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Smart Urban Mobility Lab at USF

« Advanced Aerial Mobility*: Network Design and Multimodal Planning; Integrated
National Airspace System; Automated Air Traffic Management System; Trajectory
Planning

« Shared Micromobility** and Shared Automated Vehicles: Efficient and Equitable
Micromobility Program Design and Regulation; Performance Evaluation of Micromobility
Program; Emerging of Shared Automated Vehicles.

« Air Transport Management: Airport Planning and Management, Air Transport

Economics, Air Traffic Management, Emerging Technologies, Environmental Issues in
Aviaiton

» Resilient Cities: Criticality Analysis of Roadway Network and Freight Transportation
System; Integrated Mitigation and Restoration Planning for Transportation and Freight
Movement; Resiliency of Interdependent Critical Infrastructures

http://www.sum-lab.org

*Advanced aerial mobility involves the emergence of transformative and disruptive new airborne technology supporting an
ecosystem designed to transport people and things to locations not traditionally served by current mode of air transportation,

including both rural and the more challenging and complex urban environment." --Advancing Aerial Mobility: A National
Blueprint

**Micromobility: namely docked and dockless sharing programs with bike, electric bikes and electric scooters.
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Center for Urban National Institute of

Transportation Research Congestion Reduction

 In 1988, the Florida Legislature created « The National Institute for Congestion
the Center for Urban Transportation Reduction (NICR) is a national leader
Research at the University of South in providing multimodal congestion
Florida. CUTR is a part of the College reduction strategies through real-
of Engineering at the University of world deployments that leverage
South Florida in Tampa, Florida. advances in technology, big data

science and innovative transportation
options to optimize the efficiency and
reliability of the transportation system

 Since its inception, CUTR has become
internationally recognized in
transportation research, education and

technology transfer/training/outreach for all users.

center, with a focus on producing

products and people. N
CUTR )y
i o ‘g
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What is Urban Air Mobility/Advanced Air
Mobility?

Urban Air Mobility (UAM) envisions a safe and efficient
aviation transportation system that will use highly automated
: aircraft that will operate and transport passengers or cargo at
. T lower altitudes within urban and suburban areas.

UAM will be composed of an ecosystem that considers the
evolution and safety of the aircraft, the framework for
operation, access to airspace, infrastructure development,
and community engagement.

Advanced Air Mobility (AAM) Mission is to help emerging
aviation markets to safely develop an air transportation

% 30N

Future UAM Network system that moves people and cargo between places
Photo Source- previously not served or underserved by aviation — local,
https://www.nasa.gov/sites/default/files/thumb regional, intraregional, urban — using revolutionary new
nailsfimage/uarm-3-4x3-v2-sm.jpg aircraft that are only just now becoming possible.

https://www.faa.gov/uas/advanced_operations/ur
ban_air_mobility/ 7
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Major Advantages of AAM Compared to
Existing Transportation Modes

Commercial
Aviation

Helicopter

service

Ground
transportation

Short-haul markets
More frequent service
Potentially lower fare

Less noise

More reliable
Requires less space
Electricity-powered

Faster
Avoiding road congestion



Potential Applications of AAM

Market Category

Market Type

First Response

Ambulance; police; firefighter;

Air Commute

Privately owned; on-demand

Air Shuttle

Airport shuttle; company shuttle

Entertainment and Media

Film/TV/Radio stations; tourism

Real Estate and Construction

Aerial Showcasing; inspections;
survey

Asset/Building Maintenance

Utilities asset maintenance




Multimodal Passenger AAM Service Process

Origin

Takeoff

| Vertiport

Access TLOF
Site

On-boar
ransfer

Waiting
Area

Cruise

Landing

Vertiport

TLOF
Egress

Site
isembark

Transfe

Waiting
Area

Reference: (Antcliff et al., 2016; Vascik & Hansman, 2017; Vascik & Hansman, 2019)

Destin
Ground "\ -ation
Transportation
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Early Stage of Passenger AAM

* Regional Air Mobility
 Utilize available underused GA
airport and follow GA
procedures/Build private
vertiports

* Piloted electric aircraft

* Relative frequent services to
compete with commercial flights

« Attract people from several hours
driving for intra-state travel.

