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Aytomation
/ ‘ The Challenge of Agile Manufacturing I

 Past: The Vision (acocca Institute, 1991)
— Production to Order
— Lot/Batch size > 1 Unit
— Information intensive
— "Reprogrammable, reconfigurable, continuously changeable”

 Present: The Reality
— Production to Order Possible
— Order-to-delivery delay: 3-6 months(cars), 1 week (PCs)

 Near Future
— Japanese Vision: "3-day car"
— Toyota/Canada (planned): "5-day car" (limited customizability)
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The Challenge to Automation Systems I

Agility Requires Dynamic Reconfiguration!
Physical Reconfiguration
— Requires Distributed Automation

Logical Reconfiguration
— Dynamic Reorganization of Control Plans
— Minimum Human Intervention (zero preferred)
— Maintain Configuration Control

* Not just Parameterization!

— Leads to Large, Complex Software Modules

— Reduces Distributability, Flexibility, Reliability
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Automation
/’ Distributed Automation:
contralived An Architectural Dialectic

Programmable
Configurable

PLC
IEC 61131-3

{ !Thesis
i ‘Antithesis

DCS
IEC 61804

Distributed
Configurable

N Y,

JHC/2000-06-26 p. 4

agility

Agile

distributability
agility Manufacturing
distributability

Function Blocks
IEC 61499
configurability

programmability programmability

>

agility




Rﬂ:m&[l— INTERNATIONAL STANDARDS FOR OPEN DISTRIBUTED AUTOMATION
?hmaiian— ‘q
‘ Issues In the Architectural Dialectic I

Execution scheduling

« Communication/execution interaction
« Response time requirements
Alternative algorithm selection

State machine design

Software encapsulation and reuse
« Agility (= Dynamic Reconfiguration)
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Aytomation
/’ IEC 1131-3: Modern Software
Engineering for Automation and Control

 Encapsulation/Reuse Mechanisms

— Function Blocks, Functions, Data Types, Programs
 Application-adapted Languages

— Ladder Diagram (LD) for logic control (“power flow”)

— Function Block Diagram (FBD) for regulatory control (“data flow")

— Sequential Function Chart (SFC) for state-machine control
(“internationalized GRAFCET")

— Structured Text (ST) for information processing
— Instruction List (IL) for assembly-level programming

A Mature, Internationally Adopted Standard

— First edition: 1993

— Second edition: 2000
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Software Encapsulation and Reuse in IEC 61131-3'

DEBOUNCE
BOOL — IN OUT|—— BOOL

TIME ——/ DB_TIME

External Interface Specification

Control Algorithm Specification

ON_TMR

OFF_TMR
TON IN TON ouT
IN N Q DB FF 1l N Q (R)=
PT ET -
= DB_TIME PT ET|
OFF_TMR s1 Q1= out
ON_TMR
TON R -
O] IN Q-I IN TON ouT

. Sl
DB_TIME PT ET 3 N Q )
K DB_TIME =t PT ET]
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State Machine Control in IEC 61131-3:

Eeplenalion Ghans 6o |

Sequential Function Charts (SFCs)

>ﬁ initial step action qualifier
[orF] R our
N N action
—+IN transition condition
step D DONE
WAIT_ON DB_TIME
DONE& NOT IN —
——DONE& IN
—>
ON S| OuUT
-—NOT IN
D DONE
WAIT_OFF DB_TIME
DONE& IN —
-—DONE& NOT IN
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Sequential Function Chart (SFC) Features

Action Qualifiers Sequence Selection
No. Qualifier Explanation
1 None Non-stored (null qualifier)
2 N Non-stored -+ +
3 R overriding Reset
4 S Set (Stored) T I
5 L time Limited
6 D time Delayed
! P Pulse Simultaneous Sequences
8 SD Stored and time Delayed
9 DS Delayed and Stored +
10 SL Stored and time Limited
11 P1 Pulse (rising edge)
12 PO Pulse (falling edge) |
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‘Centralized System Configuration in IEC 61131-3'

CONFIGURATION
RESOURCE RESOURCE
TASK TASK TASK TASK
PROGRAM \ PROGRA\ PROGRAM PROGRAM
— ] FB |—| FB FB |—| FB
GLOBAL and DIRECTLY REPRESENTED VARIABLES
ACCESS PATHS

