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Introduction

* Why build your own Software Defined Radio?
* Learn about Digital Signal Processing, GNU Radio Flow Graphs, 1Q, Linux and Python
* Create your own embedded radio projects and test instruments
* Use those old, forgotten, SDR Dongles in your junk box
e Explore ALL Modes: AM,FM,SSB,PSK,AIS,ADS-B,DRM,TETRA,DMR,NXDN,D-STAR...

* Why buy a $25 RTL-SDR USB DVB-TV Dongle?
* Frequency: 24MHz-1.766GHz with 1ppm TCXO
 Bandwidth: 2.4MHz Max
e Also runs on Windows™ with free SDR#, HDSDR, PowerSDR & more

* Why buy a $65 Raspberry Pi 3?
e 1.2GHz, 64bit, Quad-Core, 5V, credit card size computer with WiFi, HDMI & Linux.
e Also runs: WSJT-X, FLDIGI, HAMLIB, GPREDICT & more



Hardware Required




Hardware Required

Computer/Laptop with fast Internet access, USB &/or Micro SDHC Card adapter.
HDMI monitor (TV)/HDMI cable/USB Keyboard/USB Mouse/PC Speakers.

Raspberry Pi 3

Micro USB Power Supply 5V, >= 2A
Micro SDHC card (>=8GB) + adapter
USB Extension Cables (x2)

RTL-SDR Dongle (US$19.95)

Total Cost (Approx)

S 65.15 — Pi Australia inc P&P

S 18.45 — eBay (AU Stock)

S 11.00 — Officeworks (16GB)

S 1.14 - eBay

S 25.20 - https://www.rtl-sdr.com
S$122.08



https://www.rtl-sdr.com/

Buying a Raspberry Pi 3

P i A U St ra | i a Q '™ Shopping Cart - 1 Iltems

& My Account v

Products Blog Shipping About & Contact Us Support

Home / Raspberry Pi Boards / Raspberry Pi 3 Model B

Raspberry Pi 3 Model B $57.95

Our third-generation single-board SAVE $10.00 (15%)

computer

% % % % % Rated 5/5 based on 6 reviews.
Share: 518 v

1 ™ Add to Cart ¢ Wishlist

Calculate Shipping

Qty Australia v Post Code < Calculate




Buying a RTL-SDR Dongle

RTL-SDR Blog V3 R820T2 RTL2832U 1PPM TCXO SMA
Q Software Defined Radio (Dongle Only)

@w‘?}t{;y Includes 1x RTL-SDR Blog brand R820T2 RTL2832U 1PPM TCXO SMA V3
@,’}5?” | Dongle.
. Several improvements over generic brands including use of the R820T2 tuner,

improved component tolerances, a 1 PPM temperature compensated oscillator
(TCXO), SMA F connector, aluminium case with passive cooling, bias tee circuit
and break out pads for easy direct sampling modification.

Amazon USA local in stock.
Chinese worldwide warehouse in stock.

USA (Buyat Amazon.)) Worldwide Add to cart Price: $19.95 USD




Downloading Raspberry Pi Software

* Requires a PC with a fast Internet connection. This will take 2-3 hours.
* Download Raspbian Jessie (the latest ‘Stretch’ version will not work):

https://downloads.raspberrypi.org/raspbian/images/raspbian-2017-
07-05/2017-07-05-raspbian-jessie.zip

* Unzip “2017-07-05-raspbian-jessie.img” to the desktop
* Download and Install “Etcher” for your PC from https://etcher.io/

5,

[[] Name Date modified Type Size
\=| 2017-07-05-raspbian-jessie.img 20/01/2018 10:40 AM  Disc Image File 4,552,231 KB
¢ 2017-07-05-raspbian-jessie.zip 20/01/2018 10:34 AM  Compressed (zipp.. 1,617,985 KB

© Etcher-Setup-1.2.1-x64.exe 13/01/2018 12:35PM  Application 51,298 KB


https://downloads.raspberrypi.org/raspbian/images/raspbian-2017-07-05/2017-07-05-raspbian-jessie.zip
https://etcher.io/

Creating a Micro SDHC Boot Disk

Insert Micro SDHC card into adapter and adapter into computer.
Run Etcher. Select the .img file above. Select your Micro SDHC card.
Press Flash! Etcher will create a boot disk. Warning: All Data Erased!
Important: Ignore “Format Disk” if Windows asks!

