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Abstract: The rapid development of artificial intelligence (Al) has significantly enhanced productivity,
particularly in repetitive tasks. In the scientific domain, literature review stands out as a key area
where Al-based tools can be effectively applied. This study presents a methodology for developing a
search strategy for systematic reviews using Al tools. The Semantic Scholar database served as the
foundation for the search process. The methodology was tested by searching for scientific papers
related to batteries and hydrogen vehicles with the aim of enabling an evaluation for their potential
applications. An extensive list of vehicles and their operational environments based on international
standards and literature reviews was defined and used as the main input for the exemplary search.
The Al-supported search yielded approximately 60,000 results, which were subjected to an initial
relevance assessment. For the relevant papers, a neighbourhood analysis based on citation and
reference networks was conducted. The final selection of papers, covering the period from 2013 to
2023, included 713 papers assessed after the initial review. An extensive discussion of the results
is provided, including their categorisation based on search terms, publication years, and cluster
analysis of powertrains, as well as operational environments of the vehicles involved. This case
study illustrates the effectiveness of the proposed methodology and serves as a starting point for
future research. The results demonstrate the potential of Al-based tools to enhance productivity
when searching for scientific papers.

Keywords: search strategy; methodology; artificial intelligence; literature review; battery electric
vehicles; hydrogen-powered vehicles

1. Introduction

The rise of artificial intelligence (AI), which enhances productivity and a global push
for net-zero depending on green solutions for efficient resource use [1], are considered
major trends. The latter depends on the emission of greenhouse gases and is therefore
linked to the fuel used and efficiency of vehicle powertrains [2]. Innovations across all
vehicles, such as battery electric cars [3], hydrogen trains [4], and electric aircrafts [5], are
being implemented.

Al implementation for scientific applications is driven by upcoming tools such as Chat
GPT [6] and Semantic Scholar [7,8]. A recent interview with data workers revealed four
advantages of Al It can eliminate repetitive tasks, offers a potentially higher capability
than humans, runs at low cost, and is valued faithfully and tirelessly. In contrast, seven
disadvantages were listed: limited capability of creation; lack of context understanding;
inconvenient communication with Al; difficulties in enhancing human relationships; the
required overhead for Al application; the risk of unreliable, outdated, or domain-agnostic
training data; and ethical concerns [9].
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Al tools seem to be predestined for supporting researchers in conducting literature
reviews. Especially in the case of systematic reviews with a specific research question
and systematic search approach [10], a takeover of tasks by Al tools could be beneficial in
terms of time, effort, and quality of the conducted review. However, the authors are not
aware of any methodologies for conducting systematic reviews or meta-analyses using
Al-based tools.

The goal of the systematic literature review was to synthesise information in a trans-
parent and reproducible manner [10]. Using a predefined methodology can reduce bias and
enhance the reliability of the outcomes [11]. Thus far, most methodologies for conducting
systematic literature reviews have been developed in the field of medicine [12-19], followed
by social sciences [20], marketing [21], and management [22]. In addition, in the field of
engineering, systematic literature reviews and meta-analyses can significantly contribute to
informing policies regarding state-of-the-art technologies and perspectives on their usage.

Research on the use of Al tools for conducting literature reviews has predominantly fo-
cused on the medical field [23-26]. This strong emphasis on medicine presents a significant
hurdle for adapting Al methods to engineering-related reviews. Wagner [27], Bolanos [28],
and Torre-Lopez [29] provide a comprehensive overview of possible applications for Al
tools in literature reviews, but they do not specifically address the establishment of a
standardised methodology for conducting a literature search.

Although some authors have developed methodologies for systematic reviews applied
to engineering fields [30,31], no methodology has focused on the use of powerful Al tools
for the search and selection of relevant publications. The purpose of this study was to
develop a methodology for an Al-based search strategy as a starting point for a literature
review in an engineering-related field. Furthermore, the draft was evaluated by searching
for vehicles powered by batteries and hydrogen powertrains.

