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Abstract:

A rectangular planar array antenna design using thinning technique and Genetic
Algorithm (GA) optimization technique are used to minimize the gain variation for Low
Earth Orbit (LEO) satellites antenna. This design controls the feeding amplitude through
thinning without requirements to control the phases which yields to simplify the feeding
network.

Two antenna elements are proposed, cos™ @ radiation pattern element and the
rectangular patch element.

A simple genetic agorithm optimizer is used to get the optimum excited elements on
the array.
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1. I ntroduction:

In the interests of achieving isoflux illumination, constant link margin and compensate
the high slant range path-loss variation at low earth orbits from nadir to edge of
coverage (EOC) [1] this paper presents a simple synthesis technique.

Thinning an array means turning off some elements in a uniformly spaced or periodic
array to create a desired amplitude density across the aperture. An element connected to
the feed network is “on”, and an element connected to a matched or dummy load is
“off”. Thinning an array is one of the simplest excitation techniques to produce the
desired antenna radiation pattern [2].

In order to achieve isoflux illumination and constant link margin, antenna gain must
increase as a function of the angle away from nadir on the earth surface.

The required directivity may be achieved through changing the excitations of the
elements by thinning or nonuniform excitations, and the beam was steered to the desired
angle by using the appropriate phase shifts between the elements.

But, the aim of this paper is to present a more ssmple design to be easy in fabrication,
which is to achieve the desired directivity only by amplitude excitations with no phase
difference between the elements, so, no phase shifters are needed.

Two radiation antenna elements are proposed, cos™ @ (which can simplify other antenna
elements) and the rectangular patch element.

A simulation results from 4x4, 8x4, and 8x8 rectangular planar arrays are discussed to
achieve the required directivity from nadir till 58°, near the EOC [3].

Genetic algorithm [4, 5], has a high ability in global optimization. It is an increasingly
popular optimization method being applied to many fields, including electromagnetic
optimization problems. Using genetic algorithm to synthesize array pattern has no
limitation on lattice and aperture shapes. It can synthesize planar array with arbitrary
geometry and generating arbitrary patterns. Compared with other numerical methods
[6, 7], this approach has unique features to treat complicated problems as arrays.

A genetic algorithm optimizer was built to get al of the optimum distribution of the ON
and OFF elements, to achieve the optimum directivity through a specific ground track of
a sun-synchronous orhit.

2. Problem formulation:

An x-band planar array configuration antenna as shown in Figure (1) is designed to be
placed on a surface of a three axis stabilized cubic sun-synchronous satellite; the face
which faced to the earth. The objective from this work is to adjust the antenna gain to
compensate the path losses dant range variations from nadir till the EOC to achieve a
constant link margin by a simple technique.

The far-field radiation pattern F(g,f) a an angle from the array broadside is given
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by [8]:
F(a.f)=EF(a).AF(q.f) @
where,
i cos'®(q) For the assumed element radiation pattern
EF(a)= i cos(L.si n(q)) For the haf wave rectangular microstrip patch @)
o 2(e

is the normalized element radiation pattern in case of the assumed cos™>(8) and the half
wavelength rectangular microstrip antenna [9], ¢, is the dielectric constant taken equals
2.2.

N M )
AF(q’f) = é_l é_lamnejk[mdxu +nd V] (3)

>

Is the array radiation pattern, described by the following parameters;

M, N = number of elements in the x and y-direction, respectively,
10 element OFF
™11 dement ON
d, = separation distance between two successive elements in the x-direction,
d, = separation distance between two successive elements in the y-direction,
u=singcosf, v=sinqgsinf,
As the satellite go away w.r.t. the ground station the slant range is increased, so, the
antenna directivity should be increased to keep fixed link margin, as follows:

a

sR_(0,) 0
DD, (@) =D, g= g 4
where;

DD, : the desired directivity (ratio) at each slant range,
D, :therequired directivity (ratio) at nadir, is taken equal 3 dB.

h : the satellite altitude,
R, :the dant range from the earth station to the satellite, calculated as follows:

S
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R,=+- 2R, (R, +h)cos(g)+ (R, +h)* +R >

R, :earthradius

el : isthe elevation angle to the spacecraft that defines the EOC.
¢ : earth central angle, calculated as follows:

gzgn-lgRe +h)sin(q) g q
R @

e

Also, the maximum nadir angle 0sx can be calculated as follows:

q _Sin_laatos(el)Reg
- R.+h

And, the general formula of the directivity can be calculated from the antenna field
pattern [9], as follows:

F(q.f)[°
p(@.f)=— DL ®
4 oF(a.f)| dw
pallspace

where, dW=sinqdqadf .

