
 
Kinematics using quaternions

Wewanttoverifyhowtheattituderepresentation using quaternionsvariesin timewhenthereference
system Is has angularvelocityEssawithrespect to Ia Hence atinstant t theattitude is
represented byQbalt andtheangularvelocity is asalt
Forverysmall At thereferencesystem Is is rotated to Ii Theinstatencousrotationaxis isgivenby
1salt Hence

Qbalttstl QbalHQb.is Isi is thereferencesystem Is intheinstanttest
QbaltAQ

ThequaternionAQcanbecomputedas follows
anhalt

a AQ 11 1Er uIi sr_cosa seiff isso
mustberepresented in Isinsteadof Fa
because AQis a smallrotationfromIs

vv

where DO isthemagnitude oftherotation whichisgivenby
10 1Wba.isAt WAt

Hencenoticethat

Qbaltts.tl Qbat EsaAAQ Qbatt
Qbaltt AQ I

Asaftp.t QbaCt Qbaltf 1 coswzttwba.bsinwzst
Fromthedefinitionof derivative

ÉsaIHE fiz QalttfffEAH.fi QjafHflxcoswfttwbaissinwjt
cosiust simwest
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A o St st o At

v

fi Esinwit o fim f aos E



Thus

Ébalt Qbalttwba.is Qbawba.twb
ksa.sT

Finally s Quaternion multiplication

Ésalt Qbalttwba.is

If Esa Mt E then
Ésa t É wba.rs Musa.br ÉWba.is

1
scalar vectorial

Thus if wedefine thequaternion as a columnmatrix

aba

then
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Finally thedynamic equation ofthequaternion is
Éba AbaisQba

where l Notice thatthis is a linear equation
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If theangularvelocity is represented in Ia then wba.amÉ.pt
Ésalt Qbalttwba.is t Éalttwba.rstQbaltQbalH z1QablHwsa.bltlQabltlQbalt Usa.amQbah
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Thus

Ésa l wba.atE i 1wsa.at wba.IE É ftpfa I w jafQbalH
Hence

Éba AbaiaQba
where l Notice thatthis is a linear equation

Que Ez

r saaift.fi iiiFã ÉÊiIÊÊI it ema 1 www.Ta


