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

resolved in the inertial frame: Vi,
o Attitude — Orientation of the body frame wrt the inertial frame: Cj
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Attitude — Method A
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@ Body orientation frame at time “k” wrt time "k — 1"

o At =1ty — tx_1

Ch = G,

e (CGk) - Ci(k—1)\ b
— AI|£>n0 ( N = Cplk — 1)y,

Co(+) = Go(=) = Gy(-)QpAt
Ci(+) =~ Ci(-) (T + ahat)

Zk—1

Xke—1

Body frame
at time k —1
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@ Body orientation frame at time “k” wrt time "k — 1
o At =ty — tx_1

Cb(k-1)

Chis) = Chik—1) ot G5 At = kAo

C bk— 1) Qb At e.@AQ % -B dy f
b(k) b atoti?“el'al’ﬂe
RN BN S :
=7+ KRN0 + o0 + 30

= T + sin(AB)R + [1 — cos(Ah)] 82

b(k—1 -
Ch(+) = CH(-)Cyfyy

~ Cl(-) (I+ Qb Ar)
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e Body orientation frame at time “k” wrt time "k — 1"
o At =1ty — tx_1

G5 At = kAd

_ b(k—1)

c_llb(k) - a lb(k_l) ® qa b(k) 2k Body frame
Jﬁ’ at time k
Af -
ab(k_l) — COS(T) ,C{"__ Yk
b(k - |- P
() ksin(%) M
zi _ i _ b(k—1 = h
71 =H) @ a0 e

’ Need to periodically renormalize g
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Attitude Update— Summary NEW MEXICO

e High fidelity &AL = kng A= [EX]
Ci(+) = Ci(=) [T +sin(A0) & + [1 — cos(A0)] £2] (1)
or
_ _ cos(5?)
ap(+H)=an-)e | " 2)
ksin(57)
o Low fidelity
Ci(+) =~ Ci(-) (T + Qhat) 3)
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@ Specific force transformation
e Simply coordinatize the specific force

fi, = Ch(+)Fh, (4)

@ Velocity update
e Assuming that we are in space (i.e., no centrifugal component)

fio=3— 7k B =Ffht+Ti (5)

e Thus, by simple numerical integration
Vip(+) = Vip(—) + djpAt (6)
@ Position update

e by simple numerical integration

i i . L A
Pin(+) = Flip(=) + Vip(=)At + aib o (7)
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ECI Mechanization Summary NEW MEXICO TECH
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Ch(+) = Ci(=) [T + sin(A0)R + [1 — cos(A0)] 8] S fﬁr

or l
CII)(+) ~ C[Q(f) (I+ Q At) C"‘){ \\ m‘wh H o
b\ pdate ransform

cos(%) R Fo

ksin(42) ,—J Velocity Fg;,r:rb

Vin(=) ‘ Update

or

Gh(+) =G h(—

and

H::b = CL(*)F,%

="+ 7D i o
Vip(+) = Vip(—) + 3 At
i iy L L A2 a v 7
Fio(H) = Flo(=) + Vip() AL + 8} = ) o o)
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@ In continuous time notation
o Attitude: Cj = C[Qb or g} = Lok ®lg(t)
o Velocity: \?’fb = CLI?,% +7i
e Position: 7! =V,

@ In State-space notation

=i vl

rip Vib

Vigl = | CGf i+ 70 (8)
. b

G Cpl2i,

Step
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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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