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Abstract—In this paper we present an asynchronous dis- of acting in a real world environment.
tributed mechanism for allocating tasks in a team of robots. Task assignment approaches developed for MAS (such as
Tasks to be allocated are dynamically perceived from the en- 5; 1g1 19]) usually do not take into account the perception
vironment and can be tied by execution constraints. Conflicts ’ b"I' - f ities involved in th K all . i
among team mates arise when an uncontrolled number of capabilities o entltles_lnvo ved in the tas _a ocation pro
robots execute the same task7 resumng in waste of effort Ccess, thus such teChanueS are not well suited for our refer-
and spatial conflicts. The critical aspect of Multi Robot ence scenarios. As for MRS, previous approaches proposed
Systems with respect to task allocation methods in Multi  for task assignment include: i) Sequential task assignment
Agent Systems is related to conflicts generated by limited [7] where tasks are allocated to robot sequentially as they

and erroneous perception capabilities of real robots. The " . .
proposed approach is able to successfully allocate roles to ENter the system. ii) lterative task assignment [1], [13]

robots avoiding conflicts among team mates and maintaining Where all tasks present in the system are allocated from
low communication overhead. We implemented our method scratch at each time step. iii) Reactive task assignment

on P}“—’;% robots and tperfOFmed quantitative analysis in a  [10], where each member of the team decides whether
simulated environment. o to employ itself in accomplishing a task, without (re)-
Aslsnigﬁxmeﬁrms_MUIt"RObOt Systems, Coordination, Task organizing the other members activity. While, in all these
works the perception capabilities of robots influence the
allocation method proposed, the authors do not explicitly
investigate the problem of conflicts in the allocation process
The problem of assigning tasks to a group of entitiesdue to dynamic task generation.
acting in a dynamic environment is a fundamental issue In this paper we take a significant step toward the
for both Multi Agent Systems (MAS) and Multi Robot integration of dynamic task perception and distributed,
Systems (MRS) and is relevant to several real worldconflict free, task assignment for a robotic system. We
applications. present an approach to distributed task assignment able to
The growing complexity of applications for MAS and assign dynamically perceived tasks in a team of robotic
MRS requires novel solutions for task assignment, whichagents, while avoiding conflicts among team members. The
are able to address specific features posed by the domaieference scenario we are interested in has the following
such as dynamic tasks evolution, strict requirements ogharacteristics: i) tasks are discovered and created during
communication and constraints among tasks to be executenhission execution; ii) tasks may need multiple agents to
In most real world applications involving MRS, tasks to beperform them synchronizing their actions; iii) agents may
assigned cannot be inserted into the system in a centralizegrform one or more tasks, but within resource limits; iv)
fashion, but are perceived by each entity during missiortoo many agents fulfilling the same task lead to conflicts
execution. This issue has a big impact on the task allocatiothat needs to be avoided; v) properties that distinguish tasks
process and at the same time is strictly dependent ooan vary over time.
perception capabilities of entities involved. The basic idea of our approach is derived from previous
Perception capabilities play a fundamental role in everyworks on token passing for task assignment which have
application involving robots and significantly constraint thebeen proved to be well suited for task allocation in similar
design of the task assignment technique. In particular, ascenarios [11]. Tokens are used to represent tasks that
a difference with software agents, robots have noisy andhust be executed by the agents, and each team member
limited perception of the surrounding environment. Forcreates, executes and propagates these tokens based on its
example, robots may need to correctly identify objects withknowledge of the environment. The basic approach relies
similar shape and color. This requires to consider, in then the assumption that one token is associated to every task
data association process, properties that can change with be executed and that the token is maintained only by the
time (such as object position in the working environment),agent that is performing such a task. If the agent is not in
and can frequently lead to erroneous association which cahe condition of performing the task it can decide to pass
easily results on conflicts on the task allocation procesghe token on to another team member. Such method assigns
Conflicts on tasks to be accomplished can cause significatdésks using only a broad knowledge of team mates, sharing
inefficiencies of the overall system due to the complexitya minimal set of information among team members. Such
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approach ensure a highly reactive task allocation method The problem we will address in this paper differs from
requiring a low communication overhead. the GAP formulation in two main respects: i) Tasks to be
To apply such method on a system composed of physicalccomplished can be tied by constraints, ii) The set of tasks
robots this paper introduces the new concept of dynamic taR is not known a priori when the mission starts, but it is
ken generation In fact, tokens are not statically predefined]iscovered and dynamically updated during task execution.
but generated on-line during mission execution as result of To take in to account those differences we will use the
robots perceptions. An asynchronous distributed algorithnfollowing notation: £ = {e;...e,} denotes the set of
is used to detect and solve conflicts due to simultaneous @ntities. While in general also entities involved in the task
erroneous task perception by several robots. Our approa@ssignment process can vary over time, in this contribution
provides a distributed asynchronous algorithm, that is ableve focus on a predefined static set of entitiBgepresents
to guarantee a conflict free allocation of exactlyagents the set of tasks and is dependent on time with =
for each task. {t1.. .t }, wherem(t) is the number of tasks at time
We tested our approach with a team of robots involved irt. Each task is a set of roles or operatichgr} ...r"},
a foraging task (see [4] for a description of MRS testbeds)with & varying from task to task. For example, the Task
The robots have to collect several objects scattered in thiift object O comprises two rolescollect O and support
environment. The collection of each object requires thatollection of Q Notice, that each operation can comprise a
exactly two robots help each other to grab it (a helper roboset of sub-operations and so on; for the sake of simplicity
and a collector robot). After the grabbing phase, only onave will consider only two levels of the possible hierarchy.
robot is needed to transport the object. Object number anHach entity has different capabilities for each task and
position in the environment is not known, thus enforcingdifferent resources available. We express the capabilities
task discovery through perception. Moreover, objects arand the resources depending on time V\ﬂhp(ei,r;?7t),
identical so they can only be distinguished by their positionRes(e;, r;?, t), ande;.res(t). WhereCap(e;, rf) represents
in the environment, requiring robots to consider, in the datahe reward for the team when agent performs roler;-“
association process, properties that change over time.  at timet, Res(e;,7¥) represents the resources needed by

