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ECEF Mechanization NEW MEXICO TECH

@ Determine the position, velocity and attitude of the body frame wrt the Earth frame.
o Position — Vector from the origin of the earth frame to the origin of the body frame
resolved in the earth frame: 7§,
o 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 =1ty — tp_1
e Start with angular velocity

e

Wip =

and Timing ry 22, 2018 3/12



Attitude — Method A NEW MEXICO TECH

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

o At =1ty — tp_1
e Start with angular velocity

—€e __ —e - e
Wip = Wi tWep
—e __
Wep =

3/12

ry 22, 2018

and Timing




Attitude — Method A NEW MEXICO TECH

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

o At =1ty — tp_1
e Start with angular velocity

—-e _ —e —e
Wip =Wije T Wep

-e _ ,re~b — e
Wep = walb_wie

3/12

ry 22, 2018

and Timing




Attitude — Method A NEW MEXICO TECH

Body orientation frame at time “k” wrt time "k — 1"
o At =1ty — tp_1
e Start with angular velocity

—e e—»b —»e
Wep = Cpidjp —
e b e
eb_CbQ C Qie

tion and Timing ry 22, 2018 3/12



Attitude — Method A NEW MEXICO TECH

e Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — tp_1
e Start with angular velocity

—€e __ —e - e
Wip = Wi tWep
-e _ ,re~b — e
Wep = CpWijp — Wi

e _ reqb b e
eb — CbQibCe _Qie

Body frame
Web

G =l
,’,’ yb
. ;
yoo2

Inertial frame Bt (e

L
e o
f

Co(+) ~ CGi(-) =~

and Timing ry 22, 2018 3/12



Attitude — Method A NEW MEXICO TECH

e Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — tp_1
e Start with angular velocity

—€e __ —e - e
Wip = Wi tWep
-e _ ,re~b — e
Wep = CpWijp — Wi

e _ reqb b e
eb — CbQibCe _Qie

Body frame
Web

G =l
,’,’ yb
. ;
yoo2

Inertial frame Bt (e

L
e o
f

Co(+) = G(=) = AtQg, C(-)

and Timing ry 22, 2018 3/12



Attitude — Method A NEW MEXICO TECH

e Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — tp_1
e Start with angular velocity

—€e __ —e - e
Wip = Wi tWep

—e e—b —e
Wep = Cptdip — Wi :

e _ reqb b e
eb — CbQibCe _Qie

Co(+) = G(=) = AtQg, C(-)

Co(+) ~ Co(-) + At (bt - 92) CGE(-)
= Ci(-) (T+0bAt) - QLCi(-)At
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Attitude — Method B NEW MEXICO TECH

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

= CEQLC2— Q5
Co(+) = C5(—)eht = et (e ()
CE(+) = [T +sin(A)R + [L — cos(A0)] &2] C£(—)
eStrAt = g
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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"
o At =1ty — tp_1

G AL = kAG

Lo, Body frame

q5(+) =Ad52a5(-) T
Age — cos(%a) ¥’
b= |-
ksin(%) . 2

Inertial frame Eardh (e

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

e High fidelity

or

o Low fidelity

G AL = kAY R = [kx]

CE(+) = [T +sin(A)R + [L — cos(A0)] &2] CE(—) (1)
e B cos(%) e 5

qu(+) = Esin(%a) ® q5(—) (2)

CE(+) ~ Co(-) (T +QhAt) - QaCi(-)At G)

Aly El-Osery, Kevin Wedeward (NMT) EE 565: Position, Navigation and Timing February 22, 2018 6/12



Steps 2-4 NEW MEXICO TECH

@ Specific force transformation
e Simply coordinatize the specific force

fe, = Co(+)f b (4)

© Velocity update
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@ Specific force transformation
e Simply coordinatize the specific force

- =p
fio=Co(H)f iy 4)
© Velocity update
0
=i =y i »e -e e =i . Body frame
Fip= e +TClagp=regp=CTrj N
Se -
eb — 4
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Steps 2-4 NEW MEXICO TECH

@ Specific force transformation
e Simply coordinatize the specific force

fe, = Co(+)f b (4)