Communication function
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H1 Fieldbus
Segment # 3
Control Room T 5]
PC ) :
H1 Fieldbus Re-Burnel |Purchasefd
Lime Lime
Sai%”r Segment # 2 ~_
Storage T 29 11(')
0
SC T
11 & 25
1
P g IP
E 0
O -
AT Cv-101 c2er I Coole T /g %T7
> AO 9 P ( AT
H1 Fieldbus s
Segment # 1 @ LOT 08
JHC/2000-06-26 p. 11

Distributed Configuration in IEC 61804
(Physical View)
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/ Distributed Configuration in IEC 61804 \
(Logical View)

AT107A AT103 AVIO3

Conductivity

N
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Distributed Configuration in IEC 61804
(Scheduling View)

Block Tag

Scheduled Block Execution

LT101

FT102

FIC102+IF102

FRC103+5C103

-

ATI03HEFI03

LTI06HAICI0A

LT1078

ATI0TBAHHE10T+AICIOT

Tag/Parameter

Scheduled Commoumication

LTI0TAIOUT

FIC102i00T

FRCI03BECAL OUT

[F102BECAL OOT

AIC106BKCAL OUT

LY103/00T

LIC1070TT

LIC106/00T

FT102000T

“m

Devices

Time Available for Acyclic Communications

Al
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‘Basic Concepts of IEC 61499'

e Distributed applications

 Event and data interfaces

o Software encapsulation and reuse
 Event-driven state machines

e Service interfaces

« Management services

o Software portability
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‘ Distributed Applications I

4_
—>

Event flow

> 1

r

/

// Data flow

Communication network(s)

. i 7 1
I Wi |
Device 1 Dev% 2 Device/s Device 4
Application A
I . .
Appl. C Application B

] |_I_

Controlled process

_
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Event flow
_>

Data flow
_>

Event/Data
Associations

Event and Data Interfaces I

Event inputs Event outputs

Y

'

Event flow

\J/

o —

i —

>
B—S o Data flow
D D _>
\ \
Data inputs Data outputs
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El variables

'

EO variables

Software Encapsulation and Reuse in IEC 61499:
Basic Function Block Types

'

e 7% Execution
—7 Control
Chart

=

Zm

Type identifier

—RN Algorithms
—5SN— (IEC 1131-3)

N\

Internal

variable

—E
—E
—ERS

T

Input variables

\_

Output variables

T
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Aytomation
/ Software Encapsulation and Reuse in IEC 61499:
Composite Function Block Types

 Functional composition
« Reusable
« Atomic (not distributable)

Event inputs Event outputs

¢ ¢

Execution
Control

Type identifier

g-l__L_r'_L_r‘—_l_E—

I — §—
B ]
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Software Encapsulation and Reuse in IEC 61499:
Adapter Interfaces

provider

acceptor

-

/’

h
\\

| ——

//
\
EO El
— 1 [
Q DI

—

~

"y

El
— e o = = = = e ———:

DI
plug socke

(\

N
EO
[
DO

adapter connection

 Reduce diagram clutter
« Simplify transducer interface

o Capture patterns of interaction
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‘ Event-Driven Execution Control I

2 Execution control 8
> function >
A
-
1 97;’7 .
> Algorithm g—7 >
A
7 5
3 4 6
Y L

Scheduling function

.
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The Execution Control Chart (ECC):

INIT

START

EC initial state

EC transition

An Event-Driven State Machine

1
INIT 1
EC action
INIT | INITO MAIN MAIN [ EXO
EC state  algorithm

event
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Agfomation
/ ‘ IEC 61499 Device Model I

 Device = Container for Resources
 Device provides Communications & Process Interfaces

Communication link(s)
| Device boundary

Communication interface(s)

Resource x Resourcey Resource z

Application A

Application C Application B

Process interface(s)

Controlled process

\_
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Agfomation
% ‘ IEC 61499 Resource Model I

 Resource schedules & executes FB algorithms

« Resource maps Communications & Process I/O
Functions to Service Interface Function Blocks

i\ Communication functions

Local application
(or local part of distributed application)

\/ Events —’_|J
—1 — —1 — —1

Data

Se%ice Se%ice
Interface Algorithm Interface

Function Function
Block Block

> —l

Communication |mapping

Process|mapping

Process I/O functions

Scheduling Function

\_
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‘Service Interface Function BIocksI

 Access to Resource functionality

« Modeled as sequences of service primitives per ISO/IEC TR8509

EVENT INIT INITO
EVENT REQ CNF
— —

XXXXXX

BOOL Ql QO
ANY PARAMS STATUS
ANY SD 1 RD_1
ANY SD_m RD_n

EVENT
EVENT

BOOL
ANY

ANY

ANY

(application-initiated transactions)

application

INIT(+)

PARAMS

l. INITO(+

STATUS
REQ(+) >
SD_1,..,.SD_m
CNF(+)

STATUS
INIT(-)

___________..>
. INWOr!

STATUS

resource

service initiation

data transfer

service termination

—+ <€

EVENT
EVENT

BOOL
ANY

ANY

ANY

INIT INITO EVENT

RSP IND EVENT
YYYYYY

Ql QO BOOL

PARAMS  STATUS ANY

SD_1 RD_1 ANY

SD_m RD_n ANY

(resource-initiated transactions)

resource

service initiation

data transfer

service termination

application

INIT(+)
PARAMS

INITO(+ .l

STATUS

STATUS
RSP(+)
SD_1,..,.SD_n

INIT()

—
INITO() >

STATUS
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Augtomation
Communication Service Interfaces:
Publish/Subscribe Model
EVENT HINIT INITO 1 EVENT EVENT LINIT INITO 1 EVENT
EVENT t REQ CNF 1 EVENT EVENT L RSP IND 1 EVENT
—1 — | —
FB_PUBLISH FB_SUBSCRIBE

BOOL QI QO BOOL BOOL QI QO | BOOL

ANY I PARAMS STATUS ANY ANY t PARAMS STATUS | ANY

ANY t SD_1 RD 1] ANY

e /% 4’ _ |
ANY [ SD_m RD_m | ANY
INIT(+)
PARAMS
INITO(+) INIT(4)
PARAMS
INITO(+) >
REQ() o
SD 1,..,SD m T IND(+)
RD 1,..,RD m
< CNFE(+) < RSP(+)

\.
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Augtomation
Communication Service Interfaces:
Client/Server Model
EVENT INIT INITO 1 EVENT EVENT CNIT INITO |
EVENT _EEQ C?E_ EVENT EVENT JE?P |¢E;
BOOL FB—CLIENTQO‘ BOOL FB_SERVER
ANY L PARAMS STATUS | ANY BOOL F QI QO |
RD_1{ ANY ANY  PARAMS STATUS |
ANY 1 SD_1 /M ANY 1 SD_1 p RD_1|
AN:Y_: S:D m RD_") ANY R X o
_ -« ~ ANY 1 SD_n RD_m |
‘ INITg+)
PARAMS
INITOS+2 |
INIT(+)
PARAMS >>
4 INITO(+
REQ(+)
SD_1,..,SD_m > IND(+) >
RD 1,..,RD_m
l RSP5+2
< CNF(+) / SD 1,..,SD n
RD 1,..,RD n

EVENT
EVENT

BOOL
FB_CNXN_STATUS
ANY

ANY
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‘A Device Management Service Interface I

EVEMT ————{IMIT IMITO EWEMT

EWENT B——REQ CMF ——f—— EVENT
:IDEv_meRl:

BOOL -l QO B BOOL

WETRING ———DST  STATUS 8 LIMT

LINT fH——CMD SRC —f—WSTRING

B TE[S1 2] —B——{OBJECT RESULT —E—BY TE[S12]

e Command syntax examples:
— CREATE functionBlockInstance
— CREATE functionBlockType
— QUERY dataTypeName
— CREATE connection
— START functionBlockInstance
— STOP functionBlocklnstance
— DELETE connection
— DELETE functionBlocklnstance
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A Remote Device Management Model

EVENT

e

1

EVENT

EVENT

BOOL

(unl
o

m
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H

EVENT

METRING

H

m
[==)

H

BOOL

WSTRIMG

H

METRING

INIT INITO
RED CMF
1 [
D _CLIENT
] Q0
D STATUS
OST h_20

UINT
BYTE[S512)

(mul
o

m

BOOL

ChD M_STATUS

g

UINT

OBJECT SRC

funl

L

RESULT

WS TRING
BYTE[512]

oraros L
—STATUS

CIMITO

SWR

INIT —IMIT INITO
RSF IND

I

Oh_SERWER

(] [ W] Qo
M_00  STATUS
M_STATUS DST

SRC Chil
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INIT INIT

REQ CMF
] |
DEV_MGR
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DST  STATUS

CMD SRC

RESULT OBJECT

OBJECT RESULT
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‘System Management Model I

Syztem T 17 Deviee [ 1.7 Fesource
1
1.7
, Systembd anager
M anagedObject FBManager | . | (from ESS]
ZF 1.5 1
M anagedConnection M ameddbject
FEType FEInztance DataType
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Agtomation
/ ‘ Open Distributed Systems: The IEC 61499 Vision I

DeviceNet EDSs

KEY: Project Fieldbus DDs
Existing & Normative in IEC 61499 Repository etc.
Existing but non-Normative in IEC 61499 _ A
To be done Import Libraries:
o vl
Engineering :Eg gii;g
Toolsets
AML IEC 61131-3
PORTABILITY| Application
Frameworks

<:taﬂdard data transfer protocols: INTEROPERABILIT>
A
Distributed intelligent devices & contllers /
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Engineering Tool Models

LibramE lement

&aupplier : String 0.* 1. | Repasitary
grversion : Sting

1.

1.%

FETypeleclaration

Tonl

SubapplicationT vpel eclaration

Editar

SystemManager

DataT ypeleclaration LibramE lement

AdapterT ypelDeclaration

SystemConfiguration

1

Tester

RezourceTypeleclaration

DeviceTypeD eclaration

JHC/2000-06-26 p. 31




Roclkwell

INTERNATIONAL STANDARDS FOR OPEN DISTRIBUTED AUTOMATION

?hmaiian
‘ IEC Project 61499 Status & FutureI

IEC 61499-1, Architecture
— PAS (Publicly Available Standard) issued for Voting

IEC 61499-2, Engineering Task Support

— 2nd CD (Committee Draft) issued for Technical Review
— PAS projected: 2000

2-year trial use period
— Incorporate lessons learned from trial implementations
— DIS projected: 2002-07-01

Home Page
— ftp://ftp.cle.ab.com/stds/iec/sc65bwg7tf3/html/news.htm

\_
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Agtomation
/ IEC 61499 + Holonic Systems Technology:
The Missing Link to Agility

7 PH@

MH1 @ MH2 @

ﬁ THzHﬁ

A8

Holons negotiate and coordinate tasks via

Cooperation Domains. Tasks are perfomed by
Kﬁﬁ:ﬁ IEC 61499 Applications, generated “on the fl

5
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Holonic Manufacturing
‘ IEC 61499' Systems (HMS)

 Parent organization: IEC  Parent organization: IMS
 Working group: TC65/WG6  Working group:

« Goal: Standard model HMS Consortium
(function blocks) for control e Goal: Intelligent manu-

INTERNATIONAL STANDARDS FOR OPEN DISTRIBUTED AUTOMATION

encapsulation & distribution facturing through holonic
e Started: 10/90 (autonomous, cooperative)
modules

o Trial period: 2000-02
« Completion: 2003

ftp://ftp.cle.ab.com/stds/iec/sc65bwg7tf3/html/news.htm

o Feasibility study: 3/93-6/94
* First phase: 2/96 - 6/00
« Second phase: 6/00-6/03

http://hms.ifw.uni-hannover.de/

frequirements 4 l
Controls architecture _ _
Agile systems architecture
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‘An Infrastructure for HMS Engineering I

Standards
Component Repositories
Repositories Template
Repositories
ﬁ Solution/

Template
Developers

SW Tool Repository

Repositories

o,

SW Tool Y
Cluster CD S

Tool/ %
Component % SW Tool
Developers Cluster CD Manufacturing

CD

H3

Manufacturing
CD

M2 M1
(CD=Cooperation Domain, H=Holonic Controller, M =Machine)

H2 H1

M3

—
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Agtomation
/}’l ‘An HMS Engineering Workstation I \

CD = Cooperation Domain Repository
HD = Holonic Device CD

HR = Holonic Resource

SW Workstation HD

"I need a
template for

a paint shop" Repository
Agent HR
o Tool #1 l/L Tool #2
’ HR

‘_ HR -

< )
% User System

Agent HR Manager HR

"Get the tools and
components

\"By the way, what standards apply?"

—
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/ The Holon: An Autonomous, Cooperative
(sometimes Physical) Agent

Cogitogue coopero,
ergo sum

-~
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