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Sperm whales – The dive cycle
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Data: Time differences of direct and 
surface-reflected arrivals at 3
hydrophones of known depths                  
(h1, h2, h3) 
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Sought: 
l Source ranges (r1 , r2 , r3), source depth (zS)

l Uncertainty estimates accounting for 
measurement errors and sound-speed 
uncertainties

3-hydrophone 3D localization
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STEP 1: Range-depth estimation 
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Iterative 
scheme 

Bayesian formulation – GM inversion
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Data: Source ranges (r1, r2, r3), and 
corresponding   uncertainty estimates              
(from step 1), hydrophone positions and 
associated uncertainties

Sought
l Source position (xS,yS)

l Uncertainty estimates accounting for range 
and hydrophone position uncertainties

3-hydrophone 3D localization

STEP 2: Localization in the horizontal
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SΑvΕ Whales: System for the Avoidance of Ship Strikes with Endangered Whales
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SAvE Whales observatory – Basic features

• Real-time detection & localization of vocalizing sperm whales
• Localization accounting for sound refraction effects (ray theory) 
• Bayesian approach allowing for location uncertainty estimation 

• Autonomous acoustic buoys
• Efficient, low-consumption on board processing 
• Real time data telemetry and 2-way communication
• Synchronization through GPS
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• Hydrophone @ 100 m depth
• Onboard click detection / time estimation 
• GPS space/time reference/synchronization
• Two-way telemetry & communication
• Solar power supply

SAvE Whales Buoy



SAvE Whales Buoy

Modular design



Deployment

• Deployment 1: July-October 2020
• Deployment 2: May-September 2021

• 3 acoustic stations ~1 km apart
• 1 nm offshore (SW Crete) 
• Water depth ~500 m
• Λ-shaped moorings 
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SAvE Whales – Analysis challenges

• Arrival synchronization
• Detection of regular click patterns 
• Identification of arrival pairs in each reception
• Arrival association between receptions
• Simultaneous click trains (social groups)
• Computational efficiency 



SAvE Whales – Sperm-whale detections in summer 2021



SAvE Whales – Sperm whale localizations

16 July 2021



For more details: 

https://sites.google.com/view/savewhales
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in the Eastern Mediterranean Sea, 
Frontiers in Marine Science, Vol. 9, 2022   
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