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Ambientes de Software: ¢ 3{\'/D
Aplicacoes Roboticas

= Middleware: Acesso aos Dispositivos de Hardware
Atuadores e Sensores => Ex. PLAYER/STAGE [2000-2010]
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Cross-platform robot device mterface & server

About Player

Player is a network server for robot control. Running on your robot, Player provides a clean and simple interface to the
robot's sensors and actuators over the IP network. Your client program talks to Player over a TCP socket, reading data
from sensors, writing commmands to actuators, and configuring devices on the fly.

Player supports a variety of robot hardware. The oniginal Player platform 1s the ActivMedia Pioneer 2 family, but several
other robots and many common sensors are supported. Player's modular architecture makes it easy to add support for new
hardware, and an active user/developer community contributes new drivers.

Player runs on Linux (PC and embedded), Solaris and *BSD.

Features of Player

Player is designed to be language and platform independent. Your client program can run on any machine that has a network connection to your
robot, and 1t can be written in any language that supports TCP sockets. We currently have client-side utilities available in C++, Tel, Java, and
Python. Further, Player makes no assumptions about how you might want to structure your robot control programs. In this way, it 1s much more
"minimal” than other robot interfaces. If you want your client to be a highly concurrent multi-threaded program, write it like that. If you like a
simple read-think-act loop, do that. If vou like to control your robot mteractively, try our Tcl client (or write your own client utilities in your
favorite interactive language).

Player allows multiple devices to present the same interface. For example the Pioneer 2 and RWT drivers both use Player's "position’ interface to
allow control of the robot's movement. Thus the same control code could drive both kinds of robot. This feature is very useful when combined
with the Stage simulator; control programs written for Stage's simulated robots will often work unchanged on real hardware.

Player 1s also designed to support virtually any number of clients. Have you ever wanted your robots to "see” through each others' eyes? Now
they can. Any client can connect to and read sensor data from (and even write motor commands to) any instance of Player on any robot. Aside
from distributed sensing for control, you can also use Player for monitoring of experiments. For example, while your C++ client controls a robot,
you can run a graphical visualization tool elsewhere that shows you current sensor data and a logger program to save data for later analysis.
On-the-fly device requests allow your clients to gain access to differenct sensors and actuators as needed for the task at hand.
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Player + Stage (simulacao)
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* Clientes podem se conectar a multiplos servidores

« Servidores aceitam conexdo de multiplos clientes

* Diferentes programas/processos/threads podem processar
dados de diferentes sensores do mesmo servidor.

» Operacao remota



Ambientes de Software: ¢ 3{\'/D
Aplicacoes Roboticas

= Middleware: Acesso aos Dispositivos de Hardware
Atuadores e Sensores => Ex. PLAYER/STAGE

= Sistema Operacional Robotico => ROS
ROS = Robot Operating System [2010-2016-...]

::: ROS.org “

Open Source Robotics Foundation

http://ros.org/
http://wiki.ros.org/Distributions
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Overview

Our mission is to help advance the state-of-the-art in autonomous robotics technologies. We believe that great advances in
robotics will come from the open source robotics community. That is why we work hard to support and contribute to the open
source robotics community

We're working on software from the lowest level Wi'U[ ROS (Robot Operating System:ﬁ;]o the highest and in-between with our
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000 About Why ROS? Getting Started Get Involved Blog
000

What is ROS?

The Robot Operating System (ROS) is a set of software libraries and tools that help
you build robot applications. From dnvers to state-of-the-art algonthms, and with
powerful developer tools, ROS has what you need for your next robotics project. And
it's all open source.
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What is ROS?

= Exemplos...
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What is ROS? LRIVL

= Exemplos...

Computer on the Robot Laptop

I . |
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ROS + GAZEBO Simulation €®atii)
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GAZEBO
http://gazebosim.org/
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https://www.youtube.com/user/rlklaser/videos
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Software de Simulacao
MORSE

https://www.openrobots.org/wiki/morse/

previous | next | modules | index

What is MORSE?|

Table Of Contents

What is MORSE?
= Simulation with MORSE

ding MORSE MORSE is an generic simulator for academic robotics. It focuses on realistic 3D simulation of small to

large environments, indoor or outdoor. with one to tenths of autonomous robots.

