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Abstract—Perceiving the whole context of a vehicle in an
accurate and enriched way will be extremely useful so as
to develop in-vehicle services. However, current Context-Aware
systems in the vehicular scope focus on particular domains, like
safety, so their perception level does not give a general view of a
vehicle’s context. In this frame, the present work puts forward
a novel general-purpose architecture to manage the environment
of a vehicle. Such an architecture is based on the Complex Event
Processing paradigm allowing to fuse different data-sources in
almost real-time.

I. INTRODUCTION

Private vehicles have become a very important means of
transport for the last decades. As a result, the number of
privately owned cars has incredibly grown in both developed
and developing societies. This fact has given rise to the
development of Intelligent Transport Systems (ITSs) which aim
to solve the worldwide transportation’s problems by making
use of information and communication technologies [1].

One of the most interesting topics in the ITS field has
been the deployment of Advanced Driver Assistance Systems
(ADASs). An ADAS comprises different features to passively
and/or actively support the driver in a varied range of situations
like parking assistance or lane-departure detection.

Over the last years, ADASs have been enriched with
contextual information in order to make them more sensitive to
the current situation of their target vehicle (also known as Ego
Vehicle, EgoV) and the driver. Hence, modern ADASs can be
viewed as a special type of Context-Aware (CA) system [2] as
they always include the contextual sensing among its features.
Nonetheless, their perceived context is generally not complete
as it focuses on the safety domain.

Perceiving the context of the EgoV in a more general
and accurate way would ease the deployment of on-board
ubiquitous applications to provide personalized and intelligent
services to the occupants. This is really convenient for both
motorists and manufacturers. Regarding the formers, they
would enjoy more comfortable and safer trips. Concerning
the manufacturers, they would be able to enrich their vehicles
with new features making their products more tempting for
end users.

As a result, the term Intra-vehicular Context Awareness
(IvCA) was coined in [3]. As Fig. 1 depicts, IvCA basically

stands for a new CA approach to perceive the vehicular context
in a detailed way by mainly using the internal data-sources
of target vehicle. In the IvCA scope, the vehicle is regarded
as a common means of transport in the daily routine of its
regular drivers and passengers as it is used to accomplish
usual tasks like commuting or going shopping. Thus, unlike
previous proposals, IvCA focuses on perceive the vehicular
context from the point of view of its regular itineraries so that
the frequent origins and destinations of the EgoV’s itineraries
alongside its usual occupancy are considered as part of the
target context. This contextual information can be quite useful
for both infrastructure services (like emergency ones) and in-
car applications (such as proactive information display)
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Fig. 1. Conceptual scheme of an IvCA system and its client services.

Although an early design of an IvCA architecture was
already stated in [3], it was not intended to define a generic
framework to develop this type of systems as it did not include
quite relevant contextual details for a vehicle like, for instance,
its surrounding traffic conditions. In that sense, a generic
architecture would allow to develop IvCA systems in a more
easy and extensible way.

Consequently, this work widens the aforementioned IvCA
proposal, and it puts forward a first attempt to define a holistic
architecture to perceive the intra-vehicular context so that it
could be used by a varied range of services. This has been
undertaken by considering two important requirements.



On the one hand, most of the current CA proposals in the
vehicular domain target highly-equipped vehicles (aka smart
cars). This remarkably limits the vehicles in which these
solutions can be deployed. On the contrary, this work relies
on the hypothesis that mid-range vehicles already include a
varied range of internal sensors installed in different parts of
their structure like the engine, interior or bodywork. Processing
these inner sensors is paramount to accurately perceive the
EgoV’s context. Therefore, the designed architecture aims to
fuse data from common or low-cost sensors of the own EgoV
so as infer higher-level contextual information.

On the other hand, in certain domains, like safety, it is
imperative to keep the perceived context as updated as possible
so that the IvCA-based services can be informed of any
contextual change as soon as it occurs. Therefore, the resulting
architecture should be also suitable for these time-constrained
scenarios.

In order to deal with both issues the design has followed
a Complex Event Processing (CEP) approach [4]. CEP is a
relatively novel software technology to timely process bounded
streams of information items, so-called events, from a great
number of distributed sources. Since most of the EgoV’s data-
sources, such as door sensors, are naturally event-biased, CEP
is suitable to process this kind of data.

