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1.1 INTRODUCTION 

 Telecommunications and broadcasting services are in a rapid phase of 

expansion. Users are demanding ever more multimedia services such as high-speed 

internet, on demand digital TV services, video conferencing and tele-education to 

name a few. Such services require high-speed data rates to cope with demand whilst 

guaranteeing customers a high quality of service. The current microwave frequency 

spectrum allocated for telecommunication and broadcast services has become 

congested and proposed broadband systems will require higher bandwidths. SHF and 

EHF services are relatively free of congestion and can cope with higher data rates 

than current microwave systems. However, above Ka- band, attenuation due to 

atmospheric gases, clouds and rain increases significantly. Whilst attenuation is 

caused more frequently by clouds and gases, it is rain that causes the largest 

attenuation. 

The use of numerical weather data combined with propagation models can be 

used to forecast telecommunication link attenuation[135]. The forecast of link 

attenuation can be used to improve the effectiveness of fade mitigation techniques. 

For a given rainfall rate, the raindrop size distribution (DSD) can vary considerably, 

resulting in significant variation in attenuation. In the present work  investigations are 

carried on to  attenuation caused by rain and the effect of the DSD in order to better 

understand the impact of using SHF/EHF, and ultimately helps to improve the 

effectiveness of propagation models. 

 

1.2 STATEMENT OF THE PROBLEM 

  

Propagation of Radio wave between terrestrial links and earth-space path  are 

severely  affected by atmospheric rain, clouds, fog, atmospheric gases and  finally 

tropospheric scintillation. The problem become more terrible for systems operating at 

frequencies (Ku, Ka and V bands) above 10 GHz. Vijayawada is located in the 

tropics.  The effects of the troposphere  rain events are more sever  on microwave 

signals  in the tropics because of high frequency of occurrence of rainfall, heavy 

convective rain falls, peak   temperature levels, high relative humidity which results in 

more severe signal degradation and outage than what was  happen  in the temperate 

region.  
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1.3  OBJECTIVES OF THE PRESENT WORK  

 

1. To Establish low cost experimental setup for the study of atmospheric effects     on 

satellite –earth down link. 

2.To Compute  propagation impairments for  Ku band fixed satellite communications 

(above 10GHz) at an elevation angle of 62.65
o
, for the location Vijayawada(lat 

16.5
o
,lon 80.5

o
). 

3. To estimate  Ku band attenuation for the region, based on two years recorded rain 

data and also the beacon data 

4. To generate of appropriate propagation  impairment data such as, rain attenuation,  

troposphere scintillation and total propagation loss on earth-space path(by considering 

the average attenuation values of other effects) by using meteorological data from 

IMD as input data into ITU-RP empirical models. 

 

1.4 SATELLITE SYSTEMS HISTORY 

 

During World War II, the rapid advancement of missile and microwave 

technology led to the development of satellite communications. The initial satellite 

concept originated with RAF officer Arthur C Clarke, writing an article in ‘Wireless 

World’, describing manned satellites orbiting the Earth every 24 hours and 

distributing television broadcasts. Though famous today for both science fiction 

stories and his inventions, Clarke’s satellite concept had little impact, even after being 

repeated in 1951. It was not until 1954 that the potential of satellite communications 

became evident, after John R Pierce, of AT&T’s Bell Telephone Laboratories, 

conducted a detailed evaluation of the technical and financial potential of satellites. 

Pierce decided to compare the first transatlantic telephone cable, carrying only 35 

simultaneous calls at an installation cost of 30-50 million dollars in 1954, to a satellite 

that could implement 1000 simultaneous calls, worth one billion dollars 

The satellite era truly began in 1957 when the first satellite, Sputnik I, was 

launched by Russia prompting America to respond by developing and producing its 

own satellites. Therefore, NASA decided to develop passive communication satellites, 

such as the passive repeater ECHO 1, while the Department of Defense concentrated 

on active satellites. In 1961, the formal start of medium-earth-orbit satellites such as 

TELSTAR, by AT&T, and RELAY, by the company RCA, began. A further contract 
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was awarded to Hughes Aircraft Company to design a 24 hour orbiting satellite, 

known as SYNCOM. The TELSTAR and RELAY satellites were first launched in 

1962 and successfully broadcasted parts of the 1964 Olympics from Tokyo. At this 

time, COMSAT,(Communication Satellite Corporation) began developing its first 

satellite, which lead 

to the launch of the EARLY BIRD, in 1965, initiating global communications. 

Early Bird or INTELSAT1 was the first geostationary satellite. 1965 also saw the start 

of the first Soviet communication satellites launched with the MOLNYA series. 

In 1964 an agreement was signed by thirteen countries with existing satellite 

technology (such as the United States, United Kingdom, France, Germany, Italy, 

Brazil, and Japan) to create the International Telecommunications Satellite 

Organization, INTELSAT. The organization had the ultimate aim to assume 

ownership of all satellites and take responsibility for the management of global 

systems. INTELSAT has grown to have more members than the United Nations and is 

able to provide hundreds of thousands of telephone circuits. The use of satellite 

communications has rapidly increased, facilitated by the development of new 

technology and reduced production costs that make the various services both 

affordable and useful to the consumer. 

 Increasing expertise, advancing technology and the reduction of costs in the 

satellite industry have led to reliable launchers and more complex satellites with 

increasingly advanced technology for multiple uses. Satellite objectives range from 

measuring the Earth’s water cycle, for example the SMOS (Soil Moisture and Ocean 

Salinity) satellite programme launched by ESA in 2009, to global navigation satellite 

systems such as the European Union project Galileo. New advancements include 

contoured multibeam antennas (where beams adapt to the shape of the continents) and 

frequency reuse from one beam to another. These advances have led to increased 

efficiency and capacity, which has in turn reduced costs further. 

 

1.5 SATELLITE SYSTEMS  

The design of a satellite system is based on the service required (e.g. video, 

voice or data  transmission) and is constrained by variables such as cost and available 

technology. It may also be required to form part of a larger network operating within 

the complete system, often requiring complex design to achieve an optimum 
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configuration. A typical satellite system consists of space, control and ground 

components. The space segment is comprised of several active and spare satellites. 

The control aspects, TTC (tracking telemetry and command stations), include 

facilities for monitoring and controlling satellite traffic and resources. Finally, the 

ground segment incorporates earth traffic stations, such as mobile stations or 

handsets. Satellites orbit the Earth in a variety of different ways, including low earth 

orbits (780 km), for real-time communication, medium earth orbits (10 000 km with 

an orbit around 6 hours) and geostationary orbits (35 786 km) with period equal to the 

rotation of the earth. Satellite communication links consist of uplinks, downlinks or 

inter-satellite links. Up-links and downlinks are radio-frequency modulated carriers 

where as inter-satellite links can be radio or optical signals. When designing a satellite 

system it is important to consider the transmitter  performance, measured by the 

effective isotropic radiated power (EIRP). The transmitted power must be great 

enough to overcome propagation losses in order to ensure a signal is successfully 

received. Link performance can be measured by the ratio of received carrier power, C, 

and the noise power spectral density, No. This can be used to determine quality of 

service, in terms of signal to noise ratio or bit error rate (BER). 

Table 1.1 Radio frequency band allocations as per ITU-R V.431-7 

 

 

Other considerations include the amount and type of data being transmitted. A larger 

amount of data or users may require higher frequencies or larger bandwidths 

(B).Bandwidth depends on base band signal and type of modulation. There is a trade 
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off between the required carrier power and occupied bandwidth particularly users of 

satellites are charged for power or bandwidth resources used. Frequency not only 

affects the amount of data that can be transmitted but affects signal fade along the 

propagation path. To maintain efficient and economical use of the radio frequency 

spectrum, regulations are necessary. The International Telecommunication Union 

(ITU), a United Nations organization, creates radio regulations. 

1.6 EHF AND SHF SATELLITE SYSTEMS 

Typical satellite systems operate in the UHF, EHF and SHF frequency bands. 

Table 1.1 shows the frequency allocation of the radio spectrum. INSAT 4A, 4B and 

GSAT-10 are an example of  Ku-band satellites broadcasting almost 1000 channels to 

5 million homes in India. GSAT-14 is an example of a Ka-band satellite launched  on 

5
th

 January 2014. Satellite will expand the capacity of broadband services across 

India. GSAT-14 has 6 Ku-band transponders, 6 extended C-band transponders with 

two Ka band beacons  for providing new media services through Ka-band frequencies 

in future.  The growing demand on satellite communication systems has resulted in 

the current study 

frequency bands becoming increasingly congested. In order to compensate for 

the increase in demand, satellite operating frequencies have to be raised to deliver 

larger channel capacity, for example EUTELSAT HOT BIRD 6 and the United States 

Air Force’s Advanced Extremely High Frequency (AEHF) satellites are operating at 

Ku- and Ka-band frequencies. However, raising the operating frequency has both 

advantages and disadvantages on the design and implementation of satellite 

communications. 
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1.7 KU BAND SATELLITES FOR INDIAN REGION  

  

      Table 1.2 List  of Ku band satellites  for Indian  coverage  
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1.8 KU-BAND BEAM COVERAGE FOR INDIAN REGION 

 

108°E NSS 11  

 

  

 Figure 1.1. Ku band South Asia  beam of NSS 11 for Indian  coverage  

EIRP level 53dbW 

Recommended dish size=48cm/18.9in 

 

108°E SES 7 

 

   

Figure 1.2.Ku band South Asia  beam of SES7 for Indian  coverage 

EIRP level =52dbW 

Recommended dish size=50cm/19.7in 

http://www.dxsatcs.com/content/insat-3a4b-935-e-ku
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105°E ASIA SAT 8  

 

  

Figure 1.3.Ku Band India  beam coverage of Asia Sat 8 

EIRP level = 52dBw 

Recommended dish size= 50cm 

 

105°E ASIA SAT 7  

 

   

Figure 1.4.Ku band south Asia beam of Asia sat 7 

 

EIRP level =52dBW 

Recommended dish size=50cm 

 

http://www.dxsatcs.com/content/insat-3a4b-935-e-ku
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101°E ASIA SAT 5  

 

   

Figure 1.5.Ku band south Asia beam of Asia Sat 5 

 

EIRP level=51dbW 

Recommended dish size=55cm/21.7in 

 

 

98°E CHINA SAT 11  

 

   

Figure 1.6.Ku band south Asia beam of china sat11 

EIRP level =50dbW 

Recommended dish size=60cm/23.6in 

http://www.dxsatcs.com/content/insat-3a4b-935-e-ku
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95°E SES 8  

 

   

 Figure 1.7.Ku band south Asia beam of SES 8 

 

EIRP level=52dbW 

Recommended dish size=50cm/19.7in 

 

 

95.0°E NSS 6 

 

  

 Figure 1.8.Ku Band Indian Sub-Continent Spot Beam of NSS 6 

EIRP level=54dbw 

Recommendeddishsize=45cm 
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93°E INSAT 4B 

 

  

 Figure 1.9.Ku band Indian Beam of INSAT 4B 

EIRP level=52dbW 

Recommended dish  size=50cm 

 

 

93°E INSAT 3A 

 

           

Figure 1.10.Ku Band Indian Beam of INSAT 3A 

EIRP level =47.5dbW 

Recommended dishsize=75cm/29.5in 

http://www.dxsatcs.com/content/insat-3a4b-935-e-ku
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91°E MEASAT 3 

 

         

Figure 1.11.Ku band south Asia beam of MESAT 3 

 

EIRP level=52dbW 

Recommended dish size=50cm 

 

83.0°E INSAT 4A 

 

   

Figure 1.12.Ku Band Indian Beam of  INSAT 4A 

EIRP level=54dbW 

Recommended dish size=45cm/17.7in 

 

http://www.dxsatcs.com/content/insat-4a-830-e
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83.0°E GSAT 10 

 

  

Figure 1.13.Ku Band Indian Beam coverage of GSAT 10 

 

EIRP level=51.5dBW 

Recommended dishsize=55cm/21.7in 

 

75.0°E ABS 2 

 

  

Figure 1.14.Ku Band Indian Beam coverage of ABS 2 

 

EIRP level = 53dbw 

Recommendation dish size=48cm/18.9in 
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74°E INSAT 4CR 

 

   

Figure 1.15.Ku Band Indian Beam coverage of INSAT 4CR 

 

EIRP level=51.5dbW 

Recommended dish size=55cm/21.7in 

 

74°E GSAT 14  

 

  

Figure 1.16.Ku Band Indian Beam coverage of GSAT 14 

EIRP level=51.5dbW 

Recommended dish size=55cm/21.7in 

http://www.dxsatcs.com/content/insat-3a4b-935-e-ku
http://www.dxsatcs.com/content/insat-3a4b-935-e-ku
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72.0°E INTELSAT 22 

 

  

Figure 1.17.Ku Band Indian Beam coverage of INTELSAT 22 

 

EIRP level = 45.8dbW 

Recommended dish size=85cm/33.5in 

 

70°E EUTELSAT 70B 

 

   

Figure 1.18.Ku Band Wide beam of EUTELSAT 70B 

EIRP level =47dbW 

Recommended  dish size=75cm/29.5in 
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65°E AMOS 4 

 

  

Figure 1.19.Ku Band Indian Beam coverage of AMOS 4 

EIRP level = 52dbW 

Recommended dishsize=50cm/19.7in 

 

64°E INTELSAT 906 

 

  

 Figure 1.20.Ku Band spot 2 beam of INTELSAT 906 

EIRP level=53dbw 

Recommended dish size=48cm 
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57.0°E NSS 12 

 

  

 Figure 1.21.Ku Band South Asia beam of NSS 12 

EIRP level=52dbW 

Recommended dish size=50cm/19.7in 

 

 

55°E GSAT 8  

 

  

Figure 1.22.Ku Band Indian Beam coverage of GSAT 8 

 

EIRP level = 52dBW 

Recommended dish  size =50cm/19.7in 
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48°E EUTELSAT 48C  

 

  

Figure 1.23.Ku Band steerable beam of EUTELSAT 48C  

EIRP level=52dbW 

Recommended dish size=50cm/19.7in 

 

 

45°E INTELSAT 12 

 

  

Figure 1.24.Ku Band  India beam of INTELSAT 12 

EIRP level=52.3dbW 

Recommended dish size=50cm/19.7in 
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38°E PAKSAT 1R  

 

 

Figure 1.25.Ku Band Pakistan, central/south Asia beam of PAKSAT 1R 

EIRP level =47dbW 

Recommended dish size=75cm/29.5in 

1.9 ADVANTAGES OF EHF AND SHF 

             There are several significant ways to increase satellite operating 

frequencies. These include reduction in satellite congestion, increased bandwidth for 

faster services and increased antenna gain. 

1.9.1 Frequency Allocation  for Earth-Space path Links 

The current frequency allocations at L, S, C and Ku bands are becoming 

increasingly congested. This problem continues to escalate as the use of satellite 

communications becomes more popular and larger throughputs are required. Further 

allocation of frequency space requires increasingly complex methods for frequency 

re-use and allocation. It is for this reason that higher frequencies, such as V-band, are 

of great interest, since they are currently congestion free and theoretically have a 

larger capacity. The number of geostationary satellites in orbit is another significant 

issue. Physical space in geostationary orbits above heavily populated areas, where 

communication is in great demand, is becoming limited. Increasing operating 

frequencies would reduce the number of satellites required, since the increased 

capacity of higher frequency systems would reduce the number of payloads for a 

http://www.dxsatcs.com/content/insat-3a4b-935-e-ku
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given service. High frequency systems (Ka-bands and above) would also improve 

directivity of satellite beams, which could be exploited to increase satellite density. 

1.9.2 Operating Bandwidth 

             Increasing the operating frequency of satellites provides the option for 

larger band widths. This has the potential to provide services with bit-rates in the 

order of Gbs
−1

, which is required for future high-definition services. Large 

bandwidths could also lead to the use of return-channel links and broadband 

connections via satellite. Internet protocol (IP) over satellite could be used to provide 

broadband services to remote areas of the world, disaster areas or locations without 

sufficient infrastructure to provide broadband over terrestrial networks. 

1.9.3 Antenna Gain 

A further advantage of increasing the satellite operating frequency is the 

increase in antenna gain, since gain of a parabolic antenna is linked with frequency 

through the  equation (1.1). 

 

      
    

 
                                                               (1.1) 

 Where G is the antenna gain as a ratio to an isotropic antenna,    is the antenna 

efficiency, Da is the antenna diameter (m), f is the frequency (Hz) and c is the speed 

of light (ms
−1

). By increasing the frequency, the larger gain of the antenna can be used 

to either increase the effective isotropic radiated power or reduce the antenna size for 

the same  radiated power. Reducing the size of antennas yields a substantial advantage 

for satellites since there are significant restrictions on both volume and weight when 

designing satellite payload. Reduced antenna size also has the advantage of creating 

more attractive devices for commercial use and man-portable, high-gain antennas for 

network infrastructures in military applications. The directivity of the antenna will 

also increase with frequency, as shown by equation (1.2). 

 

                                                                     (1.2) 

             where kr is the radiation efficiency and Dir is the directivity. Increased 

directivity can either be used to improve control over downlink spot beams or reduce 

separation between satellites, which can encourage frequency reuse and increased 

spectral efficiency. 
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 1.10 DISADVANTAGES OF EHF &SH 

 There are several disadvantages in using frequencies at Ku-band and above. 

The use of extra high frequencies for satellite systems will lead to intensified 

attenuation as the  signal propagates through the troposphere, as described by 

Arbesser-Rastburg and Paraboni[136]. Further, high frequency electronic systems 

such as transistors become harder and more expensive to manufacture. 

1.10.1 Technological Limitations 

 The development of electronic systems to cope with high frequency operations 

is costly and problematic. Practicalities in developing and building transponders for 

SHF & EHF payloads have hampered the implementation of such technology for a 

long time. Travelling wave tube amplifiers (TWTAs) and other high power amplifiers 

were not readily available. It is also more difficult to develop and manufacture 

transistors to cope with high frequency switching. 

 However, as technology progresses and manufacturing processes improve, the 

implementation of high frequency payloads becomes easier and the cost of high 

frequency electronics reduces. High frequency, such 40GHz, TWTAs are now 

available from Boeing. 

1.10.2 Increased Tropospheric Attenuation 

 Increasing radio wave frequencies above Ka-band increases signal attenuation 

caused by factors in the troposphere. Radio waves propagating through rain, snow, 

hail or ice droplets will suffer from power loss due to hydrometeor scattering and 

absorption[103]. At frequencies above 10GHz scattering and absorption is increased. 

A typical rain fade incident can see peak values of approximately 15dB at the Ka 

band frequency[30]. Cloud attenuation, tropospheric scintillation, oxygen and water 

vapour can also contribute to radio wave attenuation. However, whilst these factors 

occur more frequently, rain causes the largest magnitude of attenuation. Such effects 

are problematic since attenuation reduces the received power, which can lead to signal 

loss and a reduction in satellite system availability.       

 At Ku-band and above frequencies, rain is the largest cause of attenuation. 

Further, for a given rainfall rate the attenuation may vary considerably due to the 

DSD. The DSD is the number concentration of raindrops with diameter in a given 

volume of space. As the frequency of a radio wave is increased, the variability in 
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attenuation caused by DSD increases [55] which makes it more difficult to counteract 

such attenuation. 

 Despite the disadvantages of increased radio wave attenuation, fade mitigation 

techniques (FMTs)[56]can be implemented to compensate for attenuation effects and 

maintain a high system availability. The prediction of attenuation events can greatly 

improve the implementation and effectiveness of fade mitigation techniques[30]. 

There is a substantial advantage in predicting the rain fade for satellites operating at 

such high frequencies, especially for systems broadcasting over great distances or 

long time-of-flight systems. For example, the Mars Reconnaissance Orbiter (MRO) 

could avoid loss of information due to rain attenuation. 
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