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Overview

RF 101
The journey into Software Defined Radio
Hospital pager systems

Tracking planes
Decoding satellite-downlink traffic

Direction Finding
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SDR is ideal and cost-effective for solving RF problems/creating custom solutions


The Electromagnetic
Spectrum

e Electromagnetism: one of four
universal forces

e Radio wave exists due to
energy being propagated at a
particular frequency

e Can create and receive radio
waves using electronics
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http://www.animations.physics.unsw.edu.au/jw/EMspectrum.html


Transmitting Data

Radio (carrier) wave must be modulated to
onvey information

AN NN
VERVERY
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Carrier wave is single frequency that transmitter and receiver must both be tuned to
New hardware with advanced modulation often have upgradable firmware (DSP), which is on-board SDR


Transmitting Data

e Radio (carrier) wave must be modulated to
convey information

e OOK (On-Off Keying)
— Presence/absence of a signal

e COFDM (Coded Orthogonal Frequency-
Division Multiplexing)
— WiFi, DVB, DAB, WIiMAX, UWB, 4G, ADSL, PLC
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Carrier wave is single frequency that transmitter and receiver must both be tuned to
New hardware with advanced modulation often have upgradable firmware (DSP), which is on-board SDR


Transmitting Data
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Carrier wave is single frequency that transmitter and receiver must both be tuned to
New hardware with advanced modulation often have upgradable firmware (DSP), which is on-board SDR


AM & FM: In the Time Domain

| ) Analog o
1 digital
inform

FREQUENCY MODULATED WAVE
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http://www.globalsecurity.org/military/library/policy/army/accp/ss0002/le1.htm


In the Frequency Domain
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Modulation

e Modulation technique defines how the signal

will look on the spectrum

€—— Frequency —>

R A

Time
Time
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Colour represents amplitude at a particular frequency


Hardware

— Powerful AM transmissions

e Crystal set receiver
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http://en.wikipedia.org/wiki/Crystal_radio


Hardware

e Crystal set receiver

— Powerful AM transmissions

Antenna

One slide

Deteclor
tuning i
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http://en.wikipedia.org/wiki/Crystal_radio


Hardware

e Crystal set receiver

— Powerful AM transmissions

e More advanced hardware to handle
increasingly complex modulation schemes

— FM, stereo FM, microwave, digital...
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http://en.wikipedia.org/wiki/Crystal_radio


Modulation in Hardware

e MOdulation and DE-Modulation traditionally
performed in hardware

e ‘Black box’ implementation
— Not re-configurable

e Modern digital hardware allows more
flexibility m—

Radyne Comstream
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Can’t open FM radio and change demodulation parameters


The journey begins...
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GSM + Gammu + Wireshark

Wl oo 20ami - Wireshare R o@] = )

Eile Edit VMiew Go Capture Analyze Statistics Telephony Tools Help

S DERXZE Wes DT L

EIRCYEN

>

G5M A-I/F DTAF - System Information Type 3
Protocol Discriminator: Radio Resources Management messages
2 Rdgement Message Type:

Cell CI: 0x7173 (29043)
= -

jon - LAC {Ox0be0)
Mobile Country Code (MCC): 505, Mobile Metwork Code (MWC): 02
Location Area Code (LAC): Ox0Obed (2912)

Control Channel Description

Cell Options (BCCH)

Cell selection Parameters

RACH Control Parameters

HEEBHH

System Information Type 3 (0x1b)

F_Il'lEl:| | * Expression.. Clear Apply
Mo, . Time Source Destination Protocol  Info Tl
Fa=R e =2 ol Uauwea> L WM o
251 0O BTS Broadcast GSM Um (DTAP) (RR) System InTormation Type 2
252 0O ETS BEroadcast  GSM Um (DTAP) (RR]) System Information Type 4 =
252 O BTS Broadcast GSM Um (DTAP) (RR) System InfTormation Type 1
254 0 ETS Broadcast GSM Um (DTAP) (RR) System InTormation Type 2
Broadcast E ] System Information Type 3
256 0O BETS Broadcast GsM Um (DTAP) (RR) System InTormation Type 3 -
Frame 255 (23 bytes on wire, 23 bytes captured)
= G5M Um Interface
Direction: Downlink
Channel: BCCH
ARFCHNI B1
Band: P-GSM 200, Frequency: 951, 200MHZ
BSIC: 37
TDMA Frame: 124340
Error: 0O
Timeshift: 4
0100 10.. = L2 Pseudo Length: 18
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Can correlate Cell ID with publically-built databases


Field Test Mode

3> MDI:d2m/RSSI_RESULTS t=0afe nr=73: D 83:
01 b1 00 65 ab a3 b1 a0 a0 a6 9d a1l 80 a4 80 80 80 80 80 80 80 aa

@ ox (O RA (ownBCCH () Primary configured for TX Primary Channel: 43 4/5 CCCH Only peric
FN: 2450161

L T RSSI: 66 Only upd:
Meighbour: False

T Bias: A9 Last received:
1565402440369

ARCFN  BSIC Frame Number Logical Channel  Time Shift Category Last Received Time Slot  Cell

1/2 255D60 SCH s Meighbour 356545 888
4/5 2562F1 CCCH s Primary 356540.245... 505/2/292/772
27 33D5A 5SCH Meighbour 356552 734 505/2/2911/6D75
L] 33D8D SCH Meighbour 356552 362 . h05/2/2511/6076
4/5 1AFS2A SCH Neighbour  356551.697... B05/272M2 T3
4/5 1AFEC4 5CH Meighbour 356552182 . WHNT
79395 SCH Meighbour 356551532 . h06/2/2912/28F1
33IE26 SCH Neighbour  356551.529... 505/2/2911/6077
SCH MNeighbour  356555.969...
SCH Meighbour  356551.852 . 505/2/2912/5C27
SCH Meighbour 356622 .308...
SCH Meighbour 356622 .308.. 505/2/2912/28F2
SCH Neighbour 356622308 .
SCH Meighbour 356622 308..
SCH Neighbour  356622.308...
Neighbour 356622308 .
Meighbour 356622 308..
Neighbour  356622.308...
MNeighbour 356622 .308. .
Meighbour 356622 308..
Neighbour  356622.308...

HEEsYEYEEERESE25088 %

Eoe2aBYYy

&



Presenter
Presentation Notes
RSSI_RESULTS required reversing
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Plot of single ARFCN


ACMA RadCom Web Inte

acma.gov.au

Found 10526 sites within about a 200 kms radius of Latitude: -34 17 47.782 Longitude: 150 56 20.778.
Coordinate Projection: Australian Geodetic Datum 1966 [AGDEGE6]
[List Mearby Sites ] [ MNew Site Search ]

Refine Search

rface

Register of Radiocommunications

A

Show Site names
Show ACMA mapagrid

Radius/Zoom | 200 kms E|
Latitude D -34 M 17 5 47782
Longitude D 150 M 56 5 20,778

(o | [Use Degrees Decimal ]

Pan 3436 Zoom IMN OUT

Site:
Approx distance:

Site proximity usage notes;

Map display accuracy within 10 metres.

Distances shown are approximations only (they are not latitude compensated).

Toview images correclty, browsers must be able to accept both Javascript and compressed SVG content.
You can download the SVG viewer Ver 3.0 from Adobe to view site search results.

If you do not wish to install the SVG viewer, the List Mearby Sites link will display the results in table format.
Use right mouse button for additional SVG pan and zoom functions.

GMDA 1M 2001 and MAPDATA-2.5M data @ Commaonwealth of Australia (ALSLIG) 2001,

Copyright & Australizn Government 2005,
Importsnt Legal Motice | Privacy Statement | Accessibility
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Most graphics-oriented part of site (rest is all multi-page tables)
SVG plugin for IE crashes browser


Enter RFMap...
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All sites, point-to-point links &
elevation data
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Confirmation that spatial data is correct as false colour blends with satellite imagery


“ . . i Tﬁ = 1 i3 'ﬁ“_-

e © "5y Registered TX Sites ~

W v e— (7o coTor B
Ll
4 Dpacity _

There were too many sites to send; the list has been truncated. Zoom in. - 801 sies loaded

=
]

m m m

Legal nfo
Wap daks 2011 Googie, Whanesi(R), Senats Pty Lid Imageny 82011 TermaMetrics - Terms of Use

-
>
=

]
[l


Presenter
Presentation Notes
Confirmation that spatial data is correct as false colour blends with satellite imagery
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Confirmation that spatial data is correct as false colour blends with satellite imagery


NASA SRTM .
< -mwoos=—n Eleyation Data

Legal info
G’“‘Ek e e e i Map deta £2011 Europa Technologies, Googies, Tels Atias, Whersts(R), Sensis Py Lbd imagery ©2011 NASA, Terralletrics - Terma of Use




ite details: frequency assighments
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Mode S air/ground & ACARS
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* Approximated from available information, very rough visualisation purely for determining direction and relative comparison against other assignments
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Doesn’t take into account regional spectrum sharing sites


T TR L B T 7 = e Waee s TimorE " 7 ) g T '-
Ay Biromar " e o g - il & e
mn*‘rﬁﬁ‘?"r i J s ¥ e ey [

Ly

Caral Boa

I
1?; / L,
vl
. rd\ ﬂc*_.l'llmﬂﬂﬂf_'l_ X & J
- ip

Wil Ll o g :
s e
" Iy Sydney b
4 S Wolongang
. ulnnuln
Australian

Tagrman
Siga

M s @ apply to alls ws - - -
E = ! vodafone

= = B optus

E a- = B Telstra

S o W Gt eE— -~ .



=E= - Il optus

(= WTTENET =2 ENE T 7 ST Weamere Tm;r'..}"ﬁio AraMare Boa R I o - |'.T . —_—
Irrpasal Ende |‘_.-?.""n. ’ e P s
H 1

Wangaeu sl {Rigparicy | #rT - N R Inkanids
r i
i
" #
£ oy i 4 o sl
Tiinid, Saa o / 3
A D";“m" ¥ Wepa
s s
- - i
. A ) A ".- I
[+] e A W

4
)

¥, Ingmamr

trrasdni

g Tm.mnﬂl J Caral Sea

L %G ocknamplan
Ry . : il £, 8 =W i i e Glacstons

% q\lhslm
b AL Auntialia (B

r".’l-... ;

Ewiasile
oesfard

FE Cyonay

' Wabangang

AL i " - . - s Liladila

Il.un,.pum.'.. Australian

talnnd o Capital
Qroat """“-g'“ X Torritory
Aumiralian B
g T

Warmamoal

Tanrman

s W apply to a1l as - - . )

== [ t vodafone

= B Telstra
as - { Opacity: R —



Mo
Ter

Trhpgs
ety _
(EREnE  oEmmmgr

b "

GRiings.
o .

) ﬁ Rachnamplon [t
i i e
o, . Gﬂll_ﬂnl-
Australia

21 faustratian
nilke T
pa Torritory

M oaws & apgly to a1l ms. o =
sES~  }vodafone

= = Il optus

= Ml Telstra

Soasw ot CENE—



Amateur Radio Operators Everything Else
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Pink: new sites/assignments


Antenna
Radiation
Envelope
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RFS GKA38-1318 Parabolic 1.5GHz 33.2dB 3.5 degrees 38db F-B 3.8m


Radiation Heatmap
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Approximated for registered power output, omni is assumed where no antenna details are present
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a,

spench.net
e (o

Most popular sites

Location. "Site” "Client” Frequency/Range Callsign EmissionDes

gnator (Commas outside quotes act as OR. See 'Help’)

Following confirmation, the view filter will be cleared,

Enter a query.

Filter Breakdown
Empty fitter (zhow all 2iez).

Session View Filter History L Fiter this kst using search terms

Query
Mo records found

Search Sugoestions

Popular sites | Recent sites T Random sites T Popular filters T Recent filters T Random filters

Site Description
Joondalup House, 8 Davidson Terrace, JOONDALUP
Earth station site, Geraldton

Defence/Telsira Site, Kojarena, GERALDTON

MPOESS Installation, Defence Site, Yanget Road, KOJARENA
Optus/Vedafons Site, 1126 North Rd, BENTLEIGH EAST
WAWA, Site Bartram Rd, SUCCESS

North East Lights Tower Subiaco Oval Robertz Road, SUBIACD
Cellular Tower, Teddys Lookout, LORNE

Hutchison Ske Lingstone Marketplace, cnr Ranford & Nicholson Rds, CANNING VALE
WK2DEL
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#1: VividWireless
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Presentation Notes
NPEOSS (National Polar-orbiting Operational Environmental Satellite System) abandoned yet 300MHz-wide assignment still exists
http://en.wikipedia.org/wiki/NPOESS


o defence 0-100MHz [¥] Ruto Searchl[Fiy Td Fire] EIER
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Single HF assignment


Lireicnsies ll oo REEEEY

1/72 & 1JQ7 ?

Legal imfo
11 Google, Whereis(R), Sensis Py Lid imagery €2011 Cnea/Spet image, DiglaiGiabe, GeoEye - Terms of Use
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Presentation Notes
Events occurred near Learmonth (close to Exmouth). Purely speculative: some moisture might have affected radiators and produced strong harmonics on higher frequencies affecting avionics.
Air Data Inertial Reference Unit
http://en.wikipedia.org/wiki/Air_Data_Inertial_Reference_Unit#Failures_and_directives


Side note
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Presentation Notes
Word gets out fast: first visits from US DoJ, Federal Parliament, NSW Attorney General’s Department
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First computer: 286 (running Minix with patched serial driver to control radios via CAT)




Presenter
Presentation Notes
First computer: 286 (running Minix with patched serial driver to control radios via CAT)


The Mystery Signal

A

|

A

\

|

/ Rate at which ‘messages’ were transmitted
L .
varied throughout the day:

o ] Fi correlates with increased daytime activity.

Received RF signal = audio = sampled by soundcard = streamed across network

:
!‘!T.
Ll ‘I
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Presentation Notes
First computer: 286 (running Minix with patched serial driver to control radios via CAT)


Step One: Look at the signal

Radio is already set to receive N-FM (narrowband frequency modulated signal)

Signal in the time domain (voltage vs. time):

“h%%—%“ﬂﬁ%“

IF):LI ERAIIVIEL
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Presentation Notes
FFT resolution: 128
Preamble: receiver lock-on, wake-up, timing sync, AGC adjustment


Hax: 962.2 @ 1184 Hz REMS: 680.4 Average:. 41.9

CHGDAATER e

Input format

Sample rate: lsample: | g Channels: | 1

Freguency 1: | 1134 Separation:

| A uto |

02
g [v] Automatic te on pre-data to

Au

Buffer ful
301 ( paration:

ignal length: Drift: | .1

Start bits:

Signal State =]

Payload Preamble

=====3% Running state of decoder ====>



Step Two: FFT of 2FSK - Bitstream

e Lock on two frequencies (Frequency Shift Keying)
e Sample intensity of each at regular interval (baud rate)
 Pick which is the strongest:

low = 0 bit, high = 1 bit

10 20 30 40 hO b0 fo
ho7 bits

| | 1111[I]11l]1[l]1[[l]]1l]1l]111l]11[I]]]1111I]1l]1[l]]1[l]111[l]]]]11[l]1l]111l]1111l]1l]1



Presenter
Presentation Notes
Bitmap of bitstream output just after payload
0/1 assignment is arbitrary: either refer to spec, or be aware that it may need to be inverted


Step Three: Data = Information

The most difficult part, so try all combinatio

Decoder0 = (|

From beginning Invert Baudot Highlight differences
From start offset F-bit ASCII Show decoded data!
Invert first bit 8-bit ASCII Accumulate data

Offset: 1
Swap endian-ness

G Straight
Differential 0 (MRZ) Enforce control bits
Sync settings Differential 1 (MRZL)
Show bits Prev d
Frev 1 Mo stop bits
Manchester 0 Stop bit

,_07 Manchester 1 Two stop bits

01111100 11010010 110010600
01111010 10001001 10010111
01111000 10001001 10010111
01111040 10001001 10010111
01111010 10001001 10010111
01111010 10001001 10010111
01111000 10001001 10010111
01111040 10001001 10010111
01111010 10001001 10010111
01111000 10001001 100101

01111090 10001001 10010411
01111040 10001001 10040111
01111010 10001001 010111

Start bit

Columns: 4

R EEEEERERYY

Code words are transmitted in batches that consist of a sync_Zodeword, defined in the standard as| 0x7CD21508 ) followed by 16 others containing the data.
Any unused code words are filled with the idle value of 0x7AS3C197. In practice other values are sometimes used to indicate sync and idle.
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Presentation Notes
After hiatus, five years later
http://en.wikipedia.org/wiki/POCSAG


POCSAG!

e “Post Office Code Standardization Advisory Group”
e Standard decoding software didn’t work

e Key: recognisable sequence of bits when idle

- Look for known codewords/repeated bit strings



Presenter
Presentation Notes
Receiver switched off for majority of payload. RIC fully defined by slot position.


Hospital Pager Systems

High power, better penetration than mobiles

Personnel carry small pagers, each with ID
mapped to Radio Identity Code

Mostly numeric pages with phone extension
Sent via software on any computer at hospital

Address to multiple recipients, automatically
sent to each once

Delivery not guaranteed


Presenter
Presentation Notes
HAMs complain about pager band as it’s so close to 70cm.
Some distance away from hospital, received on roof, but pager had to be by window to receive it (first time a little distance from window, didn’t receive it).


Frequencies

e Shared frequency: 148.1375 MHz (standard)
e Private systems in 800/900MHz band:
Non-standard FSK ignored by decoders

‘Testing’

ABCDEFGHIJEKLMNOPQRETUVWIY Z
o .- [ L i I

AT ”
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Presentation Notes
Only showing messages for which all parties are involved


Description E I
Address

Position

) Health
\ b BETE MHz 10K yaney Health Sen
&
k- - \‘L Il = = AN r Sydnay ¥ At Heslth Ser
o 5 T
o S1.John' B53. 20875 MHz 10K1F3IE Sydnay West Area Haalth Se
> \ e 1875 M OKAF3E [
¥ Ny N R 3 41875 MHz 10K1E2 ydney West Ares Heslth
o e
o M 81.08875 MHz 10K1F20 yaney West Area Health 5
F.4128 MHz 18KDF2D Wesl Area Health
4128 MHz 16K0F2D yd ast Ar Haalth S

4125 MHz 18KOF2D West Area Haalth

On RFMap
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Hospital ID Postfix

el kS0 BB BT e — LE
bR -1 Jiza "'l.lm”r ills & h'J"I B ala-20

Ihssa-1
=91

L i-92

&0~-60 ~-€0-60

si334-22

iR eE-38

ABCDEFGHI JKLMNOPQRSTUVWXYZ~92 Gosford
FhkRR -93-93

ABCDEFGHI JKLMNOPQRSTUVHXYZ-92 <— North Shore
*F -g2-82
eyt~

21

A f-]
Eatd-92

e flaas Bad 44 JU Smes cmesds FaBES-83

Prince of Wales: 38, etc.



Sensitive Information

ST coffee? @aTe b FITs

RS © starbucks time-E0

Il =1 " username: i, password:



AviationMapper

Image by Oscar De Lellis



a 04 02 20 00 00 00 00
"45 08 25 30 13 00 00 00 00
6 '53 14 65 47 01 00 25 N2 NN

93.0662617 °S
gitude: 1515554950 °E

ng: -3781294.00 m
i 139932682.00 m

154 01 m,‘s

Fe 590 km/h.

