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ABSTRACT

The conventional patterns like narrow beams are used for point-to- point nications and also for
high angular resolution radars. These patt

ork by designing optimized
rs. It is therefore, preferred
to convert with specified beamwigth. Taylor’s amplitude di
function is evaluated using energ ions and stationary ph ucing amplitude along with phase
function to the arrays, patterns ar u-domain for both small and large
arrays.

Keywords: Resol

ly high sidelobe levels. The narrow beams find application in

ell as high angular resolution radars. In these applications the
beamwidth should all like an impulse and the first sidelobe level and closing sidelobe
level should be consi ly low. The high side lobe levels create EMI problems in the radar
receivers. It is evidegt from the literature that the narrow beams are generated using several
techniques like Standard distribution, Dolph Chebyshev technique, Woodword technique, Fourier
Transform technique, Laplace Transform techniques and Taylor’s technique etc.,
The Standard distributions include uniform, rectangular, triangular, circular, hyperbolic, parabolic,
stair-step etc. However the standard distributions do not have much control on the sidelobe levels.
On the otherhand, by the other techniques, it is possible to control sidelobe structure. It is well
known that Taylor’s method of design of line sources gives narrow beam with restricted side lobes.
More over it is possible to have required number of side lobes at equal heights.
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Uniform linear arrays are analyzed and designed by several authors [1-3]. They vyield
radiation patterns with one main lobe and symmetric side lobe levels. Radiation patterns are
specified in terms of main beamwidth and sidelobe level. Array synthesis produces the specified
patterns depending on the amplitude and phase of the excitations, spacing of the elements and type
of the radiating elements in the array. Some of the synthesis methods include

Schelkunoff Polynomial method [4] produces a pattern with the nulls in the specified directions.
The number of nulls and their locations are specified for the design of the array. Woodward method
[5, 6] is useful for beam shaping and is used to find out the excitation function for a continuous line
source and the excitation levels for a discrete array, but there is no over the side lobe levels.

i beam and side lobes

or’s method to linear

& which are applicable

to the arrays of uniformly spaced isotropic elements. : S icée nique
for the design of arrays containing radiating eleme [ i

digital scanning with high standa
non scan applicationg, whereas phage

ie@beamwidth and side lobe levels. By fixing the
e distribution is designed. Although there are several
ation method, iteration method, and random method,

distribution been designed By above the technique and the realized patterns are presented in
u- domain.

FORMULATIO

The procedure for designing an array has been described by Taylor [3]. The expression for radiation
pattern as given by Taylor is

u!
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Where ‘n’ is an integer which divides the radiation pattern into uniform sidelobe region surrounding
the main beam and the region of decaying sidelobes.
Similarly

2L

u= Tsinﬁ'

2L = length of the array
6 = angle measured form the direction of maximum radiation.

‘A’ is an adjustable real parameter having the property that cosh (zA) is the side lobe ratio
l

J = 1 1 i
|2+ 37
From the expression (1) the aperture distribution of the arra C aApplying Woodward’s
method [5]. The aperture field distribution A(X) can be expressed

Alx) = Z a, e I

n=—a

Where
x = z/L (z being the variable point &

This gives

Hence e

U — Nt

Z E(nm) sin (u —nm)

From expression perture function may be expressed as

Alx) =a, +

2a, cosnmwx

=E(u) + ZZ E(nm)cosnmx (7)

n=1

From the expression (6) it is found that
E(nm)=0forn=a

For a stationary phase [13], we have

d
a[m +y¢(x)) =0
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This means

d
u=——9x)
The energy relation between x and u domains are given by

=u]

L 2 N
5| 1B du= f_:l Ddx  (9)

To obtain shaped beams matching with the desired one’s the phase function should be optimized.
This requires an appropriate amplitude distribution other than uniform. Taylor’s method [12] is
gl and the desired radiation

Where
Uy
E,(u) =K for Y =u

Uo = Field pulse width
A(X) = Tapered amplitude distribution

Up
-
-

L 2
LHS5= — K* du

A J_ug

L
i.e, LH.S=K

In the R.H.S. of -1to 1 the constant K? (K1) becomes
(11)

|E; (w)|? du = J-x}lz(x]dx (12)

-1

(13)

(14)
Buty(x) = —u
Theref (x) = =0 24 A% (x)dx 15
erefore P(x) = 2 IK, ), x (15)
Substituting the expression for K; in the expression of y(x), it becomes
u Yo ¥ a%lx)dx
Py = - T (16)
2 [ A%(x)dx
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Fig. 2 Taylor’s radiation pattern for SLL = -35dB n = 4
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Fig.4. Sector beam for beamwidth=0.6, uy=0.3, N=30
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Fig.15 Sector beam for b
RESULTS

Applying Taylor’s method, narrow bea i ing requisite discrete
expressions given. The

concepts namely energy relation
given set of beam wjdth and the

conversion from narrow to sector. The sector beams are
arg compared with the ideal beams.

e trade-off. However, the patterns converted from narrow beams
are also of sectored ith marginal ripples in the trade-in region and vary low side lobes in
the trade-off. The ripp agnitude has become lower with increase in number of elements. The
stationary concept is fnore valid to large arrays as the stationary point is more stable over rapid
variation. The sum patterns obtained with Taylor’s method is useful for point to point
communication and sector beams are useful for search radars even with limited scans.
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