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ITIA - CNR

ITIA Research activities on IEC 61499

‘ ~ standard:
‘ ‘ 1. Structured methodologies for

industrial automation system
development

Istituto di Tecnologie Industriali e Automazione

ITIA-CNR, as a promoter of Industrial 2. Analysis techniques for automation
Innovation, performs strategic activities of software Verification & Validation
Scientific Research and Technological
Development for the Competitiveness and 3. Multi-level optimization strategies for
Sustainability of Italian and European highly automation production systems

Manufacturing Industries.
The focus of the research activities concerns
the following issues:
- Machine/System control solutions
- Intelligent robot systems

- Enterprise engineering and virtual

applications
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SYNESIS CONSORTIUM

SYNESIS Technological Development

SYN ESlS on IEC 61499 standard:

4. Tools for automation system
development and validation

5. Tools for energy efficient and green
factories

Synesis, as an European Public-Private

technology development consortium, acts on
a spectrum of enabling technologies for 6
production systems:

Advanced HVAC control solutions

from innovative operating machines to

adaptive factories @ |SaGRAF

from design and optimization of production

MNCTsolutions

s Analytics and Control Technology

systems to energy efficient and green
manufacturing processes

scmigroup
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IEC 61499 ADVANTAGES

Based on object-oriented and distributed intelligence concepts:

Modularity: a complex control system is
divided into smaller and more manageable
autonomous functional modules (FB)
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Formal Executable model: Function
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Machine (ECC) whose formalism ¥
embraces the function block behavior
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Encapsulation: every module hides its
internal dynamics

Molecular Line
Control

Hierarchy: modules are structured on
different hierarchical levels in a top-down
functional decomposition approach
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IEC 61499 ADVANTAGES

Inheritance: child modules inherits the
features from higher levels

Aggregation: the main modules of the
control system architecture are obtained by
the aggregation of simpler sub-modules |l
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Distribution: modules of the control
program can be allocated and executed
across multiple resources
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Benefits deriving from the standard features:

1 the definition of complex control systems is extremely simplified

1 reusability and reconfigurability are easily enabled

{ adaptive automation systems can be defined by means of self-tuning
strategies

Mauro Mazzolini i ETFA Industry Day, Toulouse, 05/09/2011



—_
4
ETFA‘2011

1- METHODOLOGIES FOR AUTOMATION SYSTEM DEVELOPMENT
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1- METHODOLOGIES FOR AUTOMATION SYSTEM DEVELOPMENT

Major Benefits:
1. Specify complex automation systems in an easy and safe way
Properly structure the knowledge related to the system behavior

2
3. Maintain traceability along the different design phases
4

Reduction of factory development, commissioning and
(re)configuration times/costs




2- ANALISYS TECHNIQUES FOR AUTOMATION SOFTWARE V&V

Formal Model Properties

P2, pa - State reachability
(® - Deadlocks

O
w - Trigger of Transition
- MC/DC

Formal analysis based on model checking algorithms

Matlab/Simulink Design Verifier
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..Next steps:

A More powerful model checking tools
A Complete set of properties
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2- ANALISYS TECHNIQUES FOR AUTOMATION SOFTWARE V&V

Major Benefits:

1. Formal approach guarantees the exhaustive analysis of the model

2. |IEC 61499 formalism makes easier the translation into a model
checking compliant model

3. The modular approach supports the V&V technique to the solution on
the state-space explosion problem

Flexlink
Pick and Place i
1

tation Direction
—
—




3- MULTI-LEVEL SYSTEM OPTIMIZATION

OBJECTIVES FOR THE OPTIMIZATION STRATEGIES

IDENTIFICATION
RECONFIGURATION
RECONFIGURATIONS

OF THE BEST

SOLUTIONS

SET
TO

OF CONTROL
MATCH HW

- Future control reconfiguration
- Ranking of solutions based on KPI

PERSISTENT OPTIMIZATION OF CONTROL PARAMETERS/LOGICS TO
TARGET SHOP-FLOOR RESOURCE OBJECTIVE PERFORMANCE

- Tuning of control parameters
- Dynamic improvement of resource performance

REAL-TIME ALLOCATION AND DISTRIBUTION OF FUNCTION BLOCKS
ACROSS SHOP-FLOOR RESOURCES

- Off-line scheduling of FBs
- Run-time adjustment of FBs distribution

I PRODUCTION SCHEDULING

@

STATIC NOMINAL

SCHEDULING OF

AUTOMATION TASKS | ACTUAL DYRANIE

SCHEDULING OF
AUTOMATION TASKS

Nominal task
schedule
over time
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Adjusted task
period and
priorities

DISPATCHING

REAL-TIME MONITORING



3- MULTI-LEVEL SYSTEM OPTIMIZATION

Major Benefits

1- IEC 61499 distribution and modularity properties enables a multi-level optimization i
from the single FB to the supervision level. Besides, it results in an increased number and
variety of control reconfiguration options.

2- |IEC 61499 standard enables the incorporation of optimization algorithm in each function
block.

3- Dynamic performance optimization and automation scheduling based on FB allocation
drastically reduces resource idle times and preevents resource failures.

IDLE TIMES (%
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# Task

Total execution time
35 automation tasks = 1200 s
Reduction robot idle times= 10¢




4- TOOLS FOR AUTOMATION SYSTEM DEVELOPMENT AND VALIDATION
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4- TOOLS FOR AUTOMATION SYSTEM DEVELOPMENT AND VALIDATION

Designed by
engineer and /or
derived from
Control System
specification

Automation
System
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4- TOOLS FOR AUTOMATION SYSTEM DEVELOPMENT AND VALIDATION

Designed by
engineer and /or
derived from
Control System
specification

Specification
VS execution

Virtual plant
simulation
model

_< Control
Automation ——»  System

System

Energy consumption and
Environmental Impact
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5- TOOLS FOR ENERGY EFFICIENT AND GREEN FACTORIES
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Preventive estimation and optimization of
environmental burden based on consumptions and
emissions (indicators compliant with LCA
methodology)

Energy efficiency analysis and optimization through
closed loop simulation at line-machine-actuator
levels at automation system design stage

Closed loop simulations Optimization strategies and
of machines and lines selection of automation
routines

i
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4/5- TOOLS FOR SYSTEM DEVELOPMENT AND ENERGY EFFICIENT FACTORIES

Major Benefits:

1. Closed loop simulation for control system validation and production
plant performance assessment

2. Introduction of concurrent engineering approach to develop the
system layout and automation design

3. Supportin engineering of optimal system layout and automation
system with new focus on energy and environmental implications

4. Compliancy with energy management and environmental standards is
ensured since early design phases
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