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Outline	
  

•  Introduc4on:	
  	
  
– Underwater	
  Communica4on	
  

– Decision	
  Feedback	
  Equaliza4on	
  
•  Channel	
  Es4mate	
  Based	
  

•  Direct	
  Adapta4on	
  

•  Analysis	
  of	
  Equaliza4on	
  Behavior	
  
•  Simula4on	
  Results	
  

•  Summary	
  and	
  Conclusion	
  

•  Future	
  Direc4ons	
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Underwater	
  Communica4on	
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Time	
  Varying	
  Impulse	
  Response	
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Channel	
  Model	
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TransmiWed	
  
Data	
  

Time-­‐varying,	
  linear	
  
baseband	
  channel	
  

Baseband	
  
noise	
  

Baseband	
  
Received	
  Data	
  

+



Channel	
  Model	
  (cont.)	
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Vector-­‐form:	
  

+

Matrix	
  Vector-­‐form:	
  

+

d[n-­‐Nc+1]	
  
…	
  
d[n]	
  
…	
  

d[n+Na]	
  

g*[n,-­‐Nc+1]	
  g*[n,Nc+2]	
  …	
  g*[n,0]	
  …	
  g*[n,Na]	
  

u[n-­‐Lc+1]	
  
…	
  
u[n]	
  
…	
  

u[n+La]	
  

d[n-­‐Lc-­‐Nc+1]	
  
d[n-­‐Lc-­‐Nc+2]	
  

…	
  
d[n]	
  
…	
  

d[n+La+Na-­‐1]	
  
d[n+La+Na]	
  

g*[n-­‐Lc+1,Nc-­‐1]	
  …	
  g*[n-­‐Lc+1,0]	
  …	
  g*[n-­‐Lc+1,Na]	
  0	
  0	
  …	
  0	
  
0	
  g*[n-­‐Lc+2,Nc-­‐1]	
  …	
  g*[n-­‐Lc+2,0]	
  …	
  g*[n-­‐Lc+2,Na]	
  0	
  …	
  0	
  

…	
  
0	
  ..0	
  g*[n+La-­‐1,Nc-­‐1]	
  …	
  g*[n-­‐La-­‐1,0]	
  …	
  g*[n+La-­‐1,Na]	
  0	
  
0	
  ..0	
  0	
  0	
  0	
  0	
  	
  g*[n+La,Nc-­‐1]	
  …	
  g*[n-­‐La,0]	
  …	
  g*[n+La,Na]	
  

v[n-­‐Lc+1]	
  
…	
  
v[n]	
  
…	
  

v[n+La]	
  



Equaliza4on	
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TX	
  Data	
  bit	
  (linear)	
  es4mator:	
  

LMMSE	
  Op.miza.on:	
  

Solu1on:	
  

Recursive	
  Processing	
  (lag	
  1):	
  

Vector	
  of	
  RX	
  data	
  and	
  TX	
  data	
  es4mates	
  



Decision	
  Feedback	
  Equalizer	
  (DFE)	
  

•  Two	
  Parts:	
  
–  (Linear)	
  feed-­‐forward	
  filter	
  (of	
  RX	
  data)	
  
–  (Linear)	
  feedback	
  filter	
  (of	
  data	
  es4mates)	
  

•  Es4mate	
  using	
  RX	
  data	
  and	
  TX	
  data	
  es4mates	
  

•  Split	
  Channel	
  convolu4on	
  Matrix:	
  
– Received	
  data	
  becomes:	
  	
  

•  Minimum	
  Achievable	
  Error:	
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DFE:	
  Direct	
  Adapta4on	
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DFE:	
  Channel	
  Es4mate	
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Assump4ons	
  

•  Unit	
  variance,	
  white	
  transmit	
  data	
  

•  TX	
  data	
  and	
  obs.	
  noise	
  are	
  uncorrelated	
  

–  Obs.	
  Noise	
  variance:	
  	
  

•  Perfect	
  data	
  es4ma4on	
  (for	
  feedback)	
  

•  Equalizer	
  Length	
  =	
  Es4mated	
  Channel	
  Length	
  
	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Na	
  +	
  Nc	
  =	
  La	
  +	
  Lc	
  

•  MMSE	
  Equalizer	
  Coefficients	
  have	
  form:	
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Comparison	
  between	
  DA	
  and	
  CEB	
  	
  

•  In	
  the	
  past,	
  CEB	
  methods	
  empirically	
  shown	
  to	
  
have	
  lower	
  mean	
  squared	
  error	
  at	
  high	
  SNR	
  

•  Reasons	
  for	
  difference	
  varied:	
  
– Condi4on	
  number	
  of	
  correla4on	
  matrix	
  
– Number	
  of	
  samples	
  required	
  to	
  get	
  good	
  est.	
  

•  Analysis	
  to	
  follow:	
  low	
  and	
  high	
  SNR	
  regimes	
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Comparison	
  of	
  DA	
  and	
  CEB	
  on	
  
Rayleigh	
  Fading	
  Channel	
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Why	
  the	
  difference?	
  

•  Correla4on	
  4me	
  
– DA	
  equalizer	
  taps	
  have	
  lower	
  correla4on	
  4me	
  at	
  
high	
  SNR	
  

– At	
  low	
  SNR,	
  two	
  methods	
  equivalent	
  

•  But	
  how	
  do	
  we	
  show	
  this?	
  
– Combina4on	
  of	
  analysis	
  and	
  simula4on	
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AR	
  channel	
  model	
  

•  Simple	
  channel	
  model	
  to	
  analyze	
  
•  Similar	
  to	
  encountered	
  situa4ons	
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Low	
  SNR	
  

10/5/2009	
   16	
  



High	
  SNR	
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Correla4on	
  over	
  SNR	
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AR(1)
model	
  

Gaussian	
  
model	
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Mul4-­‐tap	
  
AR(1)
model	
  



Conclusions	
  

•  As	
  SNR	
  increases,	
  correla4on	
  4me	
  of	
  equalizer	
  
taps	
  is	
  reduced	
  
– CEB	
  is	
  tracking	
  value	
  correlated	
  over	
  longer	
  4me	
  
– DA	
  should	
  do	
  worse	
  

•  Assumed	
  noise	
  sta4s4cs	
  were	
  sta4onary	
  
– Not	
  always	
  case	
  in	
  underwater	
  

•  Underwater	
  communica4on	
  is	
  power	
  limited	
  
– Operate	
  in	
  low	
  SNR	
  regime	
  (<35dB)	
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Future	
  Work	
  

•  Include	
  channel	
  state	
  informa4on	
  into	
  DA	
  
– Sparsity	
  

•  Reduce	
  number	
  of	
  snapshots	
  for	
  channel	
  
model	
  
– Physical	
  constraints?	
  
– Compressed	
  sensing?	
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Ques4ons?	
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