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Abstract. The SMART CITY is an important field for ubiquitous computing
(UC), ambient intelligence (Aml), connected vehicles (CV), and new styles of
User Interfaces, mainly mobile. Data vitalization related to in-city data collec-
tion and their appropriate diffusion to city actors (private and professional) and
their services (applications) is one issue. In a more precise and specific context
of dynamic lane allocation system, which is presented in this paper, we describe
the use of Location-Based services and Internet of Things, as well as the User
Interfaces proposed. A simulation environment allows us to conduct a first vali-
dation of the system and to study acceptability of User Interfaces before in-the-
field deployment.
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1 Introduction — Smart City Issue

In recent years, the concept of “smart cities” has emerged to describe how invest-
ments in human and social capital and modern Information and Communication
Technologies (ICT) infrastructure and e-services fuel sustainable growth and quality
of life, enabled by wise management of natural resources and via participative
government.

In Smart City systems there are two extreme approaches: 1/ Opportunistic systems
allowing access to collected information and its “vitalization” by integration — interac-
tion — aggregation in a non-predetermined way; 2/ Well-defined systems able to solve
identified problems. While in our international China-France academic research
project we study these two approaches, in this paper we focus on explaining one
typical Smart City system, the goal of which is to solve a precise problem:

e More appropriate traffic management, avoiding congestion by better allocation of
traffic lanes

Before providing a detailed description of our system, the next section gives an over-
view of related works. We then present and discuss two main techniques used in our
system: Location-Based Services (LBS) and Internet of Things (IoT).
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According to Z. Xiong [1], the “Smart City” principle in opportunistic perception
is based on the concept of “Data Vitalization”. The idea is to give data life, to com-
bine separated data by avoiding information islands, to build a combination between
each type of data, and to increase utilization of data. The main issue concerns the
sharing and integration of data that are separated due to their type or different collec-
tion methods. Contextual access and use of these data are fundamental, as well as
location-based services, the goal of which is to increase data and services utility and
contextual and location-based usability.

In another extreme perception, based on precise demands to be solved, the system
architecture is the same [1], but diversity and “vitalization” are not the main goals. In
this case, direct usability, reliability and performance are more important. In our case,
we studied a precise situation characterized by appropriate communication and colla-
boration between several categories of users (private and professional), their vehicles
and corresponding services.

2 ICT Techniques to Be Used: Internet of Things and
Location-Based Services

2.1  Internet of Things

The Internet of things allows static and dynamic environmental objects to communi-
cate and update real situations. The basic idea behind the Internet of Things (IoT)
concept is the pervasive presence around us of a variety of things or objects - such as
Radio-Frequency IDentification (RFID) tags, sensors, actuators, mobile phones, etc.
which, through unique addressing schemes, are able to interact with each other and
cooperate with their neighbors to reach common goals [2].

At first glance, the concept of 10T recalls the idea of Ambient Intelligence (Aml)
and Ubiquitous Computing (UC). The former refers to electronic environments that
are sensitive and responsive to the presence of people. In an Aml world, devices work
together to support people in carrying out their everyday life activities, tasks and ri-
tuals in an easy and natural way using information and intelligence that is hidden in
the network connecting these devices; when the devices are smaller and more inte-
grated into our environment, only the user interface remains perceivable by users [3].
The UC focuses on the omnipresence of processing devices, which are small, inex-
pensive, robust, networked, and distributed at all scales [4]. The concept of IoT is
closely linked to AmI and UC, but its central issues are to make a full interoperability
of interconnected devices possible, providing them with an ever higher degree of
smartness by enabling their adaptation and autonomous behavior, while guaranteeing
trust, privacy and security [5].

