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OUTLINE
Software Defined Radio (SDR) background

• SDR Hardware

• How SDRs work (very basic)

SDR software applications & demo(?)

• FlightAware with modified RTLSDR

• SDR# (SDR Sharp) with RTLSDR

• OpenWebRX with RTLSDR

• SDRuno with SDRplay

• Gnuradio with RTLSDR



TWO IMPORTANT RULES

I LEARNED IN MY 

PROFESSIONAL LIFE

1. Never, ever rely on a live demo

2. If you’re really confident that a live demo will work refer 

to Rule #1

But sometimes it’s still worth a try!
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Raise of hands if you’ve 

previously used or are currently 

using a Software Defined Radio?

Raise your hand if you have an 

IC-7300 and didn’t previously 

raise your hand



SDR HARDWARE –

EASY MODE

Popular Ham Transceiver

All self contained - No 
additional Computer or 
Software Required

The IC-7300 is an example 
of a Direct Conversion 
SDR



SDR – SLIGHTLY HARDER MODE

Another Ham Transceiver

External Computer required but S/W app 

included



SDR – HARDER MODE
Harder but complexity varies from easy to ???

Range from $ to $$$$

• RTL-SDR  ($29.95 (Amazon)) 

• SDRPlay ($117.00 (SDRplay))

• HackRF ($350.00 (Hackerwarehouse))

• Nooelec NESDR  ($35.95 (Amazon)) 

• Airspy ($169.00 (Airspy.us))

• FlightAware Pro Stick ($68.74 (ebay))

• … many more to chose from



OTHER HARDWARE 

CONSIDERATIONS



BRIEF BACKGROUND ON SDR

SDRs Utilize high speed Analog-to-Digital Converter (ADC), Field-

Programmable Gate Array (FPGA), & Digital Signal Processing (DSP) 

components

Nyquist Sampling Theorem

• (Paraphrased) To digitize a waveform, sampling must be at least TWICE the 

frequency of the highest frequency component in the desired signal. 

Sampling is performed with an analog-to-digital converter (ADC) with 

a sampling rate capability at least twice the input frequency.

• Direct Conversion did not become practical until the sampling speeds in the 

ADC increased significantly.

• In early days the RF signal processing was done at IF frequencies

• Audio signal processing happened even earlier



Front-end

Local Oscillator
(not a DC SDR)

“I” signal (in-phase)

“Q” signal 

(quadrature)
Q is phase shifted +90˚ 

with respect to “I”

RTL-SDR BLOCK DIAGRAM

Variable Gain Amp

Low Noise Amp

Downsampling

(Reduces amount 

of data)



WHAT ARE THE I/Q SIGNALS?
In-phase (I)/Quadrature (Q) – input 
signal by definition is the I signal
and the Q signal is shifted 90 
degrees. I = Cosine/Q = Sine 
function

It doesn’t matter if the input signal’s 
phase is varying. The Q signal is 
always shifted 90 degrees from the 
input signal.

Demodulation equations are easily 
handled by DSP

Let’s do some basic high school 
trigonometry. AM demodulation is 
achieved by simply applying the 
Pythagorean Theorem

i (sin)

q (cos)

x

x2 = i2 + q2



I/Q SIGNALS WITH NO AM 

MODULATION

X = √ (I2 + Q2)

90°: I = 1, Q = 0, X = 1 

120°: I = .5, Q = .866, X = 1

135°: I = .707, Q = .707, X = 1

180°: I = 0, Q = 1, X = 1

X is always 1. No signal variation!

But if there is a signal on the carrier, the Q value will be the value of the previous 

sample but the I value will have changed (+ or -) following the modulation. That 

value of X will be the demodulated signal. 



SDR# (SDR SHARP)

RECEIVER



HTTPS://AIRSPY.COM/DOWNLOAD

https://airspy.com/download


SDR#

Install Driver
Installs SRDLL.dll

Run SDR#

Run zadig.exe
Replace driver

See YouTube video

Insert RTLSDR USB
Windows installs driver 

that SDR# can’t use

https://www.youtube.com/watch?v=rUwRt5qn-6U


SDR# FM BROADCAST RECEIVER



SDR# 2M RECEIVER



SDR# DEMO

1
9



FLIGHTAWARE OR 

FLIGHTRADAR24   

FEEDER



SIMPLE SETUP

Hardware needed:

• Raspberry Pi (at least a version 2, version 3 recommended)

• USB Dongle SDR (prefer a FlightAware custom version)

• Recommended – bandpass filter to reduce desensing due to 

strong local signals

• Antenna tuned for ADS-B signals 

• Frequency

• Insert picture
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FLIGHTRADAR24

2
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SKYAWARE ANYWHERE
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FLIGHTAWARE FEEDER STATS
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BENEFITS OF FLIGHT FEEDING

• FlightAware Enterprise Account or flightradar24 Business 

Account

• When you see a contrail or the actual aircraft you can 

figure out who they are and where they are going

2
6



ANOTHER DEMO?

2
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OPENWEBRX



OPENWEBRX

Linux based but you don’t need to be a Linux expert

Runs on Raspberry Pi (3 or 4)

• More powerful computers required when more users are accessing via web 

server

Interface via webserver

• Access from any computer with a web browser (laptop (Windows), notepad)

• May be opened to wider web beyond your home network

Lots of decoders available

Detailed installation instructions for Raspberry Pi available at 

https://www.rmham.org/wp-content/uploads/2022/04/PracticalSDR.pdf

https://www.rmham.org/wp-content/uploads/2022/04/PracticalSDR.pdf


OPENWEBRX SETUP



OPENWEBRX SETUP
OpenWebRX image loaded on SD card



OPENWEBRX SETUP, CONT’D

Initial setup with monitor, keyboard & mouse

• Update & Upgrade RPi

• Run raspi-config to enable SSH and reset your password

• Setup an OpenWebRX admin account to enable management of 

OpenWebRX application  

https://github.com/jketterl/openwebrx/wiki/User-Management

• Run ifconfig to determine IP address of RPi

If you have comm program (e.g., Putty) for Windows 

computer you can now run the RPi “headless”

Lots of YouTube videos to help you

https://github.com/jketterl/openwebrx/wiki/User-Management


WEB 

APPLICATION

Set up custom 

receiver

• Select Center 

Frequency

• Sample Rate

• Starting Frequency

• RF Gain



WEB 

APPLICATION

Select the receiver 

you just set up

Select mode

Note digital modes 

available!



OPENWEBRX DEMO?

• If away from your home 

network you need to use 

a Dynamic IP manager

• No-IP

• DNS Duck

• FreeDNS

• Numerous others



OPENWEBRX CONCLUSION

Why would I do this?

• Observe local repeater activity without needing to scan

• Listen to activity from my recliner on phone or tablet 

without carrying HT (which has lousy coverage in my 

house)

• Does not need to be configured for public access within 

range of your home WiFi



SDRPLAY AND 

SDRUNO

WITH FTDX-3000
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FTdx3000

Ant 1

CAT

IF Out

RF Out

SDRPlay
Coax

PC
(Windows 10)

Monitor
HDMI

USB

USB

SDRUno

Log4OMv2

Omnirig

PANADAPTER CONFIGURATION



SDRUNO WITH FTDX-3000



FTDX-3000 PANADAPTER

Using RF or IF output from rig eliminates need for a TR switch to 
protect SDR. FTdx-3000 takes care of this. Pay special attention to 
this!!! You may need a TR switch to prevent blowing up your SDR

• RFout has wider bandwidth than IFout so entire band can be seen

SDRuno & Omnirig provide rig control 

• I seldom touch the tuning knob or mode button

• Tune with mouse click on signal and fine tuning with mouse wheel

Easily adaptable to any rig with CAT interface

• If CAT I/F not available you need a TR switch and possibly 
bandpass filters

Logging software (Log4OM) automatically receives frequency and 
mode information making log entry easy
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XCVR

Ant

SDRPlay

PC
(Windows 10)

Monitor
HDMI

USB

SDRUno

Log4OMv2

PANADAPTER CONFIGURATION
WITHOUT SWITCHED XMIT & CAT I/F

TR Switch

Bandpass 

Filter(?)



GNURADIO



GNURADIO

Software Radio Ecosystem 

Open-source software development toolkit that provides 
signal processing blocks to implement software radios

Written in Python

• Can be ported to microcontrollers avoiding need for a heavy operating 
system (e.g., Windows or Linux)

https://www.gnuradio.org/

GNU Radio Companion – GUI to manipulate signal processing 
blocks

Using GNU Radio Companion Part 1 YouTube video

https://www.rmham.org/wp-content/uploads/2022/04/gnuradio.pdf

https://www.gnuradio.org/
https://www.youtube.com/watch?v=ufxBX_uNCa0
https://www.rmham.org/wp-content/uploads/2022/04/gnuradio.pdf


GNURADIO COMPANION –

2M NBFM RECEIVER



BROADCAST RECEIVER


