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Abstract—The optimization of a scannable pattern for planar
antenna arrays is dealt with. This design of Scannable Planar Arrays
considers the optimization of the amplitude and phase excitation across
the antenna elements by using the well-known method of Genetic
Algorithms. Simulation results for Scannable Planar Arrays with the
amplitude and phase excitation optimized by Genetic Algorithms are
provided. Furthermore, in order to set which design case could provide
a better performance in side lobe level, a comparative analysis of the
performance of the optimized design case with a conventional phased
planar array is achieved.

1. INTRODUCTION

Many antenna applications such as cellular systems, radar systems,
smart antennas, etc., require the capability of steering the beam
pattern in a wide scanning range. In this case, planar arrays are
well suited for such applications where beam scanning is needed,
particularly, in all azimuth plane [1, 2].

In the study of planar arrays, it has been considered the reduction
of the side lobe level by optimally adjusting the positions of the antenna
elements with uniform excitations [3–5]. Recently, it has been proposed
in [6, 7] the design of a non-uniformly spaced planar array structure.
This approach makes use of the thinned array theory [8–10] combined
with the Gauss-Newton algorithm [6]. In [11] the differential evolution
algorithm is used for the pattern synthesis of planar antenna arrays
with prescribed pattern nulls by position-only and position-amplitude
optimization.
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In this paper, we present the design of a scannable uniform
planar array considering the optimization of the amplitude and phase
excitations across the antenna elements by using the well-known
Genetic Algorithms (GA) [12–22]. Due to the great variety of
parameters involved, optimization techniques such as GA are very
appropriate tools to search for the best antenna array models.

The main objective of this paper is to investigate the behavior of
the array factor for the design of planar antenna arrays in a uniform
planar geometry considering the optimization of a scannable pattern
in a wide scanning range. This design considers the synthesis of the
array factor with desired characteristics of the side lobe level and the
directivity in a wide steering range.

This paper is organized as follows. Section 2 describes the
scannable planar array model. Section 3 presents a description of
the objective function used by the evolutionary algorithm; then the
simulation results are presented in Section 4. Finally, the conclusions
of this work along with some future line of research are presented in
Section 5.

2. PLANAR ARRAY MODEL

Consider a planar array of M ×N antenna elements uniformly spaced
in the x-y plane as shown in Figure 1. The array factor for the planar
array shown in the Figure 1 is given by [23, 24]

AF (θ, ϕ, I) =
N∑

n=1

M∑
m=1

Imn exp {jk [xmn (sin θ cosϕ− sin θ0 cosϕ0)

+ ymn (sin θ sinϕ− sin θ0 sinϕ0)]} (1)
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Figure 1. Steerable planar array with antenna elements uniformly
spaced.
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where xmn and ymn indicate the position of the mnth element of
the array. In this case, the array factor for a planar array with
phase excitation is created by adding in the appropriate element phase
perturbations

P =




δβ1 δβ2 · · · δβM

δβM+1 δβM+2 · · · δβ2M
...

δβM(N−1)+1 δβM(N−1)+2 · · · δβM×N


 (2)

where δβi represents the phase perturbation of the ith element of the
array, such that

AF (θ, ϕ, I,P) =
N∑

n=1

M∑
m=1

Imn exp {j [ψmn + δβmn]}. (3)

In these equations, Imn represents the amplitude excitation of the
mnth element of the array, ψmn = k[xmn(sin θ cosϕ − sin θ0 cosϕ0) +
ymn(sin θ sinϕ − sin θ0 sinϕ0)], (θ0, ϕ0) is the direction of maximum
radiation, k = 2π/λ is the phase constant, θ is the angle of incidence
of a plane wave in the elevation plane, ϕ is the angle of incidence in
the azimuth plane, λ is the signal wavelength.

The idea of adding perturbations into the conventional array factor
is so that the optimization algorithm searches possible optimal phase
excitations in angles near the direction of desired maximum gain. The
optimization process developed in this paper for generating arrays that
have radiation patterns with low side lobe level will be based on (3).

