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What is Software Defined Radio

The goal of SDR is to remove all the analog parts
of the radio and do it all in software.



What can SDR do for me?

* Perform the modulation/demodulation for ALL the modes
- NFM, WFM, AM, SSB, USB, LSB, CW, etc.
- Work satellites with ease (auto adjustment for the Doppler effect)
* Receive Images from weather satellites
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What can SDR do for me?

* Visually see a large portion of an RF
spectrum.

- See who's talking
- Scan the bands

- Help with contesting?




What can SDR do for me?

e Perform various RF measurements.

- Measure signal strength, interference patterns,
evaluate antennas, and many more.
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What can SDR do for me?

« Small footprint (would fit on the palm of you hand) and

low cost for all of these features.

ATIS (AM)



What can SDR do for me?

Plot Airplane flight paths along with weather and
other sensor data using ADSB
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What can SDR do for me?

e Support any future mod/demod with just a software
update.

e Can help with various experiments/advances without
having to physically build circuits.

« Radio Astronomy
(http://rfspace.com/RFSPACE/Astronomy.html)

Pulsar PSR: J0953+0755 , B0950+08




How does SDR work?




How does SDR work?
(in theory)

e ”4’))

Convert the analog \1 |
signals on the antenna Use signal processing
to digital signals techniques to perform

(0's and 1's) filtering and demodulations.



How does SDR work?
(in theory)
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How does SDR work?
(in practice)
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SDR Hardware




SDR Hardware
What you need to get started

Antenna Small piece of hardware Computer
to convert the signals
from the antenna to the
computer (~$18)




SDR Hardware

Low Cost
Use the soundcard to for ADC

TX/RX

Medium Cost

: - - SoftRock
UHFSDR Uses the Sound card

for ADC

e

SDR-RTL Blade RF ~$400

High End

FlexRadio
Systems
FLEX-5000A

IL

|\

Rhode+Schwarz
$45 000



SDR Hardware
Which to choose

. g

L ©0ce006 011006

Rhode+Schwarz
$45,000
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RTL-SDR
$18

http://www.ebay.com/itm/Newsky-TV28T-v2-

USB-DVB-T-RTL-SDR-Receiver-RTL2832U-
R820T-Tuner-MCX-Input-/1608960921187?
pt=LH_DefaultDomain_0&hash=item25762787d
6



SDR Hardware

You can always build
your own...



SDR Software




SDR Software

The heart of SDR.
Performs the computations for the radio part.

PowerSDR SDR Shell Linrad

http://www.nitehawk.com/sm5bsz/linuxdsp/linrad.htm

http://www.flex-radio.com http://ewpereira.info/sdr-shell
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GNU Radio SDR Sharp
http://gnuradio.org http://sdrsharp.com/
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SDR Software

e All SDR software have similar GUI modules




SDR Software
Control panel

* Control Panel (the tuning knob)

- Adjust the frequency

- Change the mode (NFM, AM, CW,etc.)
- Change filters

- Adjust audio levels

- Channel Memory

- Many others depending on software
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SDR Software
Fast Fourier Transform (FFT)

* Shows the frequencies present in a signal and their strength
» Converts from the time domain into the frequency domain

» Uses the Fourier theory that any signal can be broken down into
individual Sine waves
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SDR Software
Fast Fourier Transform (FFT)

Al
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SDR Software
Waterfall (Spectrogram)

» Displays the frequencies strengths (FFT) over time

* Allows you to see signals among noise as well as identify the
signals

» Color coded. Black no signal, shades from blue to red indicate
stronger signals

J

"II |
I
|l|"q.-._| L'ﬂf.'lﬂJll Ll thJ |. ..I-...'ll

GEkKH=

}

: u,.nis.,lw |.1|i|,u.r.|tim,w'ri ulllpﬁil;arr i 0

(i
" e
b oz
Q i
! i
T 7r]
o ] e | Y
il LR bl i L
/ o w M v —
i # l';__
by =
-

Sttt -bobi
W SRR 1 Wy

| ELr i ) '.l"
3 A bebaick A3G wallii ]
TV TRRr=o o Semmr ) =

—=
<
=
E
-_E
F
.
—=
==
£

O T S O
T T

i L7 | A i
b6 B i ik, il



SDR Software
DSP RX simple example

Selects only the

The input information you want Converts from
K%rg the / raw data to audio
output

1Q : Audio
Input —®» Low Pass Filter ——» Demodulator ﬂ Output
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How to use the SDR Software
Filters and Tuning

