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ABSTRACT

Thefastgrowth of thewirelesscommunicationindustryposesse-
verelimitationsonradioastronomicalobservations.Thisis largely
due to the fact that in radio astronomy, in contrastto communi-
cationsystems,the signalsof interestaremany ordersof magni-
tudebelow thereceiver noisepower levels. Thestructureof some
communicationsignalsopensthe possibility to reducethe effect
on radio-astronomicalobservationsusingadvancedarrayprocess-
ing techniques.Onesuchstructureis time slots,usedin TDMA
communicationsystemssuchastheIridium systemandtheGSM
system.In this paperwe presentthe resultsof blankingof time-
slottedinterfering signalsmeasuredat the WesterborkSynthesis
RadioTelescope.

Keywords: Interference rejection, signal detection,
radio-astronomical receivers.

1. INTRODUCTION

Thefastgrowth of thewirelesscommunicationindustryposesse-
verelimitationsonradioastronomicalobservations.Thisis largely
dueto thefact that in radioastronomy, in contrastto communica-
tion systems,thesignalsof interestaremany ordersof magnitude
belo



w theinstantaneousreceiver noisepower levels. Thesedevel-
opmentscauseanincreasinginterestin detectionandsuppression
of man-madesignalsin radio astronomy. The structureof some
communicationsignalsopensthe possibility to reducethe effect
on radio-astronomicalobservationsusingadvancedarrayprocess-
ing techniques.Onesuchstructureis time slots,usedin TDMA
communicationsystemssuchastheIridium systemandtheGSM
system.

Severalmethodshavebeenproposedfor singledishradiotele-
scopes.A basicapproachconsistsof a singlechannelpower de-
tectorusedfor stoppingthe integrationof theastronomicalsignal
for thedurationof the interference.ExamplesareFriedman’s de-
tectionof changein themeanpower, implementedin theRATAN
600 [2], andWeber’s detectorimplementedin Nançay [7]. More
advancedapproachesassumethepresenceof anadditionalomni-
directionalreferenceantennawhich receives a cleancopy of the
interference.This allows to subtractthe interferenceusingLMS-
typetechniques[1].

The main drawback of suchsingle channeldetectorsis that
they cannotexploit spatialpropertiesof the interference.In syn-
thesisradio telescopesthe desiredastronomicalsignalsas well
as the interferenceare received by large sensorarrays. In this
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situationwe canperformcombinedspectral-temporalandspatial
processing� to detectand remove only thosenarrow-band slices
for periodsandin directionsin which the interferenceis present.
This type of solution is very well suitedto improve radio astro-
nomicalobservationsin thepresenceof time division multiple ac-
cess(TDMA) communicationsystemssuchasGSM andIridium.
Thesesystemsdivide eachfrequency bandbetweenseveralusers,
suchthatat eachgiven momentthechannelis given to a different
user. Henceif thesystemis notcompletelyloaded,theinterference
is time-slotted.

Thegoalof theNoEMI (Nulling of Electro-MagneticInterfer-
ence)project is to study the possibleuseof multichannelsignal
processing� methodsfor thesuppressionof RFI.

In this paperwe demonstratehow a simplespatio-spectralde-
tectionschemeenablestheblankingof narrow-bandinterference.
W



e will describea systembuilt for recordingradio frequency in-
terference(RFI) on-line. The effectivenessof the space-timede-
tectionandblankingprocessis alsodemonstratedby applyingthe
algorithmsto datameasuredattheWesterborksynthesisradiotele-
scope(WSRT) usingtheon-linerecordingsystem.

For theoreticalbackgroundthereaderis referredto our previ-
ouswork on thesubject[6],[3] andthemoreextensive [4].

2. EXPERIMENTAL SETUP

The datarecorderconsistsof an industrialPC with four PCI.212
samplingboards.Eachboardcontainstwo ADCs, andtheboards
aresynchronizedso that in 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 canbecopiedinto
systemmemory(384MB), previewedandstoredontoCDROM.

Fig. 1 shows anoverview of theWSRT systemto indicatethe
point� wheretheNOEMI datarecorderwasconnected.TheWSRT
is an East-West linear arrayof fourteentelescopedishes,mostly
spacedat 144 m. Eachdish is equippedwith front-endreceivers
thatcanbetunedto severalfrequency bands.Bothpolarizations(X
andY) arereceived. Theresulting ������� channelsareamplified,
filtered, down-convertedto an intermediatefrequency (IF) range
around100MHz, andtransportedto themainbuilding via coaxial
cables.Here,thesignalsarefed to theequalizerunit which com-
pensates� for thefrequency dependentattenuationin thegroundca-
bles.



