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Abstract—this paper presents the work that has been devel-
oped in parallel to the VISIR project. The objective of this
paper is to present the results of the validations processes
that have been carried out to check the control methodol-
ogy. This method has been developed with the aim of being
independent of the instruments of the labs.
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L INTRODUCTION

Practical exercises and experiments are fundamental in
any technical discipline either in educational or investiga-
tion areas. To achieve that, the easier way to implement
these activities is to go to hands-on laboratories, which
offer real equipments and experiments. However, some-
times many of these experiments require special and
expensive instruments or the number of needed equip-
ments is not enough for all the potential users due to their
size or maintenance requirements.

At a scenario like this, virtual laboratories or remote
laboratories can play a key role in the teaching of specific
areas of technical subjects such as analog electronics.
While virtual laboratories can be used in certain experi-
mental activities in which the simulation may be enough,
they are not as effective as the laboratories in which users
can play and interact with real equipment [1], according to
the learning-by-touching or active learning approaches.
Moreover, according to the Accreditation Board for Engi-
neering and Technology (ABET), practical exercises
should help the students to achieve a set of competences
that virtual labs cannot satisfy [2].

Therefore, the manual remote laboratories (or simply
remote laboratories) try to reproduce remotely and as
faithfully as possible the actions that the user carries out at
local laboratories. Thus the advantages that these technol-
ogy platforms of learning can provide respect for others
are:

e Ubiquitous access to experiments through an Inter-
net-based communication.

e They can play a complementary role to the theoreti-
cal sessions and classroom practices, so the student
can return again and again on the learned concepts
and practice by their selves.

e Remote labs help to improve the performance of the
available equipments, increasing the accessing time
24d/7h.

Starting with these premises and on the basis of our ex-

perience in distance learning using WebLabs [3], on the
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particular topic of analog electronics remote labs, techni-
cal contributions can be made in the following aspects:

e Enable users to build electronic circuits such as if
they were in a hands-on laboratory.

e Obtain consistency and reliability in the measure-
ments are taken in a remote way.

e Make easy the maintenance and scalability of the
laboratory regarding the instruments and experi-
ments.

This paper describes a model for the design of a control,
measurement and configuration system of electronic
circuits to be deployed in remote learning platforms. Users
can build real circuits and carry out measurements on
them with typical instruments of an electronic workbench:
oscilloscope, function generator, power supply and digital
multimeter.

From the analysis of the role that remote experimenta-
tion can play in the practice of electronics, we introduce
the application area of development of the proposed
model, describing its main technical aspects concerning its
implementation.

According to the described model, a prototype has been
developed and deployed in a remote laboratory. In this
way, the effectiveness and reliability tests can be carried
out to check the validity of the model as a tool for remote
prototyping and interactions

1I. SCOPE OF THE PRESENTED WORK

Based on the previous analysis of the most important
remote labs, NetLab [4], RemotElectLab [5] ISILab [6]
and iLab [7], focus on analog electronics, and thanks to
our experience in the VISIR consortium [7], we propose
in this work a new control methodology whose main
objectives are:

e Get a software control solution that can be used with
commercial instruments commonly found in an elec-
tronic lab, but at the same time this solution must be
independent of the manufacturer of the equipments.

e The control method must provide tools and solutions
to allow users to build and carry out measures over
the electronic circuits in a remote way. The user must
be able to execute almost the same actions as he were
in a traditional or manual lab.

e The maintenance of the remote lab that deploys this
control solution must be simple to allow add, remove
or replace components, circuits and instruments in an
easy way without any recodification of the control
software.

http://www.i-joe.org
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With this method we provide some developments to be
deployed in specific systems of the architecture of a
remote lab, leaving out of this work the development of
the web client and other functions related to the server of a
remote lab (Figure 1). The physical architecture of the
proposed solution is shown in Figure 2, where the systems
in which we have worked are the following ones [8]:

1. Software control application: it is based on the VISIR
logic architecture (using two server entities). This
control application is the set of algorithms used to
control the experiments, based on the commands and
actions performed by the user in the web client. The
goal of this application is that it can be used to con-
trol any instruments regardless of the manufacturer
and the control interface. To achieve this, we have
developed a set of algorithms in LabVIEW in which
IVI drivers have been used to access to the control
functions of the instruments. The only one restriction
is that the used equipments must be compliant with
IVI standard, but nowadays, most of the main
manufactures provided this kind of drivers.

2. Control interface: it is in charge of the communica-
tion between the software control application and the
experiments (instruments + circuits under test). The
goal is to select a technology that could be easy de-
ployable with a good quality of service without need
a specific hardware. We have chose LXI as control
interface because as it is based on Ethernet, it is eas-
ily deployable and simple networks equipments, as a
hub, are required to build the instruments network in
the lab. LXI is our chosen technology, but thanks to
the independence of the software application respect
to the interface control, any other control interface
can be used in combination with the control algo-
rithms. That is, the control application is independent
of the control interface.

