/cg—}\

ETFA’2016

Munchen, 2016-09-06

IEC 61499 — ROS

Controlling robots with I[EC 61499 using 4DIAC

Waldemar Eisenmenger

fortiss GmbH
An-Institut Technische Universitat Munchen

fortiss

@Q C



ROS - Short Introduction

. . 00
Middleware for controlling robots .' 'Y X R

— Provide communication infrastructure

— Robot Description Language

— Pose Estimation

— Diagnostics
— Localisation and Navigation
— Standard Message Definitions
« Support integration of third party libraries:
— OpenCV
— Gazebo

— Movelt
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ReApp

Reusable Robot Applications for Flexible Robot Systems Based on ROS

 ReApp provides a model-based, cloud-enabled
— Software development toolchain,

— ReApp store and
— Execution/simulation platform

* ReApp supports
— Component Vendor modelling HW-Access-Component
— Software developer modelling SW-Components and Skills
— System integrator apply Skills to Solutions

» Special requirements
— Real-time behavior
— Model based Coordinators
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ReApp Coordinator Node
IEC 61499 Network

Topic Subscriber - l

Service Server

wionsene 30 B
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ROS Topics

Communication Patterns

* Unidirectional transaction model
« Types defined by msqg files

Gublisher) <ubscriber>

Gublisher)/“ Gubscriber)
Qublisher> <ubscriber>
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ROS Topics

Communication Patterns

__PUBLISH1  SUBSCRIBE_1
RINIT  INITOS RINIT  INITOM
RREQ  CNFY [ese o)

PUBLISH_1
0.1

Ql Qo
rosl/topic:std_msgs/String] E[D STATLJ%

=501 t |

l SUBSCRIBE 1 l
0.1

QI QO
rosl/topic:std_msgs/String] F[D STATUS}

[ 1 RD_1=

std_msgs/float64
std_msgs/float64
std_msgs/float64

geometry_msgs/Vector3 =
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(NON IEC61499

std_msgs/Empty -

std_msgs/Float64 LREAL
std_msgs/Bool BOOL
std_msgs/Int32 DINT
std_msgs/String STRING

PUBLISH 3
thrr INITOj
=REQ CNF
’ PUBLISH_3 [
|
o o
ID  STATUS
SD_1

SD_2

=SD_3
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ROS Services

Communication Patterns

request {
L

response

Bidirectional communication

Types defined by rossrv files

. . CLIEMT 1 SERVER_1
« |EC 61499 provides client server FB (NT INTTOd ST ———
mREQ CNF1 ERSP IND
] CLIENT 1 l l SERVER_1 l
0.0 0.0
E[D STATUSJ E[D STHTUSJ
sD1 RD_1

sD_1 RD_1
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ROS Actions

Communication Patterns

goal N
o : . . : : cancel N
+ ROS specific communication for tasks with long processing time e ctatus g
Client . feedback
~ result

« Composition of five topics

* action files define goal, feedback and result types

« |EC 61499 does not provide native communication FBs for actions
PD2_EXECUTE_ACTION_CLIENT 2

~

INIT INITO!

« Service Interface FB for each action type tREQPDZ i e T
0.0

Q1 QO

ACTIONNAMESPACE FBSTATUS

ACTIONMSGNAME  ACTIONSTATUS

SD_0 RD_0

SD_1

\
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ReApp Pilot Demonstrator 2

phidgets_open_close ros_interfacekit

set_ot -ge‘t in

industrial_io_node bs...

CoordinatorApp

binary_open_cose_wr...

Skill lau_3

Skill lau_2
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ReApp Pilot Demonstrator 2
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ReApp Pilot Demonstrator 2

INIT_NODES H-:-ﬂ&&ﬂ'l&l&idmerface I

CYLINDER OPEN_1 setTCPCylinderMessage | PublishStatusMessage

ReqCylinderOpen

Init ResultDoorDetection

ReqCylinderDisable

CnfCylinderOpen

IDOOR_D ECT PublishStatusMessage |
/ } GoalDoorDetection I CnfCylinderDisable
Wait.TimeOut / PublishStatusMessage
WaitTimeOut
SubscribeSavetyViolated Reqtoeks pue
WAIT_START WaitSTOP SubscribeSavetyViolated
I }— = , W CnfLockClose
setWaitTime | Wait.START
I WA”J_ WaitSTO8 SubscribeSavetyVidated SubscribeSavetyViolated
setWaitTime | Wait.START CnfLockOpen
SubscribeSavetyViolated : . WAIT CLO! Wait.STOP
SubscribeSavetyViolated | = SE’_ 2
setWaitTime | WaitSTART
LOCK_OPEN_START setDoorCylinderM PublishStatusMessage x
CnfCylinderClose \ setQOTrue RegLockopen SAVETY messetQOFalse | ActionsCancel Wat}TlmeOut
v T— INIT_MOTION — setMotion age | PublishStatusMessage
Save GoalMotion
SubscribeSavetyViolated bscribeSavetyViolated i i
tyVi SubscribeSavetyViolated ResultMotion
SubscribeSavetyViolated 1
SubscribeSavetyViolated CYLINDER CLOSE2 | setTCPCylinderMessage | PublishstatusMessage

CYLINDER_CLOSE

PublishStatusMessage

Reqcylinderclos/

RegCylinderClose

CnfCylinderClose

ResultDoorLocalisation /

rCylinderMessage | PublishStatusMessage [DOOR_LOCAUSAT[ﬂl—
ReqLockOpe| MAT_PRESS_MOTION }— setMotionMessage PublishStatugvessage
setQOTrue GoalMotion \

g setTCPCylinderMessage | Publish!
ResultMotion s CYLINDER OPEN_2 | setTCPCylinderMessage | PublishStatusMessage
y ; ReqCylinderOpen

essa

> | PublishStatusMessage

=)

GoalDoorLocalisation
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ReApp Pilot Demonstrator 2
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ReApp Pilot Demonstrator 2

phidgets_open_close ros_interfacekit
set_ot get_in

set_ot
dose
CoordinatorApp b
SaftyV StatsM Dﬂ pen

binary_open_cose_wr...

industrial io_node_bs...

launch/safety_skill launch

robt s
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Summary

* |DE:
— Generate IEC 61499 model from ReApp model
— Integrated ECC in ReApp
« FORTE:
— Extended FORTE communication layer for publisher/subscriber FB
— Implemented SIFB for ROS service communication

— Implemented SIFB for ROS action communication

* Next Steps:
— Complete communication layer for client/server FB

— Create Generic Action communication FB
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Thank you for your attention!

Waldemar Eisenmenger

fortiss GmbH

An-Institut Technische Universitat Munchen
Guerickestralle 25 - 80805 Munchen - Germany

tel +49 89 3603522 539 fax +49 89 3603522 50

waldemar.eisenmenger@fortiss.org
www.fortiss.org
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