Al S

Remove the Micro SDHC card from the computer.




)B xx 0%(12:16

Starting up the Raspberry Pi 3
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Insert Micro SDHC card into Raspberry Pi 3.
Connect an HDMI Monitor and turn it on
Connect amplified PC speakers and turn them on
Connect a USB RTL-SDR DVB-TV Dongle

Connect a USB Keyboard

Connect a USB Mouse

Connect a 5V Micro USB power supply and turn it on
The Raspberry Pi 3 should boot up to the desktop



Setting up the Raspberry Pi 3

* Click %| Preferences|Raspberry Pi Configuration
* Set Password — Default is “raspberry” EE Ry

o Set LOcale, T|me ZOne, W|F| Country ‘ System ‘ Interfaces | Performance | Localisation
Password: Change Password...

* Select Wired/Wireless Network icon ocname raspberrypi

e Connect to your WiFi router Hoot ¥ ToDesktop - To CLI

. . Auto Login: v Login as user pi’

* Check clock is updated automatically \.omai00 Wait for network
Splash Screen: *) Enabled Disabled
Resolution: Set Resolution...
Underscan: *) Enabled Disabled

Cancel OK



Install Applications on the Raspberry Pi 3

* Open a Terminal window. Type the commands in blue.

sudo apt-get update

sudo apt-get —y upgrade

sudo apt-get —y install rtl-sdr gr-osmosdr
amixer set PCM 100%

e Shutdown and cycle power to reset RTL-SDR Dongle.
 Start GNU Radio Companion: Click % |. Programming |§? GRC




Create a GNU Radio Companion flow graph

*test2.grc - /home/pi/gnuradio - GNU Radio Companion

o Drag a Signal Sou rce and File Edit View Run Tools Help

an Audio Sink to the flow “=2* # «o @/= @ v AEr e o)
tions - uaio
g ra p h . L;’;;::’;,,‘;(')"E;m ot sl Alaw Audio Decode

e Connect the two blocks.

Audio Source

* Select the samp_rate o0 o
variable and change it to o

CVSD Audio Decod

48000 . ool e 451 — CVSD Audio Encod

: ey B g Bl CVSD Decoder

* Change the Signal Source = CVSD Encoder
Output type from Complex G711 Alaw Audi £
to F Oat. g721 Audio Decode

g721 Audio Encode

° Change the Audio Sink 9723 24 Audio Dec

Device Name to “hw:0,1” G723.24 Audo Enc
g723_40 Audio Dec

* Press F6 and listen to the | o
> ull-rate Auaig

1kHZ tone On the Spea ker- gr-log JINFO: audio source - Audio sink arch: alsa A 6SM full-rate Audic

>>> Done l ulaw Audio Decode

A >



Create a GNU Radio Companion flow graph

*test.grc - /home/pi/gnuradio - GNU Radio Companion -
* Drag an RTL-SDR Source = = v o e v
LT 2 x| 3 = [} 1 @
tO the fIOW gra ph opiions # [File Operators ]
e _fzsh RTL-SDR Source -
Generate Options: QT GUI Sample Rate (cps}: 240k + [Filters]
ChO: Frequency (Hz): 100M _
ChO: Freq. Corr. (ppm}: 0 QT GUI Frequency Sink + [ Fourier Analysis |
. ChO: DC Offset Mode: Off FFT Size: 1.024k
ChO: IQ Balance Made: Off Cener Frequency (Hz) 0 + [ GUI Widgets |
ChO: Gain Mode: Manual Bandwidth (Hz): 240k
S . k Cho: RF Gain (dB): 10 [ Impairment Models |
INk to the Tlow gra i
Cho: BB Gain (dB): 20 - -
Varible e [ Instrumentation ]
1D: samp_rate ‘op Bloc - o x ~
B 2 [l

