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Tangential Mechanization NEW MEXICO TECH

@ Determine the position, velocity and attitude of the body frame wrt the tangential
frame.
o Position — Vector from the origin of the tangential frame to the origin of the body
frame resolved in the tangential frame: 7%,
e Velocity — Velocity of the body frame wrt the tangential frame resolved in the

tangential frame: Vi,
o Attitude — Orientation of the body frame wrt the tangential frame: C}
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ECEF/Tangential NEW MEXICO TECH

o Description of the tangential frame
o Orientation of the t-frame wrt the e-frame

Cte = R(z',/\b)R(J?,—L,,—QOO) 26 =z
cos\p, —sinAp, O] [—sinlp, 0 —cosly
= |sinAp, cosAp, O 0 1 0
0 0 1 cosl, 0 —sinly
—sinlpcos\p, —sinAp, —cosLlpcosAp
= | —sinlpsin\p, cos), —coslpsinAp
cos Ly 0 —sinLy

where geodetic Lat = L, and Geodetic Lon = A,

.---

Vernal Equinox
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Attitude — Method A NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time "k — 1
o At =t — tyx_1
e Start with angular velocity

Body frame

-t _ -t -t =t
Wip =Wije T We T Wy,

b t-e
Gip=Cpijp— Cidg

Qi = oY — CARCE o
Ch(+) — Ch(—) ~ AtQ, CL(-)
Ci(+) ~ Ci(—) + At (b CE — CEQ5CE) Ci(-)
= Ci(-) (T +0bAt) - QLCi(-)at o
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Attitude — Method B NEW MEXICO TECH

@ Body orientation frame at time “k” wrt time “k — 1"
o At =1ty — ty_1
e Start with the angular velocity

ng = C!.t;Qf)bCl{7 - Q;e
Ci(+) = Cg(—)eﬂfbm = WALCE(—)
Ci(+) = [Z +sin(AB)& + [1 — cos(Af)] &2] Cf(-)

eUpAt — RO
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Attitude — Method C NEW MEXICO TECH

SCIENCE + ENGINEERING « RESEARCH UNIVERSITY,

e Body orientation frame at time “k” wrt time “k — 1"
o At =ty — tp_1

Body frame
—

GE AL = kAO
qb(+) = A4, @ q5(-)
XTI Bt b
ksm(%)
Need to periodically renormalize 6’ X g

(NMT) n, Navigation and Timing February 27, 2018




Attitude Update— Summary NEW MEXICO TECH

e High fidelity

or

o Low fidelity

Gt AL = kAG R = [kx]
Ci(+) = [T +sin(A0)& + [1 — cos(A0)] 2] CL(—) (1)
_ cos(5) |
b(+) = ® g p(— 2
q b( Esin(%a) qp(—) (2)
Ci(+) ~ Ci(-) (T + QhAt) — QL Ci(-)At 3)
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Steps 2-4

NEW MEXICO TECH

'SCIENCE + ENGINEERING + RESEARCH UNIVERSITY

@ Specific force transformation

o Simply coordinatize the specific force

Fly = Co()f b (4)
@ Velocity update

0
S o i e P>t
rib—%'e/ + Cerge + G

>t t =i
= Fip=Cirlp— Cre

Body frame

=T
_ Clt—*lb _|_ Ct
_ Qt Ct—*lb + Ct

1

<
o
S

= —QL(F& + Ftb) + Cit‘7:'b
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Steps 2-4 NEW MEXICO TECH

d . Li ;‘et_
o (—QL(r +r§b)+ Civiy)

= —Qfe7§b + G+ Ct i
—QLVY, + Q) GV, + Cfa

= —Q.vi, — Q4 [_'tb + Qf(Fe + Ftt*b)] + Ciay,
= _29?‘6_) Qt Qle eb + a ib

_ ot _
Ap = Vip =

. ot Qt Ot pt
— 2074, + T+ 2} L e
— _ =t = —
Vip(+) = Vip(—) + a3t (5) 5,% = ffb +§Z +Q:teQ:FeF2b
t
ti
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Steps 2-4 NEW MEXICO TECH

@ Position update
e by simple numerical integration

(6)
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Tangential Mechanization Summary NEW MEXICO TECH

CE(+) = [Z +sin(A0)& + [1 — cos(A)] 82] C(—) sh o

oo

)
COS(*) 1 2
C_]Z(-i-) = |5 2 ®q Z(_) ——> Attitude H SF
ksin(42) G) | Update Transform
or F:b
Ci+) ~ Ci(-) (T + QbAt) - QLCY(-)AL —
t—) Velocity }(;Eb(FZb)
and V(=) |  Update

:b_cb( ) j

Al =204V, + Fly+ 25

‘ |
Position

Vip(+) = Vip(—) + [F,tb +85— ZQFEV&,(—)} At (=) | Update
I R L . Ar t s I
Fip(+) = Fip(=) + Vip(—-)At + Tt —— 5 G(+) ib(+) is(+)
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Tangential Mechanization — Continuous Case NEW MEXICO TECH

@ |n continuous time notation
o Attitude: Cb = CiQb, or g} = L{wh®]g(t) SR
o Velocity: v tb—C;fﬁ,+§f,fZQt# ’wib_w'
o Position: 7}, = Vi,

b b
o In State-space notation th = Q- Q
roy T - L, -
) Vip
Vi | = |CiFh + 20, (7)
t tOb
Cp oSy
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Appendix NEW MEXICO TECH

(45 —ax —qy —q:]
[(_]®] — Ax gs —qz _qy
ay qz ds Ax
_qz _qy ax ds h
(gs  —ax —Qqy —q; |
[E]@] _ Aax _qs q: —Aqy
Ay 4z Qs ax
KL dy —qx gs |
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