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Abstract - The continuous technological advances and the
constant emergence of new generation of electronic
devices require a constant renewal of the laboratories of
university practices. Adapting to these changes with the
least expense and greater optimization of resources is a
necessity and obligation to maintain an optimal level of
quality teaching, to make the university competitive both
in itself and students in it are formed.
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Electronic learning.
I. INTRODUCTION
Since its foundation in the early 70's, the Spanish
National University for Distance Education (UNED) [1]
stands today as the largest university in Spain in number of
students with international partner institutions by providing
several countries in Europe and Latin America. Conducted
26 degrees and there is now an important process to adapt to
the EHEA.
Most of the UNED students are people who
alternate their workday and enjoy time in their home with
their study time, which for one reason or other, no gained
access to higher education in their time or left them for
reasons of income or place of residence. One of the
objectives since its foundation is being fulfilled: enable
these people to access higher education and complete their
training and personal challenges.
Today media has on radio and television to support
distance learning, incorporating the 90’s advances in
multimedia technologies, there are now virtual courses,
video tutorials with partner schools in attendance, discussion
forums making every day that goes the distance reduced.
But this way does not end here, there are still areas
where the presence of students is necessary, especially to
supplement classroom teaching with practical classes. This
requirement is fundamental in order to receive quality
education and compete in the labour market with equal
footing with other European students, makes the one hand,
the university has fully equipped laboratories and updated
with the latest technologies and moreover, that students have
to move to make them.
Regarding the first part, provide laboratory
equipment for a number of students to do practices force
them to have a large number of teams, not just so that
everyone can access the time because in this way required
by the scheduled set, but also maintain a stock to cover
damage or deterioration. This represents a significant
financial outlay involved great efforts to achieve them.

Derived from the majority type of student at the UNED, the
offset for practical assistance usually assumed in most cases
will not only damage economic, for board and lodging
expenses that arise, but missed work or family.
II. MOTIVATION
The boom that internet has experienced in recent
years has virtually anything that is done today is related to
the network, work, paying bills, relationships with others,
watch TV or see the shortest route to our destination
vacation. And of course, also is entering the world of
teaching through what is called e-learning [2]. The UNED
has some multimedia resources to support students' study
and consultation literature. And how could it be otherwise,
take advantage of the increased bandwidth provided by
ISPs, easier access to the network with mobile technology or
3G Wireless and advancing capabilities of mobile devices,
phones, PDAs or laptops, to further facilitate educational
development of students.
To this end, there are projects undertaken for the
implementation of remote laboratories for practical work in
courses in those which are mandatory. They serve two
purposes for these projects, first optimizing the use of the
laboratory and also preventing the movement to students.
Optimizing resources is a prerequisite required for any
school that has a spirit of continuity, accountability for the
management and its school community. Having equipment
that students can access and remotely control devices for
practice is a solution to two problems that arise. You can not
ignore the progress that internet offer for us, if hospitals are
using technologies that enable the advice and cooperation in
complex operations for saving lives, there is no excuse for
not used at universities.
As mentioned earlier, the majority profile of people
accessing the UNED already have a job and seeking a
personal and/or labour that could not be completed prior, to
that the availability of a laboratory at any time of day during
every day of the year and from any geographical location is
a huge advantage.
And saved the problem of distance, may also serve
to cooperation between universities anywhere in the world,
which always involves an enrichment and continuous
improvement, resulting in a higher quality of teaching.
III. ARCHITECTURE
The general model (figure 1) of internet access
consists of a personal computer at the user's home connected
by an internet service provider to the network via an ADSL
modem.

Fig. 1. Generic architecture for laboratory access.

