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Executive Summary  
  
This document, titled “PANOPTIS detailed specifications, scenarios and KPIs”, is the 
deliverable corresponding to the work performed in task T 2.2.   
The goal of the document is to present the detailed specifications of PANOPTIS 
system (functional and non-functional specifications) in regards to the use cases and 
KPIs that will be used for validation of the system in the integration phase and during 
the test campaigns. 
 

CAUTION: Throughout the document, “system requirements” (as labelled in task 
2.2) are called “system specifications” for a better understanding and in order to 
make a difference with the “end-user requirements” (described in D2.1). 

 
The structure of the document is as follows: 

- Chapter 1 describes the purpose of this document, the intended audience and 
the interrelations between the present document and other deliverables within 
PANOPTIS project. 

- Chapter 2 explains PANOPTIS preliminary architecture, for each of the four 
modules (Hazards and Vulnerability, Sensing, Situation Awareness and 
Response, Middleware and Data Fusion Services) and for the whole 
PANOPTIS system.  

- Chapter 3 presents the use cases elaborated by the end-users (ACCIONA 
and EGNATIA ODOS) that will be used for validation of PANOPTIS system. 
There are two types of use cases: routine and emergency. Each use case is 
divided into three scenarios: operational, configurational and dynamic.  

- Chapter 4 describes the system specifications. They are provided for each 
module of the PANOPTIS system, and for each sub-module when necessary. 
They include functional and non-functional (operational, configurational, 
interface…) specifications. A traceability matrix is also provided, so as to 
show the links between each end-user requirement (as listed in D2.1. End-
user needs and practices report), use cases and system specifications.  

- Chapter 5 describes the existing state and the components that will be 
developed for PANOPTIS. 

- Chapter 6 describes the KPIs that will be used to validate PANOPTIS system, 
- Chapter 7 provides an example of decision trees that will be configurable by 

the users of the system.  
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1 Introduction  

1.1 Purpose of the Document 
This document is the outcome of Task D2.2, after the successful organization of 
workshops on M03 and M08. 
The objective of the task is to provide detailed functional and non-functional 
specifications of PANOPTIS platform, as well as use cases and KPIs that will be 
used for validation.  
For this purpose, PANOPTIS system has been divided into four modules (Hazards 
and Vulnerability, Sensing, Situation Awareness and Response, Middleware and 
Data Fusion Services) and the specifications were drafted according to these 
modules and sub-modules. 
The use cases describe the use of PANOPTIS system in operational conditions and 
the benefits of using PANOPTIS to improve road infrastructure resilience and 
management. 
 

1.2 Intended audience 
This document is public and can be accessed by any interested stakeholder.  
Among envisioned stakeholders, bodies that are external to PANOPTIS system are 
the citizen population and road operators (police, civil protection, health services), as 
well as road inspection offices.  
 

1.3 Interrelations 
This document closely interrelates with D2.1. End-user needs and practices report, 
as end-user requirements are linked to the system specifications and use cases 
described in the present document. Use cases and system specifications meet the 
needs of end-users. The traceability matrix in the document allows to check the 
satisfaction of user requirements by the system. The end-users can verify where and 
how their needs and requirements are taken into account in the system.

1.4 Iterative development 
PANOPTIS will be developed through two main different versions, V1 and V2. The 
development is incremental with user feed-backs as soon as one of the components 
is ready for integration. The specifications are thus associated with the versions of 
the systems: V1, V2 or industrialised version (for this last version, the specifications 
will not be (totally) fulfilled during the project (for technical or budget reasons).  
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2 PANOPTIS preliminary architecture 

2.1 General Concept 
PANOPTIS concept is in line with the DOT's perspective1, where they have identified 
three viewpoints: planning (CC/sustainability), engineering (RI protection) and 
operations (traffic, emergency management and security); three strategic levers: 
policy, people, and programs; with two different focuses: system and infrastructure 
component; and two different periods of interest: pre-event (risk reduction) and post-
event (impact reduction). 
There is a commonality shared in all these faces of the transportation community. 
There is a new appreciation for the challenges inherent in reconciling the similarities 
and distinctions among four common inter-related topics: a) Critical Infrastructure, b) 
Risk Management, c) Protection and d) All Hazards Emergency Management. 
The development of a new strategy based on resilience assessment includes a broad 
range of options to help manage risks and recover from system disruptions. In this 
new paradigm, resilience does not replace the four concepts. Instead it offers an 
overarching strategy that includes Risk Management, Protection and Preparedness 
as complementary strategies to prevent attacks and to identify and ward off 
additional threats and Adaptation, Recovery and other post-disruption strategies to 
restore normal road/transportation services, as well as longer term strategic 
approaches to adapt to CC and to wield policy tools for economic resilience. Such 
strategic approaches of improving the resilience that will be assessed during 
PANOPTIS will include adding redundancies to the assets or systems, having back-
up components available, adaptation capabilities allowing process to switch from one 
input or component to another, reduce vulnerabilities to specific identified threats, 
coordination and response capabilities during a disruptive event and assessing 
contingency planning, establishing priority access to critical resources, understanding 
and confronting interdependences etc.  
 

2.1.1 Approach 
PANOPTIS combines several complementary disciplines which are under the 
responsibility of different organisations. The environmental risks are provided by 
external agencies (private or public), the vulnerability of RI components can be 
provided by expert bureaus. The sensors can either belong to the company in charge 
of the RI (in situ sensors, vehicles) or to operators (satellites) from whom the sensor 
data shall be ordered. Some of PANOPTIS functions are real time (at human scale) 
like the damage assessment after a disaster or an accident or can be activated and 
perform on demand (planned inspections, etc.). The end-users of the system are also 
multiple. The main end-users are of course the RI managers that can have in 
permanence the RI status updated by PANOPTIS. But there are additional end-users 
that are highly interested by the RI status and events: road police, civil protection, 
firemen, health services and in general all agencies that will be involved in the 
response to accidents and disasters.  
 
PANOPTIS system is therefore distributed between agencies and levels of the 
agencies and the main subsystems of PANOPTIS can work to a large extent one 
independently from the other to prepare their “products” that they will share on fixed 
meeting points or on demand. The architecture of PANOPTIS shall therefore be 
based on subsystems that are loosely coupled and that can work in stand-alone 
mode if needed.

                                                
1
 Understanding Transportation Resilience: A 2016-2018 Roadmap NCHRP 20-59 report. 2016 



Deliverable D2.2: Detailed specifications,  
scenarios and KPIs  
 Version 2.0 Date 29/08/2019   
 10  

2.1.2 Components lay-out 
 
PANOPTIS system can be divided into four major sub-systems: 

- hazards and vulnerability, 
- sensing, 
- situation awareness and response, 
- middleware and data fusion services. 

The following drawing shows the lay-out of PANOPTIS system: 
 

 
Figure 1. Components Lay-out 
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2.2 Organisational architecture 
 

 
Figure 2. Organisational Architecture 

 

This view is a global and common architecture for both organisations with 
PANOPTIS system. 

However, in real conditions, each organization (ACCI/EOAE) may have its own 
specificities which will impose a customisation of this generic organisational 
architecture (number of centres, levels of responsibility, shared management 
(owner/operator, etc.) 

There are different levels in this view. All levels described have an IMS system.  

The lowest one is the Local Operation Center, which retrieves information from 
sensors through the SCADA system. It is situated on a localized area, e.g. a tunnel, a 
bridge or a slope.  

The level above is the Regional Operation Center. It collects information from all 
Local Operation Centers situated in the same region. Data are processed, merged 
and presented in the regional COP.  

The next level may be composed of the Main Operation Center or the Maintenance 
Center. The Main Operation Center sends actions to the Regional Operation 
Centers, e.g. in terms of traffic or other operational decisions. The Maintenance 
Center sends actions to the Regional Operation Centers, in terms of maintenance 
issues (for example, deicing campaigns or repairing of a defect).     

Finally, the RI management level offers a decisional support that is cascaded to all 
other levels of the system. This management is proper to each organisation. The RI 
managers, as the other levels, have access to the HRAP and the IMS (and thus to 
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the COP). All data collected from the lowest levels are pushed up to the RI manager 
level and included into this COP.  

At the same level as RI management, other end-users (road police, civil protection 
and health services), who are clients of the PANOPTIS core system, intervene as 
“consumers” of the COP and they can also enrich it by the data they can provide 
(positions of teams, detection of accidents, events etc.). Depending on the situation, 
they may send or receive information from the PANOPTIS system and feed or have 
their actions fed by the decision-support system.  
 
Another external stakeholder, the citizens, who may also provide information to the 
PANOPTIS system thanks to their particular position in the different situations of the 
road infrastructure. They can send through Mobile phones or specific applications on 
their navigation system a lot of invaluable information on the events they can witness. 
They may also be informed of the road infrastructure or traffic state by PANOPTIS 
system, e.g. an emergency situation which may affect their behaviour on the road. 
PANOPTIS architecture is fully compliant to the Intelligent Traffic System (ITS) 
concept in the sense where it can establish a link between the vehicles/drivers to 
share information in both senses.  

2.3 Functional architecture 
The system is composed of four sub-systems that are loosely coupled because they 
do not operate synchronously and with the same time pace. 

2.3.1 Hazard and Vulnerability 
 
This sub-system is composed of the multi-hazard modelling tools and the 
vulnerability tools, including the SGSA simulator.  
Modelling tools include: 

- hydrological/hydraulic modelling to produce inundation maps, 
seismic intensity measures and their spatial/temporal distribution, as well as  
stochastic modelling approaches for all possible scenarios, 

- precipitation and/or earthquake intensity measures on landslide-prone areas, 
forecasting module on weather and precipitation using hydro-meteorological 
sensors and Numerical Weather Prediction (NWP) models. 
 

Machine-learning techniques help collect data on “hot-spots” and vulnerabilities of 
the RI. Impact and risk assessment is provided by the vulnerability toolkit. 

 
The SGSA simulator exploits monitoring data from various sensors (both traditional 
and new sensors) as well as expertise of specialized partners. It produces detailed 
models that provide assessment of the hazards impact and help contribute to the 
decision-taking support. 
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Figure 3. Hazards and Vulnerability 

 

2.3.2 Sensing 
This sub-system is composed of: 

- the airborne sensors (UAVs and satellites) and their management, 
- the mobile sensors, 
- the ground sensors, 
- the EYE-D sub-module, which analyses images from the sensors, 
- the ACTINT-IA sub-module, which exploits the data received from 

ground/airborne sensors and produces reports with them. 

 
Figure 4. Sensing Module 
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The following view shows the different interactions of ground and airborne sensors 
with the image processing (or Eye-D) sub-module, the Generic Ground Control (or 
GCS) and the ACTINT-IA sub-module: 

 
Figure 5. Generic Ground Control Station Architecture 

 
 

Data exchanges with the GCS are bi-directional. The GCS sends mission tasks to 
the UAVs, which in turn send reporting to the GCS at the end of a mission.  
These reports are then sent to the ACTINT-IA sub-module, which provides a fusion 
of situations from all sensors. When necessary, sensors may also have their images 
processed through Eye-D, which sends these processed images to the ACTINT-IA 
sub-module. The fusion of reports will be then sent to the IMS, so as to feed the 
COP. 

 

2.3.3 Situation Awareness and Response 

The HRAP platform provides an advanced simulation environment that integrates 
data from all the previously mentioned sub-modules (hazard/impact assessment and 
modelling tools). The platform enables to run “what-if” scenarios and support 
decision-taking for operators and other concerned actors.  

The HRAP, the Common Operational Picture and the Decision Support System are 
integrated into the Incident Management System (IMS) software.  

Operators can analyse the situation and have access to a decision-support system. 
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Figure 6. Situation Awareness and Response Architecture 

2.3.4 Middleware and Data Fusion Services 
This module has interactions with all the other modules, as it collects data, stores 
and structures it, so as to make available this fusion data to the Situation 
Awareness and Response module. 
 

2.4 High level physical architecture 

All modules are intrinsically linked to each other.  

The Sensing module and the Hazard and Vulnerability module send data to the 
Middleware and Data Handling and Fusion Services module, so that all data can 
be compiled and that reports can be sent to the Situation Awareness and 
Response module through the Cloud.  

Data sent by the Sensing module are collected from the ground as well as airborne 
sensors.  

Data sent by the Hazard and Vulnerability module are collected from the 
meteorological and seismological centres, the simulator and modelling tools. This 
module is also fed by data from the Sensing module.  

 
Figure 7. High-level Physical Architecture of the Whole System 
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3 Use Cases 
 
This chapter describes the use cases that will be used for the validation of 
PANOPTIS system in WP7. 
 
From a general perspective, there are two main use-cases applicable to road 

infrastructure management:  

- routine use-case, referring to routine maintenance of the road assets, and  

- emergency use case, relating to crisis/catastrophe management when a 

hazard happens. 

Within these two big use-case categories, a set of use cases has been specifically 

defined for PANOPTIS project, based on the specific end-user needs of the Spanish 

and Greek site. These end-user needs are in turn founded on the site specific 

hazards affecting the road infrastructure under study. 

Below, each PANOPTIS use case is described. For a better understanding, the use 

cases are composed of three parts. 

Operational scenario  

description of the issue and the actions done without the system. 

Configuration scenario 

description of the fixed system configuration so as to address the issue 

(sensors (in situ and deployed afterwards), platforms and their type, 

configuration for the drones if any).  Architecture of this specific 

configuration of system included (sequence diagram). 

Dynamic scenario 

detailed description of all the steps that will be done when addressing the 

issue with the system. In this part, the system is described in its dynamic 

configuration. 

 

3.1 Routine Use Cases 

3.1.1 Use Case #1: Inspection of the stability of slopes - soil erosion in 
cut-slopes of Spanish 2-Highway (ACCIONA) 

 
The cut-slopes of the Spanish demonstration site are not expected to provoke a deep 

landslide, because they are not located in a geotechnical active area and therefore 

they are not expected to experience significant displacements.  

Nonetheless, the Spanish slopes suffer intense erosion due to weathering, leading to 

the loss of significant amounts of earthy material which puts in risk the stability of the 

slope, and eventually, if reaching the main road, represents a serious hazard for the 

road traffic. These “superficial landslides” are hard to predict and prevent, and 

consequently, require continuous monitoring effort for the road operators. 
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Figure 8. Cut-slope selected for validation of slope's stability use case in Spanish A2-
highway 

 
Operational scenario 

The stability of cut-slopes is monitored every day (three times a day), to ensure that 

the eroded soil does not find the main road. The inspection is carried out by stand-up 

personnel or cameras attached to service vehicles (man-operated). There is not any 

supportive sensors or surveillance equipment installed in situ for remote monitoring. 

The inspection is basically visual, based on the operators’ technical judgement and 

supported by graphic material (videos and photos). The inspection includes:  

- General supervision of slope’s berms and base status including the 

slope’s furniture such as retaining walls, anchor bolts, etc. 

- The measurement of impairments, such as detached earthy material 

and evolution of cracks 

- The estimation of likelihood of landslides, especially in areas lacking 

protective elements such as a mesh or vegetation cover, by assessing 

the appearance of intense gully erosion, deformations and cracking on 

the surface.  

- In addition, conservation missions are scheduled in a frequent basis 

(based on the results of the inspections) to refill the earthy material 

lost in the landslides, and seal cracks and joints of berms.  

 

The main drawback of the current operational scenario is that the results of the 
inspection are limited to the inspector’s skills.  In addition, the inspector has limited 
access to certain parts of the slope, especially to the top berms, due to involved 
operational hazards. Consequently, the inspector can only detect landslides and 
impairments of certain entity, but not the small defects, and can hardly foresee a 
landslide. 
 
 

Configuration scenario 
With PANOPTIS, the solution proposed is aimed at reducing the man-made effort 

through remote data acquisition and automatization of the whole inspection process. 

In addition, the objective is to increase the accuracy of the measurements of soil 
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erosion, and model the likelihood and impact of erosional phenomena. The 

monitoring configuration proposed is as follows: 

- A permanent RGB camera (continuous data stream) installed in each 

one of the slopes to be monitored. The camera sends continuous data 

to PANOPTIS system for analysis of erosion evolution (loss of soil 

volume, evolution of gully erosion, changes in geometry), and other 

stability parameters (evolution of cracks). 

- Missions with UAV every 4 months2 equipped with (1) RGB camera 

and GNNS to obtain DSM-3D models, estimate the volumetric 

differentials of earthy material, and provide distress analysis of the 

slope’s surface via machine learning; (2) multispectral camera to 

monitor vegetative growth. 

- 3D Laser scanning of slopes using a total station (Trimble SX10) in a 

yearly basis at least, to complement measurements taken with the 

UAV platform and the permanent RGB-camera. Laser scanning 

delivers high density 3D point clouds for more accurate 3D models of 

the geometry of the slope (mm precision). 3D scan data with high 

geometrical precision are provided to PANOPTIS system for 

processing the 3D models.  

- Micro climate weather stations to monitor local water precipitation in 

real time. 

- Empirical model of erosion of slopes able to relate the local rain 

precipitations with the volume of soil erosion is continuously updated 

with data of the in situ sensors, allowing for precise prediction of soil 

loss by hydric erosion. 

The data taken by the permanent RGB cameras and by the micro-climate weather 

stations is acquired in real time by a local data acquisition system which sends the 

data to PANOPTIS middleware to integrate in the IMS/HRAP and update the erosion 

model.  

The data acquired with the sensors attached to the UAVs is collected and processed 

(creation of 3D models and machine learning of defaults) in a generic GCS that 

sends the information to the PANOPTIS middleware, once processed.  

Similarly to data from UAVs, the laser scanning data acquired with a local total 

station will be integrated after processing to the middleware server at PANOPTIS 

Virtual Data Center to update the erosion model in the PANOPITS Virtual Data 

Center.  

 

                                                
2
 All frequencies of UAV inspections mentioned in this document are ideal values. They are 

applied without considering the practical factors and limitations. 
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Figure 9. Sequence diagram of the interactions between all the sub-modules of the 

system used for this particular use case 
 

Dynamic Scenario 
The steps are as follows: 

1: generation of 3D model with 3D laser scanner point clouds to update slope’s 

geometry at very high accuracy level in the PANOPTIS COP (every 6 months) (laser 

scanner provides mm precision whereas RGB cameras work at cm scale). 

2: collection in streaming of new information from permanent RGB cameras and 

micro-climate weather stations installed in situ 

3: analysis of information previously collected by RGB camera (analysis of geometry 

deformation, evolution of cracks, and estimation of soil erosion) and weather stations 

to update erosion model in a continuous basis in the PANOPTIS COP 

4: preparation of UAVs for the visual inspection every 4 months 

5: deployment of the UAV and taking of pictures 

6: list of defaults seen on the slope thanks to the pictures  

7: analysis of defaults (automatic and manual) 

8: 3D geometric processing of images taken by UAV to estimate loss or soil material, 

and to update 3D models geometry in the PANOPTIS COP 

10: integration into the C2 interface (IMS) of all the metadata collected at the 

previous steps, so as to update the COP  

11: re-adjust/update the empirical hydric erosion model with new data of soil erosion 

taken by complementing sensors: permanent RGB camera, UAVs and 3D laser 

scanner, and data from local rain collected by micro weather stations. 

12: use the updated empirical erosion model to predict the likelihood and the impact 

of future erosion/landslide phenomena (PANOPTIS HRAP/DSS). 

