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ABSTRACT  Intelligent transport systems (ITS) are technologies, applications and systems for acci-
dent warnings, reduction of driving workload, congestion avoidance and traffic management. The
infrastructure also opens up opportunities for new digital services to users and for new ways of
managing and maintaining transport infrastructure. Despite the significant potential benefits ident-
ified by previous research since the 1980s, the market for ITS has so far failed to take off, and a robust
business case for the full-scale development of ITS remains absent. This is important because the
potential benefits of ITS can only be realized if the technologies and services are widely used.
Today, many ITS are still too expensive to purchase and install, often requiring substantial
upfront investment, but the returns could take many years to materialize. This paper will provide
a systematic overview of previous research on ITS and propose a holistic business model framework
to help make a business case. This is still a rapidly evolving area, and a new research agenda will be
discussed.

Keywords: intelligent transport systems; business models; technological innovation;
innovative business models; sustainability

Introduction

Intelligent transport systems (ITS), also known as intelligent transportation
systems or advanced transport telematics (ATT), are systems, technologies and
services aimed at providing safer and more efficient transport services, by increas-
ing productivity, improving safety, reducing travel time, reducing costs and
saving energy (Miles & Chen, 2004). Such systems also open up significant oppor-
tunities for new services for drivers, travellers and infrastructure providers.
Examples of ITS include in-vehicle information systems (Kantowitz, 2000; Wiese
& Lee, 2007) and advanced driver assistance systems (Amditis et al., 2010; Man
Ho, Yong Tae, & Joonwoo, 2010), such as in-vehicle navigation, intelligent speed
adaptation (ISA) (Larsson, 2012; Vlassenroot, Brookhuis, Marchau, & Witlox,
2010; Young, Regan, Triggs, Jontof-Hutter, & Newstead, 2010), forward collision
warning (Braitman, McCartt, Zuby, & Singer, 2010; Sengupta et al., 2007) and
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several others collision warning systems (Jenkins, Stanton, Walker, & Young, 2007;
Piao & McDonald, 2008; Trivedi, Gandhi, & McCall, 2007). Many ITS applications,
such as inter-vehicle communication, are still under development, while some
others are still at the experimental or conceptual stage, such as ‘car platooning’
(Clement & Taylor, 2006).

Although the earliest attempt for the development of ITS applications was
found in Japan in the 1970s, with the CACS project (Comprehensive Automobile
Traffic Control System), the first systematic step was taken in the late 1980s in the
USA (Catling, 1994). The birth of the term ITS occurred in the early 1990s, with the
adoption of the Intelligent Vehicle Highway Systems Act of 1991 by the US Depart-
ment for Transportation (Wootton, Garcia-Ortiz, & Amin, 1995). The new concept
was about solving traffic-related problems, not only by opening new roads but
also by making the existing transport infrastructure more efficient. The ITS pro-
gramme was launched. Garcia-Ortiz, Amin, and Wootton (1995) list six thrust of
the ITS programme of the early 1990s, covering both intelligent infrastructure
and intelligent vehicles: (a) advanced traffic management systems, (b) advanced
traveller information systems, (c) advanced vehicle control systems, (d) commer-
cial vehicle operations, (e) advanced public transportation systems and (f)
advanced rural transportation systems.

Although the term ITS was born in America, Europe is considered to be the
first to launch integrated research projects, such as the PROMETHEUS project
(PROgraMme for a European Traffic of Highest Efficiency and Unprecedented
Safety) since 1986 (Catling, 1994). It was a Pan-European project experimenting
on the design and implementation of driverless vehicles and autonomous
driving algorithms, with the participation of the European Commission, more
than 13 vehicle manufacturers, universities and research centres from 19 Euro-
pean countries (Bertozzi, Broggi, & Fascioli, 2000). Other European projects
of the 1980s and early 1990s were DRIVE I (1988-1991) and DRIVE 1I (1992-
1994), aimed at promoting Road Transport Informatics and ATT, respecti-
vely. BMW, Opel, Daimler Benz, Jaguar and LUCAS have been some of the
automobile industries involved in several of these projects (Brackstone &
McDonald, 2000).

Japan was involved in ITS developments since the 1970s, with projects such as
the CACS programme in 1976, or the Vehicle Information and Communication
Systems (VICS) programme in 1991 (Wootton et al., 1995). The CACS project
was led by the National Police agency of Japan and the Ministry of Construction,
aimed at introducing a system able to provide dynamic information by perform-
ing route calculation and using on-board digital maps (Catling, 1994). Of similar
nature was the VICS project, with the participation of the Ministry of International
Trade & Industry, Ministry of Infrastructure and Transport, Ministry of Construc-
tion, the National Police Agency and several automobile and electronics indus-
tries (VICS, 2012).

Despite the significant potential benefits from ITS and the heavy investments
by the public and private sectors in R&D projects and pilot studies since the
1980s, the market for ITS has so far failed to develop as predicted. This research
will systematically review previous studies in ITS and, then, using a holistic
business model framework will explain how some of the key barriers could be
overcome. This paper will contribute to our understanding on why rapid techno-
logical developments in ITS have failed to translate into large-scale, sustainable
developments.
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In the next section, the methodology we followed for this paper will be
described. The third section presents the key findings of our systematic review
process and highlights the absence of systematic business analysis in the ITS lit-
erature. The fourth section presents a holistic business model framework. This
is then followed by discussions about adapting the proposed business model fra-
mework to the ITS of the future, using examples from the ongoing trend of ITS
research on vehicular communication and connectivity. Finally, some key con-
clusions are summarized and a future research agenda will be discussed.

Research Methodology

This paper is based on a systematic review of previous studies on ITS. The differ-
ence between a systematic review and the traditional narrative reviews is that the
former follows exhaustive search and gives collective insights through theoretical
grouping of topics, procedures aimed at minimizing bias and error and providing
‘high-quality’ evidence (Tranfield, Denyer, & Smart, 2003). Snaddon (2001)
reviewed general competition-related issues in transportation, but no systematic
review of previous studies on ITS could be identified.

