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Observables
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Snell Descartes 
principle

• Propagation time

• Sound speed profile
(CTD measures)

• Absolute position & 
attitude of the 
plateform

• On-board ties

• Inter-beacons distance

• Inter-beacons depth 
differences
(pressure sensors)



Surface Segment Experiments
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Topometric Ties
            (1/2)
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Topometric Ties (2/2)
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Kinematic GNSS benchmarking
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1σ planimetrics precision : ~ 20mm    

Perturbation

1σ altimetric precision    : ~ 50mm

Differential 
positioning
• TRACK
• RTKLIB

PPP 
positioning
• GINS
• APPS (GIPSY)
• NRCAN-PPP

Reference station at 240km 



Error budget
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Nature Error
Topometric Ties 5mm
Kinematic absolute 
positioning

20mm (plani.)
50mm (alti.)

Water column 
temporal variations

10-3 seconds ≈
1.5 m

Ocean spatial 
heterogeneities

10-4 seconds ≈
15 cm
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Inversion Method
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1st mission : The GEODESEA Mission
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• 17-22 June 2015
• N/O Téthys II
• IUEM/LDO, LIENSs & Sonardyne collaboration
• 37 h 20 of acquisitions  (13500 exploitable pings)

GEODESEA  mission



Underwater Segment (1/2)
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3 Sonardyne Compatt 
Transponders ca. 2300m deep

2300m 

GEODESEA  mission



Surface Segment
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Acoustic Head + IMU GNSS in the extension CTD Probe 
1/2 time a day

GEODESEA  mission



Processing
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Results
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Used session : 21th June, 10h of acquisition, 13500 pings

GEODESEA  mission

No apriori information on 
beacons depth in this experiment



Residual analysis

16

[Spiess et al., 1998]

GEODESEA  mission



2nd mission : DIVACOU/CANOPUS Campaign

17DIVACOU/CANOPUS mission

• CANOPUS Project : Collaboration between iXblue,
IFREMER, CNRS/IUEM-LDO/LIENSs & 
Télécom Bretagne

• N/O Europe, 10-16 May 2017 off Toulon
• Test of the new generation of seafloor beacons
• 2 days dedicated to geodetic protocol



DIVACOU/CANOPUS Results
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Formal Sigmas (m)Trajectory

Available pings
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Key points &
perspectives

• development of an inversion 
method 

• On-board experiment ⇒
Minimization of the surface 
platform (Need of an ASV)

• A better consideration of the 
sound speed variations in the 
inversion



Thank you for your attention
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Temporal Sound Speed Variation Influence
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Barycenter restitution accuracy for different simulations, using a 
calm (blue) or variable (red) for different restitution strategies day, 

with stationary/drifting (●) or straight lines trajectory (■)
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Sound Speed Update
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