
JET PROPULSION LABORATORY INTEROFFICE MEMORANDUM
334RW–2001–005

May 17,2001

To: W.T.K. Johnson
From: R. West
Subject: Guidelinesfor C27IEB

1 Intr oduction

This memoprovidesguidelinesfor preparingthe RADAR IEB for the C27 sequence(scheduledfor August27-28,
2001). TheC27RADAR sequencerepeatssomeof thescansperformedin C25with someimprovements.Thelarge
Sunscanis centeredon theSunthis timesoweshouldgetdatafor all 5 beams.Themicrowavesourceshaveupdated
epoch2000 coordinatesso they shouldbe bettercentered. Jupiteris also scanned,but it will be fairly weak due
to increasingrange. Thesescansare performedto characterizethe antennapatterns,and to add more datato the
radiometercalibrationmodel. A Titan simulationis scheduledat the endwhile executinga small rasterscanon the
Sun(2001-240T00:42:18- 2001-240T01:45:07). A Tau variationdatasetcanalsobe collectedat someconvenient
point. TheC27sequencewill bequitelong,soit will needto besplit into two IEB’s (likeC25).Thesplit is currently
plannedto occurduring theslew to Jupiterafterperformingthemicrowave sourcescans(2001-239T12:45:00). The
radiometerdatatypesarecategorizedbelow.

1. Low ratedata(Radiometerwarmup- 4 sec.burstperiodok)

2. Tauvariationdataset(varyingintegrationtimesfor RL, ND, andB3)

3. High ratedata(250msburstperiod)for 10 - 20min

4. MicrowaveSourceScans

5. JupiterScan

6. LargeSunScan

The Tau VariationandHigh Ratedatasegmentsare includedon a spaceavailablebasis. The rasterscanshave
priority. Thefollowing sectionsdescribeeachsegmentseparately.

2 Low RateData

The low ratedatacoversany timesbetweenothertests(eg., during a slew to a target). This datawill generallybe
collectedlooking at cold space.Thesameparametersusedduringearliersequencescanbeusedagainfor C27. (ie.,
Auto-radon,4 sec.integrationtime.)
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3 Tau Variation

TheC27 timeline is pretty full, so it maybedifficult to fit in theTauvariationandhigh ratedatasets.Nonetheless,
if they canbe included,it would beusefulto continuemonitoringtheradiometeroffsetandnoiseperformance.One
possibility is to put theTauvariationsetat thevery end(while Earthpointed)after the largeSunscan,eitherbefore
or after theTitan simulation. ThesecondIEB is scheduledto halt at 2001-240T01:49:00. If theTau variationsetis
put after the Titan simulation,thenthereis only 4 minutesso it may needto be truncated.If the time is very tight,
the high ratedatasetshouldbe sacrificedfirst. Anotherpossibility is to put the Tau variationsetat the endof the
first IEB right after the last microwave sourcescan. Thereseemsto be moretime during the slew to Jupiter(about
10 minutesin the first IEB) so it may be easierto accomodatehere. The testsequenceitself will be the sameasin
earliersequences.If it is conductedbeforetheswitchto SAF-248mode,thentheminimumburstperiodwill be250
ms(imposedby SAF-142datamode)asshown in thetables.Otherwise,theminimumburstperiodcanbedroppedto
100ms. Thesequenceis summarizedin the tablesat theendof this memo. More discussionof thesetablescanbe
foundin IOM-334RW-2000-001,002. Justlike C25andC26this memogivesintegrationtimesascommandedtimes
ratherthanactualtimes.ThenominalTauvariationtestsequencelastsabout9 minutes.

4 High RateData

Thehighratedatais meantto characterize1/f noisein thereceiver. Thesameparametersusedin earliersequencescan
beusedagainhere.If this testis performedafter themodechangeto SAF-248,thena faster100msburstperiodcan
beused.This testhaslower priority thantheTauvariationtest,soif datavolumeis limited, this testsequenceshould
bedeletedfirst. It canbeperformedimmediatelyaftertheTauvariationtest.

