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In the late 1990 years DLR in Berlin Adlershof had successfully completed
the development of airborne IR optical systems for fire reconnaissance. The
decision to prove the concept in space and to develop the first DLR R&D
satellite BIRD (launch 2001) “in house” opened the door for a completely
new  development  of  an  attitude  control  system  for  a  small  Earth
observation  satellite.  The  institute  had  a  lot  of  experiences  with  control
systems discrete in time and based on state estimation and state control
algorithms. Therefore this way was used for the ACS of BIRD. One topic was
the definition of so called “attitude modes”.  The definition was primarily
driven  by  different  required  target  orientations  of  the  satellite.  But  the
“target” requirements did not include only the orientation but the change of
orientation in time – connected with a satellite rate profile. Therefore the
term “kinematic attitude” was introduced and used. This is the combination
of orientation quaternion  q and the satellite rate vector  ω. The kinematic
attitude kA is kA={q(t), ω(t)}. By knowing q(t0) and the ω(t) over the time
span  t  the  kinematic  equations  lead  to  q(t).  This  is  well  known  and
mentioned here  again  because this  is  the reason for  calling {q(t),  ω(t)}
“kinematic attitude”. By using the underlying physics of  the motion of  a
rigid  body it  was  possible,  to  separate  the  dynamics  equations  and the
kinematic equations in a comfortable way and therefore it did make sense to
handle the kinematic attitude as it was used.
By grouping all the satellite requirements we found, that some requirements
on the kinematic attitude require a minimal set of actuators in the control
loop and the same for sensors. The ACS algorithms had been subdivided
into  the  three  main  steps  “Estimator”,  “Predictor”  and  “Control”.  The
estimator and predictor parts consist of several “estimator modules” and
the  corresponding  predictor  modules.  Which  modules  could  be  used
depends on the availability of attitude sensors. Which modules have to be
used depends on the actual  requirements on the kinematic attitude. The
close cooperation of physics and informatics led to the solution to define an
attitude  mode  as  an  “object”  as  it  was  usual  to  do  in  object  oriented
languages or for modelling with the help of UML. The “attitude mode” object
was enriched with so called “configurations” of sensors, actuators and EPC
(estimator, predictor, and controller) modules. “Configuration” was coupled
with the “state” of a device and so on.
The  paper  will  show,  how  the  different  requirements  on  ACS  had  been
implemented by using the attitude mode “object” and how it was possible to
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extend it to new requirements by taking over the ACS from BIRD to the TET-
1 satellite (launch 2012) and to BIROS (launch 2016).  Finally BIROS has 11
different attitude modes for different purposed from “survival” till  precise
target pointing on Earth, or inertial pointing or “hunting” another satellite.


