universitétbonn

From pure kinematical to reduced
kinematical LEO orbit determination

Akbar Shabanloui

Session 4
Geodatische Woche 2009
23 Sep. 2009, Karlsruhe, Deutschland



universitétbonnl

Cred




-@-
L]
-.'.__._

o_d
S-e-

Precise Orbit Determination (POD) methods umversitétﬂ
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Kinematical POD — methods

Equation of motion w.r.t self-adjoint differential operator:
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Short arc representation — ellipse mode universitétﬂ

A satellite short arc:

r(r) = F(2) + d(r) = F(z) + 3 d, sin(ur)

elliptical reference moti “; T
Sin'u(l_ ) Sinluz'
. + g

SIn u

A

r(z)=r,

difference function:
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Short arc representation — Fourier series umversitatﬂ
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A satellite short arc can be represented: :
(oY EF ey eriedier e i siheing)rr) :
v=1 v=1 -
1 |
d, =2 | d(z)sin(vrr’)dr’ =
7'=0
. e ® cqo ®
d(Te). \‘Vlt.h & = N:+1. =1 .;N6 7, €]0,4
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Short arc representation — Euler-Bernoulli umversita—tﬂ

A satellite short arc can be represented:

r(7)=F(r)+ > d, sin(uzr)

with Fourier amplitudes:

1
d =2 j d(z)sin(vzz’)dz’
7'=0

11

Fourier series amplitudes:

d, =3 2O [ d - a0

= (Uﬂ)2j+1

2 0 2J+2] -
+f " d?*? (") sin(uzr')dz’
(072_)2\] 1 TI_L)
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Short arc representation — Euler-Bernoulli umversitétﬂ
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d: =d(7) = Zdu sin(urr) = .
v=1 -
:ZerEZj(T)+Zb2j+1BZj+1(T):doF(:
j=1 j=1

A satellite short arc can be represented:

Zdu SIn (wn-) — Zer E2j () + Zb2j+1sz+1(T)
v=1 j=1 j=1




Determination of Euler-Bernoulli coefficients umversitétﬂ

A satellite short arc can be represented with the Euler-Bernoulli -
term up to degree J as: -
J J -
r(7) —T(z) =d(z) = ) &,;E; (1) + D Dy ;uByju(?) | -
j=1 j=1
o ® .T. &
= . ¢ ¢ oo
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Short arc representation umversitatﬂ

LEO orbit can be represented as: _ Gibbs effect! J
n
r(T) = ?(T) + d(T) = T(T) + ZdW
v=1 |

iH H N

or - Precision!

[(0) = T(0) +4(0) = T(0) + 305 Exy () D5 4Bay (0

fast /

| o o ~  convergence!
§ olution”

J J on
r(z)=r(z) + ZEZJ- E,(7)+ Zb2j+182j+1(2') + Zdu Sin(vzr)
j=1 J=1 v=1




Kinematical POD - ellipse mode, J=4 umversitétﬂ
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Processing procedures umversitétm
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Acceleration differences

RMS
index | Pos.(m) | Vel.(m/s) | Acc.(m/s?)
20 0.012644 0.000353 0.000012
30 0.010717 0.000397 0.000018
40 0.011997 0.000463 0.000025
59 0.014737 0.000941 0.000077

Statistical values
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Processing procedures umversitétm
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KPOD - real case universitétgr!
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Kinematical POD — short arc case (b)
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Processing procedures umversitétm
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Reduced-Kinematical POD — method umversitétﬂ

n |
Dynamical =T(2)+ > d sin(vrr .
2 .
d = 2| in(vzr)a(z’;r,F)dz’ -
R > | sin(uzr)a(z’;r,r)dz
V7T —H 7'=0
v Introduction of an approximate force function (di "'dj ), C(a....a.)
| -

v'Fixing only some orbit parameters (di "'dj )’ C(~ d ) —0 |

l

= _ . -
'Down- or up weighting C(dl---dn (dy--d,) |

) in relation to C
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20 0.012831 | 0.000316 0.000012
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Conclusions and recommendations umversitétﬂ

« GNSS-LEO satellites configuration and geometrical strength
play an important role in POD,

« Kinematical POD can be used to recover the Earth’'s gravity
fleld model based on the POD methods,

<« No gravity field and no force models have been used in the
Geometrical and Kinematical modes (advantage),

<« The proposed kinematical orbit determination method is
very flexible. A smooth transition from Kkinematical to
reduced kinematical and finally dynamical or vice-versa is
possible.
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