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"It is proved that the frequency
modulation system using a spacing or
compensating wave is inferior to the
amplitude variation system both as to
the width of the frequency band
occupied and as to distortion of signal
wave form.”

- John R. Carson, "Notes on the Theory

of Modulation"




AM Signaling

Baseband signal (centered at DC)

Filter

RF signal at £,

LO: Local oscillator at fm
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AM Signaling

Options
1D: am_dsbsc

‘Generate Options: QT GUI
QSS Theme: ...themes/alt.qss"

Variable
ID: samp_rate
Value: 50k

Wav File Source
File: ..wig-tear_me down.wav
Repeat: Yes

QT GUI Range
1D: b

Label: Bandwidth
Default Value: 5k
Start: 5k

Stop: 25k

step: 1k
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Throttle
Sample Rate: 50k

Float To Complex

Decimating FIR Filter
Decimation: 1
Taps: firdes.low_pass 2(1.

GR FM

QT GUI Frequency Sink
Center Frequency (Hz): 0
Bandwidth (Hz): 50k

QT GUI Waterfall Sink
FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth (Hz): 50k
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AM Signaling

Options
1D: am_dsb

Generate Options: QT GUI
QSS Theme: ...themes/alt.gss"

Variable
1D: samp_rate
Value: 50k

Wav File Seurce
File: ..wig-tear_me_down.wav
Repeat: Yes

QT GUI Range
1D: bw

Label: Bandwidth
Default Value: Sk
Start: 5k

Stop: 25k

Step: 1k
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Float To Complex

Throttle
Sample Rate: 50k

Decimating FIR Filter
Decimation: 1
Taps: firdes low_pass 2(1,
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QT GUI Frequency Sink
Center Frequency (Hz): 0
Bandwidth (Hz): 50k

QT GUI Waterfall Sink
FFT Size: 1024k

Center Frequency (Hz): 0
Bandwidth (Hz): 50k
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AM Signaling

QSS Theme: ...s/projector.gss

Options Variable
1D: am_noise 1D: samp_rate
Generate Options: QT GUI Value: 48k

Label: Bandwidth
Default Value: 5k

Wav File Source Decimating FIR Filter
File: ..wig-tear_me_down.wav Decimation: 1
Repeat: Yes Taps: firdes.low_pass_2(am...
QT GUI Range
1D: bw Noise Source

Noise Type: Gaussian
Amplitude: 100m

Label: Amplitude
Default Value: 1
Start: 0

Stop: 2

Step: Im

Start: Sk Seed: 0
Stop: 25k

Step: 1k

QT GUI Range QT GUI Range

1D: amp. 1D: noise

Label: Noise Amplitude
Default Value: 100m
Start: 0

Stop: 2

Step: 10m
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Complex To Real
Complex To Real

GR FM

QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 48k
Autoscale: No

QT GUI Frequency Sink
Center Frequency (Hz): D
Bandwidth (Hz): 48k

QT GUI Waterfall Sink
FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth (Hz): 48k
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“This superiority will increase as
methods of dealing with ignition noise,
either at its source or at the receiver,
are improved”

- Edwin H. Armstrong, "A Method of
Reducing Disturbances in Radio
Signaling by a System of Frequency
Modulation"

E. H. ARMSTRONG

The discoverer of the “feed-back” circuit, in the uni-
form of a major in the Signal Corps during the war



Frequency Modulation

options Variable Variable Variable Variable
1D: fm sine 1D: samp rate | | 1Dz sensitivity 1D: filt_taps 1D: info_taps
Generate Options: QT GUI Value: 800k | | Value: 33.2699m | | Value: firdes.low pass 2(1 Value: firdes low_pass 2(1.
QS5 Theme: .. themes/alt.qss’ QT GUI Time Sink
. [j| Number of Points: 1022k
FH sample Rate: 800k
Throttle Frequency Mod Autoscale: No
[T Sample Rate: 80k Sensitivity: 39.2699m
signal Source QT GUI Waterfall Sink
Sample Rate: 800k o | FFT Size: 1022k
Waveform: Cosine "I center Frequency (Hz): 0
Frequency: 1k B Bandwidth (Hz): 800k
:';::":‘: soom Fast Noise Source
Noise Ty, QT GUI Frequency Sink
X - .
Noise Source FFT Filter ':::‘m:d' 0 ::':;;":':';‘;;;" 0
Noise Type: Gaussian =1 Decimation: 1 I it Pao SEATE—
Amplitude: 1 Taps: info_taps
Seed: 0 Num. Threads: 1
QT GUI Range QT GUI Range [r———— General| Advanced Documentation | Generated Code
:f.m 1D: delta ID:5 T D sensitivity
Label: Highest Signal Freq. | | Label: Max Freq Dev | | Label: Bandwidth
Default Value: 1k Default Value: 5k Default Value: 12k Value 2*math.pi*delta_f / samp_rate
Start: 100 Start: 1k
Stop: 60k Stop: 100k
Step: 100 Step: 1k
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Frequency Modulation

