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Robot Components

• Physical embodiment

• Sensors

• Actuators

• Effectors

• Controllers

To take action

For autonomy

To perceive the environment

C. Bartneck, T. Belpaeme, F. Eyssel, T. Kanda, M. Keijsers, S. Šabanović, Human-Robot Interaction – An Introduction, Cambridge University Press, 2020
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Definition

"An effector is any device on a robot 
that has an effect (impact or influence) 
on the environment"

M. Mataric

C. Bartneck, T. Belpaeme, F. Eyssel, T. Kanda, M. Keijsers, S. Šabanović, Human-Robot Interaction – An Introduction, Cambridge University Press, 2020



Introduction and Robot Components 5 4 Robotics: Principles and Practice

Effectors

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
C. Bartneck, T. Belpaeme, F. Eyssel, T. Kanda, M. Keijsers, S. Šabanović, Human-Robot Interaction – An Introduction, Cambridge University Press, 2020

End-effectors

Effectors much be matched to the task 
the robot has to do and the 
environment in which it has to work
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Degrees of Freedom (DOF)

• The minimum number of coordinates required to completely specify the motion of a 
mechanical system

• Determines what poses (positions and orientations) the robot can achieve

• Determines how it can move
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Degrees of Freedom (DOF)

• It requires six degrees of freedom to position and orient a body in space

– Three translational degrees of freedom

– Three rotational degrees of freedom

• The position and orientation of a body is referred to as its pose

• Much more on pose specification later in the course
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Degrees of Freedom (DOF)

• A flying helicopter has six degrees of freedom

– Three translational & three rotational

• A car or bicycle moving on a plane has 
three degrees of freedom

– Two translational and one rotational

– But only two are controllable
• Forward velocity

• Rotation about the vertical axis

M. Mataric, The Robotics Primer, MIT Press, 2007
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Degrees of Freedom (DOF)

TDOF: total degrees of freedom
CDOF: controllable degrees of freedom

Holonomic robot: CDOF = TDOF

Non-holonomic robot: CDOF < TDOF

Redundant robot: CDOF > TDOF

(We'll cover a more technical explanation of non-holonomic 
robots later in the course) M. Mataric, The Robotics Primer, MIT Press, 2007
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Effectors

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
End-effectors

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

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

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

End-effectors
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Effectors

Effectors for locomotion
– Legs

– Wheels

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
Source: https://robots.ieee.org/robots/pr2/

End-effectors
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Wheels

(a) Standard wheel 
(b) Castor wheel 
(c) Swedish wheel
(d) Ball or spherical wheel 

Source: R. Siegwart and I. R. Nourbakhsh, Introduction to Autonomous Mobile Robots, MIT Press, 2004

Rotation about axle for movement and about contact point for steering 

Rotation about axle for movement and about vertical axis for steering; 
imparting a force on the robot body when steering

Rotation about axle for movement but also about rollers allowing 
movement is any direction

Omnidirectional wheel: can spin in any direction
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Wheels

Source: R. Siegwart and I. R. Nourbakhsh, Introduction to Autonomous Mobile Robots, MIT Press, 2004



Introduction and Robot Components 5 14 Robotics: Principles and Practice

Wheels

Source: R. Siegwart and I. R. Nourbakhsh, Introduction to Autonomous Mobile Robots, MIT Press, 2004

We will study two-wheel differential drive locomotion
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Effectors

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
Source: https://robots.ieee.org/robots/kobra/

End-effectors
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Effectors

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
Source: https://robots.ieee.org/robots/zipline/

End-effectors
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Effectors

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
Source: https://robots.ieee.org/robots/salamandra/

End-effectors
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Effectors

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
End-effectors

Source: https://robots.ieee.org/robots/pr2/
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Effectors

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
End-effectors

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

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
End-effectors

Source: https://robots.ieee.org/robots/davinci/
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Effectors

Two-finger gripper

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
End-effectors

C. Bartneck, T. Belpaeme, F. Eyssel, T. Kanda, M. Keijsers, S. Šabanović, Human-Robot Interaction – An Introduction, Cambridge University Press, 2020
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Effectors

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
End-effectors

Source: https://robots.ieee.org/robots/sawyer/
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Effectors

C. Bartneck, T. Belpaeme, F. Eyssel, T. Kanda, M. Keijsers, S. Šabanović, Human-Robot Interaction – An Introduction, Cambridge University Press, 2020

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
End-effectors
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Effectors

Effectors for locomotion
– Legs

– Wheels 

– Tracks

– Wings
– Flippers

Effectors for manipulation
– Arms

– Hands

– Grippers

– Tools
End-effectors

Source: https://robots.ieee.org/robots/davinci/
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Reading

C. Bartneck, T. Belpaeme, F. Eyssel, T. Kanda, M. Keijsers, S. Šabanović, Human-Robot Interaction – An 
Introduction, Cambridge University Press, 2020. Chapter 3: How a Robot Works.

https://www.human-robot-interaction.org/download/170/

M. Mataric, The Robotics Primer, MIT Press, 2007. Chapters 5 and 6.


