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Abstract— This paper describes special  Ka- and Q-band receiver for the Alphasat signal developed for the Institute of Atmospheric Physics (IAP) Prague and first operational experiences with it. The signal level monitoring enables us to derive the atmospheric attenuation which is object of our research (its statistics and relation to relevant meteorological parameters like rain, liquid water content (LWC) and water vapor density. The LNB is located in the focus of 1.8 m parabolic offset antenna and signal is twice converted down. The resolution is 0.5 dB and sampling rate 20 Hz. Signal record is burdened by satellite space motion. Therefore a new detector was added later to enable the autonomous antenna tracking in elevation and the daily peak to peak variation due to satellite motion was significantly reduced. Recently merged splitter on second IF 1.7 GHz provides signal for 39 GHz radiometer. Examples of recorded signal with and without atmospheric attenuation are added. The satellite frequency changes are discussed, too.
Index Terms— Alphasat, Aldo Paraboni, TDP #5, Ka-band receiver, Q-band receiver, radiowave propagation
I. Introduction
Two separate Ka-band and Q-band receivers of the beacon signal from the "Aldo Paraboni Technology Demonstration Payload 5 (TDP #5)" carried on the satellite Alphasat (Inmarsat-4A F4, see [1], [2]) were built by the B PLUS TV company Klimkovice, Czech Republic (www.btv.cz).  Receivers were financed by a grant from the CzechGlobe – Global Change Research Centre in Brno. The principle investigator of the ESA research contract (see Acknowledgment) is the Institute of Atmospheric Physics Prague (IAP) which is running the signal level data receiving, processing and analysing by both receivers (Fig. 1). The Czech Metrology Institute - Testcom (CMI) is the co-investigator.
 Continuous signal monitoring has been launched in quiet environment in the lee of the building and bushes at the IAP Prague campus (roughly 50oN and 15oE) on 11th of February, 2015, however, some technologic improvements were necessary to implement. The reliable data are achievable from 4th September, 2015. The Prague station data are summarized
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Fig. 1.    Alphasat receivers in Prague.
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Fig. 2.  Meteorological station WS 981 (left), 2D Video-distrometer (right).   
in [1] reminding that the received coherent frequencies are 19.7 and 39.4 GHz, elevation angle 31.8o, azimuth 166.6° and height 274 m a.s.l.
The main purpose of the Alphasat Aldo Paraboni TDP#5 experiment is to describe the signal level fluctuations due to the atmospheric impact (rain, hail, snow, clouds, water vapor, …). First results can be found in [3], [4] and [5], for instance. The described experiment is the extension of “historic” satellite propagation experiments like Broadcasting Satellite for Experimental purpose “BSE,” Interkosmos,  Sirio, Olympus Propagation Experiment “Opex” [6] and Italsat [7,8].
II. Meteorological Support
The experiment is supported by meteorological measurement, namely by automatic meteorological station WS 981 (ANEMO company) measuring temperature, relative humidity, air pressure, wind speed, wind direction and rain rate. The rain gauge is of the tipping bucket type. 2D Video-distrometer (developed by Joanneum Research, Graz, Austria) is installed on the roof of the IAP building, see Fig. 2.
III. Receiver and Radiometer Description
The antenna construction is mounted on a steel mast pylon which is imbedded in concrete foundation. Outdoor rack with the receiver, electricity distribution and communication interface is mounted as near to the LNB as possible. The reception is designed as two separate receiver units that are connected through the RS485 bus using protocol Modbus to our Alphasat Monitoring Server. Using the Monitoring Server the operator can control and check all functions of both receivers.

The LNB is placed at the antenna focus and its temperature is regulated by thermostat to be 40°C. A chain from IF1 is also 






thermostatically controlled at a constant temperature of
40°C to ensure a constant gain by possible temperature variations.
The first downconversion is performed in LNB while the IF1 is 1451 MHz in case of 19.7 GHz receiver and 1702 MHz in case of 39.4 GHz receiver. See block diagram in Fig. 3.
Signal on IF1 is led by a coaxial cable from the LNB to the outdoor rack being mounted on the mast pylon. The IF1 is converted to IF2 of 465 MHz (the same for both receivers), which is connected through filters to RSSI receiver which is controlled by its microprocessor. The RSSI receiver is a chip RFM65 of the HopeRF company. RSSI receiver is equipped by switchable filters (100 kHz, 10 kHz, and 1 kHz). The receiver is also equipped by an automatic frequency tuning (AFC). The AGC changes the gain in order to receive the best SNR performance. Thanking to the Calibration Reference, the changed gain is taken into account to ensure the correct measurement. Synthesizer oscillators are controlled by OCXO normal of 10 MHz. Total gain of the receiver chain is 76.7 dB (19.7 GHz) and 76.6 dB (39.4 GHz).
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Fig. 3.   The block diagram of the special Alphasat receiver in Prague supplied by the B PLUS TV company in Klimkovice, CZ.
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Fig. 4.   39 GHz radiometer merged to the Alphasat Ka-band receiver at IAP Prague.
Radiometer (Fig. 4) of the "Total Power" type is a new equipment installed in September, 2016. It was developed by the B PLUS TV company and is using antenna and LNB of the Q-band Alphasat receiver. The signal from IF1 (1702 MHz) passes from additional splitter through the band stop filter to the proper radiometer. The Alphasat carrier is supressed by 55 dB and the neighboring 1 – 2 GHz frequency region is used to measure the atmospheric noise power.
IV. Antenna
The receiver is using the offset parabolic antenna of Andrew Company (type 183). Antenna is electrically heated against icing. Antenna parameters are given in Tab. I.
TABLE I Antenna Parameters of Prague Alphasat Receiver 
	Diameter (electrical)
	1.8 m

