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7.4 Telemetry analysis

Telemetrywasdownloadedfrom satellitesandanalyzed.The resultsillustratemany of the issues

involvedin thedesign,constructionandoperationof asatellite.

Thewholeorbit dataresultspresentedin thissectionweredownloadedin encodedformatfrom TO–

31 andUO–22in the formatsdescribedin Sections4.3.1and4.3.3. They weredecodedwith the

displayprogramvbtlm describedin AppendixC.2, producingcomma-delimitedtext files which

werethenimportedinto MicrosoftExcelto producetheplotspresentedhere.

A wholeorbit datasurvey wasobtainedfrom AO–16in theformatdescribedin Section4.3.4andis

presentedhere.Otheranalysespresentedherecover taskmessagesandlog files.

7.4.1 Whole orbit data: TO–31

The resultspresentedin Figures7.6 to 7.9 wereproducedby decodinga TO–31whole-orbitdata

file thatcoverssatelliteactivity from 1200UTC to 2359UTC on 28November1999.

Figure 7.6 clearly shows the thermalenvironmentof the spacecraft.The alternationof sun and

eclipseis clearly visible in the temperatureexcursionsof the solarpanels,which heatto 25C in

thesun,thencool to -35Cduringeclipses.This cycle occursevery orbit, approximatelyevery 100

minutesfor TO–31. Inside the spacecraftthe batteriesandelectronicsexperiencea comfortable

room-temperatureenvironmentwith only modesttemperaturevariations.

TO–31derivesits electricalpower from solarcellswhichchargetheon-boardbatteries.Figure7.7

shows a clear alternationof charge anddischarge cycles,charging when the spacecraftis in the

sun,anddischarging duringeclipses.On exit from eclipsethe top priority of thepower systemis

to recharge the batteries,accountingfor the initial surge over 2 amperes.Oncethe batteriesare

rechargedthecurrentfalls to a200mA maintenancelevel.

The500mAspikesat 1805and1924UTC correlatewith magneticanomaliesat thesametime, as

illustratedin Figure7.9. However, the relationshipmay be entirely coincidental:otherspikes in

othertelemetryfilesdo notcorrespondwith magneticactivity.

Thesolarcellson TO–31generateelectricitywhenthespacecraftis in thesun,andceaseto do so

duringeclipses.This is clearfrom Figure7.8, which shows that thevoltagefrom thesolararrays

risesto over40volts in thesun,but dropsto thebatteryvoltage(nominally12volts)duringeclipse.
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Figure7.6: TO–31temperatures:1200–2359UTC 28 November1999
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Figure7.7: TO–31batterycurrent:1200–2359UTC 28November1999
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Thebatteryvoltageshows smallvariationsduringthis period,reflectingthecharge/discharge cycle

of thespacecraft.
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Figure7.8: TO–31voltages:1200–2359UTC 28November1999

Likeall thesatellitesbuilt by theUniversityof Surrey andrelatedprograms,TO–31isstabilizedwith

a gravity-gradientboom. TheboomdefinesthespacecraftZ axis,andis theaxisof thespacecraft

spin. This is clearfrom thereadingsof thespacecraftmagnetometerspresentedin Figure7.9. The

rapidvariationon theX andY magnetometersis dueto thespacecraftspinningevery 10 minutes.

The slow variation on the Z magnetometeris causedby the orbit of the spacecraftaltering the

spacecraft’s orientationto theEarth’smagneticfield. Thereis anadditionalslowervariationcaused

by theEarth’s axial spinalteringthe relationshipof theNorth andSouthMagneticPoleswith the

spacecraftorbit. The large spikesin themagnetometerreadingscorrelatewith the large spikesin

thepower systemseenin Figure7.7,but maystill becoincidental.Even if they aretheresultof a

singlephenomenon,it is unknown which is thecauseandwhich is theeffect.

7.4.2 Whole orbit data: UO–22

The analysisof UO–22whole orbit datais facilitatedby the unbroken availability of datafor an

extendedperiod,from Juneto December1999. By gatheringdatafor an extendedperiod it was

hopedthatseasonalchangescouldbedetectedin thespacecraft,with thepossibilityof detectionof

long-termchangesaswell. Long-termchangeswereobservedin thespacecraftthermalenvironment
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Figure7.9: TO–31magnetometers:1200–2359UTC 28 November1999

whichwereinitially believedto beseasonal,but havenow beenconfirmedto betheresultof orbital

perturbations(3).

The thermalenvironmentof UO–22 is illustratedin Figures7.10 to 7.13 andshows temperature

variationsrelatedto thecycle of sunandeclipses.Thesolararraytemperaturesarethesubjectof a

detailedanalysisconductedoncepermonth;theinternaltemperaturesarerecordedcontinuously.