* Connect the two blocks ==l SR

o

2 [FVaxroa QT GUI Frequency Sink
* Select the samp rate
1y umber Sink

QT GUI Sink
QT GUI Time Raster Sink
QT GUI Time Sink

Variable and change it to
240000 QT GUI Vector Sink

* Select the Options and R
change to QT GUI

[
[
[
g (0.1.3) 7.
gr-osmosdr 0.1.3 (0.1.3) gnuradio 3.7.5 4 [ Measurement Tools ]
[
[

Power (dB)
e b
5 & &
g8 8 2

5
]
5]

Level Controllers ]

Math Operators |

built-in source types: file osmosdr fcd rtl rtl_tcp uhd miri hackrf bladerf rfspace airspy

® P re SS F 6 to ru n Using device #0 Realtek RTL2838UHIDIR SN: 00000001 +
Found Rafael Micro R820T tuner
Using Volk machine: neon_hardfp_orc

8:\ O EL’ f" @ [[pl@raspberrypti ~] ‘I*‘[es‘[,gm—/homeipt/,,, "pt@raspberrypt~ ” Top Block * ”g“ m 1211

Message Tools ]

+

Misc]




Changing flow block properties

‘ Advanced } Documentation ‘

ID ltop_blcck l
Generate Options QT GuUl | v
Eun Autostart v
Realtime Scheduling

I

l Cancel H OK

Properties: RTL-SDR Source

Genel | Advanced l Documentation ]
o [rtlsdr_soume_[) l
Odpups | Complex float32 |+

Mum Channels
Sample Pate (sps)
ChO: Frequency (Ha)

ChO: Freg. Corr. (ppm)

Cho: DC Offset Mode

ChO:1Q Balance Mode loﬁ v

Ch0: Gain Mode Manual
Ch0: Antenna

Ch0: Bandwidth (Hz)

| Advanced ‘ Documentation

[ Cancel H oK

ID [ samp_rate

value 240000

l Cancel H

0K |




Hints and Tips

Create a GNUradio Projects folder in the Documents folder

* Use either QT or WX GUI widgets and select the same in Options

Connected blocks must have compatible input/output types

Use J, to cycle between flow block input/output types

Use < and - to rotate flow blocks

RTL2832 sample rates: 240,288,300,960,1200,1440,1600,1800,1920,2400kHz

Audio Sink sample rates: 16, 24, 32, 48kHz. Audio Device Names are:
 hw:0,1 (Internal RPi BCM2835 Sound Device)
 hw:1,0 (External USB Sound Dongle)

e To calibrate SDR: Type “rtl_test —p” and use the cumulative ppm
* Select View | Find Blocks
* Press F5 to generate an executable Python 2 script



Project #1: Receiver

* Frequency Range: 24MHz — 1.766GHz.

* Mode Selection: AM, FM, LSB, USB.

* Bandwidth Selection: 600, 2400, 2800, 3200, 6400Hz.
* Squelch Control.

* Automatic Gain Control.

* Clarifier Control.

* Waterfall Display.



< RTL-SDR DONGLE >< RASPBERRY Pl + GNURADIO

— AM . THRESHOLD
R F I F B B DEMODULATOR (SQUELCH)
LOW PASS
RF AMP IF AMP NBFM % |
434.6MHz 24MHz-1.766GHz e FILTER DEMGDULATOR | — AGC GATE VOLUME AF AMP
0.6 — 6.4kHz
1°'L0 2’10 | SSB ]
f.= 434.590MHz fo= 10kHz DEMODULATOR

DECISION: f, WILL BE JUST OUTSIDE OF THE AUDIO BANDPASS, SAY 10kHz

DECISION: f; WILL BE THE MINIMUM SDR SAMPLE FREQUENCY

< f.= 240kHz N f,= 48KkHz

DECISION: f; WILL BE 5 TIMES f, FOR EASY DOWNSAMPLING DECISION: f, WILL BE THE MAXIMUM AUDIO SAMPLE FREQUENCY OF THE SOUND DEVICE
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AT 3 IF filter BW=5
ESD MHz (default)  Variable
protection | Variable Tracking Mixer IF Filter gain
diode | gain RF filter IF amplifier
| LNA 3.57 MHz
IF
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‘ N, N |
‘ ™ &V
|
\ 24 MHz to 1.7 GHz
| Local Oscillator
Rafael R820T2 Sl Cw(‘gg
tuner i
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AL B WUTYRE, . Ao

