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Executive Summary  
The deliverable 6.3 focuses on the description of methods and tools that have been 
developed for the routine monitoring of the CH assets and broad areas as well, in the 
framework of the HYPERION project. The developed methods, apart from those 
related to deterioration mapping and material loss estimation, were applied on all the 
pilot sites (city of Rhodes, Granada, Venice and Tønsberg) and CH assets, and their 
products serve as reference data for the vulnerability models and post disaster 
damage assessment.  

In chapter 2, satellite remote sensing methods developed within the HYPERION 
project are documented. Advanced methodologies using PS and SBAS functionalities 
on Sentinel-1 time-series satellite data have been developed for producing long-term 
ground deformation maps. Additionally, several Convolutional Neural Network 
architectures have been applied on very high-resolution Quickbird and WV2/3 images 
and evaluated for their ability to produce reliable land cover change detection maps 
with emphasis on the increase of the impervious materials.  

In chapter 3, 3D modelling methods and analysis techniques were explored for the CH 
assets of the four pilot sites. Data acquired by cameras mounted on drones and mobile 
laser scanners have been used for the 3D representation of the CH assets. The 
produced point clouds, light models, texture models and sections provide a detailed 
3D documentation for the assets and serve as input data for the SG simulator that is 
developed within the HYPERION project. Additionally, they serve as the basis for 
material loss estimation and will be used as reference data for creating 4D 
representations of important infrastructures over different time instances and detect 
structural deformations and other types of alterations.  

Finally, in chapter 4, an integrated methodology based on 3D models and 
hyperspectral data has been developed for providing deterioration and material loss 
maps. Data acquired by mobile hyperspectral sensors were used in order to build a 
Spectral Library for the CH asset materials, identify their deviations from normal 
situations and produce deterioration maps. SAGA-GIS functionalities have been used 
to provide material loss maps. Additionally, deep learning methods have been used to 
detect flaws and defects such as cracks on the infrastructure by analysing the data 
received.  

The deliverable is intended for public use, and it will particularly be helpful for the 
partners involved in the design of the HYPERION platform.  
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1. Introduction  

1.1 Background  
The deliverable D6.3 “Methodology for routine CH monitoring with multi-type remote 
sensing” focuses on the routine monitoring of the CH assets and the broad area as 
well, for hazards with slow or gradual onset. The baselines for routine monitoring were 
set in D6.1 document as a part of the remote sensing-based multiscale monitoring 
system (RS-MMS) operational functions. In the same document, functions for the 
routine monitoring operation of the RS-MMS were defined and necessary data and 
state of the art methods for their deployment were reported. In this document, the 
specific methods and tools that have been developed within the HYPERION project for 
the routine monitoring are being reported and the routine monitoring products are 
presented.  

1.2 Scope and Objective  
The objective of this deliverable is the description of the methods that have been 
developed for routine monitoring function of the RS-MMS. Routine monitoring 
includes displacement and land cover change detection maps of the broad area for all 
the pilot sites (city of Rhodes, Granada, Venice and Tønsberg), three-dimensional 
models for all the CH assets that are studied within the Hyperion project, and 
deterioration and material loss estimation for specific parts of the facades of the Fort 
of Saint Nikolas and the Roman bridge in the Rhodes island.  

Satellite data after appropriate processing provide significant “background” 
information by pointing out hazards with a slow or gradual onset in the broad area of 
the CH monuments and facilitating change assessment including ground deformation 
and land cover changes. Since monuments are not isolated in the geographical space, 
assessment and evaluation of changes in their broader area are important because 
they serve as warning signals to the concerned stakeholders and facilitate them to 
take measures for preventing CH asset damages. To this end, advanced methodologies 
using PS and SBAS functionalities and Convolutional Neural Network architectures 
have been applied on satellite data aiming to produce reliable land deformation and 
land cover change detection maps, respectively.  
 
Another main objective of the HYPERION project is to provide 3D models of the CH 
assets. Data obtained by the Generic Ground Station have been properly processed 
for producing 3D representations. Specific goals of this task are the development of 
point clouds, light models, texture models and sections, in order to obtain a detailed 
3D representation of the assets, which will promote SG simulator functions, material 
loss estimation, and 4D representations over different time instances.  
 
Other objectives of HYPERION project are to explore hyperspectral processing 
methods for fast and efficient assessment of the material deterioration level. 
Hyperspectral data provided by the GGS were used in order to build a Spectral Library 
for CH asset materials, and spectral unmixing methods have been applied to identify 
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spectral deviations from normal situations and produce material deterioration maps. 
Additionally, deep learning methods have been used to detect flaws and defects on 
the monuments. Finally, specific terrain analysis techniques of SAGA-GIS have been 
applied on the 3D models for estimating material loss. Integration of the 3D model 
based material loss estimation with hyperspectral imagery spectral unmixing results 
provide complete assessment of the CH material degradation status. 

2. Study of the broad area for hazards with a slow or gradual 
onset  

2.1 Ground displacement  
Ground displacement monitoring is a critical factor to improve the awareness and help 
early recognition of potential risks. Understanding the ground deformation process is 
essential for better planning of CH risk mitigation actions. Ground deformation results 
were produced for all four pilot sites (Figure 1). 
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