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Abstract 

Title:  Taxonomy and Abstraction of the On-demand Mobility Aviation System for Smart 

Cities  

Author: Wancheng Dai  

Major advisor: Rodrigo Mesa Arango, PhD.  

The on-demand mobility aviation system is a new paradigm providing aircraft-based point-

to-point transportation services to travelers in urban and suburban areas. Many consider it 

as the next revolution in intelligent transportation systems. Since it does not require pre-

scheduling and vehicles travel at high speed, travel times are dramatically decreased, 

which overcomes issues of the current ground transportation system, improves travel times 

and level of service, increases productivity and creates new business models. Likewise, it 

is envisioned to generate positive environmental outcomes. Since this is a new and unique 

mode of intelligent transportation, few is known about its potential success and pitfalls. 

This paper investigates the key operational constraints required to implement the on-

demand mobility system, including cyber-physical infrastructure, vehicular technologies, 

demand, air traffic control, regulations, and competition with other modes. The main 

contribution of this research is providing a system-of-systems modeling framework to 

understand and forecast on-demand mobility performance, which is based on a 

comprehensive review of the state-of-the art on all the components involved in on-demand 

mobility operations. Such framework adds values to public transportation agencies, 

researchers, developers, and industries interested in current and future efforts associated.  
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Chapter 1 

Introduction 

 

As people move to urban areas, ground transportation becomes a serious problem 

causing high traffic congestion and undesired delays. According to the United 

States (U.S.) Census Bureau, population growth in the U.S. was 5.69% between 

2010 – 2017, and it is forecasted to be 29.69% between 2017 to 2060 (U.S. Census 

Bureau 2017). Several new paradigms, e.g., autonomous vehicles, connected 

vehicles, smart carpooling, demand-responsive transit, have been proposed to 

alleviate traffic congestion in the near- and medium-term future. Still, there is 

uncertainty on the combined benefits of these new technologies as demand 

continues to grow with better operations, but almost the same ground infrastructure. 

What if removing the two-dimensional barrier associated with urban ground 

transportation by expanding capacity to the three-dimensional space were possible? 

An innovative concept gaining momentum as the next big revolution in intelligent 

transportation systems (ITS) for smart cities involves the utilization of urban 

airspace to accommodate the massive amount of traffic growth expected in the 

short-term. 

 

The concept of on-demand mobility (ODM) corresponds to a new air transportation 

paradigm that provides point-to-point transportation services in urban and suburban 

areas with flying vehicles. ODM is similar to the concept of “flying cars” (Liu et al. 

2017; Narkus-Kramer 2013; Snyder 2017), a notion that seems to come from 



 2 

science fiction but has been seriously envisioned and proposed by various 

governmental agencies and transportation network companies, like the Federal 

Aviation Administration (FAA), the National Aeronautics and Space 

Administration (NASA), Uber (USA), Didi Chuxing (in China), among others. The 

emerging ODM concept can potentially improve issues with the current 

transportation system, overcome ground transportation constraints, and fix the lack 

of short and middle range air services currently faced by the aeronautics industry. 

Moore (2010, 2003, 2006, 2012a), as well as Moore and Goodrich (2013), critically 

highlight the limitations of current ground transportation systems and evidence the 

low utilization of short and middle range trips for traditional airline services. ODM 

tests and implementations will increasingly take place in the next few years. 

Gawdiak et al. (2012) indicate ODM will be gradually incorporated into the market 

between 2025 and 2040.  

However, the ODM implementation timeline could be critically jeopardized if 

current aviation technologies are not at sufficient level of development to support 

such system. Propitiously, existing technologies such as vertical takeoff and 

landing (VTOL), distributed electrical propulsion (DEP), and automation are at 

advanced levels of development by several manufacturers to support ODM 

prototypes, e.g., Vahana, X-57, Lilium jet, and TF-2.  

NASA has researched this area since 2015 with a strategic framework that 

organizes relevant ODM aspects such as technologies, marketing, safety, physical 

infrastructure, and other considerations. NASA has developed research on urban air 
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mobility (UAM) since 2017 to clarify concepts and considerations (Gipson 2018a). 

The combinations of mechanical advances with new and existing functions can 

positively enable ODM systems. Given the system is still under development, it is 

uncertain whether it will properly engage with its surroundings after 

implementation takes place. 

The future environment encompassing ODM systems will be undoubtedly 

complex, involving diverse regulations, new policies, and control of mission 

operations. NASA is emphatic to recommend current air traffic control systems to 

be revised in order to improve potential issues of ODM, which should also happen 

with policies and regulations from governmental agencies (Holmes et al. 2017). 

The main challenge to overcome the unknown impacts of the incoming ODM 

system is finding credible ways to predict its performance, observe its emergent 

behavior, and mitigate any potential risks. 

A comprehensive framework is needed to understand the complex interaction 

within internal components of the overall ODM system as well as their combined 

effects with external socio-cyber-physical systems where the ODM is immersed. 

Therefore, the main contribution of this paper is to provide a system-of-systems 

(SoS) framework to incorporate the interaction of four different categories in the 

general understanding of ODM as a SoS, i.e. Resources, Operations, Economics, 

and Polices (DeLaurentis and Callaway 2004). The framework properly classifies 

specific component and systems in the ODM SoS to develop hierarchical 

abstractions for future modeling efforts. Specifically, each SoS category has its 
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own description and provides an independent framework to interconnect its 

constituent components. Five levels of hierarchical categorization are used to 

describe ODM subsystems at different levels of resolution, i.e., levels theta (θ); 

delta (δ); gamma (γ); beta (β); and alpha (α). The main vision of this research is to 

create a starting point to guide stakeholders, collaborators, and agencies understand 

the specific components required to successfully analyze and implement ODM 

systems with proper transportation demand modeling for regional planning 

purposes. 

The paper is organized as follow. The first section introduces and motivates the 

research effort to create the taxonomy and abstraction of the ODM aviation system 

for future smart cities. The second section provides a literature review that covers 

ODM system background, vehicles, cyber-physical infrastructure, air traffic 

control, demand, and safety. The third section develops the framework to 

categorize and aggregate the overall ODM system following SoS concepts. Then, 

the paper is finalized with discussions, conclusions and future research directions. 
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Chapter 2 

Literature Review 

 

The following subsections review literature associated with the general background 

of the ODM system, specific features of the ODM flying vehicle, special 

characteristics of the physical infrastructure required to enable ODM operations, 

the cyberinfrastructure and air traffic control needed for ODM implementations, the 

approaches to characterize the potential demand of ODM services, and lastly, the 

safety risks that should be considered in each single segment of the ODM system. 

The review also helps to demonstrate the complexity surrounding ODM systems 

analysis and highlights the gap on literature associated with the provision of a 

comprehensive modeling framework to clearly understand and forecast ODM 

performance. 

 

 



 6 

Chapter 3 

Background of the ODM System 

 

This subsection provides a concise overview of the state-of-the-art on ODM 

systems to unravel its complex nature (Uber 2016; Holmes 2016; Holmes et al. 

2017; Moore 2012a, b). According to Holmes et al. (2017), NASA envisions the 

following two types of vehicles to be more suitable for ODM implementations: a) 

Thin haul commuters and b) Inter-Urban VTOL Air taxi. ODM air services are 

expected to be concentrated on urban and suburban areas. Therefore, as Holden et 

al. (2016) indicate, the initial vehicle travel range is expected to be less than 100 

miles in the short-term future with the occupancy of up to 4 passengers. Thus, 

Mission (b) is a more logical starting point and makes more sense for short-term 

implementations. As many papers consider that ODM flying vehicles need to 

perform the VTOL operations (Adolf et al. 2010; Antcliff et al. 2016; Uber 2016; 

Holmes 2016; Holmes et al. 2017; Moore 2003, 2012a; c; Moore and Goodrich 

2013; Narkus-Kramer 2013; Thipphavong et al. 2018), the runway utilization 

would contradict the key concept of ODM point-to-point air service based on the 

land use in high dense population area and the efficiency of providing the takeoff 

and landing. That’s why performing VTOL by ODM vehicles should be 

considered.  

  Another important ODM consideration is the propulsion system used in 

VTOL vehicles. According to Stoll and Veble Mikic (2016), distributed electric 
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propulsion should be used in small distance air travel, for less operating costs and 

emissions. It will also have improvements in noise issues, which is very important 

since vehicle travels through urban areas and it should meet environmental 

requirements for noise level. In conclusion, small electrically powered VTOL 

vehicles used for air transit will be the most likely choice for ODM systems. 

Currently, there are several framing models of on-demand aircraft being proposed 

by aerospace companies such as Airbus, Lilium, Joby Aviation, and etc. Uber is 

also showing its interest in ODM, and proposed its own vision of future 

transportation in their white paper called “Uber Elevate” (Uber 2016). 

 

ODM Flying Vehicle 

  

This subsection overviews the vehicles, technologies, and other related technical 

features to support ODM. As mentioned above, previous studies show the key 

factors affecting ODM systems include distributed electric propulsion, vertical 

takeoff and landing (VTOL), noise requirements, automation, and battery types, 

among others (Brown and Harris 2018). VTOL will be the most suitable choice for 

ODM missions. VTOL technology can be achieved by various configurations. The 

most common and popular VTOL vehicle is the conventional helicopter. Other 

configurations such as: tilt rotor, tilt duct, coaxial rotors and multirotor are also 

used for vertical take-off and landing. As mentioned above, aerospace companies 

are in the progress of developing their own VTOL vehicle to serve ODM.  Several 
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companies have provided dimensions and configurations of their VTOL concepts as 

summarized in Table 1. 

 

Table 1. Dimension and Configuration of Selected Concepts. 

Names Dimensions Configurations 

Vahana 6 m x 5.8 m Tilt wing 

The Lilium Jet 15.24 m x 15.24 m Tilt duct 

Joby Aviation S2 NA Tilt rotor 

Terrafugia TF-X 2.7 m x 5.5 m Folding wing 

Aurora eVTOL NA Lift and cruise  

 

All configurations of VTOL vehicles use electric propulsion, which is more 

feasible for ODM operation. “Distributed propulsion refers to dividing up the total 

propulsion thrust among a number of units that together result in the same amount 

of total propulsion thrust” (Gohardani 2013). According to Smith et al. (2012) and 

Moore (2012d), electrically propelled VTOL with autonomous path planning is 

better because of following: (1) Extremely low effective fuel (energy) cost by using 

electric propulsion instead of gasoline engines because electricity is cheaper than 

aviation gasoline, electric motors are more efficient than gasoline engines, and 

electric vehicles are more aerodynamically efficient. (2) Elimination of pilot costs 

due to potential autonomous operations. (3) Higher aircraft utilization and reduced 

fleet size required to meet a level of availability due to autonomous vehicle 
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redeployment. (4) Advanced batteries that improve number of cycles, cost, energy 

density, and power density. (5) Improved efficiency, both aerodynamically and 

structurally. (6) High utilization derived through the high reliability of electric 

propulsion systems and very low maintenance required. (7) Low maintenance costs 

due to elimination of a gasoline engine. (8) Low vehicle manufacturing costs. 

Also, all configurations of VTOL vehicles will have advanced flight control and 

path planning techniques. One of such techniques is rapid path planning. Adolf et 

al. (2010) indicate this technique will be used to quickly react to newly appeared 

obstacles. Rapid path planning will allow for ODM vehicles to operate without 

pilot, giving more room for passengers. Another advantage of rapid path planning 

is the safety. In the case when any unknown obstacles occur, there is no need for 

passengers to make any changes to flight path; the system will make its own 

adjustment. However, the manual control should be considered in case of rapid 

path planning system fail due to emergency. 

Although all configurations of vehicles use electric propulsion, Brown and Harris 

(2018) indicate the 62-dBA noise requirement cannot be met by any vehicle 

configurations. Brown and Harris note: “studies were under several assumptions 

and not all possible vehicle configurations were considered, making noise reduction 

is one of the most important problems for ODM system that uses VTOL vehicles”. 
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Physical Infrastructure  

 

This subsection summarizes the key insights from previous research associated 

with ODM infrastructure. Antcliff et al. (2016) provide different ideas to associate 

the ODM system with ground construction. They describe the design requirements 

for public/private take-off and landing areas (TOLAS). Cloverleaf interchanges are 

proposed for TOLA areas because they are highly distributed and are connected 

with existing ground highways. They also minimize travel times and eliminate the 

noise issues of flying vehicles that are expected to create conflicts with 

communities. Another advantage of using cloverleaf to become the public urban 

helipad placement is to increase economy for shared services such as Uber, Lyft, or 

local taxi companies. In this paper, the authors also provide the public 

infrastructure for large metropolitan area such as New York City, Los Angeles, 

Chicago, St. Louis, Minneapolis, and San Francisco. Since these cities present 

highly dense populations, low land availability, and are surrounded by rivers, a new 

solution to overcome take-off/landing issues is to design and construct public 

helipad-barges on the surrounding lakes or rivers. 

The TOLA areas and helipads have been estimated by Vascik and Hansman 

(2017a), who provide the significant and impacted factors of designing TOLAs. 

TOLAs are also addressed in the work by Vascik and Hansman (2017b), who 

provide assumptions and guidance to develop new TOLA infrastructure in high-

demand areas.  
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Uber (2016) provides a section called “Infrastructure and Operations” to discuss 

city infrastructure, infrastructure simulation, charging-vehicle features, and 

operations. Their assumptions support the development of special airports designed 

as vertical towers for VTOL operations, a.k.a. vertiports. Still, choosing the 

location of veriports in cities with unexpected demand, emerging supporting 

infrastructures, and undefined routes becomes a challenge.  

 

Cyberinfrastructure and Air Traffic Control for ODM 

 

Cyberinfrastructure is another significant concept to be involved in ODM systems. 

According to Stewart et al. (2010), “Cyberinfrastructure consists of computing 

systems, data storage systems, advanced instruments and data repositories, 

visualization environments, and people, all linked together by software and high 

performance networks to improve research productivity and enable breakthroughs 

not otherwise possible.”  

Cyberinfrastructure is one of the significant elements to integrate the ODM system. 

No paper discusses the cyberinfrastructure requirements for ODM services. 

