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Was ist "Pluto” ?
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Was ist "GNU-Radio" ?

« GNU Radio ist ein freies Programmierwerkzeug fur die Implementierung von
Software Defined Radio (SDR), oder allgemeiner Signalverarbeitung.

Was wir heute neu kennen
lernen:
Neue Technologien

. Mogllchkelten
» Beliebige digitale Modulations- und Demodulationsverfahren
» Verfahren zur Manipulation von Signalen wie digitale Filter

» verschiedene Anzeigen wie Darstellungen als Zeitsignal oder
als Frequenzspektrum, Leistungsdichten und Konstellationsdiagramme

« Ansteuern von Hardware
» Grosse vorgefertigte Bibliothek an Baublocken

Aber: das sind ohnehin
Kernkompetenzen eines
Funkamateurs

« Was ist die Kombination GNU + Pluto nicht:
* Pre-Amplifier
« Power Amplifier (0 dBm, 1 mW)
. Elngangsfllter (breitbandig!)
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"Die Zeiten andern sich und wir andern uns in thnen." (Ovid)

Vorgestern Heute

Options
_ WX GUI Scope Sink
: itk Variable Title: Scope pl::
Vom Gebirg zum Ozean, alles hort der Generate Dptions: WX GUI ID: s2mp_rate Sarmn
mple Rate: 32k
Value: 32k ———.bl
V Scale: 800m

RADIOMANN

Trigger Mode: Autc
Y Axis Label: Counts

Signal Source
Sample Rate: 32k

Durch 80 spannende Versudre bilden sich bastelnde

Waveform: Cosine ‘WX GUI FFT Sink
Jungen zu griindlichen Radiokennern [ Frequency: 1k l_ - Title: FFT Plot
Amplitude: 1 Sample Rate: 32k
Offset: 0 Baseband Freq: 0
+

Y per Div: 10 dB
Multiply —~- 5 T:w:i;t: - -1 +. ¥ Divs: 10
e — Ref Level {dB): 0

——— -
sSignal Source IlefS‘c_.aIe (p2p): 2
Sample Rate: 32k ::fl' SII:: 1.024k
Waveform: Cosine resh Rate: 15
|: Fraquancy: 3k l_ Freq Set Varname: MNones
Amplitude: 1
Offset: 0

cosa-cosfB=1/2-cos(a+ B)+1/2 - cosla- fB)

Adalm Pluto oder Lime SDR USRP B200 Oder ...
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Lernziele

Hauptziel:
Motivieren, wieder zu basteln, aber mit modernen Technologien.

« Spektrum Analysator mit GNU Radio erstellen und anwenden.

* Einen "fertigen” Spektrum Analysator mit Pluto einsetzen konnen.
« SSB Signal mit GNU Radio erzeugen.

« SSB Sender mit GNU Radio und Pluto bauen.

« SSB Empfanger mit GNU Radio und Pluto bauen.

« Einen QO-100 Transceiver mit GNU Radio und Pluto bauen.

* Narrow-band FM Transceiver bauen.



Inhalt

* Messen mit GNU Radio und Pluto
 Oszillograph

« Spektrum Analysator

 Signal Generator

« FM und SSB Tx und Rx

« QO-100 Ground Stations



Wer spielt ein Musikinstrument ?

« Hast Du die Obertone schon mal angesehen?
In wenigen Schritten geht das mit GNU.

Scope Plot - [ ] Persistence.
0.02
b i 0015 Axes Options
Options WX GUI S5cope Sink N
ID: top block Title: Scope Plot o Counts/Di:
- - - 0.005 Y Offset:
Title: Guitar —————| | Sample Rate: 32k : roe B
s 3 0 [ Autorange
Author: Martin Klaper Trigger Mode: Auto S e
Description: Stell...ich dar. M|kr0f0n Y Axis Label: Counts . ol Tig
Generate Options: Wi GUI s Coupling: BC S
Marker: | Line Link ~
-0.02
- 15 15.3125 15.625 15,9375 168.25 16,5625 16.873 171873
Complexity: Bubal - WX GUI FFT Sink Time s o
.A.“'dlﬂ' Source ]_ Title: FFT Plot EET Plot = Sap(es:b;:s
—_———— " ok Ho
. Sample Rate: 312k \ Averege
Variable i:"“F";:::E' Ht; . g
ca req: o e
LD s=mip_rate ) g %
Value: 12k Y per Div: 10 dE g"“ et
————+[ ¥ Diws: 10 = Zz Axis Options
“‘E'I: I.E"nl'El {dB]: 1] 70 dB/Div: + |-
VED‘] Ref Level: + -
Ref Scale (p2p): 2 0l - - - - - - - L o
. FFT Size: 1.024k Frequency (kHz)
WAV File Refresh Rate: 15
Freq Sat Varname: Mons . .
Pfeifen ins
Wav File Source [
File: ..\ Audscity\Gutaraway [Jl- ———1—————————Jfl] _“U0 50T Mikrofon
Repeat: Yes - '
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Was steckt im WAV File?

