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Abstract—A general multiobjective optimization and design proce-
dure of a Luneberg lens antenna (LLA) with a compact multiband
multi-polarized feed-system for a broadband satellite communication
terminal is presented. The LLA utilizes a compact multiband feed
horn, consisting of an inner dielectric loaded circular horn for the
K/Ka-band (dual-circular polarization) and a coaxial waveguide with
axially corrugated flange for the Ku-band (dual-linear polarization).
Measurements show good agreements with simulations. Moreover, an
efficient multiobjective evolutionary algorithm based on decomposition
(MOEA/D) with differential evolution operator and objective normal-
ization technique is firstly coupled with the vector spherical wave func-
tion expansions (VSWE) for the optimal design of a 7-layer 650 mm
diameter LLA, which provides higher aperture efficiency at Ku/K/Ka-
band simultaneously. The frequency dependence of the LLA is also
investigated. Finally, the gain and sidelobe level of a 5-layer design
are jointly evaluated and compared with previous works. The pro-
posed design procedure provides much better radiation performances
and greater design freedom to the designers, as a group of Pareto-
optimal LLA solutions can be obtained with just one simulation.

1. INTRODUCTION

With the growing need for broadband multimedia applications
and high speed Internet access, the corresponding electromagnetic
spectrum of satellite terminals is being expanded, ranging from 12.2—
12.7 GHz (Ku-band downlink), 14-14.5 GHz (Ku-band uplink), 19.7-
21.2 GHz (K-band downlink), and 29.5-31.0 GHz (Ka-band uplink). To
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fully utilize all valuable services, simultaneous multiband and multi-
polarized functionality, high aperture efficiency and good port isolation
within each operation range are the basic requirements to a satellite
terminal. These requirements stimulate an increasing interest in the
development of Luneberg lens antennas (LLA) with multiband and
multi-polarized feed-system.

LLA system performances strongly depend on the radiation
characteristics of the feed system. A good multiband feed horn
possesses rotationally symmetric beam width, low cross polarizations
and good isolation between transmitting and receiving ports. Various
types of feed can be used to illuminate a LLA, such as the multimode
horns [1-3], corrugated horns [4-6], dielectric loaded horns [7-10] and
coaxial-type horns [11-13]. The bandwidth of the multimode horns is
usually limited, but has been improved recently [1]. Dielectric loaded
horns have similar antenna performances as compared to corrugated
horns but are much simpler and cheaper to fabricate, especially at
millimeter-wave band. Coaxial-type horns provide some inherent
good isolation between transmitting and receiving bands due to the
coaxial geometry, and can also result in a compact structure for
easier fabrication [11]. Thus, it is important to choose and design
a proper feed satisfying the requirements of the LLA system. Another
key challenge in the design of an optimal LLA is to adopt as fewer
as possible for the number of lens layers while maintaining higher
aperture efficiency at each band and acceptable low sidelobe level
(SLL) performance. In the past decades, many analysis methods [14—
25] and fabrication techniques [26-33] for lens antennas have been
developed. For instance, H. Mosallaei employed genetic algorithm
(GA) to control the gain and SLL envelope for a 5-layer 30\ diameter
LLA, which offers gain of 37.47dBi (9, = 63%) with —17.5dB
SLL, yet the optimal solution is largely dependent on the values of
the weights specified [16]. Moreover, most of the previous works
usually design LLA by using single-objective optimization techniques,
such as GA [16], particle swarm optimization (PSO) algorithm [17],
differential evolution (DE) algorithm [18, 19], or minmax optimization
(MO) algorithm [20], where all the objectives were combined into a
single fitness function by adding different weighting factors to different
objectives and the selection of the weighting factors depends highly
on the rule of thumb. LLAs reported so far are rarely dealt with
multiobjective optimization algorithm. T. Maruyama firstly applied
Pareto-GA algorithm to balance gain against SLL of the shaped
dielectric lens antenna on three principal cut planes [25]. As compared
to the conventional single-objective approaches, the main advantage of
the multiobjective procedures [34-39] is that multiple conflicting goals
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can be jointly evaluated, and many Pareto-optimization solutions can
be obtained in a single run without the need of selecting the weighting
factors. Thus, the design of a LLA with a compact multiband and
multi-polarized feed for a broadband satellite communication terminal,
and most of all with well balance in the multi-targets of high gain and
low SLL at separated frequency bands become the motivation of this
study.

