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Solutions for the development of AAM and UAM operations and services

Requirements for a Drone Operation Centre (DOC) and system prototype
Requirements for a UAS hangar in a smart city

Airspace analysis and U-space services

Al-based avionics applications

AAM/UAM experimental services
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Development of a Urban Digital Twin of the city of Bari (Data space, drone-assisted Last Mile Delivery algorithms,
AAM/UAM environmental and social impact analysis, urban infrastructure models for AAM/UAM)
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A10.1
Infrastructure specifications for urban air
mobility

State of the art and identification of:
Types of infrastructure

Performance specifications
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Introduction S——

A10.2
Analysis and characterisation of the Urban Air
Mobility supply and demand system
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Study of:
Building characteristics
UAM services demand (passenger and goods)

Source: Cantatore, E., & Fatiguso, F. (2021). An energy-resilient retrofit methodology to climate
change for historic districts. Application in the mediterranean area. Sustainability, 13(3), 1422.
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Definition and classification of infrastructures m——

EASA

‘Vertiport’ means an area of land, water, or
structure that is used or intended to be used
for the landing, take-off, and movement of
VTOL-capable aircraft. (EASA, PTS-VPT-DSN,
2022)

FAA

Vertiport: An area of land, or a structure, used
or intended to be used, for electric, hydrogen,
and hybrid VTOL aircraft landings and takeoffs
and includes associated buildings and
facilities. (FAA, Engineering Brief No. 105,
Vertiport Design, 2022)

Source: https://www.incide.it/vertiporti-i-nuovi-hub-di-colleqamento-per-la-mobilita-aerea/
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Definition and classification of infrastructures

Ground facilities
(Source: Drone Industry Insight, Advanced Air Mobility Report 2023-2035)

1. Drone Landing pads/stations - (on the ground, on top of building or on top of vehicles) usually represent
the vendors or PoCs location. At these locations, small deliveries will be picked up or delivered to.

2. Drone Cargo Hubs - these are permanent structures like small fulfilment centers or specific logistics hubs
(e.g. hospitals, pharmacies, pizza bakery, etc.). From/to this location, both, small and large cargo

platforms transport small and big batches of cargo.

3. Vertipads/vertistops - these are for passenger eVTOLs what landing pads are for drones. They are rather

minimalistic infrastructures, similar to a bus stop, with limited capacity in terms of flight movements, _%
passenger handling and platform recharging. These structures can either be permanent or temporary. -mv

4. Vertihubs - permanent structures comparable to regional airports today — however, with the clear goal to
be present in urban city centers too. These structures are more complex, have greater capacity (flights
per hour) and offer multiple charging poles, parking spots as well as cleaning and maintenance services.

5. AAM-Hubs - similar to today's airports and offer all the services not just for passenger eVTOLs, but also
for small and big cargo platforms.
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Technical and performance specifications

Design and geometry of a vertiport

Safety area = at least 3m or 0.25 design D
VTOL design aircraft with diameter 'D'
relative to the smallest circumference 7
enclosing it
largest overall EASA
dimensiond | FATO = 1.5 design D FATO = 1.5 design D
Dsmallest
anclosing circle 2
Aree fondamentai
Abbr. | Meaning Dim. EASA Dim. FAA
TLOF Touch-down and Lift-off Area 1D 1D
FATO Final-approach and take-off area 15D 2D
SA Safety Area 0.25Do>3m 05D FAA

ISO 5491:2023 - Vertiports
FREIGHT =mm) infrastructure and equipment for vertical take-off and landing (VTOL)
of electrically powered cargo unmanned aircraft systems (UAS)
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Technical and performance specifications
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Design and geometry of a vertiport
Obstacle-free volume (EASA)
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Generic parameters of vertical landing and take-off procedures

Parametri Descrizione Valori min/max
hl Valore altezza minima di volo stazionario -
h2 Valore altezza volo stazionario > hl
TOwian | Larghezza all’altezza h2 <5D
TOsont | Distanza frontale all’altezza h2 <5D
TOvack | Distanza posteriore all’altezza h2 <5D
FATOwiah | Larghezza della FATO > 1,5D
FATOfont | Distanza frontale della FATO >0,75D
FATOvack | Distanza posteriore della FATO >0,75D
Qapp Pendenza superficie di approccio >4,5%
Ddep Pendenza superficie di partenza >4.5%

10
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Technical and performance specifications e—

