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FrequencyFrequency ChannelChannel and Band and Band 
MeasurementsMeasurements

frequency frequency bandband occupancy measurements (FBO) occupancy measurements (FBO) 
means: means: 

Measuring a frequency band  from FMeasuring a frequency band  from F--startstart
to Fto F--stop in a number of steps (bins). stop in a number of steps (bins). 
Frequency distance between consecutiveFrequency distance between consecutive
frequency steps (channels) is  always thefrequency steps (channels) is  always the
same. same. 
(See previous presentation ITU SM.1809)(See previous presentation ITU SM.1809)
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FrequencyFrequency ChannelChannel and Band and Band 
MeasurementsMeasurements

Frequency Frequency ChannelChannel Occupancy (FCO)Occupancy (FCO)
measurements means:measurements means:
The receiver is measuring a number ofThe receiver is measuring a number of
channels. The frequency distance betweenchannels. The frequency distance between
the consecutive steps is not necessarily thethe consecutive steps is not necessarily the
same.same.
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FrequencyFrequency ChannelChannel OccupancyOccupancy
MeasurementsMeasurements

Six reasons for FCO:Six reasons for FCO:
MeasureMeasure OccupancyOccupancy toto
•• Serve new customers for new frequencyServe new customers for new frequency
•• Verify complaints (coVerify complaints (co--channel users)channel users)
•• DetermineDetermine sspectrumpectrum is used efficientlyis used efficiently
•• Detect trends in spectrum usage (repeat)Detect trends in spectrum usage (repeat)
•• Publish traffic figures spectrum usage Publish traffic figures spectrum usage 
•• Check emergency channels not being used for Check emergency channels not being used for 

other purposes.other purposes.
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FrequencyFrequency ChannelChannel OccupancyOccupancy
MeasurementMeasurement MethodsMethods

1.1. Continuous Measurements.Continuous Measurements.
2.2. Systematic Measurements.Systematic Measurements.
3.3. Random (Monte Carlo)Random (Monte Carlo) Measurements.Measurements.
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1. 1. Continuous MeasurementsContinuous Measurements
((onon oneone channelchannel))

•• You get the exact occupancy during the You get the exact occupancy during the 
measurement. measurement. 

•• You can predictYou can predict the future occupancy, but the future occupancy, but 
of course the reliability of that is not of course the reliability of that is not 
100%. 100%. 

•• Using one measurement deviceUsing one measurement device,, you can you can 
only measure one channel at a time.only measure one channel at a time.
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1. 1. Continuous MeasurementsContinuous Measurements

example of continuous measurements on one example of continuous measurements on one 
channelchannel

Two users active !Two users active !
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2. 2. SystematicSystematic MeasurementsMeasurements

•• You can measure lots of channels in the same timeYou can measure lots of channels in the same time
periodperiod butbut loselose some reliability. some reliability. 

•• With short revisit times, With short revisit times, successivesuccessive measurement measurement results results 
are dependent, are dependent, in other words thein other words the measurements are measurements are 
not donenot done efficiently. efficiently. 

•• Moreover the reliability of the occupancy estimation Moreover the reliability of the occupancy estimation 
changes with the mean transmission time and therefore changes with the mean transmission time and therefore 
it it will be unknown in most cases.will be unknown in most cases.

•• With With largelarge enough revisit times, the measurements are enough revisit times, the measurements are 
independent, but independent, but if the revisit time is too largeif the revisit time is too large you might you might 
lose too much lose too much reliability. reliability. 
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2. 2. SystematicSystematic MeasurementsMeasurements

dependentdependent and independentand independent

Dependent samples
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2. 2. SystematicSystematic MeasurementsMeasurements

•• To achieve a certain accuracy with a certain To achieve a certain accuracy with a certain 
confidence level a certain number of samples is confidence level a certain number of samples is 
required. If the occupancy of a channel is 100%, required. If the occupancy of a channel is 100%, 
just a few samples are required to determine just a few samples are required to determine 
this with a good accuracy. At low occupancies a this with a good accuracy. At low occupancies a 
larger number of samples larger number of samples isis needed to achieve needed to achieve 
the same accuracy and confidence level. the same accuracy and confidence level. 

