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Abstract—The onboard antennas contribute significantly to
the overall radar signatures of aerospace structures such as
aircraft and missiles. The interference suppression capability of
phased arrays can be exploited towards radar cross section
(RCS) reduction. In this paper, the probe suppression in dipole
array placed over a finite right circular cylinder is shown. The
modified improved LMS algorithm is used to obtain optimum
antenna weights and hence the adapted pattern for an arbitrary
signal environment. The effect of platform and mutual coupling
effect isincluded. The antenna elements placed over a non-planar
platform is dealt using Euler's transformation for obtaining
array manifold for a given signal scenario. Results are presented
for both conducting and dielectric cylinder. It is shown that the
dipole array is able to cater to an arbitrary signal environment
by maintaining mainlobe towar ds each of the desired source and
suppressing the probing sour ces.

Index Terms—Cylindrical dipole array, Euler rotation,
Modified Improved LM S algorithm, Probe suppression, Platform
effect, Mutual coupling.

|I. INTRODUCTION

One of the important issues faced by antenna engineers in
designing antenna array systems mounted on a finite platform
is the current that flows over the surface. This surface current
substantially affects the radiation characteristics of the array.
In most of the aerospace structures, the platform is more or
less cylindrica in shape. This alows approximating the
structures as afinite cylinder. The far-field radiation pattern of
dipole placed near an infinite conducting cylinder has been
derived using the principle of reciprocity [1]. The
corresponding analysis for finite conducting cylinder was
reported by Kuehl [2]. The portions of the infinite cylinder
above and below the cylindrical section considered were
ignored with the assumption that the current on the remaining
portion of the cylinder remain unchanged. The far- field of this
unchanged portion of the current was added to the dipole field
to arrive at the far-field radiation pattern of a dipole antenna
placed very close to the cylinder.

Furthermore, the presence of a metallic platform near a
radiating dipole antenna results in significant reduction in its
radiation resistance. The real and imaginary part of the
antenna impedance drops when the antennaisin close vicinity
to the platform [3]. If the platform is a dielectric cylinder,
scattering due to the surface of a cylinder introduces a back
scattering lobe in the radiation pattern, reducing the amplitude
of forward scattering. This effect is more prominent when the
dipole antenna is placed very close to the cylinder [4]. If the
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radius of a dielectric cylinder is comparable to the wavelength,
the dipole element placed close to it can be used as a means of
directing the field in the back lobe of the radiation pattern.
Similar observations have been reported for dipole antenna
placed within the dielectric cylinder [5].

The finite element-boundary integral (FE-BI) method has
been employed to model the scattering and radiation of cavity-
backed patch antennas [6]. The metallic cylinder as a platform
is reported to have improved gain as compared to dielectric
cylinder. Ancther approach to analyze the effect of platform
on the antenna performance is to include directivity factorsin
continuous current distribution of dipole array placed over a
conducting cylinder [7].

The ray theoretic methods such as geometrical theory of
diffraction (GTD), uniform theory of diffraction (UTD),
physica theory of diffraction (PTD) have been employed to
analyze the radiation characteristics of dlot and dipole
antennas over convex conducting surfaces [8]. In recent years,
the hybrid methods combining ray-based asymptotic method
and numerical techniques are preferred choice for antenna
analysis. The field components on the closed surface enclosing
the antenna are computed by numerical technique-based
methods such as method of moments (MoM) and the scattered
fields from the platform in far-field region are determined
using high-frequency techniques such as UTD [9]. The
reciprocity theorem in conjunction with MoM is also applied
to evauate the radiated fields from the microstrip patch
antennaon cylindrical platforms[10].

In this paper, a uniform array of centre-fed dipole array is
considered to be placed over a finite right circular cylinder.
Multiple narrowband signals are assumed to impinge the array
from different directions. Euler rotation-based method is used
to extract elevation and azimuth angles for each antenna
element location on the cylinder. Accordingly the steering
vector i.e. array manifold for a given signa scenario
consisting of both desired and probing sources is determined.
A modified improved least mean square (LMS) algorithm [11]
is used for the weight adaptation and hence the generation of
quiescent and adapted patterns. Results are presented for
dipole array placed on conducting and dielectric cylinder. It is
known that if multiple antennas share the same ground plane,
surface currents can cause unwanted coupling between the
antennas. Here, the mutual coupling effect on the array
performance is taken into account. It is shown that cylindrical
dipole array efficiently cater to the signal scenario by
efficiently suppressing each probing source and maintaining
the mainlobes towards the desired sources. The probe
suppression in hostile probing directions makes the array
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invisible to the probing sources. This suppression capability of
array once integrated with the structural and radiation mode
radar cross section (RCS) of array mounted over a platform
will significantly control the RCS of the platform in hostile
signal environment.

II. RADIATION CHARACTERISTICS OF DIPOLE ARRAY OVER
CONDUCTING PLATFORM

A dipole antenna placed on a surface, whether conducting or
non-conducting radiates differently, as compared to its free-
space radiation pattern.