3. Experiments control system: this system is responsi-
ble of enable remote construction of the circuit under
test, feed it and excite with the signals configured by
the user with the tools and instruments provided in
web client. To test it, we have used a commercial
switching matrix (Agilent 34980A and 34932) and
we have designed simple expansion modules. The
target of these modules is to connect components (re-
sistors, capacitors, diodes, etc) and instruments into
the matrix and perform the interconnection between
them. As the others instruments of the lab, this
switching matrix can be replace by other model and
manufacturer without changing any code of the con-
trol algorithms.

In addition, the proposed method aims to improve some
features of the experiments control system used in the
VISIR system, increasing the performance of the switch-
ing matrix with respect to the one used in the VISIR,
reducing the number of components required in experi-
ments and without needing to add special components to
enable the current measurements in the circuit under test.

III.  PROTOTYPE

A prototype for the proposed model has been developed
with main objectives of validating its effectiveness as
control and measurement system and setting up a frame-
work to evaluate its performance in a real analog elec-
tronic remote lab.
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Figure 2. Architecture of the control system

This prototype allows the users to interact with elec-
tronics components and carry out measurements using a
set of real instruments: oscilloscope, function generator,
multimeter and power supply. As the scope of the pro-
posed approach does not include a web client, in this
prototype the one developed at the VISIR project has been
deployed [8]. This web interface offers a set of front
panels of all available instruments in the lab as well as a
virtual breadboard in which the users build the CUT that
later will be implemented physically using the switching
matrix.

The others systems that are required to obtain a com-

plete and functional remote lab are provided by the We-
bLab-Deusto.
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With this software and communications architecture,
we have provided the prototype with the following in-
struments:

e 33220A Function generator
e 34410A Digital multimeter
e DSO5012A Oscilloscope

e N5746A Power supply

e 34980A Mainframe with two 34932A switching ma-
trix modules.

Once the instruments are deployed, these are connected
by the LXI interface to a hub that also connects the com-
puter in which the Control Server applications run.

IV. VALIDATION OF THE PROPOSED METHOD

To validate the proposed method, we have carried out
the following tests using a remote lab in which we have
deployed this control method: we have used the architec-
ture provided by the WebLab-Deusto and the web client
developed in the VISIR project Figure 3).

e We have verified that the system allows building and
measuring electronic circuits in a remote way without
introducing significant errors in the measures. These
measures have been performed by real users using
the lab at the same time and implementing different
circuits and measures.

e We have measured the time response of the control
system and then we have compared it with the sys-
tem developed in the laboratory VISIR. Still present-
ing a further delay in the response, it does not reach
10 seconds, value that it is considered as maximum
for a web site response.

e We have characterized the proposed experiment con-
trol system, that is, we have measured the value of
the error resistance introduced in the circuit under
test by the matrix and the expansion modules. The
results determine that the error in the measure be-
cause of this resistance is minimal.

e We have compared the measures read on a same cir-
cuit but carried out them in different scenarios and
using always the same electronic components: using
the lab that deploys the proposed method, using the
VISIR remote lab and using a hands-on or traditional
laboratory. The results are conclusive: barely there
are differences between the measurements taken in
these scenarios.

e We have compared the number of components need
to make certain circuits and measures using our sys-
tem and the VISIR. We have observed that the per-
formance of our experiments control system is better
than the VISIR because to build the same circuits, we
need less number of components and we don’t need
to add shortcuts to the matrix to allow certain meas-
ures and connections.

The objectives of the validation phase are:
e to check that the remote measurement and control

system does not introduce errors respect the results
obtained in a hands-on lab.

e to verify that the system time response is suitable
even when the measures are carried out in concurrent
mode.
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Figure 3. Scenario for the validation

A. Measurements validation

In this test we want to validate that if a CUT is created
remotely using the same components as in a hands-on lab,

the measurements carried out using the proposed model
are the same. To perform this probe, first we have made
the measures in the local labs using a breadboard and
some discrete components. After that, we have removed
the components from the breadboard and placed them in
the designed switching matrix. The measures also have
been carried out with the same instruments in both scenar-
i0s. These are the test bench experiments:

e Periodic signal characterization: the oscilloscope has
been connected directly to the function generator.

e Serial resistors configuration: some resistances area
connected in serial. The equivalent circuit is meas-
ured using the digital multimeter.

o Parallel resistors configuration: some resistances area
connected in parallel. The equivalent circuit is meas-
ured using the digital multimeter

e Voltage measures: using a voltage divider configura-
tion.

e Current measures: in a 3 resistors network.

e Frequency circuits characterization: using a half
wave-rectifier with a filter at the output and a func-
tion generator and the oscilloscope.

