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Mobile Robots: State of the Art

Mars Rovers Spirit and Opportunity (NASA)

Spirit Rover Traverse (Sol 502)
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Both had successful missions on Mars in starting in late 2004. Spirit
went “silent' in March 2010; Opportunity is still operational andsha
to date covered more than 40km.

1.6m long; 180kg. 9 cameras (Hazcams, Navcams, Pancams,
microscopic).

Remote human planning combined with local autonomy.
Increased autonomy as mission progressed.



Mobile Robots: State of the Art

Mars Science Laboratory: Curiosity Rover

Landed on Mars August 2012.

Five times larger than Spirit/Opportunity; designed to expdoat

least 1 Martian year (689 Earth days), travelling 5{20km. Maximum
speed 90m/hour.

Radiation-hardened computer and backup. 10 cameras (6 for
navigation, 4 for science).

Many remote sensing and scienti ¢ instruments for studying gem
atmosphere, biosignatures.



Mobile Robots: State of the Art

DARPA Grand Challenge 2005 winner \Stanley" (Stanford Universit
USA).

Completed 175 mile desert course autonomously in 6 hours 54
minutes.

Guided along rough “corridor' by GPS.

Road-following and obstacle avoidance using laser range- ndecs
vision. https://www.youtube.com/watch?v=FLi_IQgCxbo


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

Mobile Robots: State of the Art
DARPA Urban Challenge 2007 winner "Boss' (Carnegie Mellon Uniygrsit

Robots had to achieve extended missions in a mocked-up urban
area, obeying tra c laws and avoiding other robots and cars.
Much more sophisticated sensor suites than in desert challenge
(lasers, cameras, radars) to achieve all-around awareness.
Current state of the art: Google car
http://www.youtube.com/watch?v=bp9KBrH8H04

Most car companies and other new ones now have major
autonomous car projects.


http://www.youtube.com/watch?v=bp9KBrH8H04

Mobile Robots: State of the Art
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BigDog (Boston Dynamics; recently acquired by Google)
http://www.youtube.com/watch?v=cNZPRsrwumQ

LittleDog (USC/Boston Dynamics)
http://www.youtube.com/watch?v=nUQsRPJ1dYw

WildCat (Boston Dynamics)
http://www.youtube.com/watch?v=wE3fmFTtP9g

(These don't currently have on-board visual sensing.)


http://www.youtube.com/watch?v=cNZPRsrwumQ
http://www.youtube.com/watch?v=nUQsRPJ1dYw
http://www.youtube.com/watch?v=wE3fmFTtP9g

Mobile Robots: State of the Art

New Generation Humanoid Robotics (Darpa Robotics Challenge
2013{2015)

Schaft, another company recently acquired by Google!

At this stage still quite speci cally programmed for these taskut
watch for big improvements soon.
http://www.youtube.com/watch?v=diaZFIUBMBQ


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

Mobile Robots: State of the Art

Autonomous Aerial Navigation (MIT Robust Robotics Group)

Quadcopters; highly manoeuvrable and relatively easy to aintr
Inertial, laser, vision sensors; with or without GPS.

Many applications (inspection, search and rescue, ...)
http://www.youtube.com/watch?v=5qQJwLJ857s


http://www.youtube.com/watch?v=5qQJwLJ857s

Mobile Robots: State of the Art

Multicopter Visual-Inertial On-Board Estimation
(Autonomous Systems Lab, ETH Zurich)

Application: automatic mapping of a poorly accessible gold mine.

Using camera and inertial sensors only (accelerations and langu
rates) for localisation and building a map of sparse landmarks

Laser scans provide a rough live reconstruction
https://youtu.be/5FhsOluKzJc


https://youtu.be/5FhsOluKzJc

Mobile Robots: State of the Art

iRobot "Roomba’' Robot Vacuum Cleaner, rst launched in 2002

"Random bounce' movement style with short-range IR sensing.
Over 10 million units sold!

Second generation and competing products are now aiming at
precise navigation.

http://www.youtube.com/watch?v=0MUhSBelm40


http://www.youtube.com/watch?v=OMUhSBeIm40

Dyson 360 Eye

On sale in Japan in 2015; around the world in 2016.

Uses omnidirectional vision to build a map of its environment
automatically (SLAM). This permits accurate, repeatable
localisation, and therefore precise coverage and cleaning.

https://lyoutu.be/OadhulCDAjk


https://youtu.be/OadhuICDAjk

The Dyson Robotics Laboratory at Imperial College

Founded in 2014, funded by Dyson and led by Andrew Davison and
Stefan Leutenegger, this new lab researches the vision and redboti
technology that we hope will open up new categories in robotic
products for the home.
http://www3.imperial.ac.uk/dyson-robotics-lab

Part of a thriving robotics research community across Imperial
College:http://www3.imperial.ac.uk/robot


http://www3.imperial.ac.uk/dyson-robotics-lab
http://www3.imperial.ac.uk/robot

Locomotion

Wheels are most common, in various con gurations.
Legs increase mobility, but with much extra complication.

Underwater or ying robots have di erent locomotion systems whic
obviously enable 3D locomotion.

A moving robot usually has some form oflometry: the ability to
estimate its movements from internal measurements of its atitm For

wheeled robots, we measure and integrate the velocity commaadste
each wheel. e.g.: Bigtrak!

https://www.youtube.com/watch?v=MDGIOv-2uf0 .



Motion and Coordinate Frames

"Pose' means position and orientation taken together.
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More generally, we will talk about about a robot&ate, which is a
set of parameters describing all aspects of interest.



Uncertainty in Motion

If a robot has proprioceptive sensing such as odometry to caleula
its position, why does it also need external sensing and mayiin
Because all sensors have uncertainty, and when local motion
estimates are integrated drift occurs.

The way to resolve drift is to refer to anap of the static world. To
make contact with and make measurements of elements of this map
we need outward-looking sensors.



Outward-Looking Sensors

Sense at a distance (using sound waves, infra-red lasehleight).

Active (sonar, laser range- nder, structured light system) | end
and receive; or passive (camera, microphone) which just vecei
ambient signals.

Simple sensors often directly provide measurements which are
directly useful for navigation, though generally this is quiteasse.
Camera images have much more detailed information but require
signi cant processing to extract useful measurements.

Localisation against a map using sonar:
http://vimeo.com/10258746



Reactive Behaviours vs. Probabilistic Estimation

/\.

Either use outward-looking sensor measurements as theyeagiv
reactive control loops (like wall following), or combine many
measurements into a global estimate of scene and motion using
probability theory.



SLAM: Building a Map On the Fly

2D SLAM with a laser range- nder; Paul Newman and David Cole,
University of Oxford, 2006.

https://youtu.be/Ch2APTpBLgk



Large Scale Visual-Inertial SLAM Using Optimisatior

Keyframe-Based Visual-Inertial Odometry (Leuteneggetal, The
International Journal of Robotics Research, 2014).

https://youtu.be/I2X0koUXYUA



ElasticFusion: Reliable Room-Scale Dense Mappint

Maps a scene with millions of surfels and corrects loop closures.
Relies on a depth camera and GPU processing.
https://youtu.be/XySrhZpODYs



Week 1 Tutorial: Robot Floor Cleaner

Dyson DCO06: almost released in 2004 but never went on sale.

In many ways oor cleaning presents an unusual mobile robot
navigation problem; rather than just get from A to B it has to visit
everywheran a domain.



Some Robot Floor Cleaners on the Market

Roomba Navibot Mint Neato
Roomba (iRobot), oor coverage
http://www.youtube.com/watch?v=0MUhSBelm40
Mint Floor Cleaner (Evolution Robotics)
http://www.youtube.com/watch?v=6Cf55mlaNGw



Evaluating Robot Floor Cleaners

Dyson "GTS' open source ground truth evaluation system based on
ceiling-mounted cameras.



Getting More From Omnidirectional Vision

Fitting "box' room models to omnidirectional depth reconstrigst.
Lukierski, Leutenegger and Davison, 2016.



Real-Time Height Map Fusion from a Single Camere

(Zienkiewicz, Davison, Leutenegger, 2015/2016)

Dense fusion from a moving robot-mounted camera to identify free
space and obstacles.

https://lyoutu.be/3NQgeRcSsCw

Real-time multi-scale fusion using adaptive level of detaibV 2016.



