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The RoboCup Challenge for the AI 



RoboCup 

Yearly competition & symposium,  
with 

 
 400 participating teams 



RoboCup Rescue 

 Agent Simulation competition  Robot competition 

 Virtual robot competition 



The Challenge 



Applications of rescue robots 
• After the Oklahoma City bombing (1995),  

J. Blitch took notes as to how robots might have been applied. 
 

• The trigger for the RoboCup Rescue initiative was the Hanshi-Awaji 
earthquake which hit Kobe City on the same year. 
 

• Rescue robots were first used at the WTC 9/11 (2001).  
M. Micire analyzed the operations and identified  
seven research topics for the robotics community.  
 

• After 2001, rescue robots were applied in several occasions: 
– Aerial robots were used after hurricane Katrina and Rita  
– Boat robots after hurricane Wilma 
– Snake robots after Bonn’s city archive collapse 
– iRobot, BobCat and Talon at Fukushima Nuclear Power Plant 



Analysis the USAR operations 

[1] M. Micire, "Analysis of the Robotic-Assisted Search and Rescue Response 
to the World Trade Center Disaster," Masters Thesis, University of South 
Florida, July 2002. 
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Analysis the USAR operations 



Recommendations [1] 
1. Research in image processing is needed for fast and accurate victim 

detection.  
2. Automated tether management is needed for robot mobility 

assistance.  
3. Methodologies to increase the quality of wireless communication is 

required for robots traveling deep into void structures.  
4. Research must continue for small robots that can adaptively 

optimize their shape in difficult void structures.  
5. Localization and mapping must be expanded to include highly 

unstructured domains.  
6. Operator assistance through size and depth estimation techniques 

should be researched.  
7. Assisted navigation techniques in highly irregular confined spaces 

must be explored to limit the number of pose and robot state errors. 

[1] M. Micire, "Analysis of the Robotic-Assisted Search and Rescue Response 
to the World Trade Center Disaster," Masters Thesis, University of South 
Florida, July 2002. 



Unified System for  
Automation and Robot Simulation 

 
 
 
 
 

Simultaneously: 
• 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 Simulation League 



Networked robot team 



UsarCommander 

• User Interface can be used to teleoperate the 
robots and monitor the shared map.  

• Here, the robots are autonomous exploring on a 
distributed map (each with a partial view). 



Balancing the information gain 
against the movement cost 

for multi-robot frontier exploration 

Arnoud Visser and Bayu A. Slamet.  

Universiteit van Amsterdam 
Informatica Instituut 

2nd European Robotics Symposium,  
Prague, Czech Republic March 26, 2008 



Exploration Algorithm 

• A greedy algorithm that calculates the utility 
function U(f) for each frontier f based on the 
Area(f) and distance dist(f) 
 
 

 
• The Area(f) is a measure for the information 

gain, and the dist(f) is a measure for the 
exploration cost. 
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Quantative results 

Single 
robot 

Two robot 
team 

Increase 

North-East 416 m2 

 
519 m2 
 

+25% 
 

North-West 379 m2 

 
637 m2 +68% 

 

South 498 m2 
 

707 m2 
 

+42% 
 



Three Exploration Algorithms 
• A greedy algorithm that uses an utility function U(f) 

for each frontier f. The utility function balances the 
information gain against the exploration costs. 
 
– linear: 

 
– quadratic: 

 
– cubic: 

 
 

• The Area(f) is a measure for the information gain, 
and the dist(f) is a measure for the exploration cost. 
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Results 

A(f)/d(f) 
(629 m2, 6 victims) 

A(f)/d3(f) 
(486 m2, 8 victims) 



Conclusion 

• The information gain A(f) and exploration 
costs d(f) can in real-time be estimated 
from the current map 

• Tuning the balance between the 
information gain and exploration costs  
can change the overall behavior from 
exploring mainly corridors towards 
concentrating on nearby rooms. 
 
 



Including Communication Success 
 in the Estimation of Information Gain 

for Multi-robot Exploration 

Arnoud Visser and Bayu A. Slamet.  

Universiteit van Amsterdam 
Informatica Instituut 

1th Workshop on Wireless Multihop Communications 
 in Networked Robotics,  
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Including the success of communication 
into exploration algorithm 

• A greedy algorithm that uses an utility function U(f)  
for each frontier f. The utility function balances the 
information gain against the exploration costs. 
 
 

 
 

 
• The Area(f) is a measure for the information gain,  

is now multiplied with the chance that gained 
information can be communicated to the ComStation. 
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Exploration 
Algorithm 
 
distributed: 
(map m as known by rc) 

 
double loop: 
(first Euclidian distance,  
followed by PathPlanning for umax) 

 



Estimating the Success of 
Communication 

• The relation between distance and power is learned 
while exploring (depended on attenuation of walls)  
 



Results 

Two robots with ComStation in North-East corner,  
robots do not share their map (545 m2, 6 victims) 



Results 

Two robots with ComStation in North-East corner,  
robots share their map (568 m2, 4 victims) 



ComStation T-junction 

not share their map (556 m2, 4 victims), shared (642 m2, 5 victims) 



ComStation NW 

not share their map (535 m2, 3 victims), shared (531 m2, 3 victims) 



Lesson learnt 

• With shared maps less area is explored 
multiple times 

• More information is collected in the outer 
regions, outside the direct communication 
range. 

• More exploration, also means more 
navigation hazards 
 



Improved navigation 

Shared map (879 m2, 5 victims) 



Reproducible results 

[1] Fransesco Amigoni et al., “How much worth is coordination of mobile robots for exploration in Search 
and Rescue?”, Proceedings of the 16th RoboCup Symposium, Mexico, June 2012, citing [7]. 
[7] Arnoud Visser and Bayu A. Slamet, "Including communication success in the estimation of information 
gain for multi-robot exploration", in the "Proceedings of the 6th International Symposium on Modeling and 
Optimization in Mobile, Ad Hoc, and Wireless Networks (WiOpt'08)", IEEE Publishing, July 11, 2008. 

Courtesy [1]. 



Conclusion 

• An exploration algorithm is introduced that 
includes the probability of communication 
success in the utility-function 

• In a number of experiments, the need to 
include this probability inside the planning 
of multi-robot exploration is demonstrated. 
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Beyond Frontier Exploration 



Exploration based on Utility 
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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 



Conclusion 
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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