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Abstract. An initial implementation of an ambient in-
telligence (Aml) system for autonomous vehicles (AVs)
inside a car racing game (namely TORCS) is presented
and analyzed. The proposed system is based on a
preferential routing and re-routing algorithm and a
knowledge-base implemented in FLORA-2 . The rout-
ing system is implemented as a module to B.A.R.I.C.A.,
an open artificial intelligence system, while the client
based on the TORCS racing game is an application in
B.A.RI.C.A. terms. The current version of the system
supports routing and rerouting the AV agent based on
its understanding of the map and set preferences.
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1 Introduction

Everyday environments are made intelligent and sensi-
tive to us (Aarts and Wichert, 2009; Cook et al.,[2009)
using ambient intelligence (Aml). On the other hand,
autonomous vehicles (AVs) are a disruptive technology
that is slowly entering one important aspect of our lives
especially with regard to transport (Fagnant and Kock-
elman, 2015 Gerla et al., 2014). The aim of this pa-
per is to make a first step towards implementing Aml
in AVs — i.e. making AVs sensitive to its passengers
and its surroundings. Whilst there are various possible
systems of Aml in AVs, herein we will focus on pref-
erential routing and re-routing based on the passengers
preferences (Schatten et al., 201 1J).

In order to test and simulate a possible Aml sys-
tem for AVs we will use an open source racing game
called TORCSFJ We argue that car racing games and
especially open source games present the ideal envi-
ronment (apart from building your own 3D simulator)
for such tasks. Herein we present a work-in-progress
system called Barely an ARtificial Intelligence CAr
(B.ARI.C.A.) for which we have built a proof-of-
concept application connecting a preferential routing
knowledge base to a machine learning based agent,

! Available at http://torcs.sourceforge.net/

which allows simulating an AV driving in TORCS.
The rest of this paper is organized as follows: firstly
in 2| we provide an overview of related work. Then in
[3| we showcase our initial implementation of the sys-
tem and discuss possible future steps to be taken in the
implementation of the system. Finally, in 4] we give a
conclusion and provide guidelines for future research.

2 Related Work

In the early nineties, Weiser stated that "the most pro-
found technologies are those that disappear. They
weave themselves into the fabric of everyday life un-
til they are indistinguishable from it", (Weiser, 1991}
Weiser, [1993), setting the background for Ubiquitous
Computing - the idea of pervasive, but non-intrusive
computing.

A group of authors describe ambient intelligent envi-
ronments as "unobtrusive, interconnected, adaptable,
dynamic, embedded and intelligent." (Sadri, 2011),
presenting a comprehensive survey of ambient intelli-
gence with the overview of application domains such
as home, health care, assisted living, shopping, recom-
mender systems, business, museums, tourism, institu-
tions, etc.

The principle idea of Aml stems from the concept
of artificial intelligence (Al) applied to and embedded
in various elements of an environment. Such environ-
ments, named intelligent virtual environments (IVEs),
comprise autonomous intelligent artificial agents both
as actors physically situated in the said environment,
either in their free-to-roam form, or stationary, and as
actors that are not physically situated in the given envi-
ronment (OkreSa Purié et al., 2018]).

An IVE (Barella et al., 2012) is therefore a spe-
cific variety of a multiagent system (MAS), in the con-
text of information communication technology (ICT),
wherein agents are considered not only as software or
virtual entities, but as gadgets that help digitize human
agents and foster their interaction with the rest of the
intelligent environment, i.e. agents that virtualize hu-
man agents for the sake of interaction with the IVE they
are situated in.
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Since Aml is a particular application domain of
MAS, it can be modeled using the models applicable to
MASs and large-scale multiagent systems (LSMASs),
such as those recently published and described in
(Mayr et al.,|2016; Okresa Puri¢, 2017).

In the context of AVs, the majority of conducted
research is steered towards improvement of individ-
ual car agents and their interaction with their environ-
ment using various sensors and actuators paired with
advanced inference engines (for example, (Reina et
al.,[2016). This paper provides arguments towards the
rather opposite, yet unmistakably compatible, perspec-
tive promoting the importance of Aml in combination
with AVs, whose combination is known as the con-
cept of intelligent traffic systems. Aml is the driver
of research towards AVs actively communicating with
their environment, especially under the presumption
that those environments develop into intelligent envi-
ronments comprising both human and artificial agents.

Due to the expected low latency in the message ex-
change process between agents located in an IVE, and
quick and easy data transfer in such an environment
in general, backed up by unambiguous meaning of the
transferred data, communication modeling is one of the
key features to be observed. Some recently published
research provides interesting insight towards modeling
communication between human and artificial agents
using conceptual and semantic models (OkreSa Purié
et al.,|2018; Okresa Duri¢ and Malekovic,[2018). Such
an approach, using semantic modeling and utilizing on-
tologies, for the purposes of Aml paired with AVs is
what this paper is a step towards.

3 Implementation

The proof-of-concept system is implemented as part
of the B.A.R.L.C.A. autonomous vehicles subsysteny]
which is shown in Fig. [I] It consists of a back-end
knowledge-base module that uses FLORA-2 to provide
Aml routing as well as a front-end client application
based on Snake Oil, a Python library for interfacing
with TORC or more precisely the MADRa sim-
ulator’s implementation of the library (Kaushik et al.,
2018).