3. OBJECTIVE FUNCTION AND THE TECHNIQUE
USED

To deal with this design problem we use the method of Genetic
Algorithms. We chose this algorithm for its ease of implementation.
Besides its simplicity for implementation this algorithm has shown
to be one of the most effective algorithms over an important set of
difficult optimization problems [25]. Notice that with this selection we
do not claim that GA is the best option for this particular problem:
determining the best optimization algorithm for a particular antenna
design problem remains an open problem. The procedure for GA is
described as follows.

A set of 500 points is used to specify a desired array factor with
direction of maximum gain in each angle of the scanning range. Each
point represents the ith desired normalized radiation pattern value.
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An individual is generated by the GA (amplitude excitations and
phase perturbations of antenna elements). Each individual is in general
represented by a vector of real numbers, that represents the amplitudes,
and a vector of real numbers restrained on the range (0, 2PI), that
represents the phase perturbation of antenna elements.

The value of the objective function is calculated as

Of =(|AF (θSLL, ϕSLL, I,P)|/max|AF (θ, ϕ, I,P)|)+(1/DIR(θ, ϕ, I,P))
(4)

where (θSLL, ϕSLL) is the angle where the maximum side lobe is
attained and DIR the directivity of the array factor. In this case both
objectives (SLL and DIR) are uniformly weighted in the cost function.
In this case, the design problem is formulated as minimize the objective
function of.

A random population of individuals is generated and the genetic
mechanisms of cossover, survival and mutation are used to obtain
better and better individuals, until the GA converge to the best
solution or the desired goals are achieved.

The results of using the evolutionary algorithm for the design of
scannable uniform planar arrays are described in the next section.

4. SIMULATION RESULTS

The technique of GA was implemented to study the behavior of the
array factor for scannable planar arrays. In this case, the array factor
generated in the azimuth plane in the cut of θ = 45◦ is considered,
i.e., the array factor for the steering range of 0◦ ≤ ϕ0 ≤ 360◦ with an
angular step of 30◦. After a trial and error procedure the parameters
of the simulations algorithm were set as follows: maximum number
of generations rmax = 500, population size gsize = 200, crossover
probability pc = 0.95 and mutation probability pm = 0.1. Parameter
tuning in evolutionary computation is a very complex problem to
solve [26], and it is still an active area of research [27]. We have
set proposed parameters based mainly on our previous experience in
solving similar problems [12, 13, 28]. The obtained results are explained
below.

Figure 2 illustrates the behavior of the array factor for a steerable
planar array with the amplitude and phase excitation optimized by
the GA. In this case, the separation between antenna elements is set
as d = 0.5λ and it is illustrated for the example N = 10 and M = 10,
in the scanning range previously mentioned.

As shown in the example of the Figure 2, the evolutionary
algorithm generates a set of amplitude and phase excitations in each
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Figure 2. Behavior of the array factor for a steerable planar array in
the proposed scanning range with the amplitude and phase excitation
optimized by the GA for N = 10 and M = 10.

angle of the scanning range to provide a normalized array factor with
a side lobe level <−20 dB in the steering range.

In Figure 3 it is shown a particular case for ϕ0 = 150◦ in the
cut of θ = 45◦. In this Figure, it is shown a comparison of the array
factor between this particular case, optimized with the evolutionary
algorithm, and the conventional case, i.e., the conventional progressive
phase excitation. From this Figure, it can be observed a considerable
reduction of the side lobe level for the case optimized with the
evolutionary algorithm with respect to the conventional case.

The numerical values of the side lobe level and the directivity
for the array factor illustrated in Figure 2 are presented in Table 1.
Table 1 illustrates that the design case with the amplitude and phase
optimized by the GA could provide a better performance in side lobe
level with respect to the conventional case. These low values of side
lobe level for the optimized design case could be achieved with better
values of directivity and the same aperture in both design cases.

The values of amplitude excitations and phase perturbations for
the array factor illustrated in Figure 2 are shown graphically in Figure 4
and Figure 5. To be more illustrative, in these Figures it is considered
the antenna element index of the planar array as shown in Figure 1, i.e.,
for the first linear array the element index is from 1 to M = 10, for the
second linear array the element index is from M +1 = 11 to 2M = 20,
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Figure 3. Comparison of the array factor between the particular
case for ϕ0 = 150◦ in the cut of θ = 45◦ optimized with GA and the
conventional case.

Table 1. Numerical values of the side lobe level and the directivity
for the array factor illustrated in Figure 2.