These experiments have been performed by ten users,
some of them without skills in electronics. In the same
way, some of them have never used a remote lab before.
In this scenario, each user had to practice with 6 different
experiments. The order of the experiments was random, so
the control and measurement system had to set up differ-
ent CUT and instruments in concurrent mode. The ob-
tained measures are shown at Table 1.

Analyzing these results, it can be said that:

e In the periodic signal measures, the remote system
offers almost the same frequency values. In the am-
plitude measures, there is a little deviation.

e In the measurement of resistors configuration, the
remote system provides valid results, taking into ac-
count that the tolerance of the resistances are the
same.

e In the measurement of voltage and current, the re-
mote system is a stable, providing results that are al-
most the same in both remote and manual scenarios.
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TABLE L.
REMOTE AND MANUAL MEASUREMENTS IN REAL EXPERIMENTS
Experiment Manual Remote Error
P Measures Measures %
Periodic Signals 999Hz 999.4Hz 0.04
Fr=1Khz; V=20V 20.1V 19.99V 0.54
Resistances
Serial Conf. 1456 Q 1462.4 Q 0.43
Rr=1470Q
Resistances
Parallel Conf. 445.6 Q 4472 Q 0.35
R=448Q
Voltage Divider
Vi=12.59V 12.59V 12.59V 0
Cumrent MEasres | 1-6912mA | 1-6947mA | 050
1T ! —308.0UA LL,=307.9uA L=307.1uA | 0.25
T2=2U8. _ _
I1i=30.89uA 1;=30.69uA 1;=30.59uA 0.32
Frequency Circuit 50Hz 49.99Hz 0.02
Fr=50Hz; V1=5.6V 5.6V 545V 2.67

B. System time response

The goal of this test is to estimate the system time re-
sponse when users are acceding to the lab in a concurrent
mode. We have developed a software application in Java
that simulates until 60 users’ requests at the same time.

Each one of these requests includes a CUT configura-
tion and instruments setup. Depending on the number of
the connections that the switching matrix has to perform,
the system time response is different so we have use three
different CUT configuration: a simple circuit that consist
on only connection, a medium circuit that implements a
circuit with 2 components and a complex circuit that uses
3 components. The results of these experiments are in-
cluded at Table II. The obtained time responses have been
compared with the times response of the VISIR lab in
order to compare both control models. All the values are
given in milliseconds.

If the circuit complexity or the number of simultaneous
requests is increased, the system requires more time to
response to the user’s requests. Also it is noticed how the
VISIR system is considerably faster than the proposed
system because if a complex circuit must be implemented,
its time response is less than the time required by the
proposed model to build a simple circuit. According to [9]
if a user has to wait more than 7 second, he will lose his
attention an interest in it, so the system time response may
be considered valid because the user will not be more than
7 seconds waiting for his answer. Anyway this feature
should be improved in following developments.

V. CONCLUSION AND FUTURE WORK

Control and measurement systems commonly used in
remote labs must have some performance and reliability
features closest as much as possible to those obtained in a
manual laboratory.

We have presented a model to control and measure
electronics circuits using real instruments through Internet
using a remote lab. The model has been validated using a
complete and operative prototype. The main advantages of
the proposed model are that it can be easily update and its
adaptability to new experiments and instruments. Its mod-

TABLE II.
SYSTEM TIME RESPONSE IN MILLISECONDS
Easy Medium Complicated
Circuit Circuit Circuit

Users Pro-d Pro-d Pro-d

VISIR | P%¢¢ | yisir | PO°¢ | visir | POSC
Method Method Method
10 408,5 777,1 4447 11294 | 631,7 1189,4
30 1195 2019,6 | 1287,4 | 3235,6 | 1874,4 | 35543
60 23479 | 4803,5 | 2662,2 6341 3679,9 | 6919,3

ular design guarantees the possibility of adding new
instruments and components to the CUT easily without
software or hardware reconfiguration. In short, the soft-
ware is transparent to the experiments of the lab. The main
features of the proposed model are:

a) It is an scalable and open structure to add new in-
struments and components.

b) It uses only commercial instruments. No proprietary
and complex solutions are developed

¢) Using IVI and VISA technologies allow to make the
control application independent from the hardware
and the communications interface.

d) Reliable measurements can be carried out because
the hardware in charge of building the circuits do not
introduce errors in the obtained results.

Regarding to future work, in one hand the system needs
to improve the time response in concurrent mode. On the
other hand the configuration of the switch matrix is one of
the existing possibilities, so new configurations can be
studied
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