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7.4 Telemetry analysis

Telemetrywasdownloadedfrom satellitesandanalyzed.The resultsillustrate mary of theissues
involvedin thedesign,constructiorandoperationof a satellite.

Thewholeorbit dataresultspresentedh this sectiorweredownloadedn encodedormatfrom TO—
31 andUO-22in the formatsdescribedn Sections4.3.1and4.3.3. They weredecodedwith the
displayprogramvbt | mdescribedn AppendixC.2, producingcomma-delimitedext files which
werethenimportedinto Microsoft Excelto producethe plotspresentedhere.

A wholeorbit datasuney wasobtainedrom AO-16in theformatdescribedn Sectiord.3.4andis
presentedhere.Otheranalysepresentedierecover taskmessageandlog files.

7.4.1 Whole orbit data: TO-31

Theresultspresentedn Figures7.6to 7.9 wereproducedby decodinga TO-31whole-orbitdata
file thatcoverssatelliteactivity from 1200UTC to 2359UTC on 28 Novemberl1999.

Figure 7.6 clearly shawvs the thermalervironmentof the spacecraft. The alternationof sunand
eclipseis clearly visible in the temperaturexcursionsof the solar panels,which heatto 25C in

the sun,thencool to -35C during eclipses.This cycle occursevery orbit, approximatelyevery 100
minutesfor TO-31. Insidethe spacecrafthe batteriesand electronicsexperiencea comfortable
room-temperaturervironmentwith only modestemperaturevariations.

TO-31derivesits electricalpower from solarcellswhich chage the on-boardbatteries Figure7.7
shaws a clear alternationof chage anddischage cycles, chaging whenthe spacecrafis in the
sun,anddischaging during eclipses.On exit from eclipsethe top priority of the power systemis
to rechage the batteries,accountingfor the initial suige over 2 amperes.Oncethe batteriesare
rechagedthe currentfallsto a200mA maintenancéevel.

The500mAspikesat 1805and1924UTC correlatewith magneticanomaliesat the sametime, as
illustratedin Figure7.9. However, the relationshipmay be entirely coincidental: other spikesin
othertelemetryfiles do not correspondvith magneticactiity.

The solarcellson TO-31generateelectricity whenthe spacecrafts in the sun,andceaseo do so
during eclipses.This is clearfrom Figure 7.8, which shavs thatthe voltagefrom the solararrays
risesto over40voltsin thesun,but dropsto the batteryvoltage(nominally 12 volts) duringeclipse.
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Thebatteryvoltageshavs smallvariationsduring this period,reflectingthe chage/dischage cycle
of the spacecratft.
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Figure7.8: TO-31voltages:1200-2359JTC 28 Novemberl999

Likeall thesatellitesouilt by theUniversityof Surrey andrelatedprogramsTO-31is stabilizedwith
a gravity-gradientboom. The boomdefinesthe spacecrafZ axis, andis the axis of the spacecraft
spin. Thisis clearfrom the readingsof the spacecrafmagnetometergresentedn Figure7.9. The
rapidvariationonthe X andY magnetometeris dueto the spacecrafspinningevery 10 minutes.
The slow variation on the Z magnetometers causedby the orbit of the spacecrafialtering the
spacecrafg orientationto the Earths magnetidield. Thereis anadditionalslower variationcaused
by the Earth’s axial spin alteringthe relationshipof the North and SouthMagneticPoleswith the
spacecraforbit. Thelarge spikesin the magnetometereadingscorrelatewith the large spikesin
the power systemseenin Figure7.7, but may still be coincidental.Evenif they aretheresultof a
singlephenomenoni is unknavn which s the causeandwhichis the effect.

7.4.2 Whole orbit data; UO-22

The analysisof UO-22whole orbit datais facilitatedby the unbrolen availability of datafor an
extendedperiod, from Juneto Decemberl999. By gatheringdatafor an extendedperiodit was
hopedthatseasonathangeould be detectedn the spacecraftwith the possibility of detectionof
long-termchangesswell. Long-termchangesvereobseredin thespacecrafthermalervironment
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whichwereinitially believedto beseasonabut have now beenconfirmedto betheresultof orbital
perturbationg3).

