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* 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

e Computer Vision

« Practical Applications
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CONTROL: Computational Architectures

=> From where do | start?  Modeling and Simulation

(b) Robo simulado

* Models:

- Sensorial Models

- Actuator Models

- Kinematics Models

- Environment Models

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

» Simulation:

- Validate models
- Test robustness
- Improve design
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INEVERY HOME
=> From where do | start? Modellng and Simulation e
‘robotics
f\ﬁl]‘;ﬂgg% By Blill Gates
January 2007 I
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A

Rloibiledeyice

Ubstacles

COMPUTER TEST-DRIVE of a muobile device in a three-dimensional virtual
atviranment helpe rabot builders analyze and adjust the capabilities
aftheir designs before trying them outin the real rarld. Part of the
Microsoft Rebotics Studio software development kit This toel simulates
theeftects of forces such as gravity and friction.
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CONTROL: Computational Architectures

» Sensorial Models
» Kinematics Models

Sensorial Model:

« Sonar . Kinematipéf Model: 0
« Infrared « Differential
« Radar, Compaé%, Odometer . Aegkerman

< (-ls : Y
D T2 | V! | ””l |¥ Aeckerman e

0=V/L*Sin (D)
X =V * Cos (®) * Cos ()
Y =V * Cos () * Cos (8)
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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 | ?
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CONTROL: Computational Architectures

Lol comee-
Wlntua il

DL on g
° * Ability to Perceive the Environment
; ) * Ability to Decide
o * Ability to Act
‘ * High Level Tasks Planning
* Reaction: Sensorial-Motor
P Bessierre * Estimate Actual and Future States
* Adaptation and Learning
* Robustness

* Unexpected Situations

=> From where do | start ???

Figure 2
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CONTROL: Computational Architectures

Complexity...
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CONTROL: Computational Architectures

Complexity... Simplify! Ho  w?
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CONTROL: REACTIVE Architecture

Complexity... Simplify! Ho  w?

* Reactive: Sensorial-Motor Integration

» Able to Act
» Able to Perceive the Environment
» Able to React
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CONTROL: REACTIVE Architecture
* Reactive: Sensorial-Motor Integration ’ Reactive Control ‘

IF S1 < Threshold and
S2 < Threshold and
S3 < Threshold and
S4 < Threshold
THEN Action (Go_Forward)

Ei

hone.uor 1d

IF S1 < Threshold and
S2 < Threshold and
S3 > Threshold and
S4 > Threshold

THEN Action (Turn_Left)

IF S2 > Threshold and
S3 > Threshold and

g S2>S3 and

2 S1>834

% neu] load| save| et robot| 1] scan| remove| add] turn| :": THEN Action (Turn_Right)
E

Sensorial-Motor: Perceive => Act

R

CONTROL: REACTIVE Architecture

Robotic Lawn Mowers

- Toro iMow

- Husgvarna Auto Mower
- Automower Electrolux

neu] oo sove] st commt] 1] scan) remove] oo turn) 2]

!

Electrolux Trilobite
Robotic Vacuum Cleaner ZAl

Sensorial-Motor: Avoid Obstacles, Wall Following, Wander

http://www.onrobo.com/reviews/At_Home/Nacuum_Cleaners/
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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 (MAS &)

Sensorial-Motor:

- Avoid Obstacles
- Wall Following
- Wander

Simple behaviors...
Robustness? Complex tasks?

CERMA

IEee@computer society
332007 | PIEEE [§ il U unisinos
'

CONTROL: DELIBERATIVE Architectures

) . . ) ’ Deliberative Control ‘
* Deliberative: Planning + Action
IOEERE = [

Angula
0.000000°
Velocidade

0.020000

Sensores
S0-1024 (0)

SIMROB (2D)

- Map

- Configuration Space
- Visibility Graph

- Optimized Path

(Dijkstra)
52-1M5(9) .
53-1023 (1) .
54-1024 (0) - o - i

<[ %|> P
% S
= |

Gidfico do Sensor Robotic Arm:
1024-

Pre-defined paths

Importando mapa do ambiente... -
Importacao OK
Espago de Configuracao Gerado

< ;I_I
0K
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CONTROL: DELIBERATIVE Architectures
« Deliberative: Planning + Action

Tarefas

Complexas...

Robustez?
Imprevistos?

Ambiente pouco
conhecido?

