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Robotics 

Chapter 25 
In which agents are endowed with  

physical effectors with which to do mischief. 



Overview: aims 

ÅTo understand some of the issues of 

Robotics and AI 

ÅTo know about some of the applications of 

Robotics and AI 



Overview: topics 

ÅOverview of robotics 

ÅApplications: 

ïSocial 

ïVehicles 

ïWalking 

ïCommercial 

 



Robota, robotnik 

ÅThe word órobotô popularized by Czech 

playwright Karel Capek in R.U.R. 

(Rossumôs Universal Robots) a 1921 play 

Årobota = obligatory work 

Årobotnik = serf 

 



What is a robot? 

ÅñTo me what makes a robot a robot, é it's 

something that senses the world in some 

way, does some sort of computation, 

deciding what to do, and then acts on the 

world outside itself as a result.ò 

ïRodney Brooks, Newsmaker interview 

http://news.cnet.com/Sizing-up-the-coming-robotics-revolution/2008-11394_3-6183596.html  
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What is a robot? 

ÅUnder ISO 8373, a robot is: ñAn 

automatically controlled, reprogrammable, 

multi-purpose manipulator programmable 

in three or more axes, which may be either 

fixed in place or mobile for use in industrial 

automation applications.ò 
ïRobotics. An In Depth report from CBC News (July 2007): óWhat 

is a robot? No simple definition, experts sayô 

http://www.cbc.ca/news/background/tech/robotics/definition.html  

http://www.cbc.ca/news/background/tech/robotics/definition.html


Robots 

ÅñPhysical agents that perform tasks by 

manipulating the physical world.ò 

ÅEffectors (legs, wheels, grippers, é) 

ÅSensors (cameras, ultrasound, é) 

 



Types of Robots 

ÅManipulators 

ïFactory assembly lines 

ÅMobile robot 

ïUnmanned vehicles, planetary rovers 

ÅMobile robot with manipulators  

ïHumanoids 

 



Sensors 

ÅPassive (Camera) 

ÅActive (Sonar, laser) 

 

ÅRange finders 

ÅImaging 

ÅProprioceptive 

 



Localisation and Mapping 

ÅSimultaneous localisation and mapping 

(SLAM) 

ïA robot constructs a map without knowing 

where it is in the world 

ïMore difficult if the environment is dynamic 

 

 



Path planning 

ÅKinematics, inverse kinematics 

ïPoint-to-point motion 

ïHow to move a robot arm so that it ends up at 

the desired location without moving through 

occupied space 

 



Subsumption Architecture 

ÅDifferent levels of importance assigned to 

different activities 

ïObject avoidance 

ïBattery life 

ïExploration 

 



Applications 

ÅIndustry and Agriculture 

ïpart placement, welding, painting, mining é 

ÅTransportation 

ïHelicopters, wheelchairs é 

ÅHazardous environments 

ïCleaning up nuclear waste, search and rescue, 

bombs é 

ÅExploration 

ïMars, International Space Station, sunken ships, 

abandoned mines é 



Applications 

ÅHealth care 

ïInstrument placement for operations on brains, eyes, 

and hearts é 

ÅPersonal Services 

ïVacuum cleaners, lawn mowers, golf caddies é 

ÅEntertainment 

ïSony AIBO, robot soccer é 

ÅHuman Augmentation 

ïLegged walking machines, teleoperation, humanoid 

robots é 



Applications already covered 

ÅLanguage 

ÅGames 



Applications covered in this lecture 

ÅSocial 

ÅVehicles  

ÅWalking 

ÅCommercial 

 



Social 

ÅNew range of applications for robots 
ïDomestic, entertainment, health care 

ÅSocial can mean robot-robot or human-robot 
interactions 

ÅThe research aims to make natural 
communication between humans and robots 
possible 

ÅDevelopment of robots that can learn from 
interaction with humans and the environment 

ÅSocial skills includes shared attention & imitation  



Social: 

A Social Robot Definition 
ÅA social robot is an autonomous or semi-

autonomous robot that interacts and 

communicates with humans by following 

the behavioural norms expected by the 

people with whom the robot is intended to 

interact. 

ïBartneck and Forlizzi (2004) 



Social:  

Abilities 
ÅExpressing / perceiving emotions 

ÅCommunicating 

ÅLearning / recognising models of other 
agents 

ÅEstablishing / maintaining social relationships 

ÅUsing natural cues 

ÅExhibiting distinctive personality and 
character 

ÅLearning / developing social competencies 



Social 

ÅKismet 

ÅLeonardo 

ÅNexi 



Social: 

Kismet 
ÅInfant-caretaker interaction 

Calm 

Happy 

Disgust 

Interest 

Sad 

Angry 

Surprise 

http://www.ai.mit.edu/projects/humanoid-robotics-group/kismet/kismet.html  

http://www.youtube.com/watch?v=3GkI374ZkM4  
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Social: 

