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Abstract — A multi -objective optimization approach has been 
applied to the synthesis problem of the geometrical structure of 
antenna with complex set of requirement specification. This 
methodology is a promising tool for new development and 
application for several kind of microwave structure.  

Multi -objective optimization, high frequency radiation pattern 
optimization, shaped pattern, antenna 

I.  INTRODUCTION  

A typical optimization problem regarding spacecraft 
antennas has been considered to improve the communication 
capabilities of an antenna used for down link data-handling 
(PDHT). These antennas play an important role in many 
mission of Earth Observation from Space, where high 
transmission rate is necessary to acquire Earth images in 
various spectral bands for an enormous number of civilian and 
military applications. The ThalesAleniaSpace first exemplary 
of a PDHT antenna was developed for RADARSAT and 
COSMO-SKY Med missions about ten years ago. For recent 
satellite missions new and more stringent performances are 
requested for the antenna pattern, especially in terms of cross-
polarisation discrimination (XPD) and operative frequency 
bandwidth. 

Multi -objective optimization has been considered, 
combining the use of the one of the most applied 
electromagnetic code Microwave Studio® by CST with  the 
modeFrontier® code by ESTECO. A first result of this 
approach shows modeFrontier capabilities to individuate 
alternative solution to that obtained by simple analytical 
formulation. Starting from this result it has been individuated a 
solution that meets XPD performance near to Pareto frontier.  

The optimization activities on the isoflux antenna constitute 
a promising synthesis methodology for antenna shaped pattern 
with wide angle coverage, when a large number of geometrical 
parameters are involved.     

 The final design has been selected for a new class of 
antennas to be employed in future satellite constellation. 

II. PROBLEM FORMULATION  

The Power Data Handling and Transmission (PDHT) 
antennas are basic payloads on low earth orbit (LEO) satellites. 
They are characterized by an antenna pattern shaped to 
compensate different gain attenuation relevant to satellite slant 
with respect to ground station (isoflux pattern). The 

challenging problem of the antenna design is the structure 
optimisation to meet more requirements as the gain definition 
on desired mask defined on extended coverage area (up to 64 
degs in elevation and complete azimuth range), cross-
polarisation discrimination, amplitude and phase ripples in 
band, return loss (Fig. 1). 
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Figure 1.  Antenna Gain Requirement Mask 

 The basic antenna architecture is a symmetric cylindrical 
corrugated surface fed by quartz loaded open waveguide 
launcher (Fig. 2), so that the analysis is based on simple 2D 

The work is part of activity performed in frame of  Sentinel GMES ESA 
program  

 

Figure 2.  Previous Flight Model of  PDHT Isoflux Antenna,  Corrugated 
Structure fed by dielectric Loaded Launcher 



Method of Moment modelling, while the optimisation is 
performed by a quasi-Newton minimization techniques. 

More stringent antenna requirements entail a redesign of 
the electromagnetic/geometrical structure: to improve the 
electrical performance a series of slots across the corrugation 
walls have been inserted (Fig. 3) The break on the geometrical 
symmetry requires now more complex 3D e.m. description 
with large increasing on computation time and memory 
resources.  

The global geometry definition should require over 100 
independent variables, so that the possibility to optimize the 
antenna performance becomes very strong demanding, taking 
into account 6 hours for a single computation run (4 CPUs 
Xenon at 3.0 GHz). 

 

 

The multi-objective/multivariable nature of the 
optimization problem derives from multiple requirements on 
electrical antenna performances, with appropriate weight if 
necessary. These mutually dependent RF parameters derive 
from operative parameters as satellite and antenna position, 
visibility angle, pointing error angle, minimum gain at Nadir, 
etc: 

�x Gain requirement defined with respect a mask in a well 
defined angular range and in a particular frequency 
bandwidth; 

�x Gain ripple requirement with respect the frequency; 
�x Phase Ripple requirement (quadratic component of the 

gain) with respect the frequency; 
�x XPD requirement defined, in the same manner as  the 

gain, in  specified angular and frequency ranges; 
�x Return Loss requirement; 
�x Mechanical feasibility of the theoretical geometrical 

structure 

yields very difficult to explore the complex solution space 
in order to obtain the best geometrical structure. Because no 
analytical models are available for this complex structure the 
only possible way to solve the problem is the numerical 
approach. 