Furthermore, CEP implies two important benefits, 1) in-
memory processing that enhances low latency and the deploy-
ment in memory-constrained domains (as it is the case of the
vehicular environment), 2) heterogeneous data correlation as
CEP inherently aims at endlessly correlating heterogeneous
streams of events so as to detect complex situations of interest.

Taking everything into account, the present work comprises
two salient contributions. First of all, it constitutes a step
forward towards the formal definition of the IvCA paradigm.
Furthermore, it also states a novel approach to deal with
contextual data by means of the CEP paradigm.

The remainder of the paper is structured as follows. An
overview of the related works is put forward in section II.
Section III is devoted to describing the key features of the
target intra-vehicular context the architecture pursues to detect.
A detailed explanation of the IvCA architecture following
an event-processing approach is stated in section IV. Then,
section V discusses some use cases of the architecture. Finally,
the main conclusions and the future work are summed up in
section VI.

II. RELATED WORKS

Since driving is a crucial task in which the human operator
continues to play a central role, most of the current CA solu-
tions in the vehicular environment mainly focus on perceiving
contextual features related to the driver in order to give rise to
more sensitive ADAS.

In this frame, an overriding line of work intends to perceive
the driver’s behaviour by making use of information from
multiple data sources. The main goal of these developments
is to detect risky situations like, for example, driver fatigue
or distraction. Depending on the incoming data-sources, it is
possible to distinguish between solutions that only rely on on-
board sensors [5] and those which put forward collaborative

methods where some type of contextual information is also
taken into account in the assessment process [6], [7], [8].

Another driver-centred line of work pursues to perceive
his/her cognitive load in order to adapt the displayed infor-
mation to that load so that the driver’s cognitive overload is
reduced [9], [10]

A common feature of all the aforementioned works is that
they are intended to run in highly-equipped vehicles as they
rely on fairly complex sensors. Moreover, they focus on single
contextual features like the driver’s behaviour or cognitive
load. Unlike these works, the proposed architecture can be de-
ployed in lower-range vehicles with simpler sensory systems.
In addition to that, it intends to perceive a more transversal
vehicular context as it focuses on the regular itineraries the
EgoV covers. This not only involves the driver characteristics,
but also other elements like the rest of passengers in the
vehicle.

Other lines of work have also gone beyond the driver-
centred scope and pursues to perceive relevant information
about the current situation of the whole EgoV giving rise to
Situation Aware Driving Assistance Systems (SADASs) [11].
However, SADASs usually aims to detect risky situations
involving the EgoV like possible collisions or dangerous lane
departing [7], [12]. On the contrary, the present system does
not focus on a particular scope but intends to state a context-
perception solution suitable for a great number of domains.

Outside the vehicle, some works have put forward CA
solutions in the vehicular communication scope. As a matter
of fact, [13] describes a global communication platform to
provide drivers with pervasive services on the basis of certain
contextual information. Also, [14] provides a CA mechanism
to optimize the communication among the nodes within a
vehicular ad-hoc network. These mechanisms are actually out
of the scope of the present work as it does not focus on the
vehicular communication domain. Nevertheless, the proposed
architecture might be integrated in this type of solutions in the
future.

Finally, for the sake of completeness, [15] states an ontol-
ogy to model the smart car’s context. Although the proposed
model has several similarities with the present work, certain
contextual details are described in a different way. For exam-
ple, the location is defined as single GPS coordinates whereas
the present work puts forward a more verbose approach.
Moreover, the occupancy in the IvCA scope comprises all the
EgoV’s occupants whereas the aforementioned ontology only
takes into account the driver.

III. INTRA-VEHICULAR CONTEXT

In order to clearly design a comprehensive IvCA architec-
ture, giving a proper definition of the target context becomes
an imperative duty.

The IvCA concept is based on the idea that the vehicular
context can be divided into two types of context, the static
and the dynamic one [3]. The former is related to the features
which do not or hardly ever change throughout the lifetime of
a vehicle (such as technical features or information about the
vehicle’s ownership). Thus, the proposed architecture focuses
on detecting the dynamic context as it stands for the context



that may vary while the vehicle is covering a particular
itinerary.

Fig. 2 depicts the information hierarchy that defines the
dynamic vehicular context. It was modelled on the basis of
the four dimension that identifies a context according to [2],
location, activity, time and identity. These dimensions answer
where, what, when and who is the target entity.

