
gr-satellites and related experiments
Dr. Daniel Estévez (EA4GPZ/M0HXM)

AMSAT-UK Colloquium / RSGB Convention 2022



Outline

1 gr-satellites

2 Deep space satellites

3 QO-100 multimedia beacon

Dr. Daniel Estévez (EA4GPZ / M0HXM) gr-satellites and related experiments AMSAT-UK Colloquium 2022 2 / 26



GNU Radio

GNU Radio is an open source framework to do DSP for radio.
It comes with:

A GUI application called “GNU Radio companion” where systems can be implemented
by dragging and dropping blocks onto a canvas, making a “flowgraph”.
A rich library of processing blocks accessible both through GNU Radio companion, and
C++ and Python APIs.
A “runtime”, that moves data between these blocks.

In the GNU Radio ecosystem there are out-of-tree modules, which implement new
blocks that don’t fit into or exist in the in-tree library.
There are also full applications that use GNU Radio for their DSP (e.g., GQRX and
QRadioLink).
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Example flowgraph
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gr-satellites

gr-satellites is a GNU Radio out-of-tree module with a collection of telemetry
decoders for Amateur satellites.
It supports most satellites that transmit on the 145 and 435 MHz Amateur bands: 53
different protocols, and 282 satellites.
The project started in 2015 with the motivation to create decoders for satellites for
which no decoder was publicly available.
ITU Radio Regulations: “Transmissions between amateur stations [...] shall not be
encoded for the purpose of obscuring their meaning” ⇒ “open access” for
transmissions on amateur radio bands.
Other goals: education, support to new satellite teams (universities...).
It can work with recordings and with real-time data from an SDR or conventional
radio.
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Installing gr-satellites

Source code available at
https://github.com/daniestevez/gr-satellites.
Radioconda: easy installer for GNU Radio and many related packages for Windows,
Mac and Linux.
Ubuntu PPA for the latest Ubuntu release.
Also packaged by other Linux distributions.
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gr_satellites command line tool

$ gr_satellites FUNcube-1 --wavfile satellite-recordings/ao73.wav
-> Packet from 1k2 BPSK downlink
Frame type WO10
----------------------------------------
Realtime telemetry:
----------------------------------------
Container:

eps = Container:
photovoltage = ListContainer:

0
0
0

photocurrent = 0
batteryvoltage = 8140

...
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Satellite decoder block
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Component blocks
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Low level blocks
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YAML configuration

name: AO-73
alternative_names:
- FUNcube-1

norad: 39444
telemetry_servers:
- FUNcube

data:
&tlm Telemetry:
telemetry: funcube

transmitters:
1k2 BPSK downlink:
frequency: 145.935e+6
modulation: DBPSK
baudrate: 1200
framing: AO-40 FEC
data:
- *tlm
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Deep space satellite decoding

I’ve been interested in decoding deep space satellites since early 2020.
I’ve been building GNU Radio decoders for most missions launched since then (see
http://destevez.net).
Not officially part of gr-satellites, but re-uses many blocks.
Amateur DSN:

Traditionally, detection of CW carrier.
Decoding becoming more common. More missions means more opportunities, and now
there are more tools.

TLEs are no good outside Earth orbit. Other tools are needed: NASA Horizons,
GMAT.
This gives us practical experience for future Amateur payloads and missions outside
Earth orbit.
Huge help by getting observing time on the Allen Telescope Array. Thanks to SETI
Institute, BSRC and GNU Radio!
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NASA HORIZONS
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GMAT
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Doppler correction block

New block added to gr-satellites in July.
Can correct Doppler using data from a text file (produced with HORIZONS, GMAT, or
anything else).

Was tested with the Allen Telescope Array, by detecting Voyager-1 with a single 6.1
metre dish.
It seems possible to detect Voyager-1 even with a smaller dish by integrating several
hours worth of data!
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QO-100 multimedia beacon

New digital beacon on the QO-100 NB transponder since May.
Uses a 2.4kbaud 8APSK modem (∼6.2kbps) by Kurt Moraw DJ0ABR.
Added a decoder to gr-satellites with some custom blocks.
The multimedia beacon transmits an HTML webpage and some real-time data
(waterfall, DX cluster, CW skimmer) that is sent to the webpage using websockets.
Implemented a Python script for that.
Some help from Florian Wolters DF2ET testing and putting all together with an
RTL-SDR and GQRX.
https://github.com/daniestevez/gr-satellites/tree/main/
examples/qo100-multimedia-beacon
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gr-satellites QO-100 multimedia beacon decoder + GQRX +
RTL-SDR
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Phase measurement of the QO-100 beacons

GNU Radio and gr-satellites can be used to measure the phase of the BPSK and
8APSK QO-100 beacons.
The phase difference between the beacons gives the time of flight (distance)
between the transmitter in Bochum, the satellite, and the receiver (plus some
unknown constant offset).
In practice, we can use the Doppler difference of the beacons to do orbit
determination.
Requires calculating all the frequency errors due to the SDR. Done examples for the
LimeSDR and Pluto.
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Measurement of the QO-100 beacon phases
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Doppler of one beacon (has spacecraft LO effects)
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Doppler difference of two beacons (no spacecraft LO effects!)
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Orbit determination
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More stations needed

Having only one stations doesn’t give very good results.
It is difficult to tell if the satellite is going “up” or south.
Interested people, do get in touch!
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