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Veiculos Autonomos Inteligentes

* |Introduction
 Robotic: Automatons, Mobile Robots and Autonomous R obots

= Perception, Action, Locomotion e Communication
= Control and Intelligence
* Intelligent Vehicles

= Technologies for Vehicle Automation
= Control pyramid
* Intelligent Control of Autonomous Vehicles

= Control : Computational Architectures

= Simulation of Autonomous Vehicles
« Computer Vision

* Practical Applications

Intelligent Autonomous Vehicles
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CONTROL: Computational Architectures

=> From where do | start?  Modeling and Simulation

° MOdelS: {a) Ro : M (b) Robo simulado _

Q@ =y 6L 6

- Sensorial Models

- Actuator Models

- Kinematics Models

- Environment Models
- A.l. Models (Path Planning, Agents, ...

e Simulation:

- Validate models ‘_ _
- Test robustness e

- Improve design i i
Control:

Computational Intelligent Autonomous Vehicles

Architectures
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A
CONTROL: Computational Architectures I QOBO I

IN EVERY HOME
=> From where do | start?  Modeling and Simulation e e reg e T

SCIENTIFIC

Scientific
American
January 2007

By Bill Gates

55 tacled Mobjledayice

COMFUTER TEST-DRINE efamobile device in athreg-dimensional virtual
anviranment helpsrobot buildersanalyze and adjust the capabilities
oftheir designs beforetrying them out in the real waorld. Part of the
Microsoft Robotics Studio seftware development kit, this tool simulatos
theeffects of forces such as gravity and friction.

Control: . .
Computational Intelligent Autonomous Vehicles

Architectures
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CONTROL: Computational Architectures @ o

» Sensorial Models
» Kinematics Models

Sensorial Model:

// /// ; \\ « Sonar Kinematics Model: 0
i
. o \\ . R
//////////%%%?% . \}\}}\t\&}\\}}&\\\\\\}}\\\\\\\\\\\\\\ Infrared Differential
o il Wi« Radar, Compass, Odometer  Aeckerman

)
1000 A

;-W L.
1l S I

0=V /L*Sin (®)
X =V *Cos (D) * Cos (0)
Y =V *Cos (D) * Cos (0)

750

500

Measured re floction value

T = A & F w B F = 5 Amgle[]

Figure 12: Typical response of a proximity sensor for an obstacle {7 mm in widih) at a distance of 15 mm.
The measurement is given versus the angle between the Forward orientation of the robot and the oriemation
of the shstacle,

Control;

Computational Intelligent Autonomous Vehicles
Architectures
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CONTROL: Computational Architectures

» Sensorial Models
» Kinematics Models

* Robotic Control:
* Reactive
* Deliberative
* Hierarchical
* Hybrid

* Environment Maps
* Building Maps
* Path Planning
* SMPA - Sense Model Plan Act

* Problems:
* Complex tasks
* Avoid Obstacles: Static / Mobile - Unexpected obstacles
* Robot actual position estimation - Where am | ?

Control: . .
Computational Intelligent Autonomous Vehicles

Architectures
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| Dl oo
L Wl M “

Inhll] action Pranving
° * Ability to Perceive the Environment
® * Ability to Decide
¢ * Ability to Act
* High Level Tasks Planning
* Reaction: Sensorial-Motor
P Bessiérre * Estimate Actual and Future States
* Adaptation and Learning
* Robustness
* Unexpected Situations

=> From where do | start ??7?

Figure 2

Control;

Computational Intelligent Autonomous Vehicles
Architectures
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CONTROL: Computational Architectures

Complexity...

Control: . .
Computational Intelligent Autonomous Vehicles

Architectures
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Complexity... Simplify! Ho w?

Control;

Computational Intelligent Autonomous Vehicles
Architectures




IEEe@computer society

CERMA 2007 / Tutorial lfUNlS]N OS

N, e AL B

Complexity... Simplify! Ho w?