Filters allow us to get only the
information we want
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GnuRadio The Swiss army knife of
SDR

Options Random Source Random Source
1D: gmsk_mod Lol Minimum: 0 Packed to Unpacked Minimum: 0
ID: samp_rate ——— Bits per Chunk: 1 i3 3 Packed to Unpacked
Value: 32k Num Samples: 10k Endlanness: MSB ::::':::pff - (2 i ::::'ﬂ"f':;; L
Repeat: Yes Repeat: Yes fness
Variable
1D: mu
. Variable
Variable Vatue: 500m 1Dz gain_mu
ID: samples_per_symbol = Value: 175m
Value: 2 Synchronous CDMA Encoder [o0f
L@
u:-h;tl“le Variable Slider
ot 1D: bt_chooser Variable
Value: 500m e ID: omega_relative_limit
Default Value: 500m Value: 5m
Variable Minimum: 0
ID: nitaps Maximum: 1
Value: B Converter: Float |  Selector rv—
: : able
Grid Position: 0, 1, 4, 1 1 ID: omega Variable Chooser
Variable Value: 2 ID: variable_cheoser 0
1D: sensitivity Label: Channel 1
Default Value: 1

Value: 785.398m

Choices: 0, 1
Labels: Off, On
Type: Radic Buttons

Variable
1D: gaussian taps
Value: 82.492n,...n, 320.293f

Variable Chooser

Interpolating FIR Filter Multiply Const 1D: variable_chooser_1
Interpolation: 2 |out Constant: 32.767k Label: Channel 2
Default Value: 1

Variable Chooser
1D: variable chooser 2

Variable Label: Data
1D: squave Default Value: 1
Value: 1, 1 e Taps: taps e
Variable Labeh; P:Dt;aitt;ﬁm Nolse Source Labels: Off, On

ID: taps Type: Redlo Buttors LB T Scope Sink Type: Radio Buttons
Valu " numpy.convolve(num; {in] Arepasaa Title: Scope Plot

ey P Seed: 42 i | sample Rate: 32k =

V Scale: 0
Variable Slider e Title: FFT Plot
1D: noise_ampl ::sm:::::;:.zl;
::::xffu- 0 [l ¥ per Div: 10 dB
i Subtract [o0f] @l \ ps: 10
Minimum: 0 :
Ref Level (dB): 50

FFT Size: 1.024k
Refresh Rate: 30
Grid Position: 0, 2, 4, 8

Maximum: 32.768k
Converter: Float
Grid Position: 0, 0.4, 1

Hold Until Impulse
Threshold: 500m
Damper: 0

e o

;

Variable Slider
1D: threshold
Label: Impulse Threshold
Default Value: 500m
Minimum: 0

Variable Slider
1D: damper
Label: Damper
Default Value: 0

Minimum: 0 Variable Slider
Maximum: 1 A
Maximum: 1 1D: weight
Converter: Float
Converter: Float Label: Bankers ...old Impulse
Default Value: 500m
Minimum: 0
Maximum:

Converter: Float
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Listening to HF

 Need an HF upconverter

- Basically a mixer to bring the low frequencies of HF to
higher frequencies that the SDR can sample.

— Build you own:
http://www.george-smart.co.uk/wiki/FunCube_Upconverter

- Buy from ebay: ~$40 (have never bought one)
 http://compare.ebay.com/like/1811229124307?var=Iv&Ityp=AllFixedPric



http://www.george-smart.co.uk/wiki/FunCube_Upconverter
http://compare.ebay.com/like/181122912430?var=lv&ltyp=AllFixedPriceItemTypes&var=sbar

How to use the SDR Software
Connecting for further processing

e Can connect directly to fldigi, sound-modem, or any other
needed processing

« Several options available on windows

- Choose the mixer input or microphone input
« Change settings in SDR# under the audio section.

