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Localization of bubble sources in 
a water tank for oil spill detection
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Outline

 Introduction

 Experimental setup

 Bubble sounds

 Localization

 Characterization

 Conclusions

 Future works
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sIntroduction

 Detection, localization, and characterization 

of oil leakages

 Oil leakages create underwater sounds 

through bubble oscillations

 Active sonar vs passive sonar

 Passive real-time monitoring system
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c
sTasks in this water tank study

 Study oil leakages under controlled 

conditions

 Develop and test localization algorithms

 Study bubble dynamics and its acoustic 

characteristics

 Conduct two types of oil leakage studies (a 

constant flow and a few bubbles)
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Experimental setup

8’

8’
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Bubble generation
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Movie of constant flow
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Sound of constant flow
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Movie of a few bubbles



J
a
m

ie
 L

. 
W

h
it

te
n

 N
a
ti

o
n

a
l 
C

e
n

te
r
 f

o
r
 P

h
y
s
ic

a
l 
A

c
o

u
s
ti

c
s

Sound of a few bubbles
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Localization concept
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LSE and TSE algorithms
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Top view of the setup
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6 signals from passive hydrophones

TOAs
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Results of four sources
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sBubble sound characterization

 Needle diameter

 Flow rate

 Jet velocity

 Total energy 

 Resonant frequency
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Total energy vs flow rate 
(for constant flow)
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Total energy vs jet velocity
(for constant flow)
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Resonant frequency vs needle size




 0

0

31

R
M 

Minnaert resonance frequency



J
a
m

ie
 L

. 
W

h
it

te
n

 N
a
ti

o
n

a
l 
C

e
n

te
r
 f

o
r
 P

h
y
s
ic

a
l 
A

c
o

u
s
ti

c
sConclusions

 Localization algorithms were able to determine the 

locations of bubble sources

 Acoustic signatures in terms of total energy and 

resonate frequency can be used to estimate the 

intensity and crack size of oil leakages. 
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c
sFuture works

 Repeat the tests on methane

 Study the bubble sound mechanisms

 Build a hydrophone array to measure the 

direction of arrivals  (DOAs)

 Develop algorithms using  the DOAs for 

localization.
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Calibration of sound speed

with an active hydrophone
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sSea floor seepage

Green Canyon 600, Gulf of Mexico
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Multi-beam sonar image 

of sea floor seepage

Green Canyon 600, 
Gulf of Mexico
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