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Radio Data System (RDS)

Station FM commerciale :

» audio G+D 0 — 19 kHz

stereo ? tone continu a 19 kHz

audio G-D 19 — 39 kHz

RDS : modulation BPSK centrée sur une sous-porteuse a 57 kHz

Documenté dans EN 50067 “Specification of the radio data system (RDS) for VHF/FM sound broadcasting in the
frequency range from 87,5 to 108,0 MHZ’ 1 (1998)

Plan de travail :

vVvyYyywy

isoler une station commerciale FM du flux 1Q enregistré
démoduler le signal FM

identifier le signal RDS

synchronisation des symboles numériques

>

>

>

> isoler le signal RDS (transposition de fréquence et filtrage)

>

> compensation de |'écart de fréquence récepteur/émetteur (BPSK)
>

synchronisation du flux (CRC/SyncWord)

1. http://jmfriedt.free.fr/EN50067_RDS_Standard.pdf
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Isoler une station FM
» Démodulateur FM est une boucle a verrouillage de phase (PLL)

» Version numérique du démodulateur FM 2 :

X(t) = A-exp(jAw - t + jp(t)) avec p(t) = D/j m(T)dT

alors
(n+1)-Ts
Xn-Xp1=A exp|jAw- Ts+jD/ m(7)dT
n-Tg
et
(n4+1)-Ts
/ m(7)dT >~ Ts - m(n- Ts) (rectangle)
n-Tg
tel que

arg(Xn - Xy 1) =Aw- Ts+D - Ts-m(n- Ts)
offset gain
> seule la station la plus puissance est démodulée (FM capture?)

> filtrer et visualiser

Options Variable QT GUI Range QT GUI Range
Output Language: Python 1D: samp_rate. 1D: freq 1D: gain
Generate Options: QT GUI Value: 2.1168M Default Value: 0 Default Value: 50
Realtime ing: Off Start: -2k Start: 0
Stop: 2k Stop: 150
File Source S S

File: ...e91.6_21janv2017.bin
Repeat: Yes

Add begin tag: ()

Offset: 0

Length: 0

osmocom Source
Sync: Unknown PPS

Number Channels: 1
sample Rate (sps): 2.1168M
Cho: Frequency (Hz): 102.4M
Cho: Frequency Correction (ppm): 0

command out}

Cho: DC Offset Mode: 0
Cho: IQ Balance Mode: 0
Cho: Gain Mode: False
Cho: RF Gain (dB): 30
Cho: IF Gain (dB): 20
Cho: BB Gain (dB): 20

\M\ N (L{w 1 it u »J\MWMW},LM (J

Throttle
Rate: 2.1168M

QT GUI Frequency Sink
FFT Size: 1024

Center Frequency (Hz): 0
Bandwidth (Hz): 2.1168M

b
CT—

Frequency (MHz)

3. D. Bederov, Arithmetic based implementation of a quadrature FM Demodulator, a

https://fosdem.org/2015/schedule/event/sdr_arithmetic/

3. J.- M Friedt, La peinture sur spectre radiofréquence, et I'effet capture de la modulation en fréquence — ou
pourquoi les avions communiquent encore en AM, GNU/Linux Magazine France 216 (Juin 2018)
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Transposer et isoler le signal RDS

Realtime Scheduling: Off

Options Variable QTGUIRange | | QTGUIRange
Output Language: Python | | 1: samprate | | 10z freq 10: gain
Generate Options: QT GUI | | Value: 2.1168M | | Default Value: 0 | | Default Value: 50
start: 2k start: 0

Stop: 2k

Stop: 150

File Source
File: ..e91_6 21janv2017.bin
Repeat: Yes
Add begin tag: (

set: 0
Length: 0

osmocom Source
Syne: Unknown PPS
Number Channels: 1
Sample Rate (sps): 2.1168M
Cho: Frequency (Hz): 102.4M

Cho: Frequency Correction (ppm: 0
command out

c
c
a
a
a

Cho: BB Gain (dB): 20

FM est réelle)

