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What is a Robot?
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What is a Robot?

"A robot is an autonomous system 

which exists in the physical world, 

can sense its environment, 

and can act on it 

to achieve some goals"

M. Mataric, The Robotics Primer, MIT Press, 2007.

Not teleoperated (self-controlled & has controllers )

Subject to the physical laws (has a physical body)

Estimate the state of the world (uses sensors)

Physically affect the world (uses actuators &  effectors) 

Purposeful, useful, possibly intelligent behaviour
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Science Fiction Robots
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Robots feature prominently in the general public’s perception of AI

This is due in part to the way they are portrayed in science fiction movies

Science Fiction Robots
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From cute robots such as Johnny 5 in Short Circuit 

Science Fiction Robots

Source: https://www.imdb.com/title/tt0091949/
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... and WALL·E

Science Fiction Robots

Source: https://pixar.fandom.com/wiki/WALL%E2%80%A2E_(character)
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To  more threatening robots such as the Skynet 
Terminator

Science Fiction Robots

Soource: https://www.nytimes.com/2015/05/26/science/darpa-robotics-challenge-terminator.html
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Sonny in I, Robot

Science Fiction Robots

Source: https://www.abc.net.au/news/2004-07-21/i-robot-modern-interpretations-foresee-the-three/2012544?nw=0
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... and Chappie

Science Fiction Robots

Source: https://www.abc.net.au/news/2004-07-21/i-robot-modern-interpretations-foresee-the-three/2012544?nw=0
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There is a long way to go to match science fiction ...

But impressive progress in mechatronics and control over the past ten years

Contemporary Real Robots
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For example, consider the mobility 
displayed by Atlas from Boston 
Dynamics

Source: https://robots.ieee.org/robots/atlas2016/

Contemporary Real Robots
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Video
https://robots.ieee.org/robots/atlas2016/?gallery=video5
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And Spot, also from 
Boston Dynamics

Source: https://robots.ieee.org/robots/spotmini/

Contemporary Real Robots
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VideoVideoVideoVideo
https://robots.ieee.org/robots/spotmini/?gallery=video1
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Source: https://robots.ieee.org/robots/shadow/

Or the dexterity of the Shadow 
Hand 

Science Fiction Robots vs. Contemporary Real Robots
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VideoVideoVideo
https://robots.ieee.org/robots/shadow/?gallery=video4
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There have also been recent advances in 
cognition-enabled robot manipulation in 
everyday activities

Such as setting a table, preparing a 
simple meal, and clearing up afterwards

Science Fiction Robots vs. Contemporary Real Robots

Source: https://ease-crc.org/
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EASE Milestone Meeting, September 2020
http://www.open-ease.org/

Video
https://ease-crc.org/
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Types of Robot
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Types of Humanoid Robots
Source: https://robots.ieee.org/robots/
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Types of Robot

Humanoids

Research

Source: https://robots.ieee.org/robots/armar/
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Types of Robot

Humanoids

Research

Source: https://robots.ieee.org/robots/pr2/
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Types of Robot

Humanoids

Consumer

Entertainment

Source: https://robots.ieee.org/robots/pepper/
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Types of Robot

Humanoids

Research 

Education

Source: https://robots.ieee.org/robots/nao/
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Types of Robot

Humanoids

Research

Source: https://robots.ieee.org/robots/hrp4/
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Types of Robot

Humanoids

Industrial

Source: https://robots.ieee.org/robots/atlas2016/
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Video
https://robots.ieee.org/robots/atlas2016/?gallery=video5
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Types of Robot

Humanoids

Research

Source: https://robots.ieee.org/robots/icub/
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Types of Robot

Humanoids

Research

Source: https://robots.ieee.org/robots/icub/

Video
https://robots.ieee.org/robots/icub/?gallery=video1
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Types of Robot

Consumer

Source: https://robots.ieee.org/robots/roomba/
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Video
https://robots.ieee.org/robots/roomba/?gallery=video2
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Types of Robot

Education

Source: https://robots.ieee.org/robots/roomba/
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Types of Robot

Consumer

Research

Education

Source: https://robots.ieee.org/robots/turtlebot/
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Types of Mobile Robots

