
Development of magnetometer and sun sensor based
orbit and attitude determination for CubeSat IAA-LA-10-
04

Pereyra, Marıa E.(∗), Alonso, Roberto(+) y Kuba, Jose(+) 

(∗)Maestrıa en Tecnologia Satelital, MTS-UFS-CONAE, Cordoba, Argentina.
(+)Comision  Nacional  de  Actividades  Espaciales  (CONAE),  Buenos  Aires,
Argentina.
(maeper@gmail.com), (beto@conae.gov.ar) y (kuba@conae.gov.ar)
Keywords: autonomous navigation; attitude estimation; magnetometer and
sun sensor.

Extended Abstract

The limitations for resource allocation (power and mass leading the list) for
most  CubeSat  size  satellites  often  preclude  the  use  of  GPS  receiver  or
alternative coherent transponder to solve the orbit determination function
for missions which require better accuracy than the obtained by antenna
angles alone. In addition, the navigation solution may transport its inherent
error to the attitude determination function, when it is based in vectors such
as sun and magnetic field.
The position (and velocity) knowledge, when not based on a GPS system on
board, traditionally rely on ground station-based range and range-rate data
or doppler and doppler rate. In most cases the number of ground stations
available  for  CubeSat  missions  are  limited  and  these  traditional  ground
station-based methods are only available for higher priority space missions.
In  the  case  that  this  solution  is  adopted,  the  on  board  receiver  and
transmitter need to be more complex (and expensive) than usual.
An alternative method to obtain the solution in real time without increasing
the on board hardware usually included in small satellites is proposed.
The satellite position and velocity vectors, in real time, are estimated with
attitude independently from two quantities: the measured magnitude of the
Earth magnetic field, and the measured dot product of the magnetic field
vector and the sun vector.
Many methods are available for satellite  attitude estimation based on at
least two vectors (Triad, Quest, Foam, etc). Typically these are the Sun and
the  Earth  magnetic  field  (more  precisely,  the  Earth  magnetic  induction)
vectors. As part of the attitude computation it is necessary the knowledge of
these reference vectors as function of the orbital position. This is a common
procedure for all of the mentioned methods. Both functions are correlated
and they are not independent. To avoid a potential risk of solution instability
an additional  hardware element is  introduced in the loop to simplify the
analysis in eclipse.
A gyroscope (at CubeSat quality) is selected as the third sensor, because it
may help  the attitude  computation  and during eclipse  it  is  essential  for
attitude determination.
The  proposed  method  is  based  on  the  angle  between  vectors  which  is
invariant relative to the selected reference frame. The magnetic and sun
vectors are used in this particular case. For attitude the gyroscope is added
to avoid potential instability of the method. It is important to note that the
time in eclipse is almost independent for the proposed method.



The  CubeSat  service  module  designed  in  the  Maestr´ıa  de  Tecnolog´ıa
Satelital is described to set the context where these techniques are applied.
The  proposed  paper  contains  theoretical  developments  as  well  as
simulations for attitude and orbit determination.


