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Scientometric Analysis of Autonomous Vehicle through Paper Analysis of each Nation

Jong-Kyu Park” - Jeong-Dan Choi - Young-Chul Bae

0]

o
=

o

B OERAAE A8 7Y AR A7 GRS 245 98 S8 B 22 B9 A 242
AT oF 3 B SE B4, TARLAT MEDD 2L Boo] A& F A5 AT 5
2 g,

ABSTRACT

In this paper, we review scientometric analysis through paper analysis of an each nation to decide research direction for
autonomous driving vehicles. We confirms research trend of autonomous driving vehicle by using Analysis of Index Level,
International Cooperation Research Network, Analysis of Key of Nations according to an each nation.
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| . Introduction

Recently scientometric analysis has been widely
conducted by many researchers before the start of
their research. Many researchers seriously consider
the novelty of their subject compared with other
researchers’ subjects. Many researchers in eng-
ineering or related areas have a difficult time
discovering unique and reasonable research themes

due to the more than two million peer-reviewed

papers published every year. Typically, due to this
high volume of papers published in the research
world, it is difficult to avoid redundant duplication
of research subjects. Thus, in order to solve these
problems, many researchers put an effort to monitor
and catalog all information available using online
databases. However, such a method requires
enormous amounts of time and cost to acquire all
necessary information from the database system.

Therefore, many researchers desire a more efficient,

=M 272l (kpark@kisti.re.kr)
oo WM AL Mt st M7 -

Ab 2012 12. 10 A AH=

YYxt

w SHE M XS A1 94 72l (jdchoi @etri.re.kr)

HALEA - AFE ZEF(ycbae@jnu.ackn
1 2013. 01. 15

AR LA - 2013, 02. 20

321



S ARG S = A AlgH Al2E

Rear

monitoring

Light

ranging

detection and

Color vision

V2 comimunication

Prosimity obstacle
perception

Road-vehide interconnected car

Fig. 1 Concept of autonomous vehicle
(left : self-driving vehicle, right: road-infra connected vehicle)

streamlined search method for more complete lite-
rature review.

To avoid duplication problem in patents, papers
and research subjects, many researchers have to
review previous research work and patents with
Among those methods,
in global dimensions has

various methods [1-14].
scientometric  analysis
emerged as one of the best review methods for
avoiding duplication in science and technology
areas. However, there are very few papers applied
with scientometric analysis for information retrieval.

In this paper, we review scientometric analysis
for autonomous vehicles by using Analysis of Index
Level, International Cooperation Research Network,
Analysis of Key of Nations according to each
nation. This paper is organized in four sections:
section 1 will describe why scientometric analysis
is necessary in the autonomous vehicle research
area, section 2 will provide definition of autonomous
vehicle, section 3 will explain scientometric analysis
including index level and analysis of international
cooperation research network according to nation,
and section 4 have a conclusion.
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[1. Definition of autonomous driving
vehicle

An autonomous vehicle is typically called a UGV
(Unmanned Ground Vehicle), Robot or vehicle. This
consists of an autonomous navigation device instead
of a driver's manipulation and fusion system,
allowing IT technologies to become the eyes, hand
and foot, effectively recognizing the dynamic road
environment of the road to control the electric
device. A fully autonomous vehicle can be con-
sidered a final goal of the
research area.

intelligent  vehicle

The intelligent safety technologies of a vehicle
serve to support driving or prevent accidents.
Nowadays, development and equipment of electronic
stability control of vehicles is becoming generalized.
Thus, we will expect to realize commercialization of
autonomous vehicles to pursue safe and convenient
means of moving through fusion of mechanical
vehicle systems and IT.

Related research areas about autonomous vehicles
can be contrasted based on localization and moving
environment recognition planning and

judging

systems,

systems, and vehicle systems. It is
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necessary to cooperate across disciplines such as
IT, mechanic engineering including robot, locali-
zation and GPS, radar for obstacle recognition,
information processing of various sensors including
camera and ultrasonic, and communication tech-
nologies with vehicle and road infrastructure.
Autonomous vehicle systems mainly divide into
two categories: 1) Autonomous vehicles composed
of independent systems focused into all functions of
in the left of Figl 2)
Road-infra connected with vehicle system creating

perception as shown

results fused with perception results from an
equipped system in the road environment or around
vehicles[15]. In these systems the performance of
wireless communication Systems are important
constitutive elements for cooperation with server
systems located on the load or at the center to
control the traffic flow of center.

