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The fundamentals of signals and systems are key to
understanding communications and the Software
Defined Radio (SDR). Basic operations include linear
and non-linear signal processing using sinusoids.

A linear operation for communications
would be filtering in frequency within
the range or bandwidth of the filter.
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Filtering in frequency within the bandwidth of the filter
IS shown here. A noisy 1 kHz sinusoid is processed by
a low pass filter (LPF) in simulation using Simulink.
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Two oscilloscopes (scope) display the input and output
temporal signals. Note the phase delay of the output

due to the LPF.
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Replacing the temporal scopes with spectrum analyzers
shows the frequency content.
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Two common, non-linear operations for communications
would be the multiplication of two sinusoids and the

phase shifting | of a sinusoid.
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Two trigonometric identities are then key to understanding
signal processing in communications and the SDR.

- . . : : RF Antenna
» Multiplication of sinusoids in a @ GHz
mixer results in an output as the _ ;
sum and difference of the two | for . Rejection Frer

frequencies. This is frequency
conversion and is the first of the
trigonometric identities:

cos(a — 3) — cos(a + )

i)

sinasin 3 =

sin(2r fo.t) X sin(2x f t) =[cos(2z( T — f o )t) —cos(2z (e + f o))/ 2
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The temporal display of the multiplication ofa 1 V
peak, 2 kHz and 1 V peak, 3 kHz sinusoid in simulation

using Simulink is shown here.
Temporal
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The spectral display of the multiplication of a
1V peak, 2 kHz and 1 V peak, 3 kHz sinusoid in
simulation using Simulink is shown here.  gpectrum

ey Analyzer
" oL
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The spectrum of the output
signal clearly shows only two
frequencies at the sum (5 kHz)
and difference (1 kHz)
frequencies.
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The spectral display of the multiplication of a 1 V peak,
2 kHz and 1 V peak, 3 kHz sinusoid then bandpass

filtered (BPF) centered at 5 kHz is shown here.
My
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The spectrum of the bandpass
filtered output shows only the —gm
desired 5 kHz signal.
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The multiplication of a 2 kHz
sinusoid and a 3 kHz
sinusoid then bandpass...
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* A 90° phase shift can generate a cosinusoid signal from
a sinusoid signal (8 = 90°)

0 1
sin(ar + 3) = sina {y(j + cos & vﬂf
sin(2z .t +90°) =cos(2x f )

This is phase shifting and is the second
of the trigonometric identities.

A 90° phase shift at a C|1 C”2
fixed frequency can be ¢ J\ | b
conflgur:ed as a cascade : R1 = R23 v,
of RC circuits. T T

o o
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The temporal display of a 1 V peak, 1 kHz sinusoid
phase shifted by 90° in simulation using Simulink is

shown here.
gD\‘\ ‘ ‘ ‘ sin(27(1000)t)
M %/\/ O ' ' ' '
Transport Delay\
Note the I

simulation delay

sin(27(1000)t +90°) = §
cos(27(1000)t)




Mini-Workshop on
Software Defined Radio
using the RTL-SDR

RTL-SDR.COM

(o QUICKSTART SETUP GUIDE: RTL-SOR.COM/0SG
y DVB-T+DAB-+FM-+SOR

Signals and Systems

I/Q Signals, SDR and the RLT-SDR
Direct Conversion to Baseband
RTL-SDR Hands-On and Applications
Additional Topics



RIL-SDR.COM

Mini-Workshop on SDR using RTL-SDR & ==z~ 8

The SDR is the modern approach to radio communication
that has dominated recent technology.

For the SDR some of the radio components that had been
typically implemented in hardware (mixers, phase shifters,
filters, modulators, demodulators, and detectors) are now
Implemented in software.
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The inphase (I, cosine) and quadrature (Q, sme) sngnal
components are basic to understanding the modulation
(transmission) and demodulation (reception) of both
analog and digital
communication signals.

The | and Q signal components
are generated by a phase
shifter and two mixers

(multipliers). 7
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| and Q refer to two sinusoids that have the same
frequency and are 90° out of phase but are summed

together to form a signal s(t).

s(t) = A cos(2rz f.t) + A, sin(2z ft)

0.8ms 1.2ms 1.6ms 2.0ms 2.4ms 2.8ms 3.2ms 3.6ms 4.0ms
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I/Q signals are always amplitude-modulated, not
frequency or phase modulated.

The amplitude components A, and A, represent the
Information content for a symbol.
s(t) = A cos(2r f.t) + A, sin(2z ft)

0.8ms 1.2ms 1.6ms 2.0ms 2.4ms 2.8ms 3.2ms 3.6ms 4.0ms
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The general form of a modulated, transmltted sngnal has
an inphase (I, cosine) and quadrature (Q, sine)
components where g,(t) and g,(t) are the information

signals. ;) = ¢ (r)cos(2nf.1) - g,(r)sin(27f.0)

The components are modulated separately then summed.
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An amplitude modulated (AM) signal would have no
guadrature component. 0o .

y(t) = g;(r)cos(anfr)Wr) /\/\_/\.
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A phase modulated (PM) signal would have a constant
amplitude and time varying phase

A N\ W
JOZ () +g2(t) =const  A(t) =tan (g, (t)/ g,(t))
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An amplitude and phase modulated signal would have
both a time varying amplitude and time varying phase

JoZ®+02@M) =V () 6(t) =tan"(g,(t)/ g, (1))
v(f) = g;(f)cos(2nf.t) —g,(f)sm(27f 1)
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Amplitude and phase modulation is also called quadrature
amplitude modulation (QAM) and used in digital
communication.

JoZ®+02@M) =V () 6(t) =tan"(g,(t)/ g, (1))
v(f) = g;(f)cos(2nf.t) —g,(f)sm(27f 1)
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Demodulation of the inphase (I, cosine) and quadrature
(Q, sine) components recovers the information signals
g,(t) and g,(t). If the relative phase shift 8 = 0° then:

2,(1) = 0.5[g,(1)cos(0) + g,(1sipt®)] = 0.5g,(1)
2,(1) = 0.5]-g,(1)sim(®) + g,(1)cos(8) ] = 0.5g,(7)

In Phase (1) *A0) Lowpass #0
Filter >
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»(t) =g (Hcos(2nf 1) - g (O)sin(27f 1) ‘ asesi;na!

%&Rx
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g . )
-‘E 1
| AL,
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Evolution of the SDR Receiver: First Generation

The ADC processes the signal at a second intermediate
frequency (IF) (f-,) after the first IF (f-,) and samples

data in the kHz range (fs) .
g\
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Evolution of the SDR Receiver: First Generation

A signal inphase (I, cosine) and quadrature (Q, sine)
demodulator is used in \the SDR.
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Evolution of the SDR Receiver: Second Generation

The ADC processes the signal at a single intermediate
frequency (IF) (fz) and samples data in the MHz range

(fs). \
f,
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Evolution of the SDR Receiver: Third Generation

RTL-SDR.COM

QUICKSTARY SETUP GUIDE: RTL-SOR.COM/0S6
DVB-T+DAB+FHM-+SDR y
RTL2832U R820T2 TCXO+BIAS T+HF I
V3 CERRE

The ADC samples data at the RF input frequency
which could be in the MHz or GHz range (fs). The
signal is directly converted to baseband without an IF.
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A popular example of a receive only SDR is the second
generation RTL-SDR, consisting of a tunable and
controllable RF front end and baseband signal
processing in a PC.
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The RTL-SDR uses an RF tuner and demodulator
originally intended for decoding European HDTV
broadcasts.

Host access to the baseband binary data stream
produced rapid development starting in 2010.

