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Abstract : Teaching-Learning Based Optimization (TLBO) is a novel population based optimization algorithm
that has proved to be worthy in solving many multimodal problems in production engineering. In this paper, the
application of TLBO is extended to electromagnetics. Non-uniform circular array synthesis is performed using
TLBO with amplitude only technique. With the objective of -15dB side love level (SLL). Along with SLL the
beam-width is controlled and almost made equal to that of uniform circular array with 10% relaxation. The
synthesized radiation pattern for 20, 30, 40 and 50 elements circular array are presented here along with
corresponding excitation amplitude as stem plots and convergence plots for both scanned and non-scanned
conditions.
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I.  Introduction

In communication systems, an antenna is designed to radiate in or to receive from desired direction [1-
4]. Any radiation in the unwanted direction must be suppressed by reducing the energy in the side lobes.
Traditionally this was achieved by using a group of antennas arranged in a geometrically well-structured
manner, which are generally referred to as antenna arrays. To obtain the desired radiation characteristics such as
required side lobe level, beam-width etc., various numerical methods for antenna array synthesis such as
Schelkunoff, Dolph-Chebyscheff and Taylor's have evolved over the course of time. These are mathematically
rigorous, time consuming and could not handle multi-modal problems. Hence heuristic methods are employed to
determine the excitation coefficients required to generate the desired radiation pattern. Evolutionary methods
such as genetic algorithm [5,6], particle swarm optimization algorithm [7-10], ant colony optimization [11],
invasive weed optimization [12], bees algorithm [13], Taguchi's algorithm [14] and flower pollination algorithm
[15] were used to obtain solutions for of non-uniform linear and circular arrays synthesis problems with several
single and multiple objectives.

Side lobe level (SLL) has been a prominent issue in a communication system because it effects the
level of interference in the direction outside of main beam area. The reduction in interference gives the
possibility of increasing the capacity of the communication system. Circular arrays have become popular in
wireless communications ever since they have employed in this field due to several inherent features like beam
scanning. There are three parameters predominantly used to arrive at required pattern of an array. These are
amplitude and phase of the excitation, spacing between the antenna elements in the array.

In this paper, a non-uniform circular array is considered. The coefficients are generated for the
amplitude of excitation using a novel evolutionary method called Teaching and Learning Based Optimization
(TLBO) algorithm [16-21] to keep the side lobe level to as low as -15db while the main beam is scanned to 20°.
The other two steering parameters were kept constant. Non-scanned beams with the lower SLL are reported
earlier by the same authors for circular arrays [20] and linear arrays [21]. Initially the array factor was
formulated for a non-uniform circular array followed by the elaboration of the teaching learning based
optimization algorithm and its fitness function. Finally the results are presented comparing it with the pattern of
a uniform circular array.

Il.  Array Factor Formulation
The geometry of non-uniform circular array is shown in fig.1. The figure shows isotropic radiators
placed in the form of a circle having a radius ‘r’. The array factor of this geometry is,

AF(¢)= %In exp(j(krcos(g —¢n )+ )
n=1 (1)
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Fig.1.Geometry of N Element Non-Uniform Circular Array

where,

n is element number

I,is current excitation of the n™ element
N is number of elements in the array

Pn is the phase of excitation of the n™ element
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1. Fitness Evaluation

The fitness is evaluated using the following expression.
f= min(max(AFdB(_goto 90))) (4)

Where, AFdB(_90t0+90) refers to the array factor values excluding the main beam. The

expression inside gives the maximum of AF ;g values. The term min refers to minimization problem. In brief,

optimization problem involves in achieving lower SLL by minimizing the maximum SLL in the region of the
radiation pattern not covered by the principal beam.

IV.  TLBO Algorithm

TLBO algorithm is a novel meta-heuristic optimization algorithm based on the exchange of knowledge
which happens possibly in two different ways in a class room environment viz., between the teacher and the
student and learner and fellow learner [16-19]. This process in divided into Teaching phase and Student phase.
Each student is treated as an array and the corresponding subjects in the class are array elements. The best
student is in the class is treated as the array with best fitness function. The algorithm is applied to synthesize the
non-uniform circular antenna array to obtain the desired SLL.

The algorithm is classified into initialization, teaching phase, learning phase and termination criterion.
In the first phase, the population is generated with specified lower and higher boundary. During the teaching
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phase the mean of each of the subjects for all generations is calculated and presented as M°. in the minimization
problem the learner with the least mean is considered as teacher for that iteration. All the learners now takes a
shift towards the teacher with the following expression [16,17]:

g_yx9 VA
Xnew =X~ +rand Xteacher

~tf*M 9 ) (5)
where, X is the learner, g is generation, tf is teaching factor ranging from 1 to 2.
In the learning phase the learner’s knowledge is updated using the flowing equation:

X3 + rand *(X 9 - xrg) fitness(X 3 )( fitness(X,g) (6)
XT?EW
X8 +rand *(Xrg - Xig) Otherwise

where, ‘i’ refers to considered learner and ‘r’ to another randomly selected learner. The program will
be terminated if the desired criterion is obtained. The criterion can be number of generations or the desired value
of the fitness.
V.  Results And Discussions

The simulation was carried out for N=20, 30, 40 and 50 elements. The resultant plots without steering the
main beam and with main beam steered to 20° are shown below:
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(ii) Plots with main beam steered to 20°
Fig.2 Plots for non-uniform circular array of 20 Elements
The above figures (a) and (c) shows the radiation pattern without and with beam-steering for a 20
element non-uniform circular array respectively. In both the cases the side lobe level is maintained at -15 dB.
The beam-width is also maintained consistently with uniform circular array with 10% relaxation. As it is evident
from figures (b) and (d) the plots converge after 1900 and 10000 generations respectively
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(ii) Plots with main beam steered to 20°
Fig.3 Plots for non-uniform circular array of 30 Elements

