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Abstract

This paper investigates one-year measurement data (June 2012 to June 2013) from a dedicated HF spectral occupancy
monitoring system installed in Cyprus to obtain the wideband HF channel availability statistics. For general
applications, the percentage of free channels (4-kHz, 12-kHz, 18-kHz and 24-kHz) in every 1-MHz segment of entire
HF spectrum (2-30 MHz) is determined. Channel availability percentage of the spectrum below maximum usable
frequency (MUF) is also obtained particularly for NVIS applications, using the foF2 data from Cyprus Digisonde
(DPS-4D) Nicosia station. Results show that the overall channel availability decreases as bandwidth increases.
Increased occupancy noted during morning and evening hours. The lack of lower frequency propagation during the
daytime, corresponding increased use of these frequencies during the evening hour s and wide availability of the higher
frequencies are noticed. Typical availability of 6-kHz, 12-kHz, 18-kHz and 24-KHz channels have been quantified to
be greater than 75% (best case) and below 50% (worst case).

Index Terms—onospher e, spectral occupancy, wideband wavefor m, interference.

1. Introduction

HF radio-wave systems experience limitations due to sdemngestion [1]. Co-channel and adjacent-channel interferenc
from other users is often more important than man-madee irom incidental radiators, atmospheric noise frigithing, or
galactic noise [2]. Since 1981, several measuremenpaigms conducted around the globe to characterise and fd&del
spectral congestion. Studies reported in [3], [4], [5] ences\p# spectral occupancy measurements in Europe since 1982,
and gave examples of models for ITU allocation congestiod9B1, systematic investigation of spectral occupancy ove
northern Europe started at the University of Manchesteitutestof Science and Technology (UMIST) concerning only
solstice measurements [6]. The project progressivelynelguh resulting in a wide-ranging database over a conmglespot
cycle, which were reported in a number of papers [4],af7{d mathematical models for spectral occupancy have been
developed. Other measurement campaigns include, Central Aaustosh 1985 (as a part of Jindalee OTHR project) [8],
Continental United States (CONUS) and Federal Republ®esmany (FRG) from 1987 [9], Sweden from 1990 [10] and
Germany from 1993 [11] (as an extension of UMIST projectfyprus from 2012 [12], and in Canada from 2011 [13]. The
measurements were used to characterise and model tbeviband HF channels from 1 to 3-kHz. Subsequently out skthe
studies several models have been developed following vasappsoaches [14], [15]. In order to effectively share very
limited spectrum (3-30 MHz), for many years, voice #-speed data services in the HF radio bands have usweaty b
restricted to channels not wider than 3-kHz. Due to the istrgademand for higher capacity and data throughputs
regulatory communities had to consider breaking out of the langlimg 3-kHz channelization of the HF spectrum with
considerable enhancement [16]. Several years’ work tegsuh wideband HF (WBHF) technology for radios. WBHF
waveforms are capable of fully utilizing channels from 3-kizto 24-kHz, in increments of 3-KHz and can provide data
rates from 75 bps up to 120 Kbps [17]. However, the employmenitdeband signals has advantages if: (1) the HF medium
can support the propagation; (2) the transmission does ndfeistavith other users in the band; and (3) the effects of
external noise and interference can be mitigated through thef aggropriate signal processing.Three possible approaches
have been outlined by Johnson et. al (2013), to meet the $imgyeemand of higher capacity and data throughput: ttedir

to increase data rates utilizing current 3-kHz allaredj the second is to increase data rates by usingpfeuBikHz
contiguous or non-contiguous channels; and the third is img wgider contiguous bandwidth waveforms. Records of HF
spectral occupancy are systematically being made by aadedifully automatic measurement system in Cyprus £008

