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Goal of this talk isn't to teach
anything to anybody

but

to tell to everybody about a nice and
interesting study | held...
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How everything started...
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In the 2009 I was asked by the Tor
Vergata University (Roma) to held
a lecture about amateur satellites
in front of the students of the
Masterspazio®...

*Masterspazio: post-degree course for specialization into
space communication disciplines
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During my
presentation, I offered a
view of what can
happen to a space-
ground segment in term ——
of phenomenas that may i e e e B
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oy

All the data presented at that time, was coming from
general purpose literature and «personal, logical»
deductions, because not so much was published at

amateur level.

Of course the matter has already been studied for
commercial use, but datas are not available for
privat enthusiast.

So... why not to try to fill the gap with an amatorial
approach and experiment, squized on a little
budget?
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The idea...

4 /Ground station
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But...

where to find a known, stable and
reliable transmitter on the outer
space?
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Requirement whised/needed:

1)«stable» position in the sky, so I don't have to follow it and it's
available 100% of the time

2)Using a frequency within or close to an Ham band assigned to
satellite operation, in order to “transport” the study on our segment

3)Known and stable frequency

4)Known and stable output (ERP) power
5)Known and stable footprint

6)Known and stable polarization

7)Able to deliver good S/N at the receiver using amatorial grade gears
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The <handy» solution:

Most or even all, TV satellites have one or more beacon on
board, then..

Why not give them a try?
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The first try: the HotBird constellation
1)«stable» position in the sky: YES

2)Using a frequency within or close to an Ham band assigned to
satellite operation: YES

3)Known and stable frequency: yes known, but time to time the QRG
change, stability non declared

4)Known and stable output power: stability not declared, found that
time to time the beacons are switched off or modulated

5)Known and stable footprint: YES
6)Known and stable polarization: YES

7)Able to deliver good S/N at the receiver using amatorial grade gears:
yes, just 60cm dish and a commercial LNB give >20dB S/N
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The second try: the Hyspasat satellites constellation

1) «stable» position in the sky: YES, Az220°, E123°

2)Using a frequency within or close to an Ham band assigned to
satellite operation: YES, 11700MHz

3)Known and stable frequency: YES, pure CW carrier al the time, all
stability specs are available on the net, X-band (11,7GHz)

4)Known and stable output power: YES, (web source)
5)Known and stable footprint: YES, (web source)
6)Known and stable polarization: YES, (web source)

7)Able to deliver good S/N at the receiver using amatorial grade gears:
YES, just 40cm dish and a commercial LNB give >20dB S/N

8)Low elevation beaming: longer path across the area that may
perturb the signal
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Which phenomenas that we can measure «at home»,

may affect the signal on its path from the sky to the
Earth?

-Atmosferic pressure (hPa)

-Air temperature (°C)

*Relative (absolute) humidity (RH%)
Rain (hydrometeor) (mm/h)

>
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e n AT e

My “ground station”

Date:; 10/06/2012
Time; 09:15:50
Pressure; 1.006,17 hPa
Temperature: 26,36 °C
| Humidity: 51,06 %RH
Rain: 0 mm
Signal: -73,92 dBm
QRG: 1100270 kHz

15
An amateur study about X-band satellite availability - Pierluigi Poggi IW4BLG - Amsat-UK Colloquium 2012



Colloquium 2012

Actually, the very first one was a former ' _
1386/16 with DOS5.0 and code written .
under C++ Borland

Then I moved to a “top-performer” P3/800
with Debian 6.0.4 and code written in PHP
by Piero IZ1ERR
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A long sequence of strings of data, sampled every
minute, like this one:

“ —

"Data" "Time" "dBm" "dBm_ave" "i" "kHz" "MT”" "hPa" "°C" "RH%" "Rain"

04/01/2012 14:10:50 -72,26 -72,28 19 1100712 75671 1013,22 6,49 78,76 0,08
04/01/2012 14:11:50 -72,26 -72,28 20 1100712 75731 1013,48 6,47 78,77 0,13
04/01/2012 14:12:50 -72,26 -72,28 20 1100712 75791 1013,62 6,49 78,65 0,11

This means 525600 rows for just
ONE

year of logging...
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How to analyse such a bulky amount of data?

Regular spreadsheet softwares fail soon or get very,
very slow.

A good solution, effective, easy to use and free (!!) is
the:

QtiPlot
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QtiPlot quikly deliver, with a single
T one-click command, all the statistical
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Then, some statistics...

Min value Average Max value Max-Min
value
Rx dBm -92,1 -73,14 -70,2 21,9!
QRG kHz (+10,6GHz) 1099773 1100467 1100920 1147
Atmosferic pressure hPa 982 1013,9 1036 54
Air temperature °C -14,3 15,7 47.4 61,7
Relative umidity RH% 23,9 61,4 84,5 60,6
Rain mm/h 0 0,29 101 n.a.
21
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Frequency Vs Temperature: the OL drift

Frequency Vs Temperature
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But, how can I understand “who does what”?
A good gauge of “mating” is the:

correlatation factor..
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The correlation factor: a quick indicator of “linking”
between variables

1.0 1.0
1.0 1.0

. r.."rl;. \h\“--\.
0.0
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Signal Vs Atmosferic pressure: Signal Vs temperature:

Not or very weak relationship, Clear correlation, due to the drift

as expected of the gain of the amplifiers
K=-0,11dB/°C

Signal Vs rain:
Apparently No correlation.. but..
ARE WE REALLY SURE?

Signal Vs relative humidity:
Weak correlation, probably buried
into system errors (if any)
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D

Signal Vs rain
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Signal Vs rain:
Apparently No correlation.. but.. ARE WE REALLY SURE?

Here it's why...

28

An amateur study about X-band satellite availability - Pierluigi Poggi IW4BLG - Amsat-UK Colloquium 2012



) ANSAT-UrC Colloquium 2012

So, what about the availability? (referred to best case)

Signal % Time  Minutes/year Cumulative time with signal
level lower than (minutes/year)
0..-3dB 8,7 45500 525610
-3..-6dB 91 478139 480100
-6..-9dB 0,35 1820 1961
9.-12dB 0,01 54 141
-12..-15dB  0,0077 41 87
-15..-18dB  0,0041 22 46
-18..-21dB  0,00077 5] 24
-21..-24dB  0,0036 19 19
29
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So far we saw data for a fixed path in the sky.. but
what about other beaming?

The only (or, better, the most one) relevant
phenomena that affect X band signal is the rain.

A seriuos study it's quite complicated, BUT, IF we
can consider:

*regular rain falling from about 6000m

*rain rate and drops size constant along the jouney of the
incoming signal

Then, we may estimate the availability of the
satellite at different elavation as follow...
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Extra-Margin dB VS loss of signal (minutes/Year)

0-3 3-6 6-9 9-12 12-15 15-18 18-21 21-24

5 22656 2733 406 102 58 30
15 7329 1052 178 75 43 22 20
25 14557 1943 296 89 53 26 21 0
35 5154 750 141 69 38 21 18 0
45 2918 433 104 59 30 21 11 0
5153 1930 294 89 52 26 21 0 0
65 1440 228 81 48 24 21 0 0
75 1205 198 77 45 23 21 0 0
85 1104 185 76 43 23 20 0 0
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Well.. so.. what next?

*Enanche the accuracy of the system to put in light
other dependences now shadowed into the
instability of the reading system

*Study what really happen on the carrier during
rain.. the average level change, okay.. but what
about the other parameters? (noise, phase
coherence, etc.)
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Any questions

L ]

34
An amateur study about X-band satellite availability - Pierluigi Poggi IW4BLG - Amsat-UK Colloquium 2012



(e Armisyans 5 e

B9 s Colloquium 2012

35
An amateur study about X-band satellite availability - Pierluigi Poggi IW4BLG - Amsat-UK Colloquium 2012