	Gain
	48 dB (Ka), 55 dB (Q)

	Focal length
	1 m

	Efficiency
	64%

	 Beamwidth (3 dB)
	0.62° (Ka), 0.32° (Q)

	Cross-polar discrimination
	35 dB


V. Automatic Tracking System
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The announced and known space instability of the Alphasat satellite (changes in satellite elevation and azimuth for Prague observation are shown in Figs. 5 and 6 - for more see [9]). This instability is causing the daily clear air signal fluctuations asking for automatic tracking.
Fig. 5.   Example of one week satellite motion.
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Fig. 6.   Two month elevation course of the Alphasat satellite in Prague (time is on horizontal axis).
As the signal fluctuation due to satellite space instability was uncomfortable requiring quite a big effort to eliminate it mathematically [10] , we installed  the automatic tracking system on 30th July, 2015. Antenna is tracked in elevation only (the elevation value is much more influencing the receiving signal level, see Fig. 5) by searching for the signal strength maximum. New detector, used for the antenna tracking, was developed and installed – it has higher resolution in amplitude as well as stability than the original one. We decided to use the signal level data for following analyses from the new detector. Updated Signal path block diagram respecting new detector installation is in Fig. 8.
The tracking is performed every 10 minutes, the system looks for signal maximum -it takes about 20 s. The tracking is indicated in the signal level data record. As we average the data within one minute intervals, these data are not affected by tracking (tracking intervals are removed).  The Alphasat space instability impact on the signal level was reduced to about 10 dB (peak to peak in clear air condition in Q band).
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Fig. 7.   Example of substantial reduction of the peak to peak span (Q band) through mechanical azimuth pointing of antenna.
After mechanical azimuth pointing (20.11.2015) to azimuth central position of the satellite the peak to peak span was reduced to about 2 dB, see Fig. 7. 
The partners in other countries are using other tracking system. The antenna is pointed after the Alphasat satellite coordinates sent by e-mail in advance. This system seems to work better but it requires a precise expensive sensor of antenna elevation and asimuth position. On the other hand, our system is fully autonomous being not dependent on e-mail information.
The former idea was not to use the automatic antenna tracking and, instead of this, to make the antenna diagram more wide. Indeed, it was made but the satellite space oscillations became to be little by little greater than expected. Through this fact we were forced to install the antenna elevation tracking. Now it seems that it would be nice to extend our system by the asimuth antenna tracking which would supress the persisting (smaller) signal level fluctuations  - but it depends certainly on the available budget. There is also another and cheaper way how to partially supress the signal fluctuations due to missing azimuth tracking. This option is represented by the antenna mast pylon tilting by about 10 degrees to be paralel with the major elipse axixs of the Alphasat satellite space motion.



VI. Beacon Frequency Changes

As it can be computed from the known satellite motion [9] there are small frequency changes caused by the Doppler effect of the value of 2.5 kHz (Q band). 
The Alphasat beacon transmitting was switched to the back-up transmitter on December 19, 2016. The frequency on the new beacon transmitter was shifted by about 10.8 kHz related to the original transmitter and we did not expect this. This frequency shift caused that shifted frequency is out of our narrow filters of our autonomous tracking system, consequently we can perform the antenna tracking manually only. We plan to adjust the local oscillators of our receivers to bring the Alphasat signal IF frequency to the center frequency of the filters. The adjustment must be done at time when the frequency of the beacon is halfway between the minimum and maximum Doppler shift value. This adjustment can be done by the help of a spectrum analyser.
VII. Conclusion

The receiver construction, radiometer expansion and first experiences with signal reception were described in this paper. Generally speaking, the Alphasat signal measurement in Prague is on better level since 1st September, 2015 because of 
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Fig. 8.   Alphasat receiver signal path block diagram.
good working automatic antenna tracking (in elevation), because of new detector of better resolution (<  0.2 dB) and of higher dynamic range. The signal monitoring was limited due to no proper function of automatic tracking in the period December 19, 2016 – January 26, 2017. Since January 27, 2017 the tracking system is working properly because it was adjusted to the unexpected beacon frequency change. 
Rain rates are collected as well. The radar data are planned to use to estimate the atmospheric attenuation from radar reflectivity path profile, too. More examples of measured attenuation events and statistics are published in [4]. 
The signal reception of the Aldo Paraboni Alphasat TDP#5 at the IAP Prague is continuing.
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