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Uvod |

 Klasické radio, superhet:

\K) Vstupni filtr —>I>—>@—) MF filtr —>l>—; Demod —)I>—>|:q

» Softwarové definované radio (SDR):

\K)Vstupniﬁtr —PD—) ADC |—» DSP [—» DAC —)D—):q

ADC ™

I
Y Qe
Vstupni filtr —)D— 2 Lo Dsp ™ DAC M
Q

LP

ADC —»
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Uvod I

Externi hardware PC

® GNU RadIO: \K} RF Frontend | ADC/DAC Lo » GNU Radio

Digitalni frontend

* Open-source toolkit, licence GPLv3,

« oteviena platforma pro vyvoj SDR,

* modularni bloky pro zpracovani signalu,

 rapidni prototypovani v Python, vykonove kritické Casti v C++,
« pouzitelné s riznym HW nebo i bez HW:

- Simulace,
- offline zpracovani zaznamenanych dat.
o \Vyuziti:

- vyvoj / vyzkum, analyza zabezpeceni, produkCni systemy.
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Hardware

 Ettus Research baseboards (http://www.ettus.com):

« USRP1 (2xDB MIMO, USB 2.0, az 16 MHz pasmo) cca. $700
« USRP2 (MIMO, Gb ethernet, az 50 MHz pasmo) EOL
« N2X0 (MIMO, Gb ethernet, az 50 MHz pasmo) od $1500

 Ettus Research doughterboards:

« WBX(TX/RX 50 MHz - 2,2 GHz, 30 MHz pasmo vykon

100 MW), $450 o

« SBX(TX/RX400 MHz - 4,4 GHz 30 IVIHz pasmg vykon 30 -
100 mW), $475

e XCVR2450 (TX/RX 2,4 GHz - 2,5 GHz, 4,9 - 5,9 GHz, 30 MHz
pasmo, vykon 100 mW), $400

o >
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http://www.ettus.com/
http://www.ettus.com/

Alternativni hardware

 SDR Perseus (10 kHz — 40 Mhz, 1,6 Mhz pasmo)
cca. $1000, kvalitni pfijimac pro DX,

 FUNcube USB dongle (64 Mhz — 1700MHz, 80 kHz),
cca $200,

» SoftRock, low cost cca. $20 kit, zpracovani zvukovou
kartou. — -
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FUNcube Dongle Pro

http://www.funcubedongle.com/

* 64 MHz - 1700 MHz SDR.
Y, , - USB dongle  USEPHy

: 4 h

 Sirka pasma 80 kHz. | — st
‘»| Sillcon tuner [RTEIOGUEL 'y mon s | PIC24F132 [ *| demodulator,
; [[#) ey GBOOZ USET 133:325

¢ U S B . s FIZC Codec config Control (HID)

[ ] } :

: [ZC Tuning contral :

 Integrovany audio kodek d|g|taI|zu1e 1/Q sIozky
 nastavovani parametru pomoci USB HID,
e upgrade firmware.

RE RF FILTER Mixer FILTER IF RC FILTER ~ IFFILTER 2
: e S o X e = :
5 e C ; =l | = e p
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http://www.funcubedongle.com/
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GNU radio aplikace

 Testovani komercnich pfistroju:
« simulovani ruseni, interference.
e Realizace prijimacu / vysilacu:
 FM, AM, DRM, DVB-T, RFID / NFC, GPS, GSM ...
* GSM, Bluetooth, ZigBee, Wi-Fi, ...
 Magnetic Resonance Force Microscopy (MRFM)

» Rizeni zpétnovazebni smy¢ky mikromechanického
oscilatoru.

e BBN 802.11 stack
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Dalsi aplikace

« Vyzkum:

« Jitter - GNU ionospheric tomography receiver,

» Otevreny systém pro pozemni stanice mise Agile,
 pasivni radar,

e sledovani GSM terminalu:

 Pasivni odposlech uplink,

 vyhodnocovani pohybu / chovani osob, statisticka analyza,
nezvyklé vzorce chovani, letisté, nakupni strediska, ...,

e Amatérskeé radio
_s Astronomie
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gr-bluetooth

http://gr-bluetooth.sourceforge.net/

Implementace Bluetooth baseband vrstvy pro
GNU Radio.

Prijem dat pomoci USRP.

e FHSS, ramec 600 ps, Sirka pasma cca. 80 Mhz.
« USRP preladi do cca. 200 ps.

Patche pro Kismet a Wireshark.
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http://gr-bluetooth.sourceforge.net/
http://gr-bluetooth.sourceforge.net/

Open BTS

e Prvni oteviena implementace GSM stacku:
P aPEN

* http://openbts.sourceforge.net/ @
e smerovani pres Asterisk

» permanentniinstalace na ostrove Niue v roce 2010,
* OpenBTS/UHD pro novejsi HW:

* http://github.com/ttsou/openbts-uhd.git
» podpora pro single doughterboard, WBX,
» podpora pro externi hodiny
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http://openbts.sourceforge.net/
http://github.com/ttsou/openbts-uhd.git
http://openbts.sourceforge.net/
http://github.com/ttsou/openbts-uhd.git

GNU radio: ,Hello world”

#!/usr/bin/python

from gnuradio import gr, audio

sample £ = 44100
tb = gr.top block()

gr.sig source_ f(sample f, gr.GR SIN WAVE, 440, 0.8)
audio.sink(sample f)

src
dst

tb.connect(src, dst)

tb.start ()

raw_input('Press Enter to quit.')
tb.stop()
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GNU Radio Companion (GRC)

« Spusténi: $ gnuradio-companion

e GUI pro navrh grafu toku dat:

 Rapidni navrh grafu toku dat.

 Propojeni definovanych stavebnich bloku (XML).

« Hierarchicke, navrhy Ize ukladat jako vlastni stavebni bloky.
 Navrh se uklada ve formatu GRC (XML).

« Navrh muze obsahovat GUI prvky.

» Bloky pro pristup k HW.