Frwier:
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“Is that device switched off?” “Yes.”
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Altitude is colour coded
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Altitude is colour coded
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ATCRBS, PSP & SSR

e Air Traffic Control Radar Beacon System

— Primary Surveillance Radar

— Secondary Surveillance Radar
«.-/ 408

Primary:
 Traditional RADAR
* ‘Paints skins’ and listens for return

e |dentifies and tracks primary targets,
while ignoring ‘ground clutter’

* Range limited by RADAR equation ()



Presenter
Presentation Notes
B&W photo: http://www.faa.gov/about/history/photo_album/air_traffic_control/index.cfm?cid=radar&print=go
SSR scope: http://cmh.natca.net/tracon.htm


ATCRBS, PSP & SSR

e Air Traffic Control Radar Beacon System

— Primary Surveillance Radar

— Secondary Surveillance Radar

L]
L

Secondary:

e Directional radio

e Requires transponder
* Interrogates transponders, which
reply with squawk code, altitude, etc. s
e Increased range () =
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Presentation Notes
B&W photo: http://www.faa.gov/about/history/photo_album/air_traffic_control/index.cfm?cid=radar&print=go
SSR scope: http://cmh.natca.net/tracon.htm


Dem’ipﬁunl Sydney Terminal Approach Radar, SYDNEY AIRPORT |
Address  SYDNEY AIRPORT NSW 2020
Position  -33.0490180805728, 151.181285079602 :
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Presentation Notes
Not simultaneously covering area; rotating beam that sweeps out circle.
Comparative only!


The Modes

A: reply with squawk code
C: reply with altitude >SR

S: enables Automatic Depenhdant Surveillance-
Broadcast (ADS-B), and the Aircraft/Traffic
Collision Avoidance System (ACAS/TCAS)

Mode S not part of ATCRBS, but uses same
radio hardware (same frequencies)

— Increasing problem of channel congestion


Presenter
Presentation Notes
More modes (military, IFF)


The Modes

 A: reply with squawk code
e C: reply with altitude >SR

e S: enables Automatic Dependant Surveillance-
Broadcast (ADS-B), and the Aircraft/Traffic
Collision Avoidance System (ACAS/TCAS)
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More modes (military, IFF)


Position
Heading
Altitude
Vertical rate

Flight ID

Squawk code




Uplink:
“All call” / Altitude request

Downlink:
Airframe ID / Altitude response (air-to-ground)

)

Mode S TX/RX: Linked to ATC (can be at airport, or remote)



ACAS/TCAS

Altitude request

—

¥/ —

Altitude response (air-to-air)



dney Termina

Mode S sites e

Uplink:  1.03 GHz
Downlink: 1.09 GHz

E oas ' Black
Lagal info

("{‘Kjﬂlc e s s Wap data 32011 Coogie, Wherss(R), Senals Pty Lid magery 82011 Terraletrics - Terms of Use
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Response Encoding

e Data block is created & bits control position of
pulses sent by transmitter

Preamble , Data block
< 8.0 s »id 56 or 112 ps -
: |
mitt | Biz] B3] sial ] N1 | BitN
1f0i1§0i1§0i1i0; [ f i1f0i1io0!
B | | - I -
000510 35 45 80 9.0 ‘ ‘ ‘ ‘ ‘ ‘
. I I
| Time (Js) | _
Y Late chip=—> er

Used to differentiate against oth&ERNYGe® I 0 I 0 I : I 0 I 0 I 0 | 1T

Example.— Reply data block
corresponding to bit sequence

Pulse Position Modulation (AM)
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Presentation Notes
In reality, pulses won’t be perfect square shapes
Manchester encoding


Pulse Position Modulation

Pulse lasts 0.0000005 seconds (0.5 LS)

Need to sample signal at a minimum of 2 MHz
(assuming you start sampling at precisely the
right moment and stay synchronised)

Requires high-bandwidth hardware and
Increased processing power

ldeally, oversample to increase accuracy
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Presentation Notes
This is a bit faster than what a soundcard can do!


or Software Defined Radi




SDR: Digitise the baseband

Hardware is sophisticated, but purpose is
simple: capture a chunk of the RF spectrum
and stream it to your computer

Computer is responsible for doing something
useful with baseband data

Instead of designing RF hardware, write it in
software!

Increased complexity/bandwidth requires
more CPU power (pretty cheap)



Software Defined Radio

e Hardware = software representation
— Completely re-configurable
— Only RF front-end kept as hardware

-

Anfenna

One slide ?eTecTor

Tunmg conl\

—’\/I2+Q2
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Move large part of hardware into equivalent software representation
Modulation techniques often have simple & elegant software representation
Simplest sampling example is sound card



Software Defined Radio

e Hardware = software representation

— Completely re-configurable

— Only RF front-end kept as hardware

)

Baseband
de-modulator

)
Information
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Move large part of hardware into equivalent software representation
Modulation techniques often have simple & elegant software representation
Simplest sampling example is sound card



Software Defined Radio

e Hardware = software representation
— Completely re-configurable
— Only RF front-end kept as hardware

e Continuous process = discrete & quantised

— Digital sampling produces —
voltage levels

15, 14, 14, 13, 12, 10, 9, 7, ...

7,9, 11, 12, 13, 14, 14, 15, 15, l: DAC —P /!
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Presentation Notes
Move large part of hardware into equivalent software representation
Modulation techniques often have simple & elegant software representation
Simplest sampling example is sound card



Sampling

\yquist-Shannon Sampling Theorem:
“Sample at twice the highest required frequer
oid aliasing of signal
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* I/Q


Sampling

e Nyquist-Shannon Sampling Theorem:

— “Sample at twice the highest required frequency”

— Avoid aliasing of signal

 Analog-to-Digital Converter (RX)

e Digital-to-Analog Converter (TX)

DAC

ADC |1

7,9,11, 12, 13, 14, 14, 15, 15,
15, 14, 14, 13, 12, 10, 9, 7, ...
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* I/Q


Sampling

Nyquist-Shannon Sampling Theorem:

— “Sample at twice the highest required frequency”
— Avoid aliasing of signal

Analog-to-Digital Converter (RX)
Digital-to-Analog Converter (TX)

ADC/DAC rate determines bandwidth*


Presenter
Presentation Notes
* I/Q


Reception

 RF front-end down-converts signal to
baseband
— Zero IF receiver

e Sample & quantise baseband signal

e Simple approach would be to sample voltage
level (amplitude)
— Sound card



Real vs. Analytic Signals

e Real signal:
— Amplitude for each sample
— One ‘real’ number

e Analytic signal:
— Amplitude and phase

— ‘Real’ and ‘imaginary’ components (negative
frequency)

— Encode more information



Quadrature Modulation

* Analytic signals can be sampled by having two
ADCs

e Baseband must first be separated into

quadrature components (real and imaginary
parts)

e Mix baseband with:

— In-phase local oscillator (I channel)
— Quadrature-phase LO (Q channel)



Sample Rate

Analytic signal has two components
— | & Q samples per sample time

Negative frequency

— Double the bandwidth

Re-apply Shannon’s sampling theorem:

— Sampling rate directly determines bandwidth

Produce a stream of complex stream (I/Q
samples pairs) at sample rate



SDR (De-)modulation

Complex stream passed through mathematica
functions and state machines




The

Universal
Software
Radio

Peripheral

(USRP 1)

Receive Channel

Transmit Channel
RF Interface Altera FPGA

RF Interface

Sample rate = bandW|dth
0. 25 - 16 MHz

bbby,

Tr——

D |
i

P
™m
el
s

.:!
|
!

Wlth WBX daughterboard
RX/TX 50 MHz 2 2 GHz

DC Power USB 2.0 Analog Devices
Port Mixed Signal
Processor







The FUNcube Dongle




Use your USB DVB-T (rtl2832+E4000)
‘ezcap’ stick for ultra-cheap SDR!
BETA release of ExtlO plugin for |
Winrad/HDSDR/Wrplus - get it at:
http /lspench. net/r'USRP_Interfaces

AUD$36
==
USD$20

— T Ry




Host Software

e Receive/transmit baseband samples
— Analyse & display
— (De-)modulate
— Encode/decode (extract information)

e Well-known platforms/programs:
— LabVIEW
— MATLAB Simulink
Open source? No.



GNU Radio

Open source signal processing toolkit

Data flow paradigm
— Signals flow from sources to sinks

Intermediary blocks operate on signals

— Sources & sinks: USRP, sound card, file, network
— Visualisation: FFT, waterfall, scope

— Signal types: complex, float, integers

— Filters: traditional building blocks used in analog and
digital RF hardware

Completely extensible (Python: high level, C++:
grunt)


Presenter
Presentation Notes
Not bound to USRP


USRP Source
Unit Mumiber: 0
Decimation: 256
Frequency (Hz): 7.2M
Gain (dB): 20
Side: B
RX Antenna: FA

Variable
ID: xlate_filter_taps
Value: firdes.low _pass(l, ...

Frequency Xlating FIR Filter
Decimation: 1

FFT Sink
Title:
Sample Rate: 250k
Baseband Freq: 0
Y per Div: 10 dB
¥ Diws: 10
Ref Level {dB): O
Ref Scale (pZp): 13.489k
FFT Size: 512
Refresh Rate: 15
Average Alpha: 500m
Window Size: 800, 300
Grid Position: 0, 0, 5, 4

GNU Radio Companion

Low Pass Filter
Decimation: 5
Gain: 1

AGC2
Attack Rate: 100m

Fractional BW: 0

Audio Stop: 5.5k

Sample Rate: 250k Decay Rate: 10
Taps: =late_filter taps -——.-- me H Y u -_
Cutoff Freq: 5k Reference: 900m
Center Frequency: 0 Transition Width: 1.5k Gain: 1
Sample Rate: 250k netHen C "
Window: Hamming Max Gain: 1
Beta: 6.76
—H in
Rational Resampler AM Demod Audio Sink
Decimation: 500 Channel Rate: 44.1k Multiply Const Sample Rate: 44.1KHz
—.-- interpolation: 441 H Audio Decimation: 1 |out in E——H in
Constamnt: 1
Taps: Audio Pass: S5k
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AM radio
http://www.oz9aec.net/index.php/gnu-radio/grc-examples


2G GSM Waterfall

USAP FFT
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Presentation Notes
usrp_fft.py comes with GR
200 kHz channels


CDMA Detection with GRC

= W-CDMA.grc - /home/mint/Documents - GNU Radie Companion

Fle Edit View Build Help
&, &
=R A 3

i
; % : 32 Blocks :
( Viterbi BER (BPSK) 38 | Manual QPSK adjust 38 | Satdemod 38 | Modsaudio 38 | PM 38 | Beacon 38 | Carrier Tracking x ! | oc —

[} [ Sources ]
Su Waterfall Sink V|Sua||se |nten5|ty b 1 Sinks
D: top block USRP Source 2 1 G H Z 3G Title: Waterfall Plot I» [ Graphical Sinks |
: top | Unit Number: 0 Sample Rate: 3.2M f f b 1 Gperators ]
Decimation: 20 i Baseband Freq: 0 O req uency b oIT .
Variable ype Conversions ]
1D: deci Frequency (Hz): 2.1125G .7 - Dynamic Range: 100 P [ Stream Conversions ]
i Gain (dB): 10 Reference Leve: 50 | COIM ponentS e i
Value: 20 Side: A Ref Scale (p2p): 2 [; [ Misc Conversions ]
RX Antenna: RX2 FFT Size: 512 A [ Synchronizers |
|D\.ﬁ::::l::te FFT Rate: 15 Over tlme =W P I Level Controls ]
Value: 3.2M USRP Source ~ [ Flters ]
e Unit Number: 0 850 M H Z N eXtG TI'I{IE:F:-I'I—'I'SPII:tk L?w Pass Alter
el :“"::rt:nii:- 842.5M [ou] sample Rate: 321 | \/jgg]ise i ol
1D: gain req “' & . Baseband Freq: 0 Band Pass Rlter
Label: Gain Gain (dB): 25 Y per Div: 10 dB . Band Reject Flter o
: Side: A i 2 £ 1
Default Value: 20 X Ant . - ¥ Divs: 10 Insta ntaneous Root Raised Cosine Riter
Minimum: 0 enna: RX2 N
Ref Lewvel (dB): 50 i Decimating FIR Rlter
Maximum: 50 X f b
Converter: Float USRP Source :::?::{P;:i 2] rrequency Spect rum 'F“::::t'"a FIR Filter
e L1 GPS Refresh Rate: 30 R
Decimation: 20 equency Xlating FIR Flter
Frequency (Hz): 1.57542G . Fast AutoCorrelation Sink IIR Filter
Gain (dB): 15 Title: W-COMA F..Correlation Filter Dalay
Side: A Sample Rate: 3.2M Channel Madel
D e Baseband Freq: 0 H d H Synthesis Flterbank
Size: 131.072k Fln re peatlng

Analysis Alterbank

Rate: 5 Polyphase Resampler

Y per Div: 10 dB patterns burled single Pole IIR Flter

Ref Level (dB): 50
Hilbert

Average Alpha: 300m Withln a Signal Goertzal

Window Size: 1.024k, 240
CMA Equalizer

Rational Resampler Base

Rational Resampler

1
Fractional Interpolator

Loading: "/home/mint/Documents/UDP Modez.grc' 1 Keep lin N
=== Done
Moving fwerage
Loading: “'home/mint/Documents/W-CDMA.grc” | 1Q Comp

=>> Done K

[ Modulators ]
L

Showing: "fhome/mint/Documents/W-CDMA.gre”
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Presentation Notes
Grey blocks are disabled
GRC will generate Python code via Cheetah Template Engine that can be customised (if you do, make sure you rename the file first!)


3G W-CDMA

Signature of UMTS: repeating data in CPICH at 10 ms intervals

W-CDMA Fast AutoCorrelation

dB
W

20 TOPLICTNT I I|.|||I||l|..

N e T e

ms


Presenter
Presentation Notes
Common Pilot Channel
http://wiki.spench.net/wiki/W-CDMA
http://wiki.spench.net/wiki/Fast_Auto-correlation


USHP FastAUtoCorrelation

FFT

No apparent signal

P Y
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0.0
MHz

Auto Correlation

4 6

8 10 12

14 16

18

=l Cyclic 1023 bit code @ 1.023 MHz chip rate

—

Decirm: |54 | Fs@lSB: 1M

oK

DBS Rx Analog BB: 1.5755G

DDC: 80l
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Presentation Notes
https://sites.google.com/site/radiorausch/USRPFastAutocorrelation.html
Frank says:
“It is well known that the (inverse) Fourier transform of a signal's power spectrum is the auto-correlation function (Wiener Khinchin theorem).  Therefore if we run a signal through an FFT, calculate the magnitude, and run a final FFT we have a particularly fast way of calculating auto-correlations.”
“No signal is apparent in the FFT window while the auto correlation window clearly indicates the presence of something with a 1 ms periodicity.  And indeed GPS C/A signals are in fact spread at a 1.023 MHz chip rate with cyclic 1023 bit long codes resulting in 1 ms cycles.”


= TETRA

Fast AutoCorrelation

Repeating idle pattern

10 20 30 40 30 80
ms

Axes Dptions

Scope Plot Secs/Div:

Counts/Diwv:

¥ Offset:

T Offset: =

DA nnnnnn ge

Channel Options
Chl | Ch2 | Trig
I

Frequency correction burst -

Counts

20 21
Time {ms)
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One slot (of four): 14.175ms
http://wiki.spench.net/wiki/TETRA


Quadrature

0
Inphase

Alpha: | 10m

Gain Mu: | 50m

Marker: | Dot Medium

Eat
e
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Presentation Notes
Constellation plot still works despite π/4 DQPSK
http://en.wikipedia.org/wiki/Terrestrial_Trunked_Radio


PE—
BB | Scope | Demod | Pow | Cyclo | FAC | # | Quad | Mag | Test

Sat Demod

Symbol rate (fine): |IZI

Symbol rate (coarse): !IZI

Symbol rate:]| 18000
Samples per symbol: | BO

Num plots: |1IIIIZI

Data Scope

W
=
3
=
="

E
<

T[/4 DQPSK

Coarse offset: | 0

Mlate Offset: | 117.708k

Klate EW: | 34.4375k
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Four levels (phases) after QPSK reception
http://wiki.spench.net/wiki/Gr-baz#eye








ShowOptions | | Select Sound Card| Select Sample Rate BT | Minimize | About | || Exit

I:l7'4 EI]5 342 tune Lol 073 993, [ll:ll:l

%
3
]

(WF Ava] EERRE REW 61.0 Hz MY . VECS® .V FoY .V USE ) (GSE s OV - DRRT Y
GAN e —— CONLrast

Notch
F1 1000.0 Hz
Bw1 200 Hz
: F2 1500.0 Hz
Desp  Motch2 BW2 200 Hz
-100 squelch

—— AL 3-. 21/05/2011 4:09:36 PM

4 CPLI Load
Avg SF1 Avg S92 I - S |WRplus (35%)
5 _ 1 Total (77%)




Amateur Digital Modes

; Digital Master 780 - [RTTY-43]

Eile [Edit View Q%0 Browser Loegbook 55TV SuperBrowser World Map Tools Window Help L Donate - 7

- &= ] 2 e B ) =
Q50 | SuperBrowser  Radio Soundcard | Waterfall| HRD Logbook Pregram Options =  Full Sereen =
W 55TV RTTY-45 = _ -
o =
g Rvas- WAl 2 a- & - 1 [ #Fc
al g -
E = ) Reverse  Defaults  Baud: 4545 - 5Shift: 1M Hz - Bit= 5 » Step 15 =~ Us5 Ltof
a s =
™y
%
b
o
S| Ecp DX Cp DX DE UR4EWT LUYEWTHCQ :1 DE UR4"$744EWT NIPG
o
= -
m B
= -
"'E 9
P Send (F1}) M Auto (F2) 5 G- x| [
CallCG Reply Info Clesing i Default~
g CR de Balint Balint
CQ CQ de Balint Balint
EFSE K <atopi
Enter text to be sent 1182 Hz S/M: DB
Waterfal » 4 X
Loom: i | blainc 4 11E2 » | Signal: 3+ | AFC || Decode T Options ¢ Faves __jglf-.'li:::lr'.

