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Abstract

Distributed coordination in multi-robot systems
(MRS) is one of the most interesting research issues
aiming at tmproving the performance, the robustness
and reliability of a robotic system in accomplishing
complex tasks. In this paper, we describe the de-
sign and realization of a MRS that takes into ac-
count at the same time dynamic role assignment and
constraints on resources. The present work extends
our previous work in distributed robot coordination
by adding in the MRS the capability of synchronizing
their actions by exploiting a framework for automatic
plan generation and plan execution based on a logi-
cal formalism. The proposed method has been applied
in the RoboCup environment within the Sony Legged
Robot League.
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1 Introduction

Cooperative Robotics is one of the most interesting
research areas in Artificial Intelligence and Robotics
[8, 17, 16, 3]. The field is rather broad; in the present
work we specifically address the issue of distributed
coordination in multi-robot systems (MRS). More-
over, we consider MRSs from an engineering per-
spective,that is to say with the aim of improving
the effectiveness of a robotic system both from the
viewpoint of the performance in accomplishing cer-
tain tasks [8] and in the robustness and reliability
of the system [17]. Consequently, we specifically ad-
dress both the cooperation of multi-robots in order

to perform a global task and coordination to achieve
a common goal. More specifically, The design of a
MRS performing complex tasks in a dynamic envi-
ronment must take into account two main aspects:
1) due to the presence of other agents (possibly ad-
versary) in the environment, a dynamic assignment
of roles is required for effective performance of the
robotic system; 2) the complexity of the task often
requires a form of coordination that takes into ac-
count constraints on resources that are accessed by
the robots.

An analysis of the works in the literature shows that
very often cooperation through dynamic task assign-
ment and coordination on the access to shared re-
sources are often treated, separately. The former
problem is faced by splitting the tasks the robots
have to accomplish, and assigning each robot a role
(sub-task), that can change during the global task
execution [11, 19, 7]. Distributed approaches are
considered more attractive, since they do not place
strict constraints on the reliability of communica-
tions. While the solutions to dynamic role assign-
ment can be considered quite effective for a number
of tasks, they do not directly support the coordina-
tion in the access to shared resources, that may be
required in many applications.

A second group of works is instead focussed on the
techniques for handling the conflicts arising from the
attempt to access common resources. Resource con-
flicts among robots can be solved by combining the
plans of each robot, and producing a coordinated
plan [2]; using task networks indicating dependen-
cies among the tasks to be executed [15]; or using ad
hoc approaches, such as space partition in foraging
task [10]. In this works, the possibility of dynam-
ically switching the tasks assigned to each robot is
generally not supported.

There are a few proposals [18, 20, 17] that consider
both dynamic task allocation and conflict resolution
in the same framework and our work has similar
goals. Specifically, we propose the design and re-



alization of a MRS that takes into account at the
same time dynamic role assignment and constraints
on resources. The present work extends our previous
work in distributed robot coordination [6] by adding
in the MRS the capability of synchronizing their ac-
tions by exploiting the framework for plan generation
and execution described in [9]. The main feature of
the proposed approach is to keep the requirements
on each robot to a very abstract set of functionali-
ties. In particular, by phrasing the coordination con-
straints within the plans of the individual robots we
do not need an explicit synchronization, but this is
integrated within the information acquisition capa-
bilities of the robots. This feature, makes it easier to
implement the approach with heterogenous MRSs.

The proposed approach may be deployed in several
application domains in which coordination is needed
for an effective realization of the MRS in dynamic
environments. In this paper we show its applica-
tion in the RoboCup environment and in particu-
lar within the Sony Legged League competitions. In
fact, RoboCup has recently given a significant boost
to the work on MRS [16], since, as compared with
previous work on MRS, the RoboCup environment
is highly dynamic and hostile due to the presence of
an opponent team and moreover effective coordina-
tion is fundamental in order to perform well in the
competitions. Therefore the RoboCup setting pro-
vides not only significant challenges in the design of
MRS, but also a common field for experimental eval-
uation of the approaches.

In the Sony Legged Robot League there is a rule
(two-defender rule) which prohibits the simultane-
ous presence of two players in the goal area. This
rule introduces a new challenge for coordination, be-
cause of the need to synchronize the action of the
robots with respect to entering the goal area in such
a way as to avoid breaking the rule. In fact, it turns
out that this rule gives rise to a scenario, where the
dynamic exchange of roles in not sufficient for effec-
tive performance, while a specific constraint on the
access to a shared resource (the goal area) must be
properly taken into consideration.

