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antennas used for this specific application.
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1. Tactical military communications.

The term SATCOM (SATellite COMmunications) refers to a satellite communication system based on a
network of geostationary artificial satellites capable of receiving radio signals from Earth, amplifying them,
and retransmitting them to onboard equipment on ships, aircraft, and ground stations.

Military communications, particularly those defined as “tactical”, that is characterized by a high level of
importance and confidentiality, have for several years now relied on such systems. These operate through a
network of dedicated military satellites functioning in the lower portion of the UHF spectrum, specifically
between 243 and 318 MHz.

The reason for choosing this frequency band, rather than higher ones, lies in its high atmospheric
penetration capability and negligible attenuation due to rain or hydrometeors, as well as in the possibility
of using equipment with less demanding operational requirements, making it more reliable and faster to
deploy.

Moreover, UHF SATCOM systems offer high flexibility in channel allocation, thanks to the simple
management of resources on board the satellite. Each uplink channel is individually filtered and adjusted in
amplitude and output level before reaching the transmission amplification stages within the downlink sub-
band, thus implementing a fully transparent transponder with respect to the modulation and signal
encoding scheme used.

This characteristic is well suited to military communications, particularly tactical and operational services,
since, as is well known, they require a large number of channels, often pushing the limits of the available
bandwidth in this portion of the spectrum.

The MILSAT satellites currently in orbit are predominantly owned by the United States, pioneers in this field
together with Russia.
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Figure 1
Constellation of UHF-Band MILSAT satellites and their corresponding footprints
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After an initial period of cooperation within NATO, European nations also decided to establish an
independent network of satellites, recognizing the importance of confidentiality in this type of
communication.

As a result, several systems were developed and launched into orbit, including Skynet (United Kingdom),
Syracuse (France), and Sicral (Italy).

The U.S. networks, known as FLTSAT and UFO, provide coverage of virtually the entire planet, as shown in
the map in Figure 1.

Let us now examine the reasons behind the adoption of this technology and how it came to be used.

2. A brief history.

For reasons that are easy to understand, military communications have always required a high level of
security and reliability. Therefore, since the years preceding World War Il, alternative solutions have been
explored to replace HF systems, which were unreliable due to their dependence on propagation conditions,
and undersea cables, which were often vulnerable to breakage or damage caused by the enemy.

The first alternative solution to appear truly feasible emerged in the United States during the 1950s and was
known as the Communication Moon Relay Project.

The first experiments, known as Passive Moon Relay, were conducted to intercept Russian radar signals that
accidentally bounced off the Moon. The promising results obtained encouraged the Americans to explore
the possibility of establishing two-way communications by deliberately reflecting radio signals off our
natural satellite.

The Moon Bounce, also known as EME (Earth-Moon-Earth) among radio amateurs who still use it today for
purposes quite different from military ones, was not without its challenges. The distance between the Earth
and the Moon caused significant signal attenuation over the long path (about 384,000 km both in uplink and
downlink), requiring the use of linear amplifiers capable of delivering an EIRP of at least 1.5 kW, which was
clearly unsuitable for mobile stations. Furthermore, it was necessary for the Moon to be simultaneously
visible from both ends of the communication link.

This gave rise to the need for artificial satellites positioned in fixed orbits and capable of actively
retransmitting signals back to Earth. This solution, already envisioned by Arthur C. Clarke in 1945, was
unfortunately not feasible at the time, since the technology of that era did not allow for the launch of large
objects into orbit nor the development of power systems capable of ensuring a sufficiently long operational
lifetime for a hypothetical artificial satellite.

During those years, the use of artificial satellites equipped with onboard transmitters was therefore limited
to experimental purposes, first with the Russian Sputnik in 1957 and later with the American SCORE in 1958.
As for the practical aspects of the project, namely two-way radio communications, reliance was placed on
passive reflectors instead.

The first experiment of this kind was called Echo, which involved the launch of a large metallized polyester
balloon with a diameter of 30 meters, remaining in orbit from 1960 to 1968. This was followed by Echo 2, a
40-meter-diameter balloon, which stayed in orbit from 1964 to 1968.

