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Radio Evolution

Software Radio� Conventional 
Radio +� Software 
Architecture� Reconfigurability� Provisions for 
easy upgrades

Conventional
Radio� Traditional RF 

Design� Traditional 
Baseband Design

Cognitive Radio� SDR + � Intelligence� Awareness� Learning � Observations
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Software Defined Radio (SDR)� Termed coined by Mitola in 1992� Radio’s physical layer behavior is primarily 
defined in software� Accepts fully programmable traffic & control 
information� Supports broad range of frequencies, air 
interfaces, and application software� Changes its initial configuration to satisfy user 
requirements

Tutorial at IEEE DySpan Conference, 2007
Understanding the Issues in SD Cognitive Radio
Jeffrey H. Reed, Charles W. Bostian, VT
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Cognitive Radio� Term coined by Mitola in 1999� Mitola’s definition:
– Software radio that is aware of its environment and its capabilities
– Alters its physical layer behavior
– Capable of following complex adaptation strategies� “A radio or system that senses, and is aware of, its 

operational environment and can dynamically and 
autonomously adjust its radio operating parameters 
accordingly”� Learns from previous experiences� Deals with situations not planned at the initial time of 
design
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1) Access to spectrum (finding an open frequency and using it)

Cognitive radios are a powerful tool for solving 
two major problems:
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2) Interoperability (talking to legacy radios using a variety of 
incompatible waveforms)

Cognitive radios are a powerful tool for solving 
two major problems:



GNU Radio

❒ Origin: MIT’s SpectrumWare (mid ’90s)
❒ Software toolkit for signal

processing
❍ Software radio construction
❍ Rapid development
❍ Cognitive radio

❒ USRP (Universal Software Radio Peripheral)
❍ Hardware frontend for sending

and receiving waveforms

GNU Radio ComponentsHardware Frontend Host ComputerRF Frontend(Daugtherboard) ADC/DAC andDigital Frontend(USRP)
http://mobiledevices.kom.aau.dk/fileadmin/mobiledevices/teaching/software_testing/Gnu_radio_lecture.pdf

GNU RadioSoftware



Architecture – overall

RF 
Front endDACUSB FPGA

USRP (mother board)
Daughter

board



RF 
Front endDACUSB FPGA

USRP (mother board)
Daughter

board

Support USB 2.0 at this stage, USB 1.x is not 
supported at all

1. Support 60MB/sec across the USB.
2. All samples sent over the USB interface 

are in 16-bit signed integers in IQ 
format, 16-bit I and 16-bit Q data 
(complex), resulting in 15 
Msamples/sec across the USB.

RF 
Front endDACUSB FPGA

USRP (mother board)
Daughter

board

Includes four digital down converters (DDC) and 
four digital up counters (DUC)

- Shift frequency from the baseband to the 
required frequency

- DDCs on the receiver side
- DUCs on the transmit side - actually contained 

in the AD9862 CODEC chips
- The only transmit signal processing blocks in 

the FPGA are the interpolators



RF 
Front endDACUSB FPGA

USRP (mother board)
Daughter

board

- 4 high-speed 14-bit 
64Msamples/sec DA converters

- 4 high-speed 12-bit 
64Msample/sec AD converters

RF 
Front endDACUSB FPGA

USRP (mother board)
Daughter

board

BasicTX -- 2 MHz to 200 MHz Transmitter 
BasicRX -- 2 MHz to 300+ MHz Receiver 
LFTX -- DC-30 MHz Transmitter 
LFRX -- DC-30 MHz Receiver 
TVRX -- 50 MHz to 870 MHz Receiver 
DBSRX -- 800 MHz to 2.4 GHz Receiver 
RFX400 -- 400-500 MHz Transceiver 
RFX900 -- 800-1000MHz Transceiver 
RFX1200 -- 1150 MHz - 1450 MHz Transceiver
RFX1800 -- 1.5-2.1 GHz Transceiver
RFX2400 -- 2.3-2.9 GHz Transceiver, 20+mW output



GNU Radio has 
provided some 
useful APIs such as 
modulation, 
demodulation, filtering, 
etc.

RF 
Front endDACUSB FPGA

USRP (mother board)
Daughter

board

Basics: Blocks

❒ Signal Processing Block
❍ Accepts 0 or more input 

streams
❍ Produces 0 or more output 

streams

❒ Source: No input
❍ noise_source,
signal_source,
usrp_source

❒ Sink: No outputs
❍ audio_alsa_sink,
usrp_sink

http://zoo.cs.yale.edu/classes/cs434/



Basics: Data Streams

❒ Blocks operate on streams of data

1 5 3

3 7 9

4 12 12

http://zoo.cs.yale.edu/classes/cs434/

Basics: Data Types

❒ Blocks operate on certain 
data types

❍ char, short, int, 
float, complex

❍ Vectors

❒ Input Signature:
❍ Data types for input 

streams

❒ Output Signature:
❍ Data types for output 

streams

Two streamsof float
One streamof complex

http://zoo.cs.yale.edu/classes/cs434/



Basics: Flow Graph

❒ Blocks composed as a flow graph
❍ Data stream flowing from sources to sinks

http://zoo.cs.yale.edu/classes/cs434/

Example: OFDM Synchronizer

http://gnuradio.org/trac/raw-attachment/wiki/Wireless/gr_ofdm.pdf



Development Architecture

http://mobiledevices.kom.aau.dk/fileadmin/mobiledevices/teaching/software_testing/Gnu_radio_lecture.pdf
Python

Application development
Flow graph construction

C++

Signal processing blocks

❒ Python
❍ Application management 

(e.g., GUI)
❍ Flow graph construction

❍ Non-streaming code (e.g., 
MAC-layer)

