PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 : (11) International Publication Number: WO 92/19982
01S 7/295, 7/40, HO4B 7/00 Al

EIO 407 /005 » 7140, (43) International Publication Date: 12 November 1992 (12.11.92)

(21) International Application Number: PCT/AU92/00201 | (74) Agent: COLLISON & CO.; 117 King William Street, Ade-

(22) International Filing Date: 1 May 1992 (01.05.92)

(30) Priority data:
PK 5952 2 May 1991 (02.05.91) AU
PK 5955 2 May 1991 (02.05.91) AU

(71) Applicant (for all designated States except US): THE COM-
MONWEALTH OF AUSTRALIA c¢/o0 THE SECRE-
TARY, DEPARTMENT OF DEFENCE [AU/AU]; An-
zac Park West Building, Constitution Avenue, Canberra,
ACT 2600 (AU).

(72) Inventors; and

(75) Inventors/Applicants (for US only) : WARD, Bruce, Donald
[AU/AUJ; 2 Springwood Avenue, Redwood Park, S.A.
5097 (AU). EARL, George, Frederick [AU/AUJ; 3 Shan-
non Rise, Banksia Park, S.A. 5091 (AU).

laide, S.A. 5000 (AU).

(81) Designated States: AT (European patent), AU, BE (Euro-
pean patent), CA, CH (European patent), DE (Euro-
pean patent), DK (European patent), ES (European pa-
tent), FR (European patent), GB (European patent), GR
(European patent), IT (European patent), JP, LU (Euro-
pean patent), MC (European patent), NL (European pa-
tent), SE (European patent), US.

Published
With international search report.

(54) Title: OPERATIONAL CHANNEL SELECTION

(57) Abstract

A method of selecting suitable channels for opera-
tion in a frequency band comprising the steps of obtaining
real time channel occupancy from a frequency surveillance
system, applying a threshold to determine those channels
which are occupied, determining a reliability index for each
channel, forming a list of available channels, sorting and
selecting available channels from the list of available chan-
nels based on operational requirements, evaluating the se-
lected channels to determine the best channel in which to
operate and operating on the determined channel. The reli-
ability index is defined by R; = [uG; + A(1-p)C,4]C;
where C; is an occupancy factor and is either 0 for an oc-
cupied channel or I for an unoccupied channel, o« is a
weighting factor and A is a data lifetime factor.
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OPERATIONAL CHANNEL SELECTION

This invention relates to radio frequency surveillance systems and in
particular to a method and apparatus for monitoring the occupancy of a range
of channels in an operating band and utilizing an adaptive reliability index to
aid in the selection of clear channels. In addition the invention relates to a
system of selecting an appropriate operating frequency to minimise the effects
of interference.

It is well known by communicators using the high frequency (HF) bands that
performance depends largely on frequency selection. This is due in large part
to the vagaries of the ionosphere. For HF skywave radars, or Over-the-
Horizon Radars (OTHR), it is particularly important that the optimum frequency
is chosen for the task at hand. This leads to a requirement for real-time
frequency advice on a continuous basis.

The problem is that the high frequency band from 5 to 45 MHz can be
particularly congested from both man-made and natural sources. At
frequencies below about 10 MHz lightning discharges distributed around the
earth generate noise which inhibits use of this region of the HF spectrum. This
is particularly true at night when ionospheric conditions support propagation
over long distances. By contrast the noise above 20 MHz is almost entirely
galactic in origin and displays little temporal variation.

In addition to the broad environmental noise there is narrow band congestion
caused by other HF radio transmissions. These transmissions will generally
be random in nature and of varying duration. Some transmissions will
however be regular, occuring at say 1700 hours every day and lasting for a
well defined period.

An HF system will normally consist of one or more antennas connected to one
or more receivers. The antennas may be omnidirectional or may be physically
arranged to have a degree of directionality. In addition, various analogue
techniques can be used to form receiver beams having a defined direction
and width. The signals from the antennas are often subjected to some degree
of analogue filtering before reaching the receiver. The receiver output can be
converted from analogue to digital form before undergoing further processing
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and analysis. Once in digital form phase weighting techniques can be used to
form multiple receiver beams.

It is an object of this invention to provide a method and apparatus for
monitoring a frequency band and providing an indication of clear channels
suitable for HF communication or radar operations. It is a further object of this
invention to provide a technique that will provide real time advice on clear
channels available for use and a reliability index which indicates the
likelihood of the channel remaining clear for an extended period of time.