Our review spans a range of disciplines, from engineering and transport science to
business studies and social sciences. Figure 1 illustrates the most popular subject areas
for ITS studies after a preliminary search of the Web of Knowledge (WoK) database.
ITS have been studied mainly from the engineering perspective. In contrast, business
and economics constitute only a very small part to the past research (1.79%).

The research methodology we followed in this paper was a modification of the
one proposed by R. Lee (2009), who adopted a step-by-step algorithmic selection
of papers to review the literature on social capital (Table 1). We started by selecting
bibliographic databases, namely The WoK—All databases (WoK), EBSCOhost—
Business Source Premier (BSP) and the Web of Science—Social Sciences Citations
Index (SSCI). WoK includes databases from many different disciplines, which
serves our multidisciplinary search scope. BSP is much more concentrated on
business-related journals. SSCI, on the other hand, was used to fill the gap in
business-related journals the previous two databases failed to identify. In the
second step, we filtered the references by using keywords, in ‘topic’ (WoK/
SSCI) and ‘SU-Subject Terms’ (BSP). It is interesting to note that the terms

The top 15 subject areas (%)

0.00 10.00 20.00 30.00 40.00 50.00 60.00
ENGINEERING 52.13
TRANSPORTATION : 43.50
COMPUTER SCIENCE ) : 38.63

TELECOMMUNICATIONS e 14,20
AUTOMATION & CONTROL SYSTEMS msmen 1183

IMAGING SCIENCE & PHOTOGRAPHIC TECHNOLOGY 4.7
OPERATIONS RESEARCH & MANAGEMENT SCIENCE jmmm 4,50
ROBOTICS w429 u Percentage
MATHEMATICS = 292

OPTICS mm 225

INSTRUMENTS & INSTRUMENTATION 196

BUSINESS & ECONOMICS 179

ENVIRONMENTAL SCIENCES & ECOLOGY = 175

PHYSICS ™ 163

COMMUNICATION = 150

Figure 1. WoK search results, the top 15 subject areas by percentage (2400 hits).
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Table 1. The systematic literature review process

Step 1: Selecting databases WoK
BSP
SSCI
Step 2: Keyword search WoK/BSP: (‘Intelligent Transportation Systems” OR ‘Intelligent

Transport Systems’ OR “Intelligent Transportation” OR
‘Intelligent Transport’) AND (‘Business’)
Subject areas: All
SSCI: (Transportation OR Transport) AND Business
Subject areas: Management, Business, Transportation, Social
Sciences—Interdisciplinary
Step 3: Selecting document types  Articles, academic journals, magazines
Reviews
Editorials
Step 4: Labelling by abstract Label A: All papers directly relevant to the literature review, i.e.
papers that address business, socioeconomic, political, legal
and environmental issues
Label B: All papers with mainly technical focus, but indirectly
related to the issues considered by Label A
All other papers are discarded

Step 5: Revisiting papers More careful read of Label A papers
Second read through Label B abstracts, conclusions and main
findings
Step 6: Extra additions Key references cited by selected publications

Ad hoc search and online sources
Experts” recommendations

Step 7: Database grouping Putting databases together
Removing duplicates
Grouping

‘business” and ‘e-business’ could be used interchangeably as they both returned
the same number of hits. Our search covered all periods for WoK and BSP and
the latest five years for SSCI in order to enhance the bibliography with the most
recent economic and business studies.

Selecting ‘articles, editorials and reviews’ (WoK) or ‘academic journals and
magazines’ (BSP), the hits were reduced to 792 for WoK and 151 for BSP. For
SSCI, our search was restricted to full articles and to the subject areas of manage-
ment, business, transportation and social sciences (interdisciplinary); thus, we
reduced the search results to 182. In step 4, the second filtering included
reading of abstracts and labelling of results in two categories, A and B. Label A
was articles that explicitly addressed business and socioeconomic issues, referred
to e-business matters, discussed about policies and regulations, general topics
directly related to our research for a sustainable business case. Label B was
technology-oriented articles, written by and referring to engineers. The vast
majority were IEEE publications in journals with the top 5-year impact factors
and were given a label B if they could implicitly inform our analysis, according
to the issues examined by Label A articles. We discarded all other articles.

In the next step, we performed a second review over Label B articles. This time,
we looked into more details, such as introduction and main findings. We also
added references from ad hoc search, key references cited by selected publications
and recommendations from experts. By putting the databases together, removing
duplicates and grouping the studies, we arrived at the final reference list.
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We reviewed these references mostly based on their abstracts, introductions and
key findings. We avoided researching too much detail about purely technical
descriptions. References highly related to economics and business issues were
prioritized and followed up with reading of the full articles.

Understanding ITS: A Systematic Review of Previous Studies
Intelligent Infrastructure

Our systematic review identified six key topics by previous studies concerning
intelligent infrastructure. As outlined in Table 2, previous studies have researched
data collection for proactive traffic management infrastructure, such as analysis of
crashes using data from loop detectors (Abdel-Aty, Pande, Lee, Gayah, & Santos,
2007; Pande & Abdel-Aty, 2005). Data mining and manipulation of this type
provide useful information on traffic conditions and reveal patterns of traffic
flow and the most likely areas of the road network for accidents to occur. The
handling of such traffic information passes through several stages. W.-H. Lee,
Tseng, and Shieh (2010) divide the applications of traffic information into three

Table 2. Intelligent infrastructure references by authors and topic

Intelligent infrastructure

Topic References
Data collection for proactive traffic Abdel-Aty et al. (2007), Pande and Abdel-Aty (2005),
management infrastructure Barrero, Toral, Vargas, Cortes, and Milla (2010),
Tubaishat, Zhuang, Qi, and Shang (2009)
Wireless networks for road—vehicle and Ding, Wang, Meng, and Wu (2010), Milanes, Perez,
vehicle—vehicle communication Onieva, and Gonzalez (2010), Seii et al. (2009),

