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6.1ATTENUATION MEASUREMENT FOR INSAT 3B/4A SATELLITE  

SIGNALS 

 In the chapters 3& 4 it is  clearly discussed about the installation of low cost 

experimental set up for recording beacon data of INSAT 3B satellite(longitude 83
o 

E 

in the space).Dish antenna of size  of 90cm was aligned to receive the beacon data 

with the elevation angle of 65.62
o 

in the test site. Received data was recorded using 

Data logging module with the help of GPIB cable, along with beacon data rain data 

was recorded with OTT parsivel disdromter. Under clear air condition the strength of 

received beacon data was around -52.5dBm but that was faded under rainy conditions. 

Signal amplitude which was recorded during clear air condition was considered as the 

reference signal and the amount of difference between the reference signal and other 

amplitudes was considered as the attenuation of beacon signal due to rain and this 

work had done for various rainy days. For a particular rainy period both beacon data 

and rain fall data was plotted with respect time in sec. 

 

figure 6.1:Rain fall verses recorded beacon data on 06 july 2014  

figure 6.1 shows the signal strength variation due to rain attenuation for the Ku band 

beacon signal on 6
th

 July 2014, maximum recorded rain fall intensity was 

67.357mm/h with 10sec disdrometer integration period at the instance of 
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19:46:21.minimum signal strength received on that day was -58.28dbm at same 

instant of time.  

 

figure 6.2:Rain fall verses recorded beacon data on 09 may 2014 

figure 6.2 shows the rain fall and beacon data variations  on 9
th

 may 2014 that  is 

during summer . Generally the rain is  more convective during summer than monsoon 

period. The  recorded rain intensity is  very high value which is grater than  150mm/h 

with 10 sec interval and the received signal strength  is very small. The following 

figures  from 6.3 to 6.7shows some  typical rain events and satellite beacon data  at 

the same instant of the event. Figure 6.3 shows the rain fall with time on  16
th

 

February 2014 it was  one of the major event with the rain intensity of 102mm/h with 

10sec integration period and the signal strength of beacon received during  that period 

is very low and is around -68dBm.    
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                     figure 6.3:Rain fall verses recorded beacon data on 16
th

 feb 2014 

 

figure 6.4:Rain fall verses recorded beacon data on 16
th

 July 2013 

sudden heavy rain fall 

and sever degradation 

in signal strength. 
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figure 6.5:Rain fall verses recorded beacon data on 18
th

 July 2013 

 

figure 6.6:Rain fall verses recorded beacon data on 22
nd

  October 2013 

Received down link  signal 

Recorded rain 

fall 

long time signal fading due 

to continuous rain. 

 

Received down link 

signal 

Recorded 

rain fall 



 Attenuation Measurement for INSAT 3B/4A Ku Band Downlink              Chapter 6   

 

142 
 

 

figure 6.7:Rain fall verses recorded beacon data on 25
th

 October 2013. 

figure  6.7 shows the rain event on  25
th

 October 2013 where the rain fall is  

continuous for a long time  and signal strength was attenuated very much due to rain , 

one point that can be observed  in the figure 6.7 is the shaded portion that shows the 

signal degradation with out any  rain fall. the reason for the  degradation is that  there 

is no rain event at the experimental  site but there is a chance for the rain fall in the 

path between satellite and receiving earth station. 

6.1.1 Attenuation Measurement During Rainy Day 

 Beacon data was recorded using experimental set up with the help of data 

logging module which was developed using NI Lab-VIEW Virtual instrumentation as 

discussed in the chapter 3. Loss of signal strength in the propagation medium depends 

not only on the rain intensity but also  on frequency of operation and polarization of 

the down link signal. In this thesis total work is carried based on reception of 

vertically polarized down link signal. Following figures from 6.8 to 6.12  shows the 

signal strength variation of beacon signal for  some rainy  days .Generally these 

variations are due to number of atmospheric parameters like troposphere refractive 

Degradation in signal strength 

due to  rain fall  in the path of 

signal propagation, no  rain in 

experimental site. 

Received down link signal 

Recorded rain 

fall 
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index variations, clouds, gases in the atmosphere and other small meteorological   

parameters. 

