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ABSTRACT

The aim of this project is to investigate the attenuation due to clouds at 20-
50GHz; to develop an accurate long-term prediction model of cloud attenuation
applicable to slant-path links and evaluate the impact of cloud attenuation
dynamics on the design of future portable EHF earth-space systems. Higher
frequencies offer several advantages, for example, greater bandwidth and
immunity to ionospheric effects. The EHF band is being targeted for the launch
of earth-space communication systems to provide global delivery of bandwidth-
intensive services (e.g. interactive HDTV, broadband internet access and
multimedia services, television receive-only, etc.) to portable terminal units.
Since spectrum shortage and terminal bulk currently preclude the realization of
these breakthrough-broadband wireless communication services at lower

frequencies, a better understanding is needed in order to optimize their usage.

One major obstacle in the design of EHF earth-space communication systems
is the large and variable signal attenuation in the lower atmosphere, due to a
range of mechanisms including attenuation (and scattering) due to clouds and
rain, tropospheric scintillation caused by atmospheric turbulence and variable
attenuation by atmospheric gasses. In particular, cloud attenuation becomes

very significant at EHF.

In this thesis, we start with an overview of literature review in the first chapter.
Followed next by the theory and description of accepted-up to date- cloud
attenuation models in the field (chapter 2). Then followed up by a description of
the pre-processing, validations, sources and assumptions made in order to
conduct the analysis of the cloud attenuation in this work (chapter 3).
Afterwards, a comprehensive analysis of Meteorological and local tropospheric
degradation was carried out (chapter 4). That was followed by an overview of
cloud fade statistics and suggested methods to counter their effects (chapter 5).
And finally the improved cloud attenuation model and the enhancement of the
currently accepted cloud attenuation model (ITU-R 840.4) by terms of validating

the effective temperature concept and ways of acquiring it (chapter 6).
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1 Satellite Communication (Satcom)

1.1 Synopses

There are various types of satellite systems in operation today; they vary in
shape, size, functionality and nationality. For the principle of putting man-made
object into orbit was still theoretical until the first satellite released (Sputnik 1) by
the Soviet Union on October 4", 1957 and the United State retaliating with
SCORE, launched on December 18", 1958. The race between the US and the

Soviet Union sparked a new era of space exploration [1].

The Satcom concept in the early days was to act as a repeater to connect two
points on the globe. There was a debate about two approaches: active and
passive satellites. The scales tipped in favor of the active satellites for the
reason of signal amplification trait. However, with the technological
advancements, commercial and political (military) influence they now include
processing equipment and are of many uses (laboratories, TV, Global

positioning service, mobile services, internet, espionage...etc.).

This chapter will serve as a concise literature review on satellite
communications, their uses, particulars, the atmosphere, clouds and other

satcom signal attenuators.

1.1.1 Advantages of Satellite Communications

The use of satellites offers several advantages. As the technology evolves so
will the extents of these advantages [2]. Some of those advantages are listed

below:

Mobile/Wireless Communication, Independence of Location

1. Wide Area Coverage: Country, Continent, Globe

2. Wide Bandwidth Available Throughout (e.g. C/Ku Satellites have
bandwidth of the order of 1 GHz)

3. Independence From Terrestrial Infrastructure

4. Rapid Installation of Ground Networks

5. Low Cost per Added Site



1.1.2 Types of orbit

There are 2 major classifications of Satellite orbits, namely Elliptical Orbits (e.g.
MOLNYA, TUNDRA) and Circular Orbits. The choice of any of these orbits is
made based on the tasks, services and geographical coverage that are in need
of the satellite. A sub-classification exists based on the distance of the satellite
from the Earth:

Low Earth Orbits:- LEO, for low power and minimum signal path-delay
Medium Earth Orbits: - MEO, in-between the LEO and GEO usage.
Geostationary Earth Orbits:- GEO, for wide coverage area

High (Elliptical) Earth Orbits: - HEO, is rather not-fully exploited for
SATCOM yet!
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LEO/MEQO satellite systems operate at altitudes ranging between 200-1000 km
for LEO and around 10000 km for MEO. The period of LEO satellite systems is
between 1.5-1.8 hours and the period increases with the altitude. As for MEO
systems the period is about 6 hours meaning that the satellite is visible above a
given geographical location for that amount of time. Thus, in order to provide
continuous 24-hour service a constellation of satellites must be employed and
linked together at all times (e.g. Iridium (LEO), ICO (MEO)).

GEO satellite systems operate at an altitude of 35786 km or 22236 miles (5.61
earth radii) from sea level altitude. This type has a circular orbit shape with
earth at the center and the satellite coinciding with the equator with a period of
24 hours; Hotbird (Europe) and Arabsat (middle-east) are examples of GEO
satellites that provide TV channels to their targeted geographical locations, thus
they appear at the same spot in the sky for the users on the ground all the time.
GEO satellites are able to see about a third of the earth’s surface, by having
three satellites arranged at 120° around the orbit a global coverage (except

near the poles).

