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Abstract: This paper presents an open innovation strategy by identifying the patent impact index
and cooperation network through patent analysis for leading companies developing technology in
the UAM field. Among companies developing UAM technology, patent analysis was conducted
on the leading companies with active patent activities, technology classification was used to match
companies by parts, and a technical capability index was utilized to identify the companies. When
developing UAM technology in the future, this can help companies seek effective partners to improve
competitiveness in technology development. To the best of our knowledge, the work done in this
paper is unprecedented, as it suggests methods for patent analysis and verifies them by analyzing
the UAM patents with the proposed method.

Keywords: UAM; partner finding; supplier management; patent analysis; intellectual property;
R&amp; D strategy; open innovation

1. Introduction

In recent decades, as urbanization has progressed rapidly around the world, popu-
lations have become more concentrated in the city center, and movement on the ground
has become troublesome [1]. On-demand services and Urban Air Mobility technology
are emerging as new alternatives to solve urban traffic problems as it helps streamline
mobility and transportation [2]. The average speed of cars in urban centers is approximately
30 km/h, which has become a significant issue. For example, in Tokyo, people spend a
considerable amount of time traveling at 25.4 km/h on the road [3]. In the past, only a
small number of enthusiasts and startups conducted R&D in the personal aviation (PAV)
field, but now global aviation, automobile, and IT companies are actively investing in PAV,
and the growth potential of the Urban Air Mobility (UAM) market combined with PAV as
a means of future transportation is being noted [1].

UAM is a next-generation mobility solution that maximizes urban mobility efficiency
with private aircrafts (PAV) capable of vertical take-off and landing (VTOL), using the sky
as a transit route [4]. However, to implement UAM technology, one individual company
cannot develop all the relevant technology, which includes the propulsion system, aero-
dynamic design, material /structure, battery, control /safety, navigation/communication,
and cybersecurity technology; therefore, technical cooperation based on conventional
technology development practices through open innovation is essential [5].

The contributions of this paper can be summarized as follows: First, this paper presents
a strategy for technology analysis and technology development through patent analysis.
Second, this paper describes the UAM Overall Technology Classification System (Tech-tree),
which is a detailed technology-specific competitiveness analysis. Third, relevant partners
were derived and analyzed through various patent analysis indicators in this paper.

This paper is organized as follows: Section 2 describes the theoretical background
and hypothesis for this paper. Section 3 analyzes the patents in terms of their quantitative
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and qualitative aspects and describes the method that applies the analysis to find partners
suitable for cooperation. Section 4 concludes all these works.

2. Theoretical Background and Hypothesis
2.1. City Traffic Problems in the City Center

According to a 2019 report by the United Nations, urbanization rates were growing by
55.3% in 2018 and are projected to reach 68.4% by 2050. In addition, Tokyo recorded the
highest number of urban populations based on administrative divisions for each city at
37.47 million. It was followed by Delhi, Shanghai, and Sao Paulo. Seoul recorded 34th in
the ranking with 9.9 million people living in the city center.

The amount of SOC (Social Overhead Capital) investment required for solving urban
traffic problems is astronomical. The cost of solving traffic problems is also taking up
increasingly higher proportions of the nation’s finances.

Figure 1 shows that the construction of roads and subways in complex two-dimensional
spaces—which are already mixed with people, buildings, and cars—is no longer an ef-
fective solution for urban traffic problems [6]. The population is likely to continue to be
more concentrated in the city center and improving the efficiency of transportation such as
public transportation, automobiles, and MaaS (Mobility as a Service) is surely the biggest
workload for megacities. With the utilization of 3D space, UAM can be a meaningful
alternative to solving megacity traffic problems [7].

ot initsbi Cate gory Subway
transport persons per hour 5000~ 30,000 30,000~ 50,000 fewer than 5000
car forming 1~6 cars 6 ~10 cars 1 car
persons per car 40~ 80 150~ 160 80
N runninginterval 30 sec~2 min 2 ~5min 7 ~10 min
N uphill allowable slope 6~9% 2.5% 15 %
B 2 ﬂ(__l 24 ] real speed from start to finish 35~40 km 30 ~35km 18 km (Seoul)
Tram L8t Subway Bus " | construction cost per km (billion won) 400~ 500 1500 ~ 1800 1700 (4 lane)

Figure 1. Construction cost per 1 km of public transportation (Seoul metro, 2017, Ministry of Land,
Infrastructure and Transport, 2018).

The UAM market is expected to grow at an average annual rate of 30% or higher
and will be introduced in 31 cities by 2030. UAM development is most active in the
United States, and purely battery-powered vehicles were observed as taking up the largest
proportion in classification by energy source [8,9].

2.2. UAM Concept

Urban Air Mobility (UAM) refers to urban aviation mobility, or the entire air traffic
industry that seeks to transport passengers and cargo in the city center, and according to
the latest development trend, electric vertical take-off and landing (eVTOL)-type aircraft
manufacturing is gaining momentum [10]. There are several ways to distinguish between
varieties of UAM, and the criteria are summarized as follows:

The first is a UAM classification method by aircraft type [10]. Table 1 shows that
the fixed-wing-type is mainly used in the military, and is suitable for high speed and
long distance, but requires a runway/launcher. A rotary-wing aircraft can have vertical
takeoff and landing and hovering, but its speed range is not as high as the fixed-wing-type.
Combining the advantages of both fixed and rotary wing is the hybrid-type, which has
high energy efficiency, high-speed flight, and vertical landing [11,12].
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Table 1. UAM classification by aircraft type, KIAST.

Category Key Characteristics

- Ideal for high-speed and long-haul flights
Fixed-wing - Take-off using runway/launcher
- Primarily used in military

- Vertical take-off and landing and hovering design

Rotary . ) )
- Low-speed, troubling compared to fixed-wing
- Includes properties of fixed- and rotary-wing
Hybrid - H%gh—speed ﬂight., vertical landing possible .
- High energy efficiency compared to rotational income
(tension)

Second is a UAM classification based on weight [13]. Table 2 shows that it divides
airplanes and lightweight helicopters, etc. with 600 kg as the threshold, and classifies air
vehicles that weigh 115 kg as ultra-light. In the case of UAM, the weight is estimated to be
around 600 kg, which is the equivalent of a manned rotary aircraft.

Table 2. UAM classification by weight, KIAST.

Category 6007 600 180 150 115 (kg)
- lightweight - powered aircraft
- airplane helicopter - powered paraglider
Manned - rotary - power parachute - hang glider
aircraft aircraft - weight-dyed plane - paraglider
- steerable airplane - fixture
- parachute
- airplane - ultra-light airship
Drone - rotary flyer (unmanned aerial vehicle)
- unmanned aerial vehicle (airship) - ultra-light flight (drone)

Third is another UAM classification method that classifies aircrafts according to the
shape of the wings [14]. Figure 2 shows that this classification is based on the shape of the
wings as defined on the TransportUP website, and UAM classification is possible in an
intuitive manner.

Category Watchlist

ol g 48
Winged eVTOLs V i3
Ty airship

. S 19
Wingless eVTOLs . g
airship
. 14
Hover Bikes . :
\ airship

Figure 2. UAM classification by wing shape (https:/ /transportup.com/ (accessed on 7 March 2022)).

Finally, as shown in Figure 3, this is another UAM classification method based on
the operating altitude, which can be divided into low altitude (0.15 km), medium altitude
(14 km), high altitude (20 km), and stratosphere (up to 50 km); UAM can be seen as
corresponding to low and medium altitude [15,16].
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Figure 3. UAM classification according to operating altitude, KIAST.

Comparing the development schedule of the eVTOL manufacturing system, one
company that launched the commercialization model is Ehang [17], and the technological
gap was confirmed to be approximately 1-2 years, which is not considered significant [18].
The launch plan differed over several years by company, but the comparison between large
companies that are developing multiple models in parallel and startups that are developing
one model did not lead to much significant difference [19].

As companies in the automotive and aircraft industries are mostly leading the develop-
ment of eVTOL (electric vertical take-off and landing), it is estimated that a technology de-
velopment cooperation system will be established in the following form of Figure 4 [20-22].

Automotive
\ Industry

Aircraft
Industry ,/  Drone
Industry

Figure 4. Global UAM ecosystem, KSAE 2021.

Table 3 shows that the automotive industry is developed in the form of multi-product
mass production in small businesses, and the aircraft industry consists of small-scale
production of props from small companies [23]. UAM production, being a mixture of the
two systems, is expected to be characterized by an initial production of small quantities
of props and then gradually moving on to mass production of props as the technology
stabilizes and lowers the production cost per unit [1,24].
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Table 3. Comparison of aircraft, UAM, and automotive industries.

Category Aircraft UAM Automotive
Development period 10 years 7 years 4 years
Mass-production period 30 years 10 years 5 years
Age 30 years 20 years 10 years
Ordering method pre-order post-delivery payments post-delivery payments
Key customers company (carrier) company (carrier) personal
Development production method development - order — develqpment — develqpment —
production— production — sales production — sales
Division structure (Supply chain) international ggg}t)development verticalization verticalization
R&D ratio to sales 10% 10% 3.5%
Production method manual automation automation
large aircraft (10 trillion won)
Development fighter (7 trillion won) small (1 trillion won) medium car (450 billion)
midsize aircraft (3 trillion won)
Mass production? small-scale production of props mass production of props multi-product mass production
Production by model 1000 units 100,000 units 40-500,000 units

2.3. Network Analysis

As the automotive industry shifts more into ICT and autonomous driving technology
spreads, the leading power is shifting from a pyramidal structure in which end-vehicles
monopolized the initiative to a more diamond-shaped or network-type structure, where
the initiative is distributed across multiple companies [25]. As shown in Figure 5, the
conventional value chain of the automotive industry has been changing from a pyramid
structure (past) with the OEM at the top to a diamond structure (present) and is now
moving even further to a hub-and-spoke structure (future) [26].

Pyramid hierarchy Capital-tied Diamond Structure Network New hub and spoke

o T
7 N e [fomt ]

Supplier | Supplier = Supplier (o= ~o S -
= Av\ /qB X fC\ B E suppliers suppliers
WK BN B
a b e d Device Online
manufacturers players
a c
Telecom
companies
Mechanical Electric

Figure 5. Changes in the automotive industry structure [25,26].

By continuing to work on ways to strengthen market acceptance, and by leveraging
external resources through open innovation, we can reduce the cost of innovation and
increase the likelihood of success to maximize value-added creation [27]. Chesbrough
observed a shift in the knowledge landscape surrounding companies, noting that companies
are increasingly expanding and are being required to expand [28]. Through the 20th century,
a series of changes in the knowledge environment made open innovation imperative for the
modern era. The reasons for this can be summarized into three reasons: (1) the end of the
knowledge monopoly of large corporations, (2) the increase in manpower liquidity and the
development of venture capital, and (3) the increase in the cost of technology development
and the shortening of the product cycle [29].

While the process of research, development, and commercialization known as closed
innovation takes place within a single enterprise [30], open innovation refers to a process
whereby knowledge exchange between the inside and outside of the enterprise is seamless
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at each stage, external technologies are introduced into the enterprise, or vice versa, and
technology within the enterprise is commercialized through different external channels [31].

The purpose of the network analysis used in this study was to find and interpret the
pattern of the network [32] using three indices: degree centrality, closeness centrality, and
betweenness centrality [33]. Degree centrality is a statistical indicator that shows whether
one company in the network is directly connected with other companies.

The degree of these nodes can be considered a measure of local centrality [33,34].
The degree centrality of node k (i.e., py) is defined as shown in Equation (1). The normal-
ized degree centrality is the degree divided by the maximum possible degree expressed
as a percentage. This normalization allows comparisons between nodes of graphs of

different sizes.
n

Co(pe) = Y alpi pr) @
i=1
It is normalized by
C
Co-(p) = L) @

where 7 is the number of nodes in the network and (p;, px) = 1 if and only if node i and k
(i.e., p; and py) are connected; (p;, px) = 0 otherwise. Degree centrality only plays an analysis
role in the local scope, as it only considers statistics by connection relationship. The study
did not consider the direction of in-degree or out-degree, but only confirmed partnerships.

Closeness centrality is a statistical indicator of centrality that considers not only direct
connections but also indirect connections. It indicates how close a company is to other
companies in virtual space and can be expressed in C; (Py) as shown in Equation (3) when
there are companies named P; and P, among n companies. In Equation (3), d (P;, Py)
is the number of shortest distances between node i and node k, and 7 is the number of
total enterprises.

" -1
Ce(pr) = lZd(pi, Pk)] ®)
i=1
It is normalized by
Cc(pk
Ce (py) = SN @

The global centrality of the network can be determined by calculating the virtual
distance between all nodes connected to each node. In other words, when closeness
centrality increases, it is easy to access and secure influence, status, information rights, etc.
in the network. Betweenness centrality is a statistical indicator of whether the node is good
at acting as a broker (intermediary).

Colpe) = i gij(l]‘jk)

i<j 1

i Ak 5)

It is normalized by
_ Cs(pk)
= -1)w-272

In Equation (5), gjj is the shortest path linking pi and p;, and gj (px) is the geodesic
distance linking p; and p; that contains py. Betweenness centrality expresses how much a
node contributes to the interconnection of other nodes, and if betweenness centrality is
large, it can be interpreted as a node having high influence in the flow of communication
within the network.

In this study, patent analysis of 19 companies leading the eVTOL market established a
total technical classification system (Tech-tree) of the eVTOL market and derived detailed
technology-specific competitiveness analysis and related component companies through
various patent-analysis indicators. While we cannot claim that patent indicators directly

(6)
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represent the R&D performance of a particular company, as patents have been used as a
main indicator for measuring R&D activity in many existing studies [35], it is reasonable
to say that it does indicate a certain level of R&D activity, as evidenced by quantitative
empirical studies that examined the relationship between R&D activities, patents, and
corporate market changes [32,36,37].

After analysis of prior research that patent activity and patent quality increased
with sales growth and per employee sales, prior research that patent holders with high-
quality patents were more successful than patent holders with low-quality patents [38],
and development trends of eVTOL companies, the following hypothesis was established.

e  H1. Patent holders with high-quality patents will have higher levels of technology
development than patent holders with low-quality patents.

Recent studies have evolved to apply more precise analytical methods using large
volumes of surge information, moving away from the level of analysis and evaluation of the
potential and growth of a small number or individual patents. Through this, research can
provide a more credible macro view of the technology’s in/out linkage structure for techno-
logical development trends [39]. Network analysis, as is used in the analysis, is a methodol-
ogy suitable for identifying complex structures of interconnection between specific subjects
or technologies [40,41]. It is meaningful in that it provides a preview of the knowledge
connection, relative status, and change of companies in terms of technical knowledge.

o  H2. Technology development through open innovation will accelerate the pace of
technology development.

UAM technology is in the early stage of technology development, and as the business
environment changes rapidly, the speed of innovation is emerging as a key factor in
competition. To speed up R&D, companies quickly take internal R&D processes and utilize
external R&D through open innovation to innovate their businesses [28]. The reason for the
increased interest in becoming either a first-mover or fast-follower through open innovation
is that the speed of competition has increased, the number of industries competing for
speed has increased, and the impact of speed on business performance has increased.

3. Analysis
3.1. Analysis Method

To verify the above hypotheses, joint applicants were analyzed based on raw patent
data for 19 leading eVTOL companies from 6 March 2002 to 5 March 2022 in the patent DB
(keywert.com). Population extraction was selected as KR, JP, US, EP, and CN. Technical
classification was completed through four stages: First, Main IPC technical classification;
Second, classification as a combination of three sub-classes; Third, reclassification based on
the name of the invention; Fourth, reclassification based on applicants. When establishing
the Tech-tree, functions and detailed technologies were classified based on the AEROSPACE
ISSUE data published by the Korea Aerospace Research Institute (see Appendix D).

Patent statistics are deemed appropriate for representing one’s technology and in-
novation activities. Indeed, analysis of patent information is considered one of the best-
established, most readily available, and most historically reliable methods for quantifying
the output of scientific and technological systems. Patent indicators in Table 4 can be
tracked over relatively long periods of time and can accurately map the timepoints of
technological innovation across multiple levels of analysis.
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Table 4. Patent indicators.

Category Indicators Meaning Formula
Number of ..
Quantitative Patents Patent Activity )
. Number of specific applications in specific technical fields
.Pe.ltent RElatIV.e . Al= Total number of applicants in specific technical fields
ActivityIndex Patent Activity L= Number of specific applicants
Total count
Cites Per Patent Cltathon Index, CPP — Nmber of c1tat%ons .
Influence Total number of registrations
Qualitative
Patent Impact Relative PII — Citation fee of a specific applicant in a specific technical field
Index Influence n Total citation cost
Technology
Technology TS = number of patents x Current Impact Index
Strength
Patent Family Market Index, Average number of faimly countries for one skill in a specific technical field
Size Market Size

Average number of family countries for total patents in a specific technology field

Active patent activities aim to generate profits through licenses by exclusively banning
competitors’ patented products from entering the market or directly infringing on patents.
If a technology is superior, it is likely to lead to direct infringement by competitors. For
active patent activities, entities continue to apply for patents with a wide range of claims
and a narrow range of claims at the same time, consequently forming a patent portfolio
covering a wide range of claims and various embodiments. On the other hand, passive
patent activities involve only the necessary resources for the protection of intellectual
property. It centers around watching competitors and acting only in response to certain
steps taken by them (e.g., infringements or accusation of infringements). This is a common
approach in, for example, the IT industry due to the short life of the products and strong
competition [38,42,43].

In this study, patent indicators were used for quantitative/qualitative analysis of
patents [42] and Gephi 0.9.2 was used to calculate the network analysis index for network
analysis. Gephi is a tool for exploring graphs and analyzing data. In the case of graph
data, users can discover hidden patterns by manipulating representation and interaction,
structure, shape, and color. The purpose of using Gephi is to help you formulate hypotheses,
discover patterns intuitively, and isolate structural outliers or defects.

3.2. Quantitative Analysis
3.2.1. Number of Patents

The number of patent applications filed by 19 of the world’s leading eVTOL compa-
nies related to UAM is shown in Table 5. Among the 19 companies, most of the eVTOL
companies—except for BOEING, AIRBUS, and BELL—were pursuing passive patent strate-
gies, and it was confirmed that 3 companies were in leading positions for most of the
areas. In the comparison by country, the US, Europe, China, Japan, and Korea appeared
to be leading in that order. Most companies applied for key patents in the US, but Ehang
filed most patents in its home country, China. In the above analysis, it was judged that it
was meaningful to derive a partner company after analyzing the patents of the 3 leading
companies that are actively applying for patents, so a patent analysis was conducted with
a focus on these 3 companies. As a result of examining the joint application patents of the
other companies, it was found that these companies’ research focused on developing their
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own aircraft rather than on joint research, which led to the conclusion that these cases were
not suitable for research on finding partners.

Table 5. Number of patents.

No. Company Name Model KR JP uUs EP CN Sum
1 Boeing Boeing PAV 430 1800 8936 3554 2110 16,830
2 Airbus Airbus Vahana 313 927 6920 4971 2897 16,028
3 Bell helicopter Bell Nexus Air Taxi 29 1 1211 689 218 2148
4 Moog Workhorse SureFly 24 35 127 65 44 295
5 Embraer EmbraerX - 5 139 80 62 286
6 Kitty Hawk Kittyhawk cora, KittyHawk Flyer 2 1 216 22 33 274
7 Ehang Ehang 216 - - 6 4 116 126
8 Joby aviation Joby Aviation S4 1 6 9 3 8 27
9 Aston martin Aston Martin Volante Vision - 1 7 2 1 11
10 Karem Aircraft Karem Butterfly 1 1 17 2 1 22
11 Alakai Technologies Skai by Alaka’i Technologies 2 12 2 - 16
12 Volocopter Volocopter 2X - - 30 17 20 67
13 Lilium Lilium Jet - - 3 - - 3
14 Opener Opener BlackFly - - - - - -

15 Pipistrel Pipistrel 801 - - 1 2 - 3
16 Jaunt Air Mobility Jaunt Air Mobility - - 14 - - 14
17 Beta Technologies Beta Technologies Ava - - - - - -
18 LIFT Aircraft LIFT Hexa - - - - - -
19 Vertical Aerospace Vertical Aerospace Seraph - - - - - -
Sum 800 2779 17,648 9413 5510 36,150

Table 6 shows that the total number of UAM-related patents and joint applications of
BOEING, AIRBUS, and BELL, the number of joint applications, and the number of patents
by technology are as follows.

Table 6. Number of patents from top 3 companies.

Category BOEING AIRBUS BELL Sum

Total count 16,830 16,028 2148 35,006
Co-application 519 1343 46 1908
Number of co-applicants 102 248 15 365
A (propulsion system) 55 289 5 349
B (aerodynamic design) 63 473 8 544
C (material/structure) 51 99 2 153
D (battery) 29 84 4 117
E (control/safety) 194 154 2 351
F (navigation/communication) 68 46 0 113
G (cybersecurity) 59 198 25 281

Comparing the number of co-applicants also provides some insight into the company’s
R&D strategy. As shown in Figure 6, in the case of BOEING, joint applications were made
due to joint research in 519 (3%) of the 16,834 patents, while in the case of AIRBUS, 1343 (8%)
out of 16,033 patents were processed as joint applications. In the case of BELL, only 46 (2%)
of the 2148 patents were identified as joint research. In joint research analysis, the presence
or absence of joint research had both advantages and disadvantages. In the case of BOEING
and BELL, it can be observed that only a minimal amount of technology is developed
through external collaboration, and thus, the company holds ownership for most of the
technology. If you compare this to the automotive industry, it would be like a company
such as Tesla that controls all systems in the form of technological development and creates
innovation through cooperative control. In contrast, for AIRBUS, traces of collaboration
were found in 1343 patents, which had some similarity to existing automotive OEMs
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that achieve innovation through mass production. Without wasting time on non-critical
technologies, efforts were focused on core technologies, through which the company can
receive assistance in securing technology and achieve innovation in a stable manner.

Undisclosed
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Boeing ™ Airbus M Bell
Figure 6. Time series analysis of 3 companies’ joint research.

In the case of BOEING, the results of the collaboration in the time series were reviewed,
and we were able to confirm an average of 20 joint applications per year from 2000 to 2008.
BOEING was passive in joint research from 2009 to 2016 but has become more active with
joint research from 2017. AIRBUS filed an average of 30 to 40 joint applications per year
from 2005 to 2009, and more than 80 joint applications per year from 2010 to the present. In
the case of BELL, joint research was found to be weak.

In recent automotive technology, the gap in hardware competitiveness is gradually
narrowing and the focus is set on securing software competitiveness [44]. The automotive
industry does not follow a path of radical innovation [45]. There is a tendency to favor
incremental, process-oriented innovation because of its complex operating methods, low
profits, and high risk [46]. In addition, as a capital-intensive and traditional, mature
industry with strong competition, companies do not try to allow the emergence of new
competitors and the emergence of alternative business models and technologies through
the concentration of core competencies [47]. However, as there are limitations to internal
technology and R&D capabilities, the proportion of ICT companies and telecommunication
companies is expected to increase within the industry [48-50].

