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Overview

 SDR Concepts

* SDR Uses

* SDR Devices

 SDR Software

* Remote SDR access
* Work session
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What is an SDR



Unlocking the Airwaves: A Beginner's Guide to Software Defined Radio (SDR)

What is Software Defined Radio?

QTR
8T:00l014)
@ (1
nrily
1IN URe QUS| 1Y)
n s tage
1

Radio Controlled
by Software

Flexible software on a computer,
FPGA, or GPU processes signals.

Radio Controlled
by Circuits
Fixed analog hardware handies
signal processing.

The RTL-SDR Revolution

Inexpensive TV tuners act
as wideband receivers,
democratizing SDR for

around $30.

SDB captures,
digitizes, and
sends rew data
for decoding.

Software

Capture Digitize
Decodes

Spectrum Signal

What Can You Do With an SDR?
(Popular Projects)
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Track Live Aircraft

Create your own live
flight tracker map using

Listen to Digital

ADS & signals. Communications
& Decode unencrypted digital
W, 0‘“’59 ; . volae tranumicaions (e.g.,
% ; \ P2S, DMP) using software.
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Download Weather
Satellite Images

Receive real-time images
from polar orbiting NDAA
and Meteor satellites.

Hain Transceiver
Decode unencrypted digital

retce bunomoisions (e.g..
P21, RMR) using software.
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Create a Panadapter
for Your Transceiver

Add a real-time spectrom
display to view entire
band activity.

Decode Satellite
LEELE Y

Capture health and status
information from amateur
satellifes.

Explore the Airwaves
Use ca:a general carpode
caanner for Fbl tadilr, air

traffic, meritime, and more.

A Perfect SDR Companion

Choosing Your First SDR: A Comparison
[ Device ]

RTL-SDR

@ $250+

ADALM-Pluto |

Receive only 8-b4 ADC, | Beginners, listening,
2.4 MHz bandwidth and simple projects.

Students, learners,
and transmitting
experiments.

Transmit & Receive
(Full-duplay), 12 61t ADC,
20 MHz bandwidth

( Tlr{ansn}it § Recelve
Holf-dtiplag), 5-C% ADC,
$300+ 20 MHz bandwidth,

1 MHz & GHz

Security research,
BF hasking, general
experimentation.

HaskRF One
Pro-level features,
12-0it ADC, +60 MHz

)
$700- $2000+ "1 gidth, MIMO

LimeSDR / USRP support

Academic research,
professionals,
complex systems.

The Software Ecosystem

Advanced Frameworks:

Specialized
GNU Radio

Decoding Tools

General Receiver
Software

Open-source toolkit for
building custom radio
applications by connecting
blocks.

Specific software for
decoding data like weather
images or digital voice.

User-friendly interfaces
with spectrum displays
(SDRX, GQRX, SDR Console).

Remote SDR & Dedicated Projects

Web-Based Radio
with OpenWebRX

Set up a web server for
browser based accoss
from anywhere.

A NotebookLM

Network Streaming
with Spyserver
Stream raw sigital data
over the network for
processing on powerful PCs.

The Raspberry Pi:

Low power, desicated
receiver for optimal
reception locations.




RTL-SDR.COM

QUICKSTART SETUP GUIDE: RTL-SDR.COM/QS6
DVB-T+DAB-+FM+SDR . RN
RTL2832URB2OT2 TOO+BIAST+HF
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Traditional Radios

Radio functions implemented
with discrete electronics
components




SDR in Gnu Radio

Options Variable
Title: Mot titled yet Id: samp rate
Output Language: Python Value: 768k
Generate Options: OT GUI

RTL-SDR Source
Syne: Unknown PPS
Number Channels: 1
Sample Rate (sps): 7T6E8k
Cho:

Cho:
command Cho

Frequency (Hz): 118.6M
Frequency Correction (ppm): 0

: DC Offset Mode: 0
Cho:
Cho:
Cho:
Cho:
Cho:

1Q Balance Mode: 0
Gain Mode: False
RF Gain (dB): 10
IF Gain (dB): 20
BB Gain (dB): 20

