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Abstract

Information accuracy and decision-making speed are of paramount importance in managing
today’s mobility of goods and people inside the city. Intelligent Transport Systems (ITS) can
provide road users with updated information and forecasts on both traffic and weather
conditions. The result is a higher efficiency in the use of resources and a better management of
physical flows. The purpose of this paper is to conduct an in-depth review on the role of ITS
supporting urban Smart Mobility, in order to identify the main gaps in the literature and propose
future research streams. 71 papers have been thoroughly analysed: they are mainly focused on
technology, with limited attention to value creation. Even though some benefits have been
examined, a general lack of quantitative models emerged. Eventually, there is a lack of
contributions considering both people and freight transport, even if they are strongly related

especially in an urban environment.
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1. Introduction

Urban population is expected to significantly grow in the next decades: from 3.9 billion people
that already live in cities (54% of the whole global population) to 6.3 billion by 2050 (i.e. 66%).
Today cities are responsible for more than 75% of waste production, 80% of emissions, and
75% of energy utilisation (United Nations 2014). With regard to Europe, road transport
produces about 20% of the total CO2 emissions, of which 40% is generated by urban mobility
(European Commission 2015). Therefore, there is a huge interest in understanding how urban

transport can become more sustainable.

Urban mobility includes both freight and people transport. The former considers the movement
of vehicles (e.g. trucks, vans) whose primary purpose is to carry goods into, out of and within
urban areas. The latter should be split into individual and collective transport. In individual
transport the route is the outcome of a personal choice, and the most common travel alternatives
are cars, motorbikes, bikes, and walking. Conversely, the purpose of collective transport is to
provide public mobility services connecting specific parts of the city. Its efficiency is based
upon transporting a large number of people and achieving economies of scale. It includes
transport means like tramways, buses, trains, undergrounds and ferryboats. In collective
transport the travels are planned by cargo owners and transport service providers. In the current
literature, freight and people transport are mainly analysed individually. However, in several
instances passengers and freight movements may be competing for the usage of the available
transport infrastructures. In urban areas the road is often the only viable alternative for freight
transport, and the vehicles have negative effects on the overall traffic situation, the environment
and the safety level (Kohler 2001; Patier 2002; Westerheim and Natvig 2008; Crainic, Gendreau
and Potvin 2009; Ballantyne, Lindholm and Whiteing 2013). These elements suggest that
approaching the issue fragmentarily could not be appropriate anymore (Browne and Allen
2011).

In such a complex environment, Information and Communication Technologies (ICTs) can play
a key role in improving transport sustainability through controlling systems more efficiently,
facilitating behavioural changes and reducing energy consumption (Bull 2015). ‘Intelligent
Transport Systems’ (ITS) is the most common expression used to indicate the integrated
application of ICTs to transport (Miles 2014). ITS can be applied to all modes of transport, i.e.
air, ship, rail and road, and to every element of a transport system, i.e. the vehicle, the

infrastructure, and the driver or user, interacting together dynamically. The overall function of



ITS is to support transport network controllers and other users (citizens, companies and city
governments) in the decision making process (ITS Handbook 2012), leveraging on accurate
real-time information about traffic and vehicle conditions. As a result, the operation of the entire
transport system is expected to improve (Miles 2014), leading to a better use of resources and
to a more rational coordination of physical flows. ITS can support transport processes in many
different ways. For example, one of the simplest and most diffused applications is enabled by
data gathered from GPS vehicle tracking systems, which can be used to determine expected
travel times and promptly identify traffic jams. More recently, a wide range of new
opportunities has been exploited by connecting Vehicles to other Vehicles (V2V) or Vehicles
to the road Infrastructure (V2I). V2V solutions mainly impact on safety, thanks to applications
like the advanced emergency braking systems. V21 applications could have an important effect
also in improving traffic flows (Perakovic 2014, Poslad et al. 2015). For instance, the vehicles
can set the most appropriate speed based on the future status communicated by smart traffic

lights (i.e. red, yellow, green).

In line with this premise, it is essential to have a clear and comprehensive picture of the
potentialities of ITS for both freight and people urban transport. In the current literature there
are many fragmented contributions, each one focused on specific topics (e.g. smart traffic lights,
parking spot availability, public transport location and management, tracking and tracing of
dangerous goods). In order to identify further research directions, a complete picture of the
extant body of knowledge should be taken. The existing literature analyses are not up-to-date
and complete: none of them has been published recently (i.e. in the last 2 years) and, above all,
they are focused on specific fields (e.g. freight transport). The purpose of this paper is twofold:
(i) to categorise the research on ITS for urban Smart Mobility according to the main topics
addressed and the methods adopted, and (ii) to identify the main literature gaps in order to

propose directions for future research activities.

2. Methodology
In line with Srivastava (2007) and Mangiaracina et al. (2015), the paper selection process
included the following stages:
e Definition of the classification context: it consisted of ITS applications for Smart
Mobility considering both people and freight transport;
e ldentification of the unit of analysis: papers published on international peer-reviewed

journals and proceedings of international conferences were considered. The papers were



published on the major journals in the fields of urban mobility addressing people and
freight transport (e.g. Cities, Environmental Science and Policy, Journal of Systems and
Software, Procedia - Social and Behavioral Sciences, Research in Transportation
Economics, Sensors, Technology in Society, Transportation Research, Transport
Reviews, Wireless Personal Communications, International Journal of Physical
Distribution and Logistics Management, International Journal of Logistics
Management, International Journal of Logistics Systems and Management) or were
included in the most important proceedings of international conferences on urban
mobility (e.g. IEEE International Conference on Intelligent Sensors, Sensor Networks
and Information Processing, World Congress on Intelligent Transport Systems,
Proceedings of International Conference on Advances in Mobile Computing and
Multimedia);

Collection of relevant publications: the search was conducted using a number of
keywords (e.g. “Smart urban Mobility”, “City Logistics”, “Last-mile Logistics”, “traffic
congestion”, “parking management”, “Intelligent Transport Systems”, “ITS”, “freight
transport”, “people transport”, “Smart City”) and their combinations, coherently
selected and in line with the objectives of the analysis. The starting point for the
identification of relevant papers was a number of library databases (i.e. Isi Web of
Knowledge, Scopus and Google Scholar). For each paper, the abstract, the introduction
and the conclusions were carefully examined in order to select the most relevant
contributions for the purpose of this review. To avoid the omission of other important
papers, the majority of the cited contributions were also cross-referenced and, if
necessary, included in the analysis. By applying this method, it was possible to assure
adequate coverage of the extant body of research in this field;

Delimiting the field: during the examination of the papers that were progressively found,
some were recognised to be more significant than others for the purposes of the present
study. Initially, more than 100 articles were found. Then, those papers addressing the
topic summarily or as a collateral research theme were excluded. Consequently, 71
papers published from 2006 to 2015 have been selected to be examined in depth (none
of the few papers published before 2006 was considered significant for the purposes of
this analysis, since they addressed the topic in a very marginal way). The authors believe
that the number of publications reviewed in this study is adequate given the scope of the
analysis (i.e. focus on a restricted — although promising — subject), and this is consistent

with previous contributions addressing specific research themes (e.g. Perego, Perotti



and Mangiaracina 2011, Seuring and Gold, 2012).

e Analysis of the selected papers: different methods used in previous literature review

papers (e.g. Srivastava 2007; Carter, Kauffman, and Michel 2007; Meixell and Norbis
2008; Ghadge, Dani and Kalawsky 2012; Seuring and Gold 2012; Mangiaracina et al.

2015) were examined first. For the purposes of this review, the 71 selected contributions

were analysed and categorised according to the year of publication, the research method

adopted, the type of urban transport considered, the type of data analysis and the aims /

main topics tackled. All the papers were first summarised and then categorised in

accordance with the review criteria, which was also helpful in identifying patterns that

suggest interesting themes or possible gaps (Meixell and Norbis 2008).

3. Summary of review: research methods adopted

As mentioned before, the selected papers were first classified and examined according to the

main research method adopted, namely literature review, simulation, case study, analytical

model, benchmarking, survey, and conceptual framework. Moreover, they were also

categorised according to the type of data analysis (i.e. qualitative and/or quantitative analyses)

and the type of urban transport, i.e. people vs. freight, in order to detect possible relationships

with the choice of the method.

Table 1. Classification of each paper by Method, Type of transport and Type of Data analysis

Research Type of | Type of data Papers
method* transport analysis**
People (1) QAL Hancke, de Silva and Hancke jr (2013)
Sy oot (000 R e,
: , . omi , Behrends , Perego, Perotti an
review (8; 11%) | Freight (7) QAL Mangiaracina (2011), Anand et al. (29012),
Mirzabeiki (2013)
Salido, Peinado and Giret (2011), Nha et al. (2012),
Barba et al. (2012), Geng and Cassandras (2012),
Cheng and Li (2013), Galan-Garcia, Venegas, and
People (10) QAN Cielog (2014),(Hornz; (2014), Poxrucker, E?ahle and
Simulation (15; Lukowicz (2014), Shin and Jun (2014), Caballero-
21%) Gil, C., Molina-Gil and Caballero-Gil, P. (2015)
Aschauer and Starkl (2010), Taniguchi, Thompson
Freight (5) QAN and Yamada (2012), Bhattacharya et al. (2014),