•• Fortunately, from spectrum management point Fortunately, from spectrum management point 
of view, accurate measurement of low of view, accurate measurement of low 
occupancies is not so critical.occupancies is not so critical.
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3. 3. MonteMonte CarloCarlo

•• ChannelsChannels are are chosenchosen randomlyrandomly, , whichwhich
meansmeans samples are samples are inindependent.dependent.

•• IncreaseIncrease of of numbernumber of of channelschannels withwith
samesame accuracyaccuracy..

NotNot furtherfurther discusseddiscussed in in thisthis presentationpresentation
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Important ParametersImportant Parameters
Important parameters:Important parameters:
•• ThresholdThreshold levellevel
•• ObservationObservation timetime
•• ReRe--visitvisit time (time (systematicsystematic measurementsmeasurements))
•• TransmissionTransmission lengthlength
•• DurationDuration of of monitoringmonitoring
•• ResolutionResolution of of measurementsmeasurements
•• AccuracyAccuracy



ITU Workshop Kyiv July 2008ITU Workshop Kyiv July 2008 1414

FCO FCO ITUITU--RR SM.1793SM.1793

ReRe--visit time:visit time:
The time taken to visit all the channels to beThe time taken to visit all the channels to be
measured (whether or not occupied) andmeasured (whether or not occupied) and
return to the first channelreturn to the first channel
(1 second is often a good re(1 second is often a good re--visit time for visit time for 

ITUITU--R SM.1536 measurements)R SM.1536 measurements)
Sometimes also called: sweep or scan timeSometimes also called: sweep or scan time
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FrequencyFrequency ChannelChannel and Band and Band 
MeasurementsMeasurements

Example of Frequency Channel OccupancyExample of Frequency Channel Occupancy
Measurements using ITU SM.1536:Measurements using ITU SM.1536:
Channel 1:Channel 1: 118.450  MHz118.450  MHz
Channel 2:Channel 2: 465.125  MHz465.125  MHz
Channel 3:Channel 3: 142.200  MHz142.200  MHz
Channel 4:Channel 4: 118.475  MHz118.475  MHz
Channel 5: 162.520  MHzChannel 5: 162.520  MHz
Channel 6:Channel 6: 162.500  MHz etc162.500  MHz etc
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PhilosophyPhilosophy

Collect as much as data as possible byCollect as much as data as possible by
means of means of frequency band registrationsfrequency band registrations
and let software do the work.and let software do the work.

•• ProcessingProcessing
•• Converting data into informationConverting data into information
•• AnalysingAnalysing
•• PresentationPresentation

UseUse frequencyfrequency band band registrationsregistrations forfor
determiningdetermining FrequencyFrequency ChannelChannel

OccupancyOccupancy
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IncreaseIncrease of of ReRe--visitvisit timetime

Traditional FCO as described in  ITUTraditional FCO as described in  ITU--R R 
recommendation SM.1536 (is also in  line recommendation SM.1536 (is also in  line 
with Handbook section 4.4) recommends a with Handbook section 4.4) recommends a 
very short revery short re--visit time in order to achieve visit time in order to achieve 
goodgood accuracyaccuracy . . Preferable about 1 second Preferable about 1 second 
((NyquistNyquist rulerule))

99% is 99% is possiblepossible dependingdepending onon
transmissiontransmission lengthlength and and occupancyoccupancy
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IncreaseIncrease of of ReRe--visitvisit timetime

Do we always need a 99% accuracy or can Do we always need a 99% accuracy or can 
95 % also be sufficient?95 % also be sufficient?