The most important topics in the optimisation problems are: 

�x the definition of the searching space and the well-
posed definition of the objective function; 

�x The identification of solutions that goes toward the 
convergence of the objective functions. 

To overtake the time consuming and memory resource 
limitation needed if all variables was considered free and 
independent to two ways have been followed to comply with 
the first issue:  

�x “minimal approach” with a geometrical structure 
profiled by an established function (polynomial 
function, trigonometric function) in general described 
by few variables;  

�x “aimed approach”  that divides the variables in 
homogeneous classes and acts only on one group per 
time, appropriately individuated; 

Taking into account the particular nature of the 
electromagnetic problem the range for the variation of 
geometrical dimensions has been established into a half 
wavelength. The starting point for the optimisation has been 
chosen taking into account the experience matured on the 
previous PDHT design activities configuration. 

The powerful capabilities of the modeFrontier optimisation 
ambient, the Microwave Studio CST tool for EM analysis and 
dedicated interface software have been used to individuate the 
optimal solutions. 

III.  DESCRIPTION OF OPTIMIZATION FLOW  

modeFrontier philosophy has been chosen to search a good 
solution of the electromagnetic problem. A family of 
experiments has been generated and a series of electromagnetic 
analysis have been performed to compute the relative class 
performances. 

Fig. 4 describes how the control flow works. The global 
optimization process has its core on the modeFrontier 
interaction with other software.  

The modeFrontier software takes in input the geometrical 
parameters to describe the structure with the indication of the 
set of the variables to change and the values of the desired 
objectives. A software developed by Thales Alenia Space is 
devoted builds the geometrical structure (model file) giving it 
in input to Microwave Studio CST electromagnetic software 
and it post-processes the Microwave Studio CST results in 
order to compute the relevant error functions.  

IV. OPTIMIZATION  

The individuation of the more sensitive variables has been 
an important step in the optimisation starting phase. A DOE 
(Design of Experiment) technique has been used to understand 
better the input-output relationship and to reduce the design 
space dimension (number of variables) combining Sobol and 
Latin Square methodologies. A correlation scheme among the 
optimization variables is reported in Fig. 5. 

 

Figure 3.  Engineering Model of  PDHT Isoflux Antenna with Several 
Series of Slots along Radial Direction 



 

Figure 4.  Structure of the Optimization Flow: modeFrontier WorkFlow 

The correlation map of the variables considered in the 
optimization gives information on the dependence among the 
parameters (Fig. 8). For example the parameters para1, para2 
and para3 have the effect to modify the surface profile, while 
extlen sets the position of the launcher with respect to surface. 
The high correlation coefficient of extlen with para2 and para3 
gives the evidence of the similar physical effect that these 
variables have on the output variables considered.  

 
Figure 5.  Correlation Chart for main set of Variable 

In Fig. 6 the history chart is reported for the main electrical 
parameters (copular mask and XPD). The result shows that id 

152 is the better compromise for these two goals.  The same 
result is reported in the bubble chart with more evidence of 
zone near the Pareto frontier (Fig. 7).   

 
Figure 6.  Multi -history char (Cross-polar Vs Co-polar Mask) 

 

 
Figure 7.  Bubble Chart revelant to XPD and  Co-polar Mask) 

 

V. RESULTS  

More performing solutions with respect to requirements 
have been individuated by the optimization process. Among 
the more challenging solutions the selected one has a high 
degree of regularity in terms of corrugation depth, corrugation 
steps, dimension of the coupling slot. These results have been 
reached by the powerful modeFrontier capability to individuate 
the sensibility between the geometrical data and performance 
(or in other words the different objective functions). 