The thermalenvironmentof UO-22is illustratedin Figures7.10to 7.13 and shaws temperature
variationsrelatedto the cycle of sunandeclipses.The solararraytemperaturearethe subjectof a
detailedanalysisconductednceper month;theinternaltemperaturearerecordedcontinuously

It is clearthatthe satelliteis runninghot, especiallyin November Additional datawereanalyzedo
isolatethecause.

Thedatain Figure7.11 suggestnincreasingrend, but the exact causeof the trendis unknavn:
theriseis muchfasterthanthetemperaturehangerom July to November1999.

UO-22deriveselectricalpower from solararrays which generataver 40 volts in the sun,but drop
to the voltageof the battery nominally 12 volts, in eclipses.Thisis clearin Figures7.14and7.15.
Theeclipseperiodis clear andits lengthmay be estimatedrom the telemetrydata: 26 minutesin
July, but only 18 minutesat the end of November The satellitehaslesstime to cool eachorbit,
andthusruns hotter The temperaturevariation may be estimated:to a first approximationthe
enegy inputto thesatelliteis proportionalto thetime the spacecrafspendsn thesun.FromJulyto
Novembetthishasincreasedrom 74 minutesperorbitto 82 minutesperorbit, anincreasef 10.8%.
Absolutetemperaturevariesasthe fourth root of enegy input (the Stefan-BoltzmarEquation)(4),
andthefourth root of 1.108is approximatelyl.026,a 2.6%increasdn absoluteaemperatureThis
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correspondgo a temperaturegise of approximately8 degrees,closeto the obsered temperature
increase Suchseasonathangesreto be expectedn satelliteoperationsandmustbe allowed for

in thethermaldesign.

>0 Array
40 NTL ANAN AN 1 PLY PV HARAR Apanm
SO L 1 e
= 30
(@)
£ 20
> 10 My - »\: 26/’. r’""“”vigf' o
minutes Battery
0 \ \ \ \ \ \ \

0:00 2:00 4:00 6:00 8:00 10:00 12:00

Figure7.14: UO-22solararrayandbatteryvoltages:0000-1159JTC 6 July 1999

Decembemhole orbit datashav afurtherincreasean temperaturg¢o 47 C, with the eclipseperiod
down to 15 minutes.

Otheractiities of the satellitemay be obsered by analysisof whole orbit data. Figures7.16 and
7.17 shawv a clearcycle of chaging while in the sunanddischaging during eclipses.While there
areno grossdifferenceshetweenhe seasonsi is probablethat more detailedanalysisof the data
would shav adropin chaging efficiency with higherbatterytemperature.

Like TO-31,U0-22shaws spikesin batterycurrent. The magnetometedatain Figures7.18and
7.19do not correlatewith the spikes,which arethusnot relatedto magetorqueactvity. The data
shawv the 10 minute spin of the spacecraftthe spacecraforbit aroundthe Earths magneticfield,

andthevaryingorientationof the spacecrafivith respecto the magnetigpolesasthe Earthrotates.
Like TO-31,U0-22is stabilizedby a gravity gradientboom. The boomdefinesthe spacecrafZ

axis,whichis theaxis of the spacecraftpin.

A final exampleof telemetryanalysisarisesfrom the surneys of solararray current. Detailedin-
spectionof thedata(Figure7.20)shavs thatoneof thesolarpanels; Y, is different. It consistently
producedesscurrent,andshavs differentthermalcharacteristics.
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The initial hypothesis was that this
panel was damaged,but inspection of

a prelaunchphotograph(right, obtained
from SSTLsweb site) shaws thatthe-Y

arrayis smaller with therestof thatface
of the satellitedevotedto experiments.

Furtherinvestigationidentifiedthe experimenton UO-22asan evaluationof solarcell technology
evaluatingsampleof severaldifferentGaAs,InP andSi solarcells (5).

7.4.3 Whole orbit data: AO-16

AO-16 usesan unusualsystemfor gatheringwhole orbit data,asdiscussedn Section4.3.4. A
whole-orbitdatasurney wasreceved andprocesse@t VA3SFL on 12 October1999. It illustrates
thefunctionof the powver systemandthe satellites simplestabilizationsystem.