• The identity dimension describes the EgoV’s occu-
pancy. In that sense, it is possible to define different
levels of detail to describe the vehicular occupancy
ranging from the sheer number of people inside the
EgoV to the personal information about the occupants.
Moreover, [3] devises an intermediate level in which
the occupancy is defined in terms of types of occu-
pants, such as adult, minor, dependant person and the
like.

• The activity dimension can be viewed at two different
abstraction levels. At a low level, a vehicle’s kinematic
state provides certain details about its current activity.
For example, if the vehicle were steadily moving, this
could indicate that it is actually covering a particular
itinerary. From a more abstract point of view, since
vehicles are frequently used to cover a set of regular
itineraries, each of which implies a particular goal
(like commuting or going shopping), we can also see
the itinerary that the EgoV is covering at a certain
moment as its activity.

• The location is defined as two places or landmarks,
the one where the EgoV comes from (origin) and
the one where it is currently going to (destination)
as a car is used to go from one place to another.
This dimension has been enriched in the present work
with the traffic conditions that might affect the EgoV.
Hence, the EgoV’s location can be defined either on
the basis of its current origin-destination duple or its
distance to a particular traffic congestion.

• Finally, the time dimension indicates the moment at
which the EgoV is moving with different levels of
detail.

As we can see, all dimensions of the intra-vehicular context
represent the information with different granularities. This
allows a IvCA-based service to choose the most suitable ones
depending on its goals.

IV. IVCA ARCHITECTURE

A. General event-based architecture

In the CEP domain, an event-based system basically acts as
an intermediary between a set of event producers (or sources)
and a set of event consumers (or handlers) [4]. More in
detail, the event-based system asynchronously processes the
raw events emitted by the producers in a push-style communi-
cation. Such a processing involves the continuous correlation,
aggregation and pattern matching among the received events.
As a result, the system composes a set of (more complex)
derived events representing target situations of interest that
are currently happening.

As Fig. 3 shows, these CEP elements can be directly
matched in the IvCA domain as follows, the event producers
are the different sensors or data-sources available outside and
inside the EgoV, the event-based system is the IvCA system
whose architecture we intend to define and the event consumers
are the IvCA-based services that makes use of the perceived
intra-vehicular context.

B. Event producers

In the IvCA domain, the event producers are the several
data-sources that can provide meaningful data to perceive the
target vehicular context. Specifically, these data-sources can be
classified into four different types,

1) Built-in equipment: A regular vehicle already comprises
several types of sensors and units that can be used as useful
data-sources. This is the case of sensors installed in different
parts of the interior or bodywork like doors, windows or seat-
belts that allow to detect, for instance, whether a door has just
been opened or a seat belt fastened. Furthermore, a vehicle’s
engine can also provide a varied range of measurements about
the current vehicle’s state that can also be really useful in a
context perception process.

Many of these data-sources are available thanks to the On-
Board Diagnostic II interface (OBD-II) [16] and the fact that
there already exist many available commercial OBD-II scanner
tools.

2) Ad-hoc internal sensors: The standard equipment of
some vehicle models might not provide enough data-sources to
perceive the target intra-vehicular context at a minimum detail
level. In these situations, it would be necessary to install ad-
hoc sensors in certain parts of the vehicle to solve this lack of
built-in data-sources. For instance, if the EgoV did not include
a GPS receiver as part of its standard equipment, it would
be necessary to install an ad-hoc one as the current EgoV’s
coordinates are an important input of the IvCA system.

3) External data-sources: The IvCA concept also takes
into account data coming from web or cloud services as well
from vehicles surrounding the EgoV. This allows to perceive
the context features which are external to the EgoV itself like
the current weather or traffic conditions in the surrounding
area. For that purpose, the target vehicle is expected to be con-
nected to some type of Vehicular Ad-hoc Network (VANET)
and the Internet by UMTS or WLAN.

4) Passenger sensors: Lastly, the IvCA system might in-
teract with sensors the passengers are wearing. For example,
the passengers could wear RFID cards that would allow the
system to properly detect the identity of each passenger and, as
a result, detect the EgoV’s occupancy in a fairly accurate level.
This category also comprises the passengers’ smartphones as
some of the applications installed in these devices may also
provide relevant information about passengers’ profiles and, as
a result, about the current EgoV’s context.