[12] by automatically scanning the entire HF spectrunhiwian hour (approximately, 27 min for signals arriving at énd
high angle of incidence, respectively). In this paper, @e-yneasurement data from June 2012 to June 2013 obtained fr
the mentioned system is investigated to obtain the witdklzhannel availability statistics. Although the dataset is not
sufficiently dense to express the results in terms of CiAtwo-fold investigations were conducted. These arfelbsvs:
First, for general applications, the percentage of dhesnels (6-kHz, 12-kHz, 18-kHz and 24-kHz) in every 1-MHz ssgm

of entire HF spectrum (2-30 MHz) is determined and secchdnnel availability percentage of the spectrum below
maximum usable frequency (MUF) is obtained particularlyniear vertical incidence system (NVIS) applicationsngishe
foF2 data from Cyprus Digisonde (DPS-4D) Nicosia station.



2. Measurement System and Procedure

The measurement station is based on a digital widebaet/ee@nd an active antenna system, consisting of twoatepar
components capable of receiving HF signals at both low andahigfle of incidence. For signals having low-angle of arrival
(most likely transmitted by distant transmitters), tieév@ broadband omnidirectional monopole component of thenaat
system is employed whereas for signals emanating from pradothyi high-angle trajectories (most likely trangseit by
more localized transmitters operating in the near vériicadence mode), the omnidirectional turnstile componerthef
antenna system is employed. Monopole and turnstile components ahténna system are switched in turn to the antenna
input of the measurement receiver, and occupancy acrosd®Hadefined frequency allocation [13 evaluated for signals
received by both antenna components. The calibratitimeafvo antenna components is controlled by a monitorifigse,
which manages the switching and the interchange of cabbratettings for each of the two antenna components
automatically. The receiver is operated with a bandwalti kHz, and is stepped through each ITU defined frequency
allocation, spending 100 ms at each increment so that ttdewHF band can be monitored in less than an hour
(approximately 27 min for signals arriving at low and highlarmg incidence, respectively). Each 1 kHz channel is defined
as occupied at a particular field strength threshold43@BuV/m in 5 dB steps) if the signal rms value determined tver
100 ms observation period exceeds the corresponding calibrateshold set at the input to the receiver. The fraaifon
such channels across each user allocation then defines thesttongQ [4] for the particular field strength threshahd a
allocation using the particular antenna. The scanning opesadre repeated for all 95 allocations, taking approxindess
than an hour. The entire process is repeated each haul#fbh period, resulting in a total of 95 allocations xhtdsholds x

2 antenna components x 24 h = 63840 values of congestioto bésnoted that under the measurement procedure described
earlier, no distinction is made between man-made noisgrahabise, harrowband signals or wideband signals. We afacst
underline the fact that the adopted scheme of combining 1 ki#z tbi estimate occupancy for user types other than
broadcasting toward a general model could add to the umtgrté the model and therefore such an extension would require
further analysis.

3. Results and Discussion

3.1 Channel Availability acrossthe Entire HF Spectrum

For wideband investigation, the band from 2 MHz to 30 MHzliidded into 1 MHz segments. Initial frequency bin
resolution of 1 kHz is post-processed into 6-kHz, 12-kHz, 18;lddd 24-kHz bins. The sweep repeated approximately every
54 seconds. Measured receiver power was sorted and noisevlieaalculated by averaging the 30 lowest values fdn ea
daily observation file processed in 1 MHz segments. For eactepIHkHz, 18-kHz, and 24-kHz bin, if the receiver power
was 10dB above the noise floor it was considered occupiedlly, the percentage of free channels is calculaieddch 6-
kHz, 12-kHz, 18-kHz, and 24-kHz bin and the results wesplayed as 26 by 28 matrix for every one-day observatien fil
Figure 1 displays the 26 by 28 matrices derived from a sityeobservation file. The values in the first column repnés

