Radio logiciel
SDR + GNU Radio

at-sequin

Enssignament général, technologique et professionnel \o) du CAP au BTS

Software Defined Radio : radio définie logiciellement

File Edit View Run Tools Help
D-BE-BX 28 4508 4 ¢

recepteur_fm_ok 32 lesson9a ¢ |

Options
1D: top_block
Generate Options: WX GUI

Variable
1D: samp_rate
Value: 2

osmocom Source
Sample Rate (sps): 24
Cho: Frequency (Hz): 31384M
€ho: Freq. Corr. (ppm): 0

Cho: DC Offset Mode: OH,:; }

Cho: 1Q Balance Mode:
Cho: Gain Mode: Manual
Cho: RF Gain (dB): 0

Cho: IF Gain (d
Cho: BB Gain (dB): 20

WX GUI Slider
ID: freq
Default Value: 313.84M

Low Pass Filter
Decimation: 1
Gain: 1
Sample Rate: 2M

—

Cutoff Freq: 40k
Transition Width: 20k
Vindow: Hamming
Beta: 676

WX GUI FFT Sink
Title: FFT Plot
Sample Rate; 2M
Baseband Freq: 0
Y per Div: 10 d8
l'__.. Y Divs: 10

RefLevel (dB): 0

RefScale (p2p): 2
FFT Size: 1024
Refresh Rate: 15
Freq Set Varname: None
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Quadrature Demod
Gai

WX GUI Scope Sink
Title: Scope Plot
sample Rate: 2M
Trigger Mode: Auto
¥ Axis Label: Counts

1
L

[>>> Dunie

Loading: "D:\data\en cours\sts2snecicours radio logiciel sdr

\exercices\lesson9a.grc*
>>> Done

id Value

Imports

v variables

Boolean Operators
Byte Operators
Channel Models

Channelizers
Coding

Control Port

Debug Tools
Deprecated

Digital Television
Equalizers

Error Coding

FCD

File Operators
Filters

Fourier Analysis
GUI Widgets
Impairment Models
Instrumentation
Level Controllers
Math Operators
Measurement Tools
Message Tools

Misc
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Radio logiciel
Reécepteur traditionnel

RF IF Demod-
* | Amplifier Amplifier| © | ulator | ° [m
E; | TDkHZ %
. Local _ i
! 10KH *
— 1—2  Oscillator | ‘ I i f (KHz)
Ll f (KH2)
| f (KHz) 455
530 ggp 1700 _ . I
10KHz | 45p Fiskz)

| f (KHz)
530 Qg0 1700

f ,=1435 KHz



Radio logiciel .

""Compara/son Traditionnel / USRP

K7 _________ Receiver FrontEnd |
Traditional [ ] RF F | Demod- 1]
/ | Amplifier Amplifier || | ulator
Hardware Loaa ;
Receiver Oscillator

__________________________________________________

Current §7 ___________________________________

SDR —  Receiver Front End -~ ADC - Soﬂware-m
Receiver o :

Future Y7

SDR ) : |
Receiver ? ADC Software —'Dj ,




Radio logiciel
Recepteur USRP

Daughterboard Motherboard
§7 Receiver | b0 | FRea L] USB = 4’]]1
| Front End ) Controller :
similar to traditional P, GNU Radio
front end with fi =0 ! software

Interfabe to PC ‘

USRP: Universal Software Radio Peripheral



<) Radio logiciel .
= Repréesentation signaux en
quadrature

- L'USRP fournit les composantes | et Q du signal
rameneé a la bande de base (F = 0)

- GNU Radio travalille sur ces composantes | et Q.

The received signal, S(t), may be represented as follows:
S(t)y=I(t)cosRr f1)+Q(t)sinRr ft) | XX

f, = carrier frequency | E o
|(t) — in_phage Gﬂmpnnent - Contain amplitude
and phase

Q(t) = quadrature component «— Information of
baseband signal



Radio logiciel
Extraction de | et Q

»(X)— LPF o | L—»

V[ & - [io

— Amplifier
.g— LPF JQl—




Radio logiciel
ADC caracteristiques

HackRF One RTL-SDR USRP Ettus
- Résolution 8 bits  + Résolution 8 bits - Résolution 12 bits
* Fe = 20Msps - Fe = 2.4Msps - Fe = 64Msps




Décimation — Interpolation : role

Radio logiciel

- La decimation permet de diminuer le nombre
d'échantillon par seconde

- L'interpolation permet d'augmenter le nb
d'échantillon par seconde

Downsample >
Rzl ' divide by 128

ToMAz 50KHz 250KHz
f, = 64Msamp/sec f, = 64Msamp/sec f, = 500Ksamp/sec

64aM =128
500K

+ C'est le FPGA qui réalise ces calculs



Radio logiciel
Schema d'un récepteur

— USRP ——| GNU Radio Application %

- USRP : reglage frequence oscillateur local, gain de
I'ampli HF, facteur décimation...

