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Our Kit

What is the RTL-SDR?

RTL-SDR is a very cheap software defined radio that uses a DVB-T TV tuner
dongle based on the RTL2832U chipset. With the combined efforts of Antti
Palosaari, Eric Fry and Osmocom it was found that the signal I/Q data could
be accessed directly, which allowed the DVB-T TV tuner to be converted into a
wideband software defined radio via a new software driver.

Essentially, this means that a cheap $20 TV tuner USB dongle with the
RTL2832U chip can be used as a computer based radio scanner. This sort of
scanner capability would have cost hundreds or even thousands of dollars just
a few years ago. The RTL-SDR is also often referred to as RTL2832U, DVB-T
SDR, RTL dongle or the “S20 Software Defined Radio”.

-from https://www.rtl-sdr.com/
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Adafruit 1497 Kit

Includes the “nano” package RTL2832U along

with the R820T2 tuner, giving us approximately
a 24-1730 Mhz range of tuning. We can go up

or down from this range with an appropriate up
or down converter.

We will not use the remote or disk today

The software that we will be using today
should work with most any of the RTL2832-
based dongles or adapters.

Although an inexpensive ‘hobbyist’ kit, we can
use this to learn the principles used in
commercial SDR development. On Friday we
will look at more sophisticated hardware

including transceivers.
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The Antenna

* The antenna in the kit is approximately 6” long
and has a magnet in the base to attach to a
ferrous surface.

* (Question 1 —two parts:

— What approximate frequency is the antenna best
at?

— How big a piece of metal should it be attached to
(Id ea I IV) ? Presented by:
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A Good Book to Have

The Hobbyist’s Guide To THE HOBBYIST'S
The RTL-SDR: GUIDE TO THE

Really Cheap Software RTI_'SD R

Defined Radio

REALLY CHEAP SOFTWARE DEFINED RADIO

A Guide to the RTL-SDR and Cheap Software . -
Defined Radio by the Authors of the &= = &
rtl-sdr.com Blog A mm AN
o ﬂ
http://amzn.to/2ys9qdc =

CARL LAUFER
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The Book

* Along with the many great examples of
projects including tracking planes and boats
and exploring the wavelengths, the author
starts off by directing us to the website of Dr
Wickert at University of Colorado College of
Engineering and Applied Science, where he
teaches a class based on the RTL-SDR and
provides all of his notes and labs (!)
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http://eas.uccs.edu/~mwickert/ece4670/

News for
03-29-2017

The Lab 6 ZIP package
is update to fix an
error in probability of
bit error calculation
function. I Jupyter
notebook is included
to verify that the error
counting function is
working properly.

A short discussion of
working with the ADS
PN generator and
configuring it for 10-
bit (length 1023
codes). Under Lab2.

A short pdf document
on brining ADS plot
data in Jupyter
notebook now posted.

You will start using
Keysight ADS during
LAB 1. An brief ADS
tutorial is available in
the Agilent ADS
Tutorial and Lab
Projects center tab
When you get using
the ADS Workspacy
for lab 3 you may
need to install the
component library

Catalog Course Description

: Laboratory experiments demonstrating material

! taught in ECE 4625/5625. Use is made of spectrum
! analysis to study baseband signals and signal

! processors. Topics include AM, FM, PM, sampling,

i TDM, digital modulation, errors, and complete

| communication systems.

| Corequisite: ECE 4625

| Offered: Spring

Course Materials - Lab Handouts

! [Course syllabus as of 10:31 AM on Tuesday,

PJanuary 17, 2017.

Lab 1 as of 05:13 PM on Sunday, January 04,
2015.

Lab 2 as of 08:34 PM on Sunday, February 02,
2014. www.mbed.org. PN_seq.cpp. ADS 10 bit
PN.

Lab 3 as of 10:40 PM on Monday, February 17,
2014.

i [Lab 4 as of 11:13 PM on Monday, February 24,

2014.