5 Raster Scans

Therasterscansin C27will besimilar to thescansin C25. TheJupiterscansandthemicrowave sourcescanshave
beenincreasedin size from 1 deg by 1 deg in C25 to a little over 2 deg by 2 deg in C27. The coordinatesof the
microwave sourceshave beencorrectedto epoch2000. Thesechangesshouldensurethat the sourcesarecaptured
completelyby the scans.The five microwave sources(M17, Cyg. A, Cas. A, TaurusA, Orion A) arescannedfirst
afterthewarmup(2001-239T04:00:42 - 2001-239T12:35:56). (Note,timesareUTC.)

Following the sources,Jupiteris scannedtwice (2001-239T13:04:11- 2001-239T15:56:29). During the slew to
Jupiterthefirst IEB halts,andthesecondbegins.Thesignalfrom Jupiterin C27will beweaker thantheJupitersignal
observedin C20becauseof increasingrange,however, it shouldstill bedetectable.For C20therangeto Jupiterwas
172.8million km, while it is expectedto be215.0million km for C27.

Following theJupiterscans,weslew to theSun,andthenoffsetto begin thelargeSunrasterscan.TheSunscanwill
haveaslightly smallersignalthanin C25becausetherangeto theSunwill haveincreased(during2001,theSunsignal
dropsabout0.2dB/month).TheSunscanis large(8.1x 4.6 deg) sothedurationis quitelong (2001-239T16:22:25 -
2001-240T00:31:18). SystemperformanceduringC25will beusedto designthetiming for C27.

5.1 Gain Performance

Thepostwarmupgainwascomputedto be0.1 counts/ms/Kfor C20andC22(ICO2-A,B). In C25,thepostwarmup
gainwas0.185counts/ms/K.Thesystemnoisetemperaturefell from about1500K in C22 to 858K in C25. These
changesaremostlikely dueto temperaturechanges.As rangefrom the sunincreases,temperaturesareexpectedto
fall. Looking at the equilibrium temperaturesfor C22 andC25, thereis a slight drop (maybea degreeor two (C) -
I’ ll have to dig into this quantitatively later). The drop in waveguidetemperaturesandHGA temperaturesis more
significant(a few degreesto almost20degreesC), sothedropin systemnoisetemperatureis not toosurprising.I will
usetheC25gainandnoiseperformanceto predictsignallevelsin C27.

5.2 Integration Time

For C27,table1 shows thesignalvariationexpectedfor all thescantargetsat variouscommandedintegrationtimes.
Thesystemgain just computedfrom C25 is usedalongwith the equilibrium systemnoisetemperature(ie., 858K).
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Target Integration SourceTemperature Equilibrium
Name Time(ms) Range(K) SignalRange Initial WarmupRange FinalWarmupRange
Jupiter 45 2.8- 4.7 3466- 3481 5512- 5532 3700- 3716
Jupiter 40 2.8- 4.7 2668- 2682 4481- 4499 2875- 2889
Jupiter 35 2.8- 4.7 1870- 1882 3450- 3466 2050- 2063
Jupiter 30 2.8- 4.7 1072- 1082 2420- 2433 1226- 1237
Jupiter 25 2.8- 4.7 274- 282 1389- 1400 401- 410

Sun 45 2.8- 603.0 3466- 8358 5512- 11830 3700- 8755
Sun 40 2.8- 603.0 2668- 7003 4481- 10081 2875- 7355
Sun 35 2.8- 603.0 1870- 5649 3450- 8331 2050- 5956
Sun 30 2.8- 603.0 1072- 4295 2420- 6582 1226- 4556
Sun 25 2.8- 603.0 274- 2940 1389- 4833 401- 3157

uwavesource 45 2.8- 4.8 3466- 3482 5512- 5533 3700- 3716
uwavesource 40 2.8- 4.8 2668- 2682 4481- 4500 2875- 2890
uwavesource 35 2.8- 4.8 1870- 1882 3450- 3466 2050- 2063
uwavesource 30 2.8- 4.8 1072- 1082 2420- 2433 1226- 1237
uwavesource 25 2.8- 4.8 274- 283 1389- 1400 401- 410

