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ECEF Mechanization NEW MEXICO TECH

@ Determine the position, velocity and attitude of the body frame wrt the Earth frame.
e 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 wrt the earth frame resolved in the earth frame:
7€

Vieb
o Attitude — Orientation of the body frame wrt the earth frame: C¢
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Attitude — Method A NEW MEXICO TECH

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

e
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Attitude — Method A NEW MEXICO TECH

n

Body orientation frame at time “k” wrt time "k — 1
o At =t — tyx_1
e Start with angular velocity

—e __ —e — e
Wip = Wi tWep
—-e _ re~b — e
Wep = CpWijp — Wi
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Attitude — Method A NEW MEXICO TECH

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

—e __ —e —e
Wip = Wjet+Wep
—e e—b —e
g = Csil, -+, .
e b e : “
eb_CbQ C Qie

() - G(—-) =

Inertial frame Bt e
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Attitude — Method A NEW MEXICO TECH

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

e Start with angular velocity

—e __ —e — e
Wip = Wi tWep

—

—e e—=b e
Wep = CoWip — Wl ;

e _ reob b e
eb — CbQibCe - Qie = . ,
,'// yb

Co(+) ~ CE(-) + At (GGl et - 5 ) C5(-)
= Co(-) (T+0bAt) - QLCi(-)At

Co(+) = G(=) = AtQg, C(-)
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Attitude — Method B NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1
o At =1ty — ty_1
e Start with the angular velocity

= G Co — O
C(+) = Ci(—)eTaat = Pt Cy(-)
CE(+) = [T +sin(A)R + [L — cos(A0)] &2] C£(—)
eStpAt = o
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Attitude — Method C NEW MEXICO TECH

SCIENCE + ENGINEERING « RESEARCH UNIVERSITY,

e Body orientation frame at time “k” wrt time “k — 1"

° At =t~ ti G0t = kAb

Body frame

Gp(+) =245 q5(-)
pag— | <) i
b— | -
ksin(82) .

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

e High fidelity

or

o Low fidelity

&, At = kAG R = [kx]

CE(+) = [T +sin(A0)R + [L — cos(A0)] &2] C£(—) (1)
e cos(% e

gs(+) = Esin(%) ®g5(—) (2)

CE(+) ~ CE(-) (T + QhAt) - QECE(-)At B)
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Steps 2-4 NEW MEXICO TECH

@ Specific force transformation
e Simply coordinatize the specific force
fio= G0} (4)

ib

© Velocity update

P Do Body frame
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@ Specific force transformation
e Simply coordinatize the specific force

- b
fo=Co(+)fib 4)
© Velocity update
0
SP o) | —e —e e =l . Body frame
Fiv=le +Clep="ra=0Cri
Xb
yb
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@ Specific force transformation
e Simply coordinatize the specific force

- 2b
fo=Co(+)fib 4)
© Velocity update
0
SP o) | —e —e e =l . Body frame
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Steps 2-4 NEW MEXICO TECH

@ Specific force transformation
e Simply coordinatize the specific force

fe, = Ce(+H)fh, (4)

© Velocity update

rip

0
Fo— 4 ClF cer .
Fip = Vie b= lep =

X

— € _—*e b
Veb = leb g

—_ ’e—»l +Ce b

.

= QGG F, + C-e\7’-

— e—'e e

- Qle eb"i_C
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Steps 2-4 NEW MEXICO TECH

'SCIENCE + ENGINEERING + RESEARCH UNIVERSITY

. d .

e _ 7e __ e —e e—|

deb = Veb = p (—Q5Fe+ CEVly)
_ e ve ~e =i e
=—QeFep + GV + GV,

NM



Steps 2-4 NEW MEXICO TECH

d .
—e _—»e e —e e—i
dep =V eb_F(_Qiereb+Civib)
_ 7e ey i ey
- le eb+C lb+C
= - Q8VE, + QS CEV, + CEAl,
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Steps 2-4 NEW MEXICO TECH

d . -
e _—»e e e e—i . I
dep=Vep =g (—Q5re + C Vib) Vi =Qnret Ve
_ 7e ey i e
- le eb+C lb+C
_ e e e e—' e—vl
- _Q b"i_Q C i9dib
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Steps 2-4 NEW MEXICO TECH

