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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.— Ly (9-90°)
[cos \p(t) —sinAp(t) O] [—sinLy(t) 0 —cosLy(t)
= [sinAp(t) cosA(t) O 0 1 0

| 0 0 1 cosLy(t) 0 —sinLy(t)

[—sin Ly(t) cos \p(t) —sinAy(t) —cos Ly(t) cos Ay(t)
= | —sinLp(t) sin A\p(t)  cosAp(t)  —cos Lp(t) sin Ay(t)
cos Ly(t) 0 —sin Ly()

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
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Attitude — Method A
o 7, = [0, %]
e Courtesy of Prof. Bruder and Mathematica
0 My sin Ly,
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Cr =Cp0g, — Qg = (Cr)" Cp = | =N\ysin Ly 0 —Ap cos Ly
Lb )l\b COS Lb
e therefore,
}\b cos Ly
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e Finally since, e then
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Attitude — Method A

CP(+) — CP (=) = ALCY

Ci'(+) = Cp (-) + At [CbQ — (5 +Q2,) G ()]
Cy (=) (T + QpAt) — (e + Q2,) Cf (—) At

Attitude — Method B

e Body orientation frame at time “&” wrt time "k — 1"
- At =1ty —tp—1
e Start with the angular velocity
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Wnp = Wip — Wie — Wen
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Cp(+) = Gy (=)t

Gy

Ci(+) = CJ (=) [T + sin(A0) R + [1 — cos(A0)] 8]
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Attitude — Method C

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

- At=t —tp_1
ap(+) = a3 () @ Agy
A= _ COS(%)
b(k) - ]g . A0
sin(57)

Need to periodically renormalize q"

Attitude Update— Summary

e High fidelity

@b, At = kAG

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

b(k—1)
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qb(k) - . A6
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e [ow fidelity

Gy (+) ~ G (=) (Z+ i At) — (2 +Q,) G () At

Steps 2—4
2. Specific force transformation

e Simply coordinatize the specific force
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Steps 2—4

Se _ ze _ fe —e e e
3. Velocity update Ugp =gy = [+ 95— 20505,
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e Finally,
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Steps 2—4

4. Position update

e Recalling that

T Veb, N
Ly Rn+hy
)'\ = CAN)
b cos(Ly)(Re+hy)
hy, _ﬁgb,D

5. then
ho(+) = ho(—) — At [T, p]
Uy, ]

L) = L) + A | 2

Mo(+) = Xo(—) + At

e
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Nav Mechanization Summary

be fbb
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Nav Mechanization Summary
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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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