 

3.1.2 Use Case #2: Inspection of the stability of slopes - geotechnical 
stability (displacement) (EGNATIA ODOS) 

 
There are various reasons for slopes to lose their stability. Seismic loads as well as 
rain are factors for the apparition or the acceleration of landslides and mudslides 
creation. 
The consequences of landslides are the obstruction of the road and the risk of traffic 
accidents, as well as the overloading of bridge piers founded inside active landslide, 
as it is for central piers of I/C Panagia bridge. 
The needs are the calculation of stability and the modelling of the ground surface 
deformations and slope displacements, as well as the combined response of the 
bridge piers under triggered landslide through the piers’ basement/foundations 
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Inclinometers/ piezometers’ records on a monthly or bimonthly base from the last 15 
years are already available.  
 
Description of landslide prone areas: 
In the selected road section of Egnatia Odos for the PANOPTIS field trial, there are 
some critical areas which are landslide prone and they were stabilized during the 
construction of the motorway. The Great Cut, a high cut slope section between 
Malakaci A tunnel and Kostatrakos tunnel, was stabilized by a combination of huge 
counter-weight embankments as well as by a long drainage tunnel. The area around 
I/C Panagia, the end of the selected section, was stabilized by removing loose soil 
material. Both areas are regularly monitored by geotechnical sensors, as 
inclinometers, piezometers, in order to detect any unfavourable acceleration of the 
very slow rate of land movement observed today. 
 

 
Figure 10.Soil nails for retaining cut slopes along the selected section 

 

 
Figure 11. Local cuts, stabilized by granite retaining walls 

 
I/C Panagia Interchange is located on the west area of Egnatia Odos in Greece in an 
excessive mountainous area at high altitude (950m). The area is characterized by 
intense and contiguous slopes, deep streams and usually abrupt slopes. The geology 
is composed mainly by flysch and ophiolite bedrock area with weathered mantle 
prone to landslides and erosions. 
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Figure 12. Location of Panagia I/C of Egnatia Odos 

 
 
Description of the G1 Bridge: This girder bridge has its central piers that are founded 
on an active landslide area. The landslide maximum depth is about 16 meters and 
the average velocity is estimated at 12 mm/year. The connection branch to the 
National road, at the East section of the area, is based on an even more unstable 
ground where there have been recorded displacements faster than 60mm/month 
during winter time. 
The western side of the valley is composed of flysch bedrock and weathered mantel. 
The eastern side of the valley is composed of flysch and ophiolite bedrock and 
ophiolite weathered mantel. 
 

Sliding characteristics Value 

Max sliding depth (m) 14 

Mean movement rate 12mm/year 

Max recorded rate 4mm/month - 70mm/month (branch 1) 
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Figure 13. Landslide Area - Geotechnical Section 
 

 

Figure 14. Bridge G1 (I/C Panagia) Foundation Sections 
 

 
In case of main landslide extensive creep, the bridge foundation and the North-west 
branch road may be affected.  
Consequences may be the following: bridge piers tilt, extensive loading on the 
basement of the piers, on the continuity slab, on bearings of the bridge. Expansion 
joints would also fail due to differential lateral movement of the central spans under 
extreme landslide soil mass loading. On the road branch, cracks and probable 
depressions on pavement may occur. 
In case of North-East landslide part failure and fast failure of landslide, catastrophic 
failures on the bridge and the roads may occur. 
 

 
 

Operational Scenario 

The current inspection program for stability of slope includes: 

- Geological periodic measurements (piezometers and inclinometers) 
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- Rain: Announcements by National Meteorological Agency 

- SCADA system +Traffic Control Centres 

- Visual inspection for obstruction on the road: motorway sections are patrolled 

daily by 13 on-vehicle EP Units 

- Inspection of the bridge on a yearly basis 

 

Configuration Scenario 

The proposed PANOPTIS module for inspection of slopes is based on precise long-

term prediction to adapt maintenance plans, synergetic risk models for multi-hazard 

assessment and automatic transmission of information to stakeholders. 

The techniques used are the following: 

- SAR radar to detect movements (at a cm-precision) 

- ground sensors such as ground robotic total stations or digital inclinometers  

- vulnerability maps  

o level of water within the slopes 

o underground soil pore water pressure  

o advanced meteorological models (for rain, a more accurate prediction 

of hail is displayed) 

o seismic fragility curves relating seismic excitation parameters (e.g. 

peak ground acceleration) to specific slide activity states. 

o precipitation fragility curves relating precipitation regime to water 

pressure of soil pores to landslide activation. 

- Meteorological stations/rain gage 

- Slope monitoring by permanent cameras 

- UAV-based sensors coupled with satellite observation  

- display in the COP and recommendations of the HRAP (e.g. traffic regulation, 

roads protection) 

 
 

Dynamic Scenario 

Step 1: The maintenance/ road surveillance teams will be instructed to check daily 
some crucial points and inform the engineering team for possible distresses or 
changes:  
 a) pavement surface 
 b) slope surfaces 
 c) bridge alignment and features (like expansion joints – safety barriers     
                disalignment etc) 
 
Routine pavement inspection with digital profiler. This inspection can provide 
numerical information about the alignment of the surface (IRI), distresses like 
potholes etc and surface texture degradation (SMDT/MPD, LTXe index etc). 
 
The bridge will be periodically inspected visually and with non-catastrophic testing by 
the bridge inspection team: 
 

- Measurements of the inclinometers installed in boreholes inside landslide 
body. The measurements will provide high accuracy of displacement 
development inside the landslide material. The piezometers will provide 
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crucial information about the water pore pressure which is the main slide 
cause. 

- Periodical topographic surveys of targets installed on the bridge will give the 
important information of the possible bridge displacements and deformations. 
Targets installed on the landslide body will provide surface movements. 

- Strain gages, tiltmeters and jointmeters installed on the bridge can help detect 
non expected – extreme residual or temporary overstressing, deflection, 
rotation of critical bridge elements. 

- Accelerometers will monitor any unexpected dynamic loading, as earthquakes 
or landslide loading on the basement of the piers. The identification of the 
fundamental dynamic characteristics of the bridge will be enabled and any 
change of mass/stiffness will be related to unfavorable structural loss. 

- Meteorological station can log the weather data with most important the 
cumulative data which triggers the underground pore pressure increase which 
can evolve to landslide movements. 

- Cameras installed in permanent locations can monitor slope potential failures 
like rock falling or toppling providing early alarm. The photographic data will 
be processed automatically by specialized software which will identify the 
failures by machine-learning. 

Step 2: Collection of information from airborne sensors (including SAR) 
Step 3: Preparation of UAVs for the visual inspection every year 
Step 4: Deployment of the UAV and taking of pictures 
Step 5: Analysis of defaults (automatic and manual) from UAV/satellites images 
Step 6: Integration into the C2 interface (HRAP) of all data and metadata collected at 
the previous steps, so as to update the COP in terms of geotechnical stability  
Step 7: If unacceptable displacement is detected, the IMS sends an alarm that is 
visible from the local Control Centre. The HRAP recommends an action to solve the 
issue and/or automatically transmits the information to stakeholders 
 

3.1.3 Use Case #3: Road corridor inspections (ACCIONA and EGNATIA 
ODOS) 

The inspection of road assets deterioration is one of the primary duties within a 

routine upkeep program. Its importance roots in its direct impact on the traffic 

conditions. Special attention should be paid to the road pavement deterioration 

assessment, since it takes great amount of effort to the road conservation agencies. 

Below, PANOPTIS module for road corridor deterioration assessment is described. 

  

Figure 15. Typical road pavement distresses 
 

Operational scenario 
The current inspection program for road pavement comprises the following tests, 
which are applied using pertaining standards and equipment, and always performed 
by trained personnel (man-made): 

- Slip resistance at least three times a year, (March, June and 
September) 
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- Macrotexture at least once per year (in summer period) 
- Longitudinal evenness of roads by International Roughness Index 

(IRI) test every six months (May and November) 
- Transverse evenness of roads (rutting) once per year 
- Cracking and other surface distresses every twice a year (June and 

September)  
- Strength properties every two years or when fatigue signs are 

identified. 
 
Regarding other road corridor elements that are different from road surface: 

- Luminance of road markings is tested twice per year (July and 
October) with the pertaining equipment 

- Retro-reflection of signposting and beacons is measured twice every 
year (July and October) with the pertaining equipment 

- Vegetation pruning and clearing are scheduled four times per year to 
impede vegetation to reach the main road 

 
General patrolling to the whole corridor in both directions is performed every day at 
least three times per day (one time by shift). Service vehicles must report GPS 
position at every moment. 

- Deformed/missing guard rails and signposting is inspected every day 
- Obstructing elements on the road (such as dead animals) are cleared 

up every day 
 

Configuration scenario 
The PANOPTIS road corridor deterioration system will enable automatic inspection of 
road elements and furniture through the implementation of advanced computer vision 
and machine learning techniques. The expected result is a significant reduction of 
manmade-effort for road upkeep. The monitoring scheme is configured as follows: 

o Road surface inspection 
- Mobile mapper platform with RGB takes videos and images of the 

road surface every month.  
- Mobile mapper equipped with LiDAR or laser crack measurement 

system, to acquire 3D information of the surface distresses (for 
quantitative assessment of distresses) take data every six months. 

 
 

o Other road elements inspection 
- UAVs with RGB take images of deformed/missing traffic lights, signs 

and guardrails every four months.  
- UAVs equipped with RGB and LiDAR for 3D information assess 

cracks in concrete of bridges, overpasses, and underpasses every 
four months. 

- UAV or mobile mapper platform with RGB and multispectral to map 
vegetation encroaching every four months. 

 

All UAV data is gathered in a local GCS. Both the UAV and Mobile Mapper data is 
integrated to the PANOPTIS Virtual Data Centre for processing by computer vision 
techniques (3D geometric processing) and machine learning. 
The analysis of the data from UAVs and MM is made offline and the results are then 
uploaded to the middleware. 
 
The sequence diagram of the interactions between all the sub-modules of the system 
used for this particular scenario is depicted below: 
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Figure 16. Sequence Diagram of the interactions between all sub-modules of the 

system used for this particular scenario 
 

Dynamic scenario 
Step 1: Preparation of mobile mapper (service vehicle) and UAVs for the missions 
Step 2: Deployment of the mobile mappers or UAV  
Step 3: Collection of new information from the sensors (RGB, LiDAR, multispectral, 
Thermal IR)  
Step 4: Analysis of information previously collected by the sensors  
Step 5: List of defaults seen on the road surface, and other road elements thanks to 
the images  
Step 6: Analysis of defaults (machine learning) and generation of 3D models 
Step 7: Integration into the C2 interface (HRAP) of all the metadata collected at the 
previous steps, so as to update the road corridor models in the COP  

 

3.1.4 Use Case #4: Corrosion of reinforced concrete infrastructure 
(ACCIONA) 

 
The massive spreading of salt for snow and ice fighting on roads unfortunately has 
some serious negative effects. Besides environmental concerns, one of the major 
consequences of salt use for de-icing is its contribution to corrosion of metal in steel 
bridges, reinforced concrete (bridge decks, parking garages), and any other metallic 
objects in close proximity to roads and highways (lampposts, statues, etc.). The main 
cause is the corrosive nature of chloride ions, present in de-icing salts. Corrosion of 
the steel rebar in reinforced concrete is one of the potentially most costly 
conservation problems, since its solution usually lies in complex reparation works 
involving replacement of concrete elements.  
The corrosion of reinforced concrete of a road underpass in the Spanish site will be 
monitored as PANOPTIS use case. The underpass, which is located below the main 
road, already presents severe corrosion signs, and therefore a rehabilitation 
campaign including the replacement of the damaged steel rebar and the concrete 
cover, has been scheduled to prevent the catastrophic failure of the structure. On the 
occasion of the repairing works, PANOPTIS will take the opportunity to install 
corrosion sensors embedded in the concrete structure, and prove a monitoring 
scheme integrating different sensing techniques. The full approach is described 
below. 
 

Operational Scenario 
The inspection of bridges comprises one visual inspection every 12 months of 
structural reinforced concrete elements, and two inspections per year of metallic 
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elements. The inspection includes de revision of corrosion status, extended to the 
corrosion of metallic and reinforced concrete elements. Corrosion of metallic 
elements (such as the guardrails) is easy to detect, as well as easy to repair, 
because the damage is visual and accessible. However, corrosion of the metallic 
reinforcement rebar is harder to detect, precisely because it is embedded inside the 
concrete matrix, as well as harder to repair, because the concrete cover has to be 
removed, and therefore it requires complex scheduled works. Currently, the 
monitoring of the steel reinforcement corrosion is based in visual man-made 
assessment every 5 months, since corroded steel results in rust stains on the 
concrete surface. Visual inspection is complemented with auscultation methods, but 
always superficial and non-destructive tests. If corrosion is detected, reparation 
works has to be schedule within the next 3 months. 

 
Configuration Scenario 

The proposed PANOPTIS module for corrosion monitoring in reinforced concrete 
structures is based on the combination of various sensing techniques: 

- In situ corrosion sensors attached to the embedded steel 
reinforcement send data in a continuous basis and in real time. The 
data can be sent wireless and remotely to PANOPTIS virtual data 
center from the local data acquisition system. The data received at 
PANOPTIS data center will in turn be fed to a corrosion model 
integrated in the HRAP to update the status of corrosion of the 
bridge/underpass in the COP. In the case of reaching the corrosion 
threshold set by the road conservation agency, the PANOPTIS system 
can send an alarm to the local Control Center through the bidirectional 
C2 interface in order to alert the road operators. In addition, the 
PANOPTIS DSS will suggest best actions to take according to a 
holistic multi-criteria approach.  

 
Figure 17. Layout of in situ corrosion sensors sending corrosion data remotely and in 

real time to PANOPTIS system 
 

- UAV platform with RGB sensor every year acquires high quality 
images of rust signs on the concrete surface, and gives and 
estimation of the corrosion damage degree via machine learning. 

- Additional chloride content and penetration tests might be carried out 
in laboratories to complement the information provided by the in situ 
sensors. These data from laboratory tests will be introduced in the 
PANOPTIS system manually and will feed the corrosion model to 
update the concrete corrosion status in the COP. 

- Data of salt used during winter operations period introduced manually 
by road operators (or automatically sent to the PANOPTIS data center 



Deliverable D2.2: Detailed specifications,  
scenarios and KPIs  
  Version 2.0 Date 29/08/2019    

28 

if service vehicles are equipped with volumetric sensors) to update the 
corrosion model in the HRAP (exposure to aggressive environments). 

 

 
Figure 18. Sequence Diagram of the interactions between all sub-modules of the 

system for this particular scenario 
 

Dynamic Scenario 
Step 1: Collection of new information from the in situ corrosion sensors in continuous 
basis 
Step 2: Collection of salt use information  
Step 3: Preparation of UAVs for the visual inspection every year. 
Step 4: Deployment of the UAV and taking of pictures 
Step 5: Analysis of defaults (automatic and manual) 
Step 6: Integration into the C2 interface (HRAP) of all the metadata collected at the 
previous steps, so as to update the COP, in terms of corrosion model (status of 
corrosion of the element under analysis) 
Step 7: If unacceptable corrosion status is detected the IMS send an alarm that is 
visible from the local Control Centre 

 
 

3.2 Emergency Use Cases 

3.2.1 Use Case #5: Ice/snow early-warning system to support winter 
road operations (ACCIONA and EGNATIA ODOS) 

 
Winter maintenance operations are essential to ensure the safety, mobility, and 
productivity of transportation systems, especially in cold-weather climates, and 
responsible agencies are continually challenged to provide a high level of service in 
an economically and environmentally responsible manner. Best practice applications 
of materials, processes, equipment, and associated technologies can improve the 
effectiveness and efficiency of winter operations, optimize materials usage (de-icing 
agents), and minimize cost, corrosion and environmental impacts. 
 

Operational scenario 
The operator receives an alert of ice/snow forecast by the National Meteorological 
agencies. Local weather stations installed in situ do not send alerts. When the 
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temperatures are below 3ºC in areas below 1200 m of altitude a preventive treatment 
protocol is activated. A preventive mission consists in spreading of brine in the 
motorway main lanes and also in the service areas of the rest of the concession. If 
the weather conditions are very severe, solid salt can be used instead of brine.  
When there is already snow precipitation, a curative treatment protocol is applied 
consisting on removal of the snow from the road, and then spreading of salts to 
prevent ice formation afterwards. The average consumption of salt per winter 
campaign is around 3.600 tons of NaCl and 838.000 l of brine in a year, including the 
curative and preventive treatments. 
 
 

Configuration scenario 
PANOPTIS winter road operations module will consist on an Early Warning System 
(EWS) able to trigger alerts and a Decision Support System (DSS) able to suggest 
best actions to the operators, especially in terms of de-icing salts best use and 
management of operation vehicles. 
The EWS-DSS system is installed in the central station and the maintenance stations 
and is able to send alerts to winter operations vehicles (salt-spreaders and snow 
ploughs), which should be GPS-equipped. 
The module is able to map the ice prone areas along the whole the road corridor and 
send an alarm when action thresholds are reached to activate the preventive or 
curative protocols as appropriate. The GPS-equipped operation fleets are sent to the 
hot-spot in function of their location to maximize efficiency. The module is based on 
continuous update of the road conditions and climatic models calibrated by local 
information collected by in situ sensors (instead of using only information from 
Meteorological Centers): 

o Micro-climate weather stations: 10-15 sensors distributed along the 
road corridor. About 1 in 5 will have anemometers and rainfall meters.  

o Pavement icing sensors at coldest points of the road3, measuring 
ice/snow formation on the road surface, depth of water/snow, 
chemical concentration, freeze point of solution on the surface. In 
addition, pavement sensors include friction measurements to be able 
to correlate friction with braking distance (to be advised in light 
panels). 

o Heat flux sensors to monitor the heat losses and predict the cooling 
rate of the road surface 

o Mobile road weather information sensor attached to service vehicles 
(such as MARWIS4) to provide road status information from the areas 
that are not covered by fix weather stations.   

o Existing video management system (cameras) for additional 
information in streaming. 

 
The information from the sensors is acquired locally and sent to PANOPITS 
middleware to feed the climate models, update the PANOPTIS COP and activate 
alarms (if needed).  
 

