
AUTOMATIC LOCALIZATION OF SPERM WHALES  
AND SEI WHALES DURING MARINE SEISMIC SURVEY

Introduction
This poster presents the performance of a new automatic Passive Acoustic Marine Mammal Monitoring (PAM) system called QuietSea integrated 
within the seismic cables. The cetacean detection domain is broad because of the variety of the vocalizations possible. We present two case  
studies of mammal monitoring offshore Africa onboard CGG Oceanic Vega and CGG Oceanic Sirius in 2018: the automatic localization of Sei whale 
calls, and the automatic localization of Sperm whales clicks train.
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Quietsea Principles
Marine mammals emit 2 main types of vocalizations:
• Whistles (10 Hz to thousands of kHz) for communication.
• Click trains (1 to 100 per seconds) for navigation, communication or hunting.
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• Seismic channels record vocalizations in the seismic bandwidth (10 Hz to 200 Hz) with high redundancy.
• Higher frequency range (200 Hz to 96kHz) is monitored via modules installed along the streamer and below the seismic sources for accurate crossline 
and inline detection/localization.
• No port/starboard ambiguity thanks to a multi-streamer configuration.

General software architecture:
• Each in-sea module 
performs four main func-
tions.
• On-board real-time sof-
tware is fully integrated 
with the recording and 
positioning systems. It 
includes a database and 
a mapping application 
to display the results.

SYNOPSIS
Whale detector synopsis is described. Once several  
detections occur, Time Difference of Arrival (TDOA) 
are computed.

The localization of sperm whales is more difficult as sperm whales vocalize with clicks while  
diving hundreds of meters, which makes it difficult to accurately localize in the horizontal plane.

SYNOPSIS

CONCLUSIONS

This new PAM system enables the automatic and precise monitoring of marine mammals with:

• Wide bio-acoustic frequencies covered.

• Accurate crossline and inline detection/localization.

• No port/starboard ambiguity.

• High redundancy thanks to the high plurality of sensors.

The data acquired by CGG and Sercel during the numerous trials allows to continuously improve 
the detection and localization performances of an integrated and automatic PAM system into the 
seismic cables. Its architecture opens the opportunity for innovative detection and localization 
techniques that are not applicable to the conventional systems.

The PAM recording along the coast of Africa demonstrated that the automatic localization of  
Sei whale calls and Sperm whales clicks train benefits from the use of a wide sensor network  
integrated into seismic cables for marine mammal monitoring.

Contact Information: chistophe.l’her@sercel.com, simon.vallez@sercel.com, stephane.Coatelan@sercel.com 

ILLUSTRATION OF THE NEED FOR 3D COMPUTING 
Sperm whale localization display: 3D cost function at sea surface (unfocalized) and at 400m 
depth (hyperbolas intersect well).
• Red cross: sperm whale location.
• Blue square: hydrophones.
• Red dotted circle: exclusion zone.

Sei whale detection onboard Oceanic 
Sirius on January 28th 2018

Summary of Sei Whale detections 
onboard SIRIUS and VEGA from 
January 1st to April 1st Summary of Sperm Whale detections 

onboard SIRIUS and VEGA from  
January 1st to April 1st

Summary of estimated Sei Whale 
location relative to the vessels  

onboard SIRIUS and VEGA  
from January 1st to April 1st

Summary of estimated Sperm Whale 
locations relative to the vessels  

onboard SIRIUS and VEGA  
from January 1st to April 1st

Illustration of the depth Influence over the minimum cost function,  
localization made onboard Oceanic VEGA on April 10th 2018 02:54:1

3D cost function represented in a cutting plane at 360m and 390m  
for localizations made on Oceanic Vega on April 10th 2018  

at respectively 02:49:53 and 02:52:40 UTC

Tracking example: Successive estimated positions of 2 distinct 
Sperm whale on April 10th 2018 onboard  Oceanic VEGA 
(black dot = seismic source, blue square = sensors,  
red circle = 500m exclusion zone, yellow and pale red = time of 
localizations).

Sei whale detection onboard Oceanic 
Sirius on December 06th 2017

LOCALIZATION AND TRACKING EXAMPLES

LOCALIZATION AND TRACKING EXAMPLES

SUMMARY OF 3 MONTHS SURVEY

SUMMARY OF 3 MONTHS SURVEY

QC
To determine whether QuietSea is noise limited during a seismic survey, 
a quality control test consists of summing a simulated call of a marine 
mammal placed at a distance of 500m from each sensor to the signal  
acquired on each sensor.

Case Study 1 Case Study 2Automatic Localization of Sei Whale calls  Automatic Sperm Whale Localization 
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Example of Quality Control test on seismic channel at 128 m and  
2328 m of streamer 1 with the seismic source active. Blue lines  
represent the automatic detection of baleen whale vocalizations.
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