
RoboCup Rescue Simulation 
from the Agent Competition  

towards the DARPA Challenge 

Arnoud Visser 

Universiteit van Amsterdam 
Informatics Institute 

14th TAROS Conference, 
Towards Autonomous Robots and Systems, 
St. Anne’s College, Oxford, August 29, 2013 



The RoboCup Challenge for the AI 



RoboCup 

Yearly competition & symposium,  
with ± 400 participating teams 



RoboCup Rescue 

 Agent Simulation competition  Robot competition 

 Virtual robot competition 
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Challenge 

Disaster in a city (Kobe): 
 Buildings on fire 
 Roads blocked 
 Civilians buried 
 Communication limited 
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Overview – World Model 
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Sectors 

• The sector map consist of 
– Highways 
– Pre computed paths 
– Object assignment 

• Sector advantages 
 Communication language for summaries 
 Pre computed paths possible 
 Reduction in the number of possible actions 
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Creating Sectors - Kobe 
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Creating Sectors - Corner points 

 Corner points are 
placed 
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Creating Sectors - Borders 

 Corner points are 
placed 
 Paths between 
corner points 
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Creating Sectors - Polygons 
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placed 
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Creating Sectors - Sectors 

 Corner points are 
placed 
 Paths between 
corner points 
 Paths form a 
concave polygon 
 Map is divided in 
polygons 
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Creating Sectors - Paths 

 Corner points are 
placed 
 Paths between 
corner points 
 Paths between form 
a concave polygon 
 Map is divided in 
polygons 
 Paths in each sector 
computed 
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Creating Sectors - Highways 

 Corner points are 
placed 
 Paths between 
corner points 
 Paths form a 
concave polygon 
 Map is divided in 
polygons 
 Paths in each sector 
computed 
Paths are 
concatenated into 
highways 
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Summaries 

• are sent using high level communication. 
• are used for creating teams and tasks. 
• are synchronized among agents.  
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Summaries 

• consist of: 
– The amount of fire in a sector 
– Total road blockage in a sector 
– Structural damages in a sector 
– How much an agent knows about a sector 
– Whether highways are blocked or clear 
– Positions of all platoon agents within the map 
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Communication 

High level 
 

Low level 
 

 Homogeneous   Heterogeneous 

 Tell messages   Say messages  

 Summaries   Object data 

 Agents to centers and back   Between agents 

 Synchronous, nothing lost   Say and pray  
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Overview - Coordination 
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Coordination 

• Coordination improves 
performance: 
– Fire brigades have to 

extinguish the same target 
– Ambulance agents have to 

select their own civilian 
– Police agents have to help 

others do their job 

 

? 
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Tasks and Teams 

• Each agent and 
center divides the 
agents into teams. 
 

 Each team is 
assigned to a task. 
 

 Common knowledge 
is used. 
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Situation Model 

The common knowledge is a situation is 
extracted from the world model 

 Highways to sector 

 Sector contents 

 Nearest refuge and path 

 Team members and paths 

 The sector is selected 
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Cooperative Game Tree 

Behaviour is generated for 
a selected team member 

The most promising  
behaviour is selected 

The resulting situation  
is predicted 

The most promising 
behavior / situation  
combination is selected 

Situation Model 

Refill Water 

Extinguish 3420 

Situation Model Situation Model 

Situation Model 



Game Tree Algorithm 
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Computation Time 

• Computation problems 
Each agent  
– has to select from a lot of actions. 
– has to think for other team members. 
– has to think into the future. 
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Computation Time 

• Computation solutions 
– Actions grouped in behaviours. 
– Prediction uses precomputed paths. 
– Targets reduced by sectors. 
– Behaviours explored using heuristics. 
– Predictions stored using only the differences. 



Reduction of Actions 
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Reduction of Prediction times 
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Results 



Lessons learnt 

• Provide all agents with the same 
information, which allows them to work as 
a team 

• Use common knowledge to come to a 
decision, instead of negotiation over the 
(multi-hop) communication channels 

• Use game trees to reason about strategies 
and future situations (after reducing the 
problem) 



 
 
 
 
 

Simultaneously solve: 
• Where am I? (Localization) 
• Where have I been? (Mapping) 
• Find the victims (Exploration) 
• Share this information and 

coordinate with others 
(Distributed Decision making) 

RoboCup Rescue Virtual Robot 
Competition 



The Challenge 
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Beyond Frontier Exploration 



Exploration based on Utility 

)(/)()( fdistfAreafU =

Arnoud Visser and Bayu A. Slamet, ‘Balancing the information gain against the movement cost  
for multi-robot frontier exploration’, 2nd European Robotics Symposium, Prague, March 26, 2008 



  
 

Assistant communication relay roles have to be planned: 

Planned Cooperation 



State Diagram of both roles 



Demonstration of roles 



Selection of rendezvous points 



Selection based on  
a medial axis transform 

Also known as thinning, it gives better results than Voronoi diagrams. 



Optimize rendezvous set 



Role Switching 

Two examples where it is beneficial to switch roles. 



