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Best estimates for X and Y given X, Y and Q

In theLV2 imu we measureghexy acceleratiorandredundantlyneasures quadraturéq” axis.

Using the redundant measurements in combination

The q axisis orientedin the xy—plane,angled 45° from the positivex andy axes.The q axisis parallelto the unit
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The projectionof <xy> ontothe g—axisis

g= <X, y>-<11> /2= 0
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Togetherxyq constitutea redundantmeasurementf two independentariables.If the independenwvariablesare
takendirectly asx andy, whatvaluesof x andy arethe mostlikely, giventhethreenoisymeasurementsyq?

Symbolically,therearefunctionssuchthat

R == f[X! y! fﬂ ) y == g[X, y! q]

Where'~" indicatesmeasuredaluesandr' estimated/alues.

Consideringust{ , we maketwo independengstimates

R1 =%, Ro=V204-Y (2)
Theaccelerometersloselyfollow the Gaussiamoisemodelcharacterizethy standardieviation(o).

SinceRs, is alinearfunctionof Gaussiarvariablest is alsoa Gaussiarvariable.

The bestestimateor thetruevalueof x giventwo measurementsith Gaussiarstatisticas givenby thiswell known
rule ("well known"= we’retoo lazyto explain)
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Thevariance(standardieviationsquaredpf & is givenby (4)
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Insertingthe aboveformulafor varianceinto equation(3) theresultingestimates

_ (\/Eq—y)cr)z(+i(20'(2]+a'§) ©
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Using q as part of an optimal estimateinvolves only a couple addsand multiplies, assumingconstantvariances
everythingelsecanbe pre—computed.

Hereis onepossibilityusing2 addsand3 multiplies

S1 = 20'(21+0')2/+0')2(

f= (202 +02)/s
f2 = 0')2(/81
R = Y*fl +(\/§ *q—y)*fz

(6)

Consistency and missing measurements

Sincethe xyq measurementare redundantthey will usually be slightly inconsistentdue to measuremengrrors. If
themeasurementsereperfectlyconsistenthentheywould agreeexactly

In practice thetwo estimate®f x shouldbe closetogether.

R1>X ~ R0 > V27— @)

Due to various conceivablefaults it is possiblethat any of the three sensoroutputscould unexpectediybecome
invalid. Althoughit is unlikely thatrandomfailure will occurduringflight, it is moderatelylikely thatrapid motions
or vibration could temporarilysaturatea sensorlf randomfailure did occurin only one sensorthe remainingmea

surementsstill provide both x andy values,with someloss of precision.The difficulty in this circumstances in

detectingthe invalid output.Not enoughinformationaboutthe xyq measurementsasbeengiven hereto eliminatea
bad sensoroutput, so someoutsideknowledgemustbe applied. The easiesthing to do is determinethe dynamic
rangeof the accelerometeranddetectsaturationlf onesensoisaturatesits measuremertdanbe eliminatedfrom the
computation.

More elaborateschemegprobablyrequirean on-linevarianceestimate.The basicideabeing, oncea measuremer
varianceexceedsa threshold the measuremeris thrownout, or at leastbarelyheededuntil the varianceagainfalls
belowathreshold.