Currently there are over 20 variants but all are based
on the Realtek RTL2832U demodulator.
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With the RTL2832U demodulator commonly used this
SDR implementation is known as the RTL-SDR.

nooelec.com
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Several different RF tuners can be use but the Rafael
Micro R820T is the most common and versatile.
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The R820T analog tuner has the following components

Variable gain low noise amplifier (LNA) with a frequency
range from 25 to 1725 MHz

\

RF filter tracks the local oscillator (LO) frequency

Local Oscillator Control
synthesiser

|
|
24 MHz to 1.7 GHz |
;
|

data
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The local oscillator (LO) is a frequency synthesizer that
outputs a reference signal from 24 to 1700 MHz from an
external 28.8 MHz crystal. /

| Vambm |
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The mixer multiplies the RF signal and the LO producmg
a sum and difference intermediate frequency (IF)

\

sin(27z fo.t) xsin(2xz f t) =[cos(2x(fge + f o)) —cos(2z(foe — F o)0)]/ 2
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The IF bandpass filter selects the dlﬁerence frequency
at 3.57 MHz with a variable bandwidth of up to 1.2 MHz
and suppresses the sum frequency.

sin(27z foet) X sin(2x f t) =[cos(2z(fqe + f o )t) —cos(2r(fe — Fo)1)]/ 2

r'and)k) |
Vanable Tracking Mixer IF Fiter
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x I
\ , t
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Local Oscillator Control
synthasiser data
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The variable gain IF amplifier at 3.57 MHz wnth a
bandwidth of up to 1.2 MHz outputs an analog signal
with an appropriate amplitude for digitization by the
follow-on demodulator.
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NA 3.57 r Hz

]
|
gan RF filter IF wrpltﬁm |
|
|

|
|
’ |
| ™ % ‘
:{/’/ %[‘7} |§\j { =B
|
|
|
' ;

|
|
24 MHz to 1.7 GHz |
|~
|

Local Oscillator Control
synthasiser

data
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The Realtek RTL2832U demodulator is commonly
used.
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Technical information for the RTL2832U is not avallable
but has been reverse engineered to have the following
components:

8-bit analog-to-digital converter (ADC) digitizes the IF
signal from the R820T RF tuner at a maximum of 28.8
Msamples/sec

DSP ,
: ’ -. [ :
1 “I 1 :
: Cosine Low Pass rmaa I : USB :
- oWnsampie !
! : control "'—E""
s q‘ 4 e e
E Low Pass Filter E i
i Sine ! :
____________________________________
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: management :
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Digital signal processing (DSP) is used to obtalned the
inphase (1) and quadrature (Q) signal components.

Two digital multipliers process the digital data with a
cosine (1) and sine (Q) reference signal.

1 1|
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DSP low pass filters select the baseband difference
frequency | and Q digital data streams.

Downsampling reduces the data rate from 2 x 28.8
Msamples/sec (460.8 Mb/sec) to 2.4 Msamples/sec
(19.2 Mb/sec) for the USB 2.0 interface.

USB |
control "'—E""

Receiver
management

.......................
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The R820T RF tuner and RTL2832U are interfaced

V3

RTL-SDR.COM

QUICKSTART SETUP GUIBE: RTL-SOR COM/1S6
DVB-T-+DAB+FM-+SDR

RIZURBAT2TCADSBS Tt
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The nominal RF frequency range, the down-converted IF
and the digital data rate and resolution of the RTL-SDR is

shown here.

3.57 MHz IF

8-bit I/Q data
USB 2.0

2.4 Msamples/sec
(maximum)

“““““““““““““““““““““““““““““““““““““““

I
, I
Resampling: USB |
FHIRENtering. PUmP .
Amplifier I
I
I

___________________________________________

Realtek RTL2832U
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There are several add-ons to the basic RTL SDR to
extend its nominal RF frequency range (25-1725 MHz)
and to improve performance.

- 22““& @

RF_IN +5U i WLl
L]

aa

RF AMP V2.0
NWDZ 20160825
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An upconverter allows the RTL-SDR to receive signals
In the 0.1-60 MHz frequency range. The upconverter is
available as an internal add-on with a UHF/VHF and
HF or an external add-on with only an HF

antenna port.

=
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A downconverter allows the RTL-SDR to receive
signals in the 1800-4500 MHz frequency range. The
downconverter is modified from an inexpensive ($5)
and readily available device (DirectTV SUP-2400) by
removing passive filters.
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Low noise amplifiers (LNA) are available for narrow or
broad band applications. An LNA with a broadcast FM
notch filter mitigates strong interference.

i 50146
x 30,76 48
N |14 83 dB
4 | 133, 0000D0 Ml | 1546 dB
»5: | 145.0000p0 Mz | 15.78 d&
000 o
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1000 1T [~ 8
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20,00 o
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40,00
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_ RFDIN +5U — UF—\

lJ

RF AMP V2.0
NWDZ 20160825
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Further demodulation of the | and Q digital data
streams is provided by the PC using application
software. Freeware (usually) software is available for

the RTL-SDR. SDR# (pronounced “SDR Sharp”) IS
popular. ese

102.900.000 & swow: - 4P A\IIRSI'\'\

Radio v+ @ E 1029 MGK - 74FE - HEART - Magic Mar

W A Ls U
Ow- (o ! RA

Shift 0
Filter Blackman-Harris 4 a
Bandwidth Order

S D R# 170,155 250 }
IF Noise Reduction v e B3 [
\'.i{\ Profile: | Hi-Fi a 2 A
Threshold -69.6dB )
T P
w 24

Source: RTL-SDR USB v+ @

RTL-SDR USB a
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As described earlier, the general form of a modulated
signal has an inphase (I, cosine) and quadrature (Q,
sine) components with the baseband information

signals g,(t) and g,(t).
y(1) = g (t)cos(2nf 1) — g,(1)sm(27f 1)

This is referred to as I/Q modulation for the transmitter
followed by I/Q demodulation in the receiver.

le -fRF fo
Mlxer £
RF Downconve"ter ,”: I/Qdemodulator
A o i P l

LNA *

|‘£' P ’

e
Oiae” o
W -

Low Noise Local
Amplifier Lo | Oscillator
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Receiver architecture has until recently used the
heterodyne or super heterodyne architecture.

The heterodyne receiver uses one mixer to convert the
modulated RF signal to a modulated IF signal. This
signal is then applied to I/Q demodulator which brings
the modulated low IF to baseband output frequencies.

fIF =TRe-Tio

RF Downconve"ter

1 Mlxer
LNA al B

.—&--
s

¥ >

I/Qdemodulator

Low Noise
Amplifier

L'Tf'- ”

LO

Local
Oscillator
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The super heterodyne receiver uses two mixers to bring
the modulated RF signal to the modulated IF signal.

The first mixer brings the RF signal to the IF1 signal.
The second mixer brings the IF1 signal to the IF2
signal. This IF2 signal is then applied to 1/Q
demodulator which brings the modulated low IF to
baseband output frequencies. \

T fre fiF1 fiF2
. \ I/Qd dulat
" RF Downconverter S EemoautLor
& i) H |
LNA | BPF - '

_. Q
fLo1 fLo2

fir1 =frF - fLo1 | LO1 LO2

fir2 = fiF1 - fLo2
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The advantages of the heterodyne and super heterodyne

receiver are that:

» Since it converts high frequency to low frequency, all
processing takes place at lower frequencies. The
devices are cheaper at such lower frequencies
compare to higher frequencies.

* [tis also easier to filter an IF signal compared to RF

signal.

frF

fiF1
|
RF 'pownconverter

fiF2

I/Qdemodulator

1 LNA

Ry
-y
—P

-

_.Q

fir1 = TrF - fLo

o
fLo1

BPF
fLoz

LO1

fir2 = fiF1 - fLo2
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The disadvantages of the heterodyne and super
heterodyne receiver are that:

* They requires additional LOs and RF Mixers to
convert the signal from RF to IF before conversion to
baseband. This increases the cost.

 Filters are needed to remove any LO leakage as well
as undesired frequency components to prevent
image frequencies. This increases the complexity.

fir = frF - fLo

RF Downconve.:fer f.lF I/Qdemodulator
‘ £x 4 |
LNA | —» ]
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The homodyne or direct conversion receiver does not
require any mixers at the RF stage. The modulated RF
signal is directly applied to I/Q demodulator which
outputs the baseband information signals g,(t) and g,(t).

I/ demodulator
E. INA |9 — |

—»
Low Noise P
n gm *Sin EH
Amplifier
LPF » |
Modulated
]
RF Signal
LPF »Q
A* cos (W0*t)
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The advantages of homodyne receiver are that:

|t uses same frequency for LO as the transmit RF
frequency for conversion to the baseband
information signal frequency. Thus, itis a very
simple architecture for both transmit and receive.

 The RF components such as LOs, RF mixers and
filters are not needed as for the heterodyne receiver
architecture. Hence the complexity is less.

‘ I/Qdemodulator
LNA |—»— |

G




RTL-SDR.COM

Mini-Workshop on SDR using RTL-SDR = it

R
RTL2832URB20T2 TCKO+BIAS T+HF
V3 o SEKE

The disadvantage of homodyne receiver is that:

 The homodyne receiver suffers from LO leakage. It
should be as low as possible in order to properly
demodulate I/Q signals at baseband information
signal frequencies.