Ready CPU: 22% um Audio: 94% pee  Soundcard R 7996.59H: -_iHF!I'.'I Logbook: Mot Connected |RSID 15:40
e P, e ——— ST Tl T T A BTT T T —
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Stereo FM with RDS: Receiver

Stereo FM rec” -
Stereo FM receiver and RDS Decoder

hvolume: |-10

] BB | Demod | L+R RDS Raw

- Trace Options

"] Peak Hold

& Average

Avg Alpha: 0.8000
—_—
[C] Persistence
Persist Alpha: 0.1861

Baseband

S EqE W De

.
1
s}
i Tk

[[] TraceA |store |

)ptions

Hold

rage

Axis Options ha: 0.8000

dB/Div: [+]| - | _U
N istence

Alpha: 0.1861

Amplitude (dB)

[T] TraceB |Store|

Ref Level: [+]| - |

Autoscale | llea |store)
eB |Store|
Frequency (kHz) | Stop I|btions

o f---

%
8
U
0y

utoscale

Stop

(IR L I S—
Frequency 88.50 stationName Public  programType Travel Touring r 3AAB
Music Stereo stPTY

Xt R e Clock Time 20.03.2013, 22:09 (-7.0h) AlL. Frequencies XXXXXXXXXXX

0000000




Stereo FM with RDS: Transmitter




uential

Bandwidth: |25k

Amplitude (dB)

Isquelch: -85
g FFT _Scup-e ' Test |
Trace Options
5 FFT Plot - ) Peak Hold
5] Average
R e B Avg Alpha: 0.5000
e e e Lommmmmoom - e e e e e e o =|Eh:-
B . L O . |:| Persistence

PersistAlphe) 0 BE]

[

[ ] Trace B Store

dB/Div: -

Ref Level:

l Autoscale I

it . . . . .
851.31 851.32 851.33 851.34 851.35 851.36 = :
Frequency (MHz) l Stop l

Freq L}st'. [[1 60.05, 160.11, 159.66, 163.96, 440,225, 442.9, 443,55, 851,338, 852.452, 652,388, 852.45, 854.458]
Freq: 851.338




Parallel Decoding

Parallel Scanner - '+ x
Threshold: -80
Bandwidth: ' 12.5k
BB | channel
Trace Options
FFT Plot B
-30 | Peak Hold
[E3] Average
e e EoEEs st s s s s s s s e e s e s e s e s e e e e e e e el be s e s e e e e e e e e e ey 4 e Rl 500
e B
-60 ! ] 2l L : L - TP Py || Persistenc
g n :
g i I , [ Trace A |store
";.' o (] TraceB =
& o Bl
-100 Axis Options -
-110 ey dB/Div: |lj|:]
-120 Reflevel | ;]Ig
130 ) | ) 1 X 1 1 ) Autoscale
461.8 462 462.2 462 4 462.6 462.8 463 463.2 463.4 463.6 —_—
Frequency (MHz) l Stop |
Gain: 10

Freq Offset: |-550k I
Center Freq: 462.7TM |
Audio: 0 I

Antenna: TX/RX 5

Squelch Probe Unmuted; 1

| -
lof.lch e - : : - + [ Spectrum Estimation ]

Unmuted at -600000.0 + [ DOA Estimation ]

Muted. - :

Unmuted at -275000.0 [ Search: note]

Muted, Nl il )

Unmuted at -400000.0 [ | N

Muted. J WX GUI Notebook

|Unrnuted ab-550000.0 B Add




Options
1D: squelch_channel
Title: Sqguelch Channel
Generate Options: Hier Block
Category: Channel Decoder

Import
Import: math

Parameter
I1D: samp_rate
Label: Sample Rate
Value: 250k

Type: Float
Short 1D: r

Parameter
ID: baseband_freq
Label: Baseband Freguency
Value: 0

Type: Float
ShortID: b

Parameter
1D: freg
Label: Channel Freguency
Value: 0

Type: Float
Shert ID: f

Parameter
ID: channel_bandwidth
Label: Channel Bandwidth
Value: 12.5k

Type: Float
Short1D: t

Parameter
1D: threshold
Label: Threshold
Value: -75

Type: Float
Short ID: =

Pad Source
Label: in

Variable
1D: xlate_decim
Value: 10

arallel Decoding: 1

Frequency Xlating FIR Filter
Decimation: 10

Taps: firdes.low_pass(1, ...
Center Frequency: 0

Sample Rate: 250k

Rational Resampler
Decimation: 25k
[BEE—={ii] Interpolation: 25k
Taps:

Fractional BW: 0

Power Squelch
Threshold (dB): -75

Alpha: 10m
Ramp: 0
Gate: No

Variable
1D: calc_baseband rate
Value: 25k

Variable
1D: freq_offset
Value: 0

Parameter
1D: baseband rate
Label: Baseband Rate
Value: 25k
Type: Int

Tag to Message
Append String: 0

Message Callback
Name: Message Out
Dummy mode: Yes
Evaluation mode: String
Message Part: Arg 1
Variable:




Parallel Decoding: N

Dptlons Varlable F ALTA A 1 N1 T ERCEN | P Variahla cnrlﬂg
ID: top block ID: samp rate Properties: Multi-channel decoder x [fise
Title: Parallel Scanner Value: 2M | [160...54.488]
Generate Options: WX GUI
TR oo CToTsT— = GUI Slider || WX GUI Text Box | WX GUI Slider | WX | Paramekters: ) zezszs
ID: antenna ID: gain ID: center_freq ID: threshold 1D: -
Label: Antenna Label: Gain Label: Center Freg Label: Threshold Lab it :
Default Value: TX/RX || Default Value: 10 || Default Value: 462.7M |Default Value: -80 || Defd n] [multi channel decoder 0 q list txt
Choices: TX/RX, RX2 Minimum: 0 Converter: Float Minimum: -130 Con — — —
Labels: Maximum: 50 Maximum: 0 Baseband Freg center freq i
Type: Drop Down Converter: Float Converter: Float —_— =
Frequency List rFrE list conf..eq_list
|uate
UHD: USRP Source Multi-channel decoder
Samp Rate (Sps): 2M Baseband Freq: 462.7M &
ChO: Center Freq (Hz): 462.7M [BUE|—B=[ill| Frequency List: freq_list
ChO: Gain (dB): 10 Decoder: <class..._channel'= 0 list txt)
Chi: Antenna: TX/RX Decoder Args: samp...hreshold Parameters [{IEEt threshuld':threshold} -
WX GUI FFT Sink Frequency Xlating FIR Filter et
Title: FFT Plot Decimation: 100
Sample Rate: 2M Taps: firdes.low_pass(1, ... -— —
Baseband Freq: 462.7M Center Frequency: -475k X ble
Y per Div: 10 dE Sample Rate: 2M Documenkation:
¥ Divs: 10 be6, 462.225...
e | Variable Variable Creates as many decoders as channels,

."- Ref Scale (p2p): 2 1D: xlate_decim | 1D: baseband_rate :
FFT Size: 2.048k Value: 100 Value: 20k pnne
Refresh Rate: 15 ncy: 0
Average Alpha: 500m ency: 0
Threshold Level: -80 Ok
Freq of Interest: 462.225M
Notebook: nb, 0 25k
Freq Set Varname: None dth: 12.5k

Variable
I1D: audio_rate
Value: 10k
Function Probe A“:::rt:e;;klm R
:’I:.I::L:let:ch_pmbe_unmuted %uad?r;iture Rate: 20k |out 'I: ;|
Block ID: analog...Ich xx 0 0 uz au
Function Name: unmuted e M
Poll Rate (Hz): 10
WX GUI Static Text

ID: variable_..ic_text 01 0 Cancel QK
Label: Sguelch Probe Unmuted | J )
Default Value: 0

Converter: Float




OpenBTS ﬂpE"

e Open-source 2G GSM stack
— Asterix softswitch (PBX)

— VoIP backhaul
o i Uplink }p}tex::ea:ﬂps

ilter

m "y
Test Equipment | \9 PAP2 Adapter and
= ) Wiked Phone for

Host Laptop
on lce Pack
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Presentation Notes
Special FPGA code (timing constraints)
SMS-ing
http://openbts.sourceforge.net/


802.11agp decoding

10/20 MHz OFDM
or-jeee-802-11
)SK & QPSK




Other Applications of SDR

Radio astronomy
Passive radar
DVB-S decoder

Tracking pedestrian foot traffic in
shopping malls

Much more...
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Frank's Fantastically Fabulous

radio related rambling

Four Level FSK & Motorola RD-LAP: perhaps you have an interest in some of the
following topics:

¢ Technical characteristics of Motorola's RD-LAP wireless data transmission protocol (same
protocol as used on DataTAC networks).

* A real world example of TCM (Trellis Coded Modulation). For a nice introduction to TCM
please see tutorial 23b at complextoreal.

* MDTs {(Mobile Data Terminals) / MDCs (Mobile Data Computers), especially as related to

public safety and police use in the greater Huntsville, Alabama area.
¢ The FBI's NCIC database system

* Security aspects of such systems vis a vis the scanner radio enthusiast
A delightfully stimulating application of the Ettus Research USRP and the GNURadio based SDR



1090 MHz Aviation Transponders & The USRP
Tllustration 1: Sample Mode 5 Transponder Squawk received on 1090 MHz with 3. 2MHz sample rate.

Egquipment used:

All from Ettus Research Chitp:/swwnw . ettus. comy/custom. himl):

s TUSEP With DESEX 800 MHz - 2.4 GHz Daughterboard
= LP0926 Log Periodic Antenna

The sampling rate was selected at 3. 2MHz (USEP decimation 20) to avoid DBSEX or computer generated frequency spurs that appear at £2 MHz relative to 1090 MHz. Awiation transpond
selected bandwidth is thus sufficient to catch each individual pulse.

MODE § Data Example:

The data from the illustration above is sliced at a level of about 250 A U. and then processed into a stream of 0.5 pS pulses. After the 8 pS Mode S header we have a stream of data bits en
for a '0" bit; the data bit rate 1= 1 megabit / second. With recerved data highlighted in vellow the above example becomes:

10200001 01000000 MODE § Header:

Pulsesat 0,1.3.5.and 4.5 38
0110011010 Format Number: DF = 11;
01011 (ALL CALL REPLY)
100110 Capability
101
1001100101100110101001101001101001100101101010:01 MODE § Address: Hex ASDB4E
101001011101101101001110 (or 51355516 octal)
1010101001 1001 101010101001 10101001 10010101010101 Parity
111101011111011101000000

Downlink format (DF) 11 does not include altitude information. However, just with the MODE S address we may go to web pages such as hitp/www _airframes org/ and learn more abou
number N477CA, type. owner, et cetera.

Receivable 1090 MH; Traffic:

MODE C Traditional afrcraft squawk codes
MODE § Traditional afrcraft squawk codes
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Starting Points

e gr-air by Eric Cottrell

— Separates processing into several different GR blocks
which detect/decode:
1. Pulses
2. Mode S preamble
3. Frame length
4. PPM chips/bits

e gr-air-modes by Nick Foster
— Less complex (fewer steps) = better performance

— Less overhead by using PMTs instead of passing state
structs as ‘samples’ through GR runtime
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Mode S Decoder Structure

\\
Pulse Preamble ::ersrzﬁ PPM
detect detect 5 demod
detect

| // ,
v I Secs/Div:
| NA N i
A (o
I?III ITIII]ﬁI IJIi#iTIIT ] 'IlA'II] | LI | THJTJ'IIJF]Iﬁfn1j??ﬁ\F T % %jl'.
o lAA i
V 0,1,
2
Frame parser \ Error correction /}- Sanity check

// /£


Presenter
Presentation Notes
Continuous process
Each step encapsulated in GR block, sends signal & state information to next


Mode S Frame Types

Several Downlink Formats (DF)
— Short/long frames (56/112 bits)

Contains Airframe Address (AA)
— 24-bit transponder address allocated by ICAO

Appended CRC

— ‘Normal’ mode (syndrome = 0)
— Address overlaid mode (syndrome = AA)

DF 11: All call, 5/20: Identity (squawk code),
0/4/16/20: Altitude...


Presenter
Presentation Notes
ICAO: International Civil Aviation Organization


ADS-B: Extended Squitter

e Several ES types (DF 17):

— Standard: position, altitude, heading, vertical rate,
flight ID, transponder code

— System information

— Aircraft capabilities/status (e.g. autopilot enabled)
— Aircraft intent

— Traffic information

— TCAS resolution advisories (“Pull up!”)


Presenter
Presentation Notes
ES is a type of long frame (112 bits)
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or ADS-B data

l U



AviationMapper

e Connects to Mode S decoder server
 Tracks & plots airframes, collects statistics
e Provides state server for web streaming
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ot Aviation State = |[= ==

Position
AA Last Change Vertical Status  |dentity Transponder  Altitude Rate Pasition Speed Heading Distance =
TcB2E5 16/11/2011 2:55:53 PM Airbome 725
Tckale 1641142011 1:25:35 FM Airbome
7ch310 164112011 2:54:13 PM Grounded 4253 -150
Foffch 16/11/2011 2:45:52 PM Grounded Frx2 E
780236 16/11/2011 2:56:58 FM Grounded CPAIDT 2000 -150 0 33°56'14.7095"5,151°10°08.5533"E 0.00 kis 25312500 4.81km
TcBFs 16/11/2011 2:.41:54 PM Grounded -125 460 km
TchXa 16/11/2011 2:24:15 FM Grounded -125

TchdZb 16/11/2011 2:25:52 PM Grounded

4361 -125 63.82 km
FcfBk3 16/11/2011 2:55:53 PM Airbome 5D1 31000

2al2b?y 164112011 1:3710 PM Airbome 1354 2432 36240ks  288.3350° 3773 km
Thcdbd 16/11/2011 2:43:08 PM Grounded S1AZ3 221 -125 0 (.00 kts 2953125  515km
7cbdB0 16/11/2011 2:40:56 PM Airbome 22 24375

Tcfibe 164112011 2:50:46 PM Unknown 253000

Tcbd36 16/11/2011 2:56:28 PM Grounded 0 (.00 kts 93.4375°

Tcild2 164112011 25215 PM Airbome 3646 30075

7c/aldd 16/11/2011 1:36:33 PM Grounded 3760 -175 0 33°56"18.9551"5,151°10°57. 7363 "E 13.50 kis MITH00° 4.26km
Tcbd37 16/11/2011 2:43:32 PM Airbome 13125 54.98 km
VchdZc 16/11/2011 2:53:45 FM Airbome VOZ1421 1372 27800 1280 33°2519.1607"5,150°44'38 2874"E 41643 kts  3459638° 6253 km
7chchb 16/11/2011 2:45:53 PM Airbome 22925 50.02 km
7chcle 16/11/2011 253518 PM Airbome 32500 1584 42643 ks 23377517 T044km

=ladd 18411 /3111 2-RE-NW P Airhnma Ar1141S 14R% 125 TR AR WAR"S 1R1*10°AN 19897"F 1R? 7R lite 1R5 NR7R*® R OR lem




0}

L ast Change Vertical Status  |dentity Transponder  Altitude Rate
a /4647 28/06/2011 8:27-51 AM Airbome
a9b40d 28/06/2011 8:27:37 AM Airbome 1717 11875
a/8dd7 2870672011 8:27:15 AM Airbome
ah5bhe 28/06/2011 8:28:23 AM Airbome 15100
acdded 28/06/2011 8:28:21 AM Airbome 6325
a/3ibd 2870672011 8:27-55 AM Airbome 1800
alelof 2870672011 8:28:18 AM Airbome 32000
al56cd 2870672011 8:28:22 AM Airbome 3725 11600
ad3ss1 2870672011 8:28:22 AM Airbome 2125
ab4151 2870672011 8:28:15 AM Airbome 3875
alblbc 28/06/2011 8:27-58 AM Airbome 19575
ac fde 28/06/2011 8:28:13 AM Airbome 6hE00
abdc1h 2870672011 8:28:22 AM Airbome 2246 13825 3Nz
aaesid 2870672011 8:28:22 AM Airbome 10300
az2426 2870572011 8:28:21 AM Airbome 077 -128
acaeda 28/06/2011 8:28:06 AM Airbome 5800
ab473a 28/06/2011 8:28:15 AM Airbome 6775
ad0115 2870672011 8:28:18 AM Airbome 18225
a /bbb 2870672011 8:28:22 AM Airbome 18825

100000 28/05/2011 8:27:37 AM Airbome
abidab 28/05/2011 8:27:32 AM Airbome

alaZel 28/05/2011 8:27:59 AM Airbome 3300
adcald 28/05/2011 8:28:20 AM Airbome 17050
abddbb 28/05/2011 8:28:23 AM Airbome 2000

3o 7202 2870572011 8:27:55 AM Airbome BER7353 6b25 2432
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Presentation Notes
User-programmable Mode S transponders
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BorlP

e Allows USRP 1 and computer to be separated
by LAN
— Control radio via TCP
— Stream baseband via UDP

e Seamless drop-in for GR
— If it can’t find a local device, try remote
— Everything just works (USRP Source, GR, etc)



BorlP

llows USRP 1 and computer to be separate
LAN

P BorlP

Device:

Client:

Command:

Read failures:

Short reads:

Owerrun:

Blocking errors:

Blocking waits:

Socket errors:

Short sends:

Packets received: 2154
Packets sent: 2154
Blocking sends: 2154

Maximum packet size: 65507

Send socket buffer size: 1048575

Accepted connection from 192, 168, 1. 26: 5955
Created device: 4c6%abc? with hint: 0
Connection dosed

Accepted connection from 192, 168, 1. 26:46736
Closing device...

Closed

Created device: 4c6%abc? with hint: 0




Antenna to Google Earth

Capture & Control (USRP)

BorlP

Mode S Decoder (GR)

TCP Server
Tracking (AvMap)
JSON Server

Web App

HTTP

Gateway

A 4

Web Client (Google Earth)



Presenter
Presentation Notes
Each is handled by one computer


Modez Evolution

e Goalis toincrease SNR
— Increase gain: tuned antenna

— Drop noise floor: front-end filter (GSM is nearby)
& optimal sample rate to avoid artifacts (spurs)

BASS CANNON




ighal Strength Distribution

S

e Evaluate how well decoder is doing

— Rewound —m Bad Sync 1 Terrible Sync |
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Presenter
Presentation Notes
Bell curve emerging in blue, as one would expect if it’s working properly
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SNR vs. Gain

" ¥ Make use of fixed (ground) transponders
| |
1{}2 _/ﬁmM
1[}1 -//
0
1 Noise floor
107"




Stength (raw)

Strength vs. Distance

Light blue

G‘reen-:. Corrected

Grey: No EC
Black: Invalid

Red/Orange: Error

Distance (km)



Altitude vs. Distance
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ACARS

Aircraft Communication and Reporting System
‘“Text messaging’ for aircraft

Wide-reaching network
— VHF ground stations

— HF datalink

— SATCOM

Manual and automated messages between:

— Cockpit, ATC, airline ops & airport ground staff

— Avionics/engines, airline maintenance & equipment
(engine) manufactures



Time: 2011-11-15 22:42:17. 894000
Station: Home
Freguency: 131.55 MHzZ

Mode: S ([downlink, LCHN: 19)
Address: VH-0ID
AcCk: AR

[ ]
Label: H1: System and engineering data
Illll Block:
Message #: C15A

Flight ID: QFoO21
#CFE,/BLVEBOCR..

A RPT20 PG1L L-APU REAL

e |istenin g to E ULLOID ISNOVIL 1142 QFA21  YSSY/RJAA 685-2270-011 RR-508 ES
orimary &
secondary
frequencies DTS e ot ziezias.aione

Freguency: 121.55 MHz

OFF 100
OM ON 2286 226

@ e R
=)
M
il
=
o
[EN]

Mode: s (uplink, LCN: 19)

Address: AG-ECV

Ack: 7

L?bel: _=<DEL>: General Response (Demand Mode)
Bloc

DeCOded Time: 2011-11-15 22:42:22.2032000
) station: Home

Freguency: 121.55 MHz

- Mode: S (downlink, LCHN: 19)
Com | ne Address:  VH-0ID
) Ack: MAK
Label: H1: System and engineering data

L Block:
—| |e Message #: C15E
Flight ID: QF0021

#CFE MNORM 14.1

B OFEN 20
serve S o ks

10 ON 202
11 MES 32 32
12 NORM 7O 7O
12 OPEM 53 &3
14 102
15 294 &1 o
16 2266 CHG 2

17 17e0D 27
18 15M0WIY 131:42:13




xlate fine: |0
xlate coarse: | 20k

xlate_bw: | Bk

Main | PLL | AGC | Xlate | BB | Lewels

Acars Gui

FFT Plot

Amplitude (dB)
=

A

AM ACARS burst

-40

-30

-20

-10 0 10

Frequency (kHz)

20

30

40

Trace Options
Peak Hold

¥| Average
Avg Alpha: 0.0631

Persistence

Trace A  Store

Trace B Store

Axis Options
dB/Diw: + -
Ref Lewvel: +| -
Autoscale
Stop

am_bwe: | Sk
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© 2012 Cnes/Spot Image

Data SI0, NOAA, U.S. Navy, N)('iﬁf Googleea rt

© 2012 WherelsGLSenqis Pt Terms of Use
34°29'03.65" 3 150°06'26.16" E_Tplev Om Eye alt 90.15 km o




Examples

Time: 2011-11-16 09:12:24.073000
Station: Home

Frequency: 131.55 MHz

Mode: S (uplink, LCN: 19)
Address: 9M-MPO

Ack: NAK

Label : 31: Airline Defined Message
Block: W

ILET CC1-INOP
-31 DEFG-CARPET FLOOR




Examples

Time: 2011-11-16 09:49:00.255000

Station: Home

Frequency: 131.45 MHz

Mode: 2 (either)

Address: VN-A375

Ack: NAK

Label : H1: System and engineering data (downlink)
Block: 4

Message #: C12A

Flight I1D: VNO773

#CFB.1/MPF/ANVN-A375/FIHVN773
/DM111115224900N0V1514042244PFR1/DAVVTS/DSYSSY/FR383141VSC
i1,,,,,,,LAV 37,HARD,140505;237346CIDS1 1,,,,,,,DEU A
(200RH2) ,HARD, 140505;383141VSC 1,,,,,,,LAV 53,HARD,174906;




Examples

Time: 2011-11-16 09:49:06.844000

Station: Home

Frequency: 131.45 MHz

Mode: 2 (either)

Address: VN-A375

Ack: NAK

Label: H1: System and engineering data (downlink)
Block: )

Message #: C12B

Flight I1D: VNO773

#CFB383141VSC 1,,,,,,,LAV 61,HARD,202806;344137WXR2
1,,,,,,,WXR MOUNTING TRAY (5SQ), INTERMITTENT,203506,EOR
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. http://maps.spench.net/aviation/
Google earth

J Terms of Use
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— mesea,, | Welcome to Aviation Mapper

4{14/2012 af15/2012

Click here for info, feedback and to share - if you like this, let me know.