8-bit ADC
Sample rate
=28.8 MHz

IN ADC our

RTL2832U
demodulator

i Low Pass Fllter
I Cosine |

Downsample

) | Low Pass Filter
Sine

. b g

USB
control

Receiver
management

~{ |~28.8 MHz

USB to PC
8-bit 1Q
samples

Plus control
signals

USB clock =
48 MHz



The RTL-SDR dongle provides a Complex (I1Q) Signal
It has two components: Real (In-Phase) and Imaginary (Quadrature-Phase)

RF RE IM
(0°) (0°) (+90°)
o/ |RF IF ;
RTL-SDR ]
SOURCE  |OKI—240kHz +
u
X RE (1) L e0)
- RF Aoc o Complex (IQ) Signal £
RE - Real e 90° E_
IM = Imaginary R®—— M@

Down Converter/Sampler/Quadrature Demodulator



0

RF_ A 11K
f;

fe

f. = Carrier frequency =434.600MHz
f. = SDR tuner frequency =434.590MHz
f; = SDR sample frequency = 240kHz

-f./2

RF

C SPIKE (OUCH!)

. mEnE

0

U = Upper Sideband
L = Lower Sideband
X = Unwanted Signals

fc' ft

Negative Frequency?

RTL-SDR
SOURCE

PCX——240kHz

+f, /2

IF

Complex Output?



DC SPIKE (OUCH!)

. .

I
-fs/2 0 fo=f-f +,/2

f;= SDR sample frequency =240kHz ¢
f, = Intermediate Frequency = 10kHz 59‘;‘?&
SIS

IS

~N Oéu

BB J!l : |\_

-fa=-fs/ 10 -fb 0 +fb +fa=+fs/ 10
Rule: Multiplying real frequencies in the

_ . _ time domain = Adding and subtracting
f. = Audio sample frequency = 48kHz frequencies in the frequency domain.

f, = Filter bandwidth =3kHz But: Multiplying complex frequencies in

the time domain = Adding frequencies in
| RTL-SDR
SOURCE
240kHz

the frequency domain — No ambiguity.
MULTIPLY 240kHz LOW PASS F'ETER 48kHz—
240kHz DECIMATE = 5
SIGNAL SOURCE P_[
£,

BB




BB

— 48kHz—

// I

1 |

CX = Complex
FL = Floating Point

-24kHz -3kHz 0 +3kHz
[ omas THRESHOLD |
ToMAG TR RMS L oo [
AM | FL |
—{ FL |
| [6X| NBFM RECEIVE [ FL o
SELECTOR
FM E| (AM/FM/LSB/USB) FL—{FL| DCBLOCKER [FL
FL
B ot on [5B
DEMODULATOR [y
USB
[ FL—— MULTIPLY _
AUDIO SINK _[FL| CONSTANT [FL}—{FL] MULTIPLY [ FL |
[ FL |—— (VOLUME) -

FL

AGC




RE FL1 FL2 FL3
(0°) (0°) (0°) (0°) (0°) (0°)
i I i 1O B
<+ =
u
(180°)
BB RE | [FL1
COMPLEX | == =2
FL HILBERT X — x| ADD FL3 |—48kHz—
:—|_: TOFLOAT |y =0 -
RE
COMPLEX
B T SEnye o
RE | —{FL4
CX = Complex :’_|—|I HILBERT X —cx ] (T:g“;'L':)Lf\)T( ADD FL6 |—48kHz—
[IM |—— FL5
. . USB
FL = Floating Point
IM FL4 FL5 FL6
RE = Real
. (+90°) (+90°)
IM = Imaginary j
=
u u u u
(-90°) (-90°) (-90°) (-90°) (-90°)



