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Abstract─ The optimum design of horn antennas 
for the application as feeds to reflector antennas is 
performed utilizing a simulation tool based on an 
integration of HFSS commercial code as an 
electromagnetic computational engine and an 
add-on optimization scheme of genetic algorithm. 
This work is motivated by the need of antenna 
operations at multiband frequencies, where the 
horn antennas tend to radiate narrower beams at 
higher frequencies and result in inefficient uses of 
the reflector surface since the narrow beams will 
illuminate only a portion of the reflector surface. 
Optimum design of the horn antenna may 
significantly increase efficiency. The philosophy of 
this work is based on a fact that the currently 
available commercial codes are reliable and 
relatively accurate in the analysis with more efforts 
tending to enhance the computational efficiency. 
The quality of the antenna design will mainly rely 
on an effective optimization algorithm that can be 
and should be developed independently according 
to engineers’ own need, since the variables and cost 
functions for optimization can be flexibly selected. 
The integration of existing analysis codes, as 
mentioned above, and self-developed algorithms 
will be most effective for an engineer in the 
customized antenna design. The concepts and 
strategies are addressed with numerical examples 

to validate. 
 
Index Terms─ Reflector Antenna, Feed Horn, 
Genetic Algorithm, Optimization Algorithm, Code 
Integration. 
 

I.  INTRODUCTION 
The boom of satellite communications for 

digital TV program reception [1] has increased the 
uses of reflector antennas that provide sufficiently 
high gain and directivity. The increasing trend for 
using reflector antennas is in the multiband and 
multi-satellite operations by utilizing a single 
reflector with either multi-feeds, pointing to 
various satellites and operating independently at 
various frequencies, or a single feed operating at 
multiple frequencies [2]. The requirements for feed 
radiations become very strict since a single 
reflector is desired to be used. First of all, the 
electrical sizes of the reflector antenna increase 
with the increases of frequencies even though its 
physical size remains same. At higher frequencies 
of operation, the reflector has a larger electrical size 
in terms of wavelengths. Similarly, a horn antenna 
operated at a higher frequency has a larger aperture 
size in terms of wavelengths, and radiates narrow 
beams [3]. They will illuminate only a portion of 
the reflector’s surface if the reflector surface is 
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designed to meet the requirements of a low 
frequency operation. One typical example is the 
simultaneous use of 20 and 30 GHz frequency 
bands for a reflector antenna, which is popularly 
employed in satellite communications. Thus, at 
higher frequencies the efficiency of utilizing the 
reflector surface can be relatively low unless the 
radiation patterns of the feeds at the multiple 
frequencies are simultaneously optimized to 
provide a global maximum efficiency for the 
utilization of the reflector surface.  

It is thus motivated in this paper to develop 
useful simulation tools that can be efficiently 
employed in the design of such optimum horn 
antennas to avoid the need of tuning antenna 
parameters in an ad hoc manner, which is relatively 
time consuming and inefficient. Prior works have 
attempted to integrate EM numerical methods and 
optimization approaches such as the genetic 
algorithm [4─6]. Chen et. al [7] demonstrates that 
the NEC code can be integrated within an 
GA-based automated fish bone antenna design 
optimizer. 

Considering the development of design tools, 
currently available commercial codes based on 
finite element method [8], HFSS [9], have been 
shown to be very reliable and relatively accurate in 
the electromagnetic (EM) analysis of antenna 
performance with most of the current efforts 
tending to enhance the computational efficiency. 
Thus, the quality of the antenna design and its 
performance will mainly rely on an effective 
optimization procedure that can be and should be 
developed independently according to engineers’ 
own needs. An automatic optimization procedure 
may significantly save the engineers’ efforts, which 
were spent in tuning the antenna structures 
manually. It is noted that even though some simple 
optimization functions are available in HFSS, 
however, the framework of this paper allows the 
variables and cost functions for optimization be 
flexibly selected and defined. Also, the engineers 
can focus on developing their own design 
procedure and algorithms to optimize the antenna 
designs to the best extent of their experiences and 
knowledge. The integration of this existing analysis 
code and self-developed algorithms is apparently 
most effective for an engineer in the customized 
antenna design. Furthermore, it may extend the 
application scopes of the simulation tool since a 
variety of new features may be developed.  