2. Material and Methods

To develop and evaluate this methodology, an approach for Al-based research and the
basic terms of vehicles and powertrains is elaborated to create a basis for this study.

2.1. Approach
2.1.1. Drafted Approach

According to the PRISMA statement, 27 elements are necessary for a systematic re-
view [32]. To exploit the efficiency benefits of Al, an automated process for finding relevant
papers on a specific topic can be drafted, which suggests adopting the steps of a search
strategy, selection and data collection process, data items, risk study of assessment bias,
effect measures, synthesis methods, reporting bias assessment, and certainty assessment.

The six-step approach is illustrated in Figure 1. Al tools can be used to automate
Steps Il and V. The other steps were performed manually to control and ensure the
output quality.

(V) Investigate
similiar papers

(VI) Analyse
identified papers

3(5 Semantic P(S Citrus
@‘} Scholar [|_.|P @‘J Search [|_.|P

Figure 1. Al based research approach.
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2.1.2. Step I: Set the Scope

The first step was to set the scope defined by the rationale for the review and clarified
it by an explicit statement of the objectives or addressed questions [32]. The purpose of the
developed approach is to validate the eligibility of Al for a systematic review based on the
findings of vehicle powertrain technologies.

2.1.3. Step II: Define the Search Terms

Instead of defining targeted databases, registers, and websites [32], the search strategy
must focus on search terms entered into the Al tool as a key step in the selection process.
The decision “whether a study met the inclusion criteria of the review” [32] depends on the
data collection process and needs to be broken up and split up into the initial choice of the
tool, an upstream paper crawling, and downstream result screening.

For the automated part, it must be assumed that the approach by the Al can neither
be comprehended nor controlled. Therefore, two issues need to be addressed. First, an
uncertainty of term interpretation will occur. An example might be the differentiation by
the search tool of wordings such as “review” and “study”. Second, it must be ensured that
the examined database section is selected within appropriate scope to ensure provision
of correct findings. For example, while the search query can be limited to a specific field
of study, as discussed in the next chapter, it cannot be excluded that beyond the initial
filtering papers of other categories are searched as well.

To address the first issue, a broad range of studies should be conducted, and synonyms
should be used. Even though the use of possible synonyms might lead to duplication
of the identified publications, this method allows us to minimise the risk of missing
relevant publications. The search terms were set up as ordered pairs of four-word groups
represented by the following Cartesian products Sy:

Sx:PiXV]'XAkXKl

Vector P; should define the powertrain, Vector V; should define the vehicle, Vector Ax
is supposed to be a specific extra search add for detailing, and vector K; should define the
specific type of study. Indexes ( ),, () jr () and (), describe specific variations resulting
in differentiated search terms.

To generate the search terms for the queries, the technical terms defining the power-
train and vehicles, as well as the search, add, and type of study, must be determined. To
ensure a broad search, possible synonyms must be considered. This results in the following
generic vectors:

P; = (powertraing, . .., powertraing,)

V; = (vehiclejy, ..., vehiclej,)
Ay = (searchaddy, ..., searchaddy,)
K; = (kindofstudy, ..., kindo fstudy,)

2.1.4. Step III: Query Al Findings

A study concluded that with the right search strategy, the results from Semantic
Scholar searches are promising, and in a test case with software engineering scientific
papers, 98.88% in this field where covered [33]. Based on this, Semantic Scholar was
chosen for the selection process in this study. The downside of the search strategy relying
solely on Semantic Scholar might be a limitation due to the unknown database and search
algorithm. However, initially it should be ensured that all relevant publications within this
first database are found. A measure to mitigate this risk is include in Section 2.1.5. If the
results seem not promising, a second loop with another database might be used.