Sisiopiku and Elliott (2005), Wang (2007),
Yongchang, Yan, Chowdhury, Kuang-Ching, and
Fries (2009)

Traffic data management algorithms and J. Lee, Veloso, Hounshell, and Rubin (2010), Ni,

techniques Leonard, Guin, and Feng (2005), Trullols, Fiore,

Casetti, Chiasserini, and Ordinas (2010), Velaga,
Quddus, and Bristow (2009)

Systems and applications for travel time, air Haghani, Hamedi, Sadabadi, Young, and Tarnoff

quality management, data archiving, etc. (2010), Hounsell, Shrestha, Piao, and McDonald

(2009), Velastin, Boghossian, Lo, Sun, and Vicencio-
Silva (2005), Li et al. (2009), Rabie, Abdulhai,
Shalaby, and El-Rabbany (2005), Smith and
Venkatanarayana (2005), Vanajakshi, Subramanian,
and Sivanandan (2009), Venigalla and Ali (2005),
Zhu, Li, Zhu, and Ni (2009)

Congestion charging and economic models ~ Albalate and Bel (2009), Bureau and Glachant (2008),
Guo and Yang (2010), Holguin-Veras, Cetin, and Xia
(2006), Kottenhoff and Brundell Freij (2009), de Bok
(2009), De Borger and Van Dender (2003), Guo and
Yang (2010), Han and Yang (2009), Hamdouch,
Florian, Hearn, and Lawphongpanich (2007)

ETC Chen, Fan, and Farn (2007), W. H. Lee, Tseng, and
Wang (2008), Lu, Ye, Ding, and Xiang (2004), Odeck
and Welde (2010), Ogden (2001)
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stages: data collection and cleansing, data fusion and integration, and data distri-
bution. The collected data coming from the data collection and cleansing are inte-
grated with geographic information systems and other traffic information and
finally, they are distributed to the users through several interfaces (e.g. web,
radio and mobile phones). The last feature could open up opportunities for new
services through the existing infrastructure and lead to the next level of more con-
nected and integrated vehicles. Using the Internet as part of the ITS architecture is
gaining momentum and studies on the implications of this already exist (Barrero
et al., 2010). Although vehicular communications are not a reality yet, prototype
communication protocols have already been tested. Handling of communication
information and reliable infrastructure is a key to vehicular networks. Some
authors have worked on techniques for data transmission to vehicles through
infrastructure nodes (Trullols et al., 2010), studied the topological characteristics
of such networks to develop map-matching algorithms (Velaga et al., 2009),
while others have proposed techniques on manipulating datasets with missing
data through imputations (Ni et al., 2005).

Infrastructure for the management of traffic data constitutes the first step
towards wireless networks and global positioning systems (GPS), another
popular topic among transportation researchers. Ding et al. (2010) propose a plat-
form-free algorithm for route guidance systems that takes into consideration real-
time traffic information, while Milanes et al. (2010) propose vehicle-to-vehicle
(V2V) communication systems for traffic management at intersections using
fuzzy logic. Other authors suggest larger engagement of the road infrastructure
in vehicular communications, such as combining V2V with roadside-to-vehicle
communication systems (Seii et al., 2009), further enhancements or improvement
of active warning systems, which detect not only vehicles but also pedestrians and
wild animals on the roadside and warn drivers (Sisiopiku & Elliott, 2005).
However, the reality behind vehicular communications requires further and
more combined efforts. Although the necessary technology exists and various
research projects have been dedicated to this, vehicular communications require
large investments from the public sector, as well as, adequate entrepreneurial
incentive for private companies to participate. Within this context, several alterna-
tive architectures, either distributed or centralized, or a combination of them have
been considered (Yongchang et al., 2009).

The ultimate target of vehicular communication infrastructure is road safety
and reduction of road fatalities. The eSafety initiative put emphasis on the
human factor and the European Commission, by fitting eSafety within the Infor-
mation Society Technologies thematic area of Framework Programme 6 and
funded a series of integrated projects aimed at counteracting the effects of
wrong driving practices with the use of technologies. The European Commission
launched the eSafety initiative in April 2002, with the main target of reducing the
number of people killed in roads by half by 2010 (Jarasuniene & Jakubauskas,
2007). It consists of a group of experts such as the European Commission, road
and safety authorities, automobile manufacturers, research organizations and
road operators, co-chaired by ERTICO, ITS Europe and Association of European
Car Manufacturers, working together in order to promote ITS for better road
safety across Europe. The eSafety Working Group (WG), which was established
for setting up targets and standards throughout the initiative, came up with 28 rec-
ommendation covering a broad range of road safety aspects and 16 target areas.
The most notable was the eCall target. It included adjustment of E-112 (the EU
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Health Service Executive Treatment Abroad Scheme) to European transport and
establishment of data transfer protocols for in-vehicle emergency calls.
However, experience of the past decade showed that the target of halving road
fatalities by 2010 was not feasible. That still maintains European roads as danger-
ous areas with heavy death toll especially among young drivers, and prompts for
a more systematic implementation of ITS (Jarasuniene & Jakubauskas, 2007). More
about safety systems will be discussed in the section about intelligent vehicles.
Research has also focused on congestion charging. As Holguin-Veras et al.
(2006) and Albalate and Bel (2009) show, as congestion is characterized by
many economic externalities, they find that toll increases seem to affect mostly
owners of large vehicles, such as trucks, instead of having a proportional
impact on all user groups. Disproportional effects of tolls against lower income
people have also been observed in a study in Paris (Bureau & Glachant, 2008),
while in Stockholm, congestion charging witnessed increased acceptability
when it was combined with expansion of the public transport system (Kottenhoff
& Brundell Freij, 2009). Several authors have proposed alternative solutions to
deal with congestion, either with the use of ITS, or through other economic
measures, including tax reforms or new ways of congestion pricing (De Borger
& Van Dender, 2003; Guo & Yang, 2010; Hamdouch et al., 2007; Han & Yang,
2009). Congestion charging has always been a matter of friction among road
users, authorities and toll collectors. The establishment of ITS with nationwide
projects could improve the road conditions and driving assistance making road
tolling not necessary or replace it with other more socially accepted taxes.
However, large public spending on ITS infrastructure, given the current economic
situation in the developed world, seems highly unlikely for the years to come.
New business models for companies wishing to operate in this field will be
required and several alternatives must be examined, such as deployment of
more efficient and cost-effective technological solutions. A worth mentioning tech-
nology on congestion management and charging is electronic toll collection (ETC).
ETC also known as electronic payment and pricing system is a fast growing tech-
nology for dealing with congestion charging. New technologies have enabled the
collection of congestion charging automatically, for example by recognizing
the vehicle’s registration number, without the need for cashiers at toll plazas, or
the need for the drivers to stop there. Most of the studies regard ETC as revolu-
tionary in the field of ITS; however, concerns about the safety of the system (Lu
et al., 2004) and breaching of privacy (Ogden, 2001) have also been addressed.