                                                
3
 Cold areas of the road can be previously identified though a thermal map test, which is a 

thermal radiography of the road based on real measurement of thermal parameters and heat 
loss velocity at each  point, to localize the ice prone areas (areas cooling more rapidly) along 
the corridor. 
4
 https://www.lufft-marwis.com/en_US/features  

https://www.lufft-marwis.com/en_US/features
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Figure 19. PANOPTIS COP for snow / ice module, mapping the ice-prone areas in 
real time along the whole road section 
 
 

 
Figure 20. Sequence Diagram of the interactions between all sub-modules of the 
system used for this particular scenario 
 

Dynamic scenario 
The steps the operator will follow using PANOPTIS system are detailed below: 
 
Step 1: Collection of new information from the in situ sensors at local acquisition 
system and sending to the PANOPTIS middleware 
Step 2: Update of climatic /road status models with the data from the middleware 
Step 3:  integration into the C2 interface (HRAP) of all the metadata collected at the 
previous steps, so as to update the COP 
Step 4: Alarm to the staff to activate preventive or curative protocols depending on 
the specific road conditions 
Step 5: Actions to be followed are showed at the COP for visualization by all the 
involved agents. Specific instructions to the fleets based on their location are 
possible because GPS position of the operators is tracked by PANOTPIS system 
Step 6: Information of salts use per GPS-location is integrated in PANOPTIS HRAP 
(preferably automatically if fleets are equipped with volume meters sending 
information remotely). 
Step 7: Analysis of actuations (resources spent, e.g. salt use per specific point) after 
end of alarm 
Step 8: Update of DSS system with results of the analysis of actuations 
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3.2.2 Use Case #6: Meteorological hazards alarm (ACCIONA and 
EGNATIA ODOS) 

 
In addition to snow/ice alarms, an early warning system for alerting about a whole set 
of meteorological phenomena is proposed as use case. This module includes: 

- Follow up of hydro-meteorological hazards, showing real movement of storms 
- Real-time weather data and tailored forecasts 
- Flood alarm 
- System of alerts in vulnerable infrastructure according to potential effect of 

specific meteorological phenomena 
- Real time risk maps 

 
Figure 21. Foreseen PANOPTIS module for meteorological hazards alert 

 
 

Operational scenario 
At the moment, the operators from the Conservation Agencies can only track the 
evolution of meteorological risks through the official forecasts of National 
Meteorological Centers. If the risk event has high probability of occurring (according 
to the National Meteorological Centers), the operation teams and equipment are 
prepared for action. After the disaster event (e.g. flood) the consequences are 
quantified, and the operation teams are called to repair the damages. 
 

Configuration scenario 
The system is installed in the central station and in the maintenance stations. 
The HRAP triggers the specific alert (heavy rain, flood, hail) and the DSS suggests 
best actions to the operations team.  
 
The module consists in risk maps for real time hazard assessment. Risk maps 
integrate the information from different models: 

- Meteorological now and fore casting models 
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- Infrastructure vulnerability models (to update the risk degree on specific 
infrastructure due to a meteorological hazard, e.g. high risk of landslide in 
slope 1 due to strong rains) 

 
Models are fed by different sensors: 

- Weather data from in situ weather stations and micro climate stations 10-15 
along the whole road corridor. Send information in real time to the PANOPTIS 
middleware through the local data acquisition unit. 

- Weather radars sending real time information of rain progress 
- Meteorological satellite information sent to PANOPTIS middleware. 
- SHM sensors on infrastructure (slopes, bridges etc.) collected locally and 

send to PANOPTIS HRAP to feed infrastructure vulnerability models  
- Satellite data for risk maps collected and processed in the generic ground 

station before being sent to PANOPTIS middleware. 
- Drone-UAV-RGB for catastrophe follow up in real time (if possible, and the 

UAV’s integrity is not put in risk), and for after catastrophe quantification of 
damages, especially in areas inaccessible for operation teams. The data is 
collected in a generic GCS, sent to the middleware and integrated in 
PANOPTIS HRAP in real time. 

- Existing video management system (cameras). 
 

 
Figure 22. Sequence diagram of the interactions between all sub-modules of the 

system used for this particular scenario 
 
 

Dynamic scenario 
Step 1: collection of new information from the all the sensors (ground, satellite, UAV 
based) 
Step 2: Update of PANOPTIS models (meteorological forecast, vulnerability of 
infrastructure, flood forecast) 
Step 3:  integration into the C2 interface (HRAP) of all the metadata collected at the 
previous steps 
Step 4: Update risk maps at the COP 
Step 5: Send specific alarms to operations center 
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Step 6: DSS shares protocols to be followed for visualization by all the involved 
agents  
Step 7: If needed, deployment of UAVs for follow-up of catastrophe and post-
assessment of catastrophe effects  
Step 8: After catastrophe (e.g. flood) sensors (in situ ground sensors, UAVs and 
satellite sensors) integrate information of damage/impact into the HRAP to update 
the COP 
 

3.2.3 Use Case #7: Earthquake alarm (EGNATIA ODOS) 
 
The motorway section of Egnatia Odos, selected for the field trials of PANOPTIS is a 

seismic prone section, with the peak ground acceleration expected with a 1000 years 

return period, expected larger than 0,16g. A catastrophic seismic event that therefore 

cannot be excluded would have the following consequences for the technical works 

of the selected Egnatia Odos road section: 

- Various states of damage for the bridges of the section.  
o State of minor damage, includes failures of secondary equipment of 

the bridges, as expansion joints. These failures may not affect the 

structural integrity of the motorway bridges but can affect the 

serviceability of the bridges, as the failed expansion joints would 

probably close the road. 

o State of severe damage, includes structural damage on piers of some 

bridges that can be assigned with extreme residual rotations. Again 

the secondary equipment would in parallel be failed and the bridge 

should be closed to traffic for one day for the repair of the secondary 

equipment to many days or even weeks, for the aftershock 

inspection/evaluation of the seismic damage. After this procedure, a 

load posting would not be excluded for those bridges 

o Failure of some bridges. This is not expected for seismic events of the 

considered return period (1000 years) but can take place for one 

specific bridge, the I/C Panagia bridge, if in parallel a large soil mass 

slide would be triggered under the same seismic event, overloading 

piers that are located inside the active landslide. 

- Trigger active landslides, accelerating the rate of the land sliding and thus 

exceeding the limit states for some critical works as the Great Cut 

stabilization counter weight wall or the loading of the foundations of the 

central piers of I./C Panagia bridge. 

The affected areas, as the damages on pier’s basement of some bridges, seismically 

vulnerable, or the active landslide’ areas, are not easy accessible with traditional or 

human means.  

Operational Scenario 

The Emergency Plan is an operational procedure that applies to Egnatia Motorway 

and vertical axes, with local Traffic Control Centers in each area. It is divided in 

various steps: 

- detection,  

- confirmation,  

- communications,  

- traffic management,  

- information provision,  
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- site management 

- clearance. 

Emergency services are part of the Emergency plan.  

The equipment used is the following: CCTV cameras, SOS phones in tunnels, VMS, 

Lane Control Signals, Variable Speed Limit Signs, Road Weather Information 

Systems, Public Address Systems in tunnels. A SCADA system is used to collect the 

data from local centers.  

The permanent SHMonitoring system, installed on ravine bridges G1, G7, G8 and on 

Metsovo bridge, is expected to record the extreme seismic response as well as the 

seismic input at their basement, during an extreme seismic event, by servo-

accelerometers installed on all 4 bridges as well as from dynamic straingages and 

joint meters, installed on Metsovo bridge. Static straingages installed on G1, G7, G8 

bridges, is expected to be useful for damage detection, only in the case of any 

residual strain, after the catastrophic seismic event. 

Finally the Egnatia seismic risk assessment software, based on a seismic hazard 

model of Egnatia Odos area, and assigning a proper seismic fragility curve to the 

bridges of the section, will “predict” the damages on the specific bridges and will 

immediately prioritize the bridges that are needed to be inspected from the special 

bridge inspection unit of Egnatia Odos AE. 

 

Configuration Scenario 

The proposed PANOPTIS module for earthquake alarm detection and management 

is based on a structural and geotechnical analysis tool connected to ground, 

foundation and bridge sensors, geotechnical structural analysis and various 

techniques for damage assessment:  

- tracking from National Geological Institutes (during incident), 

- computer vision and Machine Learning (ML) damage diagnostic, 

- mobile mapping making use of Unmanned Aerial Vehicles (UAV) technology 

in non-accessible regions, 

- infrastructure vulnerability maps, seismic fragility curves for specific structures 

of the section (as bridges, geotechnical works, signage gantries etc) 

- simulation tool and models of bridge and other technical works ultimate 

response and assigned damage under extreme seismic loading 

- upgrading/strengthening of the already installed SHMonitoring systems such 

as to provide seamless and direct transmission of the seismic records of both 

free field and response of structures during the seismic event 

- automatic transmission of information to stakeholders. 

- automatic interpretation of the seismic records collected by the upgraded 

SHM system of Egnatia Odos, by relating to specific measured response 

levels specific exceeding damage states. 
 

Dynamic Scenario 

Step 1: Collection of new information from all sensors (ground, satellite, UAV based) 

Step 2: Update of PANOPTIS models (meteorological forecast, vulnerability of 
infrastructure, earthquake evolution) 
Step 3:  Integration into C2 interface (HRAP) of all data collected at the previous 
steps 
Step 4: Update of risk maps in the COP 
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Step 5: An earthquake is detected and an alarm is raised on the HRAP, which sends 
specific alarms to the operation centers 
Step 6: DSS shares protocols to be followed for visualization by all involved agents 
and stakeholders 
Step 7: If needed, deployment of UAVs for follow-up of catastrophe and post-
assessment of catastrophe effects, and analysis of damage images 
Step 8: Sensors (in situ ground sensors, UAVs and satellite sensors) integrate 
information of damage/impact into the HRAP to update the COP. 
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4 System specifications 

4.1 Overall system 

4.1.1 Functional specifications 
OVE_FUNCT_001  Road Infrastructure Resilience 
The system shall improve the resilience of the road infrastructure.  

Implementation: V2 
        Priority: Compulsory 
 
OVE_FUNCT_002  Combined scenarios 
The system shall combine down-scale climate change scenarios with structural and 
geotechnical simulation tools and data from ground/airborne sensors. 

Implementation: V2 
        Priority: Compulsory 
 
OVE_FUNCT_003  Integrated Tool 
The system shall provide the operators with an integrated tool and enable them to 
manage more efficiently their infrastructure.  

Implementation: V1 
        Priority: Compulsory 
 
OVE_FUNCT_004  Situation Management 
The system shall address the management at planning, maintenance and operation 
levels. The system shall provide the end-users with actions associated to each 
situation or event.  

Implementation: V1 
        Priority: Compulsory 
 
OVE_FUNCT_005  Predictions and Warnings 
The system shall issue short and long term predictions and warnings to the end-
users. 

Implementation: V1 
        Priority: Compulsory 
 

4.1.2 Non-Functional Specifications 
OVE_NFN_001  System Running Time 
The system shall run 24/24, 7/7. 

Implementation: V2 
        Priority: Compulsory 
 
OVE_NFN_002  Mean Time Between Failures 
The system shall have a MTBF of 2,000 hours. 

Implementation: V2 
        Priority: Compulsory 
 
 
OVE_NFN_003 Module Interfaces 
Each module and sub-module of the PANOPTIS system shall have an interface that 
enables communication and exchange of data with the other modules. 
 



Deliverable D2.2: Detailed specifications,  
scenarios and KPIs  
  Version 2.0 Date 29/08/2019    

37 

Systems’ communication shall be achieved using standard connectivity sockets. 
Typically, connectivity to the backend shall be based on REST APIs or TCP/IP 
sockets. 

Implementation: V1 
        Priority: Compulsory 
 
 
OVE_NFN_004 GDPR 
The system shall meet the laws concerning data processing and freedoms (GDPR) 
on personal data generated by the system. 

Implementation: V1 
        Priority: Compulsory 
 
OVE_NFN_005 Control of Cyber Risk  
The system shall implement means of control to prevent and monitor the cyber risk. 
 

Implementation: V2 
        Priority: Compulsory 

4.2 Hazards and Vulnerability Module 
 

4.2.1 Functional specifications 
 
HAZ_FUNCT_001  Precipitation Observations  
The Hazard Module shall be able to provide precipitation records based on 
information received from meteo weather stations, at an hourly basis, in CSV format. 

Implementation: V1 
        Priority: Compulsory 
 
HAZ_FUNCT_002  Precipitation Nowcasts  
The Hazard Module shall be able to provide precipitation nowcasts based on 
information received from weather radars, both in CSV format (for point locations) 
and in NETCDF format (the precipitation field on the area of interest). A new radar 
composite shall be provided every 15 minutes together with a forecast up to 3 hours 
with a temporal resolution of 15 minutes. 

Implementation: V1 
        Priority: Compulsory 
HAZ_FUNCT_003  Precipitation Forecasts  
The Hazard Module shall be able to provide precipitation forecasts based on 
modelling results from NWP models, up to the horizon of 5 days, at 3 hours intervals 
and in NETCDF format. All the area of interest shall be covered with a resolution of 
around 10x10 km with the EURO CORDEX models originally, that will be processed 
thanks to a specific PANOPTIS tool in order to get a better accuracy (0.5 – 3 km). 

Implementation: V2 
        Priority: Compulsory 
HAZ_FUNCT_004  Precipitation Warnings  
The Hazard Module shall be able to provide precipitation warnings based on 
thresholds whenever those are issued, as text messages or CSV format.  

Implementation: V1 
        Priority: Compulsory 
HAZ_FUNCT_005  Temperature Observations  
The Hazard Module shall be able to provide temperature records based on weather 
stations, at an hourly basis, and in CSV format.  

Implementation: V1 
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        Priority: Compulsory 
 
HAZ_FUNCT_006  Temperature Forecasts  
The Hazard Module shall be able to provide temperature forecasts based on NWP 
models, up to the horizon of 5 days, at 3 hours intervals and in NETCDF format. All 
the area of interest shall be covered by a resolution of around 10x10 km with the 
EURO CORDEX models originally, that will be processed thanks to a specific 
PANOPTIS tool in order to get a better accuracy (0.5 – 3 km). 

Implementation: V2 
        Priority: Compulsory 
HAZ_FUNCT_007  Temperature Warnings  
The Hazard Module shall be able to provide temperature warnings based on 
thresholds whenever those are issued, as text messages or CSV format. 

Implementation: V1 
        Priority: Compulsory 
 
HAZ_FUNCT_008  Snow Observations  
The Hazard Module shall be able to provide snow records based on weather 
stations, at hourly intervals and in CSV format. 

Implementation: V1 
        Priority: Compulsory 
 
HAZ_FUNCT_009  Snow Forecasts  
The Hazard Module shall be able to provide snow forecasts based on NWP models, 
up to the horizon of 5 days, at 3 hours intervals and in NETCDF format. All the area 
of interest shall be covered with a resolution of around 10x10 km with the EURO 
CORDEX models originally, that will be processed thanks to a specific PANOPTIS 
tool in order to get a better accuracy (0.5 – 3 km). 

Implementation: V2 
        Priority: Compulsory 
 
HAZ_FUNCT_010  Snow Warnings  
The Hazard Module shall be able to provide snow warnings based on thresholds 
whenever those are issued, as text messages or in CSV format. 

Implementation: V1 
        Priority: Compulsory 
 
HAZ_FUNCT_011  Other Meteorological Variables  
The Hazard Module shall be able to provide other meteorological variables 
observations, forecasts and warnings whenever those are issued, both in CSV and 
NETCDF formats. 

Implementation: V1 
        Priority: Compulsory 
 
HAZ_FUNCT_012  Pavement Temperature Observations  
The Hazard Module shall be able to provide pavement temperature observations in 
CSV format. 

Implementation: V2 
        Priority: Compulsory 
 
HAZ_FUNCT_013  Thermal Map Warnings in Sections  
The Hazard Module shall be able to provide low temperature warnings in road 
sections, based on a thermal map in NETCDF format. 

Implementation: V2 
        Priority: Compulsory 
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HAZ_FUNCT_014  Official Meteorological Warnings  
The Hazard Module shall be able to provide official meteorological warnings 
whenever those are issued as text messages or in CSV format. 

Implementation: V2 
        Priority: Compulsory 
HAZ_FUNCT_015  Fire Weather Index  
The Hazard Module shall be able to provide a fire weather index forecast on a daily 
basis in NETCDF format (maps). 

Implementation: V2 
        Priority: Compulsory 
 
HAZ_FUNCT_016  Wind Speed Observations  
The Hazard Module shall be able to provide information for the wind speed from 
weather stations located at the sites of interest at hourly intervals, in CSV format. 

Implementation: V1 
        Priority: Compulsory 
 
HAZ_FUNCT_017  Extreme Wind Speed Warnings  
The Hazard Module shall be able to provide wind gust speed warnings based on 
thresholds whenever those are issued, as text messages or in CSV format. 

Implementation: V2 
        Priority: Compulsory 
 
HAZ_FUNCT_018  Wind Speed Nowcasts  
The Hazard Module shall be able to provide nowcasts for the distribution of wind 
speed over the entire area of interest, at an hourly interval and in NETCDF format. 

Implementation: V2 
        Priority: Compulsory 
 
HAZ_FUNCT_019  Wind Speed Forecasts  
The Hazard Module shall be able to provide forecasts for the distribution of wind 
speed over the entire area of interest, at an hourly interval and in NETCDF format. 

Implementation: V2 
        Priority: Compulsory 
 
HAZ_FUNCT_020  Surface Soil Water Content Nowcasts  
The Hazard Module shall be able to provide nowcasts for the surface soil water 
content over the entire area of interest, at hourly intervals and both in CSV format 
(from local sensors) and NETCDF format (from numerical models). 

Implementation: V2 
        Priority: Compulsory 
 
HAZ_FUNCT_021  Surface Soil Water Content Forecasts  
The Hazard Module shall be able to provide forecasts for the surface soil water 
content over the entire area of interest, at 3 hours intervals and in NETCDF format. 

Implementation: V2 
        Priority: Compulsory 
 
HAZ_FUNCT_022  Microclimatic Observations at Site Level  
The Hazard Module shall be able to provide microclimate conditions from a dense 
grip of microclimatic station placed at the site of interest, at 15 minutes intervals and 
in CSV format. 

Implementation: V1 
        Priority: Compulsory 
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HAZ_FUNCT_023  Rainfall Volume Observations at Site Level   
The Hazard Module shall be able to provide rainfall volume records based on 
information from micro-weather stations, at hourly intervals and in CSV format. 

Implementation: V1 
        Priority: Compulsory 
 
HAZ_FUNCT_024  Wind Direction Observations at Site Level 
The Hazard Module shall be able to provide wind direction records based on 
information from climatic-weather stations, at 15 minutes intervals and in CSV format. 

Implementation: V1 
        Priority: Compulsory 
 
HAZ_FUNCT_025  Humidity Observations at Site Level 
The Hazard Module shall be able to provide humidity records based on information 
from climatic-weather stations, at hourly intervals and in CSV format. 

Implementation: V1 
        Priority: Compulsory 
 
VULN_FUNCT_001  Detection of ice conditions for road surface  
The Vulnerability sub-module shall be able to detect conditions leading to skid 
resistance issues, based only on meteorological data. 
 
The sub- module detects the ice conditions, formation of ice or frost on the road 
surface affecting the skid resistance, according to the categories of winter conditions 
for the road icing and related weather conditions and values.  

Type Of Road Icing Weather Conditions 

HOAR FROST 
(white frost) 

Surface temperature is lower than 0 °C, ice 
crystals, hoar frost, are formed.  
If air temperature is positive, dew is formed 
which may freeze if the temperature drops 
further and also give rise to slippery 
conditions. In the latter case glaze is 
formed. 
Temperature of the road surface should be 
lower than the dew point. 

ICE 
 

Coating of ice on the road surface character 
and appearance: 
a. super cooled rain 
b. rain falling on a cold road surface 
c. water freezing on the road surface, 
d. a thin coating of snow or hoar frost, by 

compaction and polishing changing into 
glaze. 

SNOW 
 

On roads snow mainly occurs as: loose 
snow, hard (packed) snow, sleet and slush. 
Snow, which falls at low air temperatures, 
adheres to the road surface better and 
therefore remains on the surface where it 
can become compacted by the action of 
traffic. 