I need to find a new receiver site near the alrpnrr ASAP - please help!

BRI - 22 AR ST http://maps.spench.net/aviation/
ModeS: Terminated
ACARS: OK

McIniE g MONIC

International &
cross-country
flight paths
sent as flight plans
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ast Change | wertical Sta... | Mentity | Transponder | Altitude | Rate | Position | Speed | Heading | Distance | =
/04 2013 221045 PM Airborne CRags2 32 00 704 3307155202 N, 11872205, 151 5w 15157 ks 2630365 509,42 km
/042013 2:23:10 PM Airborne
504/ 2013 2:24:00 PM Airborne 1320 1225
504/ 2013 217:18 PM Airborne
504/ 2013 2 24:03 PM Airborne 4626
504/ 2013 221:15 PM Airborne 7950

|D|£| PPM Airborne HTTH 2875

PPM Airborne 22450
| PM Airborne 32000 515,85 km
FM Un kncwen TEST124

i PM dirkerne 17075 AR 23040 GO T TR 26 OO0 Y A 45 ke OR RO Gl £3 kmn

I =0l x|

™ centre ™ cul
I~ 1Fr ™ User
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f ¥ahoo Hybrid |
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Map zoom: 3
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-118 ZRETMO21875

Mouse:
33, 3803655567537
-115.05505] 3RG54

Click:
33ATITRITEIA
- 118,351 AH0S4ERE

Save Image... |

14d

14d

{35213911

Decoder | 130/251  Aviation State|24,|'48 Lu:uad|89.8°.-"o Request Cache | #0 0.0f5 (Hit 0.0%) _Time | 2:24:09 PM




" R&F‘l—;na ’ . % £ : i ;
2 o, % :
!“E:‘;\,W e l"CCA“)\\r ' 3' n;'_'.-'g'.{
: '4- Y I

X It CSC86¢3U8543 lcCA¢51

.

3 / 3 [. Taiwan
1HCI0931\{

meG@mz

o ket Bangladeahy -8 et e i Ma%”“”ﬂ ieng
_ . e LN 5. j Bangla €3 g b ' '
Y\: . IG0245 Q’tGD343UPUDZ1} . R i e o
1G031E : ' Fa o e s : :
7 )fxﬁ% 4 lG@D41 ?“Myanmar-qﬁurma} B ﬂl} 2 LN
Indla‘z. {' g‘é . k L O .
a\ 5 ‘r-{( ?rﬂ * I e L {\ Philipprgﬁ?nrfﬂﬂ
‘-;GGZEE |GG3?I?FI"IJ \6E0275

A
\'\ N6E0339 / | OMA811
0276

IGD43 >

Warland.ﬂ'

Bang kok

Vistn ”1 VJC838 - ; .*’I .

Cambadia

g US Dept of State Geographer— [

ax Phnom Penh !

\\r ¢ ﬂﬁ' & 2012 Gon'zle‘;,/ o _/? manGOﬁS (’;

f : © 2012 Tele Atlas i, & 1

o b ©2012|Mapabcicom e ; : 2 _
) \ lat 26.040498° |on 98.494735% _elev 3003 m . Eye alt=4407.20 Icl'rll/?ﬁl :



What about no ADS-B?

No position reports
Signal is high bandwidth

Multiple remote USRPs can be sync’d with
GPSDO

Perform multilateration on non-ADS-B (‘plain
old’ Mode S)

Calculate position from TDOA
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Presentation Notes
Optus Earth Station in Belrose, Sydney


Recap

e Lots of different types of satellites

e Variables:
— Purpose: comms, weather, MIL, amateur
— Payload: transponders, cameras/sensors
— Orbit: Low Earth Orbit, geostationary (geosync)
— Frequencies: uplink, downlink, beacon, command

* Two categories:
— Intelligent: communication with on-board systems
— Dumb: relay information with linear transponders



Wide-area re-broadcast

* RF megaphone (e.g. satellite TV)
e Single dish sends beam on uplink to satellite



Presenter
Presentation Notes
http://en.wikipedia.org/wiki/Transponder_%28satellite_communications%29


Wide-area re-broadcast

* RF megaphone (e.g. satellite TV)
e Single dish sends beam on uplink to satellite

e Linear transponder shifts raw RF to downlink



Presenter
Presentation Notes
http://en.wikipedia.org/wiki/Transponder_%28satellite_communications%29


Wide-area re-broadcast

RF megaphone (e.g. satellite TV)
Single dish sends beam on uplink to satellite

Linear transponder shifts raw RF to downlink
frequency, re-transmitted via spot beams

Cover any entire country



Presenter
Presentation Notes
http://en.wikipedia.org/wiki/Transponder_%28satellite_communications%29


Wide-area re-broadcast

RF megaphone (e.g. satellite TV)
Single dish sends beam on uplink to satellite

Linear transponder shifts raw RF to downlink
frequency, re-transmitted via spot beams

Cover any entire country

Linear transponders are dumb: re-broadcast
anything onto coverage area


Presenter
Presentation Notes
http://en.wikipedia.org/wiki/Transponder_%28satellite_communications%29


TT&C and UPC

Telemetry, Tracking and Command

Need to be able to send commands to satellite

— Change payload configuration
 Multiplexing
e Switch between redundant systems
e Orbit

Check on health of satellite/payload
— Beacon + telemetry

Measure affect of weather (combat rain fade)
— Uplink Power Control
— Turn up transmitter power (keep at min. = save SSS)



Optus D1

e 24 Ku band transponders
— Multiplexed spot beams service Aus and NZ
— Uplink: 14.0 -14.5 GHz
— Downlink:  12.25-12.75 GHz
— Bandwidth: 54 MHz

e Mainly TV (wideband DVB-S)
— ABC, SBS, Se7en, Nin9, SkyNZ

e Some other (narrowband) things...


Presenter
Presentation Notes
http://www.optus.com.au/dafiles/OCA/AboutOptus/NetworkCoverage/SharedStaticFiles/Documents/WS_D1_D2_Payload_2_0508.pdf
Mux’ing allows for frequency sharing


FNA Beam Coverage




D1 Channel Frequencies

2 FMAMZ e
HPOL
A 2 3 4 5 [ 7 8
10 11 12 13 14 15 16
- FNB -
g 2] [ [z [ s ] s [z
L =g -
14000 " FNZB T 14500
Tranzlation Frequency = 1748 MHz
12250 12750
~ FNAN -
- (FNA) {:- -'-'a (FNZA) =
2 3 4 S5 6 7 B
10 11 12 13 14 15 16
" FNB "
s |22] o] nznfaie|[ress]nens [ fizis | [reie
| es26 - F
. — FNZB »

Downlink

FS5 Australia Centre Frequencies

F35 MZ Centre Frequencies

{MHz) {MHz)

Channel Uplink Downlink Channel | Uplink Downlink
1 1402590 12281.590 NZ5 |14025.90 | 12281.90
2 1409250 12344 .50 NZ10 |14092.50 | 12344.50
3 14155.10 12407.10 MNZ11 |14155.10 | 12407.10
4 14217.70 12489.70 MNZ12 |142197.70 | 12469.70
5 14280.30 12532.30 MNZ13 |14280.30 | 12532.30
B 14342 90 12594 .50 NZ14 |14342.90 | 12594 90
7 1440550 12657.50 NZ15 |14405.50 | 12657.50
] 14468.10 12720.10 NZ16 | 14468.10 | 12720.10
9 1402590 12281.90
10 140592 50 12344 50
11 1415510 12407.10
12 14217.70 12469.70
13 14280.30 12532.30
14 14342 90 1259450
15 1440550 12657.50

12243.25
1224525
1224325
12749.50



Presenter
Presentation Notes
CMD: Telecommand
TLM: Telemetry
UPC: Uplink Power Control (constant power downlink)


~ Optus Earth Station
~ -\HBeIrose, Sydney



Presenter
Presentation Notes
http://m.zdnet.com.au/optus-satellite-facility-tour-photos-339318475.htm


# gl reicnsites [ 120 BT
[Feeanack]|

e

‘1

.

vy

W

M Description Optus Earth Station, Challenger Drive, BELROSE
. Address Belrose NSW 2083

Pasition -33.7173419166118, 151.211467206693

next > |ast >

Em Des Clignt

2EMOGTW 2GIS Pty Limited

2EMOGTW 2GIS Pty Limited

DIGITAL DISTRIBUTION AUSTRALIA PTY
LIMITED

2ZEMOGTW

DIGITAL DISTRIBUTION AUSTRALIA PTY
LIMITED

ZEMOGTW

DIGITAL DISTRIBUTION AUSTRALIA PTY
LIMITED

2BMOFTW

DIGITAL DISTRIBUTION AUSTRALIA PTY
LIMITED

2BMOFTW

A0MODTW Faoxtel Management Pty Limited

A0MODTW Foutel Management Pty Limited

A0MODTW Foutel Management Pty Limited

A0MODTW Foutel Management Pty Limited
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Presentation Notes
List of terrestrial microwave links at satellite ground station on RFMap: http://maps.spench.net/rf/#pos=-33.7169285,151.2114029&zoom=18&type=hybrid&auto_fetch=true&clustering=true&cluster_level=17&site=6965
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Presenter
Presentation Notes
http://www.comtechefdata.com/files/manuals/legacy_product_pdfs/radyne/dmd15-manual.pdf


DRIVE ENABLL

“ Antenna Control System [



Presenter
Presentation Notes
General Dynamics SATCOM (Vertex RSI)


What you need

Dish + LNB + power injector + USRP + GNU Radio

(set-top box with LNB-thru)



Presenter
Presentation Notes
http://en.wikipedia.org/wiki/Low-noise_block_downconverter


Low Noise Block down-converter

Subtract 11.3 GHz from downlink frequency: 950 - 1450 MHz


Presenter
Presentation Notes
12.25-12.75 GHz
Subtract 11.3 GHz: 950-1450 MHz
60 dB conversion gain
LO stability: ±5 kHz to ±2 kHz
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ThalesAlenia
e rereeeneis SPACE

Applications

+ Satellite TC&R subsystems
+ Telemetry and ranging transmission
and modulation

Main features

Ku Band

+ Compatble with most of bus interfaces
(command & telemetry formats)

+ Power supplies 22 to 100V

+ High power output, 8W EOL, 10W BOL
(through SSPA)

+ Flight Proven design

+ Modulation Index selection

» By Command

» Automatic according to modulating
tones number

-

Technologies

+ Microwave Integrated Circuit
+ Surface Mount Printed Circuit Board
+  Thick Film Hybrid

Background

AMC 14 - AMC 15 - AMC 16
BSAT2A-BSAT2B
BSAT2C

BSAT3A
ECHOSTAR 10
ECHOSTAR 7

GE 2A (NIMIQ2)
HORIZON 2

JCSAT 10

JCSAT 11

JCSATS

NEWSKIES 6

OPTUS D1
OPTUS D2

RAINBOW
Thor2

Technical Description

+ The unit consists of two modules:
*  MPLL module
Baseplate module

I A T T T N ]

Ku Band High Power TM
Transmitters

The baseplate module houses the DC/DC converter
board, which supplies the power voltages to the RF
section, and the telemetry interface board, and the
Solid State Power Amplifier (SSPA).

The MPLL module includes all the microwave and
RF circuitry to generate and modulate the Ku-band
carmer. The modulation inputs interface s
implemented on the Telemetry Interface board that
is usually tailored on customer's requirements

The reference crystal oscillator generates a
frequency at about 100 MHz, depending on the
exact transmitter frequency. The design i1s based
upon a grounded-base configuration with an AT-cut
quartz crystal resonator, oscillating In overtone
mode. An analog thermal compensation network is
implemented.

Modulation indices may be selected by commands
or, as option, automatic selection may be
implemented. In this case a specfic circuit keeps
constant the total power of the modulation signal in
presence of one, two or three input signals, in
whatever combination

The signal level emerging from the loop is about
+10dBm. The following medium power Ku-band
amplifier chain provides +27 dBm power level; it
composed by three single ended stages using
Gahs FET devices. The following SSPA, delivering
8W E.OL power level, is a single ended design,
based on two power GaAs FET devices

As an option, the unit can be equipped with an
extra, independent amplifier chain, having an output
power up to 05 W EOL. In this case the
transmitter unit can operate in two functional
modes: low power mode (0.5W), with high power
output isolated (<-30dBm) and high power mode
(BW), with low power output isolated (-15dBm)

Ku Band High Power Telemetry Transmitter Block Diagram

REF.OSC.

POWER AMPLIFIER CHAIN

[©

1

Dual
Freq
Opt.

Main Performances

Qutput Freguency

10.7 - 127 GHz

Frequency Stability

£ 10 ppm  Std Stability Opt
+ 5 ppm_ High Stability Opt

OQutput Power Level
Extra Output

=27 dBm EQL Dual Power Opt

=385 dbm (7W) EOL, up to 40dBm (10W) BOL (25C)

Output Phase Noise < 4 degre 10 Hz to 1 MHz
PM modulation index Upto 2.4 radpk
od.Index Selection By command
Automatic according to mod_tones number
Modulation Linearity +3%
Modulation Op.Mode TM1, TM2, RNG1, RNG2, RNGS + TMs
DC/DC converter BRITIV — 22143V
{16Vpp max in the range for best efficiency)
Command Interface HLC
Qualification Temp. Range -25 1465 °C

Mass, Dimensions and Consumption

DC Power Consumption

High power mode <BEW
Low power mode <18W (Dual Power Opt)

Mass Properties

<2kg

QOutline Dimensions

250 x 130 x 80 mm
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From ThalesAlenia TTC/TM beacon PDF brochure


D1 TLM1: 12243.25 MHz

-36

B Mw* Constant carrier power*

. —

B TLM sidebands
Constant

= sub-carrier

. P

94345(

Beacon with Phase Modulation™ (PM): 1PPS and two telemetry streams (sidebands)
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Presentation Notes
Mirrored sidebands due to Phase Modulation
Constant carrier power useful for determining downlink signal strength


Visualisation
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Presentation Notes
Highlighted areas are integers (i.e. their binary bits) being incremented on each successive scan line of data


EX baudline <Fl= FFT=4096 sample_rate= 2300000 Hz=1X timebase= 31X
Ldead

-&?'##."ET« R INTE 5.2 A

FE0EE, 8 Hz 136,00 dB

= ) 4 B a b o o . Al s " L e S A I_1-|I Y A -‘-I1r|_,1'-' a f e '.a.l".- |
= I\4|,l.lllhf;;;“l,;ﬂéi|’-lrM'|,\H{'llﬁ;|f'i‘f'I'I*h';'.-w PN W Y e .']r#HF1ﬁﬁlﬁﬂWIﬁr.\fr5\ﬁ-J1' ?'"t"tlr?w"n"'h w,ﬂ....ﬂ,r.r,]ir‘-lr Iy o o -'i'l.,-‘q_al.-’ |,I””|F"!r drbirgy “Mr Pehady
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Zooming in on the two telemetry sidebands
http://www.baudline.com/


BB | Scope | Demod | Pow | Cyclo

FAC | # | Quad

Mag

Test

Symbol rate (fine): |IZI

sym_rate_coarse: | o

Symbeol rate: | 9600

Quadrature
[}
]

=1
un

0
Inphase

Marker:

Dot Medium

s
L
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Constellation plot of one of the sidebands


PSK Debug Output

8,888 |

8,686

8.884

8.062

-8,882

"/nnt{l(rur;p{npsk_freq.txt“ +

-8.0084 "
a

1806680

200600

300600

480600

500600

600600

700000

800000

90001

8,12

-8.82

-8.84

-8.86

+"Hnnthrunﬁfnpsk_phase.txt“ +
Fa

-8.e88 "
a 1808868

200088

308008

488008

izl

Go8008

7088600

pifclils i)

98681
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Phase/frequency correction of PSK receiver in GNU Radio
http://wiki.spench.net/wiki/GNU_Radio_Patches#gr_mpsk_receiver_cc-debug


Data Streams

e All sorts of continuous streams of varying
bandwidth

e Streams created by manipulating raw data to
optimise for transmission over long distance

e Receiver must be able to lock on and decode

Jul"f'llr"u'.”4h‘a‘p\-4|,
i |

|| l,J\,f.,‘u'.\w;,.\'qul..l..l
[ '|1|

) !
W "‘.'i\lflllﬂ'r|"‘l|‘|.,.ﬂ‘|JH IIr ‘| lll,.,_ "’fll““J\*ﬂ"r"Mn"h
{ |

R TTTN —.
T Pty WAL,

ﬂﬂk st i | 'y,
W l|IF

ST "‘ 7 L, Y
Ll \"I L"I“,\,{""Il [ L L.f.‘I,-.‘ll"-ﬁln\lﬂlw'l.l"‘r' lli‘,ﬁ‘r*lln,u
' L

Wiy
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Spectrum shows multiple downlink streams of equal bandwidth but different power (uplinks might be from different locations, hence varying power once reaching the transponder)


odulation: pick your parameters

nultiple data streams,
sert

Encode changes in data
(receiver can be non-coherent)

suitable fc

Transmitte

Create sig

Multiplexer »

Differential

J18u8Au02dn 0}
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http://en.wikipedia.org/wiki/File:Satellite_modem_block_diagram.png


H— Demulliplexer = Descrambler

Demodulation: easy when you know

What is the modulation?
Symbol rate? Require coherence?
What is the phase difference?

Are there multiple streams?
How are they multiplexed?

Is it differential, or

what defines a 0/1?

Need to conjugate complex plane?

— e —— — — — — — — — — — — — o — ———— 1 — — — — — — i — ———— — — — — — o — — — — o ——— ——— — — —

Heceiver

Differential
decoder

FEC
decoder

Lemoadulalor

Possible to determine if it is scrambled

(calculate stats), but what is the scrambler?

Is it additive or multiplicative?
How is it synchronised?

Which FEC(s) is used?

Is it a concatenated code?

What is the code rate?
What is the block size?
How is it synchronised?

JgraA I_.'l;_"i';J.'..'M{':III'_:I lnf]l:_'iu'_,l'
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Downconverter is LNB
Analog tract is USRP
Frequencies are known through scanning/reference
http://www.homestarrunner.com/main21.html


If you don’t know...

 Try the most common/default options (RTFMM):
— Modulation: Phase Shift Keying (BPSK, QPSK)
— Convolutional code: NASA, K=7 (Voyager Probe)
— Scrambler: IESS-803 (Intelsat Business Service)

e Still need to try each combination of:
— Differ(_ential decoding, synchronisation offset, symbol
mapping
 Best option is to try every permutation
automatically
e Assuming decent SNR, low Bit Error Rate is an
indicator you’re heading the right way!


