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Abstract—Development of virtual/remote laboratories is a
common task involved in the design of course’s assessments
(in engineering disciplines). The deployment of these labora-
tories must manage several aspects related to the real use of
them, as user’s authorization and access, tracking of usage
information, loading/saving data from experiments and so
on. These features must be implemented by developers in a
particular way for each laboratory. This paper shows how
these services can be used automatically, with no develop-
ment, using the RELATED management services. The de-
ployment task consists of making a connector to the
RELATED framework in order to consume these services.
A full example is shown, describing the steps followed to
integrate a previously developed low cost laboratory (based
on a Lego system).

Index Terms—component; management services; software
integration; remote and virtual laboratories

L INTRODUCTION

Basic development of virtual and remote laboratories
[17 [2] consists in designing a software system with Inter-
net connection capabilities. This system must allow direct
interaction with such laboratory [3]. Once this is done, the
next step consists in the laboratory’s deployment. This
deployment permits managers to control the laboratory’s
visibility. Also, users (usually students) can get access to
the laboratory in order to run the defined experiments. In a
real environment it is very important to take into account
some aspects related to the laboratory’s management:

* Users associated to the laboratory.

* Authorization system for users (role based)

* Analytics about laboratory use (sessions based).
* Booking system.

* Access to experiment’s saved data.

The laboratory’s developer must take into account the
previous aspects, so he/she must provide an implementa-
tion of these services (more development effort is need-
ed). The final objective is to get a reliable and efficient
system related to the use/consumption of laboratory’s
resources. Obviously, the implementation can be specific
for the lab’s implementation, but it’s more efficient to
reuse tools and services developed with this objective in
mind. This is the RELATED case [4]. RELATED allows
the building of remote and virtual laboratories in a meth-
odological and structured way. But it also provides a set
of services which implement the aspects to consider in the
deployment of online laboratories.
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The RELATED’s services are implemented using a re-
liable architecture based on Service Oriented Architec-
tures (SOA). Every aspect previously considered is im-
plemented by SOAP (Simple Object Access Protocol)
services. These services are orchestrated to get a fully
functional system which combines different scenarios of
services usage. Also, these SOAP services can be con-
sumed by web/mobile applications. In this particular case,
RELATED has a functional web which uses these ser-
vices [5].

The services architecture is based on a modular ap-
proach and every laboratory integrated in RELATED uses
them automatically. This way, any RELATED laboratory
uses this service to check user’s authorization, bookings,
etc.

In Figure 1, the RELATED service’s architecture is de-
scribed. The main features in the deployment of re-
mote/virtual labs are defined as SOAP services running in
a Web services container (Axis2/Tomcat). Every feature
(users, booking, data, sessions, etc.) is implemented as an
individual web service with a subset of methods provid-
ing/setting information associated to the environment of a
real laboratory (users, lab’s experiments, lab’s data, lab’s
bookings, etc.). Every laboratory can be integrated by
means of a connector (called RLAB system) in order to
consume the management services. All these services are
integrated in a transparent way, configuring the connector
using properties defined in a declarative way (XML
based).

Additionally, the connector defines its own services in
order to be consumed from/to RELATED infrastructure.
These services are based on RMI (Remote Method Invo-
cation) and REST (Representational State Transfer) tech-
nologies. In particular, the REST service associated to the
connector can be used to build web/mobile labs in a sim-
ple way. RELATED provides a full Javascript library to
use the management services from
HTMLS5/CSS/Javascript applications. These applications
can be used as hybrid applications in a mobile environ-
ment, using specific frameworks to build native applica-
tions (for example, PhoneGap [6]). The RMI services are
consumed from Java applications in desktop environ-
ments, using the RELATED client for experiments.

In this paper is shown how a simple online laboratory
(with no management services) can be integrated into
RELATED. This integration provides automatic access to
the full set of services provided by RELATED. The auto-
matic use of services has many advantages, but the most
important is the development’s time saving.
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Figure 1.

The paper is structured as follows. In section II, it is
shown the initial development of a low cost online labora-
tory. This laboratory uses Lego components to build a
wind turbine system. The integration with the RELATED
framework and services is presented in section III. Section
IV shows how managers and users can use the services by
interacting with the RELATED web site. Also, the run-
ning of laboratory’s experiment, from the RELATED’s
point of view, it will presented. Finally, conclusions will
be presented in the last section.