Gevaers, Van de Voorde and Vanelslander (2014),
Nechifor et al. (2015)




Moniri, Feld and Muller (2012), Das and Emuze
(2014), Ji et al. (2014), Ferrari et al. (2014), Poslad et
QAL al. (2015), Marsal-Llacuna, Colomer-Llina’s and
Mele ndez-Frigola (2015), Khamitov, Iskakova, and
People (13) Khamitova (2015)

Liu et al. (2009), Bhoraskar et al. (2012), Fuller et al.
(2012), Smith et al. (2013), Losa, Pratelli and
Riccardi (2014), Simonyi, Fazekas and Gaspar
(2014)

QAN
Case study (24;
34%)

Westerheim and Natvig (2008), Kuse, Endo and lvao
(2010), Reclus (2013), Diziain, Taniguchi and

QAL Dablanc (2014), De Souza et al. (2014), Van
Leeuwen, Van Eeden, and Ottenhof (2014), Oliveira

Freight (11) et al. (2015)

Oliveira, Nunes and Novaes (2010), Van Duin, Quak
QAN and Mufiuzuri (2010), De Magalhées (2010), Wang,
Rodrigues and Evans (2015)

Pérez et al. (2010), Kolosz, Grant-Muller and
Djemame (2013), Kolosz, Grant-Muller and
Analytical People (7) QAN Djemame (2013), Honarmand, Zakariazadeh, and
model (10; Jadid (2014), Neirotti et al. (2014), Zheng,

14%) Rajasegarar and Leckie (2015), Gibson et al. (2015)

. Kayikci (2010), Gevaers, Van de Voorde and
Freight (3) QAN Vanelslander (2011), Joubert and Meintjes (2015)

People (2) QAL Giffinger et al. (2007), Debnath et al. (2014)

Benchmarking Stapleton, Martinez and VVan Wassenhove (2009),
(5; 7%) Freight (3) QAL Benjelloun, Crainic and Bigras (2010), Taniguchi,
Thompson and Yamada (2010)

Bilodeau, Soar and Cater-Steel (2010), Gouin-
People (3) QAN Vallerand and De La Cruz (2013), Firnkorn and
Muller (2015)

- 100
Survey (7; 10%) Mufiuzuri, Duin and Escudero (2010), Dablanc et al.

Freight (4) QAL (2012), Ballantyne et al. (2013)
QAN Browne et al. (2010)
Conceptual People (2) QAL Batty et al. (2012), Piro et al. (2014)
framework (2; .
3%) Freight (0)

* The first number in brackets represents the number of papers, whereas the second the percentage on the total amount of papers
’(*11()3.AL: qualitative analyses; QAN: quantitative analyses

As shown in the rows in Table 1, a wide range of methods was used in the literature. Among
these, the two most adopted ones were case study and simulation. The papers based on case
studies (24) tackled the application of ITS solutions within the urban context. Oliveira, Nunes
and Novaes (2010) and Ferrari et al. (2014) provided notable examples. In particular, the former
presented a methodology to evaluate the viability of implementing intelligent delivery points
in Brazil, analysing also the economic and the environmental impacts. The latter showed how
smart card data could enable the accessibility of public transport systems for people with

reduced mobility in London. The papers based on simulation (15) investigated how ITS



solutions could impact on urban mobility, and quantified the effects in terms of costs, times,
and/or environmental footprint. For example, Shin and Jun (2014) proposed a smart parking
guidance algorithm to support drivers to find the most suitable parking facility in a city
considering real-time occupancy. The other methods adopted by authors were analytical model
(10 papers), survey (7), literature review (8), benchmarking (5) and conceptual framework (2).
Analytical models were mainly used to quantitatively assess the benefits enabled by ITS in
terms of KPIs (Key Performance Indicators, e.g. lead times, delivery delays) or, in a few cases,
of economic returns. Surveys, instead, were mainly intended to investigate users’ behaviours
(e.g. drivers, citizens) or to depict an extensive overview of city strategies related to mobility.
Literature reviews were mainly focused on freight transport. The authors usually analysed the
state of the art in order to identify recent trends and research gaps: for example, Anand et al.
(2012) provided a review of the main innovations regarding ITS technologies and policies.
Some other authors focused on more specific subjects, e.g. ITS impacts on transport
sustainability (Goldman and Gorham 2006). In the case of benchmarking, a collection of
available data from ITS implementations was used to estimate the achievable benefits. Finally,
a few authors attempted to develop conceptual frameworks (e.g. based on causal maps) related

to the adoption of ITS solutions.