- GNU Radio : utilise Python pour spécifier et
connecter les blocs qui demodulent et decodent.



sy Radio logiciel
= Exemple d'un récepteur
NBFM 400-500 MHz

%
— USRP — GNU Radio Application 7Hj

| f (MHz) £
400 446 500 4KHz

Problématique :

- recevoir un signal audio de 4KHz
* transmis en FM a 446MHz

+ avec une bande étroite de 16KHz

10
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Radio logiciel

NBFM 400-500 MHz

16 KHz

-—

FM

+—f (KHz)

FM
Demodulator
Dec. factor = ?

16 KHz
f (MHz :
500 ( ) 35 f (MHz) 3

USRP| PC

Daughterboard ADC FPGA y Chﬁlf}?ﬂ_l gi(llt:r

f. =446 MHz 64 Msamp/sec | | Dec. factor = ? cutoll = sKlz

< Dec. factor =7
16 KHz 16 KHz

f (MHz) - f (MHz)

Audio

f (KHz)

11



sy Radio logiciel
= Exemple d'un récepteur
NBFM 400-500 MHz

16 KHz Auds
— | — Channel Filt FM udio
_JFoa ] JChamel Bl S pemodutsor {]
D Dec. factor = Dec. factor = 114 f (KHz)
32 32 f (MHz) ‘ D, D3 ;
Total Decimation factor = 8000 = D,D,D,
64Msamp/sec »  8Ksamp/sec

12



Radio logiciel

. .
ccccccccccccccc

eiribat-sequn Exemple dlun récepteur

NBFM 400-500 MHz

16 KHz s
—. | — FPGA Channel Filter FM SR
“—M Dae Tastor= cutoff = 8KHz Demodulator [
D Dec. factor = Dec. factor = ST f (KHz)
32 32 f (MHz) ‘ D, D3

Total Decimation factor = 8000 = D,D,D,

*Maximize the decimation in FPGA

*Maximum decimation factor in FPGA = 256

Select D, = 250 (factor of 8000)

*Output sample rate = 64Ms/s / 250 = 256Ks/s 3



Radio logiciel
Exemple : filtre spécification

' Sefribat-sequin

16 KHz -
— | TPGA Channel Filter FM ueo
S [ice. Pantapes cutoff = 8KHz " Demodulator
250 Dec. factor = Dec. factor = R f (KHz)
-32 32 f(MHz) D, D3 ]
64Ms/s 16 KHz
L Channel Filter
H (dB)
28 | 128 | (KHD) 0
256Ks/s 0.1
1-60 )
— —+ f(KHz)
16 -9-8 g9 16
Maximum frequency = 16 KHz — Reduce sample rate to 32 Ks/s
*256Ks/s / 32Ks/s — D, =8

14
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Radio logiciel
Exemple : FM démodulation

16 KHz

—_— | .

FM
|_—| 1:6 f (KHz)

6 8|8
32Ks/s
16 KHz .
—r | Channel Filter | ¥ FM __Audm
FPGA _ -
™ Dec. factor = cutoff = 8KHz Demodulator L
250 Dec. factor =8 Dec. factor = AT f (KHz)
-32 32 f(MHz D3 :

128 | 128 | (KH2)

256Ks/s
‘Maximum frequency = 4 KHz -+ Reduce sample rate to 8 Ks/s

*32Ks/s |/ 8Ks/s —> D, =4

*FM Demodulator block “extracts” audio signal from FM waveform by

operating on | and Q

15



Radio logiciel
Exemple : schéma final

16 KHz

—_— | .

FM

32Ks/s

(LR Audio
i | sapes FPGA Channel Filter | ¥ FM
—* Deéc. factor = cutoff = 8KHz Demodulator
250 Dec. factor= 8§ Dec. factor=4 Al t (KHz)

-32 32 f(MHz)

' Sefribat-sequin

8Ks/s
64Ms/s 16 KHz

f (KHz)

-128 128
256Ks/s

*Total decimation ratio = 250*8*4 = 8000

*Problem: The audio card requires an input sample rate = 44.1 Ks/s

Solution: Use a Resampler to increase the output sample rate 16



Radio logiciel .