Another project from that era was called West Ford. In May 1963, a 20 kg package containing hundreds of
thousands of tiny copper needles, each dimensioned to resonate at 8 GHz, was launched into orbit. The
objective was to create an artificial ionospheric layer capable of reproducing the radio signal propagation
effects typical of that atmospheric region. Once in space, the needles began to disperse, yielding promising
results in voice and data communications. However, they eventually drifted apart, forming a wide but
unusable ring, and within a couple of years they moved away from the original orbit and burned up upon
re-entry into the atmosphere.
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At that point, the project called for the creation of a larger and permanent ring, which, however, would have
interfered with radio astronomy activities, thereby facing strong opposition from the scientific community.

Beyond this, the main reason for abandoning the Echo and West Ford projects was the significant progress
achieved in the development of artificial satellites, which had always represented the most promising
alternative.

Between 1965 and 1971, a series of six satellites known as LES (Lincoln Experimental Satellites) were
successfully launched into orbit. These satellites could be operated by portable terminals and worked in both
the X band (using horn antennas) and the UHF band. The success of these experiments encouraged the U.S.
government to authorize the launch of a fully operational project, no longer limited to experimentation.

In 1976, the final plans for the MILSATCOM system were officially established, divided into three different
categories according to their respective applications:

e wideband, mainly used by fixed or transportable large stations, capable of transmitting medium to high
data volumes. This category includes the DSCS II, DSCS Ill, and GBS (Global Broadcast Service) satellites;

e mobile and tactical, designed for use with small terminals and low-gain antennas installed on ships,
ground vehicles, and aircraft. The achievable data transmission rate is relatively modest, and the
coverage extends at most to transoceanic regions. This category includes the Fleet Satellite
Communication (FLTSATCOM), Leasat, and UFO satellites;

e protected systems, mobile systems in which a reduced bandwidth is accepted in exchange for high
protection against physical, nuclear, and electronic threats. This category includes the AFSATCOM,
FLTSATCOM EHF, MILSTAR I/Il, and UFO satellites.

The European countries of the Atlantic alliance later developed their own satellite communication networks
to ensure interoperability with NATO systems, as well as to provide redundancy in case of failures and
greater channel availability when required.

Let us now examine the main characteristics and types of antennas used in UHF SATCOM systems.

3. Types of antennas for UHF SATCOM communications

A fundamental characteristic of UHF SATCOM antennas is the need to ensure coverage of a wide portion of
the upper hemisphere, and this requirement can be met in two main ways.

The first approach involves the design of omnidirectional antennas with a hemispherical radiation pattern
(theoretically a cardioid, as shown in Figure 3), capable of providing coverage over a spatial region of at least
150° (+75°) relative to the zenith. Naturally, achieving such a wide radiation pattern requires accepting
moderate gain values.

The advantage of this type of antenna lies undoubtedly in its compact size and light weight, which allow for
installation on mobile platforms (such as HUMVEEs) and small vessels where available space is limited.
This category also includes the so-called “conformal antennas”, meaning antennas that must be embedded
within predefined structures. These are therefore true integrated antennas, which must be designed and
developed while taking into account the specific environment in which they will be installed.

A second approach employs directive antennas (see Figure 4) featuring higher gain and a narrower
beamwidth. In this case, however, coverage of the upper hemisphere is achieved through the use of a
pointing system, which may be either manual or automatic, depending on the specific application.

In the case of directive antennas, typically crossed Yagi types used with manpack or field equipment, the
satellite pointing is naturally performed manually, and it is generally not particularly critical.
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180°
Figure 3

Measured radiation pattern of an omnidirectional SATCOM antenna featuring a
hemispherical radiation pattern that closely approximates a cardioid.

When these systems are installed on large vessels, the available space allows for the use of larger, highly
directive antennas with a much narrower radiation beam and an automatic tracking system capable of both
pointing the antenna toward the satellite and compensating for the ship’s movements. These are highly
sophisticated and precise systems, enabling the use of high-gain antennas.