Lab 5 as of 02:24 PM on Tuesday, March 11,
2014.

i |Lab 6 as of 09:04 AM on Wednesday, May 21,
i |2014. The lab 6 MATLAB zip package as of
i [11:03 PM on Sunday, April 20, 2014 and the

i [Python zip package as of 08:42 PM on

i [Saturday, April 29, 2017.

CONTINUING
. EDUCATION
DesignNews CEC CENTER

Office Hours

T 3:05 to 4:00 PM and
7:05 to 8:00 PM

M/W 11:00 AM to
12:00 PM, or by
appointment.

Office EN 292,

Phone 255-3500,
mwickert@uccs.edu.

Signals
& Systems

|‘ Buy Now ‘|

Learning Python

Python Basics (beta) a
tutorial written in
IPython Notebook

Link to Anaconda. This
is the scientific Python I
recommend.

An IDE I recommend is
Pycharm Community
Edition.

MumDuUIMATIE AR and

Blue Ridge Advanced Design and Automation
Asheville, North Carolina

The class is taught using SDR#,
Python, and MATLAB. He also
provides links to his tutorials on
python and Matlab.

The first thing to download from
the site is the Lab 4 document
and the lab zip files (one each for
python and Matlab.

| found his links to the version of

python and an excellent IDE to
be very helpful!
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First, we want to get SDR

)\ _

m“lg.ﬁl“sllr\r' Home Purchase Products Download ADSB Quick Start Reviews Contact Q
# Home » Download
Core tools
Windows SDR Software Package (Change log) Downlosd
Contains:

@ S5DR# x86 rev 1583

o Airspy Calibration Tool

o ADSB Spy rev 37 - High Performance ADSE Decoder (Requires firmware 1.0.0-rc7 or better)
o Spectrum Spy - Spectrum Analyzer

o Astro Spy - Radio Astronomy Utility for Hydrogen Line Spectroscopy

o SPY Server - Multi-client SDR Server with DDC

SDR# For Windows x64 Do

This build can be used with &4bit Intel/AMD CPU's. Note that some very old plugins may not work as expected - if at all.
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Unzip to a Handy Place

e

ract Compressed (Zipped) Folder

Select a Destination and Extract Files

Files will be extracted to this folder:

ChUsers\, Charles\Documents\sdrsharp-x86 Browse...

Show extracted files when complete

[ Extract ][ Cancel ]
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LOTS of plugins