QT GUI ENTRY QT GUI CHOOSER QT GUI CHOOSER QT GUI RANGE QT GUI RANGE QT GUI RANGE
(FREQ) (BANDWIDTH) (MODE) (SQUELCH) (VOLUME) (CLARIFIER)
RTL-SDR QT GUI COMPLEX ey
SOURCE WATERFALL SINK TO MAG —
AM
MULTIPLY
S'GNAL_fSOURCE LOW PASS FILTER P— NBFM RECEIVE | FL |
° FM
RE FL1
—{ FL HILBERT COMPLEX ADD FL3
TO FLOAT i W]
LSB
compex | REI—
TO FLOAT E_
L —
RE FL4
AL |
—{FL HILBERT gg':'gf\’; ADD FL6
E_ FL5 USB
FL
FL MULTIPLY FL [FL |—
AUDIO SINK FL CONSTANT FL — FL MULTIPLY FL AGC FL—{FL| DCBLOCKER [FL —FL SELECTOR
FL (VOLUME) FL |- (AM/FM/LSB/USB) E |
FL——
rpr| THRESHOWD 0y o RMS |

(SQUELCH)




Options

10 rtl_sdr

Title: RTL-SDR ...5B Receiver
Author: Julie V... Joe VE3YSP
Description: www.sarcnet.arg
Generate Options: QT GUI
Realtime Scheduling: On

QT GUI Entry

1D0: freq

Label: FREQUENCY
Default Value: 434 6

QT GUI Chooser
ID: bandwidth
Label: BANDWIDTH
Num Options: List
Default Value: 2.8k
Options: 600, 2...3.2k, 6.4k
Labels: 600, 2k...B, 32, Gk

QT GUI Chooser
ID: mode
Label: MODE
Num Options: List
Default Value: 2
Options: 0, 1,2, 3
Labels: AM, FM, LSBE, USE

QT GUI Range QT GUI Range QT GUI Range
ID: squelch swolume 1D: clar
Label: SQUELCH el: VOLUME Label: CLARIFIER
Default Value: 100m pfault Value: S00m | Default Value: 0
Staart: 0 T 0 Start: 500
Stop: 1 p: 1 Stop: 500
Step: 10m p: 10m Swep: 1

Variable Variable
ID: samp_rate | 1D: audio_rate
Value: 240k Value: 48k

Variable
1D: pprm
Value: 2

Variable
1D: local
Value: 10k

Variable
10: offset
Value: 0

RTL-S5DR Source

Sample Rate (sps): 240k

Signal Source
Sample Rate: 240k
Waveform: Cosine
Frequency: -10k

l_

QT GUI Waterfall Sink
FFT Size: 1024k

Center Frequency (Hz): 0
Bandwidth (Hz): 240k

Low Pass Filter
Decimation: 5

Amplitude: 1 .
ChO: Frequency (Hz): 434.59M Offeet O Gain: 10
ChO: Freq. Corr. (ppm): -2 i Multiply o . Sample Rate: 240k ._
Chd: DC Offset Mode: Manual . Cutoff Freq: 2.8k
Ch: 1Q Balance Mode: Manual Transition Widih: 350
Chi: Gain Mode: Automatic Window: Hamming Complex to Mag ]
ChD: RF Gain (dB}: 10 Beta: 6.76
Ch: IF Gain ([dB): 20
ChO: BB Gain (dB): 20 NBEM Receive
Audio Rate: 48k
H Quadrature Rate: 48k ]—
Tau: 75u
Max Dewviation: 3k
Hilbert Complex To Float Add [7]
Mum Taps: 128 i -
Complex To Float [
Hilbert =
Num Taps: 128 Complex To Float Add L
AGC2
Attack Rate: 10
Decay Rate: m: DC Blocker Selector H—
Audio Sink H & : :l“—[ Length: 32 ]"‘—E Input Index: 2

Sample Rate: 4BKHz
Dewice Name: hwi,1

Multiply Const
Consant: 1

Multply

Reference: Sm
Gain: 1
Max Gain: 65.536k

Threshold
Lows: 100m
High: 110m
Initial State: 0

Long Form: True

Cutput Index: 0

T

|

RMS
Alpha: 10m




RTL-SDR AM FM SSB Receiver - O
FREQUENCY: [434.6
MODE BANDWIDTH
J AM 2 FM 2 LSB J USB 2 600 U 2k4 » 2k8 U 3k2 ) bk4
SQUELCH VOLUME
I T I T I T I T | [ T I T I T I T I T |
-80 -60 -40 -20 0 0 02 0.4 0.6 08 1
CLARIFIER
[ I I | I I 1
—4DD —ZDD EDD 400
r-40
-5
- -50
--55 5
= S
[ L =
652
- -70
- -75
L 80

