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Including slides from Scott Cowling WA2DFI ‘s Hands Hands-On 
Software Defined Radio presentation at Dayton 2008 titled:

Getting Started with Software Defined Radios -or - “Now that I can 
spell SDR, what now?”

Also includes screen shots and text from respective web sites.



�
��������������
����

� Brief introduction to SDR concepts

� Examples of SDR RF hardware

� Examples of SDR software

� PC System Requirements

� Links and Resources to get you started

� Some cool Video
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What is an SDR anyway?
Software Defined Radio

An SDR in general is a radio that has
� Primary functionality (mod/demodulation, filtering, etc) defined in 

software
� DSP algorithms implemented in configurable hardware and/or PC 

software

Best known examples of SDRs
� FlexRadio Systems SDR-1000, FLEX-5000A
� Tony Parks, KB9YIG’s SoftRock series of kits

An SDR is NOT:
� A computer-controlled conventional radio
� A conventional radio with a GUI integrated into its front panel
� A SuperHet rig with AF-DSP

� �
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� The history of SDR began in 

the mid 1980’s. One of the first 
major developments for SDR
was the SpeakEasy, a 
transceiver platform designed 
by Hazeltine and Motorola, 
based on SDR technology for 
Rome AFB. 

� The SpeakEasy was designed 
to provide tactical military 
communications from 2 MHz to 
2 GHz and to provide 
interoperability between the 
different air interface standards 
of the different branches of the 
armed forces.

� �



�������� 
����!���
"������� ��	
�
� Although first generation cellular was based on analog modulation 

schemes (which did not require significant digital processing), it 
became clear that due to the limit amount of spectrum and the 
relative inefficiency of those standards that more efficient means 
of spectral usage were required. 

� Therefore second generation cellular systems such as GSM and 
IS-95 were developed that took advantage of the emerging DSP 
technologies. 

� In these early systems, the DSP became the MODEM function 
and was responsible for taking the complex baseband data (I and 
Q) and determining what bit stream was being sent and correcting 
for errors introduced due to noise, interference and fading.
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There’s No 
Money in that !
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� Antenna to speaker (RX)

� Microphone (or paddle, keyboard, computer) to antenna (TX)

� Modulation, Demodulation and Filtering

� RF generation

� Operating the Radio – the Graphical User Interface (GUI)

� -
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SDR Receiver Block Diagram (Mixer)

QSD

SOUND CARD
LINE
(A/D)
INPUT

SPKR
(D/A)
OUTPUT

CPU MEM VID

RF HARDWARE PC HARDWARE

RF INPUT BASEBAND I/Q
(ANALOG AUDIO)

DEMODULATED AUDIO

OSC

DDS, XTAL

USER INTERFACE
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SDR Transmitter Block Diagram (Mixer)

SOUND CARD
MIC
INPUT

LINE
OUTPUT

CPU MEM VID

PC HARDWARE

BASEBAND AUDIO
(ANALOG)

AUDIO INPUT

USER INTERFACE

QSE

RF HARDWARE

OSC

DDS, XTAL

RF OUTPUT
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The GUI is your window into controlling your SDR

� What you see is what you get!

� Conventional (PowerSDR) or SDR-adapted (Rocky)

� One size does NOT fit all

� Controls hardware functions (obvious)

� PTT, antenna switching, RF power level

� Controls software functions (not so obvious)

� Modulation/demodulation type, calibration, RX filter BW

� Ancillary functions: logging, spotting, multiplier checking, grayline

� 2�
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Some Examples of SDR Hardware

� The $20 Dongle

� SoftRock - RXTXv6.2

� HPSDR - Atlas, Ozy, Janus, Penelope, Mercury, Alex

� Quicksilver - QS1R (RX only now, QS1T TX coming soon)

� USRP – USRP-PKG, LFRX, LFTX

� FlexRadio Systems – SDR-1000, FLEX-5000A

� Perseus and SDR-IQ (RX only)

� 2�
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� USB TV receivers running a 
Realtek 2832U chip that can 
be directed via software to 
receive from 60Mhz to 
1.7Ghz. (sensitivity drops off 
considerably outside this 
range, but can go 0–2,100 
MHz)

� Many to choose from, you 
really cant go wrong

The $20 Dongle
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16 Bit QAM
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� Cost: US$30 to US$38
� QSD RX/QSE RX
� 1W RF output
� Crystal controlled
� 7 versions:

� 160m (1.812, 1.843, 1.919)
� 80m (3.514, 3.549, 3.579)
� 80m/40m (3.507/7.014, 3.527/7.055)
� 40m/30m (7.014, 7.056, 10.124)
� 30m/20m (10.124, 14.050)
� 17m/15m (21.050, 21.160)
� 12m/10m (user supplied xtals)

� XTALLv1.1 (US$12+20)
� 16 DIP switch selected frequencies

� Made by Tony Parks, KB9YIG
SoftRock RXTXv6.2

http://groups.yahoo.com/group/softrock40

� 2+
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Name Type

Frequency 
range

Sampling rate
Tuning 

mechanism
Windows? Linux? Mac?

