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Abstract. The paper proposes a novel least perturbation
based method of constrained null placement for a non-
uniformly excited linear antenna array. Synthesis of am-
plitude and phase of edge element using least perturbation
based analytical technique for required null placement
leads to degradation of pattern in terms of increased side
lobe level and beam broadening. Further computation
capability of the method of least perturbation has been
enhanced using an evolutionary algorithm. Subsequently,
suitable evolutionary algorithms have been employed to
find the optimum value of excitation and phase of edge
elements subject to constraints of side lobe level reduction,
beamwidth narrowing, and main beam control. Design of 8
and 15 elements linear array with a 95% reduction in com-
putation time elucidates the capabilities of the proposed
method. Further 3D electromagnetic solver-based valida-
tion process has been used to ascertain the practical
acceptability of the method.

Keywords

Null placement, beam steered linear array, minimum
perturbation, excitation distribution, evolutionary
algorithms

1. Introduction

In modern day communication systems, the ability to
eliminate unwanted interference sources in complex elec-
tromagnetic environments is most desirable. Traditionally,
suppression of signal originating from unwanted sources is
carried out by masking the interference signal in a particu-
lar direction. Accordingly, null positioning methods in
antenna array systems are based on an analytical approach
[1-5], [7], [10], [15], [18] and by using evolutionary algo-
rithms [6], [8], [9], [11-14], [16], [17], [19-28] have been
implemented by researchers, for achieving single, multiple
and wide null placement in beam steered linear array. In
those approaches, phase [6], [8] [9], [12], element spacing
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[7], [13], [14], [24], [27] and real valued excitation [10],
[15], [16], [18-20], [28] have been controlled individually
or in combination [11], [17], [21-23], [25-26] for realizing
the null placement. In [1], Schelkunoff proposed an ana-
lytical method for obtaining excitation amplitude distribu-
tion subject to null placements [1]. Since then, Hans
Steyskal et al. [2] and H. M. Ibrahim [3] have employed
different methods of adaptive null placement through ex-
citation amplitude calculation. Among them, the method of
independent null steering by using weight can be antici-
pated to be the most efficient as each null position is asso-
ciated with independent weight [3]. Consequently, if the
direction of interference changes, then only the element
associated with that new null position can be controlled for
obtaining desired null placement [10]. However, when the
number of interference sources is too small compared to
array size, the method is less sensitive to element positions.
This limitation has been overcome by perturbing the posi-
tion of selected elements, subject to minimization of power
at null locations and power fluctuation in the main beam
[7]. In [18], Jafar et al. have reported a method in which
additional amplitude and phase of two edge elements have
been controlled analytically using a model involving
a uniformly excited linear array subject to desired null
placement. However, it has been observed that such
a mathematical model needs an initial assumption of edge
elements’ excitation for null placement. Consequently, the
acceptable value of the excitation amplitude and phase of
edge elements depends on assumption of initial value
leading to the unwanted null placement and enhanced com-
putation time.

Although all the analytical methods are quite efficient
in realizing adaptive null placement, all of them have some
inherent limitations in the form of complex hardware,
computation time and lack of robustness against the multi-
ple conflicting objectives. To overcome these limitations,
various evolutionary algorithms like Genetic Algorithm
(GA) [6], [17], [24], [27], Particle Swarm Optimization
(PSO) [8], [12], [19], [22] and its variant [14], [26], Se-
quential Quadratic Programming (SQP) [9], Pattern Search
(PS) optimization [11], Differential Evolution (DE) [13],
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Taguchi Method [16], Spider Monkey optimization [20],
Flower Pollination Algorithm [21], [23], Cross Entropy
Based Optimization [24], Strawberry Optimization Algo-
rithm [25] and Mayfly Algorithm [28] have been used for
null placement. All these algorithms control the excitation
amplitude, inter-element spacing, phase individually or in
combination of aforementioned parameters for achieving
null placement under multi objective scenario. For exam-
ple, in [28], Mayfly Algorithm has been used to obtain null
steering with side lobe level (SLL) constraint by optimizing
the excitation amplitude of the linear antenna array. Further
same synthesis objectives have been revisited by varying
positions of the array elements. Both experiments show
partial effectiveness of the method as it suffers from in-
creased beamwidth. Further low side lobe level pattern
synthesis of uniform linear array has been discussed using
BAT algorithm and statistical mean method in the presence
of array errors [29]. Then a novel pattern synthesis algo-
rithm for antenna array has been discussed in [30] for
eliminating ranges ambiguity in LT-1 mission via sequen-
tial convex optimizations. However, it must be noted that
success of the aforementioned evolutionary algorithm-
based methods come at the expense of selective or com-
plete perturbation in excitation distribution and inter ele-
ment spacing. Subsequently, change in null position leads
to recalculation and repositioning of array elements which
needs additional support mechanism in terms of enhanced
system complexity. Consequently, it is desirable to develop
a constrained null placement method that requires least
perturbation in excitation distribution with no change in
existing inter element spacing.