The table below shows some advantages and disadvantages of the LEO/MEO

orbits compared to GEO.



Table 1.1 Comparison between LEO/MEO and GEO [3]

GEO

LEO & MEO

Provides continuous coverage

Polar coverage not possible

System requires few satellite

Satellite has fixed position in the sky
for a stationary user on the ground.
Ideal for fixed satellite and direct

broadcast services.

be

the signal

Elevation angle can low (to

satellite) however loss

increases and higher power is needed.

Signal propagation loss is high and
Doppler effect is negligible. Satellite

power need to be high.

Single ground station required for

control and monitoring

Energy requirements to reach GEO
are high particularly for high latitude

launch site

Provides intermittent coverage per

satellite
Can provide coverage to all the globe

A constellation of satellites are

required for a full coverage system

Satellite moves relative to a stationary
user on the earth’s surface leading to
the need of widebeam or tracking

narrowbeam antennas by the user.

For high-orbit inclination, the elevation
angle is high thus reducing blockage
making it ideal for mobile satellite

without fixed antenna

Signal propagation loss is low however
the Doppler effect must be accounted

for. Satellite power can be lower.

A ground network is required to

coordinate handover between

satellites and traffic routing

The energy requirements to reach

operational orbit are lower than GEO




1.1.3 Space radio communications services

Defined as reception and/or transmission of radio-waves for a specific
telecommunication application [4], these services are:

Fixed Satellite Services (FSS)

Mobile Satellite Services (MSS)
Broadcasting Satellite Services (BSS)

Earth Exploration Satellite Services (EES)
Space Research Services (SRS)

Space Operation Services (SOS)
Radiodetermination Satellite Services (RSS)
Inter-Satellite Services (ISS)

Amateur Satellite Services (ASS)
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FSS are GEO satellites operating in the C-band (3.7-4.2 GHz), the Ku-bands
(11.45-11.7 GHz and 12.5-12.75 GHz in Europe, 11.7-12.2 GHz in the USA)
and even operating in the Ka-bands (20-30 GHz) nowadays. These satellites
are used to supply broadcast feeds for TV and radio stations, also used for
telephony, telecommunications and data communications. The rest of the
satellites services can be GEO or non-GEO and have various frequency bands
in which they operate in. Some of the frequency bands utilized for these other

services are:

1. 420-470 MHz is utilized for fixed, mobile, amateur, radiolocation, mobile-
satellite and meteorological satellite services.

2. 1215-1300 MHz is utilized for EES, radiolocation, SRS and amateur.

3. 5250-5570 MHz is utilized for EES, radiolocation, SRS, aeronautical
radio navigation, radio navigation maritime and amateur satellite
services.

4. 35.5-36.0 GHz is utilized for Meteorological Aids, EES, radiolocation and

SRS satellite services.



1.1.4 Satcom Specifics

To place a satellite into orbit involves a lot of work and many aspects to
consider from design to deployment. Two major parts of a satellite system are
the space segment and the ground segment. The space segment usually
consist of satellite deployment (in orbit, the spacecraft) and also includes TT&C
(Tracking, Telemetry and Command) which is a station that involve a SCC
(Satellite Control Center, could be at the station but usually located at a more
convenient place like the headquarters of the satellite operator) and Tracking
antenna. The ground segment (Earth stations-transmitters and receivers)
facilitates access to the satellite (repeater) from earth stations in order to cater
to the needs of the users. An earth station is a term that includes stations
located on the ground, on the sea (on ships) or in the air (on airplanes). The

services most utilized with the ground segment are FSS, BSS and MSS.

There are many particulars to account for in the field of Satcoms (e.g. network
architectures, electronics, spacecraft (antennas, bus and subsystems), launch
vehicles...etc.) but this thesis is mainly concerned with the signal propagation
issue. Therefore one cannot talk about Satcoms without explaining a few
specifics regarding Payload Capacity, Modulation and Coding schemes, Quality

of Service, Frequency and mitigation as will follow below.

1.1.4.1 Frequency

The analysis in this project will cover the frequency range 20-50 GHz (Ka to V-
band). Mainly targeting wavelengths between A=15 mm and A= 6 mm. Most
microwave frequencies are not satcom inclusive but are used also by other
terrestrial services. The most common frequencies used for the terrestrial links
(common-carrier long-haul) are the 4 GHz, 6 GHz and 11 GHz bands whereas
the 12 GHz band is utilized as a part of the cable TV system (USA). As For
short point-to-point links between buildings the commonly used frequency is 22
GHz band [5]. HAPs (High Altitude Platforms- altitude of 17-22 km) which are
quasi-stationary aircrafts are also considered as terrestrial links and now they
are about to use high microwave frequencies as well (~48 GHz). Therefore

interference is an always an issue to consider when utilizing satcoms [3].



