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Abstract: This paper describes a remote laboratory emplayetie practical learning of the subject
“Control Systems” which is taught in the Automatasd Robotics Master's degree at the University of
Alicante. The application developed allows studdotractice remotely different theoretical consept
using of a hardware model of a real industrial pescabout a pumping system. In the paper, it is
described the most important features of the rerfalieratory, highlighting its ability to performeh
automatic evaluation of the student. The applicatiwoposes a set of practical experiences which
students must resolve making use of the remotadadny. In addition, the application offers a feadk
that guides the student about the concepts to iwepirotheir learning. This information can be ussd
the student to perform a self-learning. The papeisevith a study that describes the educationahanp
about the use of this tool in the students’ leagnin
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1. INTRODUCTION » To provide students a remote access to this haedwar
platform in order to perform experiments from home.

With the arrival of the ESHE (European Space ofhdig .
Education) (Clausen, 2005), university teacherstmemch * The remote laboratory must be an environment fd se
subjects taking into account two fundamental objest the ~€arning. For this objective, the system detectsiibe errors
acquisition of skills and the student's centrecchiag. The and offers the necessary feedback to the user., Atso
student stops being a simple observer in the tomdit model Provides information about which aspects should be
of master classes and becomes the main particgfathteir ~ considered to solve these errors.
learning. One of the guidelines determined by ESsiEhat To have a sel-assessment svstem. The svstem
traditional education must be combined with distanc y : y

education, because a good distance teaching educatz \lj;(l);g?gcg::ythgsgl?slgshiﬁatd:ﬁzrergccﬁfei:]at;n%ea?;mq;’ls
provides flexibility to students. In this new edtioaal y

context, and in the field of control education,twa and system.

remote laboratories (Jara et al., 2009; Jara @0all) play an Thjs application proposed has been integrated adbt
important role, because they are designed for dependent |earning educational methodology. This laboratavith the
learner and/or a distance self-learning. The wegs@nted in  features above commented, provides an improvennetitei
this paper shows the successful application of mote |earning process of the student to be this actigtdirected,

laboratory used in the practical learning of thebject ang constructive (Shuell, 1986). This issue is destrated
“Control Systems” taught irthe Automatics and Robotics throughout this paper.

Master's degree at the University of Alicante. abglication

allows students to practice remotely different tietical This paper is structured as follows: the next sectiescribes
concepts using of a hardware model of a real imdiist the system, including the industrial system emadlatine
process about a pumping system. remote laboratory and the client interface of thpliaation.

) o ] Section 3 explains an experimental example and some
The main objective to reach by the remote laboyat®that eqycational results obtained. Finally some conohsiare
students can implement, monitor and verify conteold reported in Section 4.

automation techniques from home as if they werehia
industrial plant. This overall objective is speeifi in the 2. OVERALL SYSTEM DESCRIPTION
following items:

o This section is an introductory description of themote
* To have a hardware platform with similar featur@ghose p|atform deve]oped_ The industrial system emu|a]ydthe
existing in an industrial environment. This waydgnts can application is described in subsection 2.1. Nenhsgction
practice concepts such as: adjustment of PID cherso 2 2 shows the hardware model developed, which érsithe
programming of PLCs (Programming Logic Controllers)real pumping system. Subsequently, subsectiont@sthe

industrial communications and adjustment of inweste hardware and software architecture of remote laboyaln
parameters.



subsection 2.4, the client application is descrilfedusing
the explanation in how students can load the progréo the
PLC, display the status of the plant and be abladjust
certain parameters. Finally, subsection 2.5 shdwes self-
assessment system.

2.1 Industrial system emulated

all the above commented concepts and the desciibéue
next section.