d )
-€e _—'e e —»e e =1 —
dep =V eb_F(_Qiereb+Civib) Cevb_Q/e et Vep

_ e e i e

- le eb+C lb+C

_ _Qe —»eb_i_Qe Ce—’ Ie—»:b

o e —e e e e —e e =i
= —QevVe — Qe [Vep + Qirep] + CFalp
_ e —»e e Qe pe —e
= -2 Q Q eb + a,-b
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Steps 2-4 NEW MEXICO TECH

d . -
—e _—»e e —e e—i - N N
dep =V eb_F(_Qiereb+Civib) Cvi=Q5ret Ve,
_ e e i e
- le eb+C lb+C f?‘ 7 7
ib=9ib—TVib
_ e—»e e e—‘ e—’l
- _Q b—i_Q C idip =
=6 e = e
_ e ze e [re e e ez a:f—|—fy
= Qv — Qe [Vey + Qier ool + CPag L (e (e
= — e—»e € Qe re Je e _ e _ (eQe e
2 — QeQielep + ) E5 =75 QeQure

_’e__)e =3 €] e_’e
a,="f,+85+ Q5

iel eb
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Steps 2-4 NEW MEXICO TECH

d .

e —»e e pe e~ = = =
dep =V eb_a( Qi r eb+C: Vi) Vi =5+ Ve

_ 7e ey i e

- le eb+C Ib+C F _—'?_,.3;?

B _Qe e +Qe Ce—’ e—»l ib ib ib

- eb idip =

B ~ . » o _ Fo e

— —QLTE e 7E + QT+ Gl b0 BT

_ e ze e ne »e e = = >

- _2Qieveb - QieQiereb + aib gle) = 7?b - Q?e I?er:b

=2Vt fhH+8h

F5, =15 +85+ Q007

iel eb
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Steps 2-4 NEW MEXICO TECH

3= Vo = o (057G + GV Gy = Qe+ 75,
= —QFe + GVl + CFvy F1 — 57 _~7
= — Qe _’eb + Qe Ce—’ 4 C/e —'I 19 ib ib
= —QLVe — QLIVE + Qure] + CFal, = Fb 70
= _2Qe _}e - Ql?teee_»Zb + alb gi = ifb o Q;ee ?eF(eeb

:—QQ¢76b+F¢b+§g —
e’ e 1 é»leb:fleb+g_*le)+Qe e—*e

iel eb

Vep(+) = Vep(—) + dgAt
= V(=) + |F&+ 85— 2L Ve (—)| At
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Steps 2-4 NEW MEXICO TECH

@ Position update
e by simple numerical integration

—e —e —e —e NS
reb(+) = reb(f) + Veb(f)At + deb—H (6)
2
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ECEF Mechanization Summary NEW MEXICO TECH

'SCIENCE + ENGINEERING + RESEARCH UNIVERSITY

CE(+) = [T +sin(A0)& + [1 — cos(A0)] 82] CE(—)

| l

CE(+) ~ CE(-) (I+ Q};,At) — QLCE(—)At c;ﬁ Atitude s

Update Transform

or Fe
NG
_ cos(57) | _ _ ,
ab(+) = | . @ qp(-) Velocity ge(7e,)
kSin(%H) Ver(=) L m,mxj 6l
and ﬁ
rt Zb
fio=Co(H)fip M
N . Position
Fop="Fp+85— 20Ve(-) 7%(-) Update ‘
Vep(+) = Vep(—) + agAt I
2 C5(+) Vep(+) Pes(+)

(NMT)
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ECEF Mechanization — Continuous Case NEW MEXICO TECH

@ In continuous time notation b
o Attitude: Cf = C£Qb, or g5 = L{wb@]gg(t) b /e
o Velocity: ve, = CSf 5 + 45 —2Qi.ve,
o Position: 7§ = V¢,

@ In State-space notation

e | 7e, ]
ve,| = |Cofh + &5 — 200 ve, 7)
K CEQb,

or N i _ _
F Ve
Ve, | = | Cefh+ &5 — 2007, )
a | | 3lwd,@]g 5(t)
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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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