Theequalizerunit hasoutputsfor thebroadbandcontinuum
system(DCB, 8 bandsof 10 MHz) andfor the spectralline sys-
tem (DLB, 10 MHz). In the equalizerunit andin the DCB/DLB
IF systemsaremixers,amplifiersandfilter units which take care
of thebasebandconversionandfiltering. At basebandthesignals



Σ

A
D

NOEMI PC, schematically
�

A
�

D

τ�
A
�

D

28

receiver�

equalizer�
unit�

IF system
�continuum� spectral line�

IF system
�

14 telescopes,
2 polarizations per telescope
�

28
�

28

geometric�
delay
 geometric delay� τ�

array!phased"

Multi Frequency Front End,
#

          MFFE receiver,14 units

8
$

MK4
#VLBI
%
VLBI
%

termunal
&

machine
pulsar"
Puma
' DCB

8*10 MHz
$
continuum�
correlator�

DZB

10 MHz

spectral line�
correlator�  (*)

’1.5 bit’
3-level
( 2 bits with 2 ADC) ’ s each�four PCI boards

*12 bits

sampling rate:�
20,10,...,0.313
�
Msamples/s

300 MHz
(Pentium II

384MByte
(

system�
memory

drive
 ROM
+ CD
,

hard disk
-
6 GByte
.

(*) to be extendend to 160 MHz 
/

bandwidth in 2000/2001.
0

28*8 28
�

i

28*8
� 28

�

clock�external�

clock�

Figure1: Overview of mainWSRT systemswith theNOEMI data
recorders

aredigitizedto 2-bit resolution,a correctionis appliedfor thege-
ometricdelaydifferencesbetweenthe telescopes,andthe signals
arecorrelated(in pairs)in theDZB/DCB correlators.TheNOEMI
recorder1 is connectedattheoutputof theDLB spectralline IF sys-
tem. Of the 2�35476 available telescopechannels,a selectionof
eightareconnectedto theNOEMI ADC samplers.

TheWSRT systemcontainsalsocalibrationnoisesources,which
areswitchedon for a 1.25speriodevery 10 seconds.For regular
WSR



T observationsthesenoisesourcesareusedfor systemnoise
andgain calibrationpurposes.In someof the observed NOEMI
datasetsthesenoisesourcesareclearlyvisible asa 5–15%power
step.

3. MEASURED TDMA SIGNALS

An extensive set of interferencemeasurementshad beentaken.
Completedescriptionof thisdatacanbefoundin [5]. Weshallgive
few examplesof intermittentinterferersthathave beenrecorded.

In all observationsthetelescopesweretrackinganastronomi-
cal source,to enablethe investigationof theeffect of interference
suppressionalgorithmson both the interferersand on the astro-
nomicalsignals. In mostcases,3C48was usedasreference,but
wehavealsoobservationsof pulsars(with andwithoutinterferers),
andOH0130+621.

Graphs2-4 demonstratesthe time-frequency distribution of
GSM uplink, downlink andIridium signalsrespectively.

W



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

4. PROCESSING OF MEASURED DATA

W



e have testedour previously proposedblanking algorithm on
someof theGSMdataanddemonstratedtheeffectivenessby adding
theGSMobservationto ‘clean’ 3C48data,in avarietyof scalings.
As shown in thissection,theresultsarequitegood,asit is possible

Figure2: GSM uplink

Figure3: GSMdownlink

to recover a 3C48absorptionline which was completelymasked
by



theGSM interference.This demonstratesthepossibilityof us-
ing blankingtechniquesfor recovering the original sky signalsin
thepresenceof TDMA typesof interference.

