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The Microwave Anisotropy Probe (MAP) is a MIDEX mission that was launched on

June 30, 2001 to create a full-sky map of the cosmic microwave background. Among the

derived requirements of the attitude control system was attitude determination of 1.3

arcminutes, RSS of all three axes. Additionally, the full-sky scan strategy demanded the

attitude determination requirement be met while the spacecraft was spinning at

2.78°/second. Finally, the Instrument's temperature sensitivity requirement of 20

microKelvin dictated an L2 orbit for MAP, escaping the potential magnetic and thermal

contamination from Earth. In order to meet the attitude determination requirement while

spinning, in a package that would survive MAP's passage through the Van Allen

radiation belts, MAP relied on two modified Lockheed Martin AST-201 star trackers.

The AST-201 employs an 8-element radiation hardened lens assembly to focus an 8.8 ° x

8.8 ° image on a 1024 x 512 LM Fairchild Charge-Coupled Device (CCD). The digitized

CCD image is internally processed to combine bright objects into potential stars (called

"blobs") that are then ranked by visual magnitude. The 50 brightest blobs are used as

potential guide stars in an efficient Lockheed Martin star identification algorithm that

outputs a three-axis attitude represented by a quaternion. This quaternion output

capability removed the need for a star identification algorithm in the spacecraft processor,

and significantly simplified the attitude initialization algorithm, since the star tracker

could acquire its own attitude without the benefit of a priori information.

In addition to the core capability described above, the MAP star trackers were also

modified to meet specific mission requirements. A CCD-shift algorithm called Time

Delayed Integration (TDI) was included in each star tracker to allow the trackers to

perform while spinning up to 3°/second. TDI eliminates image streaking at rate (and the

resulting poor signal-to-noise ratio) by shifting the integrated signal across the CCD at

the same rate the star image moves across the field of view. Since the MAP mission

operations resulted in spin rates between 0 and 2.78°/second, an autonomous TDI

capability was developed that performed a series of acquisitions at different TDI rates to

determine its correct value, then continuously calculated the rate based on frame-to-frame

comparisons of output attitudes. In order to provide some radiation effect filtering during

MAP's three to five phasing loop passes through the Van Allen belts, a simple pixel

filtering scheme was implemented, rather than using a more complex, but more robust

windowing algorithm. Finally, the trackers' 1553 data interface was modified to provide

an AS1773 fiber optic data interface, as is used elsewhere on MAP.



In thispaper,someeffort will bemadeto describethegroundtestingthat was
accomplishedon theMAP trackers.ThesetestsincludedNight SkyTeststhatverified
the"Lost in Space"attitudedeterminationalgorithmandpredictedTDI performance,as
well asa laser-imagingtestthatdeterminedtheimagestabilityfor eachtracker. Thetest
descriptionswill includenot only teststhatwereusedto determinetheattitude
performanceof thetracker,butalsoteststhatweredevelopedto verify continued
functionalityof TDI shiftingandtheattitudedeterminationprocessoncethetrackers
wereintegratedonto thespacecraft.An internalcalculationof eachtracker'saccuracy
will bedescribed,andits relevancein measuringthecontinuedperformanceof the
trackerthroughgroundtesting. Finally,theretestplanthatwasusedwhenthetrackers
werereworkedto correctagenericpartproblematNASA GSFCwill bedescribed,
includingthelimitationsof theplanandthephilosophybehindtheplan.

Thegroundtestdatawill thenbecomparedwith flight resultsgleanedfrom thefirst six
monthsof MAP's mission. An initial look at startrackerdatawhile inertially fixed will
becomparedwith datawhile thespacecraftwasspinningatthefast scanrateto
determineif thereis anydegradationin performance.Thegroundcalibrationsfor
effectivefocal lengthandstarbrightnesswill becomparedagainstflight datato
determinetheir stabilitythroughlaunch. Trendsin imagequality datasuchasspatial
noiselevelsandaveragebackgroundnoisewill becomparedfrom launchto thepresent
to determineif therehasbeenanydegradationthat mightimpactthe imagequalityor
lifetime of eithertracker.

Thethreephasinglooptrajectoryusedby MAP to reachL2 will alsoprovidequality data
regardingtheperformanceof thetrackersin thepresenceof energizedprotons,asthey
wereencounteredasMAP passedthroughtheVanAllen radiationbelts. Analysis
predictedlossof trackdueto protoninterferencefor altitudeslower than1.1Earthradius
(7,000kin, alsoknownasL-shell2.1)with protoneffectsappearingcloserto analtitude
of 12,800km (L-shell 3)andtheworsteffectsseenatanaltitudeof 2200kin. TheMAP
trajectoryresultedin eachoneof theperigeesdroppingbelowthe"lossof track" altitude:
P1wasat 3098kin, P2wasat 2954kin, andP3wasat4741kin. In thefirst two cases,
thetrackersdid losetrack,thoughthealtitudeatwhichtrackingwaslostwaslower than
previouslyexpected.During thefinal perigeepass,bothtrackersmanagedto stayin
trackthroughout.Imagequality datawill bereviewedto showtheeffectof energized
protonsin eachcase,andthepotentialbenefitof addingthepixel filtering or windowing
schemewill becompared.

Anotherfeatureof thephasinglooptrajectorywastheamountof time spentwith the
Moon nearthenominalscanpatternof thestartrackersif thespacecraftwerein its full-
sky mappingmode. Thisprovidedanopportunityto checktheeffectof straylight on
eachtrackerastheywerespinningpasttheMoon,andalsoprovidedanoperational
challengethateventuallyrequiredtemporarymodificationsto thescanpattern. Data
from differentMoon crossingswill bereviewedto showtheeffectof thestraylight on
functionalityandperformance.



STAR TRACKER(I) PLOTS for period ending
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Figure 1: Star tracker data for period just prior to first perigee



STAR TRACKER(I) PLOTS for period ending 2001330 (November 26) 00:00 GMT
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Figure 2: Nominal star tracker data for day 2001-329