II. LABORATORY WITH NO MANAGEMENT SERVICES

The developed laboratory is based on low cost Lego
components. The laboratory is a renewable energy system
based on the Lego Mindstorms NXT v2 robotic toolkit
[7], extended with the renewable energy kit [8] which
uses a sensor called Energy Meter. The Energy Meter
sensor is able to measure a set of parameters related to the
power production (such as voltage, electric current, joules
stored in the battery, and watt), as well as storing the elec-
trical power. This way, a remote lab on aeolian energy is
implemented. This aeolian laboratory focuses on helping
students to understand how wind is directly related to the
generation of energy. For this reason, students are asked
to register and observe the generation of voltage for dif-
ferent wind power values. A picture of the aeolian labora-
tory can be seen in Figure 2.

Such laboratory is implemented with specific technolo-
gy provided by LabView. This LabView’s technology
allows the programming of several Lego’s components, in
order to get/set values from these components (for exam-
ple, energy produced by the wind turbine).

The entire laboratory is represented as a set of REST
(Representational State Transfer) services. These services
allow the experiment’s control of wind power generation.
Also, it’s possible to get/set the laboratory’s data (motor’s
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Figure 2. The aeolian laboratory.

power). These services are consumed by a web interface
(simple web page with Javascript support) in order to
carry out the experiment. The web interface is shown in
Figure 3.

This REST API provides a full set of web methods
which can be integrated in several development environ-
ments, but also has the advantage to be managed by “web
commands”. For example, it’s possible to get the lab’s
status using a simple web command (a HTTP request like
this: http://62.204.199.219:8080/WindTurbineWS3/status)
which provides status information (JSON format):

{ "Status":

["Ok", "NXT","8655", "No Er-
ror",

"Iddle","30/06/2014
18:54:01"]

}

http://www.i-joe.org
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Figure 3. Web interface for the acolian laboratory.

In this case, the Lego lab is ready (“Ok”) and available
to be used (“Iddle”). There are several web commands
(HTTP request) available to get/set the information related
to the lab, but these commands are only functional if there
is an open experiment session.

This laboratory has no management services associated,
so probably it is not ready for a real environment with
several users accessing at the same time. To provide these
management services, a full integration with the
RELATED framework has been done. This integration is
described in section III.

III. RELATED’S INTEGRATION

In order to get the laboratory’s integration into
RELATED, the methodology of development defined in
RELATED has been used [9]. This methodology defines
how a lab is considered from the RELATED perspective
and how a connector must be built using the ‘RLAB sys-
tem’ concept. A laboratory (from the RELATED perspec-
tive, see Figure 4) is a set of experiments defining the
different behaviours of the lab.

EXPERIMENTS LAB1
FOR LAB1

MODULES
)

\ -
::S defines &\ ~ \ | z
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.
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Figure 4. Laboratory components form RELATED’s perspective.
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Every experiment is composed by two types of compo-
nents: modules (runnable entities with a controlled lifecy-
cle) and views (corresponding with graphical interfaces
used in the lab’s interaction). At least one module is need-
ed to build a RELATED laboratory. The module lifecycle
defines the running of the experiment (in the case of only
one module). In this case, we have the acolian laboratory
which exposed a set of REST service, so the developed
RELATED module is really a simple REST client con-
suming the LabView services. Otherwise, the user’s inter-
action is very limited because it is only possible to
change/set the power applied to the wind turbine motor
(0-100, in percentage). This way, the specific view for the
aeolian laboratory has been developed to provide visual
feedback of main variables. In order to get a real video
streaming of the camera which focuses to the wind turbine
(Aeolian lab), a previously developed view has been add-
ed. The modular approach of RELATED allows the reuse
of components (modules and views), only supplying the
module/view definition and its implementation.

Once the components are defined, experiments are de-
clared in the configuration’s lab file (XML based). The
experiment tag includes so many modules and views tags
as needed. While the experiment is running, every module
defined in the experiment is executed as well. Also, every
view included is shown to the user running the experi-
ment. The configuration’s lab file is presented in Figure 5.

Next, details about the module and the view develop-
ment are presented.

