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ABSTRACT An optimal design method of elliptical beam Cassegrain antenna based on differential 
evolution with global and local neighborhoods algorithm is proposed to achieve high efficiency, low sidelobe, 
and low profile at Ku/Ka dual band. A rapid shaping method of elliptical beam antenna is given by applying 
the algorithm of steepest descent. Constraining of the first sidelobe level, antenna efficiency is optimized with 
only 17 variables, where aperture field distribution functions in the major and minor axis planes are 
parameterized by Non-uniform rational B-spline curves, and the transition function is expressed with a 
sinusoidal function. A prototype of optimized antenna with an aperture of 630mm×1150mm is fabricated 
and measured. The measured results show that the total efficiency is greater than 54.5%, and the first sidelobe 
levels are lower than -14.2dB across the Ku/Ka dual-band, which agree well with simulated ones. It is verified 
that the optimal design method is very effective. 

INDEX TERMS Reflector antenna, elliptical beam, low profile, dual-band, optimization algorithm 

I. INTRODUCTION 

With the rapid development of satellite communication 
technology, the demand for satellite mobile communication 
systems is increasing rapidly. As an essential component, the 
antenna for satellite communication on the move  is required 
to be not only low profile, but also high gain, low side-lobe 
level, low cross-polarization, and even multi-band 
compatibility [1]-[3]. There are four main types of antenna 
with low profile for satellite communications on the move, a 
planar waveguide array antenna [4], phased array antenna [5], 
[6], Luneburg lens antenna [7] and elliptical beam reflector 
antenna [8]. The planar waveguide array antenna has a lower 
profile and high efficiency, but it is difficult to achieve high 
gain (for example, greater than 38dB in Ku band) and dual 
band operation (Ku/Ka dual-band), because of the loss 
increase of its feeding network and the bandwidth limit of 
the element and array. The phased array antenna has the 
lowest profile, fast and high precision beam tracking ability, 
but its beam scanning angle is limited, the gain will decrease 
and the sidelobe level will increase with beam scanning, in 
addition, its cost is high for the high gain requirements and it 
is also difficult to realize dual band operation. Hemispherical 
Luneburg lens antenna has a better beam scanning 
performance and can operate in dual-band, but its structure 

is relatively complex, weight is heavy, and profile is high for 
the high gain requirements. The elliptical beam reflector 
antenna has been widely used in satellite communication on 
the move, because of its good performance, simple structure 
and low profile. Hence, the elliptical beam reflector antenna 
is one of the ideal candidates of the medium and high gain 
antenna with good performances and low profile, especially 
with capability of dual-band operation. 

Basically, there are two kinds of elliptical aperture shaping 
reflector antenna: elliptical beam ring-focus antenna and 
elliptical beam Cassegrain antenna. Both of them consist of 
axially-symmetric feed, non-rotationally symmetric main-
reflector, and sub-reflector, having low profile, high efficiency 
and low cross-polarization. Due to the special geometry of 
ring-focus antenna, it is difficult to effectively control the 
elliptical aperture field distribution, hence its elliptical axis 
ratio is usually less than 1.5:1 [9],[10]. When its elliptical axis 
ratio increases to 2:1, the radiation patterns are distorted and 
first sidelobe levels (FSLLs) rise to -10dB [11]. The elliptical 
beam Cassegrain antenna is easy to achieve large axial ratio 
[12]. However, its FSLLs are also only about -10dB [13] or is 
only 1.5dB margin simulated by GRASP [8] (without 
considering the blockage caused by the actual feed), which 
cannot meet the engineering design requirements of FSLLs 
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below -14dB. Moreover, the classical aperture distributions 
which are used for shaping circular aperture reflector antenna, 
such as generalized Taylor displacement distribution, 
exponential distribution, and Hansen distribution, are not 
suitable for the elliptical aperture antenna shaping design. In 
[14] and [15], parameter aperture distribution, polynomial 
aperture distribution, and transition function based on the 
analysis method are chosen for elliptical beam antenna 
shaping design. However, the antenna cannot achieve the 
optimal electrical performance, especially for small aperture 
antenna. 