C. IvCA system

The inner structure of a CEP-based system is compound
of a set of Event Processing Agents (EPAs) connected among
them by push channels making up an Event Processing Net-
work (EPN). An EPA can be defined as a CEP component in



Fig. 2. Intra-vehicular context information model.
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Fig. 3. IvCA system architecture.

charge of processing events at a certain abstraction level. Thus,
each EPA contains a set of pre-defined event-processing rules
that establishes how the incoming streams of events should be
processed and the derived events created.

As Fig. 3 illustrates, the proposed architecture is compound
of four different EPAs and an adaptor module. Each EPA is in
charge of perceiving a set of contextual features. In this frame,
the adopted event-processing approach allows that, as soon as
an agent detects that any of its target contextual features has
changed, it emits an event reporting the new contextual state.
As a result, the IvCA-based services are informed about the
new perceived context in a timely manner.

1) Data-source adaptor: Most of the event producers that
this work takes into account are vehicular sensors whose
reported data takes the form of sensor events. For example,
a contact sensor in a door may provide events like door
opened event or door closed event, or a GPS receiver would

report its GPS coordinates as GPS events. However, sensor
data tend to be inconsistent. Besides, certain sensors, like the
aforementioned GPS receiver, generate events at a fixed rate
that might give rise to identical events. Taking into account
that the system is interested in detecting contextual changes,
these events could be redundant from the system’s point of
view. Therefore, it is necessary to pre-process the incoming
sensor data to filter out inaccurate, noisy and redundant mea-
surements. In this frame, the data-source adaptor comprises a
set of filtering rules to perform such a task.

2) Engine EPA: This EPA, along with the Bodywork and
the Traffic EPAs, make up the core of the IvCA system because
they are responsible for perceiving the different dimensions of
the dynamic vehicular context stated in section III. As Fig.
4 depicts, they have been designed following an incremental
approach so that the scope of the context detected by one EPA
is widened by the upstream ones.
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More in detail, the Engine EPA is in charge of perceiving
the context which is intrinsically related to the EgoV. That
is, it focuses on the contextual features that only involves
the EgoV on its own with no passengers involved. For that
purpose, it takes as input the events from the built-in and
the ad-hoc internal data-sources and focuses on perceiving the
EgoV’s kinematic state. This could be done by fuzzy classifier
proposed in [17] that allows to detect the current EgoV’s
longitudinal maneuver on the basis of its current speed and
acceleration (which can be extracted from internal sensors like
the odometry and the inertial measurement unit). Hence, when-
ever this agent detects that the kinematic state has change it
emits a new kinematic state event with the new perceived state
distinguishing among cruise speed, acceleration/deceleration
and stop.

Moreover, this agent also processes other measurements of
the engine, like the power status, and, in case any of them
meaningfully changes, it generates a new engine state event
comprising the new values.

3) Bodywork EPA: As Fig. 4 shows, this EPA focuses on
the context that involves both the EgoV and its passengers. For
that purpose, it takes as input the contextual events emitted
by the Engine EPA and the ones from data-sources that can
provide meaningful information about the current EgoV’s pas-
sengers, namely the built-in, ad-hoc and passenger’s sensors.

By processing these events, the agent is in charge of
perceiving the identity and activity dimensions of the vehicular
context as they both are strongly related to the vehicle and the
passengers. Depending on the level of detail of the incoming
events, the system would be able to perceive these dimensions
in a more or less accurate way.

For example, if the passengers wore RFID cards to identify
themselves in the system then it would lead to a more detailed
perception of the identity context. Otherwise, event-based
mechanisms, like the one introduced in [3], allow to detect the
EgoV’s occupancy in a less accurate way but by only using
built-in equipment.

Regarding the activity dimension, data-sources like the
agenda installed in the driver’s smartphone, or a geographic
web service can provide meaningful information about the
activity for which the EgoV is being used. In this frame, these
data-sources might be used as a complement for the system put
forward in [3] capable of clustering the frequent itineraries of
a vehicle. In particular, the aforementioned data-sources could

be used to enrich the information of each itinerary cluster about
its actual goal.

4) Traffic EPA: This agent focuses on processing the events
that give insight into the current traffic conditions of the
surrounding environment of both the EgoV and its passengers
as Fig. 4 depicts.