QT GUI Frequency Sink
FFT Size: 1024

Center Frequency (Hz): 0
Bandwidth (HaJ: 2.1168M

Sous-porteuse a 3 x 19 = 57 kHz
Transposition de fréquence (4+57 ou —57 kHz puisque démodulation

Low-pass Filter Taps
10: monfiltre
Gain: 10
Sample Rate (Hzj: 211,68k
Cutoff Freq (Hz): 2375k
“Transition Width (Hz): 1k
Window: Hamming

Low Pass Filter

Frequency Xlating FIR Filter
Decimation: 1

Taps: monfiltre

Center Frequency: 57k
Sample Rate: 211.68k

QT GUI Time Sink
Number of Points: 102.4k
‘Sample Rate: 2.1168M

Autoscale: No

Complex to Arg

Sample Rate: 2.1168M
Cutoff Freq: 200k
Transition Width: 100k
Window: Hamming

Filtrage (cf bitrate : 57/48 = 1, 1875 kbits/s) mais codage différentiel
Manchester (1 — 10 et 0 — 01) donc 1 bit en entrée pour 2 bits en

sortie (1,1875 x 2 = 2.375 kHz, premier null du spectre)

Modulation en phase

QT GUI Waterfall Sink
FFT Size: 1024

Center Frequency (Hz): 0
| Bandwidth 2y 211,68k

lfreq|

1.7 Data-channel spectrum shaping
The power of the data signal at and close to the 57 K subcarrier is minimized by coding each source data bit as
abiphase symbol.

-locked-| Land

“This is done (0 avoid data-modulated cross-talk in pha
with the AR system. The principle of the process of generation of the shaped biphase symbols is shown schematically in
figure 1. Tn concept each source bit gives rise to an odd impulse-pair, e(t), such that a logic 1 at source gives:

1->10
» 0->01

) = B - B -1, 12) [}

and alogic 0 at source gives:

@

<) = - 80) < b0 -

Amplitude

000

Time (us)



Modulation de phase

1

» PSK : Phase Shift ﬂ
Keying

> o = arctan(Q//) : sortie
du démodulateur 1Q

» stabilité de |'oscillateur
local : diagramme de
constellation

» RDS, GPS : BPSK
(Binary Phase Shift
Keying) — démonstration |
avec un mélangeur
saturé commandé par les U

tension (u.a.)
=)

bits a transmettre

|

0 500 1000 1500 2000
temps (u.a.)
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Démodulation de phase

Nécessite une reproduction de la porteuse non-modulée
exp(j(Awt + ¢))V = exp(j(NAwt + Ng)) = exp(jNAwt) if ¢ =27 -n/N

1 - - - x2 R
0.8
05 f -
Z 2 06
3 0 o5
5 g 04
-05H o2
. L ) ) o
0 500 1000 1500 2000 0 500 1000 1500 2000
temps (u.a.) temps (u.a.)
{ FFT FFT
500 ————————— 1000 —— 57—
H Z
=
~ 400 | 2 R L £
n = =3
4 B s . &
. . . = 3001 g |modulation L
emission reception H
[ 1T ] é 200 F g g =
1.21 GHz source E
LO, -43 dBm
ol — ol L
DVB-T 800 850 900 950 1000 1050 1100 1150 1200 800 850 900 950 1000 1050 1100 1150 1200
IF BPSK modulated frequence(u.a.) frequence(u.a.)
100 kHz RF signal

Porteuse issue de la mise au carré du signal BPSK

cos(p)? o cos(2¢) ¢ € [0; 7] = 2p = 0[27]
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Démodulation de phase

Retrouver la porteuse dans GNU Radio (rétroactions interdites dans GNU Radio) : block disponible “boucle de Costas”

Options Variable

Output Language: Python | | 1D: samp_rate

Generate Options: QT GUI Value: 100k
QT GUI Frequency Sink

QT GUIRange FFT Size: 1024
) Center Frequency (Hz): 0
: f ’
Noise Source Bandwidth (Hz): 100k

