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e Articulados
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 Robótica Industrial

 Robótica de Serviço

 Robótica de Campo 

 Robótica para o 
Entretenimento

 Robótica Educacional

 Robótica aplicada a 
Medicina

 Telepresença Robótica

 ....
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• Research & Development of Service Robots:
Growing Market …

“The market for personal and service robots is about $3 billion now but is
expected to reach $15 billion by 2015, according to the Japan Robotics
Association and market analysts like ABI Research. In 10 years or so, experts
predict, sales of personal robots could surpass sales of industrial robots, now
about $4.6 billion a year.”
[NewsWeek August 09, 2008 by Katie Baker]

• Applications of this technology *:

:: Cleaning & Housekeeping :: Edutainment :: Humanoids
:: Humanitarian Demining :: Rehabilitation :: Inspection
:: Agriculture & Harvesting :: Lawn Mowers :: Surveillance
:: Medical Applications :: Mining :: Construction
:: Automatic Refilling :: Guides & Office :: Fire Fighters
:: Picking & Palletising :: Food Industry :: Search & Rescue

*IEEE Technical Committee on Service Robots
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• IP addresses and the port numbers of the 

components.
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Association and market analysts like ABI Research. In 10 years or so, experts
predict, sales of personal robots could surpass sales of industrial robots, now
about $4.6 billion a year.”
[NewsWeek August 09, 2008 by Katie Baker]

• Applications of this technology *:

:: Cleaning & Housekeeping :: Edutainment :: Humanoids
:: Humanitarian Demining :: Rehabilitation :: Inspection
:: Agriculture & Harvesting :: Lawn Mowers :: Surveillance
:: Medical Applications :: Mining :: Construction
:: Automatic Refilling :: Guides & Office :: Fire Fighters
:: Picking & Palletising :: Food Industry :: Search & Rescue

*IEEE Technical Committee on Service Robots

The global service robotics market in 2011 was worth $18.39 billion.
This market is valued at $20.73 billion in 2012 and

expected to reach $46.18 billion by 2017
at an estimated CAGR* of 17.4% from 2012 to 2017.

Service Robotics Market (Personal & Professional)

Global Forecast & Assessment by Applications & Geography (2012 – 2017)

By: marketsandmarkets.com - Publishing Date: July 2012 - Report Code: SE 1146

*CGAR: Compound Annual Growth Rate

UPDATED
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http://spectrum.ieee.org/automaton/robotics/industrial-robots/041410-world-robot-population 

http://www.irobot.com/filelibrary/ppt/corp/cool_stuff_ppt/
cool_stuff_ppt.html

7.5 Million home robots!

Intelligent Robots:
Industry, Jobs, 
Companies &
Opportunities!

http://www.irobot.com/filelibrary/ppt/corp/cool_stuff_ppt/cool_stuff_ppt.html


Aspirador de pó Roomba
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Comportamento 
Reativo Simples

Percepção Simples
Wander Behavior + Avoid Obtacles



Seguidor de Linhas
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Comportamento 
Reativo Simples

Percepção Simples
Line Following
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Intelligent Robotics:
Industry

Jobs and Companies

Comportamento 
Reativo Simples

Percepção Simples
Line Following + Avoid Collision

Amazon / Kiva Systems



Autonomous Driving: Challenges!
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Line follower

CoRA
Autonomous
Robots
Competition
[UFMG]
[FAPEMIG]
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COMPETITIONS:

• DARPA  Grand Challenge 2004   (Desert / No winners)

• DARPA  Grand Challenge 2005   (Desert)

Winner: Stanley - Stanford Racing Team (S.Thrun)

• DARPA  Urban Challenge 2007   (Urbano)

Winner: Boss - CMU (Tartan Racing / Carnegie Mellon University)

• ELROB – The European Robot Trial 

M-ELROB: Military  (2006, 2008, 2010, 2012)

C-ELROB: Civilian  (2007, 2009, 2011, 2013)

• AUVSI Competition (IGVC - Intelligent Ground Vehicle Competition)

• DARPA  Robotics Challenge (DRC) 2013/14 – Humanoid Robot Driving a Car 

Autonomous Driving: Challenges!
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Autonomous Driving: Challenges!
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Darpa Grand Challenge
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Darpa Grand Challenge
Waypoint – GPS Coordinates

Autonomous Driving: Challenges!
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DARPA  Grand Challenge
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Intelligent Vehicles
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Computational
Vision



Non Navigable 
(not safe)
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Computational
Vision

Navigable / Safe

Non Navigable 
(not safe)



October 2011:

Total path: 1,08 km 

Autonomous Control Mode
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Autonomous Navigation

Project CaRINA I :  R&D

Movies/Vision based Autonomous Navigation - Electrical Vehicle - 001.MP4
Movies/Vision based Autonomous Navigation - Electrical Vehicle - 001.MP4


DARPA  Grand Challenge

Winner – Stanley / Stanford University

Sebastian Thrun, Mike Montemerlo, Hendrik Dahlkamp, 

David Stavens, Andrei Aron,  James Diebel, Philip Fong, John Gale, 

Morgan Halpenny, Gabriel Hoffmann, Kenny Lau, Celia Oakley, Mark Palatucci, 

Vaughan Pratt, and Pascal Stang, Sven Strohband, Cedric Dupont, 

Stanford Artificial Intelligence Laboratory- Stanford University - Stanford, 

California 94305, Lars-Erik Jendrossek, Christian Koelen, Charles Markey, 

Carlo Rummel, Joe van Niekerk, Eric Jensen, and Philippe Alessandrini

Volkswagen of America, Inc. - Electronics Research Laboratory - Palo Alto, California

Gary Bradski, Bob Davies, Scott Ettinger, Adrian Kaehler, and Ara Nefian

Intel Research - 2200 Mission College Boulevard, Santa Clara, 

California 95052, Pamela Mahoney ...

Mohr Davidow Ventures

Menlo Park, California 94025
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Intelligent Vehicles



Autonomous Vehicles – Urban Spaces

DARPA Urban Challenge

Boss, the autonomous Chevy Tahoe that won the 2007 DARPA Urban Challenge

Tartan Racing – CMU Carnegie Mellon University

Pittsburgh, Pennsylvania
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Intelligent Vehicles



The quest for Autonomous Vehicles
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LRM  Laboratory  :)
2009:  INCT-SEC was created and start its activities
2010:  April / Acquisition of our 1st  vehicle (Electric Car) Club Car  CarryAll CaRINA 1
2010:  October /  Autonomous Driving on Campus 2 using CaRINA 1
2011:  July / Acquisition of our 2nd vehicle - Fiat Palio Adventure - CaRINA 2
2012:  September / CaRINA 2 at  USP/SC Campus 2 - Fully autonomous!

Intelligent Vehicles



State of the Art
• Reference Challenges:

– DARPA Urban Challenge

– Elrob

• Projects:

– Boss, Junior e Spirit of Berlin

– MIG e MuCAR-3

– BRAiVE e Porter

– Google Autonomous Car
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Intelligent Vehicles



State of the Art
• Reference Challenges:

– DARPA Urban Challenge

– Elrob

• Projects:

– Boss, Junior e Spirit of Berlin

– MIG e MuCAR-3

– BRAiVE e Porter

– Google Autonomous Car

22

Intelligent Vehicles



State of the Art
• Reference Challenges:

– DARPA Urban Challenge

– Elrob

• Projects:

– Boss, Junior e Spirit of Berlin

– MIG e MuCAR-3
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Intelligent Vehicles



Brazilian Initiatives
Automated Vehicles: Assisted conduction, Drive-by-wire
• GPVA – Grupo de Pesquisa em Veículos Autônomos / RS

Automated Baja Buggy, drive-by-wire e sist. de visão - 2002/2008
• USP SC – EESC/ICMC - Projeto SENA (Fiat Stilo instrumented w/sensors)

Sistema Embarcados para Navegação Autônoma 2008/2011
• UNIFEI /MG - Grupo de Automação e Tecnologia da Informação / UFJF

Projeto Driving4u - Chevrolet Zafira 2008/2011

Autonomous Vehicles: Perception e Actuation
• UFMG DEE – R&D Group: Veículos Autônomos (PDVA) - GM Astra

CADU Carro Autônomo Desenvolvido na UFMG – final 2007/2012
• CTI CenPRA - DRVC Divisão de Robótica e Visão Computacional - “Freedom”

Projeto VERO - Veículo Robótico Terrestre de Exterior – 2008/2012 
• USP SC – ICMC / LRM – Projeto CaRINA I e II - Club Car, Palio Adventure

Carro Robótico Inteligente para Navegação Autônoma – 2010/2012
• UFES: LCAD carro adquirido em Setembro/2012- TorcRobotics Bywire-XGV
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Intelligent Vehicles



Autonomous Vehicles:

• GPVA –Baja Buggy - 2002/2008
• USP SC- SENA – Fiat Stilo - 2008/2011
• UNIFEI /MG - Projeto Driving4u 

Chevrolet Zafira 2008/2011

25

Brazilian Initiatives

Intelligent Vehicles



Autonomous Vehicles:

• UFMG DEE - GM Astra - CADU 2007/2012
• CTI CenPRA - DRVC  - Freedom Elétrico

VERO - 2008/2012 
• USP SC – ICMC / LRM – Club Car CarryAll
CaRINA I - 2010/2012
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Brazilian Initiatives

Intelligent Vehicles
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Intelligent Vehicles

Brazilian Initiative @  USP São Carlos



Autonomia
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• Executar tarefas sem 

a intervenção humana

Projeto CaRINA 2 - LRMProjeto LRM / CRob USP-Scania

Projeto LRM USP-Jacto
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DRC Darpa Robotics Challenge

DRC – Darpa Robotics Challenge

2013-2015     /   US$ 2M Prize
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DRC – Darpa Robotics Challenge TASKs

 Drive a utility vehicle at the site.

 Move/Walk across ruins/debris.

 Remove debris blocking an entryway.

 Open a door and enter a building.

 Climb an industrial ladder and traverse an industrial walkway.

 Use a tool to break through a concrete panel.

 Locate and close a valve near a leaking pipe.

 Connect a fire hose to a standpipe and turn on a valve.

DRC Darpa Robotics Challenge
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http://en.wikipedia.org/wiki/DARPA_Robotics_Challenge

http://www.theroboticschallenge.org/overview



DRC – Darpa Robotics Challenge

How to Win?

1. First: 

Finish the Tasks

2. Second: 

Time to Finish the Task

3. Third: 

Amount of Data Required to Finish the Task

(bits uplinked + bits downlinked)
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DRC – Darpa Robotics Challenge
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How to Win?

1. First: 

Finish the Tasks

2. Second: 

Time to Finish the Task

3. Third: 

Amount of Data Required to Finish the Task

(bits uplinked + bits downlinked)
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http://en.wikipedia.org/wiki/List_of_mergers_and_acquisitions_by_Google



Pesquisa em Robótica
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Sensores
Laser Hokuyo

Visão Estereo

Kinect

Aplicações
Robôs de Segurança e Tele-Presença

Veículos Autônomos



Simulação!
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VREP



A SEGUIR:

SIMULAÇÃO DE

ROBÔS MÓVEIS E ARTICULADOS
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Site: http://www.lrm.icmc.usp.br/

Vídeos: http://youtube.com/lrmicmc

https://www.youtube.com/user/lrmicmc/videos

Laboratório de Robótica Móvel – ICMC/USP

Contato:
Prof. Fernando Osório
Prof. Denis Wolf 
http://www.icmc.usp.br/~fosorio
E-mail: { fosorio, denis } @icmc.usp.br

http://www.lrm.icmc.usp.br/
http://youtube.com/lrmicmc
https://www.youtube.com/user/lrmicmc/videos
http://www.icmc.usp.br/~fosorio

