N

N

Modeling and Using the Context of Navigation: Towards
Context-Aware Navigation of Autonomous Vehicles

Sélim Chefchaouni Moussaoui, Alessandro Corréa Victorino, Marie-Hélene
Abel

» To cite this version:

Sélim Chefchaouni Moussaoui, Alessandro Corréa Victorino, Marie-Héléne Abel. Modeling and Using
the Context of Navigation: Towards Context-Aware Navigation of Autonomous Vehicles. 13h Work-
shop on Planning, Perception and Navigation for Intelligent Vehicles (PPNIV’22), IEEE, Oct 2022,
Kyoto, Japan. hal-04511775

HAL Id: hal-04511775
https://hal.science/hal-04511775
Submitted on 19 Mar 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-04511775
https://hal.archives-ouvertes.fr

Modeling and Using the Context of Navigation: Towards Context-Aware
Navigation of Autonomous Vehicles

Sélim Chefchaouni Moussaoui', Alessandro Corréa Victorino':2 and Marie-Hélene Abel'»2

Abstract— The problem of the autonomous navigation of in-
telligent vehicles has been studied for years now, and nowadays
efficient sensing-based controllers have been developed and are
even included by autonomous car manufacturers. However,
these controllers do not take into account the contextual
information from the vehicle’s environment. Recently, a few
studies tried to consider the possibility of considering this
information in control laws, in order to adapt the vehicle’s
behavior to each different situation it may be in. In this paper,
we develop a method to model a context of navigation which
provides information on both local and global navigation, using
ontologies and reasoners. Then we explain how this information
can be handled in local and global control laws. Finally, we
illustrate our method with a small-sized ontology of the context
of navigation, and its integration to be taken into account by
a local driving controller.

I. INTRODUCTION

The problem of autonomous navigation has been studied
for years now. Nowadays many functioning solutions for it
have been proposed, and efficient sensor-based control can
be achieved. Efficient automated driving stacks can now
perform both local driving tasks (e.g. going through an
intersection or avoiding an obstacle) using sensor information
from cameras and lidars, and global tasks (e.g. following
a desired itinerary) using global information sources like
maps and localization sensors. These automated driving
solutions can perform an efficient autonomous navigation in
many scenarios, and some of them are even included by
autonomous car manufacturers. In this paper, we will refer
to the components of these driving stacks as controllers —
even though it is generally used to describe only components
sending commands to actuators — to insist on the fact that
our methodology can be applied regardless of the kind of
driving task we are handling.

These controllers use essentially explicit information from
the sensors, in the sense that they use a information extracted
from the sensor’s raw data, e.g. features of an image or
estimated position from a GNSS receiver, then consider this
information directly to provide a control output. They no not
use the implicit contextual information from their perception,
as they do not reason over this information to obtain implicit
contextual information. It follows that the vehicle’s behavior
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does not adapt to the context, could it be the state of the
passengers, the state of the road or the the vehicle’s load.

We believe that taking this information into account in the
control law could lead to a smarter navigation, meaning that
the vehicle behavior could adapt better to the its environment.

Previous works [1] [2] have shown that ontologies are
an efficient tool to model contextual information, because
they can be used with reasoners that are able to deduce the
implicit information from the perception to form the context,
and provide driving suggestion to the controller. The same
works have shown the possibility to take these suggestions
into account in a visual-servoing based controller. More
recently, these works have been extended to allow the driving
suggestions to be updated in real-time [3].

In this paper, we want to propose a general methodology
for modeling the context of navigation and considering in the
control law, based on these previous works. The methodology
aims to be generic enough to be used to add context
awareness when solving both local and global navigation
problems.

The paper will proceed as follows. First, we propose a
brief state of the art on context aware navigation in Sec. II.
Then, we propose a generic method to model the context
of navigation of intelligent vehicles, and propose a small-
sized ontology-based model in Sec. III. We then develop
a methodology for handling the modeled context in local
and global navigation systems in Sec. IV. Finally, Sec. V is
dedicated to the tests and results obtained in simulation and
is followed by a conclusion in Sec. VI.