As expected, the research methods chosen by the authors depend on the objectives of their
analyses. For example, analytical models were mainly used to provide quantitative tools that
can be used in different contexts: the solution of a problem is reached through a well-defined,
scientific and analytical calculation process. In a similar way, other authors developed
simulation models to assess and predict the dynamic unfolding of events or processes,
subsequent to the setting of certain parameters by the analysts. In most cases, both analytical
models and simulations could be applied also in different application contexts than those for
which they were firstly designed (e.g. it is possible to change some input data - like the size of
the city, the type of vehicles, etc. — and calculate how the results vary). Instead, case studies or

surveys were usually less generalisable, because of the specificity of the analysed cases.

The methods used by authors significantly differ based on the type of transport. On the one
hand, ITS impact on people transport was investigated through a large variety of methods, with
a slight preference for case studies (13) and simulations (10). On the other hand, case studies
(11) and literature reviews (7) were the preferred methods for addressing the theme in freight

transport. In addition, also the type of data analysis significantly varied depending on the



research method used. 58% of the 71 selected papers illustrated quantitative evidences.
Specifically, papers based on literature reviews, conceptual frameworks and benchmarking
methods typically introduced only qualitative results, whereas simulations and analytical
models of course always introduced quantitative analyses. Instead, case studies and surveys can
be both qualitative or quantitative: 52% of case studies and 57% of surveys reported quantitative
outcomes. Obviously, the quantitative outcomes emerged from case studies differs significantly
from those provided by analytical models and simulations. Case studies are empirical analyses
which investigate contemporary phenomena in their real context (e.g. a parking lot, a road
junction, a city), and the outcomes obtained are specific for that contexts, while the results

achieved through analytical and simulation models are usually more general.

The analysis confirmed that the impact of ITS on both people and freight transport has not
investigated in depth through an integrated approach yet. However, a certain number of authors
(e.g. Kohler 2001; Patier 2002; Westerheim and Natvig 2008; Crainic, Gendreau and Potvin
2009; Ballantyne, Lindholm and Whiteing 2013) made a first attempt to summarise in a
qualitative way the positive effects on citizens due to the adoption of ITS for freight transport.
Indeed, vehicles dedicated to freight transport make a significant contribution to city congestion
and environmental nuisances, such as emissions and noise, which impact adversely the quality

of life in urban centres (Crainic, Gendreau and Potvin 2009).

4. Summary of review: ITS for people and freight transport

Papers are quite uniformly distributed between people (38 papers) and freight (33) transport.

4.1 People transport

The main application fields emerged from the literature related to people transport are Traffic
management (13), Public transport (11), and Parking management (8). A few papers (6) do not
focus on a specific application field, but analyse Smart Mobility in general. Results are

summarised in Table 2.



Table 2. People transport: classification of papers by Research Method and Application field

Application field
Research Traffic . Parking
method management Public transport management General
. Hancke, de Silva
Literature .
review and Hancke jr
(2013)
Salido, Peinado and Gena and
Giret (2011), Nha Cassgn e
etal. (2012), Barba
(2012), Horng
etal. (2012), .
\ ! . (2014), Shin and
. - Galan-Garcia, Cheng and Li
Simulation Jun (2014),
Venegas, and (2013) .
. Caballero-Gil, C.,
Cielos (2014), . ;
Molina-Gil and
Poxrucker, Bahle .
. Caballero-Gil, P.
and Lukowicz (2015)
(2014)
Liu et al. (2009),
Fuller et al. (2012),
Das and Emuze
(2014), Ferrari et Moniri, Feld and
Bhoraskar et al. al. (2014), Losa, Muller (2012),
(2012), Smith et al. Pratelli and . Marsal-Llacuna
Case study (2013), Poslad et al. Riccardi (2014), Jietal. (2014) Colomer-Llina’s
(2015) Simonyi, Fazekas and Mele ndez-
and Gaspar (2014), Frigola (2015)
Khamitov
Iskakova, and
Khamitova (2015)
Honarmand,
Pérez et al. (2010), Zakariazadeh, and
Analytical Kolosz, Grant- . Jadid (2014), Neirotti et al.
model Muller and Gibson et al. (2015) Zheng, (2014)
Djemame (2013) Rajasegarar and
Leckie (2015)
Giffinger et al.
Benchmarking (2007), Debnath et
al. (2014)
. Gouin-
Surve Firnkorn and fr:éoggil:r’_gfeagl Vallerand and
y Muller (2015) (2010) De La Cruz
(2013)
Conceptual Batty et al.
framework (2012), Piro et
al. (2014)

