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Executive Summary

» Objectives
— Develop methodology for ECA control consolidation
— Address break in RFT hierarchy through ECA-based co  ntrol
consolidation

» Key Deliverables
— Methodology for stratifying and consolidating control in factor
systems, leveraging ECA technology
— New version of RFT control structure  that maintains a clear
control hierarchy with well-defined interfaces and scopes

» Benefits to Industry
— Methodology and case study application for consolidating
broken control hierarchy to improve debugging and
reconfigurability without scrapping entire control system and
starting over
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Outline

* Introduction — evolution of control
hierarchy

* Motivation for consolidation

» Background on RFT

» Methodology for consolidation

* RFT case study

* Expected benefits and next steps
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Introduction: evolution of control

» Factory control hierarchy often evolves
* Functionalities added, upgrades made
« Different groups implement different parts of hierarchy
« Possibly broken or unclear hierarchy  problems with
debugging, reconfiguration and achieving factory-wide
goals
* RFT hierarchy broken
» System level controller (SLC) does Factory and Cell level

control
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Motivation for Consolidation

 How can problems associated with a
broken control hierarchy be fixed?
— Scrap the current hierarchy and implement a
new one
* Clean slate
e May result in same problems

— Consolidate the control hierarchy

« Eliminate controllers that break hierarchy by moving

logic
* Addresses problem head-on
* Makes use of existing equipment, software, effort
* Need methodology
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Background on RFT

» Teaching, research, tech transfer
» Data-centric, networked
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Background on RFT

» Control System for RFT
— Event-Condition-Action (ECA) based
» Paradigm for rules

» Used directly in CWM and SWI

* Used in SLC in the form of ECA Modular
Finite State Machine (ECA MFSM)

— Control hierarchy broken by SLC (1st
step)

— Eliminate SLC and make CWM sole
factory level controller
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Methodology for Consolidation

» Identify controllers that break hierarchy

» Eliminate those controllers
— Identify capabilities and frame as methods
— Based on function and inputs/outputs of
method, move method to higher or lower level
of control hierarchy
* Eliminate associated communication
subsystems

— ldentify communication subsystems associated
with eliminated controller(s)

— Move subsystems based on implementation and
legacy considerations
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RFT Case Study: Methodology

« Eliminate that controller
- Example for Cell 1 ECA MFSM of SLC (push-down)

e | e

On pallet arrival, PartDataReady LoadPartAck (SWI), Down to
check if C1C (SWI), LoadPartl/: PartNotTaken (SWI), Ci1C
available; if so pass o (SWI) RobotAway Partl/2Taken (SWI),

request, if not tell SW (C10) Startl/2 (C1C)
rejected
M2 Tells C1C when an LoadPart0 (SWI), unload_partl/2 (C1C) Down to
empty pallet is unload1/2 (C1C) cic

available and which
part to unload
M3 Passes messages donel/2 (C1C) Partl/2Finished (SWI Down to
between C1C and SV Ci1C
& donel/2 (C1C) &
Part1/2Finished (SWI
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Expected benefits and next steps

* Expected benefits

— Methodology applicable to wide class of systems

— Improve debugging, achievement of factory-wide
goals, and reconfiguration through consolidation

— Easier to test new projects on RFT

* Next steps

— Better formalize methodology and its application
to ECA and non-ECA based systems

— Complete consolidation of RFT control hierarchy
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» Additional slides at this point and beyond.
Only used for reference based on

questions or if somehow end up with extra
time.
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RFT Case Study: Methodology

e Eliminate that controller
— Example for RFID part of SLC (push-up)

“Pallet stopped” Conveyor CWM Call “production  Call “communication
Rules at some cell Controller module” module”
“Process done” or Cell Controller CWM Call “production  Call “communication
“Part damaged” module” module”
Production -OPC tags in -Resources -Query RFID re: presence pallets,

OPC servers needed in proces parts and readiness of releasing
-Variables in db  -Order invoked -Determine resources needed by

Modules process, and order invoked
Communication -Resources Coordinated  -Coordinate instructions / invocation
needed invocation of for Cell 1/2 Controllers and
-Order invoked resources Conveyor Controller
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RFT Case Study: Implementation

 Work done thus far
— Push up of RFID logic
— Push down of SLC Cell 1 logic
— Push up of SLC Supply cell logic (in progress)
 Lessons learned
— Logic distributed by functionality aids in
consolidation
e SLC as group of ECA MFSMs with separate functions
* Incremental consolidation

— ECA-based controllers make consolidating
easier

* Merging two ECA-based controllers — grouping their
ECA rules, concatenating rules as necessary,
grouping their peripheral modules

« Common paradigm for multiple control levels
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