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ABSTRACT

SCATTERING FROM PARTIALLY BURIED OBJECTS

Ugur SAYNAK

Department of Electronics and Communications Engineering

PhD. Thesis

Adviser: Prof. Dr. Ahmet KIZILAY

Scattering from a dielectric object of arbitrary cross section partially buried in a
dielectric half space having a periodic rough interface is investigated with a new
numerical method which simplifies solution of the problem compared with other
solution methods. Proposed method is to be used to solve two-dimensional problems for
TM, polarization.

In the proposed solution method, the absence and the presence of the scatterer is
considered separately. In the presence of the scatterer, it is assumed that perturbed
electrical and magnetic current densities exists on a finite perturbation region on the
surface that separates the dielectric half space and free space, near the scatterer. The
interaction of this perturbation region and the scatterer are considered, then current
densities on the perturbation surface and the scatterer are calculated by the proposed
method in frequency domain. The equivalency principle and a perturbation approach are
used to get integral equations, and the Method of Moments is used to solve these
integral equations.

Keywords: Electromagnetic fields, The Method of moments, equivalency principle,
perturbation fields, integral equations.

YILDIZ TECHNICAL UNIVERSITY
GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
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OZET

KISMi GOMULU CiSIMLERDEN SACILAN
ELEKTROMAGNETIK ALANLARIN HESAPLANMASI

Ugur SAYNAK

Elektronik ve Haberlesme Miihendisligi Anabilim Dali
Doktora Tezi

Tez Danismani: Prof. Dr. Ahmet KIZILAY

Engebeli ve dielektrik bir ortamin iginde kismi gomiili keyfi bir kesite sahip bir
dielektrik cisimden elektromanyetik sacilma iki boyutlu durum ve TM, polarizasyon
i¢cin pertiirbasyon yaklasimi ile ¢oziilecektir. Bu yaklasim problemin ¢oziimiinii diger
¢Oziim yontemlerine kiyasla basitlestirmektedir.

Sunulan ¢6ziim yontemi problemi sagicinin olmasi ve olmamasi durumunu gézoniine
alarak, sacicinin bulunmasi durumunda dielektrik yar1 uzayi bos uzaydan ayiran sinir
ylizeyi iizerinde sonlu bir pertiirbasyon bdlgesinde fark akim yogunluklarinin ortaya
ciktigin1 varsaymaktadir. Pertlirbasyon yiizeyi ve sagici cismin etkilesimi gozoniine
alinarak esdegerlik prensibi ve moment metodu yardimiyla cismin iizerindeki akimlarin
ve rahatsizlik akimlarinin hesaplanmasi frekans domaninde gergeklestirildi. Esdegerlik
prensibi ve pertiirbasyon yaklasimi integral denklemlerinin elde edilmesinde, Moment
Metodu ise elektrik ve manyetik akim yogunluklarinin bu denklemler ile bulunmasinda
kullanilmustir.

Anahtar Kelimeler: Elektromanyetik alanlar, Moment Metodu, esdegerlik prensibi,
perturbasyon alanlari, integral denklemleri.

YILDIZ TEKNIiK UNiVERSITESI FEN BILIMLERI ENSTITUSU

X1



CHAPTER 1

INTRODUCTION

1.1 Literature

The topic of electromagnetic scattering from a partially-buried object in a lossy half
space is studied by several researchers. Several techniques for solving this problem are
introduced. Practical applications of this problem are mainly ground-penetrating radar
applications, such as, detection and imaging of buried objects with some part over the

ground.

There have been many works dealing with buried objects in the literature, as well as
objects over a half space, which are similar in principle. Numerical simulation of
scattering from a semi-buried object in a flat interface plane is available in the literature,
[1]-[7]. The Method of Moments (MoM) solution for a perfectly conducting cylinder
with arbitrary cross section [2] is a good example, which is numerically exact, but
solution involves complex formulations and Sommerfeld integrals. Scattering from an
object, which is in a multilayer/stratified media [8] is similar to afore mentioned works,
with many examples in the literature. For the case when the interface has a roughness,

there are several solutions available in the literature [9]-[10].

1.2 Objective of the Thesis

The objective of the thesis is to solve electromagnetic scattering from an object semi—
buried in a lossy half space, which has a periodic boundary interface by using a
perturbation technique [11], [12], [13] with the equivalence principle of the
electromagnetic theory with a simple formulation. The solution procedure is called “The

Decomposition Method” and applied to the TM, scattering problems. This method is

employed to acquire a set of Electrical Field Integral Equations (EFIEs), then the



Method of Moments is used to solve these equations with point matching and pulse

basis functions.

1.3 Hypothesis

When applying the decomposition method to the problem of scattering from a semi-
buried cylindrical object, it is assumed that the effect of the object on the interface,
which is called perturbation on the boundary plane, is rapidly decaying with distance.
Putting the scattering object into the interface also causes perturbational fields due to
“vanished” current densities that exist when there is not an object present. The EFIEs

are solved in the frequency domain using MoM.



CHAPTER 2

SCATTERING FROM A CYLINDRICAL DISCONTINUITY ON
A PERFECTLY CONDUCTING INFINITE GROUND PLANE

2.1 Introduction

In this section problem of electromagnetic scattering from an arbitrary bump or an
indent on a perfectly conducting infinite flat ground plane is examined with the
decomposition method. Firstly, series solution for a bump with circular cross section is
introduced, and then MoM solution of a bump with arbitrary cross section is presented.
Afterwards application of the decomposition method is outlined. Lastly, several

numerical examples are presented for validation.

Scattering problems are two-dimensional arbitrary discontinuities on an infinite

perfectly conducting ground plane, as depicted on Figure 2.1 and Figure 2.2.

y
z X S,
€0 ,Ho
EH 8
S; Ii's, X
(X],O) (X2a0)

O—00

Figure 2.1 Bump geometry



0.=00

Figure 2.2 Indent geometry

Here S, is the bump or cavity cross-section surface, S, is the surface that will be absent
when the discontinuity is present, and § is the infinite perfectly conducting plane lying

on the X axis. A TM, polarized plane wave with E-field component

£ :ejkﬂ(xcos¢1i+ysin¢i)2 2.1)
is incident on discontinuity with arbitrary cross-section with the incidence angle ¢'.

Here, Kk, is the free space wavenumber.

2.2 Analytical Solution for Scattering from a Circular Bump

Consider an incident unity amplitude TM, polarized E-field component of a plane
wave with the cylindrical wave representation [14]:

Ei :ejknpcos(rp—wi)zz i jan(kop)ein(w—wi)z’ 2.2)

N=—o0
where J, (+) is the Bessel function of order n, is incident on a semi-circular bump with

radius a. Total E-field should be summation of incident, reflected and scattered field:

E™ —E +E¥ +ES (2.3)
Where the reflected E-field:

B =" 2= 3 3, (ko) e (2.4)

N=—oo

and the scattered E-field should be of the form:



= > a HY (kp)e™2 2.5)

N=—c0

where H®? (-) is the Hankel function of second kind of order n. Total field should

n

satisfy:

ETotal

=3 {J’”Jn (k,a) [ej”(“’“”i) —e } +a,H,” (ka) e"”ﬁ’}z =0, (2.6)

this leads to:

1+”J (koa) sin ng' |

The scattered field is can be calculated using large argument form of the Hankel

a,=- 2.7)

function and equation (2.5) in the far-field region (0 — o°):

= 2] —j o jn(p-7/2) 5
Es= |2 glkr anel (9-7/2) 5 (2.8)
7Kyp Z‘;

2.3 Method of Moments Solution for Scattering from an Arbitrary Bump

Scalar wave equation involving z directed component of the magnetic vector potential

and a line source positioned at (X, Y, ):

(A+K7) A (% Y) =438 (X=%) 5 (Y=, ), 2.9)
where A is the Laplacian operator and o () is the Dirac delta function. Fourier

transform of equation (2.9) with respect to X with the spectral variable k, leads to the

ordinary differential equation:

(887“%2—kfjAz(kx,y)=—ﬂoJo5(y—yo)ejk*X°, (2.10)

which has a solution:

A (k | |

—AZ(JX’y):C]e“ﬂ‘”’+C2eJﬂ°y Z‘) el sm[ﬂo y- yc)], (2.11)
0

where

By =k’ =k, (2.12)



and C, and C, are the constants which are to be determined. According to the radiation
condition, assuming imaginary part of the (2.12) smaller or equal to 0 (S( B,)<0) for

y — oo, C, should be zero. Electrical field associated with magnetic vector potential is

can be calculated as [14]:

E=—jwA-j——V(V-A)

wUE
(2.13)
— _Ja)JO {Cle_jﬂoy ILIO e]kxx{) Sln |:IBO y yO ):'}
By
(2.13) should equal be zero for y =0 so:
C, =t eksin(By,) (2.14)
1 ﬂo 0720)/> .
and re-arranging leads:
A(k,y)= % 3, {sin(B,y,) € +sin[ £, (y-y,) ]}
0 (2.15)
__H ik [ iBo(y=Y0) e iBo(¥4%0) + miBo(Y-Yo) e iBo(¥-Yo)
=10 g elole -€ +e -e ,
2B, " { }
inverse Fourier transform of (2.15) is:
AZ ( J‘ |: —iB(Y+Yo) eJﬁo(Y—YO) :| e_jKX(X_XO)de
(2.16)
U
43’3[ (ko\/x %) +(Y=Y,) ) (WX %) +(y+%) )}
Scattered E-field is calculated from this vector potential as:
——ijj:-%ZJ‘J(ﬁ’)G(ﬁ|p’)dl’, 2.17)
C

where

G(plp) { [ko\/ (x=X) +(y— y’) } [ko\/ (x=X) y+y’) H (2.18)
and P is the observation point and g’ is the source point:

P =xX+W,p =XK+yY. (2.19)

Boundary condition on the bump surface C requires:

E'+E*=0. (2.20)



-/

Solution for J ( p) can be found using a Method of Moments scheme with point

matching and pulse basis functions using equation (2.20). Bump can be represented
with N linear segments as shown on Figure 2.3. Electrical current density can be

approximated by pulse basis functions

(4) 1 pisonC, 221)
T = , .
"PIZ10 otherwise
where C_ denotes n™ linear segment on the bump, as
—/ N —=/
J(p)=2D 3.7 (P). (2.22)
n=1
________ %
Figure 2.3 Linear segmentation on the cylindrical bump surface

Putting (2.22) into (2.20) yields

N — i —
—%ZZJJEH(ﬁ')G(ﬁ|/3’)dI’=—E'(p). (2.23)

n=1 C

Choosing p'=p, + Iﬂnl', where P, is the center of the n™ segment and fn is the unit
tangent vector of the n™ segment, (2.23) becomes

An/2

—%22% [ G(pIp,)d"=-E (p). (2.24)

=l )'=—A,/2

where A, is the length of the n"™ segment. Testing (2.24) with Dirac function

O(X=Xn) 6 (Y= Yn)

53 3, [ (8(x-%,)8(y-¥,).6(51 )" =~(5(x-%,) 3(y-¥,).E'(5))
n (2.25)
results in



N A2 N
kOZO 23, [ G(pulp) A =E (). (2.26)
=l J'=—A,/2

Equation (2.26) can be written in matrix form as

[ ][3.]=[ En |- 2.27)

which can be solved by matrix inversion and multiplication. Here matrix elements are

ko77 An/2 HSZ)[kO\/(Xm_Xn_lnx|,)2+(ym_yn_|ny|’)2}
_ Kl I d’. (2.28)

. 4 ~An/2 —Héz) I:ko\/(xm _Xn - InXI,)2 +(ym+ yn + Iﬂyll)2:|

Scattered E-field can be calculated using J,, values as:

g | 2] e*ikopziAaneJ’ko<*"°°S"’+y"““"’> (2.29)
4 \7k,p ol

where ¢ is the observation angle and p is the distance measured from origin to the

observation point.

2.4 Solution by the Decomposition Method

If the discontinuity (cavity or bump) is absent, the calculation domain is free space for

y > 0 and perfectly conducting for y < 0. The total Field is then

—i —ref [ §7
Ema:{EJfE (3) y>o0 (2.30)

0 y<0
Here, jl' is the surface current density on an infinite perfectly conducting half space

when illuminated by a plane wave. According to the boundary condition for the

tangential electric field on the ground plane, current density on the ground plane can be

calculated easily by
37 ~ Ji 2 . i Aikoxcosg' 5
J =2yxH =—-—singe Z, onS§, (2.31)
Un

Here, 7, is the intrinsic impedance of free space and H' is the magnetic field

component of the incident plane wave on the ground plane.

In this manner, in the presence of the discontinuity there will be three additional

different kinds of field components, EP, E, and E°. EP is the first type of



perturbated field corresponding to the effect of discontinuity on the ground plane; E” is

the second type of perturbated field due to the current density on the "vanished" region,
as a result of the discontinuity (X < X< X,), shown on Figure 2.4; and E® is the field

scattered from the discontinuity. The total fields on surfaces S and S, are
E™ =E +E™ (J))+E"(J°)+E°(J,)+E"(J,) (2.32)
Here, j2 is the electrical current density on the cylindrical discontinuity, jlp is the

induced perturbated current density on § due to the discontinuity, and jv is the current

density vanished due to the presence of the discontinuity, which is the negative of jl' :

€o,Ho

@

(x1,0) (x2,0)

0e=00

Figure 2.4 Demonstration of the vanished ground plane region

—

J,=-J, y=0,%<X<X, (2.33)
On S, E'+E™ is zero according to the boundary condition and (2.30), so (2.32)

becomes
EP(J°)+E*(J,)=-E"(J,). (2.34)
At this point, formulations for bump and indent problems deviate. For the cavity

problem, owing to (2.30), the scatterer cross-section will be in the region y <0 where

there is not any incident or reflected fields when the cavity was absent. On the other

hand, for the bump geometry, the scatterer cross-section will be in the region y >0
where incident and the reflected fields exist. Thus, for the bump problem, the fields on

S, satisfy

E0(37)+E2(3,) = B (3)-E"(3,), (235)



and for the indent problem fields on S, satisfy

EP(J°)+E*(J,)=-E"(J,). (2.36)
After applying point matching with pulse basis functions, for the bump problem, a

linear equation set is obtained in matrix form as

{Z(koaﬂo,S,S) Z(ko,no,sz,S)MJf}{E"‘(ko,s)} 237
Z(k110,S:8,) Z (ko710 S,,S,) E" (k. S,) [ '

and for the indent problem as
|:Z(k0’7707SBS) Z(kO’UO’Sz’S):|{‘J1p:|:|:Ep1(kO’s):| (238)
Z(k110>S,S,)  Z(kys0,S,,S)) E”(k,.S,) |

where Z(-) operator is given as:

Ap/2

2(kn.S,S) =L | HP(k

I'=—A,/2

(5, +11,) )dl’, (2.39)

Derivation and calculation of the self-terms (g, — p,,) of (2.39) are can be found on

appendix A. Using (2.31), the perturbated field excited by the ‘“vanished” current
density J, is

£ (kS,) =L [,

2<'—o3<
/\

X)H (k\/(xm ~-X)' -y, )dx’
(2.40)

_k : ix2 jkd cos @' 11 (2) 2
_Es1n¢lee‘ YH| (k\/(xm—x’) —ymz)dx’,
and

E"(k,S,)=E +E¥ +E" (k,S,)=2je"" sin(ky,sing |+ E" (k,S,). (241
The unknown current densities J° and J, are calculated by solving the matrix

equations of (2.37) or (2.38). Calculation of the integrals on equations (2.39) and (2.40)
can be performed numerically. The scattered field is calculated by using far-field

approximations:

ko770 jkop { Jko X Cos@+Y; sing) < iko (% cosp+y, sinw)} 5
/ e E A (JF ! + E A (J,)) e ! V4
4 7Z'k0,0 i=1 ( ) =i ( 2)|

2 j - ikop Sin ¢i |:ejk0(cos¢7'+cosq))xl
7k, p cos @' +cos@

(2.42)

—J jk(,(cosq)' Jrcos(p)x2 :l 5
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Here, N, and N, are the number of linear segments on S and S, respectively. The last

term on (2.42) is derived from equation (2.40) using far field approximations, which is

the field excited by J, . Scattering width in terms of scattered and incident fields is

defined as:
ES
= 1 2 —
o plilolo|: ﬂ-p E' :|

(2.43)

2.5 Numerical Results

In order to show the validity of the method, the monostatic scattering width of a semi-
circular bump with ka=27 on Figure 2.5 is compared with the series solution result
given on section 2.2. The perturbation current calculation domain length is chosen as

| =54+2a, where a is the bump radius and A 1is the free space wavelength
corresponding to the calculation frequency.
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— bssssssserigg Brug b ececececes PN offeoeoNede g eeececennnes Brlng fececcccccacacns .
aa)] 18 # e Y / \ .;. “i" \ I ’ .’;
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i » |
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_20 -.:. ........................ Seeesccssccsscsssccscane '..'.J' ........................... Sececscescccas :..
| Decomposition Method i
. . | |
- === Series Solution 1
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Observation Angle ¢ (Degrees)
Figure 2.5 Monostatic scattering width of a semi-circular bump with a radius of A

As can be seen in Figure 2.5, the results are in near excellent agreement.