Cyberinfrastructure design is important to connect customers and service providers, 

and facilitates air transit scheduling. This paper contributes to enhancing our 

understanding on cyberinfrastructure systems for ODM services as described in the 

flow chart of ODM Cyberinfrastructure in the corresponding section below. 
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Air traffic control (ATC) will become another issue for ODM missions because air 

vehicles travelling in the airspace will interact with commercial planes and will 

have to be properly controlled. There is a high risk for ATC failures due to the 

expected humongous amount of ODM aircrafts, increased amount of unamend 

aerial vehicles (UAS) for other purposes, like deliveries, surveillance, maintenance, 

etc., and the interaction higher number of interactions with regular airplanes and 

helicopters. Another issue that will arise from entering controlled air space is 

communication, as a result of high density of ODM vehicles radio communication 

will not have the ability to deliver messages between air vehicles and ATC (Vascik 

and Hansman 2017b). According to FAA’s JO order 7110.65W (Ray 2015), the 

main purpose of air traffic control system is to give instructions to pilots in order to 

prevent collision between aircrafts. As today, there exist several ATC initiatives for 

urban airspace.  

One of them is automatic dependent surveillance broadcast (ADS-B), which has 

been developed by FAA (FAA 2010). ADS-B uses global navigation satellite 

system (GNSS) to derive its position and continuously broadcast it to other aircraft, 

capable of receiving it and to the ground ATC center. In contrast to radar 

technology, which bounces radio waves between on land antenna and aircraft, 

making it possible for the aircraft to move a certain distance depending on how fast 

the antenna rotates, ADS-B does position data exchange in real time. In addition to 

position data, other data, such as speed, attitude, heading and flight number can be 
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broadcasted in real time using ADS-B, which makes it a good starting point for the 

traffic control of ODM missions. 

Another emerging option for air traffic control that can be used for ODM missions 

is unmanned aircraft system traffic management (UTM). The main function of 

UTM will be management of low altitude uncontrolled UAS operations, which is 

similar to autonomous ODM mission. According to NASA, UTM will provide 

services such as airspace design, corridors, dynamic geofencing, severe weather 

and wind avoidance, congestion management, terrain avoidance, route planning 

and re-routing, separation management, sequencing and spacing, and contingency 

management. Today NASA has reached to third technology capability level (TCL) 

which is scheduled for spring 2018 (Bradford 2018). They will focus on testing 

technologies for maintaining safe spacing between cooperative and non-

cooperative UAS over moderately populated areas. Independent on the mechanical, 

infrastructural, cyberphysical, and operational dimensions of ODM, better analyses 

occur when supply is not the only perspective approached. Proper analyses of 

demand complement and enhance ODM system characterizations. 

 

Demand 

 

This subsection explores different approaches to understand ODM demand. Based 

on our literature review, three different models have been proposed to forecast the 

demand for ODM (Baik et al. 2008; Gawdiak et al. 2012; Smith et al. 2012). Smith 
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et al. (2012) and Baik et al. (2008) employ a nationwide model called 

Transportation System Analysis Model (TSAM) to predict the demand for ODM. 

This model implements the four-step modeling process for transportation systems 

analysis, i.e., trip generation, trip distribution, mode choice, and network 

assignment. Due to the use of this model, the basic outputs of TSAM provide total 

annual person round-trips between all counties in the U.S. by trip purpose (business 

and non-business), by mode (air taxi, commercial airline, and automobile), and by 

five household income groups. Gawdiak et al. (2012) project the ODM demand by 

using the LMINET and Agent-Based Models. The application of these two models 

produces demand trends that are impacted by several segments, e.g. aircraft 

characteristics, modal preference, population dynamics, economic strata, pricing, 

and demographic parameters. 

 

Safety  

 

Safety is one of the most significant aspects to be considered in ODM operations. 

Many papers provide safety considerations for airspace and airport access by 

ODM, airport and connectivity, weather, safety/reliability of the ODM vehicle, 

technology innovation and vehicle design, aircraft maintenance, passenger 

behavior, and security check in TOLAs (Holmes 2016; Antcliff et al. 2016; Nneji et 

al. 2017; Moore 2010; Narkus-Kramer 2013; Thipphavong et al. 2018). NASA has 

also provided a new concept of controlling air traffic and officially transferred it to 
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FAA in Washington, DC (Gipson 2018b). This new technology is called the Flight 

Deck Interval Management (FIM) (Gipson 2016), which approaches several safety 

factors considered when airports or TOLAs get more congested.  

In addition, the FAA has created a section of general aviation safety in its official 

website in July 30, 2018. This section contains a list of top 10 leading causes of 

fatal general aviation accidents during the period of 2001-2016, including loss of 

control inflight, controlled flight into terrain, system component failure-powerplant, 

fuel related, midair collisions, low altitude operations and so on (Federal Aviation 

Administration 2018). Therefore, the safety precautions should be taken from the 

very first steps such as vehicle designing. The design phase should include such 

scenarios, when control over the aircraft is lost, then there should be a separate 

system that will be launched to safely perform emergency landing. In case of 

system component failure, maybe parachutes should be considered. Also, an easy 

guideline should be written for passengers in case of emergency. Midair collisions 

and low altitude operations should be taken care of by ADS-B system that was 

discussed before and newly formed air traffic control for ODM system. Fuel related 

issues should be solved by using an electric engine, an additional separate set of 

batteries should be included in each aircraft that are enough to safely perform 

emergency landing. Human factors are another contributing aspect for safety. 

Everything from vehicle manufacturing, maintenance and security check in TOLA 

areas, to human behavior during the flight should be strictly addressed. Since 

manufacturing and maintenance will be done according to strict rules and 
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standards, security checks and human behavior rely solely on people. Proper 

instructions should be given to both parties, security guards and passengers. Even if 

all rules and standards are followed there is still a risk of fatal injury. However, we 

should work on minimizing these risks to make human lives the most important 

aspect of the whole system.  
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Chapter 4 

Framework 

 

This section describes the SoS framework to categorize and abstract ODM systems 

– main contribution of the paper. An overview of the SoS perspective to understand 

complex systems is presented first. Then, each major SoS category is described in 

more detail with an specific sub-framework for the resource, operation, economy, 

and policy side of the system.  

Based on previous literature review, it is clear that ODM is a totally new concept 

never considered as a transportation mode before. However, nowadays ODM is 

considered as a feasible intelligent transportation system solution. Several strategic 

frameworks have been provided in the background to understand the process of 

technology development, early adopter marketing, infrastructure design and 

construction, as well as supply/demand interactions. Next, the systematic 

framework to classify and abstract the different components of the ODM system is 

explained.  

 

System-of-Systems (SoS) Perspective 

 

The concept of a SoS architecture, useful to characterize the constituents of the 

ODM framework, has been studied and developed by several works in the past, e.g. 

Boardman et al. (2006); DeLaurentis (2005, 2007); DeLaurentis and Callaway 
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(2004); Maier (1998); Mostafavi et al. (2011); Popper et al. (2004), among others. 

So, what is the definition of the SoS? “The System of systems is a collection of 

task-oriented or dedicated systems that pool their resources and capabilities 

together to create a new, more complex system which offers more functionality and 

performance than simply the sum of the constituent systems” (Popper et al. 2004).  

Although SoS typically display elements of complex systems, not all complex 

questions will relate to the realm of SoS as indicated by Boardman et al. (2006) & 

DeLaurentis (2007). Maier (1998) has identified the following traits associated with 

SoS: 

 Operational Independence of Elements. 

