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Analyzing highly cited papers in Intelligent
Transportation Systems

J.A. Moral-Muñoz, M.J. Cobo, F. Chiclana, A. Collop, E. Herrera-Viedma

Abstract—Citation classics offer an outlook on those papers
that have attracted great and historical interest by a research
community, and that could also be considered as the basis of
the research field. A new approach, called H-Classics, has been
developed to identify such highly cited papers. It is based on
the H-index and is sensitive to both the own characteristics
of the corresponding research discipline and its evolution. The
present study provides a useful insight into the development of
the Intelligent Transport Systems research field, revealing those
scientific actors (authors, countries and institutions) that have
made the biggest research contribution to its development.

Index Terms—H-index-index, Highly cited papers, H-Classics,
Bibliometrics, Intelligent Transportation Systems

I. INTRODUCTION

The Intelligent Transportation Systems (ITS) field appeared
in the 1980s when a small group of transportation profession-
als recognized the impact the use of computing and communi-
cations technologies could have on surface transportation [1].
ITS involves many different areas such as electronics, control,
communications, sensing, robotics, signal processing and in-
formation systems [2]. It is a global phenomenon, attracting
worldwide interest from transportation professionals, automo-
tive industry and political decision makers. Furthermore, its
high scientific production suggests that ITS is developing at a
fast pace [2], [3].

Recently, a series of papers have been published that focus
on the bibliometric impact of the ITS research field. Wang et
al. (2009) [4] analyzed the first decade of research publications
in the journal IEEE Transactions on Intelligent Transporta-
tion Systems (T-ITS). Wang (2010) [5] analyzed the T-ITS
publication stages from 2000 to 2009. Li et al. (2010) [6]
revealed the collaboration patterns and research topic trends
in T-ITS, while Cobo et al. (2012) [7] completed this study
with an analysis that detected, visualized, and evaluated the
conceptual ITS themes and ITS thematic areas. Recently, Cobo
et al. (2014) [3] highlighted the conceptual structure of the ITS
research field in the period 1992-2011 by analyzing the most
important ITS journals. Tang et al. (2014) [8] classified and
analyzed the core articles from all the published papers in
the journal T-ITS during the period 2010-2013. Finally, Wang
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et al. (2014) [9] measured the productivity and collaboration
patterns of T-ITS between 2010 and 2013.

Although the ITS field has been analyzed socially and
conceptually with bibliometric tools, this is not the case for
the highly cited papers of this research field. Highly cited
papers could be considered important in a research field devel-
opment because they have attracted the interest of the research
community. In 1977, Garfield [10] introduced the bibliometric
concept of “citation classic”, also called “classic article” or
“literary classic”, to characterize the highly cited papers of a
scientific discipline. Citation classics help discover potentially
important information towards the development of a discipline
and understand its past, present and future scientific structure,
thus they are considered the “gold bullion of science” [11],
[12]. Recently, an approach based on the well-known H-index
[13], called H-Classics, has been developed by Martı́nez et
al. [14] to identify the highly cited papers of a research field
that also overcomes the drawbacks associated to traditional
approaches.

In this paper, an analysis of the highly cited papers in the
ITS research field using the H-Classics is presented., which
aims to complete the series of bibliometric studies on ITS
mentioned before. In such a way, additional information to
understand the scientific structure of the ITS field is provided.

The rest of the paper is organized as follow: Section II
shows the approach used in the analysis. Section III presents
the results of our analysis. Finally, conclusions are drawn in
Section IV.

II. BIBLIOMETRIC ANALYSIS AND DATA

A. Data sources
The bibliometric analysis relies on the use of the Journal

Citation Report (JCR) to construct an adequate list of the
core ITS journals. JCR attracts the most important research
contributions of the different scientific disciplines because the
number publications in indexed JCR journals is considered
as a very important criterion in tenure, promotion, and other
professional decisions [15], [16]. Indeed, it could be consid-
ered as a standard for assessing journal quality across the
science disciplines. According to Cobo et al. [3], there are
four ITS prominent journals in the latest JCR update (2013):
Journal of Intelligent Transportation Systems, ITS Journal,
IET Intelligent Transport Systems and IEEE Transactions on
Intelligent Transportation Systems.