Among the detailed UAM technologies, which are the convergent technologies of
the automotive industry and the aviation industry, there is a limit to clearly classifying
the full range of technologies into HW and SW, but HW can be divided into propulsion
system, aerodynamic design, and material/structure technologies, and SW can be divided
into battery, control/safety, navigation/communication, and cybersecurity technologies.
Comparison by applying this to the three companies is as follows.

BELL is judged to be lacking in securing intellectual property in all fields, AIRBUS
is judged to be a company that has improved its performance by focusing on traditional
hardware technology, and BOEING is judged to be a company that creates technological
innovation based on software. In recent years, the importance of software has been growing
due to the separate ordering of hardware and software in the automotive industry. UAM
technology also requires software-oriented technological innovation to respond to the
trends of the times. In this respect, it is judged that BOEING is highly likely to respond
flexibly to changes in the times.
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3.2.2. Patent Activity Index

The Patent activity index (Al) refers to the percentage of a particular research subject’s
total number of patents in a particular technology field [49,51]. If the Al is larger than 1,
patent concentration is high. It is possible to compare the Al value by year, and the Al
value between competitors in the same period, by expanding the range of data required
to check the patent activity index. AIRBUS showed high patent activity index in most
areas, BOEING showed high patent activity index in categories E (control/safety) and F
(navigation/communication), and BELL showed high patent activity index in category G
(cyber security) following Table 7.

Table 7. Patent activity index.

Category BOEING AIRBUS BELL
A (propulsion system) 0.3 1.7 0.2
B (aerodynamic design) 0.3 1.8 0.3
C (material /structure) 0.7 14 0.3
D (battery) 0.5 1.5 0.5
E (control/safety) 1.2 0.9 0.1
F (navigation/communication) 1.3 0.8 0.0
G (cybersecurity) 0.4 1.5 1.5

3.3. Qualitative Analysis
3.3.1. Cites Per Patent

The citation index has a limitation in that its value is relatively small for patents filed
in recent years, so it is usually measured without the patents obtained within 3 years from
the present time [52]. As can be observed in the citation index measured by excluding
patents within the last 3 years, BOEING took the lead in most areas, AIRBUS showed high
patent citation index in category E (control/safety), and BELL showed high patent citation
index in category A (propulsion system) following Table 8.

Table 8. Cites per patent.

Category BOEING AIRBUS BELL
A (propulsion system) 11.0 9.1 19.5
B (aerodynamic design) 23.2 12.1 14.0
C (material/structure) 8.3 6.7 0
D (battery) 17.8 6.1 3.7
E (control/safety) 8.5 9.2 6.0
F (navigation/communication) 15.0 8.8 0
G (cybersecurity) 25.4 8.9 10.9

3.3.2. Patent Impact Index

As an indicator that reflects past technical activities based on a point in time, it is
confirmed that the number of patents and the number of uses can be used to assume
the relative technical level of a particular subject. PIIl numbers indicate average reference
frequency, and 2 means that it is cited at twice the frequency of the average. Boeing was
ahead of AIRBUS in most areas in terms of impact index, AIRBUS showed high PII in
category E (control/safety), and BELL showed high PII in category A (propulsion system)
following Table 9.
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Table 9. Patent impact index.

Category BOEING AIRBUS BELL
A (propulsion system) 0.8 0.7 1.5
B (aerodynamic design) 1.4 0.7 0.9
C (material /structure) 1.1 0.9 0.0
D (battery) 1.9 0.7 04
E (control/safety) 1.1 1.2 0.8
F (navigation/communication) 1.3 0.7 0.0
G (cybersecurity) 1.7 0.6 0.7

3.3.3. Technology Strength

The technical quality weight index was calculated by weighting citation frequency,
which views the number of patents for qualitative evaluation. In quantitative terms, AIR-
BUS and BOEING showed similar levels, but the latest five-year technical index confirmed
that AIRBUS has the upper hand following Table 10. In the case of AIRBUS, UAM-related
research was conducted at various AIRBUS points around the world, and it was determined
that it was fully utilizing the open innovation strategy. For BELL, the technical index was
confirmed to be deteriorating in the most recent 5 years.

Table 10. Technology strength.

Category BOEING AIRBUS BELL
2014 74 76.3 2.0
2015 1.5 72.2 2.0
2016 11.8 69.7 4.1
2017 26.5 53.3 2.0
2018 33.9 68.1 0.0

3.3.4. Patent Family Size

When the number of patent families is large, it can be judged that the market security
power through patents is large [32]. AIRBUS was in the process of filing applications
(3 to 16 countries) in most countries where aircraft sales occur, and in the case of BOEING,
patent applications were made mainly for the G5 (CN, US, JP, KR, EP) following Table 11.
It was identified that G5-oriented patent applications have an advantage in terms of cost
reduction, and that the number of countries is determined mainly for important cases. In
the case of BELL, it was identified that the application was in progress in major countries
after filing for PCT, and the strategy used to selectively apply for mass-produced patents
was being used.

Table 11. Patent family size.

Category BOEING AIRBUS BELL
A (propulsion system) 1.0 3.7 1.0
B (aerodynamic design) 0.7 1.2 1.2
C (material/structure) 1.2 1.5 1.1
D (battery) 0.8 1.2 1.1
E (control/safety) 0.6 1.0 1.0
F (navigation/communication) 0.8 0.8 0.0
G (cybersecurity) 0.5 0.8 0.0

3.4. Network Analysis
3.4.1. Network Analysis by Company

Network analysis was conducted using the Fuchterman—-Reingold algorithm of the
Gephi network analysis tool. Through the network visualization shown in Figures 7-9,
the degree of cooperative development for each company can be identified briefly. It can
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be seen immediately that AIRBUS develops through open innovation, while BELL takes
a closed-innovation strategy. AIRBUS filed 1148 UAM patent applications with 212 co-
applicants. In the group of company-oriented patent applications (AIRBUS OPERATIONS
GMBH, AIRBUS SAS), it was identified that the elementary technology for all UAM fields
was being developed.
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Figure 9. Network Analysis for BELL HELICOPTER TEXTRON.

BOEING filed 444 UAM patent applications with 87 co-applicants. It was identified
that the intensity of the joint application with the California Institute of Technology and PH
MADISON FUNDING LLC was high. Joint application with universities has the advantage
of being able to conduct continuous research in connection with recruitment, but it is judged
that filing for patents with NPEs (patent monsters) such as PH MADISON FUNDING LLC
is not a strategy with the possibility of future patent litigation in mind.

BELL filed 39 UAM patent applications with 13 co-applicants. Co-applicants are
concentrated in category A (propulsion system), and the cooperation index with TEXTRON
appeared to be high.

As a result of the degree centrality analysis, the value of a relatively large network is
high because the connection centrality is affected by the size of the network. The result
of the degree centrality analysis is shown in Table 12. Degree centrality was found to be
ordered as AIRBUS, BOEING, BELL, highest to lowest, but because of normalization, it
appeared as BOEING, BELL, AIRBUS. The closeness centrality analysis confirmed that
AIRBUS's degree of cooperative relationship was higher than that of other companies. As
a result of the betweenness centrality analysis, it was confirmed that the co-applicant of
AIRBUS plays a good role as a research intermediary.

Table 12. Centrality index comparison by company.

Category BOEING AIRBUS BELL
Degree Centrality 0.9861 0.0820 0.7500
Closeness Centrality 0.3658 0.3916 0.3076
Betweenness Centrality 0.0004 0.0223 0.0003

3.4.2. Network Analysis by Technology

Degree centrality is recognized as an important skill when there are many connections.
The result of degree centrality by technology is presented in Table 13. UAM technology is
in the early stage of technology development, and the high A and B figures indicate that
most UAM developers are still focusing on aircraft development. In addition, it is expected
that the values of C, D, E, F, and G will increase when the fuel development is completed.

The betweenness centrality value indicates the degree of control or mediation of
relationships between companies that are not directly connected and is an important
indicator of the ability to control information exchange or resource flow within a network.

In the case of a university, if a patent application is filed with company x after an
industry-related project and the company performs this industry-related project with
company Yy, there is no direct relationship between company x and company y; however,
information exchange can occur. It can also be grown or controlled through the company or
university as a medium. In the case of UAM technology, 77 universities were found to have
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joint patent applications in the past in connection with companies, but only the California
Institute of Technology, Singapore University of Technology and Design, and Tsinghua
University were collaborating with two or more companies. As you can see from the values
in Table 14, for year-by-year betweenness centrality, we conducted joint research with many
companies which did not have a core partner in the 2000s—showing that partnerships were
not well established—and the statistics show the numbers increasing over time. In other
words, companies now tend to perform a lot of joint research with companies that have
high performance in related fields.

Table 13. Degree centrality by technology.

Category 2000-2004 2005-2009 2010-2014 2015-2019
A (propulsion system) 0.0199 0.0150 0.0225 0.0786
B (aerodynamic design) 0.0113 0.0121 0.0407 0.0711
C (material/structure) 0.0437 0.0169 0.0541 0.0615
D (battery) 0.1429 0.0266 0.0173 0.0857
E (control/safety) 0.0028 0.0054 0.0151 0.0767
F (navigation/communication) 0.0319 0.0203 0.0397 0.1029
G (cybersecurity) 0.0996 0.3333 0.1818 0.2857

Table 14. Betweenness centrality by technology.

Category 2000-2004 2005-2009 2010-2014 2015-2019
A (propulsion system) 0.00011 0.00042 0.00067 0.00423
B (aerodynamic design) 0.00000 0.00018 0.00409 0.00810
C (material/structure) 0.00074 0.00011 0.00076 0.00058
D (battery) 0.00000 0.00025 0.00059 0.00313
E (control/safety) 0.00004 0.00003 0.00034 0.00336
F (navigation/communication) 0.00030 0.00014 0.00088 0.00196
G (cybersecurity) 0.00292 0.00000 0.00404 0.00893

The distance between nodes in the entire network, even indirect connections, is
calculated within the closeness centrality network. It indicates how quickly nodes can
communicate with each other, either directly or through an intermediary. In the case of
important technologies, it is in the center of the network. As shown in Table 15, categories
A (propulsion system) and B (aerodynamic design) occupied the center of the network, and
companies/universities such as AIRBUS OPERATIONS GMBH, AIRBUS SAS, California
Institute of Technology, and TEXTRON showed high numbers.

Table 15. Closeness centrality by technology.

Category 2000-2004 2005-2009 2010-2014 2015-2019
A (propulsion system) 0.50530 0.45253 0.44150 0.41577
B (aerodynamic design) 0.51260 0.49290 0.36910 0.24380
C (material/structure) 0.52480 0.47530 0.35100 0.39230
D (battery) 0.50000 0.50640 0.41080 0.52429
E (control/safety) 0.50471 0.52560 0.45000 0.50998
F (navigation/communication) 0.54280 0.51611 0.44009 0.39663
G (cybersecurity) 0.41866 0.50000 0.39740 0.42917

3.4.3. Implications for Network Analysis

After downloading 36,150 UAM-related patents [Table 5], we organized them by
UAM technology field (Appendix D) and conducted network analysis by identifying the
relationship between joint applications. In addition, by reflecting technology strength
[Table 10] as a weight factor in network analysis, we derived companies/schools that
conducted joint research with leading companies that have strong technology (Appendix E)



Appl. Sci. 2022,12, 10705

16 of 28

and identified whether these players were leading the patent competition. The company
information quantified and visualized by network analysis is reported automatically.

As shown in Figure 10, in the case of aerodynamic design technology, it was confirmed
that much of the technology from AIRBUS HELICOPTERS has been applied, and if you
check the cooperative relationship, you can see that the contribution of ONERA (the French
Aerospace Lab) is high. National institutions and universities perform a lot of cooperative
research, so conducting similar tasks can be a strategy to secure the necessary technology.

ECOLE NATIONALE SUP"RID' R M?TIERS ENSAM
AIRBUS HELICOP ERMANY GERMANY

EADS (EUROPEAN AEROI[: DEFENCE AND SPACE
‘ONERA (OFFICE NATIONAL D' " ETUDES ET DE RECHERCHES AEROSPATIALES)

SAGEN DEFENSE SECURITE

ONERA (OFFICE NATIONAL D'ETUD@DE RECHERCHES AEROSPATIALES)

ECOLE NAITONALE SUF?RIE@'ARTS ET M?TIERS?E.N.S.AM

EUROPEAN AERONAUTICAL DEFEI D SPACE COMPANY IADS FRANCE
AIRBUS HELICOPTERS
N\
AIRBUS HELICO%ERS DE}SCHLAND GMBH

)

AIRBUS

Figure 10. Network Analysis of Cooperative Relationships.

In addition, as shown in Figure 11, it has been identified that there is a cooperative
relationship with Michelin Research and Technology, a private company, so it is possible to
obtain parts through that company or solve problems quickly through open innovation.

Analyzing co-applicants of patent data can help identify partnerships. We can as-
sume that company A is trying to acquire cloud server technology for UAM map data
management. When selecting a target company for technology cooperation, if we check
the company information regarding a history of joint research with Google and Ama-
zon through patent data and identify the connection between the partner companies in
a virtual 3D space through network analysis, we can see the rankings of companies that
have conducted joint research with Google and Amazon numerically. In UAM network
analysis, we conducted network analysis to find universities/companies with a history of
joint patent applications with BOEING and AIRBUS to acquire the necessary technology.
Companies try to avoid patent infringement by competitors (Design Around), but they find
professors who have conducted industry—university cooperation with competitors to obtain
necessary information or carry out similar projects. Even if they are not directly connected
to Company A, start-ups and venture companies that have joint patent applications with
renowned companies (Google, Amazon, etc.) are monitored as collaborating companies as
they are assigned a weight factor in network analysis.
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Figure 11. Network Analysis of Joint Research.

Figure 12 below captures a part of the results of network analysis with the betweenness
centrality value. MICHELIN RECHERCHE&TECHNIQUE SA, ROLLS-ROYCE PLC is
conducting joint research with AIRBUS and BOEING, so the value of betweenness cen-
trality is high. The higher the betweenness centrality, the higher your contribution is as a
tech broker.

THE BOEING COMPANY
THE BOEING COMPANY

§IQUE SA

MICHELIN RECHERCHE & TECHI
o e AR RN N
CompaNy GenRAL BE BJABUISAN McHELN

AIRBUS OPERATIONS LTD

AIRBUS OPERATIONS SAS
AIRBUS OPERATIONS GMBH

Figure 12. Network Analysis of Tech Broker.

Closeness centrality lets you see which businesses are at the heart of your network. As
a result of identifying cooperation through patents in 19 UAM companies, we confirmed
that AIRBUS formed many cooperative relationships and was at the center of the network.
Next, we can confirm that BOEING is moving to the center of the network. The movement
of the network can be identified by selecting a certain section by year, which will confirm
the degree of change in the network. The legend shown in Figure 13 is a degree centrality
value, meaning a non-normalized value with no direction.
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Figure 13. Network Analysis of UAM Technology.

4. Discussion and Conclusions
4.1. Discussion

This study has significance in identifying potential partner companies for future
cooperation by analyzing companies’ technical power for each UAM component and
deriving and analyzing the technology of major component-makers of the competitor.
However, it is difficult to simply compare the patents of BOEING and BELL, which are
American companies, and AIRBUS, which is based in Europe. AIRBUS is a consortium of
European airline companies and has a history of being established through MOUs between
British, French, and German governments after European aircraft manufacturers discussed
it in the mid-1960s to compete against BOEING. As confirmed through the analysis of
the joint patent application, UAM-related research is still in progress at AIRBUS branch
offices in each European country, and it has a structure in which joint research is inevitable
according to the historical origin of AIRBUS.
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Due to the nature of the defense industry, closed innovation is common in cases like
BOEING and BELL, but attention is focused on what kind of innovation AIRBUS can
create in the UAM field, which is developing technology through open innovation between
countries. In addition, there is a limitation in that there is the possibility of omitting startups
with significant R&D capabilities when new partners are derived through the analysis of
patent application history. Moreover, when tracking inventors through patent analysis,
there could be a difficulty in identifying female inventors due to a change of their last name
before/after marriage (Japan, United States, etc.). In future research, technology analysis
for technology startups that can be applied to the UAM field will be reinforced, and it seems
necessary to discuss methods to address the problem in inventor-tracking. The inventor
belongs to a university at a specific point in time and then gets a job at a specific company
at the time of employment, and if he/she changes jobs after that, know-how related to
technology development is transferred to other companies. In the case of core inventors,
since they are relevant to R&D, it would be meaningful to identify their movement paths
through further network analysis.

4.2. Summaries and Conclusions

This study derived implications regarding UAM companies’ technology (H1) and
technical cooperation (H2) by analyzing their joint patent applications. Here are some of
the things we wanted to see through the research, and suggestions for improving UAM
technology in the future.

e HI. As aresult of confirming UAM technology through quantitative and qualitative
analysis of patents, certain technologies were more advanced than others. There was
no significant difference between AIRBUS and BOEING in the quantitative analysis,
but there were differences by technology in the qualitative analysis. At this time,
AIRBUS and BOEING—the leading groups in UAM technology development—can
be confirmed as having consistent patent level and performance and adopting H1
compared to the 19 UAM developers described in Table 5. — Adoption

e H2. UAM companies’ technical cooperation showed that AIRBUS was mostly ahead
in the centrality figures. — Adoption

It was found that UAM technology is very weak in patent competitiveness in the case
of startups that do not have patent organizations in the early stages of development. Patents
are territorial, and in the case of EHANG, the competitiveness of products was high due to
application in its home country China, but the global competitiveness of such patents was
quite low. EHANG's technology is known through patent applications mainly in China,
and technology development through EHANG patent analysis can help to shorten the
development period. In developing UAM, developing a product that is equal or superior
to competitors through low technical cooperation can lead to the judgment that the entity
has strong in-house technology, and strategic technology transfer is required from group
companies to parts companies for continuous innovation and development. When the
subject of open innovation is limited to group companies, if a patent is applied for without
a patent organization, compared to those of relatively specialized technology development
companies, only the technology disclosure proceeds—as in the case of AIRBUS—and there
may be disadvantages in that the scope of the secured rights is narrowed.

To maintain the superiority of UAM technology, it is necessary to identify technology
development capabilities through inventor evaluation using patent data of partner compa-
nies with low technology among the cooperative structures for each technology field, and
to use them to determine whether to cooperate. In the future, companies should also be
able to work with the companies that have cooperative relationships with competitors. It is
necessary to identify retirees by tracking the application histories of key inventors of com-
petitors and find ways to utilize key inventors. Accumulation and utilization of knowledge
is important for innovative growth, and unlike traditional production factors such as capi-
tal or labor, intellectual-property-embodying technology and ideas dramatically increases
productivity and significantly improves social welfare through development and diffusion
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of creative ideas [53]. In developing UAM, developing a product that is equal or superior
to competitors through low technical cooperation can be judged as denoting high in-house
technology, and strategic technology transfer to group companies and parts companies is
required for continuous innovation and development [36,54]. In UAM development, core
technology and non-core technology should be distinguished; non-core technology should
be transferred to group companies and parts companies, and time should be devoted to
core technology development.

The automotive industry does not always follow a path of radical innovation and
tends to prefer incremental innovation and process-oriented innovation due to its complex
operating method, low profit margin, and high risk. Automotive companies have been
using a type of open-innovation strategy to manufacture vehicles using the technologies of
partners, which are external resources, but lack experience in the aviation field. In the UAM
field, automotive companies are carrying out M&A, investment, and self-development,
and it is expected that a significant amount of technology from the automotive field will
be applied. From basic SW for vehicles to virtual verification environment for vehicles
and vehicle development processes, it is judged that most of the interior of UAM will
incorporate vehicle technology, and technology convergence of the UAM, aircraft, drone,
and automotive industries is expected. When discovering partner companies, it is re-
quired to classify common technologies and quickly classify applicable and nonapplicable
technologies to accelerate technology development through a new cooperative system.

Category A (propulsion system) is a core technology that must be developed directly
or discovered by a partner in the UAM industry. The technology must be secured through
M&A or developed directly, and the convergence of hydrogen fuel-cell technology and
electric vehicle motor control technology in the automotive industry is expected to help
shorten the development period. The results of patent analysis confirmed that it would be
helpful to find a partner in the aircraft industry field for categories B (aerodynamic design)
and C (material/structure). Technology from categories D (battery) and E (control/safety)
needs to be developed by deriving a partner from the automotive industry and drone
industry. Category F (navigation/communication) applies the technology of the aircraft
industry as it is, but GNSS (Global Navigation Satellite System)-based city navigation
requires additional development through collaboration with existing map companies. In
the field of category G (cybersecurity), collaboration with OTA (Over-The-Air) companies
in the automotive industry is expected to help shorten the development period.
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Appendix A
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Appendix B
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Kitty Hawk B= | Unlisted Google Investments & Boeing takeover
Joby Aviation E Unlisted - TOYOTA Intel, Cambricom Investment Group
Karem (Overair) | BE= | Unlisted - Hanwha System
Aurora Flight EE= | unlisted - Boeing takeover
Embraer = Listed - -
Textron BE= Listed Traditional PAV Powerhouses
Jaunt AirMobility BE= | unlisted - Honeywell, Avionics Systems collaboration
Terafugia B= | ynlisted A & Geely subsidiary
Hyundai :‘: Unlisted - @ HYUNDAI
Sky Drive O Unlisted Start with Cartivator, Nvidia support
Pipistrel Unlisted | |1 -

Figure A2. UAM startup investment and partnership status.
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Appendix C
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NASA Working with Uber to create a UAM ecosystem
Figure A3. Uber requirements.
Appendix D
Category Key technologies IPC Code

- Electric propulsion vertical landing (e-VTOL)

- Improved engine power efficiency

A (propulsionsystem) |- Noise reductiontechnology in power and thrust system (ducted fan etc.), B64D, HO2K, FO2K...
next-generationrotor/propeller technology (bladeless propeller etc.)

- Powertrain (power electronics etc.)

B (aerodynamic design) |- Maximum tensionand minimum drag with optimal body geometry design B64C...

- Developing and applying low-weight, high-strength composites
- Optimal design technology for low-weight gas [/propulsion] (fly-by-wire etc.)

C (material / structure B29C, B60F...
( / ) - Dual mode (road trip/flight) configuration change technology
for implementing movement (tiltable fan etc.)
D (battery) - Improveenergy density and next-generation battery technology, HO1M, HO02J,
R including fuel cell, nickel cell, lithium-ionbatteries B60L,GO1R...

