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Abstract—Research results on the characteristics of a confor-
mal beamforming array attached to a cylindrical-shaped surface
with a changing radius is presented in this paper. In particular,
the manner in which the nulls of two different beamformations
change with the radius of the cylindrical surface is investigated.
It will be shown, and validated with measurements, that if the
radius of the surface is smaller than ≈ 2λ of the source, the
nulls past ±50◦ can change by as much as 10◦. This can have a
significant impact on a wireless systems, especially if this direction
is associated with an unwanted user or noise source.

Index Terms—Conformal array; smart antennas

I. INTRODUCTION

Conformal antennas have been used extensively for wireless
applications that require an antenna to operate on a surface
that is not flat, such as the fuselage of an aircraft [1] or body
area networks [2]. Conformal smart antennas are examples
of antennas that are required to operate over a wide range of
surface deformations [3]-[4] and the main benefit of conformal
smart antennas is that the direction of the main beam can be
oriented toward a desired user (signal of interest-SOI) and the
nulls towards the interferes (signals not of interest-SNOIs) on a
conformal surface that changes shape with time [5]. However,
with severe surface deformations the pattern of the array can
be significantly altered in a negative manner. Therefore, the
objective of this work is to investigate the manner in which
the pattern nulls (i.e. signals not of interest (SNOIs) locations)
of the 1×4 conformal array in Fig. 1(a) change with the radius
of the cylindrical surface. The beamformations investigated in
this work are summarized in Table I.

II. BEAMFORMING OF THE ARRAY ON THE
CYLINDRICAL SURFACE

The elements on the cylindrical array in Fig. 1(a) are
denoted as An where n = 1, 2, 3, and 4 and the radius
is denoted as r. To support propagation in the direction of
θSOI(SNOI), the fields radiated from the elements on the
surface of the cylinder must be computed using [4]:

AF (θ, ϕ) =
−1∑

n=−2

Fn,LEx +
2∑

n=1

Fn,REx (1)

where Ex = ejk[uxn+zn cos θ], Fn,L = wne
±jk∆±n and

Fn,R = wne
±jk∆±n . A spherical coordinate system was

assumed in (1) with u = sin θ cosϕ, ∆±n is defined in Fig.
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Fig. 1. (a) Drawing of the 1 × 4 conformal antenna on a cylindrical-
shaped surface with a transmitted signal of interest (signal not of
interest) at angle θSOI(SNOI) and (b) a photograph of the four-
element conformal array in the anechoic chamber for r = 20.32 cm.

1(a), (xn, zn) is the location of the nth array element and
wn are the complex weighting functions (i.e., array weights).
Then, using the matrix method defined in [6], the complex
array weights required to give the desired SOI and SNOIs in
Table I can be computed using:

W = A-1C (2)

where C are the functions for the array factor that define
a main beam in a particular direction and nulls in other
directions and A is the array factor expression (1) of the
array on the cylinder with the array-weights factored out.
The matrix approach for computing (2) can be found in
[4]-[6]. Since the array factor matrix A is written in terms
of the element spacing, source frequency and distance to
the wavefront, the effect that the cylinder radius has on the
beamformation can be investigated.
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TABLE I
SUMMARY OF THE BEAMFORMATION PATTERNS 1 AND 2.

Variable Pattern 1 Pattern 2
θSOI 0◦ 40◦

θSNOI1 −30◦ −45◦

θSNOI2 30◦ −25◦

θSNOI3 40◦ 10◦

TABLE II
ARRAY WEIGHTS OF THE CONFORMAL ANTENNA ON THE

CYLINDRICAL-SHAPED SURFACE.