 

Figure 6.8: Attenuation of the beacon signal during the rain event on 25
th

 October 

In figure 6.8 attenuation peaks  exist not only at the instant where the rain fall peaks  

exist but also at  the other instances where rain intensity values are very low.In the  

selected portion of the figure attenuation is more with low rain fall (almost no rain) in 

the experimental location but because of existence of rain in the propagation path of 

the down link signal.   
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         (a)                                                                    (b) 

'            

                               (c)                                                                           (d) 

Figure 6.9: Attenuation of the beacon signal during the rain event on (a):22
nd

 October 

2013,(b):16
th

 February  2014,(c):9
th

 may 2014, (d):6
th

 July 2014  
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6.1.2 Power Spectral Density of Beacon Data 

         power spectral density plot illustrates the average power per frequency. The  

PSD of the signal is very useful for investigating the signal and to know where the 

power of the signal lies at what frequency. 

         PSD of the signal is the average of the squared Fourier transform of the signal 

              
 

  
               

 

  
 
 

                                     (6.1) 

 

Figure 6.10: power spectral density plot for the beacon signal on 25
th

 October 2013 

the figure 6.10 shows the  power spectral density  variation  of the beacon signal on 

25
th

 October 2013. It can be easily understand that the power is mostly concentrated at 

lower frequencies than  at the higher frequencies in the signal. With out plotting the 

PSD graph, it is difficult  to understand where the power of the signal is concentrated. 

Figure 6.11 shows the power spectral density plots of some rain events.  
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                                  (a)                                                                       (b)

     

                                  (c )                                                                  (d) 

Figure 6.11: power spectral density plot for the beacon signal on (a)22
nd

  October 

2013, (b)16
th

 Feb ,(c )9
th

 may 2014, (d) 6
th

 July 2014. 
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6.2 EXTRACTION OF SCINTILLATION  FROM  ATTENUATION 

 Scintillation is  one of the  propagation effect due to occurrence of refractive 

index variations in  troposphere. Calculation of scintillation and its power spectral 

density variations are already discussed in chapter 5.During rainy day signal strength 

is majorly effected by the rain, which is also effected by the scintillation. In section 

6.1, figure 6.1 to 6.7  shows the combined effect of rain as well as scintillation on 

down link signal. In this  section the discussion is about estimation of individual 

effect of rain and scintillation by considering some rainy days. The method of 

evaluating the scintillation is already discussed in chapter 5. In figure 6.12 time series 

representation of the rain fall and attenuation for the rain event on 16 July 2013 with 

10sec integration period is shown. Heaviest  rain recorded on that day was 30mm/h 

which attenuated the signal strength by 4dB.the amount of attenuation measured on 

that day was 4dB out of which some contribution is  due to scintillation. Figure 6.13 

shows the power spectral density of the received beacon signal.  

 

figure 6.12 Attenuation of the beacon signal during the rain event on 16 July 2013. 

Rain  intensity is 30mm/h 
Attenuation is 4dB Rain  intensity is 25mm/h 

Attenuation is 2.5dB 

Attenuation in dB 

Recorded rain fall 
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figure 6.13 power spectral density of the received signal on the day of  16
th

 July 2013 

 

figure 6.14:Scintillation amplitude variation of the received signal on 16
th

 July 2013 

Amplitude scintillation of the signal on the same rainy day was  about 1dB as shown 

in the figure 6.14 for the complete day.  It was clear  that the total attenuation on the 

day was 4dB out of which 1dB is due to scintillation effect and remaining 3dB is the 
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attenuation due to rain fall. when the frequency of operation increases the scintillation 

effect is also one of the major effect on earth space path propagation of satellite 

signal. 

6.3 VARIATION OF RAIN ATTENUATION AS FUNCTION OF 

FREQUENCY 

 While the signal propagating through earth space path various meteorological 

parameters will effect the communication link availability. Major attenuation is due to 

rain, higher frequencies are more prone to rain attenuation than lower frequencies.  

For the frequencies  which are greater than 10GHz the wave length of  the signal is  

comparable to the drop diameter because of which rain drop absorbs the EM wave at 

higher frequencies. In the present work for a single rainy day beacon signal was 

recorded at two different frequencies one is 11026MHz and second one is 

11890MHz.The received two frequencies are down converted in to  IF frequency 

range(950-2050MHz) using Low noise block down converter(LNBF). Amplitude 

variations  of  the two down converted  signals are observed by using spectrum 

analyzer.  