- Improved maneuverability and thrust control

G05D, GO6F, GO8G, G01D,
E (control/ satety) |- Composite safety structure mechanism (fail-safe mechanism) design

GO1L...
- Pilot injectionsystem, ballisticrecovery parachuteetc.
- Automaticflight and autonomous flight technology
F (navigation / - Best route predictiontechnology GO01S,G01C, G06T,
communication) - Collective PAV control technology GO6K...
- Obstacle detectionand collision avoidance algorithms/sensors, GPS, etc.
G (cybersecurity) - Anti-tracking protection technology such as firmware over the air update HO4L, GO6F...

Figure A4. UAM Tech-Tree.



23 of 28

Appl. Sci. 2022,12, 10705

Appendix E

sascommamy @uTgE oo
ey

WL BEcOSKEY
VouaumsTENzEL
ARBUS DEFENGE & SPACE LTD
e
RO TAGK
PAUL@ANOY
P NIy ARy WEKERT
OAVIO WBECKERT NS Is@HOONAT
MARKE SENTLAND  RICHARGA COTE Ronawp@es RPN OenE DAL it
aves@onaro seLvesToon
oot ale— Sne@ropren
THomaS @LEBLANG asous oo@AON sas @ i
s LS envacogoiuos sn fuigi o e @uone
avea v
DOUGLAS STUABT WALKINSHAW o ABuer steven sOcKwGER
NEAL MOVLAGRT THOMAS HESENOENRL FREDERIGRY. CALKINS
AEANCERSOUTSEY
oavio @mwer EEREV@MORGAN STEVEN ¢ SvechanveR
cianomsr & sone @lFE - oARRN@ANSEN i
MARTIN ESPIDSASANCHEZ  RUSSELLD, HEETER AR . ARBOGAST pe——
YA Gsen PLLSROTIA Rk o@kaces THE UNVERS@Y OF SURRSY,
Iaves BuLAR e v @rreo
= e
oammireon ‘GEORG N@zwEozK
TECHBOPAN CHORBERSA  pparr a Wy CANADA o , conpiee  TERRYSEWELL
‘AL CAsARBS RoORIGUEZ P UnveRsiT@O suRREY Gorieeme
WARGPEN . MIDTALLIC CORPORATION . OPERATESAS LOS ANGELES DOUGHTY ARWAYS
S ATBUS GUBN g1 mOmciagD el fieren SUMTOUENETAL O 100G AN LTD
THOuASBRABOW e s AND $7ACE ADUNSTRATIS
s, W Ny c.wcumsn Ll i Tan@isco
SAPRAN ELECRICAL POWER JOSEPHABURSHALL 5 i CHINAINVEST COLTD PATRICKICASS:
e MRS THE BO AMPANY ey oaan recs O TNV
ARBUS DEFENSEBND SPACE GHEMH o S oo e R O AR ey e o
o5 @ty - TREVGR LA
® weomponareo
P Tp swr@ecu
KEWORLUWAY  MBDAGRANGE
MCHAGSTRASIK
waro

pertibna st aa
PTERS oARRELI GASTON amouscamronanon e

evsrfiBR sA o]

vicenTe waRTABE VAOESRAA. o
AU scHET .. PLC,, v
ol —— mm”;.g;gﬁ iy
ar RgRE

1087 omENcIo GRAKDO MACATRRL | My
i il
pre @rrson - AIRGUS GROUP WA PRVATE Lii AIRBUS
D Gl
pciy’ gy DEUTSCHEBUFTMANSA  TMOMASD. MORAN
pgurscne armowsX 38

RS ¢
B e e

o SRS ———

s

wwronay_ shatibnsons]
i
e
qur..mc e

GeRALOBULKW

[re—— AIRNBMQW
&%W"W"“"‘m 2% oetuocs seanaes cxes

weenoetscrecomgrEn L

Frank @ TANP:
MCHAEE®. CLOUD . st van.
(O GMIBM & CO. KG AIRBUS ENB CT INDIA = ot
iSRRI e i SRS S el a5 s sa i LGHTERS SYSTENS GNoH
i = TS wiERions senvices as Bursc,
US DEFE! SPACE GMBH araus ccruygao space sn | WALTER @UTSHES, s
anua@oruan BU S b VAR
PASCAL SORS G . ARBUS DEFENCEANO SPACE. S A
[ st T — ousoar
P — aeorae 8 Luoiow
erousteeL s suwromo niHAERARTY s IR ceroun ARBUS SOCIETE PARACTIONS SWPLIFIEES o
aoon LSS L aoci ouverartuLou ATTHAGBITSCHKE g (-
PR o s UNIVERSIT? DU QUDBEC 7 CHICOUTMI [r———
SHORTHAUL mu TWICE PRORD SOCIETY MITT BESCHRENKTEL NANUTONG b pnioiod
oy carsTEN Ko BER SECKNANY
KATHLEE@SEVENER - ANC
roRRe@FranTz
pauL A VBGINHOVEN @ CHARLEGD STOuT AR GEOREY WARREN
S ACEm B sawes iRERRICK BELL HELICOP (B TEXTRON INC.
- GUNNAR GR7N 'Mo - g JENs WBssLER
" = il desgernl GEOFFREV®. GOUETTE
prrrs— sovainn
ARBUS DEFENCBAND SPAGE S48 po5 ROYCE NORTH AVERCAN TECHNOLOGIE
A s orce o ecmoLoues. ne

(A) (propulsion system)

ERIC ABM
g ol Do e
FLoRen@apoRTE R it ——,
s BB O R g,
3 oavio@eer

eseasn warENO GONILE? | P. hus
@ AP @y, o @ IBE OO iy oeseen

a0 more@Ban WARETE 20 OBES A cHoouTn
unveR
oAV . EBRISTHAN GHRISTORBER LYNAS

RicHARD WiBAM BRIGHAN
DAVID ALVARD
stepen Freper@JoseriRRTLABY AR (s

e L mmmiw&ﬁfmse SR isL R0 vates @ el ERRNELL o oence awo seace conpany

e STE@H ok ap @ e @ELLER

 STENENER
A BTG o, 5 g roBHIRETRREF e s DerencBano sHEEBRAY
wicKAE@ATTERN

" Y6SEMDrLovD soH@LNmCHAE S CHULD

ewerEn s

@ taprs®ecn ren OB e
e B

pic
A en
MICHAEEHAYNES.
oEws ooweut warceLo oaho b0 PRAvD CHANGIRBAN S0 (S vassmEre | cegiar e
i AL SRR YASIRER o ohRe S
o rran@uiaus
; WP e 15 vt mane
1 et = oy @ 10 ko
cadumrz e
BT D BT o @os
WASSA@D SNl

2% "REGERS

ROBERFIGREGG FERRBIRA FERNANDEE
o 52 gpour ABUS L cor RSB
oERA (FF e AT A T AT o ne AR OMES KA SRR

R TR e R

GEN DEF.E SECURITGNIVERSIT?T DD SAARLANDES Bmian
Al S L
s AR e covren
O SRR @YK @
WARK@UGENT

e g
%‘éﬁgﬁpmnzn o
Ri mEc».m'GMBN Kevin QJW‘E

\?un SPACH

cHRisTOPHER@DWARS P rogea
el i
o e S oo srace CDMPMAIJSQH
aooner BRI coreproun A R AIREUS
Fneom @S, = éﬁw AR REES oo @ s comssros o
oo ""EWOE%E'& .
i eARTENGETTORAGENELS PATRICQRUESNE
UERFOERT WANDTEN FOR EA@Us LawsoRN
-

- PE Y @y
L@ zue REEARRE R PGSR, cuan

unlgmzrmumm-i’&é“ﬁt MR e
By o

unv@avaL
AL o) Rl cnowsi TECHNISCHE UN
DENNIS@ENNEDY
DI@Ev
AIRBUS n;mm °
oo reomotoor AR i By
@ Lurr uvo AT E VR GRS voccrer
PETER L@ANVOAST

coou SEPLE NoRAL
BnggEReS
wuria room
DLR DEUTSCHES ZENTRUM -

CENTRE N
ST T —
.smKARA»UNIVERsW
cnnmiepriBRIF OIESES @seenco
KN T.@ATTERY § ) .
FTUND FAYEANRT EV.
Ns LTQWW.WWHR et
K °‘""Eﬁ%iuﬂstﬁ9wﬁm -
e @

mwm%%@%, _ g g
CHNI

Anper@encEPH@ LU

Asm.‘.megfwwe'“‘mémz% A é’mx

by e ﬁ.r
ronceffP S@romrs T cuENTERHoreE uRaus GRUP LITED PauL R9RTADO
onvo @La0 B Do ceneras oesBrasssements me L B My
Blter@noer micHEQ & ciE JUDITH €. BLACKIVELL-THOMPSON MARCO
16NACIO OUTGAETAANDRS, . ares SOCIETE DE TECHDLOGIE MICHELN oL TR@H DLz -

rina@® ool E"ERLE HBETOSILVA
DAGFINN@ANGSAAS

FUNDACIN PARA LA IVE

cums@nsoe
WARRS @

EIRA ALVES JUNIOR
wiLL

LINGD KN

HNE
fONIO DE

saumg@sacen
ol @ran SLACPIR ORBINI anma@eaLe
R OV s @04 vounc o@oe Jomn ABRAVES
coRfBIRD kol Ly
Innes @everer T
FRANKL MYERS | e com LioneL {@massey Domlmul‘smwlu‘n“ BIANGA PREBIM TROTTA
THIERRYS
oavID J@ENBERG MICHAEE. WATTS RGBS, o s RepRESGRNED BY THE ADMIYST F Nasa
WARK MICHEEL WALKER e
nsan UNITED STATED OF AME
TUT@RaN cLaRe@anon P [ T ——
TEXTRON IHGVATIONS . 6 OF Ai@CA, THe
OMPANY
P

THE UNIVERSITY ORDTRE DAM
mswﬁ ocan
icraeL & @nsatll)

(B) (aerodynamic design)

Figure A5. Cont.