Although IoT has not been fully deployed, industrial, standardization and research
bodies believe that it could have a huge impact on the behavior and social life of po-
tential users. Possible application domains could be domestic and working fields such
as domotics and healthcare, and could also include industrial manufacturing, intelli-
gent transportation and business management. The US National Intelligence Council



A Smart City Case Study: Dynamic Management of Road Lanes 631

has placed the IoT in the list of six "Disruptive Civil Technologies" that will have
potential impacts on US national power [6]. According to the NIC, "by 2005, Internet
nodes may reside in everyday things - food packages, furniture, paper documents, and
more", "popular demand combined with technology advances could drive wide-spread
diffusion of an internet of things that could, like the present Internet, contribute

invaluably to economic development".

2.2  Location-Based Services

Location-Based Services (LBS) provide personalized services to mobile users accord-
ing to their locations. In actual fact, LBS has evolved from online map services and
other internet Geographical Information Systems (GIS) applications to the current
form where more lightweight mobile devices (smart-phones, wearable computers,
etc.) are used to deliver services, thanks to the development of Global Positioning
Systems (GPS) and other location sensing technologies [7]. The authors of [8] view
the evolution of LBS in other perspectives, (a) from reactive to proactive, (b) from
self- to cross-referencing and (c) from single- to multi-target: reactive LBS are expli-
citly invoked by the user, while proactive LBS are automatically initiated when a
predefined event occurs; user and target coincide in self-referencing LBS, while
cross-referencing LBS make use of one target location for service-provisioning of
another user; the major focus is on tracking one target’s position in single-target LBS,
while in multi-target LBS, focus is rather on interrelating the positions of several
targets. We will see, later, in the following sections, how proactive and cross-
referencing LBS contribute to our system design when integrating IoT that allows
static and dynamic environmental objects to communicate and collaborate with each
other.

Just as in other interactive systems, user modeling is a basic consideration in LBS
as the services finally delivered must correspond to user needs. We have to make sure
right from the start who the users are and what kind of services they need. One de-
scription of user modeling could be “the acquisition or exploitation of explicit, con-
sultable models of either human users of systems or the computational agents which
constitute the system” [9]. We are pleased to extend these “computational agents” to
the objects in the 10T, since an object could either provide or consume LBS in the
form of a “Web Service”.

Location modeling is also a central part of LBS. One static location can be
represented either as a geometric coordinate such as “48°5129.6"N, 2°17'40.2"E”, in
the World Geodetic System (WGS) [10], or as a symbolic expression such as “Champ
de Mars, 5 Avenue Anatole France, 75007 Paris”. The difference comes from the two
distinctive models for representing space [7]: geometric models that “treat location
and objects as points, areas and volumes within a reference coordinate system” and
symbolic models that consider locations as sets and located objects as members of
sets, so that “interrelationships are established among a set of locations and a set of
located objects”. Geometric models are largely adopted by GIS applications, while
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symbolic models are more easily accepted by the general public. Depending on the
scenarios of applications or the degrees of accuracy, it would be helpful to carry out
some combinations or merges of these two models. For example, a semantic location
model was developed by the authors of [11], able to create location hierarchy (belong-
ing to one location and being a boundary point from and into which an entity can
leave and enter) and exit hierarchy automatically without manual intervention. Dy-
namic location data, in other words spatio-temporal data, could provide more infor-
mation (especially in real time management systems), making modeling and
processing of spatio-temporal data hot topics in LBS.

3 Using These Techniques in the Case of Dynamic Management
of Road Lanes

Our study concerns dynamic management of road traffic, which is regularly in-
creasing both in towns and outside agglomerations. A first approach to allow increase
in traffic leads to solutions such as increasing the number of lanes, while a second
aims to segment traffic according to categories (private vehicles, heavy vehicles, pub-
lic transport, priority vehicles) by proposing specific development and traffic rules,
with, in particular, the creation of specialized lanes for high-occupancy vehicles (bus,
tram, trolley). This second choice can lead to satisfying solutions provided that there
is enough space.

When space is lacking and the frequency of this type of specialized traffic is not
sufficient, there is a sense of waste and poor management. A third solution is the dy-
namic allocation of lanes to different types of transport. A significant work of data
gathering, analysis and classification was carried out by J. Nouvier of CERTU (Cen-
tre for studies on networks, transports, urbanism and public construction) [12]. He
provides a large amount of varied solutions, from the more physical (ad hoc move-
ment of low walls with trucks) to the more informational (signposts with variable
displays), enabling a greater or lesser speed of dynamicity.

Today it is true that telematic or embedded and/or mobile ICT can provide solu-
tions leading to a very high dynamicity (clear a lane for a bus or an ambulance in real
time) provided that users are sufficiently informed and that regulations are complied
with in terms of transport (or suggestions to modify it) and, in particular, of user safe-
ty. Hereafter we give a brief description of our ICT vision, in a system-perspective.

“Dynamic circulation lane allocation” aims at providing a system designed to share
circulation lanes dynamically between public and rescue service transportation (buses,
fire-fighters and ambulances) and personal vehicle transportation in order to share
traffic lanes appropriately in the context of traffic jams and lack of space (impossibili-
ty or inadequacy of static allocation of circulation lanes). When there are no buses, all
lanes are allocated to the general public. When a bus approaches and on the bus driv-
er’s request, the right-hand lane is reserved for it. Once the bus has passed, the
reserved lane is returned to the general public (Fig. 1).
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Fig. 1. Dynamic circulation lane allocation

3.1 System Vision

An overview of our application is shown in figure 2. Its goal is to collect in-
environment information, communicate with active and passive users (and their ve-
hicles), and take into account authorities’ decisions. In the street, sensors collecting
traffic evaluation and specific demands from authorized drivers (buses, emergency
vehicles, etc.) are able to communicate observed situations to the system. The system
decides on the appropriate action, commands dynamically the position of vertical and
horizontal signaling, and propagates the new system state to all users by appropriate
media (radio, GSM, Wi-Fi, etc.) to inform them as to expected behavior (use of re-
served lanes for a bus by non-priority drivers if no bus is expected, leaving a lane
which is now reserved for priority drivers when a bus is approaching, etc.).

Car Driver

Bus Driver <
HCI Other

Actor HCI

Actor HCI

Fig. 2. Overview of the dynamic lane allocation environment
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Fig. 3. Diagram of the system architecture

The corresponding dynamic management system for lanes is based on a set of sen-

sors, displayers and activators located in strategic places: on the lane (sensors as well
as displayers and activators), with the active users (requestors such as bus drivers,
ambulances, firemen, possibly trucks) involved, passive users received the imposed
modifications (displayers only) and external traffic regulators, as shown in figure 2.
All the elements must be integrated in the global system, collecting, aggregating,
processing and diffusing the appropriate information to all users. This system vision
(Fig. 3) brings into play the main elements, namely:

the sensors in the lane concerned by the collection of information regarding state of
the traffic and priority requests;

the vehicles of users who request priority and who receive information regarding
the state of the lanes (allocation of lanes, authorized or not dynamic priority re-
quests) for on-board display;

2 wireless networks: UMTS, WiFi, etc. EDB — Electronic Display Boards;

the vehicles of passive users who cannot take action, but who receive information
regarding the state of the lanes (whether or not they are dynamically allocated to
different categories of users: prohibited lane, lane reserved for priority vehicles,
unmarked lanes);

regulation, a vital component of coordination, which chooses the mode of lane
management (static allocation in the event of heavy traffic or dynamic allocation in
the event of infrequent priority seeking). It does not systematically intervene in
management (automatic functioning is preferred), but only intervenes to change the
management mode;

the lanes receiving information regarding the propagation of both vertical (variable
message signs) and horizontal (on the road) signaling;

the system of dynamic management of so-called priority roads; management in-
cludes the following main components: collection of information, management of
priorities, management of lanes, and diffusion of information;

the information transmission system (the information network).
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3.2 HCI Vision

With respect to the users identified in the system vision, it is important to deal with
the user aspect as soon as possible, by designing and implementing appropriate hu-
man-computer interfaces: as observed, active users (requestors — beneficiaries of the
system), passive users (subjected to the system), deciders (regulation command cen-
ter) and all users via vertical and horizontal signaling must receive useful information
to act appropriately. It is essential that this information and these actions comply with
the work context and the corresponding requirements:

e in the vehicle, compatibility with the dual task — driving and managing; in a regula-
tion work station for example, it is efficiency which dominates;

e when information is displayed outside, it has to be compatible with meteorological
constraints of visibility — legibility.

Design of these HCIs therefore also forms an important part of the system and condi-
tions its acceptability. Simulator-based ergonomic studies of acceptability for this
kind of interface as a complementary task to driving will be presented in the next
section.

General Description of the Simulator. We first simulate the system, with the appro-
priate simplifications that need to be chosen. This lays down the base for implementa-
tion of the digital simulator. The main elements presented in the diagram in figure 3
are included in the simulation. There are two types of view in the simulation: vertical
views and horizontal views. In the vertical point of view (overlook), as in figure 4, the
road is represented as a rectangular area and is made up of several lanes (3 for the

Sensor
@i -------- (receptor) a

. Reserved for bus

Fig. 4. Simulation scenario view and graphic editor tool
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actual version), with each lane in straight line form. Each lane is divided into a series
of squares for relative location modeling, so that the positions of vehicles and signal-
ing facilities as well as sensors could be found easily. The squares can also receive
horizontal signaling to inform users about the current status of lane allocation, for
example “open to all”, “reserved for bus” or “closed to all”, with the number of
squares showing the length of the allocation area.

The horizontal view is from the interior of the vehicle, as in figure 5; a driving
scene is presented in real time with the corresponding simulated elements. The driver
can see the vertical signaling on the roadside as well as the horizontal signaling on the
ground from the front window of the vehicle. Moreover, the surrounding circums-
tances are also reflected in the rearview mirrors of the vehicle. An embedded interface
is designed for passive users and active users to receive information and/or request
priority.

Signaling
»

\

\
\
i

\ / Embedded Interface \
W

F——3 Rearvie

Fig. 5. Interior view of a vehicle in the simulation

Communication and collaboration among the objects in the IoT in the simulation
could be: a set of sensors is located on the lane to automatically detect the presence of
priority vehicles, and each sensor is in charge of only a certain range of region and is
able to notify the management center to perform operations according to their loca-
tions (proactive LBS). On the other hand, vehicles with priority could send a priority
request to the nearest sensor in front, to initiate lane allocation (reactive LBS). When
a priority vehicle leaves the region, the sensor detects it and notifies the management
center, which gradually sets the allocation back to normal. It is also the responsibility
of a sensor to deliver information about current traffic status within its range of
region via displayers such as vertical signaling. The information collected can be
disseminated to vehicles via an “on board display”.
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Simulator Functionalities. The goal of the simulation is to validate principles and
provide support for implementation of the system. Functionalities are described in
figure 6.

A scenario editing tool is a complementary tool to the simulator. Its goal is to spe-
cify simulation parameters such as lane length, number of lanes, duration of simula-
tion, number of sensors and initial status of lane allocation. This graphic editing tool
(Fig. 4) also includes a sensor editor toolkit able to set sensors at appropriate locations
in order to adjust the sensor parameters such as range of region in charge, or to test
the influence of different placements.

Vehicles, with or without priority, are planned to travel through the area from left
to right, with distinctive parameters (speed, initial time, etc.), respecting strictly the
signaling of lane allocation throughout the process. A traffic generator tool is able to
generate traffic flow, in which there are vehicles with or without priority, and differ-
ent parameters can be specified, as well as possible itinerary preferences. Moreover,
this generator tool helps choose how to launch the traffic flow, with different time
intervals and densities.

Simulation visualization can provide opportunities for conducting a usability and
acceptability test, which is presented in the following paragraphs.