The article in discussion proposes a method of null
placement in non-uniformly excited beam steered linear
array wherein only excitation amplitude and phase of edge
elements has to be perturbed subject to null placement
leading to minimum perturbation with respect to existing
complex excitation distribution of the linear antenna array.
Further, when combined with an evolutionary algorithm,
the method can place desired null without adversely af-
fecting other radiation parameters which in turn shows
constrained null placement capabilities of the proposed
method. Present investigation considers particle swarm
optimization (PSO) and differential evolution (DE) sepa-
rately as representative evolutionary algorithms to illustrate
the capability of the method in a constrained scenario. The
method uniquely considers variation in excitation and
phase of only edge elements which leads to considerable
reduction in computation time. Moreover, the method can
be developed using any optimization algorithm wherein
constraint null placement in linear array with different
excitation distributions can also be achieved.

2. Proposed Method

Array factor of beam steered linear array (AF (6)) can
be expressed as the sum of array factor due to edge ele-
ments (4Fg(6)) and array factor due to rest of the elements
(AFRr(0)). For even numbered array (2N) subsequent ex-

pressions have been represented in (1) to (4):

AF(6)= anli,:a" cousnz_ljy/] M

In (1), w=kd sinf +  wherein k= 2n/\ represents wave
number, d is the uniform inter-element spacing,
p =—kd sinf; expresses progressive phase difference be-
tween two consecutive array elements with 6; being the
main beam position and @ is the elevation angle with re-
spect to array axis. Moreover, a, is the excitation amplitude
of the n™ element of the array and ay represents the excita-
tion amplitude of edge element of the array.

AF(0)= 2§an cousnz_lJl//} +2a, cosK 2]\’2_ 1)4,

2

_ - 2n—1 3
AF, ()= anz;a" COSK2 jl//:|, 3)
AF,(0)=2a, cos[( 2N2_ ljy/} . “

In (5) array factor expression has been modified to
express in exponential form. Such modification has been
carried out to illustrate the contribution of the edge ele-
ments in the overall array factor expression.

(2N-1 [(2N-1
AF, (0)=a, eiJ[TJW+ a, eﬂ[ 2 )W. (5)

Similarly, for odd numbered linear array (2N+1)
relevant array factor expressions have been as represented
in (6) to (9):

N+1

AF (0)=23a, cos[ (n—1)y/], Q)

n=l1

AF (0)= 2&(1” cos| (n—1)y |+2ay.,cos(Ny), (1)

n=l1

AF, (0):2%‘01" cos[ (n—1)y |, ®

AF,(0)=2a,, cos(Ny). ©)

The array factor expression of (9) has been written in
the exponential form given by (10) to illustrate the
contribution of edge elements

AF, (0)=ay, e ™ +a,, e, (10)

From the analysis of array factor expressions, it has
been observed that the perturbation in edge element excita-
tion has the potential to achieve pattern synthesis. Conse-
quently, with the aim of least perturbation in existing exci-
tation distribution, the recent investigation considers
perturbation in edge elements excitation subject to null
placement. A schematic of the proposed method has been
illustrated in Fig. 1. In Fig. 1, the desired excitation for
edge elements has been considered as 4. and A with respec-
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Fig. 1. Schematic of the proposed method.

