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@ Determine the position, velocity and attitude of the body frame
wrt the Nav frame.
o Position — Typically described in curvlinear coordinates:

[Lb7 >\b7 hb] T

e Velocity — Velocity of the body frame wit the earth frame resolved
in the navigation frame: V1,

o Attitude — Orientation of the body frame wrt the navigation frame:

o

ion and N
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o Description of the Nav frame

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

Ca(t) = Rz () Ry, - Ly(6)-90°) oo
cos Ap(t) —sinAp(t) O] [—sinLp(t) O —cosLy(t)
= [sinA\p(t) cosAp(t) O 0 1 0
0 0 1] | coslp(t) 0O —sinLp(t)

—sin Lp(t)cos A\p(t) —sinAp(t) —cos Lp(t)cosAp(t)
—sinLp(t)sin \p(t)  cosAp(t)  —cosLp(t)sin Ap(t)

cos Lp(t) 0 —sin Lp(t)
where geodetic Lat = L,
and Geodetic Lon = )\p R
Vernal Equinox
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Body & Nav frame Y
5 e -7 N
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Stephen Br 5 1 and



SCIENCE  ENGINEERING « RESEARCH UNIVERSITY

Attitude — Method A

e Start with angular velocity

@ Now

C; = Ct, = Cj (24— 2k - k)
= Cng)b - Cng)e - Cgan

Recall that: = "Q?b —(QL +Q2,) ¢

[(C&)x] = Clox]CT

Clox]=[(Cx)x]C

cos Ly,
0
—sin L

n __ rn e __ , ..
Wie = Cewie = Wie
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gb = [oj an]
Courtesy of Prof. Bruder and Mathematica

0 ).\b sin Lb —Lb
. T o .
G =G0, — 5, =(C7) Ci=|=Apsinly 0 —Apcos Ly
Lb ).\b Ccos Lb 0
o therefore,
).\b cos Ly
wgn = 7.Lb
_).\b sin Lb
) i o then
o Finally since,
_ o Ve
Lp R/\f-i-yhb Rehs
3 — VebE wh = Vebn 1
Ab cos(Lp)(Re+hp) en " Rn+hs )
hp _ng,D tan(Lp)V g, ¢

gation
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Co(+) = C(-) ~ Al
Co(+) ~ Co(=) + At | Cpal, — (O + QL) CJ(-)]

= Co(-) (T +QhAt) - (Qh + QL) C(-)bt
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@ Body orientation frame at time “k” wrt time "k — 1"
o At =tk — te_1

e Start with the angular velocity
ng: ,%—Wfl;—wsn
Q= Qf — Q2 - Q,
= Q- GG - GG
Ch(+) = Cp(-)emat
Co(+) = CP(=) [T +sin(A0)& + [1 — cos(A0)] £]

b
eQb,AL _ RA0
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e Body orientation frame at time “k” wrt time "k — 1"
o At =1ty — tx_1

ap(H) =ap(-) @8y Y |@bat=kno
IN LG COS(ATG)
Tok) "= |7 . ag
ksin(57)

Need to periodically renormalize g
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Attitude Update— Summary

e High fidelity &b AL = kO A= [Ex]
Co(+) = CH(=) [T +sin(A0)& + [1 — cos(A0)] 2] (2)

or
ap(H) =aj(-) e agp Y
Az b=1) _ cos(4Y) 3
k) = | ap (3)
ksin(57)

o Low fidelity

Co(+) ~ Co(=) (T+QhAt) — (@ + QL) (At (4)
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@ Specific force transformation
e Simply coordinatize the specific force

fr = Co(H)fh (5)
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. oV
© Velocity update e @7 e
o nge
e Note that: V7, = CIVE,

Sn _ /n=oe n >e
Veb_CeVeb+Ce Veb

= v+ C (Flo+ 85— 20075)

=fh+Ep— Qv — 200057,
=Fl+ 85— Q075 — 20, CV5,
=fr+g0— (Q" 200) 7",

e Finally,

VI(+) = V0(~) + Ot [Fl+ 85— (90, +290) 7I(-)
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@ Position update
o Recalling that

@ then

| ‘7:b,lv
Lb RN+h[-,
)‘\ — V:b,E
b cos(Ly)(Re+hy)
. .
hb -V eb,D

ho(4) = ho(—) — At [V 2, p]

Lo(+) = Le(=) + At [R:iNmJ]
Veb,E
Ab(+) = Ap(—) + At [COS(Lb)(RE + hb)]
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Nav Mechanization Summary
@b Ff;,
CH(+) = CJ(=) [T + sin(A8) K + [L — cos(AB) ]ﬁ
Cb_){ \\l‘,‘:i::‘rw H m:mm ‘
or
i
Ad A
. o _ b(k—1) _b(k-1) _ | ©0s(5°) W
+) = ®RAG , Ag = PR - Velocity gi(Fe
a5(+) = 3b(—)2AT 4, 9 b(k) ksin(42)| &0 _"lL%—gb( %)
v 1
o] ‘
o Position
Ch(4) ~ () (T +Qfre) — (@ + Q%) GG(-)ae 7o) =
(8) I
o) 75,(+) P+
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Nav Mechanization Summary

Lol = La(-) + Bt | 24

No(+) = Mo(—) + At {

=

25
(Qn + 2Qn )Veb

-‘n
eb,N
Ry + hp }

on
v eb,E

COS(Lb)(RE + hb)

hy(+) = ho(—) — At [V 2 p]

— (26, — 2Q%)

(10)

(1)
(12)

|

(14)

72,(-)]

_{

Vas(=)

€1
s

\ttitude

Update

H‘\‘
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(=)
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@ In continuous time notation
o Attitude: CJ = CJQbL — (Q +Q0)CF
o Velocity: v, =f4 +g7—(Q2, +2QL)V 7,

e

e Position:
. ‘7"'
eb, N
Lo Rn—+hy,
)'\ = V:b,E
b cos(Ly)(Re+hy)
. .
hb -V eb,D
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@ In State-space notation

Lb Rl\fizlb
>'\ ‘721:,5
b cos(Lp)(Re+hp)
hy | = ~7 b (15)
Vb fi,+8p— (0, +22,)v],
G| R - QL+ |
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(g5 —ax — qy — q- |
- dx d4s —Qqz qy
K| =
[q ] ay qz ds —Qqx
_qz - qy Adx ds i
(s —ax —q y = g |
—1_ |9x Qs q: —Aqy
®| =
[q ] 9y —4z Gs ax
19z 49y —qx (gs |
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