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

in the earth frame: V¢,
o Attitude — Orientation of the body frame wrt the earth frame: Cg
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Attitude — Method A
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e Body orientation frame at time “k” wrt time "k — 1
o At =1ty — tx_1

e Start with angular velocity

e __ —e — €
Wip = Wi+ Wep
se _cesb _ge oot e
Wep=Cpijp — Wi
e _ renb b e
eb — C‘bQibCe Qie

Cp(+) = Cp(=) = AtQg, Gy () v j

Co(+) = Ci(—) + At (CEQ ) CE(
= Ci(-) (T+ QhAt) - ac(-)At
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e Body orientation frame at time “k” wrt time "k — 1"
o At =1ty — tx_1
e Start with the angular velocity
zb = leQ:JbCe? - Q?e
b e
Ch(+) = Co(—)eet = T4 ()

CE(+) = [T +sin(Af)& + [1 — cos(A)] 82] CE(-)
e At — eﬁe 57
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e Body orientation frame at time “k” wrt time "k — 1"
o At =1ty — tx_1

G At = kAG

Body frame
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Attitude Update— Summary NEW MEXICO

G At = EAH’ & = [kx]

e High fidelity

CE(+) = [T +sin(Af)& + [1 — cos(A)] #2] C£(-) (1)

or
e cos(T) e
+) = ©g5(— 2
q5(+) ksm(%‘)) q5(—) (2)
o Low fidelity
Ci(+) ~ CE(=) (T + QhAt) — QaC(-)At 3)
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@ Specific force transformation
e Simply coordinatize the specific force

-

f/ b(+)f (4)

© Velocity update

0
gl 7 e=i
rlb_%e/ +Creb:>r C,r,b
—e _ Se
Veb="Teb
— Cie?:'b + CeFl
= Q& CFFl, + CFV |

]

_ e -e e—i
= —Qifep + TV
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. 5 d
dep =1V :b—a( wlep+ GV )

_ e se ~e— el
=—Qpre+ G+ GV,

ezl _ (e pe —e
v =05re+ Ve

£? =7 -7

7 N i L =3y — Y-

_ — e e —.I—Qe Clev;b +Clea:b Ib Ib ’Ylb

_ e e e ze e=i - rid —

=—Qivg — Qi [Vep + Qire] + Gag i, =f5+7%

_ e—»e

=-2 QQ/ereb—i_ab e —~e _QeQere
&b="ib ie*tiel eb

=205,V +fip+8h

Ve(+) = V(=) + 350t
= ve(-) + [F+ 85— 2075 (-)| At
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@ Position update
e by simple numerical integration

—e —e —e e At
reb(+) = reb(f) + Veb(f)At + aebT
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ECEF Mechanization Summary
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CE(+) = [T +sin(AG)R + [1 — cos(A8)] 82] CE(—)

5‘2 fﬁ,
or
Co(er) = GG (T + Qe - 2 Ci(-)ae ﬁ H -
or 73
N
_ cos(5°) | _
O R Do oq XS R IR SO,
ksin(%e) Ve(-) \lh,“.J Eoller
and
7 Zb
F5,= C(H)FY, o
- . Positior
i ="fh+85—20Ve(-) 7%(0) | Update ‘
Vep(+) = Vgp(—) + At 1

A 2 G(+) V() o(+)

EE 570: Location and N i February



ECEF Mechanization — Continuous Case
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@ In continuous time notation
o Attitude: Cb =Cs be or ag = 1[wh,®]g5(t)

b _ —=b = b
wib_wie+web

e Velocity: v eb = be —2Qi ve,
. b b
o Position: 7§ =V¢, er =, — Q2
@ In State-space notation
—*e 7€
I eb Vieb
—*e — efb e i oe
Ver| = |Cofip +85 =22V g, (7)
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(g5 —ax — qy — q- |
- dx d4s —Qqz qy
K| =
[q ] ay qz ds —Qqx
_qz - qy Adx ds i
(s —ax —q y = g |
—1_ |9x Qs q: —Aqy
®| =
[q ] 9y —4z Gs ax
19z 49y —qx (gs |
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