Default Value: Tk .
Noise Type: Gaussian

Start: 0
Soop5OK Amplitude: 100m )
signal Source g 1 Seed: 0 QT GUI Time Sink
2 Number of Points: 1.024k
Sample Rate: 100k

Sample Rate: 100k
Waveform: Cosine
Frequency: 1k
Amplitude: 1

Offset: 0

Initial Phase (Radians): 0

Throttle @ETESEED Autoscale: No
Sample Rate: 100k Loop Bandwidth: 62.8m

BPSK signal BPSK

carrier

Complex to Arg

Signal Source
sample Rate: 100k
Waveform: Square
Frequency: 600
Amplitude: 2
Offset: -1
Initial Phase (Radians): 0

Float To Complex

message

Constant Source
Constant: 0

Carrier offset : Aw + Modulation : ¢ = [0; 7] — sin(Aw - t + @)
—_———

sépare
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Application a RDS

vV vyVvYyywy

o] & Freuency Correction Gpm:0 [
D209 cno: oC Offset Mode: 0

Signal RDS faible = contréle de gain automatique (AGC)

Compensation de |'écart entre oscillateur local et oscillateur distant qui porte RDS

Phase cesse de tourner

Diagramme de constellation

QT GUI Constellation Sink
Number of Points: 1.024k
Autoscale: No

QT GULTime sink
Number of Points: 102.4%

] Banawieen ovax 211,68k

FFY Size: 1024
Center Frequency (Hz}:0
Bandwidth (Hz) 2.1168M

osmocom Source
Sync: Unknown PPS
Number Channels: |
‘Sample Rate (spsk 2.1168M
Cho: Frequency (Hzl: 102.4M

Cho: 1Q Balance Mode: 0
Cho: Gain Mode: False
Cho: RF Gain (68} 30
Cho: IF Gain (dB): 20
cho: BB Gain (4B}: 20

Lowpass Filter Taps

Options QruRange | | QT GUIRange AT
Output Language: Python :feq 1 gain Gain: 10 e
e o Sample Rate (Ha) 211,686
Realtime Scheduling: Off Stare: 2k Start0 e

e S Transition Width (HzJ: 1k

——— Stepe 1 step: 1 Low Pass Filter Window: Homming
Fle: 91,6 21jam2017.bin Throttle
Repeat: Yes Sample Rate: 21168 Sample Rate: 2116811
L0 Limit: None Cutoff Freq: 200K
o i fg] 7 see 1024 =
G = Center Frequency (H2x O

Costas Loop.
Loop Bandwideh: 20m

Sample Rate: 211684
Autoscale: No
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Synchronisation des symboles

are

Low-pass Fiter Taps
Options QT GUIRange || QT GUI Range 10: monfitre
Output Language: Python 1D:feq 10: gin Gain: 10
Generate Options: QT GUI Default Vlue: | | Defauit value: 50 Sample Rate (Hzk 211 65
Realtime Scheduling: Off Start 2% Strt:0 Cutoff Freq (Hax 2375k
Stop: 2% Stop: 150 Transition Width (HzJ: 1k
step: 1 step: 1 Low Pass Filter Window: Hamming

Throttle

Complex to Arg

) Sample Rate: 2.1168M
‘Add begin tag: 0 Limit: None
o
Length: 0
Bandwidth (Ha) 211,68k
FRT Size: 1024 [ow]

‘osmocom Source Center Frequency (Hz: 0

Sync: Unknown PPS s

Number Channels: 1
Sample Rate (spsk 2.1168M
cho: Frequency (Hz: 102.41

Cho: Frequency Correction (ppmE: 0
Cho: DC Offset Mode: 0
Cno: 1Q Balance Mode: 0
Cno: Gain Mode: False:
@

[command]

B

E

cho: F Gain (@B 20
cho: BB Gain (4B}: 20

Symboles numériques sont sur-échantillonnés
Echantillons sur les transitions entre symboles numériques (phase € [0, 71])

Détecter les transitions et ne fournir en sortie que un échantillon par
symbole sur I'état stable du signal numérique (attention : changement de
débit)

Codage différentiel : deux bits/symbole

Symbol Sync : Samples per Symbol sps=samp_rate/DEC/ (1187 .5%2)

Quadrature

Quadrature.

