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About Me

PhD Student @ University of Paderborn
Distributed Embedded Systems Group

Work on several OOT Modules

WiFi, ZigBee, RDS, WeatherSonde
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Radio Data System

b ‘ FM: 2 T

y RADlD ” """"""""""""""""""" u \I ......................... u T'M
= | 4 | FOSDEM b —
. MEDA ™
{‘ — = "
T o 1 Hello 2 FOSDEM 3 . JCEAE ﬂ g

' FM ; FM FM |
PHONE , o

\ L 4 SDR EM 5 Dev EM 6 R00m FM‘! d/

 Band | Senderliste Speicher Extras Man.

(o \ : - e S— ; -




Radio Data System




Radio Data System

= Released 1984
" Last update 2014

"Digital subchannel on FM broadcasts
= Station name
= Alternate frequencies
" Time

* Traffic program / traffic announcement



Encoding

= Manchester encoded

=1187.5 bit/s

Group 104 bits
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Why RDS?

=Simple protocol

" Cheap hardware

= RTL-SDR + 2EUR antenna
= Ubiquitous

*= Extension of FM receiver

I
R-D'S



Jig{r])

= Open Source
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"Tested with RTL-SDR, USRPs, HackRF

"Easy to install

" Receive and transmit side

"http://www.github.com/bastibl/gr-rds/




ID: rds_rx

Title: Stereo F...RDS Decoder
Generate Options: WX GUI

Variable Variable Variable
ID: samp_rate ID: baseband_rate 1D: freg_tune
Value: 1M Value: 250k Value: 96.75M

Variable V:arlabl.e Varlablg

ID: audio decim ID: audio_decim_rate ID: bb_decim
’ - Value: 50k Value: 4
Value: 5

O

UHD: USRP Source
Samp Rate (Sps): 1M
ChO: Center Freq (Hz): 96.75M
ChO: Gain (dB):
ChO: Antenna: TX/RX

0

WX GUI Notebook
ID: nb
Tab Orientation: Top
Labels: ['BB’, 'Demod', 'L...
Grid Position: 2,0, 1, 2

Variable
ID: audio_rate
Value: 48k

Import
Import: math

Frequency Xlating FIR Filter
Decimation: 1

Taps: firdes.low_pass(1, s...
Center Frequency: 250k

WX GUI FFT Sink
Title: Baseband
Sample Rate: 1M
Baseband Freq: 0
Y per Div: 10 dB
Y Divs: 10
Ref Level (dB): -30
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15
Average Alpha: 800m
Notebook: nb, 0
Freq Set Varname: None

WBFM Receive

WX GUI Slider
ID: gain
Label: RF Gain
Default Value: 20
Minimum: 0
Maximum: 49.6
Converter: Float
Grid Position: 0,0, 1,1

WX GUI Slider
ID: freq
Label: Freg
Default Value: 37M
Minimum: 88.1M
Maximum: 107.9M
Converter: Float
Grid Position: 1,0, 1, 2

WX GUI Slider
1D: volume
Label: Volume
Default Value: 0
Minimum: -20
Maximum: 10
Converter: Float
Grid Position: 0,1,1,1