2.2 Hardware model of the real system

The hardware model is made up of two parts. Tt ffiart is
shown in Figure 1 and it contains the following guments:

In order to practice the concepts previously comewn 1-A PLC type CP1L-J from OMRON.
(adjustment of PID controllers, programming of PLCS; An Inverter MX2.

industrial communications and adjustment of invsjtea
remote laboratory of a hardware model was developbd
hardware application emulates the real case of mpmg
station control. In particular, the real systemestdd is a
water distribution system in an industrial plantisTpumping

system has a total of 4 pumps model ESPA HX210 155
(www.espa-argentina.com) and an inverter type OMRO
MX2 (www.omron.com). The real pumping system must b

able to adapt at any demand using the 4 pumps,tétionly
inverter. For this objective, a pressure senseopisidered in
range of 0-10 bars, traduced to 4-20mA. The firigéctive
of the system is to keep stable a pressure of § imathe
industrial plant. To do this, one of the pumps mbst
controlled by the inverter with the output frequgmeeded to
achieve pressure of 6 bars. If the case of the ddrcauld
not be achievable with only one pump controlled theg
inverter, one or more of the remaining pumps cobédl
directly connected to the three-phase power lineneotion
by means of contactors managed by a PLC. In the afan
increase of the pressure (decrease in demand) ponugtsbe
disconnected from the three-phase line. If therendd
demand, the pump controlled by the inverter will &lso
disconnected. In addition, in case of damaging pumyp of
the installation, the system must continue workivith the
same benefits but at 75% of its performance. Fumibee,
the system must control that all the pumps becaqually
older.

With this industrial system emulated, students peactice
different control concepts:

* To set the PID parameters. A PID controller & thverter
is in charge of controlling the output frequencyeded to
maintain the pressure desired.

« PLC programming. A PLC will be in charge of turgion
and turning off the needed pumps to ensure the deénsa it
is necessary to implement the control program ef Bh.C
depending on the pressure.

3. A three-phase motor of 4 magnetic poles.
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Fig. 1. First part of the hardware model.

Fig. 2. Complete hardware model.

As indicated in Section 2.1, the hardware modelusup to
4 pumps with the objective of maintaining a staplessure
of 6 bars regardless of the demand. The outputsoDiBe
CP1L-J are used to indicate the pump controlledthsy
inverter (only one pump can be controlled at theesdime)
and the outputs 4-7 to indicate the active pumpecty

 Industrial communications. The PLC must Commmcaconnected to the three-phase line (at 100% of freirer).

with frequency inverter to control several thingsich as
turning on and off the device.

« To set inverter parameters. It is necessary taasaps of
start, stop, times, modes of operation, etc. (iditaah to the
previously commented PID controller parameters).

Obviously, students do not access to a real systethese
features. As related, it has been designed a haedmadel
with similar functionality. This model will allow facticing

This part of the hardware model is connected ta.@ Bpe
Modicon M340 from Schneider (www.schneider-
electric.com), which is in charge of simulating thedustrial
plant (Figure 2). This device runs a program tkahicharge
of interpreting the signals coming from the CP1llsuch as
the pump controlled by the inverter and the agtivenps. An
analog input of the PLC M340 is employed to reas sheed
of the engine controlled by the inverter (in petege value).
The program of this equipment produces as a rebelt



simulated value from the pressure sensor with isutzted
from the pumps (controlled and active pumps). Maisie of
the transducer is sent through an analog signetitlrto the
MX2 inverter, so it is possible to use it as feazkomput for
the inverter PID controller. In contrast with th@1 _-J, the

The main purpose of this functionality is to genera few
demand/time profiles in the plant, which allows watlier
automatic correction of the exercises carried ot the
students. At the same time, through this connectibe
server monitors the status of the simulated pistatte of the

program of the PLC M340 is not designed by the estird pumps connected to the inverter, state of the pumps
- ) ) ) connected to the three phase line, pumps in erate,s

In addition, a potentiometer is connected to th€ R340 in  4amand pressure transducer and motor speed (which
order to enable the manual selection of a demand.dlso  gjmylate the controlled pump speed). With this infation, it
possible to load different profiles to PLC M340 wéhe s generated a chart in the user interface, whcshown to

demand changes in real time. These experimentstaim gy,dents, so they can follow the evolution of thenpunder

evaluate the following concepts of operation irdstts:
» The proper power on / off pumps.
» The adjustment of PID controller of the inverter.

e The adjustment of inverter parameters such agsaai
acceleration, minimum and maximum frequencies, etc.