Genetic algorithm, particle swarm optimization, ant colony 
optimization, and differential evolution are all bionic 
intelligence optimization algorithms, which can be used to 
find the global optimal solution. They have been used in 
various high-gain and microstrip antenna designs [16]-[19]. 
Besides, machine learning-based optimization algorithms 
such as multistage collaborative machine learning and neural 
networks have also been used in the design of microstrip 
antennas and filters [20]-[22], but require a large amount of 
data and time for training. Among these algorithms, 
differential evolutionary algorithms are known for their few 
variables, simplicity and efficiency in solving global 
optimization problems over continuous-spaces, and 
differential evolution with global and local neighborhoods 
(DEGL) algorithm introduces global and neighborhood 
optimal solutions into the mutation factor, which is easier to 
balance the exploration and exploitation abilities in 
optimization [23], and has been validated well in the optimized 
design of some high-gain reflector antennas. 

This paper proposes an optimal design method of elliptic 
beam Cassegrain antenna based on DEGL algorithm. Firstly, 
the steepest descent method is introduced to shape the main- 
and sub-reflector curves in major and minor axis planes, which 
saves a lot of computing time so that the optimal design of the 
elliptical beam antenna becomes possible. Then, Non-uniform 
rational B-spline (NURBS) curve and sinusoidal function are 
adopted to represent the aperture field distributions with only 
17 parameters. The optimal design method and procedure of 
elliptical beam Cassegrain antenna based on DEGL algorithm 
are presented. Finally, a Ku/Ka dual-band 630mm×1150mm 
elliptical beam antenna prototype is designed, fabricated, and 
measured. The measured results show that the total efficiency 
(including the losses of feeding network and waveguide) is 
greater than 54.5%, the FSLLs in azimuth plane and elevation 
plane are less than -14.5 dB and -14.2dB at Ku (12.25GHz-
12.75GHz, 14GHz-14.5GHz) and Ka (19.6GHz-21.2GHz, 
29.4GHz-31GHz) bands, respectively. The measured 
radiation patterns are in good agreement with the simulated 
ones, which verifies the correctness of the optimization design 
method. 

Key contributions of this paper are as follows. 
1) A steepest descent algorithm is proposed for the rapid 

shaping design of the elliptical beam antenna. 
2) An optimal design method of elliptical beam Cassegrain 

antenna based on DEGL algorithm is presented, and a 
Ku/Ka dual-band elliptical beam Cassegrain antenna 
prototype is manufactured and excellent performance is 
achieved. 

II. RAPID SHAPING DESIGN OF ELLIPTICAL BEAM 
ANTENNA 

Fast shaping design is the basis of the optimal design of the 
elliptical beam Cassegrain antenna. The design method and 
procedure are given, and the steepest descent algorithm is 
introduced to calculate the sub-reflector curve in the major 
axis plane rapidly, which makes it possible to optimize the 
elliptical aperture reflector antenna.  

A.  SHAPING OF MAIN- AND SUB-REFLECTOR 
CURVES IN MAJOR AND MINOR AXIS PLANES 

As shown in Fig. 1, the minor axis plane of the elliptical 
beam Cassegrain antenna is XOZ plane (i.e. 0    plane, 
the elevation plane), and the major axis plane is YOZ  plane 
(i.e. 90    plane, the azimuth plane). r, m, and s are the 
vectors from the coordinate origin O (phase center of feed) 
to any point S on the sub-reflector, O to any point M on the 
main-reflector and the point S to M, respectively; 

v
 is the 

angle between s with the -Z-axis; P is the intersection point 
between the curve of the sub-reflector and the Z axis (i.e. the 
vertex of the sub-reflector). 

 

FIGURE 1.  3D view of the elliptical beam antenna and geometry of the 
shaping curves of the main- and sub-reflectors. 

Firstly, the initial parameters in the minor axis plane are 
determined by the profile, gain, and geometry of antenna: the 
diameter of the main- and sub-reflector 0mD  , 0sD  , the half 
illumination angle of feed 

m
and  the ratio of the focal length 

to the diameter 0  . When the radiation pattern of feed ( )f

and the field distribution function of the main-reflector 

0 ( )F x are selected, the partial differential equations for x and 
r can be obtained from the reflection law (Snell’s law), the law 
of conservation of energy, equal optical path length condition 
[24]:  
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where, Ck is the optical path length (constant). r and x will 
be solved by (1), thus obtaining the sub-reflector curve in the 
minor axis plane 0 ( )r  . With the same equal optical path 
length,  

vm
 in the major axis plane can be obtained: 
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Similarly, the sub-reflector curve in the major axis plane 

90 ( )r   can be calculated by substituting 90mD  , 90sD  , 
m

, 

90vm   , 90 ( )F y , and ( )f  into (1), and replacing y for x in (1). 
In order to form an effective sub-reflector surface, the vertices 
of the sub-reflector in the major and minor axis planes must 
coincide ( 90 0(0) (0)    P r r ). The value of 90sD   
determines the size of P , and how to quickly determine 

90sD  is the key issue to the rapid shaping of elliptical beam 
antennas. 

