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What is Software Radio

� Signal Processing of Radio in software
� Bring the software as close to the antenna as 

possible
� GNU Radio 

(http://www.comsec.com/wiki?GnuRadio)
– Free Software Radio Implementation

� Requirements
– RF Front End
– ADC/DAC

What is USRP

� Universal Software Radio Peripheral

� Hardware implementation for software radio
– RF Front-End Daughter Boards
– ADC/DAC
– User Programmable FPGA

� Designed to Work With GNU Radio
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Advantages of USRP

� Flexibility!

� Use of General Purpose Hardware to do 
many applications

� Test processing algorithms easily
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Architecture – overall
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Architecture – Hardware

User-defined 
Code

RF 
Front end

DACUSB FPGA

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.

USRP (mother board)PC USRP
(daughter board)

Architecture – Hardware

User-defined 
Code

RF 
Front end

DACUSB FPGA

– 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

USRP (mother board)PC USRP
(daughter board)
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Architecture – Hardware

User-defined 
Code

RF 
Front end

DACUSB FPGA

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

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

USRP (mother board)PC USRP
(daughter board)

Architecture – Hardware

User-defined 
Code
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Front end

DACUSB FPGA

– One mother board support  up to four daughter boards. 
– Several kinds of daughter boards available

� 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

USRP (mother board)PC USRP
(daughter board)
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� Four 64 MS/s 12-bit analog to digital 
Converters

� Four 128 MS/s 14-bit digital to analog 
Converters

� Four digital downconverters with 
programmable decimation rates

� Two digital upconverters with programmable 
interpolation rates

� High-speed USB 2.0 interface (480 Mb/s)
� Capable of processing signals up to 16 MHz 

wide
� Modular architecture supports wide variety 

of RF daughterboards
� Auxiliary analog and digital I/O support 

complex radio controls such as RSSI and 
AGC

� Fully coherent multi-channel systems (MIMO 
capable)

Architecture – Hardware

User-defined 
Code

RF 
Front end

DACUSB FPGA

� GNU radio has provided some useful APIs
– Modulation, demodulation, filtering, etc.

USRP (mother board)PC USRP
(daughter board)
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What is implemented currently

� Base System

– Provides the runtime and various signal processing primitives 

� Hardware Support

– Universal Software Radio Peripheral (USRP)

� Audio Device Support

– ALSA (Advanced Linux Sound Architecture)

– OSS (Open Sound System)

� Graphics Support

– wxPython based GUI

– SDL video library

� General Signal Processing

� Specialty Application Areas

Library

� Communication related implementation
– AM demodulation
– Differential BPSK / QPSK
– GMSK modulation / demodulation
– Narrow band FM transmitter / receiver 
– Wide band FM transmitter & broadcast FM 

receiver
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Library (cont.)

� GNU radio utilities
– CRC generator
– Socket setup (TCP / UDP)
– Compute frequency response of a digital filter
– Control National IMX2306 & SDR-1000 frequency 

synthesizer
– Some utilities

� Convert unsigned mask into signed integer
� Gcd, Lcm, Log2
� Return input ‘x’ that is reverse order

Library (cont.)

� GUI examples
– Provide window application for different usage
– FFT sink test
– wxPython EditBox, Slider
– Drawing
– Waterfall sink test
– Oscilloscope Test Application
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Library (cont.)

� pager
– Create USRP source object supplying complex 

floats
– Flex pager protocol demodulation block

Architecture – Software

� How these modules co-work?
– C++

� Performance-critical modules

– Python
� Glue to connect modules
� Non performance-critical modules
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Architecture – Software

At python level, what we need to do is always just to 
draw a diagram showing the signal flow from the 

source to the sink in our mind.

C++

C++

V1

V2

V3

C++

C++

C++

V1

V2

V3

C++

Source

Sink

Development environment

Explorer of
Project and 

Class members
Code editor

Interpreter & debug window

SPE (Stani’s Python Editor)
-Free
-No powerful debug tool
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Development environment (cont.)

Code editor

Interpreter

Explorer of
Project and 

Class members

Debug
information

Wingware
-More powerful
-$60/two WS

Class Project

� Individual or 2-member group (preferred) project

� USRP-based development
– Linux and GNU radio software set-up
– Search the Internet & Duplicate what others did

� iPAQ-based development
– Multi-rate, multi-channel, or multi-hop experiment (may need to 

install embedded Linux)
– Application development is also acceptable (not preferred, though)

� It is a self-trained class project. Do not expect a big help from 
the instructor. Make sure it is doable within the time limit.
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Class Project

� Schedule
– Feb. 11 (M): Project title and team
– Mar. 5 (W): Mid-report
– Apr. 28 (M): Final report

� Sample report structure
– Title, Author names, Introduction, Background, Your_Development, and 

Conclusion. (Include the list of referenced papers or websites if any.)
– Double column, 11-point font, and max. 3 pages for mid-report and max. 5 

pages for final report (excluding figures and tables). 
� Presentation

– 10-minute presentation on Mar. 5
– 20-minute presentation/demo on Apr. 28 & 30
– Make sure each team member presents at least once during the two

project presentations.
– Each team member will receive the same grade


