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Ref: M.A. Vavrina, C.P. Newman, S.E. Slojkowski and J.R. Carpenter, “Improving Fermi Orbit Determination and Prediction in an Uncertain Atmospheric Drag Environment”
Proceedings of the 24 International Symposium on Space Flight Dynamics, www.issfd.org, 2014
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Data Set: Observed F,, ; Flux when ISN > 75
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Fit PDFe far F._ _ Data
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*Gaussian = 2.0, Cauchy = 1.0
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= Given a linear scalar system

Tht1 = QrTk + Wk

yr = Hpzp + vy,

= With Cauchy inputs and initial
condition

= Posterior PDF

k+2

B a(@) ek + b(2)kjk
Doy (T Vi) = ; (zk — o (@)r)? +w(i)F,

= Has Finite Moments

@)= 07 )
w =7 ;
k/ w (@) k|
/T
pvk (’U]{) - ,U,% _i_,yQ
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GPS Receiver

Gaussian Noise, Vi

GPS Pseudorange:

v =|r—re|+v,ni=12,..,ng

ECI Velocity, v
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EKF Dynamics:
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Cauchy Filter Dynamics:
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Density Correction, op/jp +—
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= | Py, P,. } s k|k—1 k|k—1 s
Ks { klk—1 klk—1 [HCT] ([Hs Hc] Pcsk|k_1 PCCkk1] CT + Rk)
Solve-For States: Sy = Sgjp—1 + Ks {zk —h (Fklk_ll ) }
Ck|k—1
Consider States: Crlk = T, = ISCE mean
P33k|kz = (I o KS [Hs HC]) P35k|k—1 o KSHCPCSk|k—1
T
Psck|k - PCSk|k—1 = (I — K [HS Hc]) Psck|k_1 - KSHCPCCk|k_1
Pcck| p = Dayy, = ISCE variance
[§k+1|k:] _ /t’“+1 F (lé(T)D dr
Cr1lk e e(7)
PSSk-{-l\k Psck+1|k S5 Psc T
= D(tpgrst) | p " S D(tgrs tr) + QL1 )
PCSk+1|k Pcckz~|—1|k " P03k|k PCCk|k i i
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=sSpace weather data show heavy-tailed characteristics
that are better modeled by Cauchy than Gaussian

= Cauchy estimator (ISCE) may be embedded in EKF,
using Schmidt-Kalman consider framework, for
density estimation

=Definitive OD performance indistinguishable from EKF
"Predictive OD performance superior to EKF
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