Appl. Sci. 2022,12, 10705

24 of 28

MIKE P. MATLACK

MICHAEL P. MATLACK
HANS-JUERGEN WEBER KARSTEN SUESSMUTH
GREGOR ENDRES

MICHAEL P. KUNTZ

AAARON GOLDEN COON SVEN SPERLING
KURT AGBURTON HEINZ BARDENHAGEN
KEVIN L. WANNEMUEHLER

MARK L: YOUNIE
KEVIN PATRICK KELLEHER U RICH EBERTH

THE HONG KONG UNIVERSITY OF SCIENCE AND TECHNOLOGY

TSCHAKROW EUGEN
PAUL 4GERN TRACY LOE A '\gsensk SPENCER 6. NELSON

TORBEN JACOB JEFFREVETFAK . MOOG JAPAN LIMITED

THOMAS LANGE
ROBERT ®. WILLER PETER VOGELI
MARC BOCHINGER
CARSTEWBARLAGSTEVEN BLANCHARD AIRBUS OPERATIONS LLC YVONNE WINKELMANN
AIRBUS OPERATIONS SIMPLIFICATION AG FREERK SYASSEN
PIERRE ZAHLEN AIRBUS DEFENSEJAND SPACE GMBH CARBON FORGING COMPANY
, i Ao arour x5 s s Lam oD
JOACHIM PIEPENBROCK /
MICHELLE LY | AIRI SAS

AIRBUS DEfENc ND SPAGE GMBH  E0ELmARN ki AJS™
'ALEXANDER RUBIN ECh GM

PREMIUM AEROTE AUTIC DEFENCE AND SPACE COMPANY

SYLVAIN PUJOL
RANDALL WILKERSOR JEFFREY E.-DEGRANGE | S OP TIONS SAS AGUILINO GARCIA GARCIA
HAUKE LENGSFELD BuS HEL oPTERsIDEuTs D GMBH KENNETH COMINSKY
DELITSEML ANQEMBH BUS OBERATIONS
TRANS- T IL GM ANDREW JoHN SYVREIFERECHT

THE HONG KONG UNIVERSITY-OF SCIENCE & TECHNOLOGY o0 (o] TIONS SL J. DRENNAN

JAMES FOX I

900 JaPAN LTD DEUTSCHES ZENTRUM FURILUFT! AOMFAI V. EADS GONSTRUGCIONES AERONAUTICAS, SAL.
NISSEI PLASTIC INDUSTRIAL CO., LTD. LEICHTBAU-ZENTRUM S, SHENGSHUI AVIATION TECHNOLOGY CO., VIDINAOTTEN
DEUTSCHE EST TORUM PURFUTOUNTGRAUM PARTEINGE'I'TORAGENELPPERREﬁlNWI ARROTEC GMEH STANLEV LAWTON
FOKKER AEROSTRUCTURES B.V. ARCOTODG gt RICHARD EVANS
WERRILL WILSON HOGG VONIK R?HM GMBH ., COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH ORGANISATION
NATIONAL RESEARCH COUNCIL OF cABné U LAND éuuml FER GESELLSCHAFT ZUR F7RDERUNG DER

JOSE JULIAN ALVAREZ GORZALES O CHECA
NISSO ELECTRIC COMPANY

INSTITUT FUER VERBUNDWERKS' GMBH A |RBUS DEFENCE & SPACE GMBH m,uv INDUSTRIES INC

TECHNISCHE UNIVERSIT?T BRAUNSCHWEIG M! IcE

THOMAS CUNDIFF I
ALLEN BRADLEY HAGEN RYTOE AKTSIONERNOE OBSCHESTVO T

BELL HELICOPTER TEXTRON INC. _ FRAUNHOFE]

KAZANSKY NAUCHNO-ISLEDOVATELSKY INSTITUT
3 GESELLSCHAET ZUR F?RDERUNG DER
DEUTSCH ZENTR LUIFT & RAUMFAHRT

APPLUS SERVICIOS TECNOLOGICOS
TORAY D.

STORK FOKKER AESP B v AIRBURSAG oL

MICHAEL GLAIN

- E BOEIG)COMPANY

TKRYTOE AKTSIONERNOE OBSCHESTVO...
KARL MENELSON
SEOUL NATIONAL UNIVERSITY R&DB FOUNDATION
ORGPz CARRAS kB¢ BPeraTIONS LTD SEGUL NAT UNW R&DE FOUNDATION TORAY KABUSHIKI GO, LTD.
JACK WOODS KB
TIMOTHY AQUINO AIRBUS
ANDRE@® MODIN SCOTT R MILLER
AIRBUS GROUP LIMITED
DARRELLSD. JONES roserTE.GRP  THOMAS @ CUNDIFF

BRIAN G: ROBINS'
BOEING CHINAINVEST CO LTD KURTIS S: WILLDEN

GEOFFREY ALLEN BUTLER
APLUS CELL VICHY MALE TECHNOLOGY COURSE
EVONIK ROEHM GMBH
BEGONA SANTORO ALVAREZ O
AIRBU!

RICHARD BOSSI
UNIV BELJING CHEMICAL VAL BRUSTAD
EMMANUEL PIEL, RUSSELL'K. JONES
PATRICK BOSCHET

(C) (material/structure)

HRL LEVERRETORIS LLC
CALIFORNIA INSTIT@JE OF TECHNOL
THE UNIVERSITY OF MISSOURI
LL HELICOPTER TEXTRON INC.

KAWASAKI JUKOGYO-KABUSHIKI KAISHA.

AIRBUS DEFENSEJAND SPACE GMBH
‘SANDIA NATION

BOE]

QUIAMBAD, JIMMY CH
SPOON PRIVATE SAR.L. HE & TECHNIQUE 3 oprer Textron N
AVY IND LTD

SAMUEL®. GREEN KAWASAKIH

CARRALERD, MICHAEL,
AIRBUS HELICOPTER®GERMANY GERMA&‘I!‘G ECHNL;’:;‘ésE.SIéTDYEﬁ:ONNECTICUT SANDIA®IAT LAB.
AIRBUS SINGAPORE VAT THHRERSIToe DAVID@HELAN KoICHI@asHIKO

SHAILESEDATREYA EiGUE
CENTRE NATIONAL D HERCHE SCIENTIFIQUE
AIRBUS ORERA MARIAN . MATA DEUTSCHES ZENTRUM FURRUFT- UND RAUMFAHRT E.V.
CHRISTORM SCHULZ RANDEEP SINGH
RAYMOND W, UTSCHLAND CHELLARRA BALAN
INSTITUT NATIONAI ECHNIQUE DE TOULOUSE
RBUS DEFEN@@& SPACE GMB PP s sumuanner
IRBU NC| EUROPEAN AERGNAUTIC DEFENCE DEUTSCHE TTORUM PUR LEHUTO UNTO RAUM PARTH A.
THEGRASK mumamome  AIRBUS DEFENC E
DEUTSCHI EENTRUM FU!

DEUTSCH ZENTR @DFT & RAUMFAHRT.
ASTR@M sAS AIRBUS opmﬂous TD
EUROPEAN AERONAUTICAL DEFENSE AND SPACE COMPAI Al

[TSCHES ZENTRUM FUERBLUFT- UND RAI
MBH AIRBUS OPERATIONS SL P

R oearschLanp ovsn AIRBUS DE HLAI
EADSARO! ABNAUT:!T:’EF§CE o P Io N S G chs§ NeneL

G
T-UND RAUMFAHRT E.V.
STEVENE. HAHN

T

cenTre naTm S TR AT 1D SpaTILES e US OPEBATIONS SAS, .\ acvce sor
CENTRE NATIONAL D AIRBUS GROUP LTD GREGORY MARK WAUGH
ND SPACE SAS GEORGE @AMASAKI
AIRBUS SAFRAN(BAUNCHERS SAS
EADS DEUTSGHLAND GMBH AIRB@S SAS
AIRBUS smGAP@tE PRIVII\TE

HANS-ACHIM BAUER
AIRBUS GROUP SINGAPORE PTE LTD

'AIRBUS DEFENGE & SPACE SAS SAFRAN PGWER UNITS

JUSTIDHALE
ARIANEGROUP SAS
LAURE] OUTAL  pAVID MBRK BEST
EHI NORMANKIRBY ~JOSEPHIBIKORA
URVCFNROEARE TEGHNOLOGY & BESIGN ERYAN KESTERSON
THIERRY®OURRET CHARLES AMBERT CLARK
VINCENT MAUTRIDOU OHN AQHANSEN JOHNGRHALL
TOBIAS®EISKER BRI eJONEs ANNA M.@ACKNER
EUROGOPTER
RICO SGHERER
T BRIAN ALLE® NOEL KOCH
MALTE MEY&OLTMANNS JIMMIE @HOMAS UNIVERSITE PAUL CEZANNE AIX-MARSEILLE Ill
MICHAEL®. FOSTER
ROBERT#. OKITA
e Sl MICHAEL @) DORSETT
ARUN ASYAGARI

(D) (battery)
Figure AS5. Cont.

LAND GMB

ENE LOI

SVEN-OLAKIBERKHAHN



Appl. Sci. 2022,12, 10705

25 of 28

]

oA DS, sars
BELL+ HEUCDY TEXTRON INC. et 'KURMLARms -
S My JAMES ENNEDY.
JoserHe. wArsH samesn ony  2UOZEHAO_ ong vosTon @
KINSON D, VRNSCOTTER YANYN WU -
SHANGBRRAO gy Lanceuan cHmISTOPHER L DAV A S
CURISTOPHER G. RIEGEL

oy LSRR,

ueRas

e -

Lomaue. BveER_ soei chAVEST 001D
e e SO
. P——r s —
perepemne soss s a8 S waaREE
[Rhp— propesna Wikt
OSCAR KIBERSZIOK e &SE#CK s@rceLn HiEuaeL ABannunzio
RICHARDMEYER ercney & scHmZ LORALIBBYRER VINCENT B SKAHAN __NATHANAEL SHEDD
P SVEN DBASPEN STANLEY{) TAZUMA
JAMES EONARD. orr seu@erngeyer | ALSER@YERRER owéggﬁ.s TS @mey @
S Senmcrenacng, . o Avoress@hoincer V e —
sTevE s ey *SREs e iconrempeuTsCHLAND &
o - e soHhcKenagng, L shoenoERER SECATE W@ evere B oG
[AS— e h—
o PP KRS0 0 01 e e - *SWWOME‘W mmso%wﬁ,&k b L.
Gaih .Fﬂuu MICHAEL®OSTELLO AR A SHE '5 o
oo . T —— L g neuren s w@nes,sr, ey avenson
e e O Gy maonon - BRALEY @uoniial e OB e
sa PATRC Rones LA 0BTOKYO ORI PEERLEY SR A
evemacn cupresa saaseien oe aesona SRR RAY orATHCHRo of uELL
el heLc PR TEAR nd oo ot
WARGARE) nowi

£sone i
A revemecg HONEYMELL INC A craNRolS RN
ANOREW ARTHOIESON e

s cenTRE mnlAEEM‘&
prarr & vy

-
e T LS N

AR R 21 o
R
7t e 2 E‘é‘é‘z’ws‘%"&&"ww e
NANJING AERONADT s"ﬁ%?ééﬂi‘wcs EWGPGERD BUS [NDIA Of IONS PVT. LTD.
“ H oawieL ower posLere
il aocol
rracos wecs THE B al E"‘SE‘SFH‘ ‘r“s"%&r‘;'“‘”“‘" »u‘w o
e JHE Bl PANY .. o THE e . oo e VENKATESWARRGUPTA ARAVETI
NESE ACHE 0 ACTHE e ce Ao sxs
cumsToPneLE carnec g WERKRD Banoy, g LIMITED,
g oy o RMATE s eapana oL
st PoLYTECH@E B0RD = ¢ Epmnan ot
rrance ATRRSARR 00 BSOS, RIVATELTD  DAVID RDEM
BOEING ST GO TR o
CRAIG Qmmns ROB ERY univ wa RIS TINE LUNEAUROBERTRY.
T !