Base price 
(US$)

Web site

ADAT ADT-200A Pre-built

10 kHz – 30 MHz 
(planned modules 
for 50–54 MHz, 
70.0–70.5 MHz, 
and 144–148 
MHz)

?

Embedded system 
(no computer 
needed), USB, 
Internet remote

Yes, with option 
R-1 & ADAT 
Commander

? ?
$5,447 (Fr. 5,220; 
converted July 
2012)

http://adat.ch/inde
x_e.html

AOR AR-2300 Pre-built
40 kHz – 3.15 
GHz

65 MSPS
Embedded system 
(no computer 
needed), USB

Yes ? ? $3,299
http://www.aorusa.
com/receivers/ar2
300.html

Elad FDM-S1 Pre-built
20 kHz – 30 MHz, 
up to 200 MHz in 
undersampling

61.44 MHz USB Yes No No
$549 (€429; 
converted Aug 
2012)

http://woodboxradi
o.com/fdm-s1.html

Elecraft KX3 Pre-built or kit
0.5–54 MHz (144–
148 MHz optional)

?
USB or embedded 
system (no 
computer needed)

Yes Yes Yes $900
http://www.elecraft
.com/KX3/kx3.htm

FLEX-5000A Pre-built 0.01–65 MHz
48, 96, 192 kHz 
(transceiver)

1394a Firewire Yes No No $2,800

http://www.flexradi
o.com/Products.as
px?topic=F5Ka_d
etails

FLEX-3000 Pre-built 0.01–65 MHz
48, 96 kHz 
(transceiver)

1394a Firewire Yes No No $1,700

http://www.flexradi
o.com/Products.as
px?topic=F3k_feat
ures

FLEX-1500 Pre-built 0.01–54 MHz
48 kHz 
(transceiver)

USB Yes No No $650

http://www.flexradi
o.com/Products.as
px?topic=F1.5k_fe
atures

Bitshark Express 
RX

Kit 300 MHz – 4 GHz
105 MSPS (RX 
only)

PCIe Yes Yes ? $4,300
http://www.epiqsol
utions.com/expres
s-rx/

Matchstiq Pre-built
300 MHz – 3.8 
GHz

40 MSPS (RX/TX)
Embedded 
System or USB

Yes Yes Yes $4,500
http://www.epiqsol
utions.com/match
stiq/

Perseus Pre-built

10 kHz – 40 MHz 
(87.5–108 MHz 
using FM down-
converter)

80 MSPS USB Yes No ? $1,199
http://www.microte
lecom.it/perseus/

Pappradio Pre-built
150 kHz – 30 MHz 
(210 MHz using 
harmonics)

External ADC 
required (I/Q 
output)

USB Yes Yes ? $85

http://pappradio.d
e/
http://code.google.
com/p/libpappradi
o/

Soft66AD / 
Soft66ADD / 
Soft66LC

Pre-built
2.5–30 MHz (70 
MHz with 
Soft66ADD)

External ADC 
required (I/Q 
output)

USB Yes Unofficially ? $18
http://zao.jp/radio/
soft66ad/

� 2-
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Name Type

Frequency 
range

Sampling 
rate

Tuning 
mechanism

Windows? Linux? Mac?
Base price 

(US$)
Web site

easySDR USB 
Dongle

Pre-built 64–1,700 MHz 48, 96 kHz USB Yes No No $110

http://microsat.co
m.pl/product_info
.php?products_id
=35

FUNcube Dongle Pre-built 64–1,700 MHz 96 kHz USB Yes Yes Yes $160
http://www.funcu
bedongle.com/

FiFi-SDR Pre-built
200 kHz – 30 
MHz

96 kHz 
(integrated 
soundcard)