A*sin (W0*t)
LPF > |
Modulated
RF Signal
LPF »Q
A* cos (W0*t)

‘ I/Qdemodulator
LNA |—»— |

G
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The origins of the homodyne or direct conversion
receiver date back to 1924 when a single down-
conversion receiver was first described.

The homodyne is popular in Amateur Radio for simple
portable HF receivers.

Homebrew 7 MHz CW
(Continuous Wave using
Morse code) direct
conversion receiver and
transmitter
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The RLT-SDR Is a heterodyne receiver since it uses one
mixer to convert the modulated RF signal to a modulated
IF signal near baseband sampled at f, as digital data.

3.97 MHz IF

8-bit I/Q data
USB 2.0

2.4 Msamples/sec
(maximum)

Realtek RTL2832U
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The sampling rate f. is usually considered to be at Ieast
but greater than, the Nyquist rate = 2 W where W is the
bandwidth of the signal.

For example, a 3 kHz bandwidth baseband voice signal is
usually sampled at 8 kHz (>2 W) as in telephony.

A signal having no frequency components above W Hertz is
completely described by specifying the values of the signal at
periodic time instants that are separated by at most 1/2W

seconds.

Harry Nyquist
1889-1976
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The RLT-SDR has an IF signal 3.57 MHz and is sampled
at f, = 28.8 Msamples/sec. Here W= \2 MHz (actually

~ 310 4.2 MHz).

v !
E -- : - 3.57 MHz IF
25-1725 | ; 8-bit 1/Q data
MHz o OOt | USB 2.0
2.4 Msamples/sec
(maximum)

------------------------------------------

1

. ! I
HEsampling USB |
HR Filtering. Pump |
Amplifier. |

|

|

___________________________________________

Realtek RTL2832U
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The RTL-SDR is an example of Nyquist samvang where
f.= 28.8 Msamples/sec > 2 W = 8.4 MHz.

[ ———
E 3.97 MHz IF
25-1 725 ; 8-bit I/Q data
MHZ "R‘ -ful_lill—'—“f-{éi(-)i' """"""""""""" : USB 20
S 2.4 Msamples/sec

(maximum)

-----------------------------------------

1

. ¢ l
Hesampling UsB |
HR Filtering. PUp .
Amplifier. |
]

|

___________________________________________

Realtek RTL2832U
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The nominal IF bandwidth at 3.57 MHz of the RTL- SDR IS
about 1.2 MHz (= 3 to 4.2 MHz).

[ ———
E 3.97 MHz IF
25-1 725 ; 8-bit I/Q data
MHZ "R‘ -ful_lill—'—“f-{éi(-)i' """"""""""""" : USB 20
S 2.4 Msamples/sec

(maximum)

-----------------------------------------

1

. ¢ l
Hesampling UsB |
HR Filtering. PUp .
Amplifier. |
]

|

___________________________________________

Realtek RTL2832U




Mini-Workshop on
Software Defined Radio
using the RTL-SDR

RTL-SDR.COM

(o QUICKSTART SETUP GUIDE: RTL-SOR.COM/0SG
y DVB-T+DAB-+FM-+SOR

Signals and Systems

I/Q Signals, SDR and the RLT-SDR
Direct Conversion to Baseband
RTL-SDR Hands-On and Applications
Additional Topics



RTL-SDR.COM

Mini-Workshop on SDR using RTL-SDR & =iz B

Open and assemble the RLT-SDR device and its
external antenna. Use the longer dipole antenna for
VHF (30-300 MHz) reception. Connect | the antenna
to the RTL-SDR device using the SMA | coaxial cable.

R : ‘?E"f': \"

'3'\, g : : : ‘ .
} ) 3 R =

RTLSORCON
L StRo
RI2830 ‘I’;Jr?:r?:]w'ﬁ +
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There are several freeware applications for the RTL-

SDR that are available. SDR# (pronounced "SDR
Sharp") is used here. Now to complete its installation.

[ X I= AIRSPY SDR# Studio v1.0.0.1901 - RTL-SDR USB g
— ! V'S S
=Er 4 B¢ 102.900.000 & s=wiow: v 4p AIRSPY
Radio MG 1029 MGK - 74FE - HEART - Magic Man

N.. A LS
Ow.. o c

shift
Filter Blackman-Harris 4
Bandwidth Order

170,1558 250

S D R# IF Noise Reduction v 1 ® B I
@ ) Profile: | Hi-Fi ]
Threshold -69.6 dB y m /\d
. bl Myl

iy

FM Broadcast

Source: RTL-SDR USB v|t@®

RTL-SDR USB
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The SDR# application should have been downloaded
and extracted to the root directory as C:\sdrsharp
following the instructions for steps 1 through 4 at:

https://www.rtl-sdr.com/rtl-sdr-quick-start-guide/

Run install-rtisdr.bat as in step 5.

o= el
——
@Uv| . » Computer » Local Disk (C:) » sdrsharp - | +y | | Search sdrsharp )
File Edit View Tools Help
Organize * Open Print Burn MNew folder = -~ [0 @I
Y Favorites * Mame Date modified Type Size -
! B Deskt | FrontEnds.xml 16/09/2015 5:24 p.... XML Document 1KB —
eskto £ =
23 Droph P %] hackrf.dll 21/09/2015 9:43 a....  Application extens... T8 KB H
ropbox
o P o [ httpget.exe 21/09/20159:43 a....  Application 83 KB
ownloads ;
.§ - . | install—rtlsdr.batr\ 21/09/2015 943 a.... Windows Batch File 1 KB|
1=/ Recent Places
- % libusb-1.0.dll be 21/09/20159:43 a....  Application extens... 94 KB
— b | LICENSE et 19,/09/2015 3:41 p.... Text Documen t 3KB
ibraries
ﬁ@ - : 2] Plugins.xml 15/06/2014 9:22 p.... XML Document 1KB
. oeuments h ) PortAudin.dll M08/ 5943 a...  Annlication extens... &0 KR h
=1 install-rtlsdr.bat  Date modified: 21/09/2015 9:43 a.m. Date created: 29/09/2015 3:11 p.m.
".,-“"a Windows Batch File Size: 463 bytes
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The RTL-SDR device is now plugged in at a USB port
as step 6. Run the Zadig application as described in
steps 7 through 11. Close the Zadig application.

K Zadig E=B|EcR ==
Device | Options | Help
v List All Devices
Printe v Ignore Hubs or Composite Parents - ] [ Edit
Ste ps 7 and 8 v Create a Catalog File
Driver o Sign Catalog & Install Aut ted Certificat gore Informatidy
Ign Latalog nsta utogenerare ErIMCate \WinUSE flibusb
USB T Advanced Mode libush-win32
. libusbi
WD Log Verbosity ' WinUSE (Microso ft
9 devices found.
K Zadig o] ® ]
Device Options Help
|Bulk-In, Interface (Interface 0) - | [ edit
Steps 9, 10 o
Driver  RTL2832UUSB (v64.1.521.2 [} WinUSB (v6.1.7600.16385) = e Infurmatioe
an d 1 1 WinUSB (ibush)
USBID 0BDA 2338 00| libusb-win32
5 Replace Driver hd libushk
wems XK WinUSE (Microso fi
11 devices found.
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Open SDR# and set the Source to RTL-SDR USB as In
step 12. Press the Play button P to begin using the
device as in step 13.

@® - AIRSPY SDR# Studio v1.0.0.1901 - RTL-SDR USE g
— ! V'S S
/ >4 £ @ 102.900.000 & s=wiow: v 4p AIRSPY
P | ay Radi v|*e® 1029 MGK - 74FE - HEART - Magic Man
N- ( JA- (LS gL, =
Ow.. (b C.. RA
Shift
Filter Blackman-Harris 4 M
Bandwidth Order
170,1558 250
D -
IF Noise Reduction v+ @

C' Profile: | Hi-Fi a
Threshold -69.6dB ' /\,4
’ L A P

iy

FM Broadcast

Source: RTL-SDR USB v|t@®

Source set — | o g
to RTL-SDR
USB
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Adjust the RF Gain setting to greater than 0 using the
Configure button ¥ as in step 14.

Configure

®ec

E § l‘)))  —

Radio v
N... AL LS
R F G ai n Ow. D.. C..
Shift
\ Filter Blackman-Harris 4
RTL-SDR Control =) L o
250
Device RE20T
ion b4
Generic RTL2832N o
Sample Rate -69.6 dB
24 MSFS -
Sampling Mode
Offzet Tuning
RTL AGC o v[*@®
Tuner AGC
RF Gain 37.2dB
I_%
Freguency correction (ppm) 0=
Close

mmuﬂmmhl&»du‘b

102.900.000

A
v

Step: 10 kHz

v 4

AIRSPY SDR# Studio v1.0.0.1901 - RTL-SDR USB g

MI!SI'\'\\\

mww/\ww i g,

FM Broadcast
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The SDR# application is described in a concise Users
Guide: https://www.rtl-sdr.com/sdrsharp-users-quide/

. = AIRSPY SDR# Studio v1.0.0.1901 - RTL-SDR USB ﬂ
- ! A v S
=Er 4 B¢ 102.900.000 & s=wiow: v 4p AIRSPY
Radio v|t@®

N_. A LS
Ow.. o c

Shift
Filter Blackman-Harris 4
Bandwidth Order

170,1558 250

IF Noise Reduction ¥
@ ) Profile: | Hi-Fi
Threshold -69.6 dB

e A b gl I / bl
it My .W«M,w\m |
Y
FM Broadcast
S EE—
Source: RTL-SDR USB v

RTL-SDR USB
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SDR# Is a versatile (and complex) application. There
IS also a free manual that describes in detail all the
capabilities and features of SDR#.

https://airspy.com/downloads/SDRSharp Big_Book

v5.5.pdf
» IR& G
Additional references and The I"" Book of

software applications can S“RS'I:IHI Voed
be found at: A\IINI'\'\% Paolo Romani 1Z1MLL

https://www.rtl-sdr.com/about-rtl-sdr/
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SDR# includes a standard spectrum and waterfall
display, a frequency manager and digital noise
reduction.

E,_P = B — 102.900.000 & swwowe v 4 - ;\lltsl-v“\

Spectrum

Filter Blackman-Harris 4

Bandwidth Order
170,1558 250
D -

S D I a i ; IF Noise Reduction Vg

\/. ) Profile: | Hi-Fi a

Threshold -69.6 dB y ] \ /\4
, b gl il Mg “‘Wv‘\"’*\l’“\«lw\w ]

FM Broadcast

—————

Source: RTL-SDR USB vt

RTL-SDR USB ﬁ
Waterfall ——_
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To verify the installation, use the RTL-SDR and SDR#
for the hands-on reception of an analog FM broadcast
(from 88 to 108 MHz). The demodulated audio can be

=
=>4+ 8O — 102.900.000| § swowe v 4p Aty
Radio v|*e® 1029 MGK - 74FE - ZART - Magic Man
N- ( JA- (LS
Ow.. o c
shift

er Blackman-Harris 4
1 n M Z Bandwidth Order

170,1558 250

W M G K IF Noise Reduction v

@ ) Profile: | Hi-Fi

Philadelphia — = - @ | A —

iy

Source: RTL-SDR USB v|t@®

RTL-SDR USB
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Let's take the time to see if we all can have the RTL-SDR
receiving an FM broadcast (88-108 MHz) with help if
necessatry.

. = AIRSPY SDR# Studio v1.0.0.1901 - RTL-SDR USB ﬁ
=r 0O 102.900.000 & swoks ~ 4p ARSPY
Radio v+ @®

N. | A LS gL, =
Ow.. o c RA
Shift
Filter Blackman-Harris 4 a
Bandwidth Order
170,1558 250 .
IF Noise Reduction v|+@®

Cl Profile: | Hi-Fi a
Threshold -69.6 dB - y /\d
; ’ L A P

iy

FM Broadcast

Source: RTL-SDR USB v|t@®

RTL-SDR USB a
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The RTL-SDR is a frequency agile receiver that can
demodulate a variety of analog and digital signal from
over-the-air broadcast and unicast sources and satellite
Images:

 FM broadcast, wide band FM (WBFM) with pre-
emphasis and de-emphasis for noise reduction

» Radio Broadcast Data System (RBDS) for FM
broadcast program information

https://www.rtl-sdr.com/about-rtl-sdr/
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RTL-SDR and SDR# for the reception of analog WBFM
(wide band FM) and HD digital broadcasts.

AIRSPY SDR# Studio v1.0.0.1901 - RTL-SDR USB g

Er - B¢ — 102.900.Q00 ¢ seprof v P AlSPY

Radio MG MGK - 74FE - HEART - Magic Man
N. | A LS gL, =
Ow.. (b C.. RA
Shift
Filter Blackman-Harris 4 M
Bandwidth Order
170,1558 250
D -
IF Noise Reduction v+ @
\/. ) Profile: | Hi-Fi a
Threshold -69.6 dB {
et ki,
FM Broadcast
Source: RTL-SDR USB v|t@®

RTL-SDR USB a
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RTL-SDR and SDR# for reception of the digital Radio
Broadcast Data System (RBDS) information during an
analog FM broadcast.

ono audio 41g ki,
ne

]
o

MWF‘JL‘\—) - 74FE - HEART - Magic Man

il
%\WW,;W«Wmm MJL ﬂ

] 02 ~ QOO _OOO ¢ Step: 10 kHz v
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Other applications for the RTL-SDR include:

« Automatic Dependent Surveillance-Broadcast
(ADS-B) aircraft flight identification

 Aircraft Communications Addressing and Reporting
System (ACARS) for messages

 NOAA weather satellite images

» Shortwave digital broadcasts (DRM)

» Radio astronomy

https://www.rtl-sdr.com/about-rtl-sdr/
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RTL-SDR, ADSB# software and an LNA for the reception
of ADS-B aircraft flight identification for a later application.

https://www.rtl-sdr.com/adsb-aircraft-radar-with-rtl-sdr/

' 2.6 test 8 by sprut (big)
B Yew Cors padMue Corfp levgsten other decoder
= YA<>aje] o alan Eda@E Soje e

@© ADsB=v1.091 =l = = . e

|
A i |

* Track 114 sedeet COM Pos D
Sl St OO | S oo
o * Tewcw 171 Correct
Start Port 47806 2  Teack 1 et
44 Track 60 v
P 4.y OF1T « CRC

[] Share with ADSBHub ~ Host |sdrshamp.com

for. [rcacze lltnn I"'" ’Ak Iu: [an lsp-ull-u | I'--.-
r
1289  [400RZ [ C-FUPD BAVEEE 9000 4.8 w2 s -6 ANs ]
Decoder o b
[t [rees oo weaw 22000 o
s
Confidence Timeout (sec)  Frames/sec B i e e s
4 - 12{' - L] ARARLT PH-BOX rimn 26074 SL60 40 e 00 00 MM
= - et
gy R—— 10 e
;’z‘ll 3420CC BC-KLT VLGRS0 11000 me v %6 ANO

RTL-SDR Control \rt m,"::-’wu AReRED PH-BCH 1675 27 184 -%0 M im:
Device RE20T ol " \i’ru"i:* o
[ezcap USE 2.0 DVB-T/DAB/FM dongle A = $e o g 53 ﬂ&;’;‘g‘-é’%fﬁnw a0

7] RTL AGC P

34210 §C-I83  IBE3LD 3000 10.3% -1.83 268 207 iz A ©

ABCART NESZAN  WERZAR 19176 cs00

00M07 C-EUPC  BAWEAN 39000 2.8 @51 04 264 AN 0

waser e T we e am e 3 o [y
ierr via 16400 -

400541 C-MOIC  WOBIIE 30700 $0.33 -2.06 064 206 121€ AMS 8

Tuner AGC 10 T
w0 "
RF Gain 3 oy
3
Veas: 309, _sommrs
[i1363 Sourv. -ais-cepty UOA Az zhocore
Frequency comection (ppm) (1= | v
€ >
Vegrel « Framerse 2020 Frames/mn (1221
Utet e VmaGueiy 0%
St Tow NE2N

Ew B

1 176 NM w337 ken _ Kosced 4267060 I | 7109090 € Frames she. 20201 Frames{min (122 T 11.06:26



https://www.rtl-sdr.com/adsb-aircraft-radar-with-rtl-sdr/

RTL-SDR.COM

QUICKSTART SETUP GUIBE: RTL-SOR COM/0S6
DVB-T-+DAB-+FM+SDR
RTL2832U R820T2 TCXO-+BIAS T+HF

Mini-Workshop on SDR using RTL-SDR

V3

RTL-SDR, SDR# and S EOOCIAT

acarsd Windows Search Hews  Translation Database Server

-_ ACAHS mode: 2 Aircraft reg: N517AS [Boeing B737-890[WL]] j I — —
label: H1 [M ge toffrom inal] Block id: 4 Msg no: D114