A. Module implementing laboratory proxy to RELATED

A module is implemented by means of a Java interface
called IRLABModule. Interface’s methods describe the
way the lifecycle of the module is executed (init, start,
stop, exit) and how module information is get/set (module
information is based in the variable’s paradigm). In this
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<?xml version="1.0" encoding="UTF-8"?>
<system description="Lego Laboratory representing a Wind Turbine" type="0" name="Wind Turbine">
- <module description="C ication with REST imp d in the module" name="WTModule":>

<param type="string" name="host" value="62.204.199.219">Host running LabView model</param>
<param type="int" name="port" value="8080">Port</param:
<var type="double" name="Voltage In" units="V" min="0" max="0.9" initial="0">Voltage In</var>
<var type="double" name="Current In" units="Amp" min="0" max="0.3" initial="0">Current In</var>
<var type="double" name="Voltage Out" units="V" min="0" max="0.9" initia >Voltage Out</var>

<var type="double" name="Current Out" units="Amp" min="0" max=
<var type="double" name="Joules" units="3" min="0" max="100" initi
<var type="double" name="Watt In" units="watt" min="0"

<var type="double" name="Watt Out" units="watt" min
<var type="double" name="Wind Power" units="%" min=

">Joules</var>
"0">Watt In</var>

" max="100" initial

</module>
+ <module name="VIDEO SERVER module">

5" initial="0">Current Out</var:>

">Wind Power</var>
<implementation type="JAVA" classname="es.uned.scc.rlab.modules.windturbine.WTModule" jarfile="../examples/wind_turbine/code/WindTurbi

dule.jar'>REST ication</implementation

- <view description="Show image" name="ImageViewer" classname="es.uned.scc.rlab.views.imageviewer.ImageViewAxis" jarfile="../examples/servidor_video/code/ImageViewerAxis.jar"
helperUrls="../examples/servidor_video/code/CameraViewer.jar,../examples/servidor_video/code/VideoRecordingsClassLibrary.jar">

<param type="boolean" name="allowPTZ" value="false">Allow PTZ operations on Axis cam</param:

<param type="boolean" name="allowRecord" value="false">Allow Recording...</param:
<use name="image" as="image" module="VIDEO SERVER module"/>
<use name="command" as="command" module="VIDEO SERVER module'/>
<use name="recs" as="recs" module="VIDEO SERVER module"/>
<use name="file_chunk" as="file_chunk" module="VIDEO SERVER module'/>
<use name="error" as="error" module="VIDEO SERVER module'/>
</view>

- <experiment description="Manual control of Wind Power" name="Simple experiment" concurrentUsers="1" slotTime="20" logging="no" sampleTime="100">

<duration type="time" time="300"/>
- <run module="WTModule">
<interactives show="true" names="Wind Power"/>
<paint names="Voltage In,Voltage Out" colors="black,red"/>
<paint names="Current In,Current Out" colors="black,red"/>
<paint names="Watt In,Watt Out" colors="black,red"/>
<paint names="Joules" colors="blue"/>
</run>
- <run module="VIDEO SERVER module">
This module is necessary for image viewing
<interactives show="false,false,false false" names="command,recsfile_chunk,error'/>
</runz
<open view="ImageViewer"/>
</experiment:
<manager name="rpastor'/>
<student name="demo"/>

</system:>
Figure 5. Configuration file for a RELATED laboratory.
'k'al s =1 ) - - =
e & Axis Camera Viewer v1.0 = |
I jind Motor (0-100%): 61d | r
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Figure 6. Interaction view for aeolian laboratory.

case, it is implemented as a REST client which gets/sets
the module information (wind turbine data) using the
REST services defined in LabView. The configuration’s
lab file showing the module definition is presented in
Figure 5.

B.  View implementing visual feedback

A view is implemented in a similar way than a module.
The interface for a view is called IRLABView. This inter-
face has methods to control the view’s visualization and
also methods related to get/set data from the experiment
running inside the RELATED framework. That is, these
methods define the model of information exchange be-
tween the views and running experiments. In this case, a
reusable view has been declared in the laboratory’s con-
figuration file (tag <view>) as it can be seen in Figure 2.
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Figure 7. Real time video streaming view for aeolian laboratory.

In this case, one specific view is developed to provide the
interaction with the laboratory (see Figure 6) and another
one (see Figure 7) is reused from previous developments
with other laboratories. A RELATED component can be
reused in other laboratories in a simple way, being this an
additional feature of using the development framework.

IV. AUTOMATIC MANAGEMENT SERVICES

Once the laboratory and its components are defined and
developed, it is the time to run the publishing tool provid-
ed by RELATED. This tool reads the lab’s configuration
file (which defines the connector) and consumes the man-
agement services to deploy the laboratory. Also, the tool
generates the RMI and REST services to provide a multi-
device application access. Once this is done, the laborato-
ry can be managed and used in the RELATED Web site.

http://www.i-joe.org
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This way, the integrated laboratory has access to the
full services previously commented. The ‘manager role’
can be used to access to the web application in order to
get/set information about management services and labor-
atory (see Figures 8 and 9). It is mandatory to have a
<manager> tag in the configuration file. This tag indicates
the user name of the laboratory’s manager, so this user
will be the main laboratory‘s manager.