» Reactive: Sensorial-Motor Integration

» Able to Act
» Able to Perceive the Environment
» Able to React

Reactive . -
Control Intelligent Autonomous Vehicles

Architecture
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CONTROL: REACTIVE Architecture
» Reactive: Sensorial-Motor Integration Reactive Control

IF S1 < Threshold and

o o S2 < Threshold and
S1 - - [} --------:Jiﬁi-------- S3 < ThreShOId and
-8 * s < I I S4 < Threshold
F ﬂ M2|'I) I I THEN Action (Go_Forward)
I I}E [ [ [ [ [ [ [ | I
i o IF S1 < Threshold and
e I ":! ’ I S2 < Threshold and
-\ 1 |1 S3 > Threshold and
I o I I S4 > Threshold
i \ 1 | 10 THEN Action (Turn_Left)
N Vo
i IR [ IF S2 > Threshold and
I I L I S3 > Threshold and
¥ i L L S2>S3 and
I} I —————————————————————— i ’\_)
% neu| load| save| set robot| !| scan| remove| add| turn| ﬂ’: TH EN ACtlon (Turn_nght)
.
&

Sensorial-Motor: Perceive => Act

Egﬁﬁtci)\fe Intelligent Autonomous Vehicles
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CONTROL: REACTIVE Architecture
» Reactive: Sensorial-Motor Integration Reactive Control

[ Ehepera Simulator verzion 2.0 by Olivier HIEHEL

Robotic Lawn Mowers

- Toro iMow

- Husqgvarna Auto Mower

- Automower Electrolux —»

i 1owe| Sae. ok wobesk | 1], sewi] FEnous) | ok Ko Jr T
Electrolux Trilobite
Robotic Vacuum Cleaner ZA1l

Sensorial-Motor:  Avoid Obstacles, Wall Following, Wander )
http://www.onrobo.com/reviews/At_ Home/Vacuum_Cleaners/

Reactive Intelligent Autonomous Vehicles

Control
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CONTROL: REACTIVE Architecture
» Reactive: Sensorial-Motor Integration Reactive Control

The rover goes a little too far and
begins to climb Yogi (M AaS a0

Sensorial-Motor:

- Avoid Obstacles
- Wall Following
- Wander

Simple behaviors...
Robustness? Complex tasks?

ggﬁ;tévle Intelligent Autonomous Vehicles
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CONTROL: DELIBERATIVE Architectures
 Deliberative: Plannlng + Action

Deliberative Control

D €|+ =<z |»
SIMROB (2D)
Angula
30.000000° - Map
Velocidade - Configuration Space
fLenoi - Visibility Graph
Sensores - Optlmlzed Pa.th
SO-1024 (0 .
101 (Dijkstra)
S2-10151(9)
53-1023 (1) Fan
Sd-1024 (0 ”
CO I
Ell
!

Grafico do Sensor 0 Robotic Arm:
1024- Pre-defined paths

Importando mapa do ambiente... - ' M‘

Importacao OK

Espago de Configuracan Gerado .

oK, .;?&::
Deliberative
Control

Architecture 27
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Deliberative Control

.. ENENN

Complexas...
Robustez?
. ol Il Bl Imprevistos?
4} . i Ambiente pouco

+ < ; ; conhecido?

CONTROL: DELIBERATIVE Architectures
 Deliberative: Planning + Action

I A VA e e, A

=< VPP 1

) . Geometric Map based Navigation:
Figura 4.3 Navegacdo baseada em Grid Planning: Graph+Dijkstra, A*

Grid based Navigation:
Planning: A*

Deliberative Intelligent Autonomous Vehicles

Control



ieee@computer society

< |EEE [E%sayrewmd JUN]S]N O\

Hierarchical and

CONTROL: HIERARCHICAL and Hybrid Control
HYBRID Architectures

Combining: Deliberative + Reactive

8| B
N FIE T
Se El % g —  Actuators
reason about behavior of objects '3 g
plan changes to the world
identify objects Figure 1. A traditional decomposition of a mobile robot control system into functional
miodulea.
monitor changes
i ) »  Actuators Hierarchical Control:
build maps

