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Carro Robdtico Inteligente para Navegacao Autbnoma

Home

O Laboratério de Robdtica Movel desenvolve pesquisa em diversas areas relacionadas a robética. Dentre elas destacam-se: visdo computacional,
sistemas inteligentes, computacao evolutiva, aprendizado de maquina, sistemas computacionais reconfiguraveis, robds e veiculos auténomos

Atualmente, grande parte da pesquisa desenvolvida no laboratério esta relacionada ao desenvolvimento de veiculos inteligentes para ambientes
urbanos e agricolas. Mais informacdes sobre as linhas de pesquisa em andamento podem ser obtidas na pagina de projetos.

http://www.lrm.icmec.usp.br/

http://www.youtube.com/ Irmicme

Instituto Nacional de Ciéncla e Tecnologia
em Sistemas Embarcados Criticos
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https://www.youtube.com/watch?v=IyPNdDn8Hu8

How do we get there?

Technologies

Mobile Robotics: Research and Development

Platforms: Mobile Robots and Ground Vehicles

Perception: Monocular and Stereo Cameras
Spherical Cameras, Thermal Cameras, Radar,
Laser LIDAR (Light Detection And Ranging), ...

Localization: GPS, IMU (Inertial Units), Encoders, ...
Path: Planning, Navigation, Obstacle Avoidance
Global Map/Plan/Actions ; Local Map/Plan/Actions

Artificial Intelligence

Machine Learning | b s
Computational Vision

Pattern Recognition and Classification o

Networks, Security, RT-Operating Systems, Embedded Systems,...


Movies/Carina 2 Velodyne.mp4

How do we get there?

Technologies
¢ Platforms: Mc

® Perception: NV
Spherical Carr
Laser LIDAR (

® Localization:
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¢ Global Map/P
Mobile Robotics:
® Atrtificial Intellig

® Machine Learr
® Computational

¢ Pattern Recog

® Networks, Security, RT-Operating Systems, Embedded Systems,...



Research and Development...

History of Hu

Man's dream takes first step forward

\EE $100
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/Intelligent RODOLS

* 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




Ce Ropots / Intelligent Robots

* Research & Development of Service Robots:
Growing Market .
“The market for personal and service robots B—abeu{;$3—b4#+en—neW—|eu{—|s

UPDATED .

[NewsWeek August 09, 2008 by KNH]
*CGAR: Compound Annual Growth Rate
service robotics market in 2011 $18.39 billion

$20.73 billion in 2012
$46.18 billion by 2017

*IEEE Technical Committee on Service Robots




Introduction: Intelligent Robotics

5L0GS // AUTOMATON Amazon Acquires Kiva Systems for $775 Million - IEEE Spectrum

Amazon Acquires Kiva Systems fo $775 Million )

S
POSTED BY: ERICO GUIZZO / SEG, MARCO 19, 2012

Intelligent Robotics:
Industry
Jobs and Companies

-
Ss w

!‘i,“\‘.-‘&‘"““'
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i

Photo: Joel Eden Photography/Kiva Systems
Looks like Amazon is getting some robots. LOTS of robots.

The giant online retailer announced today that it is acquiring Kiva Systems, a North Reading, Mass.-based company that
invented a revolutionary way of managing vast warehouses by using fleets of mobile robots to sort, organize, and

transport inventory.

Amazon agreed to acquire all of the outstanding shares of Kiva for approximately US $775 million in cash. The
companies expect to close the acquisition in the second quarter of 2012.

11



Introduction: Intelligent Robotics

TOP SELLER:

H u T g m H T u " The future of robots RN IS by Inte”igent Robots:
/acuum Cleaning Robot Industry, JObS,

BLOGS // AUTOMATON Companies &

World Robot Population Reaches 8.6 Million Opportunities!