The objective is to achieve the optimum Directivity to be close as possible to the desired
directivity. Genetic algorithm is used to get the optimum thinned elements to get the
optimum directivity at the desired angles without any steering to the beam, that is mean
no phase shifters will be needed.

3. Genetic algorithm optimization:

Genetic algorithm [10] optimizers are robust stochastic search methods modeled on the
principles and concepts of natural selection and evolution. As an optimizer, the
powerful heuristic of the GA is effective at solving complex combinatorial and related
problems. GA optimizers are particularly effective when the goa is to find an
approximate global maximum in a high-dimension, multi—-modal function domain.

A genetic algorithm using population decimation, crossover, and mutation was used to
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generate new individuals as shown in Figure (2).

The fitness function is used to determine which of the selected parents better fit to
produce offspring for the next generation, to determine which individuals are replaced
each generation, and finally get the best chromosome which satisfy the objective.

The fitness or the objective function in this problemiis:

fit =[D(q,f)- DD, (q.f)] (©)

The optimum value of fit equals zero, so the objective is the minimization of fit.

Genes are the excitation coefficients of each element. Each gene represented by one bit,
zero or one. Excitation coefficients are real not imaginary so, there is no phase shifters
added to the feeding network, which simplify the design. The direction of the maximum
is always in the antenna broadside.

Thinning an array to produce the desired directivity is much simpler than the more
general problem of nonuniform excitations of the elements [11].

Each chromosome is represented by a 2-D array, and the population is a 3-D array.
Crossover as shown in Figure (3), and the probability of mutation is taken 0.1 of the
whole population size. Initial population generation, crossover, and mutation techniques
have a big effect of the convergence to the optimum solution.

4. simulation results:

Consider a case of a sun synchronous LEO satellite of altitude 850 Km, in a ground
track withf equals zero. 6 changes from nadir (q = zero) till the EOC [12] which

equals 58.4° for 15° elevation angle. The directivity is calculated each one degree from
nadir till the EOC for 4x4, 8x4, 8x8 planar array with half wave rectangular patch
element pattern, and 4x4 planar array with cos'°0 element pattern.

The excitation coefficients are adjusted to compensate the increasing in free space path
losses as the satellite go away from the ground station. The appropriate excitations are
achieved by running the built genetic algorithm program to achieve directivity as close
as possible to the desired directivity.

Figure (4) shows the desired and achieved directivity through the satellite orbit from
nadir till the EOC, the cos'°(0) element pattern with 4x4 planar array configuration
gives high directivity near the nadir than the desired by approximately 3 dB and it is
decreased monotonically till 6 = 29° after that the achieved directivity becomes equal
to the desired directivity till 6 = 48°, and after that it decreases till it becomes less than
the desired directivity by around 6.4 dB at the EOC.

Using of rectangular patch element pattern gives good results comparing with cos*>(0)
one, in case of 4x4 array with patch element pattern gives approximately the desired
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directivity till 6 = 50°.

The increasing of elements improve the results, so, in case of 8x4 array it satisfy the
desired directivity till 6 = 55° and decreased by around one dB at the EOC, findly, in
case of 8x8 array it approximately satisfy the desired directivity from nadir till the EOC.
Figures (5) through (9) show the normalized far field pattern in case of thinned 4x4
planar array with rectangular patch elements at different 6, which simulate the
movement of the satellite.

Figures (10) through (14) show the normalized far field pattern in case of thinned 4x4
planar array with cos™>(0) elements at different 6.

Figures (15) through (18) show the normalized far field pattern in case of thinned 8x4
and 8x8 planar array with rectangular patch elements at different 9,

Tables (1) through (11) show the ON and OFF elements in the array. In the tables, the
first top left element represents the element at the origin, the elements in the same row
in the y-direction, and the elements in the same column in the x-direction of the planar
array.