We have experimented the approach described in this
paper in the coordinated task of dynamic role ex-
changing between the goalkeeper and another player,
while properly handling the two-defender rule (that
is a constraint on the presence of only one robot in
the goal area at any time). The basic intuition un-
derlying the proposed solution is to treat the role as-
signment as a technique for establishing the goal of
each individual player (according to the architecture
described in [4]). Moreover, the need to synchro-
nize with other players must be explicitly addressed
in the selection and execution of the plan devised by
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Figure 1: Layered architecture for our robots

the player to achieve the assigned goal (role). To this
end we will exploit the framework for plan generation
described in [9].

The paper is organized as follows. We first recall
the basics of the cognitive architecture and of the
distributed coordination of our robots. We then de-
scribe the technique to address the problem and its
implementation, finally, we discuss its relationship
with other approaches.

2 Architecture for Coordination, Plan
Generation and Execution

2.1 Plan Generation and Execution

In this section we recall the framework for plan gen-
eration and execution already presented in [4]. The
framework is based on a layered hybrid robot ar-
chitecture (see also [13]), displayed in Fig. 1, that
has been implemented on several different kinds of
robotic platforms, namely Sony AIBOs, Pioneer, and
home-made wheeled robots.

The Operative Level of the architecture is based on a
numeric representation of the information acquired
by the robot sensors and of the data concerning the
current task, while the Deliberative Level is based
on a symbolic representation of the information ac-
quired by the robot sensors and of the data con-
cerning the task to be accomplished: the On-Line
Deliberative SubLevel is in charge of evaluating data
during the execution of the task, while the Off-line
Deliberative SubLevel is executed off-line before the
actual task execution.

The deliberative level relies on a representation of
the robot’s knowledge about the environment. This
knowledge is formed by both a general description
of the environment provided by the robot’s designer
and the information acquired during task execution.
In particular, the world model of this level contains
symbolic information corresponding to the data in
the geometric world model of the operative level.

The deliberative level is formed by two main compo-



nents:

1. a Plan Ezxecution Module that is executed on-
line during the accomplishment of the robot’s
task and is responsible for executing a plan by
coordinating the primitive actions of a single
robot;

2. a Plan Generation Module that is executed off-
line before the beginning of the robot’s mission,
and generates a set of plans to deal with some
specific situations.

The reasoning system processes a knowledge base
containing a description of the actions to be per-
formed by the robot using an action representation
language. In particular, a planner has been devel-
oped in order to generate a plan to achieve a given
goal in a specific situation. Moreover, the user can
also manually design a plan, by using a graphic tool
and he/she can validate this plan with respect to the
knowledge base by using a plan verification module
based on model checking. During the execution of a
plan, the plan execution module checks for the con-
ditions that guarantee the applicability of the cur-
rent plan in the current situation (provided by the
high-level state), and, if the current plan is no longer
executable, it selects a new plan from the library.

A plan is represented as a transition graph, where
each node denotes a state, and is labeled with the
properties that characterize the state, and each arc
denotes a state transition and is labeled with the ac-
tion that causes the transition. A state represents
a situation the system can be in and is character-
ized by a set of properties which give a (complete)
description of the situation. Actions are represented
using preconditions and effects. Preconditions are
the conditions that are necessary for activating the
action and indicate what must be true before the ac-
tion is executed: they specify circumstances under
which it is possible to execute an action. Effects are
the conditions that must hold after the execution of
the action and characterize how the state changes
after the execution of the action.

The actions in the graph can be classified into or-
dinary (i.e. movement) actions and sensing actions.
The former cause changes in the environment, while
the latter permit the acquisition of information, in
order to let the robot take better decisions. Both
actions are relevant to state transition. Sensing ac-
tions are associated with conditions to be verified:
depending upon the runtime value of these condi-
tions, a different part of the plan will be executed.

In order to be actually executable, a plan requires
additional information that is not directly derived
from the knowledge base of the robot, because it is

external to the formalism. In particular, the monitor
has to know which preconditions have to be verified
during the entire execution of the action and which
effects determine the state transition. Furthermore,
the plan may require modifications in order to to
cope with possible action failures.

