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What is an SDR?

A radio communication system where
components that have been traditionally
Implemented in hardware...

(e.g. mixers, filters, amplifiers, modulators/
demodulators, detectors, etc.)

...are implemented by software on a PC
or embedded system.
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Simplified SDR Recelver
(courtesy K4AFMH.com)

Software Defined Radio Simplified Block Diagram

usez
ﬁ\- FPGA -
RF Front-and ADC co o

Paraonal Computer
Software Defined Radio Rece lver

Sottware runs an fop of PC operating system (OFS)
Just e any othar applcatan,

« First, as with any other radio receiver, the antenna is
connected to the SDR's "hardware” RF front-end. Its
purpose is to..

- Interface physically with the antenna for optimum RF energy
transfer to the receiver.

- Serve as low-pass or band-pass filter
- Amplify the signals.

- Convert the frequency of signals down to an intermediate
frequency (IF) suitable for the ADC stage that follows.

+ The departure from a conventional receiver starts here.

www.sdrplay.com

\h”;

5Dﬁ’p/a$/

The amplified IF analog signal produced by the RF front-end
is fed to an analog-to-digital-converter (ADC).

The digital output of the ADC is then fed to a Field
Programmable Gate Array (FPGA).

The FPGA extracts the "I" and "Q" components of the signal.

The "I" and "Q" signal pair is called a complex signal. It is
produced in the FPGA by two frequency mixers having a
phase shift of 90° between them.

The I/Q output of the FPGA is then fed to the USB 2
programmable controller.

The software defined radio, running on the PC, takes its I/Q
data from the USB 2 controller. The SDR software...

... extracts the information from the signal for audio output.

... displays a graphical user interface giving the user access
to control functions and a variety of selectable visual outputs.

All of the signal demodulation and spectral functions are
done by the SDR software on your PC.

Most SDR ham radio receiver implementations will usually
(at least) support AM, WFM, USB, LSB, N-FM, DSB and CW
with fully adjustable DSP filter bandwidths ... down to below
1 Hz in some cases!
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What's all this IQ stuff? SO/

Simply put it's just a quadrature (vector) representation
of the sampled RF waveform

This makes it easier for the existing chipset in your PC
(sound and graphics use vector processors) to
demodulate the signals of interest.

Source: http://www.tek.com/blog/what%E2%80%99s-your-iq-%E2%80%93-about-
quadrature-signals%E2%380%A6
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Why do | want one? (Top Ten list!) SOt

1. True general coverage
2. Work one frequency and still monitor the band
® Panadapter (regular vision vs rifle scope!)
3. Filters! (brick-wall envelopes... software updatability)
4. Audio and IF Digital Signal Processing (DSP)
5. Harness the power of your existing PC
6. Multiple VFOs
/. Record large bandwidths
8. Record/playback of audio
9. Special purpose receiver:

® WX satellites, aircraft monitoring, digital stations, TV, lonosounds! etc etc
~10. Can you ever have too many receivers?

www.sdrplay.com
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Review of SDR recelvers:

The Catalyst for Hams: RTL Dongle

e see http://www.rtl-sdr.com

» Designed for mobile TV reception outside the
US (esp. Europe)

« |talian ham realized that the hardware was
broadband--very broadband--so he wrote a
new firmware that can be used with the .
dongle and a PC to yield Software Define
Radio Reception

* Cheap! Began around $100 but now down to
$10 or less for some models
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Review of SDR receivers S
— what to consider:

® Frequency Range: The range of frequencies the SDR can tune to.

® ADC Resolution: Higher is better. More resolution means more
dynamic range, less signal imaging, a lower noise floor, more
sensitivity when strong signals are present and better ablllty to discern
weak signals. Some SDR’s give their resolution in ENOB which
stands for effective number of bits.

® |nstantaneous Bandwidth: The size of the real time RF chunk
available.

e RX/TX: Can the radio receive and/or transmit.

® Preselectors: Analogue filters on the front end to help reduce out of
band interference and imaging.