tive phases P. and P_. Subscript ‘+’ and ‘—" have been
assigned to denote the positive and negative side of the
array axis respectively. Corresponding modified array
factor expression for edge elements has been given in (11)

2N-1 2N-1

AF,(0) =4 e_j[TJWJr 4" ej[TjW. (11)

Based on the symmetry of the array, it has been considered
that 4. = A4 = A and P, = P_ = —P resulting in array factor
expression of (12)

1

AFE(Q)‘m =2ACOS|:(2]V2_jl//—P:|~ (12)

Consequently, the total modified array factor expression is
given by (13)

AF, (0)= AF, (6)+ AF,(6)| - (13)

For desired null location at 8 = 6, results in y = y, =
kd(siné,— sinf). In order to reduce the synthesis problem
in one dimension, the value of P = —m/2 — /2 has been so
chosen that the corresponding value of the array factor is
zero. Substitution of P in (12) results in a modified array
factor given by (14)

AF, (0) = 2%61” cousnz_ljl//}—ZAsin(Ny/) (14)

At null position, 4F,(6) = 0 resulting in expression
for 4 given by (15) where y,, = kd(sinf, — siné)

SO ES
A= :
sin(Ny, )

Equation (16) represents array factor expression for
edge element contribution in odd numbered linear array.

(16)

(15)

AF, (9)‘“1 =AePe ™t g e,

In (16), A+ and A_ represent the amplitude excitation of
edge elements on the right and left hand side of the array
axis respectively. On substitution of the conditions 4, = 4_

=A and P, = P_=—P in (16), results in array factor expres-
sion of (17)

AFE(Q)‘m =2Acos[ Ny — P]. (17)

If 6, is the null placement coordinate with the value of
P=-1/2 —y/2 then on substitution of P in (17), overall
modified array factor is given by (18)

AF, (0)= 2”221% cos[ (n —1)://]—2Asin[(2]\;”jw] (18)

For 0 = 6,, the array factor expression of (18) reduces
to AF,(0) = 0 and w = y,, resulting in the value of A4 as

given by (19)
Sy Zilan cos[ (n— l)y/nl

"EEn

Consequently, excitation amplitude for edge elements
depends on excitations of other elements of the array which
is not the same as the method reported in [18]. As exam-
ples, two design instances of 8 and 15 elements linear array
with null positions at 38° and —24° have been considered.
Respective main beam positions for 8§ and 15 elements
linear array the main beam coordinate has been kept at 0°
and 10° along with inter element spacing of 0.54 wherein A
is the free space wavelength corresponding to the operating
frequency. Further, it must be noted that for both design
instances considers Dolph Tschebyscheff distribution and
null position at peak side lobe level has been selected to
illustrate the effectiveness of the method. However, in the
analytical method the excitation amplitude for edge ele-
ments has been calculated using (19) whereas excitation
conditions for other elements of the array correspond to the
initial Dolph Tschebyscheff distribution. Resultant array
factor plots representing desired null placement have been
illustrated in Fig. 2 and Fig. 3, respectively. To illustrate
desired null placement, as a representative excitation distri-
bution, the Dolph Tschebysheff distribution with peak side
lobe level (SLL) of —20 dB has been considered.

(19)

In the first design instance (Fig.2), null formation
around the desired null location has been observed. The
second design instance (Fig. 3) further confirms desired
null placement in an odd numbered linear array. Moreover
for the first design instance, null depth of —57 dB with null
width of 1° has been observed and the second design in-
stance shows null depth of —60 dB along with null width of
0.5°. Consequently, the proposed analytical method of null
placement has been successful in achieving desired null
placement with the least perturbation and sufficient null
depth. However, it has also been observed that modified
pattern due to null placement adversely affects radiations
parameters such as first null beamwidth (FNBW), Directiv-
ity (D), peak sidelobe level (PSLL) and main beam position
(6;), which has been summarized in Tab. 1. From Tab. 1 it
has been observed that null placement has adversely
affected all the considered radiation parameters. As
a consequence, the proposed method achieves desired null
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Fig. 2. Array factor plot of 8 elements linear array using

Dolph Tschebyscheff distribution and the proposed
method of null placement at 38°.
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Fig. 3. Array factor plot of 15 elements linear array using

Dolph Tschebyscheff distribution and the proposed

method of null placement at —24°.

