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a b s t r a c t 

Urban Air Mobility (UAM) is an emerging transportation system that aims at revolutionizing urban mobility 

through the deployment of small electric vertical takeoff and landing (eVTOL) aircraft. The development of UAM 

is largely driven by advances in Intelligent Technology (IT). This review article provides an overview of the UAM 

system and discusses the application of IT in UAM. Major challenges facing UAM are also identified, and an 

outlook on the future of this promising transportation system is presented. Our main conclusions suggest that IT 

is a fundamental driver of UAM, enabling a range of applications such as air traffic management and autonomous 

drone control. However, the UAM system is facing a number of challenges, including eVTOL technology, system 

integration issues, and noise pollution. Despite these challenges, the future of UAM appears promising; as a 

disruptive transportation mode, UAM is expected to play an important role in addressing the growing demand of 

urban transportation in the coming decades. 
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. Introduction 

With population growth, accelerated urbanization and economic

evelopment, severe urban traffic congestion and environmental dete-

ioration have become significant challenges for major cities worldwide

1 , 2] . Traditional automobile-oriented urban traffic management and

round transportation modes are no longer adequate to satisfy people’s

scalating travel demands [3] . Against this backdrop, we are impelled

o rethink and adapt our current strategies for traffic management and

round transportation. A new urban mobility solution is required, and

he advancement of autonomous driving technologies and the explo-

ation of innovative alternatives are facilitating this transformation

4–7] . Urban Air Mobility (UAM) emerges as a promising response.

he UAM evolution trajectory begins with drones for urban logistics,

volves to electric vertical takeoff and landing (eVTOL) aircraft for pas-

enger commuting, and ultimately anticipates fully autonomous urban

ying vehicles [2] . While drones have mitigated certain urban logistics

hallenges, they do not fit in passenger transport. Notwithstanding

he minimal infrastructure reliance of flying vehicle, their technical

equirements are still in an early stage of development. Thus, eVTOLs

tand out as the immediate and most feasible solution, which will be

he primary UAM focus in this paper. 
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In addition to addressing ground traffic issues, UAM also holds the

otential to redefine the urban transportation ecosystem, offering safe,

fficient, and environmentally-friendly travel alternatives. The histori-

al development of UAM dates back to the early 20th century when fly-

ng vehicles were first considered for urban transportation (see Fig. 1 ).

uring the 1940s and 1950s, helicopters emerged as a promising means

f inter-city travel. However, their widespread adoption was hindered

y high costs, excessive noise, and safety concerns [8 , 9] . Nonetheless,

ith continuous advancements in technology, particularly in Intelligent

echnology (IT), modern UAMs have evolved to offer comfort, afford-

bility, safety, and environmental sustainability. Numerous cities and

ompanies have already initiated research on UAM’s practical applica-

ions, aiming to explore its potential and development as a complemen-

ary public transportation option in the future [10–13] . 

IT encompasses a diverse array of emerging technologies. Key de-

elopments, such as artificial intelligence (AI) and machine learning,

dge cloud systems, and 5G mobile communications, play crucial roles

n advancing technologies related to the UAM system and exploring

ew business models for UAM [14–17] . The application of IT in UAM

an help achieve more efficient, safer and sustainable transportation

odes, providing the UAM system with unique advantages in terms of

echnical characteristics. Specifically, Yang and Wei [18] proposed a
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Fig. 1. The evolution of the UAM system . 
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omputational guidance algorithm with collision avoidance capability

o ensure safe and efficient autonomous on-demand free flight opera-

ions in UAM. The problem is formulated as a Markov Decision Process

MDP) and solved using an online algorithm Monte Carlo Tree Search.

he proposed algorithm was evaluated using a high-density free-flight

irspace simulator and revealed fewer conflicts and near-air collisions

ompared with state-of-the-art collision avoidance strategy, i.e., Op-

imal Reciprocal Collision Avoidance [19] . Furthermore, Pongsakorn-

athien et al. [20] proposed a data-driven framework to protect commer-

ial UAM from cyber attacks and theft. The framework employs super-

ised learning-based models, such as decision trees, random forests, lo-

istic regression, K-nearest neighbors (KNNs), and long short-term mem-

ry (LSTM), to predict and detect network interference and spoofing at-

acks. The proposed framework was validated using an updated drone

ttack dataset, demonstrating its efficacy in interference and spoofing

etection with an accuracy of about 99.9% compared to decision trees,

andom forests, and KNNs, while also effectively identifying the root

ause of the attack. These examples illustrate how the efficiency, inter-

onnectivity, reliability, and flexibility of IT can contribute to various

spects of the UAM system, showcasing its unique potential in this field.

On the other hand, IT offers remarkable advantages for addressing

ther challenges related to future urban air traffic operations. Specifi-

ally, a large number of wireless communications are required in the

AM system for information exchange and control between aircraft, as

ell as for communication with ground equipment. These wireless com-

unications necessitate the use of specific frequency bands and frequen-

ies to ensure reliable and secure information transmission [21 , 22] . Han

t al. [23] proposed the use of deep reinforcement learning (DRL) tech-

iques for dynamic spectrum management in cellular-based urban air

obility (cUAM) . They defined an MDP for dynamic spectrum sharing

n cUAM and adopted the deep Q-learning algorithm for training the

gent. Their solution aims to minimize the total UAM mission comple-

ion time while ensuring reliable air-ground communication between

he aircraft and its associated ground-based air traffic control center. 

In conclusion, despite the vast variety and extensive applications of

T in the field of UAM, it remains technically immature and has not

ade full advantage of IT. Meanwhile, there is a notable lack of com-

rehensive reviews analyzing the connection and development between

T and UAM. Our objective is to address this gap and provide readers

ith a thorough understanding of the progress and accomplishments of

T in the UAM sector. This overview aims to synthesize the existing lit-

rature on IT’s contributions to UAM development in order to elucidate

ts impact on this burgeoning field. Our primary contributions are as

ollows: 
A  

2

1. We summarize the development of IT technology in UAM and

present a comprehensive collection of existing technological appli-

cations. 

2. We provide a systematic overview of IT’s role in various aspects of

UAM, including vehicle design, flight path planning, safety, and se-

curity. 

3. We identify the major challenges in applying IT to UAM and suggest

corresponding future research directions to advance the field. 

The remainder of this review is structured as follows: Section 2 offers

n overview of the UAM system, primarily focusing on its components

nd the interactions between them. Section 3 specifically discusses the

pplication of IT within the UAM system, along with a detailed classifi-

ation of its development. Section 4 explores the future trends of IT in

he UAM system and the outlook for UAM as a whole. In the final sec-

ion, we present our conclusions and provide additional commentary. 

. UAM system overview 

Urban traffic congestion has long been a pressing issue worldwide,

rompting an urgent call for and growing interest in the UAM system

24] . Comprising multiple components and technologies that interact in

omplex ways, the UAM system is essential for achieving efficient and

afe urban air traffic, positioning them as a crucial part of the future

f urban air travel (see Fig. 2 ). In this paper, we will discuss the vari-

us components of a UAM system and how they collaborate to enable

fficient and safe urban air mobility. 