2.3 The remote laboratory

The implementation of the remote laboratory is mapléor a
completed development of different software anddivare
elements to provide remote functionalities to stuslein
order to carry out the activities described abdnehis way,
students can load their programs to the PLC CPwhigh is
in charge of controlling the system. Moreover sitpossible
to modify the configuration of the MX2 inverter. fthat
purpose, this device is connected to a web serieetJ%B

the control program loaded. In addition, the sereflects the
evolution in time of the different parameters oé thiven
profile, and generates several graphs that wilkémt to the
students. Then, students can analyse the respdngeio
programs and fix the errors found in the response.

For a correct access of students to the remote, flsre are
two critical services within the server: accesgrigied to

registered students (with user name and password)aa
booking system, so that only one user can try & Ithe

program and try to do the exercises. This bookiragesn is a
program that assigns a schedule (day and timd)essttident
can enter the system remotely through the Inteared

perform the practical exercises.

As already mentioned, the remote laboratory hasser u
interface to view the status of the PLC variabletiose
function is to have a graphical representatiorhefihdustrial
plant state. This interface is shown in Figure 4ithWhis

connector, so that this server is able to load famg on the application, students can view the following infation:

device. To do this, the CP1L-J has a generic prodoaded

which is modified by the web server depending oe th* Demand of the plant. As indicated above, this aledncan
configurations established by the program developgd be established with a demand profile.

students. In this way, the system guarantees thairi@ct
program is executed by the CP1L-J and possiblersiame
indicated to the student.

Client
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Fig. 3. Complete hardware model.

The PLC M340 is connected through Ethernet to th&
thi

aforementioned web server (Figure 3). Through

connection, the server is able to send commandshtbdify
certain memory parameters in the PLC, which arerpmeted
as orders according to the program included indéeice.

» The value of the transducer or sensor.

» Frequency of the speed controller or inverterisitthe
number of litres supplied by the pump being cotgrbby the
inverter. This value gives an idea of the percemtaigpump
used (from O to 1088).

* Indicators P1, P2, P3 and P4 represent the puvipsn the
symbol is green, it indicates that the pump is mgnThe
symbol is represented in red if an error has oeclirr

» The black lines indicate connections to the MXgeirter
pumps (only one pump can be controlled by the tever

» The red lines indicate connections to the threasp line

connection. In this case, there may be zero or rparaps

connected to the three-phase line (other than which
connected to the speed inverter).

2.4 The client interface

The client application was developed using thevet Easy
Java Simulations (EJS) (Esquembre, 2004). EJ$isgram
eveloped in Java, specifically designed for theation of
Miteractive dynamic simulations. EJS is orientedp&mple
(teachers and/or students) who do not know or arexperts
in programming. Users can create in a simple wayathic



simulations, since this software is in charge oheagating
almost all the code needed for animation. EJS mpbetely
implemented in Java, so it provides total portabilof
generated applications. EJS automatically genersbes
simulation compiled Java code, packaging the reguftles
to a compressed file, and generates HTML pagesazong
embedded virtual applet-shaped lab.
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Fig. 4. Virtual interface which shows the statushef plant.

Figure 5 shows two images of the developed clietdriace.

On the one hand, there is a virtual panel, whiobmshthe

status of pumps and the main parameters of theteeptant.

This virtual part is the interface shown in Figutewhich

monitors the status of the plant. On the other hémate is a
remote interface via a web cam of the real statethef

hardware model. In addition, inside the panel hagnb
included more information using of the plant thrbugn

augmented reality interface. Under this applicatistadents
can load remotely the control program into PLC CBL1n

addition, the right side of the interface displagteractive

exercises that students have to perform remotelychS
practical and interactive exercises are explainedmiore

detail in the next section.

Tephasslng

Demand (Ih)

2.5 Interactive exercises and self-assessment system

For self-evaluation of students’ knowledge, a serid
interactive exercises have been added
application. In this way, it is possible to detemmithe level
of acquired knowledge and the students can evaliieie
self since they receive guidelines, automaticadgpending
on the type of answer given to each exercise. Tthisseries
of interactive exercises is able to provide the@cranswer,

indicate where the student has been wrong or itelica

according to responses which part of the theoletimacepts
has to revise.