To queue the search terms, a Python script was programmed using the application
programming interface of Semantic Scholar with its own authentication, to generate a CSV



Publications 2024, 12, 49

4of 16

file with all findings for each search term. An example version of the code is presented in
Supplementary Materials.

To set the right starting point for the search the main settings for this script included a
definition of the field of study, a limitation of ten papers per search term, and the required
fields per paper. These fields include the specific search term, Semantic Scholar ID, title,
year of publication, author information, DOI, and number of citations as search filters.

2.1.5. Step IV: Identify Relevant Papers

The manual part of the selection process followed the automated part. The results of
the search using the Semantic Scholar API were the starting point for identifying relevant
papers. This section is composed of three steps.

1.  Filtering out duplicates resulting from the definition of overlapping search terms;

2. Filtering out duplicates and errors resulting from the incorrect entries in the Semantic
Scholar database;

3.  Content assessment in terms of obtaining of targeted information.

Many search terms should be considered to ensure the completeness of the output
publication list. However, one publication may have been identified by using multiple
search terms. These duplicates were not considered for further investigation. However, it
is necessary to check whether duplicates contain relevant information for detailed analysis
(e.g., one finding must be applicable to more than one vehicle).

Furthermore, a critical consideration of the remaining results from the Semantic
Scholar database is required. Python code only requests data from the Semantic Scholar
AP], but it does not perform a quality check of the gathered data. Therefore, every incorrect
entry in the Semantic Scholar database would result in an incorrect entry into the project
database. Therefore, manual data control must be implemented. To ensure high-quality
output data, all entries with any of the following issues must be filtered. These issues
might include duplicated publications based on the DOI (especially due to overlapping
search terms), missing titles, or an obviously wrong title (for example, DOI instead of the
publication title), missing DOI or an incorrect DOI format, missing authors or obviously
wrong authors (for example, DOI instead of the author names), or a publishing date out of
the defined scope.

Until this point, no content checks have been performed. However, the objective of
this review was to extract concrete information from the gathered publications. For the
initial content assessment, aspects such as language, field of study, title, number of citations,
and abstract must be considered.

At this stage of the process, many publications are expected, with tens of thousands of
orders of magnitude. Therefore, content assessments should be performed sequentially.
This means that language should be the first criterion if language issues occur, and abstract
assessment should be the last criterion only in unclear cases. In addition, cases of withdrawn
papers may also occur.

2.1.6. Step V: Investigate Similar Papers

Owing to the new approach, a quality loop within the Semantic Scholar database is
suggested to ensure that all relevant papers within that database are identified. Every
keyword search has drawbacks which can lead to important contributions being overlooked
in the literature review. The search terms may be too broad or ambiguous, resulting in
poor accuracy. In addition, papers may have been missed because their specific taxonomy
for a relevant concept was not included in the set of search terms. To mitigate the blind
spots of keyword searches, we supplement it with a similarity-based approach: new
candidate papers are discovered by examining research that is closely related to the papers
already gathered.

Several tools have been developed for facilitating this process. Citation Gecko [34]
provides a visual interface for browsing references and citations of a set of input papers.
Connected Papers [35] uses metrics such as co-citations and bibliometric coupling to
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determine which papers are most related and do not rely solely on direct citations or
references. Citrus Search [36] similarly analyses the network of citations and references
between papers to compare them. To capture the unique position of a publication in the
citation graph and compare it with other publications, it employs a graph-embedding
algorithm. Graph-embedding algorithms such as Node2Vec [37] are machine-learning
techniques which map nodes in a graph to a vector representation. Graph-embedding
representations have been shown to effectively capture the nuances of the underlying graph
and perform well in tasks such as link prediction, node classification, and clustering [38].

For the review, Citrus Search might be used to automatically gather paper recom-
mendations by supplying the already identified relevant research as input to its similarity
search. To make optimal use of the tool, we perform multiple iterations, where the output of
the similarity search is deduplicated against already found publications, manually checked
for relevance, and the relevant results are again supplied to the similarity search.

