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About Me

" PhD Student @ University of Paderborn
" Distributed Embedded Systems Group

= Work on GNU Radio OOT Modules

= WiFi, ZigBee, RDS, WeatherSonde
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= Developed by Alexandru Csete (OZ9AEC)

= Visualization

View Help

= Demodulation 434.401 0000 ———
= Audio-out

= WAV files

= Streaming




Audio-Out 1s Great!

= Like a normal radio Ken Thompson

= Unix philosophy:
" “Do one thing and do it well”

= "Write programs to work together.”

= No need for GQRX-digital?

Public Domain
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= Sound eXchange

* Command line tool for audio conversion

= Swiss Army Knife of sound processing
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Multimon

" Command line utility

= Decoder for: POCSAG, AFSK, DTFM, ...

$ nc -lup 7355 |
sox -t raw -esigned-integer -b 16 -r 48000 -
-t raw -esigned-integer -b 16 -r 22050 - |
multimon-ng -t raw -a POCSAG2400 -f alpha -



Multimon

# Audio options

Recording | Network

UDP host localhost

" Command line utility

UDP port 7355 "

= Decoder for: POCSAG, ...

i5 22 30

& basti — basti@tronn — ~ — -zsh -1/,

$ nc -lup 7355 |
sox -t raw -esigned-integer -b 16 -r 48000 -
-t raw -esigned-integer -b 16 -r 22050 - |
multimon-ng -t raw -a POCSAG2400 -f alpha -
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Multimon

" Command line utility

= Decoder for: POCSAG, AFSK, DTFM, ...

2 basti — basti@tronn — ~ — -zsh — 113x40

$ nc -lup 7355 |
sox -t raw -esigned-integer -b 16 -r 48000 -
-t raw -esigned-integer -b 16 -r 22050 - |
multimon-ng -t raw -a POCSAG2400 -f alpha -
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Multimon

" Command line utility

= Decoder for: POCSAG, AFSK, DTFM, ...

2 basti — basti@tronn — ~ — -zsh — 113x40

$ nc -lup 7355 |
sox -t raw -esigned-integer -b 16 -r 48000 -
-t raw -esigned-integer -b 16 -r 22050 - |
multimon-ng -t raw -a POCSAG2400 -f alpha -
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Multimon
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. build — ncat -l -u -p 7355 | sox -t raw -esigned-integer -b 16 -r 48000 - -b 16 -
144501 144672 }44.044 14AFSK1200 fm S56LW-9 to TW4PU9-0 via OE5XTM-11, DBOFIG 0 UI pid=F0O
X wl#U>/
AFSK1200: fm DKOFN-0 to TW4PU7-0 via DBOFIG-0,WIDE2-1 UIv pid=F0O
" :DlHeY\]1"8u}144.625MHzClubstation auf der Ham Radi=
AFSK1200: fm DKOFN-0 to TW4PU5-0 via DBOFIG-0,WIDE2-1 UIv pid=F0O
" :Cl@4Y\]1"8L}144.625MHzClubstation auf der Ham Radi=
AFSK1200: fm DBOZKN-0 to APNU19-0 via DBOFIG-0,WIDE2-2 UI”™ pid=F0O
14739.34N100910.40E# FILL-IN Digi Konstanz JN47op, Sysop Bernd DL5BF
AFSK1200: fm DJ1SP-9 to TW3UX6-0 via DBOLC-0,WIDE1-0,DBOFIG-0 UIv pid=F0O
*?20m]R>/1"81}=

NS "f« "‘m‘(w Mg or Mﬂ*ﬂ

22 30 38 45 52
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Inspectrum

= Offline Signal Analysis

inspectrum: fmradio.cfile

= Overlay to determine

symbol rate

= See later talk




Inspectrum

File Sink
...sti/scratch/bla.cf32

Unbuffered: Off

Wav File Source
...-.20150211-143803.wav

File
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Repeat: No

Append file: Overwrite

Controls

Open file...

Sample rate: 48000

Spectrogram
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FFT size:

Power max:

Power min:

Time selection

|V

Enable cursors:

Rate: 154.839Hz
Period: 0.00645833s

Symbol rate: 3406.45Hz
Symbol period: 0.000293561s




GNURadio &

ID: rds_rx
Title: Stereo F...RDS Decoder WX GUI Notebook WX GUI FFT Sink
Generate Options: WX GUI ID: nb Title: Baseband
Tab Orientation: Top Sample Rate: 1M
Labels: ['BB', 'Demod", 'L... Baseband Freq: 0
Variable Variable Variable | Grid Position: 2,0, 1, 2 Y per Div: 10 dB WX GUI Slider WX GUI Slider WX GUI Slider
ID: samp_rate ID: baseband_rate 1D: freg_tune Variable Y Divs: 10 1D: gain ID: freq ID: volume
Value: 1M Value: 250k Value: 96.75M 1D: audio rate Ref Level (dB): -30 Label: RF Gain Label: Freq Label: Volume
e 4§k Ref Scale (p2p): 2 Default Value: 20 Default Value: 97M Default Value: 0 WX GUI FFT Sink
Variable Variable FFT Size: 1.024k Minimum: 0 Minimum: 88.1M Minimum: -20 Title: FM Demod
Variable _ . - Maximum: 49.6 Maximum: 107.9M Maximum: 10 Sample Rate: 250k
v . ID: audio_decim_rate ID: bb_decim Refresh Rate: 15
ID: audio_decim Value: 50k - Valve: 4 Import Average Alpha: 800m Converter: Float Converter: Float Converter: Float Baseband Freq: 0
Value: 5 Import: math Notebook: nb, 0 Grid Position: 0,0, 1,1 Grid Position: 1,0, 1, 2 Grid Position: 0,1,1,1 Y pDer Div: 10 dB
Y Divs: 10
UHD: USRP Source SR T WX GUI Waterfall Sink e[| RefLevel (dB): 0
Samp Rate (Sps): 1M Frequency Xlating FIR Filter Title: Waterfall Plot Ref Scale (p2p): 2
E ChO: Center Freq (Hz): 96.75M Decimation: 1 WBFM Receive Sample Rate: 250k FFT Size: 1.024k
ChO: Gain (dB): 0 Taps: firdes.low_pass(L, s... Q ure Rate: 1M }'— Baseband Freq: 0 ’i‘ Refresh Rate: 15
ChO: Antenna: TX/RX Center Frequency: 250k Audio Decimation: 4 Dynamic Range: 100 Note Average Alpha: 800m
mple Rate: 1M L’[ Reference Level: 0 Note: L-R Notebook: nb, 1
RTL-SDR Source | Ref Scale (p2p): 2 5 o Freq Set Varname: None
Sample Rate (sps): 1M g FFT Size: 512 £ 2
Cho: Frequency (Hz): 96.75M E FFT Rate: 15 Note = 8
ChO: Freq. Corr. (ppm): 0 3 § ~ Notebook: nb, 8 Note: Pilot [ g'
ChO: DC Offset Mode: Off EI '; '; B Freq Set Varname: None g o E
Variable ChO: 1Q Balance Mode: Off é §| E é Decimating FIR Filter ® %: WX GUI FFT Sink
ID: xlate_bandwidth :n ::':.':m;'v!?o”a' XwES Mote o i D’"'.":m": L | g & Title: DSBSC Sub-carrier
Value: 100k oL IF o (dR); 25i8® WX GUI FFT Sink LETEER [ Thps: firdes.complex_band.... - Sample Rate: 250k
i (B S8 EIET Title: L+R | £ = Baseband Freq: 0
Voriabre ELALL (L 2y Nore % E ige Sample Rate: 50k i & PLL Ref Out J Y per Div: 10 dB
DT T E8=8 3 Baseband Freq: 0 E ] Loop Bandwidth: 1m > Y Divs: 10
Value: ESOk WX GUI FFT Sink Y per Div: 10 dB = ﬁ Max Freq: 482.549m Ref Level (dB): 0
Title: RDS Y Divs: 10 = " 5! Min Freq: 472.496m Ref Scale (p2p): 2
Sample Rate: 48k Ref Level (dB): 0 2 F & FFT Size: 1.024k
[ I Baseband Freq: 0 Ref Scale (p2p): 2 28 Refresh Rate: 15
Y per Div: 10 dB FFT Size: 1.024k Ege - Notebook: nb, 4
Y Divs: 10 E Refresh Rate: 15 g ] § H Y Freq Set Varname: None
5 ° Ref Level (dB): 0 EI < T Notebook: nb, 2 a8 e 1‘ y!|
g 3 Ref Scale (p2p): 2 g * Freq Set Varname: None L[_l ]
-g FFT Size: 1.024k g & R g > WX GUI FFT Sink
] Refresh Rate: 15 o ‘: ‘: g E g Title: L-R
Notebook: nb, 5 g P e I s Sample Rate: 250k
Freq Set Varname: None 2 3 ‘g ‘f- o 2 R R S f = Baseband Freq: 0
g g 5 'é é § »: _':";:ta' 0 WX GUI Scope sink | | 2 Y per Div: 10 dB
v £ = o -
Decimating FIR Filter c888a%2 Loop Bandwidth: 31.4159m Tiia: Scope ot 5 Y Diva: 10
_E Decimation: 5 34 Min Freq: -60m Sample Rate: 2.375k [v] Ref Level (dB): -50
Taps: firdes.low_pass(1.0,... L,—HD Max Freq: 60m s - Lot GL." Scone Sink Rat Scale (n2):2
a § = - Mu: 500m XY Mode: On Title: Pilot FFT Size: 1.024k
j: p E % Rational Resampler Gain Mu: 50m Notebook: nb, 7 Sample Rate: 250k Refresh Rate: 15
a % 'E_ 8 Interpolation: 48k Omega: 21.0526 Trigger Mode: Auto Notebook: nb, 3 Notebook: nb, 6
Ex - £ ‘:ﬂ Multiply Const r' b.D - 50k = o ——mir Y Axis Label: Counts Trigger Mode: Auto Freq Set Varname: None
g 20 $ed > Constant: 31.6228 [ X H o . Y Axis Label: Counts
= £ § a E r; Taps: Omega Relative Limit: 5m E
Eae Z8E s ILE B = Keep 1in N i > Differential Decoder
’3 N: 2 Modulus: 2
Rational ]
Interpolation: 48k Sa:\::l:astl:"imk E‘
______ Decimation: 50k i 2 ’m ,m‘




Example: Traffic Lights
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GNU Radio Receiver

= Seamless switch from offline to online

Wav File Source
File: ...00_linie3_runter.wav ([ SamT::?::t: o i
Repeat: No P -

Moving Average
Length: 200

UDP Source Scale: 5m
IP Address: 127.0.0.1 Max lter: 4k
Port: 7.777k
Payload Size: 1.5k
Null Pkt is EOF: True
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GNU Radio Receiver

UDP Source
IP Address: 127.0.0.1
Port: 7.777k
Payload Size: 1.5k

Null Pkt is EOF: True

A basti — basti@tronn — ~ — -zsh — 113x40

$ ncat -1 -u -p 7355 |
sox -t raw -esigned-integer -b 16 -r 48000 -
-t raw -efloat -b 32 -r 48000 - |
ncat -u 127.0.0.1 7777
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Example: Traffic Lights

= Video:

https://www.youtube.com/watch?v=1hb10T3aP4g
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Conclusion

= GQRXis a great SDR

= _.that shines even more in combination with other

tools

= Open Source

O https://github.com/csete/gqrx/

Thanks to Freepik @ www.flaticon.com for the beautiful icons.
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