Design case optimized with GA Conventional case
ϕ0 SLL (dB) DIR (dB) SLL (dB) DIR (dB)
0◦ −22.2188 32.9620 −14.2418 33.0864
30◦ −24.2846 33.8040 −16.1711 33.2632
60◦ −24.4860 33.9745 −16.1639 33.2648
90◦ −21.3458 33.4150 −14.2331 33.4168
120◦ −24.0012 33.7401 −16.1598 33.2616
150◦ −24.7379 33.7243 −16.1563 33.2591
180◦ −22.5920 32.8748 −14.2292 33.4093
210◦ −24.3958 33.4624 −16.1563 33.2591
240◦ −24.1144 34.0938 −16.1598 33.2616
270◦ −23.7050 33.5422 −14.2331 33.4168
300◦ −25.1018 33.9017 −16.1639 33.2648
330◦ −23.0084 33.5487 −16.1711 33.2632
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Figure 4. Amplitude distribution for the array factor illustrated in
Figure 2.

 

 
 

Figure 5. Phase perturbation distribution for the array factor
illustrated in Figure 2.
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and so on until we have M × N = 100. In this case, the amplitudes
weights could be realized in a real hardware setup rescaling all the
complex coefficients before to apply them to a real system. In a real
system, the amplitudes will be adjusted in such a way the conservation
law of the energy will be preserved.

5. CONCLUSIONS

This paper illustrates how to model the design of scannable planar
arrays with the amplitude and phase optimization for maximum side
lobe level reduction using genetic algorithms. Experimental results
reveal that the design of scannable planar arrays with the amplitude
and phase optimized with the use of genetic algorithms could provide
a lower side lobe level (<−20 dB), with respect to a conventional
phased planar array. In this case, these values of side lobe level for
the optimized design case are achieved with better values of directivity
and the same aperture in both design cases.

Future research will be aimed at dealing with the application
of evolutionary techniques in the optimization of scannable antenna
arrays considering the feeding network in order to simplify the
beamforming network.

ACKNOWLEDGMENT

This work was supported by the Mexican National Science and
Technology Council, CONACyT, under grant J50839-Y and the
Science and Technology Council of Tamaulipas Mexico COTACyT
under grant 2007-C13-73901.

REFERENCES

1. Stutzman, W. L. and G. A. Thiele, Antenna Theory and Design,
2nd edition, Wiley, 1998.

2. Liang, C.-H., L. Li, and X.-J. Dang, “Inequality condition for
grating lobes of planar phased array,” Progress In Electromagnet-
ics Research B, Vol. 4, 101–113, 2008.

3. Harrington, R. F., “Sidelobe reduction by nonuniform element
spacing,” IRE Trans. on Anten. and Propag., 187–192, March
1961.

4. Hodjat, F. and S. A. Hovanessian, “Nonuniformly spaced linear
array antennas for sidelobe reduction,” IEEE Trans. on Anten.
and Propag., Vol. 26, No. 2, 198–204, March 1978.



Optimization of scannable pattern 2249

5. Yu, C. C., “Sidelobe reduction of asymmetric linear array by
spacing perturbation,” IEE Electronics Letters, Vol. 33, No. 9,
730–732, April 1997.

6. Bae, J., K. Kim, and C. Pyo, “Design of steerable linear and planar
array geometry with non-uniform spacing for side-lobe reduction,”
IEICE Trans. Commun., Vol. E88-B, No. 1, January 2005.

7. Bae, J. H., K. T. Kim, C. S. Pyo, and J. S. Chae, “Design of
scannable non-uniform planar array structure for maximum side-
lobe reduction,” ETRI Journal, Vol. 26, No. 1, 53–56, 2004.

8. Haupt, R., “Thinned arrays using genetic algorithms,” IEEE
Trans. on Anten. and Propag., Vol. 42, 993–999, 1994.

9. Razavi, A. and K. Forooraghi, “Thinned arrays using pattern
search algorithms,” Progress In Electromagnetics Research,
PIER 78, 61–71, 2008.

10. Mahanti, G. K., N. Pathak, and P. Mahanti, “Synthesis of
thinned linear antenna arrays with fixed sidelobe level using real-
coded genetic algorithm,” Progress In Electromagnetics Research,
PIER 75, 319–328, 2007.