This paper focuses on the multiobjective optimum design of
LLAs with multiband multi-polarized feed-system. A compact
dual-aperture coaxial-type feed operating at Ku/K/Ka-band with
multiple polarizations is presented and experimentally verified.
Measurements show good agreements with simulations. In addition,
a novel multiobjective evolutionary algorithm based on decomposition
(MOEA/D) with differential evolution operator and objective
normalization technique is coupled with the vector spherical wave
function expansions (VSWE) to fulfill the optimal design of LLA. To
our best knowledge, it is the first time that the MOEA /D technique
has been applied to the design of LLA. This is especially feasible
for the highly efficient design of electrically large size LLA, since
the optimum design of entire lens-feed antenna system over the
whole frequency range of interest using single-objective optimization
techniques becomes unrealistic in each iteration of optimization. It
is desired to maximize aperture efficiencies at separated frequency
bands simultaneously, while keeping the SLL lower enough to satisfy
the specific needs of broadband satellite communication. As compared
with methods in previous works [16-20], the proposed design procedure
provides much better radiation performances and greater design
freedom to the designers, as a group of Pareto-optimal LLA solutions
can be readily obtained with just one simulation.

This paper is organized as follows. The design principles and
the associated MOEA /D algorithm are described in Section 2, and a
novel compact coaxial-type feed of LLA system operating at multiple
frequencies and polarizations is designed in Section 3. In Section 4,
two numerical examples are discussed to illustrate the potentialities of
the proposed methodology. Conclusions are then drawn in Section 5.

2. FUNDAMENTAL LENS ANALYSIS AND MOEA/D

An N-layer LLA of radius R illuminated by a simultaneous Ku/K/Ka-
band feed-system is depicted in Figure 1. The variables r; and ¢; are
the outer radius, permittivity of the ith layer, respectively, and f is the
feed-to-lens distance. The practical near-field distribution of radiation
aperture of the feed at each frequency band is obtained by commercial



254 Huang et al.

Figure 1. Geometry of an N-layer LLA with a simultaneous
Ku/K/Ka-band feed-system.

software CST Microwave Studio, and then separately extracted and
discretized into a set of equivalent Huygens sources. When using an
infinitesimal electric current element as a feed, the field in ith layer can
be formulated as an expansion of the incoming and outgoing travelling
spherical wave modes m and n [15],

H =" {aimly, + by, + cm), + din), | (1)
n=1
ki = i (1 i 1 i (3 i 3
E; = e ; {%”Ezl)n + bnmc()l)n + Cnniﬁb + dnmc()l)n} (2)

where n is the mode number, the superscripts (1) and (3) are the
spherical Bessel function of the first kind and Hankel function of the
second kind, respectively. The weighting coefficients a,,, b, ¢, and d,
are determined by applying the boundary conditions at each interface.
The radiation characteristic of a lens-feed antenna system is modeled
by using superposition of the fields of the elementary radiators with
the appropriate coordinate transformations. Thus, the total field is the
integral of Green functions on the radiation aperture of the feed.