This code integration is developed to automate 
the optimization process. A program is established 
to monitor the optimization process and interact 
with the computation engine, which is HFSS in this 
paper, to optimize the radiations of the feed horn 
antennas. It may, however, be extended to treat a 
variety of antenna types since the fundamental 
concepts and code structure remain similar. The 
procedure begins with an initial setting within the 
framework of HFSS. The computation engine 
returns prescribed performance parameters (i.e., 
radiation patterns, return loss, etc.). The program 
next adjusts the stepping size of the adjustable 
parameters according to its built-in optimization 
algorithm. The above process is performed 
iteratively until the desired performance or the 
specified iteration number is met. In this paper, 
genetic algorithm (GA) [10─12] is employed to 
realize the concept because it can be effectively 
employed to optimize discrete variables.  

As to its application potentials, such an add-on 
optimization program could be made more capable 
than the optimization functions provided by 
commercial simulation packages. The optimization 
criteria are not limited to antenna structure 
parameters, and can be the structure itself, which is 
suitable for antenna design using genetic 
algorithms. Furthermore, design packages from 
different venders could be coordinated using this 
intermediate program, and thus create most values 
in the antenna design. A potential example is to 
further integrate the EM analysis code of the 
reflector antennas [13, 14], which will make the 
design of the entire reflector antenna system in a 
self-completeness fashion. This extension will be 
reported in the future phase of this work.  

This paper is formatted in the following order. 
Section 2 addresses the implementation strategies 
of this code integration as well as the interfaces to 
interact with the HFSS. Section 3 demonstrates the 
concepts by considering the radiation patterns 
optimization of a single band and a dual-band horn 
antenna designs for the application of reflector’s 
feed in the satellite communications. Finally a short 
discussion is presented in section 4 for a 
conclusion.  
 

II. IMPLEMENTATION STRATEGIES 
A. General Concepts and the Program 
Structure 

The concept of this work follows a general 
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optimization procedure of an antenna design as 
illustrated in Figure 1(a). It starts with an initial 
guess of the horn antenna structure and parameter 
inputs to classify the antenna radiation through 
the EM analysis using HFSS. The antenna 
radiations are justified by a comparison with the 
expectations, such as beamwidths, sidelobe levels 
and cross-polarizations, through an evaluation of 
a cost function or a fitness function. If the 
expectations have been reached, then the design 
procedure is completed. Otherwise, new designs 
with improved radiation characteristics are 
created based on the changes in the values of the 
fitness function, where the new antenna structures 
are produced by a GA procedure. Those new 
antenna structures are used in the next iteration 
(or next generation) for HFSS analysis to justify 
their performances with respect to the 
expectations. This procedure continues until the 
expectations are reached.  
 

 
Fig. 1. The optimization procedure of a feed horn 
antenna design as well as the program structure of 
the proposed strategies to integrate HFSS 
commercial analysis code within the genetic 
algorithm. 
 

To realize the concepts with respect to the 
utilization of HFSS as an EM analysis engine 
with an add-on procedure of GA to adjust the 
antenna’s parameters. It is established within a 
framework of an automation control program that 
first sets up the program control parameters such 
as the expectations of the desired radiation 
patterns and the maximum number of iterations, 
and then establishes the procedures of code 
control and optimization algorithm. The initial 
antenna setting is analyzed by HFSS to estimate 

