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Executive Summary 

The deliverable 5.1 focuses on the description of methods and tools that have been developed for the 
assessment along the Inland Waterway (IWW) corridors and the surrounding disaster areas that could 
be affected by floods, land deformations, etc. using multi source remote sending data in the 
framework of the PLOTO project. The developed methods were applied on Use Cases B (Budapest 
region) and C (Wallonia region) and their products serve as reference data for post disaster damage 
assessment and routine monitoring procedures. 

In chapter 1, the comprehensive framework for monitoring inland waterways is described, ensuring 
regular maintenance and early hazard detection. The framework employs advanced computer vision 
and machine learning techniques for effective monitoring and damage management, while it 
integrates various data from satellites, UAVs and ground-based sensors. In addition, the data 
acquisition methods and data processing workflow are thoroughly described for each Use Case to 
produce Digital Elevation Models, 3D representations including both point clouds and 3D meshes, as 
well as orthomosaics. The acquired data, including RGB, multispectral data, and point clouds, serve as 
the basis for deformation and other types of alterations detection and will be used as reference data 
for creating 4D representations of important infrastructures over different time instances. 

In chapter 2, the methodology that was developed on water mapping is presented. For effective river 
monitoring and assessment of the affected areas during and after events, aiding management, and 
response efforts, the optical sensing instruments on satellites, such as the Sentinel-2 constellation, 
were leveraged. In this section, the state-of-the-art deep learning algorithms for inland water mapping 
were used to create binary water maps, improving upon traditional indices like Normalized Difference 
Water Index (NDWI). These water maps serve as foundational products for subsequent methods and 
applications focusing on flood and island detection, and river width estimation. 

In chapter 3, the methods for the multi-sensor synoptic assessment for different disaster scenarios are 
presented. First, by defining the various disaster scenarios for each Use Case and the sensor strategy 
that needs to be followed. The damage assessment tool that was developed focuses on the definition 
of abnormal water coverage and detection of the affected infrastructure utilizing all the available data 
that were acquired and integrated on the Ground Control Station. 

The deliverable is intended for public use, and it will particularly be helpful for the partners involved 
in the design of the PLOTO platform. 
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Figure 4: Sample of Sentinel 2A Band 6 in Romania. 

 
Figure 5: Sample of Sentinel 2A Band 3 in Romania. 

Figure 5 depicts a satellite overlay map, where satellite imagery is superimposed on a geographic map. 
The satellite image appears in grayscale, providing detailed views of terrain, land use, and water 
bodies, whereas the underlying map shows the geographical context, including cities, roads, and 
natural landmarks.  

Several types of data are provided by Sentinel satellites. Table 1 provides an overview of these types 
of data: 





https://www.sentinel-hub.com/develop/api/
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Figure 6: Polygons created to match the pilot area and the Sentinel polygons. 

 

By defining these precise polygons, seamless integration of new data with our existing models without 
introducing discrepancies, was achieved. This process involves detailed mapping and verification to 
ensure that each polygon accurately represents the area covered by the original training images. The 
result is a cohesive and reliable dataset that enhances the performance and accuracy of our project 
components, allowing for robust data analysis and insightful applications. This meticulous approach 
guarantees that the imagery retrieved through the Sentinel Hub API perfectly aligns with our 
established data parameters, fostering consistency across all stages of our project. 
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Figure 7: Map overlayed with Sentinel Standard Polygon (black grid) and GCS Polygon (red grid). 

Figure 7 depicts a geographic map overlaid with two distinct grid systems: the Sentinel Standard 
Polygon, represented by a black grid, and the GCS Polygon, shown with a red grid. Each rectangle 
depicted is a pixel of the images produced. The primary objective illustrated is the alignment of the 
GCS Polygon with the Sentinel Standard Polygon to ensure that the image pixels are correctly mapped 
and synchronized between the two systems. 

The black grid signifies the Sentinel Standard Polygon, the default tiling system used by Sentinel 
satellites. Each cell within this grid corresponds to a predefined area that the satellite imagery covers, 
ensuring consistency in how data is captured and referenced across different regions and times. 

In contrast, the red grid represents the Ground Control Station (GCS) tiling system. Initially, this grid 
may not align perfectly with the Sentinel Standard Polygon. Achieving proper alignment is crucial to 
ensure that the data captured by the GCS matches seamlessly with the satellite data, allowing for 
accurate analysis and integration. 

