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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
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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

photo courtesy of GnuRadio Wiki
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Advantages of USRP

� Flexibility!

� Use of General Purpose Hardware to do 
many applications

� Test processing algorithms easily

Architecture – overall

Software

Hardware



6

Architecture – Hardware

User-defined 
Code

RF 
Front end

Sender

User-defined 
Code

Receiver

DAC

ADC RF 
Front end

FPGAUSB

USB FPGA

USRP (mother board)PC USRP
(daughter board)

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)
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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)

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)
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Architecture – Hardware

User-defined 
Code

RF 
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)
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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)

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
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Library

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

receiver

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
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Library (cont.)

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

Library (cont.)

� pager
– Create USRP source object supplying complex 

floats
– Flex pager protocol demodulation block
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Installation Guide for Fedora 

1. Install all basic required packages for building  GNU radio
$ yum groupinstall "Engineering and Scientific" "Development Tools" 
$ yum install fftw-devel cppunit-devel wxPython-devel libusb-devel guile boost-devel alsa-

lib-devel numpy
2. Download and build GNU Radio

$ svn co http://gnuradio.org/svn/gnuradio/trunk gnuradio
$ ./bootstrap # Do NOT perform this step if you are building from a tarball. 
$ ./configure 
$ make $make check $ sudo make install

3. Install small device C compiler for USRP
$ yum install sdcc
$ export PATH=/usr/libexec/sdcc:$PATH

4. Export python environment parameter
$ export PYTHONPATH=/usr/local/lib/python2.4/site-packages

5. Test an USRP application
./usrp_wfm_rcv.py -f 96.3

Installation Guide for Ubuntu

� Ubuntu already added GNU Radio 
packages  to their repositories
– System > Administration > Synaptic Package Manager
– Search “gnuradio”
– Select all related gnuradio libs and then apply to install

� To install from console by using 
command line:
– Check: http://gnuradio.org/trac/wiki/UbuntuInstall
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Architecture – Software

� How these modules co-work?
– C++

� Performance-critical modules

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

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
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Python: Create flow graphs and connect 
signal blocks

� Learn basic Python syntax
– Learn Python in 10 minutes: 

http://www.poromenos.org/tutorials/python
– Basic tutorial: http://nltk.org/doc/en/programming.html

� Learn how to use python to create flow graph 
and connect signal blocks
– Graph, Blocks & Connecting

� http://www.nd.edu/~jnl/sdr/docs/tutorials/6.html
– Learn by examples

� http://www.nd.edu/~jnl/sdr/docs/tutorials/5.html
� http://www.joshknows.com/?key=gnuradio#example

Hello world example

� Generates two sine waves and outputs 
them to the sound card

Importing necessary module

Generates two 
sine waves

Writes sampling _freq input
to the sound card

connect the blocks together 
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More complicated examples (demo)

� FM Receiver:
� http://www.nd.edu/~jnl/sdr/docs/tutorials/5.html

How to Write a Signal Processing Block

� Implement a class derived from gr_block in C++
� Use SWIG  (Simplified Wrapper and Interface 

Generator) to generate the interface between 
Python and C++

� Provide a python module in gnuradio package, 
allowing us to access the new block in a simply 
way

� References
– http://www.nd.edu/~jnl/sdr/docs/tutorials/10.html
– http://www.nd.edu/~jnl/sdr/docs/tutorials/11.html
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Development environment

Explorer of
Project and 

Class members
Code editor

Interpreter & debug window

SPE (Stani’s Python Editor)
-Free
-No powerful debug tool

Development environment (cont.)

Code editor

Interpreter

Explorer of
Project and 

Class members

Debug
information

Wingware
-More powerful
-$60/two WS
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iPAQ Installation Overview

� iPAQ specs.

� Why Run Linux Instead of Pocket PC?

