EE 570: Location and Navigation

Navigation Equations: ECEF Mechanization

Aly El-Osery Kevin Wedeward

Electrical Engineering Department, New Mexico Tech
Socorro, New Mexico, USA

In Collaboration with
Stephen Bruder
Electrical and Computer Engineering Department
Embry-Riddle Aeronautical Univesity
Prescott, Arizona, USA

February 22, 2016

(NMT) EE 570: Location and Navigation



NEW MEXICO
SCIENGE + ENGINEERING » RESEARGH UNIVERSITY

@ 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 wirt the earth frame resolved

in the earth frame: V¢,
o Attitude — Orientation of the body frame wrt the earth frame: C¢
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — tp_1
e Start with angular velocity
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@ Body orientation frame at time “k” wrt time “k — 1
o At =t — tx_1

e Start with angular velocity
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@ Body orientation frame at time “k” wrt time “k — 1

o At =1ty — tp_1
e Start with angular velocity
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@ Body orientation frame at time “k” wrt time “k — 1
o At =t — tx_1

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

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

e Start with angular velocity
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Attitude — Method A
@ Body orientation frame at time “k” wrt time “k

o At =1ty — tp_1
e Start with angular velocity
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — ty_1
e Start with the angular velocity
&= G5, G0 - QF
C5(+) = Ci(—)ett = iy (-)
CE(+) = [T +sin(A0)& + [1 — cos(A0)] £2] CE(—)
eSterAt — R0 Lot
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — tp_1

G AL = kAf

gp(+) =Ag5©q5(-)

Body frame
b
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e High fidelity WAL = KOG & = [kx]

CE(+) = [T +sin(Af)& + [1 — cos(A)] #2] CE(—) (1)

or
e cos(%) e
g(+)=|._ o | © q5(—) (2)
ksin(42)
o Low fidelity
CE(+) ~ Co(-) (T +QhAt) - QaCs(-)At G)
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@ Specific force transformation
e Simply coordinatize the specific force

F5 = Co(+)F hy (4)

© Velocity update

i L Body frame

Inertial frame
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@ Specific force transformation
e Simply coordinatize the specific force

F5 = Co(+)F hy (4)

© Velocity update

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

F5 = Co(+)F hy (4)

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

F5 = Co(+)F hy (4)

© Velocity update

0
Fly= P+ Clre, = Fé, = CFF
ib = ie e’ eb eb — ~iTib
xb
yb
e _ e
Veb = Ileb
. M
= G+ CFF] v
2 i i
= Q5 CFy + C-ev'.

= Qlee reb T Ce

N and



NEW MEXICO TECH

SCIENCE  ENGINEERING « RESEARCH UNIVERSITY

. d .
€ _ 7€ __ e —e e—1
deb = Veb = 7 (—Qre+ CFvily)

_ e se ~e | e>i
= —Qrep + GV + GV
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— eve 7 77 7 =27
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S . d S .
3§b:ng:d*(—Q?e rep+ CF ')

frnd Qlee_‘gb_‘_ce b_|_CV C b_Qle eb+v

= Qo+ GV, + CFF =37k

= _Q?e\?zb [ b+Qle eb] + CI —e Ve e

e e _Qeqe e ap=fh+7h

= -2 Q Q eb+ a

_ Qe —»eb_‘_f —’Z gzle;:/??b_Q?e ?eFteeb
Vep(+) = Vep(—) + dgAt ap="f5+t85+QLQ%r,

= ep(-)+ [F+ &5 - 207 8(-)] At
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@ Position update
e by simple numerical integration

—e —e —e —e At
reb(+) = reb(f) + Veb(f)At + aebT
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CE(+) = [T +sin(A0)& + [1 — cos(A0)] 8] CE(—) VJ ;37
or
CE(+) ~ CE(=) (T + QhAt) - QL CE(-)At ﬂ H o \
or 72,
COos A9 N
and
7o = C(+)Fh i
35 =fh+ 85— 2LV (-) 7200) | Cndar
Ve(+) = 7E(-) + 35Ot o
2 Ci(+) Ve(+) Fep(+)

. At
reb(+):r ( )+Veb( )At+ deb 5 2
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@ In continuous time notation
o Attitude: Cg = C£QE, or ¢ = L[wb@|gs(r) |¥ib = GL+EE
o Velocity: v, = Cgl?,[?b +g¢—2Qive,
e Position: ?fb =V eb — iy T Al

@ In State-space notation

—e —e

reb Veb
Se — erb —e i 2e
Vep| = |Gofib+ 85— 22 Vg, (7)
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(s —qx — qy — q: |
[C_]®] — qx ds —qz _qy
ay qz ds Ax
_qz - qy qx ds i
(ds —ax —q y  — q: |
~_1_ |9x Qs 4 —Aqy
®| =
[q ] dy —qz Gs Ax
14z 4y —Qqx Qs |
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