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ABSTRACT 

  

  

  
The tremendous worldwide growth in the use of Internet and multimedia services prompted the 

ambitious planning for evolution of commercial and broadband satellite communication systems. 

The traditional C and Ku bands in satellite communications are getting crowded, So the systems 

are moving towards higher frequency ranges above 20 GHz. The Ka-band (18-40 GHz) 

frequency spectrum has gained attention for satellite communication. The inherent drawback of 

Ka-band satellite system is that increase in signal distortion resulting from propagation effects. 

Atmospheric attenuation in Ka-band is always severe, especially in the presence of rain. Thus, 

New technologies are required for Ka-band systems, such as multiple hopping antenna beams 

and regenerative transponders to support aggregate data rates in the range of 1 - 20 Gbps per 

satellite, which can provide DTH, HDTV, mobile and fixed Internet users with broadband 

connection. Currently in India C and Ku-band frequencies are being used for commercial 

satellite communications. In future Ka-band will be used for wideband applications. Keeping in 

view of the socio-economic and geographical diversities of India. Propagation studies are 

essential for estimation of attenuation, so that Ka-band satellite links operating in different parts 

of Indian region can be registered appropriately. Ka-band system is recognized as a new 

generation in communication satellites that encompasses a number of innovative technologies 

such as on board processing (OBP) for multimedia applications and switching to provide two 

way services to and from small ground terminals. To do this efficiently multiple pencil like spot 

beams are used. One distinct feature of this propagation being used to address this problem is 

Satellite Spot-Beam. To design effective satellite communication system, the arrangement of 

spot beam locations in Indian subcontinent, the study and analysis of link availability for Ka-

band satellite communication in various geographically separated spot beams in India using 

statistical data is necessary. Based on global rain models integrated with the link budget, the 

study allows us to examine major system design issues encountered in Ka-band satellite 

communication that are susceptible to propagation impairments. This system can be flexible 

enough to increase power on specific transmissions to compensate for local weather conditions. 

This can make better use of the available bandwidth than C or Ku-band satellite, and more users 

can get higher level of services. 
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Attenuation due to Rain-A Mini-Review 
 

     Rain-caused attenuation affects radar and communication systems operating at centimeter 

or millimeter wavelengths. The nature of rain-caused effects have been known since before 

World War II. Early work on rain effects centered on theoretical estimation of specific 

attenuation and scattering cross section and experimental verification of the theoretical 

estimates. It is noted that the experimental observations did not agree with the theoretical 

estimates and concluded that the theory was wrong. Later it was found that the problem was not 

in the theoretical analysis but was in the rainfall measurements. At the present time most 

workers agree that 

good agreement can be obtained between theoretical estimates and carefully obtained 

experimental observations. Current work is directed towards the construction of statistical 

models for the occurrence of rain-caused attenuation and toward an understanding of second-

order effects such as depolarization and bandwidth limitation. The area requiring the most work 

is model building for the prediction of attenuation statistics. 

 

 

 

    ITU-R Rain Attenuation Model 
 

   There are many rain attenuation models for calculating attenuation in signals due to rain. But 

the ITU-R rain attenuation model is the most widely accepted international method and 

benchmark for comparative studies.This model is semi-empirical and often employs the local 

climatic parameters at a desired probability of exceedance. 

 

      The ITU-R 618-10 gives summarized procedures for the computation of a satellite path rain 

attenuation. In order to compute the slant-path rain attenuation using point rainfall rate, the 

following parameters are required: 

 

f: the frequency of operation in GHz, 

µ: the elevation angle to the satellite, in degrees, 

Á: the latitude of the ground station, in degrees N and S, 

hs: the height of the ground station above sea level, in km, 

Re: effective radius of the Earth (8 500 km), 

R0.01: point rainfall rate for the location of interest for 0.01% of an average year (mm/hr). 

 

      Estimation of rain attenuation along the slant-path of a satellite link requires an 

understanding of rain height. The method, adopted by ITU-R, assumes the rain structure to be 

uniform from the ground level to the 0±C isotherm height, hR, simply termed the effective rain 

height. Often the empirical formula is used to estimate the value of hR due to a scarcity of 

measured data.Though the model is less accurate, it is widely employed to calculate the 

average rain height. The mean rain height above mean sea level is expressed as: 



 

 

     hR = h0 + 0:36km                                                       (1) 

where h0 is the average annual 0 degree C isotherm height. 