Flight |d AS0764 [Alaska Airlines]
Message content:- N8ECH
#DFB

[ L]
oo# )
517#.210214.17495600000764.KPDX.KDCA.T0.3500.27204.8603-# i
o Inage available

=)

Won, 05 May 2014 - 15:19

N45.5718.W122.5049.211749.#01444.002.5.296.016.TO#
N45.5707.\/122.4960.211750.#01604.002.5.298.016.TO#N45.5695.\/122.4869.211750.401859.002
[ 05{05/2014 19:18 ]

Communications

ACAHS mode: 2 Aircraft reg: N517AS [Boeing B737-890[WL]]
label: H1 [M ge toffrom inal] Block id: 6 Msg no: D124

Flight id: AS0764 [Alaska Airlines]

[} [}
Ad d reSS I n an d R e O rtl n auule: [Punlapd.tlnlerna(iunal. USA-Washington, NationalfRonald Reagan National, USA] Lemﬁg r:;gf;&:ll\’:grjwe"
essage content:-
H#DFB

oo# A333 - A330-203 [N2TOAY]

517#.210214.17515700000764.KPDX.KDCA.CL.3600.27335.8603-#
E ; I t E ; N45.5676.W122.4733.211750.#02233.001.0.298.017.CL#
Ste I I l ACA fo r S h O rt N45.5623.W122.4415.211750.403033.-00.7.297.019.CLAN45.5563.W122.4091.211750.4#04094.-02 N517AS
Flight: PDX-DCA Distance: appr. 2038 miles Flight time: appr. 4:40 h

[ 05/05/201419:19 ]

1 contacts with this aircraft, First contact: 05/05/2014 19:18 as flight AS0764 e

. d
l I l I l I ACARS mode: 2 Aircraft req: N670AS [] L) NS
eSS ag es to al C a. t a n M label: H1 M toffrom inall Blockid: 1 Msg no: F26A B738 .- BT37-890(VVL) [NE1TAS]

Flight id: AS0407 [Alaska Airlines]
Message content-

.
- #M1BPOSNA5381W122540,YANTZ,175221,30,POWLZ, 175340,Rw1 R, P0,299018,105,172,175K.17
rom ground stations 10r
North: 45.381000 West: 122.540000 T m—

[ 05/05/201419:19 ] No Image available

N570AS5

First contact with this aircraft

a later application. -

05 May 2014 -19:19:18 Aircraft '"N570AS" was added to your database
05 May 2014 -19:19:18 Fetching informations for ‘'AS0407" from db.acarsd.org
05 May 2014 - 19:19:19 Fetching flight informations for 'AS0407' from amadeus.net (In Queue 1]

05 May 2014 -19:19:20 Fetching flight informations for 'ASAA07' from flytecomm (In Queue 1)
05 May 2014 - 19:19:23 Fetching informations for '"N570AS' from db.acarsd.org

[ Goo: 10, Upl: 9, Parity: 9, bloc Msgs: 10, Import=s: 9, SkySpy: [ Vol: QI0I0K ] [Ext: ON] [ CRG: OFF | [4 - &2 Unigus flights]

https://www.rtl-sdr.com/rtl-sdr-radio-scanner-tutorial-
receiving-airplane-data-with-acars/
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RTL-SDR, SDR#, quadrifilar antenna, LNA and
WXtomg decoding software are used to receive NOAA
weather satellite images at 137 MHz for a later

application.

https://www.rtl-sdr.com/rtl-sdr-tutorial-receiving-noaa-
weather-satellite-images/
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The quadrifilar antenna can be easily constructed.
http://jcoppens.com/ant/afh/calc.en.php

Quadrifilar
Helix Antenna



http://jcoppens.com/ant/qfh/calc.en.php
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AM HF (3 to 30 MH2z) shortwave broadcastlng has been
almost entirely replaced by Digital Radio Monodiale
(DRM). RTL-SDR with a frequency downconverter and
DREAM decoding software are used to receive DRM for
a later application.

https://www.rtl-sdr.com/tutorial-drm-radio-using-rtl-sdr/

lék W*&\A ‘
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RTL-SDR with an LNA and external parabolic antenna
can be used for radio astronomy experiments such as
hydrogen line detection, meteor scatter and pulsar
observations.

https://www.rtl-sdr.com/rtl-sdr-for-budget-radio-
astronomy/

Hydrogen line (DEC=41.00)

-37.4 - . r T ; ;
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= o L
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The Rigol DG4202 Function/Arbitrary Waveform
Generator is used for the real-time reception of analog
and digital modulated signals by the RTL-SDR here.

The carrier frequency is 49.86 MHz as an intentional
radiator under FCC Part 15 regulations (Sections
15.203 and 15.235) for a maximum power output of
1 mW (0 dBm) with a vertical antenna of less than 1
meter in length.

SEeEE
1 mW at R;=50 Qis an RMS gj?jtbg
amplitude of 0.223 V or a peak s ssciEsEs
amplitude of 0.316 V = 316 mV. S SRS e
O = o0 O

16
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Single tone analog amplitude modulation (AM) IS the
multiplication of the tone signal (f.,) and a carrier frequency

(fo) ~
sin(2z f t) xsin(2z f_t) =[cos(2z(f, — f )t) —cos(2~(f. + f )t)]/2

analog AM /\/\/

temporal signal | —

The AM signal spectrum has the
carrier component and two
spectral peaks

A
at the sum and | i oo
difference of f, ; Sdeand sideband

<<
and f . .i’c\>1{fc+ f)

- s F
Bandwidth IRy
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Analog AM of the 49.86 MHz carrier at 50% (100%
maximum) by a 10 kHz sinusoidal tone signal.

Mini-Workshop on SDR using RTL-SDR

AIRSPY SDR# Studio v1.0.0.1901 - RTL-SDR USB %3

=4+ H— 49.860.000 & sz v 4P AlRSPY

Radio vt @®
NeM - O am LsB uss o
WFM DsB cw RAW
shift 0

[

Filter Blackman-Harris 4

Bandwidth Order

30,017 1,000
v v ]
Squelch CW shift
sdrl

IF Noise Reduction v+ @®

@ ) Profile: | Lo-Fi ﬁ

Threshold -69.6 dB [\/\

IF Noise Blanker vi+®

® ) 50d8 =

Pulse Width 30.00 ps

Lookup Window 50.00 ms

Source: RTL-SDR USB v+ @®

i
RTL-SDR USB
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Single tone analog frequency modulation (FM) is more
complex. A carrier frequency (f.) is phase modulated by the
tone signal (f.).

cos(2z ft+psinrt ) => " J, (B)cos2z(f, +kf)t)
where £ is the modulation index:
/ N\

B=at/t, A

and 41 s the Trequency deviaion j | |AAALLALLLLALLLL

from the carrier frequency. I

analo LA LULLA
temlpc?r;hgignal ALY
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The FM signal spectrum is a sum of components at an
infinite multiple (k) of the sum and difference of f.and f..

cos(2z f t+ psin(2rz f 1)) = Z:;_w J (B)cos(2x(f,+kf )t)

Although an infinite sum, the /7

amplitudes are weighted by the N4 N4
Bessel function (J,(8)) which

decreases as k increases.

AR AAAARLAAARR L
TheinfinitfesumoftheJk(B)‘terms VTV
equals unity, although the signal M\M[\/\ /\ M[\M/\ /\

Zpiﬁgtr;aa-sbeasr?dwidth Increases as UUUUU \/ \/WUUU \/ \/
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Analog FM of the 49.86 MHz carrier at a frequency
deviation Af of 2 kHz by a 2 kHz sinusoidal tone signal

f.(B=1).

sdr2

®®-

=04 8O

Radio

Onem AM LsB
WFM DsB cw

Shift
Filter Blackman-Harris 4
Bandwidth Order
8,823
Squelch CW shift

-B
:

IF Noise Reduction
\. ) Profile: | Lo-Fi

Threshold

IF Noise Blanker

Pulse Width

Lookup Window

Source: RTL-SDR USB

RTL-SDR USB

AIRSPY SDR# Studio v1.0.0.1901 - RTL-SDR USB ﬂ

49.860.000 & s v 4P AlRSPY
v[t®

use
RAW

MIEY

50d8
30.00 ps

50.00 ms
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Analog FM of the 49.86 MHz carrier at a frequency
deviation Af of 6 kHz by a 2 kHz sinusoidal tone signal

—
b
[ X 1= AIRSPY SDR# Studio ¥1.0.0.1901 - RTL-SDR USB &3

=N 4+ H ¢ — 49.860.000 & swive v 4P ARSPY

Radio v+ ®
OnNem AM Lse Use =

WFM DsB Ccw RAW

Shift
Filter Blackman-Harris 4 a
Bandwidth Order

B,BZBB 1,000

Squelch Cw shift

50 000
v -
IF Noise Reduction v+ @®
S d r3 @ ) Profile: | Lo-Fi a

Threshold -69.6 dB
IF Noise Blanker vi+®
® ) 50d8 =
Pulse Width 30.00 ps
Lookup Window 50.00 ms
Source: RTL-SDR USB v+ @
RTL-SDR USB a




RTL-SDR.COM

Mini-Workshop on SDR using RTL-SDR m.

