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Abstract—The receiver for the Small Radio Telescope
(SRT) is being upgraded to a new, digital recever to enable
interfer ometry experiments.Part of our summer work was
to test and debug this new recever. Initial testswere done
by obsewing the Sun using a short baseline of about 50

feet. During the recenthigh solar activity, the baselinewas
increasedo about 200feet. To compensatefor the deviation

from the typical solar behavior, we studied the effects
of limb brightening and sunspotson the cross-corelation

values. Additional summer work involved the layout and

design of the new ground control unit for the SRT.

. INTRODUCTION

The Small Radio TelescopgSRT) is being upgradedo
aninterferometrybasedecever. Thiswill allow students
to easily perform interferometryand interactvely learn
radio astronomy The systemisn't completeand still in
the testing stage.Much of the work presentedhereis
to checkfor the validity of the cross-correlatiorvalues
obtainedfrom the new recever on observingthe Sun.
There were several factors that causedthe values to
deviate from the theoretical value and those will be
discussedn the paper Somework was also done in
designinga hew groundcontrol unit for the SRT sothat
it candrive motorsthatrunin bothazimuthandelevation
at the sametime. For this we are planningto use a
PWMPAL which hasthe capabilityof doing background
countingof pulsescomingout of the motors.In addition,
an analogto digital converter will be usedto measure
the currentgoing throughmotors.

[I. PREVIOUS WORK

The SRT hasbeensuccessfullyusedin interferometry
usinga Yagi-UdaArray andanotherSRT. Both methods
are adding interferometersand require a setup of a
circuit in order for the signalsto correlatethemseles.
In order for the experimentto work, the power level
of the signal coming from the antennasshould be the
same.In addition the power on-sourceand power off-
source should also be the same. Once everything is
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setup properly you seefringes which signify that the
interferometelis working properly

Before experimentingwith the new recever, the adding
interferometerwas set up. This was done to get a

generalfeeling of interferometrybeforethe much more

complicatedway was used. The fringes obtained are

shavnin gure 1, but thiswasonly duringthe daytime.

As the day progressedhe fringes disappearedecause
the baseline,distancebetweenthe antennasyisible to

the Sunincreasedlt is also believed that the Sunwas

very quite during the time of the experiment.
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Fig. 1. fringesseenwith the addinginterferometer

IIl. THENEW RECEIVER

The following sectionswill talk in detail aboutthe new
recever for the SRT.

A. Design

The block diagramandpicture of the recever areshavn
in gure 2 and3 respectiely. All the hardware needed
hasbeenputinto onebox. Thesystemhasamotherboard
which communicateso the hardware using USB 2.0
and runs under Linux Gentoo. The systemis capable
of performing interferometry and thus has an inbuilt
correlatorthat operatesn real time. For the correlation
to be fast enough,a Digital Signal Processor(DSP)



has been used to crunch the fast fourier transforms
necessaryor the calculationof cross-correlationAll the
embeddectodein the DSP is written in assemblyand
C. Furthermoretherecever hasa GPStiming capability
which is yet to be testedand still in the development
stage.
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Fig. 2. Block diagramof the recever

The motherboarchasa network card which opensport
22 for sshto the outsideworld. Thiswill enablestudents
to accessthe systemremotely and not go through the
procesof settingup the SRT at thereschoolor college.
Studentamight want to seewhetherthe SRT is actually
moving whenthey commandit to do so andthis canbe
doneby settingup a webcamerdo point at the antenna.

Fig. 3. Pictureof the recever

B. Interface

The previous interface was written in Java. Although
Java is portableto multiple operatingsystems,its ex-
ecutionspeedis slow as comparedto other languages.
Java is ideal for windows, but whenit comesto linux it

is betterto useGTK. A screenshobf the new interface
is shavn in gure 4. It is pretty much the sameasthe
previous one exceptthat it hasan interferometrymode.
This lets you seethe correlationvalues, phasevalues,
and alsothe spectrumfrom both the signals.

Fig. 4. Thenew interface

IV. SETUP

Our setupis shavn in gure 5. We areusingone x ed
SRT andanothermobile SRT.

Fig. 5. Pictureof the setup

We changedhe positionof the mobile SRT for variable
baselinesThe recever box was kept in the trailer and
the signalsfrom the SRTs cameinto thereceverthrough
coaxial cables.Since the mobile SRT is very far from
the trailer, the signal coming from it was delayedand
we compensatedor this in software. Due to possible
degradationin the signal, we also put in three Local
Noise Ampli ers (LNAS) to increasethe strengthof the
signal.