antenna performance which is used to compute 
the fitness values. Thus the parameters with 
respect to the antenna operation, such as the 
operational frequency bands and radiation 
analysis, are input through the automation 
program to HFSS. The main body of the 
automation program is composed by four blocks. 
The “geometry controller” specifies the 
parameters and variables of the antenna structure 
to be optimized such as the dimensions and 
coordinates of particular geometries in the 
structure, which are used in the “GA operator” 
block to produce new values for creating a new 
antenna structure with superior performance. The 
“GA operator” implements the GA algorithm. 
Also the antenna performance with respect to the 
design anticipation is evaluated in the “fitness 
function” block to justify whether the expectation 
has been reached based on the analysis of “HFSS 
simulation” block which uses the HFSS as the 
EM analysis tool. If the fitness value meets the 
prescribed conditions of requirement, we can 
declare that a satisfying design is found. 
Otherwise, the GA operator will sort designs 
according to the fitness values, then generate new 
designs as well as new values of the parameters 
for the next generation from superior designs.  

 
B. Genetic Algorithm for Antenna Design 
Optimization (“GA operator” block) 

GA is employed to optimize the antenna 
structure to meet the prior requirements of the 
antenna operation. It sorts the design according to 
computed values of the fitness function, and creates 
new designs according to the superior designs from 
previous generations as illustrated in Figure 2(a). 
For the case shown, there are eight genes (n=8) 
representing eight antenna design. Each gene 
comprises a set of parameters’ values for an 
individual antenna designs. The genes are created 
from superior parents in attempt to generate even 
better performance. The values of the fitness 
function are computed for each gene, and compared 
to justify the superiority of the antenna 
performance. In Figure 2(a) it is assumed that a 
larger fitness value indicates a superior 
performance of the antenna associated with this 
gene. The superior genes are retained while the rest 
are abandoned in the next generation. New genes 
are produced from the superior parent genes (i.e., 
the superior genes retained in the previous 
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generation) based on a roulette wheel parent 
selection approach. The creation of the new genes 
uses either crossover or mutation methods as 
illustrated in Figure 2(b). The crossover method 
means that design parameters are swapped between 
two parent designs, while the mutation method 
implies that a parameter of the parent gene is 
replaced with a randomly generated number. The 
decision of using either crossover or mutation 
method is also random. The selection of parent 
designs is done via the roulette wheel method, that 
is, a superior design is assigned to a larger piece in 
the wheel, which is equivalent to a larger 
probability density value. Therefore, superior 
parents are more likely to produce more children. 
In this work, the crossover and mutation are 
performed based on the operations over the binary 
codes of the parents’ genes. For the crossover 
method, assuming the values of each parameter of a 
gene are represented by Ng bits, and randomly 
selecting an integer number, Nc (1≤ Nc≤ Ng), the 
corresponding parameter of the offspring gene, Xo, 

is produced by extracting the first Nc bits from the 
parameter of the first parent gene, Xp,1, and the last 
(Ng≤ Nc) bits from that of the second parent gene, 
Xp,2. Similarly mutation is performed based on 
randomly selected bits of the parent gene, and the 
polarities of the selected bits are inverted. These 
crossover and mutation operations are subsequently 
performed over every parameter of a gene.  

After the prescribed number of iterations has 
been performed, the gene with the largest fitness 
value is chosen as the optimized antenna design.  

 
C. Interface to Interact with HFSS 
(1) Initial parameter setup: 

Within the framework of the automation 
control program, a subroutine is established to 
specify the configurations of the horn antenna 
including the geometrical parameters. An initial 
antenna setting is first performed within the work 
of this subroutine. The fundamental parameters 
such as the sampled frequencies, 

 

 
(a)  

 
 

(b)  
Fig. 2. The illustration of genetic algorithm to generate new antenna structures with superior performance: 
(a) general concepts and (b) production of superior offspring genes.   
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radiation patterns and geometries of antenna 
structures are assigned tentatively. This 
subroutine transforms the values of the 
parameters into a script file (called VBScript file 
by HFSS [9]) that can be recognized by HFSS, 
and then passes the parameters to the HFSS to 
perform the EM analysis and compute the 
radiations patterns of the initial antenna structure.  