Afterwards the convergence of the solution with the change of the strip width 1 is

investigated, and results are shown in Figure 2.6 as mean error ratio of current and error

11



ratio for far-field results at observation angle ¢ =90°, compared to the reference MoM

solution given on section 2.3 for k.a=r in the vicinity of normal (¢' =90°) plane

wave incidence. Both results converge to the numerical error level while | approaches

2.5. At this point it should be noted that proper selection of | is should not only be

dependent on wavelength but also on scatterer size. Both current densities are presented

also in Figure 2.7 which are calculated at 300 MHz and a semi-circular bump with

radius of 1 m. Mean error ratio for current density is calculated as:

‘Jdec_JMoM

‘JMOM

Error=E

and the far-field error is calculated as:

‘ Edec - EMoM

‘ EMoM

Error =

—e— Mean error for current density
—— Farfield error

Error ratio
>
o

-3

—h
o

I/A

Figure 2.6 Convergence of the solution with strip length |
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Figure 2.7 Current distribution comparison for | /4 =5

Here, J* and JY™ are current densities on the circular bump calculated by

Decomposition method and MoM, respectively; E® and EY are scattered field
calculated by two methods; and E[-] is the mean value operator.

Monostatic scattering width of a triangular bump, shown in Figure 2.8 versus
observation angle, is presented on Figure 2.9 for the MoM solution. The bump has a

base width of 84 and a height of 24.

Results are almost identical except around 20° and 160°. Peaks around 60° and 120°

correspond to specular reflections from the flat surfaces of the bump.

Backscattered scattering cross length for semicircular cavity in a perfectly conducting
ground plane with ka=4z is shown in Figure 2.10 with the result from [15].
Reference and calculated results are nearly indistinguishable, and it is thought that

errors made during data extraction from the reference article may have caused the small

deviations seen.
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Figure 2.8 Triangular bump geometry

Next, the semi-elliptical cavity in a ground plane geometry depicted in Figure 2.11 is

investigated for different eccentricity values which is related to the dimensions @ and b

with the expression b=ay'1—€ . The backscattered normalized field [16] versus k,a is

compared with results of [16] in Figure 2.12. Again, the results agree very well, except

for minor offset error along the k,a axis, which is due to data extraction.
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Figure 2.9 Monostatic scattering width of a triangular bump
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Figure 2.10 Calculation results for the semi-circular cavity
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Figure 2.11 Semi-elliptical cavity geometry
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Figure 2.12 Calculation results for the semi-elliptical cavity
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Lastly, rectangular and triangular cavity geometries shown in Figure 2.13 are examined
and simulation results are compared with reference publications [17] and [18] in Figure
2.14. For the rectangular geometry, & and b values are 0.64 and 0.8, respectively,
and for the triangular geometry @ and b are 0.754 and 1.654.
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E; .H,
> S @0 xS
s T & S PR
1
- &
T T 00
~y
€0 ,Ho
S,
E; . H,
Sg (a,()) .I] S] X
BT S
G, =% (0b)

20 L] v L] L] L] L) L] L]

T LRI LT

—_
o

o

—10F \

Scattering width o/A (dB)

- Decomposition method (Rect. Cavity)
—20[1 - - - - Reference result (Rect. Cavity)

= Decomposition method (Triang. Cavity
= = Reference result (Triang. Cavity)

0 10 20 30 40 50 60 70 80 90
Angle from y axis (Degrees)

~

Figure 2.14 Calculation results for the rectangular and triangular cavities
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CHAPTER 3

SCATTERING FROM AN OVERFILLED CYLINDRICAL
CAVITY ON A PERFECTLY CONDUCTING INFINITE
GROUND PLANE

3.1 Introduction

In this chapter, plane wave scattering from an overfilled cavity is presented. First, a
brief summary of the literature work dealing with this problem is introduced.
Afterwards solution of the problem by the decomposition method is introduced. Lastly,
numerical solutions are presented with examples from the literature for validation

purposes.
Scattering problem is a two-dimensional overfilled cavity, which has a dielectric
permittivity of &, magnetic permeability of g and electrical conductivity of o

embedded in a PEC ground plane. The cavity with arbitrary cross section is defined by

surfaces S, and S, depicted on Figure 3.1, where S, is in the upper half-space (y>0)
and S, is in the lower half-space (y < 0).
Problem is an arbitrary bump on an infinite perfectly conducting ground plane if

electrical conductivity o, of the region 2 is chosen as infinite and an indent (or cavity)

if medium parameters of the region 2 is chosen to be free space. So both these type of
problems, which are considered in Chapter 2, can be solved by solving the overfilled

cavity problem.

A TM, polarized plane wave with electric field component given on (2.1) is incident on

the cavity with the incidence angle ¢'.
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Figure 3.1 Scattering geometry

3.2 Literature

Works dealing with these problems are available in the literature; solution methods
include analytical solutions [16], [19]-[21] for canonical structures. For example, Byun
et al. [16] solved scattering from an overfilled cavity with elliptical cross section with a
series solution and Kolbehdari et al. [21] solved scattering from an overfilled cavity
with a circular cross section analytically by using equivalency principle. Arancibia and
Bruno’s paper [22] includes a solution to this problem and Wood published a paper [23]

involving this problem.

3.3 Solution by the Decomposition Method

Solution begins with the case when the overfilled cavity is not present. Total field for
y > 0 would be the summation of incident ( E') and reflected field (E™ ( jl' ) ) from the
infinite ground plane as given on (2.19). In the presence of the overfilled cavity, using

surface equivalence principle, the problem can decomposed into two parts, which are

the upper equivalency for region 1 and the internal equivalency for the region 2 as
shown in Figure 3.2. At this point, an electrical current density jlp is introduced on the
surface S, near the cavity, which will be called “perturbated electrical current density”,
which is assumed to be rapidly decaying away from the cavity. Therefore, the total

current density J, on S is the superposition of J,” and J; .

18
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Figure 3.2 Application of the equivalency principle on the scatterer, (a) upper
equivalence, (b) internal equivalence

The total E-field in region 1 for the upper equivalence region is

E' =B +E (J))+EP(37)+E*(I,,M,)+E"(J,). (3.1)
Here, J, and M, are the equivalent electric and magnetic current densities on S, .

According to the boundary condition of vanishing tangential component of the total E-

field on PEC surface, E' + E™ is zero on S so (3.1) becomes:
E”(J,°)+E*(J,.M,)=—E"(J,). (3.2)
and on S, electrical field satisfy:

E°(37)+ E°(3.M,)=-[ B +E¥ (3)+ 7 (3,)] = E", (33)

where E'" is the total field on S,. On the other hand, the total E-field in region 2 for the

internal equivalence region is
E*=E°(-J,,-M,)+E°(J;). (3.4)

Electrical fields satisfy boundary condition:

E*(-J,.-M,)+E*(J,)=0, (3.5)
on S and S;, where 53 is the electrical current density on S,. Negative signs on

equations (3.3) and (3.4) are due to the equivalency principle. After applying a MoM
scheme based on pulse basis functions and point matching, the equations (3.2), (3.3) and

(3.5) become a set of linear equations and written in matrix form as
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Z(kp7:S-S)  Z(ko7-S.S)  K(k..S.S) [0] 371 1 E"(kS)
Z(ky10:5,,8)  Z(kp71:S,S) K(K;,S,,S)) [0] 3, |_| E"(k.S) (3.6)
[0] Z(k.m,S,S,) K(k.S.S) Z(k.m.S,S)|| M, [o] |
[0] Z(k.7,S,,S) K(k.S.S) Z(k.7.S,8)] I, [0]

pm_(ﬁn +|’|An)

_Jk A2 o
K(K.S,.S,) = j H (K

s ~ms ~h 4

B —(.+17,)

Calculation of the self-terms (g, — p,,) of the equation (3.7) are can be found on

Appendix A.

