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ABSTRACT

Thefastgrowth of the wirelesscommunicatiorindustry posesse-
verelimitationsonradioastronomicabbsenations.Thisis largely
dueto the fact thatin radio astronomyin contrastto communi-
cationsystemsthe signalsof interestare mary ordersof magni-
tudebelow therecever noisepower levels. The structureof some
communicationsignalsopensthe possibility to reducethe effect
onradio-astronomicabbsenationsusingadwancedarrayprocess-
ing techniques.One suchstructureis time slots,usedin TDMA
communicatiorsystemssuchasthe Iridium systemandthe GSM
system. In this paperwe presenthe resultsof blanking of time-
slottedinterfering signalsmeasurecht the WesterborkSynthesis
RadioTelescope.

Keywords: Interferencereection, signal detection,
radio-astronomical receivers.

1. INTRODUCTION

Thefastgrowth of the wirelesscommunicatiorindustry posesse-
verelimitationsonradioastronomicabbsenations.Thisis largely
dueto thefactthatin radio astronomyin contrastto communica-
tion systemsthe signalsof interestaremary ordersof magnitude
below theinstantaneousecever noisepower levels. Thesedevel-
opmentscauseanincreasingnterestin detectionandsuppression
of man-madesignalsin radio astronomy The structureof some
communicationsignalsopensthe possibility to reducethe effect
onradio-astronomicabbsenationsusingadwancedarrayprocess-
ing techniques.One suchstructureis time slots,usedin TDMA
communicatiorsystemssuchasthe Iridium systemandthe GSM
system.

Severalmethodshave beenproposedor singledishradiotele-
scopes.A basicapproachconsistsof a single channelpower de-
tectorusedfor stoppingthe integrationof the astronomicakignal
for the durationof the interference Examplesare Friedmans de-
tectionof changen the meanpower, implementedn the RATAN
600 [2], andWebers detectorimplementedn Nangy [7]. More
adwancedapproachesssumeahe presencef anadditionalomni-
directionalreferenceantennawhich receves a cleancopy of the
interference.This allows to subtractthe interferenceusingLMS-
typetechniquegl].

The main drawback of suchsingle channeldetectorsis that
they cannotexploit spatialpropertiesof the interference.In syn-
thesisradio telescopeghe desiredastronomicalsignalsas well
as the interferenceare recevved by large sensorarrays. In this
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situationwe canperformcombinedspectral-temporahnd spatial
processingto detectand remove only those narrov-band slices
for periodsandin directionsin which the interferences present.
This type of solutionis very well suitedto improve radio astro-
nomicalobsenationsin the presencef time division multiple ac-
cess(TDMA) communicatiorsystemssuchasGSM and|ridium.
Thesesystemdlivide eachfrequeng bandbetweenseveral users,
suchthatat eachgiven momentthe channelis given to a different
user Henceif thesystems notcompletelyloaded theinterference
is time-slotted.

Thegoalof theNoEMI (Nulling of Electro-Magnetidnterfer
ence)projectis to study the possibleuse of multichannelsignal
processingnethoddor the suppressiof RFI.

In this paperwe demonstratéiow a simplespatio-spectrade-
tectionschemeenableghe blanking of narrav-bandinterference.
We will describea systembuilt for recordingradio frequeng in-
terference(RFI1) on-line. The effectivenessof the space-timede-
tectionandblankingprocesss alsodemonstratetby applyingthe
algorithmsto datameasurea@tthe Westerborksynthesigadiotele-
scope(WSRT) usingtheon-linerecordingsystem.

For theoreticabackgroundhe readetis referredto our previ-
ouswork on the subject6],[3] andthe moreextensve [4].