The research of such autonomous vehicle has
been processed by dividing into three grouping
items largely as shown in Fig. 2.

First, perception regards methods of acquiring
information for location, road geometry and still or
moving objects after processing data sensed from
various Sensors.

The perception method uses a single or fusion of
various sensors, and it is important to decide

optimal situations in analogy with various results.
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Fig. 2 Functional structure of autonomous driving
vehicle

Perception has three major categories, including
object classification, dynamic obstacle prediction,
and road detection.

Second, planning and decision regards deciding
and estimating the path from starting point to
destination. "Planning and Decision” has five major
categories including mission planning, behavior
planning, motion planning, threat assessment and
localization. The mission planning estimates the
path that can reach destination. The behavior
planning integrates data in the stage of perception
and mission planning.

The motion planning creates trajectories after
planning the mission execution path. Third, Control
regards how the vehicle performs the real mission

to exactly follow the planned path.

lIl. Information extraction from paper
published in unmanned vehicle

In order to extract the information from the
database, we used Web of Science (Thomson
Reuters). In this paper, we try to perform the
clustering method by one of three methods
explained above to test which method provides the
best similarity.  Moreover,
expressed cosine coefficient (Sij = Cij / SQRT(Ci *
Cj) as a degree of similarity and as a crowding
method which is the single linkage that links the

shortest distance between two neighboring points

coefficient  of we

as a hierarchal clustering method. We also per-
formed the clustering method at maximum and
sized that is 50 and 5,
respectively, and chose the optimal value at a
threshold between 0.1-0.3.

We search a paper on unmanned vehicles in the Web

minimum clusters

of Science using equation (1) as the following as.
Topic="(unmanned)” AND Topic="(vehiclex") (1)
1)

From equation we restrict search years
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between 2000-2011 and also restrict the language
to English. The explained conditions yielded a total
of 1,592 papers.

To calculate an average annual increase of
unmanned vehicle papers, we use equation (2) as

follows:[5]

n

9y = (T T (g, +1)" 71 =1) x100[%] @)

i=1

Where, g, is g,=(P,.,—PF,)/P,"

1 3

From the equation (2), we get 2293% as an
rate and 44.18% as
reference of an accumulated

average increase annual
increase rate for
unmanned vehicle papers. Table 1 shows number of
papers, accumulated number of papers and number
of papers by Korean authors from 2001 to 2011 for
unmanned vehicles.

Fig. 3 shows the trend of number of published
papers in the world and Korean author like Table
1. The bar graph and polygonal line display the
number of total papers published in the world and
the number of papers published by a Korean
author, respectively.

Table 1. The number of published papers

Year NP NAP=* NKAP=*
2001 41 41

2002 33 74 2
2003 54 128 4
2004 84 212 3
2005 96 308 10
2006 167 475 14
2007 119 594 7
2008 171 765 5
2009 239 1,004 21
2010 265 1,269 17
2011 323 1,592 23

* NP : Number of papers
* NAP @ Number of accumulated papers
» NKAP : Number of Korean author’s papers
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Fig. 3 Trend of number of published papers in the
world and Korean author on autonomous vehicles.

IV. Scientometric Analysis through Index
Level at each Nation for Autonomous
driving Vehicle

4.1 Analysis of index level[5]

In order to analyze the index level of scientom-
etric analysis for unmanned vehicle using published
papers, we have to define the index level. In this
paper, we used three
countries, organizations, and authors. Generally, in—

index levels including
dex levels can be defined by equation (3) for

countries, organizations, and authors.

Q, Moo 3
0 i

Where, Q means index level and infix c,0 and ,a
are country (c), organization (o) and author (a)
respectively. M is the number of average citations
for the total papers published in certain technical
area.

N,N,N, are the number of average cited
published papers of certain country (c), organization
(0) and author (a), respectively.

Equation (3) means qualitative level evaluation
index based on the number of citrated papers. For
example, if we calculate the index level of countries,
organizations and authors by using equation (3), we
can describe the equation (3) as a @.,@Q, and @,
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respectively. If index level @,@Q, and @, are equal
to 1.0, it means that number of average cited papers
in certain countries, organizations and authors is
equal to number of average total cited papers
published in related subject area. If the index level is
over 10, it means that the numbers of average cited
paper in certain countries, organizations and authors
are higher than the number of average cited paper
published in the certain area.

