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Task background & objectives


1. Why use cooperative AUV-USV operations ? 

2. Design choices and use cases for AUV-USV operations


3. Deep-sea positioning strategies 

4. Deep-sea positioning performance analysis 



JRA : Cooperative USV & AUV navigation

1. Purpose of cooperative AUV-USV operations ?


• AUV nav & scientific data need acoustic positioning 

• Sea-floor LBL-transponders are a time-consuming solution

• Research vessel are still used for this purpose


Will the use of an additional vehicle (the USV) solve the dilemma ?
Ifremer’s 6000m AUV ulyX on Pourquoi Pas ?



Defining a USV solution 
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Endurance Acoustic environment Positionning accuracy Surface USBL

Small fixed point hovering veh. full manoeuvering sea-worthy veh

Small fixed point vehicle (a) 	 vs 


• surface LBL 

• “virtual mooring”   

centered in survey area

• Small footprint on ship  

(space& crew)

• Battery powered, few hours

• Low impact

Fast seaworthy vehicle (a) 	  


• surface USBL 

• Follows AUV

• Larger footprint on ship  

(space& crew)

• Diesel engine, mutli-dive 

endurance

• Major equipment

USV design criteria 

2. Cooperative USV & AUV navigation – Design choices

USV characteristics (endurance, size…) & deployment conditions depend on positioning solution.

  

The task objective is to examine a USV use case in regards of the AUV positioning requirement. 



Evaluation on real data : USBL or surface-borne LBL

3. Cooperative USV & AUV navigation – positioning strategies

USBL and LBL to be 
implemented on USV




Main conclusions


• Range measurements from a single transponder (USV) allow to obtain global accuracy of the 
observed AUV path at the same level of performance as a series of USBL positioning. 


• Range-meter “virtual long baseline” provides accurate vehicle path observation at the cost of a 
longer and complex of trajectory. Deep positionning needs wider geometric extent and travel, 
not suitable for a USV in fixed position.


• Range-meter position observation is especially suitable for lawn-mower type missions, much 
less on rectilinear long distance transects.


• Whenever the support vessel “real estate” allows use of a larger USV, the concept based on 
USBL positioning will be more versatile and have advantages especially in exploration type AUV 
missions requiring the USV to follow the AUV path.

Cooperative USV & AUV navigation – positioning strategies

AUV/USV for deep-sea AUV positioning : range-only vs USBL



• Continued evaluation with surface-borne LBL


• USV experiment with USBL


• By-product : navigation post-processing software, new agorithms


• Perspective : Project SEMNA : real world trials with IFREMER AUV 
and EXAIL USV on blue-water research vessel

Cooperative USV & AUV navigation – ongoing work

IFREMER



Navigation - applications
Real-Time Post-Processing

Hybrid dead-reckoning navigation:
INS + DVL + Depth (+ USBL)

Maximum A Posteriori Estimate:

Optical navigation :
Stereo Camera + INS + Depth

Offline Photogrammetry:

Ensure safe 

navigation for  

data acquisition.

Highly accurate 

local navigation

(e.g. for online

3D mapping).

Recover highly 

accurate navigation

(e.g. for mapping).

Highly accurate 

3D reconstruction,

scaled from 

navigation sensors.

INS + DVL + Depth + USBL

Video / Still Camera(s) (+ nav)



Navigation - algorithms

Stereo Camera + INS + Depth



Navigation - algorithms

Stereo Camera + INS + Depth (+USBL)



Thanks for your attention !