.1. Electric vertical takeoff and landing aircraft 

One of the most important components of UAM is electric Vertical

akeoff and Landing (eVTOL) aircraft, which are capable of taking off

nd landing vertically. Palaia et al. [25] presented a new conceptual

esign methodology for urban aircraft, tailored explicitly for eVTOL.

his method considers many major aspects of aircraft design, includ-

ng aerodynamics, mission analysis, structural design, and propulsion

izing, while also analyzing the sensitivity of different main design pa-

ameters and top aircraft requirements. eVTOL aircraft have a lot more

dvantages over conventional aircraft, as also pointed out in a review

y Inwala and Parikh [26] that summarizes the various types and merits

f eVTOL aircraft. The foremost strength of eVTOL aircraft is that they

ave no requirement for takeoff and landing facilities, such as a run-

ay demanding a considerable amount of space, but a small platform.

s a result, the need for extensive land and infrastructure is eliminated,
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Fig. 2. UAM system composition and interaction between components . 
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b  
nd better maneuverability can be obtained. Also, eVTOL aircraft en-

ble faster point-to-point services, potentially reducing travel time and

educing road congestion. Furthermore, the electrification, low noise,

nd zero emissions of eVTOL aircraft make them an environmentally

riendly, low-carbon transportation option. Li [27] developed a physics-

ased prediction model for evaluating rotorcraft broadband noise. Addi-

ionally, a machine learning-based prediction model for rotorcraft trail-

ng edge broadband noise was also developed using artificial neural net-

orks (ANN) and linear regression. The ANN model is capable of accu-

ately capturing the variation in noise levels, while the linear regression

odel is able to predict the general trend in noise levels. 

.2. Vertiports 

Vertiports are crucial infrastructure for the UAM system, serving as

he landing and docking points for eVTOL aircraft [28] . They function

n a similar way as airports and train stations, providing the necessary

pace and facilities for the UAM system. In urban areas with limited

pace and high traffic congestion, it is important to establish sufficient

ertiports and carefully plan their sites in order to allow efficient and

ustainable UAM system operations. Fadhil et al. [29] highlighted the

mportance of building ground infrastructure for the UAM system and

uggested that Geographic Information System (GIS) based software can

elp effectively validate the placement sequence of Vertiports. Jeong

t al. [30] utilized established algorithms and real-world data to select

ertiport locations based on the commuting population. Specifically, the

-means clustering was adopted to identify population clusters and the

arycenters are selected as Vertiport locations. Also, a “noise-first ” route

s then created to minimize the number of people affected by noise. 

.3. Air traffic control system 

As part of the urban air system, UAM must be coordinated and inte-

rated with the existing Air Traffic Control (ATC) system to ensure safe

nd efficient operations [31] . The ATC system has a significant impact

n the scheduling of eVTOL aircraft within the UAM system [32] . The in-

egration of UAM into the urban air system requires an orderly air traffic

nvironment, which is facilitated by the ATC system. The ATC system

lays a crucial role in monitoring and dispatching urban air traffic to

revent collisions and conflicts between aircraft, ensuring the safety of

AM flights [33] . Moreover, by guiding the flight path and altitude of

AMs, the ATC system can optimize the flow of urban air traffic and

mprove traffic efficiency. Given the dynamic and complex nature of

AM operations, integrating UAM into the ATC system can help ensure
3

afe and efficient transportation [34] . Therefore, given the constantly

volving nature of UAM, continuous technological innovation and op-

imization of the ATC system are crucial to ensure safe and efficient

AM operations. Deep reinforcement learning was employed by Kumar

t al. [35] for the development of an ATC system that allows for eV-

OL aircraft management at Vertiports. In their system, proximal policy

ptimization (PPO) algorithm is applied to learn Vertiport air traffic

ontrol policies. Additionally, a graph convolutional network is utilized

o abstract the Vertiport space and the eVTOL space into graphs and

ggregate information for a centralized ATC agent to generalize the en-

ironment. 

.4. User terminals 

User terminals serve as a vital link between eVTOL service providers

nd end users, making them also an essential part of the UAM system.

hese devices, including mobile apps, smartphones, and tablets, enable

sers to access the UAM system and receive the necessary eVTOL ser-

ices. User terminals play a crucial role in improving UAM acceptance

nd usability by facilitating better communication and interaction be-

ween service providers and end users, as well as supply chain and de-

ivery management. To meet the changing needs and capabilities of the

VTOL system, user terminals must be customizable, user-friendly, and

ecure. A research platform presented by Dao et al. [36] provides a start-

ng point for UAM operations research and development. The platform

eatures a graphical user interface to support small eVTOL system oper-

tions for the Unmanned Aircraft Traffic Management (UTM) program.

he UTM architecture lays a foundation for UAM research and devel-

pment due to the operational similarities between UAM and UTM.

he platform can also be used to test and evaluate different UAM con-

epts, including air cab services, and to develop new technologies and

perating procedures to support safe and efficient UAM operations in

etropolitan areas. As eVTOL technology and the UAM system con-

inue to evolve, user terminals will become increasingly intelligent and

iverse, enabling them to meet changing needs and challenges of the

ndustry. 

. Application of IT in UAM 

In recent years, IT has undergone significant progress and develop-

ent, driven by the widespread availability of high-speed internet, pow-

rful computing systems, and advanced software applications [37 , 38] .

T has become an indispensable part of our daily lives. As a new ur-

an transportation mode, UAM requires the support and assurance of
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Fig. 3. Key IT technology to UAM development . 

Table 1 

Summary of IT technologies in UAM . 

IT Technology Application Category Research 

Information Technology Communication 

Navigation 

4G/5G networks 

DSRC 

6G networks 

Vision-based navigation 

Navigation augmentation 

Gheorghisor et al. [42] , Park et al. [45 , 43] 

Dowd et al. [44] 

Shrestha et al. [46] , Kim and Kim [47] 

Ye et al. [48] 

Bijjahalli et al. [49] 

AI Technology Flight control 

Flight planning 

Flight safety 

Machine vision 

Speed recommendation 

Path planning 

Flow optimization 

Collision avoidance 

Huang [50] 

Deniz and Wang [51] 

Dai et al. [52] , Tang et al. [53] 

Sinha and Dipro [54] 

Bertram et al. [55] 

Blockchain Technology Data security Permissioned blockchain 

Smart contract 

Freeman and Garcia [56] 

de Oliveira et al. [57] 

Alkadi and Shoufan [58] 

Digital Twin and Cloud Technology Simulation tools 

Cloud computing 

Digital twin 

Agent-based simulation 

Cloud-based management system 

Brunelli et al. [59] 

Rothfeld et al. [60] 

Wieland et al. [61] 
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T for its design, operation, and safety. Fig. 3 outlines some of the key

T technologies that are crucial for the development of UAM. Notably,

ainstream IT, such as AI and blockchain, have the potential to signif-

cantly enhance the intelligence and security of the UAM system [39] .

hese advancements in turn promote the application and development

f UAM in cities. In this section, we will explore the specific applica-

ions of various IT technology in UAM, examining their impact on urban

ransportation. By leveraging these technologies, the UAM system can

eliver more efficient, reliable, and safe services to meet the demands

f modern urban mobility. A summary of IT technologies and their ap-

lications are provided in Table 1 , which will be elaborated on in the

ollowing subsections. 