The answer is that in most cases  The answer is that in most cases  a a little little 
less accuracy is no problemless accuracy is no problem
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IncreaseIncrease of of ReRe--visitvisit timetime

Test Test measurementsmeasurements toto determinedetermine effectseffects ofof
increasedincreased rere--visitvisit time time byby sampling sampling withwith 11
secondsecond and and simulatingsimulating otherother rere--visitvisit timestimes
byby skippingskipping 1, 2, 5 ,10 samples.1, 2, 5 ,10 samples.
1 1 AeronauticalAeronautical channelchannel (short (short transmissiontransmission))
2 Duplex 2 Duplex channelchannel (long (long transmissiontransmission))
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IncreaseIncrease of of ReRe--visitvisit timetime

Aeronautical channel: short transmissions
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IncreaseIncrease of of ReRe--visitvisit timetime

Duplex channel: long transmissions
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IncreaseIncrease of of ReRe--visitvisit timetime
Relation re-visit time and variance not linear
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IncreaseIncrease of of ReRe--visitvisit timetime
ConclusionConclusion::
The The rere--visitvisit time time cancan increaseincrease considerableconsiderable
without without affectingaffecting the the accuracyaccuracy tootoo muchmuch,   ,   soso

FrequencyFrequency Band Band registrationsregistrations accordingaccording ITU ITU 
SM.1809 SM.1809 cancan bebe consideredconsidered as as FrequencyFrequency

ChannelChannel OccupancyOccupancy measurementsmeasurements
See ITU SM.1793See ITU SM.1793

With 1000 channels i.s.o. 125 for SM.1536With 1000 channels i.s.o. 125 for SM.1536

SM.1793 =   8  xSM.1793 =   8  x SM.1536   (max.)SM.1536   (max.)
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Data Data CollectionCollection
usingusing ITU SM.1809ITU SM.1809
FrequencyFrequency bandband registrationsregistrations

•• SweeptimeSweeptime 10 10 secondsseconds
•• FrequencyFrequency steps (steps (channelschannels)1000 per scan)1000 per scan
•• SizeSize of of frequencyfrequency band: band: dependsdepends
•• DurationDuration of of monitoringmonitoring: 24 : 24 hourshours

= = FrequencyFrequency ChannelChannel OccupancyOccupancy measurementsmeasurements
onon 1000 1000 channelschannels in in steadstead of 125 (HB 4.4)of 125 (HB 4.4)

Link to example file
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Data Data collectioncollection
Aeronautical bands channel separation is 25 kHz

ChannelChannel 1      118.0001      118.000 MHzMHz
ChannelChannel 2      118.0252      118.025 MHzMHz
ChannelChannel 3      118.0503      118.050 MHzMHz
ChannelChannel 4      118.0754      118.075 MHzMHz
…………
ChannelChannel 999  142.950999  142.950 MHzMHz
ChannelChannel 1000 142.9751000 142.975 MHzMHz
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Data Data collectioncollection

StrongStrong relationrelation betweenbetween::
SizeSize and and shapeshape of filter (of filter (channelchannel oror

GaussianGaussian)   and)   and
OccupiedOccupied bandwidthbandwidth of of systemssystems in band in band toto

bebe measuredmeasured
ToTo avoidavoid occupancyoccupancy causedcaused byby stations in stations in 

the the neighboringneighboring channelschannels itit is is betterbetter toto
skipskip oneone frequencyfrequency step (step (channelchannel))
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Data Data collectioncollection
Relation filter(15 kHz)  and stepsize (25 kHz)
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Data Data collectioncollection

Step size 12.5 kHz, only process red  “steps” (500 channels)
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Data Data collectioncollection

118.000            118.0375        118.075         118.1125     118.000            118.0375        118.075         118.1125     118.150118.150
118.0125        118.050         118.0875        11118.0125        118.050         118.0875        118.125          118.16758.125          118.1675

118.025       118.0675            11118.025       118.0675            118.100      118.1375        118.1758.100      118.1375        118.175

