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Abstract

Classical approaches, using Simulation analystigeoe, use a controller model that can — or rime —
coupled with a plant model. Usually, the controled plant models are connected, in a closed-lebp\ior,
and this kind of Simulation is called Software-iretloop Simulation (SIL). However, recently, soni@ctions
are being assumed and some recent works deal imitli&8ion considering the real controller, insteddhe
controller model, in the closed loop behavior vitie plant model and this kind of approach is catieddware-
in-the-loop simulation (HIL). In order to study atwlpropose some rules about the simulation oftieed
systems considering HIL simulation, at the Automatiaboratory of the Centre for Mechanics and Maker
Technologies of the University of Minho, Portugad workbench especially devoted to this study indpe
developed. This workbench considers an environfioergimulation, and the respective programming legg,
and a real controller that interacts with the siioh environment running on a PC. After lookinglee
available software tools and modeling languagesn@lg simulation environment and Modelica modeling
language were chosen. The main reasons for thisehoe associated with the unique multi-domainregring
capabilities of Dymola and Modelica that allow &ead] on the same environment, with many different
engineering domains like hydraulics, power trai@rmodynamics, air-conditioning, vehicle dynamics,
mechanical, electrical, electronic, control, thel;rppaeumatic, among others... As real controlleg, ¢hoice was
a Programmable Logic Controller (PLC) from OMRONwmany, the CPM2A model. This paper presents the
first step, of this ongoing work, and is focuseaimty, on studying how to exchange information begtw a real
PLC (used, as controller, on the designed workbeaisth Dymola software that will run specific planbdels,
developed in Modelica language, on a Personal Ctenpu
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Introduction

In recent years a significant increase in automaystems complexity can be witnessed. Building such
systems is now a very complex task that requirestimbined effort of engineers performing differexsks.
Because of economic reasons, plants must be opeahtiith no delays, working as planned the firsietthey
are started. Obvious, this puts lots of pressarthe engineering team and some ways to ensuréhdmse tasks
are performed with no faults and no delays are eged

The conventional way is to use manual testing nathmt due to the increase in automated systems
complexity, these methods have reached their liritghis case, manual testing methods are notaabfanore
to cover every possible system failure.

The new way is to build and simulate computer medéthe plant before it is put into service. Tikis
a big step forward and benefits are numerous. Ddaigjts (inadequate components or links), hardvaiheres
(components colliding) or software failures (cohsoftware bugs), plant critical states (buildirfgperpressure
/ overheating in tanks) can all be identified aakknh care of before the plant is built and started.

Simulation is one of the most used techniquestahaing Industrial Safe Controllers in order to
obtain safe behavior of Automation and Mechatraystems. In this context, several approaches aa usth
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different programming languages and software tfidlsUsually controller and plant models are in@sed loop
configuration [2].

Both Software in the loop (SIL) and Hardware in lib@p (HIL) simulation approaches [3] are used in
the industry and both of them have to deal withlttter Process Communication (IPC) issue betwestesy
components. An early response to the IPC issuantiagluced by Microsoft back in 1987, the Dynamiat®
Exchange (DDE). As science and technology evolegitity, multiple solutions to this problem became
available. This raised another issue as some eéthvere proprietary solutions, not widely availabléhe
industry. In this context, in an international uedf effort, the OPC (OLE for Process Control) sfiegiions
were developed to ensure a common communicatienfae for the industry to use.

This HIL approach has many advantages when compeitb&IL approach because the simulation is
performed with the real program running in the iaitroller. This can be very important, speciallfaen
different timescales are considered from a reattpafi view, mainly in what concerns the real eviontof the
controller and its timescale, running in real coiodis of work. Of course that the interaction begwé¢he real
controller and the plant model, that runs in a &ssis Computer (PC), is still a complex and hard tashe
performed, when real-time simulation and real-tlmebavior is critical for guaranteeing the safe baeof the
studied system [4].

This topic is of much interest in the industry sany of approaches to the issue of IPC within a HIL
simulation system can be found. For this work, dhlyse HIL configurations that include a plant med&n
Modelica [5] and simulated with Dymola [6] softwasere considered. In [7] and [8] a dedicated safewimk
between a Dynamic Data Exchange (DDE) and OLE foc&ss Control (OPC) server was developed in doder
exchange information among the components of agyitem. Others tested the possibility of usinglE@
method of ,named pipes” as seen in [9].

A new and interesting real-time library developed®ymola facilitates the communication with a PLC
as described in [10].