USB Yes Yes ?
$150 (€120;[1]

converted 2012-
09-03)

http://o28.sischa.
net/fifisdr/trac

SDR-IQ PnP
0.1 kHz – 30 
MHz

66.666 MHz USB Yes Yes Yes $525
http://www.rfspac
e.com/RFSPACE
/SDR-IQ.html

SDR-IP PnP
0.1 kHz – 34 
MHz

80.0 MHz Ethernet Yes Yes Yes $2999
http://www.rfspac
e.com/RFSPACE
/SDR-IP.html

NetSDR PnP
0.1 kHz – 34 
MHz

80.0 MHz Ethernet Yes Yes Yes $1,450
http://www.rfspac
e.com/RFSPACE
/NetSDR.html

SDR-1 Kit and pre-built
530 kHz – 30 
MHz

? USB Yes No No $200
http://www.electr
onicsisfun.com/s
dr-1/

Elektor SDR Kit and pre-built 30 kHz – 30 MHz
Soundcard ADC: 
48, 96, and 192 
kHz

USB Yes Yes Yes $145

http://www.elekto
r.com/magazines
/2007/may/softwa
re-defined-
radio.91527.lynkx

Elektor AVR SDR Kit and pre-built ? ? ? ? ? ? $160

http://www.elekto
r.com/magazines
/2012/march/avr-
software-defined-
radio-
%281%29.20841
35.lynkx

DRB 30 Pre-built 30 kHz – 30 MHz
External ADC 
required (I/Q 
output)

LPT parallel port Up to XP ? ? $390
http://www.nti-
online.de/edirabo
x.htm

LD-1B Pre-built
100 kHz – 30 
MHz

External ADC 
required (I/Q 
output)

USB Yes ? ? $285

http://www.lazydo
gengineering.co
m/LD-
1B_SDR.html

Phi
Pre-built PCIe 
card

100 kHz – 4 GHz Up to 200 MHz PCI Express � 4 No Yes No $750
http://www.pervic
es.com/support.h
tml

� 2/
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Name Type

Frequency 
range

Sampling 
rate

Tuning 
mechanism

Windows? Linux? Mac?
Base price 

(US$)
Web site

PM-SDR Pre-built

100 kHz – 50 
MHz (up to 165 
MHz using 
harmonics)

External ADC 
required (I/Q 
output)

USB Yes Yes ? $220
http://www.iw3aut
.altervista.org/

QS1R Pre-built

10 kHz – 62.5 
MHz (up to 500 
MHz using 
images/alias)

130 MHz USB Yes Planned Planned $900
http://www.srl-
llc.com/

Kanga Finningley Kit
3.750 MHz � 48 
kHz

External ADC 
required (I/Q 
output)

None Yes Yes Yes $25

http://www.kanga
-
products.co.uk/in
dex.php/products/
finningley-80m-
sdr

WinRadio WR-
G31DCC

Pre-built 9 kHz – 50 MHz 100 MSPS USB Yes No No $950
http://www.winrad
io.com/home/g31
ddc.htm

UHFSDR Kit
1.75–700 MHz 
Tx/Rx

External 
soundcard 
required (I/Q 
input/output)

LPT parallel port 
or USB/W 
QRP2000/UBW/
UBW32

N\A N\A N\A $40
http://wb6dhw.co
m/For_Sale.html#
UHFSDR

USRP1
Up to 4 GHz with 
converters

64 MSPS (rcv) 
128MSPS (trx)

USB 2.0 Yes Yes ? $700
http://www.ettus.c
om/products

USRP2
Up to 4 GHz with 
converters

100 MSPS (rcv); 
400 MSPS (trx)

Gigabit Ethernet Yes Yes ? $1,500
http://www.ettus.c
om/products

UmTRX
300 MHz – 3.8 
GHz

13 MSPS Gigabit Ethernet Yes Yes ? On request
http://code.googl
e.com/p/umtrx

SDR MK1.5 
'Andrus'

Pre-built, Open 
Source Design

5 kHz – 31 MHz 
(1.7 GHz 
downconverter 
opt.)

64 MSPS
USB 2.0, 10/100 
Ethernet

Yes Yes Yes $170

http://uvb-
76.net/p/sdr-
mk15-
andrus.html

Hunter SDR Kit
2.5–30 MHz (1–
30 MHz typ.)

External ADC 
required (I/Q 
output)

USB Yes No No
$135 (£85; 
converted 2012-
09-03)

ttp://www.radiokit
s.co.uk

SDR-4+ Pre-built 0.85–40 MHz
48 kHz 
(integrated 
soundcard)

USB � 2 Yes Yes Yes $260
http://www.crossc
ountrywireless.ne
t/sdr-4.htm

� �3
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Name Type
Frequency 

range
Sampling 

rate
Tuning 

mechanism
Windows? Linux? Mac?