N=28and 0,=38°
l\gﬁf’: HPBW | PSLL | FNBW | Amplitude P?;‘)Se ( d%g )
@) | @) [ @) [ @ | o}
Analytical
Method 152 |-1476| 447 0.65 0.603 | 2.1°
(proposed)
Dolph
Tschebyscheff'| 14.2 -20 34.8 NA NA 0°
Method
N=15 and 6,=-24°
Analytical
Method 7.7 -16.8 18.6 0.49 221 | 9.6°
(proposed)
Dolph
Tschebyscheff| 6.4 -20 14.4 NA NA 10°
Method

Tab. 1. Effect on radiation parameters and corresponding edge
element control.

placement at the expense of pattern degradation and hence
needs additional correction for restoration of the radiation
pattern.

3. Constrained Null Placement Method

To facilitate the additional computational capability
of the proposed method, the recent investigation considers
evolutionary algorithm based least perturbation to achieve
constrained null placement. As such adverse effects of null
placement have been modeled as multiple objective opti-
mization problems with fitness functions of (20) to (23).
The fitness function given by (20) corresponds to desired
null placement, wherein 6, represents the desired value of
single null placement along with w, = kd (sind, —sind).

fi= ZNEEan cos Kznz_lj v, } —2Acos Kz]\;_lj v, — P} (20)

Peak side lobe level control has been modeled using
(21). In (21), Ry4p defines existing absolute PSLL and the
second part of the equation has been considered for the side
lobe region (SLR). The SLR has been defined as 6 =
[0°, Opni] and [Opng 180°] wherein Opny and Opnr corre-
spond to first nulls at left and right side around the main
beam position (6).

AF, (0)

AF,(6)

FNBW control has been realized using fitness func-
tion given by (22), where FNBWg represents FNBW value
of existing excitation distribution (which in the present
investigation has been Dolph Tschebyscheff distribution)
and FNBW, correlates to the calculated value:

f, =|R;z —max < 20log @n

f, =|FNBW, — FNBW,|. 22)

Main beam position control has been achieved using
fitness function given by (23) with Oylexisine being the ex-
isting main beam position of the Dolph Tschebyscheff
distribution. Further 6y|imogifie corresponds to the modified
main beam position due to null placement.

fi=

Fitness functions of (20) to (23) have been combined
using the weighted sum method resulting in a single
objective fitness function given by (24)

Fitness=af +yf,+tf,+nf,

In (23), @, 7, 7 and 5 represent the respective weight for f;,
J2, f5. and f4. Present investigation considers oo = y =7 =1# =1
indicating equal influence of all the fitness functions in the
optimization process. It must be noted that array factor
expressions used in the fitness functions correspond to
modified array factor expressions of (14) and (18). Further
particle swarm optimization (PSO) [12] and differential
evolution (DE) [13] have been considered as representative
evolutionary algorithms. The control parameters mentioned
in [12] and [13] have been used in the current investigation.
For both the design instances PSO and DE have been used
to find out the optimum value of ‘4’ and ‘P’ pertaining to
minimum fitness function value. Consequently, search
space comprises of probable values of ‘4’ and ‘P’.
Subsequently, component of search space associated with
excitation amplitude has been randomly defined within
minimum value of initial amplitude distribution and 0.001.
Moreover, upper and lower limit of ‘P’ has been set to
+90° and —90° respectively. Synthesis objectives for PSO
and DE for design instances of 8 and 15 elements have
been summarized in Tab. 2.