In this paper, an automatic rapid iteration loop is established 
using the steepest descent algorithm [25]. After k times’ 
iteration, the diameter of the sub-reflector is calculated by 
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Then, 90sD  can be determined after a few number of 
iterations, until  P  , and then the sub-reflector surface 
curve 90 ( )r  in the major axis plane is calculated. 

Equation (3) introduces the gradient information into the 
iterative stepping, which can reduce the number of iterations 
to 3~4, and P  can achieve an accuracy of less than 1/1000 
mm. Compared with the conventional algorithm that the 
number of iterations is 30~40, (3) can improve the calculation 
efficiency by about 10 times. 

B.  DETERMINING THE TRANSITION FUNCTION TO 
DESIGN THE SUB-REFLECTOR 

The transition function is used to smoothly interpolate the 
sub-reflector surface curves between the minor and major 
axis planes to obtain a three-dimensional surface for the sub-
reflector： 

 0 90 0( , ) ( ) ( ( ) ( )) ( )r r r r T            (4) 

where the transition function is described by a sine function: 

  (5) 

The transition function has only one parameter of q. 
Changing the parameter q, the energy distribution in the   
direction can be controlled, and also the main-reflector profile 
can be controlled to approach a rectangle aperture (the 

maximum aperture), so as to maximize the antenna gain within 
the limited space. The transition function with different 
parameters and the corresponding aperture profile of the main-
reflector are shown in Fig. 2. The optimal parameter q can be 
obtained by the optimization design in Section IV to achieve 
the balance between the energy distribution and the maximum 
aperture of the main-reflector. 

 

FIGURE 2.  Transition functions with different values of q and 
corresponding contour of the main-reflector. 

C.  CALCULATION OF MAIN-REFLECTOR SURFACE OF 
THE ANTENNA 

After determining the sub-reflector, the unit vector e
r

 of the 
vector r ,  and the unit normal vector ne of the sub-reflector 
are obtained. Based on Snell’s law, the unit vector se of s  
can be obtained: 

 2( )s r n r n  e e e e e  (6) 

Based on the equal optical path length condition, the main-
reflector vector can be described as 

 
1

r

s

Ck r r  
 

 
e z

m r
e z

 (7) 

Therefore, the main-reflector coordinates are obtained. 

D.  SHAPING DESIGN PROCEDURE 

The design procedure of the elliptical beam Cassegrain 
antenna is described as the following 3 steps: Firstly, the 
main- and sub-reflector curves in the minor axis plane are 
calculated by the aperture distributions, the feed pattern, and 
geometric parameters. With the equal optical path length, 
these curves in the major axis plane are shaped by the method 
of steepest descent, and the diameter of the sub-reflector is 
iterated a few times until the vertices of sub-reflector curves 
in two planes are almost coincident. Secondly, transition 
function ( )T  is selected to obtain the whole sub-reflector. 
Finally, the coordinates of the main-reflector are obtained 
based on Snell’s law and the equal optical path length 
condition. The flow chart of the whole shaping design 
procedure of the elliptical beam Cassegrain antenna is shown 
in Fig. 3. 
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FIGURE 3.  Flow chart of shaping design of elliptical beam antenna. 

III.  PARAMETERIZATION OF APERTURE 
DISTRIBUTION 

Except the transition function expressed by sinusoidal 
function, the aperture field distributions in the major and 
minor axis plane plays an important role in the whole 
elliptical aperture energy distribution. In order to optimize 
the antenna performance, it is necessary to parameterize and 
optimize the field distribution functions. 

NURBS has been widely used in CAD/CAM and computer 
graphics, due to its ability to accurately represent free-form 
curves and surfaces, with few control parameters, high 
flexibility, and local modifiability. It is also suitable for the 
parametric expression of the aperture field distribution 
function, such as k-th order NURBS curve [26] : 
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where, i  (i=0,1,…n) is the weighting factor, which is 
associated with the Z coordinates of control points 

i
d  

(i=0,1,…n), the first and last weighting factors 0 , 0n   , 
the remaining 0i  , and the constituent weight vectors 
W=[ 0 1, , n   ]. , ( )i kN u  is the k-th order B-spline basis 
function, which can be obtained from the node vector 

 0 1 1, , ,i n kU u u u u    according to the Debord-Cox 
recursion formula. 

