
Instrument	  Noise	  Tes.ng	  

Albuquerque	  Seismological	  
Laboratory	  



Noise	  

Instrument	  Noise	  
+	  
Site	  Noise	  
+	  
Instrument	  Sensi.vity	  to	  
installa.on	  
+	  
Seismic	  Noise	  
=	  
Noise	  

What	  we	  want	  to	  measure	  

Really	  hard	  problem	  



Coherence	  Analysis	  

Install	  co-‐located	  sensors	  

Common	  signal	  

Incoherent	  noise	  



Different	  Methods	  

Three	  sensor	  (Sleeman)	  

Two	  sensor	  (Holcomb)	  

Raw	  Power	  



Sleeman	  
y	  =	  Seismometer	  Output	  
h	  =	  Transfer	  Func.on	  
x	  =	  Input	  to	  Seismometer	  
n	  =	  Seismometer	  Noise	  

Frequency	  	  	  	  Domain	  

Cross-‐Power	  

A	  liOle	  bit	  of	  math	  and	  you	  can	  solve	  for	  
the	  noise	  

Sleeman	  Noise	  



Velocity	  Sensors	  

Using	  mul.ple	  sensors	  
over	  mul.ple	  tests	  we	  
can	  make	  a	  point-‐wise	  
low-‐noise	  model	  for	  a	  
sensor	  



Accelerometers	  (New)	  

Noise	  models	  for	  
accelerometers	  

Not	  using	  coherence	  since	  site	  noise	  is	  below	  sensor	  noise	  



Horizontal	  Problem	  
Atmospherically	  	  induced	  .lt	  makes	  it	  difficult	  to	  es.mate	  horizontal	  self-‐noise	  

Tilt	  across	  ASL	  vault	  

Pressure	  

Es.mated	  using	  9	  STS-‐2s	  across	  the	  vault	  



The	  Missing	  Defini.on	  
Given	  .lt	  and	  instrument	  sensi.vity	  to	  non-‐seismic	  noise	  sources	  what	  
is	  “Instrument	  self-‐noise”?	  
	  
	  
	  
	  
	  
	  
	  

Is	  an	  instrument	  that	  pulses,	  but	  is	  quiet	  between	  pulses	  a	  quiet	  instrument?	  
	  
	  
Is	  an	  instrument	  that	  is	  noisy	  in	  field	  condi.ons,	  but	  quiet	  when	  tested	  a	  noisy	  
instrument?	  
	  
	  
How	  long	  should	  be	  allowed	  for	  an	  instrument	  to	  seOle	  before	  we	  call	  it	  the	  instrument’s	  
self-‐noise?	  
	  
	  



Summary	  

Co-‐locate	  sensors	  and	  remove	  common	  signal	  to	  get	  incoherent	  noise	  
	  
In	  ideal	  situa.on	  this	  is	  the	  “self-‐noise”	  
	  
By	  doing	  mul.ple	  tests	  you	  can	  approx.	  the	  self-‐noise	  of	  a	  model	  of	  sensor	  
	  
Horizontal	  noise	  is	  difficult	  to	  characterize	  because	  of	  .lt	  
	  
No	  consistent	  defini.on	  of	  INSTRUMENT	  self-‐noise	  



Thanks	  
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Tasič,	   I	  &	  Runovc,	  F.	   (2012).	  Seismometer	  self-‐noise	  es.ma.on	  using	  a	  single	  reference	   instrument,	   Journal	  of	  Seismology,	  16,	  
183-‐194.	  	  
	  
	  
	  