2.1.7. Step VI: Analyse Identified Papers

For the relevance check, the same criteria as those for the content assessment of papers
found during the initial search using the defined search terms are used. Iterations are
performed until convergence to a set of relevant publications can be observed, i.e., until
similarity search does not produce any additional potential relevant results. Therefore,
the number of relevant papers may be tracked as the main driver to ensure complete
exploitation of the papers within the database.

After the last loop of investigation of similar papers and content assessment, a final
list of relevant papers is developed. This is to be understood as the starting point for a
detailed analysis to collect data that defines the outcomes [32] needed for the consecutive
review paper. However, this final step was not within the scope of this study.

2.2. Brief Introduction of Vehicles

As the first step in preparing the search terms for the case study, an overview of
the existing vehicles must be generated. In the dynamic landscape of transportation,
vehicles encompass a wide array of modes spanning land, air, and sea. According to ADR,
vehicles are self-propelled devices designed for the transportation of one or more people or
goods [39]. The detailed breakdown of existing vehicles shown in chapter 8.1 is derived
from the following sources:

Land:

ISO 3833 [40] focusing on street motor vehicles;
ADR categorisation for additions regarding wheelchairs, ride-on lawnmowers, and
agricultural and construction machinery [39];
o A German standard for railway applications [41].
Maritime:

A naval architecture scheme [42];
SOLAS convention [43] for fishery additions;
Two European directives [44,45] focusing on maritime vehicles.

Aerospace:

A scheme from the International Civil Aviation Organization [46];
Electronic Code of Federal Regulations [47].

Based on these inputs, the vehicle overview shown in Figure 2 is generated.



Publications 2024, 12, 49

6 of 16

Vehicles

car cruise ship airplane
powered-lift
bus ferry aircraft
. . . powered-
commercial vehicle ocean liner
parachute
road train bulk carrier rocket
moped tanker gyroplane
motorcycle general cargo ship helicopter
. . . . weight-shift-
highspeed train container ship controlled aircraft
regional train boats airship
metro yachts balloon
tram fishing vessel
freight train tug
agricultural
machinery
construction
machinery
ride-on
lawnmower
wheelchair

Figure 2. Comprehensive vehicle overview per operational environment.

2.3. Brief Introduction of Powertrains

Second, to prepare the search terms for the case study, an overview of the existing pow-
ertrains for previously defined vehicles must be generated. As the world gravitates towards
sustainable mobility solutions, there exists a dichotomy between traditional propulsion
methods of the “old world”, including internal combustion engines powered by gasoline,
diesel, turbines, and the like, and the innovative technologies of the “new world” such as
hybrid drivetrains and fuel cells. It must be noted that hydrogen, in general, can be used in
electrochemical or thermomechanical applications [48]; therefore, it can be applied in both
the old and new world.

Vehicles can be classified by their powertrain into internal combustion engine vehicles,
hybrid electric vehicles, and all-electric vehicles [49]. Electrochemical storage systems, clas-
sified as primary, secondary, and tertiary elements, are required for hybrid electric vehicles
and all-electric vehicles [50]. Electrochemical energy storage devices with irreversible or
reversible cell reactions, such as batteries, are the primary or secondary elements. The
continuous reactions used in fuel cells are defined as tertiary elements [50]. For all-electric
vehicles, a distinction can be made between battery electric vehicles and fuel-cell electric
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vehicles, resulting in the use of components or elements such as batteries, hydrogen, or fuel
cells [49].

3. Case Study: Meta-Analysis of Battery Electric vs. Hydrogen Vehicles
3.1. Step I: Introduction of Scope and Case Study

The methodology described here was used to create a database for a meta-analysis
of electric and hydrogen battery vehicles for various use cases. The main objective of this
meta-analysis was to assess the technological and economic feasibility of using one or both
hybrid powertrains in different scenarios. Therefore, a comprehensive approach using a
wide range of investigated vehicles and operating conditions is required.

