DIRECT AND INVERSE ELECTROMAGNETIC WAVE SCATTERING
RELATED TO ROUGH SURFACES

SUMMARY

Electromagnetic wave scattering from one dimensional rough surface is analyzed both
direct and inverse problems point of view. The surface could be a deterministic one or
have a random variation which can be characterized by a stationary stochastic random
distribution. In the case of direct problem, with the knowledge of the surface rough-
ness and the medium parameters, the field distribution in the whole space is obtained
in terms of surface integral representations by means of appropriate integral kernels.
The problem is then reduced to an integral equation or a system of an integral equa-
tions using suitable boundary conditions. To be more precise, if the problem needs to
apply a single boundary condition, then it is expressed by a single integral equation. In
case of more than one boundary condition requirements such as rough surfaces forms
a boundary between two penetrable media, it is expressed by a system of an integral
equations. The solution of the integral equation (or the system of integral equations) for
the direct problem is accomplished by a traditional numerical method called method of
moments (MoM). This method base on expressing the change of the field -or its normal
derivative- distribution on the surface via appropriate basis functions and thus reducing
the corresponding integral equation to a matrix equation. In addition to the classical
integral equation solution of the problem, a spectral domain integral equation solution
based on one-dimensional Fourier transform and Taylor expansion is presented as an
alternative and new approach. The accuracy, validity limits and the efficiency of this
new approach are analyzed with appropriate comparisons. In the second main part
of the thesis, inverse problem algorithms are presented in which the geometry of an
inaccessible rough surface is tried to be determined by the scattered field data. Inverse
problem algorithms are essentially based on the arrangement of the integral equations
used in the solution of the direct problem such that both field -or its derivative- on the
surface and the rough surface geometry is included to the equations as the unknowns.
Then, this nonlinear integral system is solved iteratively. In this context, a linearization
based on Newton method and containing Fréchet derivatives was applied in order to
determine the surface function, which is the main unknown of the inverse problem.
Finally, the ill-posed system was regularized by Tikhonov and solved in the sense of
least squares approach. Within the scope of the thesis study, three scenarios for both
direct and inverse problems have been considered. Two of these three scenarios cover
the analysis of rough surfaces with perfect electric conductivity (PEC). PEC surfaces
considered in this context can be illuminated by the TE or TM polarized incident wave.
Since the illumination of the surface with each polarization requires consideration of
different boundary conditions for the solution, TE and TM cases were analyzed sep-
arately. Finally, the scenario where the roughness is positioned to separate the two
dielectric media is analyzed. The feasibility of the algorithms has been tested through
numerous simulations and the obtained results are discussed in detail.
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ENGEBELI YUZEYLERE ILISKIN TERS VE DUZ
ELEKTROMANYETIK SACILMA PROBLEMLERI

OZET

Tek boyutlu piiriizlii bir yiizeyden sagilan elektromanyetik dalga, hem diiz hem de
ters bir problem olarak ele alinarak analiz edilmistir. Bahsi gecen piiriizlii yiizey, de-
terministik ya da rastgele dagilima sahip sabit-stokastik bir yapida olabilir. Yiizeyin
puriizliliigii ve ortam parametrelerinin bilindigi diiz sagilma probleminde tiim uzay-
daki alan dagihmi, uygun integral ¢ekirdekleri aracih@iyla yiizey integrali gosterilim-
leri cinsinden elde edilmigtir. Daha sonra problem, uygun sinir kosullarinin kullanil-
masiyla bir integral denkleme veya bir integral denklem sistemine indirgenir. Daha
acik ifade etmek gerekirse, problem tek bir sinir kogulu ile ifade edilebiliyor ise tek bir
integral denklemi ile; gecirgen ortamlar arasindaki piiriizlii yiizeylerde oldugu gibi bir-
den fazla simir kosulu s6z konusu oldugunda ise, bir integral denklem sistemi ile ifade
edilir. Diiz sag¢ilma problemi icin integral denklemlerin veya integral denklem sistem-
inin ¢éziimii, momentler yontemi (MoM) adi verilen geleneksel bir sayisal yéntemle
gergeklestirilir. Bu yontemin temeli, alanin -veya alanin normal tiirevinin- yiizey iiz-
erindeki degisiminin uygun baz fonksiyonlari cinsinden ifade edilmesine ve boylece il-
gili integral denklemin bir matris denkleme indirgenmesine dayanmaktadir. Problemin
klasik integral denklem ¢dziimiine ek olarak. bir boyutlu Fourier doniisiimii ve Taylor
agilimina dayanan bir spektral domen integral denklem ¢oziimii de alternatif ve yeni
bir yaklagim olarak sunulmus ve bu yeni yaklasimin dogrulugu, gecerlilik simirlar ve
etkinligi uygun kargilastirmalarla analiz edilmistir. Tezin 2. ana kisminda ise, yanina
yaklagilamayan bir piiriizlii yiizeyin geometrisinin sagilan alan verileri aracihigiyla be-
lirlenmeye caligildig, ters problem algoritmalari sunulmustur. Ters problem algorit-
malar temel olarak, diiz problemin ¢6ziimiinde kullanilan integral denklemlerinin hem
ylizey lizerindeki alan veya tiirevlerini hem de yiizey geometrisini, bilinmeyen olarak
icerecek sekilde diizenlenmesine dayanmaktadir. Daha sonra, dogrusal olmayan bu
integral sistemi iteratif olarak ¢oziilir. Bu kapsamda, ters problemin ana bilinmeyeni
olan yiizey fonksiyonunun belirlenmesi igin Newton yontemine dayanan ve Fréchet
tiirevleri iceren bir lineerlestirme uygulanmis ve nihayi kotii kosullu sistem en kiigiik
kareler yaklagimi ile Tikhonov anlaminda regiilarize edilerek ¢oziilmiistiir. Tez ¢alis-
masi kapsaminda, hem diiz hem de ters problem icin ii¢ senaryo dikkate alimmistir. Bu
li¢ senaryodan ikisi milkemmel iletkenlige sahip piiriizlii yiizeylerin analizini kapsar.
Bu baglamda, ele alman miikemmel iletkenlige sahip yiizeyler, TE veya TM polarize
olmus gelen dalga tarafindan aydinlatilabilir. Her bir polarizasyon ile yiizeyin aydin-
latilmasinda, ¢6ziim i¢in farkh sinir kosullarinin dikkate alinmasim gerektirdiginden,
TE ve TM durumlari ayri ayn analiz edilmistir. Son olarak, piiriizliiligiin iki dielek-
trik ortamu ayiracak sekilde konumlandinldigi senaryo analiz edilmistir. Olusturulan
algoritmalarin fizibilitesi ¢ok sayida simiilasyon aracth@iyla test edilmis ve elde edilen
sonuclar ayrinuli olarak tarusilmistir.
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