= Performances

= MORSE installation MORSE can be entirely controlled from the command-line. Simulation scenes are generated from

= MORSEasa simple Python scripts.
= Community
= Documentation MORSE comes with a set of standard sensors (cameras, laser scanner, GPS, odometry....), actuators

*.. Focus onacagemic (speed controllers, high-level waypoints controllers, generic joint controllers) and robotic bases

:FTL”'AHWVHE (quadrotors, ATRV, Pioneer3DX. generic 4 wheel vehicle, PR2,...). New ones can easily be added.

s Whatelse?

= MORSE limitations 5 - . :

MORSE rendering is based on the Blender Game Engine. The OpenGL-based Game Engine supports

Pravioin ke shaders, provides advanced lightning options, supports multi-texturing, and use the state-of-the-art
Bullet library for physics simulation.

Advanced Blender commands

Simulation with MORSES|
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B
Robotic Tools (E nJ M
TOOLS:

Gazebo — Gazebosim Robot Simulator GAZEBO

(X X
ROS — Robot Operating System oo R 0 S
(XX n

OpenCV — Open Source Computer Vision Library co

0 cv
PCL — Point Cloud Library @ pen

Morse - Modular OpenRobots Simulation Engine QC L

Microsoft Robotics Studio, Webots, Aria, ...
Matlab, Weka, SNNS/JavaNNS, FANN, GALib, Python, ...

Morse




Simulacao com V-REP 1RV,

¥ V-REP PRO EDU - SBC-JAI-VREP-2015-Robots - rendering: 27 ms (7.9 fps) - SIMULATION STOPPED -
File Edit Add Simulation Tools Plugins Add-ons Scenes Help [
— . rae i
{c{}:‘ t@ﬂ .Z;, :@Oj % ‘ % :O%D @ﬁ\* Bullet ¥ |Accurate (default) ¥ |dt=50 ms (default) v [> @ 4 Ij% )
- |2 Selected ohjects: i 0
D@ L

o
)

GSBG2015

NNKU CONGRESSO DA SOCIEDADE
BRASILEIRA DE CoMPuUTAGAD
2lnternet de eudo, toda ob d

Saving scene (C:/Program Files (x86)/V-REP3/V-REP_PRO_EDU/FOsorio/Videos/SBC-JAI-VREP-2015-Robots. ttt). Serialization version is 18.

Free Educational, Easy-of-Use, Multi-Platform VREP
S e S Large set of Sensors, Actuators and Robots
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Simulador V-REP

Cross-Platform & Portable

v-rep f;, , é

virtual robot experimentation platform

O\ (] 3

FREE EDUCATIONAL
http://www.coppeliarobotics.com/ [ I}




S Oftware V- R E P Xtu-cllfrfogcperimentotion platform

http://www.coppeliarobotics.com/

u]

¥ V-REP PRO EDU - P3-URG - rendering: 11 ms (8.0 fps) - SIMULATION PAUSED -
File Edit Add Simulation Tools Plugins Add-ons Scenes Help

\%Et{% @ g :ﬁ’o: % @O%D @% i‘ e : O Bulet ~ Acarate (default) ¥ dt=50.0ms, ppf=1 Y |> HH D & ¢ 4 ﬂ

Model browser x [= Selected objects: 0
D@ B b Models [®|Simulation time: 00:00:02.34 (cit=50.0 ms)

household
Q nature
]

fagafajagajagagy

people
equipment

tools
R 2 B3 robots

I

office items
other
Q> vehicles
examples
] mobile
2 non-mobile

Omnidirectional

Platform

Simulation resumed.
Simulation paused.

:Lé‘ M« ) == @ i@ > & il 23:08
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Simulador V-REP —

VREP is cross-platform, and allows the creation of portable, scalable and easy maintainable content:
a single portable file can contain a fully functional model (or scene), including control code.
6 Programming Approaches

Regular API: 400 functions (C/C++ & Lua)

Remote Remote API: 100 functions (C/C++, Python, Java, Matlab, Octave & Urbi).
API clients ROS interface: 100 services, 30 publisher types, & 25 subscriber types.
Remote API
ROS - Multiple Robot Models:
adesl Plugins :
Sl Humanoids
C/C++ :
ot Manipulators
" ustom .
Add-ons = ¢olutions Aerial

Dynamics/Physics
L 10
L,’

