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Abstract— In this paper, a novel microstrip array antenna to
achieve some specific contoured beam is presented. The proposed
antenna produces three directional main beams which is a
consequence of its particular layout. The antenna is suggested to
be mounted on High Altitude Platforms (HAPSs) to provide the
desirable coverage (e.g. three separated islands). Using developed
software, enables us to obtain the footprint of antenna on the
ground. Furthermore, a study on channel capacity enhancement,
employing the proposed antenna is carried out which clarify the
profit of using this contoured beam antenna.
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I INTRODUCTION

Contoured beam antennas are generally applicable to
provide an efficient coverage of the service area which are
mostly used in geostationary satellite communication systems
[1], i.e. antennas having a specific shaped main beam in order
to its footprint on the ground follows the contour of desirable
geographical region. The most significant issue in such kind of
communication is to cover an area efficiently so that the
desired zone be wunder coverage without causing any
interference to other parts of communication network. The
inevitable importance of this subject results in vast of research
on proposing different ways to obtain a contoured beam
antenna which are mostly related to reflector antennas [2].
Apart from the aforementioned, the main reason of using
satellites to provide contoured beams is due to the specific
behavior of transmitted wave through the propagation in such
kind of communication systems. The connection link in these
channels is mostly Line of Sight (LoS) and under this
circumstance traveling waves often experience path loss and
other propagation behaviors e.g. reflection, diffraction, and
scattering are negligible. In this condition a cross section of
radiation pattern is printed on the ground, so if the radiation
pattern has been shaped before, the proper contour of coverage
would be appeared on the ground. However, satellites
extremely suffer from implementation and maintenance cost
and also significant losses through the connection link which
make them inconvenience to use in most of the
communication systems as they need high propagation power
in both sides of the link and also complicated devices for
transmitter and also the receiver (e.g. high gain antennas, high
gain low noise amplifiers, sophisticated processors, and etc).
On the other hand using contoured beam antennas in terrestrial
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networks seems impossible because of the numerous
unpredictable wave behaviors in such kinds of channels which
mostly create a Non Line of Sight (NLoS) connection link
between transmitter and the receiver.

High Altitude Platforms (HAPs) are either airship or
aircraft which are both commonly taken place in stratosphere,
17km to 22km above the earth line [3]. The most promising
standard on which HAPs communication is achievable is IEEE
802.16-SC [4], with modifications being largely confined to
the base station in order to cope with HAPs mobility and the
centralized cell structure. The standards were developed for
frequency bands from 10—66 GHz [5].

From radio propagation environment’s aspect, the
frequencies above 10 GHz will in general require LoS path
and be increasingly prone to rain attenuation. Bands bellow
10 GHz can be operated increasingly as NLoS paths as the
frequency is decreased, but will be prone to attenuation due to
shadowing and multipath [3].

The two most common frequency bands allocated to HAPs
are 47/48 GHz and 31/28 GHz with 300 MHz bandwidth in
both uplink and downlink directions [3]. However, according
to abovementioned IEEE standard alongside the radio
propagation environment issues, other frequencies including
10 GHz and above (up to 66 GHz) can also be adequate
options to be utilized, so that many attentions have been spent
on this subject recently [3, 8].

As a result of the high altitude of these platforms’s
placement, the main part of connection link is LoS and it
seems these platforms are appropriate choice for implementing
the contoured beam antenna on them. Furthermore,
maintenance cost of these systems is much less than satellites
according to their simplicity and lower elevation. Aside from
all mentioned merits of these platforms, the most significant
demerit of them is their limited supportable weight of
equipments to carry since they are placed inside the
atmosphere and experience the gravity. Therefore, overweight
reflector antenna should not be used in HAPs stations.
Moreover, their relevant high gain is inessential in such
systems.

Microstrip antennas, due to their attractive advantages of
low profile, light weight, and etc are widely used for both
military and commercial purposes. The numbers of research
which have been carried out on them are numerous. However,
here we are going to use a particular configuration of them to
provide a specific contoured beam from a HAP transmitter.



The antenna operates at 10 GHz to meet the requirement of
discussed issues (IEEE standards and radio propagation
environment) of a HAP system.

The reminder of this paper is organized as follows. In
section II, the importance of using contoured beam antennas
on HAPs in some specific situations is declared and after that
it is clarified that for this mentioned situation, a particular
antenna is required. Section III is devoted to the antenna
design and in section IV the coverage’s contour plot of the
proposed antenna is presented. Moreover in this section, a
study on channel capacity analysis is carried out to make it
clear how the proposed contoured beam antenna can be
effective from this aspect in comparison with using some
conical beam antenna.

II. DEFINIITON OF PROBLEM AND ITS SOLUTION

In many parts of the earth, there are some closely but separated
islands surrounded by water which in them life is led by human
being. To provide communication services in such kinds of
regions, it seems that there are two options: using a single
transmitter so that cover all the area included water covered
and main lands, or to use number of transmitters as much as the
number of islands. In the first approach, noticeable amount of
radiating energy is wasted to provide coverage for unnecessary
zones (e.g. water). Moreover, in the second way, increasing the
number of islands and so the transmitters, results in a definite
increase in probability occurrence of unpleasant network issues
(e.g. interference, network maintenance, and etc).

The idea to cope with these difficulties is presented at a
glance in Fig. 1. Using HAP with specific antenna can be
helpful. The antenna must have multi directional radiation
pattern to cover such kinds of regions in an efficient way.

III. ANTENNA DESIGN

Considering three islands 10km apart from each other
extended in a straight-line, an antenna with three directional
main beams is required. Each beam for covering an island and
nulls of radiation pattern should be faced with water covered
area. Under this circumstance, if the airship were placed at
altitude of 22km above the ground plane, the angle difference
between beams would be at about 20° . To attain these
properties, our proposed microstrip array antenna structure is
illustrated in Fig. 2. As it is seen this antenna consists of three

Fig. 1 Providing the coverege from a HAP using an antenna with more than
one directional main beam.

main components: a couple of linier array of five elements
series- fed rectangular patch which is presented by black
dashed line, the central meanderline specified by red pale
dashed line, and the phase shifter which is distinguished by
white dashed line. The proposed layout is printed on a
12x12 cm semi-square shape Rogers RT/ duroid5880 substrate
with permittivity of ¢,=2.2 and thickness of 0.158 cm. The

resonance frequency is 10 GHz and the dimensions of each
rectangular patch are the same as a conventional rectangular
patch one at this frequency i.e. Lp=0.906 cm, Wp=1.186 cm
[6]. The length of transmission line between each patch is equal
to A, /2 of a 100Q line Lf =1.11cm and therefore its width is

Wf =0.15 cm. Such high amount of impedance is required in
series- fed microstrip array design [6, 7]. The bent line Lb has
length of 34,/4 and Lfi=84,/2 . There is also a 50Q

feedline at the corner of substrate with width of Wmf =0.5 cm
attached to a 3dB power divider. The length of Horizontal and
Vertical lines is not necessary to be fixed at a specific constant
value and only depend on physical characteristic of structure.
However, in this specific design, a 180° phase shifter at the end
of Vertical line is essential. According to inverse direction of
each array arm from the excitation point of view, this phase
shifter is necessary to make two arms inphase. To have a clear
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Fig. 3 Current distribution on the proposed antenna at 10GHz.



meanderline bents is optimized to attain two 20° tilted beams
in £0 (to positive and negative direction of y axis).

-5t 1 Scattering parameter of structure is obtained as presented in
Fig. 4 and its radiation pattern is shown in Fig. 5. As it is clear
from Fig. 4, the structure is matched well at 10 GHz and three
directional main beams to boresight and to 6=120° are
attained in H-Plane (Fig. 5). Increasing the number of elements
in array arms makes the E-Plane pattern narrower and here, we
have chosen five elements for array arm to match the antenna
footprint to some elliptical shape geographical contour.

8, (dB)

IV. RESULTS

In this section, to represent the results, at first the footprint

, of the proposed antenna on the ground is acquired, and after

95 10 105 that a study on capacity enhancement in comparison with
Freq. (GHz) uniform coverage of islands is fulfilled.