Intelligent Vehicles

We identified seven key issues from previous studies on intelligent vehicles. As
speed is one of the major contributors to accidents, most research has been on
speed adaptation under changing driving conditions (Fries, Chowdhury, & Ma,
2007; Zhang, Suto, & Fujiwara, 2009) and especially on using adaptive cruise
control (ACC) or ISA. ACC/ISA is a system able to control the accelerator, the
engine and the brakes, so that the driver keeps a safe distance from the vehicle
in front. It has been tested both in practice as a widely used embedded system
in modern vehicles and through simulations for further improvement (Jiangiang,
Shengbo, Xiaoyu, & Kegiang, 2010). There have also been studies on enhance-
ments with other features, such as lane detection (Jung, Lee, Kang, & Kim, 2009;
Pauwelussen & Feenstra, 2010), wireless connection of ACC-enabled vehicles
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(Naus, Vugts, Ploeg, van de Molengraft, & Steinbuch, 2010), efficient fuel con-
sumption through assessment of the wind speed (Khayyam, Nahavandi, &
Davis, 2012), and generally less manual control and more automation (Zheng &
McDonald, 2005). It has also been tested against pedestrian safety indicating
that it reduces the risk of collisions with pedestrians and the risk of death by miti-
gating collisions (Ma & Andreasson, 2005). However, concerns exist about the
imperfections and safety of the system (Larsson, 2012), especially during overtak-
ing where acceleration is necessary, despite that simulations have shown that the
acceleration rate and traffic flow are not affected by its use (Tapani, 2012).

Lane departure warning (LDW) is another crash avoidance system alerting the
driver if the vehicle moves out of its lane with a switched off turn signal. It oper-
ates with cameras and sensors mounted on the vehicle able to detect the road
markings (Braitman et al.,, 2010; Cheng, Jeng, Tseng, & Fan, 2006; Clanton,
Bevly, & Hodel, 2009; Glaser, Mammar, & Sentouh, 2010). Unlike other vision-
based systems that detect the surrounding environment (e.g. see Sivaraman &
Trivedi, 2010; Wu, Decker, Chang, Camus, & Eledath, 2009), LDW functions are
based on sensing the location of lanes on the road. There is also ongoing research
to improve the warning system, as it is quite susceptible to failure in roadways
without markings (Clanton et al., 2009) or it can disseminate false warnings (Brait-
man et al., 2010).

Pedestrian detection system (PDS) is also based on artificial vision. It recognizes
human bodies from video segments that it records with its cameras and warns the
driver about the danger of collisions with pedestrians. One of the main difficulties
in implementing reliable PDS is the ability to detect and track successfully human
figures among other objects in the images (e.g. moving or stationary vehicles,
signs, trees and buildings). It is not an easy task to classify a human image, as
Pai, Tyan, Liang, Liao, and Chen (2004) explain, due to ‘the articulated nature of
the human body’, and they propose a method of tracking humans by the
walking rhythm. They also discuss the problem of occlusion, i.e. human bodies
emerging behind objects such as stationary vehicles (Table 3).

A topic that is gaining popularity is human-machine interface (HMI) and the
drivers’ distraction by system errors and unnecessary warnings or information
(Baldwin, 2002; Glaser et al., 2010; Ioannou & Stefanovic, 2005; Lansdown, 2000;
Rajaonah, Tricot, Anceaux, & Millot, 2008; Stevens, 2000). The interest in ITS is
being shifted from installing and optimizing technology to HMI and safety
(Stevens, 2000). Lansdown (2000) shows that the driver’s performance may be
affected by ITS as it can distract their attention from the roadway, stressing the
importance to evaluate these systems to ensure that they do not add unnecessary
tasks to the driver or cause any distraction. Trivedi et al. (2007) are working on
‘driver monitoring’, i.e. recording real-time information about the driver’s
mental state, driving style, etc. They propose a system that uses in-vehicle
cameras, sensors and machine-learning techniques to record information from
the environment, the vehicle and the driver themselves. Similar work is presented
by Perez et al. (2010) about “Argos’, a sensor-based computerized car with an in-
vehicle data recorder that records information about the driver’s speed, point of
gaze and also data from the surrounding environment.

Regarding ITS for public use, some literature has also focused on ITS for public
transport, with emphasis on bus services. Some authors studied the bus oper-
ations in the UK with regard to public appeal, traffic congestion and quality of ser-
vices. Hounsell (2004) proposes a series of ITS applications to improve the service,
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Table 3. Intelligent vehicles references by authors and topic

Intelligent vehicles

Topic References

ACC/ISA Jiangiang et al. (2010), Jung et al. (2009), Naus et al. (2010),
Pauwelussen and Feenstra (2010), Zheng and McDonald (2005),
Agusdinata, van der Pas, Walker, and Marchau (2009),
Vlassenroot et al. (2007), Vlassenroot et al. (2010), K.L. Young
et al. (2007), K.L. Young et al. (2010)

LDW Bertozzi et al. (2002), Braitman et al. (2010), Cheng et al. (2006),
Clanton et al. (2009), Glaser et al. (2010), Hsiao, Yeh, Huang, and
Fu (2009), Jenkins et al. (2007), Suzuki and Jansson (2003), Wang
et al. (2005)

PDS Bertozzi et al. (2002), Broggi, Cerri, Ghidoni, Grisleri, and Jung
(2009), Cao, Qiao, and Keane (2008), Ge, Luo, and Tei (2009), Pai
et al. (2004), Trivedi et al. (2007)

Response and assistance in Mitchell and Suen (1998), Hamza-Lup, Hua, and Peng (2007),
hazardous situations Jagtman, Hale, and Heijer (2006), Kulmala (2010), Man Ho et al.
(2010), Vashitz, Shinar, and Blum (2008), K.L. Young et al. (2008)
HMI Baldwin (2002), Glaser et al. (2010), Ioannou and Stefanovic (2005),

Lansdown (2000), Perez et al. (2010), Rajaonah et al. (2008),
Stevens (2000), Maciej and Vollrath (2009), Trivedi et al. (2007)

Safety evaluation of ITS Fries et al. (2007), Jenkins et al. (2007), Jung, Kwak, Shim, Yoon, and
Kim (2008), Ma and Andreasson (2005), Pai et al. (2004),
Spyropoulou, Penttinen, Karlaftis, Vaa, and Golias (2008), Young
et al. (2008), Young et al. (2010), Zhang et al. (2009)

Public transport: bus operations  Albalate and Bel (2010), Brake, Mulley, Nelson, and Wright (2007),
Brake and Nelson (2007), Cebollada (2009), Davison and
Knowles (2006), Hounsell (2004)

including automatic vehicle location (AVL), a system of real-time monitoring of
bus fleets, bus priority with AVL at traffic signals, urban traffic management
and control systems with detectors, as well as enforcement measures (e.g. bus
lane cameras, CCTV). Vanajakshi et al. (2009), for example propose data collection
about real-time traffic conditions in order to calculate expected travel time and
disseminate more accurate information to passengers waiting at bus stops, such
as GPS data collected from bus-mounted cameras. They tested the proposed
system in India and found promising results in terms of accuracy in the expected
time of arrival. Earlier studies have done reviews on bus-mounted machine vision
systems (Rabie et al., 2005). Regarding the UK, Davison and Knowles (2006)
review the UK policy for bus operations through Bus Quality Partnerships. The
problem of lacking co-operation and disjoint services is also addressed by Brake
et al. (2007) and Brake and Nelson (2007), who stress the importance of adopting
the appropriate technology by the partnerships, considering political, legal, geo-
graphical and communication restrictions.

Despite the ongoing research and development of embedded ITS for intelligent
vehicles, manufacturing firms seem to follow their own strategies and the market
is being flooded with separate systems and devices, quite often incompatible with
each other or with the road infrastructure. They also give rise to the problem of
information overloading and unnecessary warnings to the driver. Traditional
business models consider the actions and strategies a company should follow to
remain sustainable by creating value. In the case of ITS, however, especially
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with intelligent vehicles, our literature research has shown a plethora of systems
and applications, many of which remain at the experimental level, or follow differ-
ent trajectories in market penetration. This initiates the discussion of reconsider-
ing traditional business models, putting ITS within the context of more
connected applications, perhaps through common platform strategies for ITS
firms. This topic is gaining momentum in the twenty-first century. There have
already been examples of fully autonomous vehicles, such as the Google car
(Brown, 2011; O’'Rourke, 2010), car platooning, i.e. arrays of electronically con-
nected vehicles that drive without human intervention for a particular part of
the road (Clement & Taylor, 2006; Rajamani & Zhu, 2002) and cybercars
(Awasthi, Chauhan, Parent, & Proth, 2011), centralized fleet management
systems for passengers in public transport, amusement parks or shopping
centres. The future of ITS lies within deeper integration of systems and services
and new business models should move in this direction. However, the ITS litera-
ture, as this section showed, focused mainly on the technological aspects without
much analysis on the business and economic and societal issues.

Economic and Business Studies on ITS

The only recent work on business models in ITS and transport we identified is the
paper by Zografos, Androutsopoulos, and Sihvola (2008), which presents business
models for flexible passenger transport services (FPTS). FPTS provide customized
transport services to special groups of travellers (e.g. elderly or disabled), offering
options on type of vehicle to use and online booking selection of routes. The
authors present a methodology for ranking and selecting the most appropriate
business model, based on specific criteria, such as legal and regulatory frame-
work, market opportunities, business vision and business mission.

Most of the business-related studies on transport and ITS do not discuss
business models, but they focus on ITS projects and their economic evaluations.
Cost—benefit analysis (CBA) is the most popular methodology. At the inter-
national level, the most notable organization is the International Benefits, Evalu-
ations and Costs (IBEC) WG (IBEC, 2012), a UK-based WG of ITS experts which
collectively develop methods and techniques on evaluating ITS on a global
scale. The IBEC group sponsors and participates in international discussions on
ITS project evaluations, ITS world congresses, exchange of ideas with academics
and practitioners, and provides training and knowledge on ITS across the world.

