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What is robotics software platform 7
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Why robotics software platform?

+ EX /i HIES| 7
— system integration
— software development/customization

« Software platform simplify the job of robotics software
engineers
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Robotic Software Platform

Platform Type

fuoluien Hobeles B Platform Commercial

RSP

Microsoft Robotics St Commercial Free of charge f
Platform

udio

or research and hobby

Machine and robot control libra

OROCOS fes Open source & free
Skilligent Robot learning add-on Commercial

URBI Platform Commercial

Webots Simulation environment Commercial

Player, Stage, Gazebo | Platform Open Source & Free
iRobot AWARE Platform Commercial
OpenJAUS Platform Open source
CLARAty Platform Open source




Overview of main players

Evolution | Microsoft | OROCOS | Skilligent | URBI Webots | Faver, Sta
ge, Gazebo

Open source No No Yes No No No Yes
Free of charge No Edu/hby | Yes No No No Yes
Windows Yes Yes No Yes Yes Yes Yes (sim)
Linux Yes No Yes Yes Yes Yes Yes
Distributed environment No Yes No Yes Yes No ;()e Al
Behavior coordination Yes Yes No Yes Yes No No
Built-in robotic arm control No No Yes Yes No No No
Built-in object recognition Yes No No Yes No No No
Built-in navigation Yes No No Yes No No No
Task/skill learning No No No Yes No No No
Simulation environment No Yes No No Ztefss) e Yes Yes
Range of supported hardware | Small Large Medium Medium Large Large Medium
Reusable service building blo Yes Yes Yes Not applc Yes No No
cks bl
Real-time No No Yes No No No No




Evolution Robotics's ERSP

« ERSP Architecture
— TEL: Task Execution Layer
— BEL: Behavior Execution Layer
— HAL: Hardware Abstraction Layer
o 4749 R=0| oflLto| 7| X| 2 M=l 20| E 2|
— Architecture, Vision, Navigation, Interaction

Applications




Evolution Robotics’'s ERSP

[l C++APIs, XML,
Python, GUIs

Task Manager

[ Vacuum, Patrol, Play a game, Read a book, Task Interfaces

etc.

[ Object Recognition
Human-robot Interface
Navigation, etc.

Behavior Manager
Behavior Interfaces

Behaviors

linux, ITRON, ThreadX
QNX, RT-Linux, etc.

Resource Manager
Bsensors & Actuators

Resource Interfaces

Resources

Real-world Stimuli
and Actions



Evolution Robotics’'s ERSP

« Behavior Composer of Evolution Robotics
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Microsoft Robotics Studio

* Microsoft= Robot O/Se} 7|t E= X|&ot2 3rd
PartiesO| Applications, AlgorlthmsE X<
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Microsoft Robotics Studio

 Visual Programming Language

-, Robobc:Tutonal3 - Mioosoft Visual Programmang Languasge I_ 1 i_ﬁ
| Blie Bt View Build Run Help |
Ued 9 “lrw
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Microsoft Robotics Studio

« Microsoft Simulation environment




EU's OROCOS

« OROCOS: Open RObot COntrol Software
 Free software project

« QOrocos project supports 4 C++ libraries:
— the Real-Time Toolkit,
— the Kinematics and Dynamics Library,
— the Bayesian Filtering Library and
— the Orocos Component Library

RealTime .
Toolkit
Components

for
Control

Kinematics
Dynamics
Library

Bayesian
Filtering
¥ Library



EU's OROCOS

Orocos targets four different categories of Users
— Framework Builders

— Component Builders

— Application Builders

— End Users

COMPONENts configuration
System . :
LT ’ '
Component ’4
Builders

....'||1| /

Application
Builders

Framework
Builders
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Skilligent

« Skilligent is a robot behavior control system with robot
learning and social interaction capabilities fot the

service robots
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Skilligent

Skillsets
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Skilligent




Generalization

Specialization



OMG

Vv COMPONENT ==
SDO Interfaces RTC Interfaces RTCEx Interfaces

RTCS Consumer | | | RTComponent Service

Consumer RTComponent Service
D_ Proxy _.
provi aating, AGtIVIty Service provide
—— PrOXy ————p +
InPort 0 St me OutPorto
’ Buffer \ / Buffer .
G get, subscribe

InPort n
reply

InPort

put OutPortn reply
— Buffer —FWS

QutPort
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AIST:
RT Middleware Developed for Realizing Open Robot Architecture
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An arm control system manipulated with a joystick, and a program
developed by using the RT middleware



OMG

v H& 0o

OpenRTM-aist HRP2 arm controller
component compaorient
framework

m—

Joystick
component

L}M

Common interface
far robot arm controller

Humanoid (HRFP2 Promet)

PA10 arm contralietus -
compaonent

Joystick

_('-!

