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Underwater Acoustic Sensor Networks (UW-ASNs)

• Consist of:
– Stationary sensor devices   
– Autonomous Underwater Vehicles (AUVs)

• Applications:
– Oceanographic data collection 
– Pollution monitoring 
– Assisted navigation
– Tactical surveillance
– Disaster prevention
– Mine reconnaissance

• These applications require underwater communications
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Buoyancy-driven AUVs (gliders)Propeller-driven AUVs
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Under-Ice Exploration

• Under-ice bathymetric 
surveys

• Investigation of physical and 
chemical properties of under-
ice water

• Ocean current measurement 
and sea-ice thicknesses 
measurement

• Study the impact of climate 
change on the circulation of 
the world’s oceans

• Seismic measurement
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Underwater Localization
• Localization is important

– associate sensed data with position
– for AUVs to make decision
– for control and communications

• Challenges: localization uncertainty due to drifting or currents and 
self localization error

• Such uncertainty -> inefficient geographic forwarding  / routing 
failure

• On the other hand
– AUVs follow predictable trajectories 
– Such predictability can be used for localization and communications
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Under-ice Localization
• This is challenging

– Much deployment effort
– Surfacing is hardly possible
– Deployment of localization infrastructure is more 

difficult

• Localization is highly uncertain
• It is necessary to consider such position 

uncertainty  
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C. Kaminski, et.al. “12 days under ice – an historic AUV deployment in the Canadian High Arctic”, 
Proc. of IEEE/OES Autonomous Underwater Vehicles (AUV), Monterey, CA, Sept, 2010
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Existing Localization Solutions for AUVs
• Short Baseline (SBL) systems [1]

– Transponders for ranging are generally deployed on a surface vessel

• Long Baseline (LBL) [1]
– Transponders are tethered on ocean bed

• AUV Aided Localization (AAL) [2]
– An AUV following a pre-defined trajectory serves as a reference node
– AUV broadcasts its position upon a node’s request
– A node localizes itself using these broadcast positions
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[1] J. C. Kinsey, R. M. Eustice, and L. L. Whitcomb, “A Survey of Underwater Vehicle Navigation: 
Recent Advances and New Challenges,”  Proc. of IFAC Conference of Manoeuvering and Control 
of Marine Craft, Lisbon, Portugal, Sept 2006.

[2] M. Erol-Kantarci, L. M. Vieira, and M. Gerla, “AUV-Aided Localization for UnderWater Sensor 
Networks,” Proc. of International Conference on Wireless Algorithms, System and Applications 
(WASA), Chicago, IL, Aug 2007
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Existing Localization Solutions for AUVs (ctd.)
• Dive-N-Rise Localization (DNRL) [3]

– Similar to AAL
– Ocean current is considered, time synchronization required

• Communication and Navigation Aid (CNA) [4]
– Uses filters (e.g., Kalman filter) to predict positions 
– Relies on surface AUV’s GPS position and sensor readings (velocity, 

heading, depth)
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[3] M. Erol, L. F. M. Vieira, and M. Gerla, “Localization with Dive’N’Rise (DNR) beacons for 
underwater acoustic sensor networks,”  Proc. of the ACM WUWNet, Sept 2007

[4] M. F. Fallon, G. Papadopoulos, J. J. Leonard, and N. M. Patrikalakis, “Cooperative auv
navigation using a single maneuvering surface craft,” International Journal of Robotics Research, 
vol. 29, pp. 1461–1474, October 2010
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Overview of Our Approach

• Approach
– Use a team of AUVs with acoustic modems
– Localization relies on a subset of AUVs (references)
– No localization infrastructure deployment required
– Minimize localization uncertainty
– Minimize communication overhead for localization

• Contribution
– A probability model to estimate the position uncertainty
– An algorithm to minimize localization uncertainty by selecting an appropriate 

subset of references
– An algorithm to optimize the localization interval (minimizing the 

communication overhead)
– A Doppler-based localization technique that can exploit ongoing 

communications for localization (thus minimizing overhead)
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Position Uncertainty Model
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• Internal uncertainty: the position uncertainty associated with 
a particular entity/node (such as an AUV) as seen by itself.

• External uncertainty: the position uncertainty associated 
with a particular entity/node as seen by others [5].

• The following is an example model of a glider’s position 
uncertainty

[5] B. Chen and D. Pompili, “QUO VADIS: QoS-aware Underwater Optimization Framework for 
Inter-vehicle Communication using Acoustic Directional Transducers,” Proc. of IEEE SECON, Salt 
Lake City, UT, Jun. 2011
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Our Solution
• Two localization phases

– Distance-based localization with uncertainty estimate (DISLU)
– Doppler-based localization with uncertainty estimate (DOPLU)

• Why two phases?
– DISLU:   localization packet required,       no localization error due to rotation
– DOPLU: no localization packet required,  localization error due to rotation
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DISLU:
measure distances; 
estimate location;

estimate uncertainty.

DOPLU:
measure Doppler shift; 
estimate abs velocity;

estimate location;
estimate uncertainty.
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DISLU (high overhead)

• AUV i measures the 
round trip time to AUV j 

• AUV i estimates the 
distance to j

• AUV i can then 
estimates its own 
location
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• Probability distribution function (pdf) can be estimated by conditional 
probability
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DOPLU

• AUV i measures Doppler velocity 
from j

• AUV i can then estimates its own 
location
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Minimization of Localization Uncertainty

• Position Uncertainty Metric – Entropy

• Select the best subset of references so that the estimated 
entropy of internal uncertainty is minimized.
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Internal uncertainty 
region estimation

Pdf estimation

The subset nodes >=3 so that 
localization can be done 



ACM WUWNet’11, Seattle, WA, Dec, 2011

Communication Overhead Minimization
• Optimization of Ts -- the duration of DOPLU phase

– Estimate average time between consecutive on-going communications
– Adjust Ts so that Doppler from enough reference nodes are overheard

• Optimization of Tp -- the time between two DISLU phases
– run when the localization error is large
– Estimate the maximal Tp
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probability of the 
localization error being 

over a threshold is 
above a given 
probability γ
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Performance Evaluation
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• Two performance metrics
– Localization error
– Deviation of error

• Simulations
– Our testbed using 4 WHOI modems
– Channel simulated using audio 

processing card

• Simulation Scenarios
– Scenaro 1: AUVs stay 

underwater until 
mission finished

– Scenaro 2: individual 
AUV surfaces 
periodically



ACM WUWNet’11, Seattle, WA, Dec, 2011

Performance: Scenario 1

• Our solution has smaller localization error and deviation error than 
CNA/DNRL/AAL

• The external uncertainty notion reduces localization error effectively
16

Localization error Deviation error
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Performance: Scenario 2

• Localization error and its deviation can be reduced by 
periodically surfacing to get a GPS fix

• Our solution can effectively reduce the errors
17

Localization error Deviation error
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Communication Overhead
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• Using the Doppler shifts of ongoing communications can effectively 
reduce the communication overhead

• `Proposed solution w/ EU' has the largest communication overhead in 
the beginning due to external uncertainty information

• Communication overhead: CNA > DNRL/AAL > proposed solution
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Conclusion & Future Work
• Conclusion

– An uncertainty model  is proposed to model the localization uncertainty
– This model is used to estimate the internal uncertainty resulted from 

localization techniques
– The external uncertainty notion can be used to reduce localization error
– Our proposed solution is effective to minimize localization uncertainty and 

communication overhead
• Future Work

– Implement on our SLOCUM gliders, test and improve the solution

19Thanks. Q&A

First glider 
deployment near 
Atlantic City, NJ 
on10/18/2011


