IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS, VOL. 6, NO. 1, JANUARY 2007

1

A Dual-Band Conformal Antenna for GNSS
Applications in Small Cylindrical Structures
Kazeem A. Yinusa, Member, IEEE

Abstract—A non-planar circularly polarized dual-band antenna for global navigation satellite system is presented. The
shape of the antenna is conformal to the surface of a cylinder
such that the antenna can be completely integrated within the
body of a cylindrical carrier without protruding components.
In order to enable multi-constellation satellite navigation, the
antenna is resonant at the Galileo E5a/b and E1 including GPS
and Glonass bands. The far-field patterns of the simulated and
manufactured antenna show a wide angular coverage over the
upper hemisphere. The antenna design concept would enable the
integration of antenna arrays on safety critical small aeronautical platforms where array signal processing with structurally
integrated antennas are preferred due to drag and other safety
considerations.
Index Terms—Conformal Antenna, Structurally Integrated
Antenna, Satellite Navigation, GPS.

I. I NTRODUCTION
AIN and axial ratio are well-known metrics with which
the performance of antennas used in global navigation
satellite systems (GNSS) are evaluated. Both performance
metrics measure the ability of the antenna to efficiently receive
the very weak satellite signals as they arrive at the receiver
and the antenna’s ability to suppress multipath signals which
distort the computed pseudoranges of the receiver from the
satellites. In order to improve the availability of the navigation
system and to reduce the geometric dilution of precision, it is
important that the performance of the antenna does not degrade
considerably at low elevations. Good antenna performance
at low elevation angles allows a GNSS receiver to reduce
its elevation mask as signals are received with acceptable
signal-to-noise ratio from more satellites. This requirement has
motivated research and development of antennas with wide
angular coverage in terms of gain and axial ratio [1]–[3].
As GNSS finds new applications including those that are
safety critical, new concerns have emerged such as the threat
of intentional and non-intentional interference. Non-intentional
interference can arise, for instance, due to active personal
privacy devices (PPDs) or jammers in the vicinity of the
receiver. Intentional interference is less frequent but it is
increasingly becoming important. It can arise from jamming
devices installed at certain locations in order to disrupt navigation services, e.g. against unmanned aerial vehicles (UAVs)
for security or privacy reasons. More sophisticated category
of intentional interference are due to spoofers who transmit
GNSS-like signals in order to gain control over the target’s
navigation system.
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Researchers have developed several solutions for safety
critical satellite navigation for multipath suppression, interference mitigation, protection against spoofers, enhancement
of signal availability and to improve the precision of the
obtained receiver position [4]–[12]. An important aspect in
most of these solutions is an antenna array because of the
additional degree of freedom that they provide. In [10], for
instance, an antenna array is utilized to estimate the direction
of arrival of the jamming signal and a beamforming algorithm
is used to place a null towards the jammer and steer the
beam of the antenna towards the satellite. In most applications,
however, only a limited space is available for the integration of
the antenna. The benefits of antenna arrays coupled with the
limited space has led to the development of miniaturization
techniques for GNSS antennas and methods to reduce the
accompanying mutual coupling [13], [14]. However, planar
arrays still have some drawbacks when integrated on small
non-planar aeronautical structures e.g. on UAVs. Firstly, planar
antenna arrays create structural discontinuities when they are
integrated on non-planar surfaces and this can be undesirable
since it increases drag and may degrade the aesthetics of
the structure. Secondly, the coverage angle of planar arrays
degrade at low elevation where good antenna performance
are often desirable e.g. to suppress multipath signals. These
drawbacks have led to the development of antenna arrays that
conform to the structure where they are integrated [15], [16].
These antennas take advantage of the shape of the carrier
which can be naturally suited for omnidirectional coverage
e.g. spherical or cylindrical shapes.
In this letter, a dual-band patch antenna resonant at the
Galileo E5a/b and E1 including GPS and Glonass bands
is presented. The antenna is conformal to the surface of a
cylinder such that it can be completely integrated within the
body of a cylindrical carrier without protruding components. In
order to obtain circular polarization over a wide angular range,
the antenna is fed by four feeds with appropriate phase shifts.
In [17], an analysis of a cylindrical-circular patch antenna
was presented to understand the effects of curvature on the
TM11 mode. The proposed antenna in this paper utilizes such
a cylindrical-circular patch configuration to obtain a flushmounted circularly polarized antenna on an electrically small
cylinder. The antenna utilizes four azimuthally symmetric
distributed probes in order to suppress the higher order modes
which become more resonant with smaller cylinder radius.
The installed performance of the antenna is also demonstrated
by simulation on a small UAV. The shape of the antenna
will allow a systematic arrangement of the antenna into a
conformal array on small cylindrical platforms.
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II. A NTENNA DESIGN
The planar layout of the antenna is shown in Fig. 1. It
consists of two stacked circular patches on a flexible dielectric
substrate. The lower patch radiates at the E5 band with central
frequency of 1.189 GHz while the upper patch radiates at
the E1 frequency band with central frequency of 1.575 GHz.
The vertical and horizontal current modes of the patch can
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Fig. 1. Layout and stack-up of the planar antenna without wrapping. Layers
1, 3 and 6 are copper layers with a thickness of 17 µm while layers 2 and
5 are Rogers IsocladTM 933 layers with relative permittivity of 2.33 and a
thickness of 1.524 mm. Layer 4 is the 3MTM transfer tape 465 with a thickness
of 0.05 mm.

Fig. 2. The conformal antenna model flush-mounted in a cylindrical metal
surface with a radius of 10 cm.
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be excited at feed points p1 and p2 , respectively. Circular
polarization is then obtained in the boresight direction by
combining these modes with the same amplitude and a phase
difference of 90◦ . For a planar circular patch, an arbitrary
feed point is usually chosen at an optimized radius while the
location of the second feed is chosen such that the two feeds
are at an angle of 90◦ . When the circular patch is imposed
on a cylinder to obtain a conformal shape as in Fig. 2, the
resonant frequency of the two orthogonal modes are affected
to a different extent by the bend with the mode along the
curvature of the cylinder experiencing a larger reduction in
the resonant frequency as shown in the result of the eigen
mode solution in the left axis of Fig. 3. A frequency shift
of up to 1.5 % is observed for the mode along the cylinder
curvature which is significant considering the typically narrow
bandwidth of patch antennas. The difference in the resonance
frequencies of the first two modes results in a deteriorating
axial ratio in the boresight direction as the antenna is wrapped
on smaller cylinders [18].

circular patch antenna, the contribution of these higher order
modes are relatively small at the resonance frequency of the
desired (TM11 ) mode and are usually ignored when designing
planar antennas. However, when the patch is wrapped on a
cylinder, the contributions of these modes begin to increase
with a decrease in the radius of the cylinder. This can be
observed in the right axis of Fig. 3 which shows the radiation
efficiency of the higher order mode TM41 against the cylinder
radius. The resonance behavior of this mode was simulated by
exciting the antenna in Fig. 2 with a phase shift of 0◦ , 90◦ ,
0◦ , 90◦ at ports p1 , p2 , p3 and p4 , respectively.

A. Effects of higher order modes

B. Antenna parameters and far-field patterns

The neighboring modes to the two boresight modes (TM11 )
on a planar circular patch are the lateral modes such as
TM(2,3,4)1 . These modes radiate mainly in the middle to
lower elevations and have also been exploited for circular
polarization within these angular ranges [19]. For a planar

The single element consists of two stacked patches on a
dielectric substrate flush-mounted on a cylinder with a radius
of 100 mm. The planar antenna with its dimensions are shown
in Fig. 1 and the manufactured antenna is shown in Fig. 4. The
layers are manufactured separately and are binded together

Fig. 3. The two main effects of curvature on the patch antenna. Left axis:
obtained frequency shift (compared to a planar circular patch) in the horizontal
and vertical modes of the single (lower) layer patch antenna from the layout
in Fig. 1 when it is wrapped on a cylinder with variable radius. Mode 1 is
along the curvature of the cylinder while mode 2 is along the axis of cylinder.
Right axis: The increasing radiation efficiency of the unwanted TM41 mode
with strong cylinder curvature.
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by a transfer tape and aluminum screws. In order to remove
the contributions of the higher order modes, the antenna is
additionally fed at two locations (p3 and p4 in Fig. 2). A
phase shift of 0◦ , 90◦ , 180◦ and 270◦ is applied to the feeds,
respectively, at p1 , p2 , p3 and p4 to suppress the higher order
modes. The required phase shifts at the feeds are obtained by
means of a 1 to 4 wideband commercial off-the-shelf power
divider/combiner. This way, the circular polarization purity of
the antenna is less affected when it is conformally mounted on
a cylindrical platform with strong curvature. The manufactured
antenna was measured in a near-field measurement chamber
equipped with a spherical positioner in order to obtain its farfield pattern. The obtained frequency response of the antenna
gain at zenith can be seen in Fig. 5 where the resonance of the
antenna at the required frequency bands can be observed. The
realized gain pattern and axial ratio of the antenna are shown in
Fig. 6 and Fig. 7 for E5 central frequency of 1.189 GHz and
E1 central frequency of 1.575 GHz, respectively. In Fig. 8,
the performance of the proposed antenna is compared to a
conventional two-feed antenna where the feeds are located
along the x- and y-axis. It can be observed that the presented
antenna configuration produces lower cross polarization levels
and the gain patterns are more symmetric around zenith
compared to the antenna with two feeds.
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Fig. 6. Measured RHCP realized gain [dBic] (left plot) and axial ratio [dB]
(right plot) of the antenna at E5 central frequency of 1.189 GHz

Fig. 7. Measured RHCP realized gain [dBic] (left plot) and axial ratio [dB]
(right plot) of the antenna at E1 central frequency of 1.575 GHz
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Fig. 4. The manufactured conformal antenna in a measurement chamber.
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Fig. 8. Simulated RHCP (continuous lines) and LHCP (dotted lines) realized
gain cuts of the four feeds antenna in Fig. 2 compared to the patterns obtained
with the same antenna fed with two feeds located along the x- and y-axis.
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III. I NSTALLED P ERFORMANCE S IMULATION
Fig. 5. Measured realized gain at zenith shows the resonance of the proposed
antenna at the E5a/b and E1 frequency bands.

The installed performance of the designed antenna was
simulated by integrating it on a small UAV shown in Fig. 9.
The wingspan of the UAV is 3.2 m and the radius of the
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fuselage is about 20 cm. The RHCP gain pattern of the
simulated installed antenna is shown in Fig. 10. A particular
advantage of the antenna shape is that the concern about
antenna size and weight is alleviated especially for antenna
arrays since the antenna replaces some parts of the platform.
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useful for small aeronautic structures to achieve array configuration for reliable navigation without increasing aerodynamic
drag.
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Fig. 9. A 3D model of the conformal antenna integrated on the model of
DLR’s ”Prometheus” UAV.

Fig. 10. Simulated RHCP gain pattern of the installed antenna on the UAV
at 1.189 GHz.
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