This series of interactive educational guides hasemain
objective implementation in practice of theoreticahcepts
on a real system. By the client and remote apjdinathe
students have the possibility of putting them iptactice on
a real system using the hardware model.

For students’ assessment, there are prepared saresis.
These tests introduce a demand curve, which evalrégsne
and monitor the reactions of the system. To detenif

overall performance is adequate, the system keep& of
the pressure value on the transducer, and cheeakst ttioes
not exceed a maximum level of error that this cHieravith

respect to the desired 6 bars. In addition, otBquirements
have to be reached such as the power of the punogsgs
and details such as sending communications of RUNF5
commands.

In Figure 6, it can be seen different profiles frone four
proposed tests. The first test is designed to cleegkneral
operation of the system. This introduces an asogndimp

followed by a descending ramp and checks the output

pressure of about 6 bars which must keep stabléhén
system. In addition, in this exercise, studentstnpusgram
the appropriate order of the commands RUN and STI®P.
second test checks the operation of the systemthédall of
one of the pumps which is directly contacted to these
phase line.
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Fig. 5. Client interface developed (virtual - rem@UI).
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3. PRACTICAL EXPERIENCES AND EDUCATIONAL
RESULTS

3.1 Practical example

In this section, a trace of the system for thet fifsthe tests
described in Section 2.5 is presented. In thisetréee initial
demand of the system is zero. This demand will pgsgjvely

Controlled pump Pumps to the thre

phase network
Output o 1| 2| 3| 4| 5 6 8
Value 1| 0| 0| O0f O 1 1 0

[¢)

Table 3. Example. Iteration 2.

increase until 35fth. Once this demand is achieved, thiSAfter some time. the same situation will occur:réfere. a

value is maintained during 40 seconds and subsdgue

decreases until zero. The proposed system usesDa
controller in the MX2 inverter in order to assurprassure of
6 bars during all the experiment. At the beginnofgthe

experiment, the system connects the first pump wihen
demand begins (pump 1 in the example). This fiashp will

be the one controlled by the PID of the inverteiorder to
allow the system regulate the pressure. In thisisgcthe
values of the digital outputs of the PLC are iltattd by
using the table 1:

[}

Controlled pump Pumps to the thre

phase network
Output 0| 1| 2| 3| 4| 5 6 8
Value 1| 0| 0 0of Of O O 0

Table 1. Table employed to illustrate the valueshef PLC
digital outputs.

As it is previously indicated, the inverter impleme a PID
controller in order to maintain a constant pressurbe
feedback of the PID is the measurement obtaineth feo
pressure transductor connected to the Ol termifiathe
inverter (4 to 20 mA). 4 mA corresponds with 0 bansl 20
mA with 10 bars (maximum pressure). The PID refeee(6
bars) is indicated in Hz using a register of theeiter (the
working rank of the inverter is from 0 to 50 Hz)sibg the
configuration established by the student, the @mogm the

ew pump is connected to the three-phase netwankgp4,
ke Table 4).

D

Controlled pump Pumps to the thre

phase network
Output o 1| 2| 3| 4| 5 6 8
Value 1| 0| 0| O0f O 1 1 1

Table 4. Example. Iteration 3.

As previously indicated, after 40 seconds, the dehizegins

to decrease (therefore an increase of the pressalgained).

When the frequency is 0 Hz during several secotius,
program implemented by the student must detect #mat
over-pressure is generated. Therefore, the prograst to

progressively deactivate the pumps connected totltrese-

phase network. The pumps must be deactivated irsahee

order that they were activated in order to equalieeuse of
the pumps. Considering this example, after 40 sixdhe

new state will be the one illustrate in Table 5.

Controlled pump Pumps to the thre

phase network
Output 0 1| 2| 3| 4| 5 6 8
Value 1 0| o O of O 1 1

D

Table 5. Example. Iteration 4.

CP1L-J PLC employs Modbus to read the pump frequenc
(controlled pump). When the frequency is 50 Hz mgri Thjs sjtuation will continue until all the pumpsroected to

several seconds the demand is greater than thermaxthat
the pump can provide. Therefore, it is necessasactivate a
new pump. In this example, the pump 2 is connetdethe
three-phase network (see Table 2).