Presenter
Presentation Notes
RTF Modem Manual
http://www.1-core.com/library/comm/viterbi/
http://en.wikipedia.org/wiki/Intelsat


Aside: PSK, Symbols & Bits

e PSK uses changes in phase of a signal (carrier) to
convey data

e Demodulator detects phase changes and outputs
symbols

 Order of PSK determines # bits in 1 symbol
— Many bits/symbol thanks to imaginary numbers (1/Q)

e Raw bit rate = symbol rate x (# bits/symbol)

— Binary PSK (BPSK): 1 bit/symbol

— Quaternary PSK (QPSK): 2 bits/symbol

— 8PSK: 3 bits/symbol, etc...

1 0 0 1

AV VA VA VNNV
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Presentation Notes
Order is 2^(bits/symbol)
http://en.wikipedia.org/wiki/Phase-shift_keying


Determining modulation & rate

e Assuming PSK, easy to determine:
— Modulation order: multiply the signal by itself

— Symbol rate: multiply the signal by a lagged
version of itself (cyclostationary analysis)

* Only a few GR blocks required do this

hd T T— - ",
WS R e & L“r,#“.v-- s - oy -.,.<k1l‘.4J" ||"4r¢|'l~‘hir}lj!.~qﬁ'h'l‘\1’\"1||If\,‘iu.J|
| 1
~J1|||f.‘., LS = gl
e "'I"‘\\.'._."ﬁ‘. ! “I,q;'.'?"..-Ifl'\ir‘ll‘"‘f“i“\lli‘lll"JJ‘I

ol

r""lJ Iy s
! "‘I"‘U;.‘ ,Jf'l""l
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Spectrum shows downlinks of various bandwidths


Let’s try one...

958550 958600

e e g
aiil

i e
IR

BT b

 Feed entire baseband spectrum into GR

e Perform ‘channel selection’ to isolate stream of interest
(Create neW baseband Frequency Xlating FIR Filter
centred on stream) Decimation: 10

Taps: firdes.low_pass(1, s...
Center Frequency: 0

Sample Rate: 1M
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Presentation Notes
Eleven narrowband downlinks and one broad(er)band one


Determine PSK order

Variable Slider
1D: exponent_0
Label: Exponent
Default Value: 2
Minimum: 0
Maximum: 100
Converter: Integer

e Startat 2 and go up
e Stop when spike appears

FFT Sink
Title: Pow
Sample Rate: 32k
Baseband Freq: 0
Y per Div: 10 dB
Y Divs: 10
Ref Level (dB): 50
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 30
Average Alpha: 66.7m

Exponent: § 2
= 1 |
Pﬂ'w - Trace Options
120 [ ] PeakHold
110 Awerage
100 Avg Alpha: 0.0667
I 1 11 [ 1
m 90 —
'E [ ] Trace A | Store
T B0 .
Ti B |5t
'g 70 race ore
&
o 60 Axis Options
.:E; 50 dB/Div: +
40 Ref Level: +
30 Autoscale
20
-100 -B0 -60 -40 -20 0 20 40 60 80 100
Stop

Frequency (kHz)
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Presentation Notes
Also good for automatic fine tuning (AFC) of PSK signals: adjust frequency shift until middle peak aligns with centre of spectrum (0 Hz)


Determine PSK order

e Start at 2 and go up
e Stop when spike appears

Variable Slider
1D: exponent_0
Label: Exponent
Default Value: 2
Minimum: 0
Maximum: 100
Converter: Integer

Power
Exponent: 2

FFT Sink
Title: Pow
Sample Rate: 32k
Baseband Freq: 0
Y per Div: 10 dB
Y Divs: 10
Ref Level (dB): 50
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 30
Average Alpha: 66.7m

Exponent: § 4
1 \
ow Trace Options
210 [ | Peak Hold
200 N QPSK: 2 bits/symbol Average
190 Aug Alpha: 0.0667
T
m 180 ‘1’
% [ ] Trace A | Store
< 170 -
Ti B |5t
-g 16{] race ore
-
‘o 150 Axis Options
-cEl 140 dB/Div: +
130 Ref Level: ¥
120 Autoscale
110
-100 -B0 -60 -40 -20 0 20 40 60 B0 10C
Stop

Frequency (kHz)
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Presentation Notes
Also good for automatic fine tuning (AFC) of PSK signals: adjust frequency shift until middle peak aligns with centre of spectrum (0 Hz)


Determine Symbol Rate

FFT Sink
Title: Baud
Sample Rate: 32k
Baseband Freq: 0

Ref Level (dB): 50
Ref Scale (p2p): 2

FFT Size: 2.048k
Refresh Rate: 30
Complex to Mag |out Average Alpha: 50m

Delay: 1

\—j Complex Conjugate

* Find first peak ]

MNominal samples per symbaol: | 2

=]

Ba Ud - Trace Options
Ty [ ] PeakHold

80 Auerage
70 <«— 9.6 kHz = 9600 symbols/sec rafme A

[ ] Trace A | Store

[] Trace B | Store

Axis Options
dB/ D +

Amplitude (dB)

Ref Level: +

Autoscale

0 10 20 30 40 50 60 70 80 a0 10C
Frequency (kHz) Stop
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Simple implementation of cyclostationary analysis (to find periodicity of symbols within modulated baseband signal): multiply the original signal by the lagged (and complex conjugated) version of itself, and find the first major peak


O
LL]
LL
od
C
O
o
(qu)
e
C
O
S
(o
O
C
>
n
>
S
—

;
A
3
0

Matri

@ 2 23 O3 O ae O e O o2Er O 3y (O oser (O e

[

[[] Delay Viterbi

Puncture Delay: [u

Stop

~Channel Options———————————

|

Error Rate

Locooooaolk

.- - - - - - - r--- - - - -"r-- - - - - -"r-- - - - --r- - - - -~ -~ " r--"-" - " -~ " - " -“" -~ -~ " “"1-"7

28.672k| -~

24.576k| -~

12.288k |

s3Unoy

4.006k}|----r-------

I]_____

1.71667 1.73333 1.75 1.76667
Time (s)

1.7

l.e6667 1.68333

1.65

ne Offset: [u

()0 (e 90 () 180 () 270

] [invert|

[] Conjugate
Phase shift:
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Error rate derived from Viterbi path cost (accumulated for each iteration and output by CCSDS decoder block)
http://en.wikipedia.org/wiki/Viterbi_decoder
http://wiki.spench.net/wiki/GNU_Radio_Patches#gr_decode_ccsds_27_fb-viterbi


Swap Viterbi

Try synchronisation & FEC

Matrix
i@ml{}m[}mDsmC}mC}m*C}m*Dw{}m*

[[] Delay Viterbi

Puncture Delay: [u

(i}

Error Rate

L
we — |FECRate:% | A
#5790 | Not differential | |
20.48k| - - RS L I
2 | | No phase shift

£ 16.384k| - S Ho P T T T T b
3 N o | (depends on whenyou |

' | switch on receiver) : :
8.192k| - - rooTooos r - : : : - ro-o---- T
4.096k| - - ;— ——————— ;— ——————— Er ——————— Eri ----- 15- ------- 15. _______ 15. _______ .E,___

YU S S U | S NS S S

1.65 l.66667 1.68333 1.7

Time (s)

1.71667 1.73333

1.75 1.76667

~Awes Option
Secs/Div: E]
Counts/Div: E]
T Offset:

Chl | Trig
Coupling: | DC =
-

Stop
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Error rate derived from Viterbi path cost (accumulated for each iteration and output by CCSDS decoder block)
http://en.wikipedia.org/wiki/Viterbi_decoder
http://wiki.spench.net/wiki/GNU_Radio_Patches#gr_decode_ccsds_27_fb-viterbi


GLFSR Source s [in] Encode ccsDs 27 [out] Unpacked to Packed
m Bits per Chunk: 1 Puncture i Noise Source
S in out in | Bits per Chunk: 1 [out] . )
gree: Endianness: M5B Matrix: 1, 1 e Noise Type: Gaussian
Repeat: Yes out ) Amplitude: 10m
Mask: 0 EI IE Seed: 42
N E Deinterleave Interleave @ DPSK Mod — e
Seed: 1 = Throttle El EI II Type: DOPSK
E— n :
Sample Rate: 100k
= e : Samples/Symbol: 10 |
out Scope Sink in | Excess BW: 350m ——
Complex To Float | E Title: Scope Plot E Char To Float El Gray Code: Yes - Add
EI Sample Rate: 10k E Scope Sink Differential Encode: No
IE V Scale: 500m IE Char To Float El Title: Scope Plot Verbose: On
‘ XY Mode: On in | Sample Rate: 100k
Complex to Real El in I IE - DPSK2 Mod
Interleave [out] i ;""t‘;:;'_’*z [out] Type: DBPSK
Variable in ns " IE Samples/Symbeol: 10 - FFT Sink
1D: bits_per_sym | Excess BW: 350m Title: FFT Plot
Value: 2 DPSK Demod Root Raised Cosine Filter Gray Code: Yes Sample Rate: 100k
Type: DEPSK Decimation: 1 Verbose: On Baseband Freq: 0
Variable Samples/Symbol: 10 Gain: 1 o ¥ per Div: 10 dB
L| ID: baud Excess BW: 350m H Sample Rate: 100k -—l | ¥ Divs: 10
Value: 10k - Costas Alpha: 175m EI Symbel Rate: 10k ﬂ Complex Conjugate h—l Ref Level (dB): 50
Variable Gain Mu: 175m Alpha: 350m Ref Scale (p2p): 2
Mu: 500m Num Taps: 112 [ FFT Size: 1.024k
1D: samp_rate Selector -
Value: 100k o LT T MPSK Receiver Input Index: 0 Refresh Rate: 30
Gray Code: Yes M: 4 Qutput Index: 0 ]
B Constellation Sink
Variable Theta: 0
ID: samp_per sym ) Title: Constellation Plot
2 samp_per Alpha: 175m Multiply Const Sample Rate: 100k
Value: 10 Multiply Const Beta: 7.65625m Constant: 707Tm+707mj Frame Rate: 15
Variable Check Box —[in] Constant: 1 B = e [out] Constellation Size: 2.048k
1D: invert Max Freq: 60m Multiply Const M: 2
e Mu: 500m Constant: 1j -
LB —| Variable Delay I (TR T (] Theta: 0
Default Value: 1 in Delay: 0 o - - Variable Check Box Alpha: 5m
. : mega: i
True: -1 . ID: select_coni Max Freq: 60m
False: 1 Gain Omega: 2.5m — Mu: 500m
se —— Omega Relative Limit: 5m LR Cain Mu: 5
in epuncture ot Default Value: 0 n Fu: om
Variable Slider Matrix: 1, 1 Repeat True: 1 Symbol Rate: 10k
:-::l:ljj'la\i'j,rii:rtt:r;lela‘;r Interpolation: 10 - False: 0 Omega Limit: 5m
. . — Variable Delay
Default Value: 0 L’E — out Add Const El Scope Sink Variable Chooser Constellation Sink
Minimum: 0 Constant: -4.096k Title: Scope Plot ID: phase_mult Title: MPSK
Maximum: 1 Sample Rate: 100k Label: Phase shift Sample Rate: 10k
Converter: Integer Swap Multiply Const El Default Value: 1j Frame Rate: 15
in out Constant: -1 : i -1, -1 Constellation Size: 2.048k
Variable Slider Swap: False Choices: 1, 1j, -1, -1j _—

Labels: 0, 90, 180, 270

1D: noise Single Pole IIR Filter .
: Theta: 0
Label: Noise o Alpha: 10m ot U iR - R
Default Value: 10m | L jw[in| Decode CCSDS 27 PE—— Max Freq: 60m
Minimum: 0 metric —— P Mu: 500m
Maximum: 1 — Title: Scope Plot :
malled to Unpacked sample Rate: 6.25k Gain Mu: 5m

Converter: Float Number Sink

[m]
[m]
I T

Symbol Rate: 10k

Note Bits per Chunk: 1 out V Scale: 100 Title: Number Plot
- Omega Limit: 5i
Variable Slider || Note: Poly A/B...ersed in FEC Endianness: M58 P e | Error Rate Units: Units e
1D: delay T Type: Symbol Error Rate |out Sam :
E ple Rate: 100k Scope Sink
Label: Delay Note ,_:E L= 0l Jout] - [iif| Window Size: 1k Min Value: 0 Title: Scope Plot
Default Value: 52 Mote: SER Dela...3(w/o scope) Delay: 82 N . )
in | Max Value: 1 - Sample Rate: 10k

Minimum: 0 . )
Maximum: 200 Variable Slider Variable Chooser Variable Chooser Variable Ch Factor: 1 V Scale: 500m

. ID: delay_puncture Variable Check Box | ID: puncture matrix I1D: puncture_matrix ID: puncture_matris_out Variable Check Box Decimal Places: 10 XY Mode: On
Converter: Integer = ~ - - - Reference Level: 0

Label: Puncture Delay
Default Value: 0
Minimum: 0
Maximum: 14
Converter: Integer

1D: delay_viterbi
Label: Delay Viterbi
Default Value: 0
True: 1

False: 0

Label: Matrix
Default Value: 1, 1

Labels: ['1/2','2/3".'3/4"...
Type: Radic Buttons

Cheices: [[1.1], [1.1.01]...

Label: Matrix

Default Value: 1,1, 1.0

Choices: [1, 1]...., 0, 0, 1]
Labels: 1,2, 2/..4, 5/6, 7/8
Type: Drop Down

Label: Matrix Out
Default Value: 1, 1,0, 1

Cheices: [[1.1], [1,1.0.1]...

Labels: ['1/2''2/3".'3/4"...
Type: Drop Down

1D: swap_viterbi
Label: Swap Viterbi
Default Value: False
True: True

False: False

Number Rate: 15
Show Gauge: Show
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GLFSR is test data source that is modulated
Blocks in red rectangles enable various operations on ‘received’ symbols


Find Precise Symbol Rate

Gnuplot (window id : 0)

i
I
+
x

b ggEe@aQ »°?
_I_ T R T
i "mpsk_fft-combined.txt" using 1:2 ——
4e+06 ”mpsk_fft—comb!ned.txt” us!ng 1:3 —— |
"mpsk_fft-combined.txt" using 1:4 ——
"mpsk_fft-combined.txt" using 1:5 —=—
"mpsk_fft-combined.txt" using 1:6
3.5e+06 =
3e+06 -
2.5e+06 =
2e+06 ‘E. =
%
G%
1.5e+06 |- #\ =
le+06 =
500000 -
0 | |

91745 91750

91750.0, 4.11763e+06
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Presentation Notes
Begin with simple cyclostationary analysis step as in previous ‘Determine Symbol Rate’ slide, however pass multiplied signal into an FFT block with large size (512K).
Write continuous frequency-domain data output by FFT block to file, and plot a handful of those FFTs on top of one-another for high-resolution determination of signal baud rate.
‘Roll off’ from peak at 91750 due to application of windowing function by FFT block.


optiof , UDP Seurce e Variable |  Variable Variable Variable FFT Sink
] IP Address: 0.0.0.0 Num Items: 2 ID: decim | 1D: xlate_decim | ID: baseband rate | 1D: re_over Title:
Port: 1234k o] Value: 64 | Value: 25 Value: 40k Sample Rate: 40k
Variable || Pavioad Size: 16.384k IShort To Complex Freq: 0
1D: a0c_rate Variable P
Vatuo: B4 ID: pre_baseband rate Y Divs: 10
Value: 40k Ref Level (dB): 50
Variable XMLRPC Server Ref Scale (p2p): 2
1D: samp_rate s hnn Wav File Source  [out]—m{li| FFT Size: 1.024k
Value: 1M LEEES File: .. 203Z_17908kHz_RFwav Float To Complex ot Refresh Rate: 30
Repeat: Yes EF)E nstant Average Alpha: 66.7m
Variable Static Text

1D: pre_baseband_rate
Label: BB Rate
Default Value: 40k
Converter: Float

Variable Slider
1D: xlate offset fine
Label: Fine Offset
Default Value: 0
Minimum: -10k
Maximum: 10k
Converter: Float

Notebook
1D: main_notebook

Tab Orientation: Top
Labels: ['BE', 'Scope’, ‘D

Variable Config
1D: config xlate offset
Default Value: 0

Type: Float

Config File: .grc_sat_source
Section: main

Option: xlate offset
WriteBack: 0

Variable Config
1D: config xlate_bandvidth
Default Value: 40k
Type: Float
Config File: .orc_sat_source
Section: main
Option: xlate_bandwidth
WriteBack: 40k

Frequency Xlating FIR Filter
Decimation: 25

Taps: firdes.low_pass(L, s
Center Frequency: 0

Sample Rate: 1M

Throttle
Sample Rate: 1M

Variable Variable
ID: re_pre baseband rate | 1D: re_pre baseband rate
Value: 320k Value:

Rational Resampler
Decimation: 40k
Interpolation: 320k
Taps:

Fractional BW: 0

ﬁ

Polyphase Resampler
Resample Rate:

Taps:

Size (# phases): 32

main_notebook, 0

Probe Rate: 10

Probe MPSK SNR

Number Sink
Title: Number Plot
Units: Units
Sample Rate: 1M
Min Value: -100
Max Value: 100

Scope S
Title: Scope Plot

Sample Rate: 4k
Notebook: main_

Factor: 1
Decimal Places: 10
Reference Level: 0
Number Rate: 15

Show Gauge: Show

ink

notebook, &

Waterfall Sink
Title:

Sample Rate: 40k
Baseband Freq:
Dynamic Range: 100
Reference Level: 50

Ref Scale (p2p): 2

FFT Size: 1.024k

FFT Rate: 25

Window Size: 640, 520
Notebook: main_notebook, 9

rtual Source
bb

Stream

Virtual Sink

Scope Sink
Title: Scope Plot

Sample Rate: 40k

V Scale: 10

T Scale: Im

Notebook: main notebook, 1

Notebook: main_notebook, &

Variable Slider
ID: eye_samp_per_sym
Label: Samples per symbol
Default Value: 20
Minimum: 1

Maximu
Canvertes

Notebook: main_notebook, 2

Variable Slider
1D: eye_num_plots

Label: Num plots

Default Value: 100
Minimum: 1

Maximum: 100

Converter: Integer
Notebook: main_notebook, 2

Root Raised Cosine Filter

PLL Carrier Tracking
Alpha: 100m

Beta: 100m

Max Freq: 500m

Min Freq: 100m

i Complex to Arg [oi]

Stream ID: cyclo_input

Virtual Source
Stream ID: re_bb

‘ Complex to Arg _

Variable
ID: fit_size
Value: 458.752k

Title: Fast AutoCorrelation
Sample Rate: 40k

Null Sink
Vec Length: 458.752k

FFT
FFT Size: 458.752k
Forward/Reverse: Forward
Window:

] Stream to Vector o]
Num Items: 458.752k

File Sink
File: jmnt/Krumpjmpsk_fft dat
Vec Length: 458.752k

Variable Slider

Virtual Source

Multiply Const

Variable Slider
ID: D

Freq: 0
Size: 32.768k

Rate: 15

¥ per Div: 10 8

Ref Level (dB): 50
Notebook: main_notebook, 5

Fast AutoCorrelation Sink

Scope Sink
Title: Scope Plot
Sample Rate: 40k
XY Mode: On
Window Size: 500, 500

Notebook: main_notebook, 11

Quadrature Demod

Gain: 2

Differential Phaso!

Scope Sink
Title: Arg
Sample Rate: 40k

Stream ID: cyclo_input

Gain: 1

Eye Diagram
Title: Eye Diagram
Sample Rate: 40k

E Sample Rate: 40k E Samples per symbol: e...c_sym
Symbol Rate: 64k ye num_piots.
Alpha: 350m : 20
Num Taps: 2 EbooK,

File Sink

File: ..ump/beacon-arg.cfile

Root Raised Cosine Filter
Decimation: 1

Gain: 1

Sample Rate: 40k

Symbol Rate: 19.2k

Alpha: 350m

Scope Sink
Title: Arg

Sample Rate: 40k

V Scale: 1

T Scale: Im

Netebook: main_notebook, 7

Sample Rate: 40k

e i Variable | Netebook: main_notebook, 7
1D: test_decim
Rational Value: 20 FFT Sink
Decimation: 20 Title: FFT Plot
[in] interpolation: 1 o] Sample Rate: 2k
Taps: Baseband Freq: 0
Fractional BW: 0 ¥ per Div: 108

Waterfall Sink
Title:

Sample Rate: 2k
Freq: 0

Virtual Sink

Notebook: main_notebook, 7

¥ per Div: 1
¥ Divs: 10

Maximum: 25k
Converter: Integer

Baseband Freq: 0

[=] Phase Mod Reference Level: 50
FFT Sink Sensitivity. Ref Scale (p2p): 2
Title: FFT Plot FFT Size: 256
Sample Rate: 40k S Ll FFT Rate: 25

0dB

Dynamic Range: 100

E

Notebook: main_notebook, 7

main notebook, 4

Variable Slider
1D: xlate_decim _index
Label: Xiate Decim

Variable
Virtual Source 1D: pow_decim
Stream ID: b Value: 1

Default Value: 0
Minimum: 0
Maximu

Power
Exponent: 2

Multiply Const
Constant: 1

Converter: Integer

Variable Text Box
1D: decim

Label: Decimation
Default Value: 64
Converter: Integer

Variable Static Tex|

Default Value: 0
Minimu
Maximum: 100

Converter: Integer
Notebook: main_notebook, 3

Variable Slider
Rational Resampler
Decimation: 1
Interpolation: 1
Taps:
Fractional BW: 0

1D: xiate decim
Label: Xlate Decim

Default Value: 2+x..m_index
Converter: Float

Feed Forward AGC

Reference:

o

Num Samples: 1.024k

FFT Sink
Title: Powr

Sample Rate: 40k
Baseband Freq: 0
¥ per Div: 10 d8

¥ Divs: 10

Ref Level (dB): 50
Ref Scale (p2p): 2
FFT Size: 4.096k
Refresh Rate: 30

m Virtual Sink
Stream ID: quad

Variable Slider
1D: quad_demod gain
Label: Quadrature Demod Gain
Default Value: 100
Minimum: 1
Maximum: 1k
Converter: Integer
Notebook: main_notebook, 1

FFT Sink

Fast AutoCorrelation Sink

Sample Rate: 40k
Baseband Freq: 0

Dynamic Range: 100
Reference Level: 50

Ref Scale (p2p): 2

FET Size: 512

FFT Rate: 15

Notebook: main_notebook, 7

1D: xiate bandwidth | | Stream ID: cyclo_input Label: Exponent Label: Nominal ... per symbol Ref Level (dB): 50 Title: Title: Fast AutoCorrelation
Label: Xlate BW Default Value: 2 Default Value: 2 Ref Scale (p2p): 2 Sample Rate: 40k Sample Rate: 40k
Default Value: 40k Minimum: 0 Minimum: 1 FFT Size: 4.096k Baseband Freg: 0 Baseband Freg: 0
Minimum: 5k Maximum: 100 Maximum: 64 Refresh Rate: 30 ¥ per Div: 10 dB E Size: 65.536k
e [ — ; c Integer © Integer Virtual Source Average Alpha: 66.7m ¥ Divs: 10 Rate: 15
Converter: Float Notebook: main_notebook, 3 | Netebook: main_notebook, 4 | | Stream ID: bb Notebook: main_nctebook, 7 - Ref Level (dB): 50 Y per Div: 10 dB

Ref Scale (p2p): 2 Ref Level (dB): 50
Variable Text Box FFT Sink E E FFT Size: 1.024k Notebook: main_notebook, &
ID: xlate._offset Title: Baud Complex To Float Scope Sink Refresh Rate: 30
Label: Xiate Offset Sample Rate: 40k [ | LBkl Average Alpha: 66.7m
Default Value: 0 Baseband Freq: 0 3‘5':": “:D‘D‘- = Notebook: main notebook, 6
Converter: Float ¥ per Div: 10 dB Quadrature Demod - ale:

Decimation: 1 ¥ Divs: 10 Gain: 1 B0+ scate: 2000
Variable Slider "“”_P"'“““ 1 "] Ref Level (B): 50 Notebook: main_notebook, 1 Variable Slider Variable Slider

1D: xlate_offset_coarse s Ref Scale (p2p): 2 ID: sym _rate fine 1Dz sym_rate
Labet: Coarse offset Variable Fractional BW: 0 e Complex to Mag Label: Symbol rate (fine) Label: Symbol rate
Defautt Value: 0 1D: baud decim Refresh Rate: 30 ‘_m_w‘“e'“" sink Default Value: 0 Default Value: 30.8¢
Minimum: -25k Value: 1 Complex to Mag [B| - | Average Alpha: 50m : Minimum: -500 Minimum: 1k

Maximum: 500
‘Converter: Integer
Notebook: main_notebook, 2

Maximum; 91.5k
Converter: Integer
Notebook: main_notebook, 2

Constellation Sink
Title: Constellation (M=4)
Sample Rate: 40k
Frame Rate: 15

Virtual Source
Stream ID: bb

Average Alpha: 66.7m
Notebook: main notebook, 3

FFT Sink

Wav File Sink
File: /mnt/Dagron/sat-am.wav
Sample Rate: 46k
Bits per Sample: 16

Title: FFT Plot
Sample Rate: 40k
Baseband Freq: 0

Y per Div: 1048

[if] ¥ pivs: 10

Ref Level (dB): 50

Ref Scale (p2p): 2

FFT Size: 1.024k

Refresh Rate: 30
Notebook: main_notebook, 9

AGC2

Decay Rate: 10m

Attack Rate: 100m

Eil

Scope Sink
Title: Scope Plot

Sample Rate: 45k
Notebook: main_notebook, 9

Virtual Source
Stream ID: re bb

Root Raised Cos
Decimation: 1
Gain: 1

Sample Rate: 40k
Symbol Rate: 62k
Alpha: 350m
Num Taps: 2

Constellation Size: 2.048k
M:4

Theta: 0

Alpha: 10m

Max Freg: 60m

Mu: 500m

Gain Mu: 20m

Symbol Rate: 64k

Omega Limit: 5m
Notebook: main_notebook, 2

ine Filter

Variable Slider
ID: sym_rate_coarse
Label: Symbol rate (coarss)
Default Value: 0

Parameter

1D: sym_rate

Label: Symbol rate
Value: sym_rate_slider

¥ Divs: 10
Ref Level (dB): 50

Ref Scale (p2p): 2

FFT Size: 2.048k

Refresh Rate: 30

Average Alpha: 66.7m
Notebook: main notebook, 7

Label: Symbol rate

1D: sym rate
Default Value: 64k T

<

Minimum: -5k Type: Int
Maximum: 5k
3 Variable
Notebook: main_notebook, 2 || 1D: samp_per_sym
Value: 2 Variable Static Text
Variable Text Box 1D: sym _rate
ID: sym _rate base i e Label: Symbol rate

Default Value: 64k

Integer

‘Converter: Integer

Virtual Source

FFT Sink
Title: FFT Plot
Sample Rate: 48k

AM Demod
Channel Rate: 40k
Audio Decimation: 2
Audio Pass: 4.5k
Audio Stop: 5k

Rational Resampler

Decimation: 50
Interpolation: 48 [out]
Taps:

Fractional BW: 0

Freq: 0
¥ per Div: 10 B

¥ Divs: 10

Ref Level (dB): 50

Ref Scale (p2p): 2

FFT Size: 1.024k

Refresh Rate: 31
Notebook: main_notebook,

El

main_notebook, 2

FFT Sink

Title: Baud
Sample Rate: 40k
Baseband Freg: 0
¥ per Div: 10 4B

¥ Divs: 10

Ref Level (dB): 50
Ref Scale (p2p): 2
FFT Size: 4.006k

Multiply

9

Rational Resampler

Variable ——— Average Alpha: 50m
1D: quad decim Interpolation: 1 o Notebook: main_notebook, B
Value: 1 Taps:

Fractional BW: 0

Refresh Rate: 30

Variable Slider
1D: Douad

Label: Delay

Default Value: 1

Minimum: 1

Maximum: 256

Converter: Integer
Notebook: main_notebook, 8



Presenter
Presentation Notes
Flowgraph to enable application of aforementioned blind signal analysis techniques
Area inside rectangle performs what is described in the previous slide (finding precise symbol rate)


P —| Vector to Stream Variable Variable Variable Variable FFT Sink Fast AutoCorrelation Sink Keep 1in N Import Variable Slider
Opti UDP Source in out . i P
": Q 1P Address: 0.0.0.0 |: Num Items: 2 :l ID: decim | ID: xlate_decim | I1D: baseband rate | ID: over_samp Title: FFT Plot Title: Fast AutoCorrelation IE N: 4 El Import: baz ID: sym_rate
: [ Port: 1234'; o Value: 54 | Value: 5 Value: 24k Value: 10 Sample Rate: 200k Sample Rate: 24k Label: Symbol Rate
Variable - El IShort To Compl El B band Freq: 0 Baseband Freq: 0 Threshold Variable Default Value: 10k
Payload Size: 16.384k Variable ¥ per Div: 10 dB Size: 131.072k Low: 11 : :
ID: adc_rate | gorip: On pe: £ IE Bk E E : accept_bytes Minimum: 300
Value: 644 | yee Length: 2 Wav File Source [out—win | 1D symrate — =i ¥ Divs: 10 Rate: 10 High: 10 —EU R
. i Value: 2.4k : : : .
= XMLRPC S File: ...726Z_16653kHz_RFwav Float To Compl Ej _ :e: :v;:l :d:}.} 5[2) : pfeLre le. [:f:]a . Initial State: 0 Converter: Integer
able erver T ™ L a Pp): e Vel H
Repeat: Yes ut
ID: samp rate | Address: 0.0.0.0 -~ jouE—W-{i] 2 || Feed Forward AGC FFT Size: 1.024k Average Alpha: 200m Variable Sink Simple Squelch
Value: 1M Port: 5.08k T e ol Num Samples: 16 B0 | | Refresh Rate: 25 Netebook: main_notebook, 7 [in]| variabie: accept bytes [&)| Threshold (dB): =q [BE]
% :
10 t: : = out] IE R ——— El 9 Reference: 1 Average Alpha: 250m 1 Alpha: alpha
Notebook nstant: mple Rate: 25 Notebook: main_notebook, 0 Constellation Sink
1D: main_notebook e Source A1 — Title: Constellation Plot Scope Sink
Tab Orientation: Top Flle: . beaconhilbert cie BOE T % | [ Waterfall Sink Sample Rate: 24k [iR] Titte: Scope Piot
Labeis: BS. Dem...C. PSK. FAC Frequency Xiating FIR Filter | - & =¥ :;m loert.crle. BiE] £ [[f] Reference: 1 |G Title: Waterfall Plot Frame Rate: 15 Sample Rate: 24k
Decimation: 5 e § Gain: 1 Sample Rate: 24 Constellation Size: 2.048k MPSK Synd. DD MPSK Sync
Variable Slider —D-E Taps: firdes.low_pass(1, s... E = Max Gain: 0 Baseband Freq: 0 M:2 Alpha: 10m Alpha: 10m priable Slider | Variable 51
1D: xlate_offset_fine Center Frequency: 0 ‘ Dynamic Range: 100 Theta: 0 Beta: 25u Beta: 25u i sq 1D: alpha
. AGC2 in .
Label: Fine Offset Sample Rate: 1M E' R |: Reference Level: 50 |: Alpha: 5m Max Freq: 60m | Max Freq: 10m pfault Value: 3 | Default Value
Default Value: 0 == prctumlS ik A Ref Scale (p2p): 2 Max Freq: 60m Min Freq: 10F— Min Freq: 60m ﬂﬂm 4 Lo
Minimum: -10k Rational Resampler Stream ID: re_bb 4.E Decay “at?- 1m ot FFT Size: 512 Mu: 500m |: Reference Reference Phase: 0 OUEL m: 24 Maximum: 1
Maximum: 10k Decimation: 200k T Rﬁ:?_’i"ce' “ FFT Rate: 25 Gain Mu: 5m Omega: 10 Omega: 10 pnverter: Float | Converter: Fle
Converter: Float |l interpolation: 24 |G Root Raised Cosine Filter Ma:'sam. 100 Notebook: main_notebook, 0 Symbol Rate: 2.4k Gain Omega: 2.9 Gain Omega: 2.5m
Taps: Decimation: 1 ) Omega Limit: 5m Mu: 500m Mu: 500m Valve
" - 5 out
EmcSansl R Gain: 1 SEE S Notebook: main_notebook, 1 | Gain Mul Open: accept_bytes o
SO L[| Sample Rate: 24 R i Title: Scope Plot - Note
A Stream ID: filt_bb . . 2
1D: config_xlate_offset Symbol Rate: 2.4k . Sample Rate: 24k - Scope Sink Note: These don't work
Default Value: 0 M rrry DA S ymbe’ Tt & (%] v ecate: 10 [in] Title: Scons Plot [i@] uchar To Float
. Stream ID: filt_bb T Scope Sink e = Scope
Type: Float - Num Taps: 112 T Scale: Im [in] Samele Rate: 24 Histo Sink
Config File: .grc_sat_source MPSK :h':P:Kt‘Mz?k Notebook: main notebook, 2 V Scale: 10 Titles i © Prl:)t
H my ate: L. . T ristogram
SOELEEWED M: 2 Variable Slider o v kph_ =00 ] T Scale: 1m [i7] Num Bins: &
Option: xlate_offset e B et ik, o am [out] — Notebook: main notebook, 1 Frame Size: 16
WriteBack: 0 ake: A Tt
Alpha: 50m Variable Slider in | Complex To Float i
o 1D: mpsk_gain_mu L3Y L mE (] come = Eye Diagram Variable Slider Notebook: main_notebook, 2
Variable Config — Fﬂﬂl B Label: Gain Mu Notebook: main_notebook, 1 Zl Title: Eye Diagram 1D: eye_samp_per_sym
ID: config_xlate_bandwidth E — qu'_ - EI Default Value: 20m A > Sample Rate: 24k Label: Samples per symbol
Default Value: 24k . Mini o Costas Loop E e — Samples per symbol: 3 Default Value: 3
= Mu: 500m nimum: 1m P—— Gain: 100 [in] Variable Check Box
UL Gain Mu: 20m Maximum: 500m o [out] Num piots: 500 Minimum: 1 o
Config File: grc_sat_source : . T Beta: 25u Symbol decimation: 50 Maximum: 100 LESED I
. ; Omega: 10 Converter: Float Max Freg: 10 E Complex to Arg |out Label: Swap Viterbi
Section: main Notebook: mai book, 1 ax Freq: J0m o V Scale: 1 Converter: Integer g
Option: xlate_bandwidth o A ebaak: main_natebook, Min Freq: éom 0% ' . Default Value: False
FEEIRORE [T req: | Complex to Mag |oit Notebook: main_notebook, 3 | Notebook: main_notebook, 3
WriteBack: 24k e Order: 2 = 29 J - _ True: True
False: False
Variable Slider Clock y MM il c to Real [oik] P n Bck BAL Notebook: main_notebook, 5
1D: xlate_bandwidth MPSK Receiver (Debug) File Sink Omega: 10 1D: delay viterbi
Label: Xlate BW M: & File: ... /Krump/mpsk_freq.dat | Gain Omega: 2.5m El E Quadrature Demod El Label: [ Variable Slider Variable Check Box Variable Chooser
Default Value: 24k Theta: 0 — Mu: 500m Gain: 1 Default | ID: delay_puncture 1D: invert 1D: puncture_matrix
Minimum; Sk Alpha: 50m File Sink Gain Mu: 500m True: 1 | Label: Puncture Delay Label: Invert Label: Matrix
Maximum: 500k Beta: 625u File: . Krumpjmpsk_phase.dat | | oo Relative Limit: 5m — File Sink False: 0| Default Value: 0 Default Value: 1 Default Value: 1, 1
Converter: Float g o File Sink File: ../Krump/mpsk_real.dat Netebod Minimum: 0 True: -1 Choices: [[11], [1,10.1]...
Max Freq: 10m R Scope Sink Maximum: 14 False: 1 Labels: ['1/2','2/3",'3/
Mu: 500m * MPSK_phase_eror Title: Scope Plot Converter: Integer Notebook: main_notebook, 5 | Type: Radio Buttons
Variable Static Text Gain Mu: 20m e I File Sink [ Sample Rate: 24k Scope Sink Notebook: main_notebook, 5 Notebook: main_notebock, 5
ID: pre_baseband_rate Omega: 10 in File: /mnt/Krump/mpsk_mu.dat Notebook: main_nctebook, 3 = Title: Scope Plot m
Label: BB Rate H Gain Omega: 100u (GLE=1E) Sample Rate: 2.4k = Packed to Unpacked
Default Value: 200k Omega Relative Limit: 10m : File Sink e Notebook: main_notebook, 4 o [in] Bits per Chunk: 1 Jowt]
Converter: Float mm_error N1 File: K ; r Title: Scope Plot - Decode CCSDS 27 —
d _ : ..Krump/mpsk_omega.dat MSB
Notebook: main_nctebook, 0 = e H Sample Rate: 24k
req Alpha: 10m j': File Sink * main_r 5
out i - - Skip Head
Variable Text Box E Phase Alpha: 100m 1 File: _mp/mpsk_mm_error.dat fin] © lex to Real | E Num Items: 4.8k El
. Timina Aloha: 100 *
LELED (=t R - sync | Differential Phasor [it Add Const
Label: Xlate Offset Scope Sink Null Sink [ Multiply Const Constant: -4.096k —| Differential Decoder
Default Value: 0 Title: MPSK Freq it: 5m e efin] o etant: 1 (] Modutus: 2 o]
. Sample Rate: 2.3k E
converter: Flozt ||y, f] VS'::Ie :rn e :t'""“' "s;'"'zi Jout] Low: 0 Head
3 ream L e
. - _.'E High: 0 o Variable Dela — Multiply Const Scope Sink in out
T Scale: 50m ] v in out Num Items: 72k
) DPSK Demod Initial State: 0 | pelay: 0 jout Constant: -1 Title: Error Rate .
Differential Phasor Motebook: main_notebook, & - | | R
Scope Sink TR 2 in ?s':p: '?Dt;éklso Any Block Sink
c Samples/Symbol: 10 ale: & IE Desc:
Title: Scope Plot — Depuncture — Variable Delay = Swap :|J V Offset: 15.872k
[il| complex to Imag [out] Sample Rate: 100k Excess BW: 350m P[] patrine 1.1 P 2 belay: 0 B ——— [ ¢ Faice |2 Notebaok: main notebook. 5 Maker: <gr bloc...t_char (2)>
E V Scale: 500 Costas Alpha: 50m B - '
ale: S5om E Gain Mu: 20m Zl Histo Sink
T Scale: 10m : Any Block Title: Histogram Plot
Single Pole IR Filter Notebook: main notebook, 2 Mu: 500m H
E Alpha: 1 E = Omega Relative Limit: 5m E Desc: @ [in| uchar To Float E Num Bins: 256

File Sink

@]

File: ...96637kHz_RF-sync.dat

Gray Code: Yes
Verbose: On

]

Modulus: 2

Differential Encoder

Maker: <gr_bloc..ked bb (1)>

o

Frame Size: 256
Notebook: main_notebook, 4
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Presentation Notes
Flowgraph to allow analysis of potential MPSK signals and decode convolutionally-encoded BPSK