Generator of traffic
(Different type, speed, with
priority or not, itinerary

prefered)

Editor of scenario creation Visualization:
(Length of lane, number Simulator of -TQp view . '
of lanes, parameters of V| core system y -View fron_w interior

sensors ) of the vehicle

] 1 3

Editor of placements
of sensors and
signaling

Test of Test of
usability acceptability

Fig. 6. Simulator functionalities

UI Testing. The simulator goal is to allow ergonomic studies of acceptability of this
kind of approach to dynamic lane management. Several levels of tests can be pro-
duced, using different views. A map view, as shown in Fig. 4, is used for a global
bird’s eye view of system functioning. A subjective view, a view from the interior of
the vehicle, is used to test users’ behaviors.
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.

Do you have the right to go straight? Yes No

Do you have to change to the right lane? Yes No
Do you have the right to keep the same speed? Yes No
Do you have to reduce the speed? Yes No

Fig. 7. A scenario of the acceptability study

A scenario screen shot of the acceptability study is shown in Fig. 7. In the test, a
set of photos was produced to simulate a static environment. These photos show a
multiple lane configuration with insertion of appropriate vertical and horizontal sig-
naling. The pictures are shown to a driver, letting him/ her observe the situation, and
then questions are asked, requesting him/ her to choose the appropriate behavior. If
the signaling is not easy to remark or understand, the driver may not choose to behave
correctly.

The first test study was conducted by our IFSTTAR partners, who studied unders-
tandability of appropriate vertical and horizontal traffic signs and road signs. These
signs are either static or, in the majority of situations, dynamic (electronic display
signs), following dynamic lane evolution. Fig.8 shows several of these signs.
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Fig. 8. Traffic signs tested

To increase understanding of acceptability, it is important to study the temporal
behavior of drivers. It is not enough to observe appropriate interpretation of driving
situations, if the user can take all the time he/ she needs to think about the situation.
Rather than creating driving situations by using static photos, our simulation goal is to
support dynamic behavior in which the subjective view during simulation is related to
driving speed. The situation shown at Fig. 5 can be used to conduct dynamic tests.
Speed is not the only dynamic property; external vehicle traffic can also be taken into
account, for instance, to what degree a user adapts him/ herself to a more complex
situation with the changing of surrounding circumstances such as a car appearing in
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the rearview mirror and the changing of the message on the panel or signaling as well
as use of the embedded interface. Examples of the usability test for embedded inter-
faces are shown in Fig. 9. The GPS, LANE INFOS and the REPORT ACCIDENT
one are open to all users, while the PRIORITY page is reserved for active users.

Section:
Lyon-Ecully

lake the
left lane

congestion [l
Heavy traffic 11
smooth
Lane reservec [l

Section: Lyon-Ecully
REQUESTING PRIORITY

Section: Lyon-Ecully
PRIORITY REQUEST ACCEPTED

congestion [l
Heavy traffic [
Smooth
Lane reserved [l

congestior I
Heavy traffic [
Smooth
Lane reserved [l

congestion [l
Heavy traffic I
smaoth
Lane reservec [l

LANE REPORT LANE REPORT LANE REPORT
“ INFOS FRIORITY. I acciDENT E INFOS PRIORITY | accipenT E INFOS PRIORITY | accinent

Fig. 9. Usability study of embedded interfaces

4 Conclusion

In this paper we briefly explained our view of the Smart City in the context of trans-
portation and citizens’ everyday life on which we are currently working [13, 14, 15].
We gave the main principles and techniques used, and presented a precise application
based on IoT and LBS. Before in-the-field deployment of this kind of system, it is
important to validate it theoretically from technological and human acceptability
points of view. For this reason we created a simulator allowing us to design and simu-
late different scenarios of infrastructure behaviors. We can also connect this simulator
to UI testing studies, the goal of which is to validate (or invalidate) acceptability of
new driving situations based on the driver’s behavior in relation with new vertical and
horizontal road signs (Fig. 7). The goal of future work is to increase the realism of our
simulator to take into account temporal aspects of driving, allowing us to study
the relationship between traffic density and acceptability of dynamicity of lane
management.
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