Theplot of currentfrom the X andY axissolararrays Figure7.21,shavs the spinof thespacecraft
aseacharraysweepgastthe sun. Publishedreferenceslescribethe useof the 2 meterantennaas
aradiometeto spinthespacecraf(6). Thedatafrom the X andY axissolararraysshav arotation
periodof aproximately3 minutes.This correlatesvith obsened groundstationperformancewhere
the spacecrafsignalstrengthis subjectto deepfadesevery 2 to 3 minutes.

AO-16achieresZ axisstabilizationwith magnetshatalignthespacecrafivith theEarths magnetic
field. While the datain Figure 7.22 areincomplete,they are highly suggestie of the spacecraft
rotatingtwice aroundthe Z axis eachorbit: every 50 minutesfor anorbital periodof 100 minutes.
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7.5 Other data analysis

Otherdatagatherediuring satellitepassesvereanalyzed.Theresultsfrom analysisof selectedog
filesandtaskmessagearepresented.

7.5.1 Log files

Applicationson boardsatellitescreatelog files of their actvities. Sampleactvity andcallsignlog
files weredownloadedfrom UO-22,decodedwith software suppliedby SSTL, andtheir contents
analyzed.

The actvity log file recordsFTLO file actvity and sener housekeping. An example sequence
shavs VK2XGJ, WollongongNSW, Australia,uploadingafile:

09:44:30 LOA N VK2XG&J-0 0 013033

09: 44: 31 UPLOAD VK2XGJ- 0 f#6d346 of f:0 | #11413

09:45:14 UL DONE  VK2XG&I-0 11413 bytes 0 seconds
cksum Ack’ d

Av upl oad rate 265bps
09:45:15 LOGOUT VK2XGJ- 0 013033 user di sconnect

Anotherentry in the actvity log shavs CX5AE, Montevideo, Uruguaystartingto uploada file,
stopping(possiblydueto LOS, L ossOf Signal), timing out, andbeingautomaticallloggedout by
thesener.

00:55:44 LOCA N CX5AE-0 0 012773
00: 55: 46 UPLOAD CX5AE- 0 f #6d2a8 off: 0 | #1958
00:57:12 BLONOFF CX5AE- 0 Inactivity tinmeout

00: 57: 38 LOGOUT CX5AE- 0 012773 server di sconnect

Thecallsignlog file recordghecallsignof every stationmakingarequesbf thefile sener. Callsign
filesfor 18 and19 July 1999weredownloadedandanalyzed As expectedn Figure7.23,industrial
countrieswereheaily overrepresentedith 20%of the countrieq7 outof 34) accountingor 67%
of the callsigns(145 out of 217). By numberof callsignsthe largestsingle userwasthe U.S.A.
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with 49 callsigns followed by Francewith 22 callsignsandGermaiy with 18 callsigns.During the
sampleperiodthe satellitewasaccessetly 10 Canadiarcallsigns.

Asia is almostentirely representedby Japaneseallsigns. The only African callsignswerefrom
SouthAfrica.
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South America
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8% Africa

Oceania 1%
13%

Europe

. 39%
North America

28%

Figure7.23: UO-22callsignsby continent

7.5.2 Task messages

In additionto file transferandtelemetry satellitestransmittask messages, transmittinginformation
relevantto varioussubsystemsr).

Thefirst taskmessagés produceddy the mainhousekepingtask.On AO-16it is calledPHT:

PHT: uptine is 1910/19:36:23. Tinme is Sun Dec 12 01:19:57 1999

Notetheremarkablevaluefor uptime: AO-16ranfor over 5 yearsbeforea software crashshortly
afterthis messagevasreceved.

A similar messageeceved from UO-22providessimilarinformation. Theshortup time is dueto
reloadingu0O-225 softwarein mid-November1999.

Fri Dec 17 14:32:10 1999 Up: 27/22:8 EDAC=103 F: 146768
L: 146016 d: 1 [O].
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Of particularinterestis the EDAC numbey a countof the numberof error eventsdetectecby the
errorcorrectingspacecraftnemory TheF andL parameterspecifytheamountof free memoryin
SCOSandthessizeof thelargestblock of freememory respecirely.