Q ti UDP Source Vector to Stream s Variable Variable Variable FFT Sink Waterfall Sink Constellation Sink
‘I'IJ}: ‘:Im « || IP Address: 0.0.0.0 Num Items: 2 z—l ID: decim | ID: xlate_decim | 1D: baseband rate | Title: FFT Plot Title: Waterfall Plot Title: Constellation Plot
R Port: 1 234; o Value: 64 | Value: 10 Value: 96k Sample Rate: 100k Sample Rate: 96k Sample Rate: 96k
Variable ||| mru: 16384k IShort To Complex _—‘ Baseband Freg: 0 Baseband Freg: 0 Frame Rate: 15
ID: adc_rate | | vec I:enéth_ : Variable Variable ¥ per Div: 10 dB ] Dynamic Range: 100 Constellation Size: 2.048k
Value: 64M ) Frequency Xlating FIR Filter LEEm mE || s T Te 0 ¥ Divs: 10 Reference Level: 50 M: 4
XMLRPC Server Decimation: 10 Value: 9.6k | Value: 2 Ref Level (dB): 50 Ref Scale (p2p): 2 - Theta: 0
Variable Address: 0.0.0.0 Taps: firdes.low_pass(1, s... . Ref Scale (p2p): 2 FFT Size: 512 Alpha: 5m
ID: samp _rate || | port: §.08k Center Frequency: 0 FFT Size: 1.024k FFT Rate: 25 Max Freq: 60m
Value: 1M Sample Rate: 1M Refresh Rate: 30 Notebeook: main_notebook, 0 Mu: 500m
— AGC2 Average Alpha: 250m Gain Mu: 5m
_ Notebook Rational Resampler e s (T Notebook: main_notebook, 0 El Symbol Rate: 9.6k
L8 T M IO Decimation: 100k Decay Rate: 10 D EEG Omega Limit: 5m
Tab Orientation: Top Interpolation: o cay Rate: Jm Notebook: main_notebook, 1
pol n: 96k - — ) El el : main_note 5
Labels: BB, Dem...Xtra, Scope Taps: Reference: 1
. Gain: 1
. = Scope Sink
Variable Slider Pl LED Max Gain: 100 2::"";:;"" e Jout] [in] Title: Scope Plot
: n:
::'b:':’t;—c’ﬁ;:—:t"e MPSK Receiver Multiply Const ] Sample Rate: 96k
: Fine Offsi )
e ———— M: 2 R Constant: 707m+707m| Variable Check Box TEZLBI
S B ::.Ent: IEL‘D B — [in] :ns::bl:;iTmain notebook, 1
Maximum: 10k pha: 20m Selector Multiply Const Label: Capture S :
————— == dre Input Index: 0 Constant: 1 Default Value: 1 —
i - Min Freq: 10m .-l: Output Index: 0 True: 0 Scope Sin
Max Freq: 60m False: 1 E:P:‘;Zizm;m(
Variable Config L2 BLT [in] :
Gain Mu: 50m V Scale: 10
1D: config_xlate_offset N E Valve El — e —
Default Value: D Omega: 10 ot e[ Open: 1 P i .
: = ! Import: baz | | Notebook: main_notebook, 1
Type: Float Gain Omega: 2.5m = T EE — = po L
B . omplex To Floal nterleave |o
Config File: .grc_sat_source LA LR s I M Any Block
;e;:::::;;:;naﬁsﬂ Root Raised Cosine Filter Packed to Unpacked E D - El
T Decimation: 1 [in | Bits per Chunk: 1 [out] Maker: <gr bloc...ked bb (3)>
WriteBack: 0 Cain: 1 —| Multiply Const .
i Complex to Real [ou] | constant: 1 out Endianness: MSB
Variable Config —={ifl] sample Rate: 96k i : ] . SI:Itp He.a;; N o]
ID: config_xlate_bandwidth Symbol Rate: 9.6k o Differential Decoder o] um Items: 19.
Default Value: 96k Alpha: 350m = Variable Delay |— = Depuncture Modulus: 2
Type: Float Num Taps: 112 —| Delay: 0 Matrix: 1, 1 [in] Head o]
Config File: .grc_sat_source T Num Items: 285k
zec:::'“:::::enbandwidth LE ] \—51 g \oriable Delay oy [TGuET]——ge[if]| Null Sink Any Block Sink
pion: xiate | Theta: 0 Delay: 0 in | Decode CCSDS 27 [in | pese:
WriteBack: 96k -
Alpha: 50m @—I Maker: <gr_blec..t_char (4)>
Variable Slider Beta: 625u | Swap =
. Swap: False Scope Sink
ID: xlate_bandwidth i Min Freq: 10m D |_>|: Add Const e T DPSK Demod
Label: Xlate BW Max Freq: 600m ' constant: -4.096k :l—‘ Sam. P Type: DEPSK
Default Value: 96k [& Mu: 500m - lin - : Samples/Symbol: 10
iy . V Scale: 4.096k
Minimum: 12.5k Gain Mu: 50m — Multiply Const Excess BW: 350m
Maximum: 500k Omega: 10 " constant: 1 |20 V Offset: 15.872k Costas Alpha: 20
aximum: - - . N S P H m -
Converter: Float Gain Omega: 62.5m O A BT ET S Gain Mu: 100m £
= i 0 Relative Limit: 5m g :
LHEEETE AR oo H :th' :P:Kt 0.6 Variable Check Box Variable Slider able Slider Variable Check Box
. = mple Rate: 9. ) _ , ! i . N
Variable Static Text Omega Relative Limit: 5m i —b'- V Scale: 1 1D: select_c.c\nj 1D: ue.lay_puncture .-IE‘,f._vItPTI'bI 1D: SW-ED_VItE'I'II}I .
ID: pre_baseband rate = T Scale: Im Label: Conjugate Label: Puncture Delay : Viterbi Delay | Label: Swap Viterbi
E - DPSK2 Demod 2 ’ Default Value: 0 Default Value: 0 it Value: 0 Default Value: False
Label: BB Rate Type: DQPSK E XY Mode: On . X . .
Default Value: 100k pe: Notebook: main notebock, 1 True: 1 Minimum: 0 num: 0 True: True
Converter: Float Samples/Symbol: 10 : - ' False: 0 Maximum: 14 mum: 1 False: False
Notebook'.main notebook, 0 Excess BW: 350m Converter: Integer lerter: Integer | Netebeok: main_notebook, 3
i : Freq Alpha: 10m out | -be-[in | Null Sink ‘ Differential Phasor _ Variable Chooser | otebook: main notebg~—
Variable Text Box - Phase Alpha: 100m 1D: phase_mult Variable Check Box | ID: puncture_matrix
ID: xlate offset Timing Alpha: 100m - bel: Phase shift ID: delay_viterbi 1D: invert Label: Matrix
Label: Kl_ate Offset Timing Max Dev: 1.5 Complex to | EI Scope Sink efault \I’alufz: 1 . Label: Delay Viterbi Label: Invert . Default.\l’alue: 1.1
Default Value: 0 Omega Relative Limit: 5m Title: Scope Plot heices: 1, 1j, -1, -1j Default Value: 0 Default Value: 1 Choices: [[1,1], [1,1,0,1]...
Converter: Float Gray Code: Yes Sample Rate: 100k labels: 0, 30, 180, 270 | True: 1 True: -1 Labels: ['1/2'.'2/3"'3/4'...
Notebook: mam noteseck,0 | | Syme Oution VScalel  pefaonuos | Fabe:d | Faseid Type: RacioBttons



Presenter
Presentation Notes
Blocks inside red rectangle, and the process of automatically searching through their possible parameter combinations, are abstracted into the Auto FEC block
http://wiki.spench.net/wiki/Gr-baz#auto_fec
Blocks inside green rectangle provide network-receive functionality of baseband signal via BorIP
http://wiki.spench.net/wiki/BorIP


Auto FEC
Sample rate: D
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Presentation Notes
Blocks inside red rectangle, and the process of automatically searching through their possible parameter combinations, are abstracted into the Auto FEC block
http://wiki.spench.net/wiki/Gr-baz#auto_fec
Blocks inside green rectangle provide network-receive functionality of baseband signal via BorIP
http://wiki.spench.net/wiki/BorIP


Cing Auto-FEC:

sample_rate: 800000

ber threshold: 2048

ber_smoothing: 0.01

ber duration: 8192 Auto F EC
ber_sample_decimation: 1

settling _period: 4096

pre_lock _duration: 8192

De-puncturer relative rate: 1.000000

==> Using throttle at sample rate: 800000

==> Using lock throttle rate: 50000

Auto-FEC thread started: Thread-1

Skipping initial samples while MPSK receiver locks: 4096

Reached excess BER limit: 11437.1352901 , locked: False , current puncture matrix: 0 , total samples
received: 12289

Applying lock value: O
Beginning search...
Applying rotation: 1j

Reached excess BER limit: 11870.4144919 , locked: False , current puncture matrix: 0 , total samples
received: 24586

Applying rotation: 1
Applying conjugation: O

Locking current XForm

Applying lock value: 1
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Presentation Notes
Output of Auto FEC at runtime
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Options
1P Addrese: 50,00 =] \;m:; to Stzrmm 1D: decim | ID: xlate_decim | 1D: baseband rate sym_rate 1D samp_per_sym (7] gaime 100 [ o e
e o um Items: value: 64 | Value: 1 Value: 585.152k | Value: 146.288k | Value: 4 Sample Rate: 565152k Sample Rate: 585,152k
Payload Size: 16384k [7] 1short To Complex Jout] [ v scate: 10 Frame Rate: 15
Variable BorlP: On = [i] complex To Fioat T Scale: Im Constellation Size: 2.048k
ID: adc_rate | | Viee Length: 2 [out] [ notebook: main_notebook, 1 M: 4
Value: 64M " Theta: 0
XMLRPC Server Rlpha: 5m
3 Wav File Source [out] in Throttle :
Verinble | Address:0000 | o 050043cHz REway Float To Complex {in] Sample Rate: 1M ot} Scope Sink Lo Fern
1D: samp_rate | Port: 8,08k P L - T T Muz 500m
: o |0t in .
el —| Sample Rate: 585.152 Gain Mu: 5m
e By ccae: 10 Symbol Rate: 146.288k
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I Frequency Xlating FIR Filter o T Scale: Im Omega Limit: 5m
. - Decimation: 1 Notebook: main_notebook, 1 Notebook: main_notebook, 2
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Center Frequency: 0 ——m{in | — lout] FFT Sink e
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Variable Slider pl Gain: 1 Title: FFT Plot Sample Rate: 585152k
1D: xlate_offset_fine e Sample Rate: 11 Baseband Fre
Label: Fine Offset Rational Resampler Baseband Freq: 0 Dynamic Range: 100
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Max Gain: 0 FFT Size: 1.024k
Variable Config Root Raised Cosine Filter Variable Slider Variable Slider Refresh Rate: 30 Notebook: main_notebook, 0
ID: config xlate offset Decimation: 1 Feed Forward AGC :::I_D:k‘_i'l?“ﬂ :.‘::I?t.yﬂ;.m“ Average Alpha: 250m
Default Value: 0 Gain: 1 [if] Num Samples: 16 [5i] : Alpha : Gain Mu Notebook: main notebook 0 Any Block
Type: Float e [lfl] Sample Rate: 585,152k Reference: 1 Default Value: 50m Default Value: 20m in | Dese: out|
Config File: .grc_sat source Symbol Rate: 146,288k Minimum: 1m Minimum: 1m Packed to Unpacked Maker: <gr_bloc...ked_bb (3)>
Section: main Alpha: 350m Maximum: 500m Maximum: 500m Bits per Chunk: 1 o]
Option: xiate offset Num Taps: 46 Converter: Float Converter: Float Endlanness: MS3
WriteBack: Notebook: main_notebook, 1 | Notebook: main_notebook, 1 i
MPSK Recelver Differential Decoder e
Variable Config . Ea—
1D: config_xlate_bandwidth : @] Head o]
Default Value: 500k ::“:'SD _ e Num Items: sym_ra...er_sym*15
. pha: 10m MPSK Receiver (Deb:
Jvpecipioct Sy EEbS W e umpimpsic freq dot
Config File: .grc_sat_source - M:4 freq '7 Any Block Sink
Section: main [in] Min Freq: 10m = Theta: 0 File Sink In | Desc:
Option: xlate_bandwidth :":D’;"' I Alpha: 50m [ohese | | Krumpimpsk_phase.dat Maker: <gr_bloc..t_char (4>
uz 300m Beta: 625u = Variable
WriteBack: 500k
Gain Mu: 50m Min Freq: -60m File Sink 1D: autofec_base period
Variable Slider mega: Max Freq: 60m File: ..mpsk_phase error.dat Value: 0 F—
late_bandwidth Gain Omega: 2.5m Mu: 500m riable
Label: Xlate BW Omega Relative Limit: 5m Gain Mu: 20m mu Fw File Sink byte] 1D: EIIEDfEE,stDthQ
Default Value: 500k Omega: 4 File: /mnt/Krump/mpsk_mu.dat Value: 10m
Minimum: 12.5 s MPSK Receiver Gain Omega: 100u omega prp— Auto FEC |0y
Maximum: 500k Tretain ©Omega Relative Limit: 50m L»E et Sample rate: 0
Converter: Float e nfomag| — [lock} Multiply Const
Notebook: main_notebook, 0 pha: o
L Beta: 6.25u = Constant: 16384k
R e E T o Min Freq: -250m i Flle: ..mp/mpsk_mm_error.dat
ID: pre_baseband rate Max Freq: 250m Single Pole IIR Filter
Label: BB Rate Mu: 500m Alpha: 10m
Default Value: 1M Gain Mu: 5m
Converter: Float Omega: 4
Notebook: main_notebook, 0 Gain Omega: 62.5m
Omega Relative Limit: 5m [ii] compiex canjugate [oif] [i]| Seleclof
Variable Text Box input Index: 0 |G}
1D: xlate_offset MPSK Receiver [if| output Index: 0
Label: Xiate Offset M:4 . M:::pe sink
Default Value: 0 Theta: 0 :
e ——— Alpha: 10m Sample Rate: 146.288
Notebook: main_notebook, 0 Beta: 25u \Tlss:al:. ]1
Min Freq: -60m ale: 1m
[out] | X¥ Mode: on
fout] n Notebook: main notenook, 1
Gain Mu: 100m [ii]| complex To Float Interleave [out|
omegs: 4 = o)
Gain Omega: 2.5m
Omega Relative Limit: 5m
DPSK Demod
Type: DEPSK [l Complex to Real
Samples/Symbol: 2
Excess BW: 350m
E Costas Alpha: 175m @
Gain Mu: 175m out
Mu: 500m ::I“h" Delay :::r";‘;"lm [i] pecode ccsps 27
Omega Relative Limit: 5m B . metric
(EyE s DPSK2 Demod Repeat
Type: DQPSK Interpolation: 3
Ty .I;::;(Demod 4 Variable Delay Swap o [t} Scope Sink
=3 Excess BW: 350m Delay: 0 Swap: True s i o {if]
Samples/Symbol: 4 Fron Alphas 10m 5] [in] Title: Error Rate
Excess BW: 350m = PM"“ :I e 100m L i Sample Rate: 9,143k
= Costas Alpha: 20m | o ‘:’ o 100m ] Difrerential P V Scale: 4,096k
Gain Mu: 100m e [eone] [if] pifferential Phasor Scope Sink
Timing Max Dev: 1.5 L fin|

Gray Code: Yes V Scale: 1
Verbose: On Syne Out: On Notebook: main notebook, 2
Variable Slider Variable Check Box |able Slider Variable Chooser Variable Check Box | Variable Check Box Variable Check Box Variable Chooser

1D: delay_puncture 1D: delay_viterbi Jay_viterbl | 1D puncture_matrix ID: select_conj 1D: invert 1D: swap_viterbi 1D: phase_mult
Label: Puncture Delay Label: Delay Viterbi l: Viterbi Delay | Label: Matrix Label: Conjugate Label: Invert Label: Swap Viterbi Label: Phase shift
Default Value: 0 Default Value: 0 it Value: 0 | Default Value: 1, 1 Default Value: 0 Default Value: 1 Default Value: True Default Value: 1
Minimum: 0 True: 1 pum: 0 True: True Choices: 1, 1j,-1,-1j
Maximum: 14 False: mum: 1 False: False Labels: 0, 90, 180, 270
Converter: Integer Notebook: main_notebook, 3 [erter: Integer | Type: Radio Buttons Notebook: main_notebook, 3 | Type: Radio Buttons
Notebook: main_notebook, 3 main_notebook, 3
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Presentation Notes
Typical usage of Auto FEC in a QPSK decoder (such as for the narrowband downlink of interest)


Demodulated & error-corrected

Symbol rate = 9600 symbols/sec
Pre-FEC raw bit rate = 19200 bits/sec
Post-FEC raw bit rate = 9600 bits/sec (% rate)

Visualise data: look for additional clues
— Differential encoding

— Scrambling

— Structure


Presenter
Presentation Notes
Inferred downlink parameters


QPSK Phase Debug

“/nnt/Krunp/npsk_phase,txt™ +

-8.15 . . . . .
] 260088 486088 608608 aee088 1e+86 1.2e+



Presenter
Presentation Notes
An output of “MPSK Receiver (Debug)” block: content of file created by downstream File Sink block is graphed using GNU Plot
http://wiki.spench.net/wiki/GNU_Radio_Patches#gr_mpsk_receiver_cc-debug
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De-scrambled

e Better, but long runs of Os and 1s (not ideal)
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Diff. decoded & de-scrambled

e Structured, asynchronous packets of data!
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bits
bits
bits
bits

bits

bits
bits
bits
bits
bits
bits

bits
bits
bits
bits
bits
bits

bits
bits
bits
bits
bits
bits
bits
bits
bits
bits

bits
bits
bits
bits
bits
bits
bits
bits
bits
bits
bits
bits

bits
bits
bits
bits
bits
bits
bits
bits
bits

7 bits
7 bits
7 bits
7 bits
7 bits
7 bits
7 bits

§0002-0002 [+0000,
§0002-0002 [+0000,
#0002-0002 [+0000
£0004-0004 [+00

/00007 :
0007 :
0007 :
0007 :

§0000-0005[+0001,

0007 =

§0002-0002 [+0000,
#0002-0002 [+0000
§0002-0002 [+0000,
§0001-0003[+0000,
#0003-0003 [+0000
£0000-0004 [+00

0007 :
0007 :
0007 :
0007 :
0007 :
0007 :

#0002-0002 [+0000
§0003-0003[+0000,
§0001-0003[+0000,
#0000-0003[+0001, 0007 :
£0000-0004 [+00 0007 :
§000&-000&[+0000, /0000]:

/00001 =
0001 :
0001 :

0007 :
0007 :
0007 :
0007 :
0007 :
0007 :
0007 :

§0002-0002 [+0000,
#0002-0002 [+00
§0002-0002 [+0000,
§0002-0002 [+0000,
#0000-0003[+0001,
§0000-0003[+0001,
£0001-0004 [+00
£0001-0004 [+00 0007 :
§0001-0005[+0000, 0007 :
#000&-000&[+0000, /00007 :

/00007 :
0007 :
0007 :
0007 :
0007 :
0007 :
0007 :
0007 :
0007 :
0007 :
0007 :
0007 :

§0002-0002 [+0000,
§0002-0002 [+0000,
#0002-0002 [+00
#0002-0002 [+00
§0002-0

002 [+0000,

002 [+0000
§0000-0003[+0001,
§0000-0004 [+0001,
004[+0001,
§0000-0005[+0002,
£0000-000&6[+0004,
0172 [+0000,