Traffic management

Traffic control is one of the most important problems related to urban development. The

majority of the papers considered the use of smart traffic lights, due to the critical role of road

intersections affecting traffic conditions. Sensors are installed to detect different traffic




variables (e.g. car speed, density, waiting time). Collected data are processed to give appropriate
instructions to the traffic lights, thus helping reduce traffic congestions and allowing priority
mechanisms for emergency vehicles like ambulances and fire trucks (Naga Raju, RajSekhar
and Sandhya 2014). The key point is to enable flexibility in order to change from red to green
in a faster or slower way depending on real time conditions (Galan-Garcia, Venegas, and Cielos
2014). Since the costs of installing these systems is high, in terms of both money and resources,

it is crucial to assess the expected benefits within a city.

In the majority of the cases, papers were based on quantitative methods, primarily simulations,
aiming to provide an assessment of the ITS-enabled impacts. For example, the goal of the
simulation model developed by Nha, Djahel and Murphy (2012) was to assess the impact of
providing drivers with information about traffic density and weather conditions. Galan-Garcia,
Venegas, and Cielos (2014) presented a model that combines cellular automata and neural
network theories to simulate car traffic in a motorway. A few authors resorted to case studies
in order to investigate the benefits, also in terms of reduced pollution. For illustrative purposes,
Smith et al. (2013) analysed the case of SURTRAC, a pilot implementation of an adaptive
traffic signal control system installed for a nine-intersection road network in Pittsburgh,
Pennsylvania (USA). The pilot test results demonstrated the effectiveness and potential of
decentralised, adaptive traffic signal control in urban road networks. In comparison to the
previous approach, which involved a combination of coordinated timing plans during rush
periods and actuated free mode during non-rush periods, the SURTRAC system improved

traffic flow efficiency by 25%-40% and reduced emissions by over 20%.

Public transport

ITS solutions can support public transport in multiple ways, as shown by numerous projects
already implemented worldwide (loT Observatory 2012). The diffusion of ITS in this field
gives the opportunity to investigate deployed solutions in depth. Indeed, case study and

benchmarking are the most used methods, as reported in Table 2.

As far as case studies are concerned, Losa, Pratelli and Riccardi (2014) showed how a new ITS-
enabled public transport line could be fairly suited to the Italian context, and in particular to a
medium sized city like Pisa, characterised by narrow streets, high density of buildings and need
of sharing large part of bus paths in mixed traffic. Furthermore, this paper analysed a solution

to solve the give-bus priority problem through Automatic Vehicle Location Systems (AVLS).



The basic idea is to integrate the information of the bus (or tram) position into a traffic
management system based on the use of smart traffic lights in order to give the priority to public
transport. Buses are therefore detected before approaching an intersection, and green times are
dynamically defined to provide the priority. By coordinating traffic signals at adjacent
intersections, systems are able to optimise travel time by minimising the number of stops at
intersections so that greater efficiency in traffic flow and reduced travel time and fuel
consumption are achieved. With regard to public transport, the communication with final users
proved to be a key issue. Simonyi, Fazekas and Gaspar (2014) performed a case study in
Budapest (Hungary) and illustrated how the information collected from ITS solutions (e.g.
waiting time, best transport solutions based on real-time location and traffic data) can be
effectively communicated by using a smartphone application. With reference to benchmarking,
Debnath et al. (2014) indicated London as the smartest city in the world for its public transport
system, followed by Singapore and Paris. All buses in London were equipped with AVLS, on-

board passenger information displays and announcement systems.

Despite their very low diffusion, a few notable contributions are based on quantitative models.
In particular, Cheng and Li (2013) presented a simulation model named “Fuzzy Neural
Network” to estimate the benefits achievable through AVLS. For example, in presence of public
transports, the system decides which signal(s) and for how long should be red. Gibson (2015)
presented an analytical model to estimate the time benefits, including the effects on travel time
and access time, for the bus user. The user times decrease by 57%, from 1028.3 h/day to 438.9
h/day. The increase in the off-peak demand has a strong positive effect on benefits in a range
of 28-39%. In contrast, the increase in the passenger renewal rate significantly reduces these

benefits due to a higher access time loss.

