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

[Lba )‘ba 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:

¢y
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@ Description of the Nav frame

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

Cr (1) = Rz () Rz, — Lu(t)-90°) ——
cosAp(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)
—sin Lp(t)sin \p(t)  cosAp(t)  —cosLp(t)sin Ap(t)
cos Lp(t) 0 —sin Ly(t)

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

Vernal Equinox
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Body & Nav frame Y
5 o -7 ‘

have the same origin W O

\
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b
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Inertial frame
n
z
4b

Earth frame
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e Start with angular velocity

Wip =

N and
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e Start with angular velocity
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e Start with angular velocity

BEGR G G Oy =G G — &)

—
w e e en

o Now
Cp = cpab, = ¢ (2 — 0b - k)
= CpQb, — cpab — cpab,
= CpQb, — (00 +9Q2,) ¢
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e Start with angular velocity

_ — — b -b _ —=b - b )
ib_wie+wen+wnb_>wnb_wib_wie_wen

e Now
Cp = cpab, = ¢ (2 — 0b - k)

= G, — G — G,
= CpQp, — (Q +Q2,)

Recall that:
[(C&)x] = C[Gx]CT
Cldx] =[(Cx)x]C
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e Start with angular velocity

~b _ b  =b | b ~b _ b b _ b
wib:wie+wen+wnb_>wnb:wib_wie_wen
e Now
Cp = cpab, = ¢ (2 — 0b - k)
= CpQp, — ChQ — CH,
= CpQ, — (e +Q2,) G
Recall that:
[(C&)x] = C[Gx]CT cos Ly,
Cldx] = [(CT)x]C wip, = Clw, = wie 0

—sinLp
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0 Qg = [@e,x]
o Courtesy of Prof. Bruder and Mathematica

0 /I\b sin Lb —Lb
Ce=Cran, — Q= () ¢ = —ApsinLp 0 —Apcos Ly
Lb )'\bcos Ly 0
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0 Qg = [@e,x]
o Courtesy of Prof. Bruder and Mathematica

0 /I\b sin Lp —Lb
Ce=Cran, — Q= () ¢ = —ApsinLp 0 —Apcos Ly
Lb ).\b cos Ly, 0
o therefore,
Apcos Ly
Wen = —Ly

_).\b sin Lb

N and
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° Qg = [@e,x]
o Courtesy of Prof. Bruder and Mathematica
0 /I\b sin Lb —Lb
. T o .
G =G0, = Qe = (C7) C7 = | —ApsinLy 0 —Apcos Lp
Lb ).\b cos Lb 0
o therefore,
)'\b cos Ly
wgn = 7Lb
_).\b sin Lb
o Finally since, o then
i Ve ViebE
b Rn+hs Re+hp
o Ve W — _ Vw 1
Ab cos(Lp)(Re+hs) en Rn+hy )
. . ta“(Lb)ng,E
ho ) " Reths

ledeward (NMT)
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Co(+) - Col-) = At¢g
Co(+) ~ CJ(=) + At | Cp0k, — (4 + Q%) CB(-)
= CJ(-) (T +QbAat) - (9L + Q%) Ci(-)At

vard (NMT) EE 570: Location and Navigation February 28, 2016 7118
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e Body orientation frame at time “k” wrt time “k — 1"
o At =t — tx_1
e Start with the angular velocity
b b b b
Wpp = Wijp — Wie — Wep
b _ b b b
an - Qib - Qie - Qen
b bon rn bon rn
= Qib - Cn Qie Cb - Cn Qen Cb

C(+) = Ch(—)e ™At
Co(+) = CL(=) [T + sin(A0) & + [1 — cos(A9)] &2]

February 28, 2016
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — tp_1

Gh(+)=ap(-)@nay ) |@bar=koe
AgPk=1) _ COS(%)
Do) = |2 po
ksin(57)

Need to periodically renormalize g
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Attitude Update— Summary NEW MEXICO

o High fidelity @b, At = kAf R =[kx]

Co(+) = CH(=) [T +sin(A0)& + [1 — cos(A0)] 8] (2)

or
ah(+) = ap(-) @ Ag "
p(keny | cos(5)
Agyo = A ()
ksin(4)

o Low fidelity

Co(+) ~ Ci(-) (T + QbAt) — (@4 +95,) C(-)At (4

Aly El-Ose lev ard  (NMT) EE 570: Location and Navigation February 28, 2016 10/18
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@ Specific force transformation
e Simply coordinatize the specific force

fr=Cl(+)f5 (5)