4.2 Analysis of each country

4.2.1 Number of papers of each country

As a result of analysis for author’s nationality of
published paper in Web of Science for unmanned
vehicle during 2001-2011, this subject has been
performed by 56 countries through the world.
During these periods the total number of published
papers is 1592 and USA has been the largest
published 657 and account 41.27 percent among
these countries. The second and third largest
published nations are UK and China, its countries
has been published 135 papers, 854% and 107
papers, 6.72%, respectively.

Table 2 shows distribution of each country for
published papers during 2001-2011.

Table 2. Distribution of each country for published

papers.
Ranking Nation NP+ Ratio(%)
1 USA 657 41.27
2 UK 136 8.54
3 China 107 6.72
4 South Korea 106 6.66
5 Italy 87 5.46
6 Australia 81 5.09
7 France 62 3.89
8 Spain 49 3.08
9 Canada 45 2.83
10 Japan 37 2.32

* NP : Number of papers

4.2.2 Number of papers of the time in years

Table 3 and Fig. 4
published papers of each country and year during
2001-2011, respectively.
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Fig. 4 Trend of number of published papers of each
country during 2001-2011.

4.2.3 Analysis of index level for each country

We calculate index level for each country by
using equation (3). Table 4 and Figure 5 show the
published
respectively. As a result of analysis of index level

index level of for each country
for each country from Table 4 and Figh5, we can
see the Spain has the highest value as 1.643. It
means the level of qualities of papers is high
compared with other countries as view point of
citation of papers. Several countries including
France (2.367), Germany (2.214), USA (1.834), UK
(149), Japan (1.15), Italy (1.075) displays index
level above average.

The index level of Republic of Korea records
0.555 which is below average.

Several countries including Spain (1.643), France
(1.588), USA (1.437), Japan (1.088), and Australia
(1.031) displays index level above average. The
index level of Republic of Korea records 0.559
which it means below average about quality level
of papers through the world compare to other

countries.
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Table 3. Trend of the number of published papers of each country and year during

Year 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | Total
USA 15 15 20 46 49 79 60 79 0 9% 109 657
UK 8 2 10 12 13 15 32 28 136
China 1 7 5 24 24 32 107
IS{‘(’)‘r‘S; o | 4 | 3 w0 ul| 7| 5 | a| 7| B |6
Italy 3 2 3 9 2 8 6 13 12 15 14 87
Australia 1 1 5 3 8 4 13 10 15 21 81
France 1 2 1 2 3 5 9 5 11 7 16 62
Spain 1 1 4 2 3 2 6 10 7 13 49
Canada 1 1 1 4 4 2 5 7 13 45
Japan 1 2 1 2 3 4 3 5 5 6 37
324 Analysis of international cooperation rese— Index level
arch network for each country 000 020 040 060 080 100 120 140 1600
In order to study International Cooperation Res— China
earch Relationship, we investigate International S"”m::
Cooperation Research Network between countries N oy
and Relationship index of international coop- ? Canada
eration(S) and Intensity of International Cooperation e fustal

(L) shows

cooperation research network for each country.

in each nation. Fig. 6 international

Table 4. Index level of each country papers published
during 2001-2011

Nation NP+ 1P+ IL=*
Spain 49 7592 1.643
France 62 7.339 1.588
USA 657 6.641 1.437
Japan 37 5.027 1.088
Australia 81 4.765 1.031
Canada 45 4.444 0.962
Italy 87 4.276 0.925
UK 136 361 0.781
South Korea 106 2.585 0.5959
China 107 2.262 0.489

* NP : Number of papers
* |P & Impact factor, * IL: Index level
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V. Conclusion

In this paper, we presented scientometric analysis
including analysis of Index Level and International
Cooperation Research Network for autonomous
vehicle. Through this presented method, we can
review research areas for autonomous vehicle that
previously done to avoid possible duplication
problem in papers.

By using reviewed method, it is possible to avoid
any potential for duplicating published papers and
find new research area. In the future, more
research is necessary to improve the results about

scientometric analysis for organization and author.
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