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Abstract

A software-driven real-time frequency de-modulator is implemented with the aid of universal-serial-bus (USB) type software
defined radio dongle. An analog stereo frequency modulation (FM) broadcast signal is down-converted to the basedband analog
signal then converted to digital bit streams in the USB dongle. Computer software such as Matlab, Python, and GNU Radio
manipulates the incoming bit streams with the technique of digital signal processing. Low pass filtering, band pass filtering,
decimation, frequency discriminator, double sideband amplitude demodulation, phase locked loop, and deemphasis function blocks
are implemented using such computer languages. Especially, GNU Radion is employed to realize the real-time demodulator.
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function y = loadFile(filename)

% y = loadFile(filename)

% reads complex samples from fm941.bin
%

fid = fopen(filename,'rb");

y = fread(fid,'uint8=>double');

y = y-127;

y = y(1:2:end) + i*y(2:2:end);

) Egl o] A x=loadFile(‘fm941.bin’) W& S APA|7]H
W= xol] RTL-SDRYA AEHE A H= NAYS A
7F Bag gro 2 Wt
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import numpy as np

import scipy.signal as signal

def discrim(x):
disdata = discrim(x)
where x is an angle modulated signal
in complex baseband form.
X=np.real(x)
Y=np.imag(x)
b=np.array([1, -1])
a=np.array([1, @])
deryY=signal.lfilter(b,
derX=signal.lfilter(b,
temp=(X*derY-Y*derX)
disdata=temp/ (X**2+Y**2)
return disdata

sY)
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function disdata =
% disdata =
% where x is an angle modulated signal in complex
% baseband form.

%

% Baseband discriminator

%

X =real(x); % X is the real part of the received signal

discrim(x)

discerim(x)

Y = imag(x); % Y is the imaginary part of the received
% signal
b =11 -1]; % filter coefficient for discrete derivative
=11 0]; % filter coefficient for discrete derivative
derY = filter(b, a, Y); % derivative of Y
derX = filter(b, a, X); % derivative of X
disdata = (X .* derY - derX .*Y) / (X "2 +Y 2);

mfo|Me| Sx7| ¢u2F

=

V. pjEzq g4l

ANZE B2 A EE V)5 BEES WEY 2 3

/ ™~ %General FIR/IIR filtering using coefficient vectors b & a
y_out = filter(b, a, x_in);

%Decimate x_in by Ndwn keeps every Ndwn-1 samples
y_out = downsample(x_in,Ndwn);

%FIR lowpass having Norder+1 taps
X X ™ _Ip = firl(Norder, 2*fc/fs);
Signal Processing

Toolbox %FIR bandpass from fc1 to fc2
L= b_bpf = firl{Norder, 2*[fc1,fc2]/fs);

%IIR lowpass(Butterworth) having order Norder and cutoff fc
b_lp,a_lp = butter(Norder, 2*fc/fs);

» %IIR bandpass (Butterworth) from fc1 to fc2
[bu bpf, a l?pf] utter(Norde)r, 2"[fe1 fe2)/fs);

loadFile.m

simpleSA.m

%Import binary SDR record created by rtl_sdr.exe
x_in = loadFile(‘RTL-SDR_capture.bin’);

%Spectrum Analyzer using averaged periodograms
simpleSA(x_in, Nfft, fs, dB_lo, dB_hi, ‘b’);

; Y%Discriminator

discrim.m y_out = discrim(x_in);

pilot_PLL.m %Type 2 PLL with quiescent freq fq and noise bandwidth 10 Hz
- [theta, phi_error] = pilot_PLL(z_dis,fq,fs,2,10,0.707);

%Bit synchronizer for +/-1 bits having ~Nsamp samples per bit

sces_bit_sync.m [bits_hat, clk, track] = sces_bit_sync(z_bit_sig,Nsamp);

%Bit error probability estimation for an m-seq of length m

fsk_BEP.m fsk_BEP(bits_hat, m, mode):

bit_errors.m
Native MATLAB vector/matrix language base

J2l 4, 2Z7|0| ARRE = IHERY &t
Fig. 4. Matlab functions used to develop demodulator
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B ™, #General FIR/IIR filtering using coefficient vectors b & a
'/ y_out = signal ffilter(b, a, x_in
#FIR lowpass having Ntaps (order Ntaps-1)
b_lIp = signal firwin(Ntaps, 2*fc/fs)

rt 1 #FIR bandpass from fe1 to fc2
B e e e e o e ey

#lIR lowpass(Butterworth) having order Norder and cutoff fc
= b_lp,a_lp = signal butter(Norder, 2*fcifs)

#IIR bcand s (Butterworth) from fc1 to fc2
= signal_butter(Mord,2*[fc1,fc2]/fs btype="bandpass’)

- #Decimate x_in by Ndwn keeps every Ndwn-1 samples
// \ y_out = lab6.ssd.downsample(x_in,Ndwn)

~
\.

