -26.79
1° -17.49 -26.34
10° -17.25 -21.83
Grass
0.1° -18.20 -17.19
1° -17.98 -17.00
10° -15.94 -15.35
Shrub
0.1° -16.99 -17.87
1° -16.81 -17.69
10° -15.00 -15.73
Short Vegetation
0.1° -17.66 -18.68
1° -17.45 -18.44
10° -15.37 -16.00
Road Surface
0.1° -44.21 -33.03
1° -43.50 -32.60
10° -37.01 -28.66
Dry Snow
0.1° -17.65 -14.54
1° -17.71 -14.72
10° -17.71 -16.06
Wet Snow
0.1° -19.19 -18.67
1° -19.27 -18.73
10° -19.87 -19.04
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4. COMPARISON OF SEA AND LAND CLUTTER

In this part of the thesis, sea and land clutter results are compared for 0.1° — 10° grazing
angle. While comparing, mean sea clutter value is used, and it is compared with seven land
clutter results that are calculated in third chapter. Comparisons in terms of horizontal
polarization are given in given in Figure 4.1 — Figure 4.7. In addition, comparisons in terms
of vertical poarization are given in Figure 4.7 — Figure 4.14. Finally, results are given

numerically in Table 4.1.
4.1. Comparison According to Horizontal Polarization

In Figure 4.1, the road surface has more clutter between 0.1° — 0.6 grazing angle. However,
the mean sea clutter is more than the clutter of the road surface for the grazing angle range
of 0.6" — 10°. For the comparisons of wet snow, grass, short vegetation, dry snow, soil and
rock, and shrub, land clutter is more than the mean sea clutter for the whole grazing range

of calculation, i.e., 0.1° — 10°. They are shown in Figure 4.2 — Figure 4.7, respectively.
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Figure 4.1. Comparison of road surface and mean sea clutters at 10 GHz as a function of
grazing angle for horizontal polarization.
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Wet Snow and Mean Sea Clutter
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Figure 4.2. Comparison of wet snow and mean sea clutters at 10 GHz as a function of grazing
angle for horizontal polarization.
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Figure 4.3. Comparison of grass and mean sea clutters at 10 GHz as a function of grazing
angle for horizontal polarization.
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Short Vegetation and Mean Sea Clutter
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Figure 4.4. Comparison of short vegetation and mean sea clutters at 10 GHz as a function of
grazing angle for horizontal polarization.
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Figure 4.5. Comparison of dry snow and mean sea clutters at 10 GHz as a function of grazing
angle for horizontal polarization.
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Soil and Rock and Mean Sea Clutter
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Figure 4.6. Comparison of soil and rock and mean sea clutters at 10 GHz as a function of
grazing angle for horizontal polarization.
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Figure 4.7. Comparison of shrub and mean sea clutters at 10 GHz as a function of grazing
angle for horizontal polarization.

4.2. Comparison According to Vertical Polarization

In Figure 4.8 — Figure 4.14, the mean sea clutter is less than land clutter for all types of road
surface, wet snow, grass, short vegetation, dry snow, soil and rock, and shrubs. This result

is valid for all of the calculation ranges, i.e. 0.1° — 10° grazing angle.



53

Road Surface and Mean Sea Clutter

Sigma0 (dB)

-55 —e—Road Surface -
—&—Mean Sea Clutter
80 . = "
0 2 4 6 8 10

Grazing Angle (degrees)

Figure 4.8. Comparison of road surface and mean sea clutters at 10 GHz as a function of
grazing angle for vertical polarization.
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Figure 4.9. Comparison of wet snow and mean sea clutters at 10 GHz as a function of grazing
angle for vertical polarization.
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Grass and Mean Sea Clutter
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Figure 4.10. Comparison of grass and mean sea clutters at 10 GHz as a function of grazing
angle for vertical polarization.
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Figure 4.11. Comparison of short vegetation and mean sea clutters at 10 GHz as a function
of grazing angle for vertical polarization.
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Dry Snow and Mean Sea Clutter
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Figure 4.12. Comparison of dry snow and mean sea clutters at 10 GHz as a function of
grazing angle for vertical polarization.
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Figure 4.13. Comparison of soil and rock and mean sea clutters at 10 GHz as a function of
grazing angle for vertical polarization.
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Shrub and Mean Sea Clutter
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Figure 4.14. Comparison of shrub and mean sea clutters at 10 GHz as a function of grazing
angle for vertical polarization.