Implementation: V1 
        Priority: Compulsory 
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VULN_FUNCT_002  Detection of critical seismic activity for bridges  
The Vulnerability sub-module shall be able to recognize the occurrence of critical 
seismic activity, based only on locally installed seismograph measurement data 
(ground acceleration time-histories). Appropriate seismic intensity measures shall be 
extracted, such as the peak ground acceleration and the geomean spectral 
acceleration over a period range of interest.  
There shall be two separate approaches on how to use this information: 
 

Simple approach The intensity measures are compared to the corresponding 
intensities that formed the basis on which the geo-structural 
RI elements were designed. The comparison shall enable to 
infer whether a critical activity has been recorded. 

More detailed 
assessment of 
criticality 

Structure-specific results shall be used. Each module shall 
contain response thresholds describing successive damage 
states of low/moderate/severe/collapse-level damage. Such 
thresholds shall be structure-specific and shall allow the 
estimation of the probability of entering any damage state of 
interest. Whenever this probability exceeds the prescribed 
alert level, a flag shall be raised for the user’s consideration. 

Implementation: V1 
        Priority: Compulsory 
 
VULN_FUNCT_003  Detection of critical wind conditions 
The Vulnerability sub-module shall be able to detect conditions leading to wind 
issues (for lighter steel structures, like traffic signs), based only on meteorological 
data (from local microweather stations). 
There shall be two separate approaches on how to use this information: 
 

Simple approach the intensity measures are compared to the corresponding 
intensities that formed the basis on which the structural RI 
elements were designed. The comparison shall enable to 
infer whether a critical activity has been recorded. 

More detailed 
assessment of 
criticality 

Structure-specific results shall be used. Wind speed 
information shall serve as an input to the multi-hazard 
vulnerability module associated with each structure of 
interest. Each module shall contain response thresholds 
describing successive damage states of 
low/moderate/severe/collapse-level damage. Such 
thresholds shall be structure-specific and allow the 
estimation of the probability of entering any damage state of 
interest.  

Implementation: V1 
        Priority: Compulsory 
 
VULN_FUNCT_004 Detection of critical water conditions for slopes 
The Vulnerability sub-module shall be able to detect conditions leading to slope 
stability issues, based only on meteorological data.  
The process shall involve the following two steps: 
1) Quantitative prediction of water table elevation due to rainfall. 
Analytical relationships predicting groundwater recharge with respect to rainfall, as 
available in the literature, shall be calibrated on the basis of (i) actual soil and 
vegetation characteristics and (ii) the measured history of water content and pore 
pressure variations.  
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As a result, a site-specific water elevation function shall be derived for every slope of 
interest. 
2) Post-rainfall slope stability. 
A number of numerical analyses with nonlinear finite elements shall be carried out to 
predict the Factor of Safety (FS) and the deformations of the slope for the entire 
spectrum of possible water table conditions.  
 
Integration of the two steps shall provide a function correlating the FS of the slope 
with the (expected/measured) height of precipitation. 

Implementation: V1 
        Priority: Compulsory 
 
 
VULN_FUNCT_005 Assessment of direct modal change 
The Vulnerability sub-module shall be able to detect possible damage through 
changes in modal properties of bridges. 
 
The damage shall be detected considering the undamaged condition (previously 
known) and the unknown condition by checking the variation on the following 
parameters, obtained by periodic monitoring data: 

- Eigen frequency (frequency decreasing exceeding 5%) 
- Modal shapes (identification of global or local modes) 
- Modal damping (increasing of the damping ratio) 

 
A variation of these parameters, such as damage indicators, constitutes the first level 
for the identification of the damage, in which a likely damage is detected. This shall 
be properly verified, as well as the influence of environmental and loading conditions 
for the identified parameters shall be investigated in the specific vulnerability sub-
module (see VULN_FUNCT_009). 

Implementation: V1 
        Priority: Compulsory 
 
VULN_FUNCT_006 Detection of direct skid resistance issues 
The Vulnerability sub-module shall be able to detect skid resistance issues, directly 
on the road surface measurements.  
 
The road surface measurements shall be carried out through different devices 
(Passive road sensor, Mobile friction measurement device MARWIS) in order to 
obtain the parameters to identify skid resistance issues (refer to the KPI section for 
more details). 

Implementation: V1 
        Priority: Compulsory 
 
VULN_FUNCT_007 Detection of direct corrosion vulnerability 
The Vulnerability sub-module shall be able to detect corrosion issues, directly on 
the resistivity measurements.  
Identification of the corrosion phenomenon according to data from Surface resistivity 
sensors and the risk of corrosion of reinforcement associated to concrete resistivity 
for 20ºC and OPC concrete (RILEM TC 154-EMC) is classified by: 

Concrete 
resistivity  
ρconcrete (Ωm) 

Risk of corrosion 
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< 100 High 

100-500 Moderate 

500-1000 Low 

> 1000 Negligable 

 
Implementation: V1 

        Priority: Compulsory 
 
 
 
VULN_FUNCT_008 Assessment of direct slope vulnerability 
The Vulnerability sub-module shall be able to detect slope issues, directly on the 
displacements/inclinometers measurements.  
For the considered Use Cases (see Section 3.1.2) slope stability problems are 
associated with the progressive shear failure (i.e. softening) of a recognised week 
zone (sliding surface). The capacity of the latter shall be described by two 
parameters, namely its apparent cohesion (c’) and apparent friction angle (φ’).  
A comprehensive ensemble of numerical models using nonlinear finite elements shall 
be analysed to compute the displacements of the slope for (i) a variety of possible 
water table conditions (as per module VULN_FUNCT_004) and (ii) a range of 
possible c’–φ’ combinations assuming reduced capacity in comparison to initial 
laboratory measurements (softening response).  
The results shall be stored in a database and will be used to readily estimate the 
capacity of the sliding surface with respect to (i) anticipated water table conditions 
(VULN_FUNCT_004) and (ii) inclinometer measurements.  
Estimated c’–φ’ properties shall be used to calculate an updated slope stability FS. 
 

Implementation: V1 
        Priority: Compulsory 
 
VULN_FUNCT_009 Detection of bridge vulnerability to seismic activity 
The Vulnerability sub-module shall be able to detect bridge vulnerability to seismic 
activity.  
This is based on the measurement of: 

- bridge acceleration,  
- bridge deformation  
- strain time-histories, 

from instruments installed on the bridge and its abutments.  
The time-histories shall be automatically filtered and base-line corrected and 
appropriate engineering demand parameters are extracted, such as: 

- the peak deformation,  
- the peak strain,  
- the peak deck acceleration.  

Implementation: V2 
        Priority: Compulsory 
 
VULN_FUNCT_010 Detection and quantification of corrosion vulnerability  
The Vulnerability sub-module shall be able to quantify corrosion issues for RC 
elements, by calibrated corrosion models based on meteorological data and 
corrosion measurements.  
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Evaluation of the corrosion shall be carried out with models based on the diffusion 
through porous media: 

Type of model  

Fib carbonation Evaluating the carbonation depth according to 
parameters depending on the concrete mix, the elapsed 
time since construction and on a weather function taking 
into account the meso-climatic conditions due to wetting 
events of the concrete surface 

Fib Chloride  
 

Evaluating the chloride ion according to the parameters 
such as Mean apparent diffusion coefficient, Convection 
zone depth and Surface Chloride content. 

 
 
The model shall be updated by available measured data: corrosion current density 
(iCORR), double-layer capacitance (CDL), electrical resistance of concrete (RS). 
 

Implementation: V2 
        Priority: Compulsory 
 
VULN_FUNCT_011 Detection and quantification of skid resistance issues  
The Vulnerability sub-module shall be able to quantify skid resistance issues based 
on meteorological data and surface measurements, propose traffic management 
procedures and deicing salt campaigns.  

The detection and quantification shall be carried out according to the measured 
parameters in the previous sub-module, in order to identify issues affecting the 
adhesion mechanism.  According to the road conditions detected and water film 
height, the related three tire-road contact zones, such as penetration and evacuation 
under pressure of water slide, transition and development of main asperities and 
contact and development of friction forces are considered.  

The following conditions are identified for the wet ground affecting skid resistance: 

- low water height (less than 100 µm): preserved tire-road contact zones 

- medium water height (1µm/0.5 mm): viscoplaning mechanism during the 

crush phase of the wheel  in the transition zone on macro and micro smooth 

ground 

- high water height (more than 1 mm): loss of tire-road adherence 

(aquaplaning), mostly in the penetration zone 

The vehicle speeds for safety measures shall be defined according to the selected 
slip conditions defined by the slip ratio G, depending on the angular velocity and the 
radius of rolling of the wheels, as reported in the following table: 

Condition Slip ratio G (%) Observations 

1 G < 0 Slip-braking 

2 G > 0 
Slip Driving force 

(acceleration) 

3 G = 0 Freewheel 

4 G = -1 or1 Block wheel 

5 G = +∞ Skating 

The definition of the stopping distance, included in the safety measures, shall be 
carried out following evaluated considering selected reference speed, according the 
limit provided for the examined roads, and the type of road pavement, through the 
parameters: 
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- vehicle speed 

- type of road surfaces (macro and micro texture of the pavement) 

- coefficient of longitudinal friction 

- braking distance 

Implementation: V2 
        Priority: Compulsory 
 
 
VULN_FUNCT_012 Detection and quantification of slope issues 
The Vulnerability sub-module shall be able to quantify slope vulnerability and 
propose slope management procedures.  
This module shall make use of (i) the deformed slope profile predicted for different 
elevations of the water table (VULN_FUNCT_004), and (ii) the apparent c’ – φ’ 
properties of the sliding zone (calculated in VULN_FUNCT_008) as initial conditions 
for a set of dynamic numerical analyses with finite elements. Results from the latter 
shall be consolidated to provide: 
1) Seismic fragility functions for the slope; and 
2) Estimates of the displacement loading exerted upon the affected structures (bridge 
foundations interacting with the sliding mass). 
Moreover, applicable remediation measures (installation of retaining structures) shall 
be assessed on the basis of numerical simulations for the worst-case water elevation 
scenario.  

Implementation: V2 
        Priority: Compulsory 

4.2.2 Non-functional specifications  
 
VULN_INT_ALL Development using open source software 
The codes shall be developed, preferably, using Python language and TensorFlow 
as the core library for the deep learning models 
 

Priority: Compulsory 
 
VULN_INT_001 Reception of Data 
The Vulnerability sub-module shall be able to receive and process data from the 
Hazard sub-module. 
The sub-module shall receive data from such as input data for assessment models, 
such as: 

- data on precipitation, temperature and wind observations 
- data on road surface temperature, water film height and friction 
- data on road condition 
- data on ice percentage and freezing temperature for de-icing materials 

 
VULN_INT_002 Sending of Data 
The Vulnerability sub-module shall be able to send data to the Middleware and Data 
Fusion module. 
The sub-module shall send notifications when the vulnerability is detected. It shall 
provide Vulnerability curves / algorithms and reference values of vulnerability issues 
for the specified modules. 

4.3 Sensing Module 
 
The objectives of this module are the following: 

 Measure slopes in cm3 accuracy using UAV imagery  
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 Compare slope 3D measurements to identify signs of erosion. 

 Plan and execute UAV flight, Mobile Mapper monitoring mission  

 Detect map vegetation in a region of 1 km2, using UAV multispectral imagery  

 Successfully detect, localize, identify and quantify road surface damage (rutting, 
cracking, etc.) or road furniture degradation (corrosion, deformation, etc. using 
Mobile Mapper and UAV data 

 Successfully detect, localize, identify and quantify severe damage in the road 
corridor using Mobile Mapper and UAV data 

 Successfully receive information and monitoring needs from SHM and HRAP in 
emergency use-cases and respond by executing the necessary monitoring 
scheme 

 Exchange monitoring information from UAV or mobile mappers to relevant 
PANOPTIS modules (HRAP) 

4.3.1 Functional specifications 
 
SENS_FUNCT_0001 Identification and localization 
If an error occurs, the system shall handle such cases and inform the user 
appropriately.  
 
Models shall be able to handle noise related to weather conditions, occlusions, 
change in luminosity. 
 
The codes shall be developed, preferably, using Python language and TensorFlow 
as the core library for the deep learning models. 

Implementation: V2 
        Priority: Compulsory 
 
SENS_FUNCT_001 Detection of rapid post-disaster damage  
The Sensing Module shall be able to assess damage in the road corridor in post-
disaster scenarios. 
 
If specific hardware is available, detection algorithms shall utilize the GPU to 
minimize execution times. 
 
The developed code and the required libraries shall be available in both windows and 
Linux environments.         
        Implementation: V2 
        Priority: Compulsory 

 
SENS_FUNCT_002 Links and comparison of rapid post-disaster results  
The Sensing Module shall be able to directly relate/compare: 

- maximal response values measured from SHM network with the analytical 
predictions (fragility curves), 

- maximal width of cracks in critical sections of a specific structure with the 
analytical predictions (structural analysis), 

in order to detect the exceedance of pre-defined condition limit states. 
 

The Sensing Module shall be able to directly relate: 
- other measurements in critical sections of a specific structure to the analytical 

predictions (structural analysis) in order to indirectly assign pre-defined 
condition limit states (e.g. deformation, inclination, sagging, rotation, 
settlement, expansion joint gap opening, etc.), 
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- other visual observations of specific critical sections to the analytical 
predictions (structural analysis) in order to indirectly assign pre-defined 
condition limit states (e.g. new spalling areas, disintegration/ obstruction of 
expansion joints, fall of lighting towers, large deformation/failure of safety 
barriers, fall of concrete cover items, rotation/horizontal deformation/local 
collapse of rockfalls trap walls, fall of trees, etc.). 
 

If specific hardware is available, detection algorithms shall utilize the GPU to 
minimize execution times 
 

Implementation: V2 
       Priority: Compulsory 

 
SENS_ FUNCT_003 Localization of damage 
The Sensing Module shall be able to localize large signs of damage on road corridor 
elements. Damages are considered severe when the element is unable to function or 
when they impede normal conditions. Examples of such damages are rock fall events 
obstructing roads or road sections removed due to earthquakes or landslides.  

Implementation: V2 
        Priority: Compulsory 
 
SENS_ FUNCT_004 Detection of early degradation/hazard 
The Sensing Module shall be able to detect early signs of degradation and hazards 
before they occur. Early signs of degradation include cracking, ravelling or potholes 
on the road surface, corrosion of steel elements or cracking in retaining walls, 
bridges or tunnels. 

Implementation: V2 
        Priority: Compulsory 
 
SENS_ FUNCT_005 Reference material 
The Sensing Module shall be able to generate up-to-date reference material of the 
road corridor for resilient assessment.  

Implementation: V2 
        Priority: Compulsory 
 
SENS_ FUNCT_006 Land use and land cover 
The Sensing Module shall be able to generate up-to-date land use and land cover 
maps.  

Implementation: V2 
        Priority: Compulsory 
 
SENS_ FUNCT_007  Assessment of corrosion 
The Sensing Module shall be able to assess corrosion spots on steel elements and 
on reinforced steel on reinforcement bars that are exposed. 
 
If specific hardware is available, detection algorithms shall utilize the GPU to 
minimize execution times. 

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_008  Corrosion localization  
The Sensing Module shall be able to localize corrosion spots, when reinforcement 
bars are fully exposed or corrosion stains are present.  
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If specific hardware is available, detection algorithms shall utilize the GPU to 
minimize execution times 

Implementation: V1 
        Priority: Desirable 
 
SENS_ FUNCT_009  Quantity measurement of corrosion 
The Sensing Module shall be able to assess the quantity (in cm2) of the corroded 
area, when reinforcement bars of an adequate length are fully exposed. 

Implementation: V2 
        Priority: Desirable 
  
 
 
 
SENS_ FUNCT_010  Quality measurement of corrosion  
The Sensing Module shall be able to assess the quality of the corroded area by 
means of qualitative ranking (Extreme – Low), when reinforcement bars are exposed 
(R/C elements).  

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_011  Assessment of concrete degradation 
The Sensing Module shall be able to assess the degradation (calcium leaching, 
spalling, cracks, stains, moisture) on concrete elements. 

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_012  Localization of concrete degradation 
The Sensing Module shall be able to localize degradation spots on concrete 
elements. 

Implementation: V1 
        Priority: Desirable 
 
SENS_ FUNCT_013  Identification of the type of concrete degradation 
The Sensing Module shall be able to identify the type of degradation detected on 
concrete elements.  

Implementation: V2 
        Priority: Desirable 
 
 
 
SENS_ FUNCT_014  Quantity measurement of concrete degradation 
The Sensing Module shall be able to measure the quantity of the degraded concrete 
area/volume, when cracks can be localized with a specific accuracy (width, length, 
orientation). 

Implementation: V2 
        Priority: Desirable 
 
SENS_ FUNCT_015  Concrete degradation quality measurement 
The Sensing Module shall be able to measure the quality of the degraded concrete 
area/volume, when cracks can be localized with a specific accuracy (width, length, 
orientation). 

Implementation: Ideal 
        Priority: Desirable 
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SENS_ FUNCT_016  Assessment of road surface 
The Sensing Module shall be able to assess degradation on asphalt and concrete 
road surface, on a daily basis. 

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_017  Localization of road surface degradation 
The Sensing Module shall be able to localize road surface degradation. 

Implementation: V1 
        Priority: Desirable 
 
SENS_ FUNCT_018  Identification of road surface degradation 
The Sensing Module shall be able to identify the type of road surface degradation.  
 

Implementation: V2 
        Priority: Desirable 
 
SENS_ FUNCT_019  Quantity measurement of road surface degradation 
The Sensing Module shall be able to measure the quantity of road surface 
degradation in area (m2 or cm2) or in length and depth (m2, cm2 or mm2). 

Implementation: V2 
        Priority: Desirable 
 
SENS_ FUNCT_020  Quality measurement of road surface degradation 
The Sensing Module shall be able to measure the quality of road surface 
degradation by means of qualitative ranking (Extreme-Low). 

Implementation: V2 
        Priority: Desirable 
 
SENS_ FUNCT_021  Assessment of road furniture degradation 
The Sensing Module shall be able to assess the degradation of road furniture (safety 
barriers, lighting towers, signage gantries, drainage wedges and expansion joints, 
among others).  

Implementation: I 
        Priority: Desirable 
 
SENS_ FUNCT_022  Localization of road furniture 
The Sensing Module shall be able to localize road furniture.  

Implementation: V1 
        Priority: Desirable 
 
SENS_ FUNCT_023  Identification of road furniture 
The Sensing Module shall be able to identify road furniture.  

Implementation: V2 
        Priority: Desirable 
 
 
SENS_ FUNCT_024  Detection of road furniture degradation 
The Sensing Module shall be able to detect the degradation of road furniture.  

Implementation: V2 
        Priority: Desirable 
 
SENS_ FUNCT_025  Identification of road furniture degradation 
The Sensing Module shall be able to identify the degradation of road furniture.  

Implementation: V2 
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        Priority: Desirable 
 
 
 
SENS_ FUNCT_026  Assessment of slope erosion 
The Sensing Module shall be able to assess erosion on slopes, when no vegetation 
is present, directly or indirectly through detection of rockfalls traps filled by soil or 
gravel.  

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_027  3D mapping of slopes 
The Sensing Module shall be able to map slopes of interest in 3D with LIDAR 
sensors or photogrammetry.  

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_028  Volume estimations of slope 
The Sensing Module shall be able to map volume changes in m3 detected on slopes 
of interest, when no vegetation is present. 

