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Abstract— Posidonia oceanica is an endemic plant in the 

Mediterranean whose presence depends on numerous natural 

and anthropic factors, which determine its irregular 

distribution throughout the basin. This makes it necessary to 

study the conditions that favour or limit the proliferation of P. 

oceanica and to adopt precise tools and mapping methods to 

monitor its health. Data obtained from remote sensing 

techniques require processing to prepare the images for possible 

analysis. The orthorectification process is a fundamental step in 

this image pre-processing phase. In this work, the application of 

both Object-Based Analysis and Pixel-Based Recognition 

classification methods was tested in order to isolate areas 

containing Posidonia oceanica in the image. The objective was 

to evaluate some of the most suitable mapping methods to 

provide accurate and repeatable data useful for the 

conservation of Posidonia meadows and the protection of the 

Mediterranean ecosystem. The results of the experimental work 

on orthorectification and Posidonia oceanica extraction methods 

are presented for a specific area of Sardinia (Italy).  

Keywords—Neo-Pleiades, Posidonia Oceanica, Sardinia, 

Orthorectification, object oriented, pixel based 

I. INTRODUCTION  

Posidonia oceanica (Linnaeus) Delile (from now on P. 
oceanica) is a marine flowering plant endemic to the 
Mediterranean Sea. As a flowering plant, it is capable of 
photosynthesis and possesses a system of roots, leaves, and 
fruits. P. oceanica plays a crucial role in coastal ecosystems, 
and the regression of its meadows has serious consequences 
for both the environment and human activities. Therefore, it is 
essential to study its biology, ecology, geographical 
distribution, as well as the threats it faces and the importance 
of its conservation. 

Contrary to what its name might suggest, the meadows of 
P. oceanica are found along the coasts of the Mediterranean 
Sea, extending from the strait of Gibraltar to the coasts of 
Turkey and from the northern coasts of Africa to the Adriatic, 
occupying the continental shelf from shallow waters down to 
depths of 40-50 meters [1]. Its presence in these waters is far 
from uniform. The meadows develop under specific 
environmental conditions characterized by high water 
transparency, stable salinity levels, and a depth that allows for 
good light penetration. The impact of human activities, such 
as pollution, urban development, and maritime traffic, has 
contributed to a significant reduction and fragmentation of 

these meadows, compromising their ability to regenerate and 
thrive in certain areas [2][3]. 

Ecologically, their role extends well beyond merely 
providing habitat; they also actively contribute to water 
quality by absorbing nutrients. However, their most 
significant characteristic that has garnered particular interest 
in recent years is their function as blue carbon reservoirs, 
storing carbon dioxide in sediments and thereby reducing 
greenhouse gas concentrations in the atmosphere, which 
mitigates the effects of climate change [4]. Additionally, P. 
oceanica meadows protect coastlines from erosion caused by 
wave action [5]. 

 

The influence of human activities on marine ecosystems is 
a central theme in understanding the threats faced by this 
species. The meadows of P. oceanica span all Mediterranean 
coasts, covering approximately 2% of the submerged area [6]. 
In Italy, they are found in both the Tyrrhenian and Adriatic 
Seas, surrounding the islands of Sicily and Sardinia. Over the 
past 50 years, the population of P. oceanica has declined by 
34%. In the north-western sector of the Mediterranean, which 
includes Liguria, the loss reaches 56% [7]. The habitat of P. 
oceanica extends from 0.5 to 40 meters in the sublittoral zones 
of the Mediterranean. In highly oligotrophic waters, it can 
reach depths of up to 50 meters, creating extensive and 
productive meadows. The optimal temperature for the growth 
of P. oceanica is around 20°C. Higher water temperatures, 
especially during marine heatwaves, can lead to decreased 
dissolved oxygen levels, negatively impacting the health of 
the meadows [8]. 

Given the aforementioned points, it is evident that 
monitoring P. oceanica meadows and developing various 
strategies to enhance monitoring efficiency is a topic of lively 
scientific debate. The tools typically employed for mapping 
underwater meadows are diverse and include established 
technologies such as aerial photography, side-scan sonar, and 
multibeam echosounders. In recent years, effective mapping 
increasingly relies on optical technologies, including satellite, 
aerial, and drone (UAV) remote sensing [9]. These 
methodologies are often integrated with laser techniques, such 
as LiDAR (Light Detection and Ranging), to enrich the 
available data with bathymetric components. In this study, 
remote sensing techniques were specifically applied to map P. 
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oceanica meadows, assess their health status, and analyse 
changes over time. Following data acquisition, geometric and 
thematic processing is required to accurately map the 
environmental features [10]. The data processing approach 
varies depending on the instrument used and the type of data 
provided by different suppliers, who may choose to release 
data at varying levels of rawness [11,12, 13 and 14]. 