© Velocity update

0
Si o) i —e —e _ rexi
rib_/:{ +Crap=ra=GCrip
—e Se
Veb = "Tleb
_ ez e=i
=CGript+Grp
_ 0e rexzi e—i
= Qg Crip+ GV

e —e e—i
=—Qire, + Gvi

e’ e
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Steps 2-4 NEW MEXICO TECH

'SCIENCE + ENGINEERING + RESEARCH UNIVERSITY

. d .

e _ e e —e e—]

dep = Vep = a(_Qiereb"i_ Civip)
_ e se ~e | e>i
=—Wire+ Gvip+ CGivy

e

Vedeward (NMT



Steps 2-4 NEW MEXICO TECH

S . d . L
Jep=Vep= 9 (—Q5re, + CieV:'b)
== le eb+CeVb+Ce

_ e —e e e—i e =i
= —Qpvg + Qg CEViy + Ciaib
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Steps 2-4 NEW MEXICO TECH

e _ e e —e e — — —
aeb—Veb—a(—Qiereb‘i‘CiVib) Ciev}b:Ql?er:b_{_V:b

_ e se ~e | e
= Qe+ GV + GV

_ e —e e e—i e =i
= —Qpve + Qg CFViy + CFay
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Steps 2-4 NEW MEXICO TECH

3’e

dep =V

—»e

eb = dt

e —e
_Qieveb
2Qe —»e

e —e e—i
(—Q5re + CEVly)
e se ~e | e>i

—Qirep + GV + GV
Qe _'eb+Q e_'l Cle_’l

e e
[ b+Q/e eb

e e —e
_QieQie eb+ a

|+ CFaly

Cev

Vip=Q0re, + V8,
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Steps 2-4 NEW MEXICO TECH

d
e _—»e e—*e e - —
dep =V eb_a( Qle eb+C Ib) C Vb_Qle eb+V:b
_ e se ~e | e>i
= Qe+ GV + GV 71 _ 37 _ 32
ib=9ipb—7Vib
— QLS+ QY CEVI, + CPal
J€ @ SNAE)
_ e —e e = e —e ez a-:f-—i—’y-
= Qv — Qi [Ve + Qire] + GFal, ib ib ib
_ e—»e e Nne pe Je Fe _ e e OHe pe
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Steps 2-4 NEW MEXICO TECH

d -
—e _—»e e—»e e - — — —
dep =V eb—a( Qierep + GV lb) Covi=Q5ret Ve,
_ e se ~e | e>i
= Qe+ GV + GV 71 _ 37 _ 32
. e . e, ib=9ipb—7Vib
_ 7 o, -
— - Q2Ve, + Q5 CoV i, -
J€
_ e —e e = e —e ez ag =f; +’7
= Qv — Qi [Vep + Qire] + CFalp ib ib ib
— _ e—»e e e—»e g€ _ e _ (Oe e pe
2 Q Q eb+ a gb_Pyib Qle iel eb

= 204V + 5+ &5

e _ fe e Qe pe
ap="Ff+85+55%

iel eb
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Steps 2-4 NEW MEXICO TECH

d -
>e _—*e e pe e~ = = =
dep =V eb—a( Qier eb+C lb) Vi =5+ Ve
. e e
- = le eb+C /b+C f_-’?_—*? =7
ib=2aib~7Vip

_ e —e e e—i e =i
= *QieVebJFQei CGvip + Ciaib

J€ __’e SNAE)
ap=TH+7%

_ e —e ez

= TjeVep — [V eb /e eb] + C !

_ e—*e_ e e pe ze _ e e OHe pe
- QQ QIEQIG I eb + a Ep=7ip— Qie iel eb

= 208V, + TS+ 25
eb ib T 8b R - S S
3, ="fh+85+ QTS

Vep(+) = Vep(—) + dgAt
= V(=) + |F&+ 85— 20,V ()| At
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Steps 2-4 NEW MEXICO TECH

@ Position update
e by simple numerical integration
At?

Fep(+) = rep(—=) + Vep(—)At + 52177 (6)
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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(+)
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ECEF Mechanization — Continuous Case NEW MEXICO TECH

@ In continuous time notation
o Attitude: Cf = C£Qb, or g5 = L[wh@]gg(t) L
o Velocity: v&, = Cef b + g5 — 2Q1.ve,
o Position: ;r',?b =V

@ In State-space notation
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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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