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Abstract— Controlling robotic devices from remote
places, using an existing, wide spread network has
significantly extend their application. Internet,
considering its wide spread and accessibility, is an
ideal media for data transmission between a robot and
its operator, but the limitation in bandwidth, the
notable delay, and the unreliability of the network
introduces several problems. The solutions, proposed
within the framework of telerobotics to face the
limitations of Internet, are founded on the autonomy
and the intelligence granted to the robot in order to
interact with its environment and to collaborate with
the remote user. This paper describes a system
framework and a control architecture based on multi-
agents systems. An illustration of our architecture is
given in an application of control of an autonomous
mobile robot developed by the team architecture of
systems, to the ENSEM of Casablanca.

Index Terms— Multi agents systems, Intelligent
control, Internet, control architecture, distributed
system architecture.

I. INTRODUCTION

Internet telerobotics is a new robotics field which
attracted much attention among researchers in the
last few years. The term internet telerobotics refers
to a robot system remotely controlled and
monitored through the Internet. The growing
interest in this field is stimulated by the
advancement of Internet, which provides access to
various computing resources virtually from
everywhere in the world. Increasing application of
Internet as communication media for telerobotics
system  also  comes  from  the  fact  that  it  uses
standard communication protocol, and that the
physical media is readily available for telerobotics
application, eliminating the need for developing a
dedicated, proprietary and expensive
communication system. Internet telerobotics differs
from conventional telerobotics in that they are
available, when desired, to the general public via
the Internet. It allows people to actively participate
in remote exploration in various applications. Areas
where internet telerobotics is predicted to be useful

include entertainment, telemaintenance [1],
telemanufacturing [2], telemedicine, teleoperation
and mining. It has tremendous implications for
education and training, allowing students and
trainers to actively explore remote environments. It
also has implications for research as well, where
laboratories can share access to expensive
resources.

During the Nineties, several projects appeared of
robotic systems control, using Internet as
communication network [3] with various
objectives: the Mercury project to prove the
feasibility by Goldberg and al. [4], the Australian
telerobot for the interaction with the user by Taylor
and al. [5], Rhino by Burgard and al [6], Xavier by
Simmons [7], Puma-Paint by Stein [8], mobile
robotics KhepOnTheWeb by Saucy and al [9],
increased reality by Otmane Ariti [10], etc. This
article is presented as follows: on the next section,
we describe the system framework. In section 3, we
propose our control architecture. Then we present
an application of control via internet of a Lego
mobile robot. Finally, some conclusions are
presented in section 5.

II. THE PROPOSED SYSTEM FRAMEWORK

There are now numerous architectures available
for implementing a web-based robotic system. One
of the popular architecture used is the CGI
(Communication Gateway Interface) mode.
Through the HTML (Hyper Text Markup
Language) form, a request can be passed from
client to server to launch a progress to perform
some predetermined actions in the server. This
mode has some shortcomings, such as poor
performance, short of interaction and stateless
protocol. Another is based on Java technology and
can avoid the limitations of CGI [11]. Because Java
program is executable within a web page, it requires
less bandwidth and enables an interface to be
interactive instead of being static. But the Java
applet suffers from the connection quantities along
with the number of servers and clients. In addition,

Control Architecture design for a Mobile Robot
via the Internet

9th International PhD Workshop on Systems and Control: Young Generation Viewpoint              1. - 3. October 2008, Izola, Slovenia

mailto:sayouti:@gmail.fr
mailto:qrichi_f:@yahoo.fr


there are security restrictions associated with Java
such as only allowing applets to connect to the host
they were served from.

Fig 1. System Architecture

A more flexible and extendable approach is to
use the central server architecture as shown in
Figure 1. All the clients and servers are connected
to a central web server, and only need to know the
location of the web server and communicate with
each other through the web server. With this
architecture, we can either put all image service,
robot control service and web service in one
computer or put them in several computers and
connect them with TCP sockets. With this
architecture, it is also very easy to add more
computers for robot control and image processing
or for multi-robot control.

Internet doesn’t provide a guaranteed Quality of
Service (QoS), it entitles a number of limitation and
difficulties, such as bandwidth constraint,
transmission delays, packet lost, connection rupture
etc. The situation above influence the performance
of Internet based telerobotics systems. The
solutions, proposed to face the limitations of the
communication channel, are based on the autonomy
and the intelligence granted to the robot [12]. To
design an autonomous robot implies to design a
control architecture, with its elements, its
definitions and/or its rules [13].

III. CONTROL ARCHITECTURE

The organization of a robotic system - or its
control architecture - determines its capacities to
achieve tasks and to react to events. The control
architecture of an autonomous robot must have both
decision-making and reactive capabilities:
situations must be anticipated and the adequate
actions decided by the robot accordingly, tasks
must be instantiated and refined at execution time
according to the actual context, and the robot must
react in a timely fashion to events. This can be
defined  as  a  rational  behavior,  measured  by  the
robot's effectiveness and robustness in carrying out
tasks. To meet this global requirement, a robot

control architecture should have the following
properties:

· Programmability: a useful robot cannot be
designed for a single environment or task,
programmed in detail. It should be able to
achieve multiple tasks described at an
abstract level. The functions should be
easily combined according to the task to be
executed.

· Autonomy and adaptability: the robot
should be able to carry out its actions and
to  refine  or  modify  the  task  and  its  own
behavior according to the current goal and
execution context as perceived.

· Reactivity: the robot has to take into
account events with time bounds
compatible with the correct and efficient
achievement of its goals (including its own
safety).

· Consistent behavior: the reactions of the
robot to events must be guided by the
objectives of is task.

