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Abstract
One of the problems of long digance educdtion in engineering is peforming
laboratory experiments without actudly being in the lab. Tha is perhaps the
biggest limitation on the qudity of any engineering program that wants to go the
long-digance way. Mog programs depend on smulations. Although this is
possble, the student does not get the opportunity to get a very practica
experience during the process. In this paper, we demondtrate how a student, from
anywhere in the world, can operate a laboratory equipment such as a network or
gpectrum andyzer, redding in a remote |aboratory, via a regular internet browser.
This new agpproach dlows severa students, from different parts in the world, to
run an experiment together, smultaneoudy. It dso, can dlow the sharing of
equipment and resources among univerdties and other laboratories without the
physical movement of equipment or researchers.

Implementation

Figure 1, depicts the concept of a Virtud Insrument (VI), controlling a red
andyzer resding away from the virtud indrument (the replica). Since, the
“student cannot come to the Lab", the Lab will come to the student. The am here
is not smply to monitor and control measurements from a digtant location, but to
achieve this remote control without, if possble, any specid hardware or
software. Hence, it must be operated on some type of software that is common to
dl today’'s PCs, in a network environment. Consequently, some of today’'s
standard Internet browsers were found as a suitable solution. They are most
convenient to perform this task because they are ingtdled on every computer
nowaday’s.

The client's (user’s) browser is connected to an interactive HTML page on a
server, built as a Java applet [1,5], which then becomes the client’s interface for
controlling an ingrument. The find configuration of this communication scheme
is shown in Figure 2. A host computer encompasses three units an interactive
web page(s) (Java applet(s)), a Web Server and a Data Server. The Web Server
receives requests from a remote client computer for the interactive web page and
sarves the client with that web page (epplet) if the client is digible for that
(security redtrictions goply which is going to be mentioned in the next section). At
the same time, by its Daa Sever pat, the sarver communicates with the
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indrument to be remotely controlled. The Daa Sever is in fact a virtud
indrument that communicates with the red ingrument. Connectivity between the
host computer and the red insrument can be locd (physicd) or the instrument
may even be connected to some other computer in which case the communication
is handled through the network. Once the user receives an applet on hisher web
browser window and a connection with the host Web Server gets established after
some handsheking, the overdl data transfer is managed by the Web Sever.
Commands and parameter vaues received from the client are through the virtud
ingrument transferred to the rea insrument while measured data are being sent
from the red ingrument back to the client, analogoudy. Our Web Server [6] can
serve a number of students smultaneoudy and the students can request different
applets to control various instruments or processes at the sametime.

Results
Usng the communication scheme described above, a syssem was configured to
remotely control a network anayzer. In our case, the analyzer has been connected
physicaly to the server. To run the tests, the clients were connected © wired and
wirdess networks. They were connected to the analyzer via an HTML page set up
to measure S-parameters of a sample microstrip antenna, as shown in Figure 3.

Figure3 Remotely controlled S-parameters measurement
from awirelessly networked notebook

In addition to the instrument related functions, the interactive page, dso, included
a chat box to enable red-time discusson during the measurement. That way, al
users can communicate during the measurement sesson in a practica and cost-
effective way. Concerning any security agpects of the incoming connections
towards the sarver and its pats, there is a way to check them out
programmaticaly both in the Web Server and the Data Server pat. We can
arbitrarily assgn an ID to each prospective applet to ensure that an applet can be
connected only to its virtud insrument peer. This is epecidly important in the



case of repedting several processes smultaneoudy. If the ID does not match, the
connection is denied.

Again, dl connections and data transfers are managed by the server automatically.
For example, if any user a any moment changes the vadue of any parameter on his
applet, the server, in addition to sending that new vaue to the analyzer, aso takes
care of updating the applets of al the other users being connected to that applet.
That enables dl users (dudents) to follow any change made by their colleagues at
the same time. Moreover, each user can open more parallel processes (Smulations
or ingrument controls) on hisher computer as well.

Discussion and Conclusions

It was shown how a network andyzer can be controlled remotey usng smple
web browsers for educationa purposes. Numerous users can, Smultaneoudy, run
multiple indruments or gmuldions. This definitdy leads us to the Virtual
Laboratory concept. Students can do lab in a more flexible environment where
they can practice from digtant locations, a their convenience, and with extended
durations, unlike classc and drict schedules Expersive equipment, usudly
inconvenient to be manualy run by a large number of users, and untrained
gudents, can now be offered in safer and more controllable way by use of its
virtud replica - virtud indrument as an interface between a user and a red
insrument. On the other hand, engineers, scientists, and project teams can easly
share their test data, organize virtual meetings and workshops. People can share
the ingruments worldwide by putting their corresponding virtud —instruments
accessible on the Web.
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Figure1l Virtud instrument controls the red ingrument
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Figure2 Block diagram of the system