 

Figure 6.15:  power spectral  density variations of Scintillation amplitude variation  of 

the beacon signal on 22
nd  

 October 2013 
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 Figure 6.15 shows the attenuation plot for two different frequencies at 

different rain fall rates for example at R=10mm/h attenuation at frequency 11026MHz 

is 6.5dB and at higher frequency 11890MHz it is 9dB, similarly at other values of R 

more attenuation at higher frequency and less at lower frequency, is observed 

6.4 SIMULATION OF METROLOGY DATA FOR FIVE CITIES (USING 

VARIOUS RAIN ATTENUATION MODELS) 

 The present work  deals with application of  rain attenuation prediction models 

to the  rain data recorded by using Persival disdrometer for a period of two years. In 

addition to this  rain attenuation predictions are made for various places across India 

along with the experimental(Vijayawada, Lat 16.51
o
 N, Lon 80.62

o
E) location by  

procuring the rain data of  15 consecutive years  from Indian Tropical Metrology  

Department. Other locations used  in this work are Madurai(9.50
o
 N,78.01

o
 E), 

Chennai(13.04
o
 N, 80.17

o 
 E), Ahmadabad(23.03

o 
N, 72.58

o
E) and Guwahati(26.18

o 

N, 91.73
o 

E).Generally rain falls are very high in Chennai among all the five places 

and low in Ahmadabad, in terms of  link availability Chennai suffers with more 

outage period than remaining places.   

6.4.1 Role Of Dish Size  In Signal Attenuation  With Different EIRP Values  

 

 For the estimation of attenuation, beacon signal is received and processed by 

using the experimental set up which has the parabolic dish antenna as its front end 

element. Parabolic Dish antenna  is one of the high gain antenna  which works at high 

frequency level. Received power at  the earth station depends on the  transmitted 

power from the satellite transponder to wards the earth station and the gain of the 

antenna. once if  EIRP(Effective Isotropic Radiated Power) of the transmitter is 

known, no other parameters are required for link budget calculation. ERIP depends on 

antenna gain, antenna efficiency, out put  power of the transmitter and Wave guide 

coupling losses. For all aperture antennas the gain of the antenna depends on the 

aperture efficiency. Received signal strength of any receiver depends on the gain of 

the antenna and EIRP of the transponder. The following figure  6.16 shows the 

variation of the attenuation with respect to antenna diameter , EIRP values for the 

modulation schemes QPSK and BPSK.  For lower EIRP that is for 52dBW  the dish 

diameter must be  large and varies from 3.1m to 26.3m for  QPSK modulation, and 

for BPSK it is from 1.5m to 13.1m  for the rain attenuation variation up to 14.85dB. 
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When the EIRP value is high,  the dish size is almost constant and becomes 

insensitive to the variation in the rain attenuation.  

 

figure 6.16:Rain attenuation as a function of Antenna Diameter and EIRP value  for 

different modulation schemes. 

6.4.2 Total Attenuation In Monsoon Period 

 Because of frequent rain falls in monsoon period, the communication link gets 

damaged number of times in many places of the world. Attenuation predictions are 

made for five places in India at different frequencies specifically 10GHz, 15GHz, 

20GHz, 25GHz and 30GHz. As the frequency of operation increases  attenuation due  

to rain also increases predominantly. At a specific frequency for the Chennai region 

the rain attenuation is more than that for the other regions due to high average rain fall 

in Chennai in monsoon period. Figure 6.17 shows variation of attenuation in various 

places in rainy season for  a period of fifteen years. At the frequency of operation of 

10Ghz, the highest attenuation for the Chennai region is nearly 20dB, and it is 120dB 

at the frequency 30GHz.  
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    figure 6.17:Rain attenuation  verses percentage time exceedance of rain fall in 

various places 

6.4.3 Average Month Wise Rain Fall Variation for  15 Years  

    

 Rain falls are dependent on season, they are more in monsoon period and less 

in summer,   winter seasons. Based on  the fifteen years IMD data average rain fall 

rate is more in the months of  July, August and September in  the regions Guwahathi,  

Ahmadabad, Vijayawada and also it is more in the month of October  in Chennai and 

Madurai. Figure 6.18 shows average rain fall variation for 15 years data .In 

Guwahathi high rain falls are recorded from the month of march on wards with the 

rain fall rate of nearly 60mm and  the peak rain fall  recorded in the month of  July is 

300mm.In Ahmadabad  heavy rain falls recorded in the month of  July, nearly 

280mm, and in the duration of June to September also high rain falls are recorded. 

similarly high rain falls are recorded in the months between may to November for the 

Vijayawada region.    

 



 Attenuation Measurement for INSAT 3B/4A Ku Band Downlink              Chapter 6   

 

153 
 

 

 

figure 6.18: Average month wise rain fall variation in different places for fifteen years 

But in Chennai high average rain fall was recorded in the month of  October  nearly 

350mm which is the highest value  among all five places, in Madurai also high rain 

falls occur in the month of October . 

