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Promising Modern Research
Areas in Smart Mobility
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ABSTRACT

Contemporary smart mobility technology
makes it possible to solve the problems of urban
transport, improving quality of urban mobility,
increasing availability of transport, and ensuring
its efficiency. The objective of the study is to
identify key trends of research on smart mobility
in recent scientific sources. The author, using
VOS Viewer program, carried out a bibliometric
analysis of publications indexed in the Web of
Science and Scopus databases and containing
keywords related to smart urban mobility.

Co-citations, cross-references, shared
keywords, co-authorships have been analyzed
for the entire set of selected publications. As
a result, a map of links between publications
in the field of smart mobility was built, defining
existing relationships between keywords and
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authors in this area. Also, a map of clusters
was built, which displays proximity of
publications to each other. A cluster comprises
a group of research closely related via
research topics, authors, and keywords.
Clustering of publications was conducted
followed by identifying six clusters, each of
which reflects single promising research area
in the field of smart mobility. The results
obtained make it possible to identify promising
development trends for smart mobility
through automated processing of a high-
quality array of publications. The results can
be used by municipal officials, transportation
business and academia to review and analyze
emerging smart mobility technologies and to
make informed urban transport planning
decisions.
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Introduction.

The relevance of the use of smart mobility
technology is due to the persevering transport
problems in the world cities, usually comprising
negative impact of transport on the environment,
traffic congestion, excessive use of personal
vehicles, congestion of urban infrastructure, etc.
The development of smart mobility will make it
possible to minimize these problems, and in the
future will improve the quality of urban life,
availability, and efficiency of urban transportation.

Modern research considers smart city as a
specific ecosystem that develops through the
widespread use of information and logistics
technologies, which are implemented to improve
quality of life of citizens through integration of
various systems and services. The terms «smart
city» and «smart mobility» themselves are used in
publications to describe promising directions for
development of innovative technology in the daily
life of the city, for introducing innovations to urban
transport [1].

Smart urban mobility is provided for through
introduction of awide range of modern information
technologies into the city life, development of
intelligent transport systems, and the use of
specialized databases. Intellectualization of the
urban transport system helps to reduce traffic
congestion, improve safety of urban traffic, and
ensure maximum synchronization of urban
transport modes. Currently existing technologies
allow tracking transport in real time, making it
possible to improve efficiency of urban transport
management, and help residents to plan their
urban mobility.

The objective of the work is to identify existing
research trends referring to smart urban mobility
in the scientific publications. To do this, a
bibliometric analysis of publications indexed in the
Web of Science and Scopus databases for 2012—
2017 was carried out. For the analysis, the method
of bibliometric research with the help of VOS
Viewer program [2] was used. The articles’ abstracts
for analysis were compiled from the publication
database https://app.dimensions.ai/discover/
publication.

Results.

For the study, publications that use the concept
of «urban smart mobility» in the title, abstracts, or
keywords were first selected. Among those
publications, the publications with highest impact
factor were selected by the criterion of the number

of citations. During the analysis, 929 articles were
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reviewed. Co-citations, cross-references, shared
keywords, clusters of related publications were
analyzed for the selected array of publications. A
map of links between publications in the field of
smart mobility was built followed by identification
of the existing relationships between the terms and
keywords used. Similar studies in related areas have
already been carried out, but this field is rather
dynamic, which is proved by continuous changing
of the trends [3; 4].

Bibliometric analysis of publications was
carried out in the following sequence. At the first
stage, bibliometric information was selected from
Dimensions database and preliminary grouping of
this information was carried out. The information
was converted to a single format, cleared of
doubling, iterations, and errors, which made it
possible to improve quality of the data used. Then
the data was transformed into a semantic network
of related publications, which made it possible to
reveal the existing information links and to form a
single publication field. The constructed semantic
network was normalized to quantitatively express
similarity between the elements included. The
second stage was processing the semantic network
using VOS Viewer to graphically represent the
result. At the third and final stage, an expert
assessment of the results was carried out to identify
research trends, describe clusters of publications,
and identify factors of scientific and technological
development in the selected field of research [5].

Pic. 1 reflects the dynamics of changes in the
number of publications peryears of research. There
is a clear trend of a sharp increase in the number
of publications on the topic of smart mobility in
recent years, while works written before 2014 are
actively cited. On average, each work of those years
has got more than 30 citations.