❒ C++
❍ Signal processing blocks

❍ Certain routines also 
coded in assembly

Dial Tone Example� Generates two sine waves and outputs them to the so und card

Importing necessary module

Generates two 
sine waves

Writes sampling _freq input
to the sound card

connect the blocks together 

http://www.gnu.org/software/gnuradio/doc/exploring-gnuradio.html



GRC (GNU Radio Companion)



Lab Report #3 (Due Sep. 18)� Install GNU Radio (Gnuradio-3.2.2 stable version) and GRC (part of the 
standard package)� Read on Python

– http://www.python.org/doc/essays/blurb/
– http://heather.cs.ucdavis.edu/~matloff/Python/PythonIntro.pdf� Read on GNU Radio
– http://spectrum.ieee.org/oct06/4654
– http://dev.emcelettronica.com/gnu-radio-open-source-software-defined-radio� Optional reading (main information source on GNU Radio and Python)
– http://gnuradio.org/trac
– https://radioware.nd.edu/documentation
– https://www.cgran.org/ 
– http://www.python.org/
– http://www.python.or.kr/� Report: Discuss what you learned and what you want to know more in less than 

2 pages.

Lab Report #4 (Due Sep. 25)� Try these and report your experience (screen shot if possible)
– Make a simple GNU Radio GUI 

(http://www.funwithelectronics.com/?id=10)
– Dial tone example (Example 1 of 

http://www.gnu.org/software/gnuradio/doc/exploring-gnuradio.html)
– Dial tone example with GRC
– Any additional GRC example
– Any additional GNU Radio example� Discuss what you have learned� Start early; you’ll encounter a number of issues (hopefully not 

many) during the installation of GNU Radio.



Project � Sep. 24 (R): Send an email about the project team 
and title� Oct. 28 (W): Project presentation (~10 slides) � Oct. 29 (R): Mid-report (3-5 pages with 11-point font)� Dec. 14 (M) & 16 (W): Presentation (~15 slides) � Dec. 17 (R): Final report (4-8 pages with 11-point 
font)

– It is highly suggested to include details of the experiment as 
an Appendix at the end of your report. � Please refer to the following webpage for project 

subjects(http://academic.csuohio.edu/yuc/mobile09/)

Project Suggestions� Communication is now translated to computation in GNU radio as 
most of communication functions are implemented in software. We are 
interested in measuring the computational complexity of 
communication functions with the purpose of energy efficiency, 
reliability-performance tradeoff, and so on. (Modulation Scaling for 
Energy Aware Communications Systems, ISLPED’01)� GNU Radio and USRP can be used to implement and test cooperative
communication technologies such as amplify-and-forward, worm-hole 
switching, virtual MIMO, etc. (Cooperative communication in wireless 
networks, IEEE Comm. Mag., 2004, Challenges: a radically new 
architecture for next generation mobile ad hoc networks, Mobicom
2005)� Cognitive radio network where each radio monitors the channel 
utilization and intelligently switches to a underutilized channel. 
Synchronization with a receiver is a challenge. The design and 
implementation of a small testbed for a proof-of-concept is necessary.



Other Project Suggestion� Ns-2 versus ns-3
– http://www.nsnam.org/
– http://www.nsnam.org/proposal.html

– Become an early adopter.

– Compare ns-2 and ns-3 simulation results.� GNU Radio Experiment through Emulab
– http://users.emulab.net/trac/emulab/wiki/Tutorial
– http://www.cs.cmu.edu/~emulator/doc/softwareDoc/CMUlab

.html� USRP with SBC (Single Board Computer)
– http://www.nd.edu/~jnl/pubs/commag2008.pdf

– SBC LS-572 will be available

Architecture – Other Possibilities

Series of symbols Series of symbols

(Can we save and retrieve/reply them?)



Architecture – Other Possibilities

No need to use USRPs

Architecture – Other Possibilities

M
atlab

Doesn’t have to be GNU Radio



Architecture – Other Possibilities

Delay Amplitude & Forward

Architecture – Other Possibilities

(Virtual) MIMO

sync MIMO



Emulab at University of Utah� Network emulation testbed



File Transfer using Loop Back cable

Received  
JPG

Sent JPG



Implement  π/4-DQPSK

DBPSK

DQPSK

π /4 
DBPSK
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USRP2USRP2

USRP2 MotherboardUSRP2 Motherboard
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Table 1 – Comparison between USRP1 and 
USRP2 

(www.gnuradio.org/trac/wiki/USRP2GenFAQ)



Air Band Scanner with 
Retransmission to Local FM Radio 
Using a Software Defined Radio� Used for Aircraft 

Communications
– Multiple frequencies for 

one airport (CLE uses 
at least 14)� 108 MHz – 137 MHz� Amplitude Modulation 

(AM) not Frequency 
Modulation (FM)
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Quarter Wave Ground Plane Antenna� Vertical – 23”, 10 AWG 
Copper House Wire� Legs – 24”, 10 AWG 
Copper Wire.

– Bent at 45º from the base� Base – SO239 Bulkhead 
Connector� Tuned to 120 MHz� Built for portability

52



GUI Development
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� wxPython Graphical User Interface (GUI)� Developed within GNU Radio framework

Software Tools Used for Development
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Software Package Version UseEclipse 3.4.2 Python code developmentPyDev 1.4.5 Plug-in for Eclipse to enable Python developed in and IDEPython 2.5.4 Scripting language used to access GNU Radio LibrariesGNU Radio 3.1.3 Libraries used to interface with the USRP and do signal processingSox 14.2.0 Used in getting MP3 to FM player workingUbuntu Linux 8.04 Main OS used for development



Spectrum Sensing of CSU Wireless 
System Coverage with USRP/GNURadio

2.4 GHz band sensing in different CSU 
buildings (coverage areas), different floors, 
positions in buildings
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