2| UNIVERSITY OF SALENTO — DEPT. OF ENGINEERING FOR INNOVATION
Lecce - Brindisi (Italy)

Co-funded by
TIIR = @ | t","h the European Unlon UpEﬂing Conference

IPA o uth Adriatic “U-space and UAS: Challenges and opportunities in the |IPA area”

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

Antonio Ficarella

REVIEW RO0

DATE '2023/12/31

FILE SOFTMOVEUNiLeRO1.pptx

AUTHOR v Antoniq Ficarellg 1
antonio.ficarella@unisalento.it



mailto:antonio.ficarella@unisalento.it

:';::;—_—\ UNIVERSITY OF SALENTO — DEPT. OF ENGINEERING FOR INNOVATION
=7 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
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Smart City Integrated Air Mobility Evolution

3 .

Parcel delivery

* Boom of the e-commerce ‘ ‘ ‘ ‘ !
sector (but not only ...) = =
* Urban areas become more and =1 : A
more congested .
I

* Request for fast and reliable
service

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

>(/’\‘\) \ Decision Support Systems
2 a;\::,é‘.t 5/  Business Analyties
& “‘H ‘, ~’ > I‘ab
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Evolution

Impact of e-commerce on commercial and private traffic volume

E-commerce traffic development in % of vehicle kilometres

Last-mile delivery traffic

Last-mile-induced >
individual traffic

Commercial traffic 1

Individual (shopping)
traffic

_ ~69

Traffic caused by e-commerce
shopping through parcel delivery

Additional individual traffic
caused by recipients picking up
parcels (e.g. from parcel lockers)

Reduction in commercial
traffic through fewer store
replenishments

Reduction in individual traffic as
online shoppers cut down on
shopping trips*

* Estimate based on 14% online share, 17 brick and mortar shopping trips per year (excl. grocery), 26 online orders per capita per year, 4 items bought per

shopping trip, eCommerce sales growth of 50%
SOURGE: Euromonitor, BIEK, MID, World Bank, McKinsey & Company

\ Decision Support Systems
Business Analytics
IA&b

teda Alr IVIoDIlity

2030 base case scenario

LB D

Delivery vehicles Emissions
Million vehicles Million tonnes CO-

+36% +6 Mt
/.2 /:5

5.3 19
Parcel

Freight

2019 2030 2019 2030

* Average commute for representative city
NOTE: Top 100 cities globally only.

Congestion
Average commute,* minutes

/ +21%
64

2019

2030

| Last-mile
induced



Smart City Integrated Air Mobility Evolution

Peculiarities of the
problem

Service must be provided within
given time windows

Synchronization issues




Smart City Integrated Air Mobility Evolution

Goals of the research =1 &
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* 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




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

Definition of an effective set of Development of simulation based
metrics for evaluating model for assessing
environmental performance of environmental impacts based on
urban air mobility systems life cycle cost
(02 epissions _ 0 - o

Water pollutonVisual nfusion
Rl el oo e ol iRt -
Localairqualiy ~ Safely Image  Local noise polltion =
ComfortUser perception Commercial atfractiveness
Emofoment VEsmenLcost Energysecunty
MPOYmENtYioration = Operaion costSoilpoluion
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Definition of an effective set of metrics for evaluating
enviro&mg%al performance of urban air mobility systems

/ NI’ \ Methods
Q= @ <[ * Life cycle assesment models
\@1”21/ based on a cradle to cradle (from
raw materials extraction to end of
life) or cradle to grave approches.
e * Carboon footprint: defined as a
ﬁ&o E measure of the amount of carbon
N dioxide released into the

® otmosphere 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

Scenario1:

Delivery by traditional Van

Customer
D place
- an order

LocalHub
processes

7]
BI orders

Parcel added to a
batch waiting to
reach van capacity

Parcel shipped
by VAN

Shipment
completed

Scenario 2:

Delivery by UAVD

Customer
place
an order

check on distance

— (B

LocalHub
processes

ul
““ orders

oy
w *pmm?  parcel shipped

“ W by UAVD

Shipment
completed

Scenario 3:
Delivery by ADR
Customer

place
an order

check on distance

— (=

LocalHub
W processes
““ orders

|

B | i
<1 % Parcel shipped
by UAVD

000

Shipment
completed

ECONOMIC KPIs

Delivery rate (DR)
Average number of parcels delivered in one hour.

Time To Customer (TTC)

From the moment the customer receives the notification
of the "package being delivered” until the actual delivery.

Unitary Cost (UC)

The total cost per single package is the most important
KPI that combines performance and economic

information.
- CT

NJ’
N,,: yearly delivery parcels
Cr: total cost defined as follow:

uc

Cr=Cp+Cr+ Cy+ Cor + Cour
Cp: investment cost.
Cy: fixed cost.
C,: variable cost for energy or fuel purchase
Cor: overtime work cost
Coue: OUtsourced parcel cost

ENVIRONMENTAL KPIs

Yearly emissions (EM)

emissions relating to last mile delivery, which will
be considered by taking the guidelines of the
GLEC framework emission, that includes
emissions from the entire life cycle of fuels, known
as well To Wheel.

