Theoverall RapidControlPrototyping (RCP activity is
managedby the EICASLARCPmModule, that provides
a set of tools and advancedfeatures devoted to
quickly test and iterate the control strategieson a
computerequippedwith areaktime operatingsystem
andwith realinput/output devicesbeforetransferring
themin the final hardwaretarget.

THE INNOVATIVE RAPID CONTROL
PROTOTYPING APPROACH IN EICASLAI

Rapid Control Prototypingor RCRHs a processwhich
lets the engineerquickly test and iterate the control

strategieson a dedicatedhardware equippedwith a
reaktime operatingsystemandwith realinput/output

devicesthe plantundercontrolisrealandthe control

strategy is executedin reaktime in a hardware that

can be commandedthrough a host computer where
data recording capabilitiesfor tuning and debugging
purposesare required

Nowadays the RCP activity foresees the use of

different development environments and hardware
boxes in order to perform the RCPprocess This
methodforcesthe developersto exportandto import

continuouslyand iteratively software modulesamong
the different environmentswith the risk to introduce

bugsat eachimport/export of the sourcecode These
conversionsare often uncomfortable and the RCP
processperformance(cost, effort, effectivenessgtc.)

can be improved by gatheringall the phasesinto a

unique development environment (HW/SW) as
proposed by the innovative Rapid Control

Prototypingapproachintroducedin EICASLAB

The innovative EICASLARpproachis basedon the
idea of gatheringtogether, all in one suite, all the
control designphases(from the Modelling and Like
RealTime simulation until the Rapid Control
Prototyping and concluding with the automatic
generation of software for the Targe) in order to
avoid

Aexporting/portingthe control code amongdifferent
software tools that can generate bugs in the
exportedcode

Ausing several hardware components for different
activities

EICASLAB TOOLS

CP MODULE

RAPID CONTROL PROTOTYPING

/ RCP Highlights \

AAll the control design phases in
only one PC equipped with Linux
RTOS and EICASLAB Suite

ARapid Control Prototyping in
three steps: RCP on field, Slow
Motion and SIM RCP

APowerful multithreading and
multi-core programming
techniques

AEasy configuration of HW
interfaces and control activities
real-time scheduling

AControl system testing on the real
plant and emulation of final HW

krchitecture with only one PC/

On the samePCequipped with only ONEsoftware
suite the control engineercan developand simulate
the whole systemand then directly make RCPtrials
by piloting the real plant. He can addressall the
control designphasesby meansof a unique platform
suitablefor all phases

f Control Tuning \

Accordingto the EICASLABnovative approachthe
RCRuactivityis carriedout throughthree steps

ARCPon field that manageghe overallexperimental
trial executions For performing this step the
EICASLABCPModule providesthe RCPManager
tool;
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ASlow Motion that allows, by means of the Slow
Motion tool, the offline repetition of experimental
trials executedon field for advanceddebuggingand
tuning purposes The SlowMotion tool isavailablein
the EICASLABCHnodule

ASIMRCRhat allowsa very easyswitchingfrom reak
time to the simulation environment in order to
perform further analysiswith the same control
algorithmsand configurationexperimentedon field.
For performing this step the EICASLARCPModule
providesthe SIM RCPtool that works in a similar
waythanthe SIMtool.

EICASLABUTSTANDINGHARACTERISTI
OFTHERCPRONFIELD

Thefinal goal of EICASLABoNsistsin generatingthe
reaktime software codeto be transferredin the final
hardware network of targets that will pilot the plant
to be controlled

To test and validate the overall reattime software
code, before transferring it in the final target,
EICASLAGBffers a powerful RCPmodule, basedon a
Reailtime Schedulerand multi-threading and multi-
coreprogrammingtechniquesthat - startingfrom the
control systemarchitecturedesignedin EICASLA8Is
able to generate a specialreattime software code,
composed by Application Software (AS) and Basic
Software(BS)to be transferredon a PC,with a Linux
RTOSnstalled,directly connectableto the plantto be
controlled
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Specificallythe RCPmodule integrated in EICASLAE
allows

Ato configure and managethe interfacesof the PC
platform, offering fully customisable libraries of
built-in interfacesand protocols

Ato configurethe reaktime schedulingof the overall
control activities

Ato executein reakime the RCPtrial piloting the
plant through a specificprofessionaltool ¢ the RCP
Manager¢ includingan easyand friendly GUland
offering capabilitiesfor:

o controllingand managingthe RCRorocessin reat
time;

o enablingdiagnosticreports with the aim to warn
about possiblefaults/problemsarisingduring the
RCRrial execution

o visualisingon the screenthe dynamicbehaviour
of the variables of interest for a reaktime
monitoring

orecording on the PCdisk all the variables of
interest for a subsequentpostanalysisthrough
the POSTtool and/or for performing the offline
repetition throughthe SlowMotion tool;

o commanding and modifying parameters during
the reaHtime execution

Real Plant

EICASLAB Rapid Control Prototyping process




HOWTOCONFIGURECRONFIELD

Thedesignof a control systemstartswith a simulation
phase in which the user implements the control

architecture and simulates the overall designed
system TheLikeRealtime Simulationperformedwith

the SIMtool givesthe preliminary assessmenbf the

control systemperformance

Once the Modelling and Like ReaiTime simulation
phasehasbeen performed, it is possibleto carry out
the RCP activity by selecting the Rapid Control
Prototypingphasein the MASTEROI.

In order to properly configure the Rapid Control
Prototyping phase with the maximum flexibility the
SIMBUILDEROoI allows

Ato choosethe LinuxRTOSn which the RCPwill be
carriedout;

Ato allocateeachcontrol function or a set of control
functionsinto a thread, that is a unit of executable
code In a thread-based multitasking environment,
all processes have one or more threads of
execution

Ato assigneach thread to the desired core of the
multi-core CPUavailablein the PCusedfor the RCP
activity;

Ato selectthe desiredthreads schedulingpolicy (f.i.,
FIFORoundRobin,...);

Ato assigrto eachthread a priority levet
Ato scheduleall the control activities

Ato selectthe type of the hardwareinterfaceusedfor
the communicationwith the realplant;

Ato choosethe variablesto record during the RCP
activity for performing the offline analysisthrough
the POSTool;

Ato customisethe variablesto record for repeating
offline the experimentaltrials executedon field and
for performing advancedsoftware debuggingand
controltuning throughthe SlowMotion tool.

Multi-threadingand multi-core management

In order to properly configure the thread and core
assignmentthe RCPmodule offers a very high level
of flexibility by providing powerful core management
and thread configurationutilities, that together with

the schedulingconfigurationutility - which allowsto

define for each control function the scheduling
constraints (period and phase) - allow testing the

control systemon the real plant and emulating the

hardware architecture of the final target, by using
only one multi-core PCplatform.

Hardwareinterface configurationand management
In order to configurethe hardwareinterfacesfor the
communicationwith the real plant, guaranteeinghigh
flexibility, the RCAnodule providesfully customisable
libraries of built-in interfacesand protocolstogether
with the possibility to create user programmed
interfaces

A set of characteristic parameters related to the
hardware interfacesare required (f.i., in the caseof
Ethernetcardit isnecessaryo setthe IPaddressthe
SubnetMask the routing table, the protocol, X) in
order to load the suitable driver interface and to
generatethe codethat pilots the selectedhardware
interfacesand managesthe communicationstoward
the realworld.

Generation of the realtime code and Assisted
CompilingProcess

When the RCPhas been configured, the Assisted
CompilingProcessnay be run. Duringthis processall
the software (Application Software and Basic
Software, based on multi-threading and multi-core
programmingtechniques)necessaryfor performing
the RCPactivity is automaticallygenerated,including
the scripts for configuring the hardware interfaces
(loading of the suitable driver and setting of the
interfaceparameters)

Theoutput of the AssistedCompilingProcesss areak

time applicationnamedRCRPManagertool - basedon

multi-threading and multi-core  programming
techniques- that runsthe overall control strategyon

field, being compliant with the reaktime scheduling
constraintsset by the user.