y(t) = cos (2wa /0 tx(T)dT>

[ Discrete Time |
y[n] = cos (QW% > x[n])

y[n] = cos (an[n]) , n= 2#%

We call n the sensativity.
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Frequency Modulation
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Frequency Modulation

Ok, good.
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Frequency Modulation

o fa: maximum frequency deviation from the carrier

@ fm: the highest frequency component in the original signal

Br = 2(fa + fm)

Generally assumed to under-represent the signal bandwidth

Bt = 2(fA + 2fm)

More realistic calculation of the bandwidth
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Frequency Modulation

Filter to the bandwidth of the different rules

QS8 Theme: 7

Options Variable Veriable Variable
1D: fm sine_pur 1D: somp rate | | 1D: sensitivity 1D: it taps.
Generate Options: OTGUI || Value: 800k | | Value: 39.2699m | | Value: firdes.low_pass 2(1

Variable

1D: info taps
Value: firdes low_pass 2(1.

import
Import: math

Frequency Mod
Sensitivity: 39.2699m

Sample Rate: 600k
Waveform: Cosine.
Frequency: 1k
Amplitude: 500m
Offset: 0

Noise Source FFT Filter
e~ 1=
Amplitude: 1 Taps: info_taps

Seed: 0 Num, Threa

Fast Noise Source
Noise Type: Gaussian
Amplitude: 0

Variate Pool Size: 8,192k

QT GUI Range QT GUI Range
1D:f.m 1D: dela
Label: Highest Signal Freg.
Defautt Value: 1c
Start: 100

Stop: 60k
Step: 100 Step: 1k
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QT GUI Label

Add

FFT Filter
Decimation: 1

QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 800k
Autoscale: No

Taps: fit_taps
Num, Threa

GR FM

QT GUI Waterfall Sink

Bandwidth (Hz): 800k

QT GUI Frequency Sink
Center Frequency (Hz]
Bandwidth (Hz): 800k

QT GUI Number Sink
ARutoseale: No
Average: 0

Graph Type: Mone

QT GUI Number Sink
Autoscale: No
Average: 0

Graph Type: None

QT GUI Number Sink
Autoscale: No
Average: 0

Graph Type: None
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Not much.
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Actually running into numerical issues with float32's it's so close.
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“The thrill, believe me, is as much in the
battle as in the victory.”

- David Sarnoff




Broadcast FM
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Broadcast FM
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Broadcast

Mono

I Stereo Audio
Audio Left - Right
Left + Right
19kHz
stereo
pilot Audio subcarrier Audio subcarrier
(10%) RBDS  (10%) (10%)
(5%)
[ Ll
0 57 |
30 15 23 38 g i 67 92 99
Hz kHz  kHz kHz kHz kHz kHz kHz
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Broadcast FM

Options. Parameter ra
1D: broadcast._fm_tx 1D: sensitivity || 1D: chan rate
Generate Options: Hier lock || Value: 0 La

Category:

Val
Type: Float

Polyphase Arbitrary Resampler

Resamotio tats: 5.5
Ton s o s 232
b ofFiers: 3

Stop-band Attenuation: 40

Polyphase Arbitrary Resampler
Resampling Rate: 6.25

Taps: firdes.low_pass_2(32.

Number of Filters: 32
Stop-band Attenuation: 40

Muitiply

Mutiply

GR FM 28 /38
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Broadcast FM

Options

1D: broadcast fm nc 1D: chan rate 1D: audio rate 1D: sensitvity

Generate Options: Hier Block || Label: Channel Rate | | Label: Audio Rate | | Value: 1

Category: Custom Value: 200k Value: 32 Type: Float
Type: Float Type: Float

Pad Source Quadrature Demod D::"'m"::':“l FIR Filter

Label: rc Gain: 1

Taps: firdes.low_pass_2(0

Signal Source
Sample Rate: 200k
Waveform: Cosine
Frequency: -38k
Amplitude: 1

fiset: 0

=
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Muttiply [J—pw{l|

Decimating FIR Filter
Decimation: 1
Taps: firdes.low_pass_2(1.