Pattern 1 weights Pattern 2 weights
r = 20.32 cm

w−2 = 0.9537 ̸ 48.27◦ w−2 = 0.5309 ̸ −133.55◦

w−1 = 0.2258 ̸ 38.35◦ w−1 = 0.8599 ̸ 83.89◦

w1 = 1 ̸ −7.36◦ w1 = 0.9131 ̸ −51.41◦

w2 = 0.6003 ̸ 110.01◦ w2 = 1 ̸ −136.09◦

r = 20 cm
w−2 = 0.9567 ̸ 47.44◦ w−2 = 0.5261 ̸ −132.92◦

w−1 = 0.217 ̸ 35.12◦ w−1 = 0.8519 ̸ 84◦

w1 = 1 ̸ −9.1◦ w1 = 0.9062 ̸ −50.97◦

w2 = 0.5978 ̸ 109◦ w2 = 1 ̸ −135.25◦

r = 30 cm
w−2 = 0.9187 ̸ 20.46◦ w−2 = 0.6139 ̸ −146.67◦

w−1 = 0.4291 ̸ 42.65◦ w−1 = 0.9707 ̸ 81.1◦

w1 = 1 ̸ −17.3◦ w1 = 1 ̸ −59.58◦

w2 = 0.6717 ̸ 83.94◦ w2 = 0.9515 ̸ −152.43◦

r = 40 cm
w−2 = 0.918 ̸ 7.18◦ w−2 = 0.64 ̸ −153.83◦

w−1 = 0.5497 ̸ 41.1◦ w−1 = 0.9817 ̸ 79.27◦

w1 = 1 ̸ −21.2◦ w1 = 1 ̸ −63.33◦

w2 = 0.7263 ̸ 71.1◦ w2 = 0.8901 ̸ −160.6◦

r = 50 cm
w−2 = 0.9236 ̸ −0.73◦ w−2 = 0.658 ̸ −158.18◦

w−1 = 0.6271 ̸ 39.64◦ w−1 = 0.9868 ̸ 78.1◦

w1 = 1 ̸ −23.5◦ w1 = 1 ̸ −65.4◦

w2 = 0.766 ̸ 63.34◦ w2 = 0.857 ̸ −165.4◦

III. CYLINDER EFFECTS ON PATTERN NULLS

The array in Fig. 1(a) was defined to have an inter-element
spacing of λ/2 and an operating frequency of 2.47 GHz.
Initially, a four-element microstrip array was designed on a
non-conducting cylindrical surface and simulated in HFSS [7]
for r = 10 cm, 20 cm, 30 cm, 40 cm and 50 cm. The array
weights for both patterns in Table I were computed using
(1) and were used to drive the elements in HFSS. The array
weights used in the simulations are shown in Table II. The null
locations computed in these simulations are shown in Figs.
2(a) and 2(b) for all values of r.

Next, for measurement validation, the four-element proto-
type array shown in Fig. 1(b) was attached along the equator
of a non-conducting styrofoam sphere with a radius of r =
20.32 cm. This was done to form the shape of a cylinder. The
array elements were then driven with complex weights for r
= 20.32 cm in Table II using voltage variable attenuators to
control the amplitudes and analog phase shifters to control the
phases of each element. The attenuators were manufactured by
Mini-Circuits [8] (PN: ZX73-2500-S+) and phase shifters by
Hittite Microwave Corporation [9] (PN: HMC928LP5E). The
measurement results for both patterns are shown in Figs. 2(a)
and 2(b), and good agreement with simulations is shown.
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Fig. 2. Measured (for r = 20.32 cm) and simulated (for r = 10, 20,
30, 40 and 50 cm ) (a) pattern 1 and (b) pattern 2 nulls.

In summary, it has been shown that when the radius-of-
curvature drops below ≈ 2λ, the nulls deviate. This deviation
is thought to be due to the increased mutual coupling in the
array. Otherwise the nulls are stable.

IV. CONCLUSION

A nulls of a beamforming 1×4 conformal antenna on a
changing cylindrical shaped surface was investigated. Simu-
lations, validated with measurements, showed that for radius
values below ≈ 2λ, the nulls can change as much as 10◦.
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