LUA Scripting ﬁ* Y’ii@-,(/“;‘\ ST

. L

Bullet



V-REP - Janela de aplicacao

¥ V-REP PRO EDU - Demo-Robos-Diversos - rendering: 19 ms (7.9 fps) - SIMULATION STOPPED
File Edit Add Simulation Tools Plugins Add-ons Scenes Help

['7\ P | ’7 o < ] :
| 8 = % [@4 & = : ® s
‘. i—{%} h{g:? ZL L O, ‘ ‘ago @ ‘ Bullet Accurate (default) dt=50 ms (default) v D | 4 ﬂi‘

Model browser X ,:I Selected ohjects: 0
& u

D{é} 2 other
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=0
B

£ vehicles

—_—

OV

xamples

e
e

"

quipment

] robots
£ mohile
] non-mohile
£ furniture

] o{g

[ components

£ infrastructure

Tat
&

14

KUKA LBR iiwa 7
R&00 2
File was previously written with V-REP version 3.02.00 (rev 4) (V-REP PRO EDU license)
Scene opened.

a o miisl o e 5 & & 8 & [WN ;[0 RS %5 5 P o« =
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V-REP - Componentes de tela

Barra de Ferramentas 1 Barra de Ferramentas 2 Componentes Hierarquicos na Cena Texto Informativo

V-REP PRO EDU - youBotAndHanoiTower - rendering: 64 ms (9.2 fps) - SIMULATION RUNNING

File Edit ASd Simulation Togls Plugins Add-ons Scefies
ri o | ?‘__ 3 % 1 t‘ﬁ =i
{E [ g 5’ g L _?ky c_go Q:EF el
Mgllal browzar ¥, Bans hierarchy L
>'@ 1 J0 Models [] wouBaotAndHenoiTower (scene 1) fe=[
1 houszehald k=
= nature Remove page
GL B ofice items 0 greenPecianglel W View >
Bl other ¥ greenPactanglez . neling onab g L iculzione: 0 B Edit >
ﬁm el people ':i greenFeciangle 3 o™ n hendling i Add >
B iools [ redReconglel e
~ = wehicles @ wellowRectzngle - Simulation >
%“\r B B exarples 9 yellowhectansie? P
T -E O equipment @ '
= I rokats H— & &=l 10
[ mokile o padi Display | Main & child scrigts
i | e T BT T dz
1 22} {} p=
L': =2} {_‘\ pad3
fe & SmeSmvWoocenFloor B
-~ Mo r-threaded L it (ralling jaint_rr)
W e & "BFT Non-thrended child script (rolingJeint_r)
- = H {'-'| .L. '-._-'° Non-threaded child script (rolling jint_fl}
— £ &Y wehideContol = LD Nan-threaded child script (rolling joint_fr}
o {} ArnContol Non-thraaded child script [RectangleT)
Non-trweaded child script (uehicleControl)
B @
[ A &
li') o
I “5\‘ i & =
L 5] ":'
2z A swedishwhee _rl SCript properties
EE| 4 9 & O
e X Ascociated object
= Auh:-ir'.utr acene (hameffatael’ProgramasV.-REP_PRO_EOLWALTO S80E Executlon prder
Simulati

Escolha de Modelos Barra de Status Janela de Didlogo Menu Popup Simulacdo (Cena)
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V-REP - Barra de LI
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V-REP - Barra de Ei
ferramentas 2

Agregar/ Desfazer/  Conteudo
Navegacdo da Camera  Selecdo por Click  Desagregar  Refazer Dinimico

.I_M ! '
e z07 5 go + 2 +

Hr—’ A A

Manipulacao de Transferéncias Selecao de
objetos/itens de DNA motor de fisica
Configuracdo 1empo de Atualizacao Simulagdo em  Renderiza¢do Selecio de
Motor de Fisica da Simulacao Tempo Real Paralela Cena

Y Y Y v v

¢ & | Accurate (default) < || dt=50 ms (default) < | [> | @ | |‘_=% @,

Iniciar/pausar/parar Controle de Velocidade Selecdo de
a Stmulacé@o da Stmulacao Ponto de Vista




V-REP - Robo, Componentes, i

Scripts LUA

} V-REP PRO EDU - Pio+Hok - rendering: 5 ms (7.9 fps) - SIMULATION STOPPED - O

b 01 0 @ o

J : ®" N .2 K e R
c{)% £ 3 @ %, 7 Q} o@o @ £ ) Bulet v |Accurate (default) v |dt=50ms (default)

