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Technology research for UAS industry at the Department of 
Engineering for Innovation, UniSalento

OUTLINE

Smart City Integrated Air Mobility Evolution

Measuring environmental impact of urban air mobility systems

real-timE Monitoring systEm to impRove damaGe awarENess of critiCal Infrastructures undEr 
phySical attack

UAV FOR CRITICAL INFRASTRUCTURES MONITORING

A data space for Urban Air Mobility

PEM fuel cells in aerospace propulsion



Smart City Integrated 
Air Mobility 
Evolution



• Boom of the e-commerce 
sector (but not only …)

• Urban areas become more and 
more congested

• Request for fast and reliable 
service

• Usage of air drones (possibly, 
combined with traditional 
vehicles) can contribute to 
fixing these issues

Smart City Integrated Air Mobility Evolution

Parcel delivery



Smart City Integrated Air Mobility 
Evolution



Peculiarities of the 
problem

Service must be provided within 
given time windows

Limited availability of resources

Limited battery duration

Air drones can use van as part of 
their routes

Synchronization issues

Smart City Integrated Air Mobility Evolution



Goals of the research 
activity

• Development of advanced 
planning algorithms

• Decisions:
• Deliveries by a combined use 

of truck-and-drones

• Results will be evaluated in 
terms of reduction of profit, 
emission and traffic 
congestion with respect to 
the base case scenario

Smart City Integrated Air Mobility Evolution



Definition of an effective set of 
metrics for evaluating 

environmental performance of 
urban air mobility systems 

Development of  simulation based 
model for  assessing 

environmental impacts based on 
life cycle cost

Measuring environmental impact of urban air 
mobility systems trough life cycle analysis and 

simulation models 



Methods
• Life cycle assesment models 

based on a cradle to cradle (from 
raw materials extraction to end of 
life) or cradle to grave approches.

• Carboon footprint: defined as a 
measure of the amount of carbon 
dioxide released into the 
atmosphere as a result of the 
activities of a particular 
individual, organization, or 
community.

Definition of an effective set of metrics for evaluating 
environmental performance of urban air mobility systems 



Definition of an effective set of metrics for evaluating 
environmental performance of urban air mobility systems 



Random definition of  delivery points

Routing model

Agent based simulation model

Development of  simulation based model for  
assessing environmental impacts based on life 

cycle cost
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EMERGENCIES
real-timE Monitoring systEm to impRove 

damaGe awarENess of critiCal 
Infrastructures undEr phySical attack 
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Concept:
Security of Critical Infrastructures relevant 
for the Resilience of our Communities.
Develop an integrated real-time multi-data 
system, to improve the awareness during the 
crisis management, based on the integration 
of different data and information sources, 
from engineering systems to social networks, 
using Artificial Intelligence.
Development of a fast-response system for damage 
monitoring, as Unmanned Aerial Vehicles (UAV) fleet.

Social network information, to improve crisis 
management.
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...

...
DIFFERENT
CRITICAL 

INFRASTRUCTURES

VARIOUS
NATIONAL
CONTEXTS

FAST-
RESPONSE 

MONITORING 
SYSTEM

SOCIAL 
NETWORKS

INTER-
DEPENDENCIES

AI FOR
DISASTER 

MANAGEMENT

SOCIAL 
IMPACT

SMART 
COMMUNITIES

DATA MANAGEMENT 
AREA
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 INNOVATION IN APPROACHES AND METHODOLOGIES → 
ARTIFICIAL INTELLIGENCE

DIFFERENT TARGET INFRASTRUCTURES

ENERGY, TRANSPORT, WATER ... 

DIFFERENT COUNTRIES, DIFFERENT SOCIAL CONTEXT (from 
Europe to Mediterranean)

* integration with social networks (PASSIVE and ACTIVE)

Critical infrastructures interdependencies

OTHER PROJECTS → DATA FUSION

* more focused on emergency management and recovery

* optimization of UAV trajectories (→ real time)

Optimization IoT vs. UAV-based system
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DTA Distretto Tecnologico Aerospaziale – 
Aerospace Tecnological Cluster, for the UAV 
technologies.

Grottaglie Airport Test Bed, for testing the 
UAV technologies.

Mobile Control Room, as a mobile data center 
to test real time data analysis approaches.