)| 1 » Charles » AppData » Local » Temp » sdrsharp-x86.zip Search sdrsha—xﬁzap
Eile Edit View Tools Help |
Organize » Extract all files - H
5X Fan Name ’ Type Compressed size Password ...  Size Ratic Date modified -1
BcC % sdrgdl Application extension TKB Mo 14KB 50% 9/21/2015 10:43 AM i
BC (%) SDRSharp.AfedriSDRMNet.dll Application extension 9KB No 19KB 56% 7/20/2017 1:45 AM
I %3 C % SDRSharp.BandPlan.dll Application extension QKB Mo 18KB 56% 7/20/2017 1:45 AM I
L € % SDRSharp.CollzpsiblePznel.dil Application extension 8KB Mo 18KB 57% 7/20/2017 1:45 AM
° [ %] SDRSharp.Cormmaon.dll Application extension 5KB No 13KB 61% 7/20/2017 1:45 AM
Sl R % SDRSharp.Diagnostics.dll Application extension 6KB Mo 14 KB 60% 7/20/2017 1:45 AM
|, L % SDRSharp.DNR.dII Application extension 10KE Mo 26KB 64% 7/20/2017 1:45 AM
e SDRSharp.exe Application 93KB Mo 268 KB 66% 7/20/2017 1:45 AM
v SDRSharp.exe.config CONFIG File 2KB Neo 5KB 0% 5/13/2017 9:13 PM
%] SDRSharp.FrequencyEdit.dIl Application extension 12KB Mo 23KB 49% 7/20/2017 1:45 AM
S/ Lib % SDRSharp.FrequencyManager.dil Application extension 17KB Mo BKB  56% 7/20/2017 1:45 AM
@ C % SDRSharp.FUMNcube.dll Application extension 55KB Mo T8KB 31% 7/20/2017 1:45 AM
Jj b % SDRSharp.FUMcubeProPlus.dil Application extension 20KB No 31KE 38%
=P %] SDRSharp.HackRF.dll Application extension 10KB Mo 22KB 57%
B v & SDRSharp.MoiseBlanker.dll Application extension 6KB Mo 14KB 60% 7/20/2017 1:45 AM
%] SDRSharp.PanView.dll Application extension 21KB Neo 52KB 60% 7/20/2017 1:45 AM
Nl Co %] SDRSharp.Radio.dll Application extension 43KB No 99 KB 57% 7/20/2017 1:45 AM
a C %] SDRSharp.RTLSDR.dIl Application extension 12KB Mo 28KB 58% 7/20/2017 1:45 AM
ca b % SDRSharp.RTLTCP.dII Application extension 8KB No 17KB 55% 7/20/2017 1:45 AM
%] SDRSharp SDRIP.dII Application extension 9KB Mo 19KB 55% 7/20/2017 1:45 AM
i" MNe %] SDRSharp.SDRIQ.dII Application extension 9KB MNo 18KB 56% 7/20/2017 1:45 AM =
%] SDRSharp.SoftRock.dll Application extension 3KB No 6KB 56% 7/20/2017 1:45 AM
%] SDRSharp.WavRecorder.dll Application extension I1KBE Mo 24KB 57% 7/20/2017 1:45 AM
%] SDRSharp.ZoomFFT.dll Application extension 10KE Mo 25KB 60% 7/20/2017 1:45 AM
%] shark.dll Application extension 61KB Mo 119KB 50% 7/20/2017 1:45 AM
[ SpectrumSpy.exe Application 15KB Mo T2KB 80% 7/20/2017 1:45 AM
| SpectrumSpy.exe.config COMFIG File 1KB MNe 1KB 54% 3/26/2016 11:55 AM
| spyserver.config CONFIG File 1KB No 2KB 57% 5/13/2017 8:40 PM
[ spyserver.exe Application 210KE  Ne 399 KB 48% 7/20/2017 1:45 AM
%) SRDLL.dII Application extension 36KB Ne G6 KB 47% 9/21/201510:43 AM
=] unzip.exe Application J7TKB No 164 KB 54% 9/21/201510:43 AM -
;l 50 items
i
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We need Drivers! Or you may have
the wrong drivers...

Device driver software was not successfully installed

USE Composite Device q/ Ready to use
Bulk-In, Interface Mo driver found
Bulk-In, Interface Mo driver found

What can I do if mv device did not install properly?

Question 2 — Why might we need to replace a driver?
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Run Zadig.exe as Administrator
Bl comle=—)

Device Opticns  Help
| Bulk-In, Interface (Interface 0) - | [ edit
Driver  (NONE) @ WinUSE (v6. 1. 7600, 16335) % More Information
WinUSB (libush)
USBID OBDA 2838 0D libusb-win32
— Install Driver b libLishk;
2K y 4=
WCID WinUSE (Microsoft)

Mo new version of Zadig was found

fadig 2.3.701

,
i R ol

Device Opticns  Help
| Bulk-In, Interface (Interface 1) - | [ edit
Driver  (NONE) @ WinUSE (v6. 1. 7600, 16335) % More Information
WinUSB (libush)
USBID OBDA 2838 01 libusb-win32
— Install Driver b libLishk;
2 ?{ ] :
WCID WinUSE (Microsoft)

1 device found.

fadig 2.3.701
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File Action View Help

e @ Hm &
A{é Charles-Desktop |

b M Computer

b= Disk drives

Dli'l'd Display adapters

b L) DVD/CD-ROM drives

b Eﬁ Human Interface Devices
- IDE ATA/ATAPI controllers
. Keyboards

Dﬂ Mice and other pointing devices

i - B Menitors If yOU see thIS,
> Network adapters We need to run Zadig again

4 - [l Other devices
- io|[j Bulk-In, Interface

-5 Ports (COM & LPT)
DR Processors Made sure yOU

pﬂj Sound, video and game controllers “Run as Admlnlstrator”

i -yM Systemn devices
[ E Universal Serial Bus controllers
[ - i Universal Serial Bus devices
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File Action View Help