It is clearthatthesatelliteis runninghot,especiallyin November. Additionaldatawereanalyzedto

isolatethecause.

The datain Figure7.11suggestan increasingtrend,but theexact causeof the trendis unknown:

theriseis muchfasterthanthetemperaturechangefrom July to November1999.

UO–22deriveselectricalpower from solararrays,whichgenerateover40volts in thesun,but drop

to thevoltageof thebattery, nominally12 volts, in eclipses.This is clearin Figures7.14and7.15.

Theeclipseperiodis clear, andits lengthmaybeestimatedfrom thetelemetrydata:26 minutesin

July, but only 18 minutesat the endof November. The satellitehaslesstime to cool eachorbit,

and thus runs hotter. The temperaturevariationmay be estimated:to a first approximation,the

energy input to thesatelliteis proportionalto thetimethespacecraftspendsin thesun.FromJuly to

Novemberthishasincreasedfrom74minutesperorbit to82minutesperorbit,anincreaseof 10.8%.

Absolutetemperaturevariesasthefourth root of energy input (theStefan-BoltzmanEquation)(4),

andthefourth root of 1.108is approximately1.026,a 2.6%increasein absolutetemperature.This
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Figure7.10:UO–22internaltemperatures:0000–1159UTC 6 July 1999
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Figure7.11:UO–22internaltemperatures:0000–1159UTC 26November1999
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Figure7.12:UO–22solararraytemperatures:0100–0659UTC 15July 1999
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Figure7.13:UO–22solararraytemperatures:0100–0659UTC 15 November1999
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correspondsto a temperaturerise of approximately8 degrees,closeto the observed temperature

increase.Suchseasonalchangesareto beexpectedin satelliteoperations,andmustbeallowedfor

in thethermaldesign.
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Figure7.14:UO–22solararrayandbatteryvoltages:0000–1159UTC 6 July1999

Decemberwholeorbit datashow a further increasein temperatureto 47 C, with theeclipseperiod

down to 15 minutes.

Otheractivities of thesatellitemaybeobserved by analysisof wholeorbit data.Figures7.16and

7.17show a clearcycle of charging while in thesunanddischarging duringeclipses.While there

areno grossdifferencesbetweentheseasons,it is probablethatmoredetailedanalysisof thedata

wouldshow a dropin charging efficiency with higherbatterytemperature.

Like TO–31,UO–22shows spikesin batterycurrent.Themagnetometerdatain Figures7.18and

7.19do not correlatewith thespikes,which arethusnot relatedto magetorqueractivity. Thedata

show the 10 minutespin of the spacecraft,the spacecraftorbit aroundthe Earth’s magneticfield,

andthevaryingorientationof thespacecraftwith respectto themagneticpolesastheEarthrotates.

Like TO–31,UO–22is stabilizedby a gravity gradientboom. TheboomdefinesthespacecraftZ

axis,which is theaxisof thespacecraftspin.

A final exampleof telemetryanalysisarisesfrom the surveys of solararraycurrent. Detailedin-

spectionof thedata(Figure7.20)shows thatoneof thesolarpanels,-Y, is different.It consistently

produceslesscurrent,andshows differentthermalcharacteristics.
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Figure7.15:UO–22solararrayandbatteryvoltages:0000–1159UTC 26 November1999
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Figure7.16:UO–22batterycurrent:0000–1159UTC 6 July1999
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Figure7.17:UO–22batterycurrent:0000–1159UTC 26 November1999
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Figure7.18:UO–22magnetometers:0000–1159UTC 6 July1999
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Figure7.19:UO–22magnetometers:0000–1159UTC 26November1999
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Figure7.20:UO–22solararraycurrent:0200–0330UTC 15July 1999
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The initial hypothesis was that this

panel was damaged,but inspection of

a prelaunchphotograph(right, obtained

from SSTL’s website)shows that the-Y

arrayis smaller, with therestof that face

of thesatellitedevotedto experiments.

Furtherinvestigationidentifiedtheexperimenton UO–22asanevaluationof solarcell technology,

evaluatingsamplesof severaldifferentGaAs,InPandSi solarcells(5).

7.4.3 Whole orbit data: AO–16

AO–16usesan unusualsystemfor gatheringwhole orbit data,asdiscussedin Section4.3.4. A

whole-orbitdatasurvey wasreceivedandprocessedat VA3SFL on 12 October1999. It illustrates

thefunctionof thepowersystemandthesatellite’s simplestabilizationsystem.