Design and geometry of a vertiport
Topology

SECENE (I

single-pad satellite linear

Source: Preis, L. Estimating vertiport passenger throughput capacity for prominent eVTOL designs. CEAS Aeronaut J 14, 353—-368 (2023).
https://doi.org/10.1007/s13272-023-00650-5
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Technical and performance specifications

Performance features: Costs

Aircraft cost

Vertiport building/modernization/conversion costs

Software costs (passenger service system, UTM/ATM interface software, ...)
Certification costs

Investment costs °
[ ]
[ ]
[ ]

Energy costs . Aircraft flight energy consumption cost
[ ]
D

Energy consumption by landing pad/vertiport infrastructure
irect Operational costs Indirect Operational Costs

Operational costs

Cost of flight
Cost of depreciation

° Cost of passenger services
[ ]

° Maintenance costs

[}

[ ]

Cost of maintaining and depreciation of ground equipment and facilities
Cost of airplane and traffic servicing, control and freight

Cost of general administrative expenses

Cost for promotion, sales and entertainment

Cost of financing
The cost of fees associated with flight and nonoperational time

Delay costs Delay and deadheading costs
UAS repositioning flights
CO2 emission during flight
Noise pollution costs
Recycling costs

Incineration costs

Landfill costs

Environmental costs

End-of-life costs

Elaborated from: Liberacki, A., Trincone, B., Duca, G., Aldieri, L., Vinci, C.P,, Carlucci, F. (2023). The Environmental Life Cycle Costs (ELCC) of Urban Air Mobility (UAM) as
an input for sustainable urban mobility. Journal of Cleaner Production, 389, 1360089.
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Technical and performance specifications

Performance features: Benefits

* Cost savings for logistics companies
Organizations would be able to focus their present human resources more toward creative, inventive
endeavors that can help them to extend their services even more with drone-delivery.

* Delivery Time Savings
A delivery drone’s objective is to deliver packages quickly anywhere, especially in difficult-to-reach regions.

* Savings in Social Cost of Greenhouse Gases (GHG)
The use of eVTOLs will help reduce the amount of emissions generated by the existing land transport
system, because eVTOLs have lower lifecycle emissions than their land-based counterparts.

Elaborated from: Dulia, E.F., Sabuj, M.S., & Shihab, S.A.M. (2022). Benefits of Advanced Air Mobility for Society and Environment: A Case Study of Ohio. Applied Sciences, 12,
207. https://doi.org/10.3390/app12010207
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Technical and performance specifications

Performance features: Operations

* Capacity
Estimated number of arrivals and departures on all vertipads in a vertiport, assuming unlimited
parking space.

* Productivity
Number of operations observed on a resource in a given time period.

* Utilisation of vertipads
Percentage of actual usage time of vertipads.

* Arrival/departure time
Parameter denoting the amount of time reserved on a vertipad for an arrival operation.

* Surface time
Parameter representing the total time spent in a vertiport in an area other than the vertipad.

Elaborated from: Guerreiro, N.M., Hagen, G., Maddalon, J., & Butler, R.W. (2020). Capacity and Throughput of Urban Air Mobility Vertiports with a First-Come, First-
Served Vertiport Scheduling Algorithm. AIAA AVIATION 2020 FORUM.
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Technical and performance specifications

VTOL vehicles i .| mMaxp MAX MAX V media
NOME SERVIZIO | CAPACITA ) RANGE FLIGHT f—
(km) TIME (h)
Volocopter 2X Air- Taxi 2 pax 9.15 27 0.45 60
Volocity Air- Taxi 2 pax 11.30 35 - 63*
EHang 216-S Air- Taxi 2 pax 5.73 35 0.35 100
VX4 (Vertical Aerospace) | Air- Taxi 5 pax 15.00 160 - 169*
EVE V3 (Emraer EVE) Air- Taxi 4 pax - 96 - 169*
Joby S4 Air- Taxi 4 pax 13.10 161 - 225%
Pegi;;;if?f\i; A ik Taxi | 2pax | 9.14 80 i 63*
Wisk Aero Cora (Gen 5) Air- Taxi 2 pax 11.00 100 0.32 124%*
Nuuva V300 (Pipistrel) Merci 300 kg 11.30 2500 12 208
FB3 (FlyingBasket) Merci 100 kg 1.60 2.5-25 - 76%*
CargoTron PD250 Merci 250 kg 10.20 650 - -
Griff 300 Merci 235 kg 3.40 15 0.67 22
EHang 216 (Logistic) Merci 250 kg 5.73 35 0.35 100

