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International Satellites for Communication, Science and Education

* Motivation: Kommunikation Uber Distanzen
o Ziel: Die STEREO-Sonden der NASA

» Grundlagen von SDRs

* Vorstellung von PothosWare

 Live-Demo

» ZUsammenfassung
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Ich bin Funkamateur...

und mdchte daher &€ Distanzen lberbriicken
grol3ere
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Meter Meter Bluetooth
1 000m 1000 Meter 1 Kilometer (km) WLAN Qutdoor
1 000 000m 1000 Kilometer 1 Megameter (Mm) Kurzwelle/Kontinent

1 000 000 O00mM 1 Mio Kilometer 1 Gigameter (Gm)  Weltraum

<

1 AE =149.6 Gm
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Position STEREO A/B 04.03.2017 Modell STEREO (Quelle: NASA)
https://stereo-ssc.nascom.nasa.gov/where.shtml
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Prominence (Quelle: NASA) Die Sonne - in 3D (Quelle: NASA)
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C=Blog,

f " .
Bandbreite[Hz] Signal/Rausch-Verhaltnis

S
1+—
Kapazitit[bit's] ~— N

GroBBere Antenne — Besseres S/N
Sendedatenrate = Kapazitat (70m Spiegel: 720 kbit/s)

Kleinere Antenne — Sendedatenrate > Kapazitat — Keine fehlerfreie Kommunikation

Aber: 633 b/s “Space Weather Mode”, wenn DSN nicht aktiv
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70m-DSN-Antenne Madrid (Quelle: NASA) 20m Antenne Sternwarte Bochum / AMSAT-DL
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Was braucht man zum Empfang? (2)

NASA Open Source Software zur Berechnung von
Antennenausrichtung und Dopplerverschiebung

,,,,,,,,,,,,,,,,,,,, o E : e
o "
https://naif.jpl.nasa.gov http://gmatcentral.org
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Einen geeigneten Empfanger!

Ref
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* Geeignete Lizenz
* Dokumentation

e Datenfluss-Framework

* Diagnosemoglichkeiten
* Zeit-,
* Frequenz-,
* Symbolebene

* Umfangreiche Algorithmensammliung
* Grafische Oberflache
* Geringer Programmieroverhead
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Matlab/Simulink
NI Labview

gagrx/cubesder/...

liquid-dsp: http://liquidsdr.org

LuaRadio: http://luaradio.io
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SDR Source
Device Args: "dilver® "uhd"

Sample Rate: 250000 Arith ti | spect
W ! ritinmetic e R ecirogram
Tune Args: *OFFSET™ 506 B———P > W . aaiitdastng haa 3
J Dperation: Multiply g— Decimation: 1 ﬁ‘——'ﬁ 0 Title: Spectrogram
Gain Values: 30,0 —pi - Int Lati 1 Sample Rate: 250000
I . & "3
Antenna; TH/RX i st

Clock Source: sxtamal l

FIR Filter

Taps: 1.0

Time Source: external

S el e

Waveform Source
Wave Type: Sinusoid -__.
Sample Rate: 1000 §—— ;
Frequency: 100

Amplitude: 0 1 FIR Designer
Fitter Type: Bos-Car i

Band Type: Low Fasa

o o= o T

Window Type: Hann f
Gainm: 1.0 '
Sample Rate: 250000
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MNum Taps: 51
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y N
Device Modules - Soapy SDR

Available wrappers
* Vendors support hardware through ' ~ = The gr-osmosdr wrapper provides
custom Soapy SDR device modules Available APIs access to osmosdr applications
= No changes to Soapy SDR library or « C++ core library * The uhd wrapper provides access
installed applications to add hardware  Cstyle wrapper to uhd and gr-uhd applications.
= Python bindings
A\ v
' ' N -
Imported Devices Features Avalllable platforms
« Osmo support brings gr-osmosdr * No dependencies * Use GNU Radio through the gr-uhd
wrapped devices into Soapy SDR - » Zero-copy buffers - and the gr-osmosdr support wrappers.
e UHD SUFJDE;F brings uhd deﬁi:’;es * | oadable modules « Use Pothos through pothos-sdr toolkit.
and uhd mﬂdules nto Soapy SDR | * Flexible licensing | Pothos supports advanced time and
Py l\ o burst controls, and zero-copy buffers.