RTL2832U R820T2 TCXO-+BIAS T+HF y
3 cerx

The Rigol DG4202 Function/Arbitrary Waveform
Generator can generate data signals at various bit rates
for digital modulation but only as a periodic pattern.

This is not random binary data ase=c ()
and the result is a line spectral 2%(@? cos

. . @O |
at the period of the data. With ] = =
a 50% duty cycle the even ~—I o T
harmonics are zero and the
odd harmonics decrease
. : Spectrum
In amplitude. y

% Time %-m ; 5 ?
Temporal ) [
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A digital Binary Amplitude Shift Keying- On/Oﬁ Keylng
(BASK-OOK) changes the amplitude of a carrier
frequency (f,) with the modulation signal m(t).

s,(t) =Am () sin@x ft) (-DT, <t<iT, j=0,1

Here mi(t) = 0 or 1 and is a 50% duty cycle square wave
and A is the unmodulated 1
carrier amplitude. 05

For random binary data a BASK-OOK modulated signal
IS:

‘ 1 0 0 1 i1 0 1 0 1
8 f i -
D PR N U I PR L
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Mini-Workshop on SDR using RTL-SDR

BASK-OOK of the 49.86 MHz carrier by a 50% duty
cycle square wave at 10 kHz (20 kb/sec).

= AIRSPY SDR# Studio v1.0.0.1901 - RTL-SDR USB &g

=0+ B0 - 49.860.000 & swiwe - A AlRSPY

Radio ES )
NFM AM LsB use o
WFM | DSB cw  Oraw
Shift 0
Filter Blackman-Harris 4 a
Bandwidth Order
76,851 1‘000‘
v v
CW shift
50 1,000 .
I IF Noise Reduction v 1® e
S r I' @ ) Profile: | LoFi a 3 ]
Threshold -69.6 dB [ ' [ ‘
A 2
e AAWLE g I A
\,H“,'ﬂ-}A e N l,r‘,l.wﬁ,k,'{'m;“\( 'V‘W' ‘\«'.\ﬂ‘ru’* i
IF Noise Blanker v+ @®
50d8 =
Pulse Width 30.00 ps
Lookup Window 50.00 ms
Source: RTL-SDR USB v+ @®

RTL-SDR USB a
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A digital Binary Phase Shift Keying (BPSK) changes the
phase of a carrier frequency (f,) with the modulation

signal m(t). \

s,(t) = Asin@uft + km (1) (i-DT, <t<iT, j=0,1

Here k, is the phase deviation factor, mi(t) = 0 or 1 and
IS a 50% duty cycle square wave and A is the
unmodulated carrier amplitude. If k, = 1 radians, then
the phase deviation is O or 180 degrees.

For andom
binarydataa [ | o o[ 1 1 ]o[1]o [
BPSK SR SR T TR R L
modulated  [{[\(\fl ANANOAMARAANAN AARANAR AANALRAL

signal is: : a
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BPSK of the 49.86 MHz carrier by a 50% duty cycle
square wave at 10 kHz (20 kb/sec).

[ X TL-SDR UsE %@
=0+ B 49.860.000 & cwie v & AlesPY
Radio v @ N

NFM AM LsB use
WFM | DSB cw  Oraw
Shift 0
Filter Blackman-Harris 4 ﬁ
Bandwidth Order
76.851 1,000
CW Shift
Sd r5 IF Noise Reduction ; MEXC N J\ {
@ ) Profile: | LoFi B o 'Al \ W ! | | |
L B i A b I I ol
Threshold -69.6 dB 5 l’”’v ““Aj fm*’ N J./\ *ﬁ : W\A bquj\/m \“ lhlf\w' ’ ’J d"w
IF Noise Blanki vt @®
® ) 5048
idth p
Lookup Window 50.00 ms
v+ @®
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Antenna Construction
RTL-SDR and GNU Radio
Resources and References
Advanced SDR Applications
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Antenna Construction
RTL-SDR and GNU Radio
Resources and References
Advanced SDR Applications
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An external antenna is key for quality reception using
the RTL-SDR and is an interesting additional activity.

The simple dipole or monopole antenna provided with
the RTL-SDR is not optimum because it exhibits little
gain and, if inside, is not in the clear.

However, a variety of gain antennas
for specific frequencies can be
easily constructed.
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Antenna theory for reception begins with oscillating
currents being induced on the resonant length of the

dipole. - _

Antennas are symmetrical and a transmitter current on
the resonant length of the dipole induce a propagating
E and H field also (only the E field is shown).
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The dipole antenna is two % wavelength rods but must
be in the clear. If mounted vertically the dipole has an
omnidirectional pattern.

If mounted horizontally (often used when the antenna
IS large) the dipole has a bidirectional pattern.
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The vertical dipole is constructed of copper tubing and
no ground plane is used. Large horizontal dipole
antennas for HF (3 - 30 MHz) are constructed of
copper wire and mounted between supports. The
coaxial cable is 75 Q.

Dipole centre

Insulator & balun Insulator
| | l'
4
Pulley
Antenna
Feeder

support
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The omnidirectional monopole antenna is a %
wavelength rod above a ground plane.

Antenna modeling software
can display the far E field
pattern.
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Construction of a monopole antenna with ground plane
IS shown. The antenna rod is % wavelength (A), equal
to the speed of light ¢ divided by the frequency f or

A =c/fin a vacuum but reduced by 0.93 in air.
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The ground plane is % wavelength in size. A series of
Y4 wavelength radial wires can be used instead of a
large metal plate with a 50 Q coaxial cable.

MNacoum =C/F =2.998 x 103 f m

A\, =093c/f=~2788x108f m

Yy
A4
A/ 4-wave
radials
Coax cable ¥
VA NEN

Earth ground or conducting plane Coax cable




The Yagi antenna is highly directional but exhibits large
forward gain and attenuation in the reverse direction.
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Construction of the Yagi antenna using brass rods and
a wooden boom is shown. The elements are tapered
and non-uniformly spaced with a 50 Q coaxial cable.
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A quadrifilar antenna is designed for LEO satellite
telemetry that present time varying (circular or elliptical)

antenna polarization.
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The quadrifilar antenna can be easily constructed.
http://jcoppens.com/ant/afh/calc.en.php

Quadrifilar
Helix Antenna



http://jcoppens.com/ant/qfh/calc.en.php
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An antenna for the Automatic Dependent Surveillance-
Broadcast (ADS-B) Mode-S transponder broadcasting

location and altitude information to air traffic controllers
at 1.09 GHz can be constructed.

A standard monopole can be shortened or a small
ground plane can be bulilt.




RTL-SDR.COM

Mini-Workshop on SDR using RTL-SDR = ol

RTLZ8320 R820T2 TEXO-+BIAS T+HF

A reasonable and wide bandwidth (25-1300 MHz)
antenna is the discone which can be bought
commercially or built. |

Homebrew Discone

Discone antenna at
TUARC K3TU
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Antenna construction reference links:

Dipole antenna:
http://www.westmountainradio.com/antenna calculator.

php

Monopole antenna:
https://1273k.net/gsm/designing-and-building-a-gsm-
antenna/monopole/

Yagi antenna:
https.//273k.net/gsm/designing-and-building-a-gsm-
antenna/vagi/

Discone antenna:
https://www.rtl-sdr.com/?s=discone+antenna



http://www.westmountainradio.com/antenna_calculator.php
http://www.westmountainradio.com/antenna_calculator.php
https://273k.net/gsm/designing-and-building-a-gsm-antenna/monopole/
https://273k.net/gsm/designing-and-building-a-gsm-antenna/monopole/
https://273k.net/gsm/designing-and-building-a-gsm-antenna/yagi/
https://273k.net/gsm/designing-and-building-a-gsm-antenna/yagi/
https://www.rtl-sdr.com/?s=discone+antenna
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The RTL-SDR can be used for advanced applications
with GNU Radio. GNU Radio is available for Windows

10:
http://www.gcndevelopment.com/gnuradio/downloads.ht
i} SGNURaoh
However, the learning curve OOD ETRRE SR AR ane feas ey
for GNU radio is substantial. Python, pip and other
dependencies like numpy and pyqt are required to be
Installed and the system PATH must be set correctly.