N and
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© Velocity update
o Note that: vV, = CV¢,
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© Velocity update
o Note that: V1,

n7e
eVeb

>n __ Fn-oe n Ze
Veb_CeVeb+Ce Vb
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© Velocity update
o Note that: V1,

Sn _ Fnoe n e /
Vb = eveb+ce Veb

> . e __ _'e =@ e ;e
nge, | Veb = deb = fi+8h—205Ve,
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@ Velocity update - - -
—n noe b:f€b+g2_29¢\/eb
o Note that: v, = CIVE, i ieV e

Sn e n he /
Veb_CeVeb+Ce Veb

= Qv+ € (7 + 8520075

N and
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© Velocity update

.o n n=-e
o Note that: v, = CIVE,

= e e 7e
bt85—205ve,
7o, = Coug, + Cl Ve, /

= e+ € (Fo+ 85— 20078,
=f+ g5 —Qnvn, —2CI5V S,

N and
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@ Velocity update o e _Fu e e
o Note that: V5, = CJV¢, Veb=dep =T ipT8p—

Sn Cen—aeb+c /

Veb

2. CL7%+ C (ffb+§zf2fzfevzb)

—fn o gn—Qn N, — 2CIS Ve,
=fip+8h— Ve —20.CVE,

N and
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@ Velocity update - - -
—n noe b:f€b+g2_29¢\/eb
o Note that: v, = CIVE, i ieV e

on “hoe M o /
Ceveb+ce Veb

= e+ € (Fo+ 85— 20078,

<
[}
o

I

ne ~e €
T 85— QenVep —2C Ve
=+ 85— QLVE, — 2.0V,
+&5

gn—(Qn +2Q0) v,

N and
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@ Velocity update o e _ Fu e e
o Note that: V5, = CJV¢, Veb =dep =T ipT8p—

Sn Cen—aeb+c /

Veb

Qr.Clve, + ¢ (ffb +85— QQ?eVZb)
+g85— Q2 ve, —2CIQLVE,
=fh+8h— ,ejn_‘" —2Q3, é’*ib
+ g (an+2Qle)V'e1b

e Finally,

Vop(+) = Vi(=) + At [T+ 85 — (R, + 22) 714(-)

N and
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@ Position update
o Recalling that

L Ve
b Rn+hp
)'\ = Veb,E
b cos(Ly)(Re+hp)
. h
hy ~VebD

@ then
hp(+) = hp(—) — At [‘721),0]

\7n
Lo(+) = Lo(—) + At ]
b(+) = Lp(—) [RN+hb

ng,E
Ab(+) = Ap(—) + At cos(Lp)(Re + hb)]
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Nav Mechanization Summary

Ch(+) = CJ(=) [Z + sin(A0) K + [1 — cos(A)] £2]

(6)

_ b(k—1) _ COS(Azg)
Adpuy "= |-

ksin( 52

(7)

Co(+) ~ C(-) (T + QbAt) — (@4 +0%,) C(-)At

(8)

NEW MEXICO TECH
a i

Attitude
(=) Update
) ——J Velocity Z(7e)
V(=) | Update

1

Position

1
72(-) | Update ‘

R
~ |

n
th

C(+) Ve(+) Fep(+)
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€1
so

fb
fib
.

f,-" = Cg(+)F A (9)

B Fn L ET (@0 420m)Fn  (10) Cgﬂ i H 5 ‘

B(+) = Vip(-)+At [f 8 — (2 +200) 7 2(-) :
— L(— b T e e
Lp(+) = Ls( )+At[R T } (12) | pe

Ab(+) = Ap(—) + At [#} (13) ‘l‘
cos(Lp)(Re + hp) n | Foston ‘

eb pC >
hp(+) = hp(—) — At [VE, p] (14) T

G+ Vap(+) 7a(+)
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@ In continuous time notation
e Attitude: C" = CPQb, (Q’-’ +Q2)C¢)

o Velocity: v7, =1 —I— —(Q2,+2Qn)v?
o Position:
Lb RNeiZb
)\b - cos(Lb)e(bki+hb)

) -
hy “VebD

)

N and
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@ In State-space notation

. o ]
Ly RNiZb
/'\ ng,E
b cos(Lp)(Re+hp)
b | = v, (15)
V| |Fh &L (R, +2QL)7 D,
G| b - (L + Q)¢
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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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