OT GUI Rang
Id: center _freq

Default Value: 118.6M

Start: 10.036k
Stop: 140M
Step: 100k

Low Pass Filter
Decimation: 16
Gain: 1
Sample Rate: 768k
Cutoff Freq: ck
Transition Width: 2k
Window: Hamming
Beta: 6.76

AGC
Rate: 625u
Reference: 1
Gain: 1
Max Gain: 65.536k

PLL Carrier Tracking
Loop Bandwidth: 50m
Max Freq: 65.4m
Min Freq: -65.4m

Radio functions implemented in computer programming

QT GUI Range
Id: vol

Default Value: 1
Start: 0

Stop: 4

Step: 20m

AM Demod
Channel Rate: 45k
Audio Decimation: 1 |guyf
Audio Pass: S5k
Audio Stop: 5.5k

Multiply Const
Constant: 1

Audio S5ink
Sample Rate: 45 kHz




RTL-SDR

Rafael Micro R820T/T2 : : Realtek RTL2832U

ANTEMNNA (1) Downconvert the IF,

. IF analog signal AfDs: B bits fl?"f-"'aijl |-"\'.E |2_ﬁi-<.'_bﬁ”i|
- 5 - 28.8 MSPS each _  equivalent signal PATH USED IN "SDR MODE", .
{center in ' fived rate (2} Reduces the sampling MAX ATTAINABLE STABLE /O RATE: 2.56 MSPS -
3.57MHz) - | rate (adjustable) A 2 enE e hniE 2R Habs
= T A/D

DDC o=

Mot used in X—= A/D OVEB-T Decoder
this design . Q —»  (not used in
(R820T is a S| "SDR MODE"  [fecoded Controller
“non-zero IF* {about cream :
- . tuner IC) -8B M5PS) Bottleneck for.
local oscillator : : the SDR mode:
: ' (limits the .
sampling rate"
that can be .
transferred -
without
dropping

microcontroller : . : > CPU 8051 samples)

8051 used only for auxiliary tasks,
like decoding the infra-red remote control

is this correct?

RTLSDR INTERNALS TENTATIVE - BY hapdev




ENTIRE FLD KEUESIGNEU

FOR LOWER NOISE
REDESIGNED THERMAL LAYOUT
IMPROVED FRONT END DESIGN (HELPS FIX VCO LOCK PROBLEMS)
(RESULTING IN HIGHER L-BAND SNR) BETTER LDO
4 5V BIAS TEE (LESS NOISE AND LOWER
(SOFTWARE CONTROLLED) 1PPM TCXO VOLTAGE OPERATION) 5V LINE

FERRITE CHOKE
SMA FEMALE -

CONNECTOR

ADDITIONAL ESD 4
PROTECTION CLK SELECTOR USB RF CHOKE
DIRECT SAMPLING CIRCUIT JUMPER  GPIO EXPANSION (REMOVES USB NOISE)
ENABLES HF RECEPTION PORTS

e



Simplest implementation




What do | see?
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How can | use it?

e Operating
* As a receiver for QSOs
* To listen to any frequency within the SDR’s range
* To pipe audio into other programs (WSJT, FL-Digi) to decode
* As a panadapter to view large freq spans

* Experimenting
* Listening to new stations
* Trying new modes

* Single-Purpose Reporting (with Raspberry Pi)
 ADS-B aircraft
* ABS ships
* GOES
e Satnogs



Typical SDR Configurations

SDR
Tuner

SDR
Tuner

SDR
Tuner

NRSP-ST

uSB

uSB

uSB

IOMIaN

Computer/ Typical application
SDR Client
Raspberry Computer/ Spyserver -
Pi/SpyServer  NEtwork™  gpp Client rD;fan:/:g gilsh or
Raspberry N " Computer/ OpenWebRX
Pi/OpenWebRX etwork™ ' web browser
Computer/
nRSP-ST SDR Network Server
s SDR Client
Computer/

Web browser



SDR Radio Characteristics

e ADC resolution

 Bandwidth - the breadth of frequencies that can be viewed in one
time.