2. EXPERIMENTAL SETUP

The datarecorderconsistsof anindustrial PC with four PCI.212
samplingboards.Eachboardcontainstwo ADCs, andthe boards
are synchronizedso thatin total eight telescopechannelscanbe
sampledsimultaneously The ADCs have a resolutionof 12 bit
with samplingratesof 20 MHz down to 0.313MHz in stepsof a
factorof 2. After collectinga batchof data,it canbe copiedinto
systemmemory(384 MB), previewed andstoredonto CDROM.
Fig. 1 shovs anoverview of the WSRT systemto indicatethe
pointwherethe NOEMI datarecordemwas connectedThe WSRT
is an East-Westlinear array of fourteentelescopedishes,mostly
spacedat 144 m. Eachdishis equippedwith front-endrecevers
thatcanbetunedto severalfrequeng bands Both polarizationg X
andY) arereceved. Theresultingl4 x 2 channelsareamplified,
filtered, down-corvertedto an intermediatefrequeng (IF) range
around100MHz, andtransportedo the main building via coaxial
cables.Here,the signalsarefed to the equalizerunit which com-
pensate$or thefrequeny dependenattenuatiorin thegroundca-
bles. The equalizerunit hasoutputsfor the broadbandcontinuum
system(DCB, 8 bandsof 10 MHz) andfor the spectralline sys-
tem (DLB, 10 MHz). In the equalizerunit andin the DCB/DLB
IF systemsare mixers, amplifiersandfilter units which take care
of the basebandonversionandfiltering. At basebandhe signals
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Figurel: Overview of mainWSRT systemswith theNOEMI data
recorders

aredigitizedto 2-bit resolution,a correctionis appliedfor the ge-
ometricdelaydifferencesbetweenthe telescopesandthe signals
arecorrelatedin pairs)in the DZB/DCB correlatorsThe NOEMI
recordelis connectedittheoutputof the DLB spectraline IF sys-
tem. Of the 14 x 2 availabletelescopechannelsa selectionof
eightareconnectedo the NOEMI ADC samplers.

TheWSRT systencontainsalsocalibrationnoisesourceswhich
areswitchedon for a 1.25speriodevery 10 seconds.For regular
WSRT obsenationsthesenoisesourcesareusedfor systemnoise
andgain calibrationpurposes.In someof the obserned NOEMI
datasetsthesenoisesourcesareclearly visible asa 5-15% power
step.

3. MEASURED TDMA SIGNALS

An extensie set of interferencemeasurementiad beentaken.
Completedescriptiorof thisdatacanbefoundin [5]. Weshallgive
few examplesof intermittentinterferersthathave beenrecorded.

In all obsenationsthetelescopesveretrackinganastronomi-
cal sourceto enablethe investigationof the effect of interference
suppressioralgorithmson both the interferersand on the astro-
nomicalsignals. In mostcases3C48was usedasreferenceput
we have alsoobsenationsof pulsargwith andwithoutinterferers),
andOHO0130+621.

Graphs2-4 demonstrateshe time-frequenyg distribution of
GSM uplink, downlink andIridium signalsrespectiely.

We can seethat while the GSM up-link and Iridium are re-
ally intermittent,someof the channelsn the GSM downlink are
continuouslyactive.

4. PROCESSING OF MEASURED DATA

We have testedour previously proposedblanking algorithm on

someof theGSMdataanddemonstratetheeffectivenesdy adding
the GSMobsenationto ‘cleart 3C48data,in avarietyof scalings.
As shavn in thissection theresultsarequitegood,asit is possible
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Figure3: GSMdownlink

to recover a 3C48 absorptionline which was completelymasled
by the GSM interference This demonstratethe possibility of us-
ing blankingtechniquedor recovering the original sky signalsin
the presencef TDMA typesof interference.

4.1. Sub-band processing

As we have shawn in previous research6], we needto split the
datainto narronv-bands,n orderto enablethe useof narrav-band
techniques. The basicideais asfollows. The datais split into

mary narrov sub-bandsThenfor eachof thesesub-bands cross-
spectralmatrix is constructed.Theinterferenceds detectecbased
on its spatialstructure usingthe eigenstructuref the crossspec-
tral matrices. In casethat no interferenceis detectedthe cross
spectramatrixis integratedinto the spectrakestimation ptherwise
it isignored(i.e, blanked). Theresultingcorrelationanddetection
schemeis depictedin figure5, a detaileddescriptionof the algo-
rithm canbefoundin [3]. To demonstratéhe dependencef the
eigenstructuren the numberof sourceswe have chosema single
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Figure5: Computationabtructureof the blankingprocess

frequeng channelof 52 KHz, in the GSM uplink, in which we
had a continuousinterferencedue to leakagefrom a local oscil-
lator, and from time to time a weak GSM interference.and we
computedhe 0.5mscrossspectraimatrices Figure6 presentshe
time evolution of theeigenstrcturef thematrices.Onecanclearly
seethelargesteigervalue dueto the CW interferenceandthein-
termittentrankincreasadueto the GSM signal.