 Managerial Independence of Elements. 

 Evolutionary Development. 

 Emergent Behavior. 

 Geographical Distribution of Elements. 

Additionally, DeLaurentis (2005), and Mostafavi et al. (2011)propose the following 

additional traits: 

 Interdisciplinary Study.  

 Heterogeneity of Systems. 

 Network of Systems. 

DeLaurentis and Callaway (2004) introduce the SoS lexicon that is used in this 

thesis to frame the ODM system, where categories and hierarchies are employed to 
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characterize its complex subsystems. The whole ODM system is divided into four 

categories: Resources; Operations; Economics and Policies. Subsequently, each 

category is divided into five hierarchical levels that cluster subsystems at different 

levels of aggregation, denoted 𝜃, 𝛿, 𝛾, 𝛽, 𝛼, where 𝜃 indicates the highest level of 

categorical aggregation, all the way down to 𝛼, which corresponds to the lowest 

level of categorical disaggregation for systems/components, i.e., the SoS edge. 

According to the definition of each category proposed by DeLaurentis and 

Callaway (2004): “Resources are the physical entities that give physical 

manifestation to the SoS; Operations constitute the application of policies and 

procedures to direct the activity of physical entities; Economics is the non-physical, 

sentient systems that gives a “living system” character to the operation of the 

physical entities in a market economy; Policies are external forces/functions that 

impact physical and non-physical entities of the SoS.” These four categories 

dramatically related with each other. The following subsections describe each 

category in the context of the ODM SoS.   

 

Resources 

 

Resources describe the first category of the ODM SoS framework. Resources are 

illustrated in Fig. 1, which presents the highest level of aggregation 𝜃 on top, i.e., 

Smart Metropolitan Area, and the lowest level of disaggregation 𝛼 at the bottom, 

i.e., UTM, ATC, Transit bus, Train. Categories 𝛿, 𝛾, 𝛽 correspond to each 
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intermediate entity color-coded with consistent grey-tone changes. 

The smart metropolitan area (𝜃) is divided into subcategories; fixed urban 

infrastructure (𝛿1), and urban transportation (𝛿2). Fixed urban infrastructure (𝛿1) is 

divided into ODM internal infrastructure (𝛾1,1), and ODM external infrastructure 

(𝛾1,2). ODM internal infrastructure (𝛾1,1) aggregates the air control infrastructure 

(𝛽1,1
1 ), structures needed for VTOL (𝛽1,1

2 ), and service provider infrastructure (𝛽1,1
3 ). 

Additionally, the ODM external infrastructure (𝛾1,2) only aggregates the ODM 

interacting structures (𝛽1,2
1 ). Air traffic control (𝛽1,1

1 ) combines the department of 

UTM (𝛼1,1
1,1

), the department of air traffic control (ATC) (𝛼1,1
1,2

), and the new 

department denoted: on-demand traffic control (ODTC) (𝛼1,1
1,3

). VTOL location 

(𝛽1,1
2 ) is composed by the airport (𝛼1,1

2,1
), helipad (𝛼1,1

2,2
), highway/clover leaf (𝛼1,1

2,3
), 

and TOLA (𝛼1,1
2,4

), which correspond to the structures needed for vertical take-off 

and landing (VTOL) areas to become another ODM internal infrastructure. Finally, 

the service provider infrastructure (𝛽1,1
3 ) will be considered by VTOL facility 

(𝛼1,1
3,1

), which can be provided inside the VTOL structures or implemented as an 

individual building of the service provider. On the other hand, city buildings (𝛼1,2
1,1

) 

and landscape (𝛼1,2
1,2

) are the constituent elements of the ODM interacting structures 

(𝛽1,2
1 ) that represent ODM external infrastructure. Again, all these pieces integrate 

fixed urban infrastructure (𝛿1). 
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Fig. 1. ODM resource framework. 

In the urban transportation aspect (𝛿2) two key modes are considered: air 

transportation (𝛾2,1), and ground transportation (𝛾2,2). In this level, air 

transportation (𝛾2,1) is subdivided into two elements: low altitude traffic (𝛽2,1
1 ) and 

high altitude traffic (𝛽2,1
2 ). On the other hand, air transportation (𝛾2,1) only 

considers low altitude traffic (𝛽2,1
1 ) and high altitude traffic (𝛽2,1

2 ) as categorical 

subdivisions. In the low altitude traffic (𝛽2,1
1 ), the UAV (𝛼2,1

1,1
), helicopter (𝛼2,1

1,2
), and 

ODM (𝛼2,1
1,3

) traffics will be taken into consideration because of the interaction of 

these three kinds of air mobility at low altitude. In the high altitude traffic (𝛽2,1
2 ), 

the scheduled airplanes will also be considered due to the interaction between low 

altitude (𝛽2,2
1 ) and high altitude (𝛽2,2

2 ) traffics occur when processing the takeoff or 

landing operations. Finally, ground traffic (𝛽2,2
1 ) encompasses private mobility 

(𝛼2,2
2,1

), taxi (𝛼2,2
2,2

), transit bus (𝛼2,2
2,3

), and train (𝛼2,2
2,4

). Notice private vehicle (𝛼2,2
2,1

) is 
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further decomposed into regular vehicles, autonomous vehicles, and connected 

vehicles to be consistent with the future transportation landscape where the ODM 

SoS will take place. 

A usage example of the framework would be as follows: the following should be 

considered; the urban transportation will operate in its normal fashion, the only 

difference being possible points of loading and unloading of people (e.g. bus stops) 

for bus transit will increase. That is because urban transportation is an important 

resource to have in order to complete the full transit from point A to point B. Since 

the role of urban transportation is to fill in the gap between TOLA area and 

intended point of destination. Therefore, instead of taking a bus for a full route 

from point A to point B, and staying in traffic jam for an hour, a person could take a 

5 min bus to the nearest TOLA area, then have a 10 min flight, then take another 5 

min bus to the destination. A flight will cover the major distance of overall route 

from point A to point B. Now, moving to urban infrastructure. Internal 

infrastructure will be set up in such a way to coordinate the motion of existing 

transportation with the newly added one. For example, technologies such UTM and 

ODTC will be utilized every time when the VTOL starts operation, in order to 

coordinate movement. TOLA and Cloverleaf should be built in order to provide 

ease of use for new transportation method. Airport and Helipads will stay the same, 

perhaps adding more space for ODM operations in the existing entities will be 

required. The external infrastructure such as city buildings and landscape will also 

be considered, because the VTOL will move around them. As it can be seen from 
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the previous example, all mentioned resources are needed to complete the transit. 

 

Operations 

 

The section describes the ODM operations characterization (illustrated in Fig. 2), 

which presents the procedures to govern the operation of physical ODM resources.  

 

 

Fig. 2. ODM operations framework. 