Role switching 

 



Role switching 

 



Role switching in practice 



Experiments 

Leader-Follower Exploration 
(LF) performs best regarding 
metrics 3 (information sharing) 
and 4 (responsiveness). 
 
Greedy Exploration (G) is by far 
the fastest method regarding 
metric 1 (exploring the full 
environment). 
 
Role-Based Exploration (RB) 
provides the best performance 
for metric 2 (return of 
information to the BaseStation) 



Experiments 

Role-Based Exploration (RB) 
outperformes Greedy 
Exploration (G), even for metric 
1 (exploring the full 
environment). 
 
Role Switching (RB2) is now 
effective (compared to RB1). 
 
 



Real Experiments 

Role-Based Exploration (RB) 
catches up fast on Greedy 
Exploration (G), even for metric 
1 (exploring the full 
environment). 
 
On metric 4 Greedy Exploration 
is completely dominated by RB. 
 

Here the communication range was artificial reduced to 8m. 



Real Experiments 

It is more difficult for Role-
Based Exploration (RB) to 
catches up on Greedy 
Exploration (G). 
 
Even for metric 4 Greedy 
Exploration can keep up with 
RB. 
 
This result was due because the communication range was not 
artificial reduced,  so relatively the environment was smaller. 



Overall Results 






Lessons learnt 
Cooperation & coordination is essential in 

USAR scenarios. 
 
Role-Based Exploration should be used 

when: 
• the Base-Station needs to receive 

quick information updates 
• the communication range of the robots 

is small compared with the size or 
complexity of the environment.  

• there are a large numbers of robots in 
the team (four or more). This is 
particularly true in environments with 
fewer frontiers. 
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DARPA Challenge 2005 







Meet the teams 

http://youtu.be/hpeZGCzUmNY


DARPA Challenge 2013 

• Hubo Vision on competition 

http://www.youtube.com/watch?feature=player_embedded&v=-3gnPp97jD8


DARPA Challenge 2013 

• Hubo Vision on competition 

http://www.youtube.com/watch?feature=player_embedded&v=-3gnPp97jD8


DARPA Challenge 2013 

• Hubo Vision on competition 

http://www.youtube.com/watch?feature=player_embedded&v=-3gnPp97jD8


Challenge Overview 

http://www.youtube.com/watch?v=C32dq-iBLwc&list=UUOIHBHRbvncMo7Bf0Vx1zEQ
















Challenge Overview 

http://www.youtube.com/watch?v=C32dq-iBLwc&list=UUOIHBHRbvncMo7Bf0Vx1zEQ
























 

Quite some robots were hurt by this research 



DARPA Robotics Challenge 
Task 1 



DARPA Robotics Challenge 
Task 2 



DARPA Robotics Challenge 
Task 3 



www.jointrescueforces.eu 

http://www.jointrescueforces.eu/


 UvA Rescue 

• Visual Localization And Mapping 

• Can read many logfile formats (Radish, Carmen, etc.) 

• Graph based map, which can be easily shared and corrected 

• Smooth transition from teleoperated to fully autonomous behavior 

www.jointrescueforces.eu 

  Innovations for Iran Open 2012 (i.e.)
 

 

  Other assets: 

  AR.Drone localizing on visual map 

Intelligent Systems Laboratory 

• Nao humanoid robot • Automatic map generator 

Universiteit van Amsterdam 

University of Oxford 
Computing Laboratory 

In close 
cooperation with 

collision frame Nao 

  map generated with high difficulty 

http://www.jointrescueforces.eu/


Amsterdam Oxford Joint Rescue Forces  

•  Realistic Victim behaviors 

•  Nao kinemetics model 

•  AR Drone model 

•  Kenaf model 

•  Graph based map, which can be easily shared and corrected 

•  Smooth transition from teleoperation to full autonomy 

•  Waypoint following behaviour 

www.jointrescueforces.eu 

2011 INFRASTRUCTURE INNOVATIONS: 

2011 TEAM BEHAVIOUR INNOVATIONS: 

  AR.Drone  
(including 

camera and 
sonar) 

  Nao  (balancing on one foot) Kenaf robot with flippers 

Using waypoints for improved exploration 

http://www.jointrescueforces.eu/


Amsterdam Oxford Joint Rescue Forces  

• Realistic Smoke 

• Confidence selection in maps 

• Can control many robots (Matilda, Element, Talon, AirRobot, ATRVJr, Zerg. etc.) 

• Graph based map, which can be easily shared and corrected 

• Smooth transition from teleoperated to fully autonomous behavior 

•  Autonomous AirRobots 

•  Local sonar maps 

www.jointrescueforces.eu 

  Innovations for Iran Open 2010 (i.e.)
 

 

  Other assets: 

http://www.jointrescueforces.eu/


Amsterdam Oxford Joint Rescue Forces  
• Created omnicamera 

• Omniview can be easily 
  transformed in other views 

  Other assets: 

• Graph based map, which can be easily shared and corrected 

• Smooth transition from teleoperated to fully autonomous behavior 

•  Landmarks stay in view 

• Bird-eye views can be 
  combined into visual maps 

www.jointrescueforces.eu 

  2008 innovations (i.e.)
 

 

http://www.jointrescueforces.eu/
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