In our setting, the Plan Generation Module generates
cyclic conditional plans (see [9]) based on the logical
formalism. These plans are then automatically ex-
tended for dealing with those failure cases that can
be automatically adjusted, and the user can possibly
modify the plan by using an appropriate graphical
tool. After these modifications plan are collected in
a Plan Library and they will be selected and executed
during the robot mission according to the Coordina-
tion Module and the robot internal state.

2.2 Distributed Coordination Protocol

The coordination protocol presented in [6, 5] is based
on the dynamic assignment of roles and of the team
strategy. The computation for the coordination pro-
tocol is distributed and the protocol is robust be-
cause it relies on a little amount of transmitted
data. The approach has been successfully experi-
mented within our team of heterogeneous robots in
the RoboCup Mid-size League.

Each robot has the knowledge necessary to play any
role, therefore robots can switch roles on the fly, as
needed. In practice any role corresponds to a goal to
be achieved by a robot (e.g. going to the ball, defend-
ing the goal area, etc.) and dynamic role exchange
is a very effective way to select the robot that is in a
better situation to accomplish a task. Moreover the
assignment is computed by means of a distributed
protocol in such a way to be robust to possible net-
work failures.

Dynamic role assignment is achieved by means of
utility values exchanged among the robots in the
team through explicit communication. Such values
indicate the usefulness, with regard to the whole
team, of the assignment of each role to each robot.
This is obtained through the definition of a set of
utility functions (specific for every role) that every
robot evaluates given its current local information
about the environment. By comparing these values,
each member of the team is able to establish the same
set of assignments (robot«srole) to be immediately
adopted.

In order to avoid too frequent role switches, the util-
ity functions contain hysteresis, that add a preference
for a robot to maintain its current role. In this way
role switch is performed only when another robot is
really in a better situation of execute the task.
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Figure 2: Typical situation for dynamic coordina-
tion.

3 Dynamic Coordination with Con-
straints on Resources

The problem we describe in detail in this section, as
an example for explaining our coordination method,
is the dynamic exchange of the role of goalkeeper in
the Sony Legged League and the application of the
two-defender rule.

This problem cannot be easily solved by applying
the distributed coordination protocol presented in
[5], since dynamic role exchange is not sufficient to
respect the two-defender rule. In other words, we
want to solve two aspects of coordination: on one
hand dynamic role exchange allows for selecting the
best robot able to accomplish a task, on the other
hand while accomplishing their own tasks the robots
must take into account some constraints on shared
resources and thus have to synchronize their actions.

The situation presented in Fig. 2 is a typical situ-
ation in the Sony Legged League matches in which
the goalkeeper (robot number 1) is moving away from
its own goal and is approaching the ball to push it
away, while robot number 2 is far away from the ball
and it cannot help the goalkeeper immediately. In
this situation it is more convenient for the team that
robot 1 takes the role of attacker pushing the ball
toward the opposite goal, while robot 2 goes back to
defend its own goal acting as a goalkeeper. However
in performing this role exchange the two robots must
comply with the two defenders rule, and thus robot
2 can enter the goal area only after robot 1 has left
it.

The solution we present in this paper is divided in
two parts: 1) we have defined utility functions for
dynamic assignment of the roles of goalkeeper and
attacker; 2) we have implemented action synchro-
nization in the plan the two robots will execute.

3.1 Utility functions for dynamic role assign-
ment

The utility functions for the role attacker and goal-
keeper are defined as functions of information of the

robot about the environment. These functions are
designed in such a way that higher values indicate
that the robot is able to perform the task associated
with this role, while lower values mean that the robot
may not be adequate to perform this task. Utility
functions are usually determined by a set of experi-
ments aiming at an appropriate configuration of the
MRS. Examples of utility functions for the roles at-
tacker and goalkeeper are reported below. they are
mainly based on the position of the robots and of the
ball in the field. Other factors may be easily taken
into account depending on the implementation of the
actions and on game strategies.

The utility function for the attacker is based on the
robot position and orientation and its distance to
the ball. This function evaluates an estimation of
the time needed to reach the ball in the direction of
the opponent goal.

fattacker —atrajectory_toball —
B |dir_to_ opponent goal| + ...+ Hysteresis

where o and 3 are positive coefficients to be deter-
mined by experiments and that may also be differ-
ent among robots taking into account heterogeneity
in the capabilities of the robots in a team (although
it is not this case in the Sony Legged League where
robots are all the same). Hysteresis is a term that
introduce a preference for the robot to maintain its
current role.