· Robustness: the control architecture should
be able to exploit the redundancy of the
processing functions. Robustness will
require the control to be decentralized to
some extent.

· Extensibility: integration of new functions
and definition of new tasks should be easy.

Robot control architectures being at the core of
the design of autonomous robots, many authors
have addressed - and still do - this issue. The
approaches differ in several manners, sometimes by
the philosophical standpoint itself: some projects
aim at imitating living beings, while others are
more AI oriented. The first trend of research sought
inspiration from biology and ethology and has
mainly yielded stimuli-response based systems. The
second trend tried to use symbolic representations
and some reasoning capacities.

A. Brief overviews of control architecture

One of the first authors who expressed the need
for a control architecture was R.A. Brooks [14]. In
1986, he presented an architecture for autonomous
robots called “subsumption architecture”. It was
made up of various levels which fulfil separately
precise function, processing data from sensors in
order to control the actuators with a notion of
priority. It is a reactive architecture in the sense that
there is a direct link between the sensors and the
actuators. This architecture has the advantage to be
simple and thus easy to implement, nevertheless,
the priorities given between the different actions to
perform are fixed in time and offer a limited
flexibility. Then other various architectures were
developed based on different approaches, generally
conditioned by the specificity of robotic application
that the architecture had to control:
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· the architecture 4-D/RCS developed by the
Army Research Laboratory [15] has the
main  characteristic  to  be  made  up  of
multiple calculative nodes,

· the CLARAty [16] proposed by the Jet
Propulsion Laboratory developed in
collaboration with NASA where one of the
interests of this representation is to work at
the decisional level only on one model
emanating from the functional level,

· the LAAS architecture (Laas Architecture
for Autonomous System) [17] is made up
of 3 levels: decisional, executive and
functional,

· R.C. Arkin describes and uses a hybrid
control architecture, called AuRA for
Autonomous Robot Architecture [18],
including a deliberative part and a reactive
part,

· A. Dalgalarrondo [19] from the DGA/CTA
presents a hybrid control architecture
including four modules: perception, action,
attention manager and behavior selector,

· the DAMN [20] architecture results from
work undertaken at the Carnegie Mellon
University in response to navigation
problems. Multiple modules share
simultaneously the robot control by
sending votes which are combined
according to a system of weight
attribution,

· Kim Hong-Ryeol & Al patented a five
hierarchical level architecture in 2005
[21]. All these architectures show the
diversity of the approaches mainly due to
the robotic applications or the topics of the
designers.

B.   Proposed control architecture

 We propose a hybrid control architecture, called
EAAS for EAS Architecture for Autonomous
system, including a deliberative part (Actions
Selection Agent) and a reactive part. It is made up
of  two  parts,  each  using  distinct  method  to  solve
problems (Fig. 2). The deliberative part which uses
methods of artificial intelligence contains a path
planner, a navigator and a pilot. The reactive part is
based on direct link between the sensors
(Perception Agent) and the effectors (Action
Agent). Fundamental capacities of our architecture
encompass autonomy, intelligence, modularity,
encapsulation, scability and parallel execution. To
fulfil these requirements, we decided to use a multi
agents formalism that fits naturally our needs [22].
The communication between agents is realized by
messages. Object oriented language is therefore
absolutely suited for programming agents (we
chose java). We use threads to obtain parallelism

(each agent is represented by a thread in the overall
process).

Fig 2. EAAS Architecture

EAAS architecture consists in five agents:
interface agent, actions selection agent, perception
agent, action agent and hardware link agent. The
interface agent is the high level of our control
architecture. It must generate a succession of goal,
or missions for the actions selection agent,
according to the general mission of the robot. It is
the “ultimate” robot autonomy concept: the robot
generates itself its own attitudes and its own actions
by using its own decisions. The perception agent
manages the processing of incoming data (the
sensor measurements) and create representations of
the environment. The actions selection agent must
choose the robot behavior according to all
information available and necessary to this choice:
the fixed goal, representations and the robot
localization. The action agent consists of a set of
behaviors controlling the robot effectors. The
hardware link agent is an interface between the
software architecture and real robot. Changing the
real robot require the use of a specific agent but no
change in the overall architecture.

IV. EXPERIMENT

The aim of this project is to allow users to
perform remote control experiments on a mobile
robot through the Internet. In particular, the robot is
made  of  Lego  Mindstorms  bricks.  As  shown  in
Figure 3, our Lego mobile robot was controlled to
follow  a  given  trajectory  and  to  push  a  ball  to  the
goal.
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The tools chosen to develop this platform are java
and classical internet browser. The choice of java is
based on its well-known portability and web
technology suitability. The communication between
the client and the server is based on socket using
TCP protocol.

Fig 3. User Interface

The user can directly control the Lego robot by
clicking the start button on the control panel. The
image display applet shows the visual feedback in a
continuous jpeg image. The forum service allows
users to send messages to each other, private or
broadcast in order to interchange their ideas over
the remote control subject. The remote user is
invited to test the connection using the statistical or
the  dynamical  way,  before  or  during  taking  the
control by clicking on the buttons labelled statistic
or dynamic test respectively. This user interface
allows students to undergo a distance learning with
the opportunity to test their ability on line.

V.CONCLUSION

In this paper we have proposed an architecture
for a telemanipulation system using internet as
communication support and presented a control
architecture based on multi agents systems to be
able to manage the lack of quality of services in the
context of remote control.

In a close future, Internet remote control will
become a must in industrial contexts if we are able
to propose reliable solutions, mainly in terms of
network safety.
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