Symbol sync
Timing Error Detector: Mueller and Mler
‘Samples per Symbok: £9.1284

Expected TED Gain: 1

Loop Bandwideh: 45m

‘Damping Factor: |

‘Maximum Deviation: 1.5

Output samples/symbol: 1

Interpolating Resampler: MM, 8 top IR

Number of Points: 1024k
Sample Rate: 2.1168M
Autoscale: No

Ul Constellation Sink

QT GULTime sink




Des symboles aux bits

Low-pass Fiter Taps
options variable | | QrGurrange || arGurRange 10: monfitre
Output Language: Python | | 10: samp rate | | 10z freq 10: gain Gain: 10 Frequency Xiating FIR Filter
Generate Options: Q1 GU! | | Value: 2.1166M | | Default alue: 0 | | pefaute value: 50 Sample Rate (Hzk 211 65k Decimation: 1
Realtime Scheduling: O Stare 2 sarco Cutof Freq 2y 2.375 Taps: monfitze
Stop: 2% Stop: 150 Transition Width (HzX 1k a| Center Frequency: 57k
Step: 1 Step: 1 Window: Hamming Sample Rate: 21168
File Source
(2 T E—
Aid oo 05:0 ST ar curteratsnk

Limit: None: FRTSize: 1024

QT GUI Frequency Sink
P Size: 1024

Center Frequency (Hz) 0
Bandwidth (Hz) 2.1168M

QT GUI Constellation Sink
Number of Points: 1.024k

Costas Loop
Loop Bandwidth: 20m

Timing Error Detector: Mueller and Miller
Samples per Symbol: 89.1284
Expected TED Gain: |

300
‘Sample Rate: 2.375k
Autoscale: No

» Décision pour passer des valeurs continues (phase) aux valeurs discrétes

(bits)

> Si codes convolutifs : algorithme de Viterbi (décision tenant compte du
2\ 4
passé)

> Partie rélle (1) pour s'affranchir du saut de 27 entre —7 et 7

> Seuillage pour passer de soft bits a hard bits : exp(jO) = 1 tandis que
exp(Ljr) = —1

Amplitude

Damping Factor: |
Maximum Deviation: 1.5

Output Samples/Symbol: 1

Interpolating Resampler: MMSE, 8 top FIR

Complex to Arg

QT GUI Time sink
Number of Points: 102.4k
Sample Rate: 2.1168M
Autoscale: No

Time (ms)

4. J.-M Friedt, Décodage d’images numériques issues de satellites météorologiques en orbite basse : le protocole

LRPT de Meteor-M2 (2/3), GNU/Linux Magazine France 227 (Juin 2019)
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Synchronisation du flux de bits

2.4 Synchronisation of blocks and groups

“The blocks within each group are identified by the offset words A, B, C or €' and D added to blocks 1,2, 3, and
4 respectively in each group (see annex

‘The beginnings and ends of the data blocks may be recognized in the receiver decoder by using the fact that the
error-checking decoder will, with  high level of confidence, detect block synchronisation slip as well as additive errors
“This system of block synchronisation is made reliable by the addition of the offset wards (which also serve to identify the
blocks within the group). These offset words destroy the cyclic property of the basic code o that in the modified code,
cyelic shifts of codewords do not give rise to other codewords [6, 7]

Further explanation of a technique for extracting the block synchronisation information at the receiver s given
inannex C.