(23)

HS |cxisting _65 |modiﬁcd

24

Stopping criteria for the two algorithms have been set
at maximum iteration cycles, i.e. optimizers would cease to
execute once the 100" iteration cycle has reached. Further
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Desien Desired Objectives
Instafce PSLL FNBW Null position A
(dB) (deg) (6) (deg) | (deg)
Design-1 i
(8 elements) -20 34.8 38 0
Design-11 i
(15elements) 20 14.4 24 10

Tab. 2. Synthesis objectives for PSO and DE.

number of agents searching for the optimum value has been
set at 25 for both the algorithms. The effectiveness of evo-
lutionary algorithm based edge element controlled null
placement has been illustrated in Fig. 4 to Fig. 7. The array
factor plots for the two design instances have been repre-
sented in Fig. 4 and Fig. 5. In both the figures, a compari-
son with the analytical method discussed in Sec. 2 has been
carried out. From the array factor plots it has been observed
that both PSO and DE based methods of null placement
have been successful in achieving the desired objective of
null placement, PSLL, and beam broadening. However the
exact value of FNBW has not been achieved revealing
limitation of the methods. A corresponding optimization
curve for the best of the 25 independent run cycles has
been shown in Fig. 6 and Fig. 7. From the optimization
curves, it has been observed that both PSO and DE based
methods converge to the same near zero value in an as-
ymptotic manner for both the design instances which in
turn indicates partial attainment of desired FNBW.

To further elucidate the partial attainment of objec-
tives comparative study of both the design instances of
8 and 15 elements array has been carried out. Results of the

0_
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Array factor plot for 8 elements linear array realized
using PSO/DE with four objective functions.
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Fig. 5. Array factor plot for 15 elements linear array realized
using PSO/DE with four objective functions.
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study have been summarized in Tab. 3. FNBW values in
Tab. 3 indicate partial attainment of beamwidth narrowing
for both the design instances. Further, it must also be noted
that all other objectives of null placement, SLL reduction,
and main beam position control have been successfully
accomplished.

Moreover, a qualitative comparative study with
representative existing methods has been carried and the
results have been summarized in Tab. 4.

From Tab. 4 it has been observed that in [11], [13],
[17], [19], [20], [22], [23], [25-28] with the increase in
array size optimization parameters increase linearly leading
to more computational time. Moreover with an increase in
constraints multiple objective attainment level gets adversely

Method N=28and 6,=38
Name 0 HPBW | PSLL | FNBW | Amplitude | Phase
(deg) | (deg) | (dB) | (deg) A (P) (rad)