* Frequency coverage - the range of frequencies that can be
received

* Filtering - the ability of the radio to reject strong and unwanted
adjacent signals

* Inputs - the number of antenna inputs on the device



SDR Performance: The Bit Depth Difference

/ Low Bit Depth High Bit Depth \
(e.g., 8-bit) (e.g., 16-bit)
Higher Data Throughput Lower Data Throughput
50 MSPS at 8-bit (e.g.) 25 MSPS at 16-bit (e.g.)
DATA
.— Summary Table: Key Trade-offs ——
L ‘ e Low Bit Depth  High Bit Depth | DATA
(e.g., 8-bit) (e.g., 16-bit)
3 gl;); mampks Higher Lower )
Smaller Data Footprint Larger Data Footprint
Reduces storage needs and : A 16-bit I/Q sample pair is
network bandwidth, ideal for Data/File N7, double the size of an 8-bit
streaming applications. Size pair, requiring more storage.
Smaller Larger
: TN \
Dynamic A=A -'\IA \ I\/\/\
Range - J
Limited Dynamic Range Lower Higher Superior Dynamic Range
A higher intrinsic noise floor High-speed Weak signal A lower noise floor allows for
can obscure weak signals, Best For... scanning, analysis, high- the detection of very faint
especially near strong ones. ¢ streaming fidelity recordingJ signals.

A NotebookLM




Why ADC Bit Depth Matters

* 8-bit: 256 steps -distortion

* 14-bit: 16,384 steps -DX through broadcast
* 16-bit: 65,536 steps -contest-grade

* Image: Stair-step graphic



Bandwidth Considerations

 SDR bandwidths are much larger than entire ham bands

* May be needed for experimental work
e Larger bandwidth = more CPU and network utilization

* Use only what you need



Bandwidth = Your Instant View

* RTL-SDR: 2-3 MHz

 SDRplay/Airspy: 8-10 MHz

e Ettus/Lime: 30-56 MHz

* Wider bandwidth = more CPU & network load



When Wide Bandwidth Wins

* Full 6 m sporadic-E watch

* Wide satellite transponders

 UHF DATV (2-8 MHz signals)
 Microwave beacon surveys

* Software decimation lets you zoom in



Bandwidth
(Wider View)

Bit Depth
(More Detail)

Filtering
(Less Noise)

Transmit?

Leveling Up: A Guide to Your Next SDR

o
N )
A |
RTL-SDR Blog V4 SDRplay RSPdx Airspy R2 HackRF One
~2.4 MHz ~10 MHz ~10 MHz ~20 MHz
*Like a porthole on the *Like a panoramic
RF spectrum.* window. *
8-bit 14-bit 12-bit 8-bit
*Laptop's built-in mic.* *Professional studio mic.
Hear weak signals next
to strong ones.*
Basic @ Excellent @ @ Excellent @ Good

No (RX only) No (RX only) No (RX only) ‘es (TX




Hardware & Software Are Interchangeable

* RTL today, Pluto tomorrow -same software!
* Open libraries: SoapySDR, libiio

* Exceptions: Proprietary (Flex SmartSDR)

* Image: Device icons a1’ SDR software logos



SDR Software - Two Camps

* Operating-focused: QSO audio & logging
* Experiment-focused: decoders, transmit, analysis
* Image: Split icons
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SDR#

* Fastest & lightest
* Huge plugin ecosystem

[ L@UWL L




SDR++
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SDR Angel
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The “Language” of SDR - the “IQ Stream”

Comment: According to Jeff Long: “This is a great thing to try to figure out. If we can come up with

an answer that gives someone a feel for why 1/Q is used in SDR in 10 minutes, and does not include
phasors,
exponentials to a complex power,
a derivation of any equation,

the concept of orthogonality,

etc., ... it will win a Nobel prize in education.”

It is a stream of digital data containing pairs of numbers (the | and the Q
component) that describe a radio signal. It’s sent from the SDR Device to
the SDR Software



Decoding the Ether:
What's Inside an I/Q Signal?

The Challenge:
A One-Dimensional View
is Not Enough

Radio Waves Have
Two Key Properties

7y

4 Amplitude
Signal’s strength

270°

180°

Phase
Position within repeating cycle

A Single Measurement
Can Be Deceiving

Simply measuring a signal's
strength (amplitude) ioses all its
critical phase information.

Phase Blindness
Hides Information

Many modern digital signals (like
PSK) encode data by changing the
phase, which is invisible to a simple
amplitude-only measurement.