Q
Audio Decimation: 4

ure Rate: 1M
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Dynamic Range: 100 Note Average Alpha: 800m
mple Rate: 1M Reference Level: 0 : Note: L-R Notebook: nb, 1
RTL-SDR Source | Ref Scale (p2p): 2 5 = Freq Set Varname: None
= >
Sample Rate (sps): 1M 8 FFT Size: 512 £ ':'.,1
ChO: Frequency (Hz): 96.75M T ; FFT Rate: 15 Note '; B
ChO: Freq. Corr. (ppm): 0 «© § e Notebook: nb, 8 Note: Pilot [y EI
ChO: DC Offset Mode: Off '; g, 1’ Freq Set Varname: None g - E
. . e v ; 3 = “w
e | | €510 Bl s § i = g oomeing P ke 1 G s
1D: xlate_bandwidth ) . xnE8y ) T E i Title: DSBSC Sub-carrier
- ChO: RF Gain (dB): 20 EG T & Note: L+R ‘ Taps: firdes.complex_band ... ] 2
Value: 100k TEH9s WX GUI FFT Sink == - Sample Rate: 250k
ChO: IF Gain (dB): 20 £ % T L& Title: L+R [l Qr Basaband Frea0
Cho: BB Gain (dB): 20 c5i : : g
Variable XELY Note % g 8 % % Sample Rate: 50k i ] PLL Ref Out =S Y per Div: 10 dB
ID: freq offset Note: RDS & & eS8 8 Baseband Freq: 0 é g Loop Bandwidth: 1m ’_[ Y Divs: 10
Va-lu:'qESOk WX GUI FFT Sink ) Y per Div: 10 dB ™ ﬁ Max Freq: 482.549m Ref Level (dB): 0
3 Title: RDS Y Divs: 10 = " 5! Min Freq: 472.496m Ref Scale (p2p): 2
Sample Rate: 48k Ref Level (dB): 0 2 & ﬁ FFT Size: 1.024k
[ I Freq: 0 Ref Scale (p2p): 2 228 Refresh Rate: 15
Y per Div: 10 dB FFT Size: 1.024k E g = Multipl Notebook: nb, 4
= ]
Y Divs: 10 3 Refresh Rate: 15 é § §. By Freq Set Varname: None
5 ° Ref Level (dB): 0 !| < T Notebook: nb, 2 =
g 3 Ref Scale (p2p): 2 g * Freq Set Varname: None L[_l
-g FFT Size: 1.024k E X R o > WX GUI FFT Sink
[ Refresh Rate: 15 o G () ) E ,g Title: L-R
Notebook: nb, 5 § LE = A 3 Sample Rate: 250k
L1 L] @ MPSK Recei
Freq Set Varname: None s e« e E e ecelver I = Baseband Freq: 0
g : ‘é _E i E Tl;eta' 3 WX GUI Scope Sink ln'_ Y per Div: 10 dB
] & . Title: Scope Plot Y Divs: 10
Decimating FIR Filter cd8faxz Loop Bandwidth: 31.4159m bt § :
_[ Decimation: 5 M Min Freq: -60m Sample Rate: 2.375k (v Ref Level (dB): -50
e passi10,. M Mo o o V Scale: 400m WX GUI Scope Sink Ref Scale (p2p): 2
v x ps: firdes.low_pass(L0.... b 500:1' XY Mode: On Title: Pilot FFT Size: 1.024k
A ] e — Gal'" e Notebook: nb, 7 Sample Rate: 250k Refresh Rate: 15
'§, g 2 3 Interpolation: 48: Omega: '21 0526 Trigger Mode: Auto Notebook: nb, 3 Notebook: nb, 6
§ e ‘E" ; _>[ Multiply Const D - S'Ok = Gain 0';“ .a' . Y Axis Label: Counts Trigger Mode: Auto Freq Set Varname: None
SER $ed Constant: 31.6228 H e Y Axis Label: Counts
5 Ey a E ~ Taps: Omega Relative Limit: 5m M
o H Fractional BW: 0 ]
Eae E ae ractiona g S —— I Keep 1in N Differential Decoder
2 -/ N:2 i P Modulus: 2
= — r
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WX GUI Waterfall Sink
Title: Waterfall Plot
Sample Rate: 250k
Baseband Freq: 0

WX GUI FFT Sink
Title: FM Demod
Sample Rate: 250k
Baseband Freq: 0
Y per Div: 10 dB
Y Divs: 10

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

Interpolation: 48k
D 50k

Sample Rate: 48k

Audio Sink

RDS Parser

RDS Decoder




Volume: |0

BB | Demod | L+R | Pilot | DSBSC | RDS | L-R | RDS constellation | Waterfall

FM Demod - Trace Options
Peak Hold

& Average
Avg Alpha: 0.8000

Persistence

Trace A | Store

Power (dB)

Trace B | Store
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Autoscale

AXxis Options
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20 60
Frequency (kHz) Stop

Frequency 97.00 stationname WDR 3 programType Other Music P D393
TA Music Stereo stPTY

Clock Time 25.01.2015, 16:04 (+1.0h) Alt. Frequencies 92.70MHz, 97.00MHz
Radio Text WDR 3 Musikkulturen Mit Thomas Daun Mazurka-Fieber beim TFF ...




Volume: |0

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

Scope Plot XY Persistence

Axes Options
X/Div:

Y/Div:
X Off:
Y Off:

Autorange
Channel Options
Ch1 | Ch2 | Trig

Channel X: | Ch1
ChannelY: | Ch2

Marker: Dot Med -

Stop

Frequency 97.00 stationname WDR 3 programType Other Music p D393
TA Music Stereo stPTY

Clock Time 25.01.2015, 16:04 (+1.0h) Alt. Frequencies 91.70MHz
Radio Text WDR 3 Musikkultufon: 0221 56789 333 (kostenpflichtig)




TMGC

" Traffic Message Channel

= RDS group type for traffic information
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TMC Encoding

*National location table
= #266 Berlin, #11023 Paderborn Center

" 61456 locations for Germany

"Alert-C for event types

TRAFFIC MESSAGE CHANNEL

" #1340 swarm of insects
" #2022 public transport strike
" #1456 bull fight



Brilon
Paderborn-Zentrum

Terroranschlag

Paderborn-SchioR Neuhaus
Bielefeld

Abbrechen




Canard? Hacked?’

Navigation system
reports terrorist
attack in Bavaria

ALSCHMELDUNG? GEHACKT?

Navi meldet
erroranschiag in Bayern
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Disclaimer

"Please be careful with
" What you send
" On which frequency you send it

" How much power you use

*"You never know
= Who receives it

= If it triggers automated actions



Conclursion

“Try 1t
" Improve it

*=Build some

stuff with it

(<) DO