An important research finding is the cluster
map, which displays the relationships between
keywords and terms that have been used in
publications. The cluster consists of a group of
thematically related studies. These groups are
highlighted in different colors and enumerated on
the resulting map. Division of publications into six
clusters was identified, 49 publications were used
for analysis, each of which had at least 30 citations.

The first cluster includes publications related
to the topic of smart methods of urban transport
planning [6; 7]. Optimization of urban transport
planning is currently a key concept of a smart city;
therefore it is often considered in studies related to
development of smart city infrastructure,
optimization of traffic flows, etc. The problems of
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Pic. 1. Dynamics of publications and citations (constructed by the author).

Pic. 2. Bibliographic map of clusters of publications (developed by the author).

urban transport planning are typical of many cities,
however, the internal specificity of cities leads to
the absence of a single universal planning solution
and it is necessary to develop an individual
transport plan for each city.

The second cluster is formed by publications
related to the topic of smart urban public
transport [1; 8]. Researchers are looking at
technology trends to address urban public
transportation challenges. The city authorities are
investing heavily in development of modern public
transport systems, including in creation of
information and road infrastructure. In this area,
the use of intelligent services is actively developing,
new practices of using vehicles are being introduced.
The publications describe methods of using
machine learning to manage public transportation,
methods of introducing smart cards into urban
practices, and of providing access to various modes
of transport using a single card, ensuring respect
of timetables, etc.

The third cluster consists of publications on the
use of promising innovative technologies in the

field of urban transport, (including freight transport
and taxis, in contrast to the second cluster) [9; 10].
This topic has been actively investigated in recent
years, being at the intersection of information and
transport technologies, the proposed solutions
radically change the existing methods of urban
mobility. For example, the city taxi system has
changed significantly, new ways of renting vehicles
have appeared, and new markets for rental of
vehicles (bicycles, electric scooters) have emerged
in the city.

The fourth cluster consists of publications on
the topic of intelligent transport systems [11]. This
is a developed area of research, which includes
topics related to introduction of intelligent
technologies in the field of traffic control, urban
transport routes management, etc. The purpose of
these developments is to improve efficiency of the
urban transport system, reduce urban congestion.
Modern information technologies make it possible
to create specialized intelligent solutions that make
it possible to centrally control city traffic, which
leads to a decrease in urban traffic, reduces air
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pollution, and provides more accurate and
complete navigation of vehicles in real time.

The fifth cluster consists of publications on
development of intelligent solutions aimed at
ensuring autonomous mobility [12; 13]. This
topic is promising, the use of autonomous vehicles
in the future will be an important technology,
followed by significant changes that have already
been predicted in both public and personal urban
transport. In the future, transport management
and control technologies will be developed based
onintroduction of distributed transport regulation
systems, specialized intelligent road infrastructure,
and autonomous vehicles, while already at
present, a positive effect from implementation of
such solutions is evident.

The sixth cluster consists of publications that
describe methods for modelling urban transport
systems and approaches to developing uniform
standards for them [14]. These publications
consider the issues of information and software
support for urban transport modelling methods,
the use of various technologies for collecting
information from the urban environment to
further build transport models. As its important
part this cluster contains publications related to
the development of specific simulation algorithms
based on machine learning, artificial intelligence,
and computer vision systems. In the future, these
technologies will make it possible to process
information, collected using sensors and video
cameras, to solve the problem of urban traffic
control in real time.

Brief conclusions. Bibliometric analysis is
among effective methods for processing
voluminous textual information, allowing to get
a broad understanding of the problems, which
the researchers are facing, as well as to get
acquainted with the directions of development
of aresearch topic through automated processing
of a high-quality array of publications. The
results of the study can be used by city authorities,
transportation business and researchers to
identify promising trends in smart mobility and
justify their own decisions in the field of urban
planning.

REFERENCES

1. Benevolo, C., Dameri, R. P., D’Auria, B. Smart
mobility in smart city action taxonomy, ICT intensity and
public benefits. Lecture Notes in Information Systems and
Organisation. Springer International Publishing, 2016,
Vol. 11, pp. 13—28. DOI: https://doi.org/10.1007/978-3-
319-23784-8.

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 3, pp. 44-52 (2020)

2. Eck, N. J. van, Waltman, L. Citation-based
clustering of publications using CitNetExplorer and
VOSviewer. Scientometrics, 2017, Vol. 111, No. 2,
pp. 1053—1070. DOI: 10.1007/s11192-017-2300-7.