In many cases, the excitation coefficients which used for certain angle are adequate to
be used for other successive angles, for example, the used excitations at 6 = O in case of
8x4 array is sufficient to get the desired directivity from 6 = 0° till 6 = 12° aso, the
excitation coefficients of 0 = 30° are adequate till 6 = 36°, and so on, which will simplify
the program which will control the feeding network through the movement of the
satellite.

Figures (19) and (20) show the convergence to the optimum solution in two different
runs to two different cases by using the built genetic algorithm optimizer.

5. Conclusions:

Thinning of an 8x4 rectangular antenna array with half wave rectangular patch element
pattern gives good results to achieve the desired directivity to achieve constant link
margin during a certain ground track from the nadir till EOC, aso an 8x8 one gives
optimum results through all the path.

This simple technique gives good results without need to phase shifters, that's simplify
the feeding network. The excitation coefficients which used for certain angle are
adequate to be used for other successive angles, that will also simplify the feeding.

GA is a powerful agorithm to achieve a certain objective, it is effective at solving
complex combinatorial and related problems.
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Figure (1): Element geometry of a 2-D planar array.
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Figure (2): A block diagram of a simple Genetic Algorithm optimizer
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Figure (3): The used technique of crossover in case of planar array chromosomes
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Achieved and Desigred Directivity of a planar Array
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Figure (4): The Achieved and desired Directivity of the planar array
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Figure (5): The Normalized far field pattern
at theta O deg. for 4x4 patch elements array
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Figure (6) : The Normalized far field pattern
at theta 20 deg. for 4x4 patch elements array

Table (1): The thinned 4x4 patch elements
at theta O deg.
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Table (2): The thinned 4x4 patch elements
at theta 20 deg.
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Table (3): The thinned 4x4 patch elements
at theta 40 deg.
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Figure (7): The Normalized far field pattern
at theta 40 deg. for 4x4 patch elements array

Table (4).The thinned 4x4 patch elements
at theta 50 deg.
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Figure (8): The Normalized far field pattern
at theta 50 deg. for 4x4 patch elements array

Table (5): The thinned 4x4 patch elements
at theta 58 deg.
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Figure (9): The Normalized far field pattern
at theta 58 deg. for 4x4 patch elements array
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R . Table (6): The thinned 4x4 cos™°(6) elements
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Figure (10): The Normalized far field pattern
at theta O deg. for 4x4 cos"°() elements array

Table (7): The thinned 4x4 cos™>(9) el ements
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Figure (11): The Normalized far field pattern
at theta 30 deg. for 4x4 cos™>(0) elements array

Table (8): The thinned 4x4 cos™>(9) elements
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Figure (12): The Normalized far field pattern
at theta 45 deg. for 4x4 cos™>(0) elements array
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Table (8): The thinned 4x4 cos'°(9) elements
at theta 50 deg.
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Figure (13): The Nor malized far field pattern
at theta 50 deg. for 4x4 cos'>(0) elements array

Table (8): The thinned 4x4 cos'°(9) elements
at theta 58 deg.
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Figure (14): The Nor malized far field pattern
at theta 58 deg. for 4x4 cos'>(0) elements array

Table (8): The thinned 8x4 patch elements

. at theta 50 deg.
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Figure (15): The Normalized far field pattern 00|00
at theta 50 deg. for 8x4 patch elements array 1(0(1]1
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Figure (16): The Normalized far field pattern
at theta 58 deg for 8x4 patch elements array
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Figure (17): The Normalized far field pattern
at theta 55 deg for 8x8 patch elements array
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Figure (18): The Normalized far field pattern
at theta 58 deg for 8x8 patch elements array

Table (9): The thinned 8x4 patch elements

Table (10):

at theta 58 deg.
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The thinned 8x8 patch elements
at theta 58 deg.
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Figure (19): The Genetic algorithm convergence
at theta 55 for 8x8 patch elements array
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Figure (20): The Genetic algorithm convergence
at theta 58 deg for 8x8 patch elements array
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