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Presentation Notes
Video of an earlier version of this presentation given at Ruxmon Sydney: https://www.youtube.com/watch?v=NSC4Y8yA-jY


DF Usage

Radio navigation
— Predecessor to RADAR

SIGINT
Emergency aid

— Avalanche rescue
Wildlife tracking

Reconnaissance
— Trajectory tracking

Sport?!

Rotatable
loop antenna
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http://en.wikipedia.org/wiki/Direction_finding


History

e WW I &II

— Y-stations along the
British coastline

— Find bearing to
U-boats in Atlantic

— ‘U-Adcock’ system

e Four 10m high vertical
aerials around hut =

* DF goniometer |
(angle measurement) &
radio
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http://en.wikipedia.org/wiki/Y-stations

Battle of the Atlantic 1939-1945 http://en.wikipedia.org/wiki/Battle_of_the_Atlantic_%281939%E2%80%931945%29
Germans thought they could not be located if they limited their transmissions to under 30 seconds. Skilled operators could locate them in six.

http://en.wikipedia.org/wiki/Adcock_antenna
http://en.wikipedia.org/wiki/Direction_finding#Watson-Watt_.2F_Adcock_antenna_array

The Watson-Watt technique uses two Adcock antenna pairs to perform an amplitude comparison on the incoming signal. An Adcock antenna pair is a pair of monopole or dipole antennas that takes the vector difference of the received signal at each antenna so that there is only one output from the pair of antennas. Two of these pairs are co-located but perpendicularly oriented to produce what can be referred to as the N-S (North-South) and E-W (East-West) signals that will then be passed to the receiver. In the receiver, the bearing angle can then be computed by taking the arctangent of the ratio of the N-S to E-W signal.


DF for HF

e HF: 3-30 MHz
— long wavelengths = large distances

e HF/DF = “HUFF DUFF!”
e Used for SIGINT

e Large installations:
AN/FLR-9 array near
Augsburg, Germany 2 =
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Amateur HF/HD for number stations

http://en.wikipedia.org/wiki/High-frequency_direction_finding
http://en.wikipedia.org/wiki/AN/FLR-9


e ‘Fox hunts’

* Competitor on
2-meter band’ |
ARDF course

Highly-directional Yagi antenna

Crazy-serious German HAM
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http://en.wikipedia.org/wiki/Amateur_Radio_Direction_Finding


(Pseudo-) Doppler DF

 Exploit Doppler shifting of radio waves caused
by motion of an antenna

e Measure the shift in detected signal

— Determine direction of transmission


Presenter
Presentation Notes
http://en.wikipedia.org/wiki/Direction_finding#Pseudo-doppler_DF_technique


Recap: Doppler Effect
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http://en.wikipedia.org/wiki/Doppler_effect
http://www.physicsclassroom.com/class/waves/u10l3d.cfm


Aside: Siren Misconception

“...the observed frequency increases as the
object approaches an observer and then
decreases only as the object passes the
observer.”

“...Higher sound pressure levels make for a
small decrease in perceived pitch in low
frequency sounds, and for a small increase in
perceived pitch for high frequency sounds.”


Presenter
Presentation Notes
http://en.wikipedia.org/w/index.php?title=Doppler_effect&oldid=514638758#A_common_misconception

Craig Bohren pointed out in 1991 that some physics textbooks erroneously state that the observed frequency increases as the object approaches an observer and then decreases only as the object passes the observer. In most cases, the observed frequency of an approaching object declines monotonically from a value above the emitted frequency, through a value equal to the emitted frequency when the object is closest to the observer, and to values increasingly below the emitted frequency as the object recedes from the observer. Bohren proposed that this common misconception might occur because the intensity of the sound increases as an object approaches an observer and decreases once it passes and recedes from the observer and that this change in intensity is misperceived as a change in frequency. Higher sound pressure levels make for a small decrease in perceived pitch in low frequency sounds, and for a small increase in perceived pitch for high frequency sounds.