Leonardo 
ÅFace recognition, speech recognition, visual tracking, 

touch sensor for skin, facial expression, gaze direction, 
body language, simple object manipulation 

http://robotic.media.mit.edu/projects/robots/leonardo/overview/overview.html  

http://www.youtube.com/watch?v=ilmDN2e_Flc  

http://robotic.media.mit.edu/projects/robots/leonardo/overview/overview.html
http://www.youtube.com/watch?v=ilmDN2e_Flc


Social: 

Nexi 

ÅMDS: Mobile Dexterous Social 

http://robotic.media.mit.edu/projects/robots/mds/overview/overview.html  

http://robotic.media.mit.edu/projects/robots/mds/overview/overview.html


Social Robot Labs 

ÅMIT Media Lab, Personal Robots Group 
http://robotic.media.mit.edu/index.html  

ÅThe Social Robotics Labl @ Yale University 
http://gundam.cs.yale.edu/index.html  

ÅSocial Robotics Laboratory @ National University of 
Singapore http://robotics.nus.edu.sg/  

ÅThe Interaction Lab @ University of Southern 
California http://robotics.usc.edu/interaction/  

ÅSocially Intelligent Machines Lab @ Georgia 
Institute of Technology 
http://www.cc.gatech.edu/social-machines/  

http://robotic.media.mit.edu/index.html
http://gundam.cs.yale.edu/index.html
http://robotics.nus.edu.sg/
http://robotics.usc.edu/interaction/
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Vehicles 

ÅAlready are some autonomous features in 

cars e.g. anti-lock braking 

ÅAutonomous vehicles ï land, sea, air, 

space, other worlds 

 



Vehicles 

ÅDARPA Grand Challenge 

ÅDARPA Urban Challenge 



ÅBuild an autonomous vehicle capable of driving 
in traffic, performing complex manoeuvres such 
as merging, passing, parking and negotiating 
intersections 

ÅAn autonomous ground vehicle is a vehicle that 
navigates and drives entirely on its own with no 
human driver and no remote control. Through 
the use of various sensors and positioning 
systems, the vehicle determines all the 
characteristics of its environment required to 
enable it to carry out the task it has been 
assigned.  

http://www.darpa.mil/GRANDCHALLENGE/index.asp  

http://www.darpa.mil/GRANDCHALLENGE/index.asp


Vehicles: Urban Challenge 

Carnegie Mellon Tartan Racing 
Å Lasers, cameras, radars, and 500,000 lines of code allow Boss the Chevy 

Tahoe to: 
ï Follow rules of the road  

ï Detect and track other vehicles at long ranges  

ï Find a spot and park in a parking lot  

ï Obey intersection precedence rules  

ï Follow vehicles at a safe distance  

ï React to dynamic conditions like blocked roads or broken-down vehicles  

 

http://www.tartanracing.org/  

http://www.tartanracing.org/


Other Vehicles 

ÅGoogle driverless cars 

ÅAutoNOMOS Labs ï Spirit of Berlin, 

MadeInGermany 

http://www.autonomos.inf.fu-berlin.de/ 

ÅVisLab Intercontinental Autonomous 

Challenge (Italy to Shanghai, July to 

October 2010) http://viac.vislab.it/ 

 

http://www.autonomos.inf.fu-berlin.de/
http://www.autonomos.inf.fu-berlin.de/
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Walking 

ÅMost of the world is not accessible by 

wheels  

ÅLegs can provide the ability to access 

these locations 

ÅUnderstanding how human and other 

animals walk is scientifically interesting 



Walking 

ÅToddler 

ÅNonaped 

ÅSelf Modelling 

ÅRoller-Walker 

ÅBigDog 



Walking: 

Toddler 

ÅLearning to walk using neural networks 

ÅCan already walk passively downhill on a 

treadmill -> learn the same gait without 

assistance from gravity 

http://groups.csail.mit.edu/locomotion/russt.html  

http://groups.csail.mit.edu/locomotion/russt.html


Walking: 

Nonaped 
Å Pneumatic 12 degree of freedom non-articulated robot 

Å Gait specified by a 3x24 integer matrix indicating the initial states of 
the 24 valves and the times at which the valves are inverted (cyclic) 

Å Genetic algorithm: evaluation, selection, crossover, mutation  

http://ccsl.mae.cornell.edu/research/nonaped/index.html  

http://ccsl.mae.cornell.edu/research/nonaped/index.html


Walking: 

Robot Introspection, Self Modelling 
Å8 motorised joints, 8 joint angle sensors, 2 tilt sensors 

ÅSpace of possible models: any planar topological 
arrangement of 8 limbs, including chains and trees 

ÅPossible actions: desired angles for joints 

http://ccsl.mae.cornell.edu/research/selfmodels/  

http://ccsl.mae.cornell.edu/research/selfmodels/




Hirose Fukushima Robotics Lab 

http://www-robot.mes.titech.ac.jp/robot/walking/rollerwalker/rollerwalker_e.html  

Roller-Walker 

http://www-robot.mes.titech.ac.jp/robot/walking/rollerwalker/rollerwalker_e.html
http://www-robot.mes.titech.ac.jp/robot/walking/rollerwalker/rollerwalker_e.html
http://www-robot.mes.titech.ac.jp/robot/walking/rollerwalker/rollerwalker_e.html


Boston Dynamics 

BigDog 

www.bostondynamics.com/robot_bigdog.html  

http://www.bostondynamics.com/robot_bigdog.html


Commercial 

ÅiRobot 

ÅIntuitive Automata 

ÅToys 

 

 



Commercial: 

iRobot 
ÅCleaning 

ïRoomba, Scooba, Verro, Looj 

ÅEducational 

ïSPARK 

ÅResearch 

http://www.irobot.com/  

http://www.irobot.com/


Commercial: 

Intuitive Automata 
ÅAutom 

ÅWeight loss coach 

 

http://www.intuitiveautomata.com/index.html 

http://www.intuitiveautomata.com/index.html


Commercial: 

Toys 
ÅSony AIBO 

ÅFurby 

ÅRoboSapian 

ÅRoboRaptor 

Åé 



Robots podcast & community : http://www.robotspodcast.com/  

Talking Robots podcast: http://lis.epfl.ch/resources/podcast/  

http://www.robotspodcast.com/
http://lis.epfl.ch/resources/podcast/


Language 

Evolution of Language 



Overview: aims 

ÅTo understand some of the issues of the 

research area of Language Evolution 

 



Overview: topics 

ÅOverview of Language Evolution 

ÅRobot based studies of Language 

Evolution 



Evolution of Language 

ÅResearch field related to AI 

ÅUsing computer models to understand 

human intelligence 



Ban on Research Papers on the 

Evolution of Language 

Société de Linguistique de Paris 

STATUTS DE 1866 

Approuvés par décision 
ministérielle du 8 mars 1866 

é 

ART. 2. - La Société n'admet 
aucune communication 
concernant, soit l'origine du 
langage~ soit la création d'une 
langue universelle. 

é 

Linguistic Society of Paris 

STATUTES OF 1866 

Approved by ministerial 
decision of March 8, 1866 

é 

ART. 2. - The Society does not 
admit any communication 
concerning either the origin 
of language~ or the creation 
of a universal language. 

é 

www.slp-paris.com/102.html 

http://www.slp-paris.com/102.html
http://www.slp-paris.com/102.html
http://www.slp-paris.com/102.html


Multi-disciplinary 

ÅAnthropology 

ÅArchaeology 

ÅArtificial Life 

Å Biology 

Å Cognitive Science 

ÅGenetics 

ÅLinguistics 

Å Modelling 

Å Palaeontology 

ÅPhysiology 

ÅPrimatology 

Å Psychology 

Åé 



Why is the Evolution of 

Language Interesting? 
ÅComplex system 

ÅUnique to humans 

ÅHuman abilities underlying language 

ÅUnderstanding human intelligence 



Animal Communication 

ÅBees 

ÅPrimates 

ÅWhales 

ÅBirds 

 

 



Three timescales of language 

change 
ÅLearning 

ÅCulture 

ÅEvolution 



Modern Languages 

ÅNo óprimitiveô languages 

ÅPidgins / Creoles 

ÅóNewô languages  

ïe.g. Nicaraguan sign language 



Computer Modelling 

ÅSpecific cognitive or linguistic problem 

ÅAbstraction from reality to focus on the 

problem 

ÅPredictions from the model 



Techniques 

ÅOptimisation 

ÅGenetic Algorithms 

ÅAgent based 

ÅMathematical 



Agent based models 

ÅLanguage Games 

ÅIterated Learning 

 

ÅPopulation sizes 

ÅHorizontal vs Vertical transmission 



Agent-based models of 

language in robots 
ÅCognitive Machines Media Lab 

Åitalk 

ÅArtificial Intelligence Laboratory 

ÅECAgents 

ÅLingodroids 

 



Cognitive Machines 

MIT Media Lab 

www.media.mit.edu/cogmac  

Trisk Ripley Toco 

http://www.media.mit.edu/cogmac


italk: Integration and Transfer of Action 

and Language Knowledge in Robots 

www.italkproject.org  

iCub 

http://www.italkproject.org/


Artificial Intelligence Laboratory 

http://arti.vub.ac.be  

http://www.youtube.com/watch?v=7u9OvtEkd1A  

http://arti.vub.ac.be/
http://www.youtube.com/watch?v=7u9OvtEkd1A
http://www.youtube.com/watch?v=7u9OvtEkd1A


ECAgents 

Embodied and Communicating Agents 

The Playground Experiment 

The Perspective 

Reversal Experiment 

Evolution of Communication in 

Robot Societies 

http://ecagents.istc.cnr.it/  


