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The Robot

The word robot was introduced in 1920 
in a play by Karel Capek called R.U.R



Electro

Westinghouse Motor Man, 1939
youtube

https://www.youtube.com/watch?v=T35A3g_GvSg


Herbert Televox

Controlled by analog switches



Physical situated agent

An agent is anything that can be viewed 
as perceiving its environment through sensors
and acting upon that environment through actuators†

† Russell & Norvig, ‘Artificial Intelligence – A modern approach’, 
Prentice Hall, 2003

AIMA p. 32



Anthropic principle 

To replace a human worker, 
a robot needs the equivalent of:

Human knowledge
Human rational
• Human perception
• Human actuators
• Human communication

http://upload.wikimedia.org/wikipedia/en/7/7a/Kasparov_and_the_machine.jpg
http://upload.wikimedia.org/wikipedia/en/7/7a/Kasparov_and_the_machine.jpg


Courtesy Prof. Nardi, RoboCup Soccer Overview, RomeCup 2011

RoboCup
By 2050, build a team of fully autonomous humanoids 

which can win against the human world champion 
under the official regulation of FIFA

http://www.robocup.org/
http://www.robocup.org/


Courtesy Prof. Nardi, RoboCup Soccer Overview, RomeCup 2011

Can we accomplish the goal?

1903 1969

© NASA



Computer Chess

ENIAC
1946

Deep Blue
1997

© IBM

Courtesy Prof. Nardi, RoboCup Soccer Overview, RomeCup 2011



RoboCup-97 Nagoya

35 teams from 12 countries

Courtesy Prof. Nardi, RoboCup Soccer Overview, RomeCup 2011



1997 Nagoya 
1998 Paris
1999    Stockholm
2000    Melbourne
2001    Seattle
2002    Fukuoka 
2003    Padua    
2004    Lisboa      
2005    Osaka    
2006 Bremen
2007    Atlanta
2008 Suzhou
2009 Graz
2010 Singapur
2011 Istanbul
2012 Mexico
2013 Eindhoven
2014 João Pessoa
2015 Hefei
2016 Leipzig
2017 Nagoya
2018 Montréal

RoboCup Events



RoboCup

Very popular yearly event, 
with typically 400 participating teams

http://www.robocup2009.org/21-0-robocup-rescue.html
http://www.robocup2009.org/21-0-robocup-rescue.html
http://www.robocup2009.org/21-0-robocup-rescue.html
http://www.robocup2009.org/21-0-robocup-rescue.html


Urban Search & Rescue (USAR)

• Research in USAR 
robotics is a vigorous 
research area

• Offers unique 
challenges that are 
difficult to create in a 
lab environment

Image from CMU biorobotics



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. 



World Trade Center 9/11

University of South Florida engineering professor Robin Murphy and 
three graduate students took six urban search and rescue robots to 
"ground zero" in New York in September 2001 to look for survivors. 
Murphy's 11-day mission was part of a larger team effort that recovered 
the remains of six victims



Applications of rescue robots
• 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



RoboCup Rescue Competitions

• Rescue Agent simulation
– Distributed decision making
– Cooperation
– Simulations of:

• Building collapses
• Road Blockages
• Spreading fire
• Traffic

• Real Robots
– Single collapsed structure
– Autonomous navigation
– Victim location and 

assessment



Virtual Robot Competition
• Autonomous multi-robot 

control
• Human, multi-robot 

interfaces
• 3D mapping and 

exploration by fusing 
information from multiple 
robots

• Development of novel 
mobility modes and 
sensor processing skills

• Lower entry barriers for 
developers

• Competition based upon 
a realistic simulation









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


















DARPA Challenge Terrain Task: 
Pitch Ramp






3rd place

2nd place

4th place 3rd place1st place
BRAZIL OPEN

Infrastructure
price

Infrastructure
price

http://www.robocup-german-open.de/
http://www.robocup-german-open.de/
http://www.robocup2009.org/21-0-robocup-rescue.html
http://www.robocup2009.org/21-0-robocup-rescue.html


Courtesy Australian RoboCup Junior teams

RoboCup Junior
Since 2008, there is also a Rescue League inside the 

RoboCup Junior



Rescue A

Modular line following 
(including ramp, no longer optional in 2010)



Rescue B

Wall following, 
cul-de-sacs will have a dark floor   Rules

2010



Simulation (formally CoSpace)

Collect red / blue victims

Since 2011



Developments

Courtesy Ivan Seidel



Junior Rescue B 2019

Courtesy Josie Hughes et al



Rapid Manufacturing Challenge

3D printing, laser cutting and low cost, common 
sensors, computation and other electronics lower 
the barrier of entry



Open Academic Robot Kit

Example designs (stl, which could be converted to dae with Blender)
http://oarkit.intelligentrobots.org/wiki/doku.php?id=designs:home

http://oarkit.intelligentrobots.org/wiki/doku.php?id=designs:home


Sensor tests

For instance: 
Visual/Thermal Activity, Motion, Colour, Hazmat tests



Including Tutorials

http://oarkit.intelligentrobots.org/home/category/programming/

http://oarkit.intelligentrobots.org/home/category/programming/


Conclusion
• Much can be learned from the RoboCup Junior



Quite some robots were hurt by this research
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