� Linux on iPAQ

� Installation procedure

Handheld PCs 

� Handheld PCs
– Extreme mobility

– Networking capabilities

– Office Applications

– Limited resources

� The iPAQs
– Compaq

– Hewlett Packard

– Other handhelds from Dell, IBM, 
Sharp etc.

� The most recent iPAQ
– iPAQ 6500 series 
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iPAQ 5400

– Features
� 400 MHz Intel XScale
� 64MB RAM, 32MB ROM 
� 16-bit LCD, 0.24 mm pixel size 
� 802.11b WLAN, 16 dBm; optional Bluetooth, 1.6 dBm output 
� Power: 3.7V, Lithiuim battery 

� IRDA 
� SDIO slot 
� Mic, headphones connectivity 
� Biometric scanner (in the bottom) 
� 16-mm thickness

– Pocket PC installed

iPAQ 5550

– Features
� Memory – 128Mb RAM
� Processor – Intel X Scale Technology-based processor (400 MHz) 
� LCD – Touch screen; TFT LCD; 2.26” X 3.02” ( 3.8” diagonal )
� Wireless – Inbuilt wireless capabilities ( Bluetooth and Wireless LAN 

802.11b)
� Operating System – Microsoft Windows Pocket PC 2003 premium 

� Other features
– SD card expansion slot
– Optional Keyboard solutions, 5-Way navigation button, touch 

sensitive screen and stylus and 5 programmable launch buttons
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Why Run Linux Instead of Pocket 
PC? 

� Personal taste: Many people are simply more comfortable with the Linux 
environment as a user or developer.

� Ongoing upgrades/support: Linux is continually being improved and 
having security bugs fixed. The original software, however, may well be out of 
support and in many cases cannot be upgraded to later versions. Even in cases 
where the OS/applications can be upgraded, this is unlikely to be free of charge.

� Freedom: Many people prefer to use open source software from an ideological 
point of view or because they appreciate many other benefits (such as the ability 
to fix bugs themselves and a strong user community, among others).

� Capabilities: Running Linux opens up a large number of possibilities that are 
either difficult, expensive, or impossible to achieve using PocketPC.

� Applications: By running a standard Linux distribution, you can easily port 
many applications (some with no changes at all, many with only very few 
changes).

� OS functionality: The OS has Remote X, Raw sockets. 
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Linux on iPAQ

� Linux

� Linux on iPAQ
– www.handhelds.org
– www.ipaqlinux.com
– www.palmtop.net

� X Windows and many other functionalities.

Linux Installation

� Bootblaster
– Saves Windows CE image
– Helps replace the Windows bootloader

with Linux bootloader

� Bootloader
– Communicates with host PC to start Linux 

(needs a way to input commands)
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Linux Installation

� Procedure
1. Download bootblaster & Linux bootloader
2. Save Windows CE image using bootblaster
3. Install bootloader & soft reset iPAQ
4. Bootloader installs Linux with the help of the 

host PC

1. Download bootblaster & Linux 
bootloader

� Requires host machine and Activesync

� Copy the bootblaster and the bootloader files based from the 
www.handhelds.org to host machine.

� Establish the connection between the host machine and the 
iPAQ device through a USB port (make sure you leave the 
serial connection for hyperterminal communication)

� Copy the bootblaster and bootloader files to the iPAQ by 
clicking explore on Activesync and transferring the files there 
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1. Download bootblaster & Linux 
bootloader (cont’d)
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1. Download bootblaster & Linux 
bootloader (cont’d)
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1. Download bootblaster & Linux 
bootloader (cont’d)

Copy the downloaded files to the iPAQ
� Plug the iPAQ cradle into and AC power outlet.
� Connect the USB connector from the cradle to the Windows PC.
� Slide the iPAQ into its cradle. If a "Set Up a Partnership" screen 

appears on the PC, choose “Cancel" and ignore the message 
appears.

� Copy “BootBlaster3900-2.6.exe” and “bootldr-pxa-
2.21.12.bin” to the default folder on the iPAQ by clicking 
Explore in the Active Sync window and dragging the files there. 
Ignore any “may need to convert …” messages.