In order to study and to propose some rules aleusitmulation of real-time systems considering HIL
simulation, at the Automation Laboratory of the €erior Mechanics and Materials Technologies atversity
of Minho, Portugal — a workbench especially devdtethis study is being developed.

This paper will present the first step, of this oimg work, and is focused, mainly, on studying how
exchange information between a real PLC (usedpasdaler, on the designed workbench) and Dymola
Software that will run specific plant models, deyedd in Modelica language, on a Personal Computer.

This apaper is divided into 6 sections. Sectiontdoduces the reader to the context and work rliate
the simulation of automation systems and the IR@ismsimulation systems. Goals that must be aclieve
through this work are also pointed out here. Sacipresents the SIL and HIL simulation methodsalrd
compares them. Section 3 presents the Modelicalingdanguage and one of its simulation environregnt
Dymola. Section 4 deals with the communicationdasa HIL simulation system. It starts by presenting
specification such as DDE and OPC and then gosisade how they can be implemented in industrial
applications. Alternative solution such as commatian using “named pipes” or using a special Dynme&d
time library are discussed towards the end ofgbetion. Section 5 presents the outline of a eabyild HIL
simulation workbench and looks at the IPC inside $lystem. The information is presented in graétaitl
Section 6 draws conclusions about the study unkiemtand possible future work.

Simulation of automation systems

In the context of modern plant engineering, simatats the analysis method used by engineers for a
number of different tasks.Regardless of the apiidinavhere it is used, the final goals of simulatare the
same: to save time and money in the developmeweps)y to avoid damage to property or to workerstand
ensure that the system will behave as planned édfe built and put into action [11][12].

—[ Controtir |

process control
information instructions

— Plant Je—

Figure 1: A basic automation system composed mné&raller and a plant.
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An automation system is always composed of two raatities,as seen in Figure 1. The plant
(controlled process) and the controller (this colstthe plant) are connected so process relatedhiation is
sent from the plant towards the controller and @ribstructions are sent from the controller togsathe plant.

In the case of SIL simulation, both the plant amel¢ontroller are converted to simulation models,
linked and then simulated in a closed loop. Thigragch can be seen in [11] where aircraft conysiesns
were designed and simulated. First aircraft corsmofaces such as flaps, aileron, rudder and elevare
constructed using CATIA. Next, a dynamic model wasigned and simulated using Dymola. An aerodynamic
model that can be updated based on the aircrafehveats then created in Tornado. Catia , Dymola and
Tormado applications exchange information so diffikiconcept models of control surfaces are tested f
different aircraft shapes and layouts.

In the case of HIL simulation there is an integmatdf real components and systems inside a common
simulation environment. In the closed loop simalatisome components are real while others emutatete
computer, running as models. It should be obvibas HIL simulations can be obtained from SIL sintiolas.

Hardware in the loop simulations are adequatelfmsed-loop testing of logic controllers for
manufacturing systems, as seen in [12]. Anothesiptesapplication is proposed in [9] where the HIL
simulation was realized using a personal compuitr Blymola for component modeling and simulation,
connected to a real energy storage test bench thétpurpose of testing energy storage systems.

To make the work associated with HIL simulatiortdagnd easier, in [13] there is an example where
automatic generation of microcontroller code isa&lon

SIL and HIL simulations are both very important hwets in the development of automated systems
controllers. They come as solutions to the probdéever increasing complexity of automation systems
replacing old manual test methods that are no loeffieient. Both SIL and HIL allow function testd the
system or system components to be carried out wgicherated (real) conditions. This is safer for #ugliipment
used and for those involved and is also fastedesglexpensive that building and running testseah r
prototypes (the old method). Another advantaghasthoth these methods are able to simulate clbgeaimic
loops (like fuel mixture in engines ) while traditial manual tests can not.

The HIL approach has many advantages when compatie®&IL because the simulation is performed
with the real program running in the real contnollEhis means that additional work, time and moeegenses
are not needed to develop the simulation modéi@tontroller and also using the real controller lsa very
important, specially, when different timescales barconsidered from a real point of view, mainlyinat
concerns the real evolution of the controller @adimescale, running in real conditions of work.

Modelica and Dymola

Modelica [14] is an object-oriented, multi-domadieclarative modeling language used in component
oriented modeling of complex systems (systemsdbatain mechanic, electric, hydraulic, thermal,tooinor
electric power subcomponents).

