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Abstract. OxfordRescue will participate in the 2008 Virtual Robots
competition. In addition to building on successful approaches employed
by other teams in such areas as mapping, victim detection and practi-
cal user interfaces, OxfordRescue intends to apply reinforcement learn-
ing techniques to problems that arise in communication and coopera-
tion. Since search and rescue scenarios often suffer from communication
limitations, a “Messenger” approach will be applied to the multi-robot
exploration task that dynamically assigns different roles to robots, cre-
ating an elastic communication network. It is hoped that this approach
will increase the efficiency of exploration by allowing certain robots to
explore without interruption, while others relay information back and
forth through the team. The network is represented using a context-
specific coordination graph and individual action payoffs are to be learnt
using Q-learning.

1 Introduction

The OxfordRescue Team will represent the University of Oxford at the 2008
RoboCup Rescue event, in the Virtual Robots Competition. The main challenges
of the Virtual Robots competition are typically identified as the following: Navi-
gation, Mapping, Victim Detection, Communication, Cooperation and Practical
Interface Development [1, 2]. Numerous advances have already been made by
various teams in each of these categories.

OxfordRescue hopes to build on these teams’ successes and incorporate some
of their many positive approaches within a single unified team. For example, it



could be of great benefit to use a mapping approach similar to the University
of Amsterdam’s successful MainfoldSLAM method [3, 2], while using a human-
robot interface approach similar to the one pioneered by the University of Pitts-
burgh [4]. Moreover, however, OxfordRescue hopes to move into a new direction
by applying machine learning techniques to the problems of communication and
cooperation.

Robots operating in real search and rescue scenarios are likely to experience
severe communication limitations. The importance of this real-life constraint is
reflected in the organizers’ decision to introduce limitations on communication
from the 2007 competition onwards. For a team of robots exploring a disaster
zone, it can be useful to share the information acquired by individual robots. This
is important not only for development of a single unified map, but also for an
increased efficiency of the exploration effort as a whole. OxfordRescue hopes to
apply machine learning techniques to this problem of “Distributed Information
Management”, and thereby contribute to the RoboCup Rescue community.

2 Machine Learning

Machine learning techniques can provide robust solutions to problems in which
agents may learn useful behavior as a result of past experience. Numerous tech-
niques have been applied with success to multi-agent systems, and many tech-
niques have provided successful solutions even in noisy and uncertain environ-
ments.

In RoboCup, machine learning has been applied with success to numerous
other competitions. For example, the current champion in the 2D soccer simula-
tion is the University of Osnabrueck’s Brainstormers, which is based to a large
extent on reinforcement learning principles [5]. Reinforcement learning has also
been applied to numerous subtasks of this competition, e.g. [6, 7]. Latzke et al.
have used a modified type of reinforcement learning to train a humanoid robot
to learn fundamental soccer skills [8]. Evolutionary reinforcement learning has
also been applied to the Agents Simulation with success by Mart́ınez et al. [9].

The Virtual Robots competition shares a number of properties with RoboCup’s
other competitions: a very large state space, multiple agents acting indepen-
dently, hidden and uncertain information, limited communication and trade-offs
between short-term goals and long-term goals. Since learning techniques have
proven successful in RoboCup’s other leagues, it is likely that they could be
applied with success to the Virtual Robots competition.

3 Distributed Information Management

Though multi-robot exploration is a relatively young field, a number of different
approaches have demonstrated success [10–13]. These approaches all rely on, or
are improved by, joint communication between all members of the robot team.
As has been discussed, search and rescue scenarios frequently suffer from severe
communication limitations. In such environments, it is inefficient for all robots



to try to stay within communication range of all other robots. It makes much
more sense for robots to explore the far reaches of the environment and to use
another mechanism to pool the information acquired by each. Possible solutions
to this problem include:

1. Making sure that all robots stay within a team-wide multi-hop communi-
cation network. For example, while robots A and B at far reaches of the
environment may not be able to communicate directly, they may relay in-
formation through robots C and D between them that are within range of
each of them respectively, and of one another. In a sense, this approach has
been implemented in [14], where individual robots use a bidding algorithm
to explore that makes robots stay close to one another.