Digitales Signal:

i 4 Byte 4 Byte 4 Byte 24 Byte 10+n Byte
Zeitdiskret, Wertediskret y ¥ y y ¥
. 1l e i Sign  Size Typ Fmt Chunk | Data Chunk
L. T ' RIFF-Heuder /|
05t 4 T -
22.7 s
o \ \ 3 - '
We rt -u 5 : .I .I -----
gerundet, so t it
dass in 16 Bit | by it . 2 Byte 2 Byte 4 Byte 4 Byte 2 Byte 2 Byte
darstellbar ! !
o 2 4 B
File Name Guitar.wav
—
Z t File Size 1518 KIB
el e ;
input ftems{ollo]y File Type WAV
input_items{0][1], A i i 1Y =11
P \ ) General Block ol File Type Extension Wal
- AN Num Channels 2
i ninput_items[0]=4
data... ‘ ‘AG‘AB |A4|A3 ‘A2 |A l‘ — ninput_items[1]=2 /
] st - Ssample Rate 44100
| noutput_items=1 U ta-.. ‘ ‘ | ‘ ‘ ‘ | l["J'| p
data... ‘ | | ‘ ‘B3|B2‘Bl|—3‘"_ Avg Bytes Per Sec 76400
\ . Bits Per Sample 16
input_iterns[11[0] / Array Oder L l S t e

Time Base 1/44100 -=>22.7 LS
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Ein "richtiger” (HF) Spektrumanalysator

DUT

Options
ID: Spektrum_Anzhysstor
Title: Spekirum Anahysator
Description: Demo ...ahysator
Generate Options: Wi GUI

WX GUI Slider
ID: RF_Gain
Label: RF Gain
Default Value: 15
Minimum: 0

Masdimum: 50

Complexity: 41ubal

PlutoSDR Source
Drevice URT:
LO Frequency: 438.5M
Sample rate: 2.084M
RF bandwidth: 20M
Buffer size: 32.758k

RF D¥C: Trus

BB DC: Trus

Gain Mode: Manual
Manual Gain (dB): &4
Filter:

Filter auto: Trus

Quadrature: Trus I—

Converter: Float

WX GUI slider
ID: Frequenz
Label: Frequanz
Default Value: 438.5M
Minimum: 4000
Maxtimum: 1.25
Converter: Float

WX GUI Slider
ID: Bandbreite
Label: Bandbreite
Default Value: 2.4M
Minimum: 100k
Maximum: 5M
Converter: Float

WX GUI Scope Sink
Title: Scope Plot

I Sample Rate: 2.4M
Trigger Mode: Auto
Y Axis Label: Counts

WX GUI FFT Sink
Title: FFT Plct
Sample Rate: 2.4M
Baseband Freq: 438.5M
¥ per Div: 10 B

¥ Dhiws: 10
—————————————— e et = |

Ref Lewvel (dB): 0

Ref Scale (p2p): 2

FFT Size: 1.024k

Refresh Rate: 15
Average Alpha: 0

Freq Set WVarname: Nons

WX GUI Waterfall Sink
Title: Wasserfall Diagramm
Sample Rate: 2.4M
Baseband Freq: 438.5M
Dynamic Range: 100

L —-[| Reference Level: 0

Ref Scale (p2p): 2

FFT Size: 1.024k

FFT Rate: 1%

Average Alpha: 0

Freq Set WVarname: Nons
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Nicht GNU, aber Pluto: SATSAGEN

http://www.albfer.com/satsagen-download-page/#content

B sATSAGEN (Non-commercial use only) — | >
SA w/MaxHold - FCent.:2400°000 kHz Span:50 MHz RBW:48828 Hz RXGain:30.00 dB [ Spectrum Analyzer
Frequency kHz MHz kHz RBW:48828 Hz Tngger
W Video
2400000 =
H
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=
s

E
]
=
(=]
-

E
]
=

Power
emp

.

Edit 54
markers

Y Zoam Zlock ZReset Hold

Edit TS
markers

2350.0

T

23800

2400.0

0 MHz - 5 MHz/Simsemte

Copy
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B En -
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W F avg Legend Panelz ToolBar
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_
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http://www.albfer.com/satsagen-download-page/#content

Einsatz fur DAB+ und LED-Lampen Storung

Lampe ausgeschaltet, Radio Empfang OK. Lampe eingeschaltet, Kein Radio Empfang.
227.360 MHz DAB+ Signal 227.360 MHz DAB+ Signal

58 w/MaxHold - FCent.:227"360 Zz Span:10

3

- 10 UNDEF/div
-10 UNDEF/div

UNDEF
&n
UNDEF

\’ |\.1 ~

) 'l'% y ,N\"“ [l nlf\""m’ il Mw

' 4 i
|~\| I I ﬂi' 'f I'ul 1||h | .p” W oo S o 10 N
‘ “'ﬂ[ , “ W \" w i 'r|f'1ﬂ/1ﬂhmf\“’ HW \’“ i W /\h il U| N “‘f |"|"'l“ ”Mll\| u m Im H|\|| | || ”"J"H;“Ilfl'“ "\"'

—I—I—I—I—I—I—I—I—I—l_
223.0 0 0 226.0 2370 2280 2250 20

z/div - CT: 111.11ms - SU: 0.05% MH=z - VSpan: 0 MH= - fdiv - CT: 111.11ms - SU: 0.05%




Nicht GNU, aber Pluto: IO Osziloskope

@ ADI 10 Oscilloscope - Capturel
Eile Edit Niew

= cf-ad9361-Ipc
woltagel

[] voltagel | |

Plot Type e
Time Domain Time Domain ~
B.667 = ps v

Time Domain
Frequency Domain Graph Type: |Lines ~

Info

I Constellation (X vsY)
n

) Markers Devices
Craoss Correlation

ANALOG
DEVICES

Plot Channels Disable Al ® QO € [ © & Autoscale 4 showgrid ¥ Maxi 1000 * ¥ Min] -1000

Hs

https://wiki.analog.com/resources/tools-software/linux-softwa re/iio_oscillostbpe