It was designed to be domain neutral so it carabe,it is widely used in applications such as fluid
systems (hydraulics or steam power generationdnaative (power-train) or mechanical systems (meaomits
or multi-body systems). Still, Modelica is justamfuage and in order to do something useful withdre is the
need to use a software tool that implements it. @frthe most popular commercial implementations of
Modelica is Dymola, from the Swedish company Dyma8iB. Modelica is a non-proprietary modeling
language developed by the non-profit Modelica Aggamn (which also develops the free Modelica Stadd
Library containing about 920 generic model compdés@nd 620 functions in different domains).

Dymola [15] stands for Dynamic Modeling Laboratarnyd is a commercial modeling and simulation
software tool based on the open Modelica objeetnted modeling language. It is developed by thedBike
company that belongs to Dassault Systems AB group.

It is available as standalone product or as integrpart of CATIA Systems V6. Dymola has unique
multi-domain engineering capabilities. Models cangist of reusable components from many engineering
domains. These components are stored in domairfisdabraries. The available libraries cover many
engineering domains such as control, hydrauliceypratics, mechanics, thermal, and others. Theisifer to
build his personal library with developed models.

Dymola also gives the user access to the Modetide ased to define the models. The Modelica
Standard Library contains many different components the equations for every single model can ba.sehis
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helps the user better understand what the modsl awe: how it does it. If the model does not eyasatit his
needs, the developer can duplicate that model autifynit.

When finished, models in Dymola are transformednfidodelica to simulation code using Symbolic
Manipulation and this process optimizes the sintatode.

The communication between HIL system components iide a PC (the IPC)

When building a HIL simulation system, speciaéation must be paid to the communication between
the plant model (in this case developed using Dgjnahd the real controller (usually a PLC).

The simulation model provides in real-time all frecess signals needed by the PLC to exercise its
control function. These signals usually pass a EdAverter before being sent to the PLC as voltdgezply,
the PLC sends control signals that pass throug/Brconverter before reaching the plant model.

Some ways to link the plant model and PLC willnest presented.

« Dynamic Data Exchange (DDE)

DDE [16] is a generic protocol that allows any applicatiomionitor changing data provided by any
other application. It allows the exchange of infatimn between applications that run on a WindowsaR€was
first introduced on Windows 2.0 in 1987.

DDE makes it possible to connect a Graphical Ustarface (GUI) to a device driver in a custom made
system control application. The device driver t@minects to the real PLC or other process equipmidimun
as a stand-alone application acting as DDE sefver.GUI software acts as DDE client applicatiorghenging
data with the DDE server. Usually, it is the DDEent that initiates the communication.

The communication between the DDE client and théeBBrver has to pass through a slow software
message routing mechanism in Windows, reducingtiidency of the system.

Figure 2 below shows the basic setup of a HIL satioih system that uses DDE standard for inter-
process communication. Inside the Windows PC at giamulation model acts as the DDE client while En&Q
software acts as DDE server. This setup uses a &a@®to route signals between the PLC and personal
computer. The physical connection options betwherPtC, DAQ card and PLC depend on the models and
capabilities of these three devices and will notliseussed at this paper.

Windows PC
Simulation model
(DDE Client)
DE

DAQ software
(DDE Server)

Figure 2: Outline of a HIL system that uses DDEhowunication.
e OPC (OLE for Proces Control)

OPC [17] is a standard similar to OLE (Object Limkiand Embedding) but aimed at the automation
industry as OLE did not meet all the unique comroation needs of the industry. Data is exchangedd®at
programs in a similar way to OLE but as a plus, caxe identify if the date is accurate and also khike time it
was received. Specific needs of the automationsirgisuch as real time communication (through datess),
alarming, historical data access and treadinglao®asidered in the specification of OPC.

OPC is implemented using a client/server appro@bb.program that requests information is client and
the program that provides the information to thentlis server. The same program can act as ¢besime
servers and as server for other client programs.

In the case of an application, that contains a \&ivelPC linked to a PLC, the OPC server is a softwar
program that converts the hardware communicatiotopol used by the PLC, into the OPC protocol. Such
programs are specific to the PLC type and somealleady available for free download on the intériiée
OPC client software is any program (ex: a Dymolnpimodel) that needs to connect to the hardwara HIL
setup that uses the PC to run a plant model linkk@dPLC (that runs the control software), the Q@Réht (sim.
model) uses the OPC server to get the control cordmftom, and send process parameters to the PLC.
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Being an open standard, communication based oni@R@G/es lower costs and much more
configuration options for the designer. It is enlodigr a hardware manufacturer to provide a singeCQerver
for its device, and that device can instantly b&dd to any OPC client. On the other hand, softwanelopers
only have to include OPC client capabilities inithoducts and those products become compatikite wi
thousands of hardware devices, thus results thétoad of configurations mentioned above.