POSTED BY: ERICO GULIEEZQ J QUA, ABRIL 14, 2010

=Yl ST FEif=T R

BWDrld Rﬂbnt PDDUlatiﬂ'n Service Robots

Industrial Robots
2 10
2o Total 8.6 milion O .
8 7.5 Million home robots!
el N g
N & ) About Our Robots
. fotatesmifion 2 iRobothas made some ofthe world's mostimportant robats,
________ L=
S e 5 iRobot Home Robots: The smarter way to get it done
Total 4.5 million E IRobot's home robots are revolutionizing the way people clean - inside and out More than 7.5
4 - s5million =% million home robots have been sald worldwide. The award-winning iRobot® Roomba vacuum
2 E tleaning robotis leading the charge. Roomba made practical robots a reality for the firsttime and
& showedthe world that robots are here to stay. Robot's acclaimed i of home robats also
? I — & includes the iRobot Scooba® floor washing robot, the iRobot Verro® pool cleaning robat and the
) , 2 iRobotLooj® qutter cleaning robot
0.95 million Tmillion el 5
0 - 5 http://www.irobot.com/filelibrary/ppt/corp/cool_stuff ppt/co
2006 2007 2008

ol stuff ppt.html

The waorld's rabot population has reached 8.6 million. That's srerethar-are
http://spectrum.ieee.org/automaton/robotics/industrial-robots/041410-world-robot-population 12
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Introduction: Intelligent Robotics
*

ENDING PAIRWITHOUTSIDE EFFECTS = THE MOUI
HThistsa o8

A I IFIC .
e M E N lsa't Pluta?
DAWN

AN \A )
OF THE ¢ {5SNidhac’
AGEOF ‘38N
ROBOTS:>

Bill Gates writes that 253
every home will soon have «
smart mobile devices

Evolution and Cancer

Can Ethanol
Replace Gasoine?

| secret Controls for Genes

Scientific American
January 2007

A Robot in Every Home
The leader of the PC revolution
predicts that the next hot field

will be robotics
By Bill Gates

13



Introduction: Intelligent Robotics
*

IEEE Microsoft Shuts Down lts Robotics Group

SPECTRUM

By Erico Guizzo
Followon: ' & in + ® Posted 25 Sep 2014 | 21:45 GMT

Engineering Topics Special Reports In 2007, Bill Gates wrote his influential "A Robot in Every Home

(http://www.scientificamerican.com/article/a-robot-in-everv-home,)"
fukamaton: | Sobotics: | Roboics; Sofouers article in Scientific American®, envisioning a future "in which robotic

' . devices will become a nearly ubiquitous part of our dav-to-dav lives.”
M |Cr050ﬂ Sh uts Down |‘|Z$ RO bOtICS G rou p The article reflected his belief that robotics was going to be hugely

; , " e important, and Microsoft had to have a major role in it. Two vears
By Erico Guizzo [+] Share [~ Email =y Print . ) i 4
Posted 25 Sep 2014 | 21:45 GMT earlier, Gates had asked one of his top lieutenants, Tandy Trower, also
a big believer in robotics, to lead a group with the bold mission of
bringing robots into the mainstream

(http://spectrum.ieee.org/robotics /robotics-software/robots-

incorporated).

This week, word got out (http://www.neowin.net,/news,/microsoft-

lavoffs-claims-robotics-research-team-over-the-weekend) that, as part

of its current restructuring (http: //www.bloomberg.com /news /2014

00-18 /microsoft-cuts-2-100-workers-as-part-of-
restructuring. html), Microsoft decided to shut down its robotics group.
(Two sources at Microsoft have since confirmed the news to IEEE

Spectrum.) At a moment when excitement about the future of robotics
seems to have reached an all-time high (just ask Google
(http://spectrum.ieee.org/antomaton /robotics /industrial-

robots/zoogle-acquisition-seven-robotics-companies) and Amazon

(http://spectrum.ieee.org/automaton /robotics/industrial-

robots/apple-amazon-and-now-google-an-exciting-time-for-robotics]),

Microsoft has given up on robots. 14




Here is the list of companies Google has acquired:
IEEE

SPECTRUM « Schaft Inc.
Folowon- B E B & B « [ndustrial Perception, Inc
* Hedwood Robotics
Engineering Topics Special Reports + Meka Robotics
+ Holomini
Automaton | Robotics | Industnal Rebots e Bot&D olly

» Boston Dynamics

Google Acquires Seven Robot

2 - 3 s * DeepMind Technologies
Companies, Wants Big Role in Robotics

By Evan Ackerman {+] Share [ Email = Print
Posted 4 Dec 2013 | 14:52 GMT

Google Self-Driving Car
Project

14,561 followers | 2,690,009 views

http://en.wikipedia.org/wiki/List_of _mergers_and_acquisitions_by Google 15



DRC Darpa Robotics Challenge

2
DRC - Darpa Robotics Challenge = oa\\0
2013-2015 / US$ 2M Prize \

DARPA
ROBOTICS
CHALLENGE




DRC Darpa Robotics Challenge

©@ ® © ® ®

®
®
®

DRC — Darpa Robotics Challenge TASKSs

Drive a utility vehicle at the site.
Move/Walk across ruins/debris.