Base price 
(US$)

Web site

Cross Country 
Wireless SDR
receiver v. 3

Pre-built

472–479 kHz, 
7.0–7.3 
MHz/10.10–
10.15 MHz, and 
14.00–14.35 
MHz

External ADC 
required (I/Q 
output)

Crystal controlled 
two channels

Yes Yes Yes $80

http://www.cross
countrywireless.n
et/sdr_receiver.ht
m

Realtek 
RTL2832U DVB-
T tuner

Pre-built with 
custom driver

64–1,700 MHz 
(sensitivity drops 
off considerably 
outside this 
range, but can 
go 0–2,100 MHz)

1 MHz (can go 
up to 3 MHz but 
drops samples)

USB Yes Yes Yes $11–20

http://sdr.osmoco
m.org/trac/wiki/rtl
-sdr
http://www.rtlsdr.
com/

SoftRock-40 Kit 7.5 MHz 48 kHz USB Yes Yes Yes $21

http://kb9yig.com
/, 
http://www.amqrp
.org/kits/softrock
40/

SoftRock RX 
Ensemble II

Kit
180 kHz – 3.0 
MHz, and 1.8–30 
MHz operation

192 kHz USB Yes Yes Yes $67

http://kb9yig.com
/, 
http://www.wb5rv
z.com/sdr/ensem
blerx/

Mercury Pre-built 0.1–55 MHz 122.88 MSPS
USB (via Ozy) or 
Ethernet (via 
Metis)

Yes Yes Yes $469
http://tapr.org/kits
_merc.html

RDP-100 Pre-built
RX, 0–125 MHz; 
TX, 0–200 MHz

RX - 250 MSPS; 
TX - 800 MSPS

Embedded 
System

No No No Unknown

http://www.solen
et.net/products/s
oftware-defined-
radio-
platform.html

X-RAD Pre-built
RX - 950–1,450 
MHz; TX - 875–
1,525 MHz

RX - 1.6 GSPS; 
TX - 3.2 GSPS

PCIe Yes No No Unknown
http://www.solen
et.net/products/xr
ad-info.html

� �2
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Some Examples of SDR Software

� GNUradio http://gnuradio.org/redmine/projects/gnuradio/wiki

� HDSDR http://www.hdsdr.de/

� Sharp SDR http://www.sdrsharp.com/

� PowerSDR (http://www.flex-radio.com)

� Rocky (http://www.dxatlas.com/rocky)

� uWSDR (http://uwsdr.berlios.de)

� SDRMAXII (http://groups.yahoo.com/group/qs1r)

� SDR-Shell (http://ewpereira.info/sdr-shell)

� Linrad (http://www.nitehawk.com/sm5bsz/linuxdsp/linrad.htm)

� Winrad (http://www.winrad.org/winrad/)

� SpectraVue (http://www.moetronix.com)

� ��
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GNUradio

� GNUradio is a free software toolkit licensed under the GPL for 

implementing software-defined radios. Initially, it was mainly used 

by radio amateur enthusiasts, but it gained exponential interest 

from the research world, in an attempt to stay away from closed 

source firmwares/drivers, and low level of customizability of 

commercial chips.

� It supports natively Linux, and packages are precompiled for the 

major Linux distributions. A port to Windows has been also 

developed, but it provides limited functionalities. The GNUradio

website is a vast source of information and there are various 

active forums on the web. � ��
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� Mathematical operations 

(add, multiply, log, etc.)
� Interleaving, delay blocks, 

etc.
� Filters (FIR, IIR, Hilbert, etc.)
� FFT blocks
� Automatic Gain Control 

(AGC) blocks
� Modulation and 

demodulation (FM, AM, 
PSK, QAM, GMSK, OFDM, 
etc.)

� Interpolation and decimation
� Trellis and Viterbi support

� Signal generators
� Noise generators
� Pseudo random number 

generators
� USRP source and sink (to 

transmit/receive signals via 
USRP)

� Graphical sinks (Oscilloscope, 
FFT, etc.)

� Audio source and sink
� File source and sink 

(reads/writes samples from/to a 
file)

� User Datagram Protocol (UDP) 
source and sink (to transport 
samples over anetwork)

� ��
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HDSDR

� HDSDR is a freeware Software Defined Radio (SDR) 
program for Microsoft Windows 2000/XP/Vista/7/8. 
Typical applications are Radio listening, Ham Radio, 
SWL, Radio Astronomy, NDB-hunting and Spectrum 
analysis.

� HDSDR (former WinradHD) is an advanced version of 
Winrad, written by Alberto di Bene (I2PHD).