Parking management

Parking is limited in almost every major city in the world leading to traffic congestion, air
pollution, and driver frustration (Yan et al. 2011). On average, it takes 7.8 minutes to find an
available parking space (Arnott, Rave and Schob 2005). This causes not only a waste of time
and fuel for drivers looking for parking, but it also contributes to additional waste of time and
fuel for other drivers as a result of traffic congestion (Geng and Cassandras, 2012). On a daily
basis, it has been estimated that 30% of vehicles in the downtown area of major cities are
cruising for a parking spot, with a consequent proportion of CO2 emissions (Arnott, Rave and
Schob 2005; Hodel and Cong 2003).



Generally, ITS applied to parking management results in the use of sensors, wireless
communication technologies and smart applications to provide drivers with the information of
free parking spots, thus decreasing drivers’ frustration and negative impact on city traffic. The
analysed papers mainly focused on the use of real-time variable message signs, such as
directional arrows, names of the parking facilities, status, number of available parking spaces.
As a matter of fact, during the past two decades traffic authorities in many cities started to adopt
these solutions (Teodorovic and Lucic, 2003; Rodier and Shaheen, 2010). In some cases the
opportunity of reserving a parking spot is also offered. Drivers access the central information
system via smartphone or Internet to make the reservation. Then, different technologies can be
used to recognise each car at entry points (e.g. RFId, Bluetooth) and to trigger automatic
reservation checking and parking payment (Hodel and Cong, 2003). More recent papers
investigated the opportunities enabled by Internet of Things (1oT) technologies for car parking
systems (Ji et al. 2014). The car parking system was made up of three layers: sensors to detect
the occupancy of individual parking spots, communication technologies to collect the
information from sensors, and an application layer to give (near) real-time information to the
drivers. The application layer is crucial to assure a good user experience. In this regard,
Caballero-Gil, Molina-Gil and Caballero-Gil (2015) proposed a solution to predict location of
the best available parking spots, consisting in a centralised system to predict free parking spaces

and a low-cost maobile application to help the driver find the right spot.

As far as the research methods are concerned, simulations and analytical models to assess the
quantitative benefits enabled by ITS solutions are diffused in the current literature. For example,
Zheng, Rajasegarar and Leckie (2015) presented a prediction mechanism for parking
occupancy in San Francisco and Melbourne based on real-time information (e.g. street name,
side of street, arrival time, departure time, duration of parking events). Horng (2014)
determined - though a simulation model — the nearest parking slot, and the current or opposite
driving direction with the vehicle location information. By considering the driving direction,
they could determine when the vehicles must turn around and thus reduce road congestion and
speed up finding a parking space. The simulation results showed the strengths of the proposed
smart parking mechanism in terms of avoiding congestions and decreasing the time to find a

parking space.



To have a clear overview of the drivers’ behaviours, survey is a method that can be found in
literature. In this regard, Bilodeau, Soar and Cater-Steel (2010) interviewed 133 randomly
chosen drivers using a cluster sampling approach: survey questions focused on past and

potential future parking experiences to help reduce any bias from creeping into the study.

4.2 Freight Transport

As cities are dominant centres of production and consumption, large movements of freight
affect urban activities (Rodrigue, 2013). As a matter of fact, the number of freight vehicles
moving within city limits is expected to continue to grow due to the current distribution
practices based on low inventories and timely deliveries, and the growth of business-to-
consumer electronic commerce that generates significant volumes of personal deliveries
(eMarketer, 2013; International Transport Forum, 2012). Freight vehicles compete for the street
and parking space capacity and contribute significantly to congestion and environmental
nuisances, such as emissions and noise (OECD, 2003). These nuisances impact the life of
people living or working in cities, and the productivity of the firms located in urban zones and
of the associated supply chains (Benjelloun et al., 2008).

City Logistics aims to optimise the transport flows in an urban environment, and ITS is
acknowledged as a fundamental component and enabling factor. The fundamental idea is to
stop considering each shipment, company, and vehicle in isolation, but rather as components of
an integrated logistics system to be optimised. Coordination and consolidation are at the basis
of this idea. For example, the vehicle manufacturers have an indirect impact on urban freight
transport through the design and technological innovation behind freight vehicles; the public
transport operators have an influence on local authorities and have an indirect impact on urban
freight transport due to potential conflicts between passenger and freight activities. Trade
associations and commercial organisations could potentially affect urban freight transport
operations through, for example, lobbying for a particular policy (Taniguchi, Thompson and
Yamada 2001; Crainic, Gendreau and Potvin 2009; Ballantyne, Lindholm and Whiteing 2013).

