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TECHNOLOGYTECHNOLOGY
4DVar Wave 4DVar Wave AquisistionAquisistion Stereo SystemStereo System

IMAGE PROCESSING THEORY IMAGE PROCESSING THEORY 
VariationalVariational methods for partialmethods for partial

OCEAN SCIENCES OCEAN SCIENCES 
wave turbulence ofwave turbulence of ZakharovZakharovVariationalVariational methods for partial methods for partial 

differential equationsdifferential equations
wave turbulence of wave turbulence of ZakharovZakharov

nonlinear random wave fieldsnonlinear random wave fields

APPLICATIONS FOR WAVE MECHANICSAPPLICATIONS FOR WAVE MECHANICS
4D wave patterns, hydrodynamic effects  & Rogue waves 4D wave patterns, hydrodynamic effects  & Rogue waves 

oo CHEVRON PROJECT in Northern Adriatic Sea ITALYCHEVRON PROJECT in Northern Adriatic Sea ITALY
oo MOSE  PROJECT in the Venice LagoonMOSE  PROJECT in the Venice Lagoon



WWAVE AVE AACQUISITION and CQUISITION and AANALYSIS NALYSIS SSTEREO TEREO SSYSTEM (WASS)YSTEM (WASS)WWAVE AVE AACQUISITION and CQUISITION and AANALYSIS NALYSIS SSTEREO TEREO SSYSTEM (WASS)YSTEM (WASS)

Goal: study and predict ocean waves pattern from image sensors

• Image acquisition
(Bi/Trinocular Synchronized digital cameras)

• Image processing 
(Epipolar /Variational Stereo method)
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RECONSTRUCTION OF THE WATER 2D SURFACE FROM IMAGESRECONSTRUCTION OF THE WATER 2D SURFACE FROM IMAGESRECONSTRUCTION OF THE WATER 2D SURFACE FROM IMAGESRECONSTRUCTION OF THE WATER 2D SURFACE FROM IMAGES

Variational stereo solutionVariational stereo solution

Philosophy: adjust the 3D model to the 3D world represented 
by the data (images) so that an energy is minimized.

Explicit & deformable 3D model of surfaces

Deform surface until    “best match”
is achieved by energy  minimization.Forward projection

Left image Right image



Quantum version of the 
The Nonlinear Schrödinger (NLS) equation 
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…moreover for deep water narrowband waves 
the Zakharov equation  reduces to  the NLS equation… 
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NON-INTEGRABILITYINTEGRABILITY

Chaos Non-chaos

Nonlinear interaction of waves and solitons
PERIODIC ORBIT THEORY

Turbulence: walk through a repertoire of 
recurrent patterns- Cvitanović, GATECH

Nonlinear interaction of waves and solitons

NONLINEAR FOURIER ANALYSIS

Oceanic turbulence ofOceanic turbulence of Nonlinear interactions ofNonlinear interactions ofOceanic turbulence of Oceanic turbulence of 
ZakharovZakharov

Nonlinear interactions of  Nonlinear interactions of  
‘‘stochastic wave groupsstochastic wave groups’?’?



What happens in the neighborhood of a point x0 if a large crest is 
recorded  in time at x0 ? 

SPACESPACE--TIME covariance TIME covariance 
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“ “ stochastic wave groupstochastic wave group “ “ 
Boccotti 1989Boccotti 1989Boccotti 1989Boccotti 1989

“ “ Slepian modelSlepian model ““pp
Lindgren 1972, Adler 1981Lindgren 1972, Adler 1981
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ACQUAACQUA--ALTA PROJECT ALTA PROJECT –– funded by CHEVRON funded by CHEVRON 

Northern Adriatic 
Sea

Stereo analysis of 
waves propagation 

Deep waters

ItalianItalian

National

Research 

Council

Oceanographic platformOceanographic platform

“ ACQUA ALTA ““ ACQUA ALTA “



MOSE PROJECT MOSE PROJECT –– VENICE VENICE –– funded by PROTECNO funded by PROTECNO 

MOSE bil fl dMOSE mobile flood 
barriers for the 
defence of Venice

Analysis of wave 2D 
pattern water level andpattern water level and 
hydrodynamic forces

Venice harbourVenice harbour 
Authority

Analysis of ship 
generated waves 
on Veniceon Venice 
hystorical 
buildings





Input stereo pair images. The rectangular domain (8 m x  8.7 m). 

VARIATIONAL WAVE ACQUISITION STEREO SYSTEM (VWASS)VARIATIONAL WAVE ACQUISITION STEREO SYSTEM (VWASS)VARIATIONAL WAVE ACQUISITION STEREO SYSTEM (VWASS)VARIATIONAL WAVE ACQUISITION STEREO SYSTEM (VWASS)

p p g g ( )
The height of the waves is in the range ±0.2 cm.
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Reconstructed wave surface