T g s —
i Y T : B 010150 1 sepmay rmconie
v RN e AP oS ormmad AR DS
g IRBUS OPERATIONS SAS At R
I/ PN TIO .
or! Nssrf EEOLE NATIONALE E LAVIAFNGIVLE (ENAC) 1 e
earicK, Lucky "EXEYOE 5 v oevancBIGUACE B CONN -“A

R T
o

s GHSTOME RoUCHED iip 1 erueeerY AL [EADS D

e psu G e e BUETS BEOEE USIALD
i oo meneel TR BRERYOF ERLF SR

DAVID A BAUMANN

B S com B, crevo
Al st Stie ooy
wearrer s
raron@rass, e cenre wnows ce P :émmmmum&nﬁaﬁa s P ““",m,nms“\ggnn.kfnnv
TeRRY @oSTAFF BAVID doerson ey @evuie HAT nsocrc ARTHUR® WALOIE
s s i Quacn 20 SR G0 G e D sy
S s "r;%zuzv.ﬂusnis o0 5 @oues SR someavomianee, * EBMISKRERER: sciéfric ano wousTRiAL
i home G e mwﬂmfii“““'“""‘ e A ST L 5 Swsan BOENG SolpANY. A CORPORATION O o AwARE
oavio GoRax o AN v GrooucTT ROBERBHARGIS momas SremaR 2 ENTLAPORE, e w@Borinsan,
R 1 e oemer e e SR Neunermrern
omsrvarwee  HO@A, o s ey
centee AT ..ME..WW oo 1] e
Clnance eomsso oo e moem e Dt AR rumrsrr B [
WALTERIR BECK INTHIA fkoOPMAN YIIING b i ROLF IKER
J—— AT s Wosz a@ nendtt - Bo AR N arion Seanriei@ oaunE? @n
i 003, e nnes e TN, G o
camourm ke TS @l AT iy Y
mcHagBxoRoT PETERBUNN crarLes@oLEwAn \Nsnmgow‘rzc.u R ARG LESCHOEN
HEDIJOWKNELLER e oo JOELSLENK s Cliagen: o™ O BanESS ™ LT chae 7oN, ALAS sfiBansan
ounrd sl B G o evgrolE I g AR . o, e ousms | SRMENLIKOOADNS iy acor
CALSEEOLEM“ mmm;.mnu R o s poLvTECHMaUE NENOBLE ‘GEROULDIK. YOUNG ~~~ JOHNI ks
KELLY @DURTER 'SCOTT@LFiELDS CORDOMF.ELLIS PauL THOMAS SNOW | g MIHAEL BNKERST GARVVS(P»ENSDN
RO sml/mTEcNommconEAmo«wﬂcA STEpUERY LEe
wmu.\m‘mmzss Fre0s oL OAvoBANKs | ROBERTLBERG it B R o1
T pesmonn " o o e Sharuzs CHTETRE, i
e e soussggs o, gurisron o0 D ST e ewain o R 01y o
e SO UMby,
onFRREATO @ v S e o T A, s R
. G I L R i
kL TERMESTEVEN KO Vicrons wasr "TNSR s oonaHin
mawmwmomwm.w e enou oA S R @
o TRHASETE S SR i puanoeis
JANES NONLSTERD ArisTIDIS: ‘umm ESON
anemcosunn R OREDun  some  vemmmasiaam O s i S
oL o amerrmenn TeRRYE oA oRTEm e
R OWMAN spusung etecfonics co, Lo
c.VONDOEMGE  Lavoon o aRVEEDH

AR m WKL ER

(E) (control/safety)

ESG TRONIKSYSTEM UND LOGISTIK GMBH
HRL LEVERRETO C*

UROPCOPTER DEUTSCHLAND GMBH

NATIONAL UNIVERSITY CORPORATION, DAVID L. CABALLERO

ED INST SCI & TECH
EDWIN C. LIM
BRENDADI SANTD v or INSTITGPE OF TECHNOLOGY gra ey s mircrers
ALDEI ITARD BEN M. HARRISO!

(OMAS P. WEISMULLER
KENNETH HOLLIFIELD

‘GRAFMUELLER PETER WITTENBERG
RDON ROBERT ANDREW SANDRCL ! TURNER
COMMW SCIENT
ROBERT J@ENWINK RUBSSELBACH N
RicHA@D 5T REGENTS OF THE URIVERSITY OF CALIFO! 'BRADLEY DAVID CORNELL e RUSTIR
BOB HEMENIUK
HANCHING GRANT WANG

STEVE ANTHONY VILLA
CHRISTOPH SCHAEFER
WILLIAM BARUIDSA-CARTER
DREW W. HOUCK
CHRISTOPHER JOHN MCLAIN BRIANSIITLOTSON

CAMERON MASSEY

PHILLIP ROTTA

s '%EEEEEEK‘%'A%E&%%%PE%B'.‘JND LOGISTIK-GMBH
ECOLE NORMALE SUPERIEURE DJ a2
AT RECH SCIENT
DWAYNE C. MERNA GUILLERMBHERRERA

BO&WHWJNQSTECONAT'QQ DE HERCHE SCIENTIFIQUE
CAREY HAPLIN

MICHAEL NOLAN EEOUE ORI SIFTR COhE DE CACHQNMES O‘N.. chKLlNEAIRBUS HELlCOPTERS DEUTSCHLAND GMBH
MOLLY EJ)BOOSE
© EeoLE naTouAEEE AN gy GBOUP SASrosenrwiLson
RONALD W, WARRE?
Enac
THOMAS E. ELLIS RENh S. BAUM AI
NI

S
RBUS OP IONS
UNIV BEIJING P@SI'S & TELECOMM

RANDALL M. HOVEN
HAROLD A. KLOTZ
KENNETH G. OWENS

BARTON G, FERRELL
IRBUS OPERATIONS
AIRBU (0) IONS SA

TILL HOENIG EADS DEGT BUS O TIO

CHRISTOPHE MAILY
REGINA ESTKOWSKI
LAND MBH
DAVID B SHEMA amﬂsmsvsmms LmiTED CR»DB BROBERT WDBRUMLEY
BOEING CHINA INVEST CO LTD AIRBUS OPE! GREGORY M. GUTT TLEY
RONGSHENG LI AIRBUS FRANGE YANNICK DELERIS
DALE PITT PREMIUM AEROTEC GMBH
DIETER BOEING RICHARD T. CERVISI CLARK Ex: CC'HEN

Jonn SiMPSON

ONERA (OFFICE NATIONAL D | ETUDES ET DE Rscnzncnas AEROSPATIA
JASON KIISKILA PAUL MCGOEY

JEFF R @ENNETT

VE WAI NE
FABIEN ZMANN JACQUES ESPINASSE TIMOTHY: STU!\;I‘FAFHAES W. FONDA
JONATHANGA. TEKAWY ARTHUR IODICE PER K- ENGE
CHARLE: INGRICH |$ DANIEL L. SEGO
DAVII HABE
I‘-I GLEN BBEIFER
P\ BSREMY o wasumarof PR MENRAS SRscoan) ® CARLIHANSS
FALK WINKLER DAVI ELAN
INSITU, INC. (A SUBSIDIARY OF THE BOEING COMPANY) BARTON FERRELL
A.DORIAN CHALLONER Si-‘AU N ‘.AHYARI ROBERT A. SMITH
PIERRE COLDEFY GUILLA‘ FOUET ROBERT SMITH
CENTRE NATIONAL D'ETUDES SPATIALES CNES DONALD T. POWELL GREGQ{ GUTT
w\ FREDERICK R. VACHSS
SanpoR HQH‘I‘F’!BUS DEFEN! ND SPACE SAS  GIAN S ANEJA
CENTRE NATIONAL D'ETUDES SPATIALES RICHARD®. GIB?]%?-‘N .(ELLY
FORERTALAN. I AIRBUS HELICOPTERS

ROMAN C{BUTIERREZ RICHARD M. FALCONE

CARY FMAN
TONYHTAND NANCY L. MCFERRA!
UNIVERSIT? DE VALENCIENNES ET DU HAINAUT-CAMBRESIS

(F) (navigation/communication)
Figure A5. Cont.



Appl. Sci. 2022,12, 10705 26 of 28

EADS DEUTSEHLAND GMBH

s INDDSTRIE GIE

AIRBUS DEUTEGHLAND GMBH R SEHE R G

CASSIDIAN®INLAND OY
1

sy Boss — AIRBUSIOH IONS SAS

|/AIRBUS DEFENCE AND SPACE LIMITED

AIRBUS

W.L. GORE & ASSOCIATES GMBH

BRITISH'AEROSP@ AIRBUS LIMITED

ILC DATA'DEVIGE CORPORATION

|
UNIV TSINGHUA AIRBUS SAS

CENTRE NATIONAL DE LARECHERCHE SCIENTIFIQUE

AIRBUS DEFENC‘IVD SPACE GMBH
AIRBUS DEFENCE & SPACE GMBH
CNAM CONSERVATOIRE NATIDNAL DES ARTS DES METIERS

(G) (cybersecurity)

Figure A5. Network analysis by technology.

References

1.  Hwang, C. Status and Challenges of Urban Air Mobility Development. KARI 2018, 16, 33-41.

2. AlHaddad, C.; Chaniotakis, M.; Straubinger, A.; Plotner, K.; Antoniou, C. Factors affecting the adoption and use of urban air
mobility. Transp. Res. A Policy Pract. 2020, 132, 696-712. [CrossRef]

3. Moradidelouei, ]. Systematic Selection of Urban Sites to Characterize the Influences of Different Road Deposited Sediments on
the Removal Performances of Treatment Systems. Master Thesis, Frankfurt University of Applied Sciences, Frankfurt am Main,
Germany, July 2017.

4. Hyundai Motor Group Tech. Available online: https://tech.hyundaimotorgroup.com/kr/tag/uam/ (accessed on
12 February 2022).

5. Yang, ]. Personal Aircraft (PAV) Technology Market Trend and Industrial Environment Analysis Report. Aerospace Issue 2019.
Available online: https://www.kari.re.kr/cop/bbs/BBSMSTR_000000000181/selectBoard Article.do?nttld=7215&kind=&mno=
sitemap_02&pagelndex=1&searchCnd=&searchWrd= (accessed on 12 February 2022).

6. Wang, Z; Yanfeng, O.; Ruifeng, S. On solving a class of continuous traffic equilibrium problems and planning facility location
under congestion. Oper. Res. 2022, 70, 1465-1484. [CrossRef]

7. Shin, S.; Kim, S. Aviation Policy Suggestion on UAM Development Status and Direction. Korean ]. Air Space Law Policy 2020,
35, 79-109. [CrossRef]

8. Gong, A.; Palmer, ].; Verstraete, D. Flight Test of A Fuel-cell/Battery/Super capacitor Triple Hybrid UAV Propulsion Sys-
tem. In Proceedings of the 31st Congress of the International Council of the Aeronautical Sciences, Belo Horizonte, Brazil,
9-14 September 2018.

9.  Wu, Z; Zhang, Y. Optimal evtol charging and passenger serving scheduling for on-demand urban air mobility. In Proceedings of
the ATAA Aviation 2020 FORUM, Virtual, 15-19 June 2020.

10. Straubinger, A.; Rothfeld, R.; Shamiyeh, M.; Biichter, K.D.; Kaiser, J.; Plotner, K.O. An overview of current research and
developments in urban air mobility—Setting the scene for UAM introduction. J. Air Transp. Manag. 2020, 87, 101852. [CrossRef]

11. Hill, B.; DeCarme, D.; Metcalfe, M.; Griffin, C.; Wiggins, S.; Metts, C.; Mendonca, N. UAM Vision Concept of Operations
(ConOps) UAM Maturity Level (UML) 4. NASA Deloitte 2020. Available online: https:/ /ntrs.nasa.gov/api/citations /2020501109
1/downloads/UAM%?20Vision%20Concept%200f%200perations%20UML-4%20v1.0.pdf (accessed on 12 February 2022).

12. Parker, D. Systems analysis of urban air mobility operational scaling. PhD Thesis, Massachusetts Institute of Technology,
Cambridge, MA, USA, February 2020.

