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The use of Global Navigation Satellite Systems (GNSS) in Low Earth Orbit
(LEO)  satellites  is  a  widely  adopted  solution  for  on-board  orbit
determination. As the missions become more complex, the need for better
on-board navigation solutions arises. However, on-board processing power is
a limiting factor in standard satellites and in particular in small satellites.
Therefore, a careful assessment of the complexity and performance of the
navigation algorithms to be implemented on a satellite should be done to
ensure a successful mission.   
Due  to  the  non-linear  nature  of  the  orbit  determination  problem,  the
Extended Kalman Filter (EKF) is the preferred algorithm used in GNSS based
LEO  satellite  navigation.  In  this  work  we  present  and  evaluate  the
performance  of  six  different  implementations  of  the  EKF.  In  each
implementation we consider a different dynamical model while maintaining
the  same  measurement  model.  The  first  two  implementations,  named
Kinematic I (estimate position and velocity considering the acceleration as a
perturbation) and Kinematic II (estimate position, velocity and acceleration
considering the jerk as a perturbation), are based on simple models that do
not include any reference to the forces acting on the satellite. On the other
hand, the last four implementations, named Dynamic I (model Earth as a
point mass, estimate position and velocity), Dynamic II (model Earth as a
point  mass  plus  Earth's  Oblateness  J2,  estimate  position  and  velocity),
Dynamic III (same as Dynamic I with acceleration estimation), Dynamic IV
(same as Dynamic II with acceleration estimation), are based on the forces
acting  on  it.  As  it  is  expected,  computational  burden  increases  as  the
models  become  more  complex.  A  non-trivial  aspect  of  a  Kalman  Filter
implementation is its  tuning,  for the proposed options we show a tuning
procedure based on extensive simulations. Regarding to the measurement
model, it is based on the typical GNSS measurements used for navigation,
i.e. the pseudorange and the deltarange. It is important to note that when
using GNSS signals for positioning, in addition to the position and velocity
states it is needed to estimate additional states such as the receiver clock-
bias and clockbias drift.  All  the proposed implementations use the same
clock-bias/clock-bias drift 2 state model.         
The performance assessment is  carried out  using an experimental  GNSS
receiver for aerospace applications developed at the SENyT group of the
School  of  Engineering,  National  University  of  La  Plata.  This  receiver  is
connected to a GNSS high fidelity signal generator that allow testing the
receiver with a similar RF signal that it would have in orbit. To ensure a fair
assessment,  the  GNSS  signal  generator  is  fed  with  a  high  fidelity  orbit
generated off-line with an ad-hoc software. For each navigation algorithm
the same simulation scenario (one full orbit) is run. The obtained solutions
are analyzed qualitatively to ensure that the filter is properly tuned and no
biases are present. Then, the results of each scenario are compared in terms



of its root mean squared (rms) errors. As it expected, the more complex the
employed  model,  the  better  the  obtained  results.  In  addition,  the
computational burden of each algorithm is registered. These results allow
making  a  fair  analysis  of  the  trade-off  between  performance  and
computational burden. 


