EE 565: Position, Navigation and Timing

Navigation Equations: Tangential Mechanization

Aly El-Osery Kevin Wedeward

Electrical Engineering Department, New Mexico Tech
Socorro, New Mexico, USA

In Collaboration with
Stephen Bruder
Electrical and Computer Engineering Department
Embry-Riddle Aeronautical Univesity
Prescott, Arizona, USA

February 27, 2020

on and Timing February 27, 2020 1/13



Tangential Mechanization NEW MEXICO TECH

@ Determine the position, velocity and attitude of the body frame wrt the tangential
frame.
o Position — Vector from the origin of the tangential frame to the origin of the body
frame resolved in the tangential frame: 7,
e Velocity — Velocity of the body frame wrt the tangential frame resolved in the

tangential frame: Vi,
o Attitude — Orientation of the body frame wrt the tangential frame: C}
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ECEF/Tangential NEW MEXICO TECH

o Description of the tangential frame
o Orientation of the t-frame wrt the e-frame
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Attitude — Method A NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1"
o At =t — tx_1
e Start with angular velocity

Body frame
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Attitude — Method B NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1"
o At =t — tx_1
e Start with the angular velocity

QL = CL04CE - 0
b t
C£(+) = Cé(—)eﬂtbAt = thbAtCE(_)
Ci(+) = [Z +sin(A0)& + [1 — cos(A8)] &7] Cf(—)
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Attitude — Method C NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1"

o At =ty — tp_1
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Attitude Update— Summary NEW MEXICO TECH

e High fidelity

or

o Low fidelity

Gt At = kAd R = [kx]
Ci(+) = [T +sin(A0)& + [1 — cos(A0)] 82] CE(-) (1)
i) = | ) o an) )
b a Esin(%) b
Ci(+) = Ch(-) (T + QhAt) - QLCi(-)At 3)
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Steps 2-4 NEW MEXICO TECH

'SCIENCE + ENGINEERING + RESEARCH UNIVERSITY

@ Specific force transformation

o Simply coordinatize the specific force

flbf Cb( )flb (4)

@ Velocity update

Body frame

*Qie(Fet + Ftb) + Cit‘7:b




Steps 2-4 NEW MEXICO TECH
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Steps 2-4 NEW MEXICO TECH

@ Position update
e by simple numerical integration

Fin(+) = Fip(—) + Vip(—)At + 5tb7 (6)
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Tangential Mechanization Summary NEW MEXICO TECH

CE(+) = [Z +sin(A0)& + [1 — cos(A)] 82] C(—) sh o
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Tangential Mechanization — Continuous Case NEW MEXICO TECH

@ In continuous time notation
o Attitude: Cf = C{Qb, or g = L[wh®]g5(t)
o Velocity: vi = Cifb + gt —20Lvt,
o Position: 74, = vV,

2B — =B o6
Wip =W+ Wy,

b _ b _ b
o In State-space notation Q) = 2 — Qi

A 7 '
Vi = |Cifh + &5 — 2057, (7)
G| G5y,

or o ) }
i Vb
Vip| = Céf,’-’b +85—2QLVE, (8)
Lar] | alenslahe)
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Appendix NEW MEXICO TECH
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