00:00:00  63.8  61.7  51.8  32.3 35.0 33.7 31.3  39.6 52.8 64.9 00:00:00  63.8  61.7  51.8  32.3 35.0 33.7 31.3  39.6 52.8 64.9 72.2 65.0 51.7 41.2 37.6 50.172.2 65.0 51.7 41.2 37.6 50.1
00:00:10  63.9  61.3  51.5  32.0 35.6 33.8 31.6  39.1 52.9 64.8 00:00:10  63.9  61.3  51.5  32.0 35.6 33.8 31.6  39.1 52.9 64.8 72.3 65.5 51.9 41.8 37.7 50.872.3 65.5 51.9 41.8 37.7 50.8
00:00:20  61.7  61.7  50.8  32.9 35.3 32.9 31.9  39.8 52.1 65.4 00:00:20  61.7  61.7  50.8  32.9 35.3 32.9 31.9  39.8 52.1 65.4 72.7 65.4 51.9 42.2 37.6 50.972.7 65.4 51.9 42.2 37.6 50.9
00:00:30  63.3  61.9  52.7  31.5 34.6 33.7 31.0  40.6 52.8 65.2 00:00:30  63.3  61.9  52.7  31.5 34.6 33.7 31.0  40.6 52.8 65.2 72.1 66.0 51.1 41.7 37.0 49.572.1 66.0 51.1 41.7 37.0 49.5
00:00:40  63.8  62.0  51.3  32.3 35.0 33.7 30.6  39.9 52.5 64.9 00:00:40  63.8  62.0  51.3  32.3 35.0 33.7 30.6  39.9 52.5 64.9 72.8 65.5 52.7 41.2 38.3 50.772.8 65.5 52.7 41.2 38.3 50.7
00:00:50  63.1  62.3  51.8  32.8 35.7 33.4 31.3  39.6 53.1 64.3 00:00:50  63.1  62.3  51.8  32.8 35.7 33.4 31.3  39.6 53.1 64.3 72.2 64.9 53.7 41.3 37.6 50.172.2 64.9 53.7 41.3 37.6 50.1

00:01:00  64.8  60.7  50.0  32.1 36.1 33.1 31.8  39.3 52.8 64.2 00:01:00  64.8  60.7  50.0  32.1 36.1 33.1 31.8  39.3 52.8 64.2 72.6 65.0 51.6 40.9 37.8 50.472.6 65.0 51.6 40.9 37.8 50.4
00:01:10  62.8  61.9  51.9  33.0 35.0 34.2 31.9  39.1 52.3 64.1 00:01:10  62.8  61.9  51.9  33.0 35.0 34.2 31.9  39.1 52.3 64.1 72.3 65.2 51.5 41.8 36.6 50.772.3 65.2 51.5 41.8 36.6 50.7

Link to example file
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ProcessProcess MeasuredMeasured Field Field strengthstrength

In case of traditional FCO (ITU SM.1536)In case of traditional FCO (ITU SM.1536)
the channel is considered to be occupiedthe channel is considered to be occupied
(=1) in case the measured field strength(=1) in case the measured field strength
exceeds the threshold level, regardless theexceeds the threshold level, regardless the
real measured field strengthreal measured field strength..
NextNext plot plot bothboth transmissionstransmissions causecause 25% 25% 

occupancyoccupancy
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ProcessProcess MeasuredMeasured Field Field strengthstrength
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ProcessProcess MeasuredMeasured Field Field strengthstrength
ITU SM.1793ITU SM.1793

ForFor everyevery channelchannel therethere are > 8600 samplesare > 8600 samples
availableavailable over 24 over 24 hourshours

((sweeptimesweeptime = = rere--visitvisit time = 10 time = 10 secondsseconds))

These 8600 are These 8600 are processedprocessed per 15 per 15 minutesminutes,,
ThisThis meansmeans thatthat forfor everyevery 90 samples (15 90 samples (15 

minutesminutes) the average is ) the average is calculatedcalculated
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ProcessProcess MeasuredMeasured Field Field strengthstrength
One user active on this channel
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ProcessProcess MeasuredMeasured Field Field strengthstrength

Two users active on this channels
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ProcessProcess MeasuredMeasured Field Field strengthstrength