Theplot of currentfrom theX andY axissolararrays,Figure7.21,shows thespinof thespacecraft

aseacharraysweepspastthesun.Publishedreferencesdescribetheuseof the2 meterantennaas

a radiometerto spinthespacecraft(6). Thedatafrom theX andY axissolararraysshow arotation

periodof aproximately3 minutes.Thiscorrelateswith observedgroundstationperformance,where

thespacecraftsignalstrengthis subjectto deepfadesevery 2 to 3 minutes.

AO–16achievesZ axisstabilizationwith magnetsthatalignthespacecraftwith theEarth’smagnetic

field. While the datain Figure7.22 are incomplete,they arehighly suggestive of the spacecraft

rotatingtwicearoundtheZ axiseachorbit: every 50 minutesfor anorbital periodof 100minutes.
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Figure7.21:AO–16X andY axissolararraycurrent:0300–0430UTC 12October1999
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Figure7.22:AO–16Z axissolararraycurrent:0300–0430UTC 12 October1999
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7.5 Other data analysis

Otherdatagatheredduringsatellitepasseswereanalyzed.Theresultsfrom analysisof selectedlog

filesandtaskmessagesarepresented.

7.5.1 Log files

Applicationson boardsatellitescreatelog files of their activities. Sampleactivity andcallsignlog

files weredownloadedfrom UO–22,decodedwith softwaresuppliedby SSTL,andtheir contents

analyzed.

The activity log file recordsFTL0 file activity and server housekeeping. An examplesequence

shows VK2XGJ, WollongongNSW, Australia,uploadingafile:

09:44:30 LOGIN VK2XGJ-0 0 013033

09:44:31 UPLOAD VK2XGJ-0 f#6d346 off:0 l#11413

09:45:14 UL DONE VK2XGJ-0 11413 bytes 0 seconds

cksum Ack’d

Av upload rate 265bps

09:45:15 LOGOUT VK2XGJ-0 013033 user disconnect

Anotherentry in the activity log shows CX5AE, Montevideo, Uruguaystartingto uploada file,

stopping(possiblydueto LOS,LossOf Signal), timing out,andbeingautomaticallyloggedoutby

theserver.

00:55:44 LOGIN CX5AE-0 0 012773

00:55:46 UPLOAD CX5AE-0 f#6d2a8 off:0 l#1958

00:57:12 BLOWOFF CX5AE-0 Inactivity timeout

00:57:38 LOGOUT CX5AE-0 012773 server disconnect

Thecallsignlog file recordsthecallsignof everystationmakingarequestof thefile server. Callsign

files for 18and19July1999weredownloadedandanalyzed.As expectedin Figure7.23,industrial

countrieswereheavily over-representedwith 20%of thecountries(7 outof 34)accountingfor 67%

of the callsigns(145 out of 217). By numberof callsignsthe largestsingleuserwasthe U.S.A.
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with 49 callsigns,followedby Francewith 22 callsignsandGermany with 18 callsigns.During the

sampleperiodthesatellitewasaccessedby 10 Canadiancallsigns.

Asia is almostentirely representedby Japanesecallsigns. The only African callsignswerefrom

SouthAfrica.

Europe
39%

North America
28%

South America
8%

Oceania
13%

Asia
11%

Africa
1%

Figure7.23:UO–22callsignsby continent

7.5.2 Task messages

In additionto file transferandtelemetry, satellitestransmittask messages, transmittinginformation

relevantto varioussubsystems(7).

Thefirst taskmessageis producedby themainhousekeepingtask.OnAO–16it is calledPHT:

PHT: uptime is 1910/19:36:23. Time is Sun Dec 12 01:19:57 1999

Notetheremarkablevaluefor uptime: AO–16ranfor over 5 yearsbeforea softwarecrashshortly

afterthismessagewasreceived.

A similar messagereceivedfrom UO–22providessimilar information.Theshortup time is dueto

reloadingUO–22’s softwarein mid-November1999.

Fri Dec 17 14:32:10 1999 Up: 27/22:8 EDAC=103 F:146768

L:146016 d:1 [0].
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Of particularinterestis theEDAC number, a countof the numberof error eventsdetectedby the

error-correctingspacecraftmemory. TheF andL parametersspecifytheamountof freememoryin

SCOSandthesizeof thelargestblockof freememory, respectively.

