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@ Determine the position, velocity and attitude of the body frame
wrt the inertial frame
o Position — Vector from the origin of the inertial frame to the origin
of the body frame resolved in the inertial frame: 7%,
o Velocity — Velocity of the body frame wrt the inertial frame
resolved in the inertial frame: V',
o Attitude — Orientation of the body frame wrt the inertial frame: C/

or cﬂ)
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@ Determine the position, velocity and attitude of the body frame
wrt the inertial frame
o Position — Vector from the origin of the inertial frame to the origin
of the body frame resolved in the inertial frame: 7%,
o Velocity — Velocity of the body frame wrt the inertial frame
resolved in the inertial frame: V',
o Attitude — Orientation of the body frame wrt the inertial frame: C/
or cﬂ)
@ The inputs are u‘)’f’b and Fﬁa
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =t — tyx_1

Ch = G2,

2k Body frame
at time k
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =t — tyx_1

Ch = G2,

2k Body frame
at time k

= lim
At—0

<Cz;(k) — Cj(k— 1>>

At
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =t — tyx_1

CI e CI Qb 2k Body fi
= . y frame
b btib LDf’b at time k

o Ci(k)— Ci(k=1)\ b} "
= Algo < At = Cp(k = 1)Q3,
Co(+) = Ch(—) =~ Cl(—)pAt
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =t — tyx_1

CI e CI Qb 2k Body fi
= . y frame
b btib LDf’b at time k

o (Chk) = Gk =1) b
= Algo < At = Cp(k = 1)Q3,
Co(+) = Ch(—) =~ Cl(—)pAt

Ci(+) ~ Cj(-) (Z + Qﬁ,At)
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — ty_1

i i b(k—1 N
Cb(k) = Cb(k—l)cb((k) ) J)’%At = kA0

Zk—1

Z
k Body frame
@b at time k

Yk

Xk

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

o At =1ty — ty_1

i i b(k—1)
Coky) = Cok—1)Ch(k)

b(k—=1) _ QbAt _ _ANAG
Cb(k) = et = ¢

2k Body frame
at time k

Yk

Zk—1

Xk

Body frame
at time k —1

& = [kx]
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — ty_1

i i b(k—1 - =
Cb(k) = Cb(k—l)cb((k) ) w %At = kA0
Cj((:)*l) — QAL _ LRA0 .
2 2 3 3
:I—l—ﬁAG—l—ﬁAe KA e

2!+3!

Xk

Body frame
at time k —1

& = [kx]
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@ Body orientation frame at time “k” wrt time “k — 1"

o At =1ty — ty_1

Gh At = kAd

i i b(k—1)
Coky) = Cok—1)Ch(k)
C:((:)*l) — QAL _ LRA0
2 A 02 3A03
APIVIE.

=T +sin(A0)R + [1 — cos(A)] &2

2k Body frame
at time k

Yk

Zk—1

Xk
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — ty_1

i i b(k—1 _ -
Cb(k) = Cb(k—l)cb((k) ) w %At = kA0
Coty | = €At = s A
R2NG2 R3NP .
=7+ RA0 + ol -+ 30 =+ ... e

Xk

=T +sin(A0)R + [1 — cos(A)] &2

Ci(+) = Ci(-)Coiy
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — ty_1

b(k—1)

Cli(k) = Cli(k—l)cb(k) J)’%At = kNG
C:((:)*l) — QAL _ LRA0 .
2 N0 3AL3
=T+ RA0 + & R + Ye

TR
=T +sin(A0)R + [1 — cos(A)] &2

i i b(k—1 ody frame
Ch(+) = GGG

~ Cj(-) (T +Qhat)

Xk

& = [kx]
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@ Body orientation frame at time “k” wrt time “k — 1"
o At =ty — tp_1

GhAt = kAg

_ b(k—1)

q Ib(k) =4 lb(k—l) ®q b(k) o
at time k
Ab
C_Ib(k—l) | cos(57) ) "

b(k - | -
% ksin(%) M

=i — — b(k—1

au) = au-) o agy

’ Need to periodically renormalize g
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Attitude Update— Summary

o High fidelity ShAt=kno| |8 =[kx]
Ci(+) = Ci(=) [Z +sin(A0) & + [1 — cos(A9)] &2 (1)
or
_; iy cos(5?)
Gp(+t)=an-)e | . " 2)
ksin(57)
o Low fidelity
Ci(+) ~ Ci(-) (T +Qhat) 3)
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@ Specific force transformation
e Simply coordinatize the specific force

Fiy = CL(+)F b, (4)
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@ Specific force transformation
e Simply coordinatize the specific force

Fiy = CL(+)F b, (4)

© Velocity update
e Assuming that we are in space (i.e., no centrifugal component)

—. . ) - =i —
fio=3ap—7i ap="Fip+7 (5)

e Thus, by simple numerical integration

Vip(+) = Vip(—) + djpAt (6)

N and



NEW MEXICO
SCIENGE + ENGINEERING » RESEARGH UNIVERSITY

@ Specific force transformation
e Simply coordinatize the specific force

Fiy = CL(+)F b, (4)

© Velocity update
e Assuming that we are in space (i.e., no centrifugal component)

—. . ) - =i —
fio=3ap—7i ap="Fip+7 (5)

e Thus, by simple numerical integration
Vip(+) = Vip(—) + At (6)
@ Position update

e by simple numerical integration

i i i i Af?
Fip(+) = Fip(=) + Vip(—)At + b (7)
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Ci(+) = Ci(=) [T +sin(A)R + [1 — cos(AO)] R3] 7B Fﬁ?

or l
CA(+) ~ Ct’y(f) (I+ Q At) Cb"(ﬂ L\W“"L“H:‘t H lrans fmu

or -
Ad fiv
_; i cos(57) Y
T =ahe | 2 e
Sin{ 5~ | —————————————3 Velocitt Zi(Fiy)
(%) Vip(=) \ me‘ £olre
and B
Zb
:b = Cb( ) i
i 4
Fly=Fly+ 7 ;  posto
. i . Fip(=) | Update
Vip(+) = Vip(—) + &t T
i i i i At2 i 7 7i
Fip(+) = Fip(=) + Vip(—)At + & —— ) o W)

2
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Ci(+) = Ci(—) [T + sin(A0)& + [1 — cos(A0)] 8] b i

| Voo
Ci+) = Cj(-) (T +hat) q(‘{ Atitude o

Update Transform

or -
Ad fiv
. . cos(57) Y
T =ahe | 2 e
Sin{ 5~ | —————————————3 Velocitt Zi(Fiy)
(%) Vip(=) \ me‘ £olre
and B
Zb
:b = Cb( ) i 1
i 4
Fly=Fly+ 7 ;  posto
. i . Fip(=) | Update
Vip(+) = Vip(—) + &t T
i i i i At2 i 7 7i
Fip(+) = Fip(=) + Vip(—)At + & —— ) o W)

2

What is the importance of At?
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@ In continuous time notation
o Attitude: [’, = C[Q4 or g = F[wh®]gi(t)
o Velocity: v}, = Cift +7i
o Position: 7l = Vi,

@ In State-space notation

2i e

rip Vib
Vil = |Cifh +7i, (8)
.. o
G 82,
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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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