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Abstract 

In general, finding the optimal system design requires solving associated 

optimization problems. Hence, obtaining the optimal design of nano antennas and 

microwave systems requires multitude of function evaluations. Each function 

evaluation is performed by running a computationally expensive full-wave 

electromagnetic simulator. This renders the optimization process of these systems very 

slow and it may be practically prohibitive. To overcome this problem, computationally 

cheap surrogates such as (Response Surfaces, Space Mapping, Kriging Models and 

Neural Networks) are used. Throughout the optimization process, iteratively updated 

surrogates are employed to replace the computationally expensive function evaluations. 

In this thesis, the Kriging models are used to construct surrogate models for the nano 

antennas and the microwave systems.  The optimization process is performed on the 

surrogate models. The associated optimization problems treated during this work are 

the multi-objective optimization problem and the design centering problem. The multi-

objective optimization problem is solved using multi-objective particle swarm 

optimization (MOPSO) with Preference Ranking Organization METHod for 

Enrichment Evaluations (PROMETHEE) while the design centering problem is solved 

using the normed distances method. 

Several EM-based systems are considered in this thesis. These systems include two 

novel reconfigurable nano antennas and microwave systems. The first nano antenna has 

two radiation modes. Its radiation pattern can be adjusted to alternate between 

broadside and endfire directions based on the location of the applied excitation signal. 

The second nano antenna is a nanocrescent antenna with polarization diversity. The 

polarization of its radiating fields can be adjusted to alternate between two orthogonal 

directions based on the excited mode.  The optimal designs of the proposed nano 

antennas are obtained using both MOPSO with PROMETHEE and the normed 

distances method. Some microwave systems are also considered in this thesis. The 

optimization problem considered for these systems is the design centering problem 

which is solved using the normed distances method. These microwave systems include 

two microwave filters, two RF cavities and a novel ultra-wideband multiple-input-

multiple-output antenna.       

 