the consecutive scans at approximately 54-minute inte®adimns 2-29 displays the percentage of free channekscht 1-
MHz segment from 2-30 MHz for all 26 scans along the @ag percentage values above 0.75 are coloured green. Values
between 0.5 and 0.75, between 0.25 and 0.5, and below 0.25 aweedoyellow, orange, and red respectively. Overall
channel availability decreases as bandwidth increasedodirgerferers, which leave less contiguous unused bandwidth.
Increased occupancy is noted during morning and evening lResslts show the expected time of day variations of alann
utilization including the lack of lower frequency propagation miyiihe day, and the corresponding increased use of these
frequencies during the evening hours as well as widdaiiliy of higher frequencies. As expected high availapbitibted

for higher (non-propagating) frequencies. Overall 6-kHz reshitsv higher than 75% availability during the day and 50%
during the evening. 12-kHz results show a slight dropvailability with some evening segments below 50%. 18-Kétults
illustrate further reduction in availability; however Istbnsiderable segments greater than 50%. 24-KHz resluls$ralte
poor availability, the evening hours are far worse witgmgnsegments dropping below 50% availability. There isearcl
diurnal variation in the percentage of free channels, wikielvident from a sliced segment of consecutive 5-days \aigar
displayed in Figure 2. It is clear that the percentage ef ¢drennels is more during day but rapidly falls during night. The
impact of ionospheric dynamics on wideband channel performandeecamderstood by local characterization of ionospheric
conditions. One of the most commonly utilized toolsrfirasuring ionosphere profiles is vertical sounders cadfezsondes,
which analyze pulse echoes throughout the HF band to sdhapleertical refractive profile up to the altitude betpeak
density of free electrons. A modern digital ionosonde (DPSstljon is operating in Nicosia, Cyprus. We obtained the
values of critical frequency of the F2 layéosF2 from manually scaled digital ionosonde measurementsuiaed those as
upper limit of the usable frequency spectrum particulbotyNVIS applications. Figure 3 displays the statehef spectrum
(‘occupied’ and ‘free’ fragments are indicated by ‘bluedawhite’ colour respectively) belooF2 at 12:00 hours for
consecutive 5-days. We notice almost similar pictiren the first two dayspF2 being 10 MHz and certain portions of the
spectrum above 2 MHz and around 3, 5, 6.5, and 7.5 MHz asstyncongested. This pattern remains almost unchanged for



the next three days and congestion prevails in samep®df the spectrum. However, primarily due to the rednaif foF2

from 10 MHz to 8 MHz, the congested portion of the spectruranelet The bar chart in Figure 4 displays the state of the
spectrum below foF2 during 00:00, 06:00, 12:00 and 18:00 hours osathe day. It is noticed that the foF2 value is
minimum (approximately 5.4 MHz) during 06:00 hours and maximyspr(ximately 9 MHz) during 12:00 hours. We also
notice that greater portion of the usable spectrum éqEs congestion during midnight, morning, and evening, ealser
comparatively smaller portion is congested during day.

4. Conclusion

In this paper, we have quantified the percentage of availafulitWBHF channels (6-kHz, 12-kHz, 18-kHz, 24-kHz) rdun
the-clock on an hourly basis. Results show that the % Ail#jaof contiguous 6-kHz channels is suggestive of
implementing WBHF having multiple 3-kHz contiguous or non-contiguclhiannels. Use of wider contiguous bandwidth
waveforms would experience severe congestion especially doighgs We have also attempted to relate the ionospheric
propagation conditions with the issue of other user intemfar particularly for NVIS applications. It is suggestilet the
WBHF NVIS applications be implemented within frequency ragdirom 5 to 10 MHz. It is expected that the results
obtained from this research will help better understanttiegchannel interference issues in the wideband scenario and
identify the appropriate portions of the HF spectrunmdfegployment of such channels in future.
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Figure 2. MUF limited 24-kHz wideband channel statistics #osliced segment of consecutive 5-days.
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Figure 3. MUF limited state of the congestion at 12:00 hdnrsonsecutive 5-days.
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Figure 4. MUF limited diurnal state of the congestion atdi):06:00, 12:00, and 18:00 hours on the same day.
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