For instance, in the study by [15], the collected data 
originated from Sentinel-1 and Sentinel-2 satellite surveys 
conducted over the Balearic and Maltese Islands in 2021. In 
contrast, this study utilizes two Neo-Pleiades images of the 
eastern coast of the Italian island of Sardinia. Initially, 
different techniques were employed for orthorectification 
using the Rational Polynomial Coefficient (RPC) model, 
incorporating Ground Control Points (GCPs) and Check 
Points (CPs) to separately evaluate precision and accuracy. 

In this case, the orthorectification of the satellite image 
primarily concerns the submerged portion of the image, 
presenting two main challenges: the lack of available GCPs 
and the difficulty of performing geometric corrections due to 
the combined effects of water depth and refraction. Finally, 
we present the preliminary results of classification attempts 
for P. oceanica meadows using both pixel-based and object-
oriented techniques. 

 

II. MATERIALS AND METHODS  

This study involves the orthorectification and 
classification of satellite images acquired by the Neo-Pleiades 
constellation. The two images used are portions of raw 
acquisitions, captured on 27/11/2021 at 10:15 GMT and 
02/01/2022 at 10:33 GMT. The Neo-Pleiades constellation 
follows a sun-synchronous orbit, ensuring that the satellites 
pass over the same location at the same time each day. This 
guarantees consistent illumination levels for images acquired 
over the same area.   

As an Earth observation constellation, Neo-Pleiades 
operates in a low Earth orbit at an altitude of 620 km, enabling 
a very high nominal spatial resolution (30 cm for the 
panchromatic band and 1.2 m for the other spectral bands). 
Moreover, its near-polar orbit allows the satellites to partially 
cover the poles and traverse almost all terrestrial latitudes, 
achieving near-global coverage. Each satellite completes an 
orbit around the Earth in just 97.2 minutes, with a short revisit 
time that enables it to pass over the same point on the Earth's 
surface twice a day. The repetition cycle is 26 days, meaning 
the satellite will revisit the same area with the same 
observation geometry after this period. The satellite's swath 
width, or the across-track acquisition width, is 14 km. 
Launched in 2021, the constellation’s satellites have an 
expected lifespan of 10 years.   

 

Neo-Pleiades operates across multiple spectral bands:   

- Panchromatic (450–800 nm)   

- Deep blue (400–450 nm)   

- Blue (450–520 nm)   

- Green (530–590 nm)   

- Red (620–690 nm)   

- Red edge (700–750 nm)   

- Near infrared (770–880 nm)   

 

The two acquisitions presented here focus on a section of 
the northern coast of Sardinia, specifically the easternmost 
part of the Sassari province, between Golfo Aranci and Capo 
Ceraso.   

To support the satellite data, additional datasets were 
obtained from the official Geo website of the Sardinia Region. 
These include a 1 m resolution Digital Terrain Model (DTM) 
derived from LiDAR data (where each pixel measures 1 m in 
both directions) and a 1:2000 scale Regional Technical Map 
(CTR) from the geographic database of urban centres and 
inhabited areas in Sardinia (DBGT_CU). 

Regarding the bathymetric component, since no high-
resolution bathymetric model is available through open-
source platforms, contour lines were derived from a nautical 
chart provided by the Italian Hydrographic Institute (IIM).   

The images were first imported into QGIS (v. 3.28) to 
extract the coordinates of approximately one hundred points, 
which were later used as GCPs and CPs for the 
orthorectification process, then carried out in PCI Catalyst (v. 
2223.0.0). The first images to be orthorectified were the 
panchromatic ones. Subsequently, the multispectral images 
were orthorectified after undergoing a pansharpening process, 
using the same GCPs and CPs as those employed for the 
panchromatic images. The pansharpening process was 
performed using the dedicated module provided by the PCI 
Catalyst software. 

For the multispectral images without pansharpening, an 
image coordinate conversion was performed to enable the use 
of the same GCPs and CPs. 

III. RESULTS AND DISCUSSION 

The previously described processes resulted in a total of 
12 orthorectified satellite images. For each of the two years 
(2021 and 2022), the multispectral, panchromatic, and 
pansharpened images were orthorectified both with and 
without bathymetric correction.   

To assess the accuracy of the images, it is essential to 
analyse the values obtained for the CPs. The orthorectification 
process ultimately employed approximately 80 GCPs and 20 
CPs. The CP errors (ranging between 30 and 40 cm on 
average) are higher than those of the Ground Control Points 
(25–30 cm), as is typically observed. This discrepancy arises 
because the image is constrained by the GCPs, whereas the 
CPs serve as independent validation points (Tab. 1). 