The documents published in these four journals and their
associated citation counts were obtained using the Web of
Science (WoS) bibliographic database. WoS provides a com-
plete retrospective quality coverage of ITS and, therefore, it
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is considered appropriate for developing an analysis of highly
cited papers.

B. Sample
The study sample consists of articles indexed in WoS during

the time period 1996–2014. This sample is further restricted to
full length articles, including literature review articles; items
such as book reviews, editorials, corrections, letters, and notes
were excluded from the study. Accordingly, the ITS research
documents subject to study were retrieved with the following
WoS advance search query:

TS=(“INTELLIGENT TRANSPORT∗”) OR
SO=(“Journal of Intelligent Transportation Systems”
OR “ITS Journal” OR “IET Intelligent Transport
Systems” OR “IEEE TRANSACTIONS ON
INTELLIGENT TRANSPORTATION SYSTEMS”)

This query produced a total of 2086 documents, and for each
document the following information was obtained: authors, af-
filiations, title, year of publication, citations, sources, abstract
and keywords.

C. Procedure
Following Garfield’s recommendations [10], [17], a com-

mon characteristic of studies on highly cited papers is to apply
a selection criterion that uses a threshold value to discriminate
whether a paper is classed as highly cited or not. This has
traditionally been done by using one of the following two
approaches: (I) The threshold value is based on the number
of citations received; (II) The threshold value is based on the
number of highly cited papers to be retrieved. Both approaches
share the following drawbacks: neither the scientific evolution
of the research areas nor their citation patterns are taken
into account. To overcome these issues, the concept of H-
Classics, based on the popular H-index [13], was introduced
by Martı́nez et al. [14], which provides an unbiased and fair
criterion to construct a systematic search procedure for citation
classics in any field of research. Therefore, the H-Classics
provides a rigorous and scientific method to discover the most
relevant highly cited papers and avoid potential biases of
studies of highly cited papers conducted so far.

The H-index was originally introduced by Hirsch [13] to
measure the scientific performance of a researcher through
his/her publications. Its original definition is:

“A scientist has index h if h of his or her Np papers
have at least h citations each, and the other (Np -
h) papers have ≤h citations each.”

Burrell in [18] pointed out that the H-index identifies the
most productive core of an author’s output in terms of the most
cited papers. For this core, consisting of the first H papers,
Rousseau [19] introduced the term Hirsch core (H-core), which
can be considered as a group of high-performance publications
with respect to the scientist’s career [20], which was used by
Martı́nez et al. to introduce the concept of H-Classics in [14]
:

“H-Classics of a research area A could be defined
as the H-core of A that is composed of the H highly
cited papers with more than H citations received.”

Summarising, the identification process of highly cited
papers of a research area via the concept of H-Classics is
carried out in the following steps [14]:

1) Bibliographic database selection to retrieve the study
sample. There are various bibliographic databases avail-
able to perform bibliographic studies, with the three most
important ones being: WoS, Scopus, and Google Scholar.
On the one hand, Scopus coverage of research literature
is broader than WoS. However, journals not covered by
WoS but Scopus usually are nationally focused and have
a low citation impact. On the other hand, Google Scholar
present citation information is not deem accurate and
reliable. Thus, for the present study WoS was used based
on its indexing of the most reliable research information
and its offering of a great number of analysis tools to
process it.

2) Setting of the research area study. It is necessary to
identify the main research publications related to the area
of study, so the set of journals that are traditionally used
to disseminate scientific advances in the area needs to
be established. In the case of WoS, if the area matches
one of the scientific areas within JCR, then it would be
straightforward to get the set of journals of interest and
therefore the sample of documents to analyse would be
easily obtained. Otherwise, an appropriate query would
be required to be run to retrieve the sample of relevant
documents. In the present study, the query indicated
above was run to retrieve the ITS relevant documents.
In order to focus on papers published in journals, only
article and review type outputs were selected.