For example, when two vertical dipoles are placed over a
conducting right circular cylinder, the radiated field is given

by [1]

E, =3n0[2C, + 4C, cos2¢ + 4C, COS4¢ +....... ].

(€
Cn :Jn (xz) _{Jn (xl)/Un (xl)}Un (xz)' (2)
x,=k,RsSin@. x, =k R sinG. (29)

where, R is radius of cylinder, R; is the distance of dipole
antenna from the cylinder axis, U, is »™ order Hanke
function of second kind, J, is »™ order Bessel function.

Figure 1 shows the radiation pattern of two vertical dipole
antennas placed diametrically opposite around a conducting
right circular cylinder. The dipoles are placed at a distance of
0.5/ from the cylinder of radius 5.
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Fig.1. Radiation pattern of two dipole antennas placed diametrically
opposite position over aright circular conducting cylinder

For a dielectric cylinder, the platform effect varies due to
the congtitutive parameters of the surface over which antenna
array is placed [1]. The details of radiation pattern of dipole
antenna over dielectric cylinder can be referred to [1], [13].

IIl. ACTIVE CANCELLATION OF HOSTILE RADAR
SOURCES IN CONFORMAL ARRAY

In conformal array analysis, due to non planar surface
transformation of antenna pattern from local coordinate to
global coordinate is required. The coordinates of antenna
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elements are extracted using Euler's transformation. The
modified improved LM S algorithm [11] is used for calculating
optimal weights so as to actively cancel radar sources.
Adapted weights are calculated in the presence of mutual
coupling between antenna elements and platform effect.

In non-planar array, the steering vector may be expressed in
global coordinate system [12] as

N
Sy = ZE; exp(jk,r, -v). A3)
n=1

/2
E, represents the element pattern in the global cartesian
coordinate system, r,=[X,, v, z,] is the position vector from
the origin to the center of the »™ antenna element and v=[sind
cos¢, sindsing, cosg] T is unit radia vector from the
coordinate origin to the observation point.

In Euler's rotation method, the Euler transformation matrix
is derived by three successive rotations (o, a» o) of the
coordinate axes. In the first rotation, the x- and y-axes are
rotated about z-axis by an angle a;. Then x’ and z’ axes are
rotated by an angle a, keeping y'-axis fixed. In the third
rotation, the axes are rotated by angle az w.r.t. z"” axis. The
unit vector pointing in the direction of (6, ¢#) in globa
coordinatesis expressed as

[x »y z]=[sing, cosg, sing sing, coss.]. 4)

Next, the transformation from global coordinate (6, ¢) to
local coordinate (6,,4,) gives

[x ¥ E]":E(al,az,aa)[x ¥ z]T. )

The corresponding elevation and azimuth angles (:.4:) based
on antenna element position on the surface in local coordinates
are extracted as

o Ay - Y
0 =cos'(z); ¢ =tan (Ej 6)

These elevation and azimuth angles are substituted in £, to
obtain the radiation pattern of dipole antenna element placed
over a circular cylinder of radius R. A uniform inter-element
spacing d is considered. The array elements are placed along a
circular arc.

Towards array processing, the total received signal by
dipole array for amultiple signal scenario, is given by

xw :/ZSUW Sdk +ZS”W’ i/)j +Tn. (7)
k J

Here Sy, and S, are the steering vectors for desired signals
S4,, and the probing signas ip,- respectively g is
the number of desired signal, j is the number of probing
signals and T, is the thermal noise in the array system. The
optimal antenna excitations are obtained using modified
improved LMS algorithm. In this algorithm the Toeplitz
structure of the received signal covariance matrix is exploited
to obtain distinct eigen values and eigen vectors for a given
signal scenario. This facilitates to get converged output signal-
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to-interference ratio and hence desired adapted pattern. The
antenna weights are iteratively determined as

(I +1) = Plw(l) - iV ()] + S + S Fot ol
w = w — .
I gig gy s’s (8

o0y 02 " 02 04 0q

o,

Where pisthe step-size, / is the snapshot and the projection
operator, P for multiple desired signalsis given by

S5, 5.5 5.5,
le_SuS _S”S ""’_SuS
1 1 2 2 m q (88.)
S S S

wherein, "=, "2 ..., o, represent the steering vectors towards
q desired signals impinging the array at different angles, I is
the identity matrix, V is the gradient vector, given by

V(l) = 2R, (I + Dw(l). 9)

The signal covariance matrix Ry () is expressed as

) 1 H
R.()= ﬁx.x . (10)

This covariance matrix is updated with snapshots, given by

R, (1+1) = rll[’ R,()+R,(I +1)]. (11)

The adapted beam pattern for a given signal environment is
obtained from the product of optima weights and the array
response, i.e.

pattern = 20.1og,, (w" .S). (12)

The output signal-to-interference-noise ratio (SINR) of the
array isgiven by

w'R.w—w'R, w

ouput SINR = (13)

w'R,w

R, is the noise correlation matrix, w' is the Hermitian of

the antenna weight vector.

