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e PROBLEM DESCRIPTION

TWO BODY EQUATION OF MOTION

A Acceleration due to Gravitational
rsr

ANALYTICAL SOLUTION

» Brouwer Theory (1959) seference

+ Kozai (1959) Trajectory

* Epicyclic (2001)

Initial Condition
Or —>

Orbital Parameters
_ 3

Analytical
0 Solution




SURREY

SPACE CENTRE

S —

+X(Equinox Y) 11

+Y

=1+ p— (&, cosa + 1, SIna) - AF, COS 2 5

1 Satellite

=1, +#Al,(1—cos2p)

Q=Q, 4% +HAQ,SIn2[4

A=|B+P[&s sina+ 1, (1—-cosa)]|+ A4, SIn 26

|:| Secular
|:| Short Periodic

EPICYCLIC ORBIT AROUND g
OBLATE EARTH

Epicycle Coordinates
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Epicycle Parameters
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a, Semimajor axis
I, Inclination
Q,, Right ascension of ascending
node
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EPICYCLE PARAMETER

Epicycle Parameters = (a,&,, 75, 1,,Q,,tc)

FILTER
FLOW CHART

Compute Oscillating
Terms

Numerical Integration

ECT Position &

di, dn
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Parameter Estimates

a,lp, Qg, $p, Np, tg

F Y

r T . -
x(t) = f x(x, £)de Velacity
o r(t) v(t)
Epicvele Coordinates
r(t)A(t)I(t)n(t) D
v, (ﬁ] Vg (ﬁ] Right Ascension of Ascending Node (Q2)
20.5 T i T -
¥ e
20.4 Ve
Linear Least Sguares /f
A(t) = py(t—tz) § 203 Ve
= g S
(t) = Qg +p2(t — tg) S 202 /
/_j/_/
h 4 20.1 Vad
Parameter Estimates /
pl!PZ!ﬂUJ tF 0 Oll 0‘2 0.3 0‘4 0.5
Time(Days)
¥
Iterative Methad Iy Newton-Raphson
pz =Un p1=(1+x)n
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Ll . Epicycle Coordinates
Parame;ﬂ;l]isumnres r = Radius
r r r t .
@00 tE A = Argument of latitude
¥ | = Inclination
Linear Least Sguares Q= nght Ascension
r(t) = —{pcosa — npsina of Ascending Node

v.(t) = épsina —npcosa

v, = Radial \Velocity

5

v, = Azimuthal \Velocity



. RESULTS — ERRORS IN EPICYCLE
SURESY | COORDINATES OVER ONE WEEK

Maximum Radial Errors Maximum Errors in Radial
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RESULTS — SUN SYNCHRONOUS LEO |
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SURREY | SUMMARY

Developed Epicycle Parameter Filter (EPF) for high precision Epicyclic orbit

propagation

Includes J, — can be extended to higher order

v 3
%

Avoids calculation of Jacobian or Hessian matrices used in differential

correction methods

No filter initialization parameters or initial conditions required

Reduction in errors:

Epicycle Coordinate % Reduction in Maximum
Errors

r = radius
A = argument of latitude
| = inclination

Q = right ascension of
ascending node

v, = radial velocity
v, = azimuthal velocity
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Questions?
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