3) Computation of the H-index of the research area. To
compute the H-index of a research field, it is necessary to
establish a ranking of papers according to their citations,
that is, the set of documents must be ordered by citations
in a decreasing way. The interest here is to locate the first
document whose ranking position is below its citation
count because the H-index will be the ranking position
of the paper immediately above. Although the H-index
can be computed manually, as mentioned above there
are different tools available in WoS that facilitates its
computation for a given set of research documents. In
the present study the H-index of ITS research field was
found to be 53.

4) Retrieving the H-core of the research area. At this step,
the first H highly cited papers in the previous ranking are
included in the H-core of the research area. The H-Core
of the research area includes its H-Classics, so the H-
index of a research area is the cardinality of its H-core
of the area. In the present study, the identified 53 ITS
H-Classics are listed in table form in the Appendix.

III. HIGHLY CITED PAPERS OF ITS
In the following sections the H-core of ITS research field is

analyzed. First, the distribution of H-Classic documents per
year of publication is analysed. Then, authors, institutions
and countries producing the highest number of H-Classic
documents are identified. Finally, a conceptual evolution is
provided.
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A. Distribution of ITS H-Classic documents per year of pub-
lication

As mentioned before, the current study considered a col-
lection of 2086 documents, 53 of which were classed as H-
Classics. The distribution of the H-Classics documents per
year of publication is shown in Fig. 1. It is worth noting
that none of the 53 H-Classic documents were published
before year 2000. No research document published after
2010 has been categorised yet as H-Classic. The year with
more H-Classic documents published is 2006. The first two
research documents classed as H-Classics were published in
2000 by Zhao et al. (2000) [21] and Broggi et al. (2000)
[22], respectively. Furthermore, the time period 2002-2007
concentrates the majority of them. It is remarkable the ranking
position of the recently published H-Classic document by
Wang (2010) [23]. Moreover, although highly cited papers are
usually located in remotest years due to citation window, ITS
demonstrates that is currently growing fast, as research papers
tend to catch the attention of the research community within
years of being published.

Fig. 1. Distribution of ITS H-Classic documents per year of publication

B. Most productive authors, institutions and countries

Table I shows the authors with two or more H-Classic
documents in the ITS research. Trivedi, affiliated to the
Computer Vision & Robotics research laboratory at University
of California San Diego (USA), is the author with the highest
number of H-Classic articles. It is worth noting that two other
researchers from the same laboratory have published two ITS
H-Classic articles: Gandhi and McCall. It should be remarked
the presence of six Greek authors: C.N.E. Anagnostopoulos
and I.E Anagnostopoulos from University of Aegean; Kayafas
and Loumos from National Technical University of Athens;
and Kotsialos and Papageorgiou from Technical University of
Crete. Moreover, three Spanish researchers from the University
of Alcala stand out: L.M. Bergasa, J. Nuevo and M.A. Sotelo.

According to the information on author addresses contained
in the research papers, the corresponding institutions and
countries can be identified. Table II shows the ranking of
institutions with two or more ITS H-Classic papers. The top 3
most productive institutions are the Massachusetts Institute of
Technology (USA), the University of Alcala (Spain) and the

TABLE III
MOST PRODUCTIVE COUNTRIES OF ITS H-CLASSIC DOCUMENTS

Country H-Classics (%)
USA 34 (64.2 %)
GREECE 7 (13.2 %)
PEOPLES R CHINA 5 (9.43 %)
JAPAN 5 (9.43 %)
NETHERLANDS 5 (9.43 %)
SPAIN 4 (7.55 %)
ITALY 3 (5.7 %)
AUSTRALIA 2 (3.8 %)
GERMANY 2 (3.8 %)
SINGAPORE 2 (3.8 %)
UK 2 (3.8 %)
SWEDEN 1 (1.9 %)

University of California San Diego (USA), all of them with
three ITS H-Classic papers.

Finally, Table III shows the ranking of countries that
originated the ITS H-Classic papers. The leading country
is the USA with 34 H-Classic documents out of the total
53, a remarkable figure that nearly quintuplicates the second
ranked country, Greece with 7. The predominance of USA in
producing ITS H-Classic papers is evident.

C. Conceptual evolution of ITS H-Classic documents

In view of the above information, a conceptual evolution of
ITS H-Classic documents can be carried out and analyzed.

