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@ 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,
o Velocity — Velocity of the body frame wrt the tangential frame
resolved in the tangential frame: v,
o Attitude — Orientation of the body frame wrt the tangential frame:
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@ Description of the tangential frame
o Orientation of the t-frame wrt the e-frame

G = Rz Ry~ 1,-90°) g
cosA\p —sinAp 0| [—sinl, 0 —cosly
= |sin\p cosA, O 0 1 0
0 0 1 cosl, 0 —sinly
—sinlpcos A, —sin\p, —cosLlpcosAp
= | —sinlpsinAp cosAp —cosLpsinAp
cos Ly, 0 —sinLyp

where geodetic Lat = L, and Geodetic Lon
= )\p

.-

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

Body frame

=t _ =t =t =t
ww—wm+wa+wm
Ggp = Chin — Ced e
_Inertial frame
Qf = CgQ Cb ctaece Lot e |

ye ot Tangential frame

Ci(+) — Ci(-) ~ A0, CE(-) <

Ci(+) = Ci(-) + Bt (CEQb CE — CEagCE) Ci(-)
= Ci(-) (I+Q At) QL CH(—)At
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@ Body orientation frame at time “k” wrt time "k — 1"
o At =1ty — tx_1
e Start with the angular velocity

Qit“b = ClsQf)bClP - Qfe
b t
Ch(+) = Ci(—)e ot = ePwBiCi(-)

Ch(+) = [Z +sin(A0)& + [1 — cos(A0)] 82] CL(—)

eQ:bAt = eﬁe

ye St Tangential frame
Earth frame
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e Body orientation frame at time “k” wrt time "k — 1"
o At =1ty — tx_1

Body frame
-

cos(42) '
-t 2 o
Aqb — z
Fin(4)
,
Need to periodically renormalize g o
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Attitude Update— Summary NEW MEXICO

St AL = /?A@’ & = [kx]

e High fidelity

Ci(+) = [Z +sin(A0)R + [1 — cos(A0)] &2] CL(-) (1)

or
_ cos(F) |
ah(H) = | "2 | ®ai(-) )
ksin(57)
o Low fidelity
Ci(+) ~ Ci(=) (T + QhAt) - QLCi(-)At 3)
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@ Specific force transformation
o Simply coordinatize the specific force

ft, = Ci(+)F b (4)
© Velocity update

Body frame

0
=i =) i—e i>t b
rib_/:{ + Ceree + G g \ s
St et toe
:>rtb_ irib— CLelet
-t _ ot
Vib =Tt

_ tei toi
=Crip+Cry

_ t t=i t=i
= QG+ vy

QL 4 7Y+
= —Qie(Fer + 7)) + GV
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S ., d S i
=V ib—d*( QL(FL+7y) + GV )
= _Qfe?tltb + CHoly + Cit‘?fb

= —QLVE, + QL CHvi, + CrEl, ib = b~ Vib

t =t t [t t (2t 4 t=i - rd —
= Qv — Q [V + Q(Fe +75)] + CFdly |3y =F4 +74
_ t—'t t St
= —2QL v}, — QLQL7L, + 3%

e’ e

— 2047l + P+ gl B

o= Tar gir i

iel eb

EL=7t —QLQtFt

ie’ eb

= T(-) + [l 85— 207 k()] At
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@ Position update
e by simple numerical integration

ot >t =t o A
Pon(+) = Fip(=) + Vip(—)At + b (6)
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Ci(+) = [T +sin(A0)K + [1 — cos(A)] K2] CL(-)

or l
A6

_ cos(5% _ 1
q£(+) = | ) 29 (24 qZ(f) !‘{ Attitude H Sk ‘
ks'n(T) Ci(=) | Update Transform

or i
G+~ G-) (T+ohae) —ohciae 1L Fg"‘?i“
Vi~ Update
and
7t = Ci(H)FY 1
fio=Co(H)f iy |
G =2V + i+ &L 740 | Undate ‘
Ti(+) = (=) + [Flo+ 85— 20L7 k()] At |
s Gi(+) Vi(+) Fis(+)
. At

Pip(+) = Fip(—) + Vip(—)At + Ty
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@ In continuous time notation
Attt |Ct_Cth - =t _ 1rvb —tt (I))bzﬁb+wb
o Attitude: C} = C;Qy, or g = 5[wg,®]q ;(t) ib e th

. gt Ctfb 4zt t ot
o Velocity: vy, = Cof §, + 8} — 2QVy,
3 g . —'t . —it
e Position: 7}, =V},
@ In State-space notation

b _ b b
th - Qib o Qie

Lt ot
rib Vib

St | — tfb =t t ot

Vib| = |Cof i T8 — 225V 4, (7)
~t tOb

| G CpS2pp ]
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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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