Wheeled 

education robot

Source: https://robots.ieee.org/robots/turtlebot/

Video
https://robots.ieee.org/robots/turtlebot/?gallery=video1
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Types of Robot

Drones

Military & Security

Source: https://robots.ieee.org/robots/globalhawk/
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Types of Robot

Drones

Medical

Source: https://robots.ieee.org/robots/zipline/
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Video
http://www.vernon.eu/videos/Zipline_hero.mp4
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Video
https://www.youtube.com/watch?v=QWglZKVP26c
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Video
http://www.vernon.eu/videos/Zipline_drop.mp4
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Types of Robot

Entertainment 

Consumer

Source: https://robots.ieee.org/robots/aibo2018/
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Video
https://www.youtube.com/watch?v=5ifwGc-0mAY
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Types of Robot

Industrial

Source: https://robots.ieee.org/robots/invia/
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Video
https://robots.ieee.org/robots/invia/?gallery=video5
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Types of Robot

Industrial

Source: https://robots.ieee.org/robots/freight/
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Types of Robot

Industrial

Source: https://robots.ieee.org/robots/sawyer/
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Video
https://robots.ieee.org/robots/sawyer/?gallery=video1
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Types of Robot

Industrial

Source: https://robots.ieee.org/robots/meca/
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Types of Robot

Industrial

Source: https://robots.ieee.org/robots/meca/

Video
https://robots.ieee.org/robots/meca500/?gallery=video1
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Types of Robot

Industrial

Source: https://robots.ieee.org/robots/ur/
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Types of Robot

Research

Industrial 

Source: https://robots.ieee.org/robots/shadow/
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VideoVideoVideo
https://robots.ieee.org/robots/shadow/?gallery=video4
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Types of Robot

Medical 

Source: https://robots.ieee.org/robots/davinci/
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Types of Robot

Medical 

Source: https://robots.ieee.org/robots/davinci/
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VideoVideoVideo
https://www.youtube.com/watch?v=961E6Nx9Pok
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Types of Robot

Consumer 

Telepresence

Source: https://robots.ieee.org/robots/beam/
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Types of Robot

Autonomous Vehicle

Research

Source: https://robots.ieee.org/robots/boss/
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Types of Robot

Autonomous Vehicle

Research

Source: https://robots.ieee.org/robots/beam/
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Types of Robot

Industrial 

Research

Disaster Response 

Source: https://robots.ieee.org/robots/anymal/
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Types of Robot

Industrial 

Research

Source: https://robots.ieee.org/robots/spotmini/
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VideoVideoVideoVideo
https://robots.ieee.org/robots/spotmini/?gallery=video1
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Types of Robot

Military & Security

Research 

Source: https://robots.ieee.org/robots/alphadog/
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Types of Robot

Industrial

Military & Security

Disaster Response 

Source: https://robots.ieee.org/robots/inuktun/
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Types of Robot

Military & Security

Disaster Response 

Source: https://robots.ieee.org/robots/kobra/
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Types of Robot

Underwater

Industrial 

Source: https://robots.ieee.org/robots/aquanaut/
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Types of Robot

Research

Source: https://robots.ieee.org/robots/salamandra/
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Video
https://robots.ieee.org/robots/salamandra/?gallery=video4
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The Many Areas of Robotics



Humanoid Robotics and Cognition 78 Guest Lecture

The Many Areas of Robotics

https://www.ieee-ras.org/technical-committees

Technical Committees
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A Short History of Robotics
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History of Robotics

• The word robot was popularized by the Czech playwright Karel Capek 

pronounced Kha-rel Cha-pek

in his 1921 play Rossum’s Universal Robots (R.U.R.). 

• It resulted from combining the Czech words rabota, meaning “obligatory work” and 
robotnik, meaning “serf”
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History of Robotics

W. Grey Walter's Tortoises (1950)

• Neurophysiologist W. Grey Walter built his 
cybernetic tortoises to understand the 
functions of the brain

– Elmer and Elsie

• Part of the emerging field of cybernetics

– The field’s founder, Norbert Wiener, defined 
cybernetics as “the scientific study of control
and communication in the animal and the 
machine.” 