The terms E” and E" on right hand side of the (3.6) can be calculated by equations
(2.29) and (2.30). Current densities, J°, J,, M,, and J, can be calculated by solving
the matrix equation (3.6). Thereafter, the scattered electric field in region 1 can be

calculated approximately using J”, J,, M,, and J, with far field approximations:

N,

ZA (J p) lko X cos p+Y; sin )

ko770 2l ke | i
4 \/ V4 a , :
k()p +ZA| (J2 )I e]ko()q cos@+Y, sing)

=1

N>

kO 2] ik L ~ . AN jko (%, cos @+, sin )
-2 ——e —cos @y +singX)-1,A,(M,) e "
7k, p hZ::‘( )1 (Mo),

i 1 i ; i : i
—j 2 J e,jkop Slin () [ejkn(cowp +cosq7)><l _ ejkO(COS(p +cos<p)x2 jl 5
7k, p COS Q' +Cos @

Similarly, fields in region 2 can be calculated using J,, M, and J,.

N>

(3.8)

3.4 Numerical Results

In order to verify validity of the method, several scattering scenarios are considered in
this section. Calculations are performed by selecting strip length | as SA+d, which is
found to be an appropriate choice on [24], where d is the maximum dimension of the

scatterer.

In order to compare with the series solution, first, a PEC semicircular bump on a PEC

ground plane is investigated. Surfaces S, and S are circular (in this case shape of S, is

not effecting the results because it is in the PEC half-space), together forming a circle

with radius A, region 1 is free space and region 2 has almost infinite electrical
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conductivity (o,, — o). Monostatic scattering width versus observation angle is

presented on Figure 3.3 and compared with the series solution given on (2.8) and
perturbated current density amplitude distribution on the ground plane is given as an

example at Figure 3.4 for different incidence angles.
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Figure 3.3 Scattering width of a semicircular bump with radius 4 on an infinite
perfectly conducting ground plane

Current density (A/m)

L ¢| _ 900
¢' = 165°
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Position on x axis (m)

Figure 3.4 Perturbated current density on S for various incidence angles

It can be seen that results are almost identical, and scattering width approaches zero

when observation angle approaches grazing angles 0° and 180° as expected for this
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polarization and configuration. On the other hand, it should be noted that the
perturbated current densities on Figure 3.4 for ¢' =15° and 165° are symmetrical with

respect to vertical axis and current densities rapidly vanishes away with distance, again

as expected.

Secondly, a triangular empty cavity in a PEC ground plane shown on Figure 3.5 is

examined. Here, S is circular and S is triangular (in this case shape of S is not

effecting the results) with & and b are 0.754 and 1.654, respectively. Also, region 1
and region 2 are free space. Monostatic scattering width versus observation angle is

presented on Figure 3.6 compared with the reference solution given on [18].

€0,Ho

| y ARSI >
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Og=00

(0.,-b)

Figure 3.5 Geometry for scattering by a triangular cavity in an infinite ground plane
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Figure 3.6 Results for scattering by a triangular cavity in an infinite ground plane
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Afterwards, scattering from an overfilled cavity with elliptical cross section embedded
in an infinitely-long PEC ground plane shown on Figure 3.7 is examined. Here, the

elliptical cavity with dimensions @ and b is defined by S, and S, surfaces. The cross
section dimensions @ and b are related to the eccentricity value € with the expression
b= a@ . Region 1 is free space and region 2 has a relative dielectric permittivity of
&, =3 and magnetic permeability of w4, =1, the incidence angle is chosen to be
@' =90°.

Monostatic normalized scattered field amplitudes [16] versus k,a is presented on

Figure 3.8 with the reference analytical solution given in [16].

@®F
Ny o
y
€0 Ko
8:
, 2 : S
@ r—"
S;
0=

Figure 3.7 Scattering geometry for monostatic scattering by a material loaded elliptical
cavity in an infinite ground plane
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Figure 3.8 Results for monostatic scattering by a material loaded cavity in an infinite
ground plane
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Then, bistatic scattering results for an overfilled cavity with elliptical cross section

embedded in an infinitely long PEC ground plane is shown on Figure 3.9 for k,a=2x

with different relative dielectric permittivity and eccentricity values are represented on
Figure 3.10 with reference results [16]. In this scenario, a plane wave is incident on the

overfilled elliptical cavity with an angle of ¢' = 60°.

Generally, the results agree very well with the results in [16] except that the minor

deviations in the result for £, =4 and e=0.01 which is thought to be due to the errors

made during extraction of data from the reference paper.
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Figure 3.9 Scattering geometry for bistatic scattering by a material loaded elliptical
cavity in an infinite ground plane
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Figure 3.10 Results for bistatic scattering by a material loaded cavity in an infinite
ground plane
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Finally, monostatic scattering from a circular cavity filled with lossy dielectric material
is analyzed and presented on Figure 3.11 for different conductivity values with normal

incidence, versus k,a. Lossless case on Figure 3.11 is approximately equal to the case

for e=0.010n Figure 3.8. Series solution for a perfectly conducting semicircular bump
given on (2.8) which corresponds to the highly conducting case (red curve) is added to

the figure for comparison.
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Figure 3.11 Results for monostatic scattering by a lossy material loaded cavity on an
infinite ground plane

As can be seen on Figure 3.11, as conductivity value increases, resonant behavior of the

scattering geometry ceases to exist and result for the case, which o, =10" is identical

to the series solution.
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CHAPTER 4

SCATTERING FROM A PERFECTLY CONDUCTING
CYLINDER PARTIALLY BURIED IN A DIELECTRIC HALF
SPACE

4.1 Introduction

In this chapter, solution of plane wave scattering from a perfectly conducting cylinder
with arbitrary cross section partially buried in a material half-space with decomposition

method is presented with example scattering scenarios.

Scattering problem is a two-dimensional perfectly conducting object, which is partially
buried in a dielectric half space which has a dielectric permittivity of &,, magnetic
permeability of u, and electrical conductivity of o,,. The object with arbitrary cross
section 1s defined by surfaces S, and S,, depicted on Figure 4.1, where S, is in the

upper half-space (y>0) and S, is in the lower half-space (y < 0).

y
1 E;
€0, Mo '
EH X o'
I
Region 1
Region 2
€2, U2, Oe2
E W

Figure 4.1 Scattering geometry
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A TM, polarized plane wave with electric field component given on (2.1) is incident on

the object with the incidence angle ¢'.

4.2 Solution by the Decomposition Method

If the scattering object was not present, total field would be summation of incident and

reflected fields for Y >0 and transmitted field for y<O0:
E'+E“(J.M]) y>0
g (3 M) y<0
where E' is given by (2.1), E™ is given by [14]:
Erd _ rejko(xcosw‘—ysiw‘)z

and E"® is given by

Etrans _ (1 " F) ejkz(x005¢t+ysin¢,t) 2’

and
gxH, = zni[1 ~Tsing'e’ > | y—0*
jl, = 01 s
gxH, =—2—[1+T]sing'e"* " |y 0
2
and

xcos @'

—elk

-, ~ — + ejkoxcosq)i Y — 0+
M =—{yXE1 Y0 =—[1+r]>‘<{ =0

9X|§2 ,Yy—>0° ,Yy— 0"

Where the reflection coefficient I' is

[ 11 cos @ —1n,cos @'
1, cos @ +11,c0s @'’

and

@' =arcsin (k& sin ¢' J

2

(4.1)

(4.2)

(4.3)

(4.4)

(4.5)

(4.6)

(4.7)

In the presence of the object, using surface equivalence principle, the problem can be

decomposed into two parts, which are the upper equivalency for region 1 and the lower

equivalency for the region 2 as shown in Figure 4.2. At this point, electrical and
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magnetic current densities jlp , Mlp are introduced on the surface S, near the object.