1.7 Drone Missions & Data Acquisition 

With respect to managing drone missions, PLOTO employs the drone ground station as part of the GCS 
component. This module is specifically designed to fulfil the requirements of PLOTO regarding the 
creation/planning of drone missions, assignment of these missions to drones, and subsequently 
uploading the collected data to the PLOTO Middleware (once the mission has been completed). This 
offered functionality ensures that the data is readily available for all other PLOTO components (upon 
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request). The management of drone missions is ensured through a robust tool designed to streamline 
the process of planning, executing, and managing drone missions effectively.  

The main list of functionalities that are supported by the Drone Missions & Data Acquisition module is 
provided to the users through a graphical user interface (UI) (see Figure 8). It is integrated with the 
PLOTO IMS/COP system that is provided by Satways Ltd. and is based on a legacy IMS/COP system, the 
ENGAGE IMS/COP that has been enhanced and adapted to the requirements and objectives of the 
PLOTO project.  

 
Figure 8: UAS Mission Management Perspective. 

Tailored specifically for the needs of the PLOTO project, this functionality offers the capacity to users 
towards creating mission plans in a friendly manner. Users begin by crafting missions through a user-
friendly interface (Figure 9) where they can input a mission title, select the UAV best suited for the task 
from a predefined list, and meticulously define the route that the UAV will follow during its flight.  

 
Figure 9: UAV Mission Create/Update Dialog. 
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that mission planners and operators have a clear and organized overview of all ongoing activities, 
enabling efficient coordination and management. The ability to track the status and progress of each 
mission in real time helps in quick decision-making and resource allocation.  

In the Figure 11, the UAS Missions view is presented. It includes: 

1. a set of buttons for creating new mission, deleting the selected mission and filtering, and 
2. the list of the already created missions, color-coded according to their current status. 

 
Figure 11: The UAS Mission view. 

1.7.3 The UAS Mission Data View 
In the "UAS Mission Data" view, users can delve into the granular details of each mission's performance 
and outcomes. This view aggregates telemetry data, sensor readings, environmental metrics, and 
other critical information collected during the mission. 
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Figure 12: The UAS Mission Data view. 

The UAS Mission Data view is presented in Figure 12. This view includes the following: 

1. Mission Status Label, which shows the selected mission status (Waiting Dispatch, Send, Completed) 
and is color-coded. 

2. Show route on map button, which shows/hides the route defined on the map. 
3. Export route to .kml file. 
4. List/Grid of data recorded during the mission, where all the data uploaded and linked to the 

selected mission can be found. 
5. Edit mission button, which is used to edit all mission information, and upload new data. 

1.7.4 The UAS Video Camera View 
The "UAS Mission Video Camera" view provides a real-time visual feed from the UAS's onboard 
cameras. This video stream is crucial for missions that require visual confirmation and monitoring, such 
as surveillance, reconnaissance and environmental assessment. Operators can watch live footage to 
track the UAS's progress, verify mission objectives, and respond promptly to any unexpected 
situations. Additionally, the ability to review recorded video post-mission allows for thorough 
debriefing and analysis, ensuring that every aspect of the mission can be evaluated and learned from. 
This visual perspective enhances situational awareness and provides a tangible connection to the 
mission environment. 

1.7.5 The Map View 
The "Map" view offers a geographical representation of the mission area, enriched with various 
overlays that display mission paths, waypoints, no-fly zones, and other pertinent geographical 
information. This spatial visualization is indispensable for navigation and operational planning. It 
allows users to plan and adjust flight routes, ensure adherence to airspace regulations, and coordinate 
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parameters that should be taken into consideration are the flight time limitation of the UAS 
(approximately 30 min) and the storage limitation of all the GCS components. 

 
Figure 16: The data during the acquisition were transferred and stored to the GCS. 

1.8.3  Digital RGB High-Resolution data acquisition and processing 
In order to fully document the areas and infrastructures of Use Cases A, B and C a large number of 
digital RGB images were taken in different ways according to the size, complexity and level of detail of 
each area using the DJI Zenmuse P1 full frame sensor (size 35.9×24 mm) mounted to the DJI Matrice 
300 RTK in cases B and C, while the DJI M3 RTK was used for Use Case A. All the acquired images were 
transferred and stored to the GCS. The Table 3 presents the number and size of RGB data, which were 
acquired for each Use Case. 