Van Delivery emission:
EM.y = (Efwrr + Efrrw) * 0 km,,

Efwrrlkg COze/1] : WTT diesel emission factor
Efrrw lkg COe/1] : TTW diesel emission factor
n [I/km]: Diesel vehicle consumption
km,, [km]: Yearly kilometers travelled

Unmanned Delivery emission:
EM,; = Electricity  Ef,

Electricity [kWh]: Electricity for yearly delivery
Ef, [kg COye/kWh]: Electricity emission factor



Development of simulation based model for
assessmg environmental |mpacts based on I|fe
""" = cycle cost

1510
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EMERGENCIES

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

12
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Concept:

@ Security of Critical Infrastructures relevant = %
for the Resilience of our Communities. 2

@ Develop an integrated real-time multi-data
system, to improve the awareness during the
crisis management, based on the integration E%
of different data and information sources, B
from engineering systems to social networks,
using Artificial Intelligence.

W Development of a fast-response system for damage
monitoring, as Unmanned Aerial Vehicles (UAV) fleet.

W Social  network information, to improve crisis
management.
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¥ INNOVATION IN APPROACHES AND METHODOLOGIES ->
ARTIFICIAL INTELLIGENCE

@ DIFFERENT TARGET INFRASTRUCTURES
Y, TRANSPORT, WATER ...

OUNTRIES, DIFFERENT SOCIAL CONTEXT (from
editerranean)

n with social networks (PASSIVE and ACTIVE)

frastructures interdependencies

ECTS - DATA FUSION

sed on emergency management and recovery

on of UAV trajectories (= real time)

@ Optimization loT vs. UAV-based system 15
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Current Partners and Experimental
Facilities:

@ DTA Distretto Tecnologico Aerospaziale — * 2
Aerospace Tecnological Cluster, for the UAV e
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
Acqgueduct, one of the largest hydraulic
infrastructure in Europe




" UAV FOR CRITICAL
INFRASTRUCTURES
MONITORING
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UNISALENTO
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BIM MODELING

Fragility Curves for Group 2b Fragility Curves for Group 2c
x
o[ K
—ost
—os2
—os3

00 S
[ 1 15 2 25 3

ty of Exceedance

F;ohghllll

Building Information Modeling
(BIM) is an advanced
methodology that uses
specialized software for the

600

0s
Interstory Drift (%) Interstory Drift (%)

digital management of
. . f 550 A
information related to | 'g 500 -

. . . . O e \ 1k . =i
construction projects. This Vg \ E, 1 s o]

P e A e A | \\\\ i 2 350
approach allows for a virtual : 7 &l .
visualization of the 5 250 =
infrastructure, aligning data s MM %' H B
infras , ] 20
o R \\/l'.' 00| —

related to geometry, spaces, =Ee 5
materials, performance, and o E-B E

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.
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UNISALENTO
ACTIVITY

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

: UNIVERSITA
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UNISALENTO
ACTIVITY

DESIGN OF
INTERVENTIONS
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

Losses Lo{

.0 - T T T Robustness Q

0.0 10 20 3.0 4.0 0 ' :
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METHOD OF MONITORING TRANSPORT
INFRASTRUCTURE

S UNIVERSITA
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METHOD OF MONITORING
TRANSPORT INFRASTRUCTURE

Monitoring systems
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METHOD OF MONITORING
TRANSPORT INFRASTRUCTURE

Monitoring systems

Data Acquisition

(8% UNIVERSITA
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METHOD OF MONITORING TRANSPORT
INFRASTRUCTURE

Monitoring systems

Data Acquisition

Damage Detection

ALERT! i

4
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METHOD OF MONITORING TRANSPORT
INFRASTRUCTURE
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METHOD OF MONITORING
TRANSPORT INFRASTRUCTURE

Monitoring systems

Data Acquisition
Damage Detection
Degradation Prediction

Maintenance design
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A data space for Urban A|r Moblllty
DatalLab - Department of Engineering for
Innovation

University of Salento



A data space for Urban Air
Mobility

ConStitUteS the nervous """""""""""""" Sl 1-100km 100-1000 km E:u—u:un >1000 km

system of the entire cyber [« G - S i
infrastructure.

Data flows between prosumers
(also known as participants) in
a distributed environment on
the edge-cloud continuum.

