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An alternative approach is based on statistically computed signal analysis technique for the design of antenna array exhibiting
lower side lobes in their radiation pattern. New and generalized expressions for the array factor of all physically realizable linear
antenna arrays are introduced. An algorithm based on the statistically computed signal analysis is designed. By considering the
random elements, distance between the sensors, their mean, variance, average amplitude pattern and correlation of the ampli-
tude between the two angles, some mathematical formulations have been done and shown with the help of MATLAB. Based on
these generalized expressions, a new way of synthesizing arrays with reduced side lobes is available. It applies to end fire antenna
array, which may have either even or odd numbers of sensors with restricted elements spacing. Final expressions shown are a
clear relationship between elements excitation and null location in the radiation patterns.
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I . I N T R O D U C T I O N

The study on the radiation pattern of linear dipole antenna
arrays, especially the far-field pattern, is discussed in this
note. To design a linear array, the far-field pattern and its
formulation should be synthesized. The pattern of an array
can be expressed as

Etotal = Esingle element × Array factor.

This is a general rule in array patterns. As per this rule,
simple dipoles placed in some geometry can form an arbitrary
pattern. Hence, a desired pattern can be achieved by placing
these elements in a proper geometry and feeding them with
required current. The array factor depends on the current
feed of elements and also the way in which these dipoles
have been placed together. To achieve the desired pattern
with a phased array, the array factor should be properly
chosen. Tapering the excitation amplitude in antenna arrays
is known to reduce the lobes’ level especially those adjacent
to the main beam. Suppressing the side lobes saves power in
undesired directions on the expense of broadening the main
beam, i.e., less directive radiation. A formulation, which
makes no direct use of these polynomials, was given in [1].
During the design it should be taken into account that the
main lobe should have maximum power and there must be
a minimum number of side lobes with minimum radiation

power. The relation between the array factor and designing
parameters like spacing, geometry is discussed in the following
sections and it will be shown how these parameters can affect
the entire pattern.

I I . S I G N A L A N A L Y S I S A N D I T S
A P P L I C A T I O N T O A N T E N N A
A R R A Y S

A) Current source in array elements
Let us, for a linear array, assume that the array elements are
located on the x 2 y plane (at the points mdx, ndy), m ¼ 0,
1, 2. . ., M 2 1 and n ¼ 0, 1, 2. . ., N 2 1. Let the current
source in the array elements have the separable form I(m,
n) ¼ I1(m), I2(n). The array amplitude pattern is given by
(m and n are points of x 2 y plane)

A(u, F) =
∑M−1

m=0

∑N−1

n=0

I(m, n) exp( jk(mdx cos(F) sin(u)))

+ ndy sin(u) sin(F)

= A1(u, F)A2(u, F),

where

A1(u, F) =
∑

I1(m) exp( jk(mdx cos(F) sin(u))),

m = 0 to M − 1,

A2(u, F) =
∑

I2(n) exp( jk(mdy sin(F) sin(u))),

n = 0 to N − 1.
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We assume that

I1(m) = |I1(m)| exp( jmcx) and

I2(n) = |I2(n)| exp( jmcy).

Then we conclude that max occurs when

kdx cos(F) sin(u) + cx = 0 and

kdy sin(F) sin(u) + cy = 0.

These two equations can be solved for u and F. Now
assume that |I1(n)| and |I2(m)| are constants, say unity; then

A1(u, F) =
∑

exp( j k m dx cos(F) sin(u))

= sin(k m dx cos(F) sin(u)/2),

for m = 0 to M − 1.

B) Array synthesis
Consider an array with an odd number of elements. The
amplitude pattern is given by

AF(u) =
∑

a(m) exp( jmc),

c = kd cos(u) + b, m = −M to M.

From this equation we obtain

a(m) = 1
2
p

∫
AF(C) exp(−jmC)dC, limits − p to p

Let the amplitude pattern be specified over the range
u E[u1, u2]. We assume that kd(cos(u1) 2 cos(u2)) ≤ 2p.

Then setting Ci ¼ kd cos(ui) + b, i ¼ 1, 2, 3 . . . .
For the current weights,

a(m) = 1
2
p

∫
AF(C) exp(−jmC)d C, limitsC1 to C2,

where AF(C) is obtained by replacing u in AF with

cos−1 ((C− b)/kd).

C) Width of the main lobe of a uniform
linear array
The width of the main lobe of a uniform linear array that has
N elements can be determined using

A(u) =
∑

exp( jknd cos(u))

= (exp( jkNd cos(u)) − 1)/(exp( jkd cos(u)) − 1)

for n = 0 to N − 1,

|A(u)| = |sin(kNd cos(u)/2)|/|sin(kd cos(u)/2)|.

The maximum occurs when u ¼ p/2, and the first

minimum occurs when

kNd cos(u)/2 = p

or equivalent, when cos(u) ¼ l/Nd or

u = cos−1 (l/Nd)

or

u = p

2
− sin−1 (l/Nd).

Width of the main lobe, i.e. angle between the first two
nulls on either side of the max is given by

2 sin−1 (l/Nd).

To design a three-element linear array with non-uniform
excitation, so that the nulls of the array occur at u ¼ ui, i ¼
1, 2, 3, . . . assume that inter-element space is d.

The array factor can be written as

A(u) = I0 + I1 exp( jkd cos(u)) + I2 exp( j2kd cos(u)),

zi = exp( jkd cos(ui)), i = 1, 2, 3, . . . .