4.2. Clean 3C48 absorption data

To compareour frequeny domaincorrelationprocesgo the West-
erborkcorrelatorwe have obsenred the galacticHI absorptionof

3C48,a spectralline at 1420MHz. Figure7 shows the estimate
of the power spectraldensityof the receved signalbasedon the
largesteigervalueof the covariancematrix.
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theoutputof telescopesg andj is definedas

E(zi(w)Z; (@)
VE(z:(@)2)E(le; w)[?)

ij(w
VRii(w)Rjj(w)
Sinceall telescopesiretrackingthe samesources, we have that
z; = s + n; wheren; is the noiseat telescope. With uncorre-

latednoiseof power E(|n;|*) = o2, anda sourcepower of 2, it
follows that

pijw) =

s

Pi = 1 o7 (i # 5)
Thus, the theoreticalvalue of the cohereng is constantover all
nonzerdbaselinesandcanbeestimatedasedntheparametersf
3C48andknowledgeof therecever noise. Thefrequeny domain
cohereng of the recordedobsenation canalsobe computedand
comparedo the theoreticallyexpected(asymptotic)value,andto
thecohereng measuredvith theDZB hardware.

Figure 9 shows the cohereng function for all nonzerobase-
lines. Weverifiedthattheabsorptiorine is statisticallysignificant.
For comparisorwe includethe samespectraline asprocessedy
theWSRT DZB correlatorin figure8. Thevaluesof thecohereng
matchthosemeasuredy the DZB.
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Figure9: 3C48coherenyg function (for all baselines)
4.3. 3C48 continuum emission with GSM interference

To demonstratéhe capabilityof our sub-bandlankingmethodas
proposedn [6] and[3], we have superimposedn the 3C48data
anothermeasuremerntile containingGSM interferencewith the
samebandwidthand varying the amplitudescaling of eachfile.
Although a bit artificial, the good linearity of the WSRT system
impliesthathada GSM signalbeentransmittedwith a carrierfre-
gueny 1420 MHz, thenthe measurediatawill be the superpo-
sition of the two signals,and systemnoise. This allows us to
verify the blanking performancefor various mixtures of signal-
to-interferencepower, sincethe cleandatais now available asa
referenceandalsothetheoreticalcohereng iswell known.

The detectionwas basedon the crossspectralcorrelationma-
trix of the resultingmixed obsenation data. However, insteadof
selectinga blankingthresholdderived from a desiredralse-Alarm
rate,we have simply thrown away theworst30 percenbof thedata.
We have computedthe cohereng of the clean,the contaminated
andtheblanked signals.Figure 10 shawvs the cohereng functions
for a particularmixture of signalsandinterference0.1 for inter-
ference 0.9 for clean3C48)over all baselineslt is seenthatthe
clean3C48 spectrumshaows the absorptionline, which is com-
pletely masled whenGSM interferencds added.After blanking,
the absorptionine is almostperfectlyrecosered. For comparison
we alsoincludedtheresultsof blankingbasedon channel2, with-
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Figure10: 3C48mixedwith GSM: averagedcohereng functions
of contaminatedgleanandblanked data

out the sub-banddecompositionye canclearly seethe failure of
suchsinglechannelschemeasthe GSM signalwas weak.

5. CONCLUSIONS

This paperdemonstratethepossiblebendits of multichannekpatio-
spectrablankingon measurediata. The resultsarevery pleasing
althoughmary technicalissuesareleft openfor furtherinvestiga-
tion.
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