* The pillars of the data space

Central Office

In-countr!
Data Center

promote the application of o ommmen o —_—

Jo %
(N
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3
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Interoperability, sovereignty oo | [l otes| [

value  creation - and | ==
governance data policies, & ot || ) s || B i | || LY

uaranteeing the respect of ¢4 o temm s v || [ g
AIR principles. O




A data space for Urban Air
M Q!Q«! l!lgycollectgq nt rg<e 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.

Data Warehouse Data Lake

Data Lakehouse

e kb B

Bl Reports Data
Science Leammg

Data Lake
. S
SR~ - I D
Structured, Semi-structured

and Unstructured Data

34



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
(uré:]ent delivery, delivery in adverse conditions, etc.) require better drones
and higher airways, at higher costs.

35



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.



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

UnmannedAerialVehicle

UnmannedAerialVehicleEve
nt

UnmannedAerialVehicleMod

el

GtfsRoute

GtfsShape

GtfsTrip

GtfsService

Dominio

UnmannedAerialVehicle

UnmannedAerialVehicle

UnmannedAerialVehicle

UrbanMobility

UrbanMobility

UrbanMobility

UrbanMobility

Descrizione

Harmonised description of a specific unmanned aerial vehicle (UAV).
primarily associated with the command and control of UAVs and rel
applications.

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.

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.

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

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

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

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

37


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



Methnds and facilities

Coaoling Plant

Humidifier
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Control oriented models

Batteries
Fuel cells

Supercapacitors

Advanced powertrains
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7 NEU



HYDROGEN O
IN HYBRID i e

]
@
o

=
®

|-||||a-

ELECTRIC s S M —
CONFIGURA W ro) a pa— *
TIONS = g

e
®
=
3ilo)
®

bartery
g
2 s
=R Il
m 2
B -
i+
battery

45



Fuel Cell
Fim  +

Boost Converter

Dynamic Load

L —_—
—
O

—
Bidirectional

Converter

—_— f" M"\J' W

Load Profile

Supercapacitor
+

p—v

-

Fig. 1: Hybrid power supply system topology.

LONG END
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GOALS OF THE SERENA PROJECT ...,

1| 1|
O Retrofitting the Seagull to hybrid
electric power system with fuel @
cells

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

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




TH E BAI I ERY —-LCO —--LMO —-—NCA NMC —-LFP —--LTO ---LiPo
Wh/kg
LCO Lithium Cobalt Oxide

LMO Lithium Manganese Oxide
Lithium Nickel Cobalt Aluminium Runaway
NCA :
Oxide temperature
Lithium Nickel Manganese Cobalt
e Oxide
LFP Lithium Iron  Phosphate
LTO Lithium Titanate

Cycle Life

LiPo Lithium Polymer



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

Electrical Load

v +

Hydrogen p— Anode Gas  Membrane Electrode Cathode Gas T Oxygen
Source Channels As | Source
Recirculation Humidifier i X if Ehannels Humidifier
A ) [= c
H2 A B Al B in in HEA 02@
= SA 54 sc sC
FAi —DFAi[Im:I FCi<] tFCi
oul ut
FAo |——Fas FCo<] HFCH
T H T

Anode Exhaust

“uel Cell System

slectrical load to (i) Drive cycle, (ii) Ramp, or (i) Step
fuel cell i-v curve (see code)

power produced and consumed by system (see code)
efficiency and utilization (see code)

temperature in fuel cell and coolant system (see code)
hydrogen consumed by fuel cell (see code)

n Model Workspace to explore parameters (see definition script)
MEA block code referenced by Simscape Component

Cathode Exhaust
8 )
MEA
Cooling System Thermal Mass :
I L
v % [:]
E)
—dfix)=0 il
Measurements
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A CO-SIMULATION TOOL (SIMSCAPE +

ANSYS TWIN BUILDER)

i ¢k

p_comp

|
]
g Simscape
flow _rate_source
= = = onnmp —r—
8%, i
Adr Properties
dry air -> N2
water vapor —> H20O
trace gas --> 02
" sl
o— pav |
1
02 “® A Air Intake Lompressor Map!
Compressor in in
il s— mdat . pmE t pm Lol
v Compressor £ : out out
Volume Compressor Map
_— Max rpm
vV =
=) ’
Oxygen Excess Ratio
OER
M meas

Compressor Control
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300.0

BATTERY |
CHEMIST N

RY min mass
NMC
100.0
150.0 200.0 250.0 300.0 350.0 400.0
total mass (kg)

® NCA eNMC @LFP ®LTO @ LiPo




FC Battery Consumed Tank volume Total Total

size s1ze H> (L) mass volume
(kW) (kWh) (kg) (kg) (L)
CD (w/o on-board 32.5 5.9 1.96 57.4 189.0 187.6
battery charge)
CS (full on-board 35.7 5.0 2.2 65.4 198.2 203
charging)

OPTIMAL SIZE



FLIGHT TIME VS PAYLOAD

45
40 4 35.1L

35

Payload [kg]
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