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Abstract— In this contribution we describe selected attenuation events recorded by the "Alphasat" satellite receiver at the Institute of Atmospheric Physics (IAP) in Prague. First of all we compare the attenuation course and the rain rate course - good correlation was acknowledged. Also the cumulative distribution of attenuation for September 2015 and more months together (September - June, 2016) is demonstrated. Some selected rain attenuation prediction methods were used to compare measured and computed attenuation which is, in fact, caused by rain mainly. We added frequency scaling description and test of the ITU-R scaling method of quite good result related to peak attenuation values.
Index Terms— Alphasat, radiowave propagation, atmospheric attenuation, satellite link
I.  Introduction
The atmospheric attenuation characteristics (Cumulative distribution, Fade- and Inter-fade duration, Diurnal variations, Seasonal variations, Scintillations etc.) and attenuation prediction using meteorological parameters are very important for the rational planning of satellite links in cm and mm frequency bands. This is one of the objects of the internationally wide experiment based on the monitoring of the beacon signal in Ka- and Q- bands from the Alphasat satellite which is received and analyzed in many countries [1]. This contribution brings examples and attenuation data analysis from Prague.
II. Data Processing
Our special receiver is described in [2]. The signal level   output data in dBm (from -24 dBm to -33 dBm typically) are stored with frequency 20 Hz, but we work with the 1 minute average values. As the Alphasat satellite moves in space [3] (it was announced and its position is predicted), the special method to derive the atmospheric attenuation must be used [4] as the signal level fluctuates even in clear weather conditions due to satellite space oscillations.
III. Examples of Attenuation and Rain Rate Measurements
As an example of measurement we present the Q band signal level data time course from whole September, 2015 (Fig. 1) - as well as one day detail (Fig. 2).
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Fig. 1   Q band attenuation (blue) and rain rate (red) at IAP Prague in September 2015.
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Fig. 2   Attenuation time course in Q band and rain rates at IAP Prague, 7.9.2015.
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Fig.3    Density of probability & CD of 19 GHz attenuation at IAP Prague, September 2015.

[image: image4.png]Exceedance probability [%]

39 GHz - September 2015

o 3 8 0 12 14 16
Attenuation [dB]
39 GHz - September 2015
o 3 8 0 12 14 16

Attenuation [dB]




Fig.4    Density of probability & CD of 39 GHz attenuation at IAP Prague, September 2015.

 TABLE I    CD [%] of Q Band Attenuation [dB] for September 2015-June 2016 Period 
	Exc.Prob.[%]
	0.001
	0.005
	0.01
	0.05
	0.1
	1
	10

	September
	18.3
	17.8
	16.1
	10.8
	7.0
	2.4
	0.5

	October
	10.9
	10.5
	10.4
	9.5
	8.5
	5.5
	2.4

	November
	23.8
	22.0
	21.3
	15.4
	9.1
	3.3
	0.7

	December
	8.9
	5.9
	5.0
	3.8
	2.9
	1.3
	0.3

	January
	5.4
	4.0
	3.6
	3.0
	2.6
	1.8
	0.5

	February
	9.8
	8.0
	6.0
	3.7
	3.2
	1.9
	0.5

	March
	22.3
	17.9
	16.8
	5.3
	4.4
	2.2
	0.4

	April
	15.3
	14.0
	13.3
	8.7
	6.3
	2.2
	0.4

	May
	27.8
	27.2
	26.8
	25.3
	23.9
	3.5
	0.5

	June
	29.9
	29.0
	28.4
	26.8
	22.9
	4.4
	0.7

	All months
	28.4
	27.1
	25.9
	15.8
	9.9
	3.5
	0.5


One can see a good correlation between satellite signal attenuation and rain rates. Probability density and cumulative distribution of Ka (Q) band signal for September 2015 period is obvious from Fig. 3 (Fig. 4).