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_029  Mitigation measures against slope failure  
The Sensing Module shall be able to assess visual signs of degradation on slope 
failure and propose mitigation measures in case of large deformations, settlements or 
cracks.  

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_030  Localization of mitigation degradation 
The Sensing Module shall be able to localize degradation on mitigation measures. 

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_031  Identification of mitigation degradation 
The Sensing Module shall be able to identify the type of degradation on mitigation 
measures. 

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_032  Quality assessment of mitigation degradation 
The Sensing Module shall be able to assess the quality of the degradation on 
mitigation measures by means of qualitative ranking (Extreme-Low). 

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_033  Assessment of obstruction 
The Sensing Module shall be able to assess the obstruction(s) of the road network 
by foreign objects. 

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_034  Localization of obstruction 
The Sensing Module shall be able to localize the obstruction on the road network. 
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Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_035  Identification of obstruction 
The Sensing Module shall be able to identify the type of foreign objects inducing 
obstruction on the road network. 

Implementation: Ideal 
        Priority: Desirable 
 
 
SENS_ FUNCT_036  Vegetation 
The Sensing Module shall be able to monitor vegetation on the road corridor. 

Implementation: V1 
        Priority: Desirable 
 
 
SENS_ FUNCT_037  Localization of vegetation 
The Sensing Module shall be able to localize vegetation on the road corridor. 

Implementation: V1 
        Priority: Desirable 
 
SENS_ FUNCT_038  Encroaching 
The Sensing Module shall be able to map the position of vegetation over time in 
order to detect vegetation encroaching. 

Implementation: V1 
        Priority: Desirable 
 
SENS_ FUNCT_039  Identification of damage  
The Sensing Module shall be able to identify damage on road corridor elements. 

Implementation: V2 
        Priority: Desirable 
 
SENS_ FUNCT_040  Quantity assessment of damage 
The Sensing Module shall be able to assess the quantity of damage on road corridor 
elements in terms of volume or area. 

Implementation: V2 
        Priority: Desirable 
SENS_ FUNCT_041  Quality assessment of damage 
The Sensing Module shall be able to assess the quality of damage on road corridor 
elements by means of qualitative ranking (Extreme-Low). 

Implementation: Ideal 
        Priority: Desirable 
 
SENS_ FUNCT_042  Mapping of road surface temperatures  
The Sensing Module shall be able to map temperatures of road surfaces. 

Implementation: V2 
        Priority: Desirable 
 
 
SENS_ FUNCT_043  3D mapping  
The Sensing Module shall be able to map the road corridor in 3D. Resolution of 3D 
object depends on camera resolution and distance to road corridor object.  

Implementation: V2 
        Priority: Desirable 
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EYE.D_ FUNCT_044  Detection of defects on images   
The Eye-D sub-module shall be able to detect defects on images with ML algorithms 
at pixel and image levels. 

Implementation: V1 
        Priority: Compulsory 
 
 
EYE.D_ FUNCT_045  Type of defects detected   
The Eye-D sub-module shall be able to detect the following types of defects: 

- steel corrosion, 
- concrete cracks, 
- concrete anomalies, 
- retaining wall cracks, 
- slope cracks, 
- steel element corrosion.  

Implementation: V1 
        Priority: Compulsory 
 
EYE.D_ FUNCT_046  Detection of other elements  
The Eye-D sub-module shall be able to detect: 

- flooded areas, 
- fire, 
- debris on streets. 

Implementation: V1 
        Priority: Compulsory 
 
EYE.D_ FUNCT_047  Type of data exploited   
The Eye-D sub-module shall be able to exploit the following types of data: 

- RGB image, 
- Thermal image, 
- Json file, with potential additional input. 

Implementation: V1 
        Priority: Compulsory 
 
EYE.D_ FUNCT_048  Exploitation of UAV images 
The Eye-D sub-module shall be able to exploit the images received from UAVs. 
 
Detection algorithms shall reproduce (approximately) the same results over the same 
image, capture by drone from a different range from one up to 8 meters. 
 

Implementation: V1 
        Priority: Compulsory 
 
EYE.D_ FUNCT_049  Exploitation of satellite images 
The Eye-D sub-module shall be able to exploit the images received from satellites. 

Implementation: V2 
        Priority: Ideal 
 
EYE.D_ FUNCT_050  Generation of processed images 
The Eye-D sub-module shall be able to produce: 

- annotated images, 
- geolocalized images. 

 
Implementation: V2 
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        Priority: Ideal 
 
EYE.D_ FUNCT_051  Type of images generated   
The Eye-D sub-module shall be able to generate the following types of images: 

- Binary images, which shall have the same size as the input image, 
- .txt file, which shall have the same structure as the json format and which 

shall contain various fields to characterize the defect detected, with the 
additional input that could be provided by the source .json file. 
 

All arithmetic values (e.g.: area, width, bounding box coordinates…) shall be 
expressed in pixels. 

Implementation: V1 
        Priority: Compulsory 
 
 
 
SENS_FUNCT_052 Exploitation of data  
The ACTINT-IA sub-module shall be able to exploit the data received, through the 
following actions: 

- manage,  
- make measurement,  
- insert annotations or additional information. 

 
Implementation: V1 

        Priority: Compulsory 
 
AII_FUNCT_053 Types of data exploited  
The ACTINT-IA sub-module shall be able to exploit the following types of data 
received from the global GCS and other components (Eye-D, Middleware server): 

- geo-referenced images/videos,  
- real-time video streams if necessary 
- maps. 

        Implementation: V1 
        Priority: Compulsory 
 
AII_FUNCT_054 Image formats supported 
The following formats shall be supported by the ACTINT-IA sub-module: 

 SPOT 5 (and 1 to 4) 
 SPOT 6/7  
 Pleiades 1A/1B 
 TerraSAR-X 
 Sentinel-1 
 LIDAR 
 Quickbird-2, Worldview-1, 2 
 Ikonos-2 
 Kompsat-2, Kompsat-3 
 Landsat 5, 7, 8 
 OGC WMS/WFS services 
 CADRG, ADRG  
 DEM in DTED 0, 1, 2 
 BMP, JPEG, TIFF, BigTIFF, GeoTIFF 
 JPEG2000 (with and without GeoTIFF location parameters) 
 GIF 
 NITF 2.1 
 Vector: KML/KMZ 
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 Digital video clips: STANAG 4609, MPEG-2, MPEG-4, and AVI. 
 Report formats: PDF, MS Office formats, RTF, TXT, CSV, and XML. 

 
        Implementation: V1 
        Priority: Compulsory 
 
AII_FUNCT_055 Production of reports 
The ACTINT-IA sub-module shall be able to manage the data received and produce 
reports, which shall be sent to HRAP Module.  
 
        Implementation: V1 
        Priority: Compulsory  
AII_FUNCT_056 Snapshots Processing 

Processing 
snapshots  

The product shall be able to create snapshots out of: 
- A 2D/3Dview in GIF format, JPEG format, JPEG2000 

format, TIFF format, NITF format, geopdf format. 
- a 2Dview in GeoTiff format, 
- a non-georeferenced image in GIF, JPEG, TIFF and 

JPEG2000 formats. 

 
Implementation: V1 

        Priority: Compulsory  
AII_FUNCT_057 Image Management 
 

Display The product shall provide the capability to display several images, 
zoom on them, rotate the content, navigate in 3D view, manage 
image layers 

 The product shall provide the capability to display the scale of the 
image center 

 The product shall be able to display 2DViews into one the following 
coordinate reference systems:: 
  o Equidistant cylindrical  
  o Orthographic  
  o Gnomonic  
  o Polar Stereographic (North and South pole) 
  o Stereographic (Equatorial) 
  o Mercator 
  o Oblique Mercator  
  o Lambert Conformal 
  o Cassini 
  o Vertical Perspective 
  o Universal Transverse Mercator 

 The product shall offer a list of available CRS (EPSG codes 
supported by Luciad) 

 The product shall provide the capability to display georeferenced 
vector data (linear, punctual, area) 

 The product shall display the cursor location (geographic or 
cartographic coordinates) 

 The product shall support EPSG coordinate systems (cartographic 
and geographic coordinate system, with their respective datum) 

 The product shall offer the capability to create/delete Points of 
Interest (POI) 

 The product shall display the altitude at the cursor location by using 
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Digital Terrain Model (DTM or DEM) 

 It shall be possible to display images in a 3D window. In this mode, 
raster information is draped on top of the active DTM. 

 It shall be possible to display a specific layer onto a 2D or 3D view, 
showing the inter-visibility map. The inter-visibility computation is 
based on the active DTM. The origin is a point selected in the View 
at DTM altitude + 2m by default. 

 Elevation reference for location computation shall be defined as: 
   o either a user-defined constant value, 
   o or given by an "altitude supplier" 
(an altitude supplier might be a local DTED, or a global elevation 
model) 

 Only registered elevation data are used by the altitude provider with 
priority based on resolution: the higher the resolution, the higher the 
priority. 

 DTEDs displayed in the layer manager have priority over registered 
elevation data for the altitude provider. 

 The product shall display coordinates in the following cartographic 
coordinate systems: 
  o UTM 
  o MGRS 

 The reference geographic system shall be WGS84. 

 The reference ellipsoid shall be the WGS84 ellipsoid. 

 The geoid reference shall be the EGM96 geoid. 

 The product shall provide: 
- a vertical (or horizontal) swipe function, for interactive change 

detection, 
- a flicker function, for interactive change detection. 

 The product system shall be able to display/hide grid, scale, 
compass as overlays in a 2D view. 

 The product system shall apply some automatic image radiometric 
adjustments (with or without equalization). 

Processing The product shall provide the capability to adjust contrast and 
brightness of each image layer. 

 The product shall provide the capability to adjust each image layer 
dynamics (linear transformation, histogram equalization, inversion). 

 The product shall provide the capability to change image geometry  

 The product shall provide the capability to apply the following 
exploitation filter to each image layer: 
  o Laplacian filter 
  o Sharpness 
  o Median 
  o Mean (noise reduction) 
  o Gauss (blur, noise reduction) 
  o Convolution matrix filter 

 The product shall provide the capability to add a geo-location model 
to a non-georeferenced image, using a set of Ground Control Points 
(GCP). The geo-location model shall be a degree-1 polynomial. 
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 The product shall provide the capability to add a geo-location model 
to a non-georeferenced image, using a set of manual tie-points, 
selected from a single geo-referenced image on the same area. The 
geo-location model shall be a degree-1 polynomial. 

 The product shall provide the capability to display the "single-point" 
position given in the metadata of a non georeferenced image  

 The product shall provide the capability to improve the location 
model of a geo-referenced image thanks to Ground Control Points 
(GCP). 

 The product shall provide the capability to compute interferometry of 
a sentinel-1 image using a dedicated tool. 

 The product shall provide the capability to improve the location 
model of a geo-referenced image using a set of manual tie-points, 
selected from a single geo-referenced image on the same area. 
Correction shall be based on a degree-0 or degree-1 polynomial. 

Import 
Format 

The product shall be able to import and display SPOT 1 to 4 satellite 
images (CAP format and DIMAP V1 format). 

 The product shall be able to import and display SPOT 5 satellite 
images (DIMAP V1 format). 

 The product shall be able to import and display SPOT6/7 satellite 
images (DIMAP V2 format). 

 The product shall be able to import and display Pléiades satellite 
images (DIMAP V2 /”military DIMAP” formats). 

 The product shall be able to import and display Worldview-1 satellite 
images (PVL format). 

 The product shall be able to import and display Worldview-2 satellite 
images (PVL format). 

 The product shall be able to import and display Quickbird-2 satellite 
images (PVL format). 
 

 The product shall be able to import and display Ikonos-2 satellite 
images (Ikonos format). 

 The product shall be able to import and display TerrasarX-1 satellite 
images (XML format). 

 The product shall be able to import and display Sentinel-1 
interferometry products 

 The product shall be able to import and display CSK satellite images 
(CosmoSkyMed. 

 The product shall be able to import and display Envisat satellite 
images. 

 The product shall be able to import and display ALSAT2 (2A & 2B), 
SSOT1 satellites images (DIMAP V1 format). 

 The product shall be able to import and display VNREDSAT1 
satellites images (DIMAP V1 format). 

 The product shall be able to import and display Kompsat-2/Kompsat-
3 satellite images. 
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 The product shall be able to import and display Landsat-5/Landsat-
7/Landsat-8 satellite images. 

 The product shall be able to import and display LIDAR data 

 The product system shall be able to display raster maps and vector 
maps distributed by WMS services. 

 The product system shall be able to use WMS as default display in 
IA 2D/3D views instead of Worldmap 

 
Implementation: V1 

        Priority: Compulsory  
 
AII_FUNCT_058 IMA-Raster Format Management 
 

Import 
Format 

The product shall be able to import DEM in DTED format (DTED0, 
DTED1, DTED2). 

 The product shall be able to import image files in BMP format 
(Windows BitMaP), JPEG format and TIFF format (classic TIFF and 
BigTIFF, restriction: no multi-directory support). 

 The product shall be able to import images in GeoTIFF format (see 
Tiif format support for radiometric support), with some restrictions. 

 When several location data sets are available for a GeoTIFF image, 
the location function shall take in priority: 
1) product specific ancillary data (e.g. Dimap for SPOT6), 
2) GeoTIFF tags 

 The product shall be able to import image files in JPEG2000 with no 
location function 

 The product shall be able to import image files in JPEG2000 with 
location function. 
Restrictions GeoJP2 box (Geotiff location parameters), with some 
restrictions. 

 The product shall be able to import image files in JPEG2000 with 
location function. 
Restrictions GML box: 
   o only coordinates and coordinate systems shall be used. 
   o location data is not accurate. 

 When several location data sets are available for a JPEG2000 
image, the location function shall take in priority: 
1) product specific ancillary data (e.g. Dimap for SPOT6), 
2) GeoJP2 box 
3) GMLJP2 box 

 The product shall be able to import image files in GIF format. 

 The product shall be able to import image files in NITF 2.1 format 
Restrictions: 
  o not all profiles shall be supported, as the format is "very open". 
  o support for RPCB extension 
  o support for BlockA and IGEOLO for orthographic images 
  o partial support for SENSRA extension 
  o support for SENSRB extension 
  o no support for "Height Above Ground" (which is not 
recommended in the official documentation) 
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The product shall be able to display non georeferenced images, 
restricted to supported formats. 

 
Implementation: V1 

        Priority: Compulsory  
 
AII_FUNCT_059 Measure Management 
 

Processing The product shall be able to compute point-to-point distances on a 
geo-referenced image. The measurement shall be computed with or 
without altitude reference. 

 The product shall be able to compute: 
- angles on a geo-referenced image, 
- bearings with respect to geographical North on a geo-

referenced image, 
- areas (with no hole) on a geo-referenced image, 
- the slope on a geo-referenced image at a selected point. The 

computation is based on the active DTM. 

 The product shall offer a profile tool, displaying the plot of active DTM 
elevation data between N points. 

 The product shall be able to compute height on a geo-referenced 
image, based on shadow measurement. 
Restriction: visible and IR images only 

 The product shall be able to compute height on a geo-referenced 
image, based on "oblique" measurement. 
Restriction: visible and IR images only 

 The product shall be able to compute height on a set of several geo-
referenced images (2 or more). 
The algorithm is based on stereo vision.  
[V2 only] 

 
Implementation: V1 

        Priority: Compulsory  
 
AII_FUNCT_060 Vector Management 
 

 Display The graphic editor shall be accessible from the menu bar. 

  The graphic editor shall provide a specialized view to manage and 
organize forms. 

  It shall be possible to display forms within a 3D view. 

  The graphic editor shall provide the following forms: Rectangle, 
Polyline, Polygon, Circle, Ellipse, Arc of a circle, Angular sector, Point, 
Arrow, Text, Symbols, Group of forms (with respect to a geo-referenced 
image). 

  The graphic editor shall provide several ways of input for the following 
forms: 
  o Rectangle, 
  o Circle, Ellipse, Arc of circle 

  The graphic editor shall provide the ability to adjust form style: 
  o Edge line color, type and  thickness, 
  o Color filling,  
  o Text size, font and color. 
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  The graphic editor shall provide the following operators on forms: 
   o Rotation, 
   o Translation, 
   o Enlargement / Shrinking, 

  The graphic editor shall provide the ability to edit / modify any 
parameter object: 
  o style, 
  o anchor point location 

  The graphic editor shall provide the capability to store the altitude of 
each anchor point. 

  By default, the graphic editor shall use the DTM altitude. 

  The graphic editor shall be able to use a constant user's altitude for all 
anchor points. 

  The graphic editor shall provide the capability to fix the same altitude for 
each anchor point of the geo-registered annotation object. 

  The graphic editor shall provide the capability to input specific altitude 
for each anchor point of the geo-registered annotation. 

  The graphic editor shall provide following  forms on non-georeferenced 
images:  
  o Rectangle, Polyline, Polygon, 
  o Arrow,  
  o Circle, ellipse and arc of circle 
  o Text, symbols 

  The graphic editor shall provide the capability to adjust  form formatting 
on non-georeferenced images:: 
  o Edge line color, type and thickness,  
  o Color filling, 
  o Text size, font and color 

  The graphic editor shall provide the following operators for forms on 
non-georeferenced images:: 
   o Rotation, 
   o Translation, 
   o Enlargement / Shrinking, 

  The graphic editor shall provide the capability to group / degroup forms 

  In NITF format, the CGM graphic editor shall store annotations in a 
different layer from the raster image 

  The graphic editor shall show the anchor points when the geo 
registered form is selected 

  The anchors points depend on input way for: Rectangle, Arc of circle 

  The graphic editor shall provide the capability to show/hide forms. 

  The graphic editor shall adapt the scale of the forms to the display 
zoom factor 

Export 
Format 

The graphic editor shall be able to save forms in an internal format. 

  The graphic editor shall be able to restore forms from internal format for 
display and modification. 
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 The graphic editor shall be able to export geo-referenced forms in KML 
format: 
   o uncompressed KML (.kml extension), 
   o compressed KML (.kmz extension). 
Restrictions: 
   o not all internal features will be exported, due to KML limitations. 

 The graphic editor shall be able to export geo-referenced forms in 
shapefile format: 
   o styles will be ignored 
   o forms will be exported as points, polylines and polygons 

  The application shall offer an "object counting" tool. 

 
Implementation: V1 

        Priority: Compulsory  
 
 
AII_FUNCT_061 Video Management 
 

Import 
Format 

The product system shall be able to import and manage digital video 
clips in MPEG-2 /MPEG-4 formats. 
N.B.: MPEG-2 and MPEG-4 digital videos are not geo-referenced. 

 The product system shall be able to import and manage digital video 
clips in AVI (Audio Video Interleaved Animation File) format. 
Restrictions (since AVI is a container format): 
  o support MPEG-2 video formats 
  o Support H.264/MPEG-4 AVC Part 10 video formats 
N.B.: AVI digital videos are not geo-referenced. 

 The product system shall be able to import and manage digital video 
clips in DIV-X format. 
Restriction:  
  o MPEG-4 Part 2 
N.B.: DivX digital video formats are not geo-referenced 

 The product system shall be able to import and manage digital video 
clips in STANAG 4609 format. 
By construction, such video files shall contain: 
  o video stream in MPEG2-TS format (codec MPEG2 or H264) 
  o ancillary data, for geolocation 

 The product system shall be able to display digital video streams in 
STANAG 4609 format, based on the following routing methods: 
  o Unicast, 
  o Multicast, 
  o Broadcast. 
Restrictions: 
  o support for UDP protocol, 
  o support for RTP protocol. 