The first two ITS H-Classic documents [21], [22] date
from 2010 and they focused on the research theme pedestrian
and vehicle tracking. The first one presents an algorithm to
detect pedestrians in a cluttered scene using a pair of moving
cameras. The second one uses images taken by vehicles to
perceive the environment provides and presents methods for
sensing both obstacles and other vehicles.

In 2001 only one document is considered as H-Classic,
while in 2002 there are eight papers classed as H-Classics.
Tomlin et al. (2001) [24] present an algorithm for generating
probably-safe manoeuvres for aircraft in uncertain environ-
ments. In 2002 several H-Classic papers are related to traffic
management, vehicle tracking and intervehicle communica-
tion. It should be noted that 2002 H-Classic papers mainly deal
with traffic simulation or modeling and resolution of traffic
problems [25]–[27].

In 2003 and 2004, there is not a predominant research
theme amongst the identified H-Classic papers. In relation
to license plate recognition, the paper published by Chang
et al. (2004) [28] seems to be relevant in this topic because
it presents an experiment to identify license number using a
fuzzy algorithm. Moreover, de la Escalera et al. (2004) [29]
focused on road sings detection, a subtopic of object recog-
nition. This author developed a system to extract and identify
road signs automatically. Finally, there are two remarkable
H-Classic papers related to travel time prediction, Wu et al.
and Rice & Zwet (2004) [30], [31], that contain methods
to predict travel-time using different algorithms that control
several factors influencing the final travel-time.

The main research themes the H-Classic papers published
in 2005 deal with are: traffic management and intervehicle
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TABLE I
MOST PRODUCTIVE AUTHORS OF ITS H-CLASSIC DOCUMENTS

Author Institution H-Classics (%)
Trivedi, MM UNIVERSITY OF CALIFORNIA SAN DIEGO, COMPUTER VISION &

ROBOTICS RESEARCH LABORATORY, USA
3 (5.7 %)

Anagnostopoulos, CNE UNIVERSITY OF AEGEAN, DEPARTMENT OF CULTURAL TECH-
NOLOGY & COMMUNICATION, GREECE

2 (3.8 %)

Anagnostopoulos, IE UNIVERSITY OF AEGEAN, DEPARTMENT OF CULTURAL TECH-
NOLOGY & COMMUNICATION, GREECE

2 (3.8 %)

Bergasa, LM UNIVERSITY OF ALCALA, DEPARTMENT OF ELECTRONICS,
SPAIN

2 (3.8 %)

Eskandarian, A GEORGE WASHINGTON UNIVERSITY, DEPARTMENT OF COM-
PUTER SCIENCE, USA

2 (3.8 %)

Gandhi, T UNIVERSITY OF CALIFORNIA SAN DIEGO, COMPUTER VISION &
ROBOTICS RESEARCH LABORATORY, USA

2 (3.8 %)

Kayafas, E NATIONAL TECHNICAL UNIVERSITY OF ATHENS, SCHOOL OF
ELECTRICAL AND COMPUTER ENGINEERING, GREECE

2 (3.8 %)

Kotsialos, A TECHNICAL UNIVERSITY OF CRETE, DYNAMIC SYSTEMS & SIM-
ULATION LABORATORY, GREECE

2 (3.8 %)

Loumos, V NATIONAL TECHNICAL UNIVERSITY OF ATHENS, SCHOOL OF
ELECTRICAL & COMPUTER ENGINEERING, GREECE

2 (3.8 %)

Masoud, O UNIVERSITY OF MINNESOTA SYSTEM, DEPARTMENT OF COM-
PUTER SCIENCE & ENGINEERING, USA

2 (3.8 %)

McCall, J UNIVERSITY OF CALIFORNIA SAN DIEGO, COMPUTER VISION &
ROBOTICS RESEARCH LABORATORY, USA

2 (3.8 %)

Nuevo, J UNIVERSITY OF ALCALA, DEPARTMENT OF ELECTRONICS,
SPAIN

2 (3.8 %)

Papageorgiou, M TECHNICAL UNIVERSITY OF CRETE, DYNAMIC SYSTEMS & SIM-
ULATION LABORATORY, GREECE

2 (3.8 %)