3. Hajduk, S. Bibliometric Analysis of Publications on
City Logistics in International Scientific Literature.
Procedia Engineering, 2017, Vol. 182, pp. 282—290. DOI:
10.1016/j.proeng.2017.03.194.

4. Tomaszewska, E. J., Florea, A. Urban smart mobility
in the scientific literature — Bibliometric analysis.
Engineering Management in Production and Services, 2018,
Vol. 10, No. 2, pp. 41—56. DOI: 10.2478 /em;j-2018-0010.

5. Akoev, M. Mapping Science and Technology,
Forecasting Research and Development. Handbook for
Scientometrics: Indicators of science and technology
development. Publishing House of Ural University, 2014,
pp. 164—184. [Electronic resource]: https://science.urfu.
ru/en/publications/mapping-science-and-technology-
forecasting-research-and-developme. Last accessed
27.04.2020.

6. Briand, A.-S., Céme, E., Trépanier, M.,
Oukhellou, L. Analyzing year-to-year changes in public
transport passenger behaviour using smart card data.
Transportation Research Part C: Emerging Technologies,
2017, Vol. 79, pp.274—289. DOI: 10.1016/j.trc.2017.03.021.

7. Hasan, S., Schneider, C. M., Ukkusuri, S. V.,
Gonzalez, M. C. Spatiotemporal Patterns of Urban Human
Mobility. Journal of Statistical Physics, 2013, Vol. 151,
No. 1-2, pp. 304—318. [Electronic resource]:
https://dspace.mit.edu/bitstream/handle/1721.1/89404/
Gonzalez_Spatiotemporal %20patterns.pdf?sequence=
1&isAllowed=y. Last accessed 27.04.2020.

8. Lyons, G. Getting smart about urban mobility —
Aligning the paradigms of smart and sustainable. Transportation
Research Part A: Policy and Practice, Elsevier, 2018, Vol. 115,
pp. 4—14. DOI: 10.1016/j.tra.2016.12.001.

9. Neirotti, P., De Marco, A., Cagliano, A. C.,
Mangano, G., Scorrano, F. Current trends in smart city
initiatives: Some stylised facts. Cities, 2014, Vol. 38,
pp. 25—36. DOI: 10.1016/j.cities.2013.12.010.

10. Batty, M., Axhausen, K., Giannotti, F.,
Pozdnoukhov, A. Bazzani, A., Wachowicz, M.,
Ouzounis, G., Portugali, Y. Smart cities of the future.
European Physical Journal: Special Topics, 2014, Vol. 214,
No. 1, pp. 481-518. DOI: 10.1140/epjst/e2012-01703-3.

11. Mangiaracina, R., Perego, A., Salvadori, G.,
Tumino, A. A comprehensive view of intelligent transport
systems for urban smart mobility. International Journal of
Logistics Research and Applications, 2017, Vol. 20, No. 1,
pp. 39—52. [Electronic resource]: https://re.public.polimi.
it/retrieve/handle/11311/1003931/309232/A %20
comprehensive%20view%200f%20Intelligent%20
Transport%20Systems%20%281TS%29%20for%20
urban%20Sm...pdf. Last accessed 27.04.2020.

12. Zawieska, J., Pieriegud, J. Smart city as a tool for
sustainable mobility and transport decarbonisation.
Transport Policy, Elsevier, 2018, Vol. 63 (C), pp. 39-50.
DOI: 10.1016/j.tranpol.2017.11.004.

13. Pangbourne, K., Stead, D., Mladenovi¢, M.,
Milakis, D. The Case of Mobility as a Service: A Critical
Reflection on Challenges for Urban Transport and Mobility
Governance. Eds. Marsden, G. and Reardon, L.
Governance of the Smart Mobility Transition, Emerald
Publishing Limited, 2018, pp. 33—48. DOI: https://doi.
org/10.1108/978-1-78754-317-120181003.

14. Anthopoulos, L., Janssen, M., Weerakkody, V.
Smart Service Portfolios: Do the Cities Follow Standards?
Proceedings of the 25™ International Conference
Companion on World Wide Web, Montreal, Canada. New
York: ACM Press, 2016, pp. 357-362. DOI:
10.1145/2872518.2888618. o

Tregubov, Vladimir N. Promising Modern Research Areas in Smart Mobility