Figura 4.3 Navegagdo baseada em Grid

=

CONTROL: HIERARCHICAL and
HYBRID Architectures

Combining: Deliberative + Reactive

reason about behavior of objects

1 P o S T

D= VPP A

Geometric Map based Navigation:
Planning: Graph+Dijkstra, A*

Grid based Navigation:

Planning: A*

IEee@computer society
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Hierarchical and
Hybrid Control

Sensors —» > Actu

modelling
planning

perception
motor control

plan changes to the world

" task execution

identify objects

Figure 1. A traditional decomposition of a mobile robot control system Into functional

monitor changes

modules.

build maps

— Actuators Hierarchical Control:

explore

- Control Layers
- Priorities

wander

- Information Exchange

avoid objects

behaviore.

Figure 2. A decomposition of a mobile robot control system based on task achieving

Figures From:
Brooks, R. A.
MIT A.l. Memo 864
Sept. 1985

Brooks - Subsumption Architecture
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Hierarchical and
CONTROL: HIERARCHICAL and Hybrid Control
HYBRID Architectures

Building the Environment Map:

(a)
SMPA - SENSE/ MODEL / PLAN / ACT

7 PLAN:
o ; JL AStar
. : 2 Dijkstra
Py :r—\;:]t—‘—_ he )

ACT!

mwZmwn

‘gl dme
W Eif‘?ﬁ & r""“'ﬁ;[-.‘k:‘[ ;T“-]

i o 8 L -1k alidy
"': '..‘*_Jl_l' . .':JJ'_J Fpb ’.—_E;F,g

SR VI A S

Figure 5: Maps penerated in other larpe-scale environments of
sizes (a) 75m, (b) 45m, and (c) 50m. In some of these runs, the
cumulative odometric error exceeds 30 meters and 90 degrees.

Fig. 0. Integrating multiple maps: {a) CAD map of the museum (21 % 20m?) modeling only the static obstacles, (b) laser map. (c) sonar map,
and (d) the integrated map used for path planning

Sebastian Thrun / CMU
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CONTROL: Simple HYBRID Architectures a aoudiceniio

# Sala.pol - $lm

[-[2]x]
Fle Edi Vien Apicaiivos Help Farlei Heinen
[+ - ol r mjm]
x|
Angula
[133 000000 E
Welocidade
[0.020000
Sensores
S0-10240)
51105 (9]
52-1024 (7]
53-1017(7)
54.31412) ) O
< 7_>|
v N
7
 Grdfio do Sensor
1024
=
AUnisinos{RoboticalSi i pol

Numero de Vertices: 34

Numero de Poligonos: 6

ISimulagio Iniciada -

X ;

Pausa
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CONTROL: Simple HYBRID Architectures Hybrid Control

“elocidade 51:1024.0-521024.0- 53:614.4 - S4614.4 - 55:4368.9 - 56:438.9

N Estacionar - 14 =] Sensores
AT V] - ¥[S

14 Farlei Heinen @ BI- )

SONTROLE MANUAL | v o

23456 Direcan

o3 EL L i B LA [t B
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/ References :

" SEVA2D / SEVA3D
Obsticulos Autonomous
Vehicle Parking

.. L SEVA-A (Automaton)
| g TASK PLANNING & CONTROL: Farlei Heinen
‘ || ‘ ‘ | Finite State Automata (FsA) SEVAN (Neural)

- Farlei Heinen
Artificial Neural Net  (ANN) Fernando Osorio
Luciane Fortes
Milton Heinen
ACTION:
blications:
Sense, Act Publications:
React (change state) e
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CONTROL: Simple HYBRID Architectures

SimRob3D SEVA3D
:
- ! Motor
Kinematics: Actions Commands
Estimation of
Position and Orientation
Control:
SEVA3D-A (FSA)
) SEVA3D-N (Neurd)
Perception: /
Sensor .
: . | Sensoria e
Simulation -
Information Sensors
naima
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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 | ?
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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
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PROBLEMS: Control System
* Avoid Obstacles Task Execution

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

CERMA IEce@computer society
3212007 < IEEE [CeRitAztor iuciel

Control System
PROBLEMS: Task Execution

* Positioning

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

U unisinos

Intelligent Autonomous Vehicles

U unisinos

Intelligent Autonomous Vehicles

robot ?
r displacement ?

localizagdo do robd mével utilizando o algoritmo Monte Carlo.

