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ABSTRACT: This paper first presents an approach that makes it possible to create automatic control
simulation applications with flexible interfaces. This approach provides the trainer with facilities to
generate learner applications according to a given teaching scenario. In order to illustrate the proposed
approach, we present an application that allows simulation of a physical process. This application can be
used during the laboratory session if adequate material for real experimentation is not available. On the
other hand, if adequate material is available, the application can be used for the pre-laboratory period.
In the second part of the paper, we present an application that allows remote access via a FieldPoint
system to a Virtual Laboratory for controlling the temperature and/or the level of a water tank of a
hydraulic workbench. LabVIEW software was used to run these applications.

1 INTRODUCTION

In universities offering engineering courses, students carry out real experiments in order to verify
certain theoretical concepts. Consequently, running real experiments is of major importance for
engineering students. However, running real experiments does present some disadvantages. The required
equipment can be expensive, the number of tests is often limited in order to prevent premature damage of
the equipment and/or to limit the consumed energy by the latter, visualizing some phenomena is
impossible because this can lead to the destruction of equipment, etc. In order to overcome these
disadvantages, in the last few years, some universities have proposed learning applications that simulate
the behavior of studied physical processes.

If the university isn't equipped with the material needed for real experiments, the laboratory session
would be limited to simulation. On the other hand, if this material is available, these applications are used
for the pre-laboratory period in order to better prepare students for real experiments. These applications
can become adequate teaching tools if they have an interface for the trainer and another for the learner.
Under these conditions, one must develop applications with flexible interfaces.

But currently, virtual laboratories are now proposed thanks to Internet accessibility [1, 2, 3, 4, 5].
These laboratories make it possible to carry out remote experiments with real equipment, i.e. without
being physically on site where the equipment is installed, hence providing several universities with the
opportunity of using the same equipment.

This paper presents first an example of an Automatic Control simulation application that has a
flexible interface, and secondly an application that allows remote access via a FieldPoint system to a
Virtual Laboratory for controlling the temperature and/or the level of a water tank of an hydraulic
workbench. The LabVIEW software was used to run these applications.
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2 DESCRIPTION OF THE APPLICATION INTERFACE SIMULATING THE PROCESS

An application user interface generally includes commands where the user introduces the necessary
data (input parameters) for operating the application, along with indicators where the user can visualize
the results (output parameters). The user interface of the applications simulating the real process also has
this structure. On the other hand, very often it is necessary to present some buttons, like Start, Stop, etc. in
order to better control the simulation.

Let us note Xin, a structure representing the input parameters and Xout, a structure representing the
output parameters of the application.

In general,
X =X, X, X, |, (1)
where X, — means structure representing the simulation parameters,
X, — means structure representing the process parameters,
X, — means structure representing the command parameters.

The components of X, can be the simulation time, sampling interval, etc. The components of X,

depend on the objectives of the laboratory. In the simplest case, these components represent the
parameters of the process mathematical model. Generally, the transfer function (TF) is used as
mathematical model. A TF for linear models has the following general form:

G(s) = Me-T"S, 2)
D(s)
where s —means Laplace operator,

N(s)— means the numerator of the TF,
D(s)— means denominator of the TF,
Td — means time delay process.

In this case, the components of X, are the coefficients of the numerator N(s), the coefficients of the

denominator D(s) and the time delay 7d . The components of X can be the test signal parameters (the

signals most frequently used are Step and the sinusoidal signal), the controller gains, set point value (the
desired value of the process variable, like level, temperature), etc. The components of X, , can be the

process variables (level, temperature), the control value (opening of the valve, voltage, current).

3 CREATING TRAINER AND LEARNER APPLICATIONS
The proposed approach consists in providing a trainer application that has an interface where all the
components of X, and X, structures are accessible. Starting from this application, the trainer must be

able to easily generate learner applications needed for a given teaching scenario. Let us note that for
certain scenarios, as we will see below, one must hide certain X,, and/or X, components, since these

components represent the parameters that learners must determine by using a given technique.
Consequently, learners must not have access to the application program.

In order to implement the proposed approach, LabVIEW of National Instruments has been used
because it offers a simple method of programming and the needed functionalities to achieve our goals.
Recall that LabVIEW applications are called virtual instruments (VI) [6]. A VI consists of a front panel
(user interface) and a block diagram that represents the application program. The controls (where the user
introduces the data) and the indicators (where the user displays the results) constitute the objects of the
front panel. Each object of the front panel has its corresponding terminal on the diagram. In our case, the
components of X, and X, structures constitute the objects of the front panel of the VI.

LabVIEW has functionalities that allow one to show or hide the objects of the front panel either from
the front panel, or from the block diagram. By using these functionalities, the trainer can generate
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LabVIEW applications with interfaces where some components (according to the considered teaching
scenario) of X, and X, structures will be hidden. But such a VI should not be provided to learners

because they will have access to the program. In this case:

e Learners can occasionally modify the application program and consequently change the tasks
configured beforehand by the trainer,

e Learners will be able to show the components of X, and X, structures hidden beforehand by the

trainer by using the functionalities of LabVIEW.

To make the program inaccessible to learners, the trainer must transfer the LabVIEW learner
applications to executable versions. These have the same interface as their corresponding LabVIEW
applications, but do not contain a block diagram (program). To create executable versions, LabVIEW has
an additional module, Application Builder, that allows one to easily create executable versions. Another
equally important advantage is that these executable versions can be run on computers that do not have a
LabVIEW license. In other words, learners are not obliged to have the LabVIEW software installed on
their computers. They will simply have to download a free LabVIEW Run-time Engine Software.

In the following section, we will see a specific application to illustrate using the proposed approach.

4 PRACTICAL APPLICATION FOR SIMULATION

One of the laboratories taught to engineering students deals with automatic control systems, such as
level control, speed control of a DC motor, etc. These laboratories generally contain three parts:
identification, calculation of the controller gains according to a given technique and controller validation.
Process identification consists in determining its mathematical model (structure of this model and
corresponding parameters) based on experimental input and output observations. The parameters of the
model determined at this stage will be used to calculate the controller gains.

To implement this kind of laboratory via simulation, we needed to create an application. The created
application interface is made up of three pages. We named these pages Process, Identification and
Regulation. To view one of these pages, simply click on the corresponding tab. Each page is documented
in the following way. A window, Context Help, contains information about each objet of the interface on
the one hand, and on the other hand, each interface has a description.

As previously noted, in simulation applications, the parameters of the process mathematical model
constitute the components of the X, structure. This is necessary because in this case, the trainer can

choose the suitable model for experimentation. To imitate real experimentation, the parameters of the
mathematical model of the studied process must be hidden for learners. As during real experimentation,
learners must use the test signal and the output response to identify the process. The test signal and the
output response will have to be available on the interface of their application.

In our case, as mathematical model, we chose the TF in order to be able to simulate the behavior of
various processes. The Process page of the trainer interface of our application is shown in Figure 1.

On this page, simulation parameters and process parameters are shown. The trainer uses this page to
introduce simulation parameters and the mathematical model of the studied process.

Once these parameters are introduced, the trainer uses the functionalities of LabVIEW to hide
process parameters. This procedure takes just a few clicks.

The other pages of the interface of the application, i.e. the Identification and Regulation pages, are
presented in Figures 2 and 3 respectively. To achieve experimentation, learners will need all the objects
that are on these pages; consequently, the learner application interface will have the same pages.

As one can see, to obtain the learner interface from the trainer interface, one simply has to click a few
times with the mouse. Once the learner LabVIEW application is generated, the trainer uses the module
Application Builder to create the executable versions. The application generated by the trainer in the form
of an executable version can be used by learners either during a pre-laboratory session or during the
laboratory session if the required physical setup is not available for real experimentation.
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Simulation Parameters Proces: Parameters

Simulation Time[s) Sampling Time [£] | Integrator Type CoefHumerator | CoefDenominator Delay [z]
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)/ 80.000 £ 0.010 )| Euler -;,' u ;,IIEI.EEEI .:J 0 :,I|1_|:||:|E| | 4.000
Instructions

The Process page includes three zones: Simulation Parameters, Process Parameters, and Instructions. -
The Simulation Parameters field includes the following contrals: Simulation Time, Sampling Time, and Integrator type. With theze
controlz, one can introduce the simulation time [in seconds), sampling time [in seconds] and type of integration of the differential

equationz dezcribing the behavior of the studied process.