It is important to highlight that this is a quite complex ¢; to performr* at timet, while e;.res(t) represents the

scenario for MRS coordination, that takes into accountyailable resources far; at timet.

specific characteristics of a real-time environment (e.g. A dynamic allocation matrix is used to establish task
indistinguishable objects), that are not usually consideredssignment, denoted by;; in 4,, ai ke = 1if and only if

in Multi-Agent Systems. Moreover, these features havehe agent; is assigned to task’ at timet. Furthermore, to
required the definition of a new task assignment problemepresent constraints, we defireas the set of relationships
and associated solutions, that are not taken into account {jghich hold among roles. Consequently, the problem is

previous works (e.g. [2], [11]). to find a dynamic allocation matrix that maximizes the
We have implemented and tested the proposed approagfliowing function

with a team of AIBO robots collecting colored wheeled

bars scattered in the environment. Moreover, in order to FA) =33 Val(es, rf 1) (1)
present a quantitative analysis we have used a simula- toi o j ok

tor, that accurately emulates MRS behaviors in dynamic
environments, to run extensive experiments. The reported

with

results show that the proposed approach is able to allocate Val(er, %, 50, 1) = Cap(ei,r;“,t) if Cond @
exactly n robots to each task, avoiding possible conflicts AN ) otherwise
with other team mates, while maintaining a very low _
communication bandwidth. The approach is suitable to subject to:
scale up with the size of the team. m(t)
. k
Il. PROBLEM DEFINITION VEVi Y | Res(ei, v} t) X aijpe < eires(t) (3)

j=1
The problem of assigning a set of tasks to a set of entities .

can be easily framed as a Generalized Assignment Problem vtvj € {0,....m(t)} Z it < 1 )

(GAP) [12]. However, while the GAP is well defined for !

a static environment, where agents and tasks are fixeghere Cond is true when constraints relative tzdf are

and capabilities and resources do not depend on time, isatisfied.

several real world applications it is useful or even necessary Constraints can possibly be of several types (OR, XOR,

to solve a similar problem where the defined parameter&ND), in this paper we focus only od N D constraints.

changes with time. When anAN D constraint holds among a group of roles,
Indeed several methods for dynamic task assignmergach agent cannot perform any role if all the other roles are

implicitly take into consideration such an aspect, providingnot being performed simultaneously by some other team

solutions that consider the dynamics of the world andmnates. We write amAN D constraint asAND® = {r,}

derive a task allocation that approximate solutions of thehereforesx= {AND'... AND*}. If a roler, € AND?

GAP problem at each time steps [6], [10], [14]. then the equation describin@ond is:















