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Abstract. This paper describes the contribution to the Rescue Agent
Simulation by the GUC ArtSapience team; in terms of the current re-
search approach implemented to prepare for the RoboCup 2012 compe-
tition. The approach lies in the modeling of the problem as a multi-agent
planning problem. Task allocation is handled mainly through the use of
clustering to divide the map among the agents. Coordination depend on
the use of centers and communication, if available, but also can be done
dynamically without the use of communication. This paper also outines
the differences from our approach in 2011, namely the multi-agent model,
the use of K-means++ for clustering, and the strategy for using centers.

1 Introduction

Rescue planning and optimization is one of the emerging fields in Artificial In-
telligence and Multi-Agent Systems. The RoboCup Rescue Agent Simulation
provides an interesting test bench for many algorithms and techniques in this
field. The simulation environment provides challenging problems that combine
optimization (routing, planning, scheduling) and multi-agent systems (coordina-
tion, communication, noisy or missing communication) [1].

The Robotics and Multi-Agent Systems (RMAS) research group at the Ger-
man University in Cairo (GUC) was established in September 2010. The goal of
the research group is to study and develop AI algorithms to solve problems in
robotics and simulation systems. These fields include computational intelligence,
constraint programming, computer vision, multi-agent systems, and classical AI
approaches. The current research efforts investigate the following research direc-
tions in relation to the rescue domain:

• Multi-agent planning in the rescue domain.
• Clustering for task allocation and coordination.
• Comparison of clustering algorithms.
• The investigation of several coordination techniques with and without the

use of multi-agent communication.



• Developing centralized decision making systems for rescue systems.

The GUC ArtSapience team is making its second participation to the Rescue
Agent Simulation in 2012. Our first participation (as RMAS ArtSapience) was
in 2011 and ranked 3rd in the final round. This paper describes the current
team’s achievements in tackling the RAS problem. The remainder of this section
summarizes the changes in our approach. Section 2 describes the multi-agent
planning framework used in our approach. Section 3 describes how we modeled
the rescue problem into a multi-agent planning framework and our current efforts
in developing centralized decision making centers. And finally in section 4 we
give some empirical results.

Changes from 2011

The following outlines the most important improvements made to the 2011 ap-
proach:

• Modeling the rescue problem into a multi-agent planning framework. This
made it easier to divide the work for the whole approach and provided a
structured method of tackling the research targets in the rescue project.

• The use of the K-means++ clustering algorithm instead of fuzzy c-means
clustering. K-means++ was required to have a faster clustering algorithm
and more accurate clusters. Fuzzy c-means was slower than our needs, es-
pecially when the number of clusters was set be the same as the number of
agents.

• Implementing a new strategy for centralized communication for scenarios
with centers.

2 Multi-Agent Planning

Multi-agent planning systems are designated by having more than one planning
agent contributing to serving one global goal in addition to their own individual
goals [2, 5]. Multi-agent planning is a two fold operation: planning and coordi-
nation. Planning is carried out individually for each agent with the target of
satisfying the agents’ goals. Coordination handles the dependencies between the
agents’ plans in order to satisfy the global goal. Multi-agent coordination is re-
quired to prevent anarchy or chaos among the planning agents, to increase the
efficiency of the global planning process and satisfy its global constraints, and
to distribute information and resources on the agents.

The following steps describe the standard phases of creating a multi-agent
planning system [2] that we used in creating our approach:

1. Global Goal Refinement: global tasks and goals are refined and subdivided
into smaller individual tasks.

2. Task Allocation: tasks are distributed and assigned to the agents in the
system.



3. Coordination before Planning: defining the rules and constraints on the
agents’ individual plans to ensure consistency in planning and avoiding con-
flicts.

4. Individual Planning: finding the individual plan for each agent. Agents can
use different planning techniques as long as they satisfy their individual goals
and are consistent with the global goal.

5. Coordination after Planning: coordinating and optimizing the individual
plans produced for each agent.

6. Plan Execution: can include or be combined with coordination after plan-
ning, especially if the system includes any reactive agents.

3 Our Approach

This section explains how we modeled the rescue problem into multi-agent plan-
ning [3]. The same steps mentioned in the previous section were implemented.
The last two steps, coordination after planning and execution, were merged into
one step.

3.1 Defining Tasks

The rescue problem can be divided into three main tasks: extinguishing fires,
rescuing civilians, and clearing blocked roads. The previous tasks could be fur-
thermore divided into several individual tasks. Figure 1 shows how the rescue
tasks are divided into individual tasks.

Fig. 1. Rescue Tasks Tree Structure.

Finding routes to buildings and refuges will be done individually by all agents.
Extinguishing buildings can only be done by fire brigades. Rescuing buried civil-
ians and moving the injured ones can only be done by the ambulance teams.
Clearing blockades can only be done by police forces.



