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Nav Mechanization NEW MEXICO TECH

@ Determine the position, velocity and attitude of the body frame wrt the Nav frame.

e Position — Typically described in curvlinear coordinates: [Lp, Ap, hp] "
e Velocity — Velocity of the body frame wrt the earth frame resolved in the navigation

frame: V1,
o Attitude — Orientation of the body frame wrt the navigation frame: C;
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ECEF/Nav NEW MEXICO TECH

@ Description of the Nav frame
e Orientation of the n-frame wrt the

e-frame
Cr (1) = Rz () Rz, — Lu(t)-90°) I
cos Ap(t) —sinAp(t) O [—sinlp(t) O —cosLy(t)
= [sinAp(t) cosAp(t) O 0 1 0
0 0 1| | coslp(t) 0O —sinLy(t)

—sinLp(t) cos Ap(t) —sinAp(t) — cosLp(t)cosAp(t)
= | —sinLp(t)sin \p(t) cosAp(t) —cosLp(t)sin \p(t)
cos Lp(t) 0 —sin Ly(t)

where geodetic Lat = L, and Geodetic
Lon = \p

Vernal Equinox
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Body wrt Nav Frame NEW MEXICO TECH
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Body & Nav frame )
P ?
have the same origin @,
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Attitude — Method A NEW MEXICO TECH
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@ Start with angular velocity

‘#b_
Wip =
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Attitude — Method A NEW MEXICO TECH
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@ Start with angular velocity

-b _ =b - -
wib*wie+wen+w
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Attitude — Method A NEW MEXICO TECH

@ Start with angular velocity

-b _ —-b - b - b -b __ —b
wib*wie+wen+wnbHwnb*wibfwiefwen

o Now
Cp = Cpaby, = Cf (0h — b - 0f,)
= CpQp — G — CQ,
— Cp0l, — (9 +Q2,) ¢
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Attitude — Method A NEW MEXICO TECH

@ Start with angular velocity

-b _ —-b - b - b -b __ —b
wib*wie+wen+wnbHwnb*wibfwiefwen

o Now
Cp = Cpaby, = Cf (0h — b - 0f,)
= CpQp — G — CQ,
— Cp0l, — (9 +Q2,) ¢

Recall that:
[(C&)x] = C[5x]CT
Cldx] =[(Cx)x]C
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Attitude — Method A NEW MEXICO TECH

@ Start with angular velocity

-b _ —-b - b - b -b __ —b
wib*wie+wen+wnbHwnb*wibfwiefwen

o Now
Cp = Cpaby, = Cf (0h — b - 0f,)
= CpQp — G — CQ,
— Cp0l, — (9 +Q2,) ¢

Recall that:

[(C&)x] = C[5x]CT cos Ly,

Cléx] = [(C&)x]C wi = Clwi, = wie 0
—sin Lb
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Attitude — Method A NEW MEXICO TECH

0 Qg = [@8x]

o Courtesy of Prof. Bruder and Mathematica

0 Absin Ly —Ly
Ce=cran, — Qo = (C8)T Ce = —Apsin Ly 0 —Apcos Ly
Lb /'\b cos Lb 0
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Attitude — Method A NEW MEXICO TECH

0 Qg = [@8x]

o Courtesy of Prof. Bruder and Mathematica

0 /-\b sin Ly 7Lb
Ce=cran, — Qo = (C8)T Ce = —Apsin Ly 0 —Apcos Ly
Lb /'\b cos Ly 0
o therefore,
Apcos Ly
Wey = —Ly
—Apsin Ly

March :



Attitude — Method A

0 Qg = [@8x]
o Courtesy of Prof. Bruder and Mathematica

0 Absin Ly
Cr = €00, — Q0 = (C5)T G = | —ApsinLy 0
Lb /'\b cos Lb
o therefore,
/I\b cos L
U-)g,, = _Lb
—ApsinLp
o Finally since, "
o then
. v ]
Lo RNixb
: _ Vo, w! =
Ab| = 4cos(Lb)(bREE+hT,) "

. .
hp ~VebD

NEW MEXICO TECH
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—Lp
—).\b cos Ly

0

bV M




Attitude — Method A NEW MEXICO TECH

Co(+) — Ch(—) = Aty
Co(+) = Co(—) + At [cgﬂﬁ, — (L +9Q5,) Co(-)

= (=) (T+ Qhat) - (@4 + Q%) C(-)At
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Attitude — Method B NEW MEXICO TECH

e Body orientation frame at time “k” wrt time “k — 1"
o At =t —tx_1
e Start with the angular velocity
Wy = Wip — Wiz — Wy
Qpp = 2, — Q2 — Q6
=, - GOLC - CYL,CY

e

Ch(+) = Cp(=)e™m™!
Co(+) = CJ(—) [T +sin(A0) & + [1 — cos(A9)] &2

b
Qb At _ JRA0

@
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Attitude — Method C NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — tp_1
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Attitude Update— Summary NEW MEXICO TECH
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e High fidelity

