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Background




Wil interferences considerable reduce wide band
HF capacity?

e Contiguous vs. channel-bonded frequency band?

e Distinction between horizontal and vertical
nolarization?

 |s the Laycock-Gott occupancy model still valid?
 Consequence of high local Noise level?
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Presenter
Presentation Notes
Andra punkten: Vilken teknik är bäst för att få wide band HF?
Tredje punkten: Har antenndiagramm mm stor betydelse? Formulera om texten? Bredbandsdipol har bäst känslighet rakt upp medan stav har bäst känslighet längs horisonten.
Fjärde frågan: Går det fortfarande att använd Gott? Om , finns ett bra verktyg för simulering av wideband HF nät i norra europa.
Femte frågan: Hur upplevs interferensmiljön vid en tyst plats respektive en stökig plattform (typ fartyg). Den metod vi och CRC använder för Occupancy detection påminner mycket om LBT. Det innebär att en stökig plattform ser betydligt fler lediga frekvenser.


e Based on the CRC Method for HF Spectral
occupancy
— Same evaluation criteria
— Different measurement system

— Occupancy Threshold: 10 dB SNR = LBT in STANAG
4538

— Real-time noise estimates

— Unoccupied Channel if Occupancy < 5 % on 9 days
out of 10.

— Alternative criteria: Unoccupied if Occupancy < 50 %
on 9 days out of 10
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| ocations

« Stockholm archipelago
— Vertical monopole

— Horizontal Broadband Dipole
— Dec 2012 - Jan 2013

e LinkOping
— Horizontal Folded Dipole
— Summer 2012
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Presenter
Presentation Notes
Stockholm archipilago: Antennas in a remote area just a few meters from Baltic See. ”Emulate” a ship.
Linköping: Antennas at University campus, close to residential area.


Measurement system

« Based on PERSEUS SDR

« Horizontal: BB Dipole

e Vertical: Whip 16 m, topload
e Scan 2-30 MHz in 15 s

« MATLAB

4\ MathWorks
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Presenter
Presentation Notes
Ska klistra in mer om PERSEUS alt lägga en extra bild
Based on a FOI low cost system for modulation classification on HF band


* Noise Factor ( < 20, typ. 17)
 Channel BW (1 kHz)

 Noise BW (100 kHz)

o Attenuation (O dB)

 |IF Bandwidth (3 MHZz)

* Resolution BW (500 Hz)

 FFT Window (Blackman-Harris)

o Sampling Period (2 ms)

e Scanning rate (~ 2000 Channel/s)
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Presentation Notes
Some Perseus data:
Price: ~ 1000 $
Frequncy range: 10 kHz – 30 MHz
Sensivity: 0,39 uV SSB (S+N)/N = 10 dB
Dynamic  range: 103 dB (SSB, 2,4 kHz BW)
Minimun detectable  signal: -124 dBm (SSB 2,4 kHz)
Preselector
Attenuator: 0, 10, 20 30 dB
A/D: 14 bit 80 Ms/s 76 dB momentan dynamic range
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Presenter
Presentation Notes
Perseus is not  a measurement reciever. 
Calibration against known signal sources.



Unoccupied 3 kHz Channels,

Fixed and Mobile, Horizontal, Stockholm archipelago
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Unoccupied 12 kHz Channels

Fixed and Mobile, Horizontal, Stockholm archipelago

Contiguous Channel-bonded over 24 kHz
Each block
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Unoccupied 12 kHz Channels

Fixed and Mobile, Horizontal, Stockholm archipelago

Contiguous Channel-bonded over 48 kHz
Each block
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Antenna 3 kHz Channels
Fixed and Mobile, Stockholm archipelago

Horizontal Vertical Each block

3kHz kanal 3 kHz kanal 1 MHz * 1 hour
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Unoccupied 3 kHz Channels
Fixed and Mobile, Horizontal, Stockholm archipelago

Occ. <5 % on 9 days out of 10 Occ. <50 % on 9 days outof 10 _ . b\
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Unoccupied 12 kHz Channels
Fixed and Mobile, Horizontal, Stockholm archipelago
Occ. <5 % on 9 days out of 10 Occ. <50 % on 9 days out of 10 Each block
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e Occupancy will reduce capacity for fix frequency
wideband HF

* Frequency adaptive system has potential for
better wideband capacity.