Figure 2 shows the variation of output SINR with snapshots
for a 16-element dipole array placed over a conducting right
circular cylinder for one desired (0% 1) and one probing
source (40°% 1000). It is assumed that the direction of arrival
(DoA) of the impinging signals are known a priori. It is
apparent from the Figure 2 that the output SINR converges to
significantly high value. This facilitates the generation of the
adapted pattern according to the signal scenario. Furthermore,
this high output SINR and good convergence rate establishes
the efficacy of modified improved LMS algorithm used for
active cancellation of hostile radar sources in conformal dipole

array.
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Fig. 2. Output signal-to-interference-noise ratio of a 16-element dipole
array placed over a conducting cylinder. One desired signal (0% 1) and
one probing source (40°% 1000).

IV. RESULTSAND DISCUSSION

In this section, the ssimulation results of adapted pattern of
cylindrical dipole array for different signal environments are
presented. A uniform 16-element linear dipole array is
mounted on conducting/dielectric finite cylinder. The ability
of dipole array to steer the beam towards the desired sources,
with acceptable sidelobe level (SLL) and minimal power
transmitted in the probing direction is demonstrated. The
operating frequency is 10 GHz. The antenna elements are
placed within 120° sector with uniform half-wavelength inter-
element spacing. The radius of the cylindrical array is taken as
54. The mutual coupling is taken into account. The adapted
pattern is compared with the quiescent pattern for a given
signal scenario. The green arrow indicates the desired source
and the red arrow represents the probing source in the pattern.

A. Non-conducting Platform

The radiation and scattering characteristics of antenna array
depend on the material properties of the platform. If the
platform over which antenna mounted is non conducting both
lobes of the dipole antenna radiation pattern change due to
interference between waves reflected from the platform.

Here, platform is considered as a right circular dielectric
cylinder (o =1.2S &= 9). Figure 3 presents the adapted and
quiescent patterns for two desired (-40°, 50% 1) and one
probing source (20°% 1000). It may be seen that adapted pattern
maintains distortion less mainlobes and accurate null towards
the probing source. This makes the array invisible to the
hostile radar source attempting to probe the array.

As a next case, two desired signals (0°, 40°) each with a
power ratio of 1 are assumed to impinge the array. The
probing sources are at -30° and -20° with a power ratio of
1000. In adapted pattern the mainlobes are efficiently
maintained towards each of the desired sources. At the same
time, the probing sourceis actively suppressed (Figure 4).
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Fig. 3. Adapted pattern of al6-element cylindrical dipole array; two
desired signal (-40°, 50° 1 each) and one probing source (20°,1000 )
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Fig. 4. Adapted pattern of a 16-element cylindrical dipole array; two

desired signals (0°, 40° 1 each) and two probing sources (-20°, -30%

1000 each)

B. Conducting Platform

In this sub-section, the cylindrical surface is taken as
conducting. A signal scenario of two desired sources (-40°,
50% 1 each) and one probing source (20°% 1000) is considered
to impinge a 16-element dipole array placed over a finite
cylinder. The resultant adapted pattern in Figure 5 shows a
deep null in the probing direction. The mainlobes point in the
desired signal directions without any distortion.

Next, the number of probing sources is increased to two.
Figure 6 shows the adapted pattern of a 16-element cylindrical
dipole array for one desired sources (0% 1 each) and two
probing sources (-28°-28°% 1000 each). The dipole array
maintains its steering capability with distortionless mainlobes
towards each of the desired sources, and simultaneously
actively cancelling out both the probing sources. This
demonstrates the capability of modified improved LMS
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algorithm in catering an arbitrary signal scenario even when
platform effect and mutual coupling effect is taken into
account.
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Fig. 5. dapted pattern of a 16-element cylindrical dipole array; two
desired signals (-40°, 50°% 1 each) and one probing source (20°% 1000 )
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Fig. 6. Adapted pattern of a 16-element cylindrical dipole array; one
desired signal (0% 1) and two probing sources (-28°, 28°% 1000)

V. CONCLUSION

This paper establishes the difference in the performance of
dipole array when it is placed over a conducting and dielectric
platform. The effect of platform over which array is mounted
alters the both the radiation and scattering characteristics of
antenna array. In this paper, an efficient agorithm named
modified improved LMS agorithm is employed to achieve
probe suppression in conformal dipole array. The effect of
platform and mutua coupling on the radiation characteristics
of dipole array placed over a right circular cylinder is taken
into account. The Euler transformation is used to calculate the
steering vector of array mounted on a non-planar surface. The
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results are presented for both conducting and dielectric
cylinders. The quiescent and adapted patterns of cylindrical
dipole array are shown for different signal scenarios consisting
of multiple desired and probing sources. For each signa
scenario, the adapted pattern maintains mainlobe towards each
of the desired sources with accurate and sufficiently deep nulls
in the probing directions. It is shown that the conformal array
along with the algorithm is able to actively cancel the hostile
probing sources without any distortion in mainlobes towards
the desired directions. If this capability is integrated with the
structural radar cross section of the antenna array and the
platform can contribute significantly towards low observable
platforms.
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