The invention operates in two parts. Firstly the frequency surveillance system
operates in a channel occupancy mode to monitor activity across the HF
spectrum and identify unoccupied channels. A database of unoccupied
channels is maintained. Secondly, a clear channel method selects suitable
operating channels from the database of unoccupied channels. The clear
channel method uses a reliability index to aid in this selection. The
background atmospheric noise level is measured in selected unoccupied

channels.

In the channel occupancy mode the system scans the entire band to
determine the occupancy of each channel. In the past the occupancy of
channels in a frequency band has been determined by using narrow band
filters and directly measuring the power received through the filter. The
problem with this method is that it is limited by the fidelity of the filters and it is
inflexible. Furthermore, use of a narrow band filter limits the rate at which the

system can be swept across the HF band.

It is desirable to operate any HF system at the optimum signal to noise ratio.
For an OTHR which relies on backscattered signals this translates to a
requirement to select an operating frequency with an acceptable clutter to
noise ratio. Clutter refers to the signal backscattered from the earth's surface.

A number of sub-systems such as sounders provide information for
determining the optimum operating frequency band for a given combination of
ionospheric conditions. Once a frequency band has been selected however,
an unoccupied channel must be chosen in which to operate. This invention is

designed to aid in this choice.
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Therefore, in one form of the invention there is proposed a method of
identifying suitable channels for operation in a frequency band consisting of a
plurality of frequency channels comprising the steps of:

accumulating analogue signals from a plurality of scans over the frequency
band;

transforming the signals;

averaging the transformed signals of a number of the scans;

scaling the averaged transformed signals to absolute signals;

determining the amplitude of the absolute signal in a frequency channel; and
displaying the signal amplitude against frequency on a visual display means.

In preference the step of transforming the signals includes converting the
analogue signals to digital signals and applying a Fourier transform to the
digital signals to produce transformed signals.

In preference a fast Fourier transform is used to transform the digital signals
into a plurality of signals at a desired resolution across a receiver bandwidth.

In preference each scan is checked for the effect of impulsive noise and
effected signals are exciuded. The remaining signals in a number of scans
are averaged. In preference the number of scans that are averaged is ten.

In preference signals are checked for the effects of impulsive noise by
comparing the amplitude of signals at a given frequency from a number of
scans. Signals which occur in a small minority of the scans are assumed to
be due to impulsive noise and are therefore removed.

The resulting digital signal amplitudes provide a measure of the level of
occupancy in each channel across a frequency band. The amplitudes are
displayed graphically with frequency as the independent variable.

In a further form of the invention there is proposed a method of selecting clear
channels for operation in a frequency band consisting of a plurality of
frequency channels comprising the steps of:

identifying suitable channels for operation:

determining a reliability index for each channel;

forming a list of available channels;

sorting and selecting available channels from the list of available channels
based on operational requirements;
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evaluating the selected channels to determine the best channel in which to
operate and operating on the determined channel.

In a still further form of this invention there is proposed a method of selecting
clear channels in a frequency band comprising the steps of:
5 obtaining real time channel occupancy and background noise data from a

frequency surveillance system;
applying a threshold to determine those channels which are occupied;

determining a reliability index for each channel;
forming a list of available channels;

10 sorting and selecting available channels from the list of available channels
based on operational requirements;
evaluating the selected channels to determine the best channel in which to
operate and operating on the determined channel.

In preference the threshold can be set by an operator or may be set by an
15  expert system.

In preference a reject frequency list is maintained and referred to when
selecting appropriate operating frequencies.

The reject frequency list contains two types of frequencies. Firstly there are
those frequencies which are always prohibited due to designation as

20 international distress frequencies or due to constant use by other HF
operators. Secondly there are those frequencies which are generally
occupied a high percentage of the time or always occupied at certain times.
The aim of the reject frequency list is to prevent operation at frequencies
which have a high probability of suffering radio frequency interference. Thus if

25 achannel is known to be occupied at a certain time each day it will not be
selected at that time, even if all other considerations identify it as the best

channel.

In preference a passive channel evaluation method is used to evaluate the
selected channels. The passive channel evaluation method utilizes an

30 antenna and receiver to look at the selected channels at higher resolution
than the frequency surveillence system and thereby may select between two
channels which appear equivalent from all other considerations.
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On a continual basis channel histories are established by determining a
reliability index R4 defined as:

R4 =[},LCj + A(l-—u)Cj_l]Cj

where ¢ is the occupancy factor and is either 0 for an occupied channel or 1
5 for an unoccupied channel, = is a weighting factor and A is a data lifetime
factor.

The reliability index will be zero for a channel which is considered to be
occupied and will approach unity for a channel which has been unoccupied

for an extended period, the rate of transition being determined by the
10  weighting factor . In effect, « is a time constant which can be set to change

the time that a channel must remain unoccupied to be considered as reliable.