The selection of the initial antenna structure 
plays a dominant role for the success of the 
optimization procedure. It should be capable of 
providing the essential possibility to achieve the 
design goal since the optimization procedure 
tends to fine tune the values of the antenna’s 
parameters instead of altering the structure 
dramatically. For example, if equal beamwidth in 
the radiation band is desired, the changes in 
antenna’s parameters should result in substantial 
difference in radiation patterns for the first few 
iterations and gradually converge until the 
optimum design is reached. In this case, the GA 
procedure will tune the parameter values to adjust 
the radiation patterns in an effective fashion until 
the designated beamwidth features are obtained. 

(2) Interaction with the HFSS by a VBScript file  
Interactions of the subroutines within the 

automation control program with HFSS are 
performed by using a VBScript file which can be 
executed in HFSS.  In this case, the commands 
and functions within the antenna configuration 
subroutine that specify the antenna structures can 
be properly identified and transformed into the 
format recognizable by HFSS. The antenna model 
is then established within the HFSS GUI 
program. Commands and functions that read the 
antenna radiation data can be similarly 
established by identifying the commands in the 
HFSS VBScript file, which can be used to 
compute the fitness functions. The following 
statements show an example of HFSS’s internal 
functions that define a “Waveport Port” [9] for 
the excitation of the horn antenna within a 
waveguide: 

 
        oModule.AssignWavePort _ 
        Array( _ 
        "NAME:WavePort", _ 
        "NumModes:=", 1, _ 
        "PolarizeEField:=",  false, _ 
        "DoDeembed:=", false, _ 
        "DoRenorm:=", false, _ 

        Array("NAME:Modes", _ 
        Array("NAME:Mode1", _ 
        "ModeNum:=",  1, _ 
        "UseIntLine:=", false) _ 
         ), _ 
        "Objects:=", Array("circle")) 
 
They can be established by using the fprintf 
command in C-language. For example, the 
function can be set up by following statement: 
 
fprintf(fid, "%s%c%s%c%s", "Set oModule = 
oDesign.GetModule(",symbol,"BoundarySetup",
symbol,") \n"); 
 

Other functions of HFSS can be established 
in a similar fashion, and are not repeated here for 
simplification. 

(3) Intervention with HFSS Execution via 
key-board controlling keys  
The execution of the entire antenna design 

procedure is performed within the control 
program. The program knows when to call the 
HFSS for EM analysis, when the HFSS has 
completed the analysis, how to access the antenna 
radiation data and where to pass the parameters 
between HFSS and the GA operator via the 
VBScript file and data files. The access of HFSS 
is performed by simulating key-board controlling 
keys using C-languages commands and ANSI 
codes [15] for English characters. The key-board 
controlling keys allow one to run the functions of 
HFSS through its GUI program. Two examples of 
running the HFSS analysis and retrieving the 
radiation patterns from HFSS, which are key 
functions required in this code integration, are 
demonstrated. The execution of other functions 
within HFSS can be performed similarly. The 
following statements are part of the C-language 
commands that are used to execute a VBScript 
file named “modify”, which perform the antenna 
model establishment and execute the HFSS 
analysis:  

 
1  ShowWindow(handle,SW_SHOW 
NORMAL);  
2   SetForegroundWindow(handle); 
3   SetActiveWindow(handle); 
4 
5   keybd_event(VK_MENU,0,0,0); //key 
“alt” 
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6   keybd_event(84,0,0,0);                //key “T” 
7  Sleep(100); 
8          keybd_event(VK_MENU,0,KEYEVENT 
F_KEYUP,0); //Release key “alt” 
9 keybd_event(84,0,KEYEVENTF_KEYUP,0);      

//release key “T” 
      

The above statements emulate the keyboard strokes 
and hence provide a means to communicate with 
HFSS. Their results are illustrated in Figure 3. 
Lines 1─3 lock the HFSS GUI windows so that the 
following operations can be performed without 
being interfered by other codes running in the 
computer. Lines 5─9 execute the input of 
key-board command “Alt-T” and will open an 
HFSS window pending from “Tools” icon to run 
script commands as shown in Figure 3(a). There are 
also other lines that simulate the input of key “s” 
from keyboard, which will open the window for file 
access from the hard disk to run a script file. Thus a 
window is opened for inputting the filename of the 
script file, where a script file named “modify” is 
input one character after another using above 
fashion. Figure 3(b) shows the dialog window 
evoked.  

