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VLAB, a pilot Web-based virtual laboratory on an oscilloscope experiment, has been developed and
launched for over 1000 first year undergraduate engineering students in the Faculty of Engineering at the
National University of Singapore (NUS). Rather than simulating the oscilloscope display on the client as
is often done in other virtual laboratories, the system uses real-time video capture of the actual oscilloscope
display. In addition, the use of the mouse to turn the control buttons and knobs of the instrument has been
implemented so that a more realistic feel of the instrument is provided. Since its launch, VLAB has in
general received positive feedback from numerous users and can be accessed from

http://viab.ee.nus.edu.sg/viab.

s the  Internet has been  expanding
ntially; it is now extensively used as a
wity and reference tool for commer-
wal, § nd educational purposes. In
particular, the Internet provides many new learning
paradigms, including distance and group learning.
More recently, the technology has even extended into
the realm of conducting laboratory experiments at any
time and from any location
through the Internet.

A university distance teaching
system that provides lessons,
seminars and tutoring has been
operating at the Politecnico di
Milano'? for a few years. A
virtual classroom® which uses
HTML (HyperText Markup
Language) and HTTP (Hyper-
Text Transport Protocol) to
introduce the capabilities of
VHDL (Very large scale inte-
grated Hardware Description
Language) tools has been
constructed at the University
of Erlangen-Nuremberg. The
interactive and computational
capabilities of the Java language
have been demonstrated in

Reference 4 using a simple Fig. 1

matrix assembly Java applet. These virtual laboratories
provide instrument simulators, which can be a
powerful auxiliary didactic tool to give students a basic
idea of the instruments, their control and operation.
Reference 5 describes some laboratory experiments
that can be run remotely via a Web interface. This type
of laboratory is well suited for distance learning, where
students may not be physically on campus. Parameters

Laboratory set-up of the oscilloscope experiment
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Fig.2 One-user interface of
VLAB on the client side

CRANNL 1 WOLTRDIW
PORITION  iC ﬂ S ‘
l‘ UNL d - -
5 (
W
uﬁ 2 :
L "

mong VOLTRDIV

My
M

EWEDP TIBVE/EHY Cal i ki
L 15 4 )

TCHANNEL 7

1. &
?

'@

JLe

Skarr Vietsal Labovrabory

- 17t s mwms o b o i

Ln this sxcpevimont, the sscillascope (scope} is nsed to monitar an internal calihration signal and the signsl