The B.A.R.I.C.A. Al platform is an attempt to pro-
vide a cloud based interface between Al developers
(general purpose modules and knowledge bases) and
Al users (domain-specific applications). It is cur-
rently a work in progress, but already consists of a
cloud platform (cro. BARICA-u-oblacima), as well as
four identified application domains: (1) virtual assis-
tants (cro. BARICA-asistentica), (2) Internet of Things
(IoT) (cro. BARICA-sobarica), (3) autonomous vehi-
cles (cro. BARICA-vozacica), and (4) computer games
(cro. BARICA-gejmerica).

2 Available at https://github.com/AILab-FOI/B.A.R. I.C.A.
3 Available at http://scr.geccocompetitions.com/,
4 Available at https://github.com/madras-simulator/MADRaS
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Figure 1: Architecture of the B.A.R.I.C.A. au-
tonomous vehicles subsystem - a work in progress
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Figure 2: Initialization screen of the TORCS racing
game based simulator

The cloud platform features a back-end module im-
plementation application programming interface (API)
that allows Al modules to be implemented in any pro-
gramming technology given that they can be run in a
shell, accept command line arguments in a specified or-
der and provide output in a specified JavaScript Object
Notation (JSON) or streaming format. Modules can be
defined as accepting a stdin stream of data, providing a
stdout stream of data (i.e. if they are both they behave
as pipeline filters over a netcat based network), or work
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in an asynchronous fashion.

For the sake of this paper we have implemented a
module named TORCS-map that is based on the pref-
erential routing and re-routing algorithms presented in
(Schatten et al., and implemented in FLORA-2
and Python. The module accepts three arguments two
of which are the starting and destination nodes of a map
and the third is a list of filters or ambient preferences
of the user.

Besides the back-end API the cloud platform also
provides a number of front-end APIs. At the time of
writing this paper, the APIs includes a representational
state transfer (REST) interface, a Web Socket interface
as well as a Slack chatbot interface. These APIs allow
for the implementation of specific applications which
use various modules provided by the platform.

Jusrflocal/lib/torcs/torcs-bin

Figure 3: Autonomous vehicle driving in the TORCS
racing game based simulator

To this end, we have started developing an applica-
tion based on TORCS that uses the REST front-end
APIL. In the current version, the application is able
to steer the virtual car in TORCS as well as to query
B.A.R.I.C.A. cloud platform for ambient and routing
information.

In this way the AV agent can query the preferential
re-routing module based on user-preferences to gener-
ate a map route that is in accordance with passengers’
preferences. For example, passengers might prefer to
use a road with specific attributes (i.e. forest rich roads,
roads that are low in traffic or roads that do not require
tolls). An example query might look follows Schatten

et al.,[2011}

flora2 ?7— newmodule{ pref },
preference_path( a, g,

[type —highway , landscape —>farmland],
’p ),
erasemodule{ pref }.
7p = [a, b, e, g]
7p = [a, d, f, h, g]

In this example, firstly a new dynamic module is
created to minimize computation requirements, then a

preference path is sought (see Schatten et al., 2011|for a
detailed explanation of how the preference_path/4
predicate is implemented) where a and g are start-
ing and destination nodes on the map respectively and
type and landscape are road attributes of passengers’
preference, and in the end the module is erased to min-
imize memory consumption. Variable 7p returns two
possible routes that obide to the given preferences.

Our next steps will be to map these requirements
in two ways: (1) to annotate the racing game’s map
semantically with various (potentially dynamic) at-
tributes that can be queried by the re-routing knowl-
edge base, and (2) to make the AV agent sensitive to
the needs and preferences of the passengers. The first
part is the more complex and time consuming since it
will include a definition of attributes and manual an-
notation of each racing map from TORCS. The second
part can be simulated easily by defining the passengers
by the start of the simulation or by querying the prefer-
ences on demand.

4 Conclusion

In this paper we have presented and analysed an initial
implementation of an Aml system for AV inside a car
racing game. We have built a proof-of-concept appli-
cation which is able to connect a preferential routing
knowledge base to a machine learning based agent that
allows simulations of driving an autonomous vehicle.
In the current version, the application is able to steer
the virtual car as well as to query a cloud platform for
ambient and routing information.

The implementation of the proposed system is based
on a preferential routing and re-routing algorithm, and
a knowledge-base implemented in FLORA-2 within
the system’s back-end. The routing system is imple-
mented as a module to B.A.R.I.C.A., a custom open
artificial intelligence system that we have implemented
as well. The front-end client application is based on
the Python library called Snake Oil, which provides an
interface with MADRaS, a Multi-Agent Autonomous
Driving Simulator built on top of TORCS, which is an
open-source 3D car racing simulator game.

Future research might include more complex inter-
action between the AV and its environment in the con-
text of Aml and heterogeneous preferential choices.
For example, the map might contain various seman-
tic meanings integrated into objects that would interact
with person’s registered preferences, such as favorite
POIs (points of interests), quality and nature of roads,
passing sightseeing possibilities, etc.
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