Fig. 2. Seqiiéncia de imagens mostrando a evolugdo da distribuicdo das particulas durante a

12



@ computer societ
v T uunisinos

Robust Hybrid Control — COHBRA / HYCAR [SimRob3D]

Robot
1 Sensors Actuators

Control Layers

= hebiers Environment
o | Behaviors ﬂ Representation Maps

L 4
Positioning Mital Polygonal
Estimator
(Monte Carlo) » .l -+ >
e
I Path Planning I
Dalibarativa Topological
and
J Semantic
‘ Shared
‘ Memory —

COHBRA - Controle Hibrido de Robds Autdnomos
HvCAR - Hvbrid Control for Autonomous Robots
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Robust Hybrid Control — COHBRA / HYCAR [SimRob3D]

Simulation using SimRob3D
A Eliminados:1 Renderizados: 26 g@ g

File Edit View Controlador Help

D B » QRO xv|[m6L S @

-

13
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. Robust Hybrid Control — COHBRA / HYyCAR  [SimRob3D]

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

2 3 £ g

| Fie Edt Vew Controlador Help

|0 & @ x @O0 W o eL/Se | F

ri-0.08 Pos[-105.9,-114.2,67.0) PROB: 0.0000 com 1000 Amostras
5 (3277176 Filrados] PathTime: 0.000000 PathDist: 0.000000
00 [124.124] Real Loc: 0.000000 ND: D.000000

R

=

society
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— COHBRA / HYCAR [SimRob3D]

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

3 Fiminados:3 Renderizados:20 (M][=] %] v
Fle Edt Wiew Contrclador Help

N & @ @SS v el @1 Cap | F

Vel:0.00 Dir:-0.00 Pos[9.5,99.9,87.0) PROB: 0.0000 com 1000 Amostras
16 Sensores (3277176 Filtrados] PathTime: 0.000000 PamDist: 0.000000

Grid: Aes:2.00 [124,124] Real Loc: 0.000000 ND: 0.000000_____
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— COHBRA / HYCAR [SimRob3D]

Robust Hybrid Control

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

Eliminados:0 Renderizados: 23

ool v

Vel:0.00 Dir:0.14 Pos(8.5,99.9,87.8] PROB: 0.0000 com 1000 Amo Cap &
16 Sensores (3277176 Filrados] PathTime: 0.000000 PathDist: 0. SR
Grid: Aes:2.00 [124,124) Real Loc: 0.000000 ND: 0.000000

|
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— COHBRA/ HyCAR [SimRob3D]

Robust Hybrid Control

Simulation using a dynamic environment (mobile obstacles)

B3 Fliminados:1 Renderizados: 26

=X
Fla Edt View Controbsder Hep
D & B x» QEu@® x| mael e &
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Robust Hybrid Control — COHBRA / HYCAR [SimRob3D]

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

53 Eliminados:4 Renderizados:19 =1 %)
Fle Edi ‘ew Contrdador Help

0 & | & @G0 w 6L S &

v

Vel:0.00 Dir-0.06 Pos(-65.7,-73.0,89.7) PROR: 0.0000 cam 1000 Amostras
16 Scnsores [3277176 Fillrados] PathTime: 0.000000 PathDist: 0.000000
Grid: Res:2.00 [124.124) Heal Loc: 0.000000 ND: 0.000000
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SimRob3D
Simulation
Tool

— COHBRA/ HyCAR [SimRob3D]

Virtual Environment: 3D Realistic Environment

A Etiminados: 62 Renderizados:149
File Edk Visw Controladar Help

Ds QO e ie @

=1 Anbienic 30 ~
£ Objetoe

= FisolonGl

= MawoPota
= ParsdsGlin
# TetoB1

= Teolenfl

# ParsdsLGin
= MacaPor)
= Fisol G

* Paredsl GEx
= ParedslGE|
# ParedelGD

= TewlG

Inicwizacso do Cantralador Completads
» Mt Sensor AJGCHA0H o Aoto I
+ Mown Sansar Adcicnada ro Aabo 0

« ParedstGED  [w] | | NoveSensorsdiocnace noRote

F 5 - Hows Sensat ddivenacs mo Aate 0
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. Robust Hybrid Control — COHBRA / HYyCAR  [SimRob3D]

Virtual Environment: 3D Realistic Environment

| - SimRob3D
File ‘iew Controlador  Help Simulation
A XY ses onl GL & Tool

|+ Mowa Sersor Adicionado no Robe O
| » Movo Sensor Adicionado no Fobo 0
| 2 Moo Senzor Adicionado no Roba

> Move Sensor Adicionado no Fobe 0

CERMA ociety
322007 RM/ itorial
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ol U unisinos
— COHBRA / HYCAR [SimRob3D]

SimRob3D
Simulation
Tool

B @) 1 Controle S

17



CERMA

IEee@computer society

SEFLGT [ U unisinos

;3 ? 2007
—

* 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 Robots and Vehicles
<< Intelligence >>

CERMA

IEee@computer society
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* 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 Robots and Vehicles
<< Intelligence >>

DARPA Challenge - Desert (2004, 2005)

18



IEee@computer society

Pl T U unisinos

;3) 2007
/ Intelligent Autonomous Robots and Vehicles
<< Intelligence >>

* Task and Actions Planning

* Ability to Perceive the Environment
* Ability to Decide

* Ability to Act

Computational Vision e

* High Level Tasks Planning
* Reaction: Sensorial-Motor Integration

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

* Adaptation and Learning

* Robustness: Unexpected Situations

Next steps...

IEee@computer society

A T U uNisiNos

@P 2007
/ 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)

19
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Computational Vision

Intelligent Autonomous Robots and Vehicles
<< Intelligence >>

Lane Follow
Lane Departure Detection

Follow Me

CERMA

U unisinos

= P 2007
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Image Database:
by a sequence of image

Path defined

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

Visual Navigation

NCC

refrence mage |
(match)
L /=

Robot acquired
image

20
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/ Visua| Navigation (1 Rocorcing fun [Matsumoto et al. 1996]

Memarizing views along the route

Matlab Code

>> imgl = imread(’ir\b02iro08.jpg’);

>> img2 = imread(’icr\b02icr08.jpg’);

>> nece = normxcorr2( img2(:,:,1), imgl(:,:,1) );

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

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

IR:
Reference Image

__—"um ICR: 1. Locallzation

00 Image Captured 2. Steering Angle Determination
< e by the robot 3. Obstacle
B0 e
Alura oo Largura "
v [Righes 2004, 2005] [Action |

=
\;JP

EEEEREEEN]

() Regiio de maier correlagio
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Mobile Robot Localization
and Mapping with Uncertainty
using Scale-Invariant

Visual Landmarks

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

Algorithm:
SIFT

Reference

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

pp. 735-758, () ()

Fig. 3. The SIFT feature matches between consecutive frames: () between Figures 2(a) and (b} for a 10 em forward
movement; (b} between Figures 2(bj and (c) for a 5* clockwise rotation; (c) between Figures 2(c) and (d) for a 10 em forward|
movement; (d) between Figures 2(d) and (e) for a 5 clockwise mtation.
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|_—"  Visual Navigation

Omnidirectional
Cameras

#Umn: direct

22
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|_——Aerial Visual Navigation

Vision System for Unmanned Aerial Vehicles
s UNISINOS B[]

IEee@computer society

Correlation:
Satellite image
and Helicopter

Results...
Not good at all!

CERMA IEEE@ compu
3312007 < |EEE gt
@

| _—— Aerial Visual Navigation

Referential

Correlation in the Crossing Point
Using helicopter only images

Very
Good
Match!
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Vision system used to identify traffic signs

Vehicle Visual System

Color based sign segmentation
Artificial Neural Network Recognition

Planning, Navigation, Control + Strategy, Cooperation

@ t iet
o e U unisinos
|_—— Multiple Vehicles: Fire fighting squad
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CONTATOS

vEICULOS AUTONOMOS

a rsidade
Velcuios Autinomos

Este grupo ) dos
Cursas de E enharia da Computacio,
Engenhana Mecamca Engenhans Civil ¢ do P

adL. m Computagio Af
¥ s irRleraenta tecr\n\ng\as para
automagda veicular sm vefouios inteligentes, que podem,
por exemplo, mover-se de forma completamente autdnoma,

Para alcancar este bietive maior, diferentes sub-sisternas &
tecnologias sdo desenvalvidos, muitos destes através de
parcerias com a inddstria.

Dentre os objetivos dos diferentes projetos desenvalvides pelo grupo destacam-se

D da tecnologia W
Desenvalvimento de Sistemas de Apoio 2o Motorista.
D de Sisternas de & Comando Remotos
aplicagiies de Intefigéncia Artificial em robética mavel

Aumento de seguranca nas estradas,

Exploragdo de locais de dificil acesso.

Inspegéies em ambientes de risca 3 sadde humana,

Automatizagio de sistemas de transporte

Automnagin rural

Os projetos aqui apresentados visam analisar os diversos tipos de sensares, atuadores, sistsmas
de controle, sistemas de redes e sletrénics embarcada a serem implementadas em teiculas
Autdnomos
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