In terms of selected past studies in the academic literature, Odeck and Welde
(2010) discuss the importance of assessing ITS projects, especially with CBA,
and give the fully automatic Oslo toll collection system as an example, where tra-
ditional tollbooths are replaced by ETC and road users pay tolls by using on-board
devices. The main goals of most ITS projects can be classified in four categories:
safety, efficiency, energy and the environment and security. The costs of the
project include components such as equipment, construction cost and operating
cost, whereas the benefits include less travel time for road users, fewer emissions,
less accident risk and better streetscape by removal of tollbooths. Naniopoulos,
Bekiaris, and Panou (2004) use CBA to evaluate the results of the TRAVEL-
GUIDE project, an EU project on providing guidance in the implementation of
ITS by evaluating combinations of existing and emerging technologies, and
also, estimating the users” willingness to pay for such systems. Melkert and Van
Wee, 2009 use CBA for the ‘Superbus’, a conceptual high-speed vehicle for
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public transport running from Amsterdam to Groningen. One of the main chal-
lenges is the futuristic nature of the project, which makes the quantification of
costs and benefits difficult. Leviakangas and Lahesmaa (2002) also highlight the
deficiencies of CBA in evaluating and selecting ITS investments, mainly due to
the fundamental differences between ITS and physical investments. They
support multicriteria analysis (MCA), which takes into account more factors
than CBA, such as experts’ preferences and goal settings. MCA is also favoured
by Tsamboulas (2007), especially for international transport projects, where reach-
ing an agreement among different countries is usually more difficult.

Another study on ITS and transport involves the use of Leontief’s Input-
Output (I-O) table for studying the effects of ITS adoption on Michigan’s
economy (Farooq, Hardy, Gao, & Siddiqui, 2008). The results indicate positive
effects for the local economy and suggest promotion of ITS to a national level.
Studying the macroeconomic features of the US transport, Lahiri and Yao (2006)
show the links between the business cycles of transport and the business cycles
of the US economy to find evidence of recession in the transport sector, and
how the recession in transport can be forecast by signs of upcoming recessions
of the aggregate economy. As transport is one of the driving forces of the US
economy, demand in transport usually is an indicator of the producers’ expec-
tation about future profits. In addition, transport can be easily affected by oil
price shocks and austerity measures. As a result, recessions in transport are
usually longer than the ones of the aggregate economy; they start earlier and
end later. Regarding the UK recession, S. Lee (2010) examines how travel behav-
iour is affected and what opportunities might arise for sustainable transport, and
calls for more sustainable and environment-friendly modes of transport. This is
not new, the environmental side of ITS and transport has been studied in the
past, but mostly from the perspective of congestion and its consequences (e.g.
see Kanninen, 1996).

Despite their significant potential, the full benefits of ITS cannot be realized
unless they can be provided in sustainable and scalable fashions. Most previous
studies have so far focused on the technical opportunities and challenges.
Although a few studies have addressed the issue of sustainability in the broad
transport sector (Cohen, 2010; van den Bergh, van Leeuwen, Oosterhuis, Rietveld,
& Verhoef, 2007), very few research exists on the financial sustainability of ITS. The
business and the wider social issues have not been adequately investigated so far.

Making a Business Case for ITS
About Business Models

Most previous studies have failed to address the issues of sustainability and scal-
ability for ITS, which call for the development of sustainable business models. Pre-
vious studies have identified a wide range of specific business models, both from
the empirically based approach to develop taxonomy; and the theoretically
inspired approach to develop business model typology (Baden-Fuller &
Morgan, 2010; F. Li, 2007a). Business models define how a business works and
the logic that creates its value (Afuah & Tucci, 2003; Rappa, 2011; Zott, Amit, &
Massa, 2010). It provides the vital link between an organization’s vision and strat-
egy with its operations (F. Li, 2007b; van der Heijden, 1996). Business models have
been studied from multiple perspectives via different approaches and used in a
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variety of different ways (Baden-Fuller & Morgan, 2010). On the one hand,
business models can be regarded as representations of a class of organizations
in the way similar to scale models or schemas that they can be presented, illus-
trated and manipulated. On the other hand, they can be regarded as ideal types
that organizations should aspire to become, which can be used to guide strategic
transformation in real organizations.

The notion of business models became prevalent in the mid-1990s, with the
rapid development of the Internet (Zott, Amit, & Massa, 2011). The fast pace of
developments of the Internet provides fertile soil for the birth and evolution of
business models (Teece, 2010; Wirtz, Schilke, & Ullrich, 2010). Despite the increas-
ing attention to business model theory and the vast number of publications, scho-
lars have not agreed on a common definition for business model and the theory
expansions have followed specific examples of firms or products (Zott et al.,
2011). An example is the study of Koen, Bertels, and Elsum (2011), who speak
of Intel Celeron processor to describe a low-cost business model and of Mercedes
A-Class as a business model for the middle-class market. This lack of a common
definition is partially due to the conceptual characteristics of business model
concept, its intangible nature as a firm’s blueprint for its actions and reactions
in the market. Another reason is that business model is a new concept, with the
vast majority of relevant literature published only in the last decade. The academic
literature has provided a plethora of definitions, each one stemming from a differ-
ent perspective. Some of them are as follows: ‘articulation between different areas
of a firm’s activity’ (Demil & Lecocq, 2010), the way a business ‘articulates the
logic and provides data’ (Teece, 2010), ‘an organization’s approach to generating
revenue at a reasonable cost’ (Gambardella & McGahan, 2010) or the mechanism
that “explains how the important non-financial and financial variables in the per-
formance measurement system are related to each other’ (Huelsbeck, Merchant, &
Sandino, 2011). Although diverse and derived from different points of view, most
definitions include or refer to a common keyword: value.

Several authors describe business models in relation to value creation, capture
and distribution (Gambardella & McGahan, 2010; McGrath, 2010; Teece, 2010; Zott
et al., 2011), not only referring to value in financial turnovers for the firm, but also
to the broader sense of value as a positive outcome that passes on to the customer
base. Customer satisfaction, in other words, value for the customer, has been the
ultimate target of value generation within a business model and the determining
factor for its success (McGrath, 2010).