.1. Information technology 

Information technology plays a significant role in the development

nd operation of the UAM system. It enables the exchange of information

etween various system components, including eVTOL, ground control
4

tations, and passengers. Communication and navigation are two key

pplications of information technology in UAM [40 , 41] . Effective com-

unication is essential to the safe and efficient operation of UAM, and

he UAM system uses a variety of communication technologies, such as

 G/5 G networks, satellite communication, and dedicated short-range

ommunication [42–44] . Park et al. [45] proposed several enhance-

ent schemes for cellular networks to support UAM communications,

sing coupling loss and geometric SINR as two performance metrics to

valuate the link performance of UAM. The proposed solution involves

he generation and deployment of over-the-air cells to support UAM

ommunications, which can be managed and flexible depending on the

ocation or density of the base stations. The solution also allows for the

ossible reuse or sharing of base stations between terrestrial and UAM

ommunications. On the basis of the 5G communication technology,

he application of 6G technology was also envisioned for UAM commu-

ication [46] . Kim and Kim [47] further discussed the future prospects

f a 6G-enabled UTM ecosystem in a very dense urban air traffic

cenario, focusing on non-ground functions, including air and satellite
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ommunications. Several urban airspace divisions are also presented,

nd a strategic management framework for dynamic airspace traffic

anagement and conflict-free operations is discussed. The paper also

rovides a comprehensive comparison of existing schemes related to

ellular technology-based airborne vehicle communication and their ad-

antages and disadvantages. The author also provide an advanced study

f an airborne experimental and research platform for an advanced

adio infrastructure based on 5G and Beyond 5G communications, pro-

iding a roadmap for the development of a fully autonomous 6G-based

AM system that can operate safely and effectively in complex urban

irspace environments. 

Navigation technology is critical to UAM, and the UAM system uses

 combination of satellite navigation systems like GPS, as well as in-

rtial navigation systems and visual navigation systems. In light of the

act that the performance of satellite navigation system will degrade in

ense urban environment, Bijjahalli et al. [49] investigated the impact

f urban structures via explicit error analysis. Based on the predicted

avigation performance, a guidance strategy is designed accounting for

actors including elevation and signal reflection, in order to improve the

afety and reliability of UAM. Ye et al. [48] presented two approaches

or navigation in the final approach phase of eVTOL aircraft in UAM sce-

arios. The first method is a common hybrid navigation system, which

ntegrates the satellite and inertial navigation system to provide accu-

ate position information and vertical altitude guidance during the final

pproach phase. The integration of these two systems helps to improve

he accuracy and reliability of the navigation system. The second ap-

roach is a vision-based stand-alone navigation system that uses camera

mages to gain extra position information. The camera parameters can

e calibrated using a checkerboard pattern. The vision-based navigation

ystem works independently and is not integrated with the system. 

.2. AI technology 

AI technology has significantly transformed traditional ground trans-

ortation, with innovations like autonomous driving and in-vehicle net-

orks being notable examples [62–64] . Its integration into the UAM

ystems has emerged as a pivotal factor, particularly in the control of eV-

OL flight systems. This allows for enhanced autonomy, boosting flight

afety and operational efficiency [65–68] . 

By modeling eVTOL and optimizing control strategies, AI enables

VTOL aircraft to autonomously adjust flight controls based on real-

ime situations [69] . Huang [50] managed to improve the intelligent

ontrol of eVTOL by using machine vision combined with multi-agent

ecision-making techniques. The machine vision technique is improved

y adding scale information to the least significant digit algorithm,

hich streamlines operational efficiency and trims down the compu-

ational demands of the eVTOL control system. Furthermore, it em-

loys a multi-line segment criterion to merge candidate line segments,

hus optimizing identification performance. Deniz and Wand [51] pro-

osed a novel multi-agent reinforcement learning method that provides

peed recommendations to eVTOL aircraft approaching urban air inter-

ections, thus avoiding possible collisions and improving operation ef-

ciency. This also helps reduce delays caused by traffic congestion and

aves travel time through guidance provision for eVTOL aircraft to han-

le high-density UAM operations. Simulation results also demonstrated

he effectiveness of this method in solving the intersection separation

roblem and improving ATC in urban airways. 

AI’s role is also pivotal in the flight planning of eVTOL, as it can

ptimize path planning, reduce travel time and enhance the passenger

xperience. Dai et al. [52] developed a conflict-free A∗ algorithm for

our-dimensional path planning of UAM operations. The algorithm gen-

rates the shortest time-of-flight path while resolving conflicts with both

tatic and dynamic obstacles, and numerical simulations showed that it

an generate paths that resolve a large number of potential conflicts

n airspace utilization with acceptable computation time and flight de-

ay. Additionally, an automated flight planning system (AFPS) for UAM
5

perations was proposed by Tang et al. [53] . This system features a Low-

ltitude Airspace Management System (LAMS) that uses LiDAR data to

roduce a 3D map. From this map, a network is built using the visibility

raph method to determine 3D shortest paths. Concurrently, the Low-

ltitude Traffic Management System (LTMS) develops pre-departure 4D

rajectories that are conflict-free, considering both operational costs and

quity among operators. A specific flight-level assignment strategy is in-

orporated to address trajectory deconfliction in the LTMS, and a Nash

ocial welfare program is integrated to ensure fairness among UAM op-

rators. 

Finally, AI technology has the potential to support the flight safety

f eVTOL. Safety remains paramount for eVTOL flight, since UAMs fre-

uently traverse urban zones, sometimes sharing spaces with ground

ehicles and pedestrians. Sinha and Dipro [54] proposed a multi-

riteria traffic clustering approach for optimizing traffic flows to sup-

ort decision-marking in eVTOL traffic management and UAM oper-

tions. An on-site validation integrating the eVTOL system and UAM

raffic data demonstrated its feasibility and efficiency in supporting the

echnical verification of future air traffic concepts like urban air cabs or

elivery drones. Bertram et al. [55] utilized Monte Carlo Tree search to

ddress aircraft collision avoidance. This approach is designed to nav-

gate with collision avoidance when confronted by a large number of

ircraft and obstacles, while maintaining sufficient efficiency to oper-

te on low-power, lightweight embedded computing hardware used in

vionics with limited processing power, memory, and storage capacity.

arious strategies were explored to ensure the tractability of the prob-

em tractable as well as scalability to larger number of aircraft. 

.3. Blockchain technology 

Blockchain technology can provide a secure and decentralized plat-

orm for storing and exchanging UAM data without the need for a central

uthority, ensuring that sensitive information is protected from unau-

horised access [70 , 71] . It can enhance data security and improve traf-

c management in the UAM system by providing real-time tracking of

AMs and their flight paths, allowing for efficient and secure man-

gement of UAM traffic [52 , 72] . Freeman and Garcia [56] proposed

o address cybersecurity threats in UAM environments using a permis-

ioned blockchain approach, which restricts network participation to

uthorized entities, thus ensuring data security and tamper-proofness.

t makes the blockchain technology an effective solution for address-

ng cybersecurity threats, including man-in-the-middle attacks, spear

hishing, and exploitation of valid accounts and public-facing appli-

ations. In addition, it is argued that the UAM architecture should be

ased on unmanned traffic management operations, where UAM oper-

tors, Providers of Services for UAM (PSUs), and Supplemental Data

ervice Providers (SDSPs) can use the blockchain network to securely

xchange data and communicate with each other. PSUs can provide

ervices such as airspace management, vehicle tracking and commu-

ication services, while SDSPs can provide additional data services

uch as weather information and traffic data. This will enable UAM

perators to work together to manage aircraft in urban environments

ecurely. 