This architecture includes a server on the remote
side that acts as a gateway between the user and the
computer control.
The user has the feeling of controlling the
experiment thanks to a camera that visualizes the changes
that occur in the prototype board. The server runs on
Windows 2003 Server, although the laboratory was
developed using HTML [3] and PHP [4], which allow
access regardless of operating system platform used by the
customer. A MySQL database [4] supported by an Apache
web server [5] with PHP 5.0 support were used to save user
data and management of open sessions on the server.
The camera allows the live broadcasting of an
RTSP streaming over the Internet and networking TCP/IP,
with easy configuration through a friendly interface with a
web browser.
Due to the existing problem with the scarcity of IP
addresses, which is leading the migration to IPv6, one
address is used only for access from the Internet, and the
server uses a translation table of IP addresses so that when
detects a request to the listening port of the web cam, it is
redirected to the internal IP of the camera, completely
transparent to the user. This server is shared by two labs and
also uses web cams with the same access method (Figure 2).
The connection of the prototype board with the
computer is done through a USB port to upload the program
but also has a connection to an RS-232 port to carry out
programming practices through serial protocols.
We opted for the Xilinx’s FPGA Spartan-3AN [6]
device mounted on a Digilent prototype board with various
peripherals (Figure 3). The reason was because it allowed
having many doors/price has peripherals ranging from
simple LEDs to standard VGA monitors and ethernet ports
for the development of practices for implementing TCP/IP
stacks.

Fig. 2. Distribution of IP address.

Fig. 3 Prototype kit board of Digilent Company.

On the kit board, various types of memories with
diversity of sizes were mounted, e.g., 64Mbytes of DDRAM
with 32M x 16 bits data interface, 4Mbytes of flash PROM
for stored configurations and another 4Mbytes of neither
parallel NOR flash. Digital to analogue converter, analogue
to digital converter and a FX2 expansion connector
increased the possibility of interconnection whit another kit
board. For typical applications, the configuration image file
is stored in a non-volatile memory and is not necessary more
memory, but the kit has four different configuration memory
sources for more complex projects. The bit stream file is
downloaded into memory via a USB connection with JTAG
standard protocol. This file is stored in volatile or in flash
memory depending of the necessity, although in the
laboratory all files are stored in volatile memory.
Also an audio output is included through a jack
plug-in. web cam microphone can be used by connecting a
speaker to the board and hear the result of test in the web
navigator plug-in.
The Spartan-3AN FPGA operates with two supply
rails, by a quadruple-output regulator specifically developed
for this kit, of 1.2 and 3.3 volts. These voltages levels are
sufficient for most applications.
This diversity of peripherals allows that the lab can
be used for simple programming practices in early courses,
intermediate levels with handling of keyboard or mouse, or
more advanced as slideshow in VGA or Ethernet
connections. They also have mechanical actuators, switches,
pushbuttons and a rotary encoder, although they are more
difficult to use because they are not physically manipulated.
However, if necessary, some electrical circuits may be
designed to allow their use. It would increase the usability of
the development kit.
The complete rack mounted with the three
laboratories includes the boards, the cameras and the server
with the web server and the other software (Figure 4).

Fig. 4. Full installation of laboratories.

IV. IMPLEMENTATION OF LABORATORY
A .Programming languages
The programming language used for the
development of the laboratory is PHP, which interact with
the server embedded in HTML pages. JavaScript is also
used in the client-side, mainly for the monitor the timing by
a user on a page or to create menus selectable in some
particular page.
The database is structured in tables that store data
of users who have logged at least once, usernames and
password for laboratory managers and tables for managing
active user sessions, queue for entry to the laboratory and
the queue for use by the programmer.
Another important aspect is to keep an updated
record of hits and performed by the user to evaluate the
practices subsequently completed, successfully or not. XML
[7] has been used to create records because of the easiness to
export data between different programs and spreadsheets, as
well as being increasingly used on the Internet as a language
for creating web pages and data export. XSLT is used to
create reports and integrate them into Web pages with PHP
[8] and to transform documents, filter data and added the
ability to generate all reports in PDF format for direct
printing.
B. Compilation of source files
The hardware description language (HDL) is used
to generate source files which then allow the programming
of the FPGA. There are several HDL languages but the most
descriptive language used is hardware integrated circuits at
very high speeds, VHDL stands for VHSIC and HDL, and
the Verilog language.
Xilinx has a suite called ISE Design Suite able to
use two languages and has the facility to be used with a