Based on the nodes vector U=[0 0 0 0 0.2 0.4 0.6 0.8 1 1 1 
1], the coordinates of eight control points and the 3-order 
NURBS curve aperture distribution with different weight 
vectors are shown in Fig. 4. With the increase of the weight, 
NURBS curve approaches the control point. Therefore, the 
weight vector W=[1 1.4 1 1 1 1 1.4 1] is selected  to express  
the aperture distribution curve. 

 

FIGURE 4.  NURBS curve of aperture distribution with different weights 

1 (W1= [1 0.6 1 1 1 1 1.4 1], W2=[1 1 1 1 1 1 1.4 1]  and W3=[1 1.4 1 1 1 1 

1.4 1]) 

Aperture field distribution functions in the major and minor 
axis planes are expressed by NURBS curves with 8 control 
points, respectively. Those coordinates and the transition 
function parameters q constitute the optimization vector of the 
antenna with only 17 variables 
(  0 7 0 7, , , , , , , , , ,  

i i
X d d d d d d q ), which is much 

fewer compared to the orthogonal global expansion method 
[27]. 

IV. DEGL OPTIMIZATION DESIGN METHOD FOR 
ELLIPTICAL BEAM CASSEGRAIN ANTENNA 

A.  DEGL ALGORITHM 

Compared with the classical DE algorithm [28], the concept 
of global and local neighborhood optimal combination is 
introduced in the mutation strategy of DEGL algorithm, 
which can balance the exploration and exploitation abilities 
[23][29], and its mutation is described as: 
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where, ,GiL and ,Gig  are local and global vector of G-th 
generation, respectively, ,n_best GX is the optimal individual in 
the ,GiX neighborhood, g_best,GX  is the optimal individual of 
the entire population of generation G, both   and   are 
scaling factors. The weight factor   can be represented by 
a linear function: 

 min max min max( ) ( )G G        
(10) 

where,   will increase linearly from the minimum weight 
factor min  to the maximum weight factor max  as the 
evolutionary generation number G increases, ranging from 0 
to 1. During the initial stages,  is small, the neighborhood 
optimum plays a large role, which can accelerate the 
exploration. Then, becomes larger with the increase of G, 
as well as exploitation is improved，that can  speed up the 
global convergence speed. 

Compared with the existing evolutionary algorithm and 
particle swarm optimization, DEGL algorithm can greatly 
avoid falling into local optimum and premature problems, and 
has strong global optimization ability and fast convergence 
speed, which is suitable for the antenna optimization design 
[19]. 

B.  OPTIMAL DESIGN OF ELLIPTICAL BEAM 
CASSEGRAIN ANTENNA 

The optimal design of the elliptical beam Cassegrain antenna 
is aimed at maximizing the aperture efficiency, while 
constraining the FSLLs below max0FSLL and max90FSLL in 
the elevation plane and azimuth plane, respectively. The 
problem can be expressed as a minimization of the following 
function:  

  
1

( ) 1 min
n

n N
f X 

 
   

(11) 

where, 
n

 is the efficiency of the antenna at the n-th 
frequency , and N is the number of frequencies. And the 
constraints are as follows:  

  1 max
1

( ) max 0 0 0
n

n N
g X FSLL FSLL

 
    

(12) 

  2 max
1

( ) max 90 90 0
n

n N
g X FSLL FSLL

 
    (13) 

where, 0nFSLL and 90
n

FSLL are the FSLLs at the n-th 
frequency in the elevation plane and the azimuth plane, 
respectively.  

The above problem is transformed into an unconstrained 
optimization problem by the exact penalty function method. 
The fitness function is described as: 

  (14) 

Among them, K is the largest number of processing 
constraints. When the FSLL does not meet the object, the 

fitness is set to a large value, otherwise , and 

the smallest  is corresponding to the best individual. 

