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1. INTRODUCTION 

Coastal areas management and monitoring represents a crucial challenge for future, especially 

considering the effects of climate changes. Coastal areas are fundamental because of the fragility 

of their ecosystems and because of the high number of human activities within these areas 

(navigation, urbanisation, fishery…ecc.).  

The harvesting of wild seaweeds continues to play an important cultural and socioeconomic role 

for many coastal communities on Ireland’s Atlantic seaboard. Although Irish waters contain a 

diverse and substantial benthic seaweed flora, only a few species are exploited commercially. 

Historically in Ireland, seaweed was commercially used as a raw material in the production of 

high-volume, low-value commodities such as animal feed and raw material for alginate 

production. Recently, with increasing acceptance of seaweed as a sea vegetable and its ever-

increasing role as a raw material in the cosmetic and pharmaceutical industries, there has been 

a renewed vigour in the Irish seaweed industry particularly with new entrants into the human 

nutrition and cosmetic markets producing high-quality, high-value products.(Mac Monagail & 

Morrison, 2020). 

In this contest Remote Sensing techniques represents an important support for monitoring 

activities and to plan a sustainable usage of seaweed resources. In particular Remote Sensing 

can give support in different aspects, such as increased geographical coverage and repeated 

measures over time (Vihervaara et al., 2017), that is fundamental also to understand effect of 

seaweed collection on the coastal ecosystems.  

The Remote Sensing approach can be easily implemented considering the rapid development of 

the last years, that concerned in particular the following aspects: 

- Technology development. The quality of satellite data is constantly improved in the last 

years in term of spatial, temporal and radiometric resolution. This allows end user to plan 

effective monitoring activities. 

- Data Analysis Techniques.The precision of Remote Sensing Based Analysis has been really 

improved in past years, using advanced data analysis techniques based on Artificial 

Intelligence (AI); among the most effective models for remote sensing data analysis can 

be found some Machine Learning algorithms, like Random Forest(Breiman, 2001), 

Support Vector Machines(Steinwart & Christmann, 2008) and K-Nearest Neighbors(Keller 

et al., 1985) that are particularly precise both in regression and classification problems. 

 

The aim of the work was to identify seaweed presence along Ireland coasts and to study 

connected aspects of the coasts (like coast morphology and kind of soils of coastal areas), using 

remote sensing data and AI combined with on field surveys. 

  



4 

 

2. MATERIALS AND METHODS 

The analysis of seaweed presence was based on Remote Sensing data analysis and was 

developed through different main steps, that are: 

- Definition of Area of Analysis 

- Choice of Satellite Data; 

- Satellite Data Processing; 

- Additional Data Processing; 

- Creation of Training and Validation Dataset; 

- Machine Learning (ML) Model Tuning; 

In the following chapters it is provided a description of the mentioned phases of the work.  

2.1. DEFINITION OF AREA OF ANALYSIS 

The Area of Analysis considered for this phase of the work consists of the western part of the 

Ireland coasts, including all the areas within a buffer zone of 750 m from the shoreline (both 

toward sea and toward land). The following pictures show the area of analysis assumed for this 

phase of the job.  
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Figure 1 Boundaries of Study Area 
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The study area showed in the previous picture is extended approximately 5670 km2, distributed 

along more than 3000 km of shoreline. 

2.2. CHOICE OF SATELLITE DATA 

Considering the kind of analysis to be developed, it was decided to acquire Sentinel-2 data; in 

fact Sentinel-2 data are particularly suitable for this work for the following reasons: 

• Spatial Resolution. The spatial resolution of Sentinel-2 data is relatively high, with a 

resolution of 10 m in the visible and NIR. This resolution is ideal to handle a classification 

of seaweed presence at national scale. 

• Radiometric Resolution. Having 13 bands that range from visible to far infrared, Sentinel-

2 data are particularly suitable to study environmental phenomena, using an AI based 

approach. 

• Temporal Resolution. The temporal resolution of approximately 3 days (considering both 

Sentinel-2A and Sentinel-2B) is ideal for seaweed monitoring, also considering possible 

changes due to sea storm.  