V. RESULTS

The new recever was tested by analyzing the data
obtainedon tracking the Sun. The graphsof the cross-
correlationandphasevaluesarepresentedh this section.
In orderto compensatdor the deviationsin the ideal

behaior, we createda modelfor tting the theoretical
datato matchthe measurediata.ln addition,we present
somesimple algorithmsthat can enableus to calculate
important parametersuch as the azimuth betweenan-

tennas,the distancebetweenantennasand the sunspot
area.

A. Theory

Cross-correlations the standardmethodto determine
the extent to which two signalsare correlated.

Let and be the signalscoming from the two
antennasThen and aretherespectie fourier
transformsThesecalculationsaredonein the DSPusing
an ef cient algorithm.

We calculatethe crossspectrum:

Summingover frequeng with delay constantwe get:

Normalizing the data we get the nal correlationand
phaseas

The cross-correlatiorf the two signalsfrom the anten-
nasis sameas the visibility function of the Sun. This
function dependson the vector distance betweenthe
antennaswhichis oftenreferredto asthe baselinelf the
Sunis assumedo be a uniform disc, thenthe visibility
function, ,isgivenby , Where 1st
order besselfunction, baselinein wavelengths,and

angularradiusof the Sun. This function is plotted
in gure 6, which alsoshaows the dif culty of gettinga
high correlationvalue for large baselines.

For a particularbaselinethe visibility functionwill vary
with time becauséhe earthis rotating. This causeghe
effective baselinethe distancebetweerantennagsseen
from the Sun,to change The measuredaseline actual
distancebetweenthe antennasbecomesequal to the
effective baselinewhenthe Sunis in sucha positionthat

visibilty uncton v. baseline(infeet)

1 1 . .
0 50 100 150 200 250 300
baseline(in feet)

Fig. 6. Graphof the visibility function

the signalscomingfrom it arenot delayed At this point

the correlationvalue from the graphshould correspond
to themeasuredialue.All this workswell assuminghat

the Sunis a uniform disc, but in reality thereare some
deviationsfrom the ideal behaior.

B. Measued Values

We startedtaking data with a 53 feet baseline.This
gave us reasonablyhigh correlationvalueswhich was
sufcient to test for the systemsaccurag. Therewere
several dif culties with the mobile SRT, but we were
still ableto get enoughdatafor comparsionsFigure 7
shaws four curvesfor the 53 feetbaselineday 183,189,
190,and191. The experimenton day 190 was startedat
a latertime which is why we seea dip in the beginning.
The curvesshavn wereobtainedby tting the datato a
third degreepolynomial.

A goodtestof whetherthe systemis accurateor not, is
to checkfor consisteng in the curve. Clearly the curves
follow almostthe sameshapeand the slight differences
canbe accountedor changein activity of the Sun.The
graphsfor day 203 andday 204 weretaken at a 200 feet
baseline.From gure 1, you would expect the values
to be lessthan 0.1, but they are almostfour times of
that. This is becausehe Sun was highly active during
thesedays.Herealsoyou seeconsisteng in the curves,
which suggestshe systemis fairly accurateRemarkably
the correlationvaluesduring this high solaractiity was
about0.7 with a 53 feet baseline.

Thevaluesshavn in gure 7 areactuallythe magnitude
of correlationvalues.In reality, cross-correlatioris a
complex numberand thus hasan associategphase.The
phasevaluesfor day183andday189areshovnin gure

8a and 8b respectiely. As we will seelater sections,
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Fig. 7. Measuredcorrelationvalueson differentdays

thesevaluesclosely match the theoreticalvalue of the
phase On increasingthe baselineto 200 feet, the period
of the phasebecamevery smallandwasonly visible on
zoomingin the graph.
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(b) Measuredphasefor day 189
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(a) Measuredphasefor day 183

Fig. 8. Phasevalueson Day 183 (a) and Day 189 (b)

C. Analysis

The rst stepin analyzingthe datais to calculatethe
theoreticalvalue of the correlationand phase.This was
doneby writing a programin C that could generatethe
theoreticalcorrelationand phasefor ary day Figure 9
shaws the theoreticaland measuredcorrelation values
alongwith the theoreticaland measuredhase.