The CPs were randomly selected within the image (Fig. 1) 
and do not directly contribute to the estimation of the 
correction model. 

Considering that the panchromatic images have a spatial 
resolution of 30 cm, the obtained errors fall within an 
acceptable range, as they are close to this value for both 
panchromatic and multispectral images. Interestingly, as 
observed in previous experiments, in Neo-Pleiades images 
orthorectified using RPC models, the elevation residuals on 
GCPs are lower than the planimetric residuals. This behaviour 
may be attributed to the relatively small elevation variation in 
the study area. 
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Table 1. Total residual errors expressed in ground units for the 
multispectral and the pansharpened images. 

A well-known systematic difference exists between 
residuals in the North and East directions. Specifically, the 
accuracy of the X (East) coordinate is higher than that of the 
Y (North) coordinate. 

 

  

Fig. 1. Panchromatic image of 2021. Ground Control Points are shown in 

yellow, and Check Points in green 

This is due to the satellite’s pushbroom acquisition mode, 
in which the sensor captures an entire swath of terrain in a 
single instance along the direction orthogonal to the satellite’s 
motion. The East coordinate is therefore acquired 
perpendicularly to the satellite’s trajectory, making it more 
stable due to its geometrically “rigid” nature, which is less 
prone to temporal variations. In contrast, the North coordinate 
is influenced by the satellite's movement along its orbit, as 
well as by the stability of the platform and its navigation 

systems during acquisition. Since the image is progressively 
constructed as the satellite moves, minor instabilities in flight 
or data recording can introduce greater uncertainties in this 
direction [16].  In the latter case, in terms of orthorectification 
accuracy, it is currently not possible to rigorously assess the 
effect, as the ground control points (GCPs) and check points 
(CPs) used for orthorectification were measured on land, 
while no accurately measured control points are available on 
the seafloor. However, the effect of bathymetry can be 
observed with a difference in the shape and position of the 
seabed and consequently also the P. oceanica meadows. This 
shows how the effect of seabed depth cannot be neglected 
(Fig.2).  

 

 

 

Fig. 2. Orthorectified pansharpened image of 2021 without bathymetric 

correction (top) and with bathymetric correction (bottom). The effect of 
using bathymetry shifts and changes the shape of the seabed 

Following the application of pixel-based and object-
oriented algorithms, it was possible to measure the total 
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coverage area of P. oceanica meadows. Only the 
orthorectified multispectral image from 2021 was imported 
into eCognition Essential (v. 10.4) to explore the potential for 
image classification. After initially masking out the land area, 
the classification was performed on the marine portion of the 
image. A pixel-based classification approach was applied, 
distinguishing between P. oceanica and open water using the 
MCARI index, as used in [17]. It is worth noting that, although 
the MCARI index values were negative underwater, they 
consistently fell within a distinct range (between -4 and -7) 
where P. oceanica could be identified, as confirmed through 
visual inspection. The object-based classification was 
performed by segmenting the marine area using specific 
parameters of shape (0.1), compactness (0.4), and scale (5) 
which enabled the software to delineate units closely 
following the natural contours of P. oceanica meadows on the 
seabed. The segmented units were subsequently classified as 
either water or P. oceanica based on their MCARI values. 

The software then provided the meadow coverage area in 
pixels, requiring a conversion to square meters based on the 
spatial resolution of the images used (1.2 m).  

The area calculations revealed a significant difference (1.4 

km²) between the values obtained using the pixel-based (fig. 

3) and object-based algorithms (fig.4) in the multispectral 

image without bathymetric correction.  

 

 

 

Fig. 3. Result of pixel based classification of the multispectral image of the 

year 2021 with bathymetric correction. In dark grey the land, in light grey 

the sea, in green the P. oceanica. 

This discrepancy may be partially attributed to differences in 

the segmentation process of the marine surface between the 

two algorithms, as they employed different scale parameters. 

Notably, when classifying the same image with bathymetric 

correction, this difference was notably reduced (0.2 km2). 

 

 

Fig. 4. Result of  object-based classification of the multispectral image of 

the year 2021 with bathymetric correction. In dark grey the land, in light grey 

the sea, in green the P. oceanica. 

  CONCLUSIONS  

This study highlights the potential of high-resolution 
satellite imagery and classification tools for mapping P. 
oceanica meadows. While the absence of marine control 
points remains a challenge, applying bathymetric correction 
improved overall geometric accuracy and led to more 
consistent results between pixel-based and object-based 
classification. However, this should be considered a 
preliminary assessment, and further tests on different areas are 
necessary to fully understand the causes and significance of 
these results. 
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