Use Case Aerial Images (RGB) 

Use Case A 
o Braila Area 
o Galati Area (3 sub-areas) 

 
273 (2.13GB) 
11709 (120.86GB) 

Use Case B 1102 (10.07GB) 

Use Case C 483 (7.64GB) 

Table 3: RGB Aerial Images acquired per Use Case 

The data processing procedure focused on the exploitation of both the photogrammetric data and the 
laser scanning data to produce a complete and uniform point cloud. First the digital images were 
processed using the Image Based Modelling (IBM) software Agisoft Metashape v.1.8.3 following the 
standard workflow as in every survey process. The captured images for each Use Case were loaded, 
examined and evaluated for their quality. The next step was the manual detection of the pre-marked 
targets (GCPs) to facilitate the alignment, scaling and georeferencing of each 3D point cloud. After the 
successful alignment of the images, the dense point cloud was generated. Then the point clouds were 
evaluated and based on the point confidence, the inevitable noise was cleaned to improve the 3D 
mesh and Digital Elevation Models (DEM) that were produced based on the point clouds. The 
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Figure 19: The infrastructure of Use Case B that was surveyed in detail was the Grain Warehouse (B7) in the blue box. 

A total number of 17 scans (4.88 GB) were performed in Budapest to survey the Grain Warehouse (B7) 
and Figure 20 shows the position of the performed scans.  

 

 
Figure 20: The position of the overall scans that were performed in Budapest to survey the Grain Warehouse (B7). 

The data processing of the acquired point clouds started with the registration using the Cyclone 
Register 360 (BLK Edition) software applying the Cloud-to-Cloud method since the overlap between 
the scans was large enough, while the aligned scans were then georeferenced by identifying the targets 
and setting the coordinates of the measured GCPs. The point cloud of each area was further processed 
using the Geomagic Wrap 2017 to reduce inevitable scanner errors (noise) and reduce the number of 
points leading to a smoother, lighter and more accurate 3D point cloud and model. 
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Use Case Aerial Images (Multispectral) 

Use Case B 511 x 6 Bands (12.9GB) 

Use Case C 1579 x 6 Bands (41.4GB) 

Table 5: Multispectral aerial images acquired per Use Case 

The data were transferred and stored to the GCS while the data processing was performed using the 
Agisoft Metashape v.1.8.3 software. The software identifies the multispectral images as a multi-
camera system during import as well as the calibration images. In order to use the higher resolution 
panchromatic band to align the data, the Panchro Band was set as primary channel, while all the 
images were radiometrically calibrated. To implement the calibration the reflectance of the dataset 
was calibrated by locating the panels and loading the reflectance values. 

Then the standard workflow of any photogrammetric processing was followed by aligning the photos, 
identifying common points and matching those among the images. The result of the alignment is a 
sparse point cloud and the computed camera locations. Then a denser point cloud (Figure 23) is 
produced and after that the 3D mesh and digital elevation model. Finally, the orthomosaic for each 
Use Case was produced and all the available products were exported. 

 

 

Figure 23: The point clouds that were produced using the multispectral data for Use Case B (top) and Use Case C (bottom). 

1.9 GS and GCS integration to the PLOTO platform 

The data produced by PLOTO GCS will be integrated with Task 5.3, which focuses on multi-sensor flaw 
and degradation assessment, and Task 5.4, which addresses multi-sensor synoptic assessment for 
various disaster scenarios. This integration will be achieved using the PLOTO Middleware as data 
storage. More specifically the data produced by the PLOTO GCS are stored in the Middleware SFTP 
server, and they are accessible through the Middleware interfaces to the rest PLOTO components. 

In the Figure 24 the flow of data to and from the PLOTO GCS is presented.  
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Figure 24: Data flow to and from PLOTO GCS component. 

As presented in the diagram, the GCS retrieves satellite data in geotiff images format. This 
communication is implemented through the Sentinel REST API described in 1.6.1.1. An example of an 
API call to fetch data is presented in Figure 25, where such a call is executed through the command 
line. The image that is downloaded is as a result of this call presented also in Figure 4 in Section 1.6.1. 

 
Figure 25: Sample cUrl call to Sentinel REST API to fetch data. 

On the other hand, the UAV operational route that is designed on the GCS application is exported in a 
.KML file from the Multi-Satellite & UAV GCS and uploaded on the UAV. Figure 26 presents the mission 
route as it is shown on ENGAGE UI in contrast with the KML file, visualized on QGIS. While executing 
its mission, the UAV transmits a live video stream which can be presented on the GCS application.  
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Figure 26: UAV mission route presentation on Engage on the right and on QGIS on the left. 

Once the GCS has gathered the necessary data, it forwards this information to MIDDLEWARE using 
Secure File Transfer Protocol (SFTP) to ensure secure data transmission. Figure 27 presents the 
directories in the SFTP server that host the uploaded satellite data, as well as the UAV flight data 
collected. 

