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Summary

Introduction

O Industrial communications

Complex

Different solutions at the different layers
Fieldbus at bottom layers: Profibus, CAN, ...
Ethernet, Wi-Fi at top layers

O Middleware solutions
CORBA: Common Object Request Broker Architecture
OPC: Object Linking and Embedding for Process Control
Web Services
DDS: Data Distribution Service
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DDS: Data Distribution Service

Properties
Middleware specification by the OMG
Object Management Group r t '
Publisher/Subscriber paradigm RTI Connext DDS

Versus Client/Server, e.g. CORBA
Guarantee Real-Time constrains
Quality of Service control
Open solutions

RTI Connext, OpenSplice, OpenDDS
Programming languages

C, C++, Java
Operating Systems

Windows, VxWorks, QNX, Lynx, ...
Data defined using IDL (Interface Definition Language)

Instead of exchanging messages
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Summary

DDS: Data Distribution Service

DDS v1.2 API Standard
Language Independent, OS and HW architecture independent

DCPS: Standard API for Data-Centric, Topic-Based, Real-
Time Publish/Subscribe

DLRL: Standard API for creating Object Views out of
collection of Topics

Application

Object/Relational Mapping

Data Local Reconstruction Layer (DLRL)

O DDSI/RTPS v2.1 Wire
Protocol Standard
Standard wire protocol
allowi ng Data Centric Publish/Subscribe (DCPS)
interoperability
between different
DDS Interoperability Wire Protocol

DDS standard | uDP/P |

Real-Time Publish/Subscribe Protocol

4—
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Summary

DDS Data Space

Virtual Global Data Space
Many to many communication
Decoupled in time, space and synchronization

Publisher Subscriber Subscriber

Global Data Space

Publisher [l Publisher
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DDS Entities

Entities
Domain: context
Domain participant
Topic: information unit

Introduction
JDDS overview

Control comm.

DDS mapping Data Writer
4DIAC | | t.
mpiemen Data Reader
Summary .
Publisher
Subscriber

Domain participant
Publisher

Data
Reader

Data
Reader

Data
Writer

Data
Writer

Data
Reader

Publisher

Domain participant
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DDS Topics

Topic

Unit of information atomically exchanged between
Publishers and Subscribers

An association between a unique name, a type and a

QoS setting

Type QoS

A DDS Topic Type is described by an IDL Structure containing an
arbitrary number for fields
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DDS Domains and Partitions

Domain
A Domain is one instance of the DDS Global Data Space
DDS entities always belong to a specific domain

Partition

A patrtition is a scoping mechanism provided by DDS
organize a partition

Domain

DDS

y Global Data Space
Partition



http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=gSsP2rDBR-p42M&tbnid=2VQ_Wb2t_C6mjM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.fortiss.org%2Fen%2Fabout-us%2Falle-news%2F4diac-at-eclipsecon-france-2013%2F&ei=NOLeUYPCIsOR0AXwsYBw&bvm=bv.48705608,d.ZGU&psig=AFQjCNFyFTxsl7QWEjAPYeCz4GQvi6EsFw&ust=1373647784552121

Introduction
JDDS overview
Control comm.

DDS mapping

4DIAC Implement.
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Application / DDS Coordination

DDS provides three main mechanism for exchanging
iInformation with the application

Polling: The application polls from time to time for new data
or status changes. The interval might depend on the kind of
applications as well as data

WaitSets: The application registers a WaitSet with DDS and
walits (i.e. is suspended) until one of the specified events has
happened

Listeners: The application registers a listener with a specific
DDS entity to be notified when relevant events occur, such
as state changes
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Quality of Service Model (QoS)

QoS-Policies
QoS-Policies are used to control relevant properties of
OpenSplice DDS entities, such as:
Temporal Properties, Priority, Durability, Availability, ...

Some QoS-Policies are matched based on a Request vs.
Offered Model thus QoS-enforcement

Publications and Subscriptions match only if the declared vs.
requested QoS are compatible

10
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4DIAC Implement.

Summary

QoS Policies

QoS Policy
DURABILITY
DURABILITY SERVICE

LIFESPAN

HISTORY
PRESENTATION
RELIABILITY
PARTITION
DESTINATION ORDER

OWNERSHIP

OWNERSHIP
STRENGTH

DEADLINE
LATENCY BUDGET

TRANSPORT PRIORITY

TIME BASED FILTER

RESOURCE LIMITS

USER_DATA
TOPIC_DATA
GROUP_DATA

Applicability RxO Modifiable
T, DR, DW Y N Data Availability
T, DW N N
T, DW N/A Y
T, DR, DW N N
BS Y N Data Delivery
T, DR, DW Y N
BS N Y
T, DR, DW Y N
T, DR, DW Y N
DW N/A Y
T, DR, DW Data Timeliness
T, DR, DW Y
T, DW N/A Y
DR N/A Y Resources
T, DR, DW N N
DP, DR, DW Y Configuration
T Y
RS Y

1]
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Summary

Control Comm. in Industrial Automation

Communication types

Non-Real-Time communications: ERP, MES, SCADA, ...
Configuration and monitoring
Parameterization
Diagnostics
Cyclical Process communications
Real-time process data transfer
Acyclic Process communications
Real-time alarms and events

12
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Mapping Industrial Communications with DDS

Services
Aperiodic Alarms Periodic Sampled Request/No Request /
& Events Measures Response Response
Topics 1 1 1 2
Distribution Many to many Many to many One to one One to one
Deadline - Period - -
Destination Order Source Source Reception Source
History Keep N Keep last Keep N Keep N
Latency Budget Estimated urgency 33-50% of Period - -
Lifespan App. dependent Period - -
Liveliness Automatic Manual by topic Automatic Automatic
Ownership Shared / Exclusive Shared Shared Exclusive
Reliability Reliable Best effort Reliable Reliable
Transport Priority Highest High Low Lowest