As canbe seenfrom the gure, the phasevaluesmatch
very well, but the correlationvalueshave a huge dif-

ference.lt is believed that this differenceis because
of the limb brighteningin Sun and the noise in the
recever. Limb brighteningis when the enegy of the
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Fig. 9. Comparsionof measuredand theoreticalvalues

Sun at the edgesincreasesand thus deviates from the
uniformdiscmodel.We tried to compensatéheseeffects
in the program,but it is dif cult to do so becauseof
the large recever noise. Since the Sun was very quite
during that time, the noisein the recever hasa much
more pronouncedeffect. Thusit is betterto model the
Sunduringits high activity whenthe recever noisegets
overshadwed by the high signalenenpy.

This happenedduring the week of 18th July when a
sunspoton the Sun was so large, that it was visible
from the naked eye. Sunspotsare areason the Sun's
surface that have a lower temperaturethan the rest of
the surroundingsBut in terms radio brightness,these
areaarevery bright and emit a lot of enegy.

The correlationvaluesfor day 203 are shavn in gure
10. As you can see the measuredvalue has a totally
different shapethan the actual value. The next section
describesthe modeling techniquesthat were used to
compensatdor limb brightening, sunspoteffects, and
the recever noise.

D. Modelingthe data

After careful obsenation of the data for the 53 feet
baselinewe concludedhatthe curve dropsmorerapidly
than expectedtowards the end of the day. A possible
reasorfor this is the long baselinein the Sun's frame of
referenceThusto modelthe data, it is betterto ignore
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Fig. 10. Measuredandtheoreticalcorrelationfor day 203

the points during that time and focus on someavherein
the middle.

We decidedto model the datafor day 203 using 1250
pointswhich correspond$o 12500secondssthesystem
recordsdataevery 10 secondsThe parametersnvolved
in modelingthe Sun are;thicknessof limb brightening,
relative enegy dueto thelimb brightening,sunspofarea,
andrelative enegy due to the sunspot.The areaof the
sunspotfor day 203, 22nd July, 2004 was found to be
microhemisphere.

We assumedhe sunspotwas nearthe centerof the Sun

and formed anotheruniform disc over there.Let  be
the theoreticalangularsunspotradius, bethe angular
Sunradius, be the areaof the sunspot,and be

the areaof the Sunassumedo be a uniform disc. Then,

Thus, theoretically the sunspothasa radiusof 0.019.
Initially we modeledhedataby assumingomearbitrary
valuesfor the other parametersWhen we knew how
eachvalueaffectedthe curve,we wrotea programto nd
the minimum model basedon the leastsquaredistance.
The modeleddatais shavn in gure 11, alongwith the
measurediata.

They arevery closesuggestinghatthe parametersnight
be right. The only problemwith this modelingis that
we only have oneconditionto satify andtherearethree
variables.So thereare mary solutionspossible,but we
tried to narrav ourselfto the morerealistic solution.

The valuesobtainedcan be visually seenin gure 12.
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Fig. 11. Modeledvalue

It shawvs a theoretical gure of the Sunwith the sunspot
andthe limb brightenedarea.lt alsotries to tell usthe
changen brightnessat differentlocations We foundthat
the brightnesson the sunspotwas thirty ve timesthat
of the restof the surfaceandthe limb brighteningwas
ve times that of the rest of the area.The thicknessof
limb brighteningwas about 22 percentof the angular
radiusof the Sun.

Fig. 12. Model of the Sun

Whenwe took measuremeantsith the 53 feetbaseline,
the sunspotareawas almost zero. So in this casewe
assumethat only limb brightenining was there. On
applying the model to the 183rd day we get the curve
shavn in gure 13.

Unlike the previous case,the modeledvalue is shifted
upwardsby someamount.This shift can be accounted
asthe recever noisebecauseluring this time the Sun's
actiity wasvery low andthusthe noisewasmuchmore
pronouncedAfter shifting, the best t occurswhenthe
modeledvalueis moved down about0.08. Thuswe can
say that the recever accountsfor a degradationin the



corrected value on Day 183
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Fig. 13. Modeling dataon 183rd day

valuesby an amountof 0.08.

So now we have a completemodel of the Sun plus the
noisein therecever. With thisinformationwe canmodel
other setsof datathat we collected.

We don't claim that the model of the Sun calculatedis
correct.In factit is far from correctbecausdhe sunspot
is not actually nearthe center With more baselinesve
may have beenableto nd the actualsunspotlocation
and this can be part of a future project. But the model
can be usedto approximatelycorrectfor the measured
valuesandthis canvery usefulin analysis.