The above figures (a) and (c) shows the radiation pattern without and with beam-steering for a 30
element non-uniform circular array respectively. In both the cases the side lobe level is maintained at -15 dB.
The beam-width is also maintained consistently with uniform circular array with 10% relaxation. As it is evident
from figures (b) and (d) the plots converge after 5500 and 15000 generations respectively.
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Fig.4 Plots for non-uniform

circular array of 40 Elements

As is evident from figures (a) and (c) the side lobe level is maintained below -15 dB even while the main beam
is steered for a 40 element array as well.
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(ii) Plots with main beam steered to 20°
Fig.5 Plots of non-uniform circular array having 50 Elements

In figures (a) and figures (c), of all the plots shown above, the radiation pattern of non-uniform circular
array are plotted and compared with that of uniform circular array. It is obvious from the plots that the side lobe
level is reduced by 7 dB by using non-uniform amplitude distribution. The excitation coefficients for the sizes of
the non-uniform circular array considered above are tabulated in Table 1.
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Table 1: Amplitude distribution for non-scanned and scanned beams

Number
S.No of Amplitude coefficients without Beam scanning Amplitude coefficients with Beam scanning (20°)
Elements

0.99887 0.39963 0.25807 0.51404 0.31376 | 0.48302  0.58274 0.65326  0.06680 0.33814
0.15784 0.01000 0.12706  0.42894 0.16340 | 0.09420  0.12040 0.22002  0.25096  0.27596

! 20 0.55307  0.53109  0.23445  0.03295  0.13247 | 0.53185  0.90125 0.33578  0.55301 0.01028
0.17522 0.05017  0.27300 0.44578  0.24161 0.60786 0.07332  0.11553  0.22953  0.33421
0.59518 0.41890 0.42279 0.24161 0.24185 | 0.15595 0.20247 0.12306  0.02868 0.19924
0.40210 0.03291 0.01399 0.16903 0.29305 | 0.03218 0.08625 0.07028 0.01201 0.06227
0.15150 0.28982  0.18305 0.44031 0.74780 | 0.03291 0.10504 0.07812 0.06492 0.10860

2 30 0.30610 0.54546 0.29218 0.11367 0.06665 | 0.17364 0.07991 0.19824 0.29498 0.07164
0.08031 0.43144 0.34637  0.10481 0.19880 | 0.03555 0.07257 0.03983 0.05520 0.07366
0.19504 0.52639 0.49467 0.11814 0.95539 0.06462  0.03993 0.03872 0.02722 0.05548
0.64067  0.76952  0.69126  0.13673  0.52632 | 0.59218 0.44869 0.57375 0.60308  0.25032
0.48691 0.09877 0.27575  0.03409 0.03819 | 0.23286 0.17171 0.04818  0.05364 0.37777
0.55009 0.01000 0.34868  0.07318  0.13483 | 0.05188 0.16567  0.09223  0.42654  0.11095
0.26571  0.39519  0.65351  0.39117  0.63488 | 0.03841 0.54389 0.25614 0.62593  0.76522

3 40 0.27555  0.45659  0.72464  0.43303  0.20735 | 0.51171 0.59347  0.80309  0.44418  0.39216
0.01175 0.15885 0.19189  0.06702 0.11686 | 0.71987 0.41901  0.08146 0.35873  0.11769
0.24899  0.02694 0.57324  0.19424 0.37058 | 0.24993 0.01562 0.08853  0.12222  0.07807
0.38721  0.40950 0.65085  1.00000  0.19946 | 0.18186 0.25073 0.42319 0.17460 0.20565
0.90792 0.62133  0.22757 0.49018 0.36449 | 0.18263 0.22499  0.36861 0.44848  0.27281
0.28283  0.14071 0.34417 0.29222 0.38332 | 0.29385 0.15210  0.30748  0.31313 0.18843
0.21530 0.52455 0.47622 0.12033  0.09200 | 0.01050 0.16650 0.15030 0.04802  0.16277
0.13557 0.72302 0.53800  0.01000 0.40289 | 0.09473  0.14521 0.10977  0.05435 0.02987
0.73890 0.20181  0.87449 0.36330  0.93152 | 0.06483 0.14682  0.11161 0.20323  0.27789

4 50 0.63849  0.66351 0.46902 0.86279 0.24310 | 0.13567 0.31271 0.21375 0.13602  0.22442
0.77243 0.21307 0.14805 0.03081  0.10077 | 0.36722 0.32789 0.22441 0.15175 0.17386
0.29064 0.18872 0.36722 0.34743 0.15887 | 0.06055 0.07194  0.03687  0.23440  0.02319
0.33854 0.43397  0.02634 0.31201  0.06549 | 0.08191 0.27199 0.03827  0.05135  0.13643
0.20791 0.87053 0.68613 0.79435  0.15358 0.10240 0.20273 0.09185 0.22548 0.28261

VI.  Conclusion
The circular array synthesis is formulated as an optimization problem with control over the two

conflicting parameters known as SLL and BW. The BW is maintained at magnitude of that of the uniform
circular array with SLL much less than the uniform case. TLBO algorithm is successfully applied to determine
the coefficients required to obtain desired side lobe level of -15 dB and simultaneously scanning the main beam
to desired direction in radiation pattern of non-uniform circular arrays. The table gives the amplitude
distribution for both scanned and non-scanned cases.
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