In addition to the technological feasibility, the design of powertrain systems should
also be considered. Therefore, publications have provided detailed information on the
design of powertrain systems, such as the dimensions of storage systems, packaging
constraints, and components used.

Generally, a meta-analysis should answer the following questions:

1. Which powertrain is technologically feasible for the case considered?
2. Which powertrain is economically feasible in the considered case?
3. What are the technological details of the system considered in the case study?

3.2. Step II: Define the Search Term

To ensure a gapless query for the different powertrains, vehicles, and types of studies,
the search terms were defined in a dense manner, that is, consciously accepting overlaps
between the different search terms, resulting in duplicated publications. The search terms
were defined by combining three groups, powertrains, vehicles, and types of studies, with
search addition as an option. Each group is described briefly in the following sections.

3.2.1. Powertrains

To include the required powertrains of vehicles, search terms were defined by covering
the technical principles of energy storage and conversion. The search term elements are
listed as vectors P71, P5, and P3, based on the introduction in Section 2.3.

P; = (hydrogen, electric, hydrogen powered, battery powered, fuel cell, battery electric)
P, = (hydrogen, battery)
P; = (hydrogen, battery electric)

3.2.2. Vehicles

The investigated vehicles were defined based on a wide spectrum of standards, con-
ventions, and regulations, as discussed in Section 2.2. This approach resulted in 35 different
vehicles defined in this study.

V = (car, bus, commercial vehicle, road train, moped, motorcycle, highspeed train, regional train, metro,

tram, freight train, cruise ship, ferry, ocean liner, bulk carrier, tanker, general cargo ship, container ship,

boats, yachts, fishing vessel, tug, airplane, powered-lift aircraft, powered-parachute, rocket, gyroplane,
helicopter, weight-shift-controlled aircraft, airship, balloon, agricultural machinery, construction machinery,

ride-on lawnmower, wheelchair)

3.2.3. Search Adds

To specify the search terms, variants A, “deployment” and Az “powertrain” were
added to basic variant A;. Therefore, the three vectors are as follows:

A, = (deployment)
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Aj = (powertrain)

3.2.4. Kind of Studies

To cover a wide range of case studies in the literature, multiple equivalent search terms
were defined. These cover not only the case study synonyms, but also reports, evaluations,
prototypes, and equivalent descriptions.

Kj = (review, report, summary, findings, investigation, analysis, research, comparative study, evaluation, bench-
mark, assessment, rating, examination, feasibility study, case study, in-depth study, exemplar study, single case,

research, examples, models, prototype)

4. Results
4.1. Step I1I: Queried Search Terms in the Process

Table 1 shows the derivation of the search terms based on the groups discussed in
Section 3.2. For a better overview, the S1, S2, and S3 searches are further subdivided in
the following section. Search S; consisted of search term groups 1.1-1.6, search S, used
search term groups 2.1 and 2.2, and search S3 included search term groups 3.1 and 3.2.
Each search term group consisted of multiple terms. Every search term group uses one
of the entries from the vector P;. For example, the search term group 1.1 contains all the
search terms with the search term element “hydrogen”, as it is the first entry of the vector
P;. Search term 2.2 uses the search term element “battery” as the second entry of vector P
in combination with other search term elements, as shown in Table 1. An example for S; is
the search term “hydrogen car review”.

Table 1. Search term logic and derived combinations.

Searches Derived Combinations
S1=P1RUVRA)®Ky) 5145
S =P, (VR A2) ®Ky) 70
S35 =P;Q((VR A3) ®K;) 1470
D 6685

4.2. Step IV: Identified Relevant Papers

All of the steps for identification of the relevant paper discussed in Section 2.1 were
applied in this study. In total, 55,206 publications were identified in Step III (see Figure 1).
After filtering out duplicates resulting from overlapping search terms, 48,827 papers (88.4%)
were removed from the list. Furthermore, 2024 (3.7%) entries were incorrect because of
errors in the Semantic Scholar database or query process. Furthermore, 936 papers were
published before 2013 and were removed from the list because the study focuses on papers
published in the last decade. It must be noted that only papers published and indexed in
the Semantic Scholar database by the autumn of 2023 were considered.