Therefore, the total current densities j1 and |\7|l on S are:

J=J3+J° M,=M/+MP". (4.8)

E; E=0

1 1 5 J1 Ml/ ;
&, E H s A

S>

Jl M] > 7 €2,12, Oc2
e 3 113 J
E=0 S E°.H ’

(a) (b)

Figure 4.2 Application of the equivalency principle on the scatterer, (a) upper
equivalence, (b) lower equivalence

The total E-field in region 1 for the upper equivalence is
E' =B +E™ (J,M/)+E°(37,M?)+E*(L,)+E™ (3, M) (4.9)
Here, J, is the equivalent electric current density on S, and J, and M, are the

“vanished” electrical and magnetic current densities due to the presence of the scattering

object as demonstrated on Figure 4.3.

€0, lo
E' H'
M, (x2,0)

Jv s4 S]

€2, U2, Oc2
E’ H’

Figure 4.3 Demonstration of the vanished boundary plane region

where:
J,==J M, =—M/ y=0, x <X<X, (4.10)

Just outside region 1 E'+E™ is zero on S, using (4.9) total E-field on S is written

as:
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EP(J°.M,P)+E°(J,)=-EP(J,.M,), (4.11)
and on S, E-field satisfies:

E°(3°.M,°)+ E°(3,)=—[ B + E¥ (JLM[) + E” (3,.M,) |- E*. (“.12)
On the other hand, the total E-field in region 2 for the lower equivalence is

E2 = B (3 N))+ E7 (<37, -N,7 )+ B°(3, )+ E7 (3,.M, ), (4.13)
where J, is the electrical current density on S,. Just outside region 2 E™™* is zero on
S , using (4.13) total E-field on § is written as:

EP(-J,°.-M ")+ E*(J,)=-E™(J,.M,). (4.14)
and on S, electrical field satisfies:

—

B (~37, M)+ B°(3,) == B (T M)+ £ (3,.M, )] = E°, (4.15)
where EY is the known field on S,. After applying a MoM scheme based on pulse
basis functions and point matching, the equations (4.11), (4.12), (4.14) and (4.15)

become a set of linear equations, written in matrix form as

Z(ky,1,,S.8) K(k.S.S) Z(k.7.S.S) [0] J,° E” (kys720,S)
Z(k11,S..8) K(k.S.8) Z(k7,S..S) [0] MP || EP (k72. S,) (4.16)
Z(k,.m,.S.8) K(k;.S.5) [0] Z(k,.m,.S,.S) || J, E™ (k,»7,,S) |
Z(k.m,.S,.S) K(k,.S,.S) [0] Z(k:11,,S,8) || 35 | [E*(k.1,.S)
where:
EP (k —MXZJ YH® (k||g. —x"&])dx'
(k7.5) =L [ 3, (x) Hi? (K, ~x 3]
* (4.17)
35T M, () R (k] — xR
45 T |Bn—x%|
and
E'+E® +E”(k,7.S,) y>0
Et2 k, , — >0 . 4.18
( ﬂsm) { EtranS+Ep2(k,77,Sm) y<0 ( )

Current densities, J°, M, J,, and J, can be calculated by solving the matrix
equation (4.16). Thereafter, the scattered electric field in region 1 can be calculated

approximately using J°, M ", J,, J ,and M, with far field approximations:
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N,

ZA (J P) Jko X COSQ+Y; sin @)

ko770 / g kp i=1 5
4 N, ' .
7Z'k0p +ZA| (J2 )l ejkﬂ()q cos @+Y, sing)
=1
ko 2j —ikop N 4o N T p ik (X cos+ Yy sing) 5
— Ke Z:(—COS(py+sm(px).IhAh(M1 )he 2 (4.19)
P h=1
. jkOXl(COS¢+COS(0i) _ jIQ)Xz(cos(ercosgoi)

ko =gl [(I—F)sin(p' —(1+1")sin(p] _ © : ya

7zk0p jko(cosg0+cos¢ )

The last term on (4.19) is derived from (4.17) using far field approximations, which is

the field excited by J, and M, . Similarly, fields in region 2 can be calculated using J”

,MP,J,,J, and M,

3 2%y

4.3 Numerical Results

Firstly, monostatic scattering width of a perfectly conducting circular cylinder with
radius equal to one wavelength half-buried in a material half space with different
properties are calculated and compared with the series solution for scattering from a
circular PEC bump on a PEC ground plane given on (2.8) is shown on Figure 4.4 with
respect to incidence angle. As the reflection from the half space increases, results
convergences to the series solution, as expected. In the calculation of red curve on

Figure 4.4, electrical conductivity of the medium is chosen as almost infinite

(0,=10").

Secondly normalized electrical current induced on a PEC circular cylinder with a radius
of quarter wavelength corresponding to medium of region 2, half-buried in a material
half space with £, =4, . =1 and o, =0 is investigated and presented with the results
of [2] on Figure 4.5 for different incidence angles. As can be seen on this figure, both

results agree very well.

Thirdly, normalized current density on a half-buried rectangular cylinder with a height
of 1.251 and a width of 0.6254 for an illumination angle of ¢' =155° with respect to
polar position is presented on Figure 4.6 compared with free space MoM result (Red
curve) and different electrical properties of the medium filling the half space. According
to the results, current density distribution is continuous, except the angles corresponding

to edges, which are known to be of singular behavior for this configuration. In addition
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to this, exponential decay of current density can be observed comparing blue and green

curves for polar angles greater than 180°.

20 H y H Y Y
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—20}f -+ { === Decomposition method (¢ =32)

=== Decomposition method (PEC half space)
= = = = Series Solution (PEC half space)
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Observation Angle ¢ (Degrees)

Figure 4.4 Scattering width of a half-buried circular cylinder with radius 4
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Figure 4.5 Current induced on a PEC circular cylinder half-buried in a material with
& =4, u, =1and o, =0 for different incidence angles

Normalized perturbated electric and magnetic current densities for green curve on

Figure 4.6 are presented on Figure 4.7 as example.
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Figure 4.6 Current induced on a half-buried PEC rectangular cylinder for different
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Figure 4.7 Perturbated current densities for green curve on Figure 4.6

Lastly, a range profile calculation is performed for a half-buried square cylinder with a

height b and width a of one meter, for an incidence and observation angle of

p=¢ =100° for different medium parameters are presented on Figure 4.8. Calculation
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is performed using inverse discrete Fourier transform, at a center frequency of 25GHz

and using a bandwidth of 3.71GHz .
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Figure 4.8 Range profiles for the half-buried square cylinder

In order to investigate this result, one can refer to Figure 4.9, which demonstrates
discontinuity positions of the scattering problem with respect to the reference phase

plane. From the geometry, distances L,_, can be calculated as:

L =L, =" sin[ar+ (g -90) ] (4.20)
a+b* . :

LZ:LS:Tsm[a—((o -90) |, (4.21)

L =L, =§sin((pi —-90). (4.22)

Here o= arctan(b/ a). According to Figure 4.8, two dominant scattering centers for
free space and three for £, =1.2 can be observed. Inspecting the range profiles, peaks at
positions 0.58, 0.41, and 0.09m are thought to correspond to L, =0.5792,
L, =0.4056 and L, =0.0868m. Third scattering center at 0.09m is due to interaction

of the scatterer and the material half space. Other discontinuities are not dominant

because of the high calculation frequency.
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CHAPTER S

SCATTERING FROM A CYLINDER PARTIALLY BURIED IN
A DIELECTRIC HALF SPACE WITH AN ARBITRARY
PERIODIC BOUNDARY PLANE PROFILE

5.1 Introduction

In this chapter, scattering from a two-dimensional object, with a dielectric permittivity
of &, magnetic permeability of x4 and electrical conductivity of o, which is partially
buried in a dielectric half-space which has a dielectric permittivity of &,, magnetic

permeability of g, and electrical conductivity of o

., » With an arbitrary periodic

boundary plane profile with a period of L is investigated by a decomposition method.

The object with arbitrary cross section is defined by surfaces S, and S;, depicted on
Figure 5.1, where S, is in the upper half-space (y>0) and S, is in the lower half-

space (y<0).

Region 3

€2, H2, Oc2
E* o

Figure 5.1 Scattering geometry
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A TM, polarized plane wave with electric field component given on (2.1) is incident on

the object with the incidence angle ¢'.