= = HE W
4l Charles-Desktop |

¢ {8 Computer

(= Disk drives

[> .;,'d Display adapters

< DVD/CD-ROM drives

b % Hurnan Interface Devices

b g IDE ATASATAPI controllers

b -2 Keyboards

bﬁ Mice and other pointing devices

& - Monitors SUCCESSI I
b I? Metwork adapters L
o 13 Ports (COM & LPT)

E}'R Processors

b ﬂ' Sound, video and game controllers

[ E Universal Serial Bus controllers
Fp E Universal Serial Bus devices
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SDRZ v

—J - X D)

Run SDR

U 103.000.000 «»

DesignNews é_EC

EDUCATION

CENTE

Blue Ridge Advanced Design and Automation

Asheville, North Carolina

/1 .
MigHKay )

AESE)
¥ Source: AIRSPY - Zoom
[aIRsPY -
Sensitivity @ Linearity Free
Gain 0
B
.
Sample rate | - | =
Contrast
Decimation | Nane |
Disslzy  Unknown
Bias-Tee Tracking Filter [¥] |2
SpyVerter [ Enable HOR [ B —
o 5
PPM 0.00/%
Range
NFM AM LSB Use
@) WFM DsB Ccw RAW cJ
Shift 0
Filter Blackman-Hamis 4 - |
Bandwidth Order
200,000} 250}% Offset
Cw Shift
50 1.0
FM Sterea Step Size
Snap to Grid [V H}DkH27v|
Correct 10
Swap | &Q —_
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oise!

SDR# v.0 WK
— ]
— - X)) U 105.900.000 «» RIS
¥ Source: RTL-SDR (USB) - Zoom
[RTL-SDR (USB) -
NFM ) AM 2 LSB Use
l @ WFM DSB Cw RAW I
=)
' [] Shift 0 Contrast
Filter Blackman-Hamis 4 v l
Il Bandwidth Order
200,000 25015 e
(==
CWw Shift FM Broadcast
' 50 1.000
| FM Stereo [| Step Size -
Snap to Grid [¥] [100kHz v| Range
I Correct 1Q [
Swap 1&Q [ =
» Audio
» AGC
p FFT Display
» Audio Noise Reduction *
» IF Noise Reduction * Offset
p» Baseband Noise Blanker *
» Demodulator Noise Blanker *
» Recording *
» Zoom FFT*
» BandPlan*
p Frequency Manager * =
Presented oy:
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We need to either turn up RF or
use AGC

RTL-5DR Controller

Device

Generc RTL2832U OEM ()
Sample Rate

24 M5PS

Sampling Mode

Cluadrature sampling

[] Off=et Tuning

[F] RTL AGC

[] Tuner AGC
RF Gain

Freguency correction (ppm) 0=

Presented by:

CONTINUING 19
. EDUCATION _ _ R
DesignNews CENTER EiaiiinaelteiEEREELEE) (IR ) ROHDE&SCHWARZ




Now We are Rockin

64 SDR# v1.0.0.1583 - RTL-SDR (US

=m &0 b . 105.900.000 «» HIRYAS
8| Take The - 881F - Take The Money and Run BY Steve Miller On WT oo

[RTLSDR (USB)

@ NFM © AM  © LSB @ USB

‘ @WFM ©)DSB () CW © RAW

=
[] Shift 0 Contrast
Filter [ Blackman-Haris 4 -
Bandwidth Order
200,000/% 2502 15
CWw Shift 0 FM Broadcast =
' 50} 1.000 I
FM Stereo [] Step Size 3
' Snap to Grid [V] Range |
Correct 1Q ]
Swap1&Q [7] 3 |

AGC E e = = |
FFT Display g F

Audio Noise Reduction * ‘ = : g |
IF Noise Reduction * . - '
Baseband Noise Blanker *
Demodulator Noise Blanker *

Recording *
Zoom FFT*

Band Plan *

YYYYYVYVYVYVYVYYVY

Frequency Manager *

Bt -
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Play with these to get the signal
centered and showing most info

