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Most  academic  satellite  projects  focus  on the development of  a  satellite
(picosatellite,  nanosatellite,  cubesat,  tubes,  etc.)  and  build  the  ground
station (GS) with commercial off the shelf components. This strategy leaves
little room for design and development of both the necessary hardware and
software.  At  the  Telecommunications  Engineering  laboratory  of  Balseiro
Institute we are developing a softwaredefined ground station (SDGS) that
will provide grade, postgraduate and research staff a testbed for research,
implementation  and  optimization  of  aerospace  communications
developments.  This  ranges  from  RF  hardware  to  de/modulation  and
de/encoding algorithms, for example. The SDGS will be highly flexible, i.e.
operating  frequency,  bandwidth  and  modulation  scheme,  among  other
parameters will be configurable, what will allow to adapt our GS to a great
variety of missions. As the first step in the development of this GS we are
modeling a direct conversion UHF receiver with digital signal processing for
all  postacquisition  stages,  from  channel  selection  to  demodulation  and
synchronism recovery. The receiver will convert the complete band assigned
to  amateur  satellite  communication  (from  435  to  438  MHz).  All  further
processing will be carried out entirely through digital signal processing using
Software  Defined  Radio  (SDR)  techniques.  In  addition  to  algorithms
modeling,  also receiver's  external  components (i.e.  antenna gain,  analog
filters,  ADC  parameters,  clock  jitter,  etc.)  will  be  included,  as  well  as
communication channel parameters, i.e. free space losses, additive white
Gaussian  noise  and  Doppler  shift.  The  main  goal  of  this  receiver  is  to
enhance the performance in terms of bit error rate (BER). Design process
will  not  be  constrained  neither  by  energy  consumption  nor  computing
limitations.  The  selected  frequency  band  is  the  most  widely  used  by
academic satellite missions so this would promote interaction with academic
institutions in Latin America and worldwide. Further work will implement this
receiver  aiming  to  validate  the  developed  model.  This  model  and  it’s
validation  with  field  measurements  will  allow  to  identify  technological
limitations and to develop new solutions. Once validated, this receiver will
be used as a building block for  Laboratory´s future Digital  Beamforming
(DBF)  Receiver  for  UHF  band.  DBF  will  allow,  among  other  things,
simultaneous  communication  with  more  than  one  satellite,  reduction  of
interference and more precise determination of the direction of arrival. The
implementation of  the receiver  with SDR techniques gives the maximum
flexibility when defining the bandwidth, data rate, modulation scheme, etc.,
allowing  to  easily  adapt  the  receiver  to  a  number  of  different  mission’s
requirements. During the development of the GS there will be continuous
addition of new frequency bands, i.e. L band, S band and X band. Our goal is
to  explore  and  develop  high  bandwidth  receivers  using  different
beamforming techniques, i.e. digital, analog and optical. These projects will
be  subject  of  research  for  telecommunications  engineering  and



postgraduate  students  of  Instituto  Balseiro  about  some  of  the  following
topics:  antenna array design,  highbandwidth antenna design,  design and
measurement of narrow filters and low noise amplifiers, characterization of
ADCs for bandpass sampling, beamforming techniques (digital, optical, etc.),
efficient  de/modulation  algorithms,  de/coding  algorithms  (block,
concatenated, LDPC, etc.), efficient algorithms for channel selection, carrier
detection algorithms. 