Considering the availability of data from a ground survey collected on 28/05/2021 on the Bantry 

Bay, it was decided to acquire Sentinel-2 data for that day, in order to have a starting point for 

classification.  

The following table contains an identification of Sentinel-2 images collected.  

ID Sentinel-2 ID 

1 T29UMA_20210528T115359 

2 T29UMT_20210528T115359 

3 T29UMU_20210528T115359 

4 T29UMV_20210528T115359 

5 T29UNA_20210528T115359 

6 T29UNB_20210528T115359 
Table 1 Sentinel-2 Images acquired for the analysis of Seaweed presence 

The following map shows a true colour composition based on visible bands of the acquired 

Sentinel-2 images. 
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Figure 2 Sentinel-2 True Colour Images Selected for the Day 28-05-2021 
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As it is possible to notice a part of the study area is covered by cloud. The choice to maintain 

this picture and to develop a cloud masking filter is important, considering the climatic condition 

of Ireland; in fact a cloud filter can reduce misclassification errors in a fully automated 

classification. 

2.3. SATELLITE DATA PROCESSING 

Satellite were processed using an innovative Variable Amplification Process (VAP), that lead to 

significant improvement in the study of Satellite Derived Bathymetry (Tonion et al., 2020); the 

VAP consists of a processing phase of raw satellite bands in order to create new meaningful 

variables to be used as predictors in the study of a particular phenomenon. The following picture 

gives a graphical representation of VAP. 

 

Figure 3 Scheme of Variable Amplification Process 

 Considering the aim of the work it was decided to extract different spectral indexes (predictors) 

that can help both in the identification of seaweeds (vegetation and water) and in the study of 

coasts (rock and vegetation). The following table resumes the spectral indexes used as 

predictors. 
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Table 2 Spectral Indexes calculated for each Sentienel-2 image 

For each of the acquired Sentinel-2 images, before the calculation of idexes of Table 2, it was 

conducted a resampling procedure, in order to reproject all bands of each image to the higher 

spatial resolution (10 m), with the same spatial grid. 

Each operation of satellite data processing and indexes calculation was performed with a 

dedicated algorithm written with R Studio. 

2.4. ADDITIONAL DATA PROCESSING 

In order to achieve the best possible classification, especially in the following phases of this 

work, additional variables to be included as predictors were calculated; in particular additional 

variables were: 

- Coast Morphology Index.  

- Coast Kind information.  

Both these two indexes were not considered as predictors in this phase of the work, but will help 

in the classification of kind of seaweeds in the following phase of the work. 

The following chapters give a brief description of the processing phase followed to calculate these 

two indexes. 

2.4.1. Coast Morphology Index 

Starting from the official Ireland Shoreline, available on the Irish government website, it was 

developed a spatial index capable to give a spatial information, within the entire study area, of 

the variation of coastal morphology and orientation.  

The procedure adopted included the following activities: 

• Conversion of the shoreline, from a spatial line object to a series of points (each point 

located at 60 m of distance from the others). The next figure shows a detail of the 

shoreline and the series of points. 

ID Index Description Formula  

CONFIDENTIAL 
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Figure 4 Detail of Point Series created to perform Morphological Analysis 

• Calculation of Azimuth between each point of the series and the following one. The 

calculus was performed automatically using a dedicated R script. 

• In order to distribute spatially the information of azimuth angle along the shoreline it was 

decided to perform a spatial interpolation of azimuth angle (available at each point of the 

series), within the study area. The result was an interpolated raster map within the 

boundaries of the study area. The following picture shows a detail of the interpolated 

map. 
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Figure 5 Azimuth interpolated map of a portion of the study area 

This variable will be used as predictor in the classification of different kinds of seaweeds.  

 

2.4.2. Coast Kinds Information 

The coast kind information was extracted using an AI based automated procedure, developed 

with R Studio. The following points give a brief description of the main steps of the procedure, 

while a complete description of each of the following points will be provided in the technical 

report of the next phase. 

- Definition of representative classes. It was decided to divide coasts in three classes that 

give representative information about the kind of coasts near within the study area; in 

details the classes selected were “rock”, “fine sediment” (including sand or clay) and 

“vegetation”.  

