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Overview

• RF 101

• Hardware  Software

• SDR Platforms

• Applications & Examples
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SDR is ideal and cost-effective for solving RF problems/creating custom solutions



Transmitting Data

• Radio (carrier) wave must be modulated to 
convey information

• OOK (On‐Off Keying)
– Presence/absence of a signal

• COFDM (Coded Orthogonal Frequency‐
Division Multiplexing)
– WiFi, DVB, DAB, WiMAX, UWB, 4G, ADSL, PLC
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Carrier wave is single frequency that transmitter and receiver must both be tuned to
New hardware with advanced modulation often have upgradable firmware (DSP), which is on-board SDR



AM & FM: In the Time Domain
Analog or 
digital
information
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In the Frequency Domain
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Modulation

• Modulation technique defines how the signal 
will look on the spectrum
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Hardware

• Crystal set receiver
– Powerful AM transmissions

• More advanced hardware to handle 
increasingly complex modulation schemes
– FM, stereo FM, microwave, digital…
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http://en.wikipedia.org/wiki/Crystal_radio



Modulation in Hardware

• MOdulation and  DE‐Modulation traditionally 
performed in hardware

• ‘Black box’ implementation
– Not re‐configurable

• Modern digital hardware allows more 
flexibility

Radyne Comstream 
DMD‐15 Satellite Modem
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Can’t open FM radio and change demodulation parameters



Software Defined Radio

• Hardware  software representation
– Completely re‐configurable

– Only RF front‐end kept as hardware

• Continuous process  discrete & quantised
– Digital sampling produces
voltage levels 
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Move large part of hardware into equivalent software representation
Modulation techniques often have simple & elegant software representation
Simplest sampling example is sound card




Sampling

• Nyquist‐Shannon Sampling Theorem:
– “Sample at twice the highest required frequency”

– Avoid aliasing of signal

• Analog‐to‐Digital Converter (RX)

• Digital‐to‐Analog Converter (TX)

• ADC/DAC rate determines bandwidth*

7, 9, 11, 12, 13, 14, 14, 15, 15, 
15, 14, 14, 13, 12, 10, 9, 7, …

ADC

DAC
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COTS SDRs

Open source? No.
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The

Universal
Software
Radio
Peripheral

(USRP 1)

Sample rate = bandwidth
0.25 ‐ 16 MHz

With WBX daughterboard:
RX/TX: 50 MHz ‐ 2.2 GHz

ADC/DAC
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Open-source hardware
FPGA used for real-time signal processing (DSP), firmware is software
Many newer models available with better specs



The FUNcube Dongle



Host Software

• Receive/transmit baseband samples
– Analyse & display

– (De‐)modulate

– Encode/decode (extract information)

• Well‐known platforms/programs:
– LabVIEW

– MATLAB Simulink

Open source? No.



GNU Radio

• Open source signal processing toolkit
• Data flow paradigm

– Signals flow from sources to sinks
• Intermediary blocks operate on signals

– Sources & sinks: USRP, sound card, file, network
– Visualisation: FFT, waterfall, scope
– Signal types: complex, float, integers
– Filters: traditional building blocks used in analog and 
digital RF hardware

• Completely extensible (Python: high level, C++: 
grunt)
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GNU Radio Companion
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AM radio
http://www.oz9aec.net/index.php/gnu-radio/grc-examples



2G GSM Waterfall

8 MHz wide (8 Msps)

Broadcast 
control channelTraffic channel
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usrp_fft.py comes with GR
200 kHz channels



CDMA Detection with GRC

Find repeating 
patterns buried 
within a signal

Visualise intensity 
of frequency 
components 
over time

Visualise 
instantaneous
frequency spectrum

2.1 GHz 3G

850 MHz NextG

L1 GPS
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Grey is disabled
Will generate Python code via Cheetah Template Engine that can be customised



3G W‐CDMA

Signature of UMTS: repeating data in CPICH at 10 ms intervals
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Common Pilot Channel



USRP out and about







Applications of SDR

• Radio astronomy

• Passive radar

• DVB‐S decoder

• Tracking pedestrian foot traffic in 
shopping malls

• Much more…



OpenBTS

• Open‐source 2G GSM stack
– Asterix softswitch (PBX)