Many multiobjective optimization techniques, such as the multi-
objective GA [25], multiobjective PSO [34], multiobjective evolution-
ary algorithm [35-38], and multiobjective differential evolution [39]
have recently been successfully applied to electromagnetic problems.
In this article, MOEA /D algorithm is adopted for the optimization
of LLA with multiband multi-polarized feed-system for a broadband
satellite communication terminal. A general definition for a multiob-
jective optimization problem (MOP) with m objectives can be stated
as follows [36]

minimize F(x) = {fi(x), i=1,2,...,m}, x€Q (3)
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where € is the decision (variable) space with layer thickness,
permittivity, and feed-to-lens distance of the LLA, F: 2 — R™ denotes
the objective space with m real-valued objective functions such as
aperture efficiency at each band (Ku/K/Ka) and sidelobe level (SLL).
Since the objectives in (3) contradict each other very often, no point
in 2 minimizes all the objectives simultaneously. One has to balance
them and find the best tradeoffs, i.e., Pareto optimality. The set of
all the Pareto optimal points x* is called the Pareto set (PS) and
the corresponding objective vectors F'(x*) is the Pareto front (PF).
To find the Pareto optimal solutions of (3), MOEA/D begins by
decomposing the PF into Ny, scalar optimization subproblems by
using the Tchebycheff approach. The objective function of the jth
subproblem is formulated as [36]

minimize g*°(x|\,z*) = max {/\z |fi(x) — zl*\} , xeN (4

<i<m

z* = {2f,25,...,25}7 is the reference point in the decision space, A/ =
{ML A9, M| 3008 A = 1} represents the even spread weighting
vector. The setting of Np,, and A is controlled by a parameter

H. More precisely, each individual weighting vector A} takes a value
from {0,1/H,2/H,...,H/H}. Therefore, the number of such vectors
is Npop = Cﬁ;ﬁlil. MOEA/D minimizes all these Np,, objective
functions simultaneously in a single run. A neighborhood of weighting
vector A/ is defined based on Euclidean distances between weighting
vectors, that is, a set has T (T" < Np,p) closest weighting vectors in
(VY N2 L NTY set B(§) = {41, jo,-..,j7}. The neighborhood of
the jth subproblem consists of all the subproblems with the weighting
vectors from the neighborhood of A?. Optimization of each subproblem
only uses the current information of its T neighboring subproblems,
which makes MOEA/D have lower computational complexity than
other techniques such as the nondominated sorting genetic algorithm
IT (NSGA-II). A simple objective normalization technique [36] is also
incorporated into the MOEA /D for dealing with disparately scaled
objectives, such as the high gain and low SLL in the LLA design.
In this case, the objective f; (i = 1,...,m) in (4) is replaced by
fi = (fi— =)/ (200 — 27), where 2" = (2794, zneh)T denotes
the nadir point in the objective space, i.e., 2% = max{f;(x)}.

The design procedure of LLAs with MOEA/D optimization
(Figure 2) has four general steps: initialization, reproduction, update
of reference point and neighboring solutions, and update of external
population (EP). The reproduction generates the offspring y from
its parents x* and x' by using genetic operators. A polynomial
perturbation mutation operator is introduced in reproduction to
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Figure 2. Block diagram of the design methodology of LLAs with
MOEA /D optimization.

maintain the population diversity and convergence speed, given by

y=x] + 5 (xf —x}) + Aq- (H: - L)) (5)

9171/21
[2’)/—1—(1—27). (1_ Ig;LLzZ) } -1, v <0.5

2]l
1—[2(1—7)+2(7—0.5)-(1—ﬁ)] ,

where [L;, H;] denotes the search range of the ith optimization
parameter for jth subproblem, 3 is the mutation intensity (8 = 0.6),
Agq is the small perturbation, and ~ is a real random number in the
range [0,1]. Then the reference point z; is updated, i.e., z; = fi(y), if
fi(y) < z; for each i = 1,...,m. Moreover, the neighboring solutions
of the jth subproblem are updated: set x* = y and evaluate F(y), if
gt (y|AF, 2) < gte(x¥| Ak, 2) for each index k € B(j). Finally, remove all
the vectors dominated by F(y) and add F(y) to EP if no vectors in EP
can dominate it. In this way, all individuals in the current generation
are as good as or better than those in the previous generation. As
usual, terminate and output EP if stopping criteria is satisfied.