GNU Radio
GRC = GNU Radio Companion




Options

ID: AQ
Title: Tréger erzeugen
Author: HESARK

Genarate Options: Wi GUIT

A0, A1 Signal erzeugen

Options
ID: AL
Title: CW Signal erzeugen
Author: HESARK

Generate Options: W GUL

Martin Klaper, HBOARK

PlutoSDR Sink
ITD context URI:
LD Frequency: 2./04E8M
Sample rate: 2.084M
RF bandwidth: 20M
Buffer size: 32,758k
Cyclic: Fzals=
Attenuation (dB): 10
Filter:
Filter auto: Trus

USKA Hamfest, 21. August. 2021 — Messen und Funken mit GNU-Radio und Pluto

PlutoSDR Sink
ITO context WRT:
LD Frequency: 432.3M
Sample rate: 2.048M
RF bandwidth: 20M
Buffer size: 32,758k
Cyclic: Fals=
Attenuation (dB): 10
Filter:
Filter auto: Trus

WX GUI Chooser
ID: enable
Label: Morse Key
Default Value: 0
Choices: 0, 1
Labels: OFF, ON
Type: Radic Buttons
Grid Position: 5, 5, 5, 5

Maorse Key
(O OFF ® 0N

14



FM Tx

Options Variable WX GUI Slider WX GUI Slider
ID: top_block IDx: samp_rate ID: freq_audic :i:h:r]:_l Ao Level
Title: WE FM Recsiver Value: 500k Label: TX Audio Frequency Defa-_;H Pa—
Author: F1ATE Default Value: 500 Mimirmumm: 0 '
Generate Options: Wi GUI Minimuwm: 100 .
Maximuwme: 1

Maximum: 3k

Converter: Float
Converter: Flost

PlutoSDR Sink
ITD contest WRI:
e e Rational Resampler o
wrZ:: 5 Qjadm s I Rate: 40k Interpolation: 15 RFmb:r::id'llh 200k
a rm: Sine rature : :
—————————————— + ——————+ Decimation: 1 ——+
|: Freguency: S00 I_ I Tau: 75u I_ I Tap;ir'na on I_ I Buffer size: 32,758k
Amplituda: 200m Max Deulat_mn:_Ek F reectiomcd BW: 0 Cyclic: Fa_l-ae
Offset: 0 Preemphasis High Corner Freg: -1 Attenuation (dB): 0
Filtar:
Filter auto: Trus=
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FM RXx

Options
ID: fro_rx
Title: FM Receiver
Author: OZ3AEC

Description: Simpl...rototyps
Gaenarate Options: W GUI

WX GUI Slider
ID: offset_coarse
Label: Coarse tuns
Default Value: 0
Minimum: -120k
Maxtimum: 120k
Converter: Flost
Grid Position: &, 2, 1, 2

Variable Variable WX GUI Text Box

ID: samp_rats ID: LO T freq

Value: 250k Valua: 0 Labal: USRP
Default Value: 144.47M
Converter: Flost

WX GUT Static Text Grid Position: &, 1, 1, 1

ID: lo_freq

Label: LT

Default Value: 0

Converter: Float

Grid Position: 5, 2, 1, 1

WX GUI slider
ID: offset_fine
Label: Fine tuns
Default Value: 0
Minimum: -1k
Maximume 1k
Converter: Flost
Grid Position: & 0, 1, 2

WX GUI Slider
ID: width
Label: Filt=r
Default Value: 10k
Minimum: 2k
Mazximum: 40k
Converter: Flozt
Grid Position: 7,0, 1, 1

PlutoSDR Source
Drevice URI:
LD Frequency: 2.45
Sample rate: 2.084M
RF bandwidth: 20M
Buffer size: 32,758k
Quadrature: Trus
RF DC: Trus

BB DC: True
Gain Mode: Manuzl
Manual Gain (dB): &4
Filter:

Filter auto: Trus

Martin Klaper, HBOARK

WX GUI Static Text
ID: rx_freg

Label: Receive

Default Value: 144,47M
Conwverter: Float

Grid Position: 5, 3, 1, 1

Variable
IDx: xlste filter_taps

Frequency Xlating FIR Filter

————b Decimation: 1

Taps: xlzte_fiter_taps
]

Center Frequency:
Sample Rate: 250k

|

1

|

|

1

|

|

|
Value: firdes.bow_pass(1, ... :
|

I

1

|

I

1

|

I
_l

WX GUI FFT Sink
Title:
Sample Rate: 250k
Baseband Freq: 0
Y per Div: 10 4B
Y Diws: 10
Ref Level (dB): 0
Ref Scale (p2p): 1343k
FFT Size: 512
Refresh Rate: 15
Average Alpha: 500m
Window Size: 800, 300
Grid Position: 0, 0, 5, 4
Freq Set Varname: Nons

WX GUI Slider
ID: af_gain
Label: VOL
Default Value: 1
Minimum:
Maximum: 5
Converter: Float
Grid Position: 8, 1, 1, 1

WX GUI Slider
ID: =gl _lev
Label: SOQL
Default Value: 0
Minimum: -100
Maximum: 100
Converter: Flost
Grid Position: 7, 2, 1, 1

.