AQP Acquedotto Pugliese – Apulian 
Acqueduct, one of the largest hydraulic 
infrastructure in Europe

EMERGENCIES

Current Partners and Experimental 
Facilities:



U-SPACE & UAS: CHALLENGES AND 
OPPORTUNITIES IN THE IPA AREA

UAV FOR CRITICAL 
INFRASTRUCTURES 

MONITORING



BIM MODELING

Building Information Modeling 
(BIM) is an advanced 
methodology that uses 
specialized software for the 
digital management of 
information related to 
construction projects. This 
approach allows for a virtual 
visualization of the 
infrastructure, aligning data 
related to geometry, spaces, 
materials, performance, and 
maintenance. This makes it 
possible to optimize the 
efficiency and management of 
infrastructures throughout their 
life cycle, from planning and 
design to construction and 
commissioning.

UNISALENTO 
ACTIVITY

PA
M



STRUCTURAL 
DEGRADATION 
ANALYSIS

Development of expeditious 
procedures for the screening 
of in-situ infrastructures 
aimed at the assessment of 
structural vulnerability.

Analysis of degradation 
phenomena both by means of 
visual observation and UAV 
(unmanned aerial vehicle).

• Monitoring and diagnostic 

data collection and 

development of digital 

platforms for 

management

UNISALENTO 
ACTIVITY
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Predicting the evolution 
of degradation using 
advanced models

Definition of vulnerability 
and risk indices and 
resilience assessment.

• Design of 

reinforcement and 

restoration 

interventions with 

green materials to 

increase performance

DESIGN OF 
INTERVENTIONS

UNISALENTO 
ACTIVITY



METHOD OF MONITORING TRANSPORT 
INFRASTRUCTURE



Monitoring systems

METHOD OF MONITORING 
TRANSPORT INFRASTRUCTURE



Data Acquisition

Monitoring systems

METHOD OF MONITORING 
TRANSPORT INFRASTRUCTURE



Data Acquisition

Damage Detection

Monitoring systems

METHOD OF MONITORING TRANSPORT 
INFRASTRUCTURE



Data Acquisition

Damage Detection

Degradation Prediction

Monitoring systems

METHOD OF MONITORING TRANSPORT 
INFRASTRUCTURE



Maintenance design

Data Acquisition

Damage Detection

Degradation Prediction

Monitoring systems

METHOD OF MONITORING 
TRANSPORT INFRASTRUCTURE



A data space for Urban Air Mobility

DataLab – Department of Engineering for 
Innovation

University of Salento



A data space for Urban Air 
Mobility
Constitutes the nervous 
system of the entire cyber 
infrastructure.
Data flows between prosumers 
(also known as participants) in 
a distributed environment on 
the edge-cloud continuum. 
• The pillars of the data space 

promote the application of 
interoperability, sovereignty, 
value creation and 
governance data policies, 
guaranteeing the respect of 
FAIR principles.
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A data space for Urban Air 
Mobility – cont’d• A data space helps to collect, prepare and make available data flows in a unified 
and standard way, according to policies agreed between producers and 
consumers.

• Depending on the usage, a data space can use different data models, such as 
datalakes, data warehouses, or hybrid data such as data lakehouses.

• Data spaces are at the heart of the creation of the digital twin and the metaverse.
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A data space for Urban Air Mobility:
use cases definition

Data spaces are closely connected with the use cases that will be developed in 
the project. Currently, we have identified the following:

• Last mile delivery: Parcel delivery with the use of drones to cover the last 
mile. The impact of wind at various altitudes, combined with the capabilities 
of available drones, makes it possible to choose the airway that optimizes a 
certain cost function, such as delivery time or travel energy needs.

• Analisi del rumore di uno sciame di droni: Urban areas can be 
characterized by the maximum permissible noise level. The level of 
perceived noise on the ground generated by a given drone model can be 
compared with the limit of the urban areas crossed by the route to be 
planned. The aim is to avoid areas where the noise generated by the drone 
would contribute to exceeding the relevant limits.

• QoS concepts can be introduced in the form of traffic classes: better services 
(urgent delivery, delivery in adverse conditions, etc.) require better drones 
and higher airways, at higher costs.



A data space for Urban Air Mobility :
Data flows driven design
Main characteristics:

• Support for bidirectional data exchange between cyber-
physical logistic components (i.e., drones, trucks, 
vertiports, etc.).

• Seamless integration of diverse data sources (weather 
data, live sensors data streams, regulated air traffic 
perimeters information, predefined airways and 
waypoints)

• Context management: real-time context information 
dramatically improve the accuracy of predictive systems.
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Data representation via Smart Data Models
• Based on the use cases and the available data, the data 

structures are modeled

• Standard data models, such as FIWARE's "smart data 
models”, are involved.

