


Introduction

The study of mobile robots is an intrinsically interdisciplinary research area

● Mechanical engineering
: vehicle design and in particular locomotive mechanisms

● Computer science
: representations and sensing and planning algorithms

● Electrical engineering
: system integration, sensors, and communications

● Cognitive psychology, perception, and neuroscience
: insights into how biological organisms solve similar problems

● Mechatronics
: the combination of mechanical engineering with computer science,
computer engineering, and/or electrical engineering



Introduction

Mobile robot well suited for tasks that exhibit one or more of the following characteristics:

● An environment that is inhospitable, so that sending a human being is either very costly or very dangerous
● An environment that is remote, so that sending a human operator is too difficult or takes too long. Extreme 

instances are domains that are completely inaccessible to humans, such as microscopic environments
● A task with a very demanding duty cycle or a very high fatigue factor
● A task that is highly disagreeable to a human



Early Autonomous Robots

● Tesla’s robot n V1 flying 
bomb



Early Autonomous Robots

● Walter’s robot n Shakey



Early Autonomous Robots

● CMU Rover n Stanford Cart



Early Autonomous Robots

n The GE Quadruped



Biological Inspiration

● Inspirations from biological systems may 
influence
- physical design
- sensory mechanisms
- underlying model of computational control

● Simple biological systems are capable of
- locomotion
- sensing
- reasoning



Operational Modes

n Swarm of robots



Fundamental problems



Introduction

n Path planning
: Is it possible to get the robot from one configuration to another while remaining within 𝐶!"##?

n Localization
: How can the robot determine its state if it has local measurements of 𝐶!"##?

n Sensing
: How can the robot determine which parts of its environment are occupied?

n Mapping
: How can the robot determine 𝐶!"##, assuming it always knows where it is?

n SLAM
: How can the robot determine its pose and 𝐶!"## if it knows neither?



Path Planning

n Bug2 algorithm

n Bug algorithm example



Localization

2

2

[ ] [ ] 0

[( [ ])( [ ])]

[( [ ])( [ ])]

[( [ ])( [ ])] 0

yx
i i i

x x x x
i i i i i

y y y y
i i i i i

y yx x
i j i i i i

E E

E E E

E E E

E E E

e e

e e e e s

e e e e s

e e e e¹

" = =

" - - =

" - - =

" - - =

0 0[( , )] [( , ) ( , )]yx
N N i i i iE x y E x y x ye e= +å D + D +

0 0

0 0

0 0

( , ) ( [ ], [ ])

( , ) ( [ ], [ ])
( , ) ( , )

x x
i i i i

x x
i i i i

i i

x y E x E x

x y x E x E
x y x x

e e

e e

= + åD + åD +

= + åD +å åD +å

= + åD åD

xx xy

yx yy

s s

s s

é ù
å = ê ú

ê úë û

2[( [ ]) ]xx E x E xs = -
2

0 0
2

0 0
2

2

2

[( ( ) [ ( )]) ]

[( [ ] [ ] [ ]) ]

[( [ ]) ]

[ ( [ ]) ]

[( [ ]) ] 2 [( [ ])( [ ])]

x x
i i i i

x x
i i i i

x x
i i
x x
i i
x x x x x x
i i i j i i i i

E x x E x x

E x x E x E x E

E E

E E

E E E E E

e e

e e

e e

e e

e e e e e e<

= +å D + - +å D +

= +åD +å - -å D -å

= å -å

= å -

= å - + å å - -

2

2

0

0
N

s

s

é ù
ê úå =
ê úë û

0xy yxs s= =

n When the robot moves from (x, y) to some point (x+△x, y+△y) how do we know where the 
robot actually is?

n After making N motions from some start position (𝑥!, 𝑦!), where is the robot relative to (𝑥",
𝑦") = (𝑥!, 𝑦!) + ∑ (△𝑥#, △𝑦#)?



Sensing
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n In order to deal with the realities of navigation 
and localization, a robot requires some 
mechanism to sense its environment.

n Laser sensor n Infrared sensor



Mapping and SLAM

n How can a robot construct a map 
of the locations of beacons?

n Visible beacons with known location

n Measured distance

n ERR

n In order to deal with both localization and 
mapping information contained in the sensor, 
readings must also be used to continually refine 
the map and the estimate of the robot’s position.



Trends in Robotics Research: Classical Paradigm 



Shakey (Stanford Research Institute, 1966) 



Trends in Robotics Research: Reactive Paradigm 



Trends in Robotics Research: Hybrid Paradigm = Planning + 
Reactive 



Trends in Robotics Research 