 

 
 

 

 

      Step-by-step procedures for the computation of the rain attenuation along the slant-path of a 

satellite system are summarized as follows: 

 

Step 1: Determine the rain height, hR, as given in (1) and contour map in Recommendation 

ITU-R P.839. 

 

Step 2: Determine the slant-path length and the horizontal projection.The slant-path length Ls, 

expressed in km, is calculated from: 



 

               (2) 

 

The horizontal projection is then expressed as: 

LG =  Ls cos(�)                             (3) 

where LG and Ls are in km. 

 

Step 3: Determine the rain rate at 0.01% for the location of interest over an average year. In this 

work, Table 1 is used, which is a derived rain rate at one-minute integration time at 0.01% of 

exceedance from long-term local data. 

 

Step 4: Calculate the specific attenuation, a function of desired frequency, polarization and rain 

rate. The relationship between rain rate, R(mm/h), and specific attenuation, � (dB/km), is 

given as: 

                           � = aRb (dB/km)         (4) 

a and b are regression coefficients which depend on the drop shape of the falling rain, raindrop 

density, polarization and frequency. The regression coefficients in Equation (1) are computed 

by using ITU-R P.838-3 [4]: 

 
 

where τ is the polarization tilt angle relative to the horizontal and � is the path elevation 

angle. The polarization tilt angle τ = 90 degree for vertical polarization and   τ= 0 degree  for 

horizontal polarization while circular polarization is given as  τ = 45 degree. The frequency 

dependent coefficients aH, aV , bH and bV are presented in Table 2 for both horizontal and 

vertical polarization over frequencies of 1-400 GHz. 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 2: The specific attenuation parameters. 

 
Step 7: The effective path length is then computed from: 

LE = LRv0.01 km        (12) 

 



 

 

 

 

 

 

 

 

 

SATELLITE SERVICES 
 

 

There is a vast variety of satellites orbiting the earth and offering different services to 

different parts of the world. Most satellite services are offered at C and Ku-band frequencies, 

with a lot of interest emerging in deploying Ka-band based satellites as well. The advantages 

offered by satellite-based services include terrain independence and large coverage area. The 

congestion at lower bands due to increased demand for diverse services and increased 

bandwidth demand calls for exploration of the advantages offered by higher frequency bands. 

The major drawback to operating at such frequencies (Ka-band and above) is signal distortion 

due to factors such as free space and rainfall.The most prominent, however, is the presence of 

rainfall along the signal path. This paper thus focuses on the signal fading due to rainfall at 

frequencies up to V-band. 

 

 

 

 

 



 

Geostationary Satellites 
 

Satellites whose orbit appears to be stationary relative to the earth exhibit circular orbits. 

These satellites are thus referred to as having a geostationary earth orbit (GEO) and hence the 

term geostationary satellite. Geostationary satellites rotate at a constant speed equal to that of 

the earth with an inclination of zero, i.e., the satellite's orbit lies in the equatorial plane of the 

Earth.Their large distance from the earth gives them a large coverage area as opposed to low 

earth orbit (LEO) satellites. A GEO satellite offers a 24 hour view of a particular area, which 

leads to its wide use as a provider for broadcast satellite services (BSS) and multipoint 

applications. However, the GEO's distance from the earth leads to a comparatively weak signal 

strength and a time delay in the received signal. This is a challenge that system designers are 

faced with and hence compensation techniques are employed to curb this situation. 

 

 

 

 

 

 

 

    GSAT-14, a step towards Indian Advance Communications Satellite 
 

GSAT-14 is an Indian Geostationary satellite launched for enhancement in the field of 

Communication.GSAT-14 satellite is planned for technology development and testing of Ka 

band payload. 

 

GSAT-14 Ka band payloads: 

• Primary objectives 

– to test new technologies in Ka band 

• on board antenna with high gain and shaped 

spot beams 

• onboard processing and switching 

• compact Ground terminals 

– to learn the signal propagation behaviour 

at 20/30 GHz band over India 

that has a tropical climate 

 

 

GSAT-14 Salient Features: 

● I. 8 spot beams for India coverage 

● Each spot beam contains 

a.Bent pipe transponder 

b.Regenerative transponder 

● Beam inter connectivity 



 

a.Microwave Switch Matrix 

b.2 Mbps and 64 Kbps regenerative channels 

● 29.510 GHz RF tracking system for APM 

● Beacon Transmitters for propagation experiments: 

20.2 GHz & 30.5 GHz with polarization change switch 

 

 

 
 

 

 

 



 

 

 
 

 



 

 
 

 

 



 

 
 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

GSAT-14 Ka band Propagation experiment 
 

• Joint activity between ISRO, CNES and ONERA 

• Activities 

– Met and satellite data collection from different locations in India 

– Duration of data collection : at least five years 

– Preprocessing and archival of data 

– Exchange data among participating agencies for analysis 

 

 
 

 



 

Equipment at each station 
 

• Beacon Receiver : Received beacon power level 

• Radiometer : Set reference level, Calibration of receiver 

• Disdrometer : Surface Rainfall drop-size distribution, rain rate and cumulative rain and     

statistics 

• Micro Rain Radar: Vertical Profile of Rainfall and drop distribution 

• Automatic Weather Station : Ground values of meteorological data 

• Tipping Bucket : Ground Truth of Rain Rate 

• Data logger : Continuous PC based acquisition of data from all instruments and storage 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Analysis  
 

Using the data received by Beacon receivers, we plot the Signal Magnitude and Noise 

Floor w.r.t. Time to observe the attenuation in MATLAB. 

 

Data file format : 

 

 



 

 

 

Code for plotting one specified day data: 

 

 
 

 

 

 

 

 



 

 

Code for plotting each day data in a month: 

 
 

 

 



 

Using these basic codes we implemented a GUI program in MATLAB where we 

can do: 

1. Plot the data of a particular day:  

    

 Steps:  

 

A. Select “Plot on day data” and enter the input date: 

 
 

  

 

 

 

 

 

 

 

 

 



 

 

 

 

 B. Tap the button “Plot”: 

 

       

 
 

 

 

 

 

 

 

 

 

 

 



 

2. Plot the data for a given range: 

     

Steps: 

 

A. Select “Plot data for a range” and enter the starting date and ending date: 

 
 

 

 

 

 

 

 

 

 

 



 

B. Tap the button “Plot”: 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

RESULT : 
As at the time of our experiment we did not have the data for 2019, so we performed the 

analysis on the previous year’s data(2018). The plots for all the seasons are as follows : 

 

1. Spring Season:  

 

March: 

 
April:  

 

 



 

May:  

 
 

2. Summer Season:  

June: 

 



 

July:  

 
 

 

August : 

 



 

3. Autumn Season:  

September: 

 
 

 

October: 

 



 

November: 

 
 

4.Winter season: 

December:  

 
**The data for months January and February are yet to be collected .  



 

 

 

CONCLUSION 

 
From the above plots of signal amplitude and noise floor vs. time for all the months, we can 

observe that for the season Spring : in March, the signal amplitude and noise floor were pretty 

constant all around the month. But in April we can see that the signal amplitude and noise floor 

distorts from its constant values during many of the days in that month. In May we can observe 

that the distortion pronounced more. We can conclude that in season Spring as we move from 

March to May the noise floor starts to rise and the signal amplitude decreases. 

 

For the season Summer : As we can see in Summer season for all the months June, July and 

August the signal amplitude and noise floor always kept varying.  

 

For the season Autumn : In Autumn season as we move from September to November, we can 

see that the variations tend to decrease in both signal amplitude and noise floor.  

 

For the season Winter : We can see in December that the variations in values of signal 

amplitude and noise floor tend to decrease a lot in comparison to other seasons i.e. the values 

almost remain constant.  

 

 

  

 From the above observations we can see that Rain is performing a crucial part in the 

signal amplitudes which we receive on earth from the satellites. As rain is maximum in Summer 

season the signal amplitudes tend to more variations than the other seasons. 

 

 

 

FUTURE WORK:  
 

We will study how the rain affects the signal on its way from satellite to earth and will find 

different parameters associated with this. 