Fig. 4 Scattering parameter of the proposed antenna.
A. Coverage Contour Plot
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A software tool has been developed to obtain the coverage.
| By installing the proposed antenna on HAP at altitude of 22 km
above the earth line, the footprint of radiation pattern on the
ground at frequency of 10 GHz has been calculated as
presented in Fig. 6. The channel model is HAP based Lazgare-
Penin [8] and other parameters in calculating the link budget
are selected as presented in TABLE 1. The average building
height of islands and also the street width is assumed to be
10 m. These values almost simulate the real probable case in
view of this fact that such islands usually have not a dense
. layout of buildings. As it is observed, the antenna footprint is
matched well to desirable geographical contour.

Directivity (dB)

TABLE L LINK BUDGET CALCULATING PARAMETERS

-150 -100 -50 -20 0 20 50 100 150

0dB 13dB

Fig. 5 Radiation pattern of the proposed antenna at 10GHz. 41dBm

picture about the operation of antenna, it is beneficial to point
out how wave behaves during the propagation on structure’s
body. Whenever the wave is reach to the point A, the radiation
of right array is started. During the traveling on this arm, the
wave amplitude is attenuated and after that, the wave amplitude
is even more attenuated in meanderline. Such behavior in this
structure results in an electrical tilting of this arm array’s
radiation pattern from boresight to positive y direction. The
same behavior is occurred in the left array arm which ends up
another tilting of radiation pattern to negative y direction.
Apart from these, since both array arms have been inphased
(because of the phase shifter), additive wavefronts in xz plane
results in third beam directed to the boresight. In Fig. 3 a
representation of current distribution on structure is shown and
clarifies the mentioned properties. The simulation has been
done using commercial full wave package Ansoft HFSS. It is
also worth to mention that the existence of meanderline in the
structure is obviously indispensable since illumination of this
component results in two separated linier arrays far apart more
than 1 and under this circumstance, unwanted grating lobes

km

30 20 10 0 10 20 30
km

occur. Using this meanderline enables us to control the Fig. 6 Coverage contour of power (dBm) of the proposed antenna mounted on

radiation behavior as clarified before. The number of  2HAPataltitudeof 22km above the ground.
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Fig. 7 Maximum expected channel capacity in islands.

B. Cahnnel Capacity Analysis

To make a clear picture on how well the proposed antenna
can results in enhancement on channel capacity, two radiation
scenarios are considered to cover the aforementioned islands.
First is to employ the proposed antenna, and second is to use an
arbitrary conical beam antenna which creates some circular
shape footprint on the ground. In the second scenario the
radiation power is equally devoted on both islands and water
covered areas, so some amount of that is wasted.

Based on the proposed antenna footprint on the ground (1*
scenario), channel capacity analysis has been studied in
comparison with an arbitrary conical beam antenna (2™
scenario). The radius of —110 dBm border of circular shape
coverage on the ground is 13km in the 2" scenario at 41dBm
transmitted power. In numerical calculations for maximum
expected channel capacity, it has been assumed to have
100kHz spectrum band-width along with ambient temperature
of 27°C. Three separated elliptical shape islands, extended in a
straight-line with equal area of 40km’, apart from each other by
distance of 10km have been considered as the desirable zone to
provide network coverage. Maximum expected channel
capacity with respect to signal strength as a function of
transmitted power, in both radiation scenarios is calculated as
illustrated in Fig. 7. The aforementioned channel capacity is
obtained using Shannon-Hartley theorem [9] with considering

uniformly distributed of network usage around the islands. It is
observed that the proposed antenna can increase the channel
capacity of 2™ scenario at about 200kbps with respect to equal
transmitted power in both radiation scenarios.

V. CONCLUSION

A specific structure of microstrip array antenna has been
proposed to use for achieving some particular contoured beam.
Due to lightweight of such kinds of antennas, the presented
antenna structure can be used in High Altitude Platforms
(HAPs) without any concern about the platform’s shipment
weight restrictions. The proposed antenna produces three
directional main beams which can be applied to make the
coverage of three separated islands. The footprint of antenna on
the ground has been calculated using developed software and a
discussion on how such structure can be beneficial from
service’s capacity point of view has been performed.
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