After the HFSS analysis, the data of the 
radiation patterns should be retrieved. Using 
statements similar to the one shown above, data can 
be retrieved and saved into a file that can be 
accessed by the automation program to compute 
the values of the fitness functions. Note that the 

statements should be repeated if multiple sets of 
data are required in the optimization procedure. For 
example, the radiation patterns of different 
observation planes can be treated as different sets 
of data and one should execute the statements 
separately.  

After all radiation patterns are saved as external 
files, they may be employed in the automation 
program to compute the fitness values, and can be 
subsequently used in the GA procedure to produce 
a better design in the iterative procedure. 

 
 III. DEMONSTRATION EXAMPLES 

A. Single Band Horn Antenna Design with 
Similar Beamwidths at Two Principal Planes 

The first example considers the design of a 
single band horn antenna for radiation with equal 
beamwidths at two principal planes so that it can be 
employed as a feed to a rotationally symmetric 
reflector antenna. The operation frequency is 
assumed to be 20 GHz. A -10 dB normalized 
beamwidth of 60 degrees (i.e., ±30 degrees) is 
pursued in this design. The antenna structure 
considered is illustrated in Figure 4, where the 
corrugations are perpendicular to the antenna 
aperture in consideration for mass production. In 
this case, 3 corrugations are implemented, and 13 
parameters associated with depth, width and 
thickness of the corrugations are employed as the 
variables to be adjusted along the optimization 

 
 

        
 

(a)                                                                         (b) 
 

Fig. 3. The procedure within HFSS GUI to execute a VBScript file: (a) “Alt-T” to open the window of the 
“Tools” icon, and (b) run a script file.  
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(a)  

 
(b) 

Fig. 4. The corrugated horn antenna structure for 
the feed to a reflector antenna. The corrugation is 
perpendicular to the antenna aperture for the 
convenience of a mass production: (a) horn 
structure and (b) cross section and parameters.  

 
procedure so that the overall radiation patterns can 
be rotationally symmetric along the boresite. Note 
that 8 bits are employed to each parameter of the 
antenna structure in this case.  

The radiation patterns at the two principal 
planes are used to calculate the fitness function, 
where the fitness function for the nth gene is defined 
by 
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In (2), Gnm,E and Gnm,H are the radiation gain 
patterns sampled at E- and H-planes, respectively 
(assuming M samples at each plane), and Gtol is the 
allowable tolerance for the pattern difference at the 
two principal planes. In general specifying main 
beam pattern and first sidelobe level is enough for 
good performance since the corrugated horn 
antenna has characteristics of low sidelobes. The 
difference between the patterns at the two principal 
planes is computed in (2). If the difference is larger 
than the allowable tolerance, then it is included in 
the computation of fitness value. On the other hand, 
if the difference is smaller than the tolerance, then 
the patterns are considered as being matched and 
the difference is ignored. Note that each set of 
genes represents an individual antenna structure, 
and thus the pattern difference should be computed 
for each gene. In this case, 10 genes (n = 1 ~ 10 in 
(1)) are employed in the GA optimization.  

Similarly, Bnp(p = 1, 2) specify the -3dB 
beamwidth at the two principal planes so that the 
radiation patterns can satisfy the required 
beamwidth, Breq. In fact, (3) computes the 
differences of the beamwidths. If the difference is 
larger than the allowable tolerance, Btol, then it is 
included in the computation of fitness function. 
However, if the difference is smaller than the 
tolerance, it is ignored since the beamwidth 
requirement is satisfied.  

