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Abstract—This paper presents a design methodology of newly 

developed dielectric embedded uniform circular array (DEUCA) 
for multiple-input and multiple-output (MIMO) communication 
systems. Compared with conventional uniform linear array 
(ULA), the DEUCA has improved communication performance 
in MIMO communication systems with its small and compact 
physical size and built-in orientation for wireless routers. Due to 
the complexity of the physical structure and various conflicting 
performance specifications of this DEUCA, a multi-objective 
evolutionary algorithm, combined with a full wave frequency 
domain finite element method (FEM) approach, is employed to 
design the DEUCA. A comparison of wireless communication 
performance between the conventional ULA and the proposed 
DEUCA is made in this paper. 
 

Index Terms— Dielectric embedded uniform circular array, 
FEM, MIMO Communication Systems, Optimization.  

I.  DEUCA FOR MIMO COMMUNICATION SYSTEMS 
Unlike dielectric embedded electronically switchable 

multiple beam (DE-ESMB) [1], a dielectric embedded 
uniform circular array (DEUCA) with fixed multiple beams 
consists of a set of directional Yagi-Uda arrays loaded by 
dielectric material. These are arranged in a radially 
symmetrical manner. The radiation pattern in each mode 
covers o60 intervals in the azimuth plane. When all ports of 
the DEUCA are excited, angle diversity is implemented by 
multiple directional beams. This is suitable for multiple-input 
and multiple-output (MIMO) applications with a small 
compact physical size and minor mutual coupling between 
different elements. As a composite structure, the performance 
of a DEUCA can only be analyzed by means of computational 
electromagnetics and optimization techniques. Therefore the 
combination of frequency domain finite element method 
(FEM) and a multi-objective evolutionary algorithm is to 
synthesize the DEUCA.  

II. COMPUTATION MODEL OF DEUCA 
The computation model of DEUCA is a typical antenna 

array problem, which requires a 3D full wave solution, where 
the frequency domain vector wave equation for the E field can 
be written as: 

01 2 =++×∇×∇ EEE εωωσ
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where ω is angular frequency, σe is the effective 
conductivity, and µ and ε are the permeability and permittivity 
of the problem space respectively.  

Figure 1 illustrates a comparison of MIMO antennas used 

for two wireless routers, and a prototype of the DEUCA. 
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Fig. 1 Comparison of MIMO antennas used for a wireless router, (a) 
conventional linear antenna array, (b) built-in DE-MIMO antenna, and (c) 
prototype of the DEUCA. 

III. OPTIMAL DESIGN OF THE DEUCA WITH FEM APPROACH 
Besides the ability to perform a global search, Pareto based 

multi-objective evolutionary algorithms have the potential to 
produce multiple solutions in a single run. Therefore, they are 
applied extensively to the antenna design. However, existing 
Pareto based multi-objective optimization algorithms have 
difficulties in solving problems with more than three 
objectives, such as synthesis of the DEUCA. To address this 
issue, an aggregation-based method, the multiple single 
objective pareto sampling algorithm, is used [2]. This method 
can be implemented simply in a low computational 
complexity. However, the convergence is slow and there is 
poor diversity in the final results. To improve its performance, 
a crowding operation and the non-uniform transformation of 
target vectors are proposed for incorporation with the original 
algorithm. Figure 2 gives a comparison of simulated and 
measured results of optimized DEUCA. Due to space 
limitations, the details will be given in the full paper. 
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Fig. 2. (a) Reflection coefficients of simulated and measured results of 
DEUCA, (b) Signal strength comparison. 
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