•• Red curve : Red curve : totaltotal occupancyoccupancy, , allall usersusers))
•• Green curve: Green curve: occupancyoccupancy most most activeactive user user 

in plot user in plot user withwith 49 49 dBuVdBuV/m/m
•• Blue curve: Blue curve: occupancyoccupancy otherother usersusers

In plot user In plot user withwith 29 29 dBuVdBuV/m/m
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ProcessProcess MeasuredMeasured Field Field strengthstrength
AnalysingAnalysing (420.0(420.0--432.5 MHz)432.5 MHz)
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ProcessProcess MeasuredMeasured Field Field strengthstrength
AnalysingAnalysing (420.0(420.0--432.5 MHz)432.5 MHz)
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OccupancyOccupancy in in colorcolor plotplot

Next plot shows the occupancy presented byNext plot shows the occupancy presented by
colour according colour bar. Red = 100%,colour according colour bar. Red = 100%,
BlueBlue 0% (this is not a spectrogram!!)0% (this is not a spectrogram!!)
96 periods  of 15 minutes per 24 hours.96 periods  of 15 minutes per 24 hours.

Gives a quick overview of occupancy in Gives a quick overview of occupancy in 
measured band (420measured band (420--432.5 MHz)432.5 MHz)
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OccupancyOccupancy in in colorcolor plotplot
12.5 MHz Band
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OccupancyOccupancy in in colorcolor plotplot
2 MHz band
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OccupancyOccupancy tabletable

The The resultsresults are are alsoalso presentedpresented in a in a tabletable..
The user The user informationinformation, , fromfrom a a simplesimple ASCII ASCII 

help file, is help file, is automaticallyautomatically addedadded..

exampleexample of tabelof tabel



ITU Workshop Kyiv July 2008ITU Workshop Kyiv July 2008 4242

OccupancyOccupancy tabletable
externalexternal ASCII fileASCII file

•• 118,050;Brussel;118,050;Brussel;
•• 118,100;Schiphol(tower, secondary);118,100;Schiphol(tower, secondary);
•• 118,125;Moenchengladbach;118,125;Moenchengladbach;
•• 118,150;Parijs;118,150;Parijs;
•• 118,200;Rotterdam (tower);118,200;Rotterdam (tower);
•• 118,225;Vliegtuigen;118,225;Vliegtuigen;
•• 118,250;Brussel (arrival);118,250;Brussel (arrival);
•• 118,300;Dusseldorf;118,300;Dusseldorf;
•• 118,400;Schiphol (arrival);118,400;Schiphol (arrival);
•• 118,475;London tower;118,475;London tower;
•• 118,500;Woensdrecht;118,500;Woensdrecht;
•• 118,550;Toulouse;118,550;Toulouse;
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OccupancyOccupancy in HF bandsin HF bands

AlsoAlso the the occupancyoccupancy in the HF bands  in the HF bands  cancan bebe
measuredmeasured
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OccupancyOccupancy in HF bandsin HF bands

OccupancyOccupancy measuredmeasured onon a a broadcastingbroadcasting
channelchannel withwith varyingvarying thresholdthreshold duedue toto
propagationpropagation diferrencesdiferrences duringduring 24 24 hrshrs..
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OccupancyOccupancy versesverses availabilityavailability

A A channelchannel is is occupiedoccupied forfor 50%50%
Does Does thatthat meanmean thatthat thisthis channelchannel isis
availableavailable 50%?50%?

ThisThis is is underunder studystudy in in ITUITU--RR SGSG--11 WP1CWP1C
((newnew QuestionQuestion))
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OccupancyOccupancy versesverses availabilityavailability
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Spectrum Spectrum MonitoringMonitoring TrainingTraining
LichtenauLichtenau April 2007April 2007

••Demo Demo presentationpresentation aeronauticalaeronautical
bands, 4 bands, 4 yearsyears, 5 , 5 measurementsmeasurements
includingincluding trends. (trends. (linklink))

••Demo Demo presentationpresentation overall (overall (linklink))
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