A Swan

Doppler
Effect
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http://en.wikipedia.org/wiki/Doppler_effect


Cosmological Redshift

P

Expansion of space, not motion of radiating object!
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http://en.wikipedia.org/wiki/Doppler_effect
http://en.wikipedia.org/wiki/Redshift


Frequency Modulation 101

‘Main’ A Analog or digital
transmission—> IARTATRTE ) * Information to
frequ1e515cy7 - S be transmitted
(e.g. : 2) N\ 2 |

SIGNAL \l:

FREQUENCY MODULATED WAVE

Frequency modulation changes the carrier’s frequency

= Moves the carrier slightly left/right of its
original position on frequency plot
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http://www.globalsecurity.org/military/library/policy/army/accp/ss0002/le1.htm


Physically Rotated Antenna
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Presentation Notes
“Transmitter Hunting: Radio Direction Finding Simplified” (Joseph Moell) http://books.google.com/books?id=RfzF2-fHJ6MC


Doppler Shift

Doppler shift of received sighal used to
calculate angle of transmitter

Easy with an FM radio!

Frequency Modulation:

— Shifts the centre (carrier) frequency about based
on the original modulating signal

— Doppler shift just moves it around some more

FM receiver detects Doppler as an extra tone!



Extra tone: sine wave

DOPPLER SINE WAVE V5.
SIGNAL DIRECTION

"RECEEDIMG"
SIGMAL 102 CYCLE

DIRECTICN = MEGATIVE
DOPPLER SHIFT

"APPROACHIMG"
102 CYCLE

= POSITWE
DOPFLER SHIFT

RESULTIMG DOPPLER
SIME WWANE SIGRAL

FIGURE 2

The sine wave zero - crossing at the end of the positive half - cycle signals the
exact instant when the hypaothetical antenna is nearest the signal source
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http://silcom.com/~pelican2/PicoDopp/ABOUT_DOPP.html



Mechanical Rotation Rate

* Doppler equation relates:
— Doppler shift
— Radius of antenna
— Angular velocity (rotation rate)
— Frequency of signal
 For a small antenna setup tuned to 2m
wavelength (~150 MHz), requires:

38600

~643 rot/sec



Pseudo-Doppler

* Array of fixed antennas

e Switch electronically between them
— ‘Simulate’ physical rotation

PRODUCING DOPPLER SHIFT ON A RECIEVED
SIGNAL USING STATIONARY ANTENNAS

ffﬁEJJ_F__7E__‘“3ﬁE
% ;

3 4

FIGURE 1

=witching a receiver betvween 8 stationary antennas [ arranged in a circle ] simulates the action
of a single, Aypothetical antenna, moving in a circle.
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http://silcom.com/~pelican2/PicoDopp/ABOUT_DOPP.html


Electronically Rotated Antenna
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“Transmitter Hunting: Radio Direction Finding Simplified” (Joseph Moell) http://books.google.com/books?id=RfzF2-fHJ6MC


Home-made RDF

e ‘Roanoke Doppler’
* Four antennas

e Control box >

 Plug in any standard
FM radio

e LEDs indicate direction

Joseph Moell,

“Transmitter Hunting:

Radio Direction Finding Simplified”,
1987 (McGraw-Hill)
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“Transmitter Hunting: Radio Direction Finding Simplified” (Joseph Moell) http://books.google.com/books?id=RfzF2-fHJ6MC


Audio
from
radio

Block Diagram

Audio
Amp filter

8 kHz
Clock l _I Counter

Antenna
control
Audio
Audio filterf
digital 5 ZBro Crossing
filter detectar
3

Antenna
umt

Adj.
i dela

Display

circuit

To radio
antenna

input

Display
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“Transmitter Hunting: Radio Direction Finding Simplified” (Joseph Moell) http://books.google.com/books?id=RfzF2-fHJ6MC
Radio’s output will be entire signal, including Doppler sine wave


To
antenna
unit

Ant 2

Ant 3
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“Transmitter Hunting: Radio Direction Finding Simplified” (Joseph Moell) http://books.google.com/books?id=RfzF2-fHJ6MC


Mobile Roanoke
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“Transmitter Hunting: Radio Direction Finding Simplified” (Joseph Moell) http://books.google.com/books?id=RfzF2-fHJ6MC


Time to go colour...

Antenna

o . KL

""'The |
DUF-Mobile




Software Defined RDF

Do it in software!

