| ecture

Navigation Equations: Nav Mechanization
EE 570: Location and Navigation

Lecture Notes Update on April 3, 2014

Stephen Bruder, Electrical & Computer Engineering, Embry-Riddle Aeronautical University
Aly El-Osery, Electrical Engineering Dept., New Mexico Tech

Nav Mechanization
e Determine the position, velocity and attitude of the body frame wrt the Nav frame.
— Position — Typically described in curvlinear coordinates: [Ly, Ay, hp]T
— Velocity — Velocity of the body frame wrt the earth frame resolved in the navi-
gation frame: 77,
— Attitude — Orientation of the body frame wrt the navigation frame: C}

ECEF/Nav
e Description of the Nav frame

— Orientation of the n-
frame wrt the e-frame

Cn(t) = Bz ) Rig,~Lo()-90°)

[cos \y(t) —sinAp(t) O] [—sinLy(t) 0 —cosLy(t)
= [sinAp(t) cosA(t) O 0 1 0
| 0 0 1 cosLp(t) 0 —sinLy(t)
[—sin Ly (t) cos \p(t)  —sin\y(t) — cos Ly(t) cos Ay (t)
= | —sin Lp(t) sin A\p(t)  cosAp(t)  —cos Lp(t) sin Ay(t)
cos Ly(t) 0 —sin Ly(t)

where geodetic Lat = L, Vernal Equinox
and Geodetic Lon = ),




Body wrt Nav Frame

Body & Nav frame
have the same origin

Inertial frame

Earth frame

Attitude — Method A

e Start with angular velocity
-b __ —=b —=b - b -b __ —=b —=b
wib_wie+wen+wnb%wnb_wib_wie_wen
e Now
Yn _ ,mOb . n b b b
Cb _Cb an_cb (Qib_Qie_Qen)
_ rmOb nb nb
_Cb Qib_Cb Qie_cb Qen

Recall that:
[(C@)x] = Cl@x]|CT
Cldx] = [(C&) x]C

= OI?be - (Q?e + Q?n) Cl;n

cos Ly
wiy = Clwi, = wie 0
—sin Lb
Attitude — Method A

® ng = [Uj an]
e Courtesy of Prof. Bruder and Mathematica

0 /.\b sin Lb —Lb

Ce =0, — 08 = ()T C = | —hysin Ly 0 — Xy cos Ly

Lb ).\b COS Lb

e therefore,

Ap cos Ly,
n o .
Wen = _Lb
—Apsin Ly




) ] e then
e Finally since,
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Attitude — Method A

Ci(+) = G (=) = AtCy

Uy,
Re+hy

—n
veb,N

" Ry+thy

tan(Lb)f)’;”b’E
Re+hy

Gy (+) = O} (=) + At [Cpg, — (O, + 9F,) Cp (-)]
= Gy (=) (T+ QA1) — (@, + Q2,) G () At

Attitude — Method B

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

b _ b b b
Wnp = Wip — Wie — Wep,

Q?Lb = Q?b - Q?e - QZn
= Qb —ctarer —ctan

n* e n"“en

O (+) = O (= )emAt

Cy

CP(+) = G (=) [T+ sin(Af)& + [1 — cos(AF)] 8]

b
WAL _ RAD

Attitude — Method C

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

—n _n _b(k—1
3y (+) = ap(-) ® Mgy,
AgbE=1) _ COS(%)
Do)y = |7 no

ksin(57)

Need to periodically renormalize (j’

Attitude Update— Summary

e High fidelity

@b, At = kAG

CP(+) = C' (=) [T + sin(Af) & + [1 — cos(A)] 8]

b(k—1)

or
7y (+) = a5 (=) @ Agyy,

AgbE=1) _ COS(%)

qb(k) e A6

ksin(57)

e [ow fidelity

Gy (+) = Gy () (T + Qi At) — (2, +Q2,) Gy (—)At

.10




Steps 2—4

2. Specific force transformation

e Simply coordinatize the specific force
o Cm(+) £'b
ib = Lo ib

Steps 2—4

L'e N C A _‘e =@ @ 53
3. Velocity update Ugp=agp = [l + 95+ 20005

e Note that: ¥7, = C}v¢,

Sn _ An-e n —e
Ueb_ceveb+ce Uep

=0 Crey,+Cr (o + 5 — 200,55,

= Fl+ G — QT — 200057

enVeb ieVeb
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o+ gn — (Q, —200) 77,
e Finally,
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Steps 2—4

4. Position update

e Recalling that

. ﬁ7lb N
eb,
Ly Ry+hy

)'\ = G
b cos(Ly) (Re+hy)
hp -7

v eb,D

5. then

hy(+) = ho(=) = At [U5, p]
Ly(+) = Ly(=) + At [Mj]
Uik
Mo(+) = Ap(—) + At [COS(LZ,)(RE + hb)}

()
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Nav Mechanization Summary

be fbb
y
Cp(+) = Cp(—) [T + sin(AG) & + [1 — cos(Af)] 8]
6) o 1
or
i
_ cos(42) '
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Nav Mechanization Summary
ﬁlb /?i)b
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To(+) = To(-)+AE [F5+ 75 — (0, — 200) 75 (-)] 2
(11) '
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ho(+) = ho(=) — At [T, p]

Nav Mechanization — Continuous Case

e In continuous time notation
— Attitude: CF = CPQY, — (1 + Q7

v
cos(Ly)(REg + hp)

n

} (13) l

)Cy

— Velocity: 77, = f7 + g — (QF, 4+ 2Q0)57,

— Position:
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Nav Mechanization — Continuous Case

e In State-space notation

Ly

M

Appendix

i T g5 — (Q, + 20777,
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