In the next step, a content assessment of the remaining 3419 papers from Step III was
performed. For successful content assessment, the information required for the study was
defined. The objective of this study is to review the recommendations for powertrains
based on vehicle and boundary conditions such as range or location. Furthermore, data
related to the dimensioning of the relevant energy-storage components should be gathered.
Based on this, the information desired for the study is defined in Table 2. This table can
be complemented during the study. However, it should already be comprehensive during
the relevance assessment of the publications. After significant changes, a new relevance
assessment of publications is required.
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Table 2. Summary of searched information as a basis for the relevance assessment.

Relevant Information Vehicle

Range (km)
Pay load (t)

Lifetime (a)

Vehicle requirements ~ Operation time (h/d)
Efficiency (kWh/km)

Operating temperature range (°C)

Market entry (date)
Fix costs (€)
Variable costs (€)

Operational scenario

Economical aspects

Components powertrain

System Packaging constraints (1)

Pressure H2 storage (bar)

Sizing H2 storage (1)
Capacity battery (kWh)
Design Voltage battery (V)
Peak pulse battery discharge (A)
Efficiency (%)

Powertrain

Of 3419 papers, 413 were listed as relevant. For these publications, an investigation of
similar papers was carried out using Citrus Search (Step V). In the first loop, 2830 additional
papers were identified, 286 of which were listed as relevant. In the second loop, the relevant
papers from the first loop were analysed using Citrus Search, which yielded 292 further
publications. A manual check led to a rejection rate of 278, leaving 14 considered to be
relevant. In the last loop, 21 papers were identified, none of which were listed as relevant.
In total, 713 relevant papers were identified in this case study.

A summary of all of the steps in the identification of relevant papers is shown in the
Sankey diagram in Figure 3. The search term groups related to hydrogen powertrains are
marked in blue, and those focusing on batteries are green.

4.3. Investigated Similar Papers

As mentioned in Section 4.2, a total of 3143 considered publications were derived
from three loops of investigations of similar papers using Citrus Search. The publications
assessed as relevant in Step IV were used as inputs for the first loop of a similar investigation.
For each relevant paper, a maximum of ten neighbouring papers was found, as described
in Section 2.1.5. Subsequently, a relevance assessment of this sample was performed,
resulting in the rejection of 2544 papers. A total of 286 papers (10.1%) were assessed as
relevant, which is a slightly lower ratio than that of the initial query in Step III. For the
second loop, only 286 relevant papers were used as inputs. Again, a maximum of ten
papers were searched for each entry. However, the second loop resulted in only 292 similar
papers, of which 14 were relevant. Here, the ratio was significantly lower at 5.1% of the
relevant papers. In the last loop, 21 papers were identified, none of which were considered
relevant. Thus, convergence is observed in Step V, as shown in Figure 4. Due to this fact
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and the known sufficient coverage of publications in the Semantic Scholar database [33],
no additional query in another database was performed.

Step | Step II\ Step III\ Step IV Step V Step VI\

1.1: 6735

1.2: 6917

Hyd’rogenz‘zs,&??% -

$1:42,158 Duplicates: 48,827

Not relevant: 57,656

N ==S52: 550
Battery: 28,629 Manually rejected (IV): 3026‘
|
I Before 2013: 936 ‘
S3: 12,498 [ [Error: 2024

uManuaIIy rejected (VI): 2843

Citrus 1: 2830_

~~=—Relevant: 713

Citrus 2: 292"
Citrus 3: 21—

Figure 3. Sankey diagram of the publication search and relevance assessment.
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Figure 4. Convergence of the similar paper investigation with Citrus Search.
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4.4. Analysed Identified Papers

Figure 5 shows the distribution for every year of publishing of relevant papers found
with particular search term groups in Step III, as well as those found in two loops using
Citrus Search in Step V. Here, similar to Figure 3, the blue colour indicates papers found
using hydrogen-related search terms, and the green colour is used for battery-related
search terms.