- Individuation of Training and Validation Area. Based on the Sentinel-2 true colour images, 

different polygons representative of the target classes were created along the entire study 

area. 

- Creation of training and validation dataset, dividing alternatively the polygons of each 

class in training and validation dataset. 

- Calibration of a Random Forest Classifier, based on an iterative procedure with training 

and validation datasets. 

- Classification of coast kinds, using the best classifier obtained.  

- Creation of a regular points grid, in order to extract the information of classes.  

- Interpolation of the point information within the entire study area; the result was a raster 

map within the boundary of the study area. 
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2.5. CREATION OF TRAINING AND VALIDATION DATASETS 

Considering the aim of the job it was decided to proceed with a supervised approach to the 

classification in this first phase of the work; as it is possible to see in literature the supervised 

approach is particularly suitable for classification with different classes dimensions (Carrizosa & 

Romero Morales, 2013).  

The definition of target classes aimed to distinguish both seaweeds and all other relevant classes 

within the study area that are not seaweeds; in detail the defined classes were: 

1) Seaweeds. This is the main target class, and includes different kinds of seaweeds. 

2) Water. This class includes sea water without the presence of seaweeds. 

3) Rock. This class includes rock out of the water. 

4) Fine Sediment. This class includes fine sediments out of the water. 

5) Vegetation. This class comprehends vegetation element outside sea water. 

6) Cloud. This class includes cloud cover areas within the study area; this class helps only 

in masking cloud covered area in order to don’t produce misclassification once the process 

will be fully automated. 

For each of the previous classes, different polygons, to be used as training and validation areas, 

were created. The creation of polygons along the study area was based on Sentinel-2 true colour 

images, ground surveys information and spectral indexes calculated.  

The result of the supervised creation of training and validation areas for the model was an 

ensemble of polygons for each of the target class. The following table describes synthetically the 

characteristics of the created polygons. 

Class ID Description Number of Polygons 

1 Water 14 

2 Rock 41 

3 Fine Sediment 27 

4 Vegetation 26 

5 Seaweeds 82 

6 Cloud 24 
Table 3 Polygons numerosity within different target classes 

As it is possible to notice from the previous table, the polygons numerosity of different classes 

is different. The reason of this difference is connected with the characteristics of each class. In 

fact dealing with classes like “water” it was possible to create big polygons within the study area; 

oppositely dealing with the class “seaweeds” it was necessary to define small polygons to avoid 

the consideration of not “seaweeds” area within the “seaweeds” class.  

The following pictures show a detail of different polygons created.  
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Figure 6 Detail of Seaweeds training polygons 

The following step concerned the creation of a regular points grid within the polygons of each 

class, for both the training and validation datasets. The following table provides the overall 

information of the numerosity of the created points both in training and validation datasets. 

Class ID Description 
Number of Points Training 

Dataset 
Number of Points Training 

Dataset 

1 Water 214 357 

2 Rock 203 235 

3 Fine Sediment 2305 2886 

4 Vegetation 253 244 

5 Seaweeds 1127 897 

6 Cloud 136 1912 
Table 4 Points numerosity within different target classes for training and validation dataset 

The next picture shows a detail of the spatial distribution of the created points for the seaweeds 

class. 
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Figure 7 Detail of Seaweeds training and   

For each point of the training and validation dataset, all values of predictors were extracted, in 

order to finish the dataset building phases and start the model tuning one. 

 

2.6. MACHINE LEARNING (ML) MODEL TUNING 

The Machine Learning (ML) model tuning phase aimed to identify the best configuration of the 

Random Forest (RF) model for data analysis.  

The methodology adopted was an iterative one, in order to find the best configuration of 

parameters. The RF parameters object of the iterative calibration were: 

- Number of Tree (Ntree) value. An integer number that represents the number of decision 

trees created to perform the analysis. The range of variation of this parameter values 

from 100 to 1500 in a sequence by 100.  

- Variable Split to create each tree (Mtry). An integer number representing the “height” of 

each tree, that is the number of variable split to create each single tree of the forest. The 

range of variation of Mtry was assumed from 2 to 8. 

The iterative procedure consists of the test of each combination of the Ntree and Mtry values 

within the fields of variation. For each RF configuration tested the Overall Accuracy was 

calculated (percentage of correctly classified points on the test dataset).  

Eventually it was maintained the configuration that ensured the highest value of accuracy.  

For the best configuration of Random Forest it was created a confusion matrix comparing truth 

and predicted class of the testing dataset; moreover all the consolidated classification metrics 
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(Overall Accuracy, K index, Cramer IV index, F measure by class) were calculated for the selected 

configuration of RF model.  
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3 RESULTS AND DISCUSSION 

The tuning procedure of RF tested 135 different combinations of parameters, considering the 

range of variation of Ntree and Mtry described in the previous chapter. In general the RF tuning 

procedure showed, in all the combination tested, high level of Overall Accuracy (OA), ranging 

from a minimum of 98.86% to a maximum of 99.14%. 

The best RF configuration was obtained with Ntree value equal to 600 and Mtry value equal to 

3; considering the best configuration the following table provides the confusion matrix of the 

classification performed, with the indication of the F measure by class.  

 

Class ID Description 1 2 3 4 5 6 F measure 

1 Water 357 0 0 0 5 0 99.30 

2 Rock 0 201 0 0 8 1 99.34 

3 Fine sediment 0 3 2866 0 0 4 99.88 

4 Vegetation 0 0 0 243 1 0 99.59 

5 Seaweed 0 30 0 1 881 0 97.40 

6 Cloud 0 1 0 0 2 1907 99.79 

Table 5 Confusion Matrix of RF Best configuration 

Moreover the following table provides different general metrics for the best configuration 

performance. 

Metric Value 

Overall Accuracy  99.14 

Kappa 98.76 

Cramer V 97.40 
Table 6 General Metrics for the Best RF configuration 

As it is possible to see from the previous table the classification with RF best configuration was 

affected by extremely low error rate. In particular considering the seaweeds class the minimum 

errors seen consist of a misclassification with rock class. Considering the extremely low error 

percentage it can be due to the real presence of rock and seaweeds at the same times 

(considering also the spatial resolution of 10 m in Sentinel 2 visible bands). 

The following pictures show a detail of the raster map produced with the best RF models. 
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Figure 8 Rastermap of RF best configuration prediction 

 

Figure 9 Seaweed maps of RF best configuration prediction 
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4 CONCLUSIONS 

The results obtained showed that the AI based approach was really precise in the understanding 

of spatial distribution of seaweed along the entire West Coast of Ireland. Such a high precision 

result makes the developed algorithm an ideal tool for monitoring, at high temporal resolution, 

the spatial distribution and the evolution of seaweeds along the coast. For these reasons this 

instrument is particularly suitable for: 

1. Seaweeds distribution monitoring as a support for national and local manager that will to 

gather all possible ecological information and trend analysis.  

2. Commercial subjects, interested in seaweeds harvesting operations. This algorithm can 

support them in logistic planning and in monitoring the harvesting effect. 
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5 FUTURE STEPS 

The second phase of the work will aim to refine the results of the present work and to improve 

it with a classification of different kind of seaweeds. 

For what concerns the improvement of quality of phase 1 results, the following steps will be 

followed: 

- Multitemporal Analysis. An interesting development of the phase 1 achievements will be 

the enlargement of training and validation dataset, with data from different Sentinel-2 

images within a year. In this way the ML based model will be capable to extend its 

prediction within the entire year. 

- Possible refinements of prediction after in situ surveys or analysis with seaweed 

distribution experts. 

For what concerns the contents of phase 2, the following steps are planned: 

- Identify the most recent cloud free Sentinel-2 picture. In order to get a baseline map of 

seaweed distribution.  

- Processing of the selected picture with the trained AI model. 

- Starting from the areas classified as “seaweeds” it will be tested the potentiality of 

unsupervised classification techniques in comparison with supervised ones (based on the 

experience of seaweeds end-users). After the analysis a complete report of seaweed 

classification potential, based on AI and Sentinel-2 Data, will be developed. 
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