The summations of ΔGnm and ΔBnp contribute to 
the denominator of Fn. A proper design, which 
meets the pattern specifications, will yield a fitness 
value of one (Fn = 1) that is the largest value 
possible in the optimization procedure. A larger Fn 
value implies a superior performance as required in 
the GA procedure. Figure 5(a) shows the radiation 
patterns of an initial arbitrary geometry setting with 
parameters specified in Table 1, where it is 
observed that the pattern at φ = 0° plane has a larger 
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beamwidth than that at φ = 90° plane. In particular, 
the -10 dB beamwidths are 70° and 55° at φ = 0° 
and φ = 90° planes, respectively. It is noted that this 
initial setting of waveguide radius is 2.873mm, 
which makes the operational frequency below the 
cutoff frequency of a fundamental mode 
propagation. Thus the antenna will not radiate and 
makes the simulated gain severely small (roughly 
-76dBi). The proposed tool will automatically 
correct this problem and optimize the structure 
until it fulfills the desired requirements. Figure 5(b) 
shows the radiation patterns of the optimized 
antenna design, where one has observed almost 
identical main beam patterns at the two principal 
planes. In particular, the -10 dB beamwidth is 58 
degrees as required in the design criterions. The 
values of the optimized parameters are also shown 
in Table 1 for comparison. In this design 
optimization, the analysis of each antenna structure 
costs 8 minutes of CPU time running on  an AMD 
K8 3000 ( with 1 GB RAM) computer. The overall 
CPU time is 26.7 hours for the entire optimization 
procedure, where approximately 250 antenna 
structures have been analyzed with HFSS. Note 
that most of the CPU time was spent in evaluating 
radiation patterns from various designs in the 
population via HFSS while the CPU time spent in 
performing crossover/mutation operations is 
negligible.  

 
B. Horn Antenna Design with Equal  
Beamwidths in Radiation Patterns at Two 
Operation Frequencies 

The second example considers a dual band 
horn antenna design that is operated at 20 and 30 
GHz. The antenna is employed as the feed of a 
reflector antenna. Thus it is desired for the horn 
antenna to radiate with equal beamwidths so that 
the reflector surface can be well illuminated at the 
two different bands. In this case, the design goal is 
to have a -10dB beamwidth of 70 degrees with 
maximum gains. Similar to the previous example, a 
corrugated horn structure illustrated in Figure 4 is 
employed. Values of the initial setting parameters 
are given in Table 2. Total of 13 parameters are 
employed to specify the antenna structure. The 
terrible radiation patterns of the initial setting are 
shown in Figure 6(a). The gains at 20 and 30 GHz 
are less than -72 dBi. Furthermore, similar to the 
previous example, most of the energy return back 
to the waveguide and doesn’t radiate because 

Table 1: The initial and optimized values of the 
antenna dimensions for the first example. 

Parameter 
Name 

Initial Values 
(mm) 

Optimized Values 
(mm) 

R 2.873 4.4444 
B 24.206 26.667 

W1 2.4286 4.86 
W2 1 1 
W3 1 1 
W4 1 1 
W5 1 1 
W6 1 1 
H1 7.2222 14.365 
H2 3.8571 3.143 
H3 14.841 21.825 
H4 7.2222 15.317 
H5 15.794 26.889 

 
(a) 

 
(b) 

Fig. 5. Radiation patterns of the horn antenna at the 
two principal planes before (a) and after the 
optimization (b). The desired radiation direction in 
(a) should point to 0 degree as achieved in (b).  
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Table 2: The initial and optimized values of the 
antenna dimensions for the second example. 

the fundamental mode is not supported in this 
initial guess of waveguide radius. The GA 
algorithm adjusts the dimensions of the 
corrugations to optimize the radiation patterns at 
these two frequency bands. The radiation patterns 
at the two principal planes are employed to justify 
the required beamwidth performance. The four sets 
of patterns were employed to compute the fitness 
function. The fitness function for nth set of genes is 
defined similarly by 