* average speed calculated using the cruising speed value given by the manufacturer
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State-of-the-art: interactions of UAM with land use and buildings P
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Search for «Urban Air Mobility» on Scopus (upd. 01/2024)
1348 documents (excluding the 'conference review' type)
Documents by subject area Documents by year
Other (4.1%)
Decision Scienc... (L6%) \
Business, Manag... (2.1%) \ 0
Materials Scien... (3.0%) : )
Environmental S... (3.4%) 4 E’ 200
Physics and Ast... (4.8%) e
Social Sciences... (6.8%) ' 100
Energy (10.7%) £ 0

/ Year

Computer Scienc... (13.5%)
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State-of-the-art: interactions of UAM with land use and buildings
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Search for «Urban Air Mobility» limited to results containing the word «building®» on Scopus
(upd. 01/2024)

69 documents (excluding the 'conference review' type)

Documents by subject area Documents by year
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State-of-the-art: main areas of interest
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State-of-the-art: demand and location models
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Search for «Urban Air Mobility» on Scopus (upd. 01/2024) limited to results containing the word
«location»

107 documents ( excluding the 'conference review' type)

Documents by subject area Documents by year

Other (2.5%)
Mathematics (2.0%) 3
// 4
Materials Scien... (2.5%) ~
Decision Scienc... (2.5%)
Business, Manag... (3.5%)
Physics and Ast... (4.0%

20

25

20

) — Engineering (43.1%)
Environmental S... (5.9%) 15
Energy (8.4%)

10

5

Computer Scienc... (14.9%

/’
Social Sciences... (10.9%) I
Politecnico ST ﬂ RT e
i Bari L l

polytechnic university of bari  team

35

Documents

2018 2019 2020 2021 2022 2023

Year

19

=




Co-funded by
I nterl’eg - the European Union
I pA South Adriatic

State-of-the-art: demand and location models F——

Main Scopus search results: 'urban air mobility' location

YEAR TITLE

2019 Insights on strategic air taxi network infrastructure locations using an iterative constrained clustering approach
2020 Reinventing mobility paradigms: Flying car scenarios and challenges for urban mobility

2020 A vision-based navigation method for eVTOL final approach in urban air mobility(UAM)

2021 Ground operation on vertiports — introduction of an agent-based simulation framework

2021 Evaluating the interoperability of urban air mobility systems and airports

2021 Scheduling Aerial Vehicles in an Urban Air Mobility Scheme

2021 Urban Air Mobility: Airport Ground Access Demand Estimation

2021 A method for urban air mobility network design using hub location and subgraph isomorphism

2021 Integrated Network Design and Demand Forecast for On-Demand Urban Air Mobility

2021 Predicting demand for air taxi urban aviation services using machine learning algorithms

2021 Selection of vertiports using K-means algorithm and noise analyses for urban air mobility (UAM) in the Seoul metropolitan area
2021 A Traffic Demand Analysis Method for Urban Air Mobility

2021 Determining infrastructure requirements for an air taxi service at Cologne Bonn Airport
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State-of-the-art: demand and location models F——

Main Scopus search results: 'urban air mobility' location

YEAR TITLE

2022 Future Mobility with eVTOL Personal Air Vehicle (PAV): Urban Air Mobility (UAM) Concept

2022 Hierarchical Vertiport Network Design for On-Demand Multi-modal Urban Air Mobility

2022 Skyport location problem for urban air mobility system

2022 Scalable Vertiport Hub Location Selection for Air Taxi Operations in @ Metropolitan Region

2022 Urban Air Mobility: Systematic Review of Scientific Publications and Regulations for Vertiport Design and Operations

2022 Air taxi skyport location problem with single-allocation choice-constrained elastic demand for airport access

2023 Vertiport Selection in Hybrid Air-Ground Transportation Networks via Mathematical Programs with Equilibrium Constraints
2023 The UAM service network: multi-objective and multi-period design for UAM airports

2023 Identification of Urban Air Logistics Distribution Network Concepts
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Conclusions and further work
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Preliminary studies and results are promising and push towards further

activities:

* Definition of KPI for the integration of urban air mobility systems with
buildings

* Clustering of the municipal area of Bari

* Demand estimation for UAM services (survey and modelling)

* Ground facility location model (multi-objective)
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