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1 Introduction

The study of bathymetry is particularly important for understanding different kinds of phenomena, such

as wave dynamics, coastal erosion.. ecc. Traditionally water depth is measured with different kind of

sensors installed on a boat. This approach produces high precision data of the area of interest. On the

other hand this technique has some disadvantages, that are:

• Cost of survey;

• Kind of data. The collected data are limited to the examined area. It can be difficult to collect

data from large areas or to repeat often the analysis.

In the last two decades, with the spread of an increasing number of satellite data, different approach

to perform Satellite Derived Bathymetry (SDB) were tested. The main advantage of SDB is that the

analysis can interest large area and can be easily repeated in different moments. Basing on the analysis

of most recent scientific literature it is possible to find that the main problem of SDB approach is the

error on estimation. From a literature review it is possible to notice that the common range of error is

0,5 m – 2,0m, considering a range of depth of 0-30m.

In this scenario T.E.R.R.A. S.r.l. created an innovative algorithm (Poseidon) to estimate

water depth from satellite data. Poseidon is a powerful algorithm that can work from 0

m to 100 m of depth and generate estimation with extremely low uncertainty. In the next

paragraph it is provided an elaboration of the following themes:

• Satellite Derived Bathymetry with Poseidon. Short description of the algorithm created by

T.E.R.R.A. S.r.l.

• Output Description. Description of the characteristics of final product

• General Operative Procedure. Description of general operative procedure and data required

to perform SDB analysis with Poseidon
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2 Satellite Derived Bathymetry with Poseidon

The algorithm Poseidon is capable to estimate water depth from satellite images using the most advanced

statistical techniques. In particular the algorithm uses an unique combination of Machine Learning and

Statistical techniques to process multispectral satellite data. The most innovative aspect of Poseidon is

the “variable amplification” process. This phase consists of processing input data to improve number

and quality of predictors. This make Poseidon’s predictions so accurate.

Figure 1: Variable Amplification Process

In general a typical workflow of Poseidon can be described in the following steps:

1. Training.Training phase is based on measured data (so called training data). These data are

measured with traditional techniques. In the training phase Poseidon learns the existing relationship

between satellite data and measured water depth. During training this relationship is analysed with

defined computational and statistical techniques.

2. Validation. Validation phase is performed by predicting water depth on known depth points,
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which were not comprehended in the training set. The validation phase is fundamental to get the

information of uncertainty on the estimations. In fact knowing the predicted depth and the real one

it is possible to study the errors (Mean Error, Residual Mean Squared Error, Errors Distributions..).

The study of error can lead to the understanding of meaningful spatial patterns or to adjustments

to the way of analysis.

3. Prediction Phase. Once the model is refined the estimation of water depth can be repeated on

satellite data of the area of interest.

——Today the field of work of Poseidon is approximately from-0m to -100m of depth——
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3 Output Description

The final product of the bathymetric analysis with Poseidon is a georeferenced raster map of the water

depth. In particular this raster (Geotif format) is composed by the following layer:

• Layer 1. Water Depth (WDepth). This layer is the main result of the analysis. It contains

the estimation of water depth (expressed in m).

The precision of estimation is expressed by scientific consolidated error metrics (Root Mean Squared

Error, Mean Error...ecc). The following picture shows an exmple of bathymetric map of Cesenatico (FC)

in Italy created with Poseidon.

Figure 2: Batimetric Map of Cesenatico - Italy

Today T.E.R.R.A. offers two main standard products, that are:

• High Resolution Bathymetric Map. This product consist of a Raster with a spatial resolution

of 1mX1m

• Medium Resolution Bathymetric Map. This product consist of a Raster with a spatial reso-

lution of 3mX3m

• Low Resolution Bathymetric Map. This product consist of a Raster with a spatial resolution

of 10mX10m
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However depending on your needs Terra srl can customize the above mentioned products.

The main advantage of these products is the extremely low uncertainty on depth estima-

tions.

In fact Poseidon architecture has been refined using large datasets from different parts of the world.

The errors observed during tests were:

• Large scale estimation (water depth between -5m and -100m with 10m x 10m spatial resolution)

Residual Mean Squared Error (RMSE) of 2 m.

• Small scale estimation (water depth between -0 m and -5 m with 1m x 1m spatial resolution)

Residual Mean Squared Error (RMSE) of 2cm – 25cm.

The uncertainty found have been assessed over hundreds of thousands of control points.

However the previous errors give only an indication of the power of the algorithm. The

precise error assessment (magnitude and spatial distribution) is calculated basing on train-

ing and validation dataset of your own area of interest. Furthermore a short resume file,

with the description of all parameters connected to the analysis (assumption, date of the

analysis, description of results. . . ecc), will be provided.
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4 Fields of Application

Considering that Poseidon produces an high precision water depth estimation the fields of application

are multiple; in the following points different examples can be found.

• Satellite Derived Bathymetry. Poseidon maps can support traditional surveys in order to

acquire a more detailed information (improvement of spatial and temporal distribution).

• Coastal Monitoring. Evaluation of erosion and deposition phenomena, volume calculation..ecc.

• Infrastructures Planning. Study of water depth in order to find the best location where install

floating panels, floating building, build new port.. ecc.

• Statistical study of current. Using geospatial statistics, also combined with topological analysis,

it is possible to estimate current distribution.

• Ecological studies. (attitude for animal and/or habitat distribution)

• Environmental Impact Assessment. Study of Environmental Impact of boat navigation.

However T.E.R.R.A. S.r.l. can customize Poseidon and improve it with other specific

analysis and algorithms, depending on your needs. Moreover T.E.R.R.A. S.r.l. can integrate

Poseidon estimation with other geospatial data and geospatial analysis.

Dott. Marco Stevanin Dott. Filippo Tonion

C.E.O. at T.E.R.R.A. S.r.l. R&D at T.E.R.R.A. S.r.l.
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