> Norme : utiliser le code cyclique redondondant (CRC) pour identifier le

début des phrases

Page 66
EN S0067:1998

ANNEX C (informative)

Implementation of group and block synchronisation using

the modified shortened cyclic code
€1 Theory

C.LL1 Acaquisition of group and block synchranisation

Page 13
EN 50067:1998

e arep - 104t < 7.

o exampl

on twning t0 a new station, o after H caleulsted for

scquence. Thatis. on every f

received data bitreccived

seaenesfora o [ B, C(0rC), D} are found i x umwmhmn 1.2, 3,cte). When this is achicved,
its at the ransmiter

receiver B,

» Recherche de position du premier bit pour lequel CRC correct pour les

données qui le précedent

> Alternative : utiliser le code unique attribué a chaque station FM (PI :

Program Identification)

> Liste des Pl disponible a

https://www.arcom.fr/radio-et-audio-numerique/radio-fm-dab

» Norme : toutes les transmissions se font MSB en premier

rogwanme ienificaton code = 16 b sce 2.1 and annex )
e Prosranne Uenifstoncod = G323
code = 5 birs (see 3.2.1.2 and annex F}

Amplituda

Time (ms)

=

Amplitude
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Synchronisation du flux de bits

Low-pass Filter Taps
options Variable QrGurRange || QT GUIRange 10: monfitre
Output Language: Python | | 10: samp rate | | 10 freq 10: gain Gain: 10. Frequency Xiating FIR Filter
Generate Options: QT GUI | | value: 2.1168M ‘Sample Rate (Hz) 211,68k Decimation: 1
Realtime Scheduling: Off Start: 2 start0 Cutoff Freq (Hz): 2375 Taps: montilre
Stop: 2k Stop: 150 Transition Width (HzJ: 1k €a) center Frequency: 57k
Step: 1 Step: 1 Window: Hamming ‘Sample Rate: 211,68k

File Source
File: 916 21janv2017.6in

QT GUI Waterfall sink

QT GUI Time Sink.
Number of Points: 300
‘Sample Rate: 2.375k
Autoscale: No

QT GUI Time Sink
Number of Points: 300
‘Sample Rate: 2.375k
Autoscale: No

Tag Name: paciet

France Musique

» Traduire le code Pl en codage différentiel pour correspondre au flux
> entrée 1 inverse |'état, 0 conserve |'état

» ARCOM (ex-CSA) : France Musique
PI=0xF203

»> 1111 0010 0000 0011 — 0101 1100 0000 0010
» — 01100110 10100101 01010101 01011001

» Correlate Access Code recherche le motif

The source data

%9 center Frequency zy o 19
[ Bandwidth ez 211,68

Float To UChar
Scale: 1

1.6 Differential coding

Complex to Arg

Costas Loop
Loop Bandwidth: 20m.

QT GUI Constellation Sink
Number of Points: 1.024k
Autoscale: No

Symbol sync
‘Timing Error Detector: Mueller and Muller
Samples per Symbol: 89.1284

Expected TED Gain: |

Damping Factor: |

“Table 1: Encoding rules

Previous ot

New outpnt

15
Output Samples/Symbol: 1
Interpolating Resampler: MMSE. 8 top FIR

QT 6UI Constelation Sink.
Number of Points: 1.024k
Autoscale: No

Number of Points: 102.4k
Sample Rate: 2.1168M
Autoscale: No.

QT GUI Time sink

Page9
EN 50067:1998

Thus, when the input.data level s 0, the output remains unchanged from the previous output bit and when an
iput I occurs, the new output bit i the complement of the previous output it

Inthe receiver,the data may be decoded by the inverse process:

Table 2: Decoding rules

dans le flux de bits et produit un Tag

» Time Sink peut déclencher sur la condition de Tag ( Trigger— Trigger Mode : Tag et donner le nom dans Trigger

Tag Key)

rate i cqual to 1187.5 Hz

Previos inpt New npot o cutpat
ttime ot ime ) attime )
The ety decoded whether of not

is inverted.
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Post-traitement : Python Block

Frequency Xiating FIR Filter
Decimation: 1

Taps: monfilre

Center Frequency: 57k
Sample Rate: 211,68k

Autoscale: No

ltreq)

Low-pass Filter Taps

Options Variable QTGUIRange || QT GUI Range 10: monfitre

Output Language: Python | | 10: samp rate | | 10 frea 10: gain Gain: 10.