6.4.4 Attenuation  Due to Rain  Fall for  Average Year  

  

 In the section 6.4.3, it was clearly discussed that the heavy rain falls recorded 

in Chennai and Vijayawada  regions are always prone to heavy attenuation than other 

places. For frequency 10GHz  the attenuation varies from 12dB to 18.5dB in all 

places. when frequency of operation increases attenuation also increases. At a 

frequency of 30GHz  maximum attenuation due to rain in average year for the 

Vijayawada is about 100dB.Figure 6.19 shows the rain attenuation for an year in 

various places. 
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figure 6.19: Average annual attenuation for different places in India at various 

frequencies 

6.4.5 Prediction of attenuation at various places in India 

         Attenuation predictions are made by using huge rain data base , in the present 

work for predicting attenuation for various places 15 years data was procured from 

IMD, India. Predictions are made by using three models ITU-R, Rice Holmberg 

Model, and Moupfouma Martin Method for frequencies 11GHz, 20GHz and 30GHz. 

According to the prediction plots shown in figures from 6.20 to 6.24 for various 

places in India ITU-R model always under estimates the attenuation. Figure 6.20 

shows the attenuation prediction for Vijayawada for the frequencies mentioned above. 

At a frequency of 11GHz the highest predicted attenuation is 30dB, at frequency  of 

20GHz  highest predicted attenuation is 90dB and at frequency of 30GHz  attenuation 

predicted  is 170dB. Attenuation can also be estimated for different percentage time 

exceedance values between 0.001 to 1% of time for places.   
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figure 6.20: Rain attenuation predictions for the location Vijayawada  

[- 

figure 6.21:Rain attenuation predictions for the location Madurai 
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Figure 6.21 shows the attenuation predictions for the region Madurai at three 

frequencies. At a frequency of 10GHz, highest predicted attenuation is 28dB, at 

20GHz frequency predicted attenuation is 83dB and estimated attenuation for a 

frequency of 30GHz is 158dB.In the Ku band for this region attenuation with 0.01% 

time attenuation due to rain is around 18dB. 

 

Figure 6.22: Rain attenuation predictions for the location Chennai 

 

Prediction of rain attenuation in the Chennai was shown in figure 6.22 at three 

different frequencies   11GHz, 20GHz and 30GHz using models ITU-R, RH and MM. 

At a frequency of 11GHz  highest predicted attenuation is about 30dB, for 20GHz it is 

about 90dB and for 30GHz it is about 170dB. For the region Ahmadabad same 

predictions are made for three different frequencies using same three different models 

that was shown in figure 6.23.The attenuation predicted at 30GHz frequency   is a 

very high value which is about180dB, and also the attenuation values are 30dB and 

90dB for the frequencies 11GHz and 20GHz respectively. In the Ku band, attenuation 

with 0.01% time due to rain is around 17dB. 



 Attenuation Measurement for INSAT 3B/4A Ku Band Downlink              Chapter 6   

 

157 
 

 

Figure 6.23: Rain attenuation predictions for the location Ahmadabad 

 

The other location for which attenuation predictions are made at three different 

frequencies in Ku and Ka bands using  the same three models applied for the above 

regions is Guwahati. The highest predicted attenuation is obtained at a frequency of 

30GHz which is around 200dB, the sever attenuation for the down link signal. For  

the Ku band  frequency with 0.01%exceedance of time, attenuation is  around 20dB 

which  is the highest attenuation predicted , and it is  shown in figure 6.24. 
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figure6.24: Rain attenuation predictions for the location Guwahati 

 

6.5 CONCLUSION 

     Beacon signal amplitude was recorded  continuously with the sampling interval of 

10sec.Under clear air condition the amplitude of signal is about -47dBm and it was 

reduced during rainy period with the intensity of rain fall. For a very high rain fall 

value the total degradation in signal strength is  in between 16dB to 19dB  including 

the attenuation due to scintillation and rain. Out of which rain attenuation is the more 

predominant than attenuation due to scintillation, in the present work focus is  on high 

frequencies,  at theses frequencies  scintillation is also a considerable parameter due to 

which the attenuation obtained from  1dB to 1.5dB. Fifteen years of IMD data was 

used for predicting rain attenuation for various places in India. Predictions are made 

using RH, MM and ITU-R models. MM model is the best suitable for any location. 
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