The table in Figure 5 summarizes the classification described so far, providing examples of antennas used for
this application. A more detailed technical description of some of these antennas will certainly be the subject
of future articles.

With regard to radiation characteristics, UHF SATCOM systems use right-hand circular polarization (RHCP)
for two main reasons.

First of all, since these antennas are installed on mobile platforms and never in fixed positions, using linearly
polarized antennas would often result in what is known as polarization mismatch. With circular polarization,
however, this issue does not occur.

Circular polarization is also chosen for reasons related to the effects of Faraday rotation on an RF signal
passing through the ionosphere. The ionosphere is the layer of the atmosphere located between 90 and 200
km, characterized by a high concentration of electrons and ions produced by the ionization of air caused by
ultraviolet and X-rays of solar origin. When a radio signal crosses this layer and interacts with the ionized
particles, they cause a random rotation of its polarization, resulting in polarization mismatch and,
consequently, communication issues. Circular polarization greatly mitigates the effects of this phenomenon.
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FREQUENCY: 2805 MHz

Figure 4

Measured radiation pattern of an 11 dBic directive panel, for naval applications, which is
necessarily installed on a gimbaled tracking system.

Itis also important to emphasize the special attention that must be paid, during the design of these antennas,
to their mechanical and environmental aspects. The basic reference standard commonly used is MIL-STD-
810G, to which additional and often more stringent requirements are frequently added, depending on the
specific installation. Therefore, during the design process, it is essential to adopt electrical configurations
that are compatible with the particular mechanical constraints typical of this sector.

APPLICATION EXAMPLES
Omnidirectional antennas Antennas for mobile platforms
Turnstile (shaped dipoles or loops)
Gain < 5 dBic Airborne antennas Quadrifilar helices and related designs
HPBW > 140° Dielectric loaded patches
Conformal antennas
. . Manpack (portable use) Turnstile (crossed dipoles w/ reflector)
Directional antennas (manual pointing) Crossed Yagi with foldable elements
Gain > 5 dBic -
HPBW < 90° Fixed Naval Installations Broad5|de. arrays (panel antennas)
N Cavity backed patches
(Automatic Pointing) X R
Axial mode helices

Figure 5
Summary table of the main types of antennas for UHF SATCOM applications.
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4. Conclusions.

Military communications have always required
a high level of security and reliability. Since the
years preceding World War Il, efforts have been
made to identify a system capable of meeting
these specific needs, contributing to a rapid and
continuous technological evolution.

Nowadays, when designing an antenna for
MILSATCOM, it is essential to ensure compliance
with both specific radiation characteristics and
precise  mechanical and environmental
standards, which vary depending on the
particular application requirements to be met.

For this reason, designing antennas of this kind
requires sufficient experience and know-how to
identify, from the earliest stages of the project,
solutions capable of ensuring adequate
electrical performance, while also being
practically manufacturable in accordance with
the specific standards required by the Customer.

It is therefore advisable, from the very first
meetings, to assess whether the potential
supplier has a clear understanding of this specific
field and the ability to promptly identify feasible
solutions, thus avoiding wasted time and money
on approaches that may prove sound from a
theoretical or electrical standpoint but are
unworkable from a functional perspective.
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All the information and experiences presented in this article are the result of the design,
development, and production of custom professional antennas carried out by
ElettroMagnetic Services Srl using the AntennaCustomizer method.

For questions, clarifications, or further information on this or other topics related to
professional antennas, please contact bollini@elettromagneticservices.com.

Thank you for taking the time to read this article.

You can find the complete list of our technical publications by clicking here:
https://elettromagneticservices.com/en/free-technical-e-papers

E Iettro' “ .agnetic S ervichsL

E Iettroﬁnlggnetic Services

www.elettromagneticservices.com www.antennacustomizer.com

Technical E-Paper, gennaio 2021 — Copyright by ElettroMagnetic Services s..l. (uso libero citando la fonte)


file:///D:/EMS/MMP/TEP%20ENG/bollini@elettromagneticservices.com
https://elettromagneticservices.com/en/free-technical-e-papers