Meet the Roomba’s Ancestor: The Cybernetic Tortoise, IEEE Spectrum, 2020 
https://spectrum.ieee.org/tech-history/space-age/meet-roombas-ancestor-cybernetic-tortoise
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History of Robotics

W. Grey Walter's Tortoises (1950)

• "With just a photocell, a touch sensor, and 
two vacuum tubes, the robo-tortoise 
mimicked the way real animals move"

Meet the Roomba’s Ancestor: The Cybernetic Tortoise, IEEE Spectrum, 2020 
https://spectrum.ieee.org/tech-history/space-age/meet-roombas-ancestor-cybernetic-tortoise

Rotating photocell
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History of Robotics

Claude Shannon's Mouse (1950)

– This was one of the world’s first 
examples of machine learning: a 
robotic maze-solving mouse known 
as Theseus

https://www.technologyreview.com/2018/12/19/138508/mighty-mouse/
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History of Robotics

Claude Shannon's Mouse

"These photos, published in Life 
magazine in 1952, show the path 
Theseus took while learning a maze 
pattern and the direct path taken on its 
second trip through the same maze"

https://www.technologyreview.com/2018/12/19/138508/mighty-mouse/
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https://www.researchgate.net/publication/287293010_Warren_McCulloch_and_the_British_Cyberneticians/figures?lo=1

W. Ross Ashby, Warren McCulloch, Grey Walter, Norbert Wiener
at the 1951 Congress on Cybernetics, Paris
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Cybernetics

W. Ross Ashby
Design for a Brain, first edition, 1952 ... 1956, 1960.
Introduction to Cybernetics, 1957

N. Wiener
Cybernetics: or the Control and Communication in the 
Animal and the Machine, 1948.

(κυβερνητης or kybernetes: steersman)

Walter McCulloch 
W. S. McCulloch and W. Pitts  "A logical calculus of 
ideas immanent in nervous activity". Bulletin of 
Mathematical Biophysics 5:115–133, 1943
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History of Robotics

Both Walter’s and Shannon’s robots 
built on behaviorist psychology 

• using associative and reinforcement learning 
in relatively simple neural networks

• rather than focussing on internal models 
and symbolic computation

• Precursor to reactive and behaviour-based
robotics (more on this later when we discuss 
paradigms of robotics) Meet the Roomba’s Ancestor: The Cybernetic Tortoise, IEEE Spectrum, 2020 

https://spectrum.ieee.org/tech-history/space-age/meet-roombas-ancestor-cybernetic-tortoise
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History of Robotics

Shakey (1966 – 1972)

• “Shakey” was the first mobile robot with the ability to 
perceive and reason about its surroundings and its actions

• Developed at the Artificial Intelligence Center of Stanford 
Research Institute (now called SRI International)

• Charles Rosen, Nils Nilsson, Alfred Brain, Sven Wahlstrom, 
Bertram Raphael, Richard Duda, Peter Hart, Richard Fikes, 
Richard Waldinger, Thomas Garvey, Jay Tenenbaum, Helen 
Chan Wolf and Michael Wilber

https://www.sri.com/hoi/shakey-the-robot/
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History of Robotics

Shakey built on computationalist (cognitivist) 
psychology and symbolic AI

• Programming was primarily done in LISP

• Using the Stanford Research Institute Problem 
Solver (STRIPS) planner 

• The first robot that was a logical, goal-based agent

• Precursor to hierarchical "sense-plan-act" robotics 
(more on this later when we discuss paradigms of 
robotics)

Shakey in 1972
https://en.wikipedia.org/wiki/Shakey_the_robot
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History of Robotics

Some research results

• The A* search algorithm

• The Hough transform

• The visibility graph method

• Major impact on the development of robotics & AI
(and computer science, generally)

Shakey in 1972
https://en.wikipedia.org/wiki/Shakey_the_robot
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History of Robotics

Stanford Cart (1960 - 1980) 

James Adams 

Stanford University

https://web.stanford.edu/~learnest/sail/oldcart.html

Stanford Cart with cable, 1961

https://web.stanford.edu/~learnest/sail/oldcart.html
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History of Robotics