Add

Polyphase Arbitrary Resampler
Resampling Rate: 160m

Taps: firdes.Jow_pass 2(32.

Number of Filters: 32

Stop-band Attenuation: 40

Subtract

yphase Arbitrary
Resampling Rate: 160m

H Taps: firdes.low_pass 2(32.

Number of Filters: 32
Stop-band Attenuation: 40

GR FM

Pad Sink
Label: left
Pad Sink
Label: right
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Broadcast FM

Options Variable Variable || Variable Variable || Variable port
1D: fm_channels 1D: audio rate | | ID: chan rate || 1Dz delta | [ 1D: sensitivity || 1Dz nchans || 1mport: math
Generate Options: QT GUI % 2k || vai Value: 245437 || Value: 21

QS5 Theme:

Polyphase Decimator
= oo Audio Sink c Ealn)
Wav File Source m

Decimation: 21
sensitivity: 245437 "
e e S et sacr s [F ] o o
e Channel Rate: 192¢ i Audio Rate: 32¢ put Channel
sensitivity: 2.45437

Stop-band 100

Wav il sauree o

File: .. -everybody_knows.wav e
s Channel Rate: 192k

Repent e

sensitivity: 245437

Polyphase Synthesizer
Channeis: 21
Taps: firdeslow_pass 2(nc

Wav File Source
Ick_out_the jams.wav
Repeats Yes

Add

Fast Nolse Source

e e
Ampiuie 6o ~ :

0

Multiply Const
Constant: 1

sensitivity: 245437

Center Frequency (Hz): 0
Variate Pool Size: 5137 e

QT GUI Entry. QT GUI Entry QT GUI Entry QT GUI Entry
10: rx_chan 1Dz tx_ch 2 QT GUI Frequency Sink
Label: RX Channel Label; TX Channel 2

FFT Filter
Default Value: Default Value: Decimation: 1
Taps: firdes.complex band .

QT GUI Range. QT GUI Range | | QT GUI Range | | QT GUI Range Num. Threads: 1
10: rx_vol 10: b amp_0 10: tx_amp 1
Label: RX Volume Label: TXAmp 0 | | Labek: TX Amp 1

Default Value: 750m | | Default Value: 1 | | Default Value: 1
start: 0

start: 0
Stop: 1 Stop: 1 Stop: 1
Step: 10m Step: 1om Step: 10m
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“Welcome to radio free America.”
- Happy Harry Hardon (Christian
Slater), Pump Up the Volume




Pirate Radio

Brooklyn PirateWatch ©BkPirateWaich - 24 Nov 2015
"{ Listeners can hear 2 competing pirates each at 95.9 & 96.1: In each

““ case 1 is Haitian, the other an Engl.-lang. Caribbean or hip-hop pirate.

. Brooklyn PirateWatch © BkPirateWatch - 24 Nov 2015

2 ...plus Haitian pirates at 90.9, 91.3, 95.3,
97.5, 104.7, and others. 91.3 has a strong
signal in downtown Newark.

4 i BkP Vatch - 24 Nov 2015

% After more scans in Newark, from a higher
elevation than before, we've heard: long-
standing illegal mainstay
@ROADBLOCKKRADIO at 90.1 FM....

Brooklyn PirateWatch © BkPirateWatch - 24 Nov 2015

More visits to Newark NJ: Piracy seems to
have increased significantly in Newark in
recent years. Even weekday daytimes,
many can be heard.
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Pirate Radio

o Cultural

o Play music you and your community want.
o Political

o Talk religion and politics.
@ Ecomonic

o Sell local ads.

The Internet is too large, too global.

©

Restricted to a geographic niche.

©

Ownership of medium and equipment.
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Pirate Radio

@ High demand for spectrum.
o Interference and the FM Capture Effect.

Laptop
—|8210|
£ »
91.9 MHz "
Nexus !
7
B200

“Licensed” Station

Tom Rondeau (tom®@trondeau.com)

. 92 MHz

E310| &=

“Pirate” Station
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Galaxy
S6

36 /38



Pirate Radio

o Receiver Station:
o Standard GNU Radio FM receiver with B210.
o FM “Broadcaster”:

o Android device connected to B200.

o GNU Radio app on Android.

o Controls frequency and gain of B200; FM sensitivity of
transmitter.

o Pirate station:

o E310 running FM broadcast.
o Android App remotely controls system.
o Changes any E310 radio parameter.
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Conclusion

So be it.
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