II. RELATED WORK

In the past, some solutions have been proposed for rep-
resenting the context of navigation with ontologies, and
were mainly focused on the use of the context in ADAS
systems. Zhao et al. proposed an ontology-based system to
prevent the driver from exceeding the speed limit [4] or to
help him in intersections [5]. Their model was based on
three different ontologies taking into account information on
different levels: the Map Ontology, the Control Ontology and
the Car Ontology.

More recently, Armand et al. in [6] modeled the inference
rules for reasoners programs reasoning over the ontology-
based model and thus propose driving suggestions, in the
context of ADAS systems. This principle was reused by
Faruffini et al. to use it in autonomous navigation systems,
not only ADAS. They proposed a solution to take into
account these reasoner suggestions directly in the control
law [1] [2], in the case of a visual-servoing based controller.



More recently, these works have been extended to update
the context dynamically [3]. It has been demonstrated on
driving simulator and showed good results, but is limited to
this controller to handle local navigation problems.

In the scope of global navigation systems, several ap-
proaches have been discussed too. It was proposed to use
ontologies to model contextual information that can infer
on the global navigation, like information on road entities
(like type, condition, etc...) [7], on the geometry of the road
intersections, [8], or on traffic [9]. The inference between the
information modeled in the ontology and the navigation is
not part of all these papers, however M. Hiilsen et al. demon-
strated the consideration of their ontology — which models
traffic situations at road intersections — on driving simulation
[10] [11] and provided interesting reasoning results.

We also note that some works have been done regard-
ing the filling of the ontological model from the vehicle’s
perception. On the particular case of visual information,
R. Drouilly et al. proposed a semantic representation for
geometric contextual information [12] [13]. This kind of
representation can be used to fill an ontology-based model
from sensor data. This part is out of the scope of this paper,
but is an important point in context-aware navigation, and
thus should be mentioned.

From this state of the art, we will propose a generic
framework for context-aware autonomous driving, able to
infer in either global and local navigation law, and a related
ontology for the context model. In this paper, the developed
framework will focus on local navigation by taking into
account the dynamic evolution of the navigation context.

III. MODELING THE CONTEXT

In this section, we detail how ontologies can be used to
model the context of navigation, and give the example of our
small-sized model developed for this work.

A. Ontologies

First, we need to recall what are ontologies and how they
can be useful to model the context of navigation.

In computer science, an ontology can be defined as a rep-
resentation, formal naming, and definition of the categories,
properties, and relations between the concepts, data, and en-
tities that substantiate a domain. This kind of representation
has been much developed with semantic web technologies,
and many tools and standards have been developed for this
purpose. Ontologies have also been used in other fields,
mainly related to Al, and more recently, their use for robotic
applications has been considered.

The main advantage of ontologies, compared to other data
representations, is the possibility to use them with formal
reasoners, that are software able to operate logical deductions
from a given ontology, and thus provide more information.
In our work, this is what will be exploited to understand
the implicit, contextual information, by providing driving
suggestions to our controller.

A ontology-based model is composed of classes corre-
sponding to the semantic concepts, and properties that are

the links between the classes (object properties) or between
classes and numerical data (data properties). Together, these
abstract definitions are forming the Terminological Box
(TBox). From these definitions, we can define individuals
that are equivalent to the class instances. These individuals
constitute what we call the Assertional Box (ABox). To-
gether, TBox and ABox form a Knowledge Base (KB).

B. The context of navigation model

The context of navigation can be modeled with ontologies
as stated before. For this, several tools — originally developed
for semantic web technologies — can be used to model
and manage the ontologies. Among them, we will use the
Protege [14] as a front-end ontology editor, the Ontology
Web Language (OWL) as a back-end language for describing
the ontology, the Pellet reasoner [15] for logical reasoning
over the ontology, and the owlready2 Python library [16] to
use the ontology and the reasoner in our programs.

Since we have this tools, it is possible to use them for
creating the model of our context of navigation. This model
should include elements that describe both local information,
i.e. the vehicle and its local environment, and global infor-
mation like itineraries. As local and global information are
not strictly separated, we believe it is better to include them
in a single knowledge base. The following sections detail the
process of modeling local and global information.