Table1: ExpectedRadiometersignallevels for differentcommandedintegrationtimes. Theseintegrationtimesare
per window. The window countis constrainedby the burst period. The valuesabove assumethe samegain values
(equilibrium- 0.19,turnon- 0.24,postwarmup- 0.19counts/ms/K),andsystemnoisetemperature(858K) computed
for C25,anda constantoffsetof 3550counts.Thewarmuprangesshow thesignalsexpectedright aftersystemturn
on, andafter 5 hours10 minutesof operation.Note thatactualsignalsfrom the ADC will be confinedto the range
[0,4095].

TheJupiterandSunsignalsareadjustedfor therangeduringC27.
Auto-Radis not a goodideafor theSunscanbecauseit keepsthesignalbetween2000and3500counts/window.

Thus,theAuto-Radalgorithmcouldsetthecold sky level ashigh as3500,which would causetheSunpeaksignalto
saturate(maximumis 4095counts/window).

5.3 Burst Periods

Thecriteriafor determiningtheburstperiodis simply to avoid smearingtheobservationsby excessivemotionduring
oneburst period. The numericalthresholdusedhereis no more than1/10 beamwidthof motion during oneburst
period. This is a fuzzy criteria,andif necessary, even1/5 beamwidthmotion in a burstperiodmaybeok. TheC27
scansweredesignedwith thesameangularrateof 0.29mrad/s(0.0167deg/s)thatwasusedin prior sequences.With
a beamwidthof 0.35deg, 1/10beamwidthof motioncorrespondsto 2.1sec.Thus,any burstperiodof 2.1secor less
will satisfythemotionrequirement.To maintainhigh relative accuracy alongwith minimal motionblurring, a burst
periodof 1 sec.shouldwork well for all of thescansin C27.

5.4 SunScanBeamSequence

TheSunscanin C27 is a largescansimilar to the Sunscansperformedin C25andC26. Thesamechoiceof beam
sequencesapply. In C25,we choseto cover all 5 beamsto provide patterndatafor all the beams,while in C26 we
selectedjust beam3 to getmoredetailedpatterninformationfor useby theradiometer(whichonly usesB3). In C27,
we will go backto cycling all 5 beamsbecausetheSunscanin C27is thefirst to becenteredon theSun. In theC25
Sunscan,patterndatawasobtainedfor B1, B3, andB5, but B2 andB4 weremissedbecausethescanwasoffsetfrom
theSunto avoid triggeringa constraintmonitor. In C27we arepushingthis limit morecloselybecausethis maybe
thelastopportunity(dueto restrictionson momentumwheeluseduringcruise)to collectpatterndataon B2 andB4.
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JupiterScan SunScan MicrowaveSourceScans
RIP (ms) 40 30 40
HIP (ms) 5 5 5
CIP (ms) 25 25 25

RAD 25 33 25
BPD(ms) 1000 1000 1000

SourceTemperatureRange(K) 2.8-4.7 2.8-603.0 2.8-4.8
ExpectedSignalRange 2668-2682 1072-4295 2875-2890
ExpectedND Signal 1984-2168 1984-2168 1984-2168
ExpectedRL Signal 2989-3207 2989-3207 2989-3207

BEM B3 B1-B5 B3

Table2: RecommendedRadiometercommandparameters.Thesecommandedintegrationtimesareperwindow. The
window countis constrainedby the burstperiod. The expectedsignalvaluesfor themicrowave sourcesassumethe
gainvalueat theendof warmup,0.19counts/ms/K,thatis expectedto apply, while theexpectedsignalvaluesfor the
SunandJupiterscansassumetheequilibriumgainvalue,0.19counts/ms/K,thatis expectedto apply. Also assumedis
theC25systemnoisetemperatureof 858K, anda constantoffsetof 3550counts.TheRL andND rangescomefrom
expectedgainvariation(not from temperaturevariation),so theRL variationis overestimatedsomewhatbecauseits
temperaturevariationtendsto reduceits signalvariation.BEM refersto thebeamsequenceto use.Notethat theSun
scanshouldcycleall 5 beams.