 Channel-bonded approach improve but don't
solve the Occupancy problem

e Antenna polarization insignificant for Occupancy
statistic

FMV & GFol



* Laycock-Gott congestion model still valid. By
adding a “translation module” (Congestion -
Occupancy) it will be a useful tool in simulation
of HF net in Northern Europe

e Areceiver in a noisy environment will classify
more channels as unoccupied compared to a
receiver at a quiet location. In an adaptive
system algorithms must take this problem into
account.

« Difficult frequency planning for fix frequency 24
kHz channels
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Questions?
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BD Noise estimation
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Unoccupied 3 kHz Channels

Fixed and Mobile, Horizontal, Linkoping

3 kHz kan
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Presenter
Presentation Notes
Bild från FOI
Bad timing. Construction of a Supercomputer center close to the antenna. Many power failures, broken antenna stays and even excavators cutting antenna cables. June is the only continuous data serie.
In june, the sun illumuinate ionosphere all hours. No big difference between day and night. 
”Mycke data” men få sammanhängande serier.
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Presenter
Presentation Notes
Bild från FOI
Bad timing. Construction of a Supercomputer center close to the antenna. Many power failures, broken antenna stays and even excavators cutting antenna cables. June is the only continuous data serie.
In june, the sun illumuinate ionosphere all hours. No big difference between day and night. 
”Mycke data” men få sammanhängande serier.


Unoccupied 6 kHz Channels
Fixed and Mobile, Horizontal, Stockholm archipelago
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Unoccupied 3 kHz Channels

Fixed and Mobile, Horizontal, Stockholm archipelago
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STANAG 4538 Occupancy detection

(NU) TABLE 4.6.4-1. Synchronous-mode occupancy detection requirements

Waveform AWGN3kHz  Minimum Required
SNR (dB) Detection Prohability
2G-ALE 0 50%
A 90%
Robust LSU (BW0) 9 50%
6 95%
HDL (BW2) 0 30%
8 70%
single sideband (SSB) Voice d 50%
9 75%
MIL-STD-188-110 or 0 30%
FED-STD-1052 PSK modem 8 70%
STANAG 4285 or 0 30%
STANAG 4529 PSK modem A 70%




PERSEUS specifications

Technical specifications

Frequency Coverage 10 kHz - 30 MHz (tunable D - 40 MHz)
Modes Software-definied, AM, 5-AM, 558, RTTY, CW, FMN and more
Senzitivity 0,39 midV in S5B at 10 dB S+N/MN
Selectivity Software-defined, Stop Band attenuation =100 dB
Image Rejection 90 dB
Input IP3 +31 dBm
Dynamic Range (IMD3) 100 dB (558, 2.4 kHz); 104 dB (CW, 500 Hz)
Spurious free Dynamic Range 110 dB
Blocking Dynamic Range 125 dB (CW, 500 Hz)
MDS {Minimum Detectable Signal}-131 dBm (bandwidth 500 Hz, Preamp On)
-124 dBm (bandwidth 2.4 kHz, Preamp On}
ADC Clipping -3 dBm, resp. -6 dBm (Preamp On)
Attenuator 0, 10,20, 30 dB

Low pass filter
Band pass filters

0-1.7 MHz
17-21,1,1-30, 3042, 4260, 6084
84-12,0, 12-17, 17-24, 24-32 MHz

sowie OFF (D-40 MHz im Breitband-Modus)

ADC (Analogue/Digital-Converter) 14 bit, 80 Ms/s with intemal Dither Generator

DDC {Digital Downconverter)
PC-Schnittstelle

Sampling Rate(Output)
Cutput-Bandwidih

Cutput Signal
PC-Requirements

Power Supply requirements
Universal-Power Supply
Cabinet

Ciperating Temperature Range
Frequency Accuracy

Weight

FPGA (Xilinx Spartan IIIE XC35250E)
USB2.0, 480 Mbit's

125 Kafs, 250 Kals, S00 Kalz, 1 MSis, 2 MS/s
100/200/400/800/ 1600 kHz

(bei Aliaz-Unterdrickung von 130 dB)

24 bit'=ample 1-Q/Pair

2,5 GHz Dual Core Processor, 1 GB RAM
+0V DC +/-5% - T00 mA

f. 110240V AC (included)

Aluminium Enclosure, 110 x 38 x 185 mm (B x H x D)
040 °C

%1 ppm after calibration

3804
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