� Starting bootblaster
� Select "Start -> Programs" on the iPAQ

touch screen.
� Tap on File Explorer

� Tap on BootBlaster3900-2.6.exe

2. Save Windows CE image using 
bootblaster
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� Save your Windows CE 
image for later restoration

� Execute "Flash -> Save Bootldr.gz
Format" in BootBlaster to save the 
bootloader in file 

"\My Documents\saved_bootldr.gz" on the 
iPAQ. 

2. Save Windows CE image using 
bootblaster (cont’d)

� Execute "Flash -> Save Wince .gz
Format" in BootBlaster to save the 
PocketPC image in file 
"\My Documents\wince_image.gz" on 
the iPAQ. 

This may take 5 -10 minutes

2. Save Windows CE image using 
bootblaster (cont’d)
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� Backup saved_bootldr.gz & wince_image.gz
to your Windows PC

� Select "View -> Refresh" in the ActiveSync Explore window on the 
PC. Icons for the saved_bootldr.gz and wince_image.gz files 
should appear.

� Drag the saved_bootldr.gz and wince_image.gz icons from the 
ActiveSync Explore window to a local folder on your PC.

2. Save Windows CE image using 
bootblaster (cont’d)

� Install bootloader (in the right 
place)

� Make sure that there is no power failure during 
the period the iPAQ is reprogramming the 
bootloader flash.

� Check the iPAQ is plugged into external
power and the battery is fully charged.

� Do not touch the power or reset button 
until we perform the verify step.

3. Install bootloader & hard reset 
iPAQ
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� Install bootloader (in the right place)

� From the "Flash" menu on BootBlaster, select 
"Program”

� Select  bootldr-pxa-2.21.12.bin from the file dialog 
box.

� Wait patiently. It takes about 15 seconds to program 
the bootloader.

� Do not interrupt this process, or the iPAQ may be left 
in an unusable state. 

� From the "Flash" menu on BootBlaster, select 
"Verify".

3. Install bootloader & soft reset 
iPAQ (cont’d)

3. Install bootloader & hard reset 
iPAQ (cont’d)

� Hold down the joypad and push the reset
button on the iPAQ.
You will need to remove it from the cradle to access the reset 
button.

� When the iPAQ buzzes, release the joypad.
The screen will not change from whatever was previously 
displayed (blank, PocketPC, etc).
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4. Bootloader installs Linux with 
the help of the host PC

� Installing Linux through a serial line from the 
host machine

� We use the dual USB/Serial cable that comes 
with the iPAQ 5400 and connect to the 
windows host machine using the 
Hyperterminal program through the serial 
communication port.

4. Bootloader installs Linux 
(cont’d)

Serial line installation

� The terminal emulator settings
– 115200 8N1 serial configuration
– no flow control
– no hardware handshaking . 
Failing to use these settings will lead to trouble, so double and
triple check all settings. 

� Hyperterminal is particularly ill-behaved. Sometimes it uses 100% of 
the CPU without allowing any interaction with the iPAQ. In that case, 
you will need to use the task manager to terminate Hyperterminal
before you can restart it.
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4. Bootloader installs Linux 
(cont’d)

4. Bootloader installs Linux 
(cont’d)
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4. Bootloader installs Linux 
(cont’d)

4. Bootloader installs Linux 
(cont’d)

� At the boot prompt, issue the following command: load root
� It proceeds to send or "upload" the jffs2 file (from the tarball

that you downloaded earlier) with ymodem , using the 
terminal emulator.. 

����������	
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boot> load root 
loading flash region root 
ready for YMODEM download.. 
Erasing sector 00140000 
Erasing sector 00180000 
Erasing sector 001C0000 
Erasing sector 00200000 
. 
. 
. 
addr: 00360000 data: 781590DB 
addr: 00370000 data: 642637AE 
addr: 00380000 data: E0021985 
addr: 00390000 data: 15DA97EC 
Erasing sector 00FC0000 
writing flash.. 
addr: 00100000 data: E0021985 
addr: 00110000 data: E3BAD617 
addr: 00120000 data: 0FA1F57B 
addr: 00130000 data: 9343AEEB 
. 
. 
. 
addr: 00600000 data: E0021985 
addr: 00610000 data: FFFFFFFF 
addr: 00620000 data: FFFFFFFF 
addr: 00630000 data: FFFFFFFF 
verifying ... formatting ... done. 
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4. Bootloader installs Linux 
(cont’d)

� At the boot prompt issue the following command> 
boot

� Linux should now start booting!!!

Now, Linux (Familiar kernel) is installed. 
Let’s move on to AODV-UU installation.
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AODV-UU Installation

The Linux (Familiar kernel), we just installed, does not 
have netfilter support. 

Thus it is necessary to recompile the kernel with the 
netfilter support, which is required for an 
application software (AODV-UU) to access “raw”
packets.

Because of the limited resources on iPAQ (ARM), we’re 
going to compile on a host PC (Intel), which 
requires “cross-compilation”

AODV-UU Installation

Cross compiler:
We need a cross compiler for this purpose. It is important to 
choose a cross compiler that is compatible with the kernel 
version on the iPAQ and has the necessary header files for 
AODV compilation.

Linux kernel:
We need to retrieve the kernel source that matches with the 
ARM source available on the ARM device.
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Procedure

� Download the cross compiler & arm-kernel source
– Using the command

� > wget ftp://ftp.handhelds.org/projects/toolchain/arm- linux-gcc-
current.tar.bz2 “current is the version number”.

– Unpack the cross compiler using the command

� > tar -jxvf /path/to/arm-linux-gcc-current.tar.gz

– The required kernel source code is downloaded via anonymous CVS

� > export CVSROOT=:pserver:anoncvs@cvs.handhelds.org :/cvs

� > cvs login

� Password=anoncvs

� Get the matching version with "-r":

� > cvs export -r K2-4-19-rmk6-pxa1-hh37 linux/kernel

We use a local folder for storing the kernel and the cross compiler

Procedure

� Relink the asm and the linux include directories of the kernel 
and the cross compiler

– ln -s /path/to/arm-kernel-source/include/linux /path/ to/cross-
compilier/arm-linux/include/linux

– > ln -s /path/to/arm-kernel-source/include/asm /path/ to/cross-
compilier/arm-linux/include/asm

� Make sure the arm compiler is in the PATH and that 
/usr/src/linux points to the ARM kernel source.

– > export PATH=$PATH:/path/to/cross-compilier/
arm-linux/bin

– > ln -s /path/to/arm-kernel-source /usr/src/linux
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Procedure

� The steps for building the kernel are described below
> make ipaqsa_config
> make old_config

modify .config to change the setting for CONFIG_IP_NF_QUEUE as follows.
CONFIG_IP_NF_QUEUE=m

> make dep
> make zImage
> make modules
After that the ip_queue.o module will be generated.

� Compile AODV-UU for the ARM device
> make arm
To install, copy kaodv.o and aodvd to the ARM device.

Class Project

� Individual or 2-member group project

� USRP-based development
– Search the Internet & Duplicate what others did

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

need to install embedded Linux)

� 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. 18 (W): Project title and team
– Mar. 25 (M): Mid-report
– May 4 (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. 4 pages for mid-report and max. 6 

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

– 10-minute presentation on Mar. 25
– 20-minute presentation/demo on May 4 & 6
– Make sure each team member presents at least once during the two

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

Lab Report #3

� Install GNU Radio and GRC

� Run Hello World example

� Run Hello World example with GRC

� Make a simple GNU Radio GUI 
(http://www.funwithelectronics.com/?id=10)

� One more exercise of your own finding

� Discuss what you have learned


