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THE TOWER STRUCTURE
•  Installed on March 1970, major reRitting in 2018 with a 

1M€ investment
•  Located 15 km off the coast of the Venice lagoon
•  Local depth is 17 m
•  Three Rloors + Terrace
•  Local power generators + solar panels +
      wind turbines
•  Continuous Internet connection via
       wireless communication bridge
•  The tower can host up to 5 persons

ATMOSPHERE, SEA SURFACE WAVES, CURRENTS, SURGE 

HYDROLOGY
•  Measurement of water temperature and salinity at different depths 

from the sea surface through the bottom
•  Applications

•  River plumes detection
•  Dense water related processes (northern Adriatic 

Sea is site of formation of the so-called North 
Adriatic Dense Water, NAdDW) è Exceptional event 
occurred during winter 2012

•  Long-term monitoring
•  Intruments: Microcat SBE37

•  Directional wave observation since 1979
•  Surge level integrated with the High-Tide
      warning system of the city of Venice
•  High frequency and Real Time delivery of 

data due to the fast data connection




STEREO WAVE IMAGING

BIOGEOCHEMICAL OBSERVATIONS

DATA SHARING and DEDICATED MOBILE APP 

APPLICATIONS
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which, by nature, is generally continuous and contains little
texture.

Modern object-based image processing and computer vision
methods that rely on calculus of variations and partial differen-
tial equations (PDEs), such as stereoscopic segmentation [33]
and other variational stereo methods [1], [7], [16], are able to
overcome the disadvantages of traditional stereo. For instance,
unmatched regions are avoided by building an explicit model
of the smooth surface to be estimated rather than representing
it as a collection of scattered 3-D points. Thus, variational
methods provide dense and coherent surface reconstructions.
Surface points are reconstructed by exploiting the continuity
(coherence) hypothesis in the full 2-D domain of the surface.
Variational stereo methods combine correspondence establish-
ment and shape reconstruction into one single step, and they are
less sensitive to matching problems of local correspondences.
The reconstructed surface is obtained by minimization of an
energy functional designed for the stereo problem. The solution
is obtained in the context of active surfaces by deforming an
initial surface via a gradient descent PDE derived from the
optimality conditions of the energy functional, the so-called
Euler–Lagrange (EL) equations.

In the context of oceanography, the first experiments with
stereo cameras mounted on a ship were by Schumacher [25]
in 1939. Later, Coté et al. [5] in 1960 demonstrated the use
of stereo photography to measure the sea topography for long
ocean waves. Stereography gained popularity in studying the
dynamics of oceanographic phenomena during the 1980s due
to advances in hardware. Shemdin and Tran [27], [28] applied
stereography for the directional measurement of short ocean
waves. A more recent integration of stereographic techniques
into the field of oceanography has been the WAVESCAN
project of Santel et al. [23]. Recently, Benetazzo [2] success-
fully incorporated epipolar techniques in the wave acquisition
stereo system (WASS) and showed that the accuracy of WASS
is comparable to the accuracy obtained from ultrasonic trans-
ducer measurements. Fig. 1 shows an example of a WASS
system currently installed at the Acqua Alta platform that has
been used to study space–time waves and spectra in the northern
Adriatic Sea [8]. An alternative trinocular imaging system for
measuring the temporal evolution of 3-D surface waves was
proposed in [32]. More recently, in [11], it has been shown how
a modern variational stereo reconstruction technique pioneered
by Faugeras and Keriven [7] can be applied to the estimation of
oceanic sea states. References [12], [15], [20], and [31] show
that this is an active research topic.

Encouraged by the results in [2], [9], and [11], in this paper,
we develop a novel variational framework for the recovery
of the shape and radiance of ocean-wave-given stereo images
acquired by calibrated cameras. In particular, motivated by the
characteristics of the target object in the scene, i.e., the ocean
surface, we first introduce the graph surface representation
in the formulation of the reconstruction problem. Then, we
present the new image processing algorithm in the context of
PDEs and active surfaces. We validate the performance of the
algorithm on experimental data and analyze the statistics of the
reconstructed surface. Concluding remarks and future research
directions are finally presented.

Fig. 1. (Left) Offshore platform “Acqua Alta” in the northern Adriatic Sea,
near Venice. (Center) Pair of synchronized cameras for monitoring the ocean
climate from the platform. (Right) WASS hardware installed at the platform for
recording stereo videos of ocean waves.

II. VARIATIONAL GEOMETRIC METHOD

This paper is inspired by the works in [2], [11], and [33].
In particular, the variational approach of stereoscopic segmen-
tation [33] is used to address the problem: The reconstructed
surface of the ocean is obtained as the minimizer of an energy
functional designed to fit the measurements of the ocean. In
every 3-D reconstruction method, the quality and accuracy of
the results depend on the calibration of the cameras. There
are standard camera calibration procedures in the literature to
characterize accurately the intrinsic and extrinsic parameters of
the cameras [19]. We assume that cameras are calibrated and
synchronized, and we focus on the reconstruction of the water
surface for a fixed time.

A. Graph Surface Representation

We consider S to be a smooth surface in R3 with generic
local coordinates (u, v) ∈ R2. The geometry of the image for-
mation process, which states how points in 3-D are mapped
into points on the image plane, is described by the pinhole
camera model [13]. Let {Ii}Nc

i=1 be a set of images of a
static (water) scene acquired by cameras whose calibration
parameters are {Pi}Nc

i=1. Projective geometry in homogeneous
coordinates provides a convenient framework to express such
a projection mapping due to the linearity of the equations.
A surface point (or, in general, a 3-D point) X = (X,Y, Z)⊤

with homogeneous coordinates X̄ = (X,Y, Z, 1)⊤ is mapped
to point xi = (xi, yi)⊤ in the ith image with homogeneous co-
ordinates x̄i = (xi, yi, 1)⊤ ∼ PiX̄, where the symbol ∼ means
equality up to a nonzero scale factor and Pi = Ki[Ri|ti] is the
3 × 4 projection matrix with the intrinsic (Ki) and extrinsic
(Ri, ti) calibration parameters of the ith camera. These parame-
ters are known under the hypothesis of calibrated cameras. The
optical center of the camera is the point Ci = (C1
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2
i , C

3
i )

⊤

satisfying PiC̄i = 0. Let πi : R3 → R2 note the perspective
projection maps, xi = πi(X), and Ii(xi) ≡ Ii(πi(X)) be the
image intensity at xi.

We present a different approach to the reconstruction prob-
lem discussed in [7], [33], by exploiting the hypothesis that the
surface of the water can be represented in the form of a graph
or elevation map

Z = Z(X,Y ) (1)

•  Stereo cameras mounted on 
      top of the platform
•  Space-time monitoring of
      sea surface waves
•  Applications: frequency-

wavenumber spectrum; wave 
extremes; white-capping 
coverage; wave crest speed; 
air-sea interface momentum 
Rluxes; …

•  Satellite-borne parameters in-situ calibration
•  Operational and research numerical model assessment
•  Calibration and inter-comparison of ship-borne 

instruments
•  Testing of new technologies (LoRa connections, X-Band 

radar…) in a safe environment
•  LTER (Long Term Ecological Research) network
•  Aeronet AErosol RObotic NETwork NASA
•  The platform is partner of JERICO (FP7 ProjectTowards 

a joint European research infrastructure network for 
coastal observatories, http://www.jerico-fp7.eu/tna).
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