In summary, the general flow chart of the elliptical beam 
Cassegrain antenna optimization design based on DEGL 
algorithm is shown in Fig. 5. Set the scaling factor  =0.4, 
=0.2, the minimum weight factor min =0.15, the maximum 
weight factor max =0.85, cross factor CR=0.3, population size 
NP=50 and maximum number of generations maxG =200. 
When the optimized algorithm is started, it will automatically 
model, simulate by physical optics and physical diffraction, 
analyze data, and iterate until the maximum number of 
generations is reached and the optimal individual is output. 

 

FIGURE 5.  General flow chart of antenna optimization design based on 
DEGL algorithm 

V.  DESIGN EXAMPLE AND TEST VERIFICATION 

The initial parameters are determined by the antenna 
requirement, as shown in Table 1. The diameter of the main- 
and sub-reflectors in the minor axis plane 0mD   = 630 mm 
and 0sD   = 150 mm, the half illumination angle of the feed 


m
 = 36°, the illumination level of the feed is -10dB, the ratio 

of the focal length to the diameter   = 0.65, and the diameter 
of the main- and sub-reflector in the major axis plane 90mD   
=1150 mm and 90sD   =150 mm. The maximum FSLLs are 
constrained by max0FSLL  =-15 dB and max90FSLL  =-16 dB.  
 

TABLE 1 
SPECIFICATIONS OF ELLIPTICAL BEAM ANTENNA 

Parameters Specifications 

1) Size of  main-reflector ≤ 630mm × 1150mm 

2) Frequency(GHz) 
Ku: 12.25-12.75;14-14.5 
Ka: 19.6-21.2;29.6~31.0 
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Parameters Specifications 

3) FSLL(dB) ≤-14 

4) Aperture efficiency(%) ≥60 

In the optimization process, the analysis model of the 
antenna is established by GRASP software (PO/PTD) [16], 
[30]-[31]. After optimization, the transition function 
parameter q=0.96, the aperture distributions in the major and 
minor axis planes are shown in Fig. 6(a), and the two-
dimensional elliptical aperture energy distribution of the 
shaped 630mm × 1150mm antenna is shown in Fig. 6(b). 

 
(a) 

 
(b) 

FIGURE 6.  (a) Optimized aperture distribution curves in major- and 
minor- axis plane and (b) 2D elliptical aperture distribution. 

It can be seen from Fig.6 that the optimized aperture field 
distribution is quite different from the classical Taylor 
displacement distribution. In the major axis plane, the aperture 
energy drops rapidly about 10~15dB in the middle of the 
radius, then rises by 8dB at the edge of the aperture, and there 
are two small oscillatory falls in the minor axis plane. The 
analysis shows that the rapid decrease of energy in the middle 
of the aperture in the major axis plane is beneficial to 
suppressing the sidelobe level of the antenna, while the 
increase of energy at the edge of the aperture is beneficial to 
improving the gain of the antenna. It can also be seen in Fig. 
6(b) that the energy distributions in the major and minor planes 
are basically the same as the ones in Fig. 6(a), and the energy 
distribution between the major and minor planes is controlled 
by the transition function, which demonstrates that the optimal 

design method proposed in this paper can effectively control 
the elliptical aperture energy distribution. 

The feed is designed using three ring loading grooves to 
obtain small aperture and axially-symmetric patterns across 
Ku/Ka dual-band, as shown in Fig. 7 [32]. 

 

FIGURE 7. (a) Model and (b) radiation patterns of Ku/Ka feed at 12.5GHz 
and 30.2GHz 

CST model and photograph of the antenna prototype are 
given in Fig. 8. The equivalent diameter of the main-reflector 
of the antenna is 890 mm, which is increased by 9.3% 
compared with the equivalent diameter 851mm of the standard 
elliptical beam antenna. The calculated aperture efficiency of 
the antenna is above 64.6% in Ku band and 68.9% in Ka band, 
respectively. The FSLLs are below -15.1dB and -16.1dB in 
the elevation plane and azimuth plane, respectively. 