ODM operations (𝜃) are divide into two categories: fixed service (𝛿1) and 

transportation (𝛿2). Fixed service (𝛿1) is divided into service provider operations 

(𝛾1,1) and low altitude traffic operations (𝛾1,2). Service Provider operations (𝛾1,1) 

consist of the cyber (𝛽1,1
1 ) and facility (𝛽1,1

2 ) operations; and low altitude traffic 

operations (𝛾1,2) integrate the UTM (𝛽1,2
1 ), ATC (𝛽1,2

2 ), and ODTC (𝛽1,2
3 ). Based on 

the operation framework from the Fig. 2, all the cells in the alpha level provide the 



 24 

fundamental operations for each element in the upper levels. The operations 

necessarily to support Cyber (𝛽1,1
1 ) processing booking (𝛼1,1

1,1
), data management 

(𝛼1,1
1,2

), data sharing (𝛼1,1
1,3

), and data response (𝛼1,1
1,4

). Vehicle maintenance (𝛼1,1
2,1

), 

level of service (𝛼1,1
2,2

) for TOLA, and level of service (𝛼1,1
2,3

) for flying vehicle 

operations will be integrated as facility operations (𝛽1,1
2 ). For the purpose of safety, 

efficiency of operations, and to avoid crashes between low altitude and high 

altitude vehicles, the UTM (𝛽1,2
1 ), airport ATC (𝛽1,2

2 ), and ODTC (𝛽1,2
3 ) are 

becoming extremely important for operating the low altitude traffic (𝛾1,2) and 

controlling the interaction of vehicles in this context. Operations such as, dynamic 

geofencing (𝛼1,2
1,1

), route planning (𝛼1,2
1,2

), congestion management (𝛼1,2
1,3

), and 

sequencing (𝛼1,2
1,4

) are fundamental operations required for UTM 𝛽1,2
1 . Additionally, 

ATC 𝛽1,2
2  requires position detecting (𝛼1,2

2,1
), congestion management (𝛼1,2

2,2
), and 

sequencing (𝛼1,2
2,3

). Furthermore, ODTC 𝛽1,2
3  is composed by automatic dependent 

surveillance broadcast (ADSB) (𝛼1,2
3,1

), route planning (𝛼1,2
3,2

), congestion 

management (𝛼1,2
3,3

), and sequencing (𝛼1,2
3,4

). 

The transportation (𝛿2) aspect, is composed by public (𝛾2,1) and private (𝛾2,2) 

transportation. Public operations have been distinguished into two categories for 

the ground (𝛽2,1
1 ) and air (𝛽2,1

2 ) modes because each of them has specific 

disaggregated operations at the 𝛼 level. Public ground transportation (𝛽2,1
1 ) involves 

taking passengers from their specific origins to the TOLA facilities and vice versa, 
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i.e., TOLA → driving → destination. Thus, Public ground transportation (𝛽2,1
1 ) is 

decomposed by pick up (𝛼2,1
1,1

), drop off (𝛼2,1
1,2

), and driving (𝛼2,1
1,3

). Moreover, the 

aerial piece of the public trip 𝛽2,1
2  involves a security check (𝛼2,1

2,1
), take-off and 

landing maneuvers (𝛼2,1
2,2

), and a flying segment (𝛼2,1
2,3

). However, the private ODM 

operation (𝛾2,2) will directly fly from the origin to destination without stopping. 

Several companies indicate private ODM flying vehicle will have both driving and 

flying capabilities. Therefore, the operations of private ODM vehicles will mix 

driving (𝛼2,2
1,1

), take-off/landing (𝛼2,2
1,2

), and flying (𝛼2,2
1,3

). 

A typical operation taken in order to complete a person’s transit from point A to 

point B will start with cyber services. A person first will book a flight from a phone 

or computer to travel from point A to point B. The data containing the new request 

will be shared with the servers of the operating company (e.g. Uber). After that, it 

will be managed, and the response, which will contain selection of available 

transportation (e.g. bus, taxi) to travel to the nearest TOLA, will be sent back to the 

person. Assuming the taxi option is chosen, he or she will be picked up, and 

dropped off by the taxi next to TOLA area. Before taking VTOL to the TOLA area, 

which is closest to point B, the person should go through security check. After that, 

he or she can board VTOL, which was checked for any failures prior to flight at 

vehicle maintenance facility. Then, route will be planned, and sequencing will tell 

the order in which VTOL will take off from TOLA area. While flying, systems such 

dynamic geofencing, ADSB will be utilized to avoid collisions. After a safe flight, 
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landing will be performed using sequencing and congestion management 

techniques. After that, the person will use ground transportation to point B, in case 

it is not in walking distance from landed TOLA area.           

 

Economics 

 

The third part of the ODM framework - ODM economics - is provided in this 

section. Fig. 3 illustrates it. Economics corresponds to the non-physical system that 

gives a character to the physical entities in market economy. Since ODM is a new 

transportation system, the most concentration of this framework is on public 

segment as initial research. Therefore, in our economics framework will only focus 

on predicting public ODM supply and demand. 

 

 

Fig. 3. ODM economics framework. 
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Two main perspective are disaggregated ODM economics in the 𝜃 level, i.e., 

supply (𝛿1) and demand (𝛿2). Supply (𝛿1) describes all the components and 

subsystem describing the supply side characteristics that will determine how 

demand reacts to attributes of the ODM and competing modes, i.e., ODM (𝛾1,1), 

Public Transport (PT) (𝛾1,2), and Private Vehicle (PV) (𝛾1,3). Since the framework 

provides the early adopter perspective of the ODM market, only public ODM 𝛽1,1
1  

is formulated. Thus, the public ODM (𝛽1,1
1 ) aggregates the types of flying vehicles 

(𝛼1,1
1,1

), fare per trip (𝛼1,1
1,2

), travel time (𝛼1,1
1,3

) and weather conditions (𝛼1,1
1,4

). 

Furthermore, PT services (𝛽1,2
2 ) are composed by types of transit (𝛼1,2

2,1
), fare per trip 

(𝛼1,2
2,2

), travel time (𝛼1,2
2,3

), and transfer time (𝛼1,2
2,4

). On the other hand, PV services 

(𝛽1,3
1 ) aggregate the cost (𝛼1,3

3,1
) and travel time (𝛼1,3

3,2
) for such mode.  

Three systematic components describe demand (𝛿2): population (𝛾2,1), geolocation 

(𝛾2,2), and purpose (𝛾2,3). Firstly, population (𝛾2,1) can be segmented through 

sociodemographic components like gender (𝛼2,1
1,1

), race (𝛼2,1
1,2

), age (𝛼2,1
1,3

), income 

(𝛼2,1
1,4

) and household type (𝛼2,1
1,5

). Additionally, the geographic (𝛽2,2
1 ) context of the 

demand and trip-related geographic (𝛽2,2
2 ) features describe the geolocation (𝛾2,2) 

perspective of demand. For geographic (𝛽2,2
1 ), the characterization of demand in 

specific urban areas (𝛼2,2
1,1

), rural areas (𝛼2,2
1,2

), and administrative divisions (𝛼2,2
1,3

) 

(States, Counties, Cities) provide rich contextual conditions to understand spatial 

demand responses for the new ODM system. For trip (𝛽2,2
2 ), the location of origin 
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(𝛼2,2
2,1

) and destination (𝛼2,2
2,2

) trips can also be used to explain the desirability of 

selecting the ODM or not. Finally, trip purpose (𝛾2,3) is desegregated into two 

categories for fixed trips (𝛽2,3
1 ), and flexible trip (𝛽2,3

2 ). For fixed trip purpose (𝛽2,3
1 ), 

trip-types like work- (𝛼2,3
1,1

), home- (𝛼2,3
1,2

), and study- (𝛼2,3
1,3

) related gather unique 

characteristics that will affect ODM demand. For flexible trip purpose (𝛽2,3
2 ), trips 

associated with the recreation (𝛼2,3
2,1

), park (𝛼2,3
2,2

), and shopping mall (𝛼2,3
2,3

) 

activities are needed to characterize flexible journeys. 