® Price

www.sdrplay.com
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SR/
The story of SDRplay

Once upon a time......

www.sdrplay.com
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Review of SDR receivers SLfplEy
Comparisons with other common Wideband Commercial Software Defined Radios
SDR Tune Low Tune Max RX ADC Resolution Transmit? Price
(MHz) (MHz) Bandwidth (MHz) (Bits) (Yes/No) ($USD)
RTL-SDR 24 1766 3.2 8 No ~20
(R820T)
Funcube Pro+  0.15 260 0.192 16 No ~200
410 2050
Airspy 24 1800 10 12 No 199
e —ru
< SDRPlay 0.01 2000 10 12 No 149
HackRF 30 — ouoo 20 oy Yes 299
BladeRF 300 3800 40 12 Yes 400 & 650
USRP 1 DC 6000 64 12 Yes 700
For those who just want to receive a wide range of signals, we recommend the Airspy or SDRPlay as an upgrade to the RTL-
SDR. If you are mainly interested in narrowband signals the Funcube Dongle Pro+ may be worth considering. "

www.sdrplay.com
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Review of SDR receivers S
— The 8-bit dongle

R820T RTL2832U a.k.a RTL-SDR

Cost: $10-22 USD

Frequency Range: approx. 24 MHz — 1766 MHz

ADC Resolution: 2 Bits

Max Bandwidth: 3.2 MHz / 2 4 or 2 8 MHz max stable.
TX/RX: RX Only

Preselectors: None

The RTL-SDR is still the best ‘bang for your buck’ software defined radio out there. While it was never designed to be used as a
general purpose SDR in the first place, its performance is still surprisingly good. If you're on a budget or are just starting out with
SDR or radio this is the one to get. (Link)

source: rtl-sdr.com

www.sdrplay.com
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Review of SDR receivers SOfRol=e/
High-end example - The Perseus:

Perseus SDR

Cost: $1,100 USD

Frequency Range: 10 kHz — 40 MHz
ADC Resolution: 14 Bits

Max Bandwidth: 1.6 MHz

TXIRX: RX Only

Preselectors: Yes 10 switched

Many owners of this SDR claim that it is one of the lowest noise SDRs available and that it is
great for DXing. (Link)

source: rtl-sdr.com

www.sdrplay.com
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he RSP

The RSP (Radio Spectrum Processor) from SDRplay is a Software Defined
Radio which can turn a PC into a general coverage receiver or spectrum
analyser spanning VLF (10kHz) through to Microwaves (2GHz)

With dual 12 bit A/D front end converters and very sharp 5th order Chebyshev
filters, the RSP allows processing of a 10 MHz slice of radio spectrum all in one

go.

Great NF, Great sensitivity, Great selectivity, Great price!
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Ham Radio Science says... SOt/

¥ HamRadio Science W™ & BER

HOME RESOURCES DISCLAIMER

ANNOUNCEMENTS ~ FEATURED  INTERFACES  OPERATING  OPINIONS  PROJECTS ~ REVIEWS ~ SORRADIO  UNCATEGORIZED

Bl Best SDR Radios of 2015 and 2016 (so far) | Recent | comments | rcives
Featured | 9 Comments SDRplay announces the
Enter your email address ookina back ove G| oqUsion s cueo !
aa Looking back over SDR software

some SDR Radio 6:05 pm By HRS Staff

products that were 28/Aprill2016, Wakefield UK:

. : reviewed here and SDRplay announces the acquisition of
Subscribe Best SDR Radios

2015.and 2016 some that were not Studio 1 SDR software

Here is our picks of the

Delivered by FeedBumer
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Ham Radio Science also says... S~

Hogtln I ER Best “Bang For the Buck” - SDRPlay — $149

Mini 2 SDR &... , _
. The recently reviewed SDRPlay is the perfect step up from the RTL-Dongles.
$24.95 «Prime . : .
Matter of fact if you decide to skip the dongle phase you may want to go
Shop now straight to this one. With very wide coverage from 0.1MHz to 2GHz you can
. o listen to just about anything. The very wide bandwidth up to 8MHz will you to
: view large swaths of frequencies at once in the SDR software client or even set
HF FOR RTL SDR! up multiple VFO's to monitor several frequencies at once. Easy to set up with
free SDR software such as HDSDR, SDR-Console, and Cubic SDR. Great
amagon support from the SDRPlay team is included. This one is a winner.