Windows PC

(OPC Client)

PLC driver
(OPC Server) I PLC
1

Figure 3: Outline of a HIL system that uses OPCroomication.

Simulation model l
OPC

Figure 3 shows a basic setup of a HIL simulatiosteay that uses OPC standard for inter-process
communication. Inside the Windows PC a plant sitimiamodel acts as the OPC client while the PL®@etri
acts as OPC server. This setup does not use a BARX@route signals, instead it uses the PLC grnahal
digital converters (if needed) and an Ethernet ectian (build into the PLC or PLC expansion module)

The typical OPC connection scenario is a singkentiserver connection made on a single computer, as
showed. Depending on user needs, other possibteectian scenarios such as OPC aggregation / tumgneti
bridging are possible.

+ DDE and OPC communication interface

A common practice seen in industry is to use bditelxand OPC [7][8] on the same project. This
approach combines the benefits of both methodstratduces the need for an extra software apptioati
(usually proprietary as Simlink in [8]) to interfathe two standards.

One such example can be seen in [7]. The dynamiglation system described there is used to train
operators in running a new process before thatgsis actually put into service. The same simadatiystem is
also used to validate complex control logics. ihigresting how the real control system and opedisplays of
the plant are included in the real-time dynamicudator.

Simulation models are developed using Dymola aad ttompiled into a Windows application that is
run and used as real-time DDE Server. The simulaystem also includes special software that teasghe
signals from the DDE Server in the real-time sirtiatato the OPC Server in the control system (figdy.

Sim. control I
room (GUI)

(OPC Server) (OPC Server)

ecial
! I 1
1|Simulation model I !
1
i {DDF Berer) 1 Windows PC

Figure 4: Outline of a HIL system that uses bothEDdhd OPC communication.

Control system I l Control system

Because almost all modern control systems offddB@ Server that allows opening a communication
with any OPC Client, this architecture can be usgdout changes regardless of what control systeam t
customer selects. Only one small configuration rbestione, and that refers to a cross-referencledisieen
signal names used in the simulator and the correipg signal names used in the control system.

Considering the fact that OPC is becoming increggipopular in the industry (the market already
offers OPC client and server applications freehafrge), it is expected that DDE servers in curagmlications
will be changed to OPC servers. This will elimintdte need for an intermediary special software betwDDE

(6]
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and OPC servers resulting in a decrease in systemplexity combined with an increases in both corilay
and communication performance.
e The named pipe mechanism

An interesting way to communicate between HIL sition system components is to use the Named
Pipe mechanism, as seen in [9]. The HIL systent Bufirsenal Research is composed of a normal Windows
PC with Dymola simulation environment, a data asigioin card and an energy storage test bench \aitiedies.

DAQ driver
(Pipe Client)

......................

Energy storage
bench+battery

Figure 5: Outline of a HIL system that uses Namig@$for communication.

The communication between the PC simulation todlthae real component (energy storage test bench)
is done through a commercial data acquisition éanth National Instruments (using the DAQ functidrem
NI and the analog inputs and outputs).

Inside the PC there are two important processésuhathe Dymola application and the process that
provides the input and output functionalities af thterface card). These two processes communisatg the
IPC (inter-process communication) mechanism of “Weripes”, provided by the operating system.

Named pipes are designed to allow communicatiowdsr a pipe server and one or more pipe clients.
Behind the communication is a first-in-first-outaerior that can be accessed like a file. This tfpeehavior
also provides an implicit synchronization betwets tivo processes.

In the example under discussion, the Dymola proisetbge pipe server; it generates the pipe and then
waits for connections with pipe clients, like tH® Iprocess. After executing the simulation stefps,pipe server
writes data in the communication pipe for the dbetio read and gets data written in the pipe byclieaits.

« The Dymola Real Time library

The HIL simulation system used in this case cosgif Windows running PC, a PLC and a
commercial DAQ card in between.

The BG_RT Library [18] seems to be a good solutmthe problem of IPC inside the computer,
between the simulation model and data acquisitésd driver. This library includes components (lfkactions
for reading and writing analog and digital datatthllow to access data acquisition cards dirdotiy a
Modelica-based simulation. It is design in suchay as to allow the usage of the Dymola Realtimé@apwith
data acquisition cards without any further prograngeffort.