graphical interface or command line. It was used in the
laboratory because the user does not have access to the GUI.
The steps for compiling a HDL source files are
simple and if the file does not contain syntax errors, all
processes are carried out smoothly.
The process starts by creating a new project that
will add sources (if you already have them) or create new
ones with the built-in editor. An important aspect to
consider is that the prototype board has the peripherals
connected pin to pin at the time of manufacture and without
the possibility of modifying them.
We must specify where the program must assign
the pins in the archive design and not let him assigned them
arbitrarily or in response to physical location reasons. This
creates a user constraints file (UCF) in plain text where the
signal is related internal design, with the output pin of the
FPGA, optional indication of the tension that will be used,
between the standard LVCMOS of 3.3 volts or 1.2 volts, the
slow rate and the fan-out of the output.
After obtaining the necessary HDL files and UCF,
the XST program starts, which makes syntactic checking
between files and generating a netlist file. This file specifies
a list of physical connections between the components of the
design. If this step is successful, you can proceed with
critical compilation, now more related to the device with the
programming language. Once the logic elements forming
the physical connections defined in XST are placed, the
connections are optimized for lower propagation delay, and
timing diagrams are generated for testing. Finally the
application generates a bit stream for programming the
FPGA.
Board programming is done through a standard
JTAG connection built into the motherboard itself and
linked to the PC via a USB port. If the programming file
generation was successful, the access to launch the
application program the board is guaranteed. Then the
application checks the connection and detects devices
connected to the JTAG bus to finally choose the device and
send the program file.
C. Using the command line
During the development of remote laboratory a web
interface has been implemented for command-line
interpreter for compiling the Xilinx design tool for students
who do not want to install the entire application or not have
computer to do so. As in the program, the process is the
same with the only difference that here there is not a text
editor. No editor has been implemented because it would
make an unnecessary occupation of the laboratory, as well
as being slower than doing it in the computer itself, since it
does not require anything more than a simple text editor.
The rest of the process is done through the
laboratory, serving as a gateway between the Xilinx
application installed on the server computer and the web
interface is displayed to the user, being responsible for
making PHP that work (Figure 5).
Once the files are uploaded to the server and are
running the same stages as the design suite, our PHP
application executes a command and collects its output. This
result is shown to the user, who may check the log output of
the command to take an appropriate decision.

Fig. 7. User-device link with PHP.

Fig.5. Interface for compiling process.

Those who have installed the application on their
computer and have the generated file to program the board
can work in an alternative way. In this case there is an
entrance that leads directly to programming and testing
results. The only requirement is a checkbox indicating
whether to use the serial port or not, giving users freedom to
develop different applications for the proposals. Any student
can design their own projects under supervision and
knowledge of the administrator of the remote laboratory,
using the web interface to check the files without having to
make the financial outlay of buying a board prototype
(Figure 6).
In this case, the user can also connect with the
board prototypes for functional checking of some of the
practices raised. This is the serial port control for sending
and receiving of characters that are in turn displayed on the
LCD board, verified the result with the web cam (Figure 7).

D. Use of laboratory by users
The remote laboratory (Figure 8) allows any
student make the practices at any time of day and any day of
the course, organizing his/her own time. This easiness of
access is offset by the simultaneous use with other students,
although the probability of concurrence is low.
For this reason it had been foreseen two possible
scenarios of simultaneous accesses, an access to the lab and
a more restrictive access to the programmer. Several
students may run multiple instances of the compiler with the
limitation imposed by the physical resources of the server
computer, but only one can program the board and test what
has been done with the camera.
Because of this limitation, after 5 minutes without
refreshing or changing the practice web page, the session is
closed and the user is redirected to the home page. There is a
limit of 10 simultaneous accesses of students to work. The
following accesses are sent to a page where the user is
informed of the expected number of users that are ahead of
him and given the option to leave the lab and come back
later. According to the behaviour of the server, this limit can
be adjusted to give more users access or reduce the number
to improve quality.
For the other situation, where concurrent access
may happen, the queue management is similar to in the
previous situation, except that most users will never be
waiting for you for an internship program.
Regarding authentication, currently the laboratory
does not restrict access. The identification page requests a
user name and generates the relevant records.

Fig. 6. Process to run command.

Fig. 8. Laboratory main page.