» #mport Tc sec lex SDR record into
x_in = labB. caphjm&c fo=88 Teb fs=2 deﬁpggn40)

im Analyzer using averaged peniodograms
ped(x_in, Nfft, fs) #available from matplotlib import

- #Discriminator
y_out = discrim({x_in)

import numpy #Type 2 PLL with quiescent freq fq and noise bandwidth 10 Hz
pe matplotib ® theta, phi_eror = |ab6.pilot_PLL(z_dis,fq,fs,2,10,0.707)

#Bit synchronizer for +/-1 bits having ~Nsamp samples per bit
oy bits_hat, clk, track = lab6.sccs_bit sync{z_bit_sig,Nsamp)

» #Bit emor probability estimation for an m-seq of length m
lab6.fsk_BEP(bits._| tKal, m, mode)

#5trips plot similar to MATLAB st
= |ab6.dc. strips(x, Nx, figsize=(6, 4))

» #Save left and right audic arrays to a .wav file
lab6.to_wav_stereo(filename rate,x_I.x_r=None)
#Archive a complex ndarray to .wav L&R audio channels

* |ab6 complex2wav(filename, rate x)

/ » #Restore to a complex ndarray from complex bb wav
\-4— fs, x = lab6.wav2complex(filename)

J8 5. 5x7(0f AR8E= mo|M &
Fig. 5. Python functions used to develop demodulator
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Note
Note: LR

WX GUI FFT Sink

Freq Set Varname: Nore

of

ok
=

PN EL
-
r
(&
U
[
o
s
ox
oX,

lo
i)
®
=
)
fjn
o

ox
o
)
Jz
kN
N
T

>
fol to

o

3% o %0

ol T
J

ox
ol
k=



7 9% RTL-SDRE ©]&& 2Hl6 e Foi Wz Bdo] AAZE £407] 78 493
(Young-Ju Kim: Implementation of Real-time Stereo Frequency Demodulator Using RTL-SDR)

7+ %9 A5E 2 5 Q) Time Sink 2 345 29 EY
< & 7 3+ Frequency SinkE ©]-&-3th 17 1034 32o]
A4 74 R ol alal HAR AFe) A4 343
o 2HH S 54 9 YRE vlo]g Al g8ty 1Y
119l &= Fab Wz WEo] tAd HolHE X8t A
AEE B & e B5S o839 2Y4 M JuE S
A},
Note_ Note
Note: Pilot Note: L-R
£ o
Decimating FIR Filter &
Decimation: 1 i ]
Taps: firdes.complex band -1 a
w T
- R
PLL Ref Out 5y
Loop Bandwidth: 1Im E 2E
Max Freq: 482.54%m ] _E i
Min Freq: 472.496m é E E

Multiply

T8 10. JF2IC22 FHE MIHEZ

Fig. 10. Phase locked loop part implemented by GNU Radio

Stereo FM receiver and RDS Decoder

3 Gain: |20 Volume: |0

‘req: |94.1M

BB | Demod L+R Pilot | DSBSC | RDS | L-R A RDS constellation | waterfall

Scope Plot [l () Persistence
4
3 Axes Options
X/Div: +
z Y/Div + -
1 X OFf: +|| -
Y Off: +
2o [ Autorange
W Channel Options
-1 a-t chi | ch2 | Trig | XY
2 ChannelX: |Ch 1
ChannelY: | Ch2
3
Marker: Dot Med
-4
4 3 2 1 0 1 2 3 4
cht Stop

94.10 sttionname KBS Clas rProgramType Undefined » 0000

Music Stereo AH CMP stPTY

Frequency

J2 11, JFeif ez F8E DAY HojH ez
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