Since economics is one of the most significant parts of the ODM system, in order 

to understand the complexity between supply and demand better, it is necessary for 

researchers to develop econometric model in the future that can properly capture 

these interactions. 

An individual ODM Economics framework has been provided in the section of SoS 

Perspective. The purpose of developing this framework is to provide a better 

econometric model based on the framework mentioned in Fig. 3. Therefore, the 

survey design will be addressed to forecast the interactions between supply and 

demand in the next step. Based on the supply and Demand categories, the survey 

design will divide into social-demographic design and stated preference design. In 

the social-demographic design, the questionnaire is required and all the questions 

come from the census bureau, which in the demographic, housing, and econometric 

data. In the stated preference design, four modes (ODM, Uber taxi, Public transit, 

and Private vehicle) and six attitudes (Waiting time, Access time, Transfer time, 
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Travel time, Fare, and Weather) have developed. The design will use the data from 

the “Uber Elevate” document to provide a SP experiment. Once the design is ready, 

we can spread out the survey through the Amazon Mturk to gather the data from the 

respondents. And analyze the data to finalize the results to provide our 

assumptions.  

 

Policies 

 

The last category of the ODM SoS framework is policies, which externally affect 

both physical and non-physical entities. The framework to categorize policies is 

shown in Fig. 4. Policies will provide the regulations and rules under which all 

ODM operations will be taken. 

 

 

Fig. 4. ODM policies framework. 
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The ODM regulations and rules (𝜃) is divided into non-transportation (𝛿1) and 

transportation (𝛿2) rules and regulation.  

The non-transportation (𝛿1 ) policies are not provided by federal agencies. They 

consist of mandates stipulated by the service provider (𝛾1,1), and city entities (𝛾1,2). 

Service provider are responsible for making its own policies, i.e., service standards 

(𝛽1,1
1 ), which should account for  Level of Service (LOS) in TOLA (𝛼1,1

1,1
), LOS in 

aerial vehicles (𝛼1,1
1,2

 ), LOS in cyber conversation (𝛼1,1
1,3

 ). As well as customer’s 

principles (𝛽1,1
2  ) will provide the regulations for customers in the security check 

(𝛼1,1
2,1

), and operational policies are also needed for customers due to the safety issues 

when VTOL vehicles are doing take-off/landing (𝛼1,1
2,2

) and flying operations (𝛼1,1
2,3

). 

City entities (𝛾1,2) have emergency protocols (𝛽1,2
1 ) for operations of the police (𝛼1,2

1,1
) 

and fire (𝛼1,2
1,2

) departments along with ambulance (𝛼1,2
1,3

). As an example, all orders 

of these departments are given priority over normal operations, and customer 

preferences. Non-emergency rules and regulations 𝛽1,2
2   are intend to improve the 

comfort of people’s daily life, rather than emergency situations. They will include 

policies from water and power department (𝛼1,2
2,1

), recreation areas and parks (𝛼1,2
2,2

), 

and administrative and living buildings (𝛼1,2
2,3

).  

The transportation policies (𝛿2) are straight forward and provided by the government 

agencies, e.g., Federal Aviation Administration (FAA) (𝛽2,1
1  ), NASA (𝛽2,1

2  ), and 

Department of Transportation (DOT) (𝛽2,2
1 ). Given the new of the ODM intelligent 
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transportation system, FAA (𝛽2,1
1  ) and NASA (𝛽2,1

2  ) are expected to provide new 

regulations to manage the interactions between low altitude air traffic (𝛼2,1
1,1

) and high 

altitude air traffic (𝛼2,1
1,2

). The DOT (𝛽2,2
1 ) is also expected to develop new rules to 

control the ground traffic (𝛼2,2
2,1

) due to change triggered by the presence of ODM 

vehicles. 

Regulations will be applied to two aspects of the ODM system. FAA and NASA will 

regulate the transportation aspect for air. Any actions in the air will be taken 

according to rules that the above entities provide. Also, they must be checked 

frequently for any changes that may be applied to the ODM system. Ground 

transportation will be regulated as usual with DOT. Non-transportation rules and 

regulations come from city entities and service provider. For example, city entities 

such as a police department, fire department, and hospitals will have the ability to 

override normal rules of operation in case of emergency. That means, in those 

situation VTOL can be used by these entities to help resolve emergency. Water & 

power plant department as well as building & safety regulations will affect the 

physical infrastructure, providing the correct and safe way of constructing and 

operating them. Whereas, service provider can have rules that will dictate what items 

are allowed on board, and how travelling persons should behave during the flight. 

Rules for maintaining and repairing VTOL should be followed as well. In the future 

there is potential to create one operational guide, to include every important aspect 

of the system, instead of having rules and regulations from different entities.  
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Chapter 5 

Discussions 

 

Previous works focus their attention on specific types of frameworks in ODM 

contexts. Several authors concentrate on different aspects such as: infrastructure, 

vehicle technology, ATC, cyber infrastructure, and developing models. However, 

few papers provide strategic frameworks to understand complex ODM systems e.g. 

Uber and NASA. However, this paper summarizes the majority of papers related 

with ODM systems available in literature and provides a SoS framework to guide 

future research endeavors and narrow the gap on the necessity of having a 

centralized soured of guidance to categorize and abstract ODM system for 

modeling and analysis. Based on the literatures and comprehensive framework, the 

discussion of the goals and principles, considerations, and benefits will be 

addressed in this section. 

 

Purposes and Principles 

 

The SoS framework has shown the integration of the ODM system, the 

“Resources”, “Operations”, “Economics”, and “Policies” have provided the needed 

concepts, operations, technologies, and procedures. And the integration of flying 

vehicle and operations into the low altitude airspace system will require to be safe, 

efficient, and predictable, as well as with minimal effect on existing airspace 
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operations. Therefore, the set of purposes and principles are significant to 

collaborate with the ODM community (low altitude airspace) and general aviation 

community (high altitude airspace). 

1. ODM should require a specific ATC infrastructure to control of the 

operations of flying vehicles and interaction with others (e.g., Routing 

Planning, ADSB, and Position Detection). 

2. ODM should require a TOLA areas for flying vehicles doing the 

VTOL operations. 

3. ODM should require an individual facility for service provider (e.g., 

cyberinfrastructure to connect the booking services, vehicle maintenances). 

4. ODM should require a survey design to forecast the interaction 

between the supply and demand (e.g., Social-demographic design and 

Stated Preference design).  

5. ODM should require a testing area to operate the whole system to 

understand better behind the theory. 

6. ODM should be given regulations and rules in two different aspects, 

non-transportation (e.g., the service provider will provide service standards 

and customer’s principles and city entities will have rules for emergency 

and non-emergency) and transportation (e.g., NASA and FAA will develop 

the new regulations for both low and high altitude air traffic and DOT will 

also provide the new policies to take in charge of ground traffic). 
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7. ODM should be given a higher level of service in facility, TOLA 

areas, and flying vehicles to satisfy the passenger’s desirability. 