5.5 ScanCommandRecommendations

Table2 summarizestherecommendedcommandparametersfor therasterscans.Theintegrationtimesarechosento
centertheexpectedsignalrangewith thehighestdynamicrangethatcanbesafelyacheived.

Althoughthepredictionis for theSunScanto remainon scalewith anintegrationtime of 30 ms,duringtheC25
Sunscan,thesameintegrationtimesaturatedatthebeampeak(but notthehalf-powerpoints).Thus,theSunscanpeak
maystill saturate.Becauseof this, it would bedesireableto ensureanon-scalepeakSunmeasurementby varyingthe
integrationtimeduringtheSunstaringinterval thatoccursjustbeforetheSunscanitself (2001-239T16:16:04- 2001-
239T16:18:34).In C25,theintegrationtime wassteppedover thevalues20 ms,25 ms,30 ms,and35 ms.The35 ms
measurementwassaturatedasexpected.The20 msmeasurementwasaboutmidscale(around2000counts/window).
The25 and30 msmeasurementsappearto begarbledby a droppeddatapacket. In C27,thesamefour stepscanbe
usedagain.Theburstperiodcanbe4 sechereto getthemoststablemeasurement.A few samplesfor eachshouldbe
adequate(in C25we obtainedabout5 samplesat eachof thefour levels).
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N time(s) � (ND) (ms) � (RL) (ms) � (ANT) (ms) RAD (window count) burstperiod(ms)
204 51.0 5 20 15 1 250
204 51.0 5 20 20 1 250
204 51.0 5 20 25 1 250
204 51.0 5 20 30 1 250
204 51.0 5 20 35 1 250
204 51.0 5 20 40 1 250
204 51.0 5 20 45 1 250
204 51.0 5 20 30 2 250
204 51.0 5 20 40 2 250
204 51.0 5 20 30 3 250
204 51.0 5 20 40 3 250
204 51.0 5 20 30 4 250
204 51.0 5 20 40 4 250
16 48.4 5 20 30 100 3025
12 48.3 5 20 40 100 4025

Table3: Tauvariationfor antenna.Bleedthrough,antto ND. N is thenumberof burstperiodsfor eachparameterset,
timeis thecorrespondingtimefor eachparameterset.Theburstperiodshown hereis just thesumof theresistive load,
noisediode,andantennaintegrationtimes. Theactualvaluecanbelarger. (A minimumvalueof 250msis enforced
to avoid misseddatawhenin SAF-142mode.)Total duration= 351.7sec.

N time(s) � (ND) (ms) � (RL) (ms) � (ANT) (ms) RAD (window count) burstperiod(ms)
120 30.0 5 15 35 1 250
120 30.0 5 20 35 1 250
120 30.0 5 25 35 1 250
120 30.0 5 15 35 2 250
120 30.0 5 25 35 2 250
120 30.0 5 15 35 3 250
120 30.0 5 25 35 3 250
120 30.0 5 15 35 4 250
120 30.0 5 25 35 4 250
8 28.2 5 15 35 100 3520
7 24.7 5 25 35 100 3530

Table4: Tauvariationfor RL. Bleedthrough,RL to ant.N is thenumberof burstperiodsfor eachparameterset,time
is the correspondingtime for eachparameterset. The burst periodshown hereis just the sumof the resistive load,
noisediode,andantennaintegrationtimes.Theactualvaluecanbelarger. Totalduration= 82.9sec.

N time(s) � (ND) (ms) � (RL) (ms) � (ANT) (ms) RAD (window count) burstperiod(ms)
120 30.0 3 20 35 1 250
120 30.0 4 20 35 1 250
120 30.0 5 20 35 1 250
120 30.0 6 20 35 1 250

Table5: Tauvariationfor ND. Bleedthrough,ND to RL. N is thenumberof burstperiodsfor eachparameterset,time
is the correspondingtime for eachparameterset. The burst periodshown hereis just the sumof the resistive load,
noisediode,andantennaintegrationtimes.Theactualvaluecanbelarger. Totalduration= 120.0sec.
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