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ECI Mechanization NEW MEXICO TECH

o Determine the position, velocity and attitude of the body frame wrt the inertial

frame
e Position — Vector from the origin of the inertial frame to the origin of the body frame
resolved in the inertial frame: 7,
e Velocity — Velocity of the body frame wrt the inertial frame resolved in the inertial
frame: Vi,
o Attitude — Orientation of the body frame wirt the inertial frame: C/ or g},
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o Determine the position, velocity and attitude of the body frame wrt the inertial

frame
e Position — Vector from the origin of the inertial frame to the origin of the body frame

resolved in the inertial frame: 7,
e Velocity — Velocity of the body frame wrt the inertial frame resolved in the inertial

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

@ The inputs are (I)'f’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 =1ty — tp_1

CI — CI Qb 2 Body fi
= . y frame
b b>%ib i at time k

Yk

Xk
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Attitude — Method A NEW MEXICO TECH

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

CI — CI Qb 2 Body fi
= . y frame
b b>%ib @b at time k

BT Ctl;(k)_cig(k_l) _ i b I L
= Jim, (TR ) = et

Yk

Xk

Co(+) = Co(=) = Gy(—)QpAt

Body frame
at time k — 1

Ci(+) ~ Co(-) (T + 2hat)
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Attitude — Method B NEW MEXICO TECH

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

Cotry @At =kAf

Chiey = Chir—1)
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at time k
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e Body orientation frame at time “k” wrt time “k — 1"
o At =t — tx_1

Ch(k-1)

Chi) = Coik—1) Corr) Gh At = kAg
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e Body orientation frame at time “k” wrt time “k — 1"
o At =t — tx_1

Ch(k-1) iy

Chi) = Coik—1) Corr) Gh At = kAg

b(k=1) _ _QbAt _ _&A6
Cb(k) = et =g

R2N0%  R3N63

=T+RA0+ = +
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e Body orientation frame at time “k” wrt time “k — 1"
o At =t — tx_1

Ch(k-1) iy

Chi) = Coik—1) Corr) Gh At = kAg

C:((:)_l) — AL _ SRAY
K207 /363
=71+ RA0+ TR

=T +sin(A0)R + [1 — cos(Af)] 82
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Attitude — Method B NEW MEXICO TECH

SCIENCE + ENGINEERING « RESEARCH UNIVERSITY,

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

Ch(k-1) iy

Chi) = Coik—1) Corr) Gh At = kAg

b(k=1) _ _QbAt _ _&A6
Cb(k) = et =g

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

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

Ch(k-1)

C/)(k) = Ctla(k—l) b(k)

C:((:)_l) — AL _ SRAY
K207 /363
=71+ RA0+ TR

=7 +sin(AB)R + [1 — cos(Ah)] 82
i i b(k—
Ch(+) = C=) oy ™
~ Cj(-) (T +Qhat)
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Attitude — Method C NEW MEXICO TECH

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

@b At = kAd

_ _ b(k—1)
q ( ) (k 1) ® a b(k) Zk Body frame
at time k
. b(k—1) _ cos(M) ) W
o) k sm(AH) M

Xk—1

Gh(+) = ah(-) @ F 4y

Need to periodically renormalize c_]’

Body frame

at time k—1
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Attitude Update— Summary NEW MEXICO TECH

e High fidelity

or

o Low fidelity

&S5 At = kAd & = [kx]
Ci(+) = Ci(—) [T +sin(A0)& + [1 — cos(A0)] #2] (1)
T = aie | L) @)
’ ’ Esin(%e)
Ci(+) ~ Cj(-) (T +Qhat) 3)
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Steps 2-4 NEW MEXICO TECH

@ Specific force transformation
e Simply coordinatize the specific force

b= Ci(+)f 5 (4)
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@ Specific force transformation
e Simply coordinatize the specific force

Fiy = CL(+)F b, (4)

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

-]

0 = = i R o
fio=2aim =i =Tt (5)

e Thus, by simple numerical integration

Vip(+) = Vip(—) + dpAt (6)
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Steps 2-4 NEW MEXICO TECH

@ Specific force transformation
e Simply coordinatize the specific force

Fiy = CL(+)F b, (4)

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

Fio_ i =i i Fi =i
fio=2aim =i ap="Tip+7Th (5)

e Thus, by simple numerical integration
Vip(+) = Vip(—) + dipAt (6)

@ Position update
e by simple numerical integration
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ECI Mechanization Summary NEW MEXICO TECH

5b b
Wb fr'b

Ci(+) = Cl(—) [T + sin(A0)& + [1 — cos(A0)] #2]

or
CA(+) ~ Cl’;(i) (I+Q At) C;(‘{ l\‘ ‘(“H;‘: H Tran MH ‘

or .
fl
cos(4l) "

ah(n =ah)e |2 )
ksm(T) = \\(\“,T\L\‘l’(lj Z4(7h)

and

£b
:b = Cb( )fib
1

=i i i
aib—fib+’7ib i,
Fip(=) ‘ Update

Vip(+) = Vip(—) + djpAt

o o i At2 v i Fi
Pio(+) = Plo(=) + Vip(-) At + Tl = 5 o) o) o
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5b b
Wb fr'b

Ci(+) = Cl(—) [T + sin(A0)& + [1 — cos(A0)] #2]

or
CA(+) ~ Cl’;(i) (I+Q At) C;(‘{ l\‘ ‘(“H;‘: H Tran MH ‘

£i
f ib

or
AG)

Siy =i cos( %
gp(H)=ah(-)® | . N )
ksin(57) " Velocity £4(7l)
Vipl— pdate

and
lb - Cb( )flbb
H }
h=Fly+ 7k y Position
. . in(=) ‘ Update
Vip(+) = Vip(—) + dhpAt T
P Fi vl i At? ; v 7
Fip(+) = Fip(=) + Vip(=)At + 3%, 5 o) o) o

What is the importance of At?
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ECI Mechanization — Continuous Case NEW MEXICO TECH

@ In continuous time notation
o Attitude: ¢ b= C[;Qﬁ) or g, = S[@wh®]qh(t)
o Velocity: \?’fb =Cifh +7i
o Position: i, = v,

@ In State-space notation

r'ip Vib

Vie| = | Chf i+ 71 (8)
iOb

G CIIJ ib
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Appendix NEW MEXICO TECH

(45 —ax —qy —q:]
[(_]®] — Ax gs —qz _qy
ay qz ds Ax
_qz _qy ax ds h
(gs  —ax —Qqy —q; |
[E]@] _ Aax _qs q: —Aqy
Ay 4z Qs ax
KL dy —qx gs |
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