







































































































Attitude representation
Attitude theattitudeofa rigidbody is its orientation representation in space
first weneedtoselect a referencesystemthatis fixed tothebody a e itwillmoveandrotate
togetherwiththebody
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Thus we can represent howthisreferencesystem relates with otherknownreferencesystemthat
isnotfindtothebodyThis is sufficient todeterminetheattitudeof theobject
Usually theknown external reference system is an inertial reference system i e it
does nothave angularmotion

Noticethat depending ontheapplication a reference systemwithsufficientlysmallangular
motion canbe considered inertial porthesake of simplification

If thebodyreferencesystem is represented byFb andthe inertialsystem reference isrepresentbyEi then theattituderepresentation is obtained finding a relationship between Is
and Ii
Direction cosinematrix Dem

Aswe sawpreviously DCMs areused totransformthebasis of a vector representationThus they can beused torepresent the attitude ofan object
Given thebodycoordinate frame Is and thereferencecoordinateframeEi if we cancompute
thematrix Esi every instant then wesuccessfully describetheattitude oftheobject

Note Inthiscase if weknow therepresentation of a vector in the inertialsystem Iilikethesun positionporexample then we can obtain its representation in thebodyreferenceframe using

Ib Cbi Ii










































































































Example suppose that in a simulation we wantto obtain thecomponent ofthesolar
vector in the direction normal tothesolarpanel to compute thepower generation
Let

I betherepresentation of theson unitaryvector in theinertialreferencesystem
Eaibethematrixthattransformthebodycoordinate systemtotheinertialreferencesystem
Isbethevector alignedwith the solar panel normalvector
Ei
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First we need to obtain therepresentation ofthesun unitaryvetor inthebody
referenceframe

É Csi É
Thus theprojection ofthisvector in the solarpanel is
cosO Isto Thegenerated energy is proportional to caso

Composition ofrotations

LetFa Isandto be threecoordinatesystems wherewe know Laband Ex Thus
Ia ÇaIb
Ib CboIa

If wewanttoobtainthematrix thattransforms thesystem Ia in thesystem Ia then
Ia CabEx Ic Eu Ia

µ Thisresultis valid tv eIR
Cao CasCbe

Thematrix Caowas obtainedusing a sequence ofrotations Noticethattheorder oftherotationshas influence in theresult because thematrixmultiplication is notcommutative




































Redundantparameters in theDCMs

TheDems were constructedusing therepresentation ofthree orthonormalvectors inanotherreferencesystem
Thismeansthatwe need 9numbers to represent aDCM However since we are restrictingthe
coordinate systems toberighthandedand orthonormals thenthesame informationrequiresonlythree
parameters

Let Ia É É Éfound É LÊ ÉÉ.ttbetworighthanded orthonormal referencesystemsThusconsider
thefollowing information

Thedirection q É in Ia expressed insphericalcoordinates loand
The projection of És Â I Inthiscase it cannotbeO

Hence theDCMcanbe computedusing

É sendaos0Ê sendosenoÍa aos é
c nÊ baÃ tbmÉ.at ias Hereweused thepropertythat
known µ thesystemis orthonormal

Weknowthat

É É O b ser aosOtbs.zsendsenotbs.rs 0 0
systemwithtwoequationsandtwo

Ê É 1 bs.itbj x b 1 variables Cbs andbjo
Solvingthissystem we obtainbsandbeThis we nowhaveÉ and É representedin Ia
Finally we canfind Í 9 Hereweusedthepropertiesthat
Ía É É thesystemis orthonormal andrighthanded

Hence it isnowpossible to compute thematrix cba

Example
n Inthiscasené bs O 00

goo
1

Thus
o 0 n 0a e b9 É senéasoaistsenotsenoa.atcostasÉ aos0É ser0 Ébsi

É boaÉ tbzra.at b É
baicosO busenQ O
bs.itb O

boa b O
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casoseno O

Finally

f p
Thismeansthatwithonly3parameters wecould computetheentireDCM

It is important tomention thatthose 3parameters areonlyonepossiblesetofan infinitenumber
ofpossibilities Furthermore thoseparameters cannotbeused in allcases eg theyfait if basO
Eulerprovedthatonly 3 parameters are necessary to unequivocally define thespatialorientationofareferencesystemwithrespectto another one
This since aDcmhas 9parameters we conclude that thereare highredundancy in this representation
Inthefollowing wewillsee more efficient representationsfortheattitude ofanobject