The data lifetime factor A sets the relative weight given to data collected during
a recent radar operation compared to an earlier operation and will be a
function of time.

15 The radar tasking system determines the optimum operating frequency for the
ionospheric conditions and the desired task. Suitable channels are selected
from the list determined by the clear channel method and a passive radar is
used to evaluate each of the possible channels and to select the most
appropriate channel.

20  In a still further form of this invention there is provided a frequency
surveillance apparatus consisting of a plurality of omnidirectional antennas, a
plurality of directional antennas, a reference noise source for providing a
signal for calibration, a radio frequency receiver input unit for selecting input
from an appropriate antenna, a filter unit to reduce the effects of radio

25 frequency interference, a receiver unit for tuning across the frequency band,
an analogue to-digital conversion unit and a processor unit to transform and
average digitised signals.

In preference the apparatus may also have a local oscillator unit which
supplies a signal to the receiver for use in deramping the received signal.

30 In preference the reference noise source provides a calibration signal of -170
dBW/Hz.
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For a better understanding of this invention a preferred embodiment will now
be described with reference to the attached drawings in which:

FIG.1 is a schematic view of a surveillance system,
FIG.2 is a flow chart of the method of selecting an operating channel,
FIG.3 is an example of one output of the method, and

FIG.4 shows a hypothetical graph of the variation of a reliability index
with time.

The invention will be described with reference to a known Over-the-Horizon
Radar system, although it will be appreciated that the invention is in no ways
limited to this application.

The surveillance system is shown in FIG. 1 and consists of a receiver input
unit which is able to select an input from any one of eight beams via a beam
select unit, from either of two omnidirectional antennas, a reference noise
source or a diagnostic test signal generator. The receiver input unit is
connected via suitable filters to a single receiver. The method only utilizes
one of the omnidirectional antennas and the reference noise source for

calibration.

The receiver has a bandwidth of 20 kHz and the output is digitised at a
sampling rate of 51.2 kHz. Data is acquired over an interval of 5 ms and
subjected to spectral analysis, leading to a fundamental frequency resolution
of 200 Hz. The gain and frequency of the receiver are under direct computer
control and the entire data acquisition process is coded in such a manner that
it maximises the effective rate at which data can be acquired.

To calibrate the data a noise signal is injected into the receiver at a known
level (-170 dBW/Hz) at the beginning of each set of observations. Noise
signal samples are acquired over a 5 msec interval as above and a fast
Fourier transform is used to transform the data to a power spectrum. To
remove the effects of passband fluctuations this process is repeated a number
of times and the average is taken. The resultant power spectrum is an
absolute calibration of the response characteristics of the receiver system and
is therefore used to scale all subsequent spectral estimates.
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A flowchart of the method is shown in FIG. 2. Signal levels are measured in
all 2 kHz channels by stepping the recsiver in 20 kHz steps across the
spectrum with the receiver connected to an omnidirectional antenna. Data is
acquired for 5 msec in each 20 kHz band, converted to digital form and
transformed using a fast Fourier transform to give power at 200 Hz resolution.
Ten adjacent 200 Hz spectral estimates are averaged to provide power
estimates at 2 kHz resolution in order to reduce variance. Ten scans are
made across the HF spectrum from 4 to 30 MHz with all 130000 spectral
estimates stored in a multiport memory. The 10 scans for each 20 kHz step
are examined in order to identify any scans which have been effected by
impulsive noise and these are rejected. The remaining scans are averaged in
order to further reduce the variance in the estimates.

FIG. 3 shows a typical signal level display measured over the 11 to 12 MHz
band. It is clear from the display those channels that are occupied and those
that are clear.

A threshold is applied to the data to classify each channel as occupied or
unoccupied and the appropriate occupancy factor is associated with each
channel. A reliability index is calculated for each channel. Channels with the
highest reliability index are checked against the reject frequency list and if not
rejected are chosen for operation since they are known to have been
unoccupied for an extended period of time.

The temporal behaviour of the reliability index is shown in FIG. 4. The
horizontal axis 1 represents time and the vertical axis 2 represents Rj which
varies between zero when the channel is occupied 3 and one. When the
channel is detected as being unoccupied the reliability index takes on a non-
zero value. As time progresses and the channel remains unoccupied the
index will increase at a rate determined by the value of e until it asymptotes to
one. The solid line 4 represents the change in reliability index over time for a
weighting factor of = = 0.3 and the dashed line 5 is for « = 0.5.