- Install virtual audio cable ($25)
 http://software.muzychenko.net/eng/vac.htm

- Install jack audio (free, but Good luck)
 http://jackaudio.org/

- Connect a cable from line out to the line in of the computer.
« Use the mic as input

e On linux simply use pipes or FIFO
o Mac?7??7?


http://software.muzychenko.net/eng/vac.htm
http://jackaudio.org/

Remote ADC
avoid feedline loss

* Place the ADC right next to the antenna

- Raspberry pi with TCP connection

 http://zr6aic.blogspot.com/2013/02/setting-up-my-
raspberry-pi-as-sdr-server.htmi




Web SDR

Amateur radio elub ETGD Faculty for Electrical Engineering, Mathernatics and
PITHT Computer Science

University of Twente

\WebSDR or 40 ard 8om Enschede - The Netherlands

O this page you can listen to and control & short-wave receiver located at the amateur radio ahib ETGD at the University of Twente, In contrast to other web-controlled recervers, this recerver can'be tuned by nmaltipls users sivmiltaneonsly, thanks to the use of.S.oﬁwaxe.-Deﬂned Radio. For move
infovmation, slick here,

Mote that the setup is rather experimental and neither comtimaos ser\;'bce'npr_'good-p_exfomaxmé are guavantesd.
Coments are weloome; they canbe matled to PASFWM andior typed into the “ehathox at the bottorm of this page,

Motes you need hoth Java and JavaSernt enshled for this page to work properly. If pou don't hear anything, probahly Tava is disshled in o hrowser's settings; is not installed at all is 3 too.old version, or is not fmetioning properly.

Please log i by typing pour name or calisgn heve (i will be saved for latey visits in a coolie): i I

Fregquency: Bandwidih: Waterfall settings:
7075.00 kHz 2.47 kHz @ -64B; 2.93 kHz @ -604E. Specd: e, G Loghooks:
down 50Hz | up50Hz wider | Cwewide | LS | _Uss | B Osur  Oosisisin Call of station that iyuu e =
C ts, it any: submit !
_‘EET_I_ERTJ TIAMOWET ] Ci-parrow | LSB-nna I LSE-nnw | C et ® mediom ® waterfall L R

5 warc by diciapdiogpiog oo i fimu ey scls Hote: time. e quatcy, wonr vameicall, and DHCC fdfommation are added aotomaticalby.

 diog she pmabiond lpe oo e fiquaey e { S ) lasge | sigh
Towiemr the loghook:, click hers (ctrl-click for vemr tabmdndomr).

.(" :
I hmost freems all b one strong vigs

http://websdr.ewi.utwente.nl:8901/



Getting started

How To
* Buy the USB dongle:

http://www.ebay.com/itm/Newsky-TV28T-v2-USB-DVB-T-RTL-SDR-Receiver-RTL2832U-R820T-Tuner-MCX-Input-/1608960921187pt=LH

Cut the antenna and place a pl259 UHF connector

 |nstall SDR Sharp:
http://rtlsdr.org/softwarewindows

- Install the drivers: use Zadig Check ID aginst

- Install SDR# sdr-install.zip hitpi{irtisdr.orgfhardwa
® Tu n e p p m SO th e Device Opticns  Help
freq Wi” diSplay Bulk-In, Interface (Interface 2 v | it
CO rre Ctly | Driver szaamy/s Eﬁff..suz.zi m)p  WinUss '{ﬁﬁ.l.?enn.lasaﬂ"%:% E:jsgnf;:r:;tiun
UseID 0OBDA 2838 00 libusb-win32
- I N S D R# CI ICk wem? X b v] ﬁﬁ .

configure

4 devices found. Zadig v2.0.1.157



http://www.ebay.com/itm/Newsky-TV28T-v2-USB-DVB-T-RTL-SDR-Receiver-RTL2832U-R820T-Tuner-MCX-Input-/160896092118?pt=LH_DefaultDomain_0&hash=item25762787d6
http://rtlsdr.org/softwarewindows

Performance Tips

Antenna is everything!

Eliminate feedline losses by mounting the SDR at the antenna
feedpoint, with weatherproofing and a long USB cable to the computer
or Ethernet though the raspberry pi.

Use a bandpass filter to protect the radio from strong out-of-band
signals.

Consider a quality preamplifier for the RTL-SDR to reduce the system
noise figure.

Reduce the SDR's internal gain to prevent noise due to RF clipping and
iIntermodulation

Enclose the device in a grounded metal case.

Filter the +5V supply to the radio. Use a combination of ferrite beads
and bypass capacitors to target the full spectrum of noise.

Put RF Chokes on the USB cable to filter out computer noise.

Software tricks, such as oversampling and decimation can help - watch
for RTL2832 firmware and driver updates!
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Live Demo...
And Questions.
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