5.2 Scattering from a Dielectric Half Space with a Periodic Boundary Surface

In order to solve the scattering problem, firstly plane wave scattering from the periodic
structure is considered. This problem is solved with MoM with surface equivalency
method. A TM, polarized plane wave defined on (2.1) is incident on the dielectric half
space with periodic boundary surface, which has a period of, L and an arbitrary profile

S, depicted on Figure 5.2. Half space has a dielectric permittivity of ¢,, magnetic

permeability of u, and electrical conductivity of o,

X Ei

y

0

€0,Ho l—Vx

E'H =z Region 1

N /T ARYA A
N NN

€2, W2, Oc2

E'H’ Region 3

Figure 5.2 Periodic boundary interface surface

Plane wave induces equivalent electric and magnetic surface current densities J, and

M o+ Total E-field in region 1 is the summation of the incident field and the scattered

field due to the current densities. However, in region 2 only the scattered field exists.

Periodic Green’s function for this problem is [25]:

j o e—i/féj(X—%)efJ'Ql{“\yfy’\

G1,3 (15 ‘ ﬁ ) 2'_ q1,3

(5.1)
where:

=—] \ 13;3 - k12,3 (5.2)

2nr

C=p0 = 53
B 1 (5.3)
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and

B =k cosq (5.4)

where indices 1 and 3 indicates regions 1 and 3. Integral equation for magnetic and

electric vector potentials:

B = [ 3,(5)Gs (1) (5.5)
Sp

F=¢,[M, ()G, (5 7)d’ (5.6)
Sp
electric field using this potentials:

—jwA” _Lyyes (5.7)

E"” =—jau, [ J,(7)G(p|7)d’

1 B - e—JﬂAB( an3‘y )/‘ . . 8 , (5.8)
] P B Iy
S, N=—co In

Using equivalency principle, taking fields in region 3 as zero, just outside region 1 on

Sp total E-field satisfies

E+E =0 (5.9)

and taking fields in region 1 as zero, just outside region 3 on S scattered field satisfies

E, =0. (5.10)
Applying a MoM scheme with pulse basis functions and Dirac test functions (5.9) and

(5.10) can be written in matrix form as:

{2 E}N}:[m (5.11)

where
1,3
o gl (%-%)

(Aﬁ)u __ 137713 J Z g (5.12)

|y N=—co
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jé‘il}‘liy‘% _jgim‘liy‘% e_jq}{}(yl_yi)
€ —-€ g_l,3 Y >Y
1.3 jgil;“liy‘% _jgiu‘hy‘% ejqufz(yl_yi)
97 =1¢ —e T Vi <Y (5.13)
a3 A R
l_e—Jé 5 iwi 7_1
51,3 + W1,3 Y=Y
él,}) y > yl
6" ={ Lo (5.14)
4 Y <V
&7 =B+ a |1y (5.15)
vt =871, 1) (5.16)
) Rk
<Bl’3)i,l N @ A (x%) . (5.17)
,31’3 " ejﬁ"s% _efjgi”;i
_( q?=3 |iy _ |iX]ean’ M-w) jglﬁ y >y
ﬂl,.’) - ngIIB% _e ng13%
_[q;]j Iiy+|ixje]qnv =) [EE y, <Y,
hy' = ’ | R (5.18)

A
-jgP 2 v
By l1-e " 2 (f° e 2-1
(— q1’3 Iiy + Iix j§1’3 + q1’3 Iiy + Iix —J W1s3 yl = yl 5 Iiy > 0

. A . A
—jy i
B l-e " 2 (B e” 2]
_[qm Iiy—i_lix jl//m + _q1,3 Iiy—i_lix j§1,3 Y :yialiy<0

and

(C), =eMremarisna) (5.19)
Here i and | indicates source and observation segment index, |, and I, are the X and
y component of the tangent unit vector of the source segment index, A, is the length of
the source segment and X, and Yy, are the X and Y component of the source and
observation segment respectively.

Current densities J, and M | are calculated by solving (5.11). At this point it should be
noted that J, and M, are the current densities corresponding to the first period. For

other periods these current densities should be corrected by
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! impL ! impL
J, =™ I, M, ="M, (5.20)
where M is the period index of the infinite surface. Scattered E-field can be calculated

using these current densities using (5.8) with (5.12) and (5.17) as.
— N N
E.=2(3,) (As) 2+ 2 (M,) (B,)2 (5.21)
i=1 =

where X and y, indicates the observation point which the scattered E-field will be

calculated and N is the number of linear segments in a period used in the calculation.

5.3 Solution by the Decomposition Method

When the scattering body is not present, for region 1, there will be incident and field

scattered from the half space. However, for region 3 there will only be the field

scattered from the half space:

R E' + E J .M regionl

Eo =) q( * ) . (5.22)
Ez(Jp,Mp) region 3

In the presence of the object, using surface equivalence principle, the problem can be

decomposed into three parts, which are the upper equivalency for region 1, internal

equivalency for region 2 and the lower equivalency for the region 3 as shown in Figure

5.3. At this point, electrical and magnetic current densities J,° and M,” are introduced

- —

on the surface S, near the object. Therefore, the total current densities J, and M, on

S are:
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Figure 5.3 Application of the equivalency principle on the scatterer, (a) upper
equivalence, (b) lower equivalence and (c) internal equivalence

J=3+3" M,=M/+M " (5.23)
The total E-field in region 1 for the upper equivalence is

EM = E 4B (J,M,)+E"(37,M,7)+ E*(3,,M,)+ E (3, M, ). (5.24)
Here M, is the magnetic current density on S, and J, and M, are the “vanished”

electrical and magnetic current densities due to the presence of the scattering object,

which are the negative of the current densities J p’ and M p,:

J,==3' M, =—M_~ x <x<x,. (5.25)
Just outside region 1 E' + E' is zero on S, using (5.24) total E-field on § is written

as:
£° (3,7, M)+ E* (3, M, ) =—E¥ (3, M, ), (5.26)

and on S, E-field satisfies:

EP(3PM,°)+E5(3,,M,) == E +E'(3.M )+ E" (3, M,)]=E. (527)
(37, M0,7)+ (3, M, ) =—| '+ E/(3,, M, )+ E™ (I M, )|
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On the other hand, the total E-field in region 2 just outside region 2 on S, and S, E-

field satisfies

E*(-J,.-M,)+E*(-J,.-M,) =0, (5.28)

where M3 1s the magnetic current density on S;. Total E-field in region 3 for the lower

equivalence is

E™ = (3, M, )+ B (=3,7,-M,?)+ B (J,, M, )+ E7 (3, M, ). (5.29)
Just outside region 3 E® is zero on S, using (5.28) total E-field on § is written as:
EP(-J,".-M”)+E*(J,,M,)=—E"(J,.M,). (5.30)
and on S, electrical field satisfies:

B (~37 M)+ B¥(3.M,) =—[ (3, M, ) + EP (3,.M, )] = E°, (5.31)
After applying a MoM scheme based on pulse basis functions and point matching, the

equations (5.26), (5.27), (5.28), (5.30) and (5.31) become a set of linear equations,

written in matrix form as

Z(k.1,,S,8) K(k.S.8) Z(k1,S.S) K(k,S,S) [0] [0] 37| | EP (ke S) (5.32)
Z(k.nnS.S) K(k.S.S) Z(k.7.S.S) K(k.S.S) [0] [0] MP| | E° (k7. S,) :
ﬂ {0} Z(k.7.8,S) K(k.S.S) Z(k.7.8,.S) K(k.S.S)| J, |_ [0]
0 0 Z(k.7.5.8) K(k.S.S) Z(k.7.S.8) K(k.S.S)| M, [0]
Z(k.7,.8.8) K(k.S.S) [0] 0]  Z(k.7.S.8) K(k.S.S)| 3, | |E”(k.7,.S)
Z(k.7,.S.5) K(k.S.8) [0] 0]  Z(k.7.S.S) K(k.S.S)|| M, | |E°(k.7..S)
where
k77 N, A2
Ep3(kanas—n)__ (‘]v)| I H(()Z)(kupm_pl_l'llu)dl'
P e (5.33)
. A /2 N - - .
Jk NV I - - yA n : pm_ﬂ []
W8S ), [ R (K- 1) P2 g
4 5 ~A 2 Hpm_pi_l l;
and
E'+E'(J,M J+E”(k7,S,) y>0
E®(k.7.S,) = 3V (5.34)

