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In	  large	  distances:



Horizontal/Vertical	  Propagation
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Delay-‐and-‐Sum	  Beamforming
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Low	  vs.	  High	  Frequency	  Propagation

Low Frequency	  Propagation High	  Frequency	  Propagation
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Simulation	  Geometry
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Mode	  1	  Propagation
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DOA	  Error
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Element	  Spacing
𝜽𝟎 = 𝟎°
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Effect	  of	  Range
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Beamforming	  Normal	  Modes
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When	  𝑏 𝜃, 𝜔 is	  max?	  
Standard	  Deviation
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Water	  Depth	  =	  150	  m	  	  	  	  	  	  Element	  Spacing	  =	  10	  m	  	  	  	  	  	  Number	  of	  Elements	  =	  16	  	  	  	  	  	  	  	  	  	  F	  =	  60	  Hz



• DAS	  beamforming	   is	  able	  to	  resolve	  the	  broadside	  bearing	  angle	  in	  shallow	  

water	  low	  frequency	  propagation.

• The	  error	  between	  the	  actual	  and	  the	  estimated	  DOA	  depends	  on	  array	  

geometry,	   frequency,	   sensor	  depth,	   range,	  and	  bearing	  angle.	  

Conclusions

Future	  Work
• Can	  the	  DOA	  be	  resolved	  accurately	  by	  the	  DAS	  beamforming	  or	  other	  

beamforming	  methods?

• Can	  we	  estimate	  the	  propagation	   information	   from	  the	  beamforming	   result?
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