* Navrh lze exportovat do zdrojového kodu Python.
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GRC: ,Hello world“

Options Variable
ID: top block ID: samp rate WX GUI FFT Sink
Generate Options: WX GUI| Value: 44,1k L L Pl
Sample Rate: 494.1k
Baseband Freg: 100M
Y per Div: 10 dB
W10 v pivs: 10
Ref Level (dB): D
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15
Signal Source
Sample Rate: 44.1k
Waveform: Cosine = i Audio 5ink
Freguency: 440 Sample Rate: 44.1KHz
Amplitude: 600m
Offset: 0
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Frekvencni smeésovac

* Produkuje soucet a rozdil vstupnich frekvenci.

fi fi £ f2 pro f1 > f
fa £ f1pro f1 < fo
fo 1
y(t) = cos(wit) cos(wat) = 5 cos(wi — wa)t + cos(wy + wa)t

f2

. Analogové realizace: £,0
1
Z z” T j
: n =

(z1 + @2)° = 27 + 23122 + 23

» DigitaIni realizace: yli] = @1 [i]2a[d]
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GRC: smésovac

Options
ID: top_block

Generate Optiens: WX GUI

Signal Source
Sample Rate: 44.1k
Waveform: Cosing

WX GUI FFT Sink
Title: FFT Plot

out
Frequency: 440 Sample Rate: 44.1k
Amplitude: B0Dm Baseband Freq: 0
Offset: 0 ind

Throttle
Sample Rate: 44.1k

Y per Div: 10 dB
Y Divs: 10

Multiply |out in ut in

=]

L Ref Level (dB): 0
Signal Source e P
Sample Rate: 44,1k FFT Size: 1.024k
Variable Waveform: Cosine Refresh Rate: 15
ID: samp_rate Frequency: 1k out
Value: 43.1k Amplitude: 500m
Offset: 0
FFT Plot Options
2 ] Average
ID_R‘ [] Persistence
i [ | Peak Hold
-1 0.560 kHz dB=11.161 Set dB/div
-2 ' O 1 dB/div
Q3 — .
o ) 2 dB/div
; ) 5 dB/div
-6 @ 10 dB/div
-7 ) 20 dB/div
-8 Adj Ref Lvl
0 P 4 6 8 10 12 14 16 18 20 22 ——
kHz |i||_|
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Filtr — Dolni propust (1. radu)

 Propousti frekvence nizsi nez je mezni kmitocet Jr. .

il ol |  -3dB

-20 dB/dekadu

U —
v T vV~ 2nRC' s |
N i &

UQ) 50

au — 20 log ( Propustné pasmo ZadrZné pasmo

-
E %
~~
3
—_
(dB)

p

U
 Digitalni realizace (IIR):

yli = yli = 1] + afzfi) —yli = 1) o

1 10
w - Uhlovy kmitocet (rad/s)

1
- fRC +1
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GRC: dolni propust

Options Signal Source
1D: t[:-p_bll::-ck Sample Rate: Mlk WX GUI FFT Sink
Generate Options: WX GUI R Low Pass Filter Title: FFT Plot
S8l Decimation: 1 Sample Rate: 44,1k
gnﬂ““'“:uge' SLATE — Gain: 1 Baseband Freq: O
set:
Sample Rate: 43.1k Throttle Y per Div: 10 dB
Multipl ut i ut i ut i
- wERY B Y| cutoff Freg: 1k E: "| sample Rate: 43.1k |- ™1 ¥ pivs: 10
L Transition Width: 100 Ref Level (dB): O
Signal Source Window: Hamming Ref Scale (p2p): 2
Sample Rate: 44.1k Beta: 6.76 FFT Size: 1.024k
Variable o Refresh Rate: 15
Waveform: Cosine g
ID: samp_rate e 1 oLt
Value: 44.1k )
alue Amplitude: 800m
Offset: 0
FFT Plot Options
1 [ Average
[] Persistence
-1 [] Peak Hold
-2 Set dB/div
-3 1 dBjdiv
o0 _4 _ .
= ) 2 dBjdiv
- O 5 dB/div
- @ 10 dB/div
8 O 20 dB/div
9 3 Adj Ref Ll
0 2 4 6 8 10 12 14 16 18 20 22 ——
kHz 1+ -

1.443 kHz dB=-80.983
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« FM modulace:

N f I\
NF vstup / \ / \
NI 4 N |
e 00 ol NU OO S
T T NI T AT Y |
WV 1 A AT T A A
LA YAV YA
* FM vysilac / prijimac:
VF vystup
NF vstup - j/ )>> t .
D—) NF zesilovac > FM modulator > VF zesilovac Vstupni filtr 3 FM demodulator

—>

NF zesilova

=
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WFM (VKV rozhlas)

» Spektrum

Mono
Audio
Left + Right
19kHz
stereo
pilot
(10%)

30 15 23
Hz kHz kHz

Stereo Audio

Left - Right
DirectBand

RBDS (10%)

(5%)

| | |

57
38 53 "‘gg' o5 6765
kHz kHz : kHz

kHz

Audos subcarrier

(10%)
92 99
kHz kHz
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GRC: WFM

Options
1D top_block
Title: FM
Generate Options: WX GUI

Variable Variable
ID: samp_rate ID: ig_rate
Value: 44.1k Value: 96k

WX GUI Slider
1D: freg
Default Value: 88.3M
Minimum: 87.5M
Maximum: 108M
Converter: Float

Funcube Dongle Source
Device Name: hw:l
Frequency (Hz): 88.3M
LNA Gain (dB): 20
Frequency corr. (ppm): -12
DC | offset: Zm

DC Q offset: 0

10 phase balance: 0

1Q gain balance: 1

Throttle

Sample Rate: 96k

WX GUI Slider
ID: gain_balance
Default Value: 1
Minimum: -1
Maximum: 1
Converter: Float

WX GUI Slider
ID: phase_balance
Default Value: 0
Minimum: -1
Maximum: 1
Converter: Float

WX GUI Slider
ID: dc_i_offs
Default Value: 2m
Minimum: -1
Maximum: 1
Converter: Float

WX GUI Slider
ID: dc_g_offs
Default Value: 0
Minimum: -1
Maximum: 1
Converter: Float

WBFM Receive
Quadrature Rate: 96k
Audio Decimation: 1

out

—-[i5l

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: D6k
Baseband Freq: 0
Y per Div: 10 dB

¥ Divs: 10

Ref Level (dB): 0
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15

Low Pass Filter
Decimation: 2
Gain: 1
Sample Rate: 96k
Cutoff Freq: 16k
Transition Width: 200
Window: Hamming
Beta: 6.76

FM Deemphasis
Sample Rate: 48k |out
Tau: 50u

Rational Resampler
Decimation: 48k

in | Interpelation: 44.1k
Taps:

Fractional BW:

AGC2
Attack Rate: 500m

) |:In Decay Rate: 50m
Reference: 1

Gain: 1
Max Gain: 10

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 44.1k
Baseband Freq: 0

m Y per Div: 10 dB
! |: Y Divs: 10

Ref Level (dB): 0
Ref Scale (p2p): 2
FFT Size: 1.024k

Refresh Rate: 15

ot

Audio Sink
Sample Rate: 44,1k

GNU Radio))
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GRC: NFM

o VKV radioamatérska sluzba, ruzné telekomunikacni

sluzby.

Options
ID: top_block
Title: FM
Generate Optiens: Wx GUI

WX GUI Slider
1D: freg
Default Value: 145.5M
Minimum: 145M
Maximum: 146M
Converter: Float

Variable Variable
ID: samp_rate 1D: ig_rate
Value: 44.1k WValue: 96k

Funcube Dongle Source
Device Name: hw:1
Frequency (Hz): 145.5M
LNA Gain (dB): -5
Frequency corr. (ppm): -12
DC | offset: 2m

DC O offset: 0

1Q phase balance: 0

10 gain balance: 1

Throttle
Sample Rate: 96k

_...-

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 96k
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

NBFM Receive
Audio Rate: 48k

—b- Quadrature Rate: 96k

Tau: 50u
Max Deviation: 5k

2

Rational Resampler
Decimation: 48k
Interpolation: 44.1k
Taps:

Fractional BW: 0

Low Pass Filter
Decimation: 1
Gain: 1
Sample Rate: 44.1k
Cutoff Freq: 5k
Transition Width: 100
Windew: Hamming
Beta: £.76

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 44.1k
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

Audio Sink

i
Ul sample Rate: 44.1k

GNU Radio))
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DTMF

* Dual Tone Multi Frequency,
» signalizace (vytacCeni, dalkove ovladani),
« 16 symbolu (0-9, A-D, *, #),

* min. 40 ms symbol, 40 ms mezera,

» ochrana proti ,namluveni”. f\' ]
f Ill | \ |II I.I |ﬂ'! |JI lll III || I'\
|| | / | LA | N |
MR
\/ "'. .'l | | Sy I \';, ."l ]
1; IIJI ]] II|I J - ~|'J||| |]1|
nouz 200 t[s] a0 oos
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DTMF detekce

 Goertzeluv algoritmus.
» Detekce jednoho tonu (697 Hz):

Options Variahle Variable
ID: top block ID: samp _rate ID: goertzel_length
Generate Options: WX GUI Value: 44.1k Value: 2k WX GUI Number Sink
Title: Mumber Plot
Units: Units
Sample Rate: 44.1k
Goertzel Threshold e ——
Audio Source Rate: 44.1k RM5S Low: 50m T
ut i ut i ut i Max Value: 100
Sample Rate: 44,1k ot ——{in Length: 2k Alpha: 1 |2 U1 High: 150m | L F::’;O: :e
F : BB7 Initial State: 0 )
e " € Decimal Places: 10
Reference Level: 0
Number Rate: 15
Show Gauge: Show

B |:Ir| Audio S5ink
Sample Rate: 44.1k

e Vystup:0/1

» Detekce cele tabulky, dekodovaci logika.
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Goertzel Threshold n0 Threshold = Multiply Const o
8 RMS . . .
_._IE Rate: 44.1k [ E Low: 50m E_ Add [ m Low: 500m E|E|>|: Constant: 1
Wav File Source Length: 2k High: 150m 1 =3 High: 1.5
File: in.wav lout]H Frequency: 637 Initial State: 0 Initial State: D
Repeat: No - fin0 | Multiply Const
e — Thresheld Add o0t ol I Const:n:‘ 2 [t
Rate: 44.1k RMS Low: 50m inl ; Low: 500m 8
in out Ly i . out
_.'E Length: 2k Alpha: 1 [ High: 150m :|_ High: 1.5
Freguency: 770 Initial State: 0 = Initial State: 0 in
Add |out Threshold il
Goertzel Threshold il Low: 500m In Multiply Const ot
_bE Rate: 44.1k RMS | 1 Low: 50m in High: 1.5 M Constant: 3 :|—|_>|:
. . . | in2
Length: 2k Alpha: 1 High: 150m Initial State: 0
Frequency: 852 Initial State: 0
Add |out Threshold in3
Low: 500m Multiply Const
Goertzel Threshold " M out
] Rate: 44.1k RMS — Lows 50m High: 1.5 et i find]
Length: 2k ™1 High: 150m Initial State: 0 Add (Bt
Frequency: 941 Initial State: 0 in5
hdd (o Threshold
. Multiply Const
Low: 500
Goertzel Threshold n Hi;:_ i 5"‘ @EPE Constant: 5 ut in6
Rate: 44.1k RMS Low: 50m T
i ut i Initial State: 0
—-{in] Length: 2k Alpha: 1 Jout}-m{1n | High: 150m 0 - " € fin7|
(=
Frequency: 1.200k Initial State: 0 |
nL L:h r:;;old —
LH m Multiply Const -
Goertzel Threshold [ High: 1.5 M Constant: & E':
Rate: 44.1k RMS Low: 50m inf Initial State: 0 Hlnﬂ
i ut:
—{in] Length: 2k Alpha: 1 M High: 150m Add [out ‘ ‘
Frequency: 1.336k Initial State: 0 —b-IE Threshold
I Low: 500m M Multiply Const oo
n O .
Goertzel Threshold - High: 1.5 Constant: 7 ot}
_.E Rate: 44.1k RMS = Low: 50m E‘ Add B Initial State: 0 I
Length: 2k Alpha: 1 High: 150m _P'IE Threshold
Fregquency: 1.477k Initial State: 0
In Low: 500m R 0 Multiply Const E'_
: Constant: &
—e-{iri)] n?tréliiate, 7 WX GUI Number Sink
L[] AudiplSinic Add [ouf Title: Number Plot
Sample Rate: 44.1k ——.-|In1 Threshold Units: Units
| Low: 500m o In Multiply Const Fi Sample Rate: 22
Options Variable Variable —b@ i High: 1.5 [ Constant: 9 | | Min Value: -100
1D: top block ID: samp _rate 1D: goertzel_length Add [out Initial State: 0 b-[ln_ Max Value: 100
Generate Options: WX GUI Value: 44.1k Value: 2k nl Factor: 1
-] Threshold Decimal Places: 10
Low: 500m Multiply Const Reference Level: 0
i ut i ut
Tl High: 1.5 2 Bl constant: 10 BB | Number Rate: 15
Initial State: 0 Show Gauge: Show
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NFM + dekodéer DTMF

Options
ID: top_block
Title: FM

Generate Options: WX GUI

Varia

ID: =amp_rate
Value: 44.1k

ble

Variable
ID: ig_rate
Value: 6k

WX GUI Slider
1D: freg
Default Value: 145.55M
Minimum: 145M
Maximum: 146M
Converter: Float

Device Name: hw:1
LNA Gain (dB): -5

DC | offset: Zm

DC Q offset: 0

1@ phase balance: 0
10 gain balance: 1

Funcube Dongle Source

Frequency (Hz): 145.55M

Frequency corr. (ppm): -12

WX GUI Slider
1D: gain_balance
Default Value: 1
Minimum: -1
Maximum: 1
Converter: Float

Throttle
Sample Rate: 96k

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 96k
Baseband Freq: 0
Y per Div: 10 dB

Y Divs: 10

Ref Level {(dB): O
Ref Scale (p2p): 2
FFT Size: 512
Refresh Rate: 15

NBEFM Receive
Audio Rate: 48k

Quadrature Rate: 96k

Tau: 50u
Max Deviation: 5k

out

Rational Resampler
Decimation: 48k
Interpolation: 44.1k  |out

Fractional BW: 0

Low Pass Filter
Decimation: 1
Gain: 1
Sample Rate: 44.1k
Cutoff Freq: 3k
Transition Width: 100
Windew: Hamming

) I:In Y per Div: 10 dB
Y Divs: 10

H

WX GUI Slider
ID: phase_balance
Default Value: 0
Minimum: -1
Maximum: 1
Converter: Float

WX GUI Slider
1D: dc_i_offs
Default Value: 2m
Minimum: -1
Maximum: 1
Converter: Float

WX GUI Slider
1D: dc_qg_offs
Default Value: 0
Minimum: -1
Maximum: 1
Conwverter: Float

i
PE Sample Rate: 44.1k

WX GUI FFT Sink
Title: FFT Plot

Sample Rate: 44.1k
Baseband Fregq: 0

Ref Level (dB): D
Ref Scale (p2p): 2
FFT Size: 512

Refresh Rate: 15

Audio 5ink

Beta: 6.76
DC Blocker Multiply Const dtmf_decoder
in| Length: 32 out in m“t:n‘;_ o fout in | goertzel length: 2k [ouE}
Long Form: True ) samp_rate: 44.1k

WX GUI Number Sink
Title: Number Plot
Units: Units
Sample Rate: 20
Min Value: -100
Max Value: 100
Factor: 1

Decimal Places: 10
Reference Level: 0
Mumber Rate: 15
Shew Gauge: Show
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Legislativa

« Technicke parametry:
* §4 odst. 6 narizeni vlady €. 426/2000 Sb.,

kterym se stanovi technické pozadavky na radiova a na telekomunikacni
koncova zafizeni.

« RX
» Telekomunikacni tajemstvi.
e X
« V3eobecnd opravnéni CTU, napf. €. VO-R/10/09.2010-11

k vyuZivani radiovych kmitoCtu a provozovani zafizeni kratkého dosahu.

 Pro vyuzivani dalSich pasem nebo vyssich vykonu jsou
nutné licence.
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Odkazy

GNU Radio:
 http://gnuradio.org/
Ettus Research, (USRP):
» http://ettus.com

Funcube dongle:

« http://www.funcubedongle.com/
Fedora Amateur Radio SIG:

 http://fedoraproject.org/wiki/SIGs/AmateurRadio/
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http://ettus.com/
http://www.funcubedongle.com/
http://fedoraproject.org/wiki/SIGs/AmateurRadio/
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http://ettus.com/
http://www.funcubedongle.com/
http://fedoraproject.org/wiki/SIGs/AmateurRadio/

Dotazy?

Dékuji za pozornost.
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Uvod |

* Klasické radio, superhet:

\K) Vstupni filtr —>[>—>| ADC |—)| DSP l—)l DAC |—>l>->|:q

DSP DAC b -‘

GNU Radio»)) Jaroslav Skarvada / OK2JRQ 3/29

Nejpouzivangjsi mezifrekvencni kmitoCty 455 kHz pro
AM, 10,7 MHz pro FM.

Primé zpracovani, zpracovani signalu v
mezifrekvencnim pasmu, zpracovani signalu v
zakladnim pasmu.

| pfima vétev (In-phase synfazni), Q kvadraturni

Softwarove definovane antény, kognitivni radio,
adaptovani se provoznim podminkam, autonomni
preladovani na vyhodnegjsi kmitocCty, idealné i
zmeéna modulace a protokolu, propojovani
systémd...



Uvod Il

Externi hardware PC

« GNU Radio: \K,, RF Frontend || ADCIDAC

DigitaIni frontend

GNU Radio

A
A 4

» Open-source toolkit, licence GPLv3,
» oteviena platforma pro vyvoj SDR,
» modularni bloky pro zpracovani signalu,
* rapidni prototypovani v Python, vykonoveé kritické ¢asti v C++,
 pouzitelné s rznym HW nebo i bez HW:
- Simulace,
- offline zpracovani zaznamenanych dat.
« VyuZiti:
- vyvoj / vyzkum, analyza zabezpeceni, produkéni systémy.
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Hardware

« Ettus Research baseboards (http://www.ettus.com):

« USRP1 (2xDB MIMO, USB 2.0, az 16 MHz pasmo) cca. $700

» USRP2 (MIMO, Gb ethernet, az 50 MHz pasmo) EOL

« N2X0 (MIMO, Gb ethernet, az 50 MHz pasmo) od $1500
 Ettus Research doughterboards:

* WBX (TX/RX 50 MHz - 2,2 GHz,:30.MHz pasmo, vyron 0-

100 mW), $450 - ""'P

* SBX(TX/RX 400 MHz - 4,4 GHZ 30 MHz pasmg vykon 30 =
100 mW), $475

» XCVR2450 (TX/RX 2,4 GHz - 2,5 GHz, 4,9 - 5,9 GHz, 30 MHz
pasmo, vwkon 100 mW), $400
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USRP — open hardware, schémata jsou k dispozici.
USRP1 sloty pro dva doughterboardy, ostatni maji
jen jeden, ma nejmensi FPGA Altera Cyclone,
Ostatni Xilinx Spartan. N2XO0 jsou varianty N200 a
N210 za cca $1700. Pro N210 je tfeba placena
verze Xilinx ISE Design Studio, FPGA v N200 Ize
programovat i pres Xilinx ISE WebPack, ktery je k
dispozici zdarma.

UHD (Universal Hardware Driver), ovladac a API pro
vSechny Ettus produkty, nahrazuje libusrp.



Alternativni hardware

» SDR Perseus (10 kHz — 40 Mhz, 1,6 Mhz pasmo)
cca. $1000, kvalitni pfijimac pro DX,

* FUNcube USB dongle (64 Mhz — 1700MHz, 80 kHz),
cca $200,

» SoftRock, low cost cca. $20 kit, zpracovani zvukovou
kartou. — Lyl SoftRock Projects
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Softrock lowcost, vymeéna oscilatoru pro jednotliva
amaterska pasma, nebo PLL pres USB 12C,
existuje i verze s vysilaCem, Sitka pasma je urCena
zvukovou kartou.



FUNcube Dongle Pro

http://www.funcubedongle.com/ £ /e,
64 MHz - 1700 MHz SDR.
Sitka pasma 80 kHz. 11 == e

| Analogue, | I’'s | PIC24FJs2 o
3 Silloon wner o] :ILC\;::%O“ T GBon: ‘ ] telemetry
3 : E;‘“_’;_”-D decoder
° U S B . 3 T FIZE Godec cont g bt}
. b

* nastavovani parametr(i pomoci USB HID,
« upgrade firmware.

RE o —>I"( = !\v/lllerFlLl’ER e 1incF\L 11 r;E?:SLQ ’IFFII.I'ER r.‘:\;ﬁi\
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Projekt UK AMSAT, vytvoreni amatérského satelitu
Cubesat. V ramci tohoto projektu vznikl Funcube
Dongle, plivodné pfijimac telemetrie. Ma vSak
univerzalni pouziti a lze pouziti s GNU radiem.
RozsSifitelné na rozsah 50 MHz — 2000 MHz (horsi
vlastnosti). Mezera prijimace mezi 1100 — 1270
MHz. V souCasné dobé trochu horsi citlivost na 2m
VKV pasmu, snad vyreSi upgrade firmware.



GNU radio aplikace

Testovani komercnich pfistroja:

 simulovani ruseni, interference.

Realizace pfijimac / vysilacu:

- FM, AM, DRM, DVB-T, RFID / NFC, GPS, GSM ...

* GSM, Bluetooth, ZigBee, Wi-Fi, ...

Magnetic Resonance Force Microscopy (MRFM)

« Rizeni zpétnovazebni smyc&ky mikromechanického
oscilatoru.

BBN 802.11 stack
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Simulovani interference pfi testovani komerénich pfijimacu
(napf. GPS).

Nejriznéjsi vysilace a pfijimace.

MRFM — mikroskopicka technologie vyuzivajici magneticke
rezonance pro méfitka v fadu nanometrll, v budoucnu i
pro snimani jednotlivych atom{. UW Quantum System
Engineering Laboratory napsali ovladac pro fizeni
zpétnovazebni smycky, vyvoj sponzorovalo. Army
Research Office. Pri pouziti zpétnovazebni smycky se
dosahuje lepSich parametrt a vétsi Sitky pasma.

Wi-Fi stack — vyvoj kddu sponzorovalo DARPA (Defense
Advanced Research Projects Agency)



Dalsi aplikace

Vyzkum:

« Jitter - GNU ionospheric tomography receiver,

« Otevieny systém pro pozemni stanice mise Agile,
pasivni radar,

sledovani GSM terminalu:

« Pasivni odposlech uplink,

 vyhodnocovani pohybu / chovani osob, statisticka analyza,
nezvyklé vzorce chovani, letisté, nakupni strediska, ...,

Amatérské radio

« Astronomie
GNU Radio»)) Jaroslav Skarvada / OK2JRQ 9/29

Jitter - prijem signalu ruskych LEO (Low Eartg
Orbital) satelitl, z fazového rozdilu dvou signalu se
statisticky urcuje elektronova hustota ionosféry.

Mise Agile - LEO satelity osazené detektory zareni
gama, pouziti GNU radio pro uplink/downlink na
pozemnich stanicich.

Pasivni radar - vyuziti FM a TV vysilacq,
vyhodnocovani odrazl od objektl (letadel) pomoci
sité vice prijimacu (MIMO), snaha o vypocet
vzdalenosti, rychlosti pohybu.

Pasivni odposlech uplink GSM, neni nutna
spoluprace jednotlivych operatord.

Pouziti také pro amatérské radié a v astronomii.



gr-bluetooth

* http://gr-bluetooth.sourceforge.net/

* Implementace Bluetooth baseband vrstvy pro
GNU Radio.

* PFijem dat pomoci USRP.

» FHSS, ramec 600 ps, Sifka pasma cca. 80 Mhz.
« USRP preladi do cca. 200 ps.

« Patche pro Kismet a Wireshark.
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Implementace Bluetooth stacku.

ISM band (Industrial, scientific, medical),
2,402 GHz - 2,480 Ghz, 79 kanalu, GFSK
modulace, topologie hvézda. Master a
az 7 slaves. Frequency Hopping Spread
Spectrum (FHSS), 1600 hops/s, pseudo-
random, sekvence odvozena z master
Bluetooth Device Address (BDA). BDA
neni v normalnim rezimu operace
viditelné. Pro sledovani FHSS nutna
znalost BDA a dva doughterboardy -
jeden pfrijima aktualni ramec a druhy
ladi na dalSi frekvenci.



Open BTS

« Prvni oteviena implementace GSM stacku:
P [&nzn
« permanentni instalace na ostrové Niue v roce 2010,

« OpenBTS/UHD pro novéjsi HW:
* http://github.com/ttsou/openbts-uhd.git

 http://openbts.sourceforge.net/

» smérovani pres Asterisk

» podpora pro single doughterboard, WBX,
« podpora pro externi hodiny
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Open source implementace GSM stacku.

Az 2 soubézné hovory

Niue [njlej], odlehly ostrov v Jiznim Pacifiku,
260km2, 1400 obyvatel, experimentalni pokryti
GSM pomoci GNU radio po dobu cca 1 rok.

Podpora SMS, nutna znalost IMSI, programovani
vlastnich SIM, dvé doughterboards (nutna izolace
min 160 dB, dosah cca. 25 m), s jednou
doughterboard horsi parametry (dosah cca. 10 m),
Pro vyssi stabilitu nutné externi hodiny 10 Mhz
(GPS).

Oficialné podporuje pouze USRP1 2xRFX
doughterboard, OpenBTS/UHD pro podporu
novéjSiho HW pres UHD, vice typu doughterboards
a i single doughterboard.



GNU radio: ,Hello world”

#!/usr/bin/python

from gnuradio import gr, audio

sample f = 44100
tb = gr.top_block()

src
dst

gr.sig source f(sample f, gr.GR _SIN WAVE, 440, 0.8)
audio.sink(sample f)

tb.connect(src, dst)

tb.start()
raw_input('Press Enter to quit.')
tb.stop()
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Jednodchy ,hello world“ kod pro GNU radio, ton
440 Hz.



GNU Radio Companion (GRC)

» Spusténi: $ gnuradio-companion

« GUI pro navrh grafu toku dat:

Rapidni navrh grafu toku dat.

Propojeni definovanych stavebnich blok{ (XML).
Hierarchické, navrhy lze ukladat jako vlastni stavebni bloky.
Navrh se uklada ve formatu GRC (XML).

Navrh mUzZe obsahovat GUI prvky.

Bloky pro pFistup k HW.

Navrh |ze exportovat do zdrojového kédu Python.
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GRC: ,Hello world”

Options Variable WX GUI FFT Sink
1D: top_block ID: samp_rate ) n
Generate Options: WX GUI Value: 34.1k e
Sample Rate: 44.1k

Baseband Fregq: 100M
B |:In Y per Div: 10 dB
Y Divs: 10
Ref Level (dB): 0
Ref Scale (p2p): 2

FFT Size: 1.024k
Refresh Rate: 15

Signal Source
Sample Rate: 44.1k
Waveform: Cosine
Frequency: 440

Audio Sink
Sample Rate: 44.1KHz

B
Y

Amplitude: 600m
Offset: 0
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Pfi simulaci, pokud neni audio sink, je nutné pouzit
throtle blok pro omezeni rychlosti zpracovani
vzorkd.



Frekvencni smésovac

» Produkuje soucet a rozdil vstupnich frekvenci.

J1 J1 =% f2 pro f1 > fo
Jo=x f1 pro f1 < fo

2
y(t) = cos(wyt) cos(wat) = 5 cos(wy — wa)t + cos(wi + wa)t
» Analogova realizace: ¢ o e
em = x—' j 1
n=1 - -

(z1 + 22)° = o] + 22122 + 23

« Digitalni realizace: yli] = 1 [i]22]i]
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Jeden ze zakladnich stavebnich prvki DSP. Rozdil
analogova a digitalni realizace.



GRC: smeésovac

Options Signal Source
1D: top block Sample Rate: 44.1k WX GUI FFT Sink
Generate Options: WX GUI ‘Waveform: Cosine T Titte: FFT Plat
&0 Sample Rate: 44.1k
Amplitude: 800m s
omest: oo U—_— Throttle & —| ¥ per Div: 1048
ultply | [in] Sample Rate: 44.1k ™| ¥ pivs: 10
i3 Ref Level (dB): D
Signal Source Ref Scale (p2p): 2
p—— Sample Rate: 4.1k FFT Size: 1,024k
riable Waveform: Cosine Refresh Rate: 15
1D: samp_rate — lowt]
LT Amplitude: 800m
Offset: 0
FFT Plot Options
3 [ Average
10—k ‘ | | [] Persistence
[l | ! ] Peak Hold
-10 0.560 kHz dB=11.161 Set dB/div
-2 I O 1 dB/div
o3 ~ :
= O 2 dB/div
'; O 5 dB/div
-6 @ 10 dB/div
7o O 20 dB/div
-8 Adj Ref Lvl
[i] 2 4 6 8 10 12 14 16 18 20 22
kHz + -
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Realizace v GRC. Lze vidét, Ze na vystupu
smesovace dostavama soucet a rozdil vstupnich
kmitoc&td.



Filtr — Dolni propust (1. radu)

« Propousti frekvence nizsi nez je mezni kmitocet fm .

« Analogova realizace: T
R 3dB

‘ ‘ f ]_ g:zo | -20 dB/dekadu 7
U I U = —— ¢
T T orRC e { |

a0l
Us
au = 20 log < 7 =or Propustné pasmo Z&drzné pasmo
1 oot 0L o, Y 100

« Digitalni realizace (IIR): o

ylil =yli =1 +alzli] —yli-1])  «

1
 fRC+1
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DalSi zakladni stavebni prvek. Pro demonstraci je
zobrazena analogova a digitalni realizace dolni
propusti jako IR (Infinite Impulse Response) filtr,
nicmé dolni propust v GNU radio je
implementovana jako FIR (Finite Impulse
Response) filtr. GNU radio pouziva 6 dB na
meznim kmitoCtu. Transition width je Sifka pasma
od mezniho kmitoCtu, kde bude utlum 40 dB.



GRC: dolni propust

Options Signal Source
ID: top_block Sample Rate: 44.1k WX GUI FFT Sink
Generate Options: Wi GUI T onBEE Low Pass Filter Title: FFT Plot
&0 Decimation: 1 Sample Rate: 44.1k
:;"":“ge' 2o - Gain: 1 Freq: 0
set:
Sample Rate: 44,1k Throttle ¥ per Div: 10 B
— Multiply U0} ¢ ot Freq: 1k [ {in] Sample Rate: 44.1k 1 ¥ pivs: 10
o Transition Width: 100 Ref Level (dB): 0
Signal Source Window: Hamming Ref Scale (p2p): 2
Sample Rate: 441 Beta: 6.76 FFT Size: 1.024k
Variable Waveform: Cosine Refresh Rate: 15
ID: samp_rate —
I Amplitude: 800m
Offset: 0
FFT Plot (s
1 [ Average
” [ Persistence|
-1 ] Peak Hold
-2 Set dB/div
3 o 1 dB/div
@ )
= 2 dB/div
'g 5 dB/div
I 10 dB/div
& 20 dB/div
-0 k Adj Ref Lvl
0 2 4 8 10 12 14 16 18 20 22 ——
kHz \ i Hj

1.443 kHz dB=-80.983
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Realizace v GRC. VySSi produkt sméSovani je
vyrazné potlacen pomoci dolni propusti.



« FM modulace:

NF vstup \
| "I‘ll Ipi Lt Iﬁ' ;II i AN A 1"!] ! Ill‘ il |ﬁl 'nl LA In' i :‘% NN A
| I\ i | ] v T
VF vystup H,Hl"‘lim '1"1;' [\ '],'#Iﬂlll%li“”ll Wi /1 [
|l|”||||”|J||‘ IUI lll‘ \ / ‘ “. 'I||!|JI[I|||‘I||| “‘l}l \ | \ ,'l ||:
R N AR L AR LR A A R VA VA
* FM vysilac / pfijimac:
VF vystup
)
m NF zesilovat H FM modulator H VF zesilovad Vstupni filtr H FM demodulator H NF zesilovac l—Eq
GNU Radio»)) Jaroslav Skarvada / OK2JRQ 19/29

Princip FM modulace: vysoky kmitoCet nosné viny je
modifikovan v zavislosti na drovni vstupniho
nizkofrekvecniho signalu. Napfr. vysSi droven
signalu na vstupu znamena vyssi frekvenci na
vystupu.



WFM (VKV rozhlas)

» Spektrum

Moano Stereo Audio
Audio Left - Right
Left + Right
19kHz
stereo
pilot DirectBand Audos subcarrier
(10%) RBDS (10%) (10%)
(5%)

57

30 15 23 28 532 6765 92 9

58.65 76.65
Hz kHz  kHz kHz kHz KHz kHz kHz kHz kHz
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Spektrum zakladniho pasma VKV rozhlasu po FM
demodulaci.

Monofonni signal (soucet levého a praveho kanalu) je
do cca. 15 kHz. Od 23 kHz do 53 kHz je
amplitudoveé modulovany rozdil pravého a levého
kanalu.

Pro prijem monofoniho signalu postaci odfiltrovat
dolni propusti signal nad cca. 15 kHz.

Direct band, push technologie, pouziva Microsoft v
USA, preemphase (vysilac) — zesileni vysSich
kmito¢tl pfed modulaci, protoZe spektralni hustota
vykonu rusivého signalu je tmeérna druhé mocniné
pracovniho kmitoCtu, de-emphase Casova (RC)
konstanta Tau 0.5 v EU, 0.75 v USA.



GRC: WFM

Options
1D: top_block
Title: FM

Generate Options: WX GUI

Variable

Variable

WX GUI Stider
1D: fren

Default Value: 5834
Minimum: 87.5M
Maximum: 108M
Converter: Fioat

Device Name: hw.l

LNA Gain (dB): 20

DC I offset: 2m
DC Q offset: 0

1Q phase balance: 0
1Q gain balance: 1

Funcube Dongle Source
Frequency (Hz): 83.3M

Frequency corr. (ppm): -12

Throttle
Sample Rate: 96k

WX GUI Slider
ID: galn_balanc:
Default Valu
Minimu
Maximum:
Converter: Float

WX GUI Slider
1D: phase_balance
Defautt Value: 0
Minimum: -1
Maximum: 1
Converter: Float

WX GUI Slider
ID: 0c_i_offs
Default Value: 2m
Minimum: -1
Maximut
Converter:

WX GUI Slider
ID: dc_g offs
Default Valu
Minimum: -1

WBFM Receive
Quadrature Ratx
Audio Decimation: 1

WX GUI FFT Sink
Title: FFT Plot
sample Rate: 96k
Baseband Freq: 0
¥ per Div:
¥ Divs: 10
Ref Level (dB): 0
Ref Scale (p2p): 2
FFT Size: L02K
Refresh Rate: 15

Low Pass Filter
Decimation: 2

Gain: 1

Sample Rate: 95k
Cutoff Freq: 16k
Transition Width: 200
Window: Hamming
Beta:

FM Deemphasi
{ii| sample Rate: 48k
Tau: 50u

Rational Resampler
Decimation: 48k
Interpolation: 44.1k

Taj
Fractional BW: 0

[out]

AGC2
Attack Rate: 500m
Decay Rate: 50m
Reference: 1

Gain: 1

Max Gain: 10

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 44,1k
Baseband Freq: 0

Ref Level (dB): 0
Ref Scale (p2p): 2
FFT Size: 1024k

Refresh Rate: 15
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ompletni VKV rozhlasovy prijimac s vyuzitim
Funcube Dongle. Kmito¢et miZeme ladit pomoci
GUIL.



GRC: NFM

« VKV radioamatérska sluzba, rizné telekomunikacni
sluzby.

Options T anabia) WX GUI FFT Sink WX GUI FFT Sink
1D: top_block 1D: samp rate 1D: g rate Title: FFT Plot Title: FFT Plot
Titte: Fl Value: 44,1k Value: 96k Sample Rate: 96k Sample Rate: 44,1k
Generate Options: WX GUI Baseband Freq: 0 Baseband Freq:

¥ per Div: 10 6B ¥ per Div: 1048
¥ Divs: 10 ¥ Dvs: 10
WX GUI Stider Ref Level (dB): 0 RefLevel (dB): 0
1D: freq Ref Scale (p2p): 2 Ref Scale (p2p): 2
Default Value: 145 5M FFT Size: 1024k FFT Size: 1.024k
Minimum: 1451

Refresh Rate: 15

Refresh Rate: 15
Maximum: 145M

Converter: Float

Funcube Dongle Source Low Pass Filter
Device Name: h:1 Decimation: 1
Frequency (Hz): 145.5M NBFM Recelve Rational Resampler e
LNA Gain (dB): -5 Audio Rate: 48k Decimations 48k OB Audio Sink
Frequency corr. (ppm): -12 Quadrature Rate: 56k [Gi] 1| Interpolation: 4.1k (3] B C.coirrec: s Sample Rate: 44,1k
DC1 offset: 2m Tau: 500 Taps: e -
DCQ offset: 0 Max Deviation: 5k Fractional BW: 0 transition Width: 100

Window: Hamming
1Q phase balance: 0 Beta: 6.76
1 gain balance: 1 *
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Modifikace pro pfijem Uzkopasmové FM, rlizné
sluzby (napf. taxi, trunk, ...), radioamateri na VKV.



DTMF

ochrana proti ,namluveni”.

Dual Tone Multi Frequency,

signalizace (vytaceni, dalkové ovladani),
16 symboll (0-9, A-D, *, #),

min. 40 ms symbol, 40 ms mezera

t[s]
’

GNU Radio»)

Systém pro in-band signalizaci. Pouziva se napft. pro
dalkoveé ovladani, fizeni, ... NejznamejSi pouziti:
vytaceni u telefonu.

Kédovani symbold pomoci dvojtonu. Frekvence jsou

Jaroslav Skarvada / OK2JRQ

voleny tak, aby byla omezena moznost

Jnamluveni“.




DTMF detekce

GoertzelQv algoritmus.
Detekce jednoho ténu (697 Hz):

Vystup: 0/ 1

Detekce celé tabulky, dekodovaci logika.
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Pro detekci nenf tfeba pocitat celou FFT, mizZzeme
pouzit GoertzelQv algoritmus, ktery umoziiuje
detekci tonu. Pomoci parametru delka volime
presnost rozliSeni frekvence (vzorkovaci
frekvence / délka). Zaroven se snizi datovy tok.
VeétsSi délka znamena taktéz vetsi zpozdeni
detekce. GNU radio navrhne filtr tak, aby se
detekoval ton co nejblize pozadované frekvenci
(krok definovany rozliSenim).

Dale spocitame efektivni hodnotu signalu na vystupu
a pridame urovnovy treshold, na vystupu bude 1 v
pripadé detekce tonu, jinak O.

Pro detekci DTMF musime pfidat bloky pro detekci
ostatnich tonl a dekédovaci logiku, dle tabulky
vyse.



DTMF dekodér

Goertzel Threshold ] Threshold Multiply Const
Rate: 44,1k Low: 50m Low: 500m Constant: 1
Add [5]
Frequency: 697 Initial State: 0 0
o
Multiply Const
Goertzel Threshold Add [ Threshold Constants 2
| Rate: 44,1k Lowssom gy | i i Low: 500m :
P | cngtm: 24 High: 150m High: L5 —
Frequency: 770 Initial State: 0 - Initial State: 0
Add [ Threshold
Lnreshold fnt i Low: 500m
High: L5
igh: 150m [0 .
e | i Initial State: 0
nitial State:
Add [Gil] Threshold
enon | (] ! Lows s
Rate: 44,1 Low: 50m High: L5
Rl Length: 2k High: 150m Ty o Initlal State: 0
Frequency: 541 Initial State: 0
Add I8 Threshold
fnt :
Goertzel Threshold in :ﬂ"‘:_a"g"‘
Rate: 42,1k Low: 501 :
Frequency: 1209k Initial State: 0 | i Add () T
— Low: 500m Multiply Const
Goertzel Threshold High: 15 Constant: &
Rate: 44,1k Low: 50 0 Initial State: 0
] engtn: 2 vigh: 15om 2] ada [6
Frequency: 1336k Initial State: 0 L Threshold
= Low: 500m Multiply Const
Goertzel Threshold | High: 15 Constant: 7
Rate: 42,1k Initial State: 0
T L iy 5 e
ngth: : 150m
oL Threshold
Frequency: 1477k Initial State: 0 - oy Multiply Const
! Low: s00m uitiply Const g |
ol High: 15 Constant: 8 e ——
umber Sin
Initial State: 0
Add [oi] Title: Number Plot
oL Threshold Units: Urits
— Low: 500m Sample Rate: 22
Options Variable Variable _bﬁ High: 1.5 Min Value: -100
10: top_block 1Dz samp.ate || 1D: goertael length add 5 Initial State: 0 Max Value: 100
Generate Options: WX GUI | | Value: 44,1k || Value: 2« o Factor: 1
Threshold Decimal Places: 10
E— ! Low: s00m Reference Lev.
High: 15 Number Rate: 15
Initial State: 0 Show Gauge: Show

GNU Radio) Jaroslav Skarvada / OK2JRQ 25/29

RC realizace DTMF dekodéru. Pro zjednoduSeni
tento dekodér nedekoduje specialni symboly (A,
, D, *, #). Misto definovani dekédovaci logiky
pomoci data flow diagramu v GRC, mizeme Cas
dekodeéru napsat pfimo v jazyce Python, Cimz se

cely priklad zjednodusi.



NFM + dekodér DTMF
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V GRC muUzeme nami vytvoreny DTMF dekodér
ulozit jako stavebni blok a dale jej pouzivat na vysSi
arovni navrhu. V tomto prikladu vytvoreny DTMF
dekodér zapojime na vystup drive vytvoireného
NFM prijimace. Vysledkem bude VKV pfijimac
radioamatérské sluzby, ktery nam bude v GUI
dekodovat prijate DTMF tony (pokud budou na
dané frekvenci vysilany).



Legislativa
» Technické parametry:
* 84 odst. 6 nafizeni vlady ¢. 426/2000 Sb.,

kterym se stanovi technické pozadavky na radiova a na telekomunikacni
koncova zafizeni.

* RX
» Telekomunikacni tajemstvi.
 TX
« V3eobecnd opravnéni CTU, napf. €. VO-R/10/09.2010-11

k vyuzivani radiovych kmitoctd a provozovani zafizeni kratkého dosahu.

* Pro vyuZivani dalSich pasem nebo vy3sich vykond jsou
nutné licence.

GNU Radio»)) Jaroslav Skarvada / OK2JRQ 27129

USRP se prodava jako zarizeni pro testovani / vyvoi.

Snaha o zakazani ze strany Federal Communications
Commission.

Je to koncové zarizeni?

Narizeni vlady definuje pozadavky (radiové zkousky)
za jejichz provedeni je zodpovédna osoba, ktera
uvadi zafizeni na trh, neplati pro radioamatéry.

Telekomunikacni tajemstvi definoval telekomunikacni
zakon 151/2000, jiz neplati, novy zakon 127/2005
jiz nedefinuje. Nicmeéneé vyplyva z Clanku 13 listiny
zakladnich prav a svobod a zakon o ochrané
osobnich udaju.

Nelicencované vyuziti dle vSeobecnych opravneéni.
Neni zaruCena ochrana proti ruseni a nesmi rusit
primarni (licencované) uzivatele. DalSi vSeobecna
opravnéni, PMR, 2.4 GHz ISM Wi-Fi/Bluetooth. Pro
OpenBTS je nutna testovaci licence.



Odkazy

GNU Radio:
 http://gnuradio.org/
Ettus Research, (USRP):
 http://ettus.com
Funcube dongle:

* http://www.funcubedongle.com/
Fedora Amateur Radio SIG:

* http://fedoraproject.org/wiki/SIGs/AmateurRadio/
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Dotazy?

Dékuji za pozornost.
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