 

FIGURE 8.  CST model and prototype of antenna 

Fig. 9 shows the simulated and measured gain, efficiency, 
and FSLL at Ku/Ka dual-band. The measured total 
efficiencies are greater than 54.5%, basically the same as the 
simulated ones when considering the loss of feeding network 
(0.3-0.6dB). The simulated and measured FSLLs in elevation 
and azimuth plane are below -14.2dB and -14.5dB, 
respectively, which has met the requirements. If the FSLL 
needs to be further reduced, we can apply the optimized 
design method proposed in this paper, change the constraints 
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of the FSLL, and optimize the aperture distribution. In this 
way, we can achieve lower FSLL, but at the expense of 
antenna gain. Moreover, Fig. 10 shows the simulated and 
measured radiation patterns of the antenna at 12.5 GHz, 14.25 
GHz, 20.4 GHz and 30.2 GHz in the azimuth and elevation 
planes. It can be seen that the measured patterns are in good 
agreement with the simulated ones, especially in the angular 
range of ±5°. The measured elliptical beam pattern axis ratio 
is about 1.8:1, and the cross polarization on boresight is below 
-35dB at Ku band, and the axis-ratio of circular polarization is 
lower than 1.5dB at Ka band. Fig.11 shows the simulated and 
measured |S11| of antenna at Ku and Ka bands. It can be 
observed that they are basically consistent, and |S11| at Ku and 
Ka bands are lower than -14.5dB and -17.0dB, respectively. 
The above results demonstrate the effectiveness and 
correctness of the design method.  

 
(a) 

 
(b) 

FIGURE 9.  (a)Simulated and measured gain, efficiency, and (b) FSLL in 
azimuth plane and elevation plane at Ku/Ka band 
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(d) 

FIGURE 10.  Simulated and measured radiation patterns (a) 12.5GHz, (b) 
14.25GHz, (c) 20.4GHz,  and (d) 30.2GHz. 
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FIGURE 11.  (a)Simulated and measured gain, efficiency, and (b) FSLL 
in azimuth plane and elevation plane at Ku/Ka band 

In addition, the performance of previously reported 
elliptical-beam antennas and this prototype are compared in 
Table 2. The reported antennas [4]-[9] operate at only one 
band or at one frequency, and measured FSLLs are worse 
than -14dB, and the measured total efficiency is not given. It 
is noticed that the prototype developed by the proposed 
method can cover the Ku/Ka dual-band with relatively low 
FSLLs below -14dB in both elevation and azimuth plane. 
Furthermore, the measured total efficiency of antenna 
including feed and network is more than 54.5%, and the 
aperture axis ratio is up to 1.83:1. Therefore, the antenna 
prototype shows better performances.  

 

TABLE 2 

PERFORMANCES OF ELLIPTICAL BEAM ANTENNA 
 

Ref. Frequency (GHz) 
FSLL(dB) 
(Az., El.) 

Gain 
(dBi) 

Aperture 
efficiency(%) 

Total 
Efficiency(%) 

Ant. aperture 
(λ×λ) 

Aperture 
axis ratio 

[4] 12.5, 14.25 -14.0, -20.0 - - - 28.3× 18.8 1.51:1 

[5] - -13.0, -11.0 -36.1 - - 42.4 × 26.8 1.58:1 

[6] 12.0 -10.3, -12.5 37.7 74.6 - 40 × 20 2:1 

[7] - -23.0, -18.0(Sim.) 44.6(Sim.) 65.0(Sim.) - 100 × 50 2:1 

[8] 11.2-12.8, 14.0-14.4 -7.0,-15.0 30.5,32.7 - - - - 

[9] 12.25-12.75, 14.0-14.5 -13.5, -15.5(Sim.) 38.4, 39.8(Sim.) 62.0 - 44.9× 22.5 2:1 
This 
work 

12.25-12.75, 14.0-14.5, 
19.6-21.2, 29.4-31.0 

-14.2, -14.5 38.6,40.0, 
43.0,46.0(Total) 

64.6 54.5 47× 25.7 1.83:1 

*The λ denotes the wavelength in free space at the lowest operating frequency of antenna. 

VI. CONCLUSION 

An optimal design method of elliptical beam Cassegrain 
antenna based on DEGL algorithm is proposed. A steepest 
descent algorithm is used for the rapid shaping design of the 
antenna. The NURBS curve and sinusoidal function are 
adopted to describe two aperture field functions and one 
transition function with only 17 parameters. The optimal 
aperture field distribution curves and the design of an 
elliptical beam Cassegrain antenna with the axis ratio 1.8:1 
at Ku/Ka dual-band are achieved by optimizing the antenna 
efficiency and constraining the FSLL. The antenna prototype 
is fabricated and measured. The test results of antenna 
efficiency, FSLL and pattern are consistent with the 
simulation ones, which verify the correctness of the 

optimization design method in this paper. The antenna has 
been widely used in many engineering projects. This method 
can also be used for the optimization design of dual reflector 
antennas with arbitrary axis ratio elliptical beam. 
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