The utility function for the goalkeeper is based on
its position in the field, This function evaluates an
estimation of the time needed to reach the goal facing
the opponent goal.

fgoalkeeper = —adist_toomy_goal — —
B |dir _to_opponent goal| + ...+ Hysteresis

These functions can also be improved by considering
the position of other players in the field or the pres-
ence of obstacles in the path that must be executed.

3.2 Action synchronization during plan exe-
cution

The problem of complying with the two-defender rule
is solved by generating a plan in which one robot
before entering the goal area must check that it is
free (i.e. the other robot has left the area).

This is achieved by adding in the knowledge base
of the robot that is taking the role of goalkeeper
the following specification for the actions GotoAre-
aLine, SenseFreeArea, and GotoGoal (given in a sim-
plified notation with respect to the formal one used in
[14]): GotoAreaLine has precondition NOT PosGoal
and effects PosAreaLine; SenseFreeArea has precon-
ditions PosAreaLine and effects FreeArea /| NOT
FreeArea; GotoGoal has preconditions PosAreaLine
AND FreeArea and postconditions PosGoal.
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Figure 3: a) Simulator environment. b) Cyclic con-
ditional plan generated by the Plan Generation Mod-
ule.

The conditions PosAreaLine, FreeArea, and PosGoal
represent respectively the robot positioned close (but
outside) the area line, the area being free (from
robots of its own team), and the robot being in the
goal area. Note that the KB includes the specifi-
cation of other actions and conditions that are not
reported here since they are not directly related to
the coordination example.

The portion of the plan, of interest for coordination,
generated by the automatic plan generation system
(see [9]) is represented in Fig. 3b). The plan contains
a while loop in which the robot waits for the con-
dition FreeArea to become true before entering the
area. This loop allows for synchronization of the ac-
tions between the two plans executed by the robots.
In fact, the robot executing the plan in the Figure
will not enter the goal area until this is free.

4 Implementation

Previous work on coordination in RoboCup has been
carried out mostly in the Mid-size league [5, 12, 22].
and in the simulation league [21]. In the past year, we
have seen first attempts to coordinate the robots also
in the Sony Legged League, however communication
through the sound emitters is very unreliable, in par-
ticular during the matches. The use of explicit com-
munication in the Sony Legged League (introduced
this year) can now take advantage of wireless LAN
communication, as in the case of Mid-size league.
This makes it feasible to pursue communication-
based coordination also in this league. In the follow-
ing some details on the implementation of our ap-
proach in this League and the experiments we have
performed are presented.

4.1 Action Implementation

The actions executed by the robots are implemented
in the operative layer of our software architecture. In
particular, the implementation of the action Sense-
FreeArea, that is of interest for coordination, is ob-

tained by means of explicit communication among
the robots. In fact, every robot broadcasts a set
of information about its state, including its position
to all the other teammates. The execution of the
sensing action SenseFreeArea corresponds to check-
ing that among the positions received from all the
teammates no one is inside the defense area. No-
tice that the implementation of this sensing action
based on explicit communication is adequate for ac-
tion synchronization among robots, since it is robust
in the case of missing communications for a limited
amount of time. In fact, when no data from a robot
are acquired SenseFreeArea is implemented in order
to return false, when data are received from other
robots, the action evaluates their positions. How-
ever, in other cases, it is obviously possible to imple-
ment the sensing action used for synchronizing the
robots with other techniques (for example vision pro-
cessing). The current implementation of the sensing
action SenseFree Area also relies on the ability of each
robot to localize itself, and this could be a limitation
in the effectiveness of the approach. However, in
practice, for coping with this situation, it is not im-
portant to have a precise localization for the robot,
but only the ability of detecting when the robot has
left the defense area.

4.2 Experiments for goalkeeper-attacker Co-
ordination

The experimental setting we have used has been
given by a simulator (see Fig. 3a)), that even though
cannot provide a precise characterization of all the
aspects that influence the performance of the robot
in the real environment, it can provide useful feed-
back to the design of the coordination system for
actual robots. Through this simulator we have veri-
fied the intended behaviour of the robots in each of
the roles in different scenarios and we have effectively
tuned the utility functions. However this tuning will
be performed again with real robots. The simulator
provides a global view of the environment that in the
case of our experiment is the RoboCup soccer field,
and shows ball position and robot positions and ori-
entations. With the simulator is possible to let the
simulated robot play, changing the environment in
order to represent some particular situations of in-
terest. In our experiments we have represented the
situation of Figure 2, and we have checked the dy-
namic role assignment and the execution of the robot
plans. More in depth the first robot (robot number 1
in the figure) is initially assigned to a defensive role
and its position is inside the goal area, robot num-
ber two start position is outside the goal area and is
assigned with a non defensive role. When the ball
is positioned in front of the robot number 1 a role
change occurs: robot number 1 takes the attack role