C(+) = CJ(—) [T +sin(A0) K + [L — cos(AB)] &2] (2)
or
ah(+) = ap(-) @ Ag ) "
AgPk=1) _ COS(% 3)
ok) Esin(%a)
o Low fidelity
Co(+) ~ Co(=) (T + QhAt) — (O +Q5,) C(-)At (4)
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Steps 2-4 NEW MEXICO TECH

@ Specific force transformation
e Simply coordinatize the specific force

fr,=Cl(+)f5 (5)
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Steps 2-4 NEW MEXICO TECH

© Velocity update
o Note that: vV, = CIV¢,



Steps 2-4 NEW MEXICO TECH
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© Velocity update
o Note that: vV, = CIV¢,

Sn _ Fn-e n >e
Veb_CeVeb+ e Veb
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© Velocity update
o Note that: vV, = CIV¢,

=

n _ Fn-oe n >e
Veb_CeVeb+Ce Vb
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NEW MEXICO TECH
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© Velocity update
o Note that: vV, = CIV¢,

Sn _ Fn-e n >e
Veb_CeVeb+Ce Vb

=, Cove,+ O (F5+ 85— 29575,




NEW MEXICO TECH
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© Velocity update

Y& n—e
o Note that: v, = CIVE, %
‘7‘” i Cn\7eb+cn ‘-/‘e

0]

o
|

[0}
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© Velocity update
o Note that: vV, = CIV¢,

Sn _ Fn-e n >e
Veb_CeVeb+Ce Vb

= e+ € (Fh+ 85— 20575

_ 7n >n n —n nOe e
*fib_*_gb_Qenveb_zCe ieV eb
_ 7n —n n —'n ncnye
_fib+gbeen 2QIE eVeb
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© Velocity update
o Note that: vV, = CIV¢,

Veb=CVep + G Vg,
= e+ € (Fh+ 85— 20575
=fh+85—Qeve, - 2C/QVE,
= fh+ 85— Qv — 20,00V,
=+ 85— (U, +200) Ve,
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NEW MEXICO TECH
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© Velocity update
o Note that: V5, = CJV

= e+ € (Fh+ 85— 20575
=l +8)— Qe — 2000075,

— Fl 4 L - QLT — 20LCIT,

— g (0, +200) 7Y,

e Finally,
Vo(+) = Vip(=) + At [+ 85 — (2, +290) 72p(-)
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Steps 2-4 NEW MEXICO TECH

@ Position update
o Recalling that

Ly o
Ab| = cos(L:)e(bl"?EE—t-hb)
h —Vebp
@ then
ho(+) = ho(—) — At [V, p]
‘7n
Lo(+) = Lo(~) + At b]
o(+) = Lo(-) + Bt |
‘7n
Ao(4) = Ap(—) + At e, ]
o(+) = Ao(-) [cos(Lb)(RE—i—hb)
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Nav Mechanization Summary NEW MEXICO TECH
b i

Co(+) = CP(=) [T + sin(AB)& + [1 — cos(A0)] 2] (6) c;(ﬂ “ H ‘,fj‘,\ ‘

or -
b
A —
_ _ _ b(k—1 _ b(k—1 cos(57) e e
ag) =ag)e aatly? aakly V= N2 | ) e e
ksin(57) e
or l
i)~ GO (24 oha) - @2 oGO © ]

G ) Vep(+) Fep(+)
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Nav Mechanization Summary NEW MEXICO TECH

552 Fr’b
flo=Co() 9) L L
3=+ &)~ (U + 29075, (10) csﬂ Updte H frarsfo ‘
Vo) = Vip(=) + Bt [T+ 8 — (90, +20) V(<) (1) g
vn S B 5 IR S S
Lp(+) = Lp(—) + At {R,\,iiNhJ 12) w0 | Upate F“‘ “)
Vihe 1
A =M(-)+ At | ———FF—— 13
(1) = Mo() + A [ e L. Fn
Fep(= Update
ho(+) = ho(=) = At [7 2y p)] (14) ]

G ) Vep(+) Fep(+)
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Nav Mechanization — Continuous Case NEW MEXICO TECH

@ In continuous time notation
o Attitude: C” = CPQb, (Q’-’ +Q2)C¢)

o Velocity: v, = f,b+ —(Q7, +2Q7)v?

e Position:
Lb RNeiZb
| = | ke
hb _‘72b,D
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Nav Mechanization — Continuous Case NEW MEXICO TECH

@ In State-space notation

. " T
Lo RNiZb
)'\ ng,E
b cos(Lp)(Re+hp)
| = %o (15)
Veb fl,+85— (8, +2Q)V],
¢ CoQp, — (L +Q2,)Cp
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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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