When land and average sea clutters are compared using Table 4.1, it can be understood that
land clutter is more than sea clutter. It is an expected result as indicated in the Massachusetts
Institute of Technology (MIT) lecture [31]. The indication is that mean sea clutter is about a
hundred times in linear scale, i.e., 20 dB in dB scale, less than the land clutter. Average sea
clutters are calculated using four models, and mean sea clutter is calculated using six sea

states.



Table 4.1. Comparison of land and average sea clutters for horizontal and vertical
polarizations and 0.1° — 10° grazing angles (in dB).
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Grazing angle 0.1 1 10
Polarization H \ H \% H \Y

Sea State 1 -81.215 | -78.123 |-51.358 |-48.883 |-46.793 | -40.053
Sea State 2 -67.103 | -65.525 |-53.050 |-50.985 |-40.460 |-34.725
Sea State 3 -57.410 | -57.710 |-40.910 |-39.863 |-37.075 |-31.700
Sea State 4 -50.733 | -52.088 |-37.215 |-36.950 |-34.458 |-29.503
Sea State 5 -44.715 | -47.900 |-34.355 |-34.525 |-32.168 |-27.663
Sea State 6 -40.238 | -44.680 |-32.025 |-32.685 |-30.383 |-26.318
Mean Sea Clutter | -56.902 | -57.671 |-46.319 |-40.649 |-36.890 |-31.660
Road Surface -44.21 -33.03 -43.50 -32.60 -37.01 -28.66
Wet Snow -19.19 -18.67 -19.27 -18.73 -19.87 -19.04
Grass -18.20 -17.19 -17.98 -17.00 -15.94 -15.35
Short Vegetation | -17.66 -18.68 -17.45 -18.44 -15.37 -16.00
Dry Snow -17.65 -14.54 -17.71 -14.72 -17.71 -16.06
Soil and Rock -17.49 -26.79 -17.49 -26.34 -17.25 -21.83
Shrub -16.99 -17.87 -16.81 -17.69 -15.00 -15.73
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5. CONCLUSION

In this thesis sea and land clutter are calculated for two polarizations which are vertical and
horizontal. To calculate sea clutter four models are used which are RRE, GIT, Proposed, and
NRL models. In addition, to calculate land clutter the Ulaby and Dobson model is used, and
clutter is calculated for different land types which are soil and rock, grass, shrub, short
vegetation, road surfaces, dry snow, and wet snow. Clutter is symbolized with ¢°, and shown
in dB on result graphs. Calculations are made for the 0.1° — 10° grazing angle range, and 10

GHz frequency. Also, MATLAB is used to calculate and visualize the results.

In the second chapter, sea clutter is calculated for six sea states by using four different
models. Then models and sea states are compared. The main finding is horizontal
polarization has less clutter than vertical polarization. This result is an expected result as
indicated in [16]. Also, the effect on the range increase of clutter difference is calculated.
The second finding is that sea clutter is increasing as sea state increases. The third finding is

as the grazing angle increases sea clutter is also increasing.

In the third chapter, land clutter is calculated for seven land types. Then, numerical values
are compared in terms of polarization. The main result is horizontal polarization has less

clutter than vertical one. It is an expected result from [30].

In the fourth chapter, land and mean sea clutter are compared. Mean sea clutter is calculated
by averaging all calculated values for sea states and models in the second chapter. The result
of the comparison is that land clutter is more than the mean of sea clutter. It is also an

expected result from [31].

In conclusion, a dual-polarized antenna allows to get different clutter by using vertical and
horizontal polarizations. Since radar systems can increase target detection range by using
polarization that has smaller clutter, it can be used in radar systems. Several examples that
used dual-polarized antenna are given in practical applications such as CAMRa and WR120.
Also, some examples that used horizontal-polarized antenna are given in practical
applications such as RADARSAT-1, RM-1290, and FINO-I.
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This thesis is different from the other studies in that it uses four different models to calculate
sea clutter in terms of sea state, grazing angle, and polarization. The second difference is

that it compares land and average sea clutter.

For future work, a researcher could measure sea and land clutter, and compare the
measurements with calculations. Then, one model could be chosen or developed that is

compatible with measurements.
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