and begins to push the ball toward the opponent goal
escaping the goal area, meanwhile the robot number
2 takes the defender role, and starts to go in the de-
fense position but it does not enter the area until the
other robot leaves it, due to the SenseFreeArea sens-
ing action discussed above. The experiment shows
that the algorithm for dynamic role assignment suc-
cessfully exchange the role between the two robots
and that the SenseFreeArea action correctly avoids
the presence of two robots in the defense area. The
method used for the role exchange is also robust with
respect to the following unexpected situation: 1) If
robot 1 throws the ball toward robot 2 then, due
to the dynamic role assignment algorithm, robot 2
becomes the attacker and begins to push the ball
toward the opponent goal while robot 1 (which is
become defender again) go back to the defense po-
sition. 2) If robot 1 is not able to escape from the
goal area, then the utility function passes the role of
attacker to robot 2; robot 2 starts heading toward
the ball while robot 1 goes back to defense position.
3) When three robot are playing, if for some reasons
robot 2 violates the two-defender rule and is taken
out from the field (according to the RoboCup Legged
competion’s rules) while robot 1 is pushing the ball,
then robot 3 will take the defender role and will go
in the defense position while robot 1 keep on pushing
the ball.

The mechanism described in this article has been im-
plemented in the Sony Legged robots of the S.P.Q.R.
team, in particular we have tested the coordination
capability in the technical challenge on coordination
of RoboCup (2002) [1]. We are currently working
on applying the method also to other situations re-
quiring coordination. In particular, the described
approach may be used for ball passing. In this con-
text synchronization is needed in order to execute
the pass when the other robot is ready to receive
it. Moreover it is also very important that during
the execution of their tasks the robots are ready to
change their roles if the situation in the environment
changes. For example, a typical situation in which a
robot may decide to pass the ball, instead of kicking
it to the goal, is when the opponent goalkeeper has a
good coverage of its own goal. However, during the
execution of the ball-passing plan, the robot in pos-
sess of the ball should always be ready to kick the ball
to the goal if for example the opponent goalkeeper
moves away for its position.

5 Discussion

In this paper we have presented an approach to coor-
dination of robots in the Sony Legged League. The
characteristics of the matches in the Legged League
offer an interesting setting for coordination in which

two aspects must be taken into account at the same
time: dynamic role assignment and the presence of
constraints to access shared resources. The solution
presented in this paper relies on our previous work on
coordination of robots in the Mid-size League and on
the use of a framework for plan generation and exe-
cution that allows for implementing synchronization
of the actions of the robot in the team.

The work on distributed coordination often tries to
approach the problem of multi robot coordination
by splitting the tasks the robot have to accomplish,
and assigning each robots a role, that can change
during the task execution [11, 19, 7]. An impor-
tant issue in dynamic role assignment, is whether the
roles are assigned to the robots by a central unit or
each robot decides its own role. Even if centralized
approaches generates optimal solutions they require
a very high communication affidability, and are not
fault tolerant. Distributed approaches to dynamic
task allocation, provide a higher reliability, as exam-
ple in [11] an interesting distributed task allocation
system (MURDOCH) is presented. MURDOCH is
based on a publish/subscribe messaging communica-
tion among the robots. An interesting point is that
the communication is always broadcast, and centered
on the resource a robot requires to perform a certain
task, the robots just require and give to the teams
the resource they need or have, and form dynamically
changing subteams for accomplish the tasks. An-
other interesting approach is to dynamically choose a
leader for the robot team that rules the other robots
in the task accomplishment [7, 19]. However all those
works do not take explicitly into account the synchro-
nization of action among the robotic agents and thus
does not provide a solution to the issue of concurrent
access to shared resource.