� �)
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SHARP SDR

� SDR# (read SDR Sharp) is a simple, intuitive, small and fast PC-based DSP application for 
Software Defined Radio. It’s written in C# with both object design correctness and 
performance in mind. The main purpose is to offer a simple proof of concept application to 
get hands into DSP techniques. Supported devices include:

� SoftRock
� FiFiSDR
� FUNcube Dongle
� SDR-4
� LazyDog’s LD-1
� SDR-IQ
� SDR-14
� RTL2832U / RTLSDR (external)
� Any sound card based SDR front end
� Any ExtIO based SDR front end

� �-

� http://sdrsharp.com/
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PowerSDR

� Windows only at this time

� Open Source

� Support for SDR-1000, FLEX-5000A, SoftRock, HPSDR

http://www.flex-radio.com

� �3
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PowerSDR

http://www.flex-radio.com
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Rocky

� Windows only

� Support for SoftRock

� Written in Delphi 5 Pro

� Written by Alex Shovkoplyas, VE3NEA

http://www.dxatlas.com/rocky

� ��
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Rocky

http://www.dxatlas.com/rocky
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uWSDR

� Windows, Linux, Mac OS X

� Open Source hardware and software

� Hardware in development

� Group effort, similar to HPSDR 

http://uwsdr.berlios.de

� ��
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uWSDR GUI

http://uwsdr.berlios.de
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SDRMAXII

� Originally Windows only, now ported to Linux

� Open Source

� Written by Phil Covington, N8VB

http://www.philcovington.com/QuickSilver

http://groups.yahoo.com/group/qs1r

� �)
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SDRMAXII

http://www.philcovington.com/QuickSilver

http://groups.yahoo.com/group/qs1r
� �+
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SDR Shell

� Linux Only

� Open Source

� Developed using the Qt Toolkit under Ubuntu Linux

� Currently RX-only (TX under development)

� Written by Edson Pereira, PU1JTE, N1VTN, JF1AFN  

http://ewpereira.info/sdr-shell

� �-
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SDR Shell

http://ewpereira.info/sdr-shell
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Linrad

� Linux, Windows, Free BSD

� Works with any soundcard for which the computer has drivers

� Free Software

� Written by Leif Asbrink, SM5BSZ 

http://www.nitehawk.com/sm5bsz/linuxdsp/linrad.htm

� �3
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Linrad

http://www.nitehawk.com/sm5bsz/linuxdsp/linrad.htm
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Winrad

� Windows only

� Implements a subset of Linrad features

� Support for SDR-14, SDR-IQ, Perseus, Elektor

� Written by Alberto, I2PHD and Jeffrey, WA6KBL

http://www.winrad.org/winrad

� ��
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Winrad

http://www.winrad.org/winrad
� ��
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SpectraVue

� Windows only

� Linux Drivers, ActiveX Control source provided

� Bundled with SDR-IQ Receiver

http://www.moetronix.com/spectravue.htm

� ��
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SpectraVue

http://www.rfspace.com/Support.html

� �#

� © 2008 Scott Cowling WA2DFI



�;�
�?=�
�$����
How Much Computer Do I really Need?

Q: How much should I spend? A: How much do you have?

More is Better, but this should do:

� Sound System: <spend your money here>

� CPU: Pentium Class, 1GHz or faster

� Memory: 1GByte (O/S dependent)

� HDD: 10GByte or more

� Ports: USB 2.0 if you use a USB sound card

� Ports: Firewire (IEEE-1394) if you use a Firewire sound card

� Display: Get a big one – you’ll be staring at it for hours

� �)
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The Sound System is the single most important part of your SDR

Don’t :
� Expect your motherboard’s built-in sound system to work
� Buy a $9 no-name sound card
� Use 6 foot clip leads to feed audio to your sound system

Do:
� Buy the best sound system that you can afford

� Use high-quality shielded cables

The Dynamic Range of your mixer-type SD RX is determined by the

SOUND SYSTEM

� �+
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The Sound System is the single most important part of your SDR

� ADC resolution: 24 bits

� ADC sampling rate: 48K, 96K, 192K – bigger slice of the band

� ADC S/N ratio – look for around 100dB

� MUST have stereo line input

� Computer Interface – Firewire (IEEE-1394), USB 2.0, PCI, PCMCIA

� External DC Power – may be required, even on a powered interface

� �-
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Don’t despair if :

� you live in a flat 

� cant put up an antenna

� cash Strapped

If you are on the internet you can play with SDR!

� �/
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http://websdr.ewi.utwente.nl:8901/
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