SDR# v1.0.0.1583 - RTL-SDR (US|

=0 H9P { -105.900.000 WTRYDS

Zoom

IRTL-SDR(USB) '] ’ WTMT Black Water BY Doobie Brothers On WT

JNFM @AM © LSB © USB

@WFM ©ODSBE ©Cw © RAW e
==

[] Shift I

‘ o, . Contrast
Filter Blackman-Hanis 4 v] A M’M}"\/\‘w\
Bandwidth Order -35 %0
200,000 250} 40
CWw Shift ek
: = i

£n 1.000

FM Broadcast
FM Stereo [] Step Size

Snap to Grid [¥] | 100kHz >,
Correct 1Q [7]
Swap | &Q [7]

Audio

AGC

FFT Display

Audio Noise Reduction *
IF Noise Reduction *

Baseband Noise Blanker *
Demodulator Noise Blanker *
Recording *

Zoom FFT*

Band Plan *

Frequency Manager *

YYYYYYYYVYVYVYY

Signal Diagnostics *
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What are those huge sidebands?

FM HD or digital radio (Hybrid Analog / Digital)
|

Analog
s audio signal
Lower digital ( w) Upper digital
sidebands sidebands

[ s SRS e [ e |

Frequency (Hz) -14717 -9620 -4508 -182 0 182 4908
Subcarrier ingex 81 -53 -27 101 27 53 81
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Click on Menu to get fu

Il window

E SDR# v1.0.0.1583 - RTL-SDR (USB)

=X

=0 H 0

gty

IF Spectrum

I

I.\,'M;Wr"‘um‘u.ufu*ql

105.100.000 «»

- 184C - Rock 105.1 Rock And Ro11 Led Zeppeli

HIRYAY

["Pw\“'"ﬂ"ﬁhw.
24

o, ,,~,*r||;l_wJ
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Fine Tuning SDR

* Increase the FFT resolution to at least 16384 (ideally
32768 or higher if your computer is powerful
enough) under the “FFT Display” heading on the left
menu to give yourself a clearer higher resolution
spectrum and waterfall image.

* Enable the “Correct I1Q” setting to remove the center
spike
* Turn off the “Snap to grid” setting

Presented by:
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Challenges

* Look up the tower / approach / ATC
frequencies for the local airport. Monitor (AM)

* Look for local amateur radio repeaters (NFM)
http://www.artscipub.com/repeaters/

— Find the squelch function to quiet the audio when
the repeater is not in use.

* Place antenna next to an embedded processor
board — look for harmonics and noise

Presented by:
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Other Dongles

* Once you have these drivers installed, most
other RTL-SDR devices should work. Try any
that you have

* Due to the peculiarities of Windows, you may
have to run zadig.exe again if you move the
dongle to a different USB port on the
computer

Presented by:
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For Tomorrow

* Sign up for the free 30-day trial of Matlab and
Simulink at
https://www.mathworks.com/programs/trials
/trial_request.html

* Get the RTL-SDR support package from
https://www.mathworks.com/hardware-
support/rtl-sdr.html

* Under “Supported Hardware” download the
free book and files

LTS Z
NSig‘Nem C EC C ENTE R Asheville: North Carolina -
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Note

 |f you will be using Matlab and have not
installed it yet, you need to do so before
tomorrow — it takes a long while!

Question 3 — Will you be doing the Matlab exercises?

Presented by:
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This Week’s Agenda

9/25 Intro to SDR

9/26 RF and Radio Basics

9/27 Exploring SDR with the RTL-SDR, Part 1
9/28 Exploring SDR with the RTL-SDR, Part 2

9/29 Commercial SDR Designs
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Please stick around as | answer
your questions!

* Please give me a moment to scroll back through the
chat window to find your questions

* | will stay on chat as long as it takes to answer!

* | am available to answer simple questions or to
consult (or offer in-house training for your company)
c.j.lord@ieee.org
http://www.blueridgetechnc.com
http://www.linkedin.com/in/charleslord
Twitter: @charleslord
https://www.github.com/bradatraining
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