Generate Options: QT GUI ‘Sample Rate (Hz): 211,68k

Realtime Scheduling: Off start: 2 sareo Cutoff Freq (z) 2375k

Stop: 2k Stop: 150 Transition Width (Hal: 1k

File Source £ £330 Window: Hamming

File: .91 6 21jam2017.bin

Repeat: ves

Add begin tag: )

Offset:0

QT GUI Frequency Sink
P Size: 1024

Center Frequency (H2) 0
Bandwidth (Hz): 2.1168M

QT GUI Time Sink
Number of Points: 200
‘Sample Rate: 2,375k
Autoscale: No

QT GUI Time Sink
Number of Points: 300
‘Sample Rate: 2.375k
Autoscale: No

France Musique

Coreinte Aocuss CodsTog

AccessCode:00110,.10101011

foud fi}
Threshold:0

e

Correlate Access Code -Tag
Acces Code 00110..10110100 [}
Threshold: 0

Tag Name: paciet

El

Exploitation du tag pour
traiter les données du
tampon transmis
(excluant le tag)

Correlate Access Code -Tag
Access Code: 00110..00101101
Threshold: 0

Tag Name: packet

E
Bl

Autoscale: No.
Costas Loop
Loop Bandwidth: 20m.

QT GUI Waterfall Sink
P Size: 1024

ffreq]

T e reqency o 0

[ Bandwideh (uax 211 68

QT GUI Constellation Sink
Number of Points: 1.024k
Autoscale: No

‘Timing Error Detector: Musller and Maller
Samples per Symbol: 89,1284
Expected TED Gain: |

Complex To Real

Damping Factor: |
Maximum Deviation: 1.5

Output Samples/Symbol: |

Interpolating Resampler: MMSE, 8 tap FIR

Bloc de décodage dédié (Python Block) analyse les bits
pour en interpréter la séquence et produit

QUE

QUE

QUE

MU QUE

MU QUE

MUSIQUE

MUSIQUE

MU
MU

QT GUI Constelation Sink
Number of Points: 1.024k

QT GUI Time Sink
Number of Points: 102.4k
Sample Rate: 2.1168M
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Décodage des trames numériques de RDS

Extraits de EN 50067 Specification of the radio data system (RDS) for VHF/FM sound broadcasting in the frequency
range from 87,5 to 108,0 MHz

Page 21 Page 25
EN 50067:1998 EN 50067:1998
315  Coding of the Group types 3.5.3 Type 2 groups: RadioText
3.1.51 Type 0 groups: Basic tuning and switching information Figure 16 shows the format of type 2A groups and figure 17 the format of type 2B groups.
- : Text AB
The repetition rates of type 0 groups must be chosen in compliance with 3.1.3. . W‘ a0
. . 1l ‘
Figure 12 shows the format of type 0A groups and figure 13 the format of type OB groups. U
oo overors [ | e N el R -
coce otteeta |coin ottsets segment ottsetc segment offset D
w TN ol TR ITTIET
B,TP  TA DI segment -
2 e 8 8 8 O 0 8 X A AN
Checkword 3roup| Checkword ivel Checkword orvice| Checkword -
Pl code + type. + +
offset A |code offset B al req Y| oftsetC name segment offset D
ITERTTRRRITTIn 111 ITRTTET ERT ITTTETITTNTIeN
STl Text sogment character number
2 Y A A I Y Y A A A I A A A A A A | st e
T — :
4,0 0 1 2 0000 12 3 a4
pecoder [ 4% 0 1| [3 H 0001 s 6 7 8
control | 42 4 g T mmsmsmmmssmoooooe H 6
ALY |
do1 1 7 8 PR
Prog. service name and DI oo i 6 62 63 6
‘seqment adaross
Figure 12: Basic tuning and switching information - Type OA group Figure 16: RadioText - Type 2A group

Leurrage de signaux RDS : D. Symeonidis, RDS-TMC Spoofing using GNU Radio, Proc. 6th Karlsruhe Workshop on
Software Radios (2010), ou A. Barisani & D. Bianco, Injecting RDS TMC Traffic Information Signals, DEF CON 15 a
https://www.youtube.com/watch?v=xgGgRKi1CGo et https://blackhat.com/presentations/bh-usa-07/