Throughout this specification the purpose has been to illustrate the invention
and not to limit this.
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CLAIMS:
1. A method of identifying suitable channels for operation in a frequency
band consisting of a plurality of frequency channels comprising the steps of:
accumulating analogue signals from a plurality of scans over the frequency
band;

5 transforming the signals;
averaging the transformed signals of a number of the scans;
scaling the averaged transformed signals to absolute signals;
determining the amplitude of the absolute signal in a frequency channel and
displaying the signal amplitude against frequency on a visual display means.

i0 2. The method of claim 1 in which the step of transforming the signals
includes converting the analogue signals to digital signals and applying a
Fourier transform to the digital signals to produce transformed signals.

3. The method of claim 1 in which the averaged transformed signals are
scaled by comparison with signals received from a reference noise source.

15 4.  The method of claim 3 in which the reference noise source provides
noise at a magnitude of -170 dBW/Hz.

5. The method of claim 1 in which each scan is checked for the effect of
impulsive noise prior to the step of averaging the transformed signals and
affected signals are excluded.

20 6. A method of selecting clear channels for operation in a frequency band
consisting of a plurality of frequency channels comprising the steps of:
identifying suitable channels for operation;
determining a reliability index for each channel;
forming a list of available channels;

25 sorting and selecting available channels from the list of available channels
based on operational requirements;
evaluating the selected channels to determine the best channel in which to
operate and operating on the determined channel.

7.  The method of claim 6 in which the step of identifying suitable channels

30 for operation includes:
accumulating analogue signals from a plurality of scans over a frequency

band;
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transforming the signals;

averaging the transformed signals of a number of the scans;

scaling the averaged transformed signals to absolute signals;

determining the amplitude of the absolute signal in each frequency channel;
and

applying a threshold to determine those channels which are occupied.

8. The method of claim 6 in which the reliability index, R4, Is determined
from

Ry =[HCy + A (l-u)Cj_l]Cj

where C5 is an occupancy factor being either 0 for an occupied channel or 1
for an unoccupied channel, =< is a weighting factor and A is a data lifetime

factor.

9. The method of claim 6 further characterized in that the list of available
channels is determined by reference to the reliability index and a reject
frequency list.

10.  The method of claim 6 in which the selected channels are evaluated by
a passive channel evaluation method.

11. The method of claim 7 in which the passive channel evaluation method
utilizes an antenna and receiver to analyse the selected channels at higher
resolution.

12. A frequency surveillance apparatus for selecting clear channels for
operation in a frequency band consisting of a plurality of frequency channels,
consisting of:

an omnidirectional antenna;

a reference noise source adapted to provide a signal for calibration:

a radio frequency receiver input unit adapted to select input from either the
antenna or the reference noise source;

a filter unit adapted to reduce the effects of radio frequency interference;

a receiver unit adapted to tune across the frequency band and receive
analague signals from the input selected by the receiver input unit;

an analogue to digital conversion unit adapted to convert the analogue
signals received by the recsiver to digital signals;
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a processor unit adapted to transform digital signals, calculate a reliability
index and select a clear channel for operation; and
a visual display means to display the output from the processor unit.

13.  The apparatus of claim 12 having a local oscillator unit adapted to
5 supply a signal to the receiver unit for use in deramping the received signal.

14. The apparatus of claim 12 in which the reference noise source provides
a calibration signal of -170 dBW/Hz.

15.  The apparatus of claim 12 in which the processor unit is adapted to:
transform digital signals by applying a Fourier transform;

10 average the transformed signals;
scale the averaged transformed signals to absolute signals;
determine the amplitude of the absolute signal in each frequency channel;

and
apply a threshold to determine those channels which are occupied.

15 16. The apparatus of claim 12 further characterised in that the processor

unit is adapted to :
calculate a reliability index, Ry, of the form

Ry =[KCy * A (1-W)Cy-1]C5

where C is an occupancy factor being either 0 for an occupied channel or 1
20 for an unoccupied channel, « is a weighting factor and A is a data lifetime

factor;

utilize the reliability index to select an operating channel; and

provide as output to the visual display means an indication of the selected

channel.

25 17. A method of selecting clear channels in a frequency band comprising

the steps of:
obtaining real time channel occupancy and background noise data from a
frequency surveillance system;
applying a threshold to determine those channels which are occupied;
30 determining a reliability index for each channel;
forming a list of available channels;
sorting and selecting available channels from the list of available channels
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based on operational requirements;
evaluating the selected channels to determine the best channel in which to
operate and operating on the determined channel.

18. A method as herein described with reference to the attached figures.

5 19. An apparatus as herein described with reference to the attached
figures.
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