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Abstract	
  

This	
   presentation	
   provides	
   an	
   introduction	
   to	
   short-­‐baseline	
   Multiple-­‐Input	
   Multiple-­‐Output	
   (MIMO)	
  

radar	
  along	
  with	
  a	
  comparison	
  of	
  the	
  SNR	
  produced	
  with	
  that	
  produced	
  when	
  operated	
  as	
  a	
  Single-­‐Input	
  
Multiple-­‐Output	
  (SIMO)	
  radar.	
  From	
  there,	
  the	
  waveform	
  assumptions	
  and	
  constraints	
  associated	
  with	
  
MIMO	
  operation	
  are	
  described.	
  

MIMO	
  waveforms	
  and	
  signal	
  processing	
  have	
  the	
  potential	
  of	
  increasing	
  flexibility	
  in	
  surveillance	
  radar.	
  

While	
  a	
  primary	
  impetus	
  for	
  MIMO	
  is	
  to	
  take	
  advantage	
  of	
  the	
  observability	
  provided	
  in	
  inhomogeneous	
  
environments	
   a	
   critical	
   factor	
   in	
   the	
   acceptance	
   of	
  MIMO	
   radar	
   is	
   demonstrating	
   that	
   there	
   is	
   not	
   a	
  
significant	
  degradation	
  in	
  performance	
  for	
  homogeneous	
  environments.	
  To	
  obtain	
  MIMO	
  observability	
  

the	
   step-­‐scan	
   of	
   typical	
   surveillance	
   radar	
   is	
   replaced	
   with	
   wide-­‐area	
   persistent	
   coverage.	
   In	
  
homogeneous	
  environments,	
  for	
  a	
  given	
  surveillance	
  volume,	
  transmitted	
  energy,	
  and	
  maximum	
  revisit	
  
or	
  update	
  rate,	
  T,	
  theory	
  predicts	
  that	
  the	
  average	
  signal-­‐to-­‐noise	
  ratio	
  (SNR)	
  is	
  equal	
  whether	
  operated	
  

in	
  MIMO	
  or	
  SIMO	
  modes.	
  This	
  presentation	
  derives	
  this	
  theoretical	
  SNR	
  for	
  MIMO	
  and	
  SIMO	
  operation	
  
by	
  modeling	
  the	
  radars	
  as	
  a	
  series	
  of	
  unitary	
  operations	
  in	
  a	
  linear	
  vector	
  space.	
  The	
  assumptions	
  built	
  
into	
   this	
   theoretical	
   model	
   will	
   be	
   described	
   whereby	
   MIMO	
   and	
   SIMO	
   radar	
   operation	
   produce	
  

equivalent	
   SNR.	
   It	
  will	
   be	
   shown	
   that	
   assumptions	
   are	
  placed	
  on	
   the	
   transmitted	
  waveforms	
   that	
   are	
  
associated	
   with	
   the	
   average	
   transmitted	
   energy,	
   distribution	
   of	
   the	
   energy	
   through	
   the	
   surveillance	
  
region,	
   stability	
   of	
   the	
   target	
   scattering,	
   and	
   the	
   time	
   varying	
   nature	
   of	
   the	
   environment.	
   If	
   these	
  

assumptions	
  are	
  not	
  met,	
  there	
  can	
  be	
  a	
  significant	
  penalty	
  to	
  operating	
  as	
  a	
  MIMO	
  radar.	
  

Meeting	
   the	
  assumptions	
   for	
  MIMO	
  waveforms	
   implies	
  constraints	
  on	
  waveform	
  design.	
  Performance	
  
measures	
  for	
  MIMO	
  waveforms	
  are	
  described	
  and	
  it	
  will	
  be	
  clear	
  that	
  MIMO	
  waveform	
  design	
  is	
  more	
  
difficult	
   than	
  SIMO	
  waveform	
  design.	
  How	
  well	
   these	
  performance	
  measures	
  are	
  met	
  determines	
   the	
  

SNR	
  and	
  energy-­‐associated	
  penalties	
  of	
  MIMO	
  radar.	
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