Stanford Cart (1961 - 1980) 

Hans Moravec

Stanford Artificial Intelligence Laboratory SAIL

• Sensors
– Stereo vision (camera on a slider)

• Speed
– ~1 meter per 10-15 minutes
– Full run: 5 hours

• Accomplishments:
– Successfully navigated 20 meter courses, avoiding obstacles 

using visual sensing
– Used graph search to find shortest path Stanford Cart 1980

© Mark Richards

https://www.computerhistory.org/revolution/artificial-intelligence-robotics/13/293/1277



Humanoid Robotics and Cognition 93 Guest Lecture

History of Robotics

HILARE (late 1970s) 

LAAS Lab 
Laboratoire d’Analyse et D’Architecture des Systemes, 
Toulouse, France

• Sensors
– Video camera

– 14 sonar sensors
– Laser range finder

• Actuators
– Three wheels: two actuated, one caster

• Weight
– 400 kg

https://slideplayer.com/slide/11973896/
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History of Robotics

Rover (1983)

Hans Moravec

Carnegie Mellon University

• Follow-on from the Stanford Cart
• Sensors

– Video camera with pan and tilt 

– Sonar 
– Infrared 

• Actuators
– Three independently powered wheels

• Accomplishments: set the stage for behavior-based robotics https://slideplayer.com/slide/11973896/
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Robotics

Artificial
Intelligence

Cybernetics

Control
Theory

"The integration of sensing, 
action, and the environment"

"The mechanisms for planning 
and reasoning"

"The mathematics of 
controlling machines"

M. Mataric, The Robotics Primer, MIT Press, 2007; Chapter 2, p. 17.
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The Importance of Being Humanoid
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Six Ways
Humanoid Robots 

Are Special
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Six Ways
Humanoid Robots 

Are Special

Working in Human Environments

Ability to work seamlessly in human environments with 
the same objects and implements that humans use
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Six Ways
Humanoid Robots 

Are Special

Working in Human Environments

Physical Interaction with Humans

Ability to work seamlessly in human environments with 
the same objects and implements that humans use

Ability to physically collaborate with humans
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Six Ways
Humanoid Robots 

Are Special

Working in Human Environments

Physical Interaction with Humans

Non-verbal Communication with Humans

Ability to work seamlessly in human environments with 
the same objects and implements that humans use

Ability to physically collaborate with humans

Deictic, symbolic, iconic gestures with 
the body, hands, and face
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Six Ways
Humanoid Robots 

Are Special

Working in Human Environments

Physical Interaction with Humans

Non-verbal Communication with Humans

Ability to work seamlessly in human environments with 
the same objects and implements that humans use

Acceptance by Humans

Ability to physically collaborate with humans

Deictic, symbolic, iconic gestures with 
the body, hands, and face

Cultural competence, i.e., an awareness of social norms and 
cultural expectations, is a key element in fostering this acceptance



Humanoid Robotics and Cognition 102 Guest Lecture

Six Ways
Humanoid Robots 

Are Special

Working in Human Environments

Physical Interaction with Humans

Non-verbal Communication with HumansFostering Anthropomorphization

Ability to work seamlessly in human environments with 
the same objects and implements that humans use

Acceptance by Humans

Ability to physically collaborate with humans

Deictic, symbolic, iconic gestures with 
the body, hands, and face

Cultural competence, i.e., an awareness of social norms and 
cultural expectations, is a key element in fostering this acceptance

The humanoid form leverages the natural propensity of humans 
to anthropomorphize objects, thereby facilitating natural 
interaction of the type that humans engage in among themselves
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Six Ways
Humanoid Robots 

Are Special

Development of Cognitive Abilities

Working in Human Environments

Physical Interaction with Humans

Non-verbal Communication with HumansFostering Anthropomorphization

Ability to work seamlessly in human environments with 
the same objects and implements that humans use

Acceptance by Humans

Ability to physically collaborate with humans

Deictic, symbolic, iconic gestures with 
the body, hands, and face

Cultural competence, i.e., an awareness of social norms and 
cultural expectations, is a key element in fostering this acceptance