10000 5000 0.00 50,00 10000
Frequency (kHz)




Create An Executable

* Press F5 to generate an executable
Python 2 script

* Note: GNUradio applications do
not currently execute under
Python 3

e Can include GNUradio applications
in other Python scripts

e Can run a GNUradio Class as a
thread

e Can control GNUradio threads in
real-time using Class methods like:
set freq(434.6)

#!/usr/bin/env python

HHAHHHHH BT R
# Gnuradio Python Flow Graph

# Title: RTL-SDR AM FM SSB Receiver

# Author: Julie VK3FOWL and Joe VK3YSP

# Description: www.sarcnet.org

# Generated: Wed Jan 3122:10:15 2018

HHBHHHHH BT R

PyQt4 Qt
PyQt4.QtCore QObject, pyqtSlot
gnuradio analog
gnuradio audio
gnuradio blocks
gnuradio eng_notation
gnuradio filter
gnuradio gr
gnuradio qtgui
gnuradio.eng_option eng_option
gnuradio.filter firdes
grc_gnuradio blks2 as grc_blks2
optparse OptionParser
PyQt4.Qwt5 =< Qwt
osmosdr
sip
sys

from distutils.version import StrictVersion
class rtl_sdr(gr.top_block, Qt.QWidget):

__init__(self):
gr.top_block.__init__(self, "RTL-SDR AM FM SSB Receiver")
Qt.QWidget.__init__(self)
self.setWindowTitle("RTL-SDR AM FM SSB Receiver")

self.setWindowlcon(Qt.Qlcon.fromTheme('gnuradio-grc'))

self.top_scroll_layout = Qt.QVBoxLayout()
self.setLayout(self.top_scroll_layout)
self.top_scroll = Qt.QScrollArea()
self.top_scroll.setFrameStyle(Qt.QFrame.NoFrame)
self.top_scroll_layout.addWidget(self.top_scroll)
self.top_scroll.setWidgetResizable(True)
self.top_widget = Qt.QWidget()
self.top_scroll.setWidget(self.top_widget)
self.top_layout = Qt.QVBoxLayout(self.top_widget)
self.top_grid_layout = Qt.QGridLayout()
self.top_layout.addLayout(self.top_grid_layout)

self.settings = Qt.QSettings("GNU Radio", "rtl_sdr")
self.restoreGeometry(self.settings.value("geometry").toByteArray())



Project

Options
I0: tx_rmanitar

Title: RTL-SDR .. TER MONITOR

Author: Julie ¥W... Joe WE3YSP
Description: www.sarcnet.org
Generate Options: QT GUI

QT GUI Entry
10: freq
Label: FREQUEMNCY

Variable
ID: samp_rate
Value: 240k

Variable | Variable
I0: pprm 10 lacal
Value: -2 Value: Gk

Variahle
ID: offsat
Value: -300

Default Value: 434 .6

RTL-SDR Source
Sample Rate (sps): 240k
Ch:
Ch:
ChO:
ChO:
ChO:
ChO:
Ch:
Chi;

Freq. Corr. (ppm}: -2
DC Offset Mode: Off
1) Balance Maode: Off
Gain Mode: Manual
RF Gain (dB): 10

IF Gain (dB}: 20

EB Gain (dB): 20

Frequency (Hz}: 434 5894 M

Signal Source
Sample Rate: 240k
Waveform: Cosine
Frequency: 6k
Amplitude: 1
Offset: 0

.7

Multiply

Low Pass Filter
Decimation: 20
Gain: 1
Sample Rate: 240k
Cutoff Freq: Gk
Transition Width: 250
Window: Hamming
Beta: 6.76

2: Transmitter Modulation Monitor

>0

QT GUI Waterfall Sink
FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidt (Hz}): 12k




FREQUENCY: 4346

Time (s)

100.0

RTL-SDR TRANSMITTER MONITOR
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* SSB Receivers
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The End — Thank You
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