11. Aksoy, E. and E. Afacan, “Planar antenna pattern nulling using
differential evolution algorithm,” AEU International Journal of
Electronics and Communications, in press, 2008.

12. Panduro, M. A., D. H. Covarrubias, C. A. Brizuela, and
F. R. Marante, “A multi-objective approach in the linear antenna
array design,” AEU International Journal of Electronics and
Communications, Vol. 59, No. 4, 205–212, 2005.

13. Panduro, M. A., A. L. Mendez, R. Dominguez, and G. Romero,
“Design of non-uniform circular antenna arrays for side
lobe reduction using the method of genetic algorithms,”
AEU International Journal of Electronics and Communications,
Vol. 60, No. 10, 713–717, 2006.

14. Bray, M. G., D. H. Werner, D. W. Boeringer, and D. W. Machuga,
“Optimization of thinned aperiodic linear phased arrays using
genetic algorithms to reduce grating lobes during scanning,” IEEE
Trans. on Anten. and Propag., Vol. 50, 1732–1742, 2002.

15. Li, W.-T., X.-W. Shi, L. Xu, and Y.-Q. Hei, “Improved GA and
PSO culled hybrid algorithm for antenna array pattern synthesis,”
Progress In Electromagnetics Research, PIER 80, 461–476, 2008.

16. Xu, Z., H. Li, Q.-Z. Liu, and J.-Y. Li, “Pattern synthesis
of conformal antenna array by the hybrid genetic algorithm,”
Progress In Electromagnetics Research, PIER 79, 75–90, 2008.

17. Meng, Z., “Autonomous genetic algorithm for functional



2250 Reyna and Panduro

optimization,” Progress In Electromagnetics Research, PIER 72,
253–268, 2007.

18. Mahanti, G. K., A. Chakrabarty, and S. Das, “Phase-only
and amplitude-phase only synthesis of dual-beam pattern linear
antenna arrays using floating-point genetic algorithms,” Progress
In Electromagnetics Research, PIER 68, 247–259, 2007.

19. Agastra, E., G. Bellaveglia, L. Lucci, R. Nesti, G. Pelosi,
G. Ruggerini, and S. Selleri, “Genetic algorithm optimization of
high-efficiency wide-band multimodal square horns for discrete
lenses,” Progress In Electromagnetics Research, PIER 83, 335–
352, 2008.

20. Rostami, A. and A. Yazdanpanah-Goharriz, “A new method
for classification and identification of complex fiber Bragg
grating using the genetic algorithm,” Progress In Electromagnetics
Research, PIER 75, 329–356, 2007.

21. Razavi, S. M. J. and M. Khalaj-Amirhosseini, “Optimization
an anechoic chamber with ray-tracing and genetic algorithms,”
Progress In Electromagnetics Research B, Vol. 9, 53–68, 2008.

22. Su, D., D.-M. Fu, and D. Yu, “Genetic algorithms and method of
moments for the design of PIFAS,” Progress In Electromagnetics
Research Letters, Vol. 1, 9–18, 2008.

23. Balanis, C., Antenna Theory-Analysis and Design, 2nd edition,
Wiley, New York, 1997.

24. Rocca, P., L. Manica, and A. Massa, “Directivity optimization in
planar sub-arrayed monopulse antenna,” Progress In Electromag-
netics Research Letters, Vol. 4, 1–7, 2008.

25. Rahmat-Samii, Y. and E. Michielssen, Electromagnetic Optimiza-
tion by Genetic Algorithms, Wiley & Sons, New York, 1999.

26. Eiben, A. E., R. Hinterding, and Z. Michalewicz, “Parameter
control in evolutionary algorithms,” IEEE Transactions on
Evolutionary Computation, Vol. 3, No. 2, 124–141, 1999.

27. Eiben, A. E. and J. E. Smith, Introduction to Evolutionary
Computing, Springer, Berlin, 2003.

28. Panduro, M. A., “Optimization of non-uniform linear phased
array using genetic algorithms to provide maximum interference
reduction in a wireless communication system,” Journal of the
Chinese Institute of Engineers JCIE, Vol. 29, No. 7, 1195–1201,
Special Issue: Communications, 2006.