Display The product shall be able to display 1 to 4 video. Only one video is 
active at a time 
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 The product system shall display video clip at various speeds: 
  o normal speed (X1) 
  o faster speed (X2, X4, X8) 
  o slower speed (X1/2, X1/4) 
  o frame by frame 

 The product shall be able to stop / restart the video display. 

 The product shall be able to modify brightness / contrast in the 
displayed video. 
The enhanced parameters are applied to the whole video. 

 The product shall be able to apply an inverse filter to the displayed 
video. The enhanced parameters are applied to the whole video. 

 The product shall be able to apply a median filter to the displayed 
video. The enhanced parameters are applied to the whole video. 

 The product shall be able to apply a sharpness filter to the displayed 
video (based on Laplacian filter) 
The kernel size shall be modified by user. 
The enhanced parameters are applied to the whole video. 

 The product shall be able to apply a noise-reduction filter to the 
displayed video (Gaussian filter). 
The kernel size shall be modified by user. 
The enhanced parameters are applied to the whole video. 

 The product shall be able to apply an edge-detector filter to the 
displayed video (based on Canny algorithm). 
The enhanced parameters are applied to the whole video. 

 The product shall be able to display flight and gimbal parameters on 
top of the video. 
A toggle button turns this functionnality on and off. 

 The product shall be able to display flight and gimbal parameters in 
a separate window. 
A toggle button turns this functionnality on and off. 

 The product shall be able to display: 
   o single frame footprint, and image center 
   o A/C or UAV trajectory, 
into a 2D / 3D view. 

Processi
ng 

The product shall be able to create a snapshot out of the video. 

Export 
F 
ormat 

The snapshot image for geo-referenced video shall be saved 
without any reprojection. The output format is: STANAG 4545 format 
(geo-referenced with sensorB parameters) 
N.B.: there is no standard way to save gimbal and flight parameters 
into GeoTIFF format. 

 The snapshot image for non-geo-referenced video shall be saved 
without any reprojection. The output format is JPEG (no geo-
referenced image). 

Processi
ng 

The product shall be able to automatically track a target within the 
video. The target is first selected by the operator. 
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 The product shall be able to:  
- display tracked target position and speed onto a 2D / 3D 

view, 
- measure distance between two points within the same video 

frame, 
- measure distance and speed between two points selected 

within two different video frames, 
- measure bearing between two points selected within two 

different video frames. 
Restriction: 
  o geo-referenced video only (e.g. Stanag 4609) 

Display It shall be possible to "enslave" a video and a 2D view. Whenever 
this mode is active, a cursor shall be displayed on the same 
geographic position in both the video pane and the 2D view. 
Restriction: 
  o geo-referenced video only (e.g. Stanag 4609) 

 When "enslave" mode is active between a video and a 2D view, it 
shall be possible to synchronize the 2D view display: the 2Dview 
center designate the same geographical point as the video frame 
center. 

 When the video display is on-pause, it shall be possible to 
copy/paste the cursor geographic position. 
Restriction: 
  o geo-referenced video only (e.g. Stanag 4609) 

 It shall be possible to display bookmarks into a 2D/3D view. 

 It shall be possible to create and display a subtitle over a time 
interval as an overlay in the video view 

 It shall be possible to display subtitle time interval within the timebar 

 It shall be possible to display snapshot time position within the 
timebar 

 It shall be possible to delete bookmarks, subtitles, snapshots and 
video clips from the timebar contextual menu.  

Time 
Bar 

The product system shall display a timebar, synchronized with the 
displayed video. 

 The timebar shall indicate the position of the displayed frame along 
the time interval. 

 It shall be possible to "jump" directly to any position within the video. 

 It shall be possible to create bookmarks in the timebar. Each 
bookmark shall have a parameter set. 

 It shall be possible to restart video display from any bookmark 

 It shall be possible to create a time interval within the timebar, for 
loop-playback. 

Export 
Format 

It shall be possible to create a time interval within the timebar, in 
order to create a video clip, exported in: 

- STANAG 4609 format. 
Restriction: 
  o input video format in STANAG 4609 format 

- MPEG-2 format. 
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Restriction:: 
  o input video format in MPEG-2 format 

- MPEG-4 format. 
Restriction:: 
  o input video format in MPEG-4 format 

 
Implementation: V1 

        Priority: Compulsory  
 
AII_FUNCT_062 LIDAR Management 
 

Display The product shall be able to display the LIDAR data in 3D 

 The product shall be able to display the LIDAR data in superposition 
with visible images 

 The product shall be able to visualize difference maps computed 
from LIDAR data 
[V2 only]   

 
Implementation: V1 

Priority: Compulsory
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4.3.2 Non-functional specifications  
 
SENS_ NFN_001_Monitoring schemes 
The Sensing Module shall be able to define multi-platform monitoring schemes, and 
to adapt the scheme based on information from interacting modules and on practical 
constraints in the field 

Implementation: V1 
        Priority: Compulsory 
 
SENS_ NFN_002_UAV scheme 
The Sensing Module shall be able to define a UAV monitoring scheme, and to adapt 
the scheme based on information from interacting modules and on practical 
constraints in the field  

 Implementation: V1 
        Priority: Compulsory 
 
SENS_ NFN_003_Mobile Mapper scheme 
The Sensing Module shall be able to define a Mobile Mapper monitoring scheme, 
and to adapt the scheme based on information from interacting modules and on 
practical constraints in the field. 

Implementation: V1 
        Priority: Compulsory 
 
 
SENS_ NFN_004_Satellite scheme 
The Sensing Module shall be able to define a satellite monitoring scheme at any 
point in time, and to adapt the scheme based on information from interacting 
modules and on practical constraints in the field. 

Implementation: V1 
        Priority: Compulsory 
 
SENS_ NFN_005_Fixed sensor scheme 
The Sensing Module shall be able to define a fixed-sensor monitoring scheme at any 
point in time, and to adapt the scheme based on information from interacting 
modules and on practical constraints in the field. 

Implementation: V1 
        Priority: Compulsory 
 
SENS_ NFN_006_Existing permanent sensor networks 
The Sensing Module shall be able to connect and download records from ground 
acquisition units, as well as to post-process and analyse records from ground 
acquisition units, at any point in time. 

Implementation: V1 
        Priority: Compulsory 
 
EYE.D_ NFN_001_Eye-D data management  
The Eye-D module shall be able to: 

- receive the source images from the local ground control stations and data 
centers at any point in time, 

- generate images and send them to ACTINT-IA sub-module or directly to the 
PANOPTIS HRAP module through the middleware. 

- create a dataset with pairs of input/output images. 
Implementation: V1 

        Priority: Compulsory 
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SENS_NFN_007 UAV operational specification 
The UAVs (Hybrid and VTOL) shall have the following operational characteristics: 

- payload capacity: 1 kg (Hybrid), 5 kg (VTOL) 
- maximal speed: 90km/h (Hybrid), 15 m/s (VTOL) 
- maximal flight time: 110 minutes (Hybrid), 30 minutes (VTOL) 
- maximal wind speed: 10 m/s 
- temperature range for operation: +0° to +45°  
- accepted sensors: thermal IR camera, optical camera, multispectral camera, 

RGB camera, SAR, LIDAR. 
 

The specific GCS of each UAV shall be compatible with the global GCS. Each 
specific GCS shall be able to receive tasks from the global GCS and send data to it. 

Implementation: V1 
        Priority: Compulsory 
 
SENS_NFN_008 Dynamic Information Exchange 
The Sensing Module shall be able to exchange information with interacting resilience 
assessment modules at any point in time.  

Implementation: V2 
        Priority: Compulsory 
 
SENS_NFN_009 Feedback from interacting modules 
The Sensing Module shall be able to receive information from interacting modules.  
 

Implementation: V2 
        Priority: Compulsory 
 
SENS_NFN_010 Type of information disseminated 
The Sensing Module shall be able to disseminate georeferenced degradation and 
damage information from interacting modules.  

Implementation: V2 
        Priority: Compulsory 
 

4.4 Situation Awareness and Response Module 
This module is composed of two sub-systems: 

- HRAP  
- IMSC (composed of the IMS and the COP) 

4.4.1 Functional specifications 
HRAP_FUNCT_002 Hazard Modules 
The HRAP sub-module shall integrate and execute the Hazard analysis models of 
Task 4.1. 

Implementation: V1 
        Priority: Compulsory 
 
HRAP_FUNCT_003 Scenario Management 
The HRAP sub-module shall be able to create and store scenarios through the 
selection of a chain of analysis tools.  

Implementation: V1 
        Priority: Compulsory 
 
HRAP_FUNCT_004 Multi-Hazard 
The HRAP sub-module shall be able to perform multi-hazard impact analyses.  
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Implementation: V1 
        Priority: Compulsory 
 
HRAP_FUNCT_005 Integration of Input and Output Datasets 
The HRAP sub-module shall be able to integrate various types and formats of input 
and output datasets: 

- Shapefile, 
- ASCII raster, 
- CSV, 
- XML,  
- NetCDF, 
- Text files. 

Implementation: V1 
        Priority: Compulsory 
 
HRAP_FUNCT_008 GIS Mapping 
The HRAP sub-module shall provide a GIS/Map engine for the depiction of RI assets 
and the simulation of geospatial inputs and results. 

Implementation: V1 
        Priority: Compulsory 
 
HRAP_FUNCT_009 Vulnerability Models 
The HRAP sub-module shall be able to incorporate the vulnerability models of Task 
4.3. 

Implementation: V1 
        Priority: Compulsory 
 
 
HRAP_FUNCT_010 Integration of External Hazard Data  
The HRAP sub-module shall be able to integrate pre-calculated hazard simulation 
results. 

Implementation: V1 
        Priority: Compulsory 
 
 
 
HRAP_FUNCT_010 Integration of External Impact Data  
The HRAP sub-module shall be able to integrate pre-calculated impact simulation 
results. 

Implementation: V1 
        Priority: Compulsory 
 
HRAP_FUNCT_013 Integration of Climate Data  
The HRAP sub-module shall be able to integrate climate risk parameters and 
atmospheric stressor indicators mentioned in Task 3.7. 

Implementation: V1 
        Priority: Compulsory 
 
HRAP_FUNCT_014 Edition of Curves  
The HRAP sub-module shall be able to load and edit vulnerability curves. 

Implementation: V1 
        Priority: Compulsory 
 
HRAP_FUNCT_015 Edition of GIS  
The HRAP sub-module shall be able to edit vector geospatial data of RI inventories. 
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Implementation: V1 
        Priority: Compulsory 
 
HRAP_FUNCT_016 Export of Data  
The HRAP sub-module shall be able to export analysis results. 

Implementation: V1 
        Priority: Compulsory 
 
HRAP_FUNCT_017 Data Statistics  
The HRAP sub-module shall be able to provide statistics of tabular datasets. 

Implementation: V1 
        Priority: Compulsory 
HRAP_FUNCT_018 Data and Metadata Management  
The HRAP sub-module shall be able to manage data and metadata efficiently. 

Implementation: V1 
        Priority: Compulsory 
 
IMSC_FUNCT_001 Organization Hierarchy Management  
The IMSC sub-module shall be able to register an organization hierarchy and assign 
users to departments. Events and actions shall be visible to the upper hierarchy. 

Implementation: V1 
        Priority: Compulsory 
 
IMSC_FUNCT_002 User, Role and Access Rights Management  
The IMSC sub-module shall be able to administer users, roles and their associated 
access rights. 

Implementation: V1 
        Priority: Compulsory 
 
IMSC_FUNCT_003 Resource Management  
The IMSC sub-module shall be able to register and administer equipment, personnel 
and vehicles. 

Implementation: V1 
        Priority: Compulsory 
IMSC_FUNCT_004 Planned Events 
The IMSC sub-module shall be able to manage events and incidents, in the routine 
and emergency cases. 

Implementation: V1 
        Priority: Compulsory 
IMSC_FUNCT_005 Incident Management 
The IMSC sub-module shall be able to configure event types. 

Implementation: V1 
        Priority: Compulsory 
IMSC_FUNCT_006 SOPSs and Actions 
The IMSC sub-module shall provide the user interface that shall enable the user to 
configure actions that operators should follow per event/incident type. 

Implementation: V1 
        Priority: Compulsory 
IMSC_FUNCT_007 Dispatch Resources 
The IMSC sub-module shall be able to assign and dispatch resources. Resources 
equipped with Mobile Data Terminals (MDTSs) shall be notified. 

Implementation: V1 
        Priority: Compulsory 
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IMSC_FUNCT_008 Fixed CCTV Video 
The IMSC sub-module shall be able to view video feeds from road infrastructure 
CCTV, upon asking of the records to the road infrastructure safety manager. A 
bandwidth of 1-10Mbit/sec shall be required to retrieve the live stream of a camera. 

Implementation: V1 
        Priority: Compulsory 
IMSC_FUNCT_009 Vehicle Video 
The IMSC sub-module shall be able to view video feeds from UAVs and Vehicle 
Cameras. 

Implementation: V1 
        Priority: Compulsory 
IMSC_FUNCT_010 Warning and Alerts 
The IMSC sub-module shall be able to visualize warnings (when meteo variable 
values are outside preset limits) from the real-time meteorological hazard 
assessment module. 

Implementation: V2 
        Priority: Compulsory 
IMSC_FUNCT_011 Sensor Data Access 
The IMSC sub-module shall be able to visualize real-time data from sensors. 

Implementation: V2 
        Priority: Compulsory 
IMSC_FUNCT_012 Mobile Damage Data Integration  
The IMSC sub-module shall be able to integrate mobile damage mapping data. 

Implementation: V2 
        Priority: Compulsory 
 
IMSC_FUNCT_013 3D Synthetic Environment   
The IMSC sub-module shall be able to integrate drone mapping data. 

Implementation: V2 
        Priority: Desirable 
 
IMSC_FUNCT_014 Climate/Atmospheric Data Integration   
The IMSC sub-module shall be able to integrate atmospheric prediction models or 
results database. 

Implementation: V2 
        Priority: Compulsory 
 
IMSC_FUNCT_015 Alarms and Incident Handling   
The IMSC sub-module shall be able to escalate alarms to incidents/events and follow 
SOPs. 

Implementation: V1 
        Priority: Compulsory 
 
IMSC_FUNCT_016 Decision Support   
The IMSC sub-module shall be able to integrate HRAP impact results or execute 
HRAP analyses for improved Incident Decision Support. 

Implementation: V2 
        Priority: Compulsory 
 
IMSC_FUNCT_017 Alerts and Dissemination    
The IMSC sub-module shall be able to share alerts with other agencies (multi-agency 
collaboration) within 4 seconds. 

Implementation: V2 
        Priority: Compulsory 
IMSC_FUNCT_018 Common Operational Picture    
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The IMSC sub-module shall be able to display and share a COP with other agencies 
(e.g. sensor data, events, resources, actions). 
The COP shall be able to display all infrastructure and other types of elements 
needed by the end-users.  

Implementation: V2 
        Priority: Compulsory 
 
IMSC_FUNCT_019 Resource Tracking    
The IMSC sub-module shall be able to track vehicles through mobile app and UAVs 
(map layers). 

Implementation: V1 
        Priority: Compulsory 
IMSC_FUNCT_020 Weather Forecasts    
The IMSC sub-module shall be able to integrate and view weather forecasts, once 
every minute.  

Implementation: V1 
        Priority: Compulsory 
IMSC_FUNCT_021 Video analytics data integration   
The IMSC sub-module shall be able to integrate and display events from Video 
Analytics, in near real-time. 

Implementation: V1 
        Priority: Compulsory 
IMSC_FUNCT_022 Warnings to Drivers   
The IMSC sub-module shall be able to publish events and warning messages to RI 
panels. The operator shall be able to pre-configure the messages per event type or 
edit the message before submission.  

Implementation: V2 
        Priority: Compulsory 
IMSC_FUNCT_023 Action Log   
The IMSC sub-module shall timestamp and log each user action. 

Implementation: V1 
        Priority: Compulsory 
IMSC_FUNCT_024 Reporting   
The IMSC sub-module shall provide a daily report of planned works, conditions of 
road practicability and dissemination to agencies. 

Implementation: V2 
        Priority: Compulsory 
IMSC_FUNCT_025 Integration with Third-Party Services  
The IMSC sub-module shall include a Web API to provide access to events and 
operations (e.g. during winter) by other Web pages (e.g. Ministry of Public Works). 

Implementation: V2 
        Priority: Compulsory 
IMSC_FUNCT_026 Zoning  
The IMSC sub-module shall be able to configure zones (annotated map polygons) 
and locate resources within those zones. 

Implementation: V1 
        Priority: Compulsory 
IMSC_FUNCT_027 GIS layers  
The IMSC sub-module shall provide a view of static and dynamic geospatial 
information in layers. 

Implementation: V1 
        Priority: Compulsory 
 
IMSC_FUNCT_028 Export maps  
The IMSC sub-module shall be able to print map snapshots. 
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Implementation: V1 
        Priority: Compulsory 
 
IMSC_FUNCT_029 Mobile Data Terminals  
The IMSC sub-module shall be able to exchange information with Mobile data 
terminals. 

Implementation: V1 
        Priority: Desirable 
 
IMSC_FUNCT_030 Event historization  
The IMSC sub-module shall make events and associated actions accessible and 
searchable. 

Implementation: V1 
        Priority: Compulsory 
 

4.4.2 Non-functional specifications 
They may be operational or interface specifications. 
 
HRAP_NFN_001 Modular and Expandable Architecture  
The HRAP sub-module shall be able to manage data and metadata efficiently. 

Implementation: V1 
        Priority: Compulsory 
 
HRAP_NFN_006 External Analysis Tools  
The HRAP sub-module shall be able to execute external analysis tools in the form of 
batch programs. 

Implementation: V1 
        Priority: Compulsory 
HRAP_NFN_007 User Interface  
The HRAP sub-module shall be able to provide a flexible and easy-to-use GUI. 

Implementation: V1 
        Priority: Compulsory 
 
HRAP_NFN_012 Remote Data Access  
The HRAP sub-module shall be able to access WebDAV files and datasets. 

Implementation: V1 
        Priority: Compulsory 
 
HRAP_NFN_019 Integration with IMS  
The HRAP sub-module shall have a user interface integrated with the IMS. 

Implementation: V1 
        Priority: Compulsory 
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4.5 Middleware and Data Fusion Services Module (MDFS) 
 

4.5.1 Functional specifications 
 
MDFS _FUNCT_006 Retention of Data 
The MDFS module shall provide an efficient data storage solution and backup 
system. 

Implementation: V2 
        Priority: Compulsory 
 
MDFS _FUNCT_007 Collection of data  
The MDFS module shall be able to directly collect data (microclimate conditions, 
rainfall volume records, wind direction records and humidity records) from the 
weather stations; it shall indirectly collect data from the other types of sensors. 

Implementation: V1 
        Priority: Compulsory 
 
MDFS _FUNCT_011 Management of Data 
The MDFS module shall analyze data before it can be utilized, in order to ensure its 
integrity and its validity. 

Implementation: V1 
        Priority: Compulsory 
 
MDFS _FUNCT_016 Logging  
The MDFS module shall keep a centralized detailed log of any actions performed. 