4.1. Sub-band processing

As we have shown in previous research[6], we needto split the
datainto narrow-bands,in orderto enabletheuseof narrow-band
techniques.The basic idea is as follows. The datais split into
many narrow sub-bands.Thenfor eachof thesesub-bandsacross-
spectralmatrix is constructed.The interferenceis detectedbased
on its spatialstructure,usingtheeigenstructureof thecrossspec-
tral matrices. In casethat no interferenceis detectedthe cross
spectralmatrix is integratedinto thespectralestimation,otherwise
it is ignored(i.e, blanked).Theresultingcorrelationanddetection
schemeis depictedin figure5, a detaileddescriptionof thealgo-
rithm1 canbe found in [3]. To demonstratethe dependenceof the
eigenstructureon the numberof sourceswe have chosena single



Figure4: Iridium downlink
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Figure5: Computationalstructureof theblankingprocess

frequency channelof 52 KHz, in the GSM uplink, in which we
hada continuousinterferencedue to leakagefrom a local oscil-
lator, and from time to time a weakGSM interference.and we
computedthe ��� � mscrossspectralmatrices.Figure6 presentsthe
timeevolutionof theeigenstrctureof thematrices.Onecanclearly
seethe largesteigenvaluedueto theCW interference,andthe in-
termittentrankincreasedueto theGSMsignal.

4.2. Clean 3C48 absorption data

To compareour frequency domaincorrelationprocessto theWest-
erborkcorrelatorwe have observed the galacticHI absorptionof
3C48,a spectralline at 1420MHz. Figure7 shows the estimate
of the power spectraldensityof the received signalbasedon the
largesteigenvalueof thecovariancematrix.

Thecoherency (correlationcoefficient)of signals��� and � � at
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Figure6: Time evolution of eigenstructure
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Figure7: 3C48power spectraldensity

theoutputof telescopes£ and ¤ is definedas
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Sinceall telescopesaretrackingthe samesourceð , we have thatñÝòôóöõø÷úùüû where ý[þ is the noiseat telescopeÿ . With uncorre-
latednoiseof power ����� ���	� 
���
���� , anda sourcepower of ���� , it
follows that � � ��� �����! "$#&%!' (*)�+,.-0/
Thus, the theoreticalvalue of the coherency is constantover all
nonzerobaselines,andcanbeestimatedbasedontheparametersof
3C48andknowledgeof thereceiver noise.Thefrequency domain
coherency of the recordedobservation canalsobe computedand
comparedto thetheoreticallyexpected(asymptotic)value,andto
thecoherency measuredwith theDZB hardware.

Figure9 shows the coherency function for all nonzerobase-
lines.Weverifiedthattheabsorptionline isstatisticallysignificant.
For comparisonwe includethesamespectralline asprocessedby
theWSRT DZB correlatorin figure8. Thevaluesof thecoherency
matchthosemeasuredby theDZB.



Figure8: 3C48coherency functionasmeasuredby theDZB
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Figure9: 3C48coherency function(for all baselines)

4.3. 3C48 continuum emission with GSM interference

To demonstratethecapabilityof oursub-bandblankingmethodas
proposed� in [6] and[3], we have superimposedon the 3C48data
anothermeasurementfile containingGSM interference,with the
samebandwidthand varying the amplitudescalingof eachfile.
Although a bit artificial, the good linearity of the WSRT system
impliesthathada GSM signalbeentransmittedwith a carrierfre-
quency 1320465 MHz, then the measureddatawill be the superpo-
sition of the two signals,and systemnoise. This allows us to
verify the blanking performancefor variousmixturesof signal-
to-interferencepower, sincethe cleandatais now availableasa
reference1 andalsothetheoreticalcoherency iswell known.

Thedetectionwas basedon thecrossspectralcorrelationma-
trix of the resultingmixed observation data. However, insteadof
selectingablankingthresholdderived from adesiredFalse-Alarm
rate,wehavesimply thrown away theworst30percentof thedata.
W



e have computedthe coherency of the clean,the contaminated
andtheblankedsignals.Figure10 shows thecoherency functions
for a particularmixture of signalsandinterference( 798;: for inter-
ference,<9= > for clean3C48)over all baselines.It is seenthat the
clean3C48 spectrumshows the absorptionline, which is com-
pletely� masked whenGSM interferenceis added.After blanking,
theabsorptionline is almostperfectlyrecovered.For comparison
we alsoincludedtheresultsof blankingbasedon channel2, with-
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Figure10: 3C48mixedwith GSM: averagedcoherency functions
of contaminated,cleanandblankeddata

out thesub-banddecomposition,we canclearlyseethe failureof
suchsinglechannelscheme,astheGSMsignalwas weak.

5. CONCLUSIONS

Thispaperdemonstratesthepossiblebenefitsof multichannelspatio-
spectralblankingon measureddata.Theresultsarevery pleasing
althoughmany technicalissuesareleft openfor further investiga-
tion.
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