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ECI Mechanization NEW MEXICO TECH

@ 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: 7,
o Velocity — Velocity of the body frame wrt the inertial frame resolved in the inertial
frame: Vi,
o Attitude — Orientation of the body frame wrt the inertial frame: C] or G/
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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: 7,
o Velocity — Velocity of the body frame wrt the inertial frame resolved in the inertial

frame: Vi,
o Attitude — Orientation of the body frame wrt the inertial frame: C/ or g},

@ The inputs are (Df?b and f,%
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Attitude — Method A NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1"
o At —=1tx — tp_1

Zk—1

C’ — C’ Qb 2k Body f
= : y frame
b b=%ib @b at time k

Yk

Xk
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@ Body orientation frame at time “k” wrt time “k — 1"
o At —=1tx — tp_1

C’ — C’ Qb 2k Body f
= : y frame
b b=%ib @b at time k

= lim <C£(k) ot 1)> - Gl

At—0 At
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Body frame
at time k —1
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Attitude — Method A NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1"
o At —=1tx — tp_1

Ch = o,

e (GG o
- dmy (g Gl D

Co(+) = Go(=) = Gy(—)QpAt
Ci(+) = Ci(-) (T + Qhat)

Body frame
at time k —1
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Attitude — Method B NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1"
o At =1t — ty_1

i i b(k—1 - -
Chky = Cb(kfl)Cb((k) : WAt = kA0

2k Body frame
at time k
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Attitude — Method B NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1"
o At =1t — ty_1

C:((:)_l) &b At = kAd

Cig(k) = Ctl;(kfl)

k—1 b
Cbb(k ) == eQibAt = eﬁAe 2k Body frame
( ) W at time k

Body frame
at time k — 1
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Attitude — Method B NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1"
o At =1t — ty_1

C:((:)_l) &b At = kAd

Cig(k) = Ctl;(kfl)

b(k—=1) _ QbAt _ _ANAG 2
2N R3NG3 >
=7+ RAO + 1 + 3 4 ...

Body frame
at time k — 1
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =1t — ty_1

Cblk-1)

oy = Coie—1) Colr &b At = kAd

b(k—=1) _ QBAt _ _AAG %
R2A0%  R3N63 ~
=7+ RA0+ o + T + ...

= T + sin(A0)R + [1 — cos(Ah)] 82

(NMT) si b February 20, 2020 4 /10



Attitude — Method B NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1"
o At =1t — ty_1

Cblk-1)

oy = Coie—1) Colr &b At = kAd

b(k—=1) _ QBAt _ _AAG %
R2A0%  R3N63 ~
=7+ RA0+ o + T + ...

= T + sin(A0)R + [1 — cos(Ah)] 82

Ch(+) = Ch(—) Gy ™

(NMT) si b February 20, 2020 4 /10



Attitude — Method B NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1"
o At =1t — ty_1

i i b(k—1 - =
Chky = Cb(kfl)Cb((k) : WAt = kA0
Cf((:)_l) — oQBAL _ RA0
LN 3AH3
:I+ﬁA0+ﬁ2|0 + ﬁ3|0

=T +sin(AA)R + [1 — cos(Ah)] 82
Ch(+) = Ch(—) Gy ™

~ Cy(-) (T +Qhat)
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Attitude — Method C NEW MEXICO TECH

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

o At =1ty — ty_1 _
b As
N ey |BhA=kno
9 b(k) = 9 bk—-1) © 9 p(k)

2k Body frame

at time k

_ b(k—1) _ COS(A*G) ) Vi
b(k) P sm(M) !
51 ~ i k—1
qlb(+) =4q ;3(*) & q bE K) ) B:)iufrakm:

Need to periodically renormalize c_]’
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Attitude Update— Summary NEW MEXICO TECH

e High fidelity

or

o Low fidelity

@35 At = kAd R =[kx]
Ci(+) = Ci(=) [Z +sin(A0)& + [1 — cos(A0)] 8] (1)
_i i cos(%)
Gh(+) = ap(-) @ Esin(;) )
Ci(+) = Ci(-) (T + Qhat) 3)
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Steps 2-4 NEW MEXICO TECH

@ Specific force transformation
e Simply coordinatize the specific force

Ib_ Cb( ) ib (4)
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@ Specific force transformation
e Simply coordinatize the specific force

Fly = CL(+H)F b, (4)

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

Fi i _ i oi i =i
ib=2ib— Vib aip="Fip+7i ()
e Thus, by simple numerical integration
Vip(+) = Vip(—) + At (6)
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Steps 2-4

@ Specific force transformation

e Simply coordinatize the specific force

© Velocity update

H::b = Cti(*‘)’?:%

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

2io_ o =i
ib=9ipb —TVib

S _ Pl =i
ap =Tt

e Thus, by simple numerical integration

@ Position update
e by simple numerical integration

Vip(+) = Vip(—) + djpAt

NEW MEXICO TECH

SCIENCE + ENGINEERING « RESEARCH UNIVERSITY,

()

(6)
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ECI Mechanization Summary NEW MEXICO TECH

'SCIENCE + ENGINEERING + RESEARCH UNIVERSITY

Ci(+) = Ci(=) [Z +sin(AB)R + [1 — cos(A0)] £2] “" h
or . . )
Co(+) = Cp(—) (I+ Q%At) ‘{ Amm( H Si ‘
Ci( Update Transforn
or 7i
G ?

an+) =ah()e | 2 ; N
kSIn(T) = Velocity g5(Fiy)
Vib Update
and

o = G -

4
Ib - flb + 'Y lb » ‘ Position
. 7in(=) ‘ Update
Vip(+) = Vip(—) + TpAt T
i i i At? ; i "
Fip(+) = Fip(=) + Vip(—)At + 3:b72 o) w0 W)
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ECI Mechanization Summary NEW MEXICO TECH

Ch(+) = Cl(=) [T + sin(A0)& + [1 — cos(A9)] £2]

or )
Cll;(+) ~ Cti:(_) (Z’+ Q%At) ‘{ Amm( H Si ‘
Ci( Update Transforn

or .
fl
_l. . cos(%) v
ahr) =ah(e |2 —
ksin(57) = \L“‘T\HT £5(Fi)
and
2 it \Fb
ib = Co(+)f b j
4
ahy=Fly+ By | Position
. 7in(=) ‘ Update
Vip(+) = Vip(=) + dpAt

2

» L iy At . » .
Fip(+) = Fip(=) + Vip(—)At + Tip— o) w0 W)
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ECI Mechanization — Continuous Case NEW MEXICO TECH

@ In continuous time notation
o Attitude: Ci = CiQb or g} = J[wh®]q)(t)
o Velocity: Vi, = Cif b + 71,
o Position: 7l = v,

@ In State-space notation

Pl Vi
Vig| = |Cif b +7% (8)
¢ gieiA

or
Py Vi
Vil = | Cift +7i, (9)
a, | [zloh@lgi(e)
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Appendix NEW MEXICO TECH

-qs —Qx _qy _qz-
~1_ |9 4 —qz Qy
K| =
(3] 9y qz ds —Qx
|9z —qy  Qx ds |
-qs —Qx _qy _qz-
= Ax ds qz _qy
®| =
[q ] qy —qz ds ax
14z qy —ax as |
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