The humanoid form leverages the natural propensity of humans 
to anthropomorphize objects, thereby facilitating natural 
interaction of the type that humans engage in among themselves

Humanoid robots can develop cognitive abilities 
by learning the same affordances that humans learn
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Two reasons people study artificial cognitive systems 
& build cognitive robots

1. They want smart systems  

2. They want to study cognition
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Richard Feynman
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Seventh Way:
Platform for 
Research in 

Human Cognition

Development of Cognitive Abilities

Working in Human Environments

Physical Interaction with Humans

Non-verbal Communication with HumansFostering Anthropomorphization

Acceptance by Humans
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The iCub Cognitive Humanoid Robot
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Funded by The European Commission, Project IST-004370, RobotCub,
under Strategic Objective 2.3.2.4: Cognitive Systems
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Funded by The European Commission, Project IST-004370, RobotCub,
under Strategic Objective 2.3.2.4: Cognitive Systems

Funded by The European Commission, Project IST-004370, RobotCub, Strategic Objective 2.3.2.4: Cognitive Systems
www.icub.eu
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Screen Shot 2021-07-05 at 15.52.47.png

www.icog.eu
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Head: 6 DoF

Arm 7 DoF
Hand 9 DoF

Leg 6 DoF

Waist 3 DoF
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iCub production

42 iCubs so far ...
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https://infogram.com/copy-icub-map-1h9j6qgelxw054g?live
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“Cognition is the process by which an 
autonomous system 

perceives its environment, 

learns from experience, 

anticipates the outcome of events, 

acts to pursue goals, and 

adapts to changing circumstances.”

D. Vernon, Artificial Cognitive Systems – A Primer, MIT Press, 2014

Ad
ap
t

Perceive

Learn

Act

An
tic
ipa
te

What is Cognition?
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The Future
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A cognitive system continually predicts 

the need for actions 
(self and others)

the outcome of those actions
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Robotics

Artificial 
Intelligence

Robotics, AI, and Cognition

Intelligent Robotics
or

AI Robotics
(Murphy, 2019)
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Robotics

Artificial 
Intelligence

Cognitive 
& 

Biological 
Sciences

Cognitive Robotics:

Perception 
Attention
Action selection
Memory,
Learning
Reasoning
Metacognition
Prospection

(Vernon, 2022) 

Robotics, AI, and Cognition
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Reading

D. Vernon, "Robotics and Artificial Intelligence in Africa", IEEE Robotics & Automation Magazine, 
Vol. 26, No. 4, pp. 131-135, December 2019.

http://vernon.eu/publications/19_Vernon_RAM.pdf

M. Mataric, The Robotics Primer, MIT Press, 2007. Chapter 1 and 2.
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https://ieeexplore.ieee.org/document/8931075
http://vernon.eu/publications/19_Vernon_RAM.pdf
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Videos

Atlas (0:30): https://robots.ieee.org/robots/atlas2016/?gallery=video5
iCub (2:40) https://robots.ieee.org/robots/icub/?gallery=video1
Roomba (1:30) https://robots.ieee.org/robots/roomba/?gallery=video2
Turtlebot (1:30) https://robots.ieee.org/robots/turtlebot/?gallery=video1
Zipline (0:06) http://www.vernon.eu/videos/Zipline_hero.mp4
Zipline (1:09) https://www.youtube.com/watch?v=QWglZKVP26c
Zipline (0:15) http://www.vernon.eu/videos/Zipline_drop.mp4
Zipline (11:44) https://www.youtube.com/watch?v=jEbRVNxL44c 
Picker Robots (0:15) https://robots.ieee.org/robots/invia/?gallery=video5
Sawyer (0:30) https://robots.ieee.org/robots/sawyer/?gallery=video1
Meca (1:15) https://robots.ieee.org/robots/meca500/?gallery=video1
Shadow Hand (3:00) https://robots.ieee.org/robots/shadow/?gallery=video4
Spot (2:00) https://robots.ieee.org/robots/spotmini/?gallery=video1
Salamandra (0:43) https://robots.ieee.org/robots/salamandra/?gallery=video4
iCub Explained (32:10) https://www.youtube.com/watch?v=W3gIV81GYm4
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Resources