Antenna
umt

To radio
antenna

input

8 kHz
| Clock l _I Counter
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“Transmitter Hunting: Radio Direction Finding Simplified” (Joseph Moell) http://books.google.com/books?id=RfzF2-fHJ6MC
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Software Defined RDF
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“Transmitter Hunting: Radio Direction Finding Simplified” (Joseph Moell) http://books.google.com/books?id=RfzF2-fHJ6MC


“Antenna
Array




Antenna Switch
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Switch has internal 50-ohm termination
Apparently better to leave floating (as with PIN diode setup)


FPGA Modification

Use USRP clock ~ Map sample counter’s
control antenna g bits to unused GPIO

array
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Presentation Notes
Single synchronising clock source


Modification Bonuses

e Using FPGA clock ensures antenna switching is
in lockstep with samples arriving at host

— Same clock domain = host-side ‘just works’
— Use host-generated sine wave as reference

e FPGA’s sample counter begins at zero for each
stream start
— Calibrate array orientation just once






USRP Surgery
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Processing & Display




Switching affecting spectrum
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For a detailed explanation of the phase calculation process, please watch: https://www.youtube.com/watch?v=GJKbD--MsLM
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Tricks

e Only need to know:
1. Sample rate (FPGA clock / decimation)
2. Which bit of sample counter is MSB of switch

(64 MHz / 256) = 250 ksps

315t and 32" bits used

— 250k / 32 = 7.8125 kHz tone

For Xlate decim 5 & 1024 FFT bins, tone sits in:
((250 ksps / 5) / 1024) * 7812.5 = 160 exactly
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Magic of SDR

FM (quadrature) demodulation:

- Multiply current signal sample by complex conjugate of
previous one and find the argument (angle)

for (int 1 = 0; 1 < noutput_items; 1++) {
gr_complex product = in[1] * conj(inf[i-1]);
out[r] = d gain * arg (product);



Doppler sine wave

O Top Block

EB | Scope | Demod | Scope | Doppler | Scope | Full | Audio | #

Gain: [ 1
: .I. :
De I110d - ~Trace Options
50 [[] Peak Hold
40 . Auerage
30 | Aug Alpha: 0.0667

S 20 — | — [

% D Trace A |m|

: 10 !

= [] Trace B | Store |

3 0 L |

=

e Axis Options—

§ 20 o [+]]
-30 , Ref Level: | + ||_|
-40 | [ Asoscare |
-50 |

4] 2 4 6 g 10 12 14 16 18 20 22 24 —_———
Frequency (kHz) | Stop |

Frequency plot (FFT) of FM-demodulated signal

Xlate Offset: |100k |

LO Fine: |u |

LO: |a15.201|~1 |

Xlate BV |20k |
=)

LD Actual: 416.109M

Gain: |10 |




Doppler sine wave
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Find a target




Telstra Tower on Council St
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Complications

e Line-Of-Sight
— Beware of reflections
e Descending into ‘valley’...
— Reflections in urban areas

— Multiple wavefronts will ‘confuse’ FM detector
e Doppler



omplications: Coogee
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Listen: Multipath

Window

Settings

File  Connection

|a&] Connections [ Map [ Doppler

a5l MapWindow
T el B
s
parrarmatts Roed - Brosdvay Surry Hills
w“‘*‘"
" Chippendale’

rerdawn Strawherry Hills

Darlingtan
L Redfern
Euveleigh -
Ll =
Wi IMacdonakitown | Waterioo

Erskireville”

Alexandri

Updates: 0
Strength: 39.1586226057835

Threshold: |35 Offset: 190 =

Manual Reverse DC: [92 £

-

Frequency: |0.000

f

Multiple reflections
confusing FM detector

T

Center on cumrent

Center now
Clear track

Add FOI

| Show cument track

Phase (range)

Strength

i 0

Phase

oo

350 7 ]

N e Haviwe i
=t Ml __f N T [
200 U__TIII__.—; IJ fq 1 ill:l. il Il[ ‘:_ 20
N i = [75 | il o
100 I LTI I S T I e il ik

" Inch forward until audio ‘clears up” |

4600

4650 4700 4750

Strength

zoom: 13
centre:
p0G64681416332
270751953125

EFECEy]
634341)
29173)
552948)
49344)
1930627)
28175)
331808)
55963)
40905 )
252543)
36415)
1141)
24942651)
2106)
E2671)
19134)
283222)
46112)

m

GPS3| 3D 33°52'52.1220"5,151714'44.1960"E 076.800 0 m/s 1.2



Presenter
Presentation Notes
DC: increases when input to quadrature demod ‘de-tunes’
Strength: magnitude of Doppler bin
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Closer to (my new) home
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Car’s rego paper
Amateur Radio licence

Dress code

Clean-shaven
Hide Motorola XTS radios

Avoid turning around and trying to desperately
disconnect antennas
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Videos:

balint@ettus.com

spench.net @spenchdotnet


https://www.youtube.com/watch?v=NSC4Y8yA-jY
https://www.youtube.com/watch?v=GJKbD--MsLM
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