 
Figure 27: Satellite data stored in the PLOTO SFTP server in the Middleware. 

In this context middleware functions as an intermediary layer that receives the data from the Multi-
Satellite & UAV GCS via SFTP. Although the specific operations performed by the middleware are not 
detailed in the diagram, it can be inferred that the middleware further processes, stores, or routes the 
data as required for subsequent PLOTO components. 
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In this effort, two deep learning algorithms i.e., WatNet and DeepWaterMap (Isikdogan, Bovik and 
Passalacqua, 2017, 2020; Luo, Tong and Hu, 2021) are used for inland water mapping. Figure 28 shows 
the water maps created using the deep learning methods. The created water maps are updated 
regularly i.e., whenever a new satellite image is available, and exploited as reference data for the 
developed approaches. 

 

 

 

 

Figure 28: Visualization of water maps created using the WatNet and DeepWaterMap architectures. 
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2.1.2 WatNet Architecture 
The WatNet (Luo, Tong and Hu, 2021) architecture is based on an encoder-decoder structure (Figure 
29). In more detail, the WatNet architecture consists of two main parts, the (i) MobileNetV2 (Sandler 
et al., 2019). al. 2018) and (ii) DeepLabV3+ (Chen et al., 2018) in an encoder-decoder fashion. 
Specifically, the MobileNetV2 was used as the encoder part while the DeepLabV3+ as the decoder. 
Furthermore, the MobileNetV2 encoder was improved, by the authors of the WatNet architecture, to 
process multispectral satellite images instead of 3-channel images, to capture different level of 
features and to create fine scale prediction maps. Moreover, the Atrous Spatial Pyramid Pooling (ASPP) 
(Chen et al., 2018) module was included into the DeepLabV3+ part to extract multiscale features by 
exploiting spatial pyramids. Finally, the WatNet architecture was trained using backpropagation and 
Adam optimization along with the binary cross-entropy loss. 

 
Figure 29: WatNet Architecture (Luo et. al. 2021). 

2.1.3 DeepWaterMap Architecture 
The DeepWaterMapV2 architecture (Isikdogan, Bovik and Passalacqua, 2017, 2020), is based on the 
DeepWaterMapV1 architecture (Isikdogan, Bovik and Passalacqua, 2017) (Figure 30). More concretely, 
the DeepWaterMapV1 architecture is an encoder-decoder architecture drawing inspiration from the 
FCN (Long, Shelhamer and Darrell, 2015) and ResNet (He et al., 2016) networks. To be more specific, 
the encoder is defined by multiscale convolution-batch normalization and ReLU activation function 
along with Pooling operations. Furthermore, the decoder is defined using the same structure but 
incorporating upsampling and concatenation layers in addition to the convolution, batch normalization 
and ReLU layers. Additionally, the authors exploited two types of skip connections based on the FCNs 
and ResNet, respectively. Based on the DeepWaterMapV1 the authors proposed the new generation 
of the algorithm called DeepWaterMapV2 resulting to a more memory efficient architecture. 
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Figure 30: DeepWaterMap Architecture (Isikdogan, Bovik and Passalacqua, 2017, 2020). 

2.1.4 Water Maps Assessment 
In general, the deep learning algorithms are evaluated using metrics like the accuracy, precision, recall, 
F1-score and Intersection over Union (IoU), and so valuable conclusions can be drawn for the 
performance of the developed model. The authors of the WatNet and DeepWaterMap architectures 
provide different metrics for their algorithms. However, the created water maps should be evaluated 
separately to decide if the inference step of such algorithms was the appropriate regarding the 
requirements of PLOTO or a fine-tuning process is necessary. Hence, a manual annotation of the main 
water areas of Sentinel 2 images was conducted to assess the performance of the algorithms to the 
pilot sites. Figure 31 displays some of the manual annotated images for the assessment of the created 
water maps. In total, the manually annotated images used for the assessment of the inference step of 
the two algorithms were 23. Of course, the authors of the papers presented a more detailed 
assessment of their algorithms.  
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Figure 31: Sample of the manual annotated Sentinel 2 images. 

Afterwards, the water maps for the same images were created by using the inference pipeline of the 
WatNet and DeepWaterMap algorithms. Finally, the ground truth images created manually, and those 
created using the deep learning algorithms were compared to calculate the accuracy, precision, recall, 
F1-score and IoU metrics. Table 6 includes the metrics presented by the authors of the deep learning 
algorithms along with those calculated using the manually annotated images. 