DARPA
ROBOTICS

CHALLENGE

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.

http://en.wikipedia.org/wiki/DARPA_Robotics_Challenge

http://www.theroboticschallenge.org/overview

17




DRC Darpa Robotics Challenge

*

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)

18



DRC — Darpa Robotics Challenge 4
How to Win? 0 t !
1. First: 0 i
Finish the Tasks :(‘
2. Second: ab
Time to Fini%@j
3. Thj e‘b'

@ nt of Data Required to Finish the Task
(

w bits uplinked + bits downlinked)

19



DRC Darpa Robotics Challenge

DRC — Darpa Robotics Challenge

Humanoids:
Walking, Avoid Obstacles, Stairs
Use tools, Manipulate objects

AW &
’ E L=\ 0
1 | 1743

20



DRC Darpa Robotics Challenge
*

DRC — Darpa Robotics Challenge

Humanoids:
Driving Cars




LRIVL

Sensors + Agent (Knowledge, Planning, Decision) + Action

Video Camera Network: * Robot x Robot
* Tele-Operation Station x Robot

Sonars
Odometer (encoder)

Tele-Operated: Receive Sensor Data => Decide [Human] => Send Action Commands
Autonomous : Receive Sensor Data => Decide [Computer] => Send Action Commands




Sensors

(¢) Inertia Unit

Kinect (Microsoft Xbo
(a) Laser Sick (b) Video Camera IMU - MicroStrain (d) Laser Hokuyo (0 inect (Microso X

Indoor only (or at night)

(e) STOC Video Camera  (f) Thermal Camera  (g) Compass Module (h) Sonar Module (i) GP'S Garmin

Stereo-on-a-Chip FLIR PathFindIR HMC6352 MaxbotixLvV-EZ0  (Qutdooronly)
z
\j 'l .
i I -
Laser Hokuyo

PointGray LadyBug 2 PointGray Bumblebee 2 Xsens Mt-G

Velodyne HDL-32E URG-30LX 23



Sensors

Laser LIDAR (LIght Detection And Ranging) — SICK LMS 200
Single Laser Beam — Max. Distance: 80 mts — Max. Speed: 75 Hz
View of 180° degrees — Resolution: 0.5 degree (360 scans) — Precision > 0.5 cm

S



http://en.wikipedia.org/wiki/Lidar

Intelligent Robots IRV

Laser LIDAR (LIght Detection And Ranging) — Velodyne HDL.32
32 Laser Beams — Max. Distance: 100 mts — Speed: 10 Hz - 700.000 points/sec .



http://en.wikipedia.org/wiki/Lidar

[D. Habermann]
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Movies/localizacao_3(1).mp4

Robots and Sensors: Kinect

Projetor de Luz Infravermelha (invisivel)
Cémera RGB ("comum”)

Camera infravermelha

[D.Correa]

‘ '|1"

"1 diegoPdloga-ncte: ~/mestrndofkine: ~ O X




Robots and Sensors: Kinect

Point Size: 1.0 FP5:36.4 NumTotalPoints:252224

USE MOUSE SCROLL Bl

http://www2.icmc.usp.br/~fosorio/webgl/
or http://www.icmc.usp.br/~fosorio/

29



Intelligent Robots IRV

» Original scene

Stereo Vision

Closer objects
+ displaced

Distant objects
- displaced




Intelligent Robots

Robots and Sensors: Thermal (FLIR)

Intrusion Detection

Thermal Camera:

(a) Color Image

(b) Thermal Image

(c) Segmentation of “hot spots”
Detection of abnormal situations



Research and Development

Design of Intelligent Robots:
1. Modeling (sensors, actuators, kinematics, dynamics)
2. Virtual Simulation
3. Real Robots Validation

s St
= Byt

Simulation Small Robots Large Scale Robots
Test / Validation Tests / Sw Validation
TOOLS: -
Player-Stage OpenCV OpenCV
Gazebo Player ROS
ROS aye

ROS [Player] 32
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Problems: . Road traffic injuries are the
- - leading cause of death
|
Drlnk_ & Drlv_e. among young people, aged
Sleepiness / Tired! 15-29 years (WHO 2012).
Sickness!

In Brazil, number of car
accidents:1,5 million per

oropl Agel year, with ~ 35.000 deaths.
roblems: Age!

Difficulties of
elderly people

(vision, perception, fast reaction)

Motorcycles in Brazil:

43 thousand deaths/year.
~ Same as we have 215 big
Handicaped people, airplane crashes every

“ Machine and Human Fails, year in brazil!
Vision problems:

Occlusion, Fog, Dark, Rain, ... 33
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Lack of Education: Pedestrian / Conductors
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Lack of Educatlon Pedestnan / Conductors




Intelligent Vehicles

Autonomous Driving: Challenges!

L_ine follower

CoRA
Autonomous
Robots
Competition
[UFMG]
[FAPEMIG]

36



Intelligent Vehicles
_—

Autonomous Driving: Challenges!
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
37



Intelligent Vehicles

Autonomous Driving: Challenges!
Darpa Grand Challenge

38



Intelligent Vehicles
_—

Autonomous Driving: Challenges!

G i P— !j-'
DARPA Grand Challenge '\ abveoms
The final route will be chosen
from the highlighted segments. \\
e e W wisn Darpa Grand Challenge
CALIFORNIA C Vegas/Primm} . .
__ O Waypoint — GPS Coordinates
STt U ESSEReER
PRESERVE
Barstow & _
© @
v Places
» L9 Wy Paces
wl 148 Temporscy Maces
v V5 00ra Grand Chaderge
San Bernarding _ ] ~l B
JOSHUA TREE ol ’ 00 e
Los Angeles Paim Springs  NATIONAL MONUMENT ;

COURSE MAP AND POSITIONS
Finat Results as of 10/9/2005 )

w 1 Layers
2] O st Grograprns |
) teynine Commmunny 8
pl D oner Supphes Cotece |
L2 ey f

| b, Locgng

1@ tonsaTus

17 swsCntn

» Coffee Mouses

7 0 wasetrappeng Cove ™ pey Loty AR

[] 0 e b !
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W Goocery Saccen

I;uh u; V(8 Teran I 5 Soksnga

o Ton T Ton 0 B
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OTERO
®
~
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OIIoR
@
(69)
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Intelligent Vehicles

*

DARPA Grand Challenge

VISION LINKED TO SPEED

Smart speed switch, which helped Stanley win the 2005
Grand Challenge, combines laser and video sensorsina
four-step process. First, the robot filtersits laser data to
identify a section of terrain ahead that is smooth and
relatively flat [green). Second, a program finds the
corresponding patch of road in the video frame sent by
the onboard camera [blue outlines). Next, the system
highlights all other areas in the same video frame that
match that pattern, which it equates with good, drivable
road (pink areas). Finally, the software checks
whether the matching area completely fills the
robot’s intended path for the next 130 feet
[orange). If it does, then the system

concludes that along stretch of open

road lies ahead, and it informs the
onboard planning computer that
itissafe tosteponthe

A

Laser—j

scanlines

Camera
and five laser
scanners

-
.
)

Trinocular Terramax [right)
can build a 3-D stereo view
of the world from any of
three pairs [arrows) of
colorvideo cameras. The
closest cameras [purple),
used atslow speeds, can
detectobstaclesupto |
50feetaway. At fastspeeds
therobot selectsits widest
pair [orange), which can
pick up objects 65 to 165
feet ahead. The third pair
(pink) offers a happy medium.

%

Ranges for three
2 2l camera pairs

Terramaxmight firstdetect
the pillars of an underpass with its long-range stereo
cameras [orange zone above). As the vehicle slows, it will

A

FRrtat e, . . ; :
Py, #swnch tomedium- and then short-range camera pairs to make
e ..

certainit notices all the obstacles inits video scene [inset).

40



Intelligent Vehicles

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 Palatuca
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, C
Gary Bradski, Bob Davies, Scott Ettinger, Adrian Kaehler, and Ara Nefian
Intel Research - 2200 Mission College Boulevard, Santa Clara,
California 95052, Pamela Mahone

*—' e
A o201 sy
MMDV_] i)
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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

42



Intelligent Vehicles
_—

The quest for Autonomous Vehicles

Spirit of Berlin

MavLAB 5, VaMP BRAIVE, MuCAR-3
ALV

Boss, Junior,
J_‘ Porter, MIG

|_‘ ARGO
19:85 19|8? 1%89 19]91 19|93 19:95 1‘31'9? 19|99 20;[)1 IZGIOE ZDLDS 2[{0? ECTDQ 20|11

! ! !  — ! r r r o o | I
1926 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

I
NAVLAB EUREKA Prometheus DARPA Grand Challenge EuroFOT

DARPA ALV ELROB | DARPA Urban Challenge

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

e Reference Challenges:
— DARPA Urban Challenge
— Elrob
* Projects:
— Boss, Junior e Spirit of Berlin
— MIG e MuCAR-3
— BRAIVE e Porter
— Google”

'k
‘_ .

Autonomous Car




Intelligent Vehicles
_—

State of the Art
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State of the Art
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Intelligent Vehicles
_—

Brazilian Initiatives

Automated Vehicles: Assisted conduction, Drive-by-wire
GPVA — Grupo de Pesquisa em Veiculos Autbnomos / RS
Automated Baja Buggy, drive-by-wire e sist. de visao - 2002/2008
USP SC — EESC/ICMC - Projeto SENA (Fiat Stilo instrumented w/sensors)
Sistema Embarcados para Navegacdo Autonoma 2008/2011
UNIFEI /MG - Grupo de Automacao e Tecnologia da Informacéao / UFJF
Projeto Driving4u - Chevrolet Zafira 2008/2011

Autonomous Vehicles: Perception e Actuation
UFMG DEE — R&D Group: Veiculos Autdnomos (PDVA) - GM Astra
CADU Carro Autonomo Desenvolvido na UFMG - final 2007/2012
CTI CenPRA - DRVC Divisdo de Robotica e Visdo Computacional - “Freedom”
Projeto VERO - Veiculo Robaotico Terrestre de Exterior — 2008/2012
USP SC — ICMC / LRM - Projeto CaRINA | e Il - Club Car, Palio Adventure
Carro Robotico Inteligente para Navegacao Autbnoma — 2010/2012
UFES: LCAD carro adquirido em Setembro/2012- TorcRobotics Bywire-XGV



Intelligent Vehicles
_—

Autonomous Vehicles:

+ GPVA —Baja Buggy - 2002/2008

« USP SC- SENA — Fiat Stilo - 2008/2011

* UNIFEI /MG - Projeto Driving4u
Chevrolet Zafira 2008/2011



Intelligent Vehicles
_—

Brazilian Initiatives

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 | - 2010/2012

B g




Intelligent Vehicles

Brazilian Initiative @ USP Sao Carlos
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Carro Robdtico Inteligente para Navegacao Autbnoma
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Experimental Platforms

CARINA 1 CARINA 2
(may 2010) (july 2011)




CaRINAT Platienm

= Carryall 232 (Original Platform from: Clubcar)

= Electric Powered: 10 HP
Battery Source: 48V (8 x 12V)

= Velocities up to 30 Km/h
= Transportation utility car (up to 360Kg)

= Perception:

= Lasers SICK (front), Hokuyo (back)
= Monocular and Stereo Camera
= GPS, Compass, IMU and odometry

= Actuators: RoboteQ + Microcontroller

= Steering Wheel (+ encoders)

= Speed Control (“gas pedal”) / Breaking System

53



Project CaRINAI: R&D




Project CaRINA I : R&D IRW

S

CaRINA 1
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CaRINA




;3 Applications Places System ') E ) .' Tue May 10, 11:13 AM femandohp

z Gazebo =TT
File View

w09 W XY
Models View vSpIitwindow vTrackModeI I

planel_model
Carina_model
Carina_model::laser
Carina_model::laser_2
directional white
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Autonomous Vehicles Simulation (LRiVL

3D Simulationt Tool: Gazebo
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URG-30LX
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SENSORS

Play-Laser V.0.4

/
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Laser Beans

Laser: Real Data

Obstacles

Zoom: 5.50 - RetanguloX 8.50 - RetanguloY: 26.50
FX: 2.20 - FY: 2.40 - DX: 830.00 - DY: 122.00

LASER Cnt: 53 - Tempo: 1246903970.804 GPS Cnt: 55 - Tempo: 181237.800
GPS X: 814.4000 - Y: 814.4000

http://en.Wikipediajorqlwiki/ Lidar



http://en.wikipedia.org/wiki/Lidar
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SENSORS

Laser Velodyne HDL 32
32 Laser beans — Max distance.: 100 mts — Max speed: 10 Hz

Wide view of 360° degrees — Precision > 0.5 cm
3D Cloud of Points - 70.000 xyz points x 10 Hz = 700.000 points / sec

pa—r

/

R -

Sensores que permitem obter “Nuvens de Pontos 3D” (Cloud of Points):
Velodyne, Camera de Video Estéreo (PointGray Bumblebee), Kinect XBox
Sensor laser tipo Sick de feixe Unico + Deslocamento (composi¢ao)



Movies/CaRINA 1 com Velodyne HDL-32E.mp4
Movies/Carina 2 Velodyne.mp4
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URG-30LX




LRIV

]\/’Jai“ ~ 0gS ulijg http://www.lrm.icmc.usp.br/wiki/index.php/Publications

= Motor Control: Steering Control, Speed Control, Breaking System
= Software Integration into CaRINA I: Player, Stage e Gazebo + ROS (more recently)
= Computer Assisted Driving
= Intelligent obstacle detection (remove false positives)
= Navigable and Safe Region Classification and Detection
= Image processing using single (monocular) cameras and stereo cameras
= Laser: lane detection, borders of sidewalk, turns, crossings
= Navigation and Obstacle Detection
= Using vision to navigate and to avoid obstacles (navigable region, templates)
= Mapping and Representation of Environment Models
= Mapping the environment using laser and vision systems
= Finite State Machine (FSM) based Navigation
= Detecting situations (context) and taking actions
= Application into Agricultural Environments
= Autonomous pesticide spraying machines
= Tele-operation (i-CaRINA) 67
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3D Reconstruction

Vehicle Position
Laser Data

(Position and
Orientation)

Integration:
Laser 2D +
GPS + IMU + KF




[Alberto Hata]

(a) Cendrio | (b) Cenério 11

(d) Cendrio IV




Terrain Mapping and Reconstruction (laser)
*

[Alberto Hata]

(a) Mapa I (b) Mapa II

£ iy -
(d) Cendrio IV

(d) Mapa IV



[Alberto Hata]

(d) Cendrio IV
(a) Cendrio 1 (b) Cenério Il (¢) Cendrio 11
}
b
4
(a) Cenario | (b) Cenario Il (c) Cenario 111 (d) Cenano IV

Classification: Navigable x Non Navigable
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Computational
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[Patrick Shinzato]
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Movies/nav_camera.avi
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Computational Vision [Patrick Shinzato]
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Autonomous Navigation based on
Computational Vision

October 2010 November 2010

http://youtube.com/Irmicmc
[Jefferson Souza, Daniel Sales, Gustavo Pessin, Patrick Shinzato]



Movies/Vision based Autonomous Navigation - Electrical Vehicle - 001.MP4
Movies/Nav vis.MPG
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Using also small INDOOR robots...

[Daniel Sales]

http://youtube.com/Irmicmc
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[Calo Mendes]
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https://www.youtube.com/user/rlklaser  http://www.Irm.icmc.usp.br/wiki/index.php/Publications
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October 2011:
Total path: 1,08 km

Autonomous Control Mode

wGoogle

[G.Pessin, J.Souza]
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[L.Fernandes] 85



TOOLS:

Gazebo — Gazebosim Robot Simulator GAZEBO
(XX
ROS — Robot Operating System *e o R O S
(XX n
OpenCV — Open Source Computer Vision Library c o
'8 = \ V
PCL - Point Cloud Library C®) i

Morse - Modular OpenRobots Simulation Engine p L ‘

Matlab, Weka, SNNS/JavaNNS, FANN, GAL.Ib, Python, ...

Morse
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Carro Robotico Inteligente para Navegagao Auténoma

Autonomous Vehicle No. 2




Laser SICK GPS + IMU
Laser Velodyne Inerial Unit
LadyBug 360° Camera (Pointgray)

Stereo Camera BumbleBee (Pointgray)
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CARINA I
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Using LIDAR 3D 1IRW
——

Actual data obtained with Velodyne HDL-32E

Wﬁg

CaRINA | CaRINAII
April 2012 May 2012

http://lyoutube.com/Irmicmc 93



Movies/CaRINA 1 com Velodyne HDL-32E.mp4
Movies/Carina 2 Velodyne.mp4




LRIV

[ Entrada () - deniicme@gmailcom .. * | G G1 - Pesquisadores da USP dedo Ca... x [ & | -
€ % @ 5! globo.com -9 ola B

globo.com noticias esportes videos
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Gl~  Telepmais v VCnoG1 ¥

> Via expressa

Pesquisadores da USP de Sao Ca
desenvolvem carro inteligente

Palio auténomo
tem até uma

EPTV — April 2012

RIAMED  RODRIGO GARAVINI

BERAL 0o cors
Diario Oficial

Estado de Sio Paulo
Garakto Akckmin

Auto de data

Pesquisadores da USP criam
automovel que anda sozinho

occ]a unagmou entrar no seu Carro, esco-
ther um destino e nfo ter que se
par com a direcdo? Em vez disso, podc

abrir um livro ou tirar uma soneca,
enquanto o vefculo vai sozinho até onde vocé qui-

Revista Quatro Rodas —
July 2012

Jornal Nacional — September 2012 Dlarlo Of'c'al_ ity 2002



Movies/Reportagem Record Nov 2010.flv

Research project in collaboration with JACTO company
Development of Agricultural Applications
JAV — Jacto Autonomous Vehicle (agricultural pesticides)

Started in January 2012

96


Movies/Jacto Grid.mp4

LRIV

Research project in collaboration with JACTO company

Inicio em janeiro 2012



Movies/Jacto Filtro.mp4

NAV-AG Autonomous Navigation TRV
for Agribusiness Applications

Research project in collaboration with JACTO company

Inicio em janeiro 2012

98


Movies/Jacto 3.mp4
Movies/Jacto 4.mp4
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https://www.youtube.com/watch?v=kUVP9HsywDU JAV 2



Movies/JAV 2.flv

http://www.Irm.icmc.usp.br/
http://www.Irm.icmc.usp.br/wiki/index.php/Publications

LRM Group — Mobile Robotics Lab @ ICMC USP

Main Professors: Prof. Dr. Denis Wolf, Prof. Dr. Fernando Osério
External Profs: Prof. Dr. Valdir Grassi Jr. e Profa. Dra. Kalinka Castelo Branco

Graduate and Undergraduate Students (2012): ~ 30 people
» PhD Students: G. Pessin, L. Fernandes, M.Dias, D.Habermann, D.Sales
J.Souza, P.Shinzato, A.Hata, C.Mendes, F. de Alencar
» MSc Students: D.Correa, R.Klaser, V.Utino, D.Sciotti, M.Gomes, A.Toshio
» Post-Doc: Edimilson Santos
»UnderGrad Studies: Iniciacdo Cientifica, Iniciacdo Tecnologica,
Pre-Iniciacdo Cientifica, TCCs, Programas de Bolsas USP (Tutoria, PRG, PREX)
http://youtube.com/Irmicmc 1
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http://www.Irm.icmc.usp.br/

LRM Group — Mobile Robotics Lab @ ICMC USP |Coogle  wicam:
Main Professors: Prof. Dr. Denis Wolf, Prof. Dr. Fernando Osorio

GO ( ;gle LRM Robotica “

\(11{ Tube. B Q| e igeos | + 5. Osorio n o)

‘ I : J m' Laboratdrio de Robdtica Mdvel

g|.4
/N

@RW Laboratdrio de Robdética Mével @

- Em destaque Procurar videos
HOME MEMBROS PROJETOS ROBOS PUBLICACOES CONTATO

Projetos Projeto CaRINA

= CaRINA
= Veiculos
= Videos
= Reportagens
= Imprensa

= NAV-AG

= SEC-BOT

O projeto CaRINA (Carro Robético Inteligente para Navegacédo Auténoma) visa o desenvolvimento de um veiculo

http://www.youtube.com/user/Irmicmc/videos 10



http://www.Irm.icmc.usp.br/

LRM Group — Mobile Robotics Lab @ ICMC USP |CGougle
Main Professors: Prof. Dr. Denis Wolf, Prof. Dr. Fernando Osério

OBRIGADO
PELA SUAATENCAO!



JCRIS2014 B

Joint Conference on Robotics and Intelligent Systems 2014

PROGRAM IMPORTANT DATES REGISTRATION EVENT VENUE ORGANIZATION TRAVEL CONTACT

Joint conference 18-23 October 2014 / Sao Carlos, SP

XI'LATIN AMERICAN ROBOTICS SYMPOSIUM

Il Simposio
SBR § Brasileiro de

Robotica

G 2

“ou are here; Home

CONFERENCES
FEREMCE OM
DINTELHEERT vroduction . Events: LARS, SBR, RoboControl, LARC, CBR,
OBR, MNR, WRE, BRACIS, ...

Joint Conference on Robotics and Intelligent Systems 2014
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