The proper choice of the parameter T is crucial to the exploration

Agq= (6)

otherwise
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ability and convergence rate of the MOEA/D algorithm. If T is
too small, two solutions chosen (x* and x!) for undergoing genetic
operators may be very similar, consequently, the offspring y could be
very close to their parents x* and x'. Therefore, the algorithm lacks
the ability to explore new areas in the search space. On the other
hand, MOEA/D with large T" works poorly when the solutions to
two subproblems with very different weighting factors are far different,
while it performs well when the solutions to two subproblems with very
different weighting factors are very similar. Moreover, a too large T will
increase the computational load. MOEA /D performs very well with T’
from 10 to 50 for many applications [36]. The specific parameter value
is set by the user for different conditions. In the following description,
the neighborhood size T is set to be 10 for all examples.

In this paper, MOEA/D algorithm is applied in the design of
LLA with multiband multi-polarized feed-system to meet the stringent
requirements of satellite communication. The first example is to
maximize aperture efficiency at each frequency band (Ku/K/Ka-
band) simultaneously. It is an optimization problem with four
objectives (m = 4), the objective function of the jth subproblem
can be formulated as Equation (7), where noxa, Mok, MoKuuplink, and
Mo Kudownlink denote the objective aperture efficiency at Ka-band uplink,
K-band downlink, Ku-band uplink and Ku-band downlink of satellite
communication, respectively.

minimize gi¢ (x|)\j ,2%)
= masx { M (1 = moxa) — 251, 1(1 = nox) — 231,

)‘é |(1 - UOKuuplink) - Z§| 7>‘31 ’(1 - nOKudownlink) - ZZ‘} (7)

In the second example, the optimization target is to achieve high
gain and keep the SLL lower enough to satisfy the specific needs at Ku-
downlink band of satellite communication It is an optimization problem
with two disparately scaled objectives (m = 2), which will further pose
challenges to the algorithm. Similarly, this problem can be written as
Equation (8), where dir gydouwniink represents the calculated gain of the
LLA, go represents the directivity of a uniformly illuminated constant
phase aperture. Note that SL L.y is chosen to control the SLL in the
angular range Nullg;.s < 6 < 30°, where Nully;.s; denotes the first
null near the main beam.

minimize g5 (X|)\j ,2")
= max {)\Jl |(1 - dirKudownlmk/QO) - Zﬂ ,)\‘% |SLLmax - Z>2k|} (8)

The optimization vector x is defined by x = {d;,&;, f, fori =
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1,2,..., N}, where d; denotes ith layer thickness. The practical near-
field aperture distributions of the feed at each frequency band were also
taken into account in the multi-frequency optimization. The structural
parameters of LLA should satisfy the following equation

di+do+...+dy =R
T1:d1>d2,d3,...,d]v

6i+1:6i*A8i+121, fOI‘iZl,Q,...N*l (9)
Agiy1 > 0p, fori=1,2,...N -1
fe [0,05R]

In fact, the thickness of each layer is allowed to change arbitrarily in
the range (0, R). However, the larger search range of parameters is
time consuming. To achieve a fast optimum design, the innermost layer
dy should be a little thicker than outer layers. Ag;y1 is the increment
permittivity, and o, represents the control precision of permittivity for
each layer. ¢; is allowed to change between 1.0 to 2.0, and f is selected
in [0, 0.5R] to obtain a compromise between spillover efficiency and
uniformity of the amplitude distribution of the feed pattern over the
LLA.