; Model browser X éc%rj:wl;e;:r(csfz;;nel) - e T | Non-threaded child script (Hokuyo_URG_04LX_UG01) =k
{é} - - IFif (sim call type==sim childscriptcall initialization) then
Q LAFLf (sim call type==sim childscriptcall cleanup) then
\ BEIFILf (sim call type==sim childscriptcall sensing) then
(« 201
s 1 _ Editor: (+)(-) Detalhamento dos blocos de comandos
oA - | < >
Q Ga ° & i = — B —
(=] omotion o- @ Fion i SRS W [~ 7 le————y  Non-threaded child script (Pioneer_p3dx) = el | W
AT & Pioneer_p3d¥™ ctionl — . Sy < ARy
! o 4 Pioneer_p3dx_connection10 This is a very simple EXAMPLE navigation program, 1: Robo Pioneer P3DX
> o - - 2 . 2 : 7
= & P!oneer_p3dx_connedfon11 which avoids obstacles using the Braitenberg algorithm Possui um script LUA
&, Pioneer_p3dx_connection2 .
= & Pioneer_p3dx_connection3 (sim call type==sim ch associado (aberto ao
& Pioneer_p3dx_connectiond (sim call type==sim ¢ L r £
— & Pioneer_p3dx_connections (sim_call type==sim child clicar no icone 1==] )
A ' Pfoneer_p3dx_connedfon5 for 1=1,16,1 do - Possui sonares
2 & Pioneer_p3dx_connection? res,dist=simReadProximitySensor (usensors[i]) p i2 t
l}?\ & Pioneer_p3dx_connection8 if (res>0) and (dist<noDetectionDist) then - FOSSUl 2 motores
5 \; Ploneer_p3d)f_connedlon9 end - Foi ADICIONADO
= & l _ vieft=v0 um Laser HOKUYO
= 6 {9 Hokuyo URG 04X UGOT| - % : . .
: — & :  — RRS L (Posicionar e depois
e o
- B Flonser pds rble for i=1,16,1 do arrastar p/dentro)
5@ vieft=vLeft+braitenbergL[i] *detect[i]
vRight=vRight+braitenbergR[i] *detect[i]
end : Laser Hokuyo URG04
simSetJointTargetVelocity (motorLeft, vLeft) Possui um Scnpt LUA
101_Fast simSetJointTargetVelocity (motorRight, vRight) associado (a berto ao
“end = , Ak
b o clicar noicone 7. )
ene was saved, . . . . -
iww.-edm«:mgmm(xssmms,vasp_m_aoumo_mm_msm Editor de Scripts LUA: Inicialize, Cleanup, Act / Sense -
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V-REP - Principais elementos

Modelo - subelemento da cena (extensao “ttm”).

U Cena - contém toda a informagao necessaria

para a reabertura e simulacao (todo o ambiente,




V-REP — Ambiente

* Alguns parametros:

cores de fundo,

parametros para inclusao de
nevoeiro,

luz ambiente,
informacao para a criacao da cena,
etc.

* Via menu: Tools / Environment

| ]
1 RIVL

Colors / Fog
[ Background {up) ] [ Ambient light ]
[ Background {down) ] [ Adjust fog parameters ]

Wireless transmission visualization

[] wisualize wireless emissions Set color
[] Visualize wireless receptions Set color

Calculation preprocessing

Maximum triangle size (absolute) 0.3000
Minimum triangle size (relative) 0.020

[] Save operation also saves existing calculation structures

Various
[] Shape textures disabled
[ ] Customn user interface textures disabled

[ ] Lock scene after next scene save

[ Custom collision/contact response Edit contact response
[ ] General callback script Edit general callback
|  Clean-up object names | |  Clean-up ghosts |

Scene content acknowledgments / Info
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V-REP - Entidades

* Tipos: objeto ou uma colecao de objetos;

Propriedades especiais de Objetos e Colecoes:
— Collidable,

— Measurable (distancia entre objetos),

— Detectable (sensores de proximidade),

— Cuttable,

— Renderable (visto por sensores de visao).

Propriedades especiais somente de objetos:
— Viewable (objetos transparentes ou exibem imagem, ex: TV).

Acessivel em Tools / Scene object properties.
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V-REP - Tipos de objetos

Tipos de Objetos:

Shape Vision sensor Camera Graph
OB00 P Qi & ez
Joint Force/torque sensor Light _ Path
& @& & < 5 O ¢ <,
Proximity sensor Mill Dummy Mirror

a3} & A B




V-REP - Configuracao da E0
Simulacao
» Disponivel em Simulation / Simulation Settings.

k) Simulation Settings - .
Main settings
| dt=50 ms {default) 2| Timestep |0.050
Simulation passes per frame (ppf) 1
[ | Pause when simulation time higher than 10.000

| | Pause on script error

[ | Full screen at simulation star

Real-time simulation

|| Enabled Multiplication factor |1.00

At simulation end
Reset scene to initial state
Remove new objects




Simulador V-REP L RIVL,

} V-REP PRO EDU - New file - rendering: 3 ms (8.0 fps) - SIMULATION STOPPED
File Edit Add Simulation Tools  Plugins  Add-ons  Scenes  Help

c%}:) L3 A% K QR a%n @cﬁ o 6 ([ O ot~ |acarate efait) ~ |at=soms @ity <[ D> (|| ] (D) e 0 4 o &R

fE 305,

BotGes de controle da Camera Virtual 3D: Posicionamento de Observacéo da Cena
Principais opcdes: Deslocar (Pan), Girar (Rotacdo ao Redor dos Elementos), Zoom (Avanca/Recua)

- e

Bot6es de controle do Objeto Virtual

Principais opcoes:

Selecionar Objeto, Mover 0 Objeto (pode indicar/selecionar os eixos: X, Y ou Z de deslocamento),
Girar 0 objeto (pode selecionar os eixos: X, Y ou Z de rotagéo)

PN D@ iR S

Botdes de controle da Simulagéo Virtual:
Play, Pause, Stop => Inicio/Fim Simulacgéo
Acelerar ou ir mais devagar no “passo” de simulagdo
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VREP is cross-platform, and allows the creation of portable, scalable and easy maintainable content:
a single portable file can contain a fully functional model (or scene), including control code.
6 Programming Approaches

Regular API: 400 functions (C/C++ & Lua)

Remote Remote API: 100 functions (C/C++, Python, Java, Matlab, Octave & Urbi).
APl clients ROS interface: 100 services, 30 publisher types, & 25 subscriber types.
Remote API
ROS Plugins Multiple Robot Models:
b ' Humanoids
C/C++ :
& Manipulators
ustom -
Add-ons ) e Aerial

Dynamics/Physics

LUA Scripting

e §
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Simulador V-REP LRIVL

;v-rep

Visao Geral da Arquitetura do V-REP

Embedded
scripts
V-REP framework LUA API
Remote
V-REP, shared library (open source) (1) Chamadas da APl em C/C++ Plugins APY clients
— V-REP engine b= 4 . o dom, Pytcn
l (10) &J (2) Execucao em cascata child script
Main script o Main client
(customizatie) = application (3) Chamadas da API Lua
@ i@ T o o gl Add-ons Suma
! 3 x . e Rt tomizable) \ A
R Coeckecbe ; (SIOMEENE) " (4) Callbacks customizados API Lua solutions
® la ) ROS
CN:G‘!.::O" O (5) V-REP callbacks de eventos nodes
! (&)} (3) 1
— LuaAPI to V-REP &  Add-ons (6) Chamadas remotas das f¢s da API
(8) (4) (4) 1(‘) (custom)

—J l (7) Interface com nodos ROS -
Plugins RemoteAPI plugin  ROS Plugin 3) v ; T
(custom) (customizable) (customizable) (8) Comunicacao customizada = = (O @ = = = = = JI55%0

(5) (5) (5) (socket, serial, pipes, etc.) Remote AP client
C/C++
(8) 1 (6 ) ) (9) Chamadas Add-on para API Lua AP Java
Custom Remote API Bt Lua Python
c:ms::ogff)s (robots :tc) (ro ,ete) (10) Chamadas de callback scripts gm,betdded Remote
: : crpis
A (cusiom) puitony . API Calls

Nativo: LUA Scripts

API: C/C++, Python, Java

Client/Server, ROS, MATLAB

37
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ICMCezs
(1

Contato:

. Prof. Fernando Osdrio -«
I J v Prof. Denis Wolf
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