One of the interesting features provided by the publish-
ing tool is the checking of lab’s availability. The publish-
ing tool sends a “signal” to declare the lab “alive” (using
the framework services at a fixed rate time, usually 60
minutes). This way, users can check if the lab is “alive” or
not. Also, the last updated signal time is shown to manag-
er, in order they can review this information to check any
problem in the laboratory. This information is only avail-
able for the lab’s managers (an also the rate in minutes).
In Figure 8 is shown the manager view for the status of
laboratory (located in the Description tab).

The experiment’s list is located in the “Experiments”
tab (see Figure 9). This listing is public to all the users
with authorization to access the lab. For every experiment
in the list, the name of the experiment is shown and also
the role associated to current user viewing the listing.
Additionally, a slot time is assigned to the running of
every experiment (this is done in the XML definition file
for every experiment with a special attribute called ‘slot-
Time’, in minutes) which defines the maximum time in
minutes available for a lab’s session. So, any user can
check how much time is available for using the lab.

Finally, the experiment’s list allows to users gets access
to the experiment’s client usin% the corresponding icons:

¥ for the java client and for the HTMLS client.
These icons are available only if there is no an open ses-
sion for another user. The Open Sessions label, located
near of the top right of the content window, reports about
the number of open sessions (in Figure 9 are, of course,
Zero).

One feature available for all the users is the session’s
accounting. The feature allows to users to get information
about their work sessions, and also play again their exper-
imental sessions (generated during the work session with
the lab). The session’s accounting is located in the “Ses-
sions” tab, as it’s shown in Figure 10.

The user gets information about the total number of
sessions (453 in this case) and a paged list of these total
sessions. For every session, the start and finish time is
presented and also the total amount of time for the session
(Work) and the medium time for the experimental ses-
sions carried out during the work session. In the case of
only one experimental session, the time showed corre-
sponds with the time used in this experimental session.
All the times are in minutes.

Another service provided by RELATED is the experi-
mental data utility (using the R icon at the right part of
the particular session information). This tool allows users
to view/download data from their experimental sessions
and reproduce the experimental session offline. In Figure
11 is shown the main screen for the data utility.

In order to view/download data from an experimental
session, the first step is select the particular experimental
data session in the main screen. This step start the down-
loading of data from the RELATED’s data services and
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Laboratory: Wind Turbine

fil Description Experiments [ Sessions (3 Management

Description—

Name ‘Wind Turbine

Description Lego Laboratory representing a Wind Turbine

P 62.204.199.219
Added 20/06/2014 12:06:06
Active? v

Period of signal 60

Last Period of
signal

30/06/2014 19:16:38

Figure 8. Web interface used to get information about the laboratory.

’ Laboratory: Wind Turbine

List of experiments

Open Sessions o

‘ SLot (MIN) ‘Acc

B

EXPERIMENT NAME | AppED ‘ROL

Simple experiment 20/06/201412:06:06 MANAGER 20 min

Results 1
1

Figure 9. Web interface used to get information about the experiments
defined in the laboratory (configuration file of the connector).

n Laboratory: Wind Turbine

List of experimental sessions Worksessions 453
[Expernventxame |N° Exp. | Start Date Stop Date |Work / Exe Data
Simple experiment 1 16/06/201413:58:28  16/06,/201413:59:09 5,07 min / 0,68 min q
Simple experiment 1 27/03/201412:53:00  27/03/2014 12:57:19 4,92 min / 4,32 min q
Simple experiment 1 25/03/201412:08:52  25/03/201412:09:15 2,47 min / 0,38 min m
Simple experiment 1 25/03/201412:03:38  25/03/201412:05:17 3,70 min /1,65 min n
Simple experiment 2 25/03/20141153:39  25/03/201411:53:55 1,80 min / 0,27 min l]
Simple experiment 1 25/03/201411:52:25  25/03/2014 11:53:22 1,80 min / 0,95 min q
Figure 10. Work sessions with the lab for the current user.
22 Sessions Information =
Work Session ID:557811e3ae3f4a8c9a0e31de2736¢8cf
Laboratory User Experiment Name Stop time
Wind Turbine rpastor simple experiment 25/3201411:5408
Finished start time Stop time
© 250018 115225 | 2573201411532 uu
° d5a0ANEI | 253014115355 nn

Figure 11. Data utility for experimental session data.

makes available to the data utility. There are two options
available as icons once the data is downloaded:

Graphics. It allows to users to paint the data infor-
mation, grouping this data in a single trend graphic. The
user can select any group of variables to be represented
and also, download the data using the Save button (actual-
ly, the data is available in CSV format). In Figure 12 is
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shown the battery charge of the Lego lab during all the
experimental session carried out by the user.