I 3.2
[ 1.6
[ ]14

— =l
IIII [ kX
====21
15
o 1.3
[ ]1.1
] [ Citrus 2
[ |Citrus 1

I
2013

T 1 T T 7
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

Figure 5. Distribution of the relevant papers throughout the years.

In general, it can be observed that the number of relevant papers grew from 2013 to
2021, with the exception of 2015. A change in this trend can be noted in 2022. This can be
traced to the significantly lower number of similar papers published in 2022, found in Step
V. However, the search for similar papers is based among others on the citations network.
Therefore, for newer papers with undeveloped citation networks, it might be challenging to
find similar relevant papers with Citrus Search or similar tools. A further reduction in the
number of relevant papers can be observed in the year 2023. Since the search was carried
out in the second half of 2023, this number can be related to papers not yet published or
those not yet listed in the Semantic Scholar database.

The search terms related to battery electric powertrains led to a significantly higher
number of relevant papers than those related to hydrogen powertrains. On the one hand,
this could indicate a higher number of relevant research conducted on battery electric
powertrains. The hypothesis that more papers related to hydrogen powertrains count as
grey literature and were filtered out because of the lack of DOI owing to their novelty could
not be proven. However, the search terms that led to a finding did not necessarily provide
information about the paper content. In particular, review papers on electric vehicles,
comparative studies, and feasibility studies including multiple powertrains can be easily
found using more general search terms. These were included in search terms 1.2, 1.4, and
1.6, which were counted as battery-related search terms. In particular, the search term 1.2
yielded a high number of relevant papers (197), which is over 25% of all papers assessed as
relevant in the study. On the other hand, no relevant paper resulted from the search 2.2. A
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detailed analysis of the paper content is required to precisely assess the research interests
of the relevant papers.

As mentioned in Section 2.1.5, Citrus Search uses a graph-embedding algorithm to
represent the position of papers in the citation network as an embedding vector. It interprets
the proximity of the papers in the resulting vector space as a measure of how similar the
positions of these papers in the citation network are; papers with a low distance between
their embedding vectors are assumed to be closely related. For this study, we made use of
this property of the embedding vectors to perform a visual analysis of our search results and
to attempt to identify clusters in the research landscape. To allow for visualisation in three-
dimensional space, the embedding vectors for all papers were subjected to a dimensionality
reduction using a principal component analysis. The resulting three-dimensional vectors
were used to create the following figures. As shown in Figure 6, the results can be visualised
as a cloud, as shown on the left. Segments are represented by markers in green for “Battery”,
red for “Hydrogen”, and blue for “Identified Neighbours”. The cloud spans the space
defined by coordinates x from —2 to 2, y from —2 to 3, and z from —4 to 4. Notably, the
regions for Battery and Hydrogen are distinguishable from each other.

4 4

Figure 6. Overview research results and distribution relevant vs. irrelevant paper.

The distribution of papers assessed as relevant or irrelevant is depicted on the right. It
is important to note the apparent clustering, which indicates that there are more battery
papers than hydrogen papers, as shown in Figure 3. The papers can also be clustered
according to the authors’ initial assessment of the operational environments. For example,
cars, trains, and wheelchairs are grouped under “Land”. Papers that could not be cate-
gorised without a complete reading or that pertained to multiple operational environments
were placed in the Overarching category. Even when viewed within each operational
environment as presented in Figure 7, Battery and Hydrogen can be distinguished from
one another. The share of the relevant papers is ~40% for Land, 28% for Aerospace, 18% for
Overarching, and 15% for Maritime.
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0O i environment: P Operational environment: Land

Operational environment: Maritime Operational environment: Overarching

[ @ Batey @ Hydrogen + lIdentified neighbour|

Figure 7. Overview relevant research results per operational environment.