In that sense, web services reporting the current traffic
conditions of the area where the EgoV is moving can be used
as event sources to perceive the traffic context. However, this
type of services might not provide accurate information in
certain regions. As an alternative, distributed solutions allow
vehicles to share information among them and overcome the
coverage problems of centralised approaches. Consequently,
the present agent could be implemented by means of the
distributed traffic information system stated in [18] able to
detect traffic jams by performing an event-based processing of
the control messages shared by the vehicles within a VANET.
Then, the traffic information inferred by this mechanism could
be enriched/tuned with the one from a traffic-information web
service. All in all, if this agent detects a traffic problem that
might affect the EgoV, it will emit a traffic event reporting the
detected congestion.

5) IvCA Context EPA: In the end, this agent basically
orchestrates the contextual events delivered by the rest of
EPAs. In particular, each time a new contextual event is made
up, it composes a new IvCA context event comprising that
new event and the most recent ones covering the four dynamic
dimensions of the context. Then, such an event is delivered to
the IvCA-based services to inform them about the new context
status.

Moreover, this agent is also in charge of keeping up
to date the EgoV context profile, an on-board repository
with contextual information about the EgoV and its regular
passengers. For example, this repository stores the frequent
itineraries (origin, destination, intermediate stops, occupancy
and so forth) covered by the EgoV along with certain pro-
filing information about the regular EgoV’s occupants. This
historical information could be used, for example, to forecast
the final destination of the current EgoV’s trip [19].

D. Event consumers

The event consumers processes the IvCA context events
emitted by the IvCA system. On the basis of the contextual
information reported in these events, they could adapt they
functionality or event augment the perceived context with new
features. Nevertheless, these consumers are out of the scope
of the present work.

V. EVENT-BASED CONTEXT PERCEPTION EXAMPLE

For the sake of a better understanding of the architecture,
some simplified processing rules of the different EPAs are
presented in pseudo-code.

An event-based processing rule generally comprises two
different parts, 1) a condition part where the requirements for
the rule to fire are listed and 2) an action part that indicates
the actions to be done if the condition part is fulfilled.



Firstly, the Engine EPA contains a rule in charge of
detecting whether the EgoV has started to move. The pseudo-
code of the rule is as follows (where the -> stands for the
followed-by operator),

rule: ’EgoV is moving’
CONDITION maneuverEvent m1 ->

maneuverEvent m2 ->
maneuverEvent m3
AND m1.type = ST
AND m2.type = AC
AND m3.type = CR

ACTION new KinematicStateEvent(Moving)

In brief, this rule fires if a sequence of three maneuver
events (generated, for instance, by the fuzzy maneuver
classifier stated in [17]) reports that the EgoV has moved
from a stop (ST) state to a cruise speed state (CR) through
an intermediate acceleration state (AC). As a result, a new
kinematic state event representing that the vehicle is
actually steadily moving is created.

Then, if the vehicle is moving, the Bodywork EPA gener-
ates a new event to represent the current itinerary perception
of the EgoV,

rule: ’Current itinerary’
CONDITION KinematicStateEvent ks ->

OccupancyEvent oc ->
GPSEvent g
AND ks.state = Moving

ACTION new ItineraryEvent(oc, g,
DB.predictDestination(g))

In this rule, the kinematic state event is aggre-
gated with the occupancy event, which indicates the
current occupancy of the vehicle (detected, for example, by the
mechanism described in [3]), and the current GPS coordinates
to give rise to a new itinerary event. In this event, the
possible destination is obtained from the on-board profiling
repository that stores the destinations of all the itineraries
previously covered.

Next, the current itinerary is further analysed by the Body-
work EPA in order to perceived its current goal, that is, the
activity dimension of the context.

rule: ’Current activity’
CONDITION ItineraryEvent it

AND it.dest.probability> 0.75
AND close(it.dest, SCHOOL)

ACTION new ActivityEvent(it,
GOING_TO_SCHOOL)

In this scope, the rule listed above fires if the predicted
destination included in each new itinerary event is
close to a school as long as its probability is over a
predefined threshold. In that sense, the list of schools could
be retrieved from the profiling repository or an external geo-
graphic information system. As a result, this rule makes up a
new activity event indicating that the EgoV is currently
being used to go to the school.