E. Measuringother values

1) Azimuth: The azimuthbetweerthe two antennagan
be calculatedby looking for the point on the measured
datawherewe acheve alocal minima. For this we don't
needto modelthe theoreticalvalue.This wasdoneusing
MATLAB andC implentationcanbe written, but it will
take moretime. The C implementatiorwill requireusto
useoptimum searchtechniquesbecauseve are looking
at alot of data.

2) Baseline: Thebaselinecanalsobe measurerovided
we know the azimuthandthe recever noise.As baseline
increases,keeping other things the same, the graph
movesdownward andthis amountcanonly be measured
if we know the amountshiftedis only dueto baseline
and not dueto ary noise.

3) SunspotArea: A roughideaof Sunspotareacanbe
coined,providedthatthe sunspotjs large enough Since
the sunspothasthe effect of cancelingthe noise, this
situationis very complex and requiresmore conditions
to calculatethings effectively.

VI. GROUND CONTROL UNIT

This sectiontalks aboutthe new groundcontrol unit that
is being designedfor the SRT. The motorsare in the
procesf beingreplacedso thatthey canmaove in both
azimuth and elevation at the sametime. This requires
addedfunctionality in the unit. The planneddesign of
the unit is shovn in gure 14. The following sections
will discussthe different part that will be usedin the
new unit.

Fig. 14. Block diagramof the groundcontrol unit

A. BASICSTAMP 2

BASIC STAMP 2 is a simple microcontrollerthat will
talk to therestof the compenentsindgeneratsecessary
commanddor processingPreviously a BASIC STAMP
wasbeingusedbut it had only 8 input/output(IO) pins
asopposedo the 16 on the new stamp.

B. PWMPFAL

The PWMPFAL is anintelligent peripheralthat hooksup
to the BASIC STAMP 2 and can generatepulse width
modulatedsignals(PWM). It communicateso the stamp
usingpin 0. Anotherneatfeatureof the PWMPAL is that
it cando backgroundtontingwhich canbe usedto count
the pulsescoming out of the motors. The module was
testedfor its ability to generatd®WM signals.It wasalso
testedfor its backgroundcouting featureby sendingout
the PWM signalto the input pin for PWMPAL.



C. LMD18200

This is the main componenthat drivesthe motorsusing
the PWM signal that it gets from the PWMPAL. It
can also control the directionin which the motorsrun
andalso hasa currentsensingoption for measuringhe
currentpassingthroughthe motors.The compenentvas
testedby hookingit up to a motor to make surethat it
was generatingcurrentaccordingto the duty cycle that
was speci ed. The duty cycle is the amountof time the
PWM signalis high.

D. ADC08038

ADCO08038is an eight bit analogto digital corverter It
will beusedin the unit to measurehe amountof current
0 wing throughthe motors.Thiswill allow for checking
whenthe motorsare not working properly The current
will be measuredy usingthe currentsensingpin from
the LMD18200. The ADC08038 was testedby seeing
whetherit could measurecertainvoltage values.It was
alsotestedfor measuringthe currentvaluesdriving the
motor In orderfor this to work, a2.21k resistorwas
usedbecausehe A/D corvertercanreadvoltagevalues
in therangeof 0 to 5 V.

E. Future work

Themainpartleft is to implementhewhole unit through
the BASIC STAMP 2. This should be relatively easy
as all the parts have beentestedand connectingthem
togathershould not be a very dif cult job. There are
alsoplansto implementa LabView GUI in orderto test
the motorscomprehensiely.

VII. CONCLUSION

The recever was testedfor its correlationvaluesand
they seemto be consistentvith thetheoreticavalues By
modelingthe theoreticalvalueswe were ableto account
for deviationsin the ideal behaior of the Sun.This can
be anexcellentexercisefor studentsandit will alsohelp
them understandhe basicsof interferometry They will
alsoseethe kind of obsenationsonecanmalke by using
two SRTs asopposedo usingasingleSRT for observing
the Sun.

The only problemwith this is the low correlationvalues
that we got during the experiments.The only time we
got good correlationvalueswas when the baselinewas
shortand whentherewas high solar actiity.

VIIl. APPENDIX

This sectionshavs someresultson applying the com-
plete model to the 53 feet baselinevalues. All the
graphsare shavn in gure 15. As you can see the
modeledcurvesare not very accuratebut they are close
enough.Furtheraccurag canbe acheved if we model
the Sun using decimal values.We accountedfor only
three affects and there might be more deviationsin the
Sunthatwe arenot aware of. Testingon otherdatasets
will be doneto seehow accuratethe modelactuallyis.
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Fig. 15. Applying the modelto differentdaysfor 53 feet baseline