Table 6: Water Maps metrics 

To conclude, the performance of the algorithms satisfies the PLOTO requirements and so hereafter 
they are used in the developed pipeline for the water maps creation step. 

2.1.5 Products 
In fact, the created water maps are served as regularly updated reference data for the upcoming 
products. The end users, which will use the developed algorithms, should be benefited by the products 

 Algorithm Precision (%) Recall (%) F1-score (%) Overall 
Acc (%) mIoU (%) 

WatNet 96.6 96.7 --- 98.8 96.5 

DeepWaterMap V1 
& V2 

88 (av. 1, 3, 5) 89 (av. 1, 3, 5) 89 (av. 1, 3, 5) --- --- 

97 90 93 --- --- 

WatNet (Pilot Sites) 85.9 89.2 87.4 98.2 83.5 

DeepWaterMap 
(Pilot Sitees) 89.5 92.8 91.03 98.5 85.2 
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and use them to extract meaningful conclusions for the monitoring area. To this end, the created water 
maps are used for both the creation of raster and vector products. On the one hand, the raster 
products are the water maps, and the riverside extraction of the monitoring area. On the other hand, 
the vector data are in points, lines or polygons format depending on the type of the mapping objects. 
To be more specific, the developed pipeline extracts the water area, of the monitored area, in shapefile 
(.shp) format and as polygon or line type. In the continuation we delve into the creation of such 
products. 

2.1.6 Shoreline Extraction in Raster Format 
The water map of each region could be used for the extraction of the riverside of the rivers. In fact, 
the rivers shoreline is the line which separates the water area from the non-water area. So, by applying, 
an edge detector on the created water maps we can extract the shoreline of the river in raster format. 
Of course, the riverside extraction product is georeferenced and thus measurements with around ± 10 
m accuracy (Sentinel 2, pixel size) could be performed depending on the missing pixels. Figure 32 
shows an example of the shoreline extraction as a raster product.  

 

 
Figure 32: The shoreline extraction product. 
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2.1.7 Water Area in Vector Format 
Using the created water maps, a fully automatic procedure exploiting the geopandas library was 
developed to transform the raster water maps into vector data resulting in the water area in polygons 
and lines format in a .shp file. In fact, the created product could be added into a GIS software and 
exploiting the attribute table to update them with many useful information. The created pipeline 
exports the water areas of each image in a separate file. Figure 33 depicts the vectorized water areas 
for each pilot case. 

 

  

 

 
 



Dissemination level: Public (PU) - fully open   45 

 
 

 

 

Figure 33: Water Areas in Vector Format Polygon and Line. Polygons WatNet (first), Polygons DeepWaterMap (second), 
Lines WatNet (third) and Lines DeepWaterMap (fourth). 

2.2 Islet Detection and Vectorization 

The river islets are commonly considered for several applications e.g., inland water navigation and 
transportation, river monitoring and mapping among others. However, the dynamic environment of 
inland waterways makes the mapping of islets a demanding task. Hence the contribution of experts 
exploiting GIS software and satellite images, is required. Since decades the scientific community utilize 
satellite images for river monitoring applications due to the temporal and rich information provided 
by them for any place on earth. Most of the river monitoring methods, e.g., those investigating and 
mapping river islets, propose a manual workflow in which they utilize satellite images time series in 
combination with GIS algorithms (refs) to extract the desired information. Despite the high-quality 
results, these methods have serious limitations, such as the small monitoring area capability, the 
required expertise of the users and the human resources required in every application. Finally, the 
available manually annotated data about river islets are limited compared to other applications like 
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2.4 Defining Monitoring Space 

The end-users may want to monitor a predefined area of the river. Thus, the developed pipeline gives 
the opportunity to define the monitoring area using a line vector. To be more specific, the user could 
digitize once the monitored area using a GIS software and then to export it as .shp file. Then, the .shp 
is fed into the algorithm, which produced a new inference image including only the region of interest 
(Figure 36). 

  

 

 

Figure 36: Defining a new monitoring space using vector data. 

2.5 Experiment under real conditions 

Worldwide news media have been for days highlighting the worrying rise of the Danube's water level 
in December 2023. Flood alerts were issued across Hungary as the Danube water level reached its 
highest point since 2013. Since, the developed workflow was improved and became mature enough 
to be tested in near-real-time scenarios; it was applied on the ongoing event in Hungary. Figure 37 
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depicts two satellite images of the area of interest (Budapest, Hungary) acquired on 16th October 2023 
(Fig. 37a) and 28th December 2023 (Fig. 37b), respectively.  

 

 

  

Figure 37: Satellite images of Use Case B. 






























