A cluster analysis was performed to investigate the spatial distribution of relevant data
points across the different operational environments and to identify patterns within these.
Using “Gaussian Mixture Modeling” in Matlab, the data were partitioned into several
clusters to visually highlight and analyse distinct groups of points. The clusters are shown
in Figure 8.

®  Aerospace
3 Land
Maritime
Overarching 0o,

Figure 8. Clustering of the different operational environment.

The figure shows that the papers for the operational environment Land are widely
dispersed. For the operational environment Maritime, no focal point is discernible. Papers
categorised as Overarching are mainly situated near the operational environment Land,
which aligns with the expectation that the term “battery electric vehicle” is typically used
for cars. The operational environment Aero has its own focal point.
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5. Discussion

Regarding the general approach, it was found that the repetitive task of research, the
utilisation of various search terms, was efficiently realised at low cost.

The exemplary search indicates that the Al process is independent from the persever-
ance of the researcher, synonyms, and taxonomy, and, therefore, a thorough analysis can be
performed. As shown in Figure 3, the specific and overlapping search terms resulted in
duplicates, which also indicates that Al can generalise the search. It can be concluded that
general and fewer search terms might be used when accepting missing papers on specific
vehicle types.

It was also proven by the convergence analysis that the number of identified papers
declined over each loop, which might indicate that the border of the specific neighbourhood
was reached and that the Semantic Scholar database was fully exploited. The study might
be concluded by extending the presented approach to another database besides Semantic
Scholar. This would also address the aspect of the domain agnostic data from Sematic
Scholar, as the authors have no insights into the scope of the provided database. Hence,
important papers might not have been discoverable.

Besides the risk of missing papers in the database, it must also be stated that the
still-needed process of manual rejection might include misleading papers in the list of
identified papers or exclude relevant papers due to biases. Thus, the next recommended
step is to examine and challenge the 713 identified papers as well their references. In this
consecutive study, the PRISMA approach should be continued, focusing on the steps’ bias
assessments and certainty assessments. It is to be noted that this step is necessary for the
method validation in agreement with good research praxis.

The performed cluster analysis of the found papers, which is based on the citations
and reference network, delivers a clear differentiation between the papers related to battery
vehicles and those on vehicles with hydrogen propulsion. On the other hand, the relevant
data points of vehicles in the considered operational environments are widely spread. This
behaviour indicates that the linkage of the considered papers might be rather powertrain-
related and not vehicle-related. Only for the papers from the operational environment
Aerospace could a focal point be observed.

6. Conclusions

In this study, an efficient six-step approach for Al-based research and a list of
713 potentially relevant papers on powertrains of vehicles with battery electric and or
hydrogen propulsion is presented. For this elaboration, an automated crawling of circa
60,000 papers from Semantic Scholar based on 6700 search terms for more than 30 vehicle
descriptions was conducted. Based on the exemplary search, a trend for battery and hydro-
gen papers since 2018 can be deducted. The drill-down was complemented by a structured
neighbourhood analysis with Citrus Search, and the effectiveness of the approach was
proven by the analysed convergence. The result is that potentially 57,656 irrelevant and
713 relevant papers were identified. A key contributor of relevant papers was the similarity
search with Citrus Search.

Among all of the relevant papers, a low share referred to hydrogen propulsion. The
authors could not map the propulsion technologies and vehicles or their respective oper-
ational environments and therefore recommend a reference analysis after a full in-detail
evaluation of the relevant papers as a next step. Within the consecutive analysis, the content
of the relevant papers should be extracted according to the drafted Table 2.
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