- Control Layers
explore - Priorities

- Information Exchange

wander
avoid objects Figures From:
Brooks, R. A.
MIT A.l. Memo 864
Sept. 1985
Figure 2. A decomposition of a mobile robot control system based on task achieving
behaviore, Brooks - Subsumption Architecture

Hierarchical

and Hybrid Intelligent Autonomous Vehicles
Control
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Hierarchical and
CONTROL: HIERARCHICAL and Hybrid Control
HYBRID Architectures

Building the Environment Map: MODEL i
(a) i
SMPA - SENSE / MODEL / PLAN / ACT £ :{ -
\_IJ "-\[ FLM
T B pp AN
® s JL g_s_’liar
s ,.3 — :] = jKStra
=
E l:f = |
N \L-_.,—w-—w_.a_; ACT !
S :
= @ S gl i
e 1"'1 fi
iy AR L
i i e T e g
Figure 5. Maps penerated in other larpe-scale environments of
sizes (a) 75m, (b) 45m, and {c) 50m. In some of these muns, the
cumulative odometric error exceeds 30 meters and 90 degrees.

Fig. . Integrating multiple maps: (a) CAD map of the museum (21 % 20m?®) modeling only the static obstacles. (b) laser map. (¢) sonar map.,
and (d) the integrated map used for path planning. Sebastian Thrun / CMU

Hierarchical

and Hybrid Intelligent Autonomous Vehicles
Control
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Hybrid Control

CONTROL: Simple HYBRID Architectures

X

¥% Sala.pol - 5Im BE =
Ele Edt Miew Aplicatives Help Farlei Heinen

D@ E2 [+ === =

1Bl

Angulo

|139.DDDDDD° D

Yelocidade

|u.uzuuuu

Sensares

501024 (0]

51 -1015 (9]

52-1024 [0

521017 [7) Fan

54-314(7) " M

[£] SE——
'
— Grafico do Sensor 4
1024- —
[] i

C:AUnisinos\Robotica\SimuladoriBin\Sala.pol
MNumero de Yertices: 34 e \ X7
Numero de Poligonos: b = &
Simulacgao Iniciada - .
4 3 PLAN: Dijkstra

Pausa ACT & ReACT

gg%iﬁ)l Intelligent Autonomous Vehicles
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Hybrid Control

CONTROL: Simple HYBRID Architectures

M Estacionar - 1A E3 Semeore s
- . W0]- V5]

v Farlei Heinen @
OMTROLE MAMUAL ! W1 - g " V]
2 3456 DirecEo0

e 03 ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| o e

® (R RIS 330 345 15 20 HE
I I vy | v Vs v
II el cidade 51.1024.0-52.10240-53:.614.4 - 54614 4 - 554389 - 56:438 9
| 0000 |

/ References :

r

1 SEVA2D / SEVA3D
Obeticulos Autonomous

Vehicle Parking

SEVA-A (Automaton)

TASK PLANNING & CONTROL: Farlei Heinen

Finite State Automata (Fsa) SEVAN (Neural
Artificial Neural Net (ann) Fernando Os6rio

Luciane Fortes
Milton Heinen

ACTION: e
Sense’ Act Publications:
React (change state) SBRN 2002

gﬁﬁ?ﬁ) | Intelligent Autonomous Vehicles




ieee@computer society
< |EEE [E%sayrewmd JUN]S]N O\

Hybrid Control

CONTROL: Simple HYBRID Architectures

SimRob3D SEVA3D
Motor f
Kinematics: “Actions :_ Commands

Estimation of :
Position and Orientation :
: Control:

SEVA3D-A (FSA)

. : SEVA3D-N (Neural)
Perception: :
SG']S)T - : / - Sem titulo - SimRob3D.

i i w]&rla' . Ele Vew Controlador telp
Simulation L Sensors s
Information : IS =

Visualization

gg%iﬁ)l Intelligent Autonomous Vehicles
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CONTROL: Computational Architectures

» Sensorial Models
» Kinematics Models

» Robotic Control:
* Reactive
* Deliberative
* Hierarchical
* Hybrid

* Environment Maps
* Building Maps
* Path Planning
* SMPA - Sense Model Plan Act

* Problems:
* Complex tasks
* Avoid Obstacles: Static / Mobile - Unexpected obstacles
* Robot actual position estimation - Where am | ?