Smart Data Model Dominio Descrizione

UnmannedAerialVehicle UnmannedAerialVehicle Harmonised description of a specific unmanned aerial vehicle (UAV). This entity is 
primarily associated with the command and control of UAVs and related UAV transport 
applications.

UnmannedAerialVehicleEve
nt

UnmannedAerialVehicle UAVEvent records the incursion of a specific UAV into or near airspace or protected 
locations. It also records the control measure taken. This entity is primarily associated 
with the command and control of UAVs and related UAV transport applications.

UnmannedAerialVehicleMod
el

UnmannedAerialVehicle Harmonized description of a generic model of unmanned aerial vehicle (UAV) and is 
applicable to the command and control of UAVs and related UAV transport 
applications.

GtfsRoute UrbanMobility It allows you to characterize a route in compliance with the GTFS format.

GtfsShape UrbanMobility It allows you to describe the geospatial path of a route in accordance with the GTFS 
format.

GtfsTrip UrbanMobility It allows you to identify a fraction of the journey related to a route and the 
corresponding service in compliance with the GTFS format.

GtfsService UrbanMobility It allows you to characterize the instances of the service and the related provider 
agency in compliance with the GTFS format.

https://github.com/smart-data-models/dataModel.UnmannedAerialVehicle/blob/master/UnmannedAerialVehicle
https://github.com/smart-data-models/dataModel.UnmannedAerialVehicle/blob/master/UnmannedAerialVehicleEvent%C3%AC
https://github.com/smart-data-models/dataModel.UnmannedAerialVehicle/blob/master/UnmannedAerialVehicleEvent%C3%AC
https://github.com/smart-data-models/dataModel.UnmannedAerialVehicle/blob/master/UnmannedAerialVehicleModel
https://github.com/smart-data-models/dataModel.UnmannedAerialVehicle/blob/master/UnmannedAerialVehicleModel
https://github.com/smart-data-models/dataModel.UrbanMobility/tree/master/GtfsRoute
https://github.com/smart-data-models/dataModel.UrbanMobility/tree/master/GtfsShape
https://github.com/smart-data-models/dataModel.UrbanMobility/tree/master/GtfsTrip
https://github.com/smart-data-models/dataModel.UrbanMobility/tree/master/GtfsService


Use of PEM fuel cells in aerospace 
propulsion:

from small UAVs to ultralight aviation



 

Control oriented models 

Batteries

Fuel cells

Supercapacitors

Advanced powertrains

…

GENETIC ALGORITHMS

FUZZY LOGIC

NEURAL NETWORKS

Methods and facilities



HYDROGEN 
IN HYBRID 
ELECTRIC 

CONFIGURA
TIONS
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LONG ENDURANCE UAVS
46
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BALANCE OF PLANT (BOP)

Loss
es

Stack (20-
50%)

Air 
system 

(10-25%)

Liquid 
cooling 

system (1-
2%)



EFFECT 
OF 

ALTITUDE

51



 Retrofitting the Seagull to hybrid 
electric power system with fuel 
cells

 Define the optimal size of the 
components and the best lithium 
battery  chemistry

 TARGET:  total mass=200kg, 
total volume 200L

GOALS OF THE SERENA PROJECT



THE BATTERY
Wh/kg

Wh/L

kW/kgCycle Life

Runaway
temperature

LCO LMO NCA NMC LFP LTO LiPo

LCO Lithium Cobalt Oxide

LMO Lithium Manganese Oxide

NCA Lithium Nickel Cobalt Aluminium 
Oxide

NMC Lithium Nickel Manganese Cobalt 
Oxide

LFP Lithium Iron     Phosphate

LTO Lithium                   Titanate

LiPo Lithium Polymer



A CO-SIMULATION TOOL (SIMSCAPE + 
ANSYS TWIN BUILDER)

64



A CO-SIMULATION TOOL (SIMSCAPE + 
ANSYS TWIN BUILDER)

65



BATTERY 
CHEMIST

RY



OPTIMAL SIZE



FLIGHT TIME VS PAYLOAD
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Thank you for your attention

Antonio Ficarella - antonio.ficarella@unisalento.it
DEPARTMENT OF ENGINEERING FOR INNOVATION
UNIVERSITY OF SALENTO - ITALY

mailto:antonio.ficarella@unisalento.it
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