8. ODM should provide more advanced and securer technologies in 

flying vehicles in case of the unknown issues pop up (e.g., weather, sub-

system failures among flying vehicle, ATC, and TOLAs). 

 

Considerations and benefits 

 

Based on the previous literatures, past and current ODM operations experiences 

have shown that as the ODM community proceeds towards high-density, high-

tempo mature ODM operations in the futures, it is necessary to consider and 

balance some competing considerations, especially in the infrastructure, economic 

value, safety, and community acceptance. 

 Infrastructure: As the ODM is a new air transportation system; the 

long-term utilizations of ODM air services could access a lot of flying 

vehicles and capacities in the future. It will benefit and distribute a lot of 

ground traffic congestion during the peak hour time into low altitude 

airspace. However, the conflicts of locating the new TOLAs and original 

take-off/landing areas (e.g., heliport, airport) would be another constraint to 

be considered. For example, in Antcliff et al. (2016), the authors indicates 

that ODM will be an urban system and that take-off/landings will be by 
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lakes and rivers. But these areas are also public amenities, or sites of high 

and development. If companies’ battling over siting offshore wind energy 

generation is any indication (e.g., Public air services, Port transportation, 

and ODM air services), there will be constant and bitter court conflicts over 

proposed TOLAs. As well as, the considerations of building how many 

Private and public TOLA areas.   

 Economic value: Since ODM provides the point-to-point air service 

to transfer people in the urban areas. It will have a high economic benefit to 

the nation. However, the necessary considerations that would be addressed 

are how to understand the interaction between the supply and demand and if 

people are going to use this new air service in the future based on the 

efficient, fare, and safety constraint. 

 Safety: The safety considerations could distribute into three aspects, 

ATC and TOLAs security, low- and high-altitude traffic interactions, and 

vehicle technologies and passenger actions. Correct consideration is needed 

to ensure safe and reliable exchange of vehicle data, navigation data, 

weather data and other information for network security. The service 

standards and customer’s principles will also need to be provided in the 

TOLAs. Then, the ODM flying vehicles operations will follow the technical 

concepts, procedures, and directions in case of any kinds of accidents 

happens. Lastly, the safety factors of designing flying vehicle is the first and 

biggest concern to implement the whole ODM system.  
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 Community acceptance: The considerations of community 

acceptance need to be addressed properly based on these two aspects, 

privacy safety and noise avoidance. Therefore, the NASA, FAA, and DOT 

should provide new regulations and rules to give the correct orders in terms 

of community privacy and noise acceptance.  

The potential infrastructure and economic value of ODM operations is extensive, 

but the desire to operate anywhere or at any time needs to be considered to prevent 

security and community acceptance. As the SoS framework which in the section of 

“Operations” and “Policies”, has already mentioned that ODM operations will not 

be allowed to occur at all times or at all locations if there are high security or safety 

risks. Therefore, this is something that will need to be determined by individual 

communities and the government at the local, state, and national levels. 
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Chapter 6 

Conclusions and Future Works 

 

This research summarizes the majority of papers related with ODM systems 

available in literature and provides a SoS framework to guide future research 

endeavors and narrow the gap on the necessity of having a centralized soured of 

guidance to categorize and abstract ODM system for modeling and analysis. Thus, 

this framework can be used to asses ODM operations in cities, helps to properly 

understand the individual component of the ODM constituent system, and how 

their interdependent interactions. Also, it was found that for such a complex and 

new system, new policies and regulations have to be developed. After that, the 

discussion of this paper provides the final goals and principles in order to 

collaborate ODM community and general aviation community, the considerations 

& benefits provides the current constraints and potentials which need to be taken 

into account in the future. Finally, the whole system of systems should be tested 

using advanced simulations, like agent-based modelling. 

Since the ODM system is a new paradigm providing point-to-point air services and 

the public is unaware of it, research related to its potential demand and elasticities 

for several ODM attributes becomes instrumental in future research endeavors. 

Although a number of researchers (Baik et al. 2008; Gawdiak et al. 2012; Smith et 

al. 2012) have developed methods to forecast the demand for ODM, results are too 

coarse and data is overall difficult to obtain because of its exclusive access 
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provided by the FAA to selected researchers. Therefore, these two methods are not 

strong enough to assess the potential demand for ODM systems. Future 

development will provide a better methodological model for predicting the demand 

for the urban and suburban areas. 

 



 39 

References 

 

Adolf, F., Andert, F., and Furlan Rocha, J. (2010). “Rapid online path planning 

onboard a VTOL UAV.” AIAA Infotech@ Aerospace 2010, 3359. 

Antcliff, K. R., Moore, M. D., and Goodrich, K. H. (2016). “Silicon Valley as an 

Early Adopter for On-Demand Civil VTOL Operations.” 16th AIAA Aviation 

Technology, Integration, and Operations Conference, 3466. 

Baik, H., Trani, A., Hinze, N., Swingle, H., Ashiabor, S., and Seshadri, A. (2008). 

“Forecasting model for air taxi, commercial airline, and automobile demand in 

the United States.” Transportation Research Record: Journal of the 

Transportation Research Board, Transportation Research Board of the National 

Academies, (2052), 9–20. 

Boardman, J., DiMario, M., Sauser, B., and Verma, D. (2006). “System of systems 

characteristics and interoperability in joint command and control.” 2nd Annual 

System of Systems Engineering Conference, Defense Acquisition University, Ft. 

Belvoir, Virginia. 

Bradford, S. (2018). NASA. Unmanned Aircraft System Traffic Management. 

Concept of Operations v1.0. 

Brown, A., and Harris, W. (2018). “A Vehicle Design and Optimization Model for 

On-Demand Aviation.” 2018 AIAA/ASCE/AHS/ASC Structures, Structural 

Dynamics, and Materials Conference, 105. 

DeLaurentis, D. (2005). “Understanding transportation as a system-of-systems 



 40 

design problem.” 43rd AIAA Aerospace Sciences Meeting and Exhibit, 123. 

DeLaurentis, D. (2007). “Research foundations.” School of Aeronautics and 

Astronautics, Purdue University, West Lafayette, IN. 

DeLaurentis, D., and Callaway, R. K. (2004). “A system-of-systems perspective for 

public policy decisions.” Review of Policy research, Wiley Online Library, 

21(6), 829–837. 

Elevate, U. (2016). Fast-Forwarding to a Future of On-Demand Urban Air 

Transportation. 

FAA, F. A. A. (2010). ADSB out performance requirements to support air traffic 

control service. 

Federal Aviation Administration. (2018). “Fact Sheet – General Aviation Safety 

2018.” <https://www.faa.gov/news/fact_sheets/news_story.cfm?newsId=21274> 

(Oct. 25, 2018). 

Gawdiak, Y., Sawhill, B., Herriot, J., Holmes, B., Ballard, D., Creedon, J., Eckhause, 

J., Long, D., Hemm, R., Murphy, C., and others. (2012). “Agent-Based 

Modeling of the Demand and Supply for Transportation in the US, 2025-2040.” 

12th AIAA Aviation Technology, Integration, and Operations (ATIO) 

Conference and 14th AIAA/ISSMO Multidisciplinary Analysis and Optimization 

Conference, 5596. 

Gipson, L. (2016). “NASA Aircraft Arrival Technology Gets Big Test in 2017.” 