Setting u ¼ I1/I0 and v ¼ I2/I0.
Then the following equation can be solved for the above

design:

1 + uzi + vz2
i = 0, i = 1, 2.

D) Correlation between the amplitude
patterns
Consider a linear array with a sensor located on the z-axis at a
distance dn, n ¼ 1, 2, 3, . . . , N from the origin. Let dn be a
random with mean dno and variance sn

2 small. If we determine
the average amplitude pattern and power pattern as well as the
correlation between the amplitude patterns along two differ-
ent directions. And, if this theory is applied to the analysis
of dipole antenna. It has been observed that, if we make
small variance and the correlation is expected to be nearly 1.
The side lobes of the radiation pattern will be reduced to a
great extent:

A(u) =
∑

In exp(jkdn cos(u)), n = 1 to N.

Let

Fn(j) = Ė exp( jjdn),

the characteristic function of dn. Note that

Fn(j) ≈ 1 + j j dno − j2(s 2
n + dno2)/2.

The average amplitude pattern is given by

kA(u)l =
∑

InFn(k. cos(u)), n = 1 to N.
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The amplitude correlation is

kA(u1)A∗(u2)l =
∑

I2
nFn(k(cos(u1) − cos(u2)))

+
∑

InImFn(k cos(u1))F∗
m(k cos(u2)).

The multiple correlations may also be evaluated.
In particular, the average power pattern is given by

k|A(u)|2l =
∑

I2
n +

∑
In Im Fn(k cos(u))F∗

m(k cos(u)).

I I I . E X P E R I M E N T S

To examine the effects of the randomness in an antenna array,
two programs in MATLAB have been written, one for using
the conventional method and other in which the effect of
the randomness has been studied. Few assumptions are con-
sidered as:

1) Uniform current distribution is assumed to be 1 A.
2) There is no mutual coupling effect.
3) Operating frequency for antenna is about 300 MHz.
4) h ¼ 120p.

Conventional plots are represented using red and random
plots are represented using blue.

A) Experiment 1
During the first experiment a program is written in MATLAB
to verify the characteristics (current distribution, linear, and
polar plot of dipole antenna array) of the antenna, such that
the effect of randomness can be added further and can be
visualized.

For value of length of antenna (in terms of wavelength) 0.5,
0.75, 1.00, 1.25, 1.50, 1.75, current distribution is as shown
below (Figs. 1–3).

As per the [2] for array factor, different plot will satisfy the
equation with MATALB program.

B) Experiment 2
Some experimental results are shown for the conventional
dipole antenna design.

Finally in the synthesis, it has been assumed that the
sensors are placed randomly over the distance dn (distance
0.20–0.40, in terms of wavelength). With their mean dno
and variance sn

2, it has to be taken care that the value of var-
iance sn

2 is very small. As per the amplitude correlation [3]
equation, if we KEEP THE value of correlation coefficient is
always near to unity, then following results are obtained
(Figs 4 and 5).

Fig. 1. Current Distribution (in terms of wavelength) 0.5, 0.75, 1.00, 1.25, 1.50,
1.75

Fig. 2. Array factor of conventional dipole antenna (wavelength): 0.5, value
of d (dipole spacing in meters): 0.25 and value of beta (phase shift, 0
or 180). N ¼ 4.

Fig. 3. Array factor of conventional dipole antenna (wavelength): 0.5, value
of d (dipole spacing in meters): 0.25 and value of beta (phase shift, +90 ).
90, N ¼ 4.
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I V . R E S U L T S

A procedure for reducing the level of the side lobes of large
array antennas made of equal contiguous sub-arrays has
been presented. Statistically computed theory of the variation
of side-lobe level with range has been designed for long-
distance end fire antenna arrays. The purpose of the note is
to show that the main characteristics of polar diagrams of
long-distance end fire arrays may be inferred from amplitude
radiation patterns and the correlation coefficient taken in the
Fresnel region.

V . C O N C L U S I O N

The objective of the note is to provide an explanation of the
differences of the conventional and random data input behav-
ior of a dipole antenna array. An algorithm that efficiently
determines the node coordination of sensors topology has
been successfully designed with the help of statistically com-
puted signal analysis. The array geometry that has been con-
sidered is a linear node array. Using statistically computed
signal analysis in synthesizing array factors results in a
lower side lobe level. In order to prove this hypothesis, graphi-
cal results are presented. Results for randomly synthesized

array factors having suppressed alternate side lobes are com-
pared with those of the conventional array (in number of
elements, frequency, and spacing) [4]. An approximate
theory of the variation of the side lobe level was developed
for end fire antenna arrays.
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Fig. 4. Conventional and random array factor with N ¼ 4.

Fig. 5. Conventional and random array factor with N ¼ 12.

704 praveen kumar malik and harish parthasarthy

https://doi.org/10.1017/S1759078711000791 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078711000791


Prof. Harish Parthasarthy is working in department of
Electronics and Communication, Netaji Subhash Institute of
Technology, New Delhi, INDIA. He is B Tech from IIT
Kanpur, Ph D from IIT Delhi and Post-doctoral fellowship
from IIA Bangalore. His major area of interest is, DSP,

statistically signal processing, Antenna. He is having more
then 10 papers in international referred journals and IEEE
transaction. Having more then 20 papers in international con-
ference and has written more then 6 technical and sound
books also. e-mail: harishp@nsit.ac.in

synthesis of randomness in the radiated fields of antenna array 705

https://doi.org/10.1017/S1759078711000791 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078711000791