The BG_RT Library is a commercial product that aceasy HIL simulation. It eliminates the need to
write a custom application or function that does ¢dommunication between simulation model and other
components of the HIL system.

Discussion of the proposed solution
In order to study and to propose some rules alveusitmulation of real-time systems considering HIL
simulation, at the Automation Laboratory of the €erior Mechanics and Materials Technologies atversity
of Minho, Portugal — a workbench especially devdtethis study is being developed and this chapdst as
purpose, to propose a solution for adopting thé Wwag to connect Simulation and Real world, beimguBation
done with Dymola and Modelica and the real contradin OMRON PLC.
Based on the research done until this point, tisé denfiguration to meet the needs at UMinho is:
i. the plant simulation model built in Dymola softwguersion newer then 7.4)
ii. connected to an Omron PLC model CPM2A that runctimrol software
iii. the physical connection between components domg asserial port
iv. and the communication between processes inside@héone using OPC

6
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The figure bellow shows the basic outline of thistem configuration:

S L LU LEb i PC
| Dymola model | Windows
i (OPC Client) |1
1
i OPC DA !
1 1
: :
s J i
Host Link I Omron PLC
RS-232 CPM2A

Figure 6: Setup of the a HIL simulation system thegs OPC and serial communication
« The plant simulation model

Dymola will be used to build the plant simulatiowdel [15]. For better performances and to ensure
maximum connectivity to other applications, it etter for the simulation model to a have OPC ilateef
behaving as client in an OPC connection with aeséag will be presented later).

At this moment, the version 6.0 of Dymola availaéiehe University of Minho does not have such an
interface but it seems that the next release witidfit from such an improvement. (a version nelant7.4)

As alternative, it would be possible to use vergéidhof Dymola to build the plant model then getera
the Dymosim executable file, running as a Windopygsliaation used to initiate a DDE communication.

What is Dymosim? The term stands for DYnamic MCsldllulator and is an executable generated by
Dymola in order to simulate a model, and then usqekerform simulations and initial value compilaiso
Dymosim contains the code necessary for continsouslation and event handling.

Dymosim is essentially a stand-alone program witlamy graphical user interface. It reads the
experiment description from an input file, perforame simulation run, stores the results in an duifsuand
terminates. This sequence of actions can be ceitedr from Dymola’s graphical user interface oran be
called directly by the user.

In order to use DDE communication, Dymosim mustbepiled as a Windows application using an
additional library with Windows interface routinééow, running Dymosim as Windows application insted
console application, Dymola can act as a real & server. First, the environment variable Dymaosim
realtime must be defined. Then, Dymosim will stanteal-time mode. In this case the simulation timik be
synchronized with the real (OS) time.

As mentioned earlier, compiled as a Windows apptioa Dymosim can act as a DDE server, allowing
other applications to retrieve data values or tgppaeameters. Dymosim must be started before iacarpt
DDE operations. Keeping the rest of our HIL systeamhanged, a way must be found to link the Dymd3Di
server to the OPC server (that connects to the PLI@) next figure shows such a way.

Windows PC
Dymosim DDE to OPC
(DDE SEPVEr‘) Server

OPC Server
(link to PLC)

Figure 7: Possible connection between DDE and OP@rse

While Dymosim compiled as a Windows applicationgas DDE server, an OPC tool can be used to
convert the information between DDE and OPC speatifins. Then, an OPC DataHub is placed between the
(plc) OPC server and this DDE to OPC converter. ibihe of the DataHub is to route information betwéiee
OPC servers according to OPC Data Access spedificdtast, the (plc) OPC server links according to
HostLink protocol to the CPM2A controller from Onm.o

7
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This setup has been proven successful before usindl application like the ones seen in [7] drjat
the design can be much simplified if a new vergibBymola (with OPC interface) is used to develog plant
simulation model.

e The controller

The CPM2A PLC from Omron was chosen because theaitams in this series are among the most
powerful small-scale control solutions in the mi€&bC industry. The CPM2A has 20, 30, 40 or 60 16nts,
advanced motion control features, multiple commatidn ports and a powerful instruction set.

Beside the peripheral communication port, this cular features a RS-232 serial port that will Ised
for the connection with the Windows PC.

The serial port [19] in basically a serial comnaation physical interface used to transfer infoiorat
in or out, one bit at a time. As they are cheapthae@t console functions are highly standardized widespread,
serial ports are still in use today.

The RS-232 standard defines the electrical chaiatits and timing of signals, the meaning of signa
and physical size and pin out of connectors. $tigight forward and a good choice for a laboratesy bench.
It would be possible to use Ethernet for the cotiordut that implies the use of additional
components (Ethernet to RS232 converters) as theechcontroller does not have an Ethernet pors Thi

alternative to the RS232 communication was notstigated as it is not part of the chosen systenpset

Host Link is the protocol used by Omron’s CPM2A PId€ serial communication. Host Link
communications enable the host computer to moaitdrcontrol the PLC’s operations and to read ariie wre
I/0 memory of the device. Communications can béopered either by sending a command from the host
computer and having the PLC return a response sehging data from the PLC to the host computer.

The command or response data transferred in orfeege is known as a frame and one frame can
contain up to 131 characters of data. The PLC aattioaily returns an ASCII code response when ieirexs an
ASCII code command from the host computer. The bostputer must have a program that controls the
transition and reception of the commands and resgmon

Concerning data transfer accuracy, both verticdll@rizontal party checks are performed on
communication data so that error-free communicasachieved. All effects of communication probleans
eliminated by combining error checking and retrgqassing.

Before the use of OPC, developers always had td bustom drivers to communicate between
different applications and serial connected deviteslay using an OPC server for interfacing théasdevice
(such as PLC), the developer must not worry alfmicbommunication standard or protocol as the OP¢&se
will do the necessary conversions.

e OPC communication

There are many advantages to choosing OPC comntiani¢47] as there is no need to buy or develop
complex and expensive custom application programtC. Today there are numerous OPC serversritslie
tool available for free download on the interndtieTproblem is to find the right combination of thesols
needed to solve the task.

As Dymola already experimented with OPC interfadtas,expected that in near future there will be a
version of Dymola released with OPC interface cépigls. Using that version of Dymola, the plantsilation
model will be developed. This model will act asali, providing information to the server and regdin
information, according to the OPC specificationsttis moment, it is possible to have the plant elednning
as DDE server and use specialized software toalsriwert data from DDE to OPC (as in section 5.1).

This is a software application that acts as an Application Programming Interface) or protocol
converter. An OPC Server will connect to a devieehsas a PLC or to a data source such as a databaser
interface, and translate the data into a standasgdOPC format. OPC compliant applications sudiis
(Human Machine Interface), historian, spreadshestding application, etc. can connect to the OBw& and
use it to read and write device data.

The exchange of process control data is specifyettidd OPC standard but there are many OPC
specifications that serve different communicatigres and purposes.

The OPC Data Access is a group of standards tbatd@s specifications for communicating real-time
data from data acquisition or control devices saglPLCs to display and interface devices like HuMachine
Interfaces (HMI). The specifications focus on tleatnuous communication of data.

The OPC Data Access specification is also know@RE DA and will be used as communication
standard in the chosen HIL system. There are thtebutes associated with OPC DA. These are @y#iue,
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(2) the quality of the value, and (3) a timestaifipe OPC DA specification states that these thrigibates have
to be returned to an OPC client making a requdstrdfore, if the data source is not capable ofidiog a
timestamp, for example, the OPC DA server mustteraaimestamp.
A dedicated tool (available online) can be usedaafigure the link between the OPC server and glien
ensuring the OPC Data Access. According to theieguin, other OPC specification may be of interts
OPC Historical Data Access, OPC Data Exchange, Blafns and Events or the OPC Unified Architecture.
As these specifications are constantly being upoiathe OPC Foundations, the user should be aware
of what specification version it uses or needssi. u

Conclusion and future work

Because of economic and safety reasons, HIL siiounlaystems are widely used in the industry. How
to build such a system is a very interesting topistudy. Even though HIL systems have the samie bas
configuration (a software components, a real corapband a communication link between these twageh
systems can be very different as both the softeangponents and the communication link could be redply
developed and propertary solutions.

The introduction of OPC simplified and unified teeslutions but still, the interaction between ribal
controller and the plant model (that runs in a B@& complex and hard task to perform when theties
simulation and real-time behavior are critical jmaranteeing the safe bahavior of the system.

It was proposed a simple HIL simulation system petiong with a solution to the IPC issue. Thigis t
first step of an ongoing work to develop and bailHIL workbench that can be used to study the sitiar of
real-time systems at the Automation Laboratoryhef €Center of Mechanics and Materials Technologdi¢iseo
University of Minho, Portugal.
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