E’(J,.M,)+E” (k.7.S,) y<0
where N, is the number of segments within the region X, >x>x on S, p. is the

center of the i™ segment, . is the normal vector of the i"™ segment, I is the tangent
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vector of the i™ segment and P, 1s the center of the m™ observation segment. Current

densities J°, M, J,, M,, J,, and M, are can be calculated by solving the matrix

equation (5.32). Thereafter, the scattered electric field in region 1 is calculated

approximately using J°, M J,, M,, J,,and M, with far field approximations:

N,

ZA (J p) Jkﬁ X cos g+Y; sin )

m
w
=
=S
f=]
N
m|
F
ASY
i
N>

4 \7zkp & - :
+ A(J eJk0(>q cos @+, sing)
N,

z cosg0y+sm¢x) |AIA (M p) Jko X cos @+ sing)

i=l

07\_
@,
5
A
N

(5.35)

N, | |
ﬂkop Z cos(py+sm(px)| (M2)| ik cospysing)

I=1

+ k0770 et B Jkop{ v AI Jko X COS P+ sm(a):|
4 \/ p =

NV
g lkor —Cos @Y +sin pX IAiAi M,) ejkf)(x'coswy‘ Sin“’)i| yA
7Z'k0p [.21: X)- ( ),

Similarly, fields in region 3 can be calculated using J°, M, J;, M;, J,,and M, and

N>

c?*_
10N
ox

the fields in region 2 can be calculated using J,, M,, J;, and M,.

5.4 Numerical Results

In order to verify validity of the method, several examples are presented in this section.
Firstly, electrical current density distribution on an infinite perfectly conducting surface
with a sinusoidal surface height profile is considered. Plane wave is incident on the
surface with an angle of ¢' =165°, surface profile has a peak height of 0.254 and a
period of 3.94. Real and imaginary parts of the current density calculated using the
procedure described in section 5.2 are presented on Figure 5.4 compared with the

reference solution given on [26]. As can be seen from the figure results agree very well.
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Figure 5.4 Current density distribution on the periodic surface for one period

Afterwards, equivalent electrical and magnetic current densities calculated by choosing

medium of the region 3 as free space. Peak amplitude of the surface height profile is

chosen to be almost zero (107 A), the period length is chosen as A and the incidence

angle is chosen as @' = 45°. Calculated values are compared with the current densities

calculated with expressions (4.4) and (4.5) and presented on Figure 5.5 and Figure 5.6
for electrical and magnetic current densities respectively. Results are consistent with the

reference results.

Next, monostatic scattering from a conducting circular cylinder with radius 4 on an
infinite electrically conducting ground plane, which corresponds to semicircular bump
on a perfectly conducting infinite ground plane, which is considered on previous
Chapters. Scattering width versus observation angle is presented on Figure 5.7 for
various sinusoidal periodic surface peak amplitudes and for a period of 54 compared
with the series solution given by (2.8) and calculation result for a flat surface interface.

As can be seen from Figure 5.7, scattering width calculated by the series solution, for

flat surface and result of h=10""m are almost identical. On the other hand, as the
value of increases, calculation results starts to diverge from the series solution result,

as expected.
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Figure 5.5 Electrical current density distribution on the periodic surface for one period
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Figure 5.6 Magnetic current density distribution on the periodic surface for one period
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Figure 5.7 Scattering width of a semicircular bump with radius 4 on an infinite
perfectly conducting ground plane with periodic sinusoidal interface surface height
profile

Then, in order to investigate error caused by the approximations of the decomposition
method, monostatic scattering width of a circular cylinder with a radius of 4 with
electrical parameters of free space, semi-buried in a material half space with electrical
parameters of free space shown on Figure 5.8 is calculated and given on Figure 5.9. As

can be seen from the figure, for this case, error level associated with the approximations

is under 10~ in terms of scattering width.

€0,Ho
€0, Mo
w»
i\\
€0, Ho

Figure 5.8 Geometry of a circular cylinder with material properties of free space, semi-
buried in a half space with free space parameters

45



Scattering width /A (dB)

0 30 60 90 120 150 180

Observation Angle ¢ (Degrees)

Figure 5.9 Scattering width of a circular cylinder with electrical properties of free space,
semi-buried in a half space with electrical properties of free space

Then, current density induced on a highly conducting (o, =10"") cylinder with a radius

of A semi-buried in a material half space with free space electrical parameters is
calculated and presented on Figure 5.10 compared with MoM result for a PEC cylinder

in free space. Plane wave is incident on the scatterer with an angle of @' =90°.As can

be seen from the figure results agree very well.

Afterwards, monostatic scattering from a cylinder with elliptical cross section half
buried in a highly electrically conducting (0., =10"") half space with a periodic
sinusoidal interface profile is examined, which is investigated previously on Chapter 3
(Figure 3.8). Sinusoidal surface profile has a peak amplitude of 107m and has a
period of Sm. The cylinder has a relative dielectric permittivity of ¢&,, =3, relative
magnetic permeability of g, =1 and electrical conductivity of o, =0. Calculation

results are shown on Figure 5.11 compared with the series solution result of [16].
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Figure 5.10 Normalized electrical current density induced on a highly electrically
conducting circular cylinder half-buried in a material half space with electrical
parameters &,, =1, ¢, =1and o, =0
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Figure 5.11 Results for monostatic scattering by a semi-buried dielectric elliptical
cylinder

Then, bistatic scattering results for a cylinder with elliptical cross section semi-buried in

a highly conducting (o, =10"") half space for k,a=2z with different sinusoidal
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surface profile amplitude values are presented on Figure 5.12 compared with the
reference result on [16]. In this scenario, a plane wave is incident on the scattering
object, which has a relative dielectric constant of &, =4 and eccentricity value of

e=0.01 with an angle of ¢' = 60°. Here, the period of the sinusoidal profile is taken as

L=A4.

—
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Figure 5.12 Results for bistatic scattering by a semi-buried dielectric elliptical cylinder

As can be seen from the Figure 5.12, reference result and the result calculated for a
surface profile with a peak amplitude of h=10""1 are almost indistinguishable,
whereas as the h value increases results starts to deviate.

Lastly, monostatic scattering width of a circular dielectric cylinder of radius A with
material parameters ¢, =2, u,, =1, and o, =0 semi-buried in a dielectric half space
with electrical parameters &,=4, u,=1, and o, =0 shown on Figure 5.13 is

investigated. Half space has an interface with a sinusoidal height profile, and
calculations are performed for different peak surface profile amplitude values. Results

are given on Figure 5.14.

The calculation result of h=10""4 is can be considered to correspond to the flat

interface case. As can be seen from Figure 5.14, the results of h=10"4 and h=10""4
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is almost identical. On the other hand, as the h value increases, difference between the

results increases.

€0,Ho
8r1:2 5 Mrlz 1 s
Ge1=0 i
h% Y /
~T> ﬂ \\\

AN

8r2:4 ) I-Lr2:1 )
Ge2:0

Figure 5.13 Scattering geometry for monostatic scattering by a semi-buried dielectric
circular cylinder
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Figure 5.14 Scattering width of a circular cylinder with electrical properties €, =2,
U, =1 and o, =0, semi-buried in a half space with electrical properties ¢,, =4,
U,=1land o, =0
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CHAPTER 6

CONCLUSIONS

In this thesis, a novel solution method for solving electromagnetic scattering from a
perfectly conducting or dielectric object partially buried in a dielectric or perfectly

conducting half space is introduced. Formulation for TM, polarization is explained

with example numerical results. The surface equivalence principle and a decomposition
method are used to get a set of integral equations for calculating the unknown electric
and magnetic current densities on the scatterer and a finite region on the interface of the
dielectric half space. Then current densities are calculated from integral equations by
the Method of Moments. The scatterer is modeled as a two-dimensional cylindrical
object with arbitrary cross section, and the interface between dielectric half space and

free space is chosen to be flat or periodic with an arbitrary surface profile.

The Decomposition method is employed to solve scattering from a bump or a cavity on
a perfectly conducting infinite ground plane with a flat interface in Chapter 2. Then, in
Chapter 3 and Chapter 4, surface equivalency principle and a decomposition method are
employed to solve plane wave scattering from an overfilled cavity embedded in a
perfectly conducting ground plane and a perfectly conducting cylinder partially buried
in a dielectric half space with a flat interface. Lastly, in Chapter 5 the main problem,
electromagnetic scattering of a partially buried dielectric cylinder at the dielectric rough
surface interface is investigated. It is shown that if appropriate truncation width is
chosen, for all the five afore mentioned problems can be solved very accurately with the

new solution technique.

