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A	  Novel	  Approach	  to	  Remove	  
Ocean	  Wave	  Loading	  Noise:	  The	  
Horizontal	  Pressure	  Gradient	  



Wave	  Pressure	  Noise	  and	  	  
Wave	  Loading	  

currents	   Ocean-‐Bottom	  Seismometer	  (OBS)	  

Waves	  



	  
Tilt	  &	  Wave	  Loading:	  

A	  common	  source	  of	  seismometrer	  
noise	  



Battling	  the	  Ocean:	  
Waves	  +	  Currents	  

	  	  	  Removing	  Ocean	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  noise	  

Pressure	  Gauges	  

Buried	  sensor	  Current	  Shielding	  

Tilt-‐Sensors	  



Battling	  the	  Ocean:	  
Currents	  

(and	  trawling)	  

•  Buried	  sensor	  

•  Current	  Shielding	  



Battling	  the	  Ocean:	  
Waves	  

Pressure	   Vertical	  displacement	  Vertical	  Acceleration	  

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒    =   𝐹𝑜𝑟𝑐𝑒/𝐴𝑟𝑒𝑎 	  =   𝑀𝑎𝑠𝑠∗𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛/𝐴𝑟𝑒𝑎 	  𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛= 𝛿↑2 (𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡)/𝛿𝑡↑2  	  



Pressure	  Gauges	  

Differential	  Pressure	  Gauge	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (DPG)	  

Absolute	  Pressure	  Gauge	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (APG)	  

•  Sensor	  measures	  difference	  between	  the	  external	  
pressure	  and	  pressure	  in	  a	  reference	  chamber.	  

•  Difficult	  to	  calibrate	  in	  Lab-‐	  Capillary	  leak	  time	  constant	  
changes	  with	  temperature	  and	  pressure.	  	  Calibrate	  
using	  Rayleigh	  wave	  ampl.	  (Fit	  data	  for	  absolute	  gain	  
and	  leak	  time	  constant)	  

•  Clips	  in	  shallow	  water	  on	  ocean	  waves.	  May	  clip	  on	  large	  
seismic	  signals.DPGs	  tend	  to	  clip	  in	  shallow	  water	  
(<300m)	  

•  Pressure	  notch	  allows	  good	  Rayleigh	  wave	  
observations	  in	  deep	  water.	  

•  Measures	  absolute	  pressure	  (includes	  water	  
depth).	  

•  Calibrated	  to	  an	  accuracy	  of	  0.01%.	  No	  
	  	  	  	  	  	  	  phase	  or	  gain	  uncertainty.	  Response	  is	  flat	  
	  	  	  	  	  	  	  in	  frequency.	  
	  
•  Never	  clips	  on	  any	  oceanographic	  or	  
	  	  	  	  	  	  	  	  seismic	  signal.	  (Tohuku	  earthquake	  as	  an	  example)	  
	  
•  Strong	  motion	  sensor!	  	  Can	  be	  used	  to	  observe	  

post	  and	  co-‐seismic	  elevation	  changes.	  

•  Relatively	  high	  noise	  level	  at	  high	  frequencies.	  
Solution:	  Augment	  with	  hydrophone.	  

•  Useful	  for	  oceanography.	  Tides,	  currents	  
	  	  	  	  	  	  	  	  and	  wave	  height	  
	  
	  



What	  about	  Horizontal	  Tilt	  Due	  to	  
Wave	  Loading	  

Horizontal	  Pressure	  
Difference	  

Tilt	  

∆y= 𝑦↓1   − 𝑦↓2   	  
	  

𝑃↓1   	  

𝑃↓2   	  
→	   ∆P= 𝑝↓1   − 𝑝↓2   	  

	  

𝑦↓1 	  

𝑦↓2 	  
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A	  Horizontal	  Pressure	  Difference?	  

𝑃↓𝑥1 	  

𝑃↓𝑥2 	  

𝑃↓𝑦1 	  

𝑃↓𝑦2 	  



Design	  Considerations	  

•  Sensitivity	  to	  pressure	  differential	  
•  Pressure	  port	  design	  
•  Trawl-‐resistant	  mount	  (TRM)	  

•  Two	  seismometers	  
•  APG	  
	  
	  
	  



Design	  Considerations:	  
Sensitivity	  to	  pressure	  differential	  



Pressure	  Sensor	  Design	  

Rubber	  Diaphram	  

	  	  XSG	  Penetrator	  
(Electrical	  wiring)	  

Pressure	  
	  	  	  Inlet	  

Pressure	  Sensor	  

Fill	  Port	  

7	  In.	  

4	  In.	  

Oil-‐Filled	  
Chamber	  



Testing	  Phase	  



It’s	  All	  Coming	  Together	  



Assy/Deployment	  

Seismometer	  
Attached	  to	  
frame	  

Seismometer	  
drops	  onto	  
seafloor	  

Inlet	  for	  	  
Pressure	  Gradient	  	  
measurement	  	  

Absolute	  Pressure	  
Gauge	  and	  
Data	  Logger	  



Lessons	  Learned	  from	  1st	  Test	  



2nd	  Deployment	  



*  Data	  is	  still	  being	  analyzed	  	  
*  25dB	  of	  noise	  supression	  
*  Instrument	  complexity	  	  

Results	  



Moving	  Forward	  And	  Conclusions	  

	  
*  The	  two	  components	  of	  the	  pressure	  gradient	  show	  potential	  to	  

be	  used	  to	  partially	  remove	  the	  wave	  loading	  noise	  from	  the	  two	  
seismic	  horizontal	  components,	  improving	  the	  signal	  to	  noise	  for	  
long	  period	  signals	  for	  sensors	  on	  the	  shallow	  seafloor.	  

*  The	  data	  set	  obtained	  is	  very	  short	  and	  it	  may	  be	  possible	  to	  
obtain	  better	  results	  in	  future	  tests.	  	  

*  Next	  deployment	  scheduled	  on	  the	  R/V	  Armstrong.	  