2. Letting individual robots explore on their own, but arranging for them to
return for a “rendezvous” at a specific location and time to pool their knowl-
edge, as suggested in [15]. In the Virtual Robots competition, this is equiv-
alent to robots returning to the ComStation just before the end of the 20-
minute time limit.

3. Using a “Messenger” approach: allow most of the robots in the team to
undertake exploration, but also use a small number of robots to relay infor-
mation back and forth between robots, or groups of robots, that are out of
range. Ideally, the number of messengers would grow and shrink depending
on the extent of the exploration effort.

A possible drawback to method 1 is inefficiency: while communication of data
is quick and efficient, the team of robots must navigate the environment as a
sort of “cloud” that must stay together. For large environments, there is a strong
possibility of terrain being left unexplored. Method 2 is likely to lead to more
efficient exploration, but likely also leads to time being wasted when robots
must return to the agreed meeting point. This drawback is accounted for by
method 3. While the “messenger” robots are not contributing to the exploration
effort, the “explorer” robots at the far reaches of the environment may continue
to explore without having to waste time returning to an agreed upon meeting
point. Moreover, the pool of joint team knowledge is updated regularly. It could
be of great interest to develop such an approach and evaluate it within the
Virtual Robots framework.

The team network as a whole could expand dynamically, with information
being passed from far reaches of the environment along a chain of messengers.
Ideally robots would be assigned roles dynamically as the team network expands,
with explorers becoming messengers as required.

Elsewhere, multi-agent cooperation has been achieved using context-specific
coordination graphs ([16, 17]). A similar approach could be used here: each node
in the graph represents one of the robots in the exploration team. Edges are
dynamically created between robots having recently had a communication link
and removed between robots that are out of range. Each robot has a specific
role, such as Explorer or Messenger. Each role has a corresponding set of possible
actions that may be pursued (e.g. explore immediate vicinity, move deeper into



the environment, relay information, etc.), represented as value rules and having
corresponding payoffs. These payoffs depend on nearby robots (for example if
two robots are next to one another, it makes sense for one to explore nearby
rooms and the other to move deeper into the environment). A maximum global
payoff, repeatedly computed online, determines individual robots’ actions, and
possibly changes in roles.

As has proven successful elsewhere, individual action payoff values could be
learnt using reinforcement learning, in particular Q-learning. The joint action
space would become large quickly, but various techniques such as variable elimi-
nation [18], the max-plus algorithm [19] and simulated annealing [20] have proven
efficient in finding an optimal or near-optimal global solution.

4 System Architecture

Given the nature of OxfordRescue’s approach, it will likely make sense to use a
heterogeneous team of robots in the exploration effort. Explorers should be well-
equipped to locate victims, while messengers should ideally be quick. A likely
combination could include robust P2AT robots together with smaller and faster
P2DX robots.

For outdoor scenarios, it could be of great interest to use ATRV-Jr’s. In the
virtual robots competition, emphasis is justifiably placed on real-world appli-
cability, as demonstrated by various studies of validation of the simulator [21,
22]. The use of ATRV-Jr’s leaves open the door for a possible collaboration with
Oxford’s Department of Engineering on a potential future validation study.

5 Conclusion

Developing a successful team in the Virtual Robots competition requires solu-
tions to a wide range of problems. It is not feasible for an individual team to
make significant advances in every area of the competition. As a result, Oxford-
Rescue hopes to build on the many highly interesting and effective approaches
adopted by other teams in the Virtual Robots competition in such areas as
mapping, victim detection, and practical interface development. However, Ox-
fordRescue hopes to additionally conduct research into the possible application
of machine learning techniques to further problems in communication and coop-
eration, including the management of distributed information given communi-
cation limitations. Hopefully the application of some of the ideas presented here
will demonstrate a degree of improved performance and will lead to a useful
contribution to the RoboCup Rescue community.
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