The Process Parameters field includes the fallowing controlz: CoefMurmerator, CoefDenominator, and Delay. ‘With the

Coeftumeratar and CoefD enominator contralz, one can intioduce the coefficients of the palynomial representing the numerator and

the denaminatar of the transfer function of the studied process. 'With the Delay control, one can introduce the delay of the studied
process [in seconds).

Mote: For more infarmation, refer to the document "General Instructions" of this application. j

Figurel - Process Page (Trainer)

Procesz  |dentification |Hegulatiun |

Chooze .
test signal here w

Sinusoidal v| _The Identifi-::atiqn page includes bwo fielu:ls_: Contral and Instructions/Results. The contral fisld J
includes the following items: Choose test signal here and three buttons, namely Start,

Stop and ShowResultz/5Showlnztructions. *ith the Choosze test zignal, one can

choosze the type of test signal wanted for the test. |n thiz application, four types of zignal are

T ’
Amplitude T 1.00 available: Step. Sinuznidal. Rampe, and Square wave. Each twpe of signal has its caresponding
Frequency [Hz) fr' W parameters. If one chooses square wave in addition ta the coresponding parameters, a

g Symmetncal/Monsymmetrical button will appear. \With thiz button, one can chooze between
Phaze [deg] £ !D_[u] a symmetncal and a nonsymmetrical square wave.

A

After choozing the tupe of test signal and introducing the carresponding parameters, click on the
Start button to dizplay resulkz. To run other tests, one must wait until the end of the curent
gimulation. 'With the Stop button, one can alzo stop the zimulation in progresz and then click on
the Start button,

WWith the ShowR esults/Showlnstructions button, one can display either the results or

Start Stop inztructions. In the Results field, a graph iz represented on which are plotted the necessany

varables and others tools far further analysis.
ShowResults l

Mote: For more information, read the docurment "General Instructions' of this application.

Figure 2 - Identification Page (Trainer and Learner)
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The Regulation page includes two fields: Contral and Instructionz/FResultz. The Cnntmlj
field includes the following items: Controller Parameters. Setpoint. Precision and
three buttonz, namely Start, Stop and ShowR esults/Showlnstructions . 'w/ith the
Controller Parameters, one can introduce the following parameters: proportional, integral,

Controller Parameters |
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e g the controller. Yith the Setpoint control, one can introduce the desired value of the

(G ain dérive .j 0.000 regulated parameter such as the water level, temperature, and g0 on. With the

P ik Lirit ra Precision control, one can introduce the value [in %) to which one wants to determine
] High Limit| ';:l 10.000 the time response of the system, Generally, Precision has a value equal to 23 or 5% of

W o L A the zet point. Once one has introduced the controller parameters, set point, and

| ;;I 0.000 precizion, chck on the Start button to dizplay results. To run other tests, one must wait

until the end of the current simulation. With the Stop button, one can also stop the

. i simulation in progress and then click on the Start button,
Setpoint | w with the ShowResults/Showlnstructions button, one can display either the results

frj; 40000 iy [co0 aor instructions. n the Results field, a araph is reprezented on which are platted the
e 'J : neceszary vanable: and tools for further analysiz.
Mote: For mare infarmation, read the document 'General Instructions' of thiz application.
Start Stop

ShowResulks l j

Figure 3 - Regulation Page (Trainer and Learner).

In the rest of this article, we will present an example of remote access via a FieldPoint system to a
virtual laboratory for controlling the temperature and/or the level of a water tank of a hydraulic
workbench. This hydraulic workbench can be used to perform real experiments, either locally or
remotely, after performing simulation with the above-described application.

S TEMPERATURE CONTROL AND/OR LEVEL CONTROL OF AN HYDRAULIC
WORKBENCH VIA AN INTERNET NETWORK

5.1 DESCRIPTION OF THE HYDRAULIC WORKBENCH

The workbench allows one to control the level and/or the temperature of a water tank. Two
servovalves are used to control the input flow of cold and hot water. The outgoing flow is controlled by a
third servovalve. The system is also equipped with one pressure transmitter (600T series), and one
temperature sensor.

The three servovalves are controlled automatically by the software. FieldPoint system, a product of
National Instruments, is used to control these valves, and to acquire the water level and/or temperature.

Generally, a FieldPoint system consists of a network interface module, one or more terminal bases,
and one or more I/O modules. The terminal base is connected to the network interface module. The I/O
modules are mounted on the terminal base. The I/O modules interface with the different sensors and
actuators of the physical setup.

In our case, the FieldPoint system consists of a network interface module of type FP-1600. This
interface module has a power supply and an input that is directly connected to an Internet network via a
fixed IP address.

One terminal base of type FP-TB-10 that can hold up to six dual-channel I/O modules.

The I/O modules we are using are:

e One analog current Input module (4-20mA) of type FP-AI-C420. One channel of this module is used
for data acquisition of the level and the second, for the temperature.
e One analog current Output module (4-20mA) of type FP-AI-C420. One channel of this module is

used to control the servovalve of the cold input flow and the second, the servovalve of the hot input
flow.
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¢ One analog voltage Output module (0-10V) of type FP-AO-V10. One channel of this module is used
to control (via a voltage to current converter) the servovalve of the outgoing flow of the tank.

5.2 ACCESS TO THE HYDRAULIC WORKBENCH

The above-described bench can be accessed remotely via an Internet network from a host or client
computer. The host computer has the following software tools: the “Measurement & Automation
Explorer” (MAX) or “Fieldpoint Explorer” that is used to detect and to configure the Fieldpoint
hardware, along with the LabVIEW application that manages the physical setup. In the client computer,
the free LabVIEW run-time engine must be installed. Both host and client computers must be connected
to the Internet Network.

The particularity of using the FieldPoint system is that both the host and client computers may be at any
geographical location. In our case, the former is in the same room as the FieldPoint system and the
hydraulic bench. This allows us to use a camera and microphone in order to provide visual and audio
feedback to the user.

In the following procedure, we assume that the trainer has access to the host computer, and that the
learner has access to the client computer.

After detecting and configuring the Fieldpoint hardware with MAX, the trainer can launch the LabVIEW
application to control the workbench.

The LabVIEW “Web publishing Tool” allows, without any additional programming, remote control this
application through a common Web browser. Refer to [5] for more details about enabling remote panels,
client operation, application administration, and application security with the “Web publishing Tool”.
So, in order to give the learner remote access to the physical setup, the trainer must perform the
appropriate configuration in the host computer using the “Web publishing Tool”. After completing the
appropriate configuration, the trainer will get the URL address of the LabVIEW application that manages
the bench. Using this URL address (provided by the trainer), the learner from a Web navigator will be
able to see the front panel (without block diagram) of the above-mentioned LabVIEW application on the
screen of his/her computer. From this “imported” front panel, the learner can control the LabVIEW
application located in the memory of the host computer, and consequently the workbench can be
manipulated remotely via the Internet network.

The “imported” front panel on the client computer screen is shown in Figure 4 and the front panel of the
host computer LabVIEW application is shown in Figure 5. These figures show a PID controller
application for regulating the water level in the tank of our physical setup. One notes that the results
obtained are identical.

=1 @orecherche web _~ | U bioauests) | [ iens |

owws you remotely to identify an hydraulic workbench, and then after choosing the gains of the PID) controller to control the temperature andfor the lewel of a water tank. To obtain the control
on, right Ulick end select "Reguest Control of the VI'. To release the control, tight Ulick and selecl "Release Control of VI'

[ |4 meemet
WY 17as

Figure 4 - “Imported” Interface of the VI Managing the Workbench (Client Computer)
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Figure 5 - Interface of the VI Managing the Workbench (Host Computer)

6 CONCLUSIONS

This paper proposes an approach in which the trainer can generate learner applications to simulate
industrial processes according to a given teaching scenario. This approach can be used to create similar
applications used during pre-laboratory and laboratory sessions. These applications will help learners to
better understand certain physical phenomena.
LabVIEW is an attractive environment for creating simulation applications for trainers, learners and
virtual laboratories that are accessible either locally or remotely.
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