13. Lee, Y. Lee, J.; Lee, ].W. Holding Area Conceptual Design and Validation for Various Urban Air Mobility (UAM) Operations: A
Case Study in Seoul-GyungIn Area. Appl. Sci. 2021, 11, 10707. [CrossRef]

14. Kim, Y.G,; Jo,].H,; Kim, D.H,; Lee, H.; Myong, R.S. Effects of lightning on UAM aircraft: Complex zoning and direct effects on
composite prop-rotor blade. Aerosp. Sci. Technol. 2022, 124, 107560. [CrossRef]

15.  VOLOCOPTER. Available online: https://www.volocopter.com/ (accessed on 12 February 2022).

16. Bennaceur, M.; Delmas, R.; Hamadji, Y. Passenger-centric Urban Air Mobility: Fairness trade-offs and operational efficiency.
Transp. Res. Part C Emerg. Technol. 2022, 136, 103519. [CrossRef]

17.  Ehang. Available online: https://ehang.com/ (accessed on 15 March 2022).


http://doi.org/10.1016/j.tra.2019.12.020
https://tech.hyundaimotorgroup.com/kr/tag/uam/
https://www.kari.re.kr/cop/bbs/BBSMSTR_000000000181/selectBoardArticle.do?nttId=7215&kind=&mno=sitemap_02&pageIndex=1&searchCnd=&searchWrd=
https://www.kari.re.kr/cop/bbs/BBSMSTR_000000000181/selectBoardArticle.do?nttId=7215&kind=&mno=sitemap_02&pageIndex=1&searchCnd=&searchWrd=
http://doi.org/10.1287/opre.2021.2213
http://doi.org/10.31691/KASL35.4.3
http://doi.org/10.1016/j.jairtraman.2020.101852
https://ntrs.nasa.gov/api/citations/20205011091/downloads/UAM%20Vision%20Concept%20of%20Operations%20UML-4%20v1.0.pdf
https://ntrs.nasa.gov/api/citations/20205011091/downloads/UAM%20Vision%20Concept%20of%20Operations%20UML-4%20v1.0.pdf
http://doi.org/10.3390/app112210707
http://doi.org/10.1016/j.ast.2022.107560
https://www.volocopter.com/
http://doi.org/10.1016/j.trc.2021.103519
https://ehang.com/

Appl. Sci. 2022,12, 10705 27 of 28

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.
39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

Ahn, O. Strategic Review on UAM Commercialization Competition with Socio-economic Perspective. Curr. Ind. Technol. Trends
Aerosp. 2021, 19, 9-27.

Jacquemin, A. Competition and cooperation between European companies in terms of research and development. Prix Publics Au
Luxemb. 1986, 1-16.

Liu, Y.; Kreimeier, M.; Stumpf, E.; Zhou, Y.; Liu, H. Overview of recent endeavors on personal aerial vehicles: A focus on the US
and Europe led research activities. Prog. Aerosp. Sci. 2017, 91, 53—-66. [CrossRef]

Jung, S. Bottleneck in the UAM Industry Development: Battery Pack BMS Technology. Auto J. 2021, 43, 27-32.

Min, J.; Kang, B.; Lee, Y. Establishment of Vertiports for Urban Air Mobility (UAM) Operations. In Proceedings of the KSAS 2020
Spring Conference, Gangwon-do, Korea, 8-11 July 2020.

Jankovic, M.; Claudia, E. Architecture decisions in different product classes for complex products. AIEDAM 2016, 30, 217-234.
[CrossRef]

Morgan Stanley Shifts its Timeline but Stays Bullish on eVTOL Market. Available online: https://evtol.com/news/morgan-
stanley-shifts-timeline-stays-bullish-evtol-urban-air-mobility / (accessed on 15 March 2022).

Kakiuchi, S. Car Electronics Transforms Supply Chain; Opportunity to Create Value in Tier-0 and Super Tier-2. Morgan Stanley
MUFG Research, 2014. Available online: https://scholar.google.co.kr/scholar?hl=koé&as_sdt=0%2C5&q=%22Car+Electronics+
Transforms+Supply+Chain%22&btnG= (accessed on 15 March 2022).

Romer, M.; Gaenzle, S.; Weiss, C. How Automakers Can Survive the Self-Driving Era. AT Kearney Report 2016.

Farmania, A.; Elsyah, R.D.; Tuori, M.A. Transformation of crm activities into e-crm: The generating e-loyalty and open innovation.
J. Open Innov. Technol. Mark. Complex 2021, 7, 109. [CrossRef]

Chesbrough, H. Open Innovation Results: Going beyond the Hype and Getting down to Business; Oxford University Press: Oxford,
UK, 2019.

Tseng, M.L.; Bui, T.D.; Lan, S.; Lim, M.K.; Mashud, A.H.M. Smart product service system hierarchical model in banking industry
under uncertainties. Int. J. Prod. Econ. 2021, 240, 108244. [CrossRef]

Alawamleh, M.; Ismail, L.B.; Aladwan, K ; Saleh, A. The influence of open/closed innovation on employees’ performance. Int. J.
Organ. Anal. 2018, 26, 75-90. [CrossRef]

Sun, Y,; Liu, J.; Ding, Y. Analysis of the relationship between open innovation, knowledge management capability and dual
innovation. Technol. Anal. Strateg. Manag. 2020, 32, 15-28. [CrossRef]

You, Y.; Choi, K,; Park, B.; Jeong, E. Technology trend of smart clothing: Based on patent information analysis. . DCS 2013,
13, 440-451. [CrossRef]

Park, J.; Jwahk, K. The Effect of Patent Citation Relationship on Business Performance: A Social Network Analysis Perspective. J.
Intell. Inf. Syst. 2013, 19, 127-139. [CrossRef]

Scott, J. Social Network Analysis: A Handbook; Sage Publications, Inc.: London, UK, 1991.

Yoon, B.; Jeong, Y.; Lee, K.; Lee, S. A systematic approach to prioritizing R&D projects based on customer-perceived value using
opinion mining. Technovation 2020, 98, 102164. [CrossRef]

Yang, S.; Choi, S.; Kim, Y.; Yoon, ].; Choo, H. Vehicle Operation Technology for the Durability of Fuel Cell Stack for FCEV. In
Proceedings of the KSAE 2018 Spring Conference, Busan, Korea, 7-9 June 2018.

Ernst, H. Patenting Strategies in the German Mechanical Engineering Industry and their Relationship to Company Performance.
Technovation 1995, 15, 225-240. [CrossRef]

Ernst, H. Patent Portfolios for Strategic R&D Planning. JET-M 1998, 15, 279-308. [CrossRef]

Lee, H.; Kim, C,; Cho, H.; Park, Y. An ANP-based technology network for identification of core technologies: A case of
telecommunication technologies. , Expert Syst. Appl. 2009, 36, 894-908. [CrossRef]

Schilling, M.; Phelps, C. Interfirm collaboration networks: The impact of large-scale network structure on firm innovation. Manag.
Sci. 2007, 53, 1113-1126. [CrossRef]

Phelps, C. A longitudinal study of the influence of alliance network structure and composition on firm exploratory innovation.
Acad. Manag. Ann. 2010, 53, 890-913. [CrossRef]

Fankhauser, M.; Moser, C.; Nyfeler, T. Patents as early indicators of technology and investment trends: Analyzing the microbiome
space as a case study. Front. Bioeng. Biotechnol. 2018, 6, 84. [CrossRef]

Schmelcher, T. Active and Passive Patent Strategies. In Biopatent Law: Patent Strategies and Patent Management; Springer:
Berlin/Heidelberg, Germany, 2012.

Song, Y. Trends of Autonomous Driving and Its Mobility as a Service. Auto Journal 2018, 40, 18-20.

Lim, H. Technological Cooperation Network Analysis through Patent Analysis of Autonomous Driving Technology. J. Korea Acad.
-Ind. Coop. Soc. 2020, 21, 688-701. [CrossRef]

Monteiro, L.; Mol, M.; Birkinshaw, J. Ready to be open? Explaining the firm level barriers to benefiting from openness to external
knowledge. Long Range Plan 2017, 50, 282-295. [CrossRef]

Hoed, R. Sources of radical technological innovation: The emergence of fuel cell technology in the automotive industry. J. Clean.
Prod. 2007, 15, 1014-1021. [CrossRef]

Seo, D.; Choi, Y. Strategy for Future Manufacturing in Response to Industrial Paradigm Shift-Focusing on Emerging Sectors of
Smart Cars, Fusion & Compound Metal, Healthcare, and Internet of Things. KIET Res. Rep. 2020, 21, 688-701. [CrossRef]


http://doi.org/10.1016/j.paerosci.2017.03.001
http://doi.org/10.1017/S0890060416000214
https://evtol.com/news/morgan-stanley-shifts-timeline-stays-bullish-evtol-urban-air-mobility/
https://evtol.com/news/morgan-stanley-shifts-timeline-stays-bullish-evtol-urban-air-mobility/
https://scholar.google.co.kr/scholar?hl=ko&as_sdt=0%2C5&q=%22Car+Electronics+Transforms+Supply+Chain%22&btnG=
https://scholar.google.co.kr/scholar?hl=ko&as_sdt=0%2C5&q=%22Car+Electronics+Transforms+Supply+Chain%22&btnG=
http://doi.org/10.3390/joitmc7020109
http://doi.org/10.1016/j.ijpe.2021.108244
http://doi.org/10.1108/IJOA-08-2017-1207
http://doi.org/10.1080/09537325.2019.1632431
http://doi.org/10.5392/JKCA.2013.13.04.440
http://doi.org/10.13088/JIIS.2013.19.3.127
http://doi.org/10.1016/j.technovation.2020.102164
http://doi.org/10.1016/0166-4972(95)96605-S
http://doi.org/10.1109/PICMET.1997.653486
http://doi.org/10.1016/j.eswa.2007.10.026
http://doi.org/10.1287/mnsc.1060.0624
http://doi.org/10.5465/AMJ.2010.52814627
http://doi.org/10.3389/fbioe.2018.00084
http://doi.org/10.5762/KAIS.2020.21.12.688
http://doi.org/10.1016/j.lrp.2015.12.008
http://doi.org/10.1016/j.jclepro.2006.05.032
http://doi.org/10.23000/TRKO201600002914

Appl. Sci. 2022,12, 10705 28 of 28

49.

50.

51.
52.
53.
54.

Moschner, S.L.; Fink, A.A.; Kurpjuweit, S.; Wagner, S.M.; Herstatt, C. Toward a better understanding of corporate accelerator
models. Bus. Horiz. 2019, 62, 637-647. [CrossRef]

Bekkers, R. Knowledge positions in high-tech markets: Trajectories, standards, strategies, and true innovation. Technol. Forecast.
Soc. Change 2012, 79, 1192-1216. [CrossRef]

Katz, M. An analysis of cooperative research and development. RAND J. Econ. 1986, 17, 527-543. [CrossRef]

Yang, Y. Indicators for patent information analysis. Patent 2003, 44, 29-32.

Romer, P. Increasing Returns and Long-Run Growth. |. Political Econ. 1986, 94, 1002-1037. [CrossRef]

Griliches, Z.; Pakes, A.; Hall, B. The Value of Patents as Indicators of Inventive Activity. Working Paper No.2083, NBER. 1986.
Available online: https://www.nber.org/papers/w2083 (accessed on 12 February 2022).


http://doi.org/10.1016/j.bushor.2019.05.006
http://doi.org/10.1016/j.techfore.2012.01.009
http://doi.org/10.2307/2555479
http://doi.org/10.1086/261420
https://www.nber.org/papers/w2083

	Introduction 
	Theoretical Background and Hypothesis 
	City Traffic Problems in the City Center 
	UAM Concept 
	Network Analysis 

	Analysis 
	Analysis Method 
	Quantitative Analysis 
	Number of Patents 
	Patent Activity Index 

	Qualitative Analysis 
	Cites Per Patent 
	Patent Impact Index 
	Technology Strength 
	Patent Family Size 

	Network Analysis 
	Network Analysis by Company 
	Network Analysis by Technology 
	Implications for Network Analysis 


	Discussion and Conclusions 
	Discussion 
	Summaries and Conclusions 

	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	References