Papanikolopoulos, NP UNIVERSITY OF MINNESOTA SYSTEM, DEPARTMENT OF COM-
PUTER SCIENCE & ENGINEERING, USA

2 (3.8 %)

Sotelo, MA UNIVERSITY OF ALCALA, DEPARTMENT OF ELECTRONICS,
SPAIN

2 (3.8 %)

Wang, FY CHINESE ACADEMY OF SCIENCES, LABORATORY OF COMPLEX
SYSTEMS & INTELLIGENCE SCIENCE, PEOPLES R CHINA

2 (3.8 %)

TABLE II
MOST PRODUCTIVE INSTITUTIONS OF ITS H-CLASSIC DOCUMENTS

Institution Country H-Classics (%)
MASSACHUSETTS INSTITUTE OF TECHNOLOGY USA 3 (5.7 %)
UNIVERSITY OF ALCALA SPAIN 3 (5.7 %)
UNIVERSITY OF CALIFORNIA SAN DIEGO USA 3 (5.7 %)
CHINESE ACADEMY OF SCIENCES PEOPLES R CHINA 2 (3.8 %)
GEORGE WASHINGTON UNIVERSITY USA 2 (3.8 %)
NATIONAL TECHNICAL UNIVERSITY OF ATHENS GREECE 2 (3.8 %)
NATIONAL UNIVERSITY OF SINGAPORE SINGAPORE 2 (3.8 %)
TECHNICAL UNIVERSITY OF CRETE GREECE 2 (3.8 %)
TSINGHUA UNIVERSITY PEOPLES R CHINA 2 (3.8 %)
UNIVERSITY OF AEGEAN GREECE 2 (3.8 %)
UNIVERSITY OF CALIFORNIA BERKELEY USA 2 (3.8 %)
UNIVERSITY OF MINNESOTA USA 2 (3.8 %)
UNIVERSITY OF WASHINGTON USA 2 (3.8 %)

communication. This year, the researchers focused on the inter-
pretation of car-following behavior. In particular, the following
two H-Classic papers [32], [33] focused on monitoring the
behavior of traffic, the former via video analysis and the
second using simulation tools.

As mentioned above, the year with more H-Classic papers
was 2006, which also counts for the H-Classic paper that has
received more citations so far, McCall and Trivedi (2006) [34]
with 229 citations. As in previous years, the research topic
traffic management has an important research presence this
year as well. Other most notable research topics were driver
assistance and vechicle tracking. The interest on traffic flow
forecasting and traffic control is evident. There are two H-
Classic documents that focused on those topics, Sun et al.

[35] and Srinivasan et al. [36]. Other research themes H-
Classic papers dealt with were related to the estimation of
lane through video and its tracking to assist the vehicle driver
[34], the use of stereo vision to obtain three-dimensional (3D)
measurements [37] and tracking and classification of vehicles
in real time [38], [39].

From 2007 to 2009, there is a decrease trend on the number
of H-Classic papers that cover a wide range of research
themes, none of which is predominant. Within this diversity,
topics such as map-matching and pedestrian tracking are worth
highlight. Quddus et al. (2007) [40] review the literature
regarding the available map-matching algorithms; Skog and
Handel (2009) [41] provide a survey on positioning and
navigation technologies applied to cars; Gandhi and Trivedi
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(2007) [42] present the nature, issues, approaches and chal-
lenges surrounding pedestrian safety and collision avoidance,
while Parra Alonso et al. (2007) [43] describe a combination
of extraction methods of information form video to detect
pedestrian.

Regarding the two more recent H-Classic documents pub-
lished, it is worth remarking that Wang (2010) [23] presents a
new mechanism for conducting operations on complex systems
with background, concepts, basic methods, major issues, and
current applications of Parallel Transportation Management
Systems being described; while Chen and Cheng (2010) [44]
review the applications of agent-based technology in areas
such as modeling and simulation, dynamic routing and con-
gestion management, and intelligent traffic control.

As an overview, it is observed that the four most cited H-
Classic papers focus on driver assistance, vehicle tracking,
license plate recognition and driver monitoring, respectively.
Moreover, the research topics dealt with more frequently
within the ITS H-core is related to traffic management, fol-
lowed by intervehicle communication and vehicle tracking,
with almost half of the H-Classic papers dealing with them.

It is remarkable to notice here that the above analysis of the
ITS H-core agree with a previous work by Cobo et al. (2014)
[3], in which the two research thematic areas in the period
1992-2011 presenting better performance rates based on cita-
tion analysis were Vehicle and Road Tracking and Traffic Flow
and Traffic Management. Indeed, the analysis presented in this
paper means that more than half of the identified H-Classic
papers are related to these two thematic areas. Finally, Cobo
et al. in [3] found that the most prominent research themes
in the period 2002–2006 were Tracking and Behavior, while
in the period 2007–2011 these were Tracking, Classification
and Recognition, which is corroborated in current study by the
presence of a high number of ITS H-Classic papers focused
on these research themes.

IV. CONCLUDING REMARKS

In this paper, ITS highly cited research papers have been
analyzed using the concept of H-Classics, which is based
on the H-index [13]. The following remarkable findings are
highlighted:

• 53 ITS H-Classic papers were identified in the time period
1996–2014, with citation counts ranging from 54 to 229.
The H-Classic paper that has received more citations
so far is relatively recent and authored by McCall and
Trivedi (2006) [34].

• Wang’s H-Classic paper (2010) [23], with 102 citations
and ranked 14th, is also remarkable because articles nor-
mally need a long period of time to accumulate citations.

• Almost all H-Classic papers were published in the T-ITS
journal (50 out of 53).

• Professor Trivedi, from the University of California San
Diego, is the author with more H-Classic papers in the
ITS research field. His teaching and research activity is
developed in the Computer Vision & Robotic Research
Laboratory.

• The Massachusetts Institute of Technology (USA), the
University of Alcala (Spain) and the University of Cali-
fornia San Diego (USA) are the main institutional con-
tributors of H-Classic papers.

• The predominance of USA in producing H-Classic papers
is evident. However, the presence of European institutions
and authors in the top positions is also remarkable.
Specifically, it should be pointed out institutions and
authors from Greece.

• The four most cited H-Classic papers focus on driver
assistance, vehicle tracking, license plate recognition and
driver monitoring, respectively.

• The research topics that are addressed more within ITS
H-core are traffic management, followed by intervehicle
communication and vehicle tracking, with almost half of
the H-Classic papers.

Finally, it is worth mentioning the practical application
of the present study as it provides a potentially important
information to help understand the past, present and future
scientific structure of the ITS field that could help its future
research development.
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J.A. Moral-Muñoz holds a FPU scholarship (AP2012-1789)
from the Spanish Ministry of Education.

This work has been supported by the Excellence Andalu-
sian Projects TIC-5299 and TIC-5991, and National Project
TIN2010-17876 and TIN2013-40658-P.

REFERENCES

[1] R. Weiland and L. Purser, “Intelligent transportation systems,” Trans-
portation Research Board Business Office, 2000.

[2] L. Figueiredo, I. Jesus, J. Machado, J. Ferreira, and J. de Carvalho, “To-
wards the development of intelligent transportation systems,” Intelligent
Transport Systems, 2001. Proceedings. 2001 IEEE, 2001.

[3] M. Cobo, F. Chiclana, A. Collop, J. Oña, and E. Herrera-Viedma, “A
bibliometric analysis of the intelligent transportation systems research
based on science mapping.” IEE Transactions on Intelligent Transporta-
tion Systems, vol. 15, no. 2, pp. 901–908, 2014.

[4] F.-Y. Wang, A. Broggi, and C. White, “Road to transactions on intelli-
gent transportation systems: A decade’s success,” IEEE Transactions on
Intelligent Transportation Systems, vol. 10, no. 4, pp. 553–556, 2009.

[5] F.-Y. Wang, “Publication and impact: A bibliographic analysis,” IEEE
Transactions on Intelligent Transportation Systems, vol. 11, no. 2, p.
250, 2010.

[6] L. Li, X. Li, C. Cheng, C. Chen, G. Ke, Z. D.D., and W. Scherer,
“Research collaboration and iots topic evolution: 10 years at t-its,” IEEE
Transactions on Intelligent Transportation Systems, vol. 11, no. 3, pp.
517–523, 2010.
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