3.2 Task Allocation

The tasks defined in the previous section were mapped each to the agent capable
of doing it. But task definition did not specify where an agent should carry out
its tasks. In addition to that, in disaster scenarios, the initial locations of fires,
buried and injured civilians, and blockades are unknown. Rescue agents must
traverse the whole city searching for them. It is practically impossible for a single
agent to cover the whole city map (all buildings and/or roads). Therefore, it was
necessary to develop an approach for dividing the map into smaller regions.

Clustering was chosen as the method of dividing the map. Each region will
be assigned an agent that will traverse all of the buildings and roads in the re-
gion to search for events that require rescue actions. In our previous approach,
fuzzy c-means clustering was used to generate overlapping clusters. The number
of cluster was chosen such that each cluster would have more than one agent.
After testing, it was clear that the best choice would be to have the number of
cluster equal to the number of agents. Increasing the number of clusters requires
more time to compute them, which was not possible in the time allowed for
preprocessing. In order not to sacrifice cluster quality, we used the K-means++
clustering algorithm [4]. K-means++ works similar to k-means, but uses a differ-
ent heuristic for selecting the initial centroids. The initial centroids are selected
from a uniform Gaussian distribution over the buildings in the map. This gives
a better start for the algorithm and it guarantees a much faster conversion to
the optimal centroids. With the use of K-means++, it was possible to compute
clusters with the numbers of agents within the allowed preprocessing time.

3.3 Coordination before Planning

Coordination is required before planning to define the rules and constraints
that must be applied on planning to guarantee the satisfaction of the main
goal, which is performing and optimizing the rescue process in this case. The
approach used in task allocation included some coordination. Dividing the map
into regions provided constraints on where the agents will perform the rescue
process. Assigning agents to regions provided constraints on which agents will
perform the rescue process in which region.

Another coordination challenge presented itself when it came to optimizing
the rescue process. In many cases, it was noticed that blockades can cause some
agents to be initially stuck and some refuges unreachable. The approach used in
task allocation and coordination depends on dividing the map and distributing
the agents on the regions. Since blockades are initially unknown, stuck agents
will be considered in this distribution, which has a big negative effect on the
rescue performance; some regions will have no agents traversing them. On the
other hand, refuges are used for treating injured civilian and refilling fire brigade
tanks and they are the only buildings that do not catch fire.

Since police forces are the only agents capable of clearing blockades, they
are the only ones that do not get stuck. Normally, police forces are assigned
to regions as discussed earlier. The approach devised in this paper gives the



police forces the task of freeing all stuck agents and unreachable refuges before
performing rescue processes in their assigned regions. Police forces are only aware
of the initial location of all agents and refuges, but they are not aware of which
of them are stuck or unreachable. To solve that, the initial location of all agents
is clustered and police forces are distributed on the clusters. A constraint is
then added on planning for the police force agents that requires police forces to
clear the roads to the location of the agents and refuges in the assigned regions
produced here.

3.4 Planning

Individual planning for the agent depends, naturally, on the type of the agent.
Ambulance teams will look for burried/injured civilians and rescue them. Police
forces will look for blocked roads to clear. Fire brigades will look for fires and
extinguish them. Each agent will carry out its plan in the region it is assigned to
with the exception of the police force which has an extra constraint of clearing
the ways to the stuck agents and blocked refuges.

3.5 Coordination after Planning and Execution

Coordination after planning was carried out dynamically during the execution
of the agents’ plans. Three main themes were considered, one with communica-
tion enabled and centers available, another with communication enabled but no
centers, and a one without communication. The following sections describe the
strategy followed in each scenario.

3.6 Communication with Centers

With the availability of center makes it possible to have a task sharing approach
in which centers can decide for agents if they have to change their region and
handle a rescue event reported by another agent. For that, a generic commu-
nication framework was needed to be developed. When the agents and centers
subscribe to the communication channels, three factors that are put into con-
sideration: available number of radio channels, maximum number of channels
an agent can subscribe to, and the maximum number of channels a center can
subscribe to.

The basic scenarios are as follow:

1. One channel of communication: In this case, the maximum number of
subscriptions is disregarded as there’s only one channel of communication
which all the agents and centers will subscribe to. There aren’t any alterna-
tive options.

2. Two channels of communication with a maximum of two subscrip-
tions for both agents and centers: In case of two channels, one chan-
nel will be designated for one type of agents (depending on the number of
agents) and its center and the second channel will be for the remaining two



types of agents and their centers. Also the second channel will be the one
with the higher bandwidth to accommodate the rate of sending and receiv-
ing messages of two types of agents. In this case, all agents will be able to
communicate together as well as with all the centers. And the centers will
communicate together as well.

3. Three channels of communication with a maximum of three sub-
scriptions for both agents and centers: One channel will be dedicated
to each type of agents and its center and just like the second scenario all the
agents and centers will be able to communicate together.

For each type of center, different messages will be reported. Buildings on fire
and extinguished fires to the fire stations, road blockades and cleared roads to
the police offices, and the civilians in danger and the rescued civilians to the
ambulance centers. All centers will store information that is reported to them
like the distribution of the agents in the different clusters, the agents who have
finished their clusters, reported fires, reported blockades, reported civilians as
well as the agents who have been set a task by the center.

