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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

e Linear transponder shifts raw RF to downlink

frequency, re-transmitted via spot begms g
Cover any entire coun T S
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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...
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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
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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
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CMD: Telecommand
TLM: Telemetry
UPC: Uplink Power Control (constant power downlink)
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http://m.zdnet.com.au/optus-satellite-facility-tour-photos-339318475.htm
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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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http://www.comtechefdata.com/files/manuals/legacy_product_pdfs/radyne/dmd15-manual.pdf


DRIVE ENABLL

“ Antenna Control System [
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General Dynamics SATCOM (Vertex RSI)


What you need

Dish + LNB + power injector + USRP + GNU Radio

(set-top box with LNB-thru)
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http://en.wikipedia.org/wiki/Low-noise_block_downconverter


Low Noise Block down-converter

Subtract 11.3 GHz from downlink frequency: 950 - 1450 MHz
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12.25-12.75 GHz
Subtract 11.3 GHz: 950-1450 MHz
60 dB conversion gain
LO stability: ±5 kHz to ±2 kHz


® b
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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Mirrored sidebands due to Phase Modulation
Constant carrier power useful for determining downlink signal strength


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



Presenter
Presentation Notes
Constellation plot of one of the sidebands


PSK Debug Output
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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
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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:
— Differgential 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!
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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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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
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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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Eleven narrowband downlinks and one broad(er)band one


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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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


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 R I
2 | | No phase shift

£ 16.384k| - S L e EEEEET TR R
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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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



Presenter
Presentation Notes
Flowgraph to allow analysis of potential MPSK signals and decode convolutionally-encoded BPSK


D e UDP Source Vector to Stream T Variable Variable Variable FFT Sink Waterfall Sink Constellation Sink
] Num Items: 2 ID: decim | ID: xlate_decim | 1D: baseband rate | Title: FFT Plot Title: Waterfall Plot Title: Constellation Plot
: top block || IP Address: 0.0.0.0 Z |
- Port: 1734k Value: 64 | Value: 10 Value: 36k Sample Rate: 100k Sample Rate: 96k Sample Rate: 96k
Variable ||| MTU: 16384k IShort To Complex _—‘ Baseband Freg: 0 Baseband Freg: 0 Frame Rate: 15
ID: ade_rate || vec Lenéth_ - Variable oo ¥ per Div: 10 dB Dynamic Range: 100 Constellation Size: 2.048k
Value: 64M ) Frequency Xlating FIR Filter LEEm mE || s T Te 0 Y Divs: 10 [in] 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
1D: samp_rate Port: 5.08k 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
o . Notttte:o:k Rational Resampler e s (T Notebook: main_notebook, 0 El Symbol Rate: 9.6k
: main_notebool . £ .
ToE Ie_ — Decimation: 100k Decay Rate: 10m Complex To Float Omega Limit: 5m
rien n: Tep Interpelation: 36k - El Notebook: main_notebook, 1
Labels: BB, Dem...Xtra, Scope T Reference: 1
. Gain: 1
Variable Slider Fractional BW: 0 Max Gain: 100 q Quadrature Demod Jout] = Title: Scim?utsmk
ID: xlate_offset_fine Gain: 100 : Pe
P F'_ Oﬁ_et MPSK Receiver Multiply Const IE Sample Rate: 96k
= Fine Offsi . C 1 C it :
Default Value: 0 M: 2 emplex Conjugate Constant: 707m+707mj Variable Check Box V Scale: 10
" Theta: 0 B T Scale: 1m
Minimum: -10k 1D: capture E :
Maximum: 10k Alpha: 10m Selector Multiply Const Label: Capture Notebook: main_notebook, 1
R —— “CE il Input Index: 0 Constant: 1 Default Value: 1
Min Freq: 10m .,l: Output Index: 0 T Scope Sink
—- H —— Title: 5c Plot
Max Freq: 60m False: 1 b IE:I:;EHI oo
Variable Config SN fn], 5:P|=- o
ID: config_xlate offset Gain Mu: 50m wm E Valve El T s'ah.. 1
Default Value: 0 Omega: 10 Open: 1 Import ale: Im
Type: Float Gain Omega: 2.5m Import: baz | | Netebook: main_notebook, 1
Config File: .grc_sat_source Omega Relative Limit: 5Sm J——
£ e ny Blocl
Section: main
Option: xlate offset Root Raised Cosine Filter Autﬂ FE: Packed to Unpacked E Desc: E
WriteBack: 0 Decimation: 1 b.Er‘ [in | Bits per Chunk: 1 [out] Maker: <gr bloc...ked bb (3)>
: Gain: 1 . Endianness: M5B
e comme | Lol Samele Rate: sek i Sample rate: 0 ] _swerese o
ID: config_xlate_bandwidth Symbol Rate: 9.6k IE Differential Decoder El Num ltems: 19.2k
Default Value: 96k Alpha: 350m Modulus: 2
Type: Float Num Taps: 112 I h: E Head EI
Config File: .grc_sat_source e m: Num Items: 2886k
) eceiver
Section: main . 7
Option: xlate_bandwidth _:_";:ta . —g=-{ia] Nutl sink Any Block Sink
¥ : YT FDEroUE CLS L i -
WriteBack: 96k [ i [ 2 e [in | Dese:
Alpha: 50m @—I Maker: <gr_blec..t_char (4)>
Variable Slider Beta: 625u L’E Swap
in ut
ID: xlate_bandwidth _“ Min Freq: 10m Swap: False } |_>|: e — e, E:;op:::lnk ]
Label: Xiate BW Max Freg: 600m '™ constant: -4.006k |2 : Type: DBPSK
. . Sample Rate: 600
Default Value: 96k . Mu: 500m T R — Samples/Symbol: 10
. Gain Mu: 50m Multiply Const s £
:Ini:n“m. 1520;E Omega: 10 L’E COI;“:"{. ;n El—r V Offset: 15.872k ZEe uE I
aximum: . ’ Notebook: main notebook, 3 e [oul
Converter: Float Gain Omega: 62.5m O - Gain Mu: 100m —
- i Omega Relative Limit: 5m E :
ST =TT ATETET = H ::;:P::te 0.6 Variable Check Box Variable Slider able Slider Variable Check Box
- A . - - ; .
Variable Static Text Omega Relative Limit: Sm i —b'- V Scale: 1 1D: select_c.c\nj 1D: delay_puncture :IE‘,’I_\fItPTI'bI 1D: swap_wterl.m .
ID: pre_baseband rate a T Scale: Im Label: Conjugate Label: Puncture Delay : Viterbi Delay | Label: Swap Viterbi
i - DPSK2 Demod 8 : Default Value: 0 Default Value: 0 it Value: 0 Default Value: False
Label: BB Rate = XY Mode: On
Default Value: 100k Type: DQPSK = - book . el True: 1 Minimum: 0 hum: 0 True: True
Converter: Float Samples/Symbol: 10 © # main_notebook, False: 0 Maximum: 14 mum: 1 False: False
. Excess BW: 350m Converter: Integer lerter: Integer | Notebook: main notebook, 3
Notebook: tebook, 0 . - - = :
e main_noteboo Freq Alpha: 10m [out |-o-[in | Munl Sink ‘ Differential Phasor _ Variable Chooser | ygtebook: main_noteby~—2
Variable Text Box - Phase Alpha: 100m 1D: phase_mult - Variable Check Box | ID: puncture_matrix
ID: xlate_offset Timing Alpha: 100m - bel: Phase shift 1D: delay_viterbi 1D: invert Label: Matrix
Label: Xlate Offset Timing Max Dev: 1.5 Complex to | EI Scope Sink efault \I’alufz: 1 . Label: Delay Viterbi Label: Invert Default Value: 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], [1,1,01]...
Converter: Float Gray Code: Yes Sample Rate: 100k labels: 0, 0, 180, 270 | True: 1 True: -1 Labels: ['1/2','2/3"'3/4"...
Notebook: main_notebook, 0 Sync Out: On V Scale: 1 lype: Radio Buttons False: 0 False: 1 Type: Radio Buttons
Matehank: main nntehank 7 Matehank= main mebehiorr—— Matahank: main antehonk