1"



Major Challenges of Embracing AAM

Aircraft; Certification

Airspace: Integrated airspace with
existing users

» Operations: Flight information,
Collision detection and resolution

* Infrastructure: Aerodrome (vertiport),
charging, communication

« Community: Awareness, Multimodal
transportation integration

Photo source:
https://www.avweb.com/news/embraer-
introduces-evtol/
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UAM Framework and Barriers

N

1. Public Acceptance
2. Supporting Infrastructure ~ 1. Safe Airspace Ops
1. Airspace Design - Operational Integration . 2. Efficient Airspace Ops
2. Operational Rules, Roles, & - Local Regulatory 3. Scalable Airspace Ops
Procedures Environment & Liability ‘ 4. Resilient Airspace Ops
3. CNSI & Control Facility i 5. Fleet Management

Infrastructure 6. Urban Weather Prediction
(1. UAM Aerodrome Design

(L

1. Aircraft Design & Integration

2. Airworthiness Standards & 1. Safe Urban Flight Management
Certification Safety 2. Increasingly Automated

3. Aircraft Noise Security Aircraft Operations

4. Weather-Tolerant Aircraft Affordability 3. Certification & Ops Approval
5. Cabin Acceptability Noise 4. Ground Ops & Maintenance
6. Manufacturing & Supply Chain Automation

. . . UAM Aerodromes
. Aircraft and Aircrew Barriers ¢ o
B Airspace Barriers Regulations/Certification

B community Integration Barriers




UNIVERSITY of

SOUTH FLORIDA A Platform for the Design and Evaluation of Advanced Air Mobility (AAM-DE)

Inputs Modules Outputs
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M4: Scenario \ Design elements of shared AAM:
generator \ Diverted passenger demand
Optimal vertiport locations
Service design
* Take-off and landing pads
* Charging pads
Size of fleet
Operation scheduling
Conflict-free 4D trajectory
Passenger assighment
EVTOL charging scheduling
Pricing scheme

M1: Enhanced
regional
demand
modeling

oy
*‘

Regional demand modeling:
* Activity-based
disaggregate demand
—based
e demand
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Operation

3D GIS map

+ Buildings/obstacles M3: Integrated

network design,
demand

estimation

M5: Simulation of
shared AAM
operations

M2: Automated
energy-efficient

MG6: Fleet planning
and vertiport
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AAM flight Operator performance
‘v‘ planning per . capacity design * Revenue and operating cost
s, EqU|I|br|um R 3 / * EVTOL utilization rate
»
separations S Saxmsssssssmssssssmsasssssnssnsnsnnsnnt?’ "----------------------" * Level of service

* Re: ions and
constraints
e e e e e e = = = = = = ==

f Evaluation M7: Regional mobility impact | Travel time saving
CNS System analysis I Congestion reduction
* GPS positioning 1
+ Communication model I
+ Connected surveillance 1 ) Electricity consumptions

M8: Energy and environmental 1 .
I o nact analvsis t Impact to power grid
P y I Noise/Air pollutant emissions

Low-altitude weather I

I | Disadvantage populations

and angle \ M9: Equity impact analysis } Race equity

Accessibility to critical services

N
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SOUTH FLORIDA

Integrated Network Design and Demand
Estimation for On-Demand UAM

Zhigiang Wu and Yu Zhang

Zhigiang Wu, Yu Zhang” (2021). Integrated Network Design and Demand Estimation of
on-Demand Urban Air Mobility. Engineering, https://doi.org/10.1016/j.eng.2020.11.007.
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https://doi.org/10.1016/j.eng.2020.11.007

Introduction

Functions for Future Vertiports:
 Aircraft final approach and takeoff
areas

Passenger boarding areas

Aircraft charging facilities

Space and facilities to accommodate
various ground transportation modes
Integrate other business services

Fig 4. Vertiport Designs

Photo Source: https://imgs.6saft.com/wp-content/uploads/2018/05/10140456/UberAlIR-skyports.jpg 16



https://imgs.6sqft.com/wp-content/uploads/2018/05/10140456/UberAIR-skyports.jpg

Summary of Literature Review

1. Lack of research studying o <
% of Private % of Traffic
the mUtua| eﬁeCtS between Motor Vehicle Diverted
vertiport locations and e o oerfodtes
. . 6OEOi
potential UAM adoption. —_— i
_ _ oumrs oumrs
2. Lack of research integrating e Reduced
travelers’ mode choice in a %o T O s il
. . lverted to Diverted
multimodal transportation SIS to Cycling
. . ransportation L 4
net
etwork into vertlport | &)
placement modeling.
N
Photo sources: {Vf
https://globaldesigningcities.org/publication/global- -

street-design-guide/design-controls/design-year-modal-

capacity/ 17




Network Design and Travel Mode Choice

_ N\
Vertiport Placement
Number of available vertiports are
restricted in practice due to eVTOL
operation requirement, budget
limit, etc.
/

ﬁ]ser Allocation \
UAM service involves multimodal
trips: ground trip access to or
egress from vertiports and air trip
between vertiports. Each user will

always select route with minimum

Qravel time. }

 Travel Mode Choice
- p

Price & Time Tradeoffs
Compared with pure ground
transportation, UAM service can
greatly reduce travel time with
higher travel cost.

\

Z
- 3

Value of Time

As long as the value of saved
travel time is greater than the
additional cost, they will use UAM
service.