For illustration the reader can judge the attenuation values for particular months in Tab. I (Q band only). Generally speaking, the worst autumn month was June while lowest attenuation was observed in January.
It is known that main atmospheric attenuation contribution comes from rain. We can compare attenuation in Tab. I with corresponding rain intensity values in Tab. II. One can observe higher rain rates in June and small values in January - like in Tab. I showing attenuation values.
TABLE II  CD [%] of Rain Intensity [mm/h] for September-December 2015 Period 
	Exc.Prob.[%] 
	0.001
	0.005
	0.01
	0.05
	0.1
	1
	10

	September
	20.6
	19.1
	14.1
	3.1
	2.0
	0.0
	0.0

	October
	7.9
	7.3
	6.9
	5.2
	3.9
	1.7
	0.0

	November
	20.6
	17.8
	13.9
	8.8
	6.8
	1.6
	0.0

	December
	7.8
	3.9
	3.2
	2.5
	2.0
	0.3
	0.0

	January
	4.6
	3.8
	3.3
	2.5
	2.0
	0.8
	0.0

	February
	9.8
	8.0
	7.3
	3.6
	2.9
	1.3
	0.0

	March
	22.6
	10.9
	9.5
	3.9
	3.0
	1.5
	0.0

	April
	28.6
	17.9
	17.2
	6.9
	4.5
	0.9
	0.0

	May
	62.6
	50.8
	47.5
	24.2
	14.2
	1.3
	0.0

	June
	114.6
	96.8
	89.3
	24.2
	10.2
	1.2
	0.0


We also processed whole 10 month period of measured atmospheric attenuation. The density of attenuation probability and cumulative distribution are shown in Fig. 5 (19 GHz) and Fig. 6 (39 GHz). The Q band scale is 16 dB in Fig. 6 because of random dynamic range reduction.
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Fig.5   Ka band probability density (above) and CD of the Alphasat signal in Prague for 10 month period (September 2015-June 2016).
[image: image6.png]Probability density [%]

Exceedance probal

39 GHz: 2015.09.04 - 2016.06.30

4 6 8 0 12 14 16
Attenuation [dB]

39 GHz: 2015.09.04 - 2016.06.30

4 3 8 0 12 14 16

Attenuation [dB]




Fig.6    Q band probability density (above) and CD of the Alphasat signal in Prague for 10 month period (September 2015-Juner 2016).
IV. Test of Selected Rain Attenuatio Prediction Methods

Having simultaneous satellite signal and rain gauge measurement we modeled the rain attenuation cumulative distribution function after some known rain attenuation prediction methods - ITU-R [5], Assis-Einloft "old" (AEO)  [6], Assis-Einloft "new" (AEN)  [7] and Sviatogor [8].  Results for September 2015 and 19 GHz are obvious from Fig.7. The measurement attenuation fits the predicted ones for exceedance probabilities above 0.05 %. On the other hand, for lower exceedance probabilities all models overestimate the actual attenuation. The same is valid for 39 GHz (Fig. 8). A longer period to apply the prediction models should be used (one year, for instance).
V. Test of Frequency Scaling

Having simultaneous measurement of 19 GHz (Ka band) and 39 GHz (Q band) we could compare the attenuation values (selected peak values), see Tab. III. The fifth column shows estimated 39 GHz attenuation in accordance with equations (1), (2) and (3) having been published in [5].
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Fig.7  Comparison of predicted and measured CD of Ka band satellite signal attenuation September 2015 data. Abbreviations are explained in text.
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Fig.8  Comparison of predicted and measured CD of Q band satellite signal attenuation September 2015 data. Abbreviations are explained in text.
The last column in Tab. III expresses the relative estimation error which does not exceed 61 % and which is 6.2 % in average. Similar results we have published in [9], but there was used a much simpler scaling equation (4). A linear relation between 39 GHz and 19 GHz attenuation was suggested in scatterplot in Fig. 9.
TABLE III    Selected Simultaneous Attenuationm Peaks A19 (19 Ghz), A39 (39 GHz)  and Estimated 39 GHz Values After Scaling Equation (4) (O-Old Method) or (1)-(3) (“I” ITU-R-New Method). Last Coluumn Is Showing the Relative Error:
	Date
	A19 [dB]
	A39 [dB]
	A39p(o)
	A39p(I)
	e. o [%]
	e. I [%]