Ny,
Since arms have a common interface, each arm \ 3 /

can be controled as the same arm component. Manipulator(MHI PA10)

By use of modules sharing a common interface, the control of industrial
robot is readily interchangeable with that of humanoid arm
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PC Robots

) Portal Banking Media
Services Commerce Education Storage

Combat

and Industrial | Cleaning

. Office ERP Database Mail Rescue robots robots
Application Ealies robots

PC Labtop Server UMPC

Hardware PMP  Mainframe

Motor Sensors Frames Board Camera

CPU Memory HDD ACIE I

Parts MainBoard Power
GraphicCard Web Cam
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*Component Repository(DB) \

Internet Server
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*Sensor
*Actuator @

*SoC
*SBC g

Manipulation 'ﬂ\!’
*Navigation ?’ y/
*HRI /‘"

~ O

*Intelligence S/W Component

& (Algorithm)




O 222 7385 EX

Intelligence
(600MHz Pentium PC)
Speech recognition

Ear (microphone

and synthesis,

: Motion Control
Intelligence, (2GHz Pentium PC)
Emotion Behaviors,

Mouth (speaker) Motor arbitration

100Mbps Ethernet

Head motors,
Body motors

Vision

Two Camerai

(3GHz Pentium PQC)
Vision processing
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CAN Channel 1 (Body motors)

Motion Control
(2GHz Pentium PC)

Motor Motor
Controller Controller

Motor Motor
Controller Controller

Behaviors,
Motor arbitration

(TI DSP) (TI DSP) (TI DSP) (TI DSP)

CAN Channel 2 (Body motors)

Motor Motor
Controller Controller

Motor
Controller

Motor
Controller

(TI DSP) (TI DSP) (TI DSP) (TI DSP)

- O FXE X 2=
— CPU/Bus/DeviceZE 2t2|5}7| ot Software Framework= 7| 2t
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. %78 ﬁ{obot Module i Middleware \
- My ' i
— ZE=E E2 JFAMH A  Module Interface | ‘
— C,C++, Java, Python, VB RVM .| Streaming Layer
— TCP/IP IEEE1394, USB, CAN . [

Module Manager i

- =2X2= T N Software |

— Robot Virtual Machine (RVM) r Hardware

— Module Interface Sensor / Actuator |l Network Media
— Internal API \ i /

« Middleware '

— Streaming Layer
— Network Adaptation Layer
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« LAYEROZ2 : Streaming Layer
- 20N F10R= HAIX] H|O[EZ stream2 = et
— Stream= O|A|X| G|O|HE Hz=t

« LAYERO1 : Network Adaptation Layer
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Interface with Application
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MIDL Z4 I} &

« MIDL(Interface Definition Language) ¢10{

- =% olof STHel nE ogmolx go LoD oD
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« Stub/Skeleton T E M Stub, Skeleton |Object
— C/C++, Java, Visual Basic, Python*

Interface \dapter
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« HAL(Hardware Abstraction Layer)
— Device Manager@} Device Driver

« Service Layer
— Behavior Manager?2} Task Manager

Emotion Scenario Application Layer
Perception Task Behavior Service Layer
Sensor Actuator

Device Driver Hardware Abstraction Layer

Hardware
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Get red cup from room #302

Navigation, Manipulation, Grasp
Application pplication Layer

Object Detection, Face Recognition,
Gesture, Facial Expression, Lip Sync.

-7 Robot O/S  ---------------- ="
ardware Abstraction

Synchronization
ayer

Camera, Motor, Sensor, Mobility, Device Manager )
Communication (CAN, RS232, TCP/IP) 9
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Device Manager

Device Driver 1

A\ 4

\ 4

Device Driver n

Device Profile 1

A\ 4

Communication

Device Container

Device Driver 1

A 4

Device Profile n

_ Synchronization
Processor

Device Type Abstract Class Profile
Communication | CCommBase 91
Motor CMotorBase CMotorProfile
Sensor CSensorBase CSensorProfile
Camera CCameraBase CCameraProfile

Mobility

CMobilityBase

CMobilityProfile
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Application

RCM

OS/Firmware

CAN, RS-232, USB, TCP/IP
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« Hokuyo, Leuze Laser finder AtE
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« Grid mapOj|A{ Particle filter $|X|2lAl Bl VFHE &%t O|=
e Laser finder& A%t SLAM

« EX|-
- O

— Particle filter= AHAF =T 71 HE CA X7 QX AA™O| ZQst

=

L—

| = S
| =y -Ll
N _r'zF ___
- -
- e
= e
. :: B e 328




RFID Ef 1= AFR3SH 2| X| QI Al

X| Mol RFID Ef1E 0| 8% X214
— Q|X|OIAlS 2Q|&l| RFID MIA{Q} Particle filter A2

o E]l.l:

— RFID tagZ topological map= Bt5




"p.

Visual Servoing

=
=

E X 7|8t Disparity

c
£2
EE | 2 o
£ E[=A T 3
5 s|TOe 5

Lt

mr.w + =Y
O & =

=

Camera [




_
NEAESES

MMAMSZE (Whole Body Coordination) &1 2|& 70
- SHS A ZH0|HMZ 0|33t SHA|AHC 2HHE 45 7=
= 0 X Of

- OfLIBH0|E| XYL BATE HAUBE YDAE 7|5
SX HHO|AQ A HEE 98 UAIZH CoM, ZMP HA &

|.

= AL
125 71=
et
[ |
Wt g W e
b | =
- i ’.hfrlﬂ

Cardasks s o li;ln'h-r