Barisani_and_Bianco/Presentation/bh-usa-07-barisani_and_bianco.pdf 14/16
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Script Python de décodage des trames numériques de RDS

from gnuradio import gr
import pmt

# version Thomas Lavarenne
# voir https://github.com/tlavarenne/gr-rds-web-radio/

import binascii
import numpy as np

class blk(gr.basic_block):

def __init__(self, tag_name="packet"):
gr.basic_block.__init__(
self, name=’RDS decoder’, in_sig=[np.int8], out_sig=[])
self.tag_name = tag_name
self.max_block_length = 178 # 89 bits avant Manchester
self.nom=[’ 2,2 7,7 2,0 2 5 3 0 5 5 3 5 o]
self.texte=[’ ’]1x65
self.capture=False
self.byte=[]

def process(self,byte):

try:

i

while i<=len(byte)-2:

if

if

# interpretation des trames RDS

o
i

# Manchester + differentiel

if (bytel[il != bytel[i+1l): # didentique => 1
td+=20" # different => 0
else:
td+=>1"
i=i+2
td [10:15]=="00000": # nom de la station

cdl=str(binascii.unhexlify(’%x’ % int(td[62:70],2)))[2
cd2=str(binascii.unhexlify (*%x’ % int(td[70:78],2)))[2
indice=int (td [24:26]) # 700’ 7117
self.nom [0+2*indice]l=cd1l
self.nom[1+2*indicel=cd2
for 1 in range(0,8):

print (self.nom[1],end="")
print (’’, flush=True)

td [10:15]1=="00100": # nom du programme
A=str(binascii.unhexlify (’%x’ % int(td[36:44],2)))[2:-1]
B=str(binascii.unhexlify (’%x’ % 21,2)))[2:-1]
unhexlifv(’%x’ % 01l . 2 [2:-1]

D=str(binascii.unhexlify (’%x’ % int(td[70:78],2))) [2:-1]
i=(int (td [22]) *8+int (td [23]) *4+int (td [24]) *2+int (td [25])) %4
self.texte[i+0]=A
self.texte[i+1]=B
self.texte[i+2]=C
self.texte[i+3]=D
for m in range (0,64):
print (self.texte[m],end="’)
print (’’, flush=True)
if td[10:15 ?01000° : # date/heure
julianday=td[24]+td [25]+td [36:51]
hour=td [51]+td [62:66]
minute=td [66:72] # RDS page 28
print (£"Date/time={julianday} @ {hour}:{minute} UTC")
except:
pass

def general_work(self, input_items, output_items):

in0 = input_items[0]
ninput = len(in0)
abs0 = int(self.nitems_read(0))

if self.capture==False: # cherche le tag packet
tags = self.get_tags_in_window (0, 0, ninput)
for i in range(len(tags)):
if tags[il.key pmt.intern(self.tag_name):
jO=int (tags[i].offset)-abs0 # absolu -> relatif
self.capture=True
self.byte=[]
in0=in0[j0:]
if self.capture==True:
for i in range(len(in0)):
self.byte.append(str(int(in0[i])))
if len(self.byte)>=self.max_block_length:
self.process(self.byte)
self.capture=False
self.byte=[]
self.consume (0,
return 0

# accumule les bits

ninput)
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Conclusion

v

Prise en main de GNU Radio (complexes v.s. réels, repliement spectral, filtrage et impact de la
bande de transition sur ressources de calcul et retard)

Applicable sur signaux synthétiques et réels

Cas d'une communication numérique (RDS)

Démodulation FM, transposition de la sous-porteuse en bande de base : constellation tourne
Compensation de I'écart de fréquence (boucle de Costas) : constellation stable mais points reliés
Synchronisation de symboles : constellation formée de points (soft bits) distincts

Décision (soft bits — hard bits)

Bits — phrases (mot de synchronisation, utilisation du CRC)

VvyVvyVvyVYyVvYVYyYy

Interprétation des phrases
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