Moreover, the Traffic EPA also uses the context information
of the itinerary events in order to detect if any of
the existing traffic congestions may affect the EgoV along its
itinerary,

rule: ’Current traffic conditions’
CONDITION ItineraryEvent it ->

TrafficJamEvent tj ->
GPSEvent g
AND (close(tj.area, it.dest)

OR close(tj.area, g))
ACTION new TrafficEvent(it,

dist(g,tj.area))

This rule fires if the traffic congestion reported by a
traffic jam event, which was previously generated by
a traffic information service like the one stated in [18], is close
to the itinerary’s predicted destination or the current position
of the EgoV (reported by the GPS event). If that is the case,
a new traffic event is made up.

Finally, the IvCA context EPA gathers all the contextual
events related to the dynamic dimensions of the context.

rule: ’Whole IvCA context’
CONDITION ActivityEvent ac

OR TrafficEvent tf
OR OccupancyEvent oc
OR LocationEvent lc
OR TimeEvent tm

ACTION new IvCAContextEvent(ac,tf,oc
lc,tm)

By means of this rule, a new IvCA context event is
generated whenever any of the events listed in the condition
part is received by the EPA.

The stream of IvCA context event is eventually pro-
cessed by the IvCA-based services subscribed to the IvCA
module. For example, a context-aware multimedia application
responsible for proactively showing content in the differ-
ent passenger displays could include in its logic an event-
processing rule like this,

rule: ’Display educational content’
CONDITION IvCAContextEvent iv

AND iv.identity.numChildren > 0
AND iv.traffic.distToCong < 1 km
AND iv.activity = GOING_TO_SCHOOL
AND iv.time = EARLY_MORNING

ACTION PlayEducationalContent()

This exemplary rule would fire if it were perceived that
there is at least one child in the vehicle, the vehicle is going
to a school first thing in the morning but, unfortunately, it
is about to face a traffic jam. In this case, the system would
display educational content in the passengers screens. The goal
of this action is to entertain the children despite a possible long
travel time due to the traffic jam. Moreover, the resulting action
fits the children’s routine as the type of content (educational)



is adjusted to the type of activity they are about to start (attend
a class).

On the whole, all the aforementioned processing rules do
not intend to show a detailed implementation of the IvCA
system, but they illustrate the incremental perception carried
out by the EPAs, and the fact that the event-based approach
allows to timely correlate and aggregate heterogeneous sensor
data from different parts of a vehicle.

VI. CONCLUSIONS AND FUTURE WORK

Nowadays, most of the current solutions to perceive the
vehicular environment either focus on the safety domain or
target highly-equipped cars. This limits the deployment of
pervasive in-car solutions which would make the driving
experience more safe and comfortable.

In this frame, the IvCA paradigm introduces the idea of
defining the vehicular context on the basis of its regular usage.
Under the IvCA scope, the present work states the design
of a general-purpose architecture to comprehensively perceive
the context of a vehicle and enhance the development of
a varied range of carware applications. Such a design has
been defined following the CEP technology that allows the
timely correlation and aggregation of heterogeneous sensor
events and, as a consequence, the early detection of contextual
changes. As a matter of fact, an example of how the context
could be perceived by means of event-based processing rules
has been also put forward.

Future work will intend to deploy new mechanisms to
detect contextual features and include all of them in the
different EPAs. This will also imply the development of
intelligent solutions to choose the most appropriate mechanism
to perceive the target context depending on the available data-
sources. As a result, the IvCA system would be more robust
and capable of running on multiple types of vehicles.
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contextual information in an overlay vehicular network,” International
Journal of Digital Multimedia Broadcasting, vol. 2010, 2010.

[14] L. Nassar, F. Karray, and M. Kamel, “VANET IR-CAS for
Commercial SA: Information Retrieval Context Aware System for
VANET Commercial Service Announcement,” International Journal of
Intelligent Transportation Systems Research, pp. 1–13, 2014. [Online].
Available: http://dx.doi.org/10.1007/s13177-014-0078-z

[15] M. Madkour and A. Maach, “Ontology-based context modeling for
vehicle context aware services,” Journal of Theoretical and Applied
Information Technogloy, 2011.

[16] A.Bonnick, Automotive Computer Controlled Systems. Butterworth-
Heinemann, 2001.

[17] M. Valdés-Vela, R. Toledo-Moreo, F. Terroso-Sáenz, and
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