\_ /
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Identify Candidate Vertiport Locations

3D map from
LiDAR data

Base map in
parcel level

Land use features
of parcels

e ,«B*Tﬂ

TLOF i :
FATO |

N\

Construct hexagons

/\

Open space or
underutilized parking lots

High-rise building with large
enough rooftop space

neters of the TLOF and the FATO: [0.5 (1.5 OL~10RD]

RD: Rotor diameter of the design belicopter
OL: Oveall length of the design helicopter

NOTE see AC 150/5390-2 for futher guidance

\/

Adjacent eligible
hexagons are combined
as candidate vertiports

Jonathan Torres, Vertiport Design Standards for eVTOL/UAM Vehicles, FAA Presenation.

19




Case Study: Tampa Bay Region

« Study Area: Hillsborough , Pinellas, Pasco,
Hernando, and Citrus Counties of Florida. B

- Data Source: Travel demand data simulated
for a typical weekday from Tampa Bay Regional
Planning Model (TBRPM).

GULF OF MEXICO

» Individual Data Info: origin and destination
coordinates, travel time, travel distance, travel
mode, trip purpose, departure time, etc.

* Filter Criteria : Travel time > 30 min and -

distance = 10 miles. 266,734 daily trips. Tampa Bay Regional Planning
Model Study Area

SOUTH FLORIDA



Pricing Scheme and Costs of Different Modes

Travel Mode Pricing Scheme Values
Base cost + unit distance cost Base cost: $30, unit distance
EVTOL N _
trip distance cost: $2
. With transit pass $1
UL Without transit pass $2
Gasoline cost per mile * trip
Personal Vehicle distance Gasoline cost per mile: $0.11

+ parking cost

Base cost + unit time cost * trip  Base cost: $2.3, unit time cost:
For-hire Service time $0.28 per minute; unit distance
+ unit distance cost * trip distance cost: $0.8

Bike Sharing Base cost + utri\rlrt] élme cost * trip Base cost: $$10 lzjglt time cost:

E-scooter Sharing Unit time cost * trip time Unit time cost: $0.29

21




17.5%

15.0%

12.5%

10.0%

T.5%

5.0% -

2.5%

0% -

Value of Time Distribution of Travelers
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Legend
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Significant Time Saving for AAM Passengers
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Vertiport Locations and Demand Estimation
of Passenger AAM

Legend

B Selected Vertipor s

+  Destiations

@ Origin/Destination |~ Vertiport access/egress Ground fransportation
B Conaidote vertiports

Candidate Vertiports

D Selected vertiports <«—> Cruise between vertiports e

» Optimal locations of vertiports * Diverted demand in the region

» Passenger allocation to vertiports > » Saved travel time and reduced system

« Access and egress modes of each generalized cost

passenger * Optimal number of vertiports to serve the region
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SOUTH FLORIDA A Platform for the Design and Evaluation of Advanced Air Mobility (AAM-DE)

Inputs Modules Outputs
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M4: Scenario \ Design elements of shared AAM:
generator \ Diverted passenger demand
Optimal vertiport locations
Service design
* Take-off and landing pads
* Charging pads
Size of fleet
Operation scheduling
Conflict-free 4D trajectory
Passenger assighment
EVTOL charging scheduling
Pricing scheme
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Regional demand modeling:
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Operation

3D GIS map

+ Buildings/obstacles M3: Integrated

network design,
demand

estimation

M5: Simulation of
shared AAM
operations

M2: Automated
energy-efficient

MG6: Fleet planning
and vertiport
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AAM flight Operator performance
‘v‘ planning per . capacity design * Revenue and operating cost
s, EqU|I|br|um R 3 / * EVTOL utilization rate
»
separations S Saxmsssssssmssssssmsasssssnssnsnsnnsnnt?’ "----------------------" * Level of service

* Re: ions and
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f Evaluation M7: Regional mobility impact | Travel time saving
CNS System analysis I Congestion reduction
* GPS positioning 1
+ Communication model I
+ Connected surveillance 1 ) Electricity consumptions

M8: Energy and environmental 1 .
I o nact analvsis t Impact to power grid
P y I Noise/Air pollutant emissions

Low-altitude weather I

I | Disadvantage populations

and angle \ M9: Equity impact analysis } Race equity

Accessibility to critical services
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Module 1: Integrating AAM in State Demand
Modeling and Evaluating the Impacts to
Transportation System

The objective of this proposed project is to introduce emerging passenger
AAM in statewide demand modeling, develop scenario generator for future
passenger AAM settings, to evaluate the the impacts of emerging
passenger AAM in the Tampa Bay Region. The impacts could include
operational impacts, such as mileage travelled, average speed in the
roadway system, total travel time, air pollutant emissions, and
transportation equity.

Module 7: Regional Mobility Impact Analysis
Module 9: Equity Impact Analysis

27
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