The Solution:

Capturing the Full Picture

with 1/Q Data

s

In-phase Quadrature

1/Q Data Splits the Signal into
Two Orthogonal Components
This creates a 2D representation using an

In-phase (I) component and a Quadrature
(Q) component, which is offset by 90°.

land Q Components
Form a Coordinate

Together, the | (real) and Q
(imaginary) values act as
coordinates that pinpoint
the signal’s exact amplitude
and phase.

PN

I:1.0 I:0.0 I:-0.707 1:0.5

Q:0.0 Q:1.0 Q: -0.707 Q: -0.866
Amplitude: 1.0  Amplitude: 1.0 Amplitude: 1.0 Amplitude: 1.0
Phase: 0° Phase: 90° Phase: 225° Phase: 300°

A Stream of I/Q Samples

Represents the Live Signal

Raw signal recordings are binary files containing an alternating
sequence of | and Q values (IQIQIQ...).

A NotebookLM



How the IQ Stream is used

* Directly from the SDR Device to the SDR Software (USB
connection)

* Indirectly thru a network connection
* Can be recorded and played back allowing active retuning



Why Record Raw |/Q (Not Audio)

* Retune, filter, slow down after recording

* Replay missed callsign/telemetry

* One good pass = hundreds of practice decodes
* Image: Audio vs. |/Q playback



|Q Stream Limitations

* Affected by:
* Signal bandwidth
* “Decimation” - intentionally regularly dropping observations

* Limitations
 Computer speed
* USB port speed
* Network speed (if using network)



Remote SDR



Access Your SDR from Anywhere with SpyServer

(

r 0110100|010
Immnomoo

- \%—y { 00101100001

:, ' 10001010010

00010101010

@ SPR Consale -8 x

Connection

(8

( SpyServer

192.168.1.10

3. Stream Over
Network

SpyServer software

running on the Pi streams
the 1/Q data over the local

1. Server Set_up: 2. Capture & Digitize "~ i (. or internet. 5. Connect to Server
Raspberry Pi + SDR The SDR captures analog In the client, "SpyServer”

A Software Defined Radio radio signals and converts is selected as the source,
(SDR) dongle is connected them into digital 1/Q data using the Raspberry Pi's
via USB to a Raspberry Pi. streams. IP address.

4. Client Software

A user on a separate computer
runs an SDR client application
like SDR Console.

6. Remote Control
& Listen

The client receives the 1/Q
stream, displaying the
spectrum and playing audio
as if the SDR were local.

A NotebookLM



SpyServer on

Discovery Dish Post




OpenWebRX
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How a Raspberry Pi SDR Station Tracks Aircraft

~—— 3. Signal is Digitized into 1/Q Data

The SDR's RF front-end downconverts the
signal to baseband. An Analog-to-Digital
Converter (ADC) then digitizes it into two
streams of numbers: an in-phase (1)

: - component and a Quadrature (Q)
/ Quadrature (Q) comﬁ)onent. irhese two I
: . stroams represent the signal as a complex
1. Aircraft Broadcasts Fllght Data numt?er‘ pr'eserving'its fu?] phase and
An aircraft in flight transmits its amplitude information.

identification, position, altitude, and
velocity as a digital radio signal (an
electromagnetic wave). This process
is known as Automatic Dependent
Surveillance-Broadcast (ADS-B).

2. SDR Receiver Captures the Signal

An antenna connected to a Software Defined
Radio (SDR) peripheral, such as an RTL-SDR,
captures the radio waves. The SDRis a
small, versatile device connected via

USB to a Raspberry Pi.

&/ :

4. Raspberry Pi Decodes the Data 5. Information is Displayed on a Web Map
The Raspberry Pi runs software that uses Server software running on the Pi. such as
Digital Signal Processing (DSP) algorithms, OpenWebRY, interprets the decoded data packets.
often built on libraries like GNURadin, to if then plots the aircraft’s position on a map and
process the stream of I/Q samples. This software  provides detailed flight information through a
demodulates the signal to extract the raw web interfece, accessible from any device on the
ADS-B flight information packets. network with a browser.
A NotebookLM
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Questions and Demos
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