Low Pass Filter
Drecimation: 5
Gain: 1
Sample Rate: 250k
Cutoff Freq: Sk
Transition Width: 1.5k
Window: Hamming
Beta: .75

|
I
|
|
I
|
|
|
I
|
-

Rational Resampler
Interpolation: 441

h. Decimation: 500 . -—
Taps:
Fractional BW: 0

NBFM Receive
Audio Rate: 44,1k
Quadrature Rate: 44.1k
Tauw: 75u
Max Deviation: Sk

NBFM Receive
Audio Rate: 44,1k

. Quadrature Rate: 44.1k

Tau: 75u
Max Deviation: 2.5k

-

WX GUI Slider
ID: rf_gain
Label: RF
Default Value: 20
Minimum: O
Maximum: 50
Converter: Float
Grid Position: 7, 1, 1, 1

Simple 5quelch
Threshold (dB): 0
Alpha: 1

USKA Hamfest, 21. August. 2021 — Messen und Funken mit GNU-Radio und Pluto

WX GUI Slider
ID: trans
Label: Trans
Default Value: 1.5k
Minimum: 500
Maxtimum: Sk
Conwverter: Float
Grid Position: 8, 0, 1, 1

Audio Sink
Sample Rate: 44.1KHz

16



GUIl des FM Rx

£ FM Receiver — O *
- Trace Options
0 [ ]Peak Hold
FAverage
-10 FAwg Alpha: 0.5000
-0 '
_30 [ ] Persistence
% -40
g -50 []Trace &
Ti B
nE. -0 Ex.ra ;e :
is Options
-70 pt
a0 dB/Div: + -
_ap Ref Level: + -
-100 Autoscale
-120 -100 -80 -60 =40 -20 0 20 40 a0 a0 100 120
Frequency (kHz) stop
Spectrum: | Baseband | USRP: | 144.47M | Lo:00 Receive: 144.47M
Finetune:| 0.0 | Coarsetune:| 0.0
Filter: | | RE:| 20.0 | saL:{ 00 |
Trans: | 1.5k |voL:| 1.0

| DEV: Sk v
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SSB mit der Filter Methode

Dy
N
1
D
m(t) s(t)
N
N
¢l
D3

EE?,?; h Balanced Sideband H",l”iﬁ:p \/
Modulator Filter

Microphone D

Signal With Suppressed
Carrier and Both Sidebands

Carrier
(A) Oscillator

Quelle: Skizze ARRL Handbook, 2019, erganzt mit Bildern
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Speech
. Amp
Microphone

HBKOT32

SSB mit der Phasen Methode

Sideband
Selection

Audio 90°
Phase Shift
Metwork

Balanced Modulator

DJI

RF 90°
Phase Shift

MNetwork

a0°

Carrier
Oscillator

"\

=
INPUT &—¢ 5 * OUTPUT
o — o
h=0 R b= 90
L * &

3ingle stage RC phase shift network

Balanced Modulator

Quelle: Skizze ARRL Handbook, 2019, erganzt mit Bildern

Martin Klaper, HBOARK

Linear
RF Amp
I RF Combiner
(=452} I >< @
FPhasenschieber Q lineare
’m‘) Addierstufe
P Q =
HF o] —C ESB
209 ag@ + ©
(=457}
MF o0— 1
Q
{gp=-45") >< (0]
ZM Modulator
Folie 19
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SSB mit der 3. Methode "Weaver", 1956 "erfunden”

1956 PROCEEDINGS OF THE IRE

A Third Method of Generation and Detection
of Single-Sideband Signals®

DONALD K. WEAVER, JR.f, ASSOCIATE MEMBER, IRE

low-pass filter

> F1(0) J F3(t) F5(1)

- 0
COS(@pt) cos(, 1)
audio signal | W SSB outf
l @—s’.ﬂo(ﬂxed} (variable) @) —$ |
fo.(t .
‘5‘“0“’0( ) sin(awpt) sin(a, 1) +/-
low-pass filter
fo(t) fa(t) fe (1)
»
~@) 0 b
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Filter Methode ("basics")

Options
ID: top_block

Title: S5B nach...termethode
Author: Martin Klaper, HESARK
Generate Options: Wi GUI

Variable
ID: samp_rat=
Value: 32k

Signal Source
Sample Rate: 32k
Waveform: Cosine
Frequency: 1k
Amplitude: 1
Offset: 0

I__

Signal Source
Sample Rate: 32k
Waveform: Cosine
Frequency: 3k
Amplitude: 1
Offset: 0

Martin Klaper, HBOARK

i-—»f

High Pass Filter
Decimation: 1
Gain: 1
Sample Rate: 32k
Cutoff Freq: 3.5k
Transition Width: 100
Window: Hamming
Beta: £.7%

>4

Throttle
Sample Rate: 32k

USKA Hamfest, 21. August. 2021 — Messen und Funken mit GNU-Radio und Pluto

WX GUT Scope Sink
Title: Scope Plot

+I Sample Rate: 32k

Trigger Mode: Autc
¥ Axis Label: Counts

e

WX GUT FFT Sink
Title: FFT Plot
Sample Rate: 32k
Baseband Freq: 0
Y per Div: 10 dB
Y Diws: 10
Ref Level (dB): 0
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15
Freq Set Varname: Nons

Folie 21




SSB Rx: ein SSB Signal empfangen

Options
ID: =sb e
Title: SSE Recsiver
Author: OZ3AEC
Description: Simpl..rotctyps
Generate Options: Wi GUI

Variable
ID: kow
Value: 200

Variable
ID: high
Value: 2.5k

Martin Klaper, HBOARK

Variable Variable
ID: samp_rate ID: LD
Value: 250k Value: 5.2G
WX GUI Static Text
ID: ko freq
Label: LO

Default Value: 5.2G
Converter: Flost
Grid Position: 5, 2, 1, 1

PlutoSDR Source
Drevice URL:
LD Frequency: 438.5M
Sample rate: 2M
RF bandwidth: 200k
Buffer size: 32.758k
Quadratura: Trus
RF DC: Trus
BB DC: Trus
Gain Mode: Manual

Filter:

WX GUI Text Box
ID: freq

Label: USRP

Default Value: 550.5M
Converter: Flost
Grid Position: 5, 1, 1, 1

WX GUT Static Text
ID: r_freg

Label: Recsive

Default Value: 5.7505G
Converter: Float

Grid Position: 5, 3, 1, 1

!

-~

Variable
ID: xlate_filter_taps
Value: firdes.Jow_pass(1, ...

Freguency Xlating FIR Filter
Drecimation: 1

Taps: xlate_filter_taps

Center Freqguency: 0

WX GUI FFT Sink
Title:
Sample Rate: 250k
Baseband Freq: 0
Y per Div: 10 4B
Y Divs: 10
Ref Level (dB): 0
Ref Scale (p2p): 13.45k
FFT Size: 512
Refresh Rate: 15
Average Alpha: 500m
Window Size: 500, 300
Grid Position: 0, 0, 5, 4
Freq Set Varname: Nons

Decimation: 5

Gain: 1

Sample Rate: 250k
Low Cutoff Freq: 200
High Cutoff Freq: 2.8k

Band Pass Filter

WX GUI Slider
ID: trans
Label: Trans
Default Value: 500
Minimum: 100
Maximum: 2k
Converter: Float

Grid Position: 3,0, 1, 1

WX GUI Slider
ID: offset_coarse
Label: Coarse tune
Default Value: 0
Minimum: - 120k
Maximum: 120k
Converter: Flost
Grid Position: &, 2, 1, 2

AGC2
Attack Rate: 100m

Manual Gain (dB): &4 Sample Rate: 250k Transition Width: 500 Gain: 1
B Window: Hamming Pt H
Filter auto: Trus Beta: 5.75
Rational Resampler Lt Audio Sink

Interpolation: 441
Decimation: 500
Taps:

Fractional BW: 0

Multiply Const J
a-- G lex To Real ——— [ R
Bl ComicTomes i >

Sample Rate: 44.1KHz
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WX GUI Slider

ID: offset_fine

Label: Fin= tuns
Default Value: 0
Minimum: -1k
Maximum: 1k
Converter: Float

Grid Position: &, 0, 1, 2

WX GUI Slider
ID: width
Label: Filter
Default Value: 2.6k
Minimum: 100
Maximum: 5k
Converter: Float
Grid Position: 7,0, 1, 1

WX GUI Slider
ID: center
Label: Cznter
Default Value: 1.5k
Minimum: -5k
Maximum: 5k
Converter: Float
Grid Position: & 0, 1, 1

Folie 22



SSB Tx: ein SSB Signal erzeugen

Options
ID: ush te bpf
Title: USE TX
Author: Aleand,.sete OZI4EC
Description: USE t... filter,
Generate Options: Wi GUI

WX GUI Text Box
ID: usrp_freg
Label: USRP
Default Value: 432,15M
Converter: Float
Grid Position: 4, 1, 1, 1

WX GUI Static Text
ID: te_freg

Label: TX

Default Value: 432,16M
Converter: Float

Grid Position: 4, 3, 1, 1

WX GUI Slider
ID: audio_gasin
Label: Audic gain
Default Value: S00m
Minimum: 0
Maximum: 2
Converter: Float

Grid Position: &, 1, 1, 1

ID: carrier_level

Default Value: 1
Minimum: 0
Maximum: 10
Converter: Flost
Grid Position: 7,

WX GUI Slider

Label: Carrier level

LL1

WX GUT Static Text
ID: mod_index

Label: Mod. index
Default Value: S00m
Converter: Float

Grid Position: 7, 0, 1, 1

WX GUI FFT Sink
Title: Medulator cutput
Sample Rate: 50k
Baseband Freq: 0
Y per Div: 10 4B
¥ Divs: 10
Ref Level (dB): 0
Ref Scale (p2p): 2
FFT Size: 512
Refresh Rate: 15
Average Alpha: 500m
Window Size: 500, 300
Grid Position: 0, 0, 4, 4
Freq Set Varname: None

Martin Klaper, HBOARK

PlutoSDR Sink
IIO context URI:

LD Frequency: 438.5M
Sample rate: 500k

Cyclic: Faks=
Attenuation (dB): 10
Filter:

Filter auto: Trus

Signal Source variable
Sample Rate: 45k
ID: samp_rate
Waveform: Cosine P Constant Source Signal Source
[ . Value: 50k - sample Rate: 50k
Frequency: 1.2k Constant: 0 ’
Amplitude: 1 [ :“Eh:y: ?”e I_ -
Offset: 0 ¥ ’
Amplitude: 1 L
Offset: 0 —-
Rational Resampler Multiphy +I
N Interpolation: 25 o |—“-'
R ———-—|| Decimation: 24 - - |
Sample Rate: 48KHz Taps —‘ Float To Complex
Fractional BW:0 [ " Ll
:
1
; sl WX GUI Scope Sink
: [n‘lierpolatlon: i Title: Scope Plot
: :m: IL RN, I Sample Rate: 800k
1 mple : -
| Trigger Mode: Autc
L R CCH e B I____ ¥ Axis Label: Counts
High Cutoff Freq: 3k Rational Resampler
Transition Width: 100 - + Interpolation: 12
Window: Hamming Multiply ___...I Decanation: 1 I_ - Multiply Const _________________+I RF bandwidth: 200k
Bata: .75 L __‘b Taps: Consta k Buffer size: 32,758k
Fractional BW: 0
Signal Source WX GUI Slid i
9 —ouder Variable WX GUI Slider WX GUI Slider WX GUI Slider
Sample Rate: 50k ID: filter_width 1D: law 5 =
Waveform: Cosine Labelk: Fier width L ID: offset ID: signal ID: rf_gain
|: E ncy: 10k I_ - Defal.lll'l: Value: 2.7k Valuwe: 300 Label: Offset Label: Signzal level Label: USRP gain
Amplitud : 1 Mini . 1k o Default Value: 10k Default Value: 1k Default Value: O
Offsat: 0 Maxi I. ck Variable Minimum: -25k Minimum: 0 Minimum: 0
Corwerter - ar:_l 3 Maximum: 25k Maximum: 10k Mazximum: 20
Sad Pusn"ll'lcun- 60,11 IDi g . Converter: Flost Converter: Flost Conwverter: Flost
e Value: 3 Grid Position: 5, 0, 1, 4 Grid Position: &, 3, 1, 1 Grid Position: 7, 3, 1, 1
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Transceiver fur QO-100:
Langstone TRX
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Langstone QO-100 SDR+++ Transceiver (Colin Durbridge G4EM)