Analytical

Method 2.1 15.2 —14.7 | 44.7 0.65 0.603
PSO/DE 0 16.2 -20 40.8 0.78 -0.12

N=15 and 6,=-24°

Analytical

Method 9.6 7.7 -16.8 20.7 0.49 2.21
PSO/DE 10 8.3 -20 20.6 0.36 -2.47

Tab. 3. Parametric effect of null placement and corresponding
edge element control with four objective functions.
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Optimization | o .~ proposed method performs better than other methods
Year Algorithm Antenna Opti.miz.ation p(egra:;j:;s ion time l‘epOI"FCd. in [11], [13], [17], [19],[20], [22], [23], [25—28]
/Ref. array objectives | o cion | reduct even in increased constrain scenario.
equals) 1on
. SLL Excitation
2021 All\gz}rlit:}}llm ALnl :1;21; reduction/SLL | amplitudes 85%
Jon/>% o . . . .
TeZil BN Armay ﬁflﬁﬁrﬁéﬁ g\ll:mmet;z/g 4. Simulation and Validation
{CaCh?ng L iOSitiOF and The present investigation considers isotropic element
2020 | TpEURE | e [Beam and nuit| PRS0 SR as an array element. In practice it is desirable to further
BT Algorithm | Array steerig | (Number of investigate the synthesis results using practical radiators
(TLBO) Elements) that closely resemble isotropic radiators. Subsequently,
5020 Alggﬁ’tﬁfan 4| Cireular o E;%mgg simulation based validation using 3D electromagnetic
/126] | Schelkunoff Aﬁfgna steering (Number of | 67 solver (HFSS) has been carried out to ensure practical
Polynomial Y Elements/2) acceptability of the proposed constrained based null place-
13{;11 tréenaﬁa SLL reduction | Position and/or ment in linear array.
2019 Strawberry Array/ under excitation
/1251 Algorithm Circui]ar constraints of | amplitudes 50%
GBAY 1 Antenna | firstout | (Number of 4.1 Design of Circular Monopole Antenna
Array eamwidt] elements)
Excitation To ascertain the practical acceptability of the synthe-
2018 - Linear |SLL reduction ampl}?’des ;’r sis results of evolutionary algorithm-based constrained null
ower position O 0 . . . .
/23] | Pollination AXtenna and :mlll clements 75% placement method of validation using 3D electromagnetic
ray contro (Number of solver (HFSS) has been developed. The first step of the
p p
Elements/2) validation method involves the design of a printed circular
S“pspL“issed Excitation monopole antenna (PCMA) at an operating frequency (f;)
sop7 | Particle Lincar | minimum amp}““dest and of 10 GHz. Design parameters thus obtained has been
clements . .
122] Swarm | Antenna | HPBW, position 24% summarized in Tab. 5.
Optimization | Array improved (Number of
directivity and [ 2 3 o ts) The antenna is designed on a standard FR4 substrate
gfiifgsgzg = material with a typical dielectric constant of 4.4 at a height
Spider Linear : of 1.57 mm. Further it must be noted that design equations
2015 Monke Antenna and null amplitudes 759
/[20] Optimizatyion Array control (Number of ° reported in [31] has been used to develop the PCMA as
Elements/2) illustrated in Fig. 8.
2015 PSO with Linear [SLL reduction Excit.im(;m
/119] Schelkunoff | Antenna and null (?glupnlnbueresf 82%
Method | Amay | control | plementst1)) 4.2 Design of Circular Monopole Antenna
Excitation A
: rray
2013 Genetic Linear | SLL reduction am};igxllll(::istsand
17 | Algorithm | Antenna | and FNBW position 24% Schematic for 8 and 15 elements linear array using
Array control | Number of PCMA designed at 10 GHz has been represented in Fig. 9.
: elements) The design parameters for both the design instances have
2012 Composite Linear SLI;nrgtilucﬁlon I%Ie“?e.ms -
Differential | Antenna v osition 45% Design parameter Value
/3] Evolution Array control Eg(eljn“;:::i;)/fz) Substrate length (L) 26.5 mm
— Substrate width (W) 20.5 mm
Excitation -
] .| amplitudes and Substrate height (h) 1.57 mm
2010 Linear [SLL reduction| ™" - Monopole radius (r) 5.27 mm
Pattern Search| Antenna and null .- 35% -
/[11] position Feed line length (L,) 13 mm
Array control (Number of Teed I Lt (W,) T3
€ed line wi D mm
elements) ' =
PSO or DE Null Amplitude and Tab. 5. Design parameters of PCMA at 10 GHz.
. placement .
P with edge . Phase of edge
rop- . . along with )
osed element Linear SIL elements
controlled | Antenna " (Two elements | 95.3%
meth- beamwidth
null Array . and does not
od and main
placement b o depend upon
eam position ;
method control array size)

Tab. 4. Comparison of the proposed method with different
algorithms.

affected. However, the proposed optimization parameters
are fixed at two and are independent of array size. As such
computational time doesn’t get adversely affected even if
array size increases. Further it has also been observed that

Fig. 8. Schematic of printed circular monopole antenna in
HFSS at £, =10 GHz.
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Design instance I (8 elements)
a a, as A
(i) (P) (Ps) P
3.21 2.81 2.12 0.78
0 © © (=0.12)
Design instance II (15 elements)
a a as ay as as ar A
Py (P2) (Ps) (Ps) (Ps) (Pe) (P7) P)
1.66 1.64 1.57 1.43 1.26 1.06 0.85 0.36
(0) (0.17) | (0.34) | (0.68) | (1.32) | (2.64) | (2.14) | (=2.46)
Tab. 7. Optimum excitation for validation using HFSS.
" Ground Plane
— 04
5 -
8 —— HFSS
% = = Synthesis
E .15
2
@
=
g 301 i
3 ]
= \
‘E -45 4 : : :".
N Vet R
-60 iy —_— ]
-90 -60 -30 0 30 60 90

Fig. 9. Schematic of 8 elements and 15 elements PCMA
array.

been summarized in Tab. 6. For both the design instances,
inter element spacing of A,/2 has been considered wherein
Ag is guided wavelength. Each element of the array has
been individually fed with optimized amplitude distribution
corresponding to constrained null placement.