Parameter 
Name 

Initial Values 
(mm) 

Optimized Values 
(mm) 

R 2.254 4.9841 
B 22.46 24.683 

W1 2.4285 2.0476 
W2 1.2857 1.8571 
W3 2.5873 1.3016 
W4 2.0714 1.8809 
W5 1.2222 1.5714 
W6 1.8881 2.0714 
H1 7.3333 6.7619 
H2 3.6508 2.619 
H3 11.937 10.6984 
H4 8.2689 7.1429 
H5 14.048 14.2381 
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Table 3:  Comparison of radiation performance of 
initial setting and optimized designs. 
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In (5), Gnm,q (q = 1~4) indicates one of the four 

radiation patterns. In particular, Gnm,1 is selected to 
the one with beamwidth closest to the specification. 
The computation of (5) intends to minimize the 
differences in the four patterns. ΔGnm =0 if the 
difference between patterns are all smaller than the 
tolerance threshold. Equation (6) drives the 
beamwidths of the four patterns close to the 
required beam width.  Similar to the characteristics 
described in the previous example, a proper design 
will yield a fitness value of one (Fn = 1). Similar to 
the previous example, 10 genes are employed in 
each generation to determine superior parents and 
each parameter of the antenna structure is 
represented by 6 bits. These optimization 
parameters are selected to provide a relatively 
quick convergence in the GA optimization 
procedure.   

 

Parameter Name Initial 
Setting 

Optimized 
Design 

Gain @ 20 GHz -73 dBi 14 dBi 
10 dB beamwidth @ 20 GHz 180 deg. 72 deg. 
Front-to-back ratio @ 20 dB 12 dB 30 dB 

Gain @ 30 GHz -75 dBi 14 dBi 
10 dB beamwidth @ 30 GHz 150 deg. 72 deg. 
Front-to-back ratio @ 30 dB 12 dB 37 dB 

the optimized antenna design, which has identical 
main beam patterns in the two principal planes at 
both 20 and 30 GHz. In particular, the beam width 
is 72 degrees as required in the design criterions. 
Approximately compared with Figure 6(a), the 
gains at both frequencies are almost identical and 
are approximately 14 dBi. The values of initial 
setting and optimized design parameters are shown 
in Table 2 for comparison, while the performance 
parameters such as gain, beamwidth, and 
front-to-back ratio at 20 and 30 GHz are tabulated 
in Table 3. In this design optimization, each 
antenna structure costs 20 minutes of CPU time, 
which is 2 times larger than that in the previous 
example because now the analysis needs to be 
performed at 2 frequencies. The whole simulation 
cost 25.5 hours of CPU time, which comprised 75 
HFSS analyses (i.e., 75 antenna structures have 
been analyzed in the GA procedure).  

The proposed scheme is performed to optimize 
the antenna structure for its patterns at both 20 and 
30 GHz. Figure 6(b) shows the radiation patterns of  
 

125CHOU, LIU, CHOU, LIAO: OPTIMUM HORN ANTENNA DESIGN FOR FEED APPLICATION



 
(a) 

 
(b) 

 
Fig. 6. The radiation patterns of the horn antenna at the two principal planes, which are operated at 20 and 
30 GHz. The desired radiation direction in the initial setting (a) should point to 0 degrees as achieved after 
optimization in (b). 
 

IV. CONCLUSION 
In this work, a GA-based design optimizer and 

HFSS simulation tools are integrated within an 
automated control program to optimize the design 
of horn antennas for the application as feeds to  

 
reflector antennas. The validity of this work is 
verified via the optimization of the radiation 
patterns of the dual band antennas so that the 
effective antenna aperture of the reflector can be 
maximized. The presented examples show that the 
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optimization can be performed automatically and 
therefore save tremendous efforts compared to 
manual tuning.  
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