



























































































Euler symmetric parameters
Weverified that theEulerangleaxis representation and the Eulerangles representation have
singularitiesNow wewillsee a representation thathasnosingularitybutrequires 4parameters

LetFaandIs be two coordinate systems in whichtheEuleranteaxis is K 0 Thus
theEulersymmetric parameters alsocalled Rodriguessymmetric parafreters are definedasfollows

E Y sinE Gibbs Rodriguesvector

R cos

Noticethatallinformation in the Euleraxisangleis embedded inthesetwoparameters Furthermore we
havethefollowingproperty

ÉE N EIEsinto os sin aos 1
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Theseparameters canberelated to theDCMas follows

Cba cosOI A cose aí sinov
facas 1 E fi I dos II 2sin cos Y cosaLos 1 sino2sin

foie III 2 1 cosE vvi los sin E
4 1 21 EEN_É ÉE sírio sinosdo

flocos 1 E 2sin v I Ecos sin v

Esa IN ÉEEst2EÉ 21É
Composition ofrotations

Let IEM betheEulersymmetricparametersthatdescribe therotation fromEu to letLENI
betheEulersymmetricparameters thatdescribetherotationfromtbto WewanttofindtheEuler
symmetricparameters thatdescribe therotation from Ia toIa in terms of E N Eand
FromtheEuler angleaxis theory if sinos O then
COS cos cos sin sin I

Y sin Y sin cos Yasin aos Ii Y sin sin



Thus

cos Rs Cos cos fY sin ftp.csin
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If Os 1800then

Ns O and Es Is s MM E Ee EIE
Thus
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Supposethat we canalsowrite Ez NrE qEctEFE Inthiscase
Eca 2 NrE ME EYED NrE talE E EI I
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Usingthat Mu ttuxmt trlm.IE Atv e CIR A CIR then
i E I

p EFEEi E Ei E g Itr E Ei E ter TI
scalar

since Tr E Ei tr É É Eai Eai Eai EiEe then

M lEFEEI EiEiEI y Ei E Ei EiEi EI



Eca 2 NiEEI EiEiEiEI ohE EiEi E EiEEtc ri E Ei LVE EiEi

q E E Eftp.EIEEF q EiEiEi Ei E Ei Ei YEEEixpÉE É I I
Usingthat MU ttuxmt trlm.IE Atv e CIR A CIR then

ii e
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sinceTr E Ei tr E
aye c

E EmEnEn Ei Eu EIE then
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Using that E I I v é evi e v ER then
i é i é
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Usingthat e v ut v.ieIs then
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Notice that Usingthat E Ié Ite E
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Usingthat é lei e Is
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Noticethat s vii vvi e Is mm
2NMeEI E 2NMe E EI EiEzEz 211 E EI 2MtMiEz
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CCb Cda

Thus if Os 180 andEz NrEit ME EFE we obtain thesame rotation
CCbCba

Finally if Oothen norotation occurs In thiscaseevery axis isthe Euleraxis
Hence we can select E p E N Ea E Ea
Conclusion

It IE 4 aretheEulersymmetricparametersthatdescribe therotation fromFa to andlEND
aretheEulersymmetricparameters thatdescribetherotationfromtbto thentheEulersymmetric
parameters IESMsthatdescribestherotation fromFato Ia canbecomputedby
4 11 EFE

E MiEe E E



Noticethat no trigonometricfunction is required andthat we onlyneedto
store 4 parameters Furthermore thenumber ofoperations multiplicationandsumto compose a rotation is lowerthanthatrequiredbytheDCMs