Implementation: V1 
        Priority: Compulsory 
 
MDFS _FUNCT_017 Authentication/Authorization  
The MDFS module shall authorize and authenticate both service requests and sub-
system requests, in order to ensure the integrity of the system. 

Implementation: V1 
        Priority: Compulsory 
 
MDFS _FUNCT_018 Data Fusion Management  
The MDFS module shall handle the data, based on the needs that are requested 
from upper system layers. 

Implementation: V1 
        Priority: Compulsory 
 
MDFS _FUNCT_019 Resource Adaptation  
The MDFS module shall have a SW agent capability to acquire data from different 
sources/interfaces. 

Implementation: V1 
        Priority: Compulsory 
 
MDFS _FUNCT_020 Resource Virtualization  
The MDFS module shall be able to transform data from data sources into objects. 

Implementation: V1 
        Priority: Compulsory 
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MDFS _FUNCT_021 Communication Management  
The MDFS module shall be able to retain communication between resources and 
applications. 

Implementation: V1 
        Priority: Compulsory 

4.5.2 Non-functional specifications 
 
MDFS _NFN_001 Data Transfer  
The MDFS module shall be able to transfer all data safely through the entire system. 

Implementation: V1 
        Priority: Compulsory 
MDFS _NFN_002 Multimedia Data Transfer  
The MDFS module shall be able to securely transfer media data from sensors 
(cameras) through the entire system. 

Implementation: V1 
        Priority: Compulsory 
 
MDFS _NFN_003 Data Storage and Retrieval  
The MDFS module shall be able to store data safely. 

Implementation: V1 
        Priority: Compulsory 
 
MDFS _NFN_004 Access to the System  
The MDFS module shall provide easy access of users and sub-systems to the 
system. 

Implementation: V1 
        Priority: Compulsory 
MDFS _NFN_005 Access to the Middleware  
The MDFS module shall provide access to the middleware sub-system only to 
authorized administrators. 

Implementation: V1 
        Priority: Compulsory 
MDFS _NFN_007 System Long Time Performance  
The MDFS module shall be able to run for long periods of time (at least 2,000 hours 
without interaction) without data corruption or slowdown. Maintenance procedures 
should be in place in order to monitor the system performance (at least one every 
month). 

Implementation: V2 
        Priority: Compulsory 
MDFS _NFN_008 Physical Protection of the Gateways  
The MDFS module shall be able to install in secure places the gateways that are on 
the field. 

Implementation: V2 
        Priority: Compulsory 
MDFS _NFN_009 System Reliability   
The MDFS module shall be able to recover from power failures. 

Implementation: V2 
        Priority: Compulsory 
 
MDFS _NFN_010 System Expandability    
The MDFS module shall be able to integrate more devices without changing its 
architecture. 

Implementation: V2 
        Priority: Compulsory 
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MDFS _NFN_012 Open Source Software    
The MDFS module shall be implemented based on open source software and open 
standards as much as possible. 

Implementation: V1 
        Priority: Compulsory 
MDFS _NFN_013 Middleware Scalability    
The MDFS module shall be scalable and highly interoperable. It shall be able to 
handle GBs of data and files, high bandwidth without degraded performances. 

Implementation: V1 
        Priority: Compulsory 
MDFS _NFN_014 System Configuration    
The MDFS module shall be implemented so as to ease the future access, 
implementation of changes and additions to the various interfaces and functions. 

Implementation: V2 
        Priority: Compulsory 
MDFS _NFN_015 Communication between different sub-systems and 
middleware    
The MDFS module shall use Web services (SOAP, REST…) to enable 
communication between various sub-systems and the middleware.  

Implementation: V2 
        Priority: Compulsory 
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4.6 Traceability Matrix 
 

End-user requirements Linked to 
use case 

# 

System 
specification(s) # 

UR-ACC-RAI-PRE-001 
Improved short-term prediction model 
including hail-storm prediction (24h) 

6 HAZ_FUNCT_001 
HAZ_FUNCT_002 
HAZ_FUNCT_003 
IMSC_FUNCT_014 

UR-ACC-RAI-PRE-002 
Improved long-term prediction (1 year) for 
improved planning of resources and 
maintenance actions 

all OVE_FUNCT_004 
OVE_FUNCT_005 

UR-ACC-RAI-PRE-004 
Warning alarm integrated to Smart Road 
tool  

5 IMSC_FUNCT_010 
HAZ_FUNCT_004 
HAZ_FUNCT_014 
HAZ_FUNCT_017 

UR-ACC-RAI-PRE-005 
Smart tool to track data from sensors or 
video system  

all IMSC_FUNCT_008 

UR-ACC-RAI-POS-007 
Use of SHM sensors to monitor damages 
and adapt daily maintenance plans 

6 SENS_FUNCT_001 
SENS_FUNCT_002 
SENS_ FUNCT_007 
SENS_ FUNCT_011 
SENS_ FUNCT_016 
SENS_ FUNCT_021 
SENS_ FUNCT_026 
SENS_ FUNCT_033 

UR-ACC-RAI-POS-008 
Structural and geotechnical analysis of 
structures after hazard event to detect 
possible loss of bearing capacity 

5, 6 SENS_FUNCT_001 

UR-ACC-RAI-POS-009 
Model of ground surface deformations and 
slope displacements  

1, 2  VULN_FUNCT_008 
SENS_ FUNCT_028 
SENS_ FUNCT_029 

UR-ACC-RAI-POS-010 
Implement mobile damage mapping 
techniques 

2 IMSC_FUNCT_012 
SENS_ NFN_003 

UR-ACC-RAI-POS-011 
Use of drones for non-accessible areas and 
3D model 

all  IMSC_FUNCT_013 
SENS_ FUNCT_027 

UR-ACC-FOG-PRE-012 
Improved short-term fog prediction models 
(24 h), for planning next day maintenance 
operations, and plan better safety 
measures for drivers 

6 IMSC_FUNCT_014 
OVE_FUNCT_004 
OVE_FUNCT_005 
 

UR-ACC-FOG-PRE-013 
Implement fog alarm in control centre 

6 HAZ_FUNCT_011 

UR-ACC-FOG-POS-017 
Improved decision-making based on 
different and synergetic risk scenarios 

all IMSC_FUNCT_016 

UR-ACC-FOG-POS-018 
Use of UAVs for incident follow-up to 

1, 2, 4 SENS_ NFN_002 
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End-user requirements Linked to 
use case 

# 

System 
specification(s) # 

decrease risk of crash 

UR-ACC-SNO-PRE-019 
Use of sensor techniques to collect data of 
road temperature, water film heights, 
freezing point temperatures of de-icing 
salts, moist, frictions, ice percentage. 
Sensors can be embedded on the road 
surface or preferably mobile (attached to 
cars or drones). The information of the 
different sensors should be processed in a 
smart roads tool to support decision-making 
process. 

2, 5 SENS_ FUNCT_042 
OVE_FUNCT_001 
 

UR-ACC-SNO-PRE-020 
Early-warning alarm system 

5 SENS_ FUNCT_004 

UR-ACC-SNO-PRE-021 
Use of thermal maps to identify the sections 
of the road which are likely to freeze first 
and predict ice areas across the whole 
section 

5 HAZ_FUNCT_013 
EYE.D_ FUNCT_047 
SENS_NFN_007 
OVE_FUNCT_001 

UR-ACC-SNO-PRE-022 
Accurate weather forecast: long-term 
forecasts can help operators estimate 
personnel needs and the amount of salting 
material and equipment that will be 
necessary ; while short-term forecasts will 
help operators decide whether a gritting 
action is needed 

6 HAZ_FUNCT_003 
HAZ_FUNCT_006 
HAZ_FUNCT_009 
HAZ_FUNCT_011 
HAZ_FUNCT_019 
HAZ_FUNCT_021 

UR-ACC-SNO-PRE-023 
Management tool integrating information 
from sensors (temperature, penetration of 
salt, friction, ice percentage) together with 
weather forecast, and historical data of 
actions taken to support operators in 
decision process 

all  OVE_FUNCT_002 
OVE_FUNCT_003 

UR-ACC-SNO-POS-024 
During snow event, mobile weather stations 
(such as MARWIS) can be installed in 
service vehicles to support operators with in 
situ data (temperature, salinity, friction, ice 
percentage). This can help operators in the 
optimization of gritting salt use, leading to 
important economic and environmental 
savings. Not to mention benefits in traffic 
management, and prevention of accidents 
and cuts. 

5 HAZ_FUNCT_008 
VULN_FUNCT_001 

UR-ACC-SNO-POS-025 
Volumetric sensor in storehouse for 
providing critical level of salt. Or volumetric 
sensors in vehicles to control the amount of 
salt dispersed.  

5 VULN_FUNCT_011 

UR-ACC-SNO-POS-026  IMSC_FUNCT_017 
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End-user requirements Linked to 
use case 

# 

System 
specification(s) # 

More agile communication with police, 
traffic regulators 

IMSC_FUNCT_018 
IMSC_FUNCT_024 

UR-ACC-SNO-POS-027 
Use of drones for incident management 
because snow makes difficult  and 
dangerous ground-vehicles circulation 

5 SENS_ NFN_002 

UR-ACC-CORROSION-PRE-028 
Use of sensors to detect danger of 
corrosion of the rebar in reinforced concrete 
structures 

4 SENS_ FUNCT_007 
SENS_ FUNCT_008 
SENS_ FUNCT_009 
SENS_ FUNCT_010   

UR-ACC-CORROSION-PRE-029 
Model of corrosion status of reinforced 
concrete infrastructure (e.g. bridges) 
updated with data from corrosion sensors. 
Capacity to send alarms. 

4 VULN_FUNCT_010 
EYE.D_ FUNCT_045 

UR-ACC-CORROSION-PRE-030 
Use of image analysis techniques and 
machine learning in inspections to detect 
existing corrosion in reinforced concrete 
structures (when corrosion already exists 
and it is visual) 

4 EYE.D_ FUNCT_044 
SENS_FUNCT_002 
 

UR-ACC-SLI-PRE-033 
Use networked sensors (including RGB 
cameras) to monitor and control slopes. 
Coupling sensors to a smart decision tools 
processing data and sending early-warning 
alarms in case of risk. 

1, 2 SENS_NFN_007 
EYE.D_ FUNCT_047 

UR-ACC-SLI-PRE-034 
Use of total station (with 3D laser scanner), 
vehicle or drone mapping to detect terrain 
displacements and soil erosion. Coupled to 
smart tool to interpret results and send 
early-warning alarms. 

1 SENS_ FUNCT_026 
VULN_FUNCT_009 

UR-ACC-SLI-PRE-035 
Use of UAV with attached sensors: high 
resolution visual spectrum and/or LIDAR, to 
monitor slopes and embankments. 
Automation of the process of detection of 
pathologies (volume differentials, 
landslides, vegetative growth, etc.). 
Comparison between different data 
acquisitions at different times. 

1, 3 SENS_NFN_007 
SENS_FUNCT_002 

UR-ACC-SLI-POS-036 
Monitor erosion of slopes through an 
empirical model able to relate the local rain 
precipitations with the volume of soil 
erosion. 

1 SENS_ FUNCT_026 
HRAP_FUNCT_009 
HRAP_FUNCT_014 
HAZ_FUNCT_001 

UR-ACC-SLI-PRE-037 
Smart tool to apply adequate daily 
maintenance operations in slopes and 
embankments. 

1, 2 IMSC_FUNCT_004 
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End-user requirements Linked to 
use case 

# 

System 
specification(s) # 

UR-ACC-SLI-POS-038 
Use of drones for incident management 

6 SENS_ NFN_002 

UR-ACC-VEG-PRE-039 
Use of mobile damage mappers (in car or 
drones), advanced vision technologies, to 
detect inadequate vegetation growth, 
blocking critical infrastructure. Preferably 
UAV, to avoid disruption in road use. 

2 IMSC_FUNCT_012 
SENS_ NFN_003 
OVE_FUNCT_001 

UR-ACC-VEG-PRE-040 
UAV with attached sensors: high resolution 
in visual spectrum. Automatization of the 
process of detection of 
obstructions/incidences. 

2 SENS_ NFN_002 
AII_FUNCT_061 
EYE.D_ FUNCT_048 
IMSC_FUNCT_009 
IMSC_FUNCT_019 

UR-ACC-VEG-POS-041 
Support corrective actions with incident 
management tool. 

All  IMSC_FUNCT_005 

UR-ACC-VEG-POS-042 
Adequate maintenance of vegetation 
supported by vision technologies. 

2 SENS_ FUNCT_036 
SENS_ FUNCT_037 
SENS_ FUNCT_038 

UR-ACC-UAV-PRO-043 
Roads daily surveillance through UAV-HR 
visual spectrum sensors, to localize the 
elements on the road affecting its normal 
use (e.g. obstruction or roadway). 

2 SENS_ FUNCT_033 
SENS_ FUNCT_034 
SENS_ FUNCT_035 
OVE_FUNCT_001 

UR-ACC-UAV-PRO-044 
Daily/Programmed surveillance of fencing 
with UAV-HR visual spectrum and zoom 
capacity sensors, to detect defects, holes, 
interruptions. 

3 IMSC_FUNCT_004 

UR-ACC-UAV-PRO-045 
Programmed inspection of road surface 
with UAV-HR visual spectrum sensors-
GPS. Detection of cracks >0,5cm and 
centimetre-deformations. Provide High 
Resolution orthophotography with 
georeferenced location of cracks. 

2 IMSC_FUNCT_004 

UR-ACC-UAV-PRO-046 
Programmed inspection of structures and 
bridges using UAV equipped with HR visual 
spectrum and thermographic sensors. 
Provide report of pathologies in structures 
(e.g. corrosion, paints, screws, 
deformations). 

 IMSC_FUNCT_004 

UR-ACC-UAV-PRO-047 
Programmed inspection of slopes using 
UAV- HR visual spectrum and LiDAR 
sensors. Provide information about the 
status/evolution of the slopes and possible 
pathologies to adjust maintenance works. 

1 SENS_ NFN_002 
IMSC_FUNCT_004 

UR-ACC-UAV-PRO-048 
Daily inspection of drainage system using 

1 SENS_ FUNCT_021 
SENS_ FUNCT_033 
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End-user requirements Linked to 
use case 

# 

System 
specification(s) # 

UAV-HR visual spectrum sensors to 
monitor status of drainage and detect 
possible incidences/obstructions. 

UR-ACC-UAV-PRO-049 
Programmed monitoring of neighbouring 
vegetation using UAV-HR visual spectrum 
sensors to adapt pruning and clearing 
operations. 

1,3 SENS_ FUNCT_036 
SENS_ FUNCT_037 
SENS_ FUNCT_038 

UR-ACC-UAV-PRO-050 
Programmed surveillance of fauna using 
UAV equipped with HR visual spectrum and 
thermographic sensors to monitor animal 
population in neighbouring areas and adapt 
decision process. 

 SENS_ NFN_002 
SENS_ FUNCT_033 
SENS_ FUNCT_034 
SENS_ FUNCT_035 

UR-ACC-UAV-PRO-051 
Programmed inspection of vegetative 
development using UAV-multi-spectrum 
sensors and fuel-use models to implement 
fire risk assessment. 

1,3 SENS_ NFN_002 
HAZ_FUNCT_015 
EYE.D_ FUNCT_046 

UR-ACC-UAV-PRO-052 
Programmed inspection of water 
accumulation in road surface using UAV-
HR visual spectrum and thermographic 
sensors 

2 HAZ_FUNCT_020 
VULN_FUNCT_004 

UR-ACC-UAV-PRO-053 
Works tracking using UAV 

2 SENS_ NFN_002 
 

UR-ACC-REP-PRO-054 
Every day, a report describing the planned 
works, conditions of road practicability and 
incidences affecting the traffic flow for the 
next 24 hours is sent via email to the 
relevant agencies (National Department of 
Traffic, Traffic Police, Provincial unit of 
State Highways). 

3 IMSC_FUNCT_024 
 

UR-ACC-REP-PRO-055 
During winter-season, every day, a 
summary of winter operations undertaken is 
uploaded to a webpage designed for that 
purpose (website is property of the Ministry 
of Public Works) 

3 IMSC_FUNCT_025 

UR-ACC-REP-PRO-056 
There is a web application to report every 
unplanned incidence/incident (the same 
webpage) 

5, 6 and 7 IMSC_FUNCT_025 

UR-ACC-REP-PRO-057 
Unplanned incidences affecting traffic (use 
of chains, interruption of traffic >15 min, 
closure of lane >2 h) should be 
communicated to Traffic Agencies (Traffic 
Police, National Department of Traffic) via 
email (send pdf. report generated by web 

 IMSC_FUNCT_006 
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End-user requirements Linked to 
use case 

# 

System 
specification(s) # 

application). 

UR-ACC-REP-PRO-058 
Road cuts> 1h (e.g. for maintenance 
activities) should be communicated to the 
Tele-route service via email, as well as to 
the traffic agencies referred before. 

 IMSC_FUNCT_006 

UR-ACC-REP-PRO-059 
There is a specific Communication Process 
for Severe Accidents involving mortal 
victims, heavy vehicles, road cuts, vehicles 
transporting hazardous substances, 
damages in road infrastructure, fires, 
among other cases. This special protocol 
consists of:  

- Immediate phone communication to 
Provincial Highway Units followed 
by a report via email in the next 2-3 
hours,  

- Registration of incident in the next 
30 minutes in a website designed 
for this purpose 

5, 6 IMSC_FUNCT_006 
IMSC_FUNCT_018 
 

UR-ACC-REP-WIN-060 
Winter operations not involving alerts are 
reported daily via webpage. 

 IMSC_FUNCT_024 

UR-ACC-REP-WIN-061 
Winter operations involving alerts (e.g, 
traffic restrictions due to spreading of 
gritting salts, etc.) are uploaded to the 
website and also reported via email to the 
relevant agencies (Provincial Highway Unit, 
Traffic Police, National Department of 
Traffic). 