Ku-Band Signal (Tx) Ku-Band Signal (Rx)

Vertical Pola orizontal Polarization
K-Band Signal (Rx)
Tapered Dielectric Cone RHCP
..... K/Ka-Band Ka-Band Input (Tx)
polarizer LHCP

Axially Corrugated Horn

Chokes
Step discontinuities

Stacked iris OMTs
(in phase)

Probes
(180° phase difference)

Short end
metal post

Figure 3. Schematic of a compact coaxial-type feed operating at
multiple frequencies (Ku/K/Ka-band) and polarizations.
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3. DESIGN OF THE MULTIBAND MULTI-POLARIZED
FEED

A compact dual-aperture coaxial feed of LLA system consists of two
sections (Figure 3): an inner circular waveguide loaded with a tapered
Teflon cone (K/Ka-band, dual-circular polarization) and a coaxial
waveguide with axially corrugated flange (Ku-band downlink/uplink,
dual-linear polarization), which is capable of tracking the same satellite
at uplink and downlink frequencies simultaneously [12]. Radiation
characteristics of the tapered Teflon rod (¢, = 2.2) antenna are
dominated by the HE;; mode and higher order modes. To avoid
exciting higher order modes while operating at K/Ka-band, the
diameter of the inner circular waveguide is selected less than 5.7 mm. A
good beam equalization and low cross-polar radiation in coaxial feed
aperture at Ku-band strongly depend on the outer-to-inner coaxial
conductor diameter ratio and the aperture location of the inner horn.
Four chokes of different depths placed outside the coaxial waveguide are
to suppress the backward radiation and improve the radiation efficiency
of the feed. Meanwhile, a number of step discontinuities inside the
coaxial waveguide were necessary to improve further the match at Ku
band.

To excite the TE;q; mode and eliminate the undesired but
dominate TEM coaxial mode, a pair of probes are fed with 180° phase
difference to yield a vertical polarization at Ku-band uplink. The Ku-
band downlink horizontal polarization signal is fed through a pair of
stacked iris orthomode transducers (OMTs), which exhibit a bandpass
characteristic and allow for better impedance matching at Ku-downlink

Fle Trace/Chan Response Marker/Analysis Stimulus” Uty Help

Stop Frequency | l-qu
st

1 ’;i‘ ‘B ’

-]
H
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1 - Stont
Corn ot S12 = = =

(b)

Figure 4. Measured performances of the Ku-band excitation ports.
(a) Return loss of the Ku-band downlink input. (b) Ku-band downlink
to uplink port isolation.
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band and a high degree of isolation for other bands. Additionally,
a short end metal post is applied to reduce the length the coaxial
waveguide. Measured performances of excitation ports at Ku-band
are shown in Figure 4. The return loss of the Ku-downlink input
is better than —10dB over the desired band. Ku-band downlink to
uplink port isolation is very good with a worst case of 50dB. The K
and Ka band signals are fed through OMTs ports at the far end of the
inner circular waveguide, respectively. A thin dielectric slab dual-band
polarizer [11] is used to transform linear polarization signal into two
orthogonal signals with a 90° phase difference to provide dual-circular
polarization capability at 20 GHz and 30 GHz. The measured axial
ratio is less than 1.86dB at all frequencies in K-band downlink and
Ka-band uplink. The radiation characteristics of the multiband feed
are measured in an anechoic chamber. Figure 5 shows the simulated
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Figure 5. Comparison of the simulated and measured gain patterns
of the multiband feed at Ku/K-band, (a) 12.5GHz at E-plane,
(b) 12.5 GHz at H-plane, (c) 20.5 GHz at 0° cut plane, (d) 20.5 GHz
at 90° cut plane.
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and measured radiation pattern cuts at Ku/K-band frequencies. The
feed possesses rotationally symmetric beams in the principal planes.
It has cross-polarization isolation about 30dB at Ku-band with gain
of 10.4dBi at 12.5 GHz. It also has axial ratio less than 1.86dB at
K/Ka-band with gain of 10.1dBi at 20.5GHz. As shown by these
figures, the measurement results corroborate the simulation results.
Small discrepancies are a result of the manufacturing tolerance.