Beyond data security in the UAM system, blockchain technology can

lso support features like smart contracts. These contracts facilitate au-

omated execution, performing traffic management tasks when certain

onditions are met. Alkadi and Shoufan [58] explored the challenges of

anaging increasing air traffic due to the expansion of advanced air mo-

ility (AAM). To address the challenge, they introduced a technique that

everages a secure, distributed approach to handle the intricate nature

f AAM traffic. Specifically, this method employs trusted data structures

nd smart contracts within a blockchain environment to facilitate dis-

ributed airspace allocation management and conflict resolution. It not

nly minimizes the risk of system failures from single points of vulner-

bility but also incorporates a priority system to maintain fairness in

irspace use. 
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.4. Digital twin and cloud technology 

Digital twin is an emerging technology that offers unique advantages

n areas such as the industrial Internet, the energy industry, logistics and

upply chain management, and is also increasingly being used in the

AM system [73–75] . With the digital twin technology, virtual copies

f the UAM system can be created, allowing developers to simulate sys-

em behavior and performance before being built. This enables potential

roblems to be identified and resolved before they arise, ensuring the ef-

cient and effective development of the UAM system. To integrate UAM

ervices into existing transportation systems, Brunelli et al. [59] pro-

osed an approach that involves the use of a digital twin model of the

rban environment to simulate and analyze UAM scenarios. They also

emonstrated a 3D spatial network model using a real-world scenario in

he city of Bologna, Italy, showing the feasibility of using a digital twin

odel and 3D air network to determine safe and efficient flight paths for

utonomous vehicles in urban environments. This approach provides a

ood way to explore the integration of UAM services into realistic envi-

onments. An agent-based extension for eVTOL service was developed

y Rothfeld et al. [60] on the basis on MATSIm, which is capable of

ffering detailed comparison of congested travel times for traditional

ransport modes, such as car and public transport, versus the emergent

AM. Case study based on this tool support the potential travel time

eduction due to UAM, and it accentuate the efficacy of agent-based

odeling in understanding the dynamics of novel transport systems. 

Cloud computing technology has a significant impact on the devel-

pment and implementation of the UAM system, which require the pro-

essing of large amounts of data, including real-time aircraft positions,

raffic control, weather conditions and sensor data. Cloud computing

echnology can provide efficient data storage and processing capabili-

ies to support the UAM system. Wieland et al. [61] explored the con-

ept of a cloud-based flight management system (CFMS) and its poten-

ial applications in UAM operations. The CFMS is the digital twin of the

MS, hosted in a cloud computing environment, which can access vast

mounts of information that are not typically available to ground-based

viation systems, allowing the computational power that were previ-

usly impractical. The CFMS has many potential applications, including

rajectory negotiation, exchange of rerouting information, exchange of

ity wind information, and handling of unplanned access to controlled

irspace. Additionally, the CFMS has the potential to facilitate the quan-

ification of concepts through laboratory simulation experiments and

eld flight tests. 

. Challenges and outlook 

While the application of IT has brought about significant advances

n the UAM system, there are still challenges that must be addressed to

ully realize the potential of these technologies. This study highlights

he challenges and difficulties encountered in implementing IT for UAM

nd identifies the following six research topics prospective for future

nvestigation: 

.1. eVTOL aircraft 

As an important part of the UAM system and one of the key modes

f future on-demand transportation systems, eVTOLs are receiving in-

reasing attention. At the same time, many technical and hardware lim-

tations still need careful consideration in practical applications [76] .

or example, the safety and reliability of UAVs, especially those relying

n IT systems for autonomous decision-making, must be carefully eval-

ated to ensure passenger safety [77] . Moreover, the battery life and

harging infrastructure of eVTOLs need to be considered to meet daily

ransportation needs [78] . Yang et al. [79] discussed the challenges and

ey requirements of batteries for eVTOLs. The unique operating con-

itions and requirements of eVTOLs present substantial difficulties for

atteries, including the need for high specific energy and power, rapid
6

echarging, long cycle life, and stringent safety standards. Addressing

hese challenges requires continuous technological advancements and

nfrastructure upgrades, and these issues will remain an ongoing topic

f discussion in the future. 

.2. Noise pollution 

In addition to the electrification of eVTOL aircraft, noise pollution

uring flight is another major challenge faced by the design of UAVs

80] . While UAV noise levels are generally lower than those of other

ransportation modes, they can still have a negative impact on the liv-

ng quality of residents in densely populated urban areas. In particular,

he noise generated during takeoff, landing, and flying-over can disturb

he sleep and rest of surrounding residents, leading to physical and men-

al health problems, as well as reduced work efficiency. Therefore, noise

ontrol of eVTOL should be an important aspect of eVTOL under con-

ideration. Afari and Mankbadi [81] developed an active noise control

echnology to reduce the in-plane thickness noise associated with multi-

otor advanced air mobility vehicles. Noise reduction technologies, such

s low-noise propellers and sound-absorbing materials, should be devel-

ped and implemented to mitigate the impact of eVTOL noise on urban

ommunities [82 , 83] . 

.3. Integration and interoperability 

Integration and interoperability, referring to the ability of effective

ommunication and cooperation between different systems or compo-

ents, are essential for the efficient operation of the UAM system. In

mart urban transportation, various technologies and systems, includ-

ng ground-based traffic management systems, urban air traffic systems,

nd individual mobility, must be synthesized to guarantee traveling ef-

ciency [84–86] . Tuchen [87] discussed the evolving role of aviation

n seamless, end-to-end multimodal transportation with the emergence

f new airline market entrants such as UAM. Previous research efforts

ainly focused on ground-based urban transportation, ignoring the in-

reasing role that aviation will play in the future [88] . Thus, the au-

hor proposed a conceptual data model for integrating UAM with mul-

imodal transportation, providing the basis for future UAM integration.

n addition, the integration of diverse components of the UAM system

an be challenging, requiring a high degree of interoperability between

ifferent technologies and components [89] . Interoperability is crucial

s different components may be developed by different companies or

rganizations using different technologies and standards. Thus, it may

e difficult for these components to communicate and cooperate effec-

ively, leading to inefficiencies and delays in the transportation system.

o address these interoperability issues, it is necessary to establish com-

on standards and protocols for communication and data exchange be-

ween different components of an intelligent air traffic framework [90] .

eveloping standardized interfaces and data formats that allow differ-

nt systems to communicate seamlessly with each other can facilitate

nteroperability [91] . 

.4. Wireless connectivity performance 

High-frequency data exchange and communication is another crucial

equirement for the safety and operation efficiency of the UAM system.

On top of them, the performance of wireless connectivity for ground

ommunication also influences the reliability, management, as well as

aintenance of the system [92] . Zeng et al. [93] developed a spatial

odel based on stochastic geometry to describe the performance of

ireless connectivity in UAM. The simulation results provide practical

AM design guidelines by showing the connectivity performance un-

er different parameter settings. Al-Rubaye and Tsourdos [94] posited

 prospective use case for sixth-generation (6 G) communication tech-

ology buttressed by AI systems that could aid the safe and secure inte-

ration of UAM operations. This novel architectural design can facilitate
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undry routine tasks across all airspace. Therefore, future research needs

o consider the wireless connectivity performance for ground-to-ground

ommunication to ensure that the communication requirements for the

AM system are met. 

.5. Communication security 

Aside from communication quality, ensuring the confidentiality and

ecurity of sensitive information is critical in interconnected systems

ike the UAM system. Quantum communication is one technological ad-

ancement that has shown great potential in ensuring secure and re-

iable data transmission [95] . In the operation process of UAVs, their

ommunication with ground infrastructure through open channels can

e vulnerable to various security attacks. Therefore, a secure mutual au-

hentication scheme is necessary for the UAM environment. Kwon et al.

96] designed a secure and efficient handover authentication scheme

or the UAM system. This study demonstrates the importance of a se-

ure mutual authentication scheme and the need for switching authen-

ication to ensure seamless communication when the service location

hanges. 