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


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


Presenter
Presentation Notes
Output of Auto FEC at runtime


V Offset: 15.872k

Mu: 500m Omega Relative Limit: 5m Title: Scope Plot Notebook: main_notebook, 3
Omega Relative Limit: 5m e [ii] compiex to Imag _ [in| sample Rate: 100k

variable |  Variable Variable Variable Variable
UDP Source Quadrature Demod Scope Sink Constellation Sink
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
otebool
I Frequency Xlating FIR Filter o T Scale: Im Omega Limit: 5m
. - Decimation: 1 Notebook: main_notebook, 1 Notebook: main_notebook, 2
Tab Orientation: Top E e 1T El Attack Rate: 60m -
Labels: BB, Dem.. Xtra, Scope = L==1y Decay Rate: 10m Waterfall Sink
Center Frequency: 0 ——m{in | — lout] FFT Sink e
Sample Rate: 1M : :
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
Defauit Value: 0 Decimation: 1M AGC Y per Div: 10 B [n] gererence Lever: 5
Minimum: -10k jll| Interpolation: 585.152k E Rate: 100u ¥ Divs: 10 -
i Ref Scale (p2p): 2
Maximum: 10k Taps: T [ Reference: 1 B8 ReflLevel (dB): FFT Size: 512
Converter: Float Fractional BW: 0 Gain: 1 Ref Scale (p2p): 2 FFT Rate: 25
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



Presenter
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


Visualisation
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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!

Re

--;:MMEEWW;_WH”LWM_;-'_ —— e e = = =




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
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Multiple channels of TDMA bursts with synchronisation tone
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Not a signal – actually just white noise (to test the channel)!
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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.”


CDMA Detection with GRC
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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
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Common Pilot Channel
http://wiki.spench.net/wiki/W-CDMA
http://wiki.spench.net/wiki/Fast_Auto-correlation
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One slot (of four): 14.175ms
http://wiki.spench.net/wiki/TETRA
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Constellation plot still works despite π/4 DQPSK
http://en.wikipedia.org/wiki/Terrestrial_Trunked_Radio
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Four levels (phases) after QPSK reception
http://wiki.spench.net/wiki/Gr-baz#eye
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http://www.n2ckh.com/MARS_ALE_FORUM/s4285.PDF


STANAG 4285
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Simple cyclostationary analysis
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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"
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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
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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)
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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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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


http://wiki.spench.net/wiki/RF

balint@ettus.com @spenchdotnet
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http://spench.net/rfft/
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