4. LENS OPTIMIZATION AND DESIGN

In the first example, a 7-layer 650 mm diameter LLA with multiband
multi-polarized feed-system (Ku/K/Ka-band) is considered. The
optimization goal is to balance the aperture efficiency requirements
of LLA at Ku-band downlink/uplink, K-band downlink and Ka-band
uplink simultaneously to receive and transmit signals from the same
satellite efficiently. It is an optimization problem with four objectives
(m = 4), H = 8, and therefore the size of population is Np,, =
165. The objective function of the jth subproblem should satisfy
Equation (7).

The distributions of 3D Pareto-optimal fronts are shown in Fig-
ure 6, where the coordinate values of three axes represent the aperture
efficiencies of the optimized LLA at Ku-band downlink/uplink, K-band
downlink, and Ka-band uplink. The Pareto fronts found by MOEA /D
indicate that aperture efficiencies ngxq, Mox and 7ngg, are in conflict with
each other, since the spillover efficiency and uniformity of the ampli-

A 0Ku-dovwnlink ("o}
&
70Ku-uplink (%)

45
5 0K (%)

(@ (b)

Figure 6. 3D Pareto fronts for trading off aperture efficiencies at
separated frequency bands. (a) Ka-uplink/K-downlink/Ku-downlink.
(b) Ka-uplink/K-downlink /Ku-uplink.
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tude distribution of the feed pattern over the LLA at these separated
bands are slightly different. Pareto fronts provide the antenna design-
ers with optimal alternatives. Each point at the Pareto front repre-
sents a Pareto-optimal LLA design, and no absolute perfect solution
exists. Solution A shown in Figure 6 is one of the solutions distributed
on 3D Pareto-optimal fronts, which has relatively high aperture effi-
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. =
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! !
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Figure 7. Simulated gain patterns of the 650mm diameter 7-layer LLA
(solution A), (a) Ku-band downlink/uplink, (b) K-band downlink and
Ka-band uplink.

Table 1. Design parameters of the 7-layer 650 mm diameter LLA
(Solution A).

Solution A
1.76, 1.70, 1.66, 1.60, 1.53, 1.46, 1.39
75, 26, 63, 30, 33, 33,65
118

Optimized parameter

Layer permittivity e;

Layer thickness d; (mm)

Feed-to-lens distance f (mm)

Table 2. Radiation characteristics of the 7-layer 650 mm diameter
LLA at each band (Solution A).

Ku-band | Ku-band K-band Ka-band

Frequency downlink uplink downlink uplink
12.5GHz | 14.25GHz | 20.5GHz 30 GHz

Gain (dBi) 37.48 38.48 40.88 43.36

Nap (%) 77.3 74.8 63.2 51.0
Peak SLL (dB)| —24.02 —25.74 —23.85 —20.32
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ciency at Ka/K band. For example, if the Ka/K-band performance is
more critical than the Ku band performance, solution A is preferred.
To illustrate the effectiveness of the algorithm explicitly, simulated
gain patterns corresponding to solution A are shown in Figure 7. The
simulated gain results of LLA are 37.48 dBi, 38.48dBi, 40.88 dBi and
43.36 dBi at 12.5 GHz, 14.25 GHz, 20.5 GHz and 30 GHz, respectively,
which fulfill the gain requirements of the broadband satellite commu-
nication system. The corresponding aperture efficiencies are 77.3%,
74.8%, 63.2% and 51.0%, respectively. The design parameters and
radiation characteristics of the 7-layer 650 mm diameter LLA are re-
ported in Table 1 and Table 2, respectively. Moreover, the aperture
efficiency and SLL as a function of frequency are shown in Figure 8.
It is observed that the LLA maintains nearly stable aperture efficiency
at each uplink/downlink band and acceptable low SLL below than
—20dB.