A video tutorial is available:
https://www.rtl-sdr.com/video-tutorial-installing-gnu-radio-
on-windows-10/



http://www.gcndevelopment.com/gnuradio/downloads.htm
http://www.gcndevelopment.com/gnuradio/downloads.htm
https://www.rtl-sdr.com/video-tutorial-installing-gnu-radio-on-windows-10/
https://www.rtl-sdr.com/video-tutorial-installing-gnu-radio-on-windows-10/
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A reasonable first project with the RTL-SDR and GNU
radio is the creation of an FM broadcast receiver.

After installation of GNU Radio, the FM broadcast
receiver (wide band FM, WBFM) is described:
https://www.instructables.com/id/RTL-SDR-FM-radio-
receiver-with-GNU-Radio-Companion/

Options
1D: top_black
Ganerate Options: Wx SUI

Variable Variable
1D: sarrp_rate | | B0: freq
Vilue: 20 Vaboes 107 8

RTL-SDR Source
Sample Rate (sps): 2V
Cho: Frequency (Hz): 107 @M

Chi: Freq. Corr, (ppm)s O
Choi DC Off set Mode: OF
Cho: 10 Balance Mode: OF
Cho: Gain Mode: Manual
Cho: RF Gain (dB): 20
Chor IF Gain (d): 20
Chr B8 Gain (d&)s 20

WX GUI Text Box



https://www.instructables.com/id/RTL-SDR-FM-radio-receiver-with-GNU-Radio-Companion/
https://www.instructables.com/id/RTL-SDR-FM-radio-receiver-with-GNU-Radio-Companion/
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A recent compendium of information about GNU Radio
IS available on the wiki:
https://wiki.gnuradio.org/index.php/Main_Page

=) GRC - Editing: fhome/jblum/proj/gnuradio/grc/ ! dio/dial_tone.grc* 0686
file Edit Build Options Help
COEO® G OB OO0 KIB® @G| =l
= i
It ) us:p_wam_recem*(x\,] Blocks : |
b [ Sources )
Options < [ Sinks ]
1Ox dialtone Vector Sink
Title: Dial oo
Author: Example Signal Source Null Sink
S Ve S e koA i Audio Sink File Sink
mn-opuom:'m GuI Frequency: 350 et [n | M' Sy sah UDP Sink
Amplitude: 0.4 n e
e v o
Variable Wav File Sink
1D: samp_rate Pad Sink
Value: 32000 .
Signal Source b [ Graphical Sinks ]
Sample Rate: 32000 b [ Operators )
o-v:::hk Slider Variable Slider P [ Type Conversions ]
Labek Noise b [ Stream Conversions ]
Default Value: 0.005 3 Z
Minimums 0 ® [ Misc Conversions ]
Maximum: 0.2 » [ Synchronizers )
Nurn Steps: 100
Shider Type: Morizontal b [ Level Controls )
Grid Position: 1. 0. 1. 2 b [Filters )
b [ Modulators ]
b [ Error Correction ]
b [Tellis )
; b [USRP]
] 2> b [variables )
SNOWING: -/NOMe/|OIUMProy/gnuradiojgrc/examples/usrp/usip_two_tone_loopDacK.gre- v { SIS
Showing: */h iblumy/proj/gnuradio/g plesjusrp/usrp_wbfm_receive.gre® .ﬁ.
]
Showing: */homefjblum/proj/gnuradio/grc/examples/audio/dial_tone grc* G N U R a d I C

THE FREE & QPEN SOFTWARE RADIO ECOSYSTEM
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There is also a Wiki page with GNU Radio tutorials:

https://wiki.gnuradio.or

/index.php?title=Tutorials

Beginner Tutorials
Introducing GNU Radio

1. What is GNU Radio?
2. Installing GNU Radio
3. Your First Flowgraph

Flowgraph Fundamentals

. Python Vanables in GRC

. Variables in Flowgraphs

. Runtime Updating Variables
. Signal Data Types

. Converting Data Types

. Packing Bits

= M o L R

. Streams and Vectors
8. Hier Blocks and Parameters

Creating and Modifying Python Blocks

1. Creating Your First Block

2. Python Block With Vectors

3. Python Block Message Passing
4. Python Block Tags

DSP Blocks

1. Low Pass Filter Example
2. Designing Filter Taps
3. Sample Rate Change

Intermediate/Advanced Tutorials

Title: mpsk_rrc_rolloff.grc
Output Language: Python
Generate Options: QT GUI

Core GNU Radio Mechanics

1. Stream Tags
2. Polymarphic Types (PMTs)
3. Message Passing

Modulation and Demodulation

Id: samp_rate
Value: 32k

Id: arity
Value: 4

Id: sps
Value: 4

Id: excess_bw
Value: 350m

1. Narrowband FM
2. Single Sideband (SSB)
3. BPSK Demodulation Constellation Rect. Object
Id: gpsk_const
4. QPSK Mod and Demod Symbol Map: 0, 1. 3,2
. . Constellation Points: ..1-1)
5. Frequency Shift Keying (FSK) | potational symmetry: 4
G Real Sectors: 2

. OFDM Basics
7. Packet Communications

Imaginary Sectors: 2
Width Real Sectors: 1
Width Imaginary Sectors: 1

C++ Blocks and OOTs

1. Out of Tree Modules (OOTs)
2_Writing blocks in C++
3. Writing the YAML file for a bloc

Miscellaneous

1. Understanding a Flowgraph's Python Code
2 Using GNU Radio With SDRs

3. 1Q and Complex Signals

4_Understanding Sample Rate

5. Understanding ZMQ Blocks

Constellation Modulator
Constellation: <con... (m=4)>
Differential Encoding: Yes
Samples/Symbol: 4
Excess BW: 100m

Throttle
Sample Rate: 32k

Constellation Modulator
Constellation: <con... (m=4)>
Differential Encoding: Yes
Samples/Symbol: 4
Excess BW: 220m

Constellation Modulator
Constellation: <con.. (m=4)>
Dift Yes
Samples/Symbol: 4
Excess BW: 350m

QT GUI F
Name: QT GUI Plot

FFT Size: 1024k

Center Frequency (Hz): 0
Bandwidth (Hz): 32k

Sink

Constellation Modulator
Constellation: <con... (m=4)>
Differential Encoding: Yes
Samples/Symbol: 4
Excess BW: 500m

Constellation Modulator
Constellation: <con... (m=4)>
Differential Encoding: Yes
Samples/Symbol: 4
Excess BW: 1

*GNURadio

THE FREE & QPEN SOFTWARE RADIO ECOSYSTEM



https://wiki.gnuradio.org/index.php?title=Tutorials

Mini-Workshop on
Software Defined Radio
using the RTL-SDR

RTL-SDR.COM

!
-, L™ LI posm— SHII GUILE: | o L\
itional Topics T
e RTL2832UR82012TI:X0+BIAST+HF e

Antenna Construction
RTL-SDR and GNU Radio
Resources and References
Advanced SDR Applications



RIL-SDR.COM

Mini-Workshop on SDR using RTL-SDR = S

REER
RTL28320 R820T1 TEXO BIAS T+ HF '“"f:

Software Defined Radio using MATLAB & Simulink WV'th
the RTL-SDR is a freeware text available as a pdf from
The Mathworks.

https://www.mathworks.com/academia/books/software-
defined-radio-using-matlab-simulink-and-the-rtl-sdr-
barlee.html

SOFTWARE ¢
DEFINED RADIO £
i

]
x 5]
=a
A v
= = =
8/ B\3 g\3
- X 5
2 (3 (%
FE
g
&

L—»
Gain2 L |
> 2

Components



https://www.mathworks.com/academia/books/software-defined-radio-using-matlab-simulink-and-the-rtl-sdr-barlee.html
https://www.mathworks.com/academia/books/software-defined-radio-using-matlab-simulink-and-the-rtl-sdr-barlee.html
https://www.mathworks.com/academia/books/software-defined-radio-using-matlab-simulink-and-the-rtl-sdr-barlee.html
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The Hobbyist’s Guide to the RTL-SDR is available in
hardcopy from booksellers but has a Kindle Edition.
The text describes SDR# and various enhancements

(plug-ins).