5 IMSC_FUNCT_015 
IMSC_FUNCT_017 
IMSC_FUNCT_024 

UR-ACC-COM-DLY-062 
The communication could be more efficient, 
if a common software/tool is shared among 
all the relevant agencies, having each 
agent specific permits depending on the 
role. The agents with reporting 
responsibility can upload all the information 
to the tool, and the relevant agencies can 
access to the information depending on 
their permits 

all  IMSC_FUNCT_001 
IMSC_FUNCT_002 
 

UR-EGN-SEI-PRE-063 
Calculation of stability of structures 
(foundations, slopes and retaining 
structures) under the effect of different and 
synergetic hazards 

2 VULN_FUNCT_004 
HRAP_FUNCT_002 
HRAP_FUNCT_004 

UR-EGN-SEI-PRE-064 
Model of ground surface deformations and 
slope displacements 

2 VULN_FUNCT_008 
SENS_ FUNCT_028 
SENS_ FUNCT_029 

UR-EGN-SEI-PRE-64-1 2 SENS_ FUNCT_029 
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End-user requirements Linked to 
use case 

# 

System 
specification(s) # 

Use of SAR (synthetic aperture radar) data 
to detect movements/displacements in 
embankments/cuts/slopes 

SENS_FUNCT_052 
 

UR-EGN-SEI-POS-065 
Calculation of stability of structures 
(foundations, slopes and retaining 
structures) after incident 

7 VULN_FUNCT_004 
HRAP_FUNCT_002 
HRAP_FUNCT_004 

UR-EGN-RAI-PRE-066 
Improved short and long-term prediction 
models 

all OVE_FUNCT_004 
OVE_FUNCT_005 

UR-EGN-RAI-PRE-067 
Multi-Hazard vulnerability and assessment 

1,2 HRAP_FUNCT_004 

UR-EGN-RAI-POS-068 
Structural and geotechnical analysis of 
structures after hazard event 

7 SENS_FUNCT_001 

UR-EGN-RAI-POS-070 
Improved damage mapping techniques 

 IMSC_FUNCT_012 
HRAP_FUNCT_008 
IMSC_FUNCT_013 

UR-EGN-RAI-POS-071 
Use of drones for non-accessible areas 

all IMSC_FUNCT_013 
SENS_ FUNCT_027 

UR-EGN-SNO-PRE-072 
Improve decision-making tool, coupling 
wider range of variables (including salt 
amount, costs), to optimize operations. 

all  IMSC_FUNCT_016 

UR-EGN-SNO-PRE-073 
Advanced decision tool based in multi-
hazard scenarios 

all  HRAP_FUNCT_004 
IMSC_FUNCT_016 

UR-EGN-SNO-POS-074 
Model to predict/follow-up the effect of salt 
in reinforcement corrosion. Integration of 
sensors in asphalt to monitor salt filtration + 
other auscultation measures 

5 VULN_FUNCT_011 

UR-EGN-SNO-POS-075 
Produce more accurate very short-term 
icing-prediction models based in 
Temperature and Humidity in-time 
measurements.  Accuracy in icing 
prediction can lead to significant savings 
(environmental and economic) due to 
optimization of salt use. Not to mention 
benefits in traffic management, and 
prevention of accidents and cuts. 

5 IMSC_FUNCT_014 

UR-EGN-SNO-POS-076 
Advanced decision tool based in multi-
hazard assessment 

all  HRAP_FUNCT_004 
IMSC_FUNCT_016 

UR-EGN-SNO-POS-077 
Improved communication with police, traffic 
regulators 

all  IMSC_FUNCT_017 
IMSC_FUNCT_022 

UR-EGN-GEN-POS-078 
Special software, hardware for 
photographic data collection (high definition 

all  IMSC_FUNCT_009 
SENS_ NFN_003_ 
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End-user requirements Linked to 
use case 

# 

System 
specification(s) # 

cameras on vehicle) 

UR-EGN-COM-DLY-079 
The Incident management tool needs to be 
compliant with the Emergency Plan (EP) 
and operational procedures during all 
stages: detection, confirmation, 
communications, traffic management, 
information provision, site management and 
clearance. 

7 IMSC_FUNCT_006 

UR-RIJ-WEA-PRE-080 
Continuous temperature measurements in 
summer. 

 SENS_ FUNCT_042 
HAZ_FUNCT_005 
HAZ_FUNCT_006 
HAZ_FUNCT_007 
HAZ_FUNCT_012 
HAZ_FUNCT_013 
 

UR-RIJ-GEN-PRE-081 
A monitoring system that would detect 
signs of ravelling is desired. 

 SENS_FUNCT_001 
SENS_FUNCT_003 
SENS_ FUNCT_011 
SENS_ FUNCT_016 

UR-RIJ-GEN-POS-082 
The daily inspection of roads may be 
intensified during or after extreme events 

 IMSC_FUNCT_004 
IMSC_FUNCT_005 

UR-GND-WEA-DLY-083 
Forecast weather 

6 IMSC_FUNCT_020 

UR-GND-GEN-PRE-084 
Infrastructure risks (vulnerability of bridges, 
structures) 

2 VULN_FUNCT_002 
VULN_FUNCT_004 
VULN_FUNCT_007 
VULN_FUNCT_009 
 

UR-GND-WEA-PRE-085 
Alarms (imminent climatic events in zones 
where there are important vulnerabilities) 

6 IMSC_FUNCT_015 

UR-GND-GEN-POS-086 
Post-event situation with damages 
(including an icing on the cake, which is the 
module of decision-making aid for re-
routing the traffic, to repair, etc.). 

all  IMSC_FUNCT_016 

UR-GND-WEA-ALW-088 
Times before release of event weather - 
foreseeable Place of weather events - 
Levels of alert for the weather 

6 IMSC_FUNCT_010 

UR-GND-COP-ALW-089 
The COP should include the main and 
secondary axes, number of ways - service 
areas - petrol stations - turn pike - 
structures (bridge, tunnel) 

 IMSC_FUNCT_027 

UR-GND-COP-ALW-090 
The COP should include Railway Networks 
and related areas 

 IMSC_FUNCT_027 

UR-GND-COP-ALW-091  IMSC_FUNCT_018 
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End-user requirements Linked to 
use case 

# 

System 
specification(s) # 

The COP should include relief exits and 
deviations 

UR-GND-COP-ALW-092 
The COP should include town halls, 
municipal meeting rooms 

 IMSC_FUNCT_018 

UR-GND-COP-ALW-093 
The COP should include airports, 
aerodromes, heliports, stadiums, landing 
areas 

 IMSC_FUNCT_018 

UR-GND-COP-ALW-094 
The COP should include telephone relays 

 IMSC_FUNCT_018 

UR-GND-COP-ALW-095 
The COP should include Intelligent 
Transport System relays (SCOOPF@) 

 IMSC_FUNCT_018 

UR-GND-COP-ALW-096 
Evaluation of the number of immobilized 
vehicles - length of the column of 
immobilized vehicles - nature of the 
immobilized vehicles - evaluation of the 
number of people in immobilized vehicles 

 IMSC_FUNCT_018 

UR-GND-COP-ALW-097 
Geolocalisation of the motorway, fixed 
services (Exploitation Command Posts) and 
mobiles (patrol) 

 IMSC_FUNCT_018 

UR-GND-COP-ALW-098 
Site and identification of the radars 

 IMSC_FUNCT_018 

UR-GND-COP-ALW-099 
Localization of the camera-equipped 
vehicles (LAPI for the plates reading) - 
Localization of the exploitation cameras - 
localization of the security/safety cameras 

 IMSC_FUNCT_018 

UR-GND-COP-ALW-100 
First-aid services 

 IMSC_FUNCT_018 

UR-GND-COP-ALW-101 
Security/public services: police 
(gendarmerie, CRS in France) 

 IMSC_FUNCT_018 

UR-GND-COP-ALW-102 
Services of maintenance of roadway 
systems (snow dispersion vehicles, sand 
spreader, etc.) 

5 IMSC_FUNCT_018 

UR-GND-COP-ALW-103 
Military assets 

 IMSC_FUNCT_018 

UR-GND-COP-ALW-104 
Population data: where, when, measures 
taken: alarm, evacuation, setting with the 
shelters, etc.; modes of transport 

 IMSC_FUNCT_018 

UR-GND-COP-ALW-105 
Building sites 

 IMSC_FUNCT_018 

UR-GND-IMS-ALW-106 
Each event will have to be associated with 
a descriptive file (for the monitoring and the 

 IMSC_FUNCT_005 
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End-user requirements Linked to 
use case 

# 

System 
specification(s) # 

follow-on). 

UR-GND-IMS-ALW-107 
Historization is necessary (events and 
associated actions). 

 IMSC_FUNCT_030 

UR-GND-IMS-ALW-108 
Digitized maps of situation that can be 
printed under current format (pdf type), are 
essential 

 IMSC_FUNCT_028 

UR-GND-IMS-ALW-110 
A search engine by keyword would be very 
interesting 

 IMSC_FUNCT_030 

UR-GND-IMS-ALW-111 
ACCESS: It is preferable to access to 
information via a PANOPTIS service web 
rather than a terminal of the system. The 
service web will imply the opening of 
access accounts for the territorial command 
levels of the gendarmerie, with thus the 
supply of ad hoc identifiers. 

 IMSC_FUNCT_001 
IMSC_FUNCT_002 
 

UR-GND-IMS-ALW-113 
A mobile access mobility on NEOGEND 
terminals (Gendarmerie “smart phones”) 
could be interesting. 

 IMSC_FUNCT_029 

UR-GND-ALL-ALW-114 
The cyber risk must be controlled. 

all OVE_NFN_005 

UR-GND-ALL-ALW-115 
If the system generates personal data, the 
laws concerning data processing and 
freedoms (GDPR) will have to be respected 

all OVE_NFN_004 
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5 Baseline and Development 
The development of PANOPTIS integrates existing components that will be adapted and 
enhanced under PANOPTIS specifications. The following table presents the baseline (“state 
of the art”) and the developments that will be performed during the project (“Progress 
beyond state of the art”).  
 

State of the Art Progress beyond State of the Art 

Effective management of a RI in case of natural or manmade disaster  

Assessment of likely needs, 
as a crisis evolves, is 
currently limited to individual 
decision makers, each acting 
within a specific domain of 
knowledge. 

PANOPTIS paradigm entails forming an overall dynamical 
picture of a disaster as it develops, forecasting quantitatively 
need indicators in time and supplying these forecasts with 
reliability measures.  

From the integrated picture, sensitive issues will be 
automatically highlighted through alerts displayed in the 
HRAP/IMS when default or configured thresholds are 
exceeded. Default thresholds take into account the natural 
context and the RI. They are meant to be an indication for the 
user that a risk is involved and that preventive or corrective 
actions are necessary. The response recommended by the 
system will be adapted according to the evolutions of the 
situation (see Appendix: Example of decision trees). Users 
will be offered the possibility to configure the alerts  

thresholds and the actions recommended by the system in 
given situations.  

Modelling tools and simulators to be used for increasing the resilience of the RI 

Currently available climatic 
and atmospheric indicators 
for CC scenarios are not 
directly applicable for 
impact assessment on 
TI/RI  

The classified road type of icing (temperature values) will 
be compared to risk maps for real time hazard assessment. 
Vibration monitoring of bridges, gathering of vibration data 
pre and post-earthquake events, evaluation of dynamic 
parameters, comparing the results with Sensing Modules 
data will be performed. 
For the identified cold areas of the road (thermal map test), 
monitoring of road surfaces conditions: evaluation of 
reference friction values for each condition 
(dry/damp/wet/ice or snow/moist with salt/wet with salt) will 
be performed. 
Concerning corrosion monitoring, pre and post intervention 
scenario: RC samples and corrosion measurements will be 
tested, prediction model results will be compared with in-
situ measurements, prediction models accuracy will be 
evaluated. 
Stopping distances will be defined according to the road 
conditions monitored. 

Currently available 
numerical modelling 
techniques cannot be 
applied in multi-nested 
operational applications. 

New approaches for the assessment of atmospheric forcing 
on soil and TI/RI, such as temperature records based on 
weather stations, temperature forecasts based on NWP 
models, adequate resolution of the area covered.  

PANOPTIS will identify the thresholds leading to 
environmental and infrastructure risks that need preventive 
or corrective actions.  
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Mesoscale atmospheric 
models provide climate 
data at 10x10 km 
resolution. This is not 
adequate for impacts on 
road scales 

MEMO tool will perform downscaling of high resolution 
mesoscale atmospheric models at computational grids with 
horizontal resolution of a few km in the targeted areas for 
specific episodes with high-impact weather and climate 
events. For the wind parameter, the resolution achieved will 
be even greater (m resolution). 

Generic info from single data 
sources (sensors network, 
NWP models, etc.) is used  

to issue general-purpose 
weather warnings. Up today, 
it is not feasible to identify 
efficiently hot-spots 

In PANOPTIS, limit states in hot-spots will be improved 
thanks to the following: greater diversity of sensors 
integrated, use of local micro-climate stations, fragility 
curves and structural analysis. 

Alerts will be raised when the defined thresholds are met or 
exceeded. Thresholds allow to estimate the probability of 
entering any concerning damage state. 

Currently in SHM, system 
identification is based mainly 
on vibrational data. In the 
design phase, environmental 
actions are taken from 
relevant standards with no 
provisions for the effects of 
CC 

More accurate vulnerability assessment will be provided 
through the definition of precise criteria, values and an 
improved processing performance.  

The system will allow for the following improvements:  

- advanced meteorological models with more 
accurate prediction,  

- relation between seismic fragility and excitation 
parameters, as well as between precipitation regime 
and landslide activation, 

- vulnerability models that allow update of the risk 
degree on specific infrastructure due to a meteo 
hazard, 

- SHM sensors information collection. 

Situational Awareness and Operations 

Crisis management centres 
are collecting EO and 
geospatial information either 
manually or semi-automated 
through step by step 
procedures involving in most 
cases different software and 
operations by 3rd parties. 
This procedure is time-
consuming since data of 
high volume and variety 
must be downloaded and 
further analysed. 

The degree of automatization and centralisation of the 
information will be greater in PANOPTIS. 

The number of scientific tools for the estimation of hazards, 
and dataset formats integrated in the IMS will be increased.  
The IMS will also provide more performances in terms of 
users working on the same system, locally or remotely, and 
concerning the display update on various workstations.  

The collection of information will be broader, as a greater 
diversity of sensors is integrated (ground-based or 
airborne).   

The system will have the ability to retrieve information in 
real time or collected previously and adequately stored. 

The configuration of the system by users will be wider and 
will allow for a better customization, which in turn will 
improve the efficacy and responsiveness of the system, 
particularly in regards to the strategies for decision-making.  

Computer vision for 
precisely monitoring the 
status of infrastructures 
explore low level visual 
descriptors are combined 
with advanced ML 
algorithms, exploiting deep 
learning paradigms  

The objective will be to enhance the detection results 
through the following criteria:  

- processing time,  
- false negative rate,  
- false positive rate,  
- noise ratio tolerance,  
- F1 score.  
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Unmanned platforms 

UAV hardware and control 
systems have already 
shown: a) computer vision-
based 3D data generation, 
such as dense point clouds, 
b) emergence of LIDAR 
mapping, see Velodyne or 
RIEGL VUX, c) Automated 
navigation (GPS- based pre-
planned and real-time 
autonomous navigation), 
and d) detection and 
extraction of features of 
interest, such as 
infrastructure elements 

PANOPTIS will use synergistically the satellite-based data 
together with information coming from ground-/vehicle-
based (MMS) sensors, as well as the UAV.  

The improvement will be noted through the following 
criteria: 

 Concerning satellite-based data: import, display and 
resolution of satellite products, display and size of 
video material, height measurement accuracy. 

 Concerning ground-/vehicle-based (MMS) and UAV 
sensors:  

o comparison of slope measurements,  
o planning and execution of UAV flights,  
o planning and execution of Mobile Mapper 

monitoring missions,  
o use of multispectral imagery,  
o detection, localization, identification and 

quantification of road surface damages,  
o reception of information and monitoring 

needs from SHM and IMS in emergency, 
and respond by executing the necessary 
monitoring scheme, 

o exchange monitoring information from 
UAV/Mobile Mapper to relevant PANOPTIS 
modules (IMS) 
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6 Key Performance Indicators  
 

Area Value 

Weather and 
precipitation 
forecasts  

Alerts triggered by the system when thresholds are 
exceeded: 

Type of event Value 

Precipitation ≥ 15 mm/h 

Temperature ≤ 4°C and ≥ 32°C 

Snow  ≥ 4cm/h 

Wind ≥ 55 km/h 

 
Resolution of mesoscale atmospheric models:  

- 0.5 – 3 km for precipitation, 
- 10 m for wind. 

Risk and Impact 
Assessment (HRAP)  

 Integration of at least seven (7) scientific analysis 
tools for estimation of Hazard, Direct and Indirect 
impact of RIs. 

 Support of more than five (5) input and output dataset 
formats 

 Support of local and remote (server side) scientific 
workflow executions 

Incident 
Management 
System 

 Unlimited number of users 

 Unlimited number of roles 

 Event/incident type agnostic 

 Display of infrastructure data (base maps, asset 
features, 3D meshes) without map flickering 

 Near real-time user interface updates among different 
user workstations. 
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Area Value 

Sensing module  Satellite image display: 
o up to 10 full resolution (40 000 X 40 000 

pixels) satellite products  displayed at the 
same time 

o import a full resolution (40 000 X 40 000 
pixels) TIFF-based satellite product in less 
than 2 minutes 

o import a full resolution (40 000 X 40 000 
pixels) JPEG2000-based satellite product 
in less than 20 seconds 

 Videos: 
o Maximum number of videos displayed at 

the same time : 4  
o Support for HD video (1280 X 720) 

 Height measurement accuracy (highly depends 
on location model accuracy and image resolution): 
whenever the derivation is available for a given 

algorithm, the 1- uncertainty shall be computed 

along with the measurement (1   65% 
confidence interval) 
 

 Detection of defects on images: 

Category Attribute Desired value 

Pixel Level 
annotations 

Processing time 
per image 
(segmentation 
case) 

< 60 seconds 
(quad core, 
2GHz, 8GB of 
RAM 

 False negative 
rate 

<25% 

 False positive 
rate 

<40% 

 Noise ratio 
tolerance 

>6% 

 F1 score >10% 
compared to 
other SotA 
approaches on 
the field 

Image or 
image patch 
level 
detections  

Processing time 
per image (event 
detection case) 

< 30 seconds 

 False negative 
rate 

<10% 

 False positive 
rate 

<25% 

 F1 score >10% 
compared to 
other SotA 
approaches on 
the field 
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Hazard and 
Vulnerability 
Module  
 

Detection of ice conditions: 

Type Of 
Road 
Icing 

Alert when the threshold exceeds: 

HOAR 
FROST 
(white 
frost) 

Formation of hoar frost usually occurs when 
the humidity is high, about 80—100 %. 

ICE 
 

Temperature of the rain drops is lower than 
0 °C (a-c-d) 

 
Temperature of the rain is just above 0 °C 

(b) 

SNOW 
 

Surface temperatures (around 0 °C) 
Snowfall ≥ 10mm/h 

 
 

Detection of critical activity for bridges: 

Activity Alert when the threshold exceeds: 

Seismic   0,16g of effective peak ground 
acceleration [for a site as 
Metsovo] 

 5% probability of collapse 

 30% probability of light 
damage 

Wind condition  wind speed: 
o 15m/sec when vehicles 

are driving on a bridge  
o 27m/sec (storm 

condition) for the 
integrity of the non-
structural parts of the 
bridge 

 5% probability of collapse  

 30% probability of light 
damage 

  
 
Detection of direct skid resistance issues: 

Issue Alert when the threshold exceeds: 

Air 
temperature 

≤4°C 

Road surface 
temperature 

≥5°C above the dew point 

Water film 
height 

height is ≥ 0.5 mm 

Freezing temperature ≥-5°C when using NaCl, 
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temperature 
for different 
de-icing 
materials 

≤ -15°C when using CI2Ca; MgCl, 

CaCl 

Road condition in the following cases: 

dry/damp/wet/ice or snow/moist with 

salt/wet with salt 

Friction friction is reduced by 30% (values are 

provided from 0 to 1) 

Ice percentage  >0% 

 

Detection of direct corrosion vulnerability: 

An alert shall be raised when the risk of corrosion is high: 
concrete resistivity< 100 Ωm. 
 

Detection and quantification of skid resistance 

issues: 

Issue Alert when the threshold exceeds: 

medium water 

height 

1µm/0.5 mm 

high water 

height 

more than 1 mm 

heavy rainfall ≥30 mm/24h 
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7 Appendix: Example of decision trees 
 
Reminder: these diagrams are included for illustration purposes only.  
Decision alerts will be configured by users directly on the system, according to their specific 
needs.  
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