– VoIP backhaul
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Special FPGA code (timing constraints)
SMS-ing
http://openbts.sourceforge.net/



Tracking Aircraft: “Modez”

AviationMapper











Satellite Communications

• Lots of different types of satellites
• Variables:

– Purpose: comms, weather, MIL, amateur
– Payload: transponders, cameras/sensors
– Orbit: Low Earth Orbit, geostationary (geosync)
– Frequencies: uplink, downlink, beacon, command

• Two categories:
– Intelligent: communication with on‐board systems
– Dumb: relay information with linear transponders



Wide‐area re‐broadcast

• RF megaphone (e.g. satellite TV)

• Single dish sends beam on uplink to satellite

• Linear transponder shifts raw RF to downlink 
frequency, re‐transmitted via spot beams

• Cover any entire country

• Linear transponders are dumb: re‐broadcast 
anything onto coverage area



What you need

Dish + LNB + power injector + USRP + GNU Radio
(set‐top box with LNB‐thru)



Demodulation: easy when you know

Are there multiple streams?
How are they multiplexed?

Possible to determine if it is scrambled
(calculate stats), but what is the scrambler?
Is it additive or multiplicative?
How is it synchronised?

Is it differential, or 
what defines a 0/1?

Which FEC(s) is used?
Is it a concatenated code?
What is the code rate?
What is the block size?
How is it synchronised?

What is the modulation?
Symbol rate? Require coherence?
What is the phase difference?
Need to conjugate complex plane?
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Downconverter is LNB
Analog tract is USRP
Frequencies are known through scanning/reference



Let’s try one…

• Feed entire baseband spectrum into GR
• Perform ‘channel selection’ to isolate stream of interest 
(create new baseband 

centred on stream)



Determine Symbol Rate

• Find first peak

9.6 kHz = 9600 symbols/sec



Try synchronisation & FEC

FEC Rate: ½
Not differential
No phase shift
(depends on when you 
switch on receiver)
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Error rate derived from Viterbi path cost





Visualisation

• Raw data (0: black, 1: white)

Descrambling time!



De‐scrambled

• Better, but long runs of 0s and 1s (not ideal)

Differential decoding time!



Diff. decoded & de‐scrambled

• Structured, asynchronous packets of data!

Repeating structure



Pattern Search

• Search for repeating 
strings of bits

• Try to find frame header

• Clue: sudden increase in 
# of occurrences

Preceding 1s are just part of ‘idle’ 
stream when no data is being sent



Frame analysis

• Header
– SYN SYN SYN (EBCDIC)

• Character‐oriented encoding:
– SOH
– STX
– ETX
– CRC (CCITT‐16)

• Numbers of fixed‐length messages
– Each contains an ID



Un‐pack & find patterns

0001 [20 049 200] (1/1) ff 18 80 70 01 24 e9 ae ed 26 1a 07 31 90 19 fa 00 00 03 02 00 72 e9 2e

0034 [20 051 161] (1/1) ff 18 80 70 01 24 e9 c7 ed 24 1a 07 31 90 19 fa 00 00 03 02 00 72 e9 2d

0067 [20 053 121] (1/1) ff 18 80 70 01 24 e9 d9 ed 2c 1a 07 31 90 19 fa 00 00 03 02 00 71 e9 2d

0101 [20 055 082] (1/1) ff 18 80 70 01 24 e9 ee ed 2f 1a 07 31 90 19 fa 00 00 03 02 00 71 e9 2d

0134 [20 057 043] (1/1) ff 18 80 70 01 24 e9 ff ed 36 1a 07 31 90 19 fa 00 00 03 03 00 72 e9 2e

0167 [20 059 004] (1/1) ff 18 80 70 01 24 ea 10 ed 40 1a 07 31 90 19 fa 00 00 03 02 00 72 e9 2d

0200 [20 060 221] (1/1) ff 18 80 70 01 24 ea 24 ed 43 1a 07 31 90 19 fa 00 00 03 02 00 73 e9 2d

0233 [20 062 182] (1/1) ff 18 80 70 01 24 ea 3b ed 44 1a 07 31 90 19 fa 00 00 03 02 00 72 e9 2d