The agents traverse their clusters and finish the rescue events in them first
as they’re given priority. And in the meantime the centers continue to receive
information about the world and store that information. When an agent finishes
the cluster, it reports to the corresponding center. Accordingly, the centers then
assign tasks to the free agents (agents not handling a rescue event). Once the
agent finishes the assigned task, it reports to the center and returns back to its
original cluster.

Centers prioritize the stored information such that it handles the more urgent
events first. The priorities are as follows:

– For fires:
1. Fires around the centers (to avoid their collapsing).
2. The fire intensity.
3. Extent of damage.

– Civilians are prioritized according to their health.
– For blockades:

1. Around refuges (for civilians to reach refuges, fire brigades refill their
tanks, civilians to be rescued . etc).

2. Near fires (to allow for the fire brigades to pass and extinguish the fires).
3. Near injured civilians (to be rescued).

If there is more than one center, the agents are assigned to different centers
according to the number of agents and their distances from the centers. If a
center collapses, all the agents that were assigned to it shift to another existing
center of the same type. If no more centers remain, then the agents act on their
own without any centers.

3.7 Communication without Centers

In case of no centers, agents will exchange with each other only the locations of
rescue events the sense. Free agents closest to the events will respond. Each agent



will act on its own and will choose to respond only if it can. Agents will also
inform each other of completed tasks. For example, if a fire brigade extinguishes a
building, it will inform the others such that if there was any of them on their way
to help, they would not waste time to reach the building to find it extinguished.

When an agent chooses to respond, it will change it’s cluster temporarily to
the new region that needs help. Once the agent completes the rescue event, finds
it complete, or gets a message that it was completed, it will return to the cluster
it was originally working in.

3.8 Communication-less Scenarios

In scenarios in which communication is disabled, agents are allowed change its
assigned region and carry out the rescue operation in another one. Changing
regions is only allowed in one of two cases: changing region temporarily in re-
sponse to a voice communication message informing of an event in a different
region or when in a agent does not find any rescue events in its region. In the
first case the change is temporary and once the agent finishes response to the
event, it returns back to its region.

In the second case, the agent will change its region if there are no more events
that it can handle; the ambulance team would have visited all buildings and
rescued all civilians, the fire brigade would have extinguished all the fires, and
the police forces would have cleared all roads. If some regions are overloaded with
rescue events and the agents assigned to them were unable to finish these events,
none of them will change regions. On the other hand, agents in other regions that
are either event free or with handled events will change keep changing regions
until they reach the overloaded region. This will have the agents accumulate in
overloaded regions and cooperate in performing the rescue operation faster.

4 Results and Conclusion

Most of the testing was carried out on the RoboCup Rescue 2011 maps and
scenarios. In 2011, our approach had an advantage in scenarios that did not have
communication. Our current approach provided an improvement in scenarios
with communication and added the use of centers. Table 1 shows a comparison
of our current scores in some of the 2011 final round maps to the ones we got
during the 2011 competition.

Table 1. Current scores compared to some 2011.

Map Paris5 Berlin5 Istanbul5 VC5

2011 Score 15.52 26.18 51.57 82.06

Current Score 19.538 37.091 70.307 95.934

The increase in the scores lies in mainly in the improvement of fire control.
The use of K-means++ made it possible to have a larger number of clusters, thus



a better distribution of the agents. The improvement in distribution increased
the efficiency of the already implemented strategies in coordination with and
without communication. Figure 2 shows our final state of the map VC5 in the
2011 final round and the current final state. As can be seen in the figures, all the
fires in the map where controled earlier in the simulation and there were no col-
lapsed buildings. On the other hand, the use of an improved centralized decision

Fig. 2. (a) Final state of VC5 in 2011. (b) Final state of VC5 now.

(a) (b)

making through communicating with the centers offered a slight improvement
as well, though this improvement still varries with the different maps. Further
improvements are being tested for the approach.

References

1. RoboCup Rescue Website. http://sourceforge.net/apps/mediawiki/roborescue/
2. Mathijs De Weerdt, Adriaan T. Mors, and Cees Witteveen. Multi-agent planning:

An introduction to planning and coordination. Technical report, In: Handouts of
the European Agent Summer, 2005.

3. Amr Hussein, Carmen Gervet, Slim Abdennadher. Multi-Agent Planning for the
RoboCup Rescue Simulation: Applying Clustering into Task Allocation and Coor-
dination. ICAART2012 International Conference on Agents and Artificial Intelli-
gence.

4. David Arthur, Sergei Vassilvitskii. k-means++: the advantages of careful seeding. In
Proceeding: SODA 2007 Proceedings of the Eighteenth Annual ACM-SIAM Sym-
posium on Discrete Algorithms.

5. Michael Wooldridge. An Introduction to MultiAgent Systems. 2002. Wiley, New
York.