C. Modeling the local context

The local context of navigation could be defined as the
contextual information related to the vehicle itself and its
local environment. In this definition, we include information
on:

« the vehicle itself: its load, its fuel, its battery level, etc. ..

o the passengers: the number of passengers, their state
(if a passenger is injured for example), their driving
preferences, etc. ..

o the road: information on the road given by its perception
(from sensors like camera or lidar), for example the
presence of an obstacle or a pedestrian, the presence of
a stop, the state of the road, etc...

We can see that the information on the vehicle and
passengers are mainly static properties, that do not change
when the car is driving or drived. However, information from
the perception changes over the time. This implies to take
real-time considerations into account when implementing a
context-aware driving controller.

Together, the information listed above form what we call
the local context. We have chosen to consider it together
as they all have consequences on the same variables for
controlling the vehicle: its speed, acceleration, and jerk. We
will see after that information coming from the local context
can be used to provide suggested speed, acceleration and jerk
for the vehicle.

D. Modeling the global context

The global context can be defined by opposition with the
local context, as a model of the information that is not in
the local vehicle environment. It includes information on:



V- owl:topDataProperty
B hasAge
B hasBatteryLevel
B hasCityRoad SpeedPreference
v owl:Thing B hasCountrysideRoad SpeedPreference
v ContextualElement = hasCurrentTime
Driving StylePreference S hasD
Itinerary W hasEstimatedArrivalTime
Load B hasEuclidianDistance
PassengerState = hasHeight
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Y DestinationPlace B hasLoadWeight
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FuelCharging Station B hasNodelD
A RoadPlace B hasNroads
A4 Obstacle B hasObstacle SpeedPreference
SpeedBumpObstacle E=hasRa
StoppedVehicle B hasRealDistance
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Aé Vehicle B hasRway
EgoVehicle B hasSnow
v VehiclePart B hasSpeed
Battery B has SpeedLimit
v Tank B hasSuggestedJerk
ElectricTank B hasSuggested Speed
FuelTank EShasSun
Weather E=hasTankLevel
Y DataClass W hasTheta
Coordinates I hasVehicleWeight
Dimensions B hasVmax
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(a) Classes (b) Data properties

Fig. 1: The OWL ontology of the navigation context shown in Protege. The OWL file created in Protege handles the classes

(c) Object properties

(a), data properties (b), object properties (c), and individuals at the initialization (d).

« the vehicle’s localization: global localization given from
the vehicle’s GNSS receiver.

o the vehicle’s itinerary: the point the vehicle needs to
reach and the itineraries the vehicle can follow to reach
it.

A representation for the itineraries have been proposed by
I-F. Kenmogne et al. [17] and can be easily included in an
ontology-based model, as shown in [3]. We will keep this
representation for our global context model.

As the local context was grouped to match the same
suggestion variables, the information from the global context
infer on the same variables too. In that case, the suggested
variable is the itinerary, that is handled by a high-level
itinerary planner, that provides new objectives for the low-
level controller.

E. Final model

We defined a small-sized ontology model using the ele-
ments from the local and global context described before.
For the local context, we decided to stuck to mainly static
elements for our example, for demonstration purposes. The
ontology has been written with Protege, and is displayed in
Fig. 1. In the list of classes, we can see that in addition to our
context, some classes are defined to represent the reasoner’s
suggestions described before: speed, acceleration, jerk, and
itinerary.

(d) Individuals

perception control input u
— > Controller —— >
(a) Standard approach
control
perception input u
Controller ——>
A
Context driving
handler suggestions

(b) Context-aware approach

Fig. 2: Difference between the standard approach and the
context-aware approach. The context handler module adds
context awareness to the controller by providing suggestions
based on the context model, populated with the vehicle’s
perception.

IV. USING THE CONTEXT

After we modeled both local and global information in our
ontology, we will explain how this information can be used
to improve a controller.

A. Principle

As said in the previous section, contextual information
is provided to the controller using suggestions on input



variables for the controller: speed, acceleration, jerk, and
itinerary. The difference between the standard approach and
the context-aware approach is displayed in Fig. 2.

From this figure, we can distinct two steps for using
the contextual information in our controller, detailed in the
following paragraphs:

1) Using the reasoner to provide suggestions

2) Using the suggestions in the control law

B. Providing suggestions

The context modeled in the previous section is a logical
semantic structure, thus it is possible to have a logical
reasoning on it. For this purpose, we need to define a set
of rules, using the Semantic Web Rule Language (SWRL)
language. These rules will be used by the reasoner — Pellet
for instance — to infer new information on our individuals.
For example, the following rule:

EgoVehicle(?v) A
SpeedSuggestion(?sg) A
hasPassenger(?v, 7p) A
hasDrivingStylePreference(?p, ?dsp) A
hasRoadType(?rp, ”CityRoad”) A
hasCityRoadSpeedPreference(?sp) A
isOnRoadPart(?v, 7rp)

— hasSuggestedSpeed(?sg, ?sp)

aims to provide suggested speed w.r.t. the passenger prefer-
ences.

Thus, we need to define a set of rules that have an impact
on the suggested speed, acceleration, jerk or itinerary. These
rules will be used by the reasoner to provide a suggestion
only based on the contextual information. This last point is
important, and means that the reasoner does not considers the
vehicle’s dynamic as the controller does. This is the reason
why we need to modify the controller to make it consider
both the dynamic and the contextual suggestions.

C. Considering the suggestions in the navigation task

Now, we will see how the suggestions can be considered
in the control law. A control law can be generally represented
as the solution to an optimization problem on one or several
input variables, even if it is not its main formulation.

Let us denote u the input vector, which can represent for
example the longitudinal and angular speed v and w, but also
other inputs as the torque or the steering angle. The control
law can be expressed as an optimization problem under the
form:

opt, = arg max [ f(u)] (1)

To take the context into account in this problem, we need
to add a function c representing the contextual suggestions
to our contextual suggestion:

Wop = arg max [af(w) + (1 - )e(w)] @

where a € [0, 1] allows to modulate how much the context
is considered.
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The context function ¢ can be defined using the input
suggestion, denoted ugyg hereafter, and the real control input
u. From now, we will denote u = [ul,uQ,...un]T and
Ugyg = [Usug,1; Usug,2; - - - usug,n]T. From this, we define the
context function c as:

C(u) = Z W; C4 (ui7 usug;i) (3)
=0

where the w,; are weights applied to the partial context
functions c¢;.

The partial context functions c¢; to ¢, are functions that
should penalize violations of the suggestion. As they the idea
is to solve an optimization problem with these functions, they
should be continuous, derivable and convex, thus we can use
a gradient descent algorithm. We propose the following func-
tion, but other functions with the same properties convene
too, depending on the optimization problem.

1
T (e —ten ) if w < Usro s
1 _(u’i_usu ,'i) 1 = Wsug,?
Ci (ui7 usug,i) = 1 te & (4)
5 + E(ut - usug,i) otherwise

The aspect of the proposed partial context function is dis-
played in Fig. 3.

The first controller we developed using this method is
the Image and Context based Dynamic Window Approach
(ICDWA), a visual-servoing based controller with context
awareness. It uses u = [v,w]? (longitudinal and angular
speed) as input, and the following objective function:

f(u) = a - heading(u) + 3 - dist(u) +

7 - velocity (u) 4 ¢ - ¢(u) ©)

where the heading function is based on the final orientation
of the robot to lead it to the final goal position, the dist
function prioritizes movement in areas free of obstacles, the
velocity function prioritizes longitudinal speeds close to the
desired constant set point, and c is the context function
proposed before.

This approach we developed for using the context is not
limited to ICDWA and local controllers, but could also be



used to add context awareness in global navigation problems,
if they can be expressed as optimization problems. For
example, we could consider metrics on an itinerary as a
control input: u = [distance, time, price]”, the same method
can be used on to add context awareness on a minimization
problem on these metrics.