Robust Hybrid Intelligent Autonomous Vehicles
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Intelligent Autonomous Vehicles
Control System
Task Execution

PROBLEMS:

* Avoid Obstacles

- Known Obstacles
- Unknown Obstacles (static / no movement)
- Unknown Obstacles (dynamic / moving objects)

* Positioning
- How to determine the exact actual position of the robot ?

- How to maintain the control of exact position afte r displacement ?
- Error and Imprecision: Move forward / Rotate

282525 Hybrid Intelligent Autonomous Vehicles
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Intelligent Autonomous Vehicles
PROBLEMS: Control System
* Avoid Obstacles Task Execution

- Known Obstacles
- Unknown Obstacles (static / no movement)
- Unknown Obstacles (dynamic / moving objects)

Y

Robust Hybrid Intelligent Autonomous Vehicles
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Intelligent Autonomous Vehicles
Control System
PROBLEMS: Task Execution

* Positioning

- How to determine the exact actual position of the robot ?
- How to maintain the control of exact position afte r displacement ?
- Error and Imprecision: Move forward / Rotate

Fig. 2. Seqiiéncia de imagens mostrando a evolugdo da distribuigdo das particulas durante a
localizagdo do robd movel utilizando o algoritmo Monte Carlo.

Egﬁﬁiﬁ Hybrid Intelligent Autonomous Vehicles
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Robust Hybrid Control — COHBRA/ HYyCAR [SimRob3D]
Robot

Sensors Actuators

Control Layers
) Reb £z Environment
I Beha_wors Representation Maps
- ™
¥ el
Positioning Mital Polygonal
Estimator
(Monte Carlo) —W Sequencer 4 »
42 4 Control Modules o )
Funeional Grid
—~ Path Planning
[peLibarativa s | Topological
and
* Semantic
-
> Shared
Memory -

Eggfr(s)ﬁ Asite COHBRA - Controle Hibrido de Robds Autbnomos

HyCAR - Hybrid Control for Autonomous Robots
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Robust Hybrid Control — COHBRA/ HYyCAR [SimRob3D]

Simulation using SimRob3D
A Eliminados:1 Renderizados: 26 B

File Edit WVew Controlador Help

D s u QO N e e

v

Egﬁtﬁl Hybrid Intelligent Autonomous Vehicles
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Robust Hybrid Control — COHBRA/ HYyCAR [SimRob3D]

Simulation using a static environment
Position estimation based on Monte Carlo Localization Method

HEWB:! Rendarizados: M
| Pl Edit. Wew Controlsdoe  Help

|0 & & ok @ xx [ 6L S0 F

—_

v

Vel0.00 Dir-0.09 Pos[-106.9,-114.2. 57.0) PROB: 00000 com 1000 Amostras
16 Sensores (3277176 Filrados) PathTime: 0.000000 PathDist 0.000000
Girid: Hes: 200 (124.124] Heal Lo (LO0DO00 WNO: 0000000

Egﬁﬁfﬁ Hybrid Intelligent Autonomous Vehicles
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Robust Hybrid Control — COHBRA/ HYyCAR [SimRob3D]

Simulation using a static environment

Position estimation based on Monte Carlo Localization Method
B4 Eliminados:3 Renderizados: 20 =oEd v

Fis Edit WYiew Confrolador Hep

Mo & o @™ v oal g1 (Cap | @&

Vel 0.00 Dir-0.00 Pos[9.5.99.9.07.0) FROO: 0.0000 com 1000 Amostras
16 Sensores (3277176 Filtrados] PathTime: 0000000 PathDise: 0000000
Grid: Fes:2.00 [124,124] Aeal Loc: 0000000 ND: 000000

282525 Hybrid Intelligent Autonomous Vehicles
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Robust Hybrid Control — COHBRA/ HYyCAR [SimRob3D]

Simulation using a static environment
Environment was changed related to the original map
Internal robot representation is different from actual world configuration

B2 Fliminados:0 Renderizados:23 ok v

= 0

Mel:0.00 Dird.14 Pos[9.5,99.9,87.6] PROB: 0.0000 com Il]l]l]hmﬂ Cap ﬂ‘
16 Sensares (3277176 Fitrados]) PathTime: 0.000000 PathDist: g
Grid: Aes:2.00 [124,124) Heal Loc: 0.000000 WOD: 0000000

|

O,

282525 Hybrid Intelligent Autonomous Vehicles
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Robust Hybrid Control — COHBRA/ HYyCAR [SimRob3D]

Simulation using a dynamic environment (mobile obstacles)

52 Ehiminados:1 Renderizados: 26 ol

| Fis Ecit Wiew Cortrolsdor Hefp

2 s 6 QO 6L e

Egﬁtﬁl Hybrid Intelligent Autonomous Vehicles
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Robust Hybrid Control — COHBRA/ HYyCAR [SimRob3D]

Position estimation based on Monte Carlo Method:
Robot was moved, starting in a new and unknown position

B2 [liminados:4 Rondorizados:19 o =0Ed
_Flu Edk “ew Conmrolador  Help

D & B & & G xy [ow| GL S F
Wel:0.00 Dir:-0.06 Pos|-65.7.-73.0.89.7) PROB: 0.0000 com 1000 Amostras
16 Sensores (3277176 Filtrados] PathTime: 0.000000 PathDist 0.000000
Grid; Hes:2.00 [124,124] Real Loc: 0000000 ND: 0.000000

v

i

[ |

Egﬁﬁfﬁ Hybrid Intelligent Autonomous Vehicles
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Robust Hybrid Control — COHBRA/ HYyCAR [SimRob3D]

Virtual Environment: 3D Realistic Environment

ﬁ[lhﬂmﬂﬁtl] Renderizadas: 149
Fil= Edi Miew Controlador kel

O & W oy @QEn@ xv [ GL S0 F

SimRob3D
Simulation
Tool

= PasdeGiE
# PaedeG1D
= ParedefilEx
= PigoConzi
= MacoPots
= Farsdelilln
o Tekalz]

= Tetalorelil
= ParadelGin
= MarcaPotl
%= Pizol G

= PorecelGER
= Paradel GE|
« PaadalGD
= TealG

& F2

= MacaPot]
= PasdeG1D0
= FaadeQ1ED
= PaedsGl0
# FaredelGED bl

Imcwizacen do Contralador Completada
+ Mo Senso Adiconada ro oo d
-+ Mawe Sensoi Adoonado o Hoba
+ Moen Soensorddcionado o Fobo 0
- Mt Sanso Adieionad o Habo s |

{Feady KEY

Egﬁﬁfﬁ Hybrid Intelligent Autonomous Vehicles
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Robust Hybrid Control — COHBRA/ HYyCAR [SimRob3D]

Virtual Environment: 3D Realistic Environment

[TdsimRob3D SimRob3D
| File iew Confrolador  Help Simulation
| Tool

R XY Sns ol GL ﬁ

| Moy Seneor &dicionado no Robo O
| Movo Sensor Adicionado no Robo O

> Mova Seneor ddicionado no Roba O
| = Wovo Sensor Adiciohado no Fobo O

Fobn Adicinoadi

Ready

Egﬁ{ﬂ Hybrid Intelligent Autonomous Vehicles
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Robust Hybrid Control — COHBRA/ HYyCAR [SimRob3D]

SEVA 3D

- Untitled - SimRob3D
File View Controlador Help

—— Lock | el
X XY sis 2 ow| GL @

ol SimRob3D
[+ Ambignte 30 H H
1 Rebis Simulation
Tool

[ - =

«y Start [ (g Ucs-2004d.ppt [ ET§ JAT-Cantrole-Simu... e Unttled - SimRob3D

Egﬁﬁiﬁ Hybrid Intelligent Autonomous Vehicles
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Intelligent Autonomous Robots and Vehicles

<< Intelligence >>

* Task and Actions Planning

* Ability to Perceive the Environment

* Ability to Decide

* Ability to Act

* High Level Tasks Planning

* Reaction: Sensorial-Motor Integration

* Estimate Actual and Future States:
Environment + Behavior = Interaction

* Adaptation and Learning
* Robustness: Unexpected Situations

Next steps...

Intelligent Autonomous Vehicles
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Intelligent Autonomous Robots and Vehicles

<< Intelligence >>

DARPA Challenge - Desert (2004, 2005)

* Task and Actions Planning

* Ability to Perceive the Environment

* Ability to Decide

* Ability to Act

* High Level Tasks Planning

* Reaction: Sensorial-Motor Integration

* Estimate Actual and Future States:
Environment + Behavior = Interaction

* Adaptation and Learning
* Robustness: Unexpected Situations

Next steps...

Intelligent Autonomous Vehicles
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Intelligent Autonomous Robots and Vehicles
<< Intelligence >>

* Task and Actions Planning
* Ability to Perceive the Environment Computational Vision .
* Ability to Decide ]
* Ability to Act

* High Level Tasks Planning

* Reaction: Sensorial-Motor Integration

* Estimate Actual and Future States:
Environment + Behavior = Interaction

* Adaptation and Learning

* Robustness: Unexpected Situations

Next steps...

Computational Intelligent Autonomous Vehicles
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Intelligent Autonomous Robots and Vehicles

<< Intelligence >>

Computational Vision

 Path following:
- Follow Me, Lane Follow

* Avoid danger situations: going out of the track
- Lane Detection

» Obstacle detection: pedestrians, cars, etc
* Traffic signs detection and recognition
* Visual Navigation (Based on Images)

Computational Intelligent Autonomous Vehicles
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Intelligent Autonomous Robots and Vehicles
<< Intelligence >>

Computational Vision Lane Follow
Lane Departure Detection

Follow Me

Computational Intelligent Autonomous Vehicles
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Visual Navigation

Image Database:
Path defined by a sequence of image

Reference Image NCC

(match)

Next Image

Robot acquired
image

Navigation based on Monochromatic Images [Jones et al. 1997]
Algorithm: NCC — Normalized Cross-Correlation

Visual Intelligent Autonomous Vehicles

Navigation
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[Matsumoto et al. 1996]

Visual Navigation (1) Rocording fun

Memorizing views along the route

Matlab Code e T"’"*D3<"'p
>> imgl = imread(’ir\b02ir08.jpg’); - x
>> img2 = imread(’icr\b02icr08.jpg’); : '
>> ncc = normxcorr2( img2(:,:,1), imgli(:,:,1) );

>> figure,surf(ncc),shading interp,axis ij,view(3);

>> title(’Ex. Correlacao’),ylabel(’Altura’),xlabel(’Largura’);

U' View-Sequenced Route Representation {¥5RR)

______ ]

Ex. Comelacao

‘I .
08
06 (2) Autonomous Run
04 R: .. s Current i age
02 Reference Image
LRSS AR e, TSIEUERTEETER T 0000 [t e 4001 S
- .
o4 B
200 \H____;: P | o J___,_f""'ﬁoo ICR: 1. Locallzation
W Image Captured 2. Steering Angle Determination
800 e e by the robot 3. Obstacle Detection
800 T 500 —
Altura 1000 o Largura . l
[Righes 2004, 2005] ' Action |

Visual Intelligent Autonomous Vehicles
Navigation
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[Righes 04]

() ICR (6) B de masicr corrdlichia {c) Regiao de maior correlagio

Visual Intelligent Autonomous Vehicles
Navigation
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Visual Navigation

Mobile Robot Localization
and Mapping with Uncertainty
using Scale-Invariant

Visual Landmarks

Stephen Se,
David Lowe,
Jim Little
(UBC, CA)

() ih)

Algorithm:
SIFT

Reference

Int. Journal of Robotics Research
Vol. 21, No. 8, August 2002,

pp. 735-758, c) (d)

Fig. 3. The SIFT feature matches between consecutive frames: (a) between Figores 2ia) and (b) for a 10 em forward
movement; (b) between Figures 2ib) and (c) for a 5° clockwise rotation: (c) between Figures 2(c)and (d) for a 10 cm forward
movement; (d) between Figures 2(d) and (e) for a 5% clockwise rotation.

Visual Intelligent Autonomous Vehicles
Navigation
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Visual Navigation

Omnidirectional
Cameras

e = Chr Jn-.-l.llun || iy el

Ladbrote 2| L Upe'otor Moze Whzow Help

# Umni direclionol Imoge]

Visual Intelligent Autonomous Vehicles
Navigation
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Aerial Visual Navigation

Vision System for Unmanned Aerial Vehicles
o UNISINOS BE|

Correlation:
Satellite image
and Helicopter

Results...
Not good at all!

Visual Intelligent Autonomous Vehicles
Navigation
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Aerial Visual Navigation v

Vision System for Unmanned Aerial Vehicles

Referential

Correlation in the Crossing Point
Using helicopter only images

Very
Good
Match!

Visual Intelligent Autonomous Ve| -
Navigation N
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Vehicle Visual System

Vision system used to identify traffic signs

[gAlves 2003]
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Color based sign segmentatlon
Artificial Neural Network Recognition

Intelligent Autonomous Vehicles

Systems
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Multiple Vehicles: Fire fighting squad

Planning, Navigation, Control + Strategy, Cooperation

Visual Intelligent Autonomous Vehicles
Systems
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vEICULOS auTONOMOS ==

& Universidade do Wale do Rio dos Sinos - UNISINGS possuium grupo de pesquisa de nome:
Lfe.'cv..'."os Autdnomos,

Este grupo multidis pImar envolvendo pesqmsadures dus
Cursos de En genh: h

iplinar de Hm-l sraduacdo em Computacdo Aplicada
Znl, desenvolve & implermenta tecnologias para

autnmag:au veicular em veicwios inteligentss, que podem,

por exempla, mover-se de forma cormpletamente autdnoma,

Fara alcangar este objetiva maior, diferentes sub-sistermas e
tecnologias sd30 desenvolvidos, muitos destes através de
parcerias corn a inddstria,

Dentre os objetivos dos diferentes projetos desenvolvidos pelo grupo destacam-se:

Desenvolvirmento da tecnologia D ve-8p-Wire,

Desenvolvimento de Sisternas de dpoio ao Motorista,
Desenvolvimento de Sistemnas de Supervsdo e Comando Hemaotos.,
Aplicagdes de Inteligénala Artificia! e robdtica mavel,

Aumento de seguranca nas estradas,

Exploracdo de lozais de dificil acessa.

Inspecdes em armbientes de risco & sadde hurmana,

Automatizagdo de sistermas de transporte,

Autornagdo rural,

Os projetos agui apresentados visarn analisar os diversos tipos de sensores, atuadores, sistermas
de controle, sistermas de redes e eletrdnica embarcada a serem implementados em Weiculos
Autdnornos,

Intelligent Autonomous Vehicles
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UNISINOS

UNIVERSIDADE DO VALE DO RIO DOS SINOS

Intelligent Autonomous Vehicles