. .
ccccccccccccccc

—= Exemple d'un récepteur
NBFM 400-500 MHz complet

64Ms/s J 256Ks/s 32Ks/s J 32Ks/s
FPGA Channel Filter FM Resampler
—* Dec. factor = [ | cutoff = 8KHz " Demodulator 1 multby3 1=~ 48Ks/s
250 Dec. factor =8 Dec. factor = 1 div by 2

*Audio Card requires a sample rate = 44.1 Ks/sec. Use 48 Ks/sec.
‘Modify FM Demodulator to have a decimation factor of 1 (no change)

*Increase the sample rate to 48 Ks/sec with Resampler (x 3/2)

17



% Radio logiciel
F e I ns t a I I a t i on

- |Installation DRIVERS Hardware :
v Clé TNT RTLSDR
v HackRFOne

- Installation des logiciels :
v« SDRSharp
« GNU Radio

SEaso 99.800.000 «»

18



GNU Radio
Installation .

+ Télécharger le fichier "gnuradio3.7.10.1_win64.msi" sur
stssnsb.free.fr

- Installer le logiciel
- Installer le driver pour la clée USB et/ou HackRF One

Oou

- Live DVD directement sous Linux sans installation

19



| Radio logiciel
Drivers Windows

- Télécharger Zadig.exe sur http://zadig.akeo.ie(
http://www.rtl-sdr.com/tag/zadig/)

- Lancer I'exécutable
- Cocher "List all devices"
« Choisir la clé TNT ou HackRFone

- Verification : Gestionnaire de périphérique (aucun
pb doit apparaitre)

20


http://zadig.akeo.ie/
http://www.rtl-sdr.com/tag/zadig/

Radio logiciel
¥/  Test avec SDRSharp
. élécgharger SDRSharp
+ Choisir le hard a tester : RTL-SDR ou HackRF

- . 11 - 11
« Choisir le "Device =80 O
« Choisir
, . RTL-SDR Controller e d:%: H’m I; i

- Reégler le gain e e I ol
. - 3;;{5':%5@_“. ) -

- Lancer la lecture...
HHHHHH \& 372

21



Radio logiciel
-,-ﬁ_cﬂé“;at-segum Tes t a Ve C S D R S h ar

Si test OK alors continuer

Sinon voir driver

] SDR# v1.0.0.1426 - HackRF - a

=080 G3.800.000 «»

HackRF v
) NFM ) AM JLSB () UsSB
@wFM (O DSB () Cw RAW
(] shift 400 000 2 o .
4 i ontrast
Filter Hamming v 4 ','
Bandwidth Order | o \ ! } J »m\ ’ | F = } % 16
2500001 1030} il bt ’N \‘M"ﬁ*l‘"‘j\'ﬂ"l‘ﬂ‘mwlj."‘ A ;“mffw.“”w‘t e ﬂith"““\""J‘Hh""' \ "'"“"“'-a'ﬂn**"‘-‘w‘}”ﬁ'm‘b" Wi "W}""'ﬂ‘“Jr.'\‘“"L‘P‘“'"\h’n‘NV!L-J;‘rf\'“ﬂ'\"’ ot
C\w Shift
FM Stereo Step Size
Snap to Grid [v] | 50kHz N e
Correct IQ
Swap 1 &Q [
Audio
AGC IF Spectrum FM MPX Spectrum
FFT Display s
Audio Noise Reduction * L

IF Noise Reduction *
Noise Blanker
ﬁxading ¥

Zoom FFT*

>
>
>
>
»>
>
>
v

[#] Enable IF [[] Enable Filter
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, GNU Radio

"} X
File Edit View Run Tools Help

- B-BXI 78 «TA8B 9¢ @KL O @ A= -~

Boolean Operator
Byte Operators
Channel Models

Channelizers

Variable
ID: samp_rate

Coding
Control Port
Debug Tools

Deprecated
Digital Television
Equalizers

Error Coding

F Y W OV W WV W W W W W W W W Vv Vv Vv YV Vv v v v v

FCD
File Operators
Filters
Fourier Analysis
;i GUI Widgets
(4] | 0 Impairment Mode
<< < Welcome to GNU Radio Companion [} d S val I Instrumentation
3.7.10.1 >>> alve
Level Controllers
Imports i
Block paths: . . Math Operators
C:\Program Files\GNURadio-3.7\share : ¥ Variables + Measiromant Tot
\gnuradio\grc\blocks 4 samp_rat 32000 4
Message Tools
Loading: "D:\data\en cours\sts2snec\cours =l
radio logiciel sdrexercices - « T

) s 17:20

Ot — [P (no module specifiei —
1D: top_block < Core
Generate Options: QT GUI b Audio

23



GNU Radio
Premier diagramme

+ Geénérateur de signaux audio :

@
File Edit View Run Tools Help

D-BE-BXI78  « A8 9 ¢ @K > 8¢

WX GUI Slider

ID: freq
Default Value: 1k




GNU Radio
Premier diagramme

- Générateur de signaux audio :

@
File Edit View Run Tools Help

D -B-BX 728« Q8 9 ?IQ“’#@W

'

]

Options wx GUI Slide
ID: top_block D: freg
Generate Options: WX GU| Defllﬂ Value: 1k Char To Float
Minimum: 50
Maximum: 10k Scale: 1
Converter: Float
Cha To Short
. i urce
H
e P v Cosi
Value:

‘ Complex to Arg

i

Float To Int
Scale: 1

25



GNU Radio
= Premier diagramme

- Générateur de signaux audio :

A

]

*tuto_sb_01.grc - D:\data\en cours\sts2snec\cours radio logiciel sdr\exercices\gnuradio_essai_win01 - GNU Radio Companion —
Ele Edit View Run Tools Help

- B-BX 28 « COAB 9¢ @K > Qe[ <2 i

e N

Options WX GUI Slider
ID: top_block ID: freq
Generate Options: WX GUI Default Value: 1k
Mini 50

Maximum: 10k
Converter: Float

Scope Plot G e S
Axes Options
Variable Secs/Div:
ID: samp_rate
Walue: 22k \ - et Counts/Div:

Y Offset:

Signal Source
Sample Rate: 32k
D Waveform: Cosine ._ >

Frequency: 1k

WX GUI Scope Sink

T Offset:
Title: Scope Plot Autorange
Sample Rate: 32k

Trigger Mode: Auto : \ Channel Options

Sample Rate: 32k

A ude: 1 :
;:P':D Y A xis Label: Counts Chl Trig
R Audio Sink : Coupling: | DC
Sample Rate: 32k .
: Marker: | Line Link
0| ’ 15.3125 15.625 15.9375 16.25 16.5625 16.875 17.1875 |
= rrvvrrT Time (ms) | Stop
block.

Id

Executing: C:\Program Files\GNURadio-3.7\gr-python27
\python.exe -u D:\data\en cours\sts2snec\cours radio
logiciel sdriexercices\gnuradio_essai_win01\top_block.py

Imports
¥ Variables
: freq <Open Properties>

INFO: Audio sink arch: windows samp_rat: 32000

gr::pagesize: no info; setting pagesize = 4096

XX+

Chargement terminé (100 %)

26



- Simulation :

untitled 32 QAMok 3¢ |

GNU Radio

QAM simple

Options
ID: top_block
Generate Options: WX GU|

WX GUI Slider
ID: FcBP
Default Value: 100
Minimum: 1
Maximum: 10k
Converter: Float

Variable
ID: samp_rate
Value: 512k

Random Source
Minimum: 0
Maximum: 3
Num Samples: 1k
Repeat: Yes

1

QAM Mod
Number of Constellation Points: 4
Gray Code: Yes
Differential Encoding: Yes
Samples/Symbol: 2
Excess BW: 350m

WX GUI Scope Sink
Title: Scope non fitré
] sample Rate: 512
Trigger Mode: Auto

Y A xis Label: Counts

WX GUI Constellation Sink
Title: Constellabon Flot

Sample Rate: 512k

Frame Rate: 5

Constellation Size: 1.024k

M: 4

Theta: 0

Loop Bandwidth: 62.8m
Max Freq: 60m

Mu: 500m

Gain Mu: 5m

Symbel Rate: 32k
Omega Limit: 5m

Inphase

= Persist:
Scope non filtrA© B
2
o Axes Options .
Secs/Div: + -
1 . i ’ . ) Counts/Div:
A i A CAAAMAAAAA f )]
. u"\| Ul b |v~1-ba——-i\ ﬂ U” \ \ \JMU\ W \ I] v Y Offset: +
g | ‘ T Offset:
3 0 ! }
S ! | | [¥] Autorange
| Channel Options
-05 J / ﬂf | \) u \ l l| w l . ==
g ; A ndlal ¢ A | Trid ¢ | *
[P R —— WV W ) [
= .
Coupling:  DC v
-1.5
Marker: Line Link v
-2
0.8 0.85 0.9 095 1 1.05 1.1 115 1.2
Time (ms) ‘ o
2 tio
Constellation Plot o
2
15 Loop Bandwidth: 62.8m
1
£ os = =
0f - Gain Mu: | 5m
-0.5 g o1y
-1
-1.5 Marker: Dot Medium +
2
] “1.5 -1 -0.5 0 0.5 1 1.5

Stop

27



GNU Radio
QOAM Tx + HackRF

- Emission de données en QAM :

- QAMtx.grec - D:\data\en cours\sts2sn | X
i i = | Persistence
File Edit View Run Tools Help Scope non filtrA© [ ] e
B f [ ¥ | - 2
W -B-dXX Ve «TQ8 9 ¢
Axes Options
PR M X . Secs/Div: . | -
Options Counts/Div: + -
ID: top_block WX GUI Scope Sink \ Offeat =
Generate Options: WX GUI Title: Scope non fitré e .
Sample Rate: 512k m
Trigger Mode: Auto \E T Offset: L
Y A xis Label: Counts 5 Autnrange
WX GUI Constellation Sink Channel Options
Title: Constallation Flot = . 5
Sample Rate: 512k £ i Tn" !
Frame Rate: 5 |
Variable ':“':‘“'“h“ Size: 1.024k Coupling: | DC v
ID: samp_rate .
e Theta: 0 -1.5
Value: 512k Rl Loop Bandwidth: 62.8m Marker: | Linelink v
Max Freq: 60m > .
Random Source Mu: 500m = |
e S I 0.6 07 08 09 1 1.1 12 13 14
Ma ximum: 3 Symbol Rate: 32k Time (ms) Stop
Num Samples: 1k Omega Limit: 5m - M
Bepasn T Constellation Plot ’
2
E o e com Sink 15 Loop Bandwidth: _ﬁE.Sm .
E Number of Constellation Points: 4 :v:;:';l:e:::::'ﬁ::ﬁ]::"d 1 s - :
! Gray Code: Yes - I z : £ 05 = ==t
ﬂ = % 7 ChoO: Freq. Corr. (ppm): 0 =
:&:‘":;' E";::‘;g i - Cho: RF Gain (dB): 10 V| e
Ex':“ Bw';nm’ Cho: IF Gain (dB): 20 !
i ChO: BB Gain (dB): 20 -0.5 = e
. o~
& ! I
NUITILET U1 USE Uevites: L/ e -15 Marker: Dot Medium v
USB device 1d50:6089: Id 2
0000000000000000909864¢8292987cf match i Imports =2 =5 = -0.5 0 0.5 1 15 . 3
Using HackRF One with firmware 2015.07.2 ] P Stop
gr::pagesize: no info; setting pagesize = 4096 ||+ variables it 28
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Sefbat-sequin

GNU Radio
OAM RX + RTL-SDR

- Reéception de donnees en QAM :

QAMrx ¢ |Tx_P5Kmod % |

1D: to
Gene

O ptions
p_block
rate Options: WX GUI

ID: sa

Variable

Value: 512k

mp_rate

ID: frenter

WX GUI Slider

Default Value: 274m
Minimum: 270M
Ma ximum: 280M
Converter: Float

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 512k
Baseband Freq: 274M

ggggggese

osmocom Source
Sample Rate (sps): 512k

: Frequency (Hz): 274M
Freq. Corr. (ppm): 0
DC Offset Mode: Off

: 1Q Balance Mode: Off
Gain Mode: Automatbc
: RF Gain (dB): 10

¢ IF Gain (dB): 20

: BB Gain (dB): 20

: Bandwidth (Hz): 10M

Y per Div: 10 d&

————+I ¥ Diws: 10

Ref Level (dB): 0

Ref Scale (p2p): 2

FFT Size: 1.024k

Refresh Rate: 15

Freqg Set Varname: None

QAM Demod
Number of Constellation Peoints: 4
Differential Encoding: Yes
Samples/Symbol: 2
Excess BW: 350m
Frequency BW: 62.8m
Timing BW: 62.8m
Phase BW: 62.8m
Gray Code: Yes

WX GUI Scope Sink
Title: Scope Plot

—b-l Sample Rate: 512k

Trigger Mode: Auto
Y A xis Label: Counts

i 2 i IChar To Complex

Vector Input: No

"

[m |
fcenter: | 274M
Persistence
Scope Plot | Breiaesee
1.2
3 Axes Options
Secs/Div: +
0.8 Counts/Div: +
Y Offset: +
0.6
é = T Offset:
UE ) [¥] Autorange
5 Channel Options Ch2
- |_| chl (ch2 | Tl
0 L, | J | Il L L1
Coupling: |DC v
-0.2
Marker: Line Link L]
-04 y
0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 12| -‘ :
Time (ms) Stop
Trace Options
FFT Plot
0 - []Peak Hold
-10 [] Average
-20 F & & Awvg Alpha: 01333
g -30 ftfl
B 40 .
= .50 Y n"i ‘li W fb w [] Persistence
- h A e b 'IJFW % ersist Aloha: 0.1
' WW“‘”W”‘W“W'W(V sl
-80
!gg 1 : [ Trace A Store
27375 2138 27385 2739 27395 274 27405 2741 27415 27425 [ Trace B Soss
Frequency (MHz) Foe —

29



GNU Radio
Reécepteur AM

+ Réception du ELRO 433MHz en AM avec HACKRF

e rx433elro_dmod_am_ok.grc - D:\data\{ [
File Edit View Run Tools Help

OD-2-BX 28 &

o8l

Persistence )
Analog Alpha: 0,0884 =
Options WX GUI Slider
ID: top_block ID: fcentrale 4
Generate Options: WXGUI | Label: fcentrale Axes Options
Default Value: 432 85M S Div: 1
variable Minimum: 10M ecs/Div: | * B
ID: = Mazimum: 500M ; ~
Val’::g_u: e AR R | S A O ) | I A | B 7] O ) | | R SR i I | S Counts/Div: +. |
Y Offset: I + -

osmocom Source
Sample Rate (sps): 10M
ChO: Frequency (Hz): 432.85M
ChO: Freq. Corr. [ppm): 0
Cho0: DC Offset Mode: Off

Ch0: Gain Mode: Manual
ChO: RF Gain (dB): 10
Cho: IF Gain (dB): 20
Cho0: BB Gain (dB): 20

AM Demod
Channel Rate: 44.1k
Audio Decimation: 1

Audio Pass: S5k
Audio Stop: 5 5k

Cho0: 1Q Balance Mode: Off I_'l__..

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 10M
Baseband Freq: 422 85M
Y per Div: 10 dB
Y Divs: 10
Ref Level (dB): 0
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15
Freq Set Varname: None

WX GUI Scope Sink
Title: DataRx

Sample Rate: 10M
Trigger Mode: Auto

Y A xis Label: Counts

K1

(U § 0.0 0 sseseesseesesesseeeeseses n
00000000000000000000000000000000000000 Id
00000000000000000000000000000C00000000 |

00000000000000000000000000000000000000 [}
00000000000000000000000000000000000000 ||+ va

2§ Ty TR

40
Time (ms)

T Offset: J
[ ] Autorange
Channel Options
Coupling: bC

Marker: .Line Link

Run

Power (dB)

FFT Plot

- Trace Options
[]Peak Hold

Average
Avg Alpha: 0.1333

[ Persistence

Persist Alpha: 0.1890

[1TraceA | Store

[1TraceB | Store

Aocle Mblon

2246
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Radio logiciel
“ierbat-sequn R éf ér ences...

- Stssnsb.free.fr — rubrique : télécharger/sn2/sdr

- https://wiki.gnuradio.org/index.php/Main_Page

- https://wiki.gnuradio.org/index.php/GNURadioCompanion
- http://www.rtl-sdr.com/tag/zadig/

« http://lwww.rtl-sdr.com/rtl-sdr-quick-start-guide/

+ https://greatscottgadgets.com/hackrf/

- https://www.passion-radio.com/fr/
- http://www.ece.uvic.ca/~elec350/grc_doc/ar01s12s07.html

- https://www.csun.edu/~skatz/katzpage/sdr_project/sdr/

MERCI
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https://wiki.gnuradio.org/index.php/Main_Page
http://www.rtl-sdr.com/tag/zadig/
http://www.rtl-sdr.com/rtl-sdr-quick-start-guide/
https://greatscottgadgets.com/hackrf/
https://www.passion-radio.com/fr/
https://www.csun.edu/~skatz/katzpage/sdr_project/sdr/
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