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Background 
 
  

 



Research Questions 

• Will interferences considerable reduce wide band 
HF capacity? 

• Contiguous vs. channel-bonded frequency band? 
• Distinction between horizontal and vertical 

polarization?  
• Is the Laycock-Gott occupancy model still valid? 
• Consequence of high local Noise level? 

 

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.



Method 
• 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 
 



Locations 
• Stockholm archipelago 

– Vertical monopole 
– Horizontal Broadband Dipole 
– Dec 2012 – Jan 2013 

• Linköping 
– Horizontal Folded Dipole 
– Summer 2012 

 

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

 

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



Measurement system 
 
• Noise Factor ( < 20, typ. 17) 
• Channel BW  (1 kHz) 
• Noise BW (100 kHz) 
• Attenuation (0 dB) 
• IF Bandwidth (3 MHz) 
• Resolution BW (500 Hz) 
• FFT Window (Blackman-Harris) 
• Sampling Period (2 ms) 
• Scanning rate (~ 2000 Channel/s) 

Presenter
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



Noise Floor 
Horizontal, Stockholm archipelago 
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Noise floor antenna
Noise floor receiver at 50 Ω  termination

Date 131212 
UT 11 00 
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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 
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Contiguous   Channel-bonded  over 24 kHz  



Unoccupied 12 kHz Channels 
Fixed and Mobile, Horizontal, Stockholm archipelago 
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Antenna 3 kHz Channels 
Fixed and Mobile, Stockholm archipelago 
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Laycock-Gott vs. Occupancy (Day) 



Laycock-Gott vs. Occupancy (Night) 



Noise level, 24 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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Unoccupied 24 kHz Channels 
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Unoccupied 12 kHz Channels 
Fixed and Mobile, Horizontal, Stockholm archipelago 
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Conclusion (for Northern Europe) 

• 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  

• Antenna polarization insignificant for Occupancy 
statistic  



Conclusion cont. 
• 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  

• A receiver 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  
 



Questions? 

 



Measurement system 



BD Noise estimation 
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Unoccupied 3 kHz Channels 
Fixed and Mobile, Horizontal, Linköping 

Each block 
1 MHz * 1 hour 
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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 24 kHz Channels 
Fixed and Mobile, Horizontal, Linköping 

Each block 
1 MHz * 1 hour 
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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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Contiguous   Channel-bonded  over 24 kHz 



Antenna, 24 kHz Channels 
Fixed and Mobile, Stockholm archipelago 
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Unoccupied 3 kHz Channels 
Fixed and Mobile, Horizontal, Stockholm archipelago 
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Unoccupied 24 kHz Channels 
Fixed and Mobile, Horizontal, Stockholm archipelago 
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STANAG 4538 Occupancy detection 



PERSEUS specifications 
Technical specifications  

 


	Wide band measurement of HF Spectral Occupancy in the Baltic Region
	Background
	Research Questions
	Method
	Locations
	Measurement system�
	Measurement system�
	Noise Floor�Horizontal, Stockholm archipelago
	Unoccupied 3 kHz Channels, �Fixed and Mobile, Horizontal, Stockholm archipelago
	Unoccupied 24 kHz Channels, �Fixed and Mobile, Horizontal, Stockholm archipelago
	Unoccupied 12 kHz Channels�Fixed and Mobile, Horizontal, Stockholm archipelago
	Unoccupied 12 kHz Channels�Fixed and Mobile, Horizontal, Stockholm archipelago
	Antenna 3 kHz Channels�Fixed and Mobile, Stockholm archipelago
	Laycock-Gott vs. Occupancy (Day)
	Laycock-Gott vs. Occupancy (Night)
	Noise level, 24 kHz Channels�Fixed and Mobile, Horizontal, Stockholm archipelago
	Unoccupied 3 kHz Channels�Fixed and Mobile, Horizontal, Stockholm archipelago
	Unoccupied 24 kHz Channels�Fixed and Mobile, Horizontal, Stockholm archipelago
	Unoccupied 12 kHz Channels�Fixed and Mobile, Horizontal, Stockholm archipelago
	Conclusion (for Northern Europe)
	Conclusion cont.
	Questions?
	Measurement system
	BD Noise estimation
	Unoccupied 3 kHz Channels�Fixed and Mobile, Horizontal, Linköping
	Unoccupied 24 kHz Channels�Fixed and Mobile, Horizontal, Linköping
	Unoccupied 6 kHz Channels�Fixed and Mobile, Horizontal, Stockholm archipelago
	Antenna, 24 kHz Channels�Fixed and Mobile, Stockholm archipelago
	Unoccupied 3 kHz Channels�Fixed and Mobile, Horizontal, Stockholm archipelago
	Unoccupied 24 kHz Channels�Fixed and Mobile, Horizontal, Stockholm archipelago
	STANAG 4538 Occupancy detection
	PERSEUS specifications