Differently from those related to people transport, the papers dealing with ITS in freight
transport do not focus on individual application fields (e.g. Traffic management, Parking
management). Therefore, they were classified on the basis of the scope: most of them (20)
analysed the implication of ITS only within an urban environment, whereas others (13)

extended the scope of the analysis to the upstream supply chain, where multiple modes of



transport are often available and decisions have usually consequences on last mile logistics.

Table 3 summarises the results.

Table 3. Freight transport: classification of papers by Research Method and scope

Scope
Research Focus only on city transport Extension to the upstream supply
method (last mile logistics) chain
Literature _Goldman _and Gorham (2_006), Behren_ds (2911), Perego, Perotti and
review Benjelloun, Bigras and Crainic (2008), Mangiaracina (2011), Anand et al.
Russo and Comi (2010) (2012), Mirzabeiki (2013)
Aschauer and Starkl (2010),
Taniguchi, Thompson and Yamada
Simulation (2012), Gevaers, Van de Voorde and Bhattacharya et al. (2014)
Vanelslander (2014), Nechifor et al.
(2015)

Oliveira, Nunes and Novaes (2010),
Van Duin, Quak and Mufiuzuri (2010),
De Magalhées (2010), Diziain,
Case study Taniguchi and Dablanc (2014), Van
Leeuwen, Van Eeden, and Ottenhof

Westerheim and Natvig (2008), Kuse,
Endo and Ivao (2010), Reclus (2013),
De Souza et al. (2014), Oliveira et al.

(2014), Wang, Rodrigues and Evans (2015)
(2015)
Analytical Gevaers, Van de VVoorde and Kayikci (2010), Joubert and Meintjes
model Vanelslander (2011) (2015)
Benjelloun, Crainic and Bigras (2010), .
Benchmarking Taniguchi, Thompson and Yamada Stapleton, Mhartmeg and Van
(2010) Wassenhove (2009)
Browne et al. (2010), Mufiuzuri, Duin
Survey and Escudero (2010), Dablanc et al.

(2012), Ballantyne et al. (2013)

The literature review highlighted several results. The majority of the papers concentrating on
freight urban transport focused on case studies regarding specific cities (e.g. de Magalhaes,
2010; Westerheim and Natvig 2008). For example, Westerheim and Natvig (2008) analysed
“SmartFreight”, a project aiming to improve the freight distribution in cities through ITS based
on open services, on-board equipment, and integrated wireless communication infrastructure.
Reclus (2013) developed a system based on telematics intended to monitor, track and control
the transport of dangerous goods in the Great Lyon urban area (France). Wang, Rodrigues and
Evans (2015) empirically investigated how Information and Communication Technologies
(ICTs) could contribute to reduce CO2 emissions in road freight transport adopting a multiple
case study approach with three leading UK grocery retailers as exemplars of fast-moving
consumer goods retailers. The results of the analysis showed that ICT solutions have a direct

positive impact on CO2 emissions reduction, but there are further opportunities beyond



retailers’ own distribution networks. However, they are not fully exploited due to the retailers’

reluctance to share information with competitors.

There is also an important amount of literature analyses. Anand et al. (2012) analysed the trends
and the relevance of modelling research on city logistics and attempted to identify gaps in
modelling urban freight domain. Other papers used surveys or simulations. Gevaers et al. (2014)
investigated the main drivers that affect the B2c last mile delivery costs. The authors developed
a tool to simulate these costs whereby last-mile characteristics were used as independent
variables. The main factors considered were the consumer service level, the type of delivery,
the market density/penetration, the type of delivery vehicles (and ITS adoption), and the
environmental impact (e.g. due to packaging). For example, simulating a last mile delivery
within a densely populated urban area (>1,500 inhabitants/lkm?) or a rural area (<50
inhabitants/km?) led to a cost difference of 5 euros/unit delivered (2.75 euros vs 7.75 euros

respectively).

5. Discussion: the main research gaps

Although different studies have been conducted so far on ITS for people and freight transport
in the urban context, and several facets have been deeply investigated, a number of topics are
still under-represented or missing, as emerged from the reviewed literature. In order to provide
some indications to address future research activities, we listed the main limitations emerged

from the literature.

Lack of up-to-date and complete literature reviews focused on ITS for urban mobility

Although good pictures of the extant literature on ITS for urban mobility have been taken by
several authors, these analyses are not up-to-date (all the 8 literature reviews were done before
2014) and complete (7 of 8 literature reviews focused only on ITS for freight transport,
neglecting all the scientific papers based on issues and opportunities enabled by ITS
technologies for people transport). In addition, the literature reviews examined in this study
should better report possible classifications of papers on the basis of specific variables (e.g.

areas of benefits, type of technology, type of stakeholder involved).

