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Underwater Surveillance

Detection and tracking of submarines using deployable hydrophone arrays



Problem Formulation
• Due to the uncertainties during the deployment 

process the exact location, orientation, and 
geometry of the arrays and sensor nodes are 
generally unknown.

• To optimize the detection, tracking, and 
classification performance, the geometry of the 
sensor systems and arrays should be calibrated. 

• Active calibration method exists, but they are costly 
(time consuming) and may revel the existence of the 
sensor systems.



Basic Idea
• Use signals of opportunity for estimation of 

the geometry of the hydrophones. 

• Formulate the calibration problem as a SLAM 
problem, where

• The location and velocity of the source is 
viewed as dynamics states.

• The hydrophone locations as map states.

• TDOA measurements are used as 
observations.

• Employ standard Bayesian SLAM algorithms 
for estimation of the states.



Signal Model

Cross correlation



Array Geometry Encoding

Array geometry



Estimation Framework

• Classical non-linear filtering problem.
• Many algorithms with varying performance and 

computational complexity:
• Extended Kalman filter
• Unscented Kalman filter
• Particle filter

• The fact that, given the source trajectory, the 
geometry of each node (array) can be estimated 
independently can be used to create very efficient 
algorithms (FastSLAM).



Experimental Setup: Array Geometry Calibration

Passenger ferry

Pilot boat

Basic properties
• 56 elements hydrophones elements per array.
• Nested array structure with a total length of 112.5 m. 



Reference Data Collection

AIS reference point

Acoustic center

Automatic Identification System Acoustic center vs AIS reference point

Broadcasting ID, position, speed, course, etc





Results: Direct Encoding of Array Geometry

Array #1 Array #2



Results: Indirect Encoding of Array Geometry

Array #1 Array #2



Bearing time record before and after calibration



Summary & Conclusions 

• A signal of opportunity based calibration scheme for 
hydrophone arrays has been proposed.

• The calibration scheme is formulated as a SLAM 
problem, meaning that standard Bayesian inference 
methods can be used.

• By encoding the array geometry using a “cable” 
model the knowledge about the maximum distance 
between hydrophone elements can be included in the 
estimation. 

• Further tests at multiple locations will be conducted 
to verify the consistency of the method.