	9.9.2015
	5.1
	19.7
	20.6
	15.5
	4.6
	-21.0

	10.9.2015
	5.6
	16.8
	22.4
	16.8
	33.3
	-0.1

	17.9.2015
	4.4
	10.6
	17.8
	13.6
	67.1
	28.0

	20.9.2015
	2.1
	8.3
	8.4
	6.8
	0.7
	-18.6

	13.11.2015
	6.4
	22.8
	25.7
	19.0
	12.8
	-16.7

	19.11.2015
	8.5
	22.0
	33.8
	24.2
	53.6
	9.9

	30.11.2015
	3.8
	8.8
	15.0
	11.7
	71.0
	32.9

	18.12.2015
	2.8
	9.3
	11.2
	8.9
	20.2
	-4.6

	28.1.2016
	2.0
	5.6
	8.1
	6.5
	43.3
	16.1

	8.2.2016
	4.3
	10.3
	17.0
	13.1
	65.4
	27.2

	28.3.2016
	6.9
	22.9
	27.6
	20.2
	20.5
	-11.7

	13.4.2016
	5.8
	13.6
	23.4
	17.4
	72.0
	28.4

	17.4.2016
	5.3
	14.5
	21.3
	16.1
	46.9
	10.6

	23.5.2016
	14.0
	23.2
	55.8
	37.2
	140.6
	60.1

	28.5.2016
	6.3
	18.9
	25.3
	18.7
	33.8
	-1.0

	1.6.2016
	7.9
	22.7
	31.7
	22.9
	39.5
	0.6

	25.6.2016
	5.0
	23.0
	19.9
	15.1
	-13.6
	-34.5
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Fig.9   Scatterplot of peak 39 GHz (A39) and 19 GHz (A19) attenuation.

Here you are frequency scaling equations [5]:

                               
[image: image10.wmf](

)

)

,

,

(

1

1

2

1

2

1

2

1

/

A

H

A

A

j

j

j

j

-

=

,                 (1)
where:

                                
[image: image11.wmf](

)

2

4

2

10

1

i

i

i

f

f

f

-

+

=

j

,                      (2)
                
[image: image12.wmf]55

.

0

1

1

5

.

0

1

2

3

–

1

2

1

)

(

)

/

(

10

12

.

1

)

,

,

(

A

A

H

j

j

j

j

j

´

=

, (3)
"Old" simple frequency scaling equation (from frequency f1 to frequency f2) is the following one:

                                      
[image: image13.wmf](

)

(

)

1

2

2

1

2

f

A

f

A

f

f

»

÷

÷

ø

ö

ç

ç

è

æ

,  

    (4)
where A [dB] is the atmospheric attenuation on satellite link on relevant frequency.
As a simple rule we recommend to multiply the 19 GHz attenuation by 3.5 to estimate the 39 GHz attenuation. This is valid for our receiver and site condition in Prague, of course. 
VI. Conclusion

This paper is introducing the multipurpose propagation experiment using the Alphasat satellite signal in framework of the Aldo Paraboni experiment and monitoring station at the Institute of Atmospheric Physics in Prague, Czech Republic. At this time (January 2017) we have more than one year signal level and atmospheric attenuation data. We are processing them step by step looking for seasonal, diurnal and worth month statistics, looking for the best rain, cloud and water vapor attenuation prediction method, second order statistics (fade duration etc.)  and scintillation analysis. In this contribution we show examples of simultaneous atmospheric attenuation and rain rate course from September 2015. A good correlation between them is obvious as rain is the most important attenuation phenomenon. One can see the September attenuation statistics - density of probability and cumulative attenuation distribution in two forms - curves and tables. Also the 10 month statistics is added (September 2015 - June 2016). The highest atmospheric attenuation 30 dB was observed in June in Q band and 22 dB in Ka band. Maximum rain rate in June was 114 mm/h. In this contribution we also demonstrate the comparison of selected rain attenuation prediction methods with measured attenuation. In both Ka and Q frequency band there is a good conformity between predicted and measured attenuation values above 0.05 % of the exceedance probability. However, longer time would be better for such statistical comparison. We tested also the 
ITU-R frequency scaling formula (Tab. III) for selected peak 




values - maximum error was lower than 42 %, while average error being 11 %. Generally speaking, the 39 GHz peak attenuation seems to be 3.5 times greater than the 19 GHz attenuation. The research and Alphasat signal monitoring is continuing.
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