In the future, these problems will be solved for TE, polarization and solution method is

thought to be extended to solve three-dimensional problems.
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APPENDIX-A

CALCULATION OF SELF TERMS

In the calculation of equations (2.28) and (3.7) for p, — p,, calculation is cannot be

performed by numerical integration because of singularity and discontinuity of the

integrand. Calculation can be performed by adding and subtracting singular part [14] of

)—{1—j%ln(@d,ﬂ}dl%ff{l— j%ln[yle,Hdl’.
0 (A.1)

Here J is the Euler constant. First term on right hand side of (A.1) is can be calculated

the Hankel function:

A2 A2

| Héz)(kl’)dl’:zf{Héz)(k

-A/2

|/

numerically because of smooth behavior of the integrand, and second term is calculated

analytically as

N 2 (R o A L (KA
2“1 jﬂ_l[zﬂdl— ”{2+J 11(4ﬂ. (A.2)

So

(A.3)

In the calculation of the equation (3.7), during the integration while g, — g, ,

Hi (K

,Bm—( P +|'|An) ) will vary rapidly when g, gets close to pg,,. The integration

should be carefully evaluated since k‘ —0.

pm_(lén +I,lAn)
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From Figure A.1

o
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For small arguments Hankel function can be approximated as [14]

H (&
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Substituting (A.6) and (A.5) into (A.4) yields

An/2
lim Hfz)(k (5, 411,) )cost//dl'
pm%pnl,:—An/z
. ) .
= i ! 0 _g=2
7k 5—>0"=*An/2 \/52_'_5»2 \/52+S’2 k

So equation (3.7) is can be calculated for p, — g, as

K(kS,5) =7,

(A4)

(A.5)

(A.6)

(A.7)

(A.8)

(0,0)

Figure A.1 Evaluation of Principle Value

55



CURRICULUM VITAE

PERSONAL INFORMATION

Name Surname : Ugur SAYNAK

Date of birth and place :29/03/1981-Nazilli

Foreign Languages :English

E-mail :ugur.saynak@tubitak.gov.tr

EDUCATION

Degree Department University Date of

Graduation

Ph.D. Electronics and Yildiz Technical University 2016
Communications
Engineering

M.S Electronics and [zmir Institute of Technology 2008
Communications
Engineering

B.S Electronics and Stileyman Demirel University 2003
Communications
Engineering

High School Science and Math Private Fatih Sultan High 1998
School

56



WORK EXPERIENCE

Year Corporation/Institute Enrollment
2007- TUBITAK Senior Researcher
2005-2007 Izmir Institute of Technology Researcher

57



PUBLISHMENTS

Papers

1.

Saynak, U., and Kizilay, A., (2016). “Computation of the scattered fields from an
overfilled cavity embedded in a perfectly conducting ground plane”, Journal of
Electromagnetic Waves and Applications, 1-10.

. Saynak, U., and Kizilay, A., (2016). “Computation of the scattered fields from an

arbitrary discontinuity on a perfectly conducting ground plane by a decomposition
method”, Turkish Journal of Electrical Engineering & Computer Sciences, 24(3).

. Saynak, U., Karahan, H. A., Coskun, A. F., Yucedag, S. M., Aldirmaz, S., Karabayir,

O., ... and Bati, O., (2014). “Preliminary set of analysis for the assessment of wind
turbines which are in the line-of-sight of radar, navigation and communications
systems”, IET Radar, Sonar & Navigation, 8(5): 415-424.

. Saynak, U., and Kustepeli, A., (2009). “Novel square spiral antennas for broadband

applications”, Frequenz, 63(1-2): 14-19.

Conference Papers

1.

Kizilay, A., and Saynak, U., (2016). “Scattering From a Conducting Cylinder
Partially Buried in A Dielectric Half Space by a Decomposition Method”, in Proc. of
MIKON 2016, 10-12 May 2016, Krakow, Poland.

. Karabayir, O., Saynak, U., Coskun, A. F., Biyik, M., Bati, B., Bat, O., Serim, H.A.,

Kent S., (2016). “Synthetic Aperture Radar (SAR) Imaging of Complex Scenes
Considering Near Field Scattering Characteristics”, in Proc. of EUSAR 2016, 06-09
June 2016, Hamburg, Germany.

. Coskun, A.F., Saynak, U., Karabayir, O., Biyik, M., Bati, B, Bat1, O., and Serim, H.

A., (2015). “Statistical modeling of wind turbines' bi-static free-space scattering
characteristics for UHF-band applications”, In Microwave Symposium (MMS),
2015, 30 November-2 December 2015, Lecce, Italy.

Karabayir, O., Unal, M., Coskun, A. F., Yucedag, S. M., Saynak, U., Bati, B., ... and
Kent, S., (2015). “CLEAN based wind turbine clutter mitigation approach for pulse-
Doppler radars”, In 2015 IEEE Radar Conference (RadarCon), 10-15 May 2015,
Arlington, VA, USA.

Aldirmaz, S., Saynak, U., Karabayir, O., Coskun, A. F., Serim, H., Karahan, S., ...
and Boliikbas, D., (2013). “Wind turbine effects on radar performance”, In Signal
Processing and Communications Applications Conference (SIU) 2013, 24-26 April
2013, Letkosa, North Cyprus.

Saynak, U., Béliikbas, D., Colak, A., Tayyar, I.H. and Ozdemir, C., (2010) “Riizgar
Tiirbinlerinin Zamana Bagli Radar Kesit Alant Degisimi ve Zaman-Frekans
Analizi”, URSI-TURKIYE °2010 Bilimsel Kongresi, 25-27 August 2010, Giizelyurt,
Kibris.

58



7. Saynak, U., Colak, A., Béliikbas, D., Tayyar, i. H., and Ozdemir, C., (2010).
“Utilizing ISAR imagery to analyze the diffraction effects from leading and trailing
edges of a target”, In 2010 10th Mediterranean Microwave Symposium, 25-27
August 2010, Giizelyurt, Kibris.

8. Boliikbas, D., Saynak, U., Colak, A., Tayyar, I.H., and Ozdemir, C., (2009) “Riizgar
Tribiinlerinin Radarlara Etkisinin Analizi”, RUGES 2009, 4-5 June 2009, Samsun,
Turkey.

9. Saynak, U., Colak, A., Avcibasi, Y., Boliikkbas, D., Tayyar, I.H., and Ozdemir, C.,
(2008). “Iletken ve Dielektrik Yiiklii Karmasik Hedeflerin Radar Kesit Alanlarinin

Hesaplanmas1 ve 2-Boyutlu Ters Yapay Aciklikli Radar Imgelerinin Cikartilmasi”,
URSI-TURKIYE °2008 Bilimsel Kongresi, 20-22 October 2008, Antalya, Turkey.

10.Saynak, U., Colak, A., Avcibasi, Y., Boliikbas, D., Tayyar, [.LH., and Ozdemir, C.,
(2008). “2-D ISAR imaging of complex objects using shooting-bouncing ray (SBR)
and physical theory of diffraction (PTD) techniques”, In V. Intern. Workshop on
Electromagn. Wave Scattering, 20-22 October 2008, Antalya, Turkey.

11.Saynak, U., Colak, A., Avcibasi, Y., Béliikbas, D., Tayyar, 1.H., and Ozdemir, C.,
(2008)., “Seken 151n yontemiyle biiyiik ve karmasik platformlardan sagilma hesab1 ve
niimerik uygulamalar1”, Savtek 2008, 26-27 June 2008, METU, Ankara.

12.Saynak, U., and Kustepeli, A., (2007). “A Novel Square-Spiral Strip Antenna”, ITG-
Fachbericht-INICA 2007, 28-30 March 2007, Munich, Germany.

13.Saynak, U., & Kustepeli, A. (2006). “Dikdértgen Spiral Antenler Uzerine Bir
Inceleme”, ELECO 2006, 6-10 December 2006, Bursa, Turkey.

14.Saynak, U., and Kustepe}i, A:, (2006). “Dikdortgen Spiral Anten Tasariminda Yeni
Bir Yaklasim” URSI-TURKIYE °2006 Bilimsel Kongresi, 1-3 September 2006,
Ankara, Turkey.

59




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