THE HOBBYIST'S
GUIDE TO THE

RTL SDR

REALLY CHEAP SOFTWARE DEFINED RADIO

CARL LAUFER
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The RTL-SDR community has a Wiki page:

https://osmocom.org/projects/rtl-sdr/wiki/Rtl-sdr

0OsmoSDR Source UDP Source
Sample Rate (sps): 1.024M Wav file Source
ChoO: Frequency (Hz): 0 - Message Source
Cho: Freq. Corr. (ppm): 0 Pad Source
Cho: Gain (dB): 0 Virtual Source
Ch0: Gain Mode: Manual Audio Source

Funcube Dongle Source

RTLSDR Source

Sample Rate (sps): 1.024M RTLSDR Source

ChoO: Frequency (Hz): 0 - B[ sinks]

Cho: Freq. Corr. (ppm): 0 b [ Operators |

cho: Ga!n (dB): 0 B [ Tpe Conversions !

Cho0: Gain Mode: Manual , !
P [ Stream Conversions ] f

TUNING INTO MEDICAL IMPLANTS
WITH THE RTL-SDR

The hobbyist website Hackaday has RTL-SDR projects
posted:

https://hackaday.com/blog/?s=RTL-SDR



https://osmocom.org/projects/rtl-sdr/wiki/Rtl-sdr
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The next level of the receive only SDR is the FUNcube
project of AMSAT-UK. AMSAT is the global Amateur
Radio satellite organization with over 80 LEO satellites.

The FUNcube SDR dongle is
more sophisticated and
sensitive than the RTL-SDR.

&) AMSAT-UK 1

Radio Amateur Sateflites

USB dongle

él.n'l] Sirsanm
CODEC s | PIC24FJ3z [~ -

TLW 330 1
mcatos | V| CGBO0Z g

T FI2C Codec config Control (HID)

E
g
:
2
.
2

[2C Tuning control
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With continuous improvement there were two models
of the FUNcube SDR dongle.

Frequency range:
150 kHz-240 MHz
420-1.9 GHz
Bandwidth: 160 kHz
Sensitivity:
0.15uVv 12dB
SINAD
Noise figure: 3to 5 dB

http://www.funcubedongle.com/ ISTFTYFSITS
Dongle



http://www.funcubedongle.com/
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The FUNcube dongle is intended

for STEM outreach with Amateur
Radio LEO satellites for signal
acquisition and doppler shift
correction. https://funcube.org.uk/

Telemetry

FUNcube satellite datawarehouse

\\ Doppler Correction for FCD.
< \ Fle CAT Info

28 January 2011 Time to LOS: 00:03:50

22-02-22 UTC 1 50025 0 1100741764511 +.00000081 +00000-0 +19635-4 O 00475

2 50025 071.9722 033.6811 0018738 223_8131 136.1515 14 76382544007132
S
Satelite Frequency
Dongle S r——
domd [EGTE Lo

E ss10e

a o Elevation  [GEF|  Doppler shit [-234072 Hz

3 p p 2 Height |635.883 km 4 3 7 3 4 2 6
receives voice, Swloa [ans sy 7l press HEITTT -

v Huminai =
pictures Sailsl  [53.15°N (597 09" 041 i Jui i |

Distance  [1976.336 km |satellite in eclipse

i

1000 | +t00 | 10 | coested centerfen: [ £37345.000
and data Epoche  [p2@otgaole | MAVae  [o07 @eie3T) offset (KHz} 0.00
Oibit# |1030 TLE's a= 2 Sdapsad | | 1000 | 100 0 | FM Tk

- nest 24 hours - TIN4LR 7 - Elevation = 46 min |

28.01.2011 22:0Z Az 049°) -» 22:06 (hz 082°) maxEl: 08°
78.01.2011 £3:35 (hz 337°) -» 23:49 (hz 134°) maxBl: 37"
79.01.2011 01:1§ (hz 323%) -» D1:28 (hz 181°) maxEl: 23°
79.01.2011 02:58 (hz 230°) -» D3:01 (hz 254°) maxEl: 0D°
29.01.2011 13:5¢ (hz 160°) -» 14:06 (hz 037°) maxBl: 18°
23.01.2011 15:32 (hz Z15°) -» 15:46 (hz 026°) maxBl: 53°

» 29.01.2011 17:14 (hz 265°) -» 17:25 (hz 013°) maxBl: 13° &
29.01.2011 18:58 (hz 315°) -» 18:05 (hz 022°) maxEl: 03° &

¥ 79.01.2011 20:40 (z 342°) -> 20:48 (hz 053°) maxEl: 04°

“Dongle

B |
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The high performance FUNcube SDR dongle capturing
NOAA-15 weather images in color at TUARC K3TU

with a wideband discone antenna.

FUNcube //,/
Dongle Pro—"




IR
All transmit and receive (TX/RX) SDRs in transmit must
have restricted spurious emissions (distortion and
harmonics) as set by FCC Part 15 regulations (Section
209).

Frequency MHz EIRPdBm EIRP uW

30-88 —95.2 0.0030
88-216 -91.7 0.0067
216-960 -49.2 0.0120
> 960 -41.2 0.0759

EIRP is Effective Isotropic Radiated Power
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An example of a TX/RX) SDR is the
Analog Devices ADALM-Pluto SDR.

The transmitter is a low power ,
(less than 10 dBm or 10 milliwatts)
device under FCC Part 15
regulations (Sections 15.207,
15.209 and 15.221).

However, it can only transmit with
restricted spurious emissions and on
allowed frequencies in the 900 MHz
and 2.4 GHz band.
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The ADALM-Pluto has a maximum
power output of 7 mW (5 dBm).

The ADALM-Pluto is a TX/RX SDR .
which uses the AD9363 RF Agile
Transceiver and the Xilinx Zynq
Z-7010system-on chip (SoC)
devices.

The nominal RF bandwidth of the
AD9363 device is 325 MHz to 3.8 GHz
but can be modified for a 70 MHz to

6 GHz range by modification of the
ADALM-Pluto firmware.
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However, a TX/RX SDR when used on Amateur Radlo
frequencies with an FCC license is a Part 97 device and
not subjected to the EIRP and low power restrictions.

One of the earliest TX/RX SDR was the PSK-20 which
operated on the 14 MHz (20 meter) Amateur Radio
band for digital keyboard transmission. It used the PC
sound card and was essentlally an RF front end.

14070.000 \'
o) -lll
2 U for the f BPS) L and qud DX, Jeffrel
I osL .

_[«[4[ 3.0 [M[w]@aac [rsq
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The RS-HFIQ is an 5 W HF TX/RX SDR de3|gned to

translate 1/Q baseband signals to RF on the 3.5, 7,
10.1, 14, 18, 21 and 28 MHz Amateur Radio bands.

The 1/Q signals are provided and processed by an
external DSP executing on a PC.

. RS-WFIQ REV C

e §9-18n 54 SOR .
HobbyPCB 2016

- )
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ot
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The RS-HFIQ has reasonable RX SDR specifications
with the crucial LO leakage < -50 dBc at 5 W (dBc is
dB referenced to the carrier power) and a minimum
detectable signal (MDS) of = -130 dB.

Spurious and harmonic emission are < —-55 dBc

HSSDR with the
RS-HFIQ on the
3.5 MHz (80 meter)
Amateur Radio
band
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The RS-UV3is a 0.2 W FM TX/RX SDR for the
144/222/440 MHz Amateur Radio bands . The receiver
sensitivity is =120 dBm (10> W or = 2.2 uV at 50 Q) for
12 dB SINAD (the ratio in dB of signal+noise+distortion to
noise+distortion). Spurious and harmonic emissions are
< -60 dBc.

— >

RX: 146.520 TX: 146.520

B X TONE SQUELCH

g
2o O OFF
k-2 O TX

® THRX

= SHIHITHTD

-
»

D 1230 ~

MEMORY CHANNEL
1][2][3][2][5][e][7][8][9] Os

VOLUME  SQUELCH {_,:;,,-’
Go: [3: o HobbuPCBY




L)
The most advanced TX/RX SDRs on the HF Amateur
Radio frequencies are now available (at some cost, up
to $5000).

The FlexRadio 6600 does not require an external PC,
has four independent receivers, but crucial to SDR
performance is the 16-bit ADC operating at 245.76
Msamples/sec (the RTL-SDR uses an 8-bit ADC at
28.8 Msamples/sec).
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Dennis Silage, PhD
silage@temple.edu
ECE Temple University
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