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sources hardware interfaces bewerking sinks
Audio source RX hardware DSP blocks Audio sink %
File source RTL-SDR Filters .
USRP Converters File sink
Signal source HackRF (De)modulators
TX hardware
Noise source

Waterfall sink

sample rate: FFT sink

base bz?md freq: sample rate: GUI scope sink

dynamic range: base band freq: sample rate:
iInstrumentation ref level: ref Ieyel: trigger mode:

ref scale: FFT size:

FFT size: refresh rate: | L

refreshrate: | | ...
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berekeningen gebruiker interactie speciale routines
Multipliers slider Bit slicer GPS
Decimators checkbox Audio source GSM
Mixers text File source ADS-B
(De)modulators tabs Signal source Acars
---------- Noise source AlS
------ PSK
WiFi
Radar
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framework is geprogrameerd in Python: interpreted (managed) language
time critical berekeningen in C++: machine language
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Python script C++ programma
2
programmeren Compiler
run Run Time Compiler

\

executie
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* input en output definiéren
* voor elke DSP-stap geschikt blok selecteren
* parameters per blok instellen

* numeriek formaat (complex, float, integer, binary,...)

* blokken voor instrumentatie en user interface

e oraficrh alla hialclkan \viarhindan

Audio Source
Sample Rate: 32k

out

Low Pass Filter
Decimation: 1
Gain: 1
Sample Rate: 32k
Cutoff Freq: 4k
Transition Width: 1k
Window: Hamming
Beta: 6.76

out

Wav File Sink
File:
Sample Rate: 32k
Bits per Sample: 8
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interface naar hardware frequency selection demodulation o Play audio
RTL-SDR source Freq Xlat FIR filter AM demodulation oﬂat Audio sink %
sample rate: decimation: channel rate: sample rate:
frequency: — taps: ‘ audio decimation:
freq corr: complex center freq: audio pass:
DC offset: /Q sample rate: audio stop:
|Q balance: .
: data type conversion
gain mode:
RF gain:
Voorwaarden:

* sample rate tussen 2 blokken moet hetzelfde zijn
* data types tussen 2 blocks moet hetzelfde zijn: complex, float, integer, byte, ...
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RF frequentie

radio 20 okt 2017 ©pe2rid

RF gain IF bandbreedte
RTL-SDR source L?W Rass filter ; Lt.)w p.ass. flllter %
sample rate: 2.4M de'C|m1at|on: 10 WBEM receive gae.cnl'mlatlon.
frequency: 102.7M gain: uadrature rate: 240k -
RF gain:20 » sample rate: 2.4M » :udio decimation: 1 » sample rate: 240k »
- cut off freq: 100k : cut off freq: 15k
FFT sink trans freq: 10k FFT sink trans freq: 3k
FFT sink FFT sink

volume

Rational resampler

- Multipl io si
EE) | FM de-emphasis h Interpolation: 1 M) oY ) AT Sl

Volume: :
decimation: 5 sample rate: 48k

notebook

FM ontvanger (mono)
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RF frequentie
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RF gain IF bandbreedte
RTL-SDR source L?W Rass filter ; Lt.)w p.ass. flllter %
sample rate: 2.4M de'C|m1at|on: 10 WBEM receive gae.cnl'mlatlon.
frequency: 102.7M gain: uadrature rate: 240k -
RF gain:20 n sample rate: 2.4M - A " sample rte: 60k
- cut off freq: 100k : cut off freq: 15k
FFT sink trans freq: 10k FFT sink trans freq: 3k
FFT sink FFT sink

volume

Rational resampler

- Multipl io si
EE) | FM de-emphasis h Interpolation: 8 M) PYY | Audio sink

Volume: :
decimation: 10 sample rate: 48k

notebook

FM ontvanger (mono)
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GNUradio GUI WX-componenten
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Slider Option buttons

WX GUI Slider
ID: rffreq
Label: RF freg
Default Value: 121.2M
Minimum: 118M
Maximum: 128M
Converter: Float
Grid Position: 1,1, 1, 30

WX GUI Chooser
ID: rfgain
Label: rfgain
Default Value: 0
Choices: 0, 10
Labels: 0, 1
Type: Radio Buttons
Grid Position: 2,1, 1, 4

WX GUI Slider
ID: ifgain
Label: IF gain
Default Value: 33
Minimum: 0
Maximum: 47
Converter: Float
Grid Position: 2,9, 1,8

WX GUI Slider
ID: bbgain
Label: BB gain
Default Value: 45
Minimum: 0
Maximum: 62
Converter: Float
Grid Position: 2, 17,1, 8

WX GUI Slider
ID: volume
Label: Vol
Default Value: 200m
Minimum: 0
Maximum: 1
Converter: Float
Grid Position: 2, 25,1, 8

[1 - rij]

[4 — kolombreedte]

>

l <

Grid positie i [3 - rijhoogte]

[2 - kolom] ==)
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Options
ID: WEFM_RTL_mono
Author: brahms
Generate Options: WX GUI

WX GUI Notebook
1D: nootboek:
Tab Orientation: Top

Labels: RF spec...emod, Audio

Grid Position: 3, 0, 1, 20

RTL-SDR Source
Sample Rate (sps): 2.4M

ChO: Frequency (Hz): 101.7M

ChO: Freq. Corr. (ppm): 87
Chi: DC Offset Mode: Off
Cho: 1§ Balance Mode: Off
Ch: Gain Mode: Manual
ChO: RF Gain (dB): 20
ChO: IF Gain {dB): 20

ChO: BB Gain (dB): 20

WX GUI FFT Sink
Title: RF spectrum
Sample Rate: 2.4M
Baseband Freq: 101.7M
Y per Div: 10 dB
Y Divs: 10
Ref Level (dB): 0
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15
Average Alpha: 100m
Window: Hamming
Notebook: nootboek, 0
Freq Set Varname: None

Variable

ID: samp_rate
Value: 2.4M

WX GUI Slider
1D: rffreg
Label: Freg
Default Value: 101.7M
Minimum: 95M
Maximum: 105M
Converter: Float
Grid Position: 1, 1, 1, 20

WX GUI Slider
ID: RFgain
Label: RFgain
Default Value: 20
Minimum: 0
Maximum: 50
Converter: Float
Grid Position: 2,1, 1, &

WX GUI Slider
ID: IFBW
Label: EE bandbreedte
Default Value: 100k
Minimum: 10k
Maximum: 100k
Converter: Float
Grid Position: 2, 8,1, &

WX GUI Slider
ID: volume
Label: vol
Default Value: S00m
Minimum: 0
Maximum: 1
Converter: Float
Grid Position: 2, 15,1, &

Gain: 1

Beta: 6.76

Low Pass Filter
Decimation: 10

» I Sample Rate: 2.4M l
Cutoff Fregq: 100k
Transition Width: 5k
Window: Hamming

WX GUI FFT

Baseband Freq:
Y per Div: 10 dB
Y Divs: 10

Ref Level (dB):

Title: BB spectrum
Sample Rate: 240k

0 l "
Ref Scale (p2p): 2

Sink

WEFM Receive

Quadrature Rate: 240k
Audio Decimation: 1

Title: WEFMout

0 Sample Rate: 240k
Baseband Freq: 0
Y per Div: 10 dB

Y Divs: 10

Ref Level (dB): 0

WX GUI FFT Sink

Interpolation: 1
Gain: 1

-."I Sample Rate: 240k
Cutoff Freqg: 15k

Window: Hamming
Beta: 6.76

Low Pass Filter

Transition Width: 3k

FM Preemphasis

l » I Sample Rate: 240k
Tau: 75u

High Corner Freq: -1

WX GUI FFT 5i
Title: Audic
Sample Rate: 48k
Baseband Freq: 0
Y per Div: 10 dB
Y Divs: 10
Ref Level (dB): 0
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15

Average Alpha: 100m

H— Window: Hanning

nk
Taps:

Rational Resampler
Interpolation: 1
Decimation: 5

Fractional BW: 0

Multiply Const
Constant: 500m

Audio 5ink

Sample Rate: 48KHz

FFT Size: 1.024k
Refresh Rate: 15
Average Alpha: 100m
Window: Hamming
Notebook: nootboek, 1
Freq Set Varname: None

Ref Scale (p2p): 2

FFT Size: 1.024k
Refresh Rate: 15
Average Alpha: 100m
Notebook: nootboek, 2
Freq Set Varname: None

Netebook: nootboek, 3
Freq Set Varname: None

Device Name: plughw:0,0
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Airband Rx Hrf

Airband AM RF freq: | 121.2M
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ontva nger . . :
rfgain IF gain: |40 BB gain: |50 Vol: | 500m
ﬁ n Iﬂl 1 —U —J —U
FFT | waterfall
Instrgmentatle en FFT Plot B .ceoptions
user interface: 0 & Peak Hold
t displ -5 [ Average
spectrum aispiay 0 (] Persistence
-15 | Persist Alpha: 0.2695
g -20 (] TraceA |Store |
g -25 WMM WFM’L‘-J ] TraceB |Store |
a -30
Axis Options —
~35 dB/Div: |+ ,U
-40 L Ref Level: 1+l - |
-45 m—
| Autoscale |
=0 118 119 120 121 122 123 124 125
Frequency (MHz) [ Stop |
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Airband AM RF freq: | 121.2M
ontvanger
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rfgain IF gain: |40 BB gain: |50 Vol: | 700m

Ol —_— — ——0

FFT | waterfall

Instrumentatie en Waterfall Plot | options
user interface: 1068 | [] Average

s |

waterfall display P —

248 | Axes Options

-ads | Time Scale:

415¢s | Dyn Range:

Time (s)
GG

21ds | Ref Level: | -
2748 | Color: | RGB1 = |

33dB || Autoscale

_aod | Clear

118 119 120 121 122 123 124 125
Frequency (MHz) IL Stop
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GNU-radio |

Impairment Modets
» instrumentation

L, A v RTA mocen sioe | M (o cononens
| n I f A J TraceB Store .
1o e A Wi Math Operators
LA~ P O T et | v
dB/Div: e * Message Tools

> Mise
* Modulators
* Networking Tosls

Ref Level: e
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Autescale

osmosdr v0.1.475 gae686¢48 (0.1.591t) gnuradio 371
builtan source types: file fed rel itl_top uhd hackif bladert

IFBW  <Open Properties>
ing device 10 Reaitek RTLZE3BUHIDIR SN: 00000001 £ e
‘ound Rafael Micro REZ0T tuner fMfieq  <OpenProperties:
INFO: Audio sink arch: alsa RFgain  <Open Properties>

ROW,COL R-SP AN C-SPAN
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SSB transmitter

e Audio (file): complex

reéle amplitude waarden
audio

complexe amplitude  pm)

waarden toevoegen

0
<+— frequentie —»

audio complex

0
<+— frequentie —p

©
-
oN
(¢D)
o
@)
~
i
o
(o]
)
v
(@]
o
(o]
.9
ge)
©
i
)
=2
O




§° GNUradio

SSB transmitter
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* Audio (file): complex, shift audiospectrum

audio complex audio complex verschoven
W\ W L
bandbreedte
0 0

4+— frequentie —p 4+— frequentie —p
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SSB transmitter

e Filter sideband, verschuif naar TX-frequentie

audio complex verschoven
' filter

L bandbreedte

0
4+— frequentie —p

TX frequentie shift

X!
4+— frequentie —»
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FM-omroepband ontvanger met stereodecoder
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Spectrum na FM demodulatie:

bandbreedte:
15 kHz 30kHz 5kHz

.00
FUrS ¢

pllot toon:19 (38) (57 kHz)
AM supressed

carrier
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FM-omroepband ontvanger met stereodecoder
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Stappen:
 FM-demodulatie, L+R signal in band 0 — 15 kHz

e extractie van 19 kHz “pilot’-toon met PLL

* verdubbelen naar 38 kHz als carrier voor AM-demodulatie van L-R
* filteren van L-R band (23 — 53 kHz)

* AM demodulatie

e optellen en aftrekken van (L+R) en (L-R)
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FM-omroepband ontvanger met stereodecoder
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Filter
0-15 kHz

optellen

y

Wideband FM Filter

demodulation 19 kHz aftrekken

o I

Filter

Filter Vermenig- AM

38 +/- 15 kHz vuldigen demodulatie 0 -15 kHz
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GNUradio studiemateriaal:
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 files.ettus.com/tutorials/labs/Lab_1-5.pdf

e gnuradio.org/redmine/projects/gnuradio/wiki/

* gnuradio.org/redmine/projects/gnuradio/wiki/GNURadioLiveDVD
 www.trondeau.com/

* www.ece.uvic.ca/~elec350/grc_doc/index.html#
e https://www.youtube.com/watch?v=0g8RhGTFhfU
o www.rtl-sdr.com/about-rtl-sdr/

e https://greatscottgadgets.com/hackrf/

en nog veel meer......
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FS F FREE SOFTWARE
FOUNDATION

From Design to Deployment Active Community Free Software
With GNU Radio you can simulate, prototype, and Leverage a wide selection of existing modules, made GNU Radio is Free Software. That means you have the
deploy, all from the same workflow. available by our community of active developers. liberty to use and modify it as you wish

— — L —
3:) LEARN MORE 3:) LEARN MORE 3:) LEARN MORE