SDRPlay Website

NooElec Ham It
Upv13-._.

$54.95 <Prime

B sros o

25 Owners P
,C?) Direct

from HomeAway*

SDRPlay Wideband SDR

www.sdrplay.com



http://www.sdrplay.com

Software Sfol=)

Multi-platform support for Windows, Mac, Linux, Android, Raspberry Pi 2/3
SDRuno (based on Studiol) provided free of charge

ExtlO based plugin ensures compatibility with growing number of packages
Access to free Mirics Radio & TV decode software (Europe)

Software upgradeable for future standards

API provided to allow demodulator or application development

3'd Party free software including:

Ol ol ol ol O 0 0 Rl o—
S—— ——
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EXTIO Plug-in St/

SDRplay RSP | Station Name [EJ|

Station: Radio Habana Cuba

IF Amplifier

4960
IF Mode ZeroIF -~

IF Bandwidth |153MHz v | Decimation |None |::

: i i1 Setpoint ENE
; CJLNAEN EE i ;daffo =i
: i i Final SR 10.00 MHz ; §

el B

IF Gain Reduction 60 dB

I OLNAOFF I
i LNAGR24dB

Total System Gain Reduction 84 dB

Soundcard [F5]

Bandwidth [F6] | Station: Disabled
Options  [F7] SDRplay Ltd :
Version 3.9 Build 0711 Cument Profile: Profiles Advanced Load Defaults Help
Help | Update [F1]

Full Screen [F11]

Minimize [F3]
- | - — A s
Exit [y @#—m | e e — EEEE rew 594z PG
L — e e—— e e—— e T o O smnl Speed

Set RSP settings for gain, LNA, sample rate etc.
Can be updated for future enhancements

A
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SDR-Console

Software:
» 6 receivers (VFOs)

« SSB, CW, AM, FM,
FM-Stereo

« WASAPI & ASIO
audio support

www.sdrplay.com

DSP:

AGC

CW Peak Filter

Noise Blanker (NB)
Noise Reduction (NR)
Notch

Squelch

\ JWU

|
|
T

|
v

Other:

Audio Spectrum

Data Record /
Playback

Favourites / Memories
Server functionality
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Cubic SDR SOl

CubicSDR v0.1.20-alpha by Charles J. Cliffe (@ccliffe) :: www.cubicsdr.com

fpple Inc: Built-in Output

AV AV AT AT At AV R A e S A VA AV

" ') Freguency
TuerR Lt | L/ ] ¢ \

Bandwidth
SN 7 4 O eSS | 1 0 [essome
145dB 1236 1287 1238 1239 1240 1241 3 1244 1245 1246 1247 1248 1245 158 1251

Center Frequency

kel « 5 1 el

152 1253 1254 15 1256 157 1258 1253 1260 1261 1262 1263 1264 1265 1266

1241502412800 12453124524 124750 124875 125{025251225000 12610650 1260B6R48  126VBH AR

A

Audio Visuals, drag left/right to toggle Scope or Spectrum.
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SDRuUno EDRa/aJ
— free to all RSP owners

D R A Professional Software Solutions i
S pPps |

Images not to scale

; Studiol Demo . ]
Software Defined Radio available with e Derived from Studiol

for professionals files to play .
* Optimised for RSP

- compatible with many SDR interfaces ° Free down Ioad

- multi instances on different interface
- multi windows and workspace

- up to 16 Virtual indipendents receivers ) O Supports Other SDRS
- outstanding DSP and audio quality - 5

‘  Via EXTIO
* Reduced functionality

Software Defined Radio

Studiol is a new concept in Software Defined Radio applications: it is hardware-independent receiving software
thought to bring you the best in user interface friendliness, DSP and audio quality, resource efficency and versatility.
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SDRuUNO

« SDRuno provides a rugged and flexible, high performance SDR receiver
capability , featuring:

« Multiple ‘Virtual Receivers’ which allow for simultaneous reception and
demodulation of different types of signals within the same receiver
bandwidth

A selectivity filter with an ultimate rejection greater than 140 dB

A unique distortion-free double stage AGC with fully adjustable
parameters

Multiple notch filters with BW adjustable down to 1 Hz, Notch Lock
feature

A unique synchronous AM mode with selectable/adjustable sidebands,
dedicated PLL input filter, and selectable PLL time constants
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SDRuno

— example screenshots

= 626 SDRPlay Running 3 Virtual Receivers with SDRuno v1.2
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» SDR Touch and SDRplay Driver, available from the Android Market
 The Android device must support USB On-The-Go
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Summary - Platforms + software S
examples supported by RSP

® Windows (XP, 7, 8, 10) for SDR-Console,
HDSDR, Studiol etc.)

® Mac (CubicSDR)

® Linux (CubicSDR, gr-osmosdr)

® Android (SDR Touch & SDRplay plug-in)

® Raspberry Pi 2/3 (growing Github resources)

www.sdrplay.com
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Add-on Software 5Dﬁp,aj g
- Satellite working

| &ﬁ:ﬁ‘?& 5 B AR
WD9EWK VHF crossed dipole
& Tablet + RSP for telemetry
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NOAA Weather satellite 5Dﬁ’p/aJ
- Wxtoimg

Credit: Jeff Broughton, WB8RJY

User pictures from the facebook group:
www.facebook.com/groups/sdrplay/

Wxtoimg:
http://www.wxtoimg.com

Credit: Sefi Merkel
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ADS-B using Dump1090 SOty

¥ e
Detect aircraft in your Home  Strthere P
vicinity — SDRplay

provides s/w and set- %* Windows
up wizards to drive
‘Virtual radar’

mapping software

Community Purchase Reviews Blog FAC About Us Contact  § w &

New customers should use the "Start Here" guide for software installations.

Generic Documentation
© Current API Installer: 1.8.1

RSP Single Page Datasheet (English) %8 (Release date: 11th January 2016)
RSP Single Page Datasheet (French) 11 Current EXTIO Plugin® 3.8 3
Detailed Technical Specification (Release date: 23rd February 2016)
APl Specification Current SDR# Plugin: 2.2

AGC Technical Note (Release date: 12th October 2015)

RSP Conceptual Block Diagram
RSP Schematics

ADS-B (dump1090): 1.13
(Release date: 1st May 2016)
User Guide

| ~ga Setup - SDRplay dump1090 - - X 2. Setup - Virtual Radar - - X

Welcome to the Virtual Radar

Welcome to the SDRplay s Wizard
etup Wizar:

dump1090 Setup Wizard

This vl install SDRplay dump1090 version 1,11.2003,16 on This willinstall Virtual Radar 2.3.1 en your computer.

your computer.
Itis recommended that you dose al ather applications before

Itis recommended that you dose all other applications before continuing,

continuing.

Ciick Next to continue, or Cancel to exit Setup.

Click Next to continue, or Cancel to ext Setup.

Next > Cancel

==
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ADS-B decoding example S,
using Dump1090 and VRS

':v«:. Virtual Radar (16) b Max — X
€ - C' [} 127.0.0.1/VirtualRadar/desktop.html# W ® QII gy =
,NT46AA AOB8FB A
m * American Airlines AAL1609
United States Civil
Airbus A321 231SL A321
Altitude:  Vertical Speed: Speed: Heading: Distance: Squawk: Engines: Species:
5725ft  -192ft/m 2390kts 313.0° 390nmi 3412 Twinjet  Landplane
Wake Turbulence:
Medium
Route:
KDFW Dallas Fort Worth, Dallas-Fort Worth, United States
KSEA Seattle Tacoma, United States
~ www.airport-data.com : : www.airliners.net : : www.airframes.org
a N781 i Show on map : : Disable auto-select : : Submit route correction
8108 >
EIATBIDS
3750
| N146AA
AAL1609
5725
oS 512)
N856DN s %
DAL2210 Tracking 16 aircraft Pause : : List only visible ~
57575
@ Silhouette Flag Reg. ICAO Callsign  Route Altitude Speed
U1 N474AS N440AS AS4AAE 10050 ft 294.0kts
ASABS4
9925 @@ N837DN AB728B3 14825t 333.0kts
N536AS A6C6C8 ASA448 18325ft 379.0kts
N508AS A657B9 121251t
N613QX A7FB57 31450 ft
N224AG ATEFE4 19975 ft
N483AS ASF3CF ASA787 117751t 286.0kts
N781QS AA95AC EJA781 3750t 185.0kts
N799AS AAD985 25400 ft
N6030X A7D3D8 4850 ft

N474AS AS5SD0O07 ASA894 PHKO-KSJC 9925ft 278.0kts
N146AA AOBSFB AAL1609 KDFW-KSEA 5725ft 239.0kts
N856DN ABBDFA DAL2210 KDFW-*-KROC 7575ft 251.0kts

Terms of Use N588AS _A70381 6550 ft

S 908 PM
a ) 9 m ® F ; A a0 B gm0 |

+

Credit: Max Santos, AC

www.sdrplay.com
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Another example: St/
Dumpl1090 and VRS

] PAUL-PC-Radioc X ‘ + Free license (non-commercial use only) = O X
! A
24 Viewa! Radia (24) x\{ B2 wvio = - 8 x
C. [1127.0.0.1/VirtualRadar/desktop.html Ll =
P. PR
: O ey, N69838 A94B50 a Snireo
| __——United Airlines UAL1886
United States Civil
Boeing 737-924 8739
| AMitude: Vertical Speed™  Speed: Heading: Distance: Squawic Engines: Species:  Wake Turbulence:
|35000R Of/s 5188ks 261 773 m Twinjet  Landplone  Medum
Route:
EWR Newark Liberty, United States
FLL Fort Leuderdale Hollywood, United States
W BIPOM-BLA COM - Wi, airiners net | www airframes.ocg
Show onmap : : Disable auto-select - Submt route correction
Tracking 24 aircraft Pause | List anly visible
. Flag Silhouette  Reg. ICAO  Calisign Route Altitude  Speed AR & VS Receiver Type Avg. Sig Squawk Distance
f NG983  AS4BS0 UAL1SES EWRFLL 35000ft $188kts 35000 ft KCHS2 8739 7739 mi
36975 N502AY i UNITED
¥ PRI S el f/s
24980 C-FWSY CAVEY CO3C02 WJAT039 29000ft S094ks  3N000f KCHSZ 8737 6267 3971 m
e /s
AS3C00 NK1B0  SDQ“LGA 36975t S175kts 36975 KCHS2 B4 mi
0#tis
My NSOSAY ASSTRF AAL1728 TPACLT 24950ft 468.24ts  24950% KCHSZ  A321 7365 3512mi
Lyt oRs
AG6BSS 1217 31975R 2872ks 31975k KCHS2 1742 3040 mi
145
NESAUB ABAEFZ JBUI2T1 BOSBUF 31975# 3732ks 31975k KCHSZ  A320 351 2953 mi
jetBlue & 0fsGES
N632JB AB4SF4 JBUSTE LAXJUFK 35225f S543Bkts.  35225R KCMSZ  A320 0757 2238mi
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BEMS (Narrow Band Emergency Messaging System)
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Digital Speech Decoding with DSD+ 50@155/ ’

DRM with Dream

Credit; David Stark, NF2G ;  :: | Thisis the DRM Service of

| Deutsche Welle Bonn, Germany

| 1 |Deutsche'Welle | AAC+ P-Stereo (20,76 kbps) + MM (0,20 kbps)

DSD+: :
httD://WWW.deD'US.Com 2 ‘ |DWWORLD.DE | Data: Journaline (0.20 kbps)

Dream: https://sourceforge.net/projects/drm/
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Digital Master 780 (Ham Radio  .Szzaouse/
Deluxe)
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2 |ana . .
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Ham Radio Deluxe / DM780: http://ham-radio-deluxe.com Credit: Stawomir Tectaw, SP2ST
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Other EXTIO-based software:
- Spectrum Analyzer example

« 7 P
S

"I took the SDRplay HDSDR ExtIO DLL file and loaded it into Spectrum
Lab. and it works (&) - needs more investigating, but it sure works.... "

The Spectrum Analyzer software can be downloaded from
http://www_gsl.net/dldyhf/spectrat.html

| Frea | Time KDY |
N

5
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3 ‘

Sesaromer——SLLLIY

15624.9813 Hz(pk
-057.848 5.2* ;
|13:58:49.7
—Color Palette al
Bl m
Cl4 = T |

12048 80 80

Acqusition ok |

I}

DL4YHF's Audio Spectrum Analyser

Spectrum Laboratory for Soundcard with Waterfall and FFT.
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Panadapters SOt/

- Hardware Requirements

* An RSP1 — to acquire signals across the frequencies of interest.

 ATRX (or main RX)- preferably with either RxOut or IF Out

capabilities, and CAT (Computer Aided Transceiver) capability to allow
interaction with the SDR software.

A PC — to run the SDR software and allow control signals to pass
back and forth between the SDR software and the transceiver.

Please see our website for an overview of
panadapters, including these slides.
www.sdrplay.com/Panadapterintrol.pdf

www.sdrplay.com
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Panadapters SO
- Antenna Considerations

« The RSP1 can share the same antenna as your transceiver, or in some
situations you may prefer to use an entirely separate antenna.

« If a separate antenna is used care must be taken with the physical layout to
ensure that near-field effects do not overload the RSP1 when you are
transmitting from the transceiver.

- Article discussion of near-field effects: http://www.w8ji.com/antenna coupling.htm

« If a shared antenna is used it may either be connected “behind” the transceiver,
in which case internal circuitry in the transceiver will protect the RSP1, or using
a splitter “in front of” the transceiver. If a splitter is used it is essential that a
switch is implemented that isolates the RSP1 from the antenna during transmit!

* In any configuration the maximum input power to the RSP1 must not
exceed 0dBm

On the following slides we will look at these configurations in more detail...

DO NOT directly connect the RSP to the same antenna as your transmitter, or to an antenna in the near field of a
transmitting antenna, as this is likely to result in irreversible damage to your RSP and invalidate your warranty.
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LS f <
Panadapters | | S t=e)
- Antenna Considerations

Separate antenna

« Care must be taken with the physical layout to ensure that near-field effects

do not overload the RSP1 when you are transmitting from the transceiver.
- See this article for a discussion of near-field effects: http://www.w8ji.com/antenna_coupling.htm

Near-field CN

DO NOT directly connect the RSP to an antenna in the near field of a transmitting antenna, as this is likely to
result in irreversible damage to your RSP and invalidate your warranty.
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Panadapters SO
- Antenna Considerations

Shared antenna using splitter

« A switch must be used to isolate the RSP 1 during transmit!

——

Isolation
Switch

Splitter

DO NOT directly connect the RSP to the same antenna as your transmitter as this is likely to result in
irreversible damage to your RSP and invalidate your warranty.
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Panadapters SrForse)
- Antenna Considerations

Shared antenna “behind” the transceiver

* Internal circuitry isolates the RSP1

IF Out: - Displayed bandwidth limited by transceiver on-board filters
- RSP1 tuned to IF frequency

RF Out: - RSP1 can display up to the full 20 MHz bandwidth capability
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Panadapter SO
- Software Requirements

« Any of the SDR Software programs that support RSP1 can be
used to provide a basic spectrum display.

« SDRuno, HDSDR and SDR Console have built-in capabilities
for CAT and other add-on software, to allow for communication
between the SDR software and the transceiver.

« Ham Radio Deluxe and OmniRig are commonly used for
synchronization/control between the TRx and SDR RX.

 We recommend you research the available options and select
according to your expectations and requirements:

HDSDR: www.hdsdr.de
SDR-Console: www.sdr-radio.com
CubicSDR: cubicsdr.com

Ham Radio Deluxe: ham-radio-deluxe.com
OmniRig: www.dxatlas.com/omnirig/

N4PY: http://www.n4py.com/
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For more information: S

¢ Company website: www.sdrplay.com

¢ Community Forums: www.sdrplay.com/community/

® Emall: support@sdrplay.com

® Facebook: https://www.facebook.com/groups/SDRplay/ &
https://www.facebook.com/groups/SDRuno/

(Independent groups run by enthusiastic users!)

® Google / YouTube

® Many videos covering how to use the various software packages,
Implementing panadapters and much more. Use the Google search
function.

- SDRplay channel: https://www.youtube.com/c/SDRplayRSP

—

www.sdrplay.com
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SR/
Now it’s your tum....

* Questions?

« Come and play

www.sdrplay.com
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