70 MHz to 5.7 GHz (oder mehr) !!!
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Raspberry Pi + Touch Panel

L
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Und eingebaut in ein Gehause

Martin Klaper, HBOARK USKA Hamfest, 21. August. 2021 — Messen und Funken mit GNU-Radio und Pluto Folie 27



Portsdown/Langstone TRX mit Q0O-100 Funktionen

7 inch Touchscreen

LimeSDR
RF Clut

DATV Express

RF Qut

Berechnung der Offset Werte fur QO-100
Satellite Downlink Frequency = 10489.6 MHz
Satellite Uplink Frequency = 2400.1 MHz
LNB Local Oscillator Frequency = 9750 MHz

Required Tx offset =
= 2400.1 - 10489.6 = -8089.5 MHz

Required Rx offset = -9750 MHz

.
B —
MiniTiouner

Portsdown 4 — Simplified Block Diagram

Martin Klaper, HBOARK

RF Qut
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Transceiver fur QO-100: Langstone Rx

Variable Variable Variable Variable Variable Variable Variable Variable

PlutoSDR Source Options ID: Fit_Low ID: Fitt_High T RacOffset ID: AFGain | | ID: SQL ID: FFTEn ID: Mute ID: Mode
Device URL: ip:pluto.local ID: Lang_RX Value: 300 Value: 3k Value: 0 Value: 20 Value: 50 Value: 0 Value: Fals= Value: 3
LD =T Generate Options: Mo GUI
Sample rate: 526k Run Options: Prompt for Bxit
RF bandwidth: 21
Buffer size: 2.048k I_
Quadrature: Trus AGC3
RF DC: True ——- Attack Rate: 10m
BB DC: Trus Band Pass Filter —- Decay Rate: 500n
Gaiin Mode: Skow De_c:l'mation: 1 ——- Float To Complex . Reference: 100m %]’
Filter auto: Trus Sample Rate: 48k Max Gain: 1k

—+. Low Cutoff Freq: 300

Multiply Const
Complex To Real - IIR Update Decimation: 1

High Cutoff Freq: 3k
Transition Width: 100
Window: Hamming

Freguency Xlating FIR Filter Beta: £.75

|| Decimation: 11 » » Multiply Const ' »
Taps: firdes Jow_pass(1,52... I— - N Constant: 0
Center Frequency: 0

Sample Rate: 528k
Power Squelch NBFM Receive N Audio Sink
Theeshold (dB): -50 Audio Rate: 48k Multiply Const - gr:::::-i:::t —»| | Sample Rate: 458KHz
: : ——Py T T : Device Name: hvw:CA...ce,DEV=0
I Alpha: 1m I-’r. Quadrature Rate: 48k I— —~ - - ice Name: hw e,

Ramp: 0 Tauw: 75u

Gate: No Max Deviation: Sk

) Null Sink
Log Power FFT Jr # Wec Length: 512

Selector

Sample Rate: 48k

FFT Size: 512 | Input Index: 0 - UDP Sink
—+. Reference Scale: 2 Output Indesc: Destination IP Address: 127.0.0....0.1
Frame Rate: 15 - L
Vec Length: 512 T_ - I Destination Port: 7.373k
Average: ':l'l'lha Payload Size: 1.472k
Average Alpha: 500m Sand Mull Plct as EOF: Fake

Vec Length: 512
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Transceiver fur QO-100: Langstone Tx

R Variable Variable Variable Variable Variable Variable Variable Variable Variable
Opbons ID: Filt_Low ID: Filt_High ID: PTT ID: MicGain ID: KEY ID: Mods ID: FMMIC ID: TonsBurst 1ID: FFTEN
L3 SR Value: 300 Value: 3k Value: Falkss Value: & Value: Falss Value: 0 Value: 50 Value: Falss Value: 0
Generate Options: No GUT
5 = Run Options: Prompt for Exit Rab B I
ignal Source ional Resampler
Sample Rate: 45k Interpolation: 11
Waveform: Cosine Multiply Const Decimation: 1
|: Frequency: 1.75k I_ ______________________ —- - I Taps: I_
Amplitude: 0 Fractional BW: 0 PlutoSDR Sink
Offset: 0 - TIO contest URT: ip:...local

LO Frequency: 1G
Sample rate: 528k

| g~ bandwidths 21
1
Audio So f"l Iti hrC ot Band Pass Filter I Buffer size: 2,048k
Uam Urce 1) L] Aomn i ion: ! -
e P De!::lmatlun. 1 NBFM Transmit h —J- Cyclic: Falsz
mple Rate: 45KHz 10 Gain: 1 1 Mute .
Audio Rate: 48k 1 Attenuation (dB): 0
Sample Rate: 48k rature Rate: 45k —- I Mute: True Filter:
Quadrature 1 :
—b. Low Cutoff Freg: 200 I———+I Tau: 1m I— ———— Filtar subo: True
|"'|Il||:l|.‘.l|v CEE High i G Max Deviation: 250 T I
Cnngtant SO0m Transition Width: 100 5 i H b Co = q
Window: Hamming reemphasis Higl rner Freq: Log Power FFT
Beta: 6.76 Sample Rate: 45k
Band Pass Filter | ~— '———————————— FFT Size: 512

1
Decimation: 1 1 ————.'I Reference Scale: 2 I—
AGC2 Gain: 1 : Frame Rate: 15
C <tant So Float To Complex Add c{::s; Attack Rate: 100m Sample Rate: 48k T X Average: On
c::mn: o e Multiply | . “atfa'lzmm B[] Low Cutoff Freq: 00 [ c.::.s:::- 1““ ' Average Alpha: 500m
e renes: & High Cutoff Freq: 3k '

Gain: 1 Transition Width: 100
Max Gain: 10 Window: Hamming
Signal Source Beta: £.75
Sample Rate: 45k Null Sink
|: Waveform: Cosine I_ I:b Vec Length: 512

Frequency: 0

Amplitade: 1 l UDP Sink

Offset: 0 Destination IP Address: 127.0.0....0.1

Dastination Port: 7.374k
-—n :

Payload Size: 1.472k
Send Null Pkt as EOF: Fak=
Vec Length: 512
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Langstone TRX
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Kann man sonst noch was damit machen?
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Vom Gebirg zum Ozean ....

Pl uto + gr_gsm + Wi reSha rk -_/(— l.tlion ;;:11':::01 Leng;; (I:Cf(?H) (RR) Paging Request Type 1

WlRESHARK .1 GSMTAP 81 (CCCH) (RR) Paging Request Type 1
2 .1 LAPDm 81 U, func=UI(CCCH) (RR) System Informa
Gr-gsm Livemon LA 165 45.10434935€127.0.0.1 GSMTAP 81 (CCCH) (RR) Paging Request Type 1
166 45.14718509€127.0.0.1 GSMTAP 81 (CCCH) (RR) Paging Request Type 1
. 167 45.17253894€127.0.0.1 GSMTAP 81 (CCCH) (RR) Paging Request Type 1
| P 168 45.10260615¢127.0.0.1 LAPDm 81 I, N(R)=2, N(S)=1(DTAP) (MM) Authent
PPM Offset 0.000 b 169 45.201372616127.0.0.1 GSMTAP 81 (CCCH) (RR) System Information Type
170 45.220528413127.0.0.1 GSMTAP 81 (CCCH) (SS)
171 45.243985455127.0.0.1 GSMTAP 81 (CCCH) (RR) Paging Request Type 1
Gain f30 000 172 45.25849706¢127.0.0.1 GSMTAP 81 (CCCH) (RR) Paging Request Type 1
) v b Frame 53487: 81 bytes on wire (648 bits), 81 bytes captured (648 bits) on

»Ethernet II, Src: 00:00:00 00:00:00 (00:00:00:00:00:00), Dst: 00:00:00_00
. — b Internet Protocol Version 4, Src: 127.0.0.1, Dst: 127.0.0.1
Frequency ) _ »User Datagram Protocol, Src Port: 56679, Dst Port: 4729
»GS5M TAP Header, ARFCN: 34 (Downlink), TS: 0, Channel: BCCH (0)
GSM CCCH - System Information Type 2

il - Data 0 »L2 Pseudo Length
0 ».... 0110 = Protocol discriminator: Radio Resources Management messages
5 Message Type: System Information Type 2
-20 — vNeighbour Cell Description - BCCH Frequency List
... .... = EXT-IND: The information element carries the completeqBA (0O
-40 ..0 = BA-IND: ©

00.. 000. = Format Identifier: bit map @ (0x00)
List of ARFCNs = 47 46 45 44 42 40 38 35 34 33 32 31 29
PNCC Permitted
vRACH Control Parameters
10.. .... = Max retrans: Maximum 4 retransmissions (2)
.11 10..

Relative Gain (dB)
& O
[~ o

sl l ety bat el

'100‘: = Tx-integer: 32 slots used to spread transmission (14)
i ..0. = CELL BARR _ACCESS: The cell is not barred (0)
=120 — ® = RE: Call Reestablishment allowed in the cell ()

0000 0OOO COEE 0000 = ACC: Ox0000

]
-

“
L
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SDR QO100 mit Pluto ohne GNU
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QO-100 Linux SDR Transceiver (AMSAT-DL)

Martin Klaper, HBOARK

Linux SBC, QOdroid, Raspberry ...

- -‘
usB
: ETH
: —

T, 2an0, FSO000 Mg

Debian / Ubuntu

Raspi-0S...

P

- "
D e P T
»

https://wiki.amsat-dl.org/doku.php?id=de:plutotrx:overview

wget https://raw.githubusercontent.com/dj@abr/Q0100_Transceiver/main/install chmod 755 install ./install
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QO-100 Linux SDR Transceiver

https://wiki.amsat-dl.org/doku.php?id=de:plutotrx:overview

=
w
caL
s
o
B Bianc
A

QRG|QRG | ¢
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Mit Web Interface

Remote SDR

Parabole / Dish
Software 120cm
(Chrome browser)
Ethernet Switch
USB " ® @ |
¢ —IE-“-‘ -
o L
Receiver 10GHz Bias-T
- SDR
Orange Pl One Plus HackRF One Transmitter 2,4GHz
ou Orange Pl PC2 H5

——l uUse

' BandPass Filter  Amplifier Amplifier
2400 MHz SPF51892 SPF5189Z
WIFI Amplifier
Orange Pl One Plus . EP-ABOO3
ou Orange Pl PC2 HS F1ATB QO-100- Mai 2020
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Alternative: Selber programmieren

* Was in den GNU GRC Baublocken
"versteckt" ist, lasst sich naturlich auch
"selber" programmieren.

* Das kann zu vertieften Kenntnissen fihren.

 Man hat dann etwas selber gebaut.
Programmieren ist wie Konstruieren, ein
kreativer Prozess.

* Beispiel rechts: ein Lokaloszillator (noch
nicht ganz perfekt, aber er zeigt das Prinzip!

* Wie funktioniert es? Aus einer Tabelle mit
Sinuswerten wird der Wert herausgelesen.
Die Phaseninkremente ergeben die
Stutzstellen (Baumchen).

Martin Klaper, HBOARK

[cless DE:ilLatn’:]

TABLE_SIZE = 128

def __init_ (self, frequency, samples):

self.freq = freguency

self.sampleRate = zamples

zelf. phasze = @

self._sinTable = self._init_table()

self. _phaselncremsnt = s21f._calc_phase_inc(self.freg, =e1f.sampleRate)

def _init_table(self):

table = []

for n in range(@, self.TABLE_SIZE):
table.append{math.sin(n*2.8*math.pi/self.TABLE_SIZE))

return table

def _calc_phase_inc(self, freguency, samplesPerSecond):

return 2 # math.pl * freguency / samplesPerSecond

def next_sample(self):

self. phase = self. phase + self._ phaselncrement
if (self._phase »= 2 * math.pi):

zelf. phasze = 8;
ide = (int)}({self._phase * self.TABLE_SIZE/(2 * math.pi))¥self.TABLE_SIZH)
value = self. sinTable[idx]
return value
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Wrap Up

« Software Defined Radio ist immer mehr ein aktuelles und spannendes Thema.
 Es eignet sich zum "basteln”.

« GNU Radio ist ein zweckmassiges frei verfugbares Werkzeug zur Umsetzung.

 Erfolgreiche Beschaftigung mit Software Radio erfordert Fachwissen auf
verschiedenen Gebieten.

 GNU Radio mit GRC verringert die Einstiegshurde deutlich.

« Von Grund auf selber programmieren ist durchaus machbar und kann Spass
machen.

e ... und noch bequemer geht’s mit einem Seminar der HamAcademy.



Verzeichnis der Programme

Datei __________Beschreibung

SpektrumAnalysator.grc  Einfacher Spektrum Analysator

SimpleTx.grc Konstanten Trager erzeugen, A0

SimpleCWTx.grc Getasteten Trager erzeugen, Al
NarrowBandFMTX.grc FM Sender fur Voice

Demo Mischer Live Vorfuhrung

usb_tx_bpf.grc SSB (USB) Sender fiir Voice nach der Filtermethode
LangRx.grc Langstone Sender fir QO-100 und vieles Andere

LangTx.grc Langstone Empfanger fir QO-100 und vieles Andere
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Links und Quellenangaben |

https://ez.analog.com/adieducation/university-program/f/g-a/111642/transmitting-a-continuous-
wave-cw-signhal-using-adalm-pluto-with-gnu-radio

Chris Thompson, https://www.g0Okla.com/sdr/index.php
Alexandru Csete, OZ9AEC, https://oz9aec.net/
Martin Klaper, HB9ARK, https://www.uska.ch/hamfest-2019/f2 hb9ark-gnu-radio-mit-grc/

https://qgithub.com/tfcollins/GNURadio Windows Build Scripts/releases/download/1.5.0/gnurad
0 3.7.11 iiosupport win64.msi

https://wiki.analog.com/resources/tools-software/linux-
software/gnuradio windows#gnu radio with iio for windows

https://www.analog.com/media/en/training-seminars/design-handbooks/Software-Defined-
Radio-for-Engineers-2018/SDR4Engineers.pdf

www.hb9hslu.ch
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https://www.g0kla.com/sdr/index.php
https://oz9aec.net/
https://www.uska.ch/hamfest-2019/f2_hb9ark-gnu-radio-mit-grc/
https://github.com/tfcollins/GNURadio_Windows_Build_Scripts/releases/download/1.5.0/gnuradio_3.7.11_iiosupport_win64.msi
https://wiki.analog.com/resources/tools-software/linux-software/gnuradio_windows#gnu_radio_with_iio_for_windows
https://www.analog.com/media/en/training-seminars/design-handbooks/Software-Defined-Radio-for-Engineers-2018/SDR4Engineers.pdf
http://www.hb9hslu.ch/

Links und Quellenangaben Il

e https://docs.microsoft.com/de-ch/archive/blogs/dawate/intro-to-audio-programming-part-2-
demystifying-the-wav-format

* https://www.codeproject.com/Articles/7906/A-simple-C-Wave-editor-part-1-Background-and-
analy

 https://wiki.gnuradio.org/index.php/Tutorials
 https://github.com/analogdevicesinc/iio-oscilloscope/releases
 https://www.cgran.org/

 https://hexed.it/

USKA Online Angebot
 https://www.hamwebinar.ch/hamacademy/
 https://www.hamwebinar.ch/
 https://www.hamgroups.ch/
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https://wiki.gnuradio.org/index.php/Tutorials
https://github.com/analogdevicesinc/iio-oscilloscope/releases
https://www.cgran.org/
https://hexed.it/
https://www.hamwebinar.ch/hamacademy/
https://www.hamwebinar.ch/
https://www.hamgroups.ch/

Danke fur Eure Aufmerksamkeit
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