Live. It allows the playing of the experimental session.
The tool has a play/pause/stop button to control the play-
ing of the session and also, it’s possible to use the slider to
go to a particular experiment time. The live option can be
configured in real time to show graphics (the same de-
fined in the experiment component for the XML defini-
tion file) or any view defined in the laboratory. In Figure
13 is presented an example of “live” playing of an exper-
iment for the Lego lab, showing the video view while the
experiment is being playing offline.

The before features are available for all the users, but
additionally the managers have others features related to
the management services described in the first section.

The manager can use the ‘Management’ tab associated
to a lab in order to configure the services. These services
include:

Users management. The lab’s manager can
add/remove registered users to have access to the lab.
Also, the rol associated to users in the laboratory can be
change to role ‘student’ (laboratory access) or ‘manager’
(laboratory management). In Figure 14, a list of actual
users (with roles) who have access to the lab is shown. A
manager can as well manage the request to the labs. The
requests are made by registered users and are included in a
list of pending request (every request is sent by email to
the manager in order to report him/her). The requests can
be aprovved or denied by a manager, adding a text com-
ment for this action.

Session data management. Using the ‘Sessions’ tab
(see Figure 15), the manager can get global information
about work sessions in the lab for authorized users. This
information presents the global number of sessions per
user, as a rating of use. It is possible to get detailed infor-
mation about every session for every user (see Figure 10)
in the same way as it was described before. Managers
have access to all the experimental data for every user of
lab, so the managers (for example, teachers) could use this
data to evaluate the perfomance of the user’s experiments.
The data utility can be a ver usefull tool to check the ob-
jetives defined for the experiments carried by the students.

22 Sessions Information +

[enal all Session Selected:
i el e 4f60548fdcb486eba6faadbedbeca2]
@ Graficos
& Generate graph

Battery Charge(?) ~

9000

35

Figure 12. Graphics options for an experimental session data.
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2 Sessions Information +

() all Session Selected:
e Seche e 4660548fdcb486eba6fB8dbe9bcc921
wall Live
Ti360
@stowcaph v

Module: WTModule --> Voltage In Voltage Out ~

Web Video

EIS TN IR
Figure 13. Offline playing of an experimental session data.

. Laboratory: Wind Turbine

T T — . |
[3 Requests ” B Sessions

Accounts

|Account Nave ‘ROL H ENT
demo STUDENT
rpastor MANAGER

Results' 2

Figure 14. Web interface used to access to user’s management services.

O Laboratory: Wind Turbine

) o |
Accounts {2 Requests
2

Open Sessions

(@ Description Experiments.

HUSER ‘Exp}:mm‘_wr NAME ”START DATE ‘F.STIMATED STOP DATE | Force CLOSE H

Results: Not found.

1

Users Session

'WORK SESSIONS HIS SES

USER ‘

debug 178

v

demo 31

i

Results: 2

Figure 15. Web interface used to access to session’s management
services.

Booking services. In order to book a slot time for using
a lab, the web application provides a service to authorized
users in order to do the bookings. Managers can get statis-
tical information about the total number of bookings (used
and not used) and work sessions associated to used book-
ings. Also, a manager can modify/delete bookings of
authorized users.

All these management services can be used in other en-
vironments (not only by using a web application based on
browser access) integrating them in the corresponding
interface.

http://www.i-joe.org
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V.  CONCLUSSIONS AND FUTURE WORK

The deployment process of a developed laboratory in-
volves not only the development process but the definition
of a real interaction environment. This environment must
provide some basic services as user’s access and authori-
zation, booking procedures, data analytics and usage in-
formation. Usually, a laboratory developer is focused on
his/her lab, not on the environment, so all these services
must be provide in a transparent way by means of stand-
ard services.

RELATED’s framework provides a scalable architec-
ture which provides a real interaction environment for
laboratory users (students and managers). The develop-
ment of a connector (following the framework guidelines
based on reusable components) provides a simple way to
integrate any laboratory into the RELATED services, as it
is shown in the paper with a detailed example. A lot of
functionality is added automatically, so the laboratory’s
developer only has to focus on what they better know:
his/her laboratory.
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