The concept of business model is also intertwined with innovation both in its
Schumpeterian sense, as the process of combining technology with resources
and producing products and services (Amit & Zott, 2001), and in the sense of
business model innovation, i.e. creating innovative business models (Raphael
Amit & Zott, 2012). A business model can be characterized not only as a transfor-
mational approach to change and innovation (Demil & Lecocq, 2010), but also an
explanation why firms innovate differently in different environments (Koen et al.,
2011). Although it is associated with modern technologies, it still touches upon the
first-generation innovation models, i.e. technology push models, as described by
Rothwell (1992): technology is still the driving force of innovation in ITS research
and development. There have been significant advancements in primary research,
engineering and manufacturing, but not enough in terms of marketing, the last
step in completing successfully technology push models. It is the most crucial
aspect of capitalizing on technological innovation at a firm level. According to
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Chesbrough (2010), “a mediocre technology pursued within a great business
model may be more valuable than a great technology exploited via a mediocre
business model” (p. 355).

Business models are essential for translating commercial opportunities into
revenue-generating activities, but despite the apparent focus on commercial sus-
tainability, any sustainable business models in ITS need to take into account the
divergent nature and unique characteristics of the sector. In particular, the
business models need to effectively address the tensions between creating com-
mercial value and generating wide social and economic values and the fair distri-
bution of the benefits amongst different stakeholders. Commercial value is often
associated with technological innovation, but to translate such innovations into
sustainable revenue streams and profit, sustainable and innovative business
models are necessary (Raphael Amit & Zott, 2012; Pries & Guild, 2011).

A Business Model Framework for ITS

Our review highlighted that most previous studies are for specific applications or
specific economic analysis by transport economics. So far, previous studies have
failed to make a business case for ITS, either systematically for each of the key
components or at the ITS domain level. ITS developments have been haphazard.
The complexity of the market, the vested interests of key stakeholders and in
addition, the growing austerity of national economies, set barriers to widespread
implementation of ITS at national or international levels. It is hard to imagine a
top-down approach towards making a holistic business case for ITS through
some central coordination and strategic planning. Lack of funding and conflicting
interests (e.g. government, transport authorities and unions) have focused on ITS
discussions for policy issues, overlooking the business essential aspects. On the
other hand, the majority of business models literature, as described above,
seems inadequate to describe the value creation or capturing of ITS. Production
processes are costly and soon render obsolete because of technological advance-
ments. Hence, they force firms to introduce new ones, cancelling out value and
profits that may have existed before.

Given the absence of adequate public spending and lack of systematic research
on ITS, it is more realistic to expect not top-down, but bottom-up business case
developments, driven by leading firms which have a true understanding of the
innovative nature of ITS. To help make a business case, the first step is to articulate
the key components and relationships of ITS business models, using a business
model framework. The framework we propose is the one described by Amit
and Zott (2012), which is about business model innovation. We researched litera-
ture on business models and for this research we selected the framework by Amit
and Zott, which is based on an extensive review of previous studies. We use this
framework to analyse ITS and make a business case for it. We also draw examples
from ITS and transport to demonstrate the relevance and applicability of the
business model framework.

The authors discuss on the importance of creating innovative business models,
compared to introducing innovation in production process, and explain the super-
iority of the former as less time-consuming and more cost-effective. To illustrate
this, their paper compares Apple and HTC and highlights the differences in out-
comes by innovative business models and innovations in production processes: by
adopting a more innovative business model that allowed the company to switch
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from hardware to customer relationships, Apple achieved a sharp increase in net
income and share prices in the last 12 years. On the other hand, HTC followed a
business model for innovative hardware devices and its share price remained
almost stagnant for the same period. In other words, Apple is more dynamic,
i.e. making profits by maintaining customer relationships and adapting to their
needs, but HTC is following a more static approach and receives a smaller
share of the market by investing in innovative smart phones and tablets. As the
authors put it, drawing parallelism with the ‘razors and blades’ business model
(selling cheap razors, but locking-in customers and selling them expensive
blades), “HTC sells great razors, but no razor blades”.

Amit and Zott (2012) identify three main elements for successful business
model innovation, namely

o Content: it refers to the line of business the firm undertakes.

o Structure: it refers to the interoperability among the various business activities,
how they are related, how they are executed and how they complement each
other.

o Governance: it refers to the delegation of the line of business, the division of
labour and who is in charge of each activity in general.

A big change in any of these elements, changes the business model itself. By
changing the content, i.e. the line of business, a company may enter new
markets or alter the products and services it already offers. One example of the
automobile industry is Mercedes-Benz’s plans on introducing a new vehicle,
more compact and more economical, which will also enable the drivers to get con-
nected to the Internet (Simonite, 2012). By this change in content, Mercedes-Benz
is targeting the so-called, Generation Y, a group of younger drivers who are highly
attached to smart phones and the social networking technologies. This way, the
firm is changing (or supplementing) its traditional image of a manufacturer for
drivers who want a vehicle relevant to their social status, to a manufacturer
who also satisfies the younger generation of drivers, more interested in having
a smart phone and stay connected with others always and everywhere.

Structure is about synchronizing several activities together. To use another
example from the automobile industry we refer to General Motors’s (GM)
OnStar system, which offers driving assistance, integration with smart phones,
communication and car diagnostics. OnStar has become an innovative system
for on-road support (Barabba et al., 2002; Welch, 2011). Instead of receiving ser-
vices from several contractors, an OnStar subscriber uses GM’s subscription for
route guidance, technical support, anti-theft tracking and blocking of the
vehicle, live on-road communication and many other functions. By introducing
this novel way of service providing and customer care, GM changed its business
model and re-organized its network of partners by including various service pro-
viders, such as technical support crews, car insurance companies or even the
police. It has also brought all the related activities under centralized control
systems.

Finally, changes in governance might trigger changes in outsourcing or even the
beginning of new collaborations with other partners. The Niches+ project is a
good example of change of governance in transport (Niches+, 2012), similar to
the consortium of magazine publishers described by Amit and Zott (2012). A con-
sortium of European partners, such as Polis (European Cities and Regions
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Networking for Innovative Transport Solutions), Eurocities (the network of major
European cities), Newcastle University, Southampton University and others, ran
the project aimed at promoting innovation for more efficient and sustainable
urban transport (moving urban transport from its niches positions to some
improved niches+ positions). It constitutes a good example of change in govern-
ance by bringing policy-makers together and deciding on adopting common inno-
vative measures for urban transport. Four thematic areas were examined:

(a) Innovative concepts to enhance accessibility (e.g. public transport planning,
neighbourhood accessibility planning, traveller information for people with
disabilities).

