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Abstract: 

Accompanying  CONAE's  growing  interest  in  distributed  space
systems, we here describe current efforts to build a modular, high-fidelity,
hardware-in-the-loop  closed-loop  testbed  for  testing  and  validation  of
guidance, navigation and control (GNC) hardware and software components
on board future LEO distributed platform missions, under realistic scenarios,
prior to integration.  

More  specifically,  the  testbed  shall  enable  validation  of  a  space-
graded  GNSS  receiver,  currently  being  developed  at  the  UNLP  under
contract with CONAE, as well as other systems and algorithms relevant to
autonomous spacecraft station keeping and formation flying. 

The increasing availability of GNSS constellations like GPS, GLONASS
and  GALILEO,  together  with  new  multi-frequency  GNSS  receiver
technologies,  such  as  software-defined  radio  techniques,  make  GNSS
sensors powerful tools to provide precise 3D position and velocity on board
LEO satellites. 

As a means to simulate GNSS-RF in space, CONAE recently acquired a
SPIRENT GSS8000 GNSS simulator with a configuration able to deliver multi-
frequency GPS, GLONASS and GALILEO RF signals up to 4 receivers on board
corresponding independent space vehicles.  

Based on this, we here present a testbed architecture together with
simulated GNSS observables acquired on board a LEO vehicle.  

The  testbed  is  composed  of  several  modules,  where  a  trajectory
generator (TG) generates motion data (position, velocity and acceleration)
that  feeds  the  GNSS  signal  simulator.  The  subsequent  RF  signals  are
processed  by  the  GPS  receiver,  which  produces  position  and  velocity
estimates used by the onboard computer (OBC) of the satellite to determine
its  state.  The  OBC  runs  the  GNC  algorithms,  and  if  needed,  generates
thrusting  commands  that  are  passed  to  a  module  which  includes  the
satellite’s  actuators  models  (AM).  Finally,  the  AM  generates  the
corresponding accelerations, which are numerically integrated by the TG,
therefore closing the loop. 

This paper focuses on the development of the TG and the generation
of GNSS observables. 

TG's orbit model is based on AGI's commercial  off-the-shelf  (COTS)
software  STK®  that  admits  a  geo-potential  spherical  expansion
representation  of  any  order  and  degree,  together  with  environmental
perturbational  forces such  as atmospheric  drag,  solar  radiation pressure,
Sun  and  Moon  third-body  effects,  relativity  effects  and  tidal  forces.  We
evaluate  contributions  of  those  perturbing  forces  to  the  overall  satellite
motion and pay particular attention to the achievable precision depending
on the models used. We also compare synthetic and actual orbits of the
SAC-D satellite, provided by CONAE's Orbit Determination Service (CODS),
as a means to validate the orbit models used by the TG. 



Smooth and slowly varying environmental  and gravitational  natural
forces  combined  with  intermittent  control  actions  motivates  the  use  of
efficient  numerical  integration  schemes  based  on  adaptive  time  varying
integration steps. As a result, the output data turns out to be a discrete time
sequence  with  nonuniform  sampling  intervals.  We  show  the  use  of  a
polynomial interpolation with coefficients calculated based on the discrete
samples, which allows us to obtain a continuous time output signal defined
at arbitrary time instants. 