.6. Spectrum resource management 

Spectrum resources are another type of crucial component of the

AM system. Similar to wireless connection, reliable radio communica-

ions, which ensure secure and reliable transmissions through the radio

pectrum, are required by UAM aircraft to support information exchange

nd control [97] . owever, the availability of spectrum resources in urban

reas is relatively limited and crowded due to shared frequency bands

ith a wide range of devices [98] . This poses a significant challenge

o UAM developers and operators, who need to find innovative ways

o optimize spectrum usage and ensure reliable and secure communica-

ions between vehicles and other system components. The shortage of

pectrum resources can hinder the widespread adoption of this promis-

ng transportation technology, without which the UAM system may face

ssues of safety and efficiency. Therefore, it is essential for stakeholders

o work together to address this challenge and find solutions to ensure

eliable and secure radio communications for the UAM system in urban

nvironments [99] . 

. Conclusion 

In conclusion, the development of UAM relies heavily on IT, allow-

ng for a wide range of applications, including air traffic management,

ight control, flight safety, and data security. However, the UAM sys-

em is confronted with a number of challenges, including integration

nd interoperability, the endurance of the eVTOLs, noise pollution, as

ell as communication safety and efficiency. Addressing these issues is

ritical to realizing the full potential of eVTOLs and ensuring their suc-

essful integration into existing urban transportation systems. In spite

f these issues and challenges, eVTOLs enjoy a promising future and are

xpected to play an essential role in meeting the growing demand for

rban transportation in the coming decades. Continued research and de-

elopment of the UAM system, along with collaboration among stake-

olders, is critical to the success of this transformative transportation

ystem. 

eclaration of competing interest 

The authors declare that they have no conflicts of interest in this

ork. 

cknowledgment 

This work was funded by VINNOVA, under grant number 2022-

2828.’ This is the first author’s project. 
7

eferences 

[1] K. Wang, A. Li, X. Qu, Urban aerial mobility: network structure, transportation ben-

efits, and sino-us comparison, Innovation 4 (2023) 100393 . 

[2] K. Wang, X. Qu, Urban aerial mobility: reshaping the future of urban transportation,

Innovation 4 (2023) . 

[3] D. Ao, J. Li, Subjective assessment for an advanced driver assistance sys-

tem: a case study in China, J. Intell. Connect. Veh. 5 (2022) 112–122,

doi: 10.1108/JICV-11-2021-0017 . 

[4] M. Li, H. Lv, X. He, et al., Surrounding vehicle recognition and information map

construction technology in automatic driving, J. Autom. Saf. Energy 13 (2022) 131–

141, doi: 10.3969/j.issn.1674-8484.2022.01.013 . 

[5] J. Xu, X. Pei, B. Yang, et al., Learning-based automatic driving decision-making inte-

grated with vehicle trajectory prediction, J. Autom. Saf. Energy 13 (2022) 317–324,

doi: 10.3969/j.issn.1674-8484.2022.02.012 . 

[6] B. Zhu, J. Zhang, D. Tan, et al., End-to-end autonomous driving method based on

multi-source sensor and navigation map, J. Autom. Saf. Energy 13 (2022) 738–749,

doi: 10.3969/j.issn.1674-8484.2022.04.015 . 

[7] J. Yang, D. Zhao, J. Jiang, et al., Two-stage eco-driving control strategy for heteroge-

neous connected and automated vehicle platoons, J. Autom. Saf. Energy 13 (2022)

676–685, doi: 10.3969/j.issn.1674-8484.2022.04. 009 . 

[8] A.P. Cohen, S.A. Shaheen, et al., Urban air mobility: history, ecosystem, market

potential, and challenges, IEEE Trans. Intell. Transp. Syst. 22 (2021) 6074–6087 . 

[9] S.B. Cwerner, Vertical flight and urban mobilities: the promise and reality of heli-

copter travel, Mobilities 1 (2006) 191–215 . 

10] K. Ploetner, C. Al Haddad, C. Antoniou, et al., Long-term application potential of

urban air mobility complementing public transport: an upper bavaria example, CEAS

Aeronaut. J. 11 (2020) 991–1007 . 

11] D. Lopes, J. Silva, Urban air mobility (UAM) in the metropolitan region of S ̃ao

Paulo: potential and threats, J. Airline Airport Manag. 13 (2023) 1–11 . 

12] M. Balac, R.L. Rothfeld, S. Hörl, The prospects of on-demand urban air mobility in

Zurich, Switzerland, in: 2019 IEEE Intelligent Transportation Systems Conference

(ITSC), IEEE, 2019, pp. 906–913 . 

13] X. Qu, Z. Zeng, K. Wang, S. Wang, Replacing urban trucks via ground–air coopera-

tion, Commun. Transport. Res. 2 (2022) 100080 . 

14] D. Malarvizhi, S. Padmavathi, Mobility-aware application placement for obstacle de-

tection in UAM using fog computing, in: Evolution in Computational Intelligence:

Proceedings of the 9th International Conference on Frontiers in Intelligent Comput-

ing: Theory and Applications (FICTA 2021), Springer, 2022, pp. 191–202 . 

15] S. Rajendran, S. Srinivas, T. Grimshaw, Predicting demand for air taxi urban avia-

tion services using machine learning algorithms, J. Air Transport Manag. 92 (2021)

102043 . 

16] A. Ali-Eldin, E. Elmroth, Data management, communication systems and the edge:

challenges for the future of transportation, Commun. Transport. Res. 1 (2021)

100024, doi: 10.1016/j.commtr.2021.100024 . 

17] J.A. Del Peral-Rosado, P. Nolle, S.M. Razavi, et al., Design considerations of dedi-

cated and aerial 5g networks for enhanced positioning services, in: 2022 10th Work-

shop on Satellite Navigation Technology (NAVITEC), IEEE, 2022, pp. 1–12 . 

18] X. Yang, P. Wei, Autonomous free flight operations in urban air mobility with com-

putational guidance and collision avoidance, IEEE Trans. Intell. Transp. Syst. 22

(2021) 5962–5975 . 

19] D. Alejo, J. Cobano, G. Heredia, et al., Optimal reciprocal collision avoidance with

mobile and static obstacles for multi-uav systems, in: 2014 International Conference

on Unmanned Aircraft Systems (ICUAS), IEEE, 2014, pp. 1259–1266 . 

20] N. Pongsakornsathien, A. Gardi, S. Bijjahalli, et al., A multicriteria clustering method

for UAS traffic management and urban air mobility, in: 2021 IEEE/AIAA 40th Digital

Avionics Systems Conference (DASC), IEEE, 2021, pp. 1–9 . 

21] D. Yin, X. Yang, H. Yu, et al., An air-to-ground relay communication planning

method for UAVs swarm applications, IEEE Trans. Intell. Veh. 8 (2023) 2983–2997,

doi: 10.1109/TIV.2023.3237329 . 

22] M. Eskandari, H. Huang, A.V. Savkin, et al., Model predictive control-based

3d navigation of a RIS-equipped UAV for los wireless communication with

a ground intelligent vehicle, IEEE Trans. Intell. Veh. 8 (2023) 2371–2384,

doi: 10.1109/TIV.2022.3232890 . 

23] R. Han, H. Li, E.J. Knoblock, et al., Dynamic spectrum allocation in urban air trans-

portation system via deep reinforcement learning, in: 2021 IEEE/AIAA 40th Digital

Avionics Systems Conference (DASC), IEEE, 2021, pp. 1–10 . 

24] R. Arnott, T. Rave, R. Schöb, et al., Alleviating Urban Traffic Congestion, 1, MIT

Press Books, 2005 . 

25] G. Palaia, K. Abu Salem, V. Cipolla, et al., A conceptual design methodology for

e-VTOL aircraft for urban air mobility, Appl. Sci. 11 (2021) 10815 . 

26] A. Intwala, Y. Parikh, A review on vertical take off and landing (VTOL) vehicles, Int.

J. Innov. Res. Adv. Eng. 2 (2015) 187–191 . 

27] S.K. Li, Comprehensive Rotorcraft Broadband Noise Prediction, University of Cali-

fornia, Davis, 2022 . 

28] K. Wang, J. Alexandre, V. Vikrant, Vertiport planning for urban aerial mobility: an

adaptive discretization approach, Manuf. Serv. Oper. Manag. 24 (2022) 3215–3235 .

29] D.N. Fadhil, R. Moeckel, R. Rothfeld, Gis-based infrastructure requirement analy-

sis for an electric vertical take-off and landing vehicle-based transportation system,

Transport. Res. Procedia 41 (2019) . 

30] J. Jeong, M. So, H.-Y. Hwang, Selection of vertiports using k-means algorithm and

noise analyses for urban air mobility (UAM) in the seoul metropolitan area, Appl.

Sci. 11 (2021) 5729 . 

31] V. Bulusu, B. Sridhar, A.C. Cone, et al., Analysis of interactions between urban air

mobility (UAM) operations and current air traffic in urban areas: traffic alert and

http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0001
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0002
https://doi.org/10.1108/JICV-11-2021-0017
https://doi.org/10.3969/j.issn.1674-8484.2022.01.013
https://doi.org/10.3969/j.issn.1674-8484.2022.02.012
https://doi.org/10.3969/j.issn.1674-8484.2022.04.015
https://doi.org/10.3969/j.issn.1674-8484.2022.04. \ignorespaces 009
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0008
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0009
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0010
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0011
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0012
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0013
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0014
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0015
https://doi.org/10.1016/j.commtr.2021.100024
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0017
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0018
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0019
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0020
https://doi.org/10.1109/TIV.2023.3237329
https://doi.org/10.1109/TIV.2022.3232890
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0023
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0024
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0025
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0026
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0027
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0028
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0029
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0030
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0031


Y. Liu, C. Lyu, F. Bai et al. Fundamental Research xxx (xxxx) xxx

ARTICLE IN PRESS
JID: FMRE [m5GeSdc;January 27, 2024;10:16]

 

[  

 

[  

 

[  

[

[  

 

[  

[  

[  

[  

 

[  

 

[  

 

[  

 

 

[  

[  

 

[  

[  

 

[  

 

[  

[  

[  

 

[  

 

[  

[  

 

[  

 

[  

[  

 

[  

[  

[  

 

[  

 

[  

 

[  

 

[  

 

[  

[  

 

[  

 

[  

 

[  

 

[  

[  

[  

 

[  

[  

 

[  

 

[  

[  

 

[  

 

[  

[  

[  

[  

[  

 

 

[  

[  

 

[  

[  

 

 

[  

[  

[  

 

 

[  

[  

 

[  

 

[  

[  
collision avoidance system (TCAS) study for UAM operations, in: AIAA Aviation

2019 Forum, 2019, p. 3521 . 

32] W. Yi, H. Wang, Y. Jin, et al., Integrated computer vision algorithms

and drone scheduling, Commun. Transport. Res. 1 (2021) 100002,

doi: 10.1016/j.commtr.2021.100002 . 

33] J. Zhang, W. Liu, Y. Li, Optimal formation control for second-order multi-agent

systems with obstacle avoidance, IEEE/CAA J. Autom. Sin. 10 (2023) 563–565,

doi: 10.1109/JAS.2023.123249 . 

34] Z. Wang, D. Delahaye, J.-L. Farges, Air traffic assignment for intensive urban air

mobility operations, J. Aerosp. Inf. Syst. 18 (2021) 860–875 . 

35] P.K. Kumar, J. Witter, S. Paul, et al., arXiv preprint, 2023 . 

36] Q.V. Dao, J. Homola, M. Cencetti, et al., A research platform for urban air mobility

(UAM) and UAS traffic management (UTM) concepts and application, International

Conference on Human Interaction & Emerging Technologies, IHIET, 2019 ARC-E–

DAA-TN68588, 2019 . 

37] R. Mansell, Information and communication technologies for development: assessing

the potential and the risks, Telecomm Policy 23 (1999) 35–50 . 

38] A.L. Laureano-CrucesP, Artificial intelligence: milestones and currents, Int. J. Innov.

Sci. Eng. Technol. 7 (2020) 121–131 . 

39] N. Imanberdiyev, E. Kayacan, A fast learning control strategy for unmanned aerial

manipulators, J. Intell. Robot. Syst. 94 (2019) 805–824 . 

40] T.V. Nguyen, Dynamic delegated corridors and 4d required navigation performance

for urban air mobility (UAM) airspace integration, J. Aviat./Aerosp. Educ. Res. 29

(2020) 57–72 . 

41] J.N. Keeler, S.A. Verma, T. Edwards, Investigation of communications involved in

near-term UAM operations, in: 2019 IEEE/AIAA 38th Digital Avionics Systems Con-

ference (DASC), IEEE, 2019, pp. 1–10 . 

42] A. Gheorghisor, A. Chen, L. Globus, et al., Reliable 4g/5g-based communications in

the national airspace: a UAS C2 use case, 2020 Integrated Communications Naviga-

tion and Surveillance Conference (ICNS), IEEE, 2020 2A3–1 . 

43] Y.M. Park, K. Kim, S.-B. Park, et al., Trajectory optimization of multiple urban air

mobility for reliable communications with integrated space-air-ground network, in:

2023 International Conference on Information Networking (ICOIN), IEEE, 2023,

pp. 596–599 . 

44] G. Dowd, O. Kavas-Torris, L. Guvenc, et al., Simulation environment for vi-

sualizing connected ground and air traffic, Transp. Res. Rec. 2675 (2021) 

15–22 . 

45] K. Park, J. Lee, H. Ryu, et al., A novel cell deployment for UAM communications

in 5g-advanced network, in: 2022 IEEE Globecom Workshops (GC Wkshps), IEEE,

2022, pp. 1431–1436 . 

46] R. Shrestha, R. Bajracharya, S. Kim, 6g enabled unmanned aerial vehicle traffic man-

agement: a perspective, IEEE Access 9 (2021) 91119–91136 . 

47] H Kim, Kim, 6G for UAM communications: challenges and visions, in: 2022 13th

International Conference on Information and Communication Technology Conver-

gence (ICTC), IEEE, 2022, pp. 1526–1528 . 

48] S. Ye, Z. Wan, L. Zeng, et al., A vision-based navigation method for eVTOL final

approach in urban air mobility (UAM), in: 2020 4th CAA International Conference

on Vehicular Control and Intelligence (CVCI), IEEE, 2020, pp. 645–649 . 

49] S. Bijjahalli, R. Sabatini, A. Gardi, Gnss performance modelling and augmentation

for urban air mobility, Sensors 19 (2019), doi: 10.3390/s19194209 . 

50] Z. Huang, Uav intelligent control based on machine vision and multiagent decision-

making, Adv. Multimed. (2022) 2022 . 

51] S. Deniz, Z. Wang, A multi-agent reinforcement learning approach to traffic control

at future urban air mobility intersections, in: AIAA SCITECH 2022 Forum, 2022,

p. 1509 . 

52] W. Dai, B. Pang, K.H. Low, Conflict-free four-dimensional path planning for urban air

mobility considering airspace occupancy, Aerosp. Sci. Technol. 119 (2021) 107154 .

53] H. Tang, Y. Zhang, V. Mohmoodian, et al., Automated flight planning of high-density

urban air mobility, Transport. Res. Part C 131 (2021) 103324 . 

54] A. Sinha, R.S. Dipro, A novel two-phase location analytics model for determining

operating station locations of emerging air taxi services, Decis. Anal. J. 2 (2022)

100013 . 

55] J. Bertram, P. Wei, J. Zambreno, A fast markov decision process-based algorithm for

collision avoidance in urban air mobility, IEEE Trans. Intell. Transp. Syst. 23 (2022)

15420–15433 . 

56] K. Freeman, S.W. Garcia, Immutable secure data exchange and storage for urban air

mobility environments, in: AIAA SCITECH 2022 Forum, 2022, p. 1092 . 

57] R. de Oliveira, T. Matsumoto, E.P. Neto, Blockchain-based traffic management for

advanced air mobility, Air Transportation Symposium, S ̃ao Jos´e dos Campos, 2022 .

58] R. Alkadi, A. Shoufan, Unmanned aerial vehicles traffic management solution using

crowd-sensing and blockchain, IEEE Trans. Netw. Serv. Manage. (2022) . 

59] M. Brunelli, C.C. Ditta, M.N. Postorino, A framework to develop urban aerial net-

works by using a digital twin approach, Drones 6 (2022) 387 . 

60] R. Rothfeld, M. Fu, M. Bala´c, et al., Potential urban air mobility travel time savings:

an exploratory analysis of Munich, Paris, and San Francisco, Sustainability 13 (2021)

2217 . 

61] F. Wieland, T. Kilbourne, C. Snipes, Uses of a cloud-based flight management system

to enhance airspace efficiency, in: 2022 Integrated Communication, Navigation and

Surveillance Conference (ICNS), IEEE, 2022, pp. 1–5 . 

62] W.Gong Tian, W. Liu, X. Duan, et al., Applications of intelligent com-

puting in vehicular networks, J. Intell. Connect. Veh. 1 (2018) 66–76,

doi: 10.1108/JICV-01-2018-0001 . 

63] T. Feng, L. Liu, X. Xing, et al., Multimodal critical-scenarios search method

for test of autonomous vehicles, J. Intell. Connect. Veh. 5 (2022) 167–176,

doi: 10.1108/JICV-04-2022-0016 . 
8

64] Y. Liu, F. Wu, Z. Liu, K. Wang, F. Wang, X. Qu, Can language models be used for

real-world urban-delivery route optimization? Innovation (Camb) 4 (2023) 100520,

doi: 10.1016/j.xinn.2023.100520 . 

65] S.-M.L. Xia, W. Chung, Y. Zou, et al., Moving target landing of a quadrotor using

robust optimal guaranteed cost control, IEEE/CAA J. Autom. Sin. 10 (2023) 819–

821, doi: 10.1109/JAS.2023.123108 . 

66] Y. He, Y. Liu, L. Yang, et al., Deep adaptive control: deep reinforcement learn-

ing-based adaptive vehicle trajectory control algorithms for different risk levels, IEEE

Trans. Intell. Veh. (2023) . 

67] H. Lin, Y. Liu, S. Li, et al., How generative adversarial networks promote the de-

velopment of intelligent transportation systems: a survey, IEEE/CAA J. Autom. Sin.

(2023) . 

68] H. Lin, Y. He, Y. Liu, et al., Deep demand prediction: an enhanced conformer model

with cold-start adaptation for origin–destination ride-hailing demand prediction,

IEEE Intell. Transp. Syst. Mag. (2023) 2–15, doi: 10.1109/MITS.2023.3309653 . 

69] H. Chen, X.-m. Wang, Y. Li, A survey of autonomous control for UAV, in: 2009

International Conference on Artificial Intelligence and Computational Intelligence,

IEEE, 2009, pp. 267–271. volume 2 . 

70] A.C. Tang, A review on cybersecurity vulnerabilities for urban air mobility, in: AIAA

Scitech 2021 Forum, 2021, p. 0773 . 

71] P. Lang, D. Tian, X. Duan, et al., Cooperative computation offloading in blockchain-

based vehicular edge computing networks, IEEE Trans. Intell. Veh. 7 (2022) 783–

798, doi: 10.1109/TIV.2022.3190308 . 

72] P. Zhang, M. Zhou, C. Li, et al., Dynamic evolutionary game-based modeling, analysis

and performance enhancement of blockchain channels, IEEE/CAA J. Autom. Sin. 10

(2023) 188–202, doi: 10.1109/JAS.2022.105911 . 

73] Y. Li, Y. Zhang, Digital twin for industrial internet, Fundam. Res. (2023),

doi: 10.1016/j.fmre.2023.01.005 . 

74] Z. Hu, S. Lou, Y. Xing, et al., Review and perspectives on driver digital twin and

its enabling technologies for intelligent vehicles, IEEE Trans. Intell. Veh. 7 (2022)

417–440, doi: 10.1109/TIV.2022.3195635 . 

75] X. Gong, M.V. Basin, Z. Feng, et al., Resilient time-varying formation-tracking of

multi-UAV systems against composite attacks: a two-layered framework, IEEE/CAA

J. Autom. Sin. 10 (2023) 969–984, doi: 10.1109/JAS.2023. 123339 . 

76] P. Renaud, Advanced technologies and new roles for VTOL aircraft (part I/II), Air

Space Europe 2 (2000) 73–80 . 

77] J. Xiao, J. Jiang, Real-time security evaluation for unmanned aircraft systems un-

der data-driven attacks, in: 2018 13th World Congress on Intelligent Control and

Automation (WCICA), IEEE, 2018, pp. 842–847 . 

78] X. Gu, Y. Shang, Y. Kang, et al., An early minor-fault diagnosis method for lithium-

ion battery packs based on unsupervised learning, IEEE/CAA J. Autom. Sin. 10

(2023) 810–812, doi: 10.1109/JAS.2023.123099 . 

79] X.-G. Yang, T. Liu, S. Ge, et al., Challenges and key requirements of batteries for

electric vertical takeoff and landing aircraft, Joule 5 (2021) 1644–1659 . 

80] A.T. Rimjha, S. Hotle, Urban air mobility: preliminary noise analysis of commuter

operations, in: AIAA Aviation 2021 Forum, 2021, p. 3204 . 

81] S.O. Afari, R.R. Mankbadi, Active noise control of multirotor advanced air mobility

vehicles, J. Amer. Helicopter Soc. (2023) . 

82] H. Bian, Q. Tan, S. Zhong, et al., Assessment of UAM and drone noise impact on the

environment based on virtual flights, Aerosp. Sci. Technol. 118 (2021) 106996 . 

83] H. Bi, F. Ma, T.D. Abhayapala, et al., Spherical array based drone noise measure-

ments and modelling for drone noise reduction via propeller phase control, in: 2021

IEEE Workshop on Applications of Signal Processing to Audio and Acoustics (WAS-

PAA), 2021, pp. 286–290, doi: 10.1109/WASPAA52581.2021.9632719 . 

84] C. Consiglio, J.P. Chamberlain, C.A. Munoz, et al., Concepts of Integration for UAS

Operations in the NAS, 2012 Technical Report . 

85] K.L. Lim, J. Whitehead, D. Jia, et al., State of data platforms for con-

nected vehicles and infrastructures, Commun. Transport. Res. 1 (2021) 100013,

doi: 10.1016/j.commtr.2021.100013 . 

86] X. Qu, Y. Liu, Y. Chen, et al., Urban electric bus operation management: review and

outlook, J. Automob. Saf. Energy Sav 13 (2022) 407–420 . 

87] S. Tuchen, Multimodal transportation operational scenario and concep-

tual data model for integration with UAM, 2020 Integrated Communica-

tions Navigation and Surveillance Conference (ICNS), 2020 2C1–1–2C1–15,

doi: 10.1109/ICNS50378.2020.9223002 . 

88] Y. Jiang, O.A. Nielsen, Urban multimodal traffic assignment, Multimodal Transport.

1 (2022) 100027, doi: 10.1016/j.multra.2022.100027 . 

89] Thipphavong, Atm-x: air traffic management–exploration: urban air mobility

overview, Silicon Valley UAM Symposium, 2020 ARC-E-DAA-TN78684 . 

90] R.D. Apaza, L. Popescu, The way to the future has already started: ICAO aeronauti-

cal telecommunication network (ATN) using internet protocol suite (IPS) standards

and protocol evolution update, in: 2018 IEEE/AIAA 37th Digital Avionics Systems

Conference (DASC), IEEE, 2018, pp. 1–6 . 

91] F. Ahmed, A Data-Driven Framework for the Deployment of Urban Air Mobility,

2022 . 

92] J. Bae, H. Lee, H. Lee, A study on communication technologies for urban air mo-

bility, in: 2022 13th International Conference on Information and Communication

Technology Convergence (ICTC), IEEE, 2022, pp. 2235–2240 . 

93] T. Zeng, O. Semiari, W. Saad, et al., Performance analysis of aircraft-to-ground com-

munication networks in urban air mobility, in: 2021 IEEE Global Communications

Conference (GLOBECOM), IEEE, 2021, pp. 1–6 . 

94] S. Al-Rubaye, A. Tsourdos, Connectivity for air mobility transportation in future

networks, IEEE Future Netw. Tech Focus (2021) 1–6 . 

95] C. Wang, Quantum secure direct communication: intersection of communication and

cryptography, Fundam. Res. 1 (2021) 91–92, doi: 10.1016/j.fmre.2021.01.002 . 

http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0031
https://doi.org/10.1016/j.commtr.2021.100002
https://doi.org/10.1109/JAS.2023.123249
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0034
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0035
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0036
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0037
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0038
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0039
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0040
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0041
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0042
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0043
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0044
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0045
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0046
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0047
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0048
https://doi.org/10.3390/s19194209
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0050
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0051
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0052
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0053
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0054
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0055
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0056
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0057
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0058
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0059
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0060
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0061
https://doi.org/10.1108/JICV-01-2018-0001
https://doi.org/10.1108/JICV-04-2022-0016
https://doi.org/10.1016/j.xinn.2023.100520
https://doi.org/10.1109/JAS.2023.123108
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0066
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0067
https://doi.org/10.1109/MITS.2023.3309653
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0069
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0070
https://doi.org/10.1109/TIV.2022.3190308
https://doi.org/10.1109/JAS.2022.105911
https://doi.org/10.1016/j.fmre.2023.01.005
https://doi.org/10.1109/TIV.2022.3195635
https://doi.org/10.1109/JAS.2023. \ignorespaces 123339
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0076
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0077
https://doi.org/10.1109/JAS.2023.123099
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0079
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0080
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0081
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0082
https://doi.org/10.1109/WASPAA52581.2021.9632719
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0084
https://doi.org/10.1016/j.commtr.2021.100013
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0086
https://doi.org/10.1109/ICNS50378.2020.9223002
https://doi.org/10.1016/j.multra.2022.100027
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0089
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0090
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0091
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0092
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0093
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0094
https://doi.org/10.1016/j.fmre.2021.01.002


Y. Liu, C. Lyu, F. Bai et al. Fundamental Research xxx (xxxx) xxx

ARTICLE IN PRESS
JID: FMRE [m5GeSdc;January 27, 2024;10:16]

[  

 

[  

 

[

[  

 

 

 

 

 

 

 

 

 

 

 

 

 

h  

f  

t

 

 

 

 

 

 

 

 

 

 

96] D. Kwon, S. Son, Y. Park, et al., Design of secure handover authentication

scheme for urban air mobility environments, IEEE Access 10 (2022) 42529–42541,

doi: 10.1109/ACCESS.2022.3168843 . 

97] R.D. Apaza, E.J. Knoblock, H. Li, A new spectrum management concept for future

nas communications, in: 2020 AIAA/IEEE 39th Digital Avionics Systems Conference

(DASC), IEEE, 2020, pp. 1–7 . 

98] H.J. Levin, The radio spectrum resource, J. Law Econ. 11 (1968) 433–501 . 

99] E.J. Knoblock, R.D. Apaza, M.R. Gasper, et al., Intelligent spectrum management for

future aeronautical communications, IEEE Aerosp. Electron. Syst. Mag. (2023) . 

Yang Liu is a Marie Curie Fellow at Chalmers University of

Technology. He serves as a Young Editor for two top-tier aca-

demic journals, including the Innovation and IEEE/CAA Jour-

nal of Automatica Sinica. In addition, he is an Associate Edi-

tor of IEEE Transactions on Intelligent Vehicles and Journal of

Intelligent and Connected Vehicles. Dr. Yang Liu leads a Euro-

pean Union project and a project funded by the Swedish Inno-

vation Agency. He has received numerous awards for his re-

search, including the IEEE ITSM Best Paper High Commenda-
9

tion Award, Honorable Mention of the COTA Best Dissertation

Award, ICME Grand Challenge Second Runner-up Award, and

the China Highway Society Outstanding Doctoral Dissertation

Award. He is experienced in the practice of AI techniques and

as won several world prizes in AI competitions organized by leading international AI con-

erences or research institutes (e.g., KDD, IJCAI, NeurIPS, CVPR, ICME, TRB), including

he 1st place of KDD Cup, the most well-known algorithm competition in data mining. 

Ying Li ( BRID: 05973.00.23112 ), is an associate professor

in school of information engineering at Chang‘an University,

China. She obtained her MSc degree in transport studies from

Imperial College London, UK in 2011, received the PhD degree

in transport from University College London, UK in 2016. She

has been a visiting researcher at the Chalmers University of

Technology, Sweden from Oct. 2021 to Aug. 2022. Dr. Li has

published around 30 scientific papers in refereed journals and

conferences, e.g., IEEE ITS, JICV, Transportmetrica B etc. Her

research topic is on robust traffic modeling and optimization.

https://doi.org/10.1109/ACCESS.2022.3168843
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0097
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0098
http://refhub.elsevier.com/S2667-3258(23)00241-8/sbref0099
http://cstr.cn/BRID-05973.00.23112

	The role of intelligent technology in the development of urban air mobility systems: A technical perspective
	1 Introduction
	2 UAM system overview
	2.1 Electric vertical takeoff and landing aircraft
	2.2 Vertiports
	2.3 Air traffic control system
	2.4 User terminals

	3 Application of IT in UAM
	3.1 Information technology
	3.2 AI technology
	3.3 Blockchain technology
	3.4 Digital twin and cloud technology

	4 Challenges and outlook
	4.1 eVTOL aircraft
	4.2 Noise pollution
	4.3 Integration and interoperability
	4.4 Wireless connectivity performance
	4.5 Communication security
	4.6 Spectrum resource management

	5 Conclusion
	Declaration of competing interest
	Acknowledgment
	References