13 .
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Mapping into DDS topics

Messages exchanged and mapping into DDS topics

Services

Acyclic Cyclic Request /INo| Request/

Events Variables Response Response
Paradigm Publish / Subscribe Client / Server
TOpICS (per 1 1 1 5
variable)
Distribution Many to one Many to One toone | Oneto one

many

Content Filtered No Yes Yes Yes

14
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ADIAC-FORTE Implementation

DDS SIFBs

Service Initialization - - Event

Event Input Qualifier - BOOL
ConfigFile = WSTRING

Service Initialization - Ewvent
Service Request - - Event

Event Input Qualifier -~ - BOOL
Topic Mame ~ - WSTRIMG
Cutpuk data bo resource . -0 AN

Service Initialization - Ewvent

DOSCOMFIG
0.0

h

-

fh0 Qo
BpFILE  STATUS

L —
S-LINIT INITO
EH—BRED CIF

DOSPUBLISH
0.0

h

Mg Qo

BaTOPIC  STATUS

=
o

B

I

Service Request - Ewvenk

Event Input Qualifier - BOOL

Topic Mame - WSTRIMG

&—asD
L
rl "

gpINIT INITO
RED CMF
IND

DD55UBSCRIEE

0.0

Bgh0] Qo
B TORIC STATUS
RD

TIMESTAMP

Event -
Event - -

BooL -
WSTRING

Event

Event

Event

Hl

o

Bl

i

s
H—tH
H—EEH

)

AN

Ewent - - Initialization Confirm

BOOL - Event Qukput Qualifier
WSTRIMNG

Service Skatus

Initializakion Confirm
Confirmation of Requested Service

Evvent Cukput Qualifier

- Service Skatus

- Initialization Confirm
- Confirmation of Reguested Service
-+ Indication from Resaurce

- Ewent Cukpuk Qualifisr

WSTRIMG - Setwice Skabus

Input data from resource

DATE_AMD_TIME - Time Stamp
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ADIAC-FORTE Implementation

<?xml wver=sion="1.0" encoding="UTF-8"?2>
<DDSEntities Name="TestDDS" Comment="Test DDS entities" >
<Identification ApplicationDomain="FORTE" Description="DDS entities model for FORTE" />
<VersionInfo Organization="GCIS DISA ETSI" Version="0.0" Luthor="FPG" Date="2013-04-10" Eemark=="Test FORTE with DDS" />
<Domain Id4="0" Qo5 _Library="FORTEQoSLibrary" Qo3_Frofile="Aperiodic">
! <Topic NHame="StrDDEDat" Type="TTSTRING" Qo3 Frofile="Aperiodic" S
<Topic Name="WordDDSDat" Type="TTWORD" QoS5 Frofile="Apericdic" />
k!Domain}
</DDEEntities>

public:
typedef enum

TTNULL,
TTBYTE,
TIWCRD,
TTDWORD,
TTEUFFER,
TTSTRING

} TopicTIypes:

—
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ADIAC-FORTE Implementation

<?xml wverszion="1.0" encoding="UTF-8"732>

<dds>
<l--
«<l== TInit - FORTEQoSLibrary Library -2
<l
<gos_library name="FORTEQoSLibrary">

<l-=

<!—— Init - FCORTEQoSLibrary Library - Aperiodic Profile -
<!--
<gos_profile name="Aperiodic">
<participant_gos>

<participant name>

<name>FORTE QoS (Aperiodic)</name>
</participant_name>

</participant_gos>

<datareader_ gos>

<destination order>

. <kind>BY_SOURCE_TIMESTAMP DESTINATIONORDER QOS</kind>
</destination_order>

<durability>

. {kind}TRANSIEHT_DU'RABILITY_QOS»({kind}
</durabilitys

<liveliness>

: <kind>AUTOMATIC LIVELINESS QOS</kind>
</fliveliness>

<ownership>

. <kind>SHARED OWNERSHIP_QOS</kind>
</ownership>
<reliability>

. <kind>RELTIABLE RELIABILITY QOS</kind>
</reliabilitys
<history>
: <kind>KEEP_LAST HISTORY QOS</kind>
! <depth>l</depth>
</history>
<protocol>

</datareader_gos>

<datawriter gos>

</fgos_profile>
<l--
<|

— End - FCORTEQoSLibrary Library - Aperiodic Profile -
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4ADIAC Example

&OUTDATA .........

4 WSTRINGZWSTRINGSUEOL

DDSCOMFIGDEYDZ -

4 WSTRZWSTRDEV0Z

WSTRINGZWSTRING
1.0
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4ADIAC Example

o DDSTesk01DEYOS
RMT . S N RMT_DEY
- R - Wil.4

(100,100,500, 1007 agoUNDS © Mocalhost:61499" apar_ 1D
: [1,1]mGRID

"192.168.0.110:61500" aMGR_ID
 locahost:61505" g, 1o S

W[5 MGR (RMT_RES)
RESO1DEVO3 (EMB_RES)
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Introduction
DDS overview
Control comm.

DDS mapping

4DIAC Implement.

JSummary

Summary

O Middleware backbone: OMG DDS
Adequate for Real-Time environments
Some non-RT services adapt better to Client/Server
Avoid critical and non-critical interferences
Main services in Industrial automation identified
Mapping
Topics
QoS parameters

0 4DIAC-FORTE Implementation by SIFBs

O Future Work
Analyze performance

20
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