V. VALIDATION TESTS AND RESULTS

This section aims to show the tests done to validate
our method. Test focus on a specific application of our
methodology: the ICDWA.

A. Test scenario

The tested scenario is the following: we consider an
intelligent car, driving in a city (so the speed limitation is
50km/h), on a straight road, with an obstacle at 150m in
front of it in its lane that should be avoided.

The vehicle is simulated in SCANeR Studio and is com-
manded by our ICDWA controller, which communicates with
the simulator via ROS. This implementation of ICDWA uses
the lane detector by A. Shour et al. [18] to detect the lanes
and thus be able to compute its objective function.

The knowledge base of the context of navigation is initial-
ized from a configuration file, which states there is a single
passenger, with the following speed preferences:

e 110 km/h on highways

e 70 km/h on countryside roads

o 40 km/h on cities

e 5 km/h when crossing an obstacle

The example SWRL rule presented in Sec. IV will be used
to consider the passenger’s speed preferences.

As the scenario alternates between driving on a city and
crossing an obstacle, we can see how the controller adapts
to the context when crossing the obstacle.

B. Software implementation

For testing this scenario, we use a ROS implementation
of the ICDWA controller, developed in [1]. The scenario is
tested on the professional driving simulator SCANeR Studio
(ver. 2022.1) that provides a bridge with ROS to control the
simulated vehicles with ROS-based controllers.

The context handler module is implemented with the
controller. It uses the owlready2 Python library to manage
the ontology. The ontology used is the one developed in Sec.
III, stored as an OWL file.

C. Results

The results for our scenario are displayed in Fig. 4. We
can see that when driving in the city and avoiding the
obstacle, the vehicle’s speed is adapted from the passenger’s
preferences. We used varying values for the coefficient § of
the ICDWA function, corresponding to the coefficient (1—c)
in (2).

The velocity profiles presented in Fig. 4 show that the
passenger’s speed preference is considered when the vehicle
crosses the obstacle, more or less according to the coefficient
0. The higher ¢ is, the more consideration is given to
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Fig. 4: Velocity profile obtained for the vehicle with our test
scenario, with varying coefficient §. The velocity is reduced
by taking into account the passenger preference.

the context. A compromise has to be found between a to
high importance given to the contextual information, and no
context consideration. This study is being performed in our
going works.

D. Discussion

This scenario shows how contextual information can in-
ferred to the vehicle’s control law in the case of the ICDWA
controller, using a context model and a context-aware con-
troller developed with our methodology. It demonstrates this
methodology in the case of ICDWA and could be extended
to larger context models and other controllers.

During the tests, we also verified the response time of
the reasoner, and we found 25ms for our scenario, on our
test computer. This far below the time needed to cross the
obstacle in our scenario. However, we keep in mind that this
response time is the one for a small context with a few SWRL
rules, and that the response time of a reasoner like Pellet can
heavily increase if the ontology is huge, and this point has
to be considered when developing a complete model for the
context of navigation.

VI. CONCLUSION AND PERSPECTIVES

In this paper, we presented a methodology to model the
context of navigation of an intelligent vehicle, and use it in
autonomous navigation systems, can they be controllers or
itinerary planners. This aims to lead to a smarter navigation
of autonomous vehicles, as it takes into account implicit
information in addition to the vehicle’s perception. The
method developed aims to be generic enough to be used on
different controllers and navigation systems, and has been
tested on a visual-servoing controller, the ICDWA, with a
driving simulator.

In further works, a much wider ontology of the context of
navigation could be developed, and a special attention should
be given to consider the use of the reasoners in real-time. In
particular, the use of other reasoners like HermiT could be
considered, and the performances of the Pellet and HermiT



reasoners could be compared in terms of response time and
suggestion based on the contextual information. Also, the
coefficients defined in our method should be fined-tuned, by
choosing wisely at which point the contextual suggestions
should be considered, keeping in mind the safety norms and
considerations to the navigation integrity. These points are
essential for the development of context-aware navigation
systems in the future.
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