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Significant unexplored shallow waters 
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What is Satellite Derived Bathymetry (reminder)? 

 

 

A survey method founded on analytical 

modelling of light penetration 

  

…that can yield useful and inexpensive 

depth information in shallow water (< 30 

m) in poorly surveyed areas 

 

but still with uncertain compliance with 

IHO S-44 
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The two methods of SDB 

sensor 

1. In the Empiric method (Lyzenga 1978), based on the 
exponential attenuation of radiance, the model is 
warped to match in-situ measurements: 

          Z = A.ln(V1-V1inf) + B.ln(R2-R2inf) + C 

2. In the Physics-based method, depths are obtained by 
inverting the equation of radiance received by sensor: 

Sensor receives this 
Depth 

  The Physics-based method is more robust & reliable, and (in 
theory at least) no longer depends on ground control. 

Depth Red Green 

Courtesy  

Dr John  Hedley 
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Published: Hedley & al. 2011, Remote Sensing of 

Environment 120, 145-1550, 145-155 
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SDB early processing (Lyzenga 1978) 
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 Needs survey lines and control points 

 One image calibrated at a time - Generalisation uncertain 
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Model performances highly dependant on quality of images  

Same atoll, 4 Pleiades images, 4 different valid depth ranges 

 Optimal performances require High Resolution images and 

suitable environment (wind, glint, current, sun, turbidity….) 
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SHOM findings 
Physics-based model is best 

although S-44 orders 1 and 2 are 

well out of reach. 

Physics-based model v. SBES 

Good satellite 
image: the Hedley 
model and its 
error bars are 
consistent with 
the survey depths 
down to 25 
metres  

Poor satellite 
image: the Hedley 
model and sonar 
survey split at 
around 12 metres 
while the module 
of error bars 
increases 
significantly  
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Physics-based model against S-44 Compliancy 

Best image out of 6: 

 70 % compliant 

Worst image out of 6: 

 28 % compliant 

Lyzenga Hedley 
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Détection des hauts fonds 
Shoals’ detection  



10 
 

16th MACHC Meeting 7 – 12 December 2015 

10 

 

Conclusions de l’étude (2/3) 

Some shoals not properly measured, not detected, 
or wrongly detected 
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Analyse 

Répartition des incertitudes 

No obvious link between depth range and accuracy of the model  
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SHOM tests of physics-based method 

Tahanea 

atoll 

Ouvea 

Loyalty Is. 

Geyser 

Reef 

(next) 
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There is not one single template relevant for any zone, 

any depth, any quality of image, any sea bottom nature… 

 it will be necessary to have many cases in order to 

possibly assess a universal template 

French 

Antillas 

(next) 
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Further developments & 

foreseeable improvements 

 Validation of the Physics-based method against MBES / lidar 

/ hyperspectral HR surveys (Indian Ocean – 2016). 

 Implementation of semi-automated data cleaning & 

decimation tools. 

 Thorough comparison with S-44 orders of precision. 

 Tests of image stability using co-registration. 
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Courtesy  Groupe ACRI 
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Effective performances 
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Costs * 

 In very shallow waters < 10m 

Acoustic 
(EM 2040) 

Lidar 
(CZMIL) 

Satellite 
(Pleïades XS) 

Survey (k€ per sq. km) 2.5 1.5 0.01 

Duration (hour per sq. km) 7 0.08 0 

Processing (hour per sq. km) 21 4 3 

Total Cost (k€ per sq. km) 3.3 1.7 0.1 

Total Duration (hour per sq. km) 28 4 3 

*Rough estimates 
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Conclusions 

 SDB can help filling the world’s charting gaps at reasonable 

cost. 

 There is no ideal technique that can do everything: SDB is very 

cost effective for first guess and global picture, Lidar and/or 

MBES is needed where high accuracy is required. 
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SHOM’s POC: laurent.louvart@shom.fr 


