Orbit Determination

(1) Find state-vector (position and velocity) at time
t=t,
(2) Determine orbit from all types of observations

(1) Gives Kepler elements and time derivatives from
J,=-Cy

(2) —Short arcs very precise (3.3.1)
-Long arcs for ”prediction” (3.3.2)



Kepler orbits
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Linearisation using Kepler elem.

Start values: a,e,f+®,(,1
Taylordevelopment :
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General orbit determination
Analytic orbit determination uses knowledge ot C;; to compute

. =1)

and similar for 5 other elements
More difficult for drag, solar pressure etc.
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Start values describe reference Kepler orbit:

Q, ()i, (t,),a,(t,), etc.

e Truncated series are used, so limited precision.

e 500 terms give 1 m.



Numerical integration
Equations of motion : 2 setsof 1.-order equations :

- . o+ = GM_ - :
r=v, v=ks———7r, kg allperturbingforces
r

 Cartesian coordinates not optimal. Spherical better
(r,0,®).Steps of numerical integration smaller.

 Cowell (1910) Inleth_Od..: | | Nlm&%)
* Encke, 1857: use Kepler -~

orbit as reference:
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Enckes method

s GM - ]2 ! true orbit
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t=t,, then r(t,)= p(t,),

F(ty) = plty), 6F =F = p
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or (t, — Ar) from numerical integration

Runge - Kutta's method




Orbit determination using GPS

POD= Precise Orbit Determination

Dynamic:

(a) orbit determined using integration of geuations of motion
(b) adjusted to GPS measurements

Kinematic:

From GPS measurements

Reduced Dynamic, like Dynamic byt GPS data adjusted
using Kalman filter

GPS
m Dynamic




Orbit representation

(1) Kepler elements and linear pertubations
Transit (Doppler) Q, 0,
Corrections: every minute, along track, cross-track and

radially
GPS: Every hour: €@, and cos,sinof f +,i,r

(2) Polynomial representation: (only 1 — 2 revolutions
F(x)= Zangon , sin, cos,Chebysheyv,
n=0

Orthogonal functions on [O, 1]
TRANSIT {1, {,sS1n 7t COS 2721}



Chebycheyv:

To(z) = 1,
Ti(z) =7,
Ta(t) = 2tT—1(v) — Th2(x); It 1, n=2
i) = & =+,
dt
Ti(1) = 4tt,
T,(t) = er’ (1) — ——T’ L,(t); n=3

T)(r) = 4(r) ,
Ty (t) = 241(3)%,
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Simplified short-arc repr.

VV computedin spherical coordinates from

v@.an="a- zz( j ¢ @.4)-C..)

We also consider Earth rotation, so
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Orbit selection
 How frequently must the satellite cross Equator ?

IGM . :
v, = , circular orbit
r

3
( 2
Revolution time : U =84.491 4 ] (minutes)
\ re—mean

 Where 1s the ground-track ? (spherical earth)
. . u=w+f

a =Q+tan ' (cositanu)

5
/@ S =sin ' (sinisinu)

ﬂ,:d—é (GST),(0=5 1



Sun-syncroneous, or geostationary

@2 0.°9863/ day

dt

d() 3na; ,
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dt 2a°(1—e7)
Twopossibilities : change a or1!

Example :a = 1000km, i = 99.47"

Geostationary :a =42165 km

12



Bringing the satellite in orbit: Transter orbit

Avi

Figure 3.28. Hohmann transfer orbit
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Transfer orbit, velocity requirement

2a,, .,y = 1 1, With total energy
E = GM _ GM so:
2a r1 +7,
M M
\/ (G—+E) v, = G — (circular orb.)
h 1 )

From circle toellipse : increate in velocity

Av, =v, —v,_,and then:Av, =v,_ —v,

Av — GM | | 2r,/r 1l Ay = GM 1 2
1 r l+r/n e , I+r/n
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Lagrange points

* Stable points in Sun, Earth, Moon system:
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