To demonstrate the capability of the design procedure explicitly,
the effects of both high gain and low SLL at Ku-band downlink are
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Figure 8. Frequency dependence of the 7-layer optimized LLA. (a)
Ku-band downlink. (b) Ku-band uplink. (c¢) K-band downlink. (d)
Ka-band uplink.
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jointly evaluated in the process of optimization. It is an optimization
problem with two disparately scaled objectives. This problem has been
optimized by single-objective optimization approaches, such as GA [16]
and PSO algorithm [17]. However, the MOEA /D is applied to optimize
the radiation performance of LLA herein to check whether the optimal
results reported in [16,17] can be improved. For fair comparison, an
example of a 5-layer 30\ diameter LLA is considered.

The optimization problem has 10 optimization parameters and
100 subproblems. The objective function of the jth subproblem should
satisfy Equation (8). Objective normalization approach is introduced
into the MOEA/D to deal with the problem. Figure 9 shows the
Pareto fronts found by the MOEA/D for trading off the maximum
aperture efficiency and peak SLL of the 5-layer 30\ diameter LLA
at Ku-band downlink. Specifications of two Pareto-optimal solutions
(Solution B and C) are listed in Table 3. As compared with results
obtained by GA with different weighting factors (o = 1, § = 0;
a=1 =05 a=0,5 =1) [16] and PSO [17], one can find
that solution B outperforms the GA/PSO solutions significantly in
terms of the peak SLL and maximum gain simultaneously. Solution
B offers 38.45dBi gain (14, = 78.6%) and —25.9dB SLL at Ku-band

Table 3. Comparison of MOEA/D solutions of the 5-layer 30\
diameter LLA with those optimized by single-objective optimization
approaches.

MOEA/D GA [16]
Solutions B o a=1, a=1, a=0, |PSO [17]
B=0 | B=05 | B=1
Peak SLL (dB) | —25.9 | —28.1 —17.5 —11.9 —15 -
Gain (dBi) 38.45 | 36.24 37.47 35.94 28 37.2
Nap (%) 78.6 | 474 63 44 7.1 59.1

Table 4. Design parameters and optimal results of the 5-layer 30\
diameter LLA at Ku-band downlink (Solution B).

Parameters Solution B
Layer permittivity &; 1.77,1.72, 1.66, 1.55, 1.44
Layer thickness d; (\) 5.46, 1.33, 2.33,1.96, 3.92
Feed-to-lens distance (\) 4.33
Gain (dBi) 38.45 (n = 78.6%)
SLL (dB) —25.9
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optimized radiation pattern of the
5-layer 30\ diameter LLA at Ku-
band downlink (solution B).

and peak SLL at Ku-band down-
link).

downlink, which helps the increment in aperture efficiency of LLA
by 15.6% and the reduction in SLL by 8.4dB over that obtained by
GA [16], and also has a 19.5% improvement in aperture efficiency over
that obtained by PSO [17]. Table 4 and Figure 10 show the design
parameters and the gain pattern of the 5-layer 30\ diameter LLA
at Ku-band downlink (Solution B). On the other hand, although in
solution C the gain is dropped by 1.2dB compared to the previous case
(e =1, f=0) [16], the SLL is noticeably suppressed under —28.1 dB.
The results obtained from MOEA/D demonstrate that many Pareto-
optimization solutions can be obtained in a single run without fussy
task of selecting weighting factors. The final solution can be chosen
from these Pareto-optimization solutions according to the specific
design goals.

5. CONCLUSIONS

This paper presents a comprehensive multiobjective optimal design
scheme of LLA with multiband multi-polarized feed-system for a
broadband satellite communication terminal. A novel compact
coaxial-type feed of LLA system operating at Ku/K/Ka-band with
multiple polarizations is designed and experimentally verified. The
methodology consists in MOEA /D optimization technique based on
VSWE that well balances the conflicting specifications of LLA, such
as ample aperture efficiency at Ku/K/Ka-band simultaneously, and
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high gain and low SLL at Ku-band downlink. The study shows
that the proposed method offers great design freedom and various
Pareto-optimal LLA solutions to the designers and it is expected
to be a particularly attractive optimization tool for other complex
electromagnetic problems.
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