<https://www.nasa.gov/aero/nasa-aircraft-arrival-technology-gets-big-test-in-

2017> (Dec. 4, 2018). 



 41 

Gipson, L. (2018a). “Taking Air Travel to the Streets, or Just Above Them.” 

<https://www.nasa.gov/aero/taking-air-travel-to-the-streets-or-just-above-them> 

(Dec. 4, 2018). 

Gipson, L. (2018b). “NASA Presents FAA with New Air Traffic Management 

Technology.” <https://www.nasa.gov/aero/nasa-presents-faa-with-new-air-

traffic-management-technology> (Dec. 4, 2018). 

Gohardani, A. S. (2013). “A synergistic glance at the prospects of distributed 

propulsion technology and the electric aircraft concept for future unmanned air 

vehicles and commercial/military aviation.” Progress in Aerospace Sciences, 

Elsevier, 57, 25–70. 

Holmes, B. J. (2016). “A Vision and Opportunity for Transformation of On-Demand 

Air Mobility.” 16th AIAA Aviation Technology, Integration, and Operations 

Conference, 3465. 

Holmes, B. J., Parker, R. A., Stanley, D., McHugh, P., Burns, C. J., Olcott, M. J. J., 

German, B., and McKenzie, D. (2017). NASA Strategic Framework for On-

Demand Air Mobility. 

Liu, Y., Kreimeier, M., Stumpf, E., Zhou, Y., and Liu, H. (2017). “Overview of recent 

endeavors on personal aerial vehicles: A focus on the US and Europe led 

research activities.” Progress in Aerospace Sciences, Elsevier, 91, 53–66. 

Maier, M. W. (1998). “Architecting principles for systems‐of‐systems.” Systems 

Engineering: The Journal of the International Council on Systems Engineering, 

Wiley Online Library, 1(4), 267–284. 



 42 

Moore, M. (2010). “Aviation Frontiers-On Demand Aircraft.” 10th AIAA Aviation 

Technology, Integration, and Operations (ATIO) Conference, 9343. 

Moore, M. D. (2003). “Personal air vehicles: a rural/regional and intra-urban on-

demand transportation system.” Journal of the American Institute of 

Aeronautics and Astronautics (AIAA), 2646. 

Moore, M. D. (2006). “The third wave of aeronautics: On-demand mobility.” SAE 

Transactions, JSTOR, 713–722. 

Moore, M. D. (2012a). “Concept of operations for highly autonomous electric zip 

aviation.” 12th AIAA Aviation Technology, Integration, and Operations (ATIO) 

Conference, 1–15. 

Moore, M. D. (2012b). “Distributed Electric Propulsion (DEP) Aircraft.” briefing 

slides, Hampton, Va.: NASA Langley Briefing Center. 

Moore, M. D. (2012c). “Electric Zip Aviation.” (September), 1–15. 

Moore, M. D. (2012d). “Concept of Operations for Highly Autonomous Electric Zip 

Aviation.” 12th AIAA Aviation Technology, Integration, and Operations (ATIO) 

Conference and 14th AIAA/ISSMO Multidisciplinary Analysis and Optimization 

Conference, (September), 1–15. 

Moore, M. D., and Goodrich, K. H. (2013). “High speed mobility through on-demand 

aviation.” 2013 Aviation Technology, Integration, and Operations Conference, 

4373. 

Mostafavi, A., Abraham, D. M., DeLaurentis, D., and Sinfield, J. (2011). “Exploring 

the dimensions of systems of innovation analysis: A system of systems 



 43 

framework.” IEEE Systems Journal, IEEE, 5(2), 256–265. 

Narkus-Kramer, M. (2013). “On-Demand Mobility (ODM): A Discussion of 

Concepts and Required Research.” 2013 Aviation Technology, Integration, and 

Operations Conference, 4294. 

Nneji, V. C., Stimpson, A., Cummings, M. (Missy), and Goodrich, K. H. (2017). 

“Exploring Concepts of Operations for On-Demand Passenger Air 

Transportation.” 17th Aviation Technology, Integration, and Operations 

Conference, (June), 1–12. 

Popper, S. W., Bankes, S. C., Callaway, R., and DeLaurentis, D. (2004). “System of 

systems symposium: Report on a summer conversation.” Potomac Institute for 

Policy Studies, Arlington, VA, 320. 

Ray, E. L. (2015). U.S Department Of Transportation. FAA. Air Traffic Organization 

Policy. ORDER JO 7110.65W. 

Smith, J. C., Viken, J. K., Guerreiro, N. M., Dollyhigh, S. M., Fenbert, J. W., Hartman, 

C. L., Kwa, T.-S., and Moore, M. D. (2012). “Projected demand and potential 

impacts to the national airspace system of autonomous, electric, on-demand 

small aircraft.” 12th AIAA Aviation Technology, Integration, and Operations 

(ATIO) Conference and 14th AIAA/ISSM, AIAA. 

Snyder, C. A. (2017). “Assessment of Urban Aerial Taxi with Cryogenic Components 

under Design Environment for Novel Vertical Lift Vehicles (DELIVER).” 17th 

AIAA Aviation Technology, Integration, and Operations Conference, 3605. 

Stewart, C. A., Simms, S., Plale, B., Link, M., Hancock, D. Y., and Fox, G. C. (2010). 



 44 

“What is cyberinfrastructure.” Proceedings of the 38th annual ACM SIGUCCS 

fall conference: navigation and discovery, 37–44. 

Stoll, A. M., and Veble Mikic, G. (2016). “Design studies of thin-haul commuter 

aircraft with distributed electric propulsion.” 16th AIAA Aviation Technology, 

Integration, and Operations Conference, 3765. 

Thipphavong, D. P., Apaza, R., Barmore, B., Battiste, V., Burian, B., Dao, Q., Feary, 

M., Go, S., Goodrich, K. H., Homola, J., Idris, H. R., Kopardekar, P. H., Lachter, 

J. B., Neogi, N. A., Ng, H. K., Oseguera-Lohr, R. M., Patterson, M. D., and 

Verma, S. A. (2018). Urban Air Mobility Airspace Integration Concepts and 

Considerations. 2018 Aviation Technology, Integration, and Operations 

Conference. 

U.S. Census Bureau. (2017). “Projected age and sex composition of the population.” 

Online,<https://www.census.gov/data/tables/2017/demo/popproj/2017-

summary-tables.html> (Jul. 25, 2018). 

Vascik, P. D., and Hansman, R. J. (2017a). “Constraint Identification in On-Demand 

Mobility for Aviation through an Exploratory Case Study of Los Angeles.” 17th 

AIAA Aviation Technology, Integration, and Operations Conference, 3083. 

Vascik, P. D., and Hansman, R. J. (2017b). “Evaluation of Key Operational 

Constraints Affecting On-Demand Mobility for Aviation in the Los Angeles 

Basin: Ground Infrastructure, Air Traffic Control and Noise.” 17th AIAA 

Aviation Technology, Integration, and Operations Conference, 3084. 

 



 45 

Appendix 

Notation 

 

The following symbols are used in this paper: 

 θ (Theta) = highest level of the hierarchy order; 

δ (Delta) = second level of the hierarchy order; 

γ (Gamma) = third level of the hierarchy order; 

β (Beta) = forth level of the hierarchy order; 

α (Alpha) = lowest level of the hierarchy order. 

 

 

 