Anothertaskmessageis from the taskscheduler, informing groundstationsof thenext scheduled

operation:

Sked 1.5 File1:6f59a Next:Sat Dec 18 00:00:00 1999

TheOAK attitudecontrolsystemtransmitsvaluableinformation:

OAK E:1 M:0 C:1 R:64 P:-25 Y:1133 YR:599 OX:195

OY:-196 OZ:66 TX:0 TY:0 TZ:0

Of particularinterestaretheR, P andY values,roll, pitchandyaw, respectively. Thesatellitespins,

so theyaw valueis alwayschanging.TheYR yaw rateparameterspecifiestherateof this change.

Theangularparametersarein .01degreeincrements,showing sub-1degreepointingaccuracy from

theattitudecontrolsystemwhich is basedona gravity-gradientboomandmagnetorquers.

Not all taskmessagesareaswell documented.Thefollowing taskmessagewasreceivedfrom KO–

25 andis probablyfrom theEarthImagingSystem,but thesignificanceof theindividual valuesis

unknown:

EIS:<385a70d9> [s4] Timer:0 TxEnable:1
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7.6 Performance analysis

Thedownlink performanceof UO–22andTO–31wasanalyzed.Particularemphasiswasplacedon

protocoloverheadandeffective throughput,andtheresultsarepresentedhere.

7.6.1 Environmental issues

Theenvironmentin which thegroundstationoperateswasanalyzed.

Thepresentgroundstationantennasareon theroof of theUTIAS building in Downsview, Ontario.

The areais flat, part of southernOntarioon the north shoreof Lake Ontario. Thereare thusno

geographicobstacles.While therearedeciduoustrees,they subtendanangleof lessthan5 degrees

asseenfrom thegroundstationantennasite,andhadnodiscernableeffectongroundstationperfor-

mance.In bothsummerandwinter 435MHz signalsfrom satelliteswereacquiredwithin seconds

of theoreticalAOS(AcqusitionOf Signal),andlostwithin secondsof theoreticalLOS.No seasonal

effectswerenotedbetweenJuly andDecember.

Theonly detectableobstructionwasthesatellitetelevisionantennaontheroof of theUTIAS build-

ing. This attenuatedsignalsfor a satelliteazimuth from approximately200 to 240 degrees,at

elevationanglesbelow 15 degrees.This is a smallpartof thesky, andthe lossof datais minimal.

Suchanenvironmentwould not affect MOST, sincepassesin thesouthwesthave mutualvisibility

with theproposedgroundstationin Vancouver.

7.6.2 Data throughput

Dataweregatheredduringa representative week,22 to 26 July 1999,to evaluateaccesstime, net

datathroughput,andtheamountof datatransferred.Thegroundstationoperationswerenominal,

aswerethesatelliteoperations.

Thefirst measurementwasaccesstime. As shown in Figure7.24,theaccesstime is uniform over

thestudyperiod.Minor variationsaremainly dueto orbital geometryandaverageout over longer

periods.

The amountof datatransferredwas thencomputed.Protocolinformationwasanalyzedwith an

instrumentedversionof decode (AppendixC) thatclassifiedpacketsby their functionandtallied

the numberof bytesdevoted to file transfer. This compensatedfor the multiplexed natureof the
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Figure7.24:UO–22andTO–31accesstime,22–26July1999

downlink—ratherthancountingthebytesreceivedatVA3SFL,thecountwasof all bytestransmitted

by thesatellite,morecloselyapproximatingtheenvironmentanticipatedfor MOST.

The final analysiscombinesthe resultsof Figures7.24 and7.25 to determinethe net numberof

bytespersecondtransferredfrom thesatellite,aspresentedin Figure7.26.TO–31hasconsistently

shown higherthroughput,believedto bepartially theresultof a higherduty cycle on its downlink,

andpartiallytheresultof lowerprotocoloverhead(Section7.6.3).In November1999thisdutycycle

wasincreased,with many passesshowing throughputexceeding1000bytespersecond.Reliability

concernswith thegroundstation(Section7.3.4)haveprecludedfurtheranalysisof thisdevelopment.

7.6.3 Protocol overhead

Protocoloverheadwasanalyzedwith aninstrumentedversionof decode (AppendixC) thatclas-

sifiedpacketsby their functionandtallied thenumberof bytes.All datareceivedon thedownlink

for theweekof 20July1999wereusedfor theanalysis.

Differenceswereobserved, asreportedin Figures7.27and7.28. UO–22transferslarge numbers

of smallfiles,andthusmustdevotemoreof its downlink to directoryinformation.TO–31transfers

small numbersof large files, andcanthusdevote moredownlink capacityto actuallytransferring

files.
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Figure7.25:UO–22andTO–31file transfer, 22–26July1999
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Figure7.26:UO–22andTO–31throughput,22–26July1999
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Figure7.27:UO–22protocoloverheadanalysis:July1999
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