Anothertaskmessages from the taskschedulerinforming groundstationsof the next scheduled
operation:

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

The OAK attitudecontrolsystemtransmitsvaluableinformation:

OAK E:1 MO C1 R64 P:-25 Y:1133 YR 599 OX: 195
OY:-196 OZ: 66 TX:0 TY:0 TZ:0

Of particularinterestarethe R, P andY values roll, pitchandyaw, respectiely. Thesatellitespins,
sotheyaw valueis alwayschanging.The YR yaw rate parametespecifiesghe rateof this change.
Theangularmparametersrein .01 degreeincrementsshaving sub-ldegreepointingaccurag from
theattitudecontrolsystemwhichis basedn a gravity-gradientboomandmagnetorquers.

Not all taskmessageareaswell documentedThefollowing taskmessagevasrecevedfrom KO-
25 andis probablyfrom the EarthI magingSystem,but the significanceof the individual valuesis
unknawn:

El S: <385a70d9> [s4] Tiner:0 TxEnable: 1



CHAPTER7. GROUND STATION 123

7.6 Performance analysis

Thedownlink performancef UO-22andTO-31wasanalyzed Particularemphasisvasplacedon
protocoloverheadandeffective throughputandtheresultsarepresentedhere.

7.6.1 Environmental issues

Theervironmentin which the groundstationoperatesvasanalyzed.

Thepresengroundstationantennasreon theroof of the UTIAS building in Downsviev, Ontario.
The areais flat, part of southernOntario on the north shoreof Lake Ontario. Therearethusno
geographimbstaclesWhile therearedeciduoudrees they subtendanangleof lessthan5 degrees
asseerfrom thegroundstationantennaite,andhadno discernablesffect on groundstationperfor
mance.In bothsummerandwinter 435 MHz signalsfrom satelliteswereacquiredwithin seconds
of theoreticalAOS (AcqusitionOf Signal),andlostwithin second®f theoreticaLOS. No seasonal
effectswerenotedbetweenluly andDecember

Theonly detectablebstructiorwasthe satellitetelevision antennaon theroof of the UTIAS build-
ing. This attenuatedsignalsfor a satellite azimuthfrom approximately200 to 240 degrees,at
elevationanglesbelon 15 deggrees.This is a smallpartof the sky, andthe lossof datais minimal.
Suchan environmentwould not affect MOST, sincepassesn the southweshave mutualvisibility
with the proposedyroundstationin Vancouer.

7.6.2 Data throughput

Dataweregatheredduring a representate week,22 to 26 July 1999, to evaluateaccesgime, net
datathroughputandthe amountof datatransferred.The groundstationoperationsverenominal,
aswerethe satelliteoperations.

Thefirst measuremenwasaccesgime. As shavn in Figure7.24,the accesgime is uniform over
the studyperiod. Minor variationsare mainly dueto orbital geometryandaverageout over longer
periods.

The amountof datatransferredwvas then computed. Protocolinformation was analyzedwith an
instrumentedrersionof decode (AppendixC) thatclassifiedpacletsby their functionandtallied
the numberof bytesdevotedto file transfer This compensatefor the multiplexed natureof the
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Figure7.24: U0O-22andTO-31accesgime, 22—26July 1999

downlink—ratherthancountingthebytesreceivedat VA3SFL,thecountwasof all bytestransmitted
by the satellite, norecloselyapproximatinghe ervironmentanticipatedor MOST.

The final analysiscombinesthe resultsof Figures7.24 and 7.25to determinethe net numberof
bytespersecondransferredrom the satellite,aspresentedn Figure7.26. TO-31hasconsistently
shavn higherthroughputbelieved to be partially the resultof a higherduty cycle onits downlink,
andpartiallytheresultof lower protocoloverheadSection7.6.3).In November1999thisduty cycle
wasincreasedwith mary passeshaving throughputexceedingl 000bytespersecondReliability
concernsvith thegroundstation(Section?.3.4)have precludedurtheranalysisof thisdevelopment.

7.6.3 Protocol overhead

Protocoloverheadvasanalyzedwith aninstrumentedrersionof decode (AppendixC) thatclas-
sified paclets by their function andtallied the numberof bytes. All datareceved on the downlink
for theweekof 20 July 1999wereusedfor theanalysis.

Differencesvereobsered, asreportedin Figures7.27 and7.28. UO-22transferdarge numbers
of smallfiles, andthusmustdevote moreof its downlink to directoryinformation. TO-31transfers
small numbersof large files, and canthus devote more downlink capacityto actuallytransferring
files.
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