Once identified, the user is informed how to use the
lab, the compilation process and links to find information on
FPGA devices, development tools and various resources.
Subsequent entries on this page are avoided and it has direct
access to work. We have tried to make a simple interface to
use and display the information clearly. There are two web
pages which display throughout the process, indicating in
which stage the user is and the other with the result of
command execution.
Only when all stages are completed, the file has
been generated and the device programming has been
completed. A window will display real-time images of the
web cam.
E. Records created
An important aspect of any web service, not just a remote
laboratory is to maintain a registry of the accesses. In our
case we generate three kinds of records:
1) Individual registration, which keeps the activity
of each user, with date and time, practice started and
command executed along with the result produced.
2) General register, which includes what practice is
saved and what is not completed by each user.
3) Registration of hits to the programmer, who uses
it, what practice and the result.
All these records are stored in xml format for easy
export to other formats and they can be treated with
spreadsheet programs, and generate lists in PDF format
necessary for the ultimate goal of the laboratory, to evaluate
students. In addition to having the data in that format can be
used parsers and XSLT to filter data and generate custom
reports (Figure 9).
F. Use of laboratory managers
Administrator role requires a username and
password. There are three main activities that an
administrator can do to manage the laboratory, i.e., user
management, backup management, and log visualization
(Figure 10). The administrator can see who is online, access
the camera to monitor the work being performed by a
student or access as a student to see what students see. All
work carried out by an administrator is also registered.

Fig. 10. Web interface for administrators.

Regarding backups, the system make regular
backups of the laboratory's root directory and all files that
have been generated. This copy is programmed as a
Windows task and is done weekly from Saturday to Sunday
night, a moment where the server load is lower.
Perhaps the most interesting part of administrator
access is the records query and generation of activity
reports. Custom reports by user, practice or daily access can
be generated as well as predefined reports about the use,
ordered hits per day, ordered by users, full practice. With the
information provided, a teacher can check the number of
times a student has accessed the laboratory, the amount of
time spent on it and what practice has been performed,
obtaining the result of the same. The teacher can, in the case
of many attempts and all failed, help the student to solve
their problems or advise to avoid them.
All the reports can be generated in a PDF format to
print or save. A tool called TCPDF and published under
GNU [9] license has been used.
V. CURRENT STATE OF THE LABORATORY
Currently, there are four proposed practices
available to be implemented in the laboratory, although no
experimentation has been carried out yet by students. The
final version of the laboratory is ready to be used by the
students.
In the proposed practices, the description of how to
use of the serial port RS-232, the LCD display and the LED
diodes are included (Figure 11).

Fig. 11. Board and server interconnection.
Fig. 9. Reports generated.

.

To start with the use of the laboratory and for
making an easy adaptation to the web interface, the first
practice is a simple counter whose result of these count is
show in eight led's. This practice requires uploading only
one file with the VHDL code of the counter, although the
files with the user constraints and the project file are also
needed.
The second practice makes use of the LCD display
for showing one or more words, which depends on the
programming code uploaded to the lab. The display is
capable to show 32 characters in two lines.
The third practice imitates a terminal for serial
communication with the computer. The user write in the
sender box and checks in the receiver box the incoming
characters, and also with the web cam is possible watch this
character shows in the LCD display and the ASCII code for
him in the eight LEDs.
Finally, the last practice is not really a practice. It
allows the student to make his own projects and use the
laboratory only for verification of the operation. The student
must check a checkbox if he needs to use the serial port.
Then he will upload the files with the code and begin the
compilation process. Thanks to this module, the student has
freedom to develop different projects and to increase
knowledge (Figure 11).
In this case, the student does not have the control
for the FPGA inputs, this is proposed as future work. For
example, it can be accomplished through the parallel port of
the server equipment with the appropriate interface between
them and generating the server code for control of the port.
VI. CONCLUSIONS
This paper has briefly stated the operation of a
remote laboratory implemented at UNED to practice with
FPGA devices. The design emphasises on issues such as
minimizing the use of public IPs by using the available
resources. The solution proposed generates activity logs for

Fig. 11. Election of practice.

further evaluation of the work and the simplicity of the web
interface.
The development of the laboratory pretends to meet
the distance learning needs avoiding the students to travel to
perform face-to-face practices. With this system both
University and students obtain benefits. University saves
money and increasing reputation and prestige by the
continuously innovation. Students continue their normal life
without leaving the work or the family home.
Despite
having
mechanical
performance
peripherals, the laboratory cannot use them because it
requires changing the switches. This may be implemented
by an electromechanical circuit. This is a limitation for the
full utilization of the prototype board, but it still offers many
advantages.
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