Microwave links are largely characterized by:

¢ Line-of-sight (LOS) propagation through space and the atmosphere

e Wide bandwidths, compared to the lower frequency bands such as LF,
HF, SW, VHF, FM and UHF

e Compact antenna, which can focus energy in a desired direction
(directivity)

o Blockage by dense media like hills, tree trunks, solid buildings, metal
walls, and at higher frequencies even by heavy rain

e Transmission is carried by waveguide structures

The move to higher frequencies can be explained by both the 15t and 2™ points
mentioned above. The LOS trait is apparent in the ionosphere layer effects,
lower frequencies would bend and bounce back to earth whilst microwave
(above 10 GHz) simply pass-through thus ionospheric effects could be
neglected. The bandwidth of commonly used frequencies such as C/X/Ku-
bands is about 500 MHz for uplink and downlink each (C-band had an
additional 500 MHz spectrum allocated by the ITU in the 1990s for both uplink
and downlink due to its popularity); whilst when moving towards the higher
frequencies such as Ka-band with bandwidth of about 2.5 GHz along with Q/V-
bands, that would be economical (getting more channels and services) and
hence feasible to build and maintain systems that deliver the most in terms of

communication channels and data through put.

The next generation satcoms are making the transition to yet higher frequencies
well into the millimeter wave band (Ka and above). The main disadvantage of
these higher frequencies is the high attenuation of the signal due to
Tropospheric degradation. Clouds cover of the satellite’s signal path (cloud
attenuation) is a part of the Tropospheric degradation factors, since not many
studies at the Ka-V bands were conducted in the literature; cloud attenuation is

investigated in this thesis.



1.1.4.2 Satellite Payload Capacity

Satcom’s payload is defined as the system on board the satellite responsible for
providing the link for the communication signal path. The link used to be
between two ground stations however, payloads nowadays can also provide
interconnectivity for a large number of mobile users directly to each other or
through the ground stations [3]. Usually the number of transponders is used to

indicate the capacity of the satcom.

In the satellite industry the term transponder is referenced to a specified RF
channel of communication within the communication payload [2] where the term
comes from contracting the words transmitter-responder which originally
referred to a single-frequency repeater on the satellite. However, a satellite
transponder is more of a microwave relay channel which would also be needed
to translate the frequency from the uplink range to the downlink range.
Therefore, a transponder is a combination of elements within the payload. For
the input side, it can be seen as a share of the common uplink and the receiver
equipment within the repeater. Whereas at the downlink side, a transponder
would consist of the input filter, power amplifier, and output filter. It is to be
noted that there are spare parts (redundant) to ensure no disruption of the

service in case of amplifier or receiver malfunction.

Transponders (also known as repeaters) generally can be categorized as either
transparent or regenerative, see section 5.5.1.1. The transparent transponder is
relatively simple. It converts frequency, flexible (e.g. the transition between
analog and digital modulation is straightforward) and is independent of uplink
signal format. However, its main disadvantage is that noise and interference are
not filtered out. On the other hand the regenerative transponder adds
complexity to the payload. The main advantages of a regenerative transponder
include adaptation of modulation and coding to specific requirements of uplinks
and downlinks, beam scanning, baseband switching and by extension the uplink
noise is not retransmitted on the downlink which ultimately can lead to lower
complexity and cost of ground stations. However, the added complexity on

board necessitates high reliability [4].
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Figure 1.1 Simple block diagram of a transponder (C-band) in satellite [6]

Since transponders can cater to a particular user application network which has
led to them being rented and even sold like common property; however in
reality it is the microwave channel of communication bandwidth that is rented of
sold. Hence a transponder’'s own capacity (amount of channels that it can

handle simultaneously) is a defining factor of a satcom’s capacity.

1.1.4.3 Modulation and Coding Schemes

Modulation (and Demodulation) has to do with analog and digital data
conversion. To modulate is to raise the base-band signal to the carrier
frequency and demodulation is the reverse operation. Coding techniques [7] are
used for several reasons: reduction of dc wandering, Suppression of enter-
symbol interference, data compression, encryption and self-clocking capability.
These will in-turn result in complexities of the hardware used. However coded
systems make much more efficient use of bandwidth widening to increase the
output signal-to-noise ratio than an un-coded system. Hence coded systems are

inherently capable of better transmission efficiency than the un-coded types.

It is needless to say that integrity of data (encryption) has to do with security;
there is no point of utilizing a system in which any external (undesired) entity
can intercept and hence make use of the data.

Some of the widely used schemes for modulation include:

