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Sztereo FM-vevo

Options
1D: top_block
Generate Options: WX GUI

1 Msps

Decimating FIR Filter
Decimation: 2
Taps: 00001108893, 0.0000

192ksps

Rational Resampler
Interpolation: 192k

-

RTL-SDR Source
Sample Rate (sps): 1M

Cho; Freguency (Hz): 94 &M

Cho: Freq. Corr. {(ppm): 0
Cho: DC Offset Mode: O
Cho: 1Q Balance Mode: Off
Cho: Gain Mode: Marual
Cho: RF Gain (dB): 20
Cho; IF Gain (dB): 20

Cho: BB Gain (dB): 20

Taps:

Fractional BW: 0

WEBFM Recelve PLL

soox |l H Quadrature Rate: 132k

Vartable
1D: samp_rate
Value: 1M

WX GUI FFT Sink
Tithe: ATL-SDR kmenet
Sample Rate: 1M
Baseband Freq: 0
Y per Div: 10 4B
Y Divs: 10
Rel Level (dB): 0
Ref Scale (p2p): 2
FFT Size: 1,024k
Refresh Rate: 15
Freq Set Vamame: None

WX GUI Waterfall Sink
Tithe: Waterial Plot
Sample Rate: 1M
Bascband Freq: 0
Dynamic Range: 100
Reference Level: 0

Rel Scale (p2p): 2

FFT Size: 512

FFT Rate: 15

Freq Set Vamame: None

Audio Decimation: 4

48 ksps

WX GUI FFT Sink
Title: Demod. bemenet
Sample Rate: 192k
Baseband Freq: 0
Y per Div: 10 4B

. ¥ Divs: 10

Ref Level (dB): 0
Ref Scale (p2p): 2
FFT Size: 1,024k
Refresh Rate: 15
Freq Set Vamame: Nore

Audio Sink
Sample Rate: 48KHz

WX GUI FFT Sink
Title: Demodula . girekvencia
Sample Rate: 48k
Bascband Freq: 0
Y per Div: 10 dB
Y Divs: 10
Refl Lovel (dB): 0
Ref Soale (p2p): 2
FFT Size: 1,024k
Refresh Rate: 15
Freq Set Vamame: Noos




Kevesbe Ugyes FM-vevo

Options Variable Variable
1D: fmmx2 ID: samp_rate 1D: audio_rate
Generate Options: WX GUI Value: 1M Value; 46k
Rational Resampler
Decimating FIR Fllter Interpolation: 192k WEBFM Recelve
Decimation: 2 Decimation: 500k Quadrature Rate: 192k
Taps: 00001108893, 0.0000 Taps: Audio Decimation: 4
Fractional BW: 0
RTL-SDR Source
Sample Rate (sps): 1M
Cho; Frequency (Hz): 84 &M
Cho: Freq. Corr. (ppm): 0
Cho: DC Offset Mode: ON
Cho: 1Q Balance Mode: Off l_ WX GUY FET Sink
Cho: Gain Mode: Marual Tie: ATL-SDR kimanat WX GUI FET Sink
Ch: B Galln {oii: 20 - . Title: Demodula .. girekvencia
Cho: IF Gain {dB): 30 Semple Rate: 1M SR
Cho: BB Gain (dB): 20 Baseband Freq: 0 Audio Sink ple Rate: 48
Y per Div: 10 4B Sample Rate: 48KHz Baseband Freq: 0
_“ Y Divs: 10 Y per Div: 10 dB
Ref Level (dB): 0 | ¥ Oivs: 10
Ref Scale (p2p): 2 Rel Level (dB): 0
FFT Size: 1,024k Ref Scale (p2p): 2
Refresh Rate: 15 FFT Size: 1.024k
Freq Set Vamame: Nooe Refresh Rata: 16
Freq Set Vamame: Nome




s. k. FM-vevo

Options
1D: top_block
Generate Options: WX GUI

Variable
1D: samp_rate
Value: 250k

Vartable
1D: audio_rate
Value: 48k

Variable
1D: fm_deviation
Value: 75k

RTL-SDR Source
Sample Rate (sps): 250k
Cho: Frequency (Hz): 84 8M
Cho: Freq. Corr. (ppm): 0
Cho: DC Offset Mode: ON
Cho: 1Q Balanoce Mode: Off
Cho: Gain Mode: Manual
Cho: RF Gain (dB): 20
Cho: IF Gain (dB): 40
Cho: B8 Gain (dB): 40

Rational Resampler
Interpolation: 192k

Power Squelch
Threshold (dB): -70

Audio Sink
Sample Rate: 48KHz

Quadrature Demod

Decimation: 250k [JI———JmJll| Apha: 1000 eyt
Taps: Ramp: 0
Fractional BW: 0 Gate: Yes

WX GUI FFT Sink
Tithe: RTL-SDA kmenet
Sample Rate; 250k
Bascband Freq: 0 Low Pass Filter
Y per Div: 10 4B Decimation: 4
Y Divs: 10 Gain: 1
Ref Lovel (dB): 0 Sample Rate: 42k ;::m‘f:;:
Ref Scale (p2p): 2 Cutolf Freq: 20k T :
FFT Size: 1.024k Transition Width: 2k '
Refresh Rate: 15 Window: Hamming
Freq Set Vamame: Nors Beta: 6.76

WX GUI FFT Sink
Title: Demodula. . gfrekvencia
Sample Rate; 48k
Baseband Freq: 0
Y per Div: 10 4B
Y Divs: 10
Rel Lovel (dB): 0
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15
Freq Set Vamame: Nooe




A GNU Radio modellek felepitese

int

Options. Varlable Varlable Vartable
1D: top_black 1D: samp_rate 10: audia_rate 1D: fm_deviation ° °
‘Generate Options: WX GUI Value: 250k Value: 48k Value: 75k n u ra d I o_co m a n I o n
C++ nyelven irt blokk . d
Rational Ri "
Interpolation: 192k Threshold (dB): -70
RTL-SDR Source Decimation: 250k Alpha: 100u
. . . Sample Rate (sps): 260k Taps: Ramp: 0
quadrature demod cf impl::work(int noutput items, | cwrewemeymim Fractional BW: 0 Gate: Yes il

gr_vector const void star &input items,

{

gr_complex *in

gr _vector void star &output items) L et o xauer sk
Cho: B8 Gain (dB): 40 Bassband Freq: 0 Low Pass Fitter Samg l:;m- -mkg e
¥ per Div: 10 4B Decimation: 4 .“;_M‘r"q, >
, \ ¥ Divs: 10 ! Gain: 1 P w:iooé
= (gr_complex*)input items[0]; Pt o i 2 Pty Lo
. FFT Size: 1.024k Transition Width: =
*out = (float*)output items[0]; Ptre Rt 15 wwmﬁf L

float

€ho: Freq. Corr. (ppm): 0
Cho: DC Offset Mode: Off
€ho: 1Q Balance Mode: Off
Cho: Gain Mode: Maral

WX GUI FFT Sink

Freq Set Vamame: Nooe

Refresh Rate: 15
Froq Set Vamame: Noe

std::vector<gr complex> tmp (noutput items);

volk 32fc x2 multiply conjugate 32fc(&tmp[0], &in[l], &in[0], noutput items);
for(int i = 0; i < noutput items; i++) {
out[i] = d _gain * gr::fast atan2f (imag(tmp[i]), real(tmp[i]));

}

return noutput items;

}

self.
self.
self.
self.
self.
self.
self.

Python nyelvu
“jelfolyam”

connect ((self.analog fm deemph 0, 0),
connect ((self.analog fm deemph 0, 0),
connect ((self.analog wfm rcv 0, 0), (self.analog fm deemph 0, 0))
connect ((self.fir filter xxx 0, 0), (self.rational resampler xxx 0, 0))
connect ((self.rational resampler xxx 0, 0), (self.analog wfm rcv 0, 0))
connect ((self.rtlsdr source 0, 0), (self.fir filter xxx 0, 0))

connect ((self.rtlsdr source 0, 0), (self.wxgui fftsink2 0, 0))

(self.audio_sink 0, 0))
(self.wxgui fftsink2 1, 0))



Alapsavi jelkezelés

Modulalatlan vivé:  v(¢) = Acos(27ft)

Modulalt vivé: S(t) = Am(t)COS [Zﬂ’fct + ﬁ(t)]

Amplittdémodulacio, amplitudobill. (ASK)
m(t) valtozik

Frekvenciamodulacio, frekvenciabill. (FSK)
m(t) =1, ﬁ(t) valtozik
Fazismodulacid, fazisbill. (PSK)

me =1, 9(t) valozik

Fazis- és amplitudémodulacio (QAM)

m(t) és  ¥(¢) valtozik

WV
{frfentifont



Alapsavi jelkezelés

s(z‘)=Am(t)cos [2Jrfct+19(t)] Q!
m(t) a mpll tl’J dé-l défuggvény """" A
v(t) fazis-idofuggveny A
a0 /a(r)
I(t) |
S (t) = Am (t){cos z?(t)cos 27 f ¢t —sin ﬁ(t) SIn 27rj;t}

=1(t)cos2m [t - Q(t)sinZJrfct
I(t), Q(t): kvadraturadsszetevok (fazis- (In-phase) és kvadraturajel
(Quadrature) )
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FSK Gauss-szuressel: GMSK modulacio

GMSK impulzus; Szemabra az FM
f(3dB)*T=10,3 modulator bemenetén
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MSK, GMSK modulacio pillanatnyi fazisa;
f(3dB)*T=0,3
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FSK demodulacio

Variable
1D: samp_rate
Value: 250k

RTL-SDR Source
Sample Rate (sps): 250k
Cho: Frequency (Hz): 433 95M
Cho: Freq. Corr. (ppm): 0
Cho: DC Offset Mode: ONf
Cho: 1Q Balance Mode: Off .
Cho: Gain Mode: Manual
Cho: RF Gain (dB): 20
Cho; IF Gain {(dB): 30
Cho: BB Gain (dB): 20

Options
1D: fsk_demod_disc
Generate Options: WX GUI

WX GUI FFT Sink
Title: RTL-SDR bemenet
Sample Rate: 250k
Baseband Freq: 0
Y per Div: 10 4B
. ¥ Divs: 10
Rel Lovel (dB): 0
Ref Soale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15
Freq Set Vamame: Noms

Iimport /
Import: firdes “ 1 . . s ”
diszkriminator
Delay
Delay: 10
Frequency Xlating FIR Fllter
Decimation: 1 Multiply Conjugate Complex to Imag
Taps: frdos low_pass(1.0, '
Center Frequency: 50k
Sample Rate; 250k \
. Y,
Low Pass Filter
g:"_","""": ! WX GUI Scope Sink
) Title: Scope Piot
WX GUI FFT Sink Sample Rate: 260k i
Tite: lekevert _“ Cutoff Freq: 20k .—H :“9” ::1;223;
Sample Rate: 250k Transition Width: 5k Y'Ao:::'uul:Coum
Baseband Freq: 0 Window: Hamming -
Y per Div: 10 4B Beta: 6.76
. ¥ Divs: 10
Rel Lovel (dB): 0
Ref Scale (p2p): 2
FFT Size: 1,024k C!ocf( Recovery MM —— -
Refresh Rate: 15 Omega: 10 s Sccswm o
Freq Set Varmame: Nooe Gain Omega: 7. 65625m -

Mu: 500m
Gain Mu: 175m
Omega Redative Limit: 5m

Sample Rate: 250k
Trigger Mode: Auto
Y Axis Label: Coures




FSK demodulacio

Frekvenciadiszkriminatoros demodulacio

Delay
Delay: 10
lulalt jel o
i1g FIR Filter Multiply Conjugate ._4 Complex to Imag F
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Egy masik modulacio

Hogyan csindljunk nagyon kis jel/zaj-viszony mellett
megbizhato atvitelt?

Gydjtsuk hosszan 1-1 bit energiajat (v6. Bay Zoltan)

Gyakorlati problémak
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Egy masik modulacio

Chirp Spread Spectrum (CSS)
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Forras: Matt Knight, Reversing LoRa



Egy masik modulacio

Adatfehérités

Hibajavité kddolas: Hamming-kéd (4/5, 4/6, 4/7,

4/8) LFSR Polynomial =X® + X5 + 1

 —
» X8 » X7 » X8 » X5 » X4 » X3 » X2 » X! » X0
Forras: Matt Knight,
Reversing LoRa Forras: Semtech AN1200.18
R e Transmit data ;D— Whitened data

bit 76543210 op 30 Figure 1: CCIT Data whitening LFSR
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Demodulator: https://github.com/rpp0/gr-lora
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