On the other hand, techniques for conflict resolution
try to manage the resources for the robot team in or-
der to permit the task to be executed, avoiding delays
or deadlocks. Resource conflicts among robots can
be solved by combining the plans of each robot, and
producing a coordinated plan. For example, in [2]
when a robot is executing a plan that makes use of
a shared resource it advertises it, and collects from
other robots the plans which specify how they intend
to use the shared resource, and the permission to
generate a coordinated plan. The coordinated plan
is then produced and executed. During the execu-
tion, the appropriate messages for synchronization
are generated. This approach is used for the trans-
shipment of autonomous robots in harbors, airport
and marshalling yards.

This work presents a very interesting solution to the
issues of resource conflicts, because uses a totally dis-
tributed coordination algorithm, and moreover the



architecture is based on a deliberative approach, an
thus it is similar to ours. However the testbed envi-
ronment has significant differences since in the case
of [2] the role for each robotic agent are assigned by
the central station and thus the task assignment is
not distributed. Moreover due to the characteristics
of the environment the dynamic exchanging of roles
among the robotic agents is not a crucial issue and
thus the work does not consider in detail this prob-
lems.

A different approach to conflict resolution based on
territorial division is used in many domains, such as
foraging [10]. In this work, each robot is assigned
a territory to accomplish its task, and the territory
can be dynamically resized, if malfunctions occurs
to some robots. With this approach interferences
between robots are minimized, and the task accom-
plishment improves considerably. However, the so-
lution proposed in this work for conflict resolution
seems rather specific.

Another class of works instead are explicitly focussed
on both dynamic task allocation and conflict resolu-
tion [18, 20, 17, 15]. These works provide methods
that can be applied in coordinating MRS in dynamic
environments by taking into account constraints in
accessing shared resources.

As compared with those works our approach differs
in both the automatic generation of plans containing
action synchronization and in the mechanism used
for dynamic role assignment. In particular in [15]
an approach based on the use of task networks in-
dicating dependencies among the tasks to be exe-
cuted is presented. This work makes use of learn-
ing for establishing relationship among tasks and ac-
tion selection is performed by considering such net-
work. The main difference with respect to our work
is that although an implicit dynamic task assignment
is entailed from this approach, an explicit protocol
of task distribution is not considered. In [18] task
reallocation is computed from a Distributed Orga-
nizational Task Network specified by the user that
takes into account dependencies among actions (or
tasks). Dynamic task reallocation is computed in
order to minimize total dependencies among tasks.
The present work differs from the approach presented
in [18] in two aspects: i) action synchronization is
implemented with the execution of cyclic conditional
plan automatically generated starting from a logical
description of the environment; ii) dynamic role as-
signment is computed during the execution of the
robots tasks by taking into account the current state
of each robot. The work in [20] describes a dynamic
task assignment similar to the one proposed here and
a conflict resolution method that is based on the def-
inition of a correlation function between each pair of

modules (tasks). The work is focused on a slightly
different problem with respect to the one discussed in
this work, namely the conflict among different tasks
without considering explicitly the problem of a con-
current access to a shared resource. Thus, in their
work the ordering of actions is not explicitly han-
dled, but is inferred by the conflict resolution algo-
rithm. In our approach instead action synchroniza-
tion is explicitly considered by the Plan Generation
Module that generates plans containing action syn-
chronization. Finally, in the framework presented in
[17] both conflict resolution and dynamic role assign-
ment may be implemented by using a combination of
the acquiescence and impatience factors. This work
is focussed on the implementation of reactive MRS,
while in our approach the deliberative component
(i.e. plan generation and execution of high-level ac-
tions) has been a primary design choice.

It is worth to notice that in our approach the issues
of conflict resolution and dynamic task assignment
are addressed in a separate way; more specifically,
dynamic task assignment based on utility functions,
while the conflict resolution is solved at the sym-
bolic level. The separation of the two aspects in
terms of constraints on plans (dynamic role corre-
spond to goals and synchronization to sensing action
or information acquisition) has, in our view several
advantages. First of all the coordination protocol is
simple, robust, already well experimented [6]. In ad-
dition synchronization is achieved without requiring
an explicit coordination protocol, whose implemen-
tation might be demanding especially in the case of
of an heterogeneous Multi Robot System. Finally
the overall solution is flexible since if we decide to
change the coordination protocol no changes need to
be done at the symbolic level and vice versa.

We have implemented the framework described in
this paper in our Sony Legged team by using a wire-
less connection. Although we need to evaluate the
approach by defining a proper set of experiment,
some promising results have been obtained in sim-
ulation as well as on real robots.
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