0266 [20 064 142] (1/1) ff 18 80 70 01 24 ea 4d ed 4c 1a 07 31 90 19 fa 00 00 03 03 00 74 e9 2c

0299 [20 066 103] (1/1) ff 18 80 70 01 24 ea 62 ed 4f 1a 07 31 90 19 fa 00 00 03 03 00 71 e9 2c

0332 [20 068 064] (1/1) ff 18 80 70 01 24 ea 75 ed 54 1a 07 31 90 19 fa 00 00 03 04 00 70 e9 2c

0365 [20 070 025] (1/1) ff 18 80 70 01 24 ea 80 ed 62 1a 07 31 90 19 fa 00 00 03 03 00 6d e9 2d

0398 [20 071 242] (1/1) ff 18 80 70 01 24 ea 98 ed 64 1a 07 31 90 19 fa 00 00 03 02 00 6b e9 2d

0431 [20 073 203] (1/1) ff 18 80 70 01 24 ea a7 ed 6e 1a 08 31 90 19 fa 00 00 03 00 00 6c e9 2d

0464 [20 075 164] (1/1) ff 18 80 70 01 24 ea bc ed 71 1a 08 31 90 19 fa 00 00 03 00 00 6c e9 2d

0497 [20 077 125] (1/1) ff 18 80 70 01 24 ea cf ed 76 1a 08 31 90 19 fa 00 00 02 99 00 6d e9 2d

0530 [20 079 086] (1/1) ff 18 80 70 01 24 ea e8 ed 76 1a 08 31 90 19 fa 00 00 03 00 00 6b e9 2b

0563 [20 081 047] (1/1) ff 18 80 70 01 24 ea f7 ed 80 1a 08 31 90 19 fa 00 00 03 01 00 69 e9 2b

0596 [20 083 008] (1/1) ff 18 80 70 01 24 eb 06 ed 8a 1a 08 31 90 19 fa 00 00 03 01 00 66 e9 2b

0630 [20 084 225] (1/1) ff 18 80 70 01 24 eb 1b ed 8e 1a 08 31 90 19 fa 00 00 03 01 00 67 e9 2b

0663 [20 086 187] (1/1) ff 18 80 70 01 24 eb 30 ed 92 1a 08 31 90 19 fa 00 00 03 01 00 6a e9 2c

0696 [20 088 148] (1/1) ff 18 80 70 01 24 eb 45 ed 95 1a 08 31 90 19 fa 00 00 03 01 00 70 e9 2c

0729 [20 090 109] (1/1) ff 18 80 70 01 24 eb 59 ed 99 1a 08 31 90 19 fa 00 00 03 03 00 73 e9 2c

0762 [20 092 069] (1/1) ff 18 80 70 01 24 eb 6b ed a1 1a 08 31 90 19 fa 00 00 03 03 00 75 e9 2b

0795 [20 094 030] (1/1) ff 18 80 70 01 24 eb 7b ed a9 1a 08 31 90 19 fa 00 00 03 03 00 76 e9 2b

0828 [20 095 247] (1/1) ff 18 80 70 01 24 eb 8e ed af 1a 08 31 90 19 fa 00 00 03 03 00 75 e9 2b

0861 [20 097 208] (1/1) ff 18 80 70 01 24 eb a2 ed b3 1a 08 31 90 19 fa 00 00 03 02 00 74 e9 2b

0894 [20 099 169] (1/1) ff 18 80 70 01 24 eb b7 ed b6 1a 08 31 90 19 fa 00 00 03 03 00 72 e9 2b

0927 [20 101 130] (1/1) ff 18 80 70 01 24 eb ca ed bd 1a 08 31 90 19 fa 00 00 03 03 00 71 e9 2b

0960 [20 103 091] (1/1) ff 18 80 70 01 24 eb da ed c4 1a 08 31 90 19 fa 00 00 03 03 00 70 e9 2b

0993 [20 105 052] (1/1) ff 18 80 70 01 24 eb ef ed c9 1a 08 31 90 19 fa 00 00 03 03 00 70 e9 2b

1026 [20 107 013] (1/1) ff 18 80 70 01 24 ec 03 ed cd 1a 08 31 90 19 fa 00 00 03 03 00 71 e9 2b

#

Message header

16‐bit signed

BCD

8‐bit signed



The RFMap web interface
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