Emphasis mainly on technology aspects, with limited attention being paid on value creation
It can be observed that papers on ITS for urban mobility are mainly focused on technology

aspects, neglecting value creation (e.g. cost-benefit analyses) or addressing the topic in a very



marginal way. Although some impacts and benefits have been examined in terms of travel time
reduction and environmental effects, there is still a general lack of quantitative models (i.e. only
the 35% of papers reported a quantitative assessment) for measuring the overall impacts of ITS
technologies in the urban context, and for splitting them among the several stakeholders

involved.

Lack of models / frameworks including both people and freight transport

This analysis has confirmed that the impact of ITS on both people and freight transport has not
investigated in depth through an integrated approach yet. Although a certain number of authors
(e.g. Westerheim and Natvig 2008; Ballantyne, Lindholm and Whiteing 2013) made a first
attempt to summarise in a qualitative way the positive effects on citizens due to the adoption of
ITS for freight transport, a more comprehensive perspective is required to face the complexity
of the entire problem. Indeed, vehicles dedicated to freight transport contribute significantly to
city congestion and environmental nuisances, such as emissions and noise, which impact

adversely the quality of life in urban centres (Crainic, Gendreau and Potvin 2009).

6. Conclusions

This paper investigated - through an in-depth literature review - the role of ITS for urban Smart
Mobility, and illustrated the most diffused research methods to assess the benefits achievable
by logistics operators, city governments and city users in the fields of people (Traffic
management, Public transport and Parking management) and freight transport (City Logistics).
The analysis focused on a set of 71 selected papers published from 2006 to 2014 and explored

research methods, application fields and units of analysis.

In terms of the methods used, many of the papers examined present case studies (34%) and
simulations (21%). Papers based on case studies aimed to study the application of ITS solutions
within the urban context considering specific cities (e.g. London). Papers based on simulations
investigated how ITS solutions impact on urban mobility and quantified the effects in terms of
costs, times, and/or environmental footprint. It should be noted that the methods used by authors
significantly differ based on the type of transport. On the one hand, ITS impact on people
transport is investigated through a large variety of methods, with a slight preference for case

studies (11) and simulations (9). Particularly, the areas of traffic management and parking



management are mainly analysed through the use of simulations since the costs of installing
these systems are high, and it is therefore important to assess the return on investments. ITS
solutions can support public transport in multiple ways, as shown by numerous projects already
implemented worldwide (IoT Observatory 2012). The diffusion of ITS in this field gives the
opportunity to investigate deployed solutions in depth: indeed, case study and benchmarking
are the most used methods. The same trend can be observed in freight transport, where the
majority of the papers were focused on case studies regarding specific cities. Indeed, case study

(11) is the most considered method that can be found in the literature.

This paper has both academic and practical/managerial implications. From an academic
viewpoint, this study contributes to knowledge in this arena by providing a structured
classification of the existing body of research on the role of ITS for urban Smart Mobility
considering both people and freight transport. From a practical perspective, this paper
contributes to the understanding of ITS solutions for urban Smart Mobility from different
viewpoints. It provides practitioners with a full picture of the most important articles on this
subject, including a classification intended to help them quickly find those papers they are
interested in. The main beneficiaries of the results of this study are to be identified in both
governments and logistics companies' managers interested in analysing the impact of ITS

within the urban context.

This study has one potential limitation that should be noted. Although efforts were made to be
all-inclusive, some studies could have been omitted from this review. Nonetheless, the authors
are confident that the present review offers an accurate representation of the body of research
on ITS for urban Smart Mobility published during the specified timeframe. The viewpoint
adopted (i.e. aimed at providing a comprehensive and integrated vision on the topic) is
particularly significant as it paves the way to the origination of a new stream of research where
possible synergies between freight and people transport shall be investigated and exploited.
This is recognised to be a critical issue by several authors (e.g. Kohler 2001; Patier 2002;
Westerheim and Natvig 2008; Crainic, Gendreau and Potvin 2009; Ballantyne, Lindholm and
Whiteing 2013), but a comprehensive analysis of ITS-enabled benefits, considering both freight
and people transport within the city, has not been performed yet. For example, future research
should investigate the benefits (e.g. reduction of urban traffic and bottlenecks) achievable by

using ITS solutions to optimise freight urban transport. In this regard, a model aiming to



quantify the ITS-enabled benefits (e.g. economic, environmental) — including the effects on

people urban transport — is still missing.
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