(b) Concepts for efficient planning and use of infrastructure and interchanges
(intermodal interchanges with cycling facilities, innovative bus systems, etc.).

(c) Traffic management centres (financing, mobile travel information, environ-
mental pollution collection and management).

(d) Automated and space-efficient transport systems (rapid transits, electric
vehicles, car sharing, etc.).

The project was funded by the EU 7th Framework Programme and finalized in
April 2011 in London with guidelines for future implementation of the proposed
innovative measures.

Discussions: Adapting the Business Model Framework to Future ITS

In the age of innovation, adopting an innovative business model is a vital ingre-
dient for the sustainability of any firm. However, the crucial question remains:
how could such a framework based on innovative business models be adapted
to ITS?

The exact adaptation of the framework will depend on the very nature of each
ITS firm. Nevertheless, regardless the firm’s characteristics, one must consider the
fundamental pillars of the model framework, content, structure and governance,
as essential parts of the models foundations. Examples of how these three can be
applied to ITS are as follows:

o Content: the content of many ITS firms is in a constant flux. With the current
developments in new ITS applications about vehicular communications and
more connected vehicles (Awasthi et al., 2011; Katsaros, Kernchen, Dianati,
Rieck, & Zinoviou, 2011; Sotelo, van Lint, Nunes, Vlacic, & Chowdhury, 2012),
the pillar of content of innovative business models becomes more important.
New research sheds light on the prospects of vehicles as spaces offering the
facilities to stay connected with peers and friends. Vehicles of the future are
going to be something more than just private spaces, extensions of one’s char-
acter that take them from A to B. According to a survey (Mai & Schlesinger,
2011), ‘the new generation of drivers cherish social media and technology
more than a car’. This new generation is already here and shall be the target
of automotive manufacturers. Making vehicles more connected, or, ‘putting
more Internet in vehicles’ is going to be a significant change in content for ITS
firms and a central topic of our future research.

e Structure: it is about harmonically coordinating activities of ITS firms. Consider-
ing the future trends of ITS and the high possibility of taking intelligent
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transport to the level of vehicular communication and connectivity, this calls for
changes in the ITS firms’ structure. Platform strategies for ITS is one example.
The vision for the future is platform strategies for automotive and ITS services,
which changes the focus from developing products to developing and distribut-
ing services, from building services on platforms to using a Platform-as-a-
Service (Beimborn, Miletzki, & Wenzel, 2011; Rodero-Merino, Vaquero, Caron,
Muresan, & Desprez, 2012) to induce technological innovations. The integration
of ITS with online web-services could bring major changes in the car industry
and to traffic management. It will also create new platforms for the existing ser-
vices (e.g. insurance and rescue), by making the vehicles multitasking machines,
just like mobile phones and personal computers are nowadays. This will create
new innovative solutions and business opportunities. Such a vision can be
achieved with virtually zero marginal cost, as the main technological com-
ponents already exist (Briscoe, Sadedin, & De Wilde, 2011). This can also
bring changes to the third main component, governance.

o Governance: with platform strategies and novel applications of ITS supplement-
ing the existing services, or, creating new ones, change in governance of ITS
firms will be inevitable. Who will be in charge of each activity shall be a
major aspect in the years to come and will require closer collaboration among
ITS stakeholders. It will also involve discussions on market shares and stake-
holders” interactions, aspects that our future research is going to investigate.

Conclusions and Future Research

Intelligent transport is a fast growing discipline, spanning several domains, from
design and engineering to technological innovation and social implications of
transport. Business studies have so far neglected ITS, judging from the fact that
the vast majority of publications are from a transport or engineering, rather
than from a business perspective. The market of ITS has not taken off yet,
despite the rapid technological innovations and developments and the significant
potential benefits identified by previous research. This research discussed the
underlying reasons for this market failure and then used the business model
theory to help make a business case for the sustainable development of ITS. The
procedure we followed in this paper was a systematic review of previous research,
which identified and discussed the main streams of research, the most popular
topics and the less-explored areas. By reviewing the most influential ITS develop-
ments, we provided a systematic view of the ITS evolution and highlighted the
main areas where this evolution took place.

Although ITS is a broad area, and classifications of the key technologies are
difficult, the systematic literature review identified two main areas of develop-
ment: intelligent vehicles and intelligent transport. Hundreds of systems and
devices exist and many prototypes are tested as well. New research is investi-
gating vehicular communications and more automated systems, where the
drivers” workload will be less and the vehicles would operate in the “auto-pilot’
mode. However, research in the business aspects of ITS has so far remained stag-
nant, with only recently gaining momentum and exploring the possibilities of
connecting vehicles. The proposed business model framework can offer valuable
help towards in this direction. Since breakthrough advances will probably occur
through bottom-up research and development, the ITS industry will be faced
with numerous problems of coordination. As Surowiecki (2004) suggests,
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problems of coordination need bottom-up approaches, it is about fitness, getting
various stakeholders to work together in harmony without anyone telling them
what to do.

Empirical research is necessary in order to gather primary data from businesses
and social groups through surveys, case studies and simulations. Survey of users
will provide first-hand information of the people’s opinion on specific ITS and
their perception of value by using them. This in turn can offer valuable knowledge
to companies that operate in this field or wish to enter the ITS industry. Case
studies of companies will help us to map the stakeholders and understand their
investment decision-making processes. Simulations will allow us to perform
experiments of hypothetical situations, explore systems of players or agents
under controlled conditions and infer about their future behaviour in the real
world.

Further research is required to explore the wider social, economic and business
implications of ITS. The regulatory and policy environment will determine the
distribution of costs and benefits amongst key stakeholders and ITS implemen-
tation. These issues must be investigated from the perspectives of multiple stake-
holders.
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