002 [+0000,
002 [+0000
#0002-0002 [+00
§0002

0007 :
0007 :
0007 :
0007 :
0007 :
0007 :
0007 :
0007 :
0007 :

—-0002 [+00040,
003 [+0000
§0000-0003[+0001,
§0000-0003[+0001,
£0000-000&6[+0004,
§0000-0172 [+01&8,

£0002-0002 [+0000
#0002-0002 [+00
#0002-0002 [+00
§0000-0003[+0001,
§0000-0010[+0008,
£0000-0010[+0008,
§0000-0010[+0008,

f0000] -
0007 :
0007 :
0007 :
0007 :
0007 :
0007 :

Pattern Search

00000001000011101000000010001011101111111011
00000001100000011111000010111101010101111111
00000001100001011111000010111101010101111111

00000001100000110000100010111101010101111111 (feakdl0cl80)

011011110011000000100110011000100001100000¢

000000011001000111010011000011000010000000 (430ck8380)
0366042080)
c0d88380)
£dd1017080)
30ck3180)
55e8880c0)

000000010000010000100000011001101100000010
000000011001000100011011000000111110000000
000000010000111010000000100010111011111110
000000011000100111010011000011000010000000
000000110000011000010001011110101010111111

00000001000011001001110000100111110000000 (3e4333080)
0332880
036£017080)
ee880b840)
00010100000101011111 5017080}
042080}

00000001000101001001110000001111110000000
00000001000011101000000011110110110000001
00010000111010000000100010111011111110
0000100001110100
00000001000001000010000001011111110000000

i3

1100001000101111100101000001000110000000
0110000101111111010100001000110000000111
0000000100001110100000001000101100111111

0001110100101110011010000001000110000001 (S81881674b8&)
000001 ({81b780L240)

i

0001000011101000

001111011011

0000001100010011101001100001100001000000 (21865c8c0)

0000000100001110100000001000101110111111
0000000100001110100000001111011011000000
0000000100001110100000001010000010101111
0000000100000100001000000101111110000000

111110100101110011110100001000110000000 £
001000000011111110100101110000101111111 3z
0000000101010101001 z
011101001011100110100000010001100000010

dd1017080)

011010001111000001 (4leZc4a=280)
082053dzZe)

011111010010111001111010000100011000000 (1885e74be)

01011010010111000110000000100011

00000 {(c40&3a5a)

{1846640cEE)

e Search for repeating
strings of bits

* Try to find frame header

e Clue: sudden increase in
# of occurrences

000000100010100100111000000111111000000 £81c3440l
000000100001110100000001000101110111111 22880k o5
000000100001110100000001111011011000000 (1b780kbE
000000100001110100000001010000010101111 zzzaon| 38
000000100000100001000000101111111000000 (1£40210
111111101001100010011000100110010000000 (3313137

37

01001000101110100001100001000110000000
11110100101111011110100001000110000001

37

bits
bits

bits
bits

A0000]1: 00000010000010000100000010111111000000 (£4021040)
A00007: 111111 {4cBcBekL)

§0002-0002 [+0000, /0000]: 111p110000000111010110110000001000000 (40d2e037)
§0002-0002Z [+0000, /0000]: 1019010010111101101000000100011000000 (8205kbdZ2d)

00011000010111001011010000100011000000
00110000101111100110100001000110000000
00000001010101010010001101000111100000 {leZc4aad0)
11111010010111001111010000100011000000
01110100101110011010000001000110000001

a5f)

00000010000010000100000010111111000000 21040)
111111 cBeBcbi)
1110110000000111010110110000001000000 (40d2e037)
1011010010111101101000000100011000000 05kd2d)
0000000111101100001011100110101111111 d&743780)

0000001010101010010001101000111100000
0000000100000100001000000101111111010 042080)
0000000100000100001000000101111110110 (d£a042080)
0000000100000100001000000101111110001 (11£a042080)

825540)

53dzZe)

Preceding 1s are just part of ‘idle’
stream when no data is being sent
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Frame analysis

— SYN SYN SYN (EBCDIC)

haracter-ori

e Header



0001
0034
0067
0101
0134
0167
0200
0233
0266
0299
0332
0365
0398
0431
0464
0497
0530
0563
0596
0630
0663
0696
0729
0762
0795
0828
0861
0894
0927
0960
0993
1026

Un-pack & find patterns

8-bit signed

[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20
[20

049
051
053
055
057
059
060
062
064
066
068
070
071
073
075
077
079
081
083
084
086
088
090
092
094
095
097
099
101
103
105
107

Message header

200]
161]
121]
082]
043]
004]
221]
182]
142]
103]
064]
025]
242]
203]
164]
125]
086]
047]
008]
225]
187]
148]
109]
069]
030]
247]
208]
169]
130]
091]
052]
013]

/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)
/1)

A

16-bit signed

L
r
r
r
r
r
r
r
r
r
r
r
r
r
L
r
r
r
r
r
r
r
L
r
r
r
r
r
r
r
L
L

18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

01
01
01
01
o1
o1

Ol‘lllea 4d ed .‘\

o1
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

24 €9 ae ed 26 @@ 07
24 €9 c7 ed 24 @@ o7
24 €9 d9 ed 2c @@ 07
24 €9 ee ed 2Ff @@ 07
24 eq fF =d 3§ W@ 07
9 07

24
Ll
24
24
24
24
24 ¢
24 e
24 e

e

e

ea 67 @d
ea 75 ed
ea 80 ed
ea 98 ed
ea a7 ed

24
24
24
24
24
24 -
24 ¢
24 ¢
24 e,
24 eb

24 ebl ca

24 eb dal ed
24 eb ef ed
24 ec 03 ed

4f
54
62
64
e

o]
EESESEEEEEEEEE
[elleleolelNolNolNolNolNolNollo oo

A
i
!
/

0 00 00 00 0O 00 0O 00 0 0 W 0 0 @

31
31
31
31
31
21

19
19
19
19
19
19
19
19
19
19
19
19
i9
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa
fa

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

BCD

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
02
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

02
02
02
02
03
02
02
02
03
03
04
03
02
00
00
99
00
01
01
01
01
01
03
03
03
03
02
03
03
03
03
03

00 72 e9 28
00 72 9 2d
00 7@ 9 2d
00 71 9 2d
00 72 e9 28
00 72 9 2d
00 78 9 2d
00 72 9 2d
00 74 e9 28
00 74 e9 28
00 70 e9 28
00 6@ €9 2d
00 BB €9 2d
00 BE €9 2d
00 BE €9 2d
00 6d €9 2d
00 BB €9 2B
00 69 €9 2B
00 66 €9 2B
00 67 €9 2B
00 6@ €9 26
00 70 €9 26
00 73 €9 26
00 75 €9 2B
00 76 €9 2B
00 75 €9 2B
00 74 €9 2B
00 72 €9 2B
00 71 €9 2B
00 70 €9 2B
00 70 €9 2B
00 71 €9 2B
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Presenter
Presentation Notes
Left-hand graph is XY plot of 16-bit signed integer pairs
Right graphs are two of the 8-bit signed streams
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[ ShowODptions | [[Select Sound Card| [Select Sample Rate| [[Minimize | [ About | [ Exit |

20 -32.5 dB
0 956,283.996 kHz
-40
50
-850

130
s—S Speed (107 @ (WF Avg | BRI REW 076.6 Hz WYY EESET.Y ipppry! SEY Y USEr Y B0 BRRT Y
— Gain ¢ Contrast
HDSDR 20110725 0706527 956215kHz RF.wav
Jul 25, 2011 - 07:07:46Z
Privilege
: e
Wide BW FM Time () Freo
Post D. BP Fiter vol || 2000 10200
Deemph. 50uS | "Ll I — Notch
HLc 3223 :z avo P — F1 1000.0 Hz
¢ ol . . BW1 200 Hz
: e Notcht F2 1500.0 Hz
sql Desp Notch2 BW2 200 Hz
-102 uelch
_,._Sq. 24/10/2011 11:40:36 PM
Avg SP1 Avg SP2 oo | WRplus (8%)

IR REW 46.9 Hz ] | Total (10%)



Presenter
Presentation Notes
Multiple channels of TDMA bursts with synchronisation tone


Q ShowOptions Select Sound Card| |Select Sample Rate Minimize About Exit
Gail Contrast

- — 991.066.847 Tune LO 990.995.401

) b ".{‘I :' L ]

991040 991045 991050 991055 991065 991070 9910 991085 991090

0 o8
-10
20
-30
Ty
-5
-50
-7
-5
-108
-11@
-128
170
— [CE N rev JWEAVD) EEEEEDE RBW 61.0 Hz  WERYY . EESE.Y eRpry) TSEY .Y USET .Y B DR
Gain i Contrast -
HDSDR 20110725 0655582 900995kHz RF.wav
Jul 25, 2011 - 06:56:43Z
Privilege
Mid BW FM Time r- Freq.
Vol 10000 15000 20000
‘Mute ZAP  AFC  Nlock Notch
L 0| o F11000.0 Hz
€ Z | : . BW1 200 Hz
: il F2 1500.0 Hz
0 . ) .
sal - Pt . Desp  MNotch2 BW2 200 Hz
-102 uelch ¢|°°
P i) | S 25/10/2011 12:40:25 PM
-128 CPU Load
Avg 5P1 vg S5pP2 130 -— | WRplus (14%)
e — G —— REW 46.9 Hz s 4 |Teotal (25%)
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Presentation Notes
Not a signal – actually just white noise (to test the channel)!


STANAG 4285
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http://www.n2ckh.com/MARS_ALE_FORUM/s4285.PDF


STANAG 4285
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Simple cyclostationary analysis


—

BE | Scope | Demod | Pow | Cyclo | FAC | # | Quad | Mag | Test | Bin | X¥

Fast AutoCorrelation

= IR s |100T — m "
80 (preamble) +
4 x 32 (data) +
3 x 16 (channel probe)
@ 2400 bps
=106.66 ms

Coarse offset: |0

Klate Offset: | -306.325k

Klate BW: | Sk
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Repeating frame structure of STANAG 4285
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XY plot of STANAG 4285 after order 8 PSK reception
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http://en.wikipedia.org/wiki/Digital_Radio_Mondiale


Cyclic Autocorrelation Function

Han, Sohn & Moung,"A Blind OFDM Detection and Identification Method
Based on Cyclostationarity for Cognitive Radio Application"

T

EHH,'” J~ H M M‘ |1| W ‘ }
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Paper suggests exploiting cyclic prefix and cyclostationarity of OFDM due to transmitter pulse-shaping filter
http://wiki.spench.net/wiki/OFDM
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Looking at peaks in cross-section of 3D plot at periodicity of 0 Hz


Total Symbol Duration

Ferodicity (Hz)
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Presentation Notes
Smaller peaks in between middle and next-highest (between the arrow) are `further in’ (deeper) at zero lag (see 3D plot)


Periodicity (Hz)

Top-down DRM Symmetry
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Top-down view of 3D plot


DRM Class B

Modulation property

Un-guarded symbol time
Sub-carrier spacing

Guard interva
Total symbol duration 26.66 ms

Guard interval ratio 1/4
Symbols per frame 15
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Profiles: http://en.wikipedia.org/wiki/Digital_Radio_Mondiale#Modulation
Sub-carrier spacing is inverse (or ‘frequency’) of un-guarded symbol time
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Red: First FastAutoCorrelation of decimated/translated baseband (for un-guarded symbol time)
Green: Performs cyclostationary lag by configurable amount (based on first peak in first FAC)
Blue: Second FAC of lagged baseband (for total symbol duration)
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Fine Offset: |0

oarse offset: IU

late Offset: ‘ 229.8k

ate BW: | 10.97k /
7

C{Tl > 4
— 4

yclo Lag: ‘ 427
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Un-guarded symbol time
Divide by 50 since flowgraph is decimating by 50 in Frequency Xlating FIR Filter block
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Total symbol duration inferred from first peak
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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
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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.”
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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
frequle(;‘5cy7 - S be transmitted
(e.g. ! Z) 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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“Transmitter Hunting: Radio Direction Finding Simplified” (Joseph Moell) http://books.google.com/books?id=RfzF2-fHJ6MC


Doppler Shift

Doppler shift of received signal 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
e 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
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Amp filter
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Clock l _I Counter

Antenna
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Audio filterf
digital 5 ZBro Crossing
filter detectar
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Antenna
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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
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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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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






Processing & Display




Switching affecting spectrum
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Presentation Notes
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);
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Doppler sine wave
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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
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Presenter
Presentation Notes
DC: increases when input to quadrature demod ‘de-tunes’
Strength: magnitude of Doppler bin
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Method 2: Super-resolution algorithms

e Simultaneously receive multiple streams
— One stream per antenna = antenna array

e Apply a mathematical model
— Linear (far-field) wavefront approaching antenna array
— Model/calibrate for antenna response

e MUSIC: MUItiple Slgnal Classification

— Sample signal at each antenna (assuming sinusoids)

— Maths (sample correlation matrix, eigenvector
decomposition, orthogonal signal/noise subspaces)

— Search through array response to find peak > DOA



avefront impinging on antenna arr
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Presentation Notes
“An Introduction to MUSIC and ESPRIT” (Gird Systems, Inc.)
http://www.girdsystems.com/pdf/GIRD_Systems_Intro_to_MUSIC_ESPRIT.pdf
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Presentation Notes
Peak(s) are DOA(s)


Advantages

e Much higher resolution
— Assuming model is correct & system is calibrated

e Detect & process multiple signals of interest
simultaneously!

* However...
you need more (coherent) radios.
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Video of lab test
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Presentation Notes
Video of DOA tracking the transmitter as it is moved around the car
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Video of DOA tracking the transmitter as it is moved around the car
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Video of DOA being plotted during drive



GNU Radio MUSIC DOA block

Properties: MUSIC DOA Estimator

MUSIC DOA Estimator
Num samples: 512
Angular resolution: 360
Fregquency: S00M
Spacing: 84m

Array: [0, 0], ... 1], [0, 1]
Qutput Spectrum: Mo

Mum antennas
Num signals
Num samples
Angular resolution
Frequency
Spacing

Array

,_.
—

[fo,0],(1.0].[1,1][0,1]]

Qutput Spectrum

Documentation:
MUSIC DOA Estimator

Parameters:
n: number of expected sinusoids, n=m

m: dimension of the correlation matrix, Governs the quality of the estimate,
nsamples: considered samples per estimate

MUSIC (Multiple Signal Classification) is a subspace oriented parametric spectrum
estimator.

Cancel l [ Ok
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Presentation Notes
GNU Radio MUSIC DOA block in https://github.com/balint256/gr-baz


Calibration

Use shared Local Oscillator
Inject shared tone in each channel
Calculate per-channel phase differences

— w. r. t. reference channel
Apply corrections
Periodically re-calibrate



WX GUI Text Box
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Converter: Float WriteBack: 0 Value: 10 Converter: Float Converter: Float Converter: Float

Type: Drop Down
Grid Position: 0,0, 1, 1

Default Value: 0
Type: Float

Q Options W)I( GUI Slider W)_( GUI Slider \rari.nble WX GUI FET Sink WX GUI Scope Sink
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Import: numpy Maximum: 0 Maximum: 0 . 0
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P—— Grid Position: 0, 1, 1, 1 | Grid Position: 0, 2, 1, 1 ef Level (dB): -
Ref Scale (p2p): 2 f c lex to Real [Bil
JrB - FFT Size: 1.024k #=-{lfi] Complex to Real [oi]
Value: 5 WX GUI Notebook Note: Gain: -5 Refresh Rate: 15
1D: nb ote: bain: - Notebook: nb,
Variable Tab Orientation: Top Freq Set Varname: None
ID: samp_rate Labels: FFT, Phases, Scope
Value: 7.5M
IDVB_”BMB_ QR2 Source
: window_size
= Device Addr: sync=0
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Samp Rate (Msps): 7.5M Multiply Conjugate |Dut
WX GUI Text Box LO Freg (Hz): 915M b_IE
1D: cal_freq a louto]
& Cal Freq (Hz): 916M outD i) Complex to Arg @——'—h@ WX GUI Scope Sink
Label: Cal Freg o
LO Enable: True » Em Title: Scope Plot
Default Value: 516M Cal Enable: True oot = Sample Rate: 7.5M
Converter: Float Gain Atten1 (dB): -16 | o Multiply Conjugate |out I Complex to Arg |out; b@ Notebook: nb, 1
Gain Atten2 (dB): -16 —— L Trigger Mode: Auto
WX GUI Text Box Gain ADC (dB): 0 L) )| Complex to Arg [3] W={i02] v Axis Label: Counts
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Label: Channel . .fset Input Default Value: CAL Default Value: 0 Block ID: probel Block ID: probe2 Block ID: probe3
Detat Vlu: e varsbie conng | | e pametion s e | Famcen s el || Functien ame: el
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WX GUI Text Box WX GUI Text Box
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Flowgraph for measuring calibration tone phase offsets relative to first channel
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Calibration GUI: phase offsets are measured, and then entered into each channel to apply correction
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Calibration tones are not aligned (phase adjustment is required)
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Graph of phase offsets relative to first channel
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About to apply copied phase offsets
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Now all channels are aligned


Top Block

L | Gain 1: /-16 Gain 2: -16
Source: | CAL | o Hold Invert

FFT | Phases | Scope

Scope Plot feht ch2 GRS [ChE Persistence
0.008
0.006 Axes thlons
Secs/Div: ||
0.004 Counts/Div:
¥ Offset:
0.002 T Offset:
g 0 | Autorange
u Channel Options
-0.002 chi | ch2 | ch3 P
0004 Coupling: | DC e
-0.006 : ) i
Marker: Line Link | 4
-0.008
66.5 a7 67.5 68 68.5 69 69.5 70
Time (us) Stop
Freq: 915M
Cal Freg: 916M

Probed phase 3:  1.78844m
Probed phase 2: -170.943u
Probed phase 1: -37.9453u
Channel 3 Phase Offset Input: | 123.942m
Channel 2 Phase Offset Input: | 34.8406m
Channel 1 Phase Offset Input: | 597.494m



Presenter
Presentation Notes
Calibration tones are now aligned


Drons Variable WX GUI Slider WX GUI Slider WX GUI Notebook
1D: ta, = ID: samp_rate || ID: gainl ID: gain2 1D: nb
Generate Options: WX GUI || Value: 7.5M Label: Gain 1 Label: Gain 2 Tab Orientation: Top
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Maximum: 100k Minimum: 0 Frequency Xlating FIR Filter
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Channels: 0,1, 2,3
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WX GUI FFT Sink
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Sample Rate: 50k
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WX GUI Slider
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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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DO NOT TRY THIS AT...

WHEREVER!



e Don’t like a doctor/nurse?

— Send them on many a wild goose chase
* |syour arch-nemesis in hospital?

— Tell them to remove the other ********
 Need to distract security?

— Issue an ‘automated’ alert



Want to reach cruising altitude a little quicker?

— Put a ‘plane’ heading towards you (at a slightly
lower altitude)

Think the pilot made the wrong choice in deciding to
land?

— Put a ‘plane’ on the runway

Want to display a message on everyone’s radar
screen?

— Spell one using ‘aircraft marker” art



e Don’t want to fly on a particular aircraft?
— Send a severe fault report
 Was the flight a little bumpy?

— Send an engine performance report to RR with
large vibration values

 Need to message the cockpit privately?
— Address the message to cockpit printer #1



 Uplink power is generally kept at the minimum level
to save money

e Depends on the weather:
— Clear sky: a few W
— Heavy rain: a few kW
e Turn yours up to (theirs + 1)

Customers may use uplink power control systems (UPC) to compensate for uplink rain attenuation. Since a malfunctioning UPC
system can interfere with other services and even damae a satellite TWTA, UPC systems must be approved by Optus before use and

are strictly limited in the amount of uplink compensation permitted. Details of the amount of UPC permitted under various operating

conditions may be obtained from Optus.
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