Table 7 summarizes the amplitude distribution for
both the design instances. Dielectric properties of two array
design instances have been kept identical to that of simple
PCMA (refer to Fig. 8). Further the first design instance of
8 elements array considers the main beam perpendicular to
the array axis (y-axis) representing broadside configura-
tion. The second design instance considers the main beam
at 10° representing the beam steered array. In Tab. 7, en-
tries in the bracket represents phasor (in radian) associated
with each excitation amplitude. Correspondingly, synthesis
results obtained in MATLAB and HFSS have been illus-
trated in Fig. 10 and Fig. 11.

Further Table 8 summarizes the comparative study of
the gain plots for both design instances. From Tab. 8 it has
been observed that there has been an average deviation of
8.27% and 9.65% for 8 and 15 elements linear array design
instances. Such deviation has been primarily due to the
non-inclusion of the mutual coupling model in the synthesis

Theta in degrees

Fig. 10. A gain plot of 8 elements PCMA array with desired
null at 38° at ¢ = 90° and 6, = 0°.
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= = Synthesis

i

&
S
1

Gain in dB (10dB normalized)
-

- ———r I ITT

HAN

Al : : :
-90 -60 =30 0 30 60 920

Theta in Degrees

8

Fig. 11. A gain plot of 15 elements PCMA array with desired
null at —24° at ¢ = 90° and 6, = 0°.

Parameter values

Design parameter 8 elements 15 elements

PCMA PCMA
Substrate length (L;) 125.4 mm 230.4 mm
Substrate width (W) 26.5 mm 26.5 mm
Substrate height (h) 1.57 mm 1.57 mm
Feed line length (L) 13 mm 13 mm
Feed line width (W) 1.5 mm 1.5 mm

Tab. 6. Design parameters of PCMA for two design instances.

Design instance of 8 elements array
Method
S HPBW PSLL FNBW /A 0,
validation (deg) (dB) (deg) (deg) (deg)
using g 2 4 2
MATLAB 16.2 —20 40.8 0 38
HESS 14.71 -16.52 34.8 0 34.6
% deviation 9.19 8.53 14.7 0 8.95
Design instance of 15 elements array
MATLAB 83 =20 20.6 10 24
HESS 7.6 -16.26 18 9.8 —22.44
% deviation 8.43 18.7 12.62 2 6.5
Tab. 8. Radiation parameter comparison (HFSS vs.

MATLAB).

method. However, 3D electromagnetic solver based vali-
dation process confirms the practical acceptability of the
proposed method of constrained null placement with
moderate deviation.
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5. Conclusion

The present article demonstrates the least perturbation
in the excitation based analytical method of null placement
in beam steered linear antenna array. The effectiveness of
the method has been illustrated through two design in-
stances of 8 and 15 elements array representing even and
odd symmetry. Further performance improvement of the
method has been carried out using evolutionary algorithms.
Results obtained from the multi-objective synthesis con-
firm performance improvement. In order to ascertain the
practical acceptability of the synthesis results 3D electro-
magnetic solver based validation process has been devel-
oped. The results obtained are then compared with the
synthesis results. From the comparative study, it has been
observed that for both the design instances there is a mod-
erate deviation from the synthesis results. Such deviation
has been due to non inclusion of the mutual coupling model
in the synthesis method. Subsequently, it can be concluded
that the validation method ascertains constrained null
placement in linear array with certain uniform practical
limitations which is one of the key components of the fu-
ture scope of current investigation.
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