Quelle: https://github.com/pothosware/SoapySDR/wiki
18/28



International Satellites for Communication, Science and Education

=npeTtias el

Arithmetic

Cormples Testas
Dialks Type Comples Floatdz
camplas i

L]

Crperatlon

camplax mEs
Pl o puky Comples mis
Prelmad Carnplas M@

Fleatsd
nffinity Lonn Eliaias

kel
Bacursrtating mkas

HL1e
Arithn e
e TR T T E

#artarm
produce & stream of auplts

putTn] = =¥aln] Bop mITF] $op . $op inlastln)
Properties

Crata Type

The =3t typs used ~ the sermmate
Operation

The et cal apaiation to pedenm

& Commit Iﬁ cancel

atithmetic speratinns = elements acmss mulbple =put pads to

19/28



Film

Edit Ewacits Sbew  Tack Halp

T T e

wriiEod® =

-
a

S Suuee

Devloe Aga; “drpesr” “uhil®

Sample Ruter k] :
5 F At bt i
Triles Mrgas ™ a8 B—0F z
Qperatinn: Wbyl !_
taadi Waliaes W 0 : 3 oo

Amtemnas THRX
Clack Spurce sstacnal

Tenee Swice: saber

‘Waystnrm Source
Wawr Type: Smiiuiil

—
Fregoomoy: 100 -
Amphibisde: U2 FH Designar
PHier Tvpe: Bas-Tar
B Tyepat iaw Peai

Bl Hate: an

Windmee |yjal Hann
Geino L0

Samyile Moke: IHOGES
Inmes Fiengs Gles

Wik Tajdl 11

TR FMiEr
Taps Typer daasl
Uecimatinn: 1
* erpalatiam 2

Wapss 21

mmunication.

S LG i

H'_ i aflE Sfiasirogeam

Samnle Hate: 2L0002

Science and BEducation

Zudilokile Diocks
ARASAT
Eudio

Canven

Film 12
Filfme
| mbpda
LIS
MAD
Math

Metwork

I:'-'I. (]

t
|
F
b
s
5
I
I
L
F
I
[
b
P
b
}

Perfodagram
Spactroagram
Wiansd Mk ar

Rzrdorm

FnsrEuplorer | Aflinky Lomes

L Al plsdk

Dipek Tres

20/28



International Satellites for Communication, Science and Education

#include <Pothos/Framework.hpp>

#include <iostream>
/*************************************************************
* |PothosDoc My Block

Example Block....

| keywords TEST Block

| factory /DL5MLO/MyBlock ()

*

*

*

* |category /AMSAT/Category

*

*

*
*************************************************************/
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class MyBlock : public Pothos::Block
{
public:
MyBlock () A
// Set up Ports
this—»setupInput (0, typeid(std::complex<float>));
this—->setupOutput (0, typeid(std::complex<float>));
I

static Block *make () {
//factory function: create an instance of MyBlock
return new MyBlock () ;
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void work (void) {
// Prepare input and output ports
auto inPort = this—->input (0);
auto in=inPort->buffer () .as<std::complex<float>*>();

auto outPort = this->output (0);
auto out=outPort—->buffer () .as<std::complex<float>*>();

// Determine number of elements
const size_ t numElements =
this->workInfo () .minElements;

for (size_t 1 = 0; 1 < numElements; i++) {
// report the handled elements
out[1] = in[i];

s

outPort—>produce (numElements) ;
inPort—->consume (numElements) ;
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//register MyBlock into the block registry
static Pothos::BlockRegistry registerMyBlock (
"/DL5MLO/MyBlock", &MyBlock: :make);
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Live-Demo....
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STEREO-Sonden der NASA
SDR-Empfanger mit PothosWare
Programmierung von Blocken
Live-Demonstration
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https://github.com/pothosware/pothos/wiki/GettingStarted

Source
Binaries fur Ubuntu, Suse, Windows, OSX, FreeBSD (wip)

Hardware:
USRP (http://www.ettus.com)
RTL SDR (diverse)

AirSpy (http://www.airspy.com)
LimeSDR http://www.crowdsupply.com/lime-micro/limesdr

Antenne: Bei mir melden
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Gefordert durch:

% Bundesministerium
fuir Wirtschaft
und Energie

aufgrund eines Beschlusses
des Deutschen Bundestages

Fragen?

Email: di5Smlo@amsat-dl.org

Das diesem Bericht zu grundeliegende

Vorhaben wurde mit Mitteln des
Bundesministeriums fur Wirtschaft und
Energie unter dem Forderkennzeichen
500C1201 gefordert. Die Verantwortung
fr den Inhalt liegt beim Autor.
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