Controlled pump Pumps to the three

phase network

Output O 1| 2| 3| 4| 5 6 8
Value 1| 0| 0 Of Of 1 O 0

Table 2. Example. Iteration 1.

Considering the profile demand previous indicated this
example, after some time, the same thing will octar, the

the three-phase network are deactivated (firsptirap 3 and
second the bomb 4). Finally, when the demand dsegca
until the controlled pump must be also deactivdted pump

1 in the example), by stopping the inverter firsid ahen
deactivating the pump. Therefore, the student migst
develop a program in the PLC CP1J-L which must fake
account the following aspects that are considemettie self-
assessment system:

« Initially, the first pump is not activated unthe measured
pressure is lower than the reference.

* The PLC must not activate the inverter beforecoanect
the first pump.

controlled pump has an output frequency of 50 Hz2.2Analysisof the self-assessment system

Therefore, a new pump (pump 3) must be connectatigo

three-phase network. The controlled pump continueisag
the pump O (see Table 3).

This remote application is being used in the subj€ontrol
Systems” taught in the Automatics and Robotics kst
degree at the University of Alicante (www.mayr.s.e



To evaluate the results obtained with the selfsmssent
system, an evaluation was obtained from the stgddrtey
were divided into 2 groups, from a total of 20 smt$. The
first group (group A) performs scheduling and systening
in a traditional way. That is, this group of 10dstats moving
to college and they take turns doing the progrargmnodel
and the subsequent adjustment of the various paeasrihat
configure the correct behaviour. Using the intezfdescribed
in Section 2.3, they could verify themselves therect
system operation. Although they have the supporthef
teacher, the students loaded the program in theehwud
should monitor compliance all possible operatingditions
specified in practice.

The second group (group B) also consists of 10estisdbut,
in this case, it makes use of the proposed remutaal
laboratory. Thus, they did not need to go to thévéhsity for
testing the system operation. Some of them arelpa@po
have problems to attend classes due to working$ssthis
application gives them flexibility to schedule imsting
developments and adjustments. This latter group miskes
use of the proposed self-evaluation system. Thuge o
students developed programs and did an initialsiatjent of
the model, they have to use the interactive tusrand
statements described in Section 2.4 to verify tberect
behaviour and completely set the parameters andilpes
operating conditions. To make a comparison betweaeth
groups, the following criteria were selected:

e PID settings. It checks if the PID controllerroduced in
the inverter allows proper scope of the desiredgares. This
evaluates if the three parameters for the contralle correct
and allow adequate time response.

« Code optimization. This criterion is used to detiee if the
code implemented in the controller is optimized.

« Terms of start / stop. It is checked if differgnimps are
turned on or off in the correct sequence.

« Speed of response. This issue determines if ésponse
speed is suitable for different profiles.

» Faults detected by the automatic evaluation sysf€he
evaluation system is responsible for entering, raatally,
different demand profiles. Under these operatingddmns,
the system checks various aspects, such as if ike
connected before starting it.

As shown in Figure 8, it is observed that the markdoth
groups are quite high in general. This confirms toberect
understanding of the problem. Analysing more imadleéhe
scores of both groups on each of the criteria dised above,
additional conclusions can be drawn. Firstly, imas$t all
aspects evaluated was obtained a high score icabe of

similar in both cases. Analysing the reason fos thst fact
leads to the conclusion that the latter is nottéeén detail in
the teaching guides employed by Group B.

[
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Fig 8. Comparison between students’ marks who dtdise
the remote virtual laboratory (A) and those thagduis (B).

4. CONCLUSIONS AND FUTURE WORK

A remote laboratory employed in the practical l@agrof the
subject “Control Systems” taught in the Automatiasd
Robotics Master's degree at the University of Altea has
been described. The application presented allougests to
practice remotely different theoretical conceptingisof a
hardware model of a real industrial process abquiraping
system. The use of the proposed tool allows retirigr
students’ active learning since they can perforracical
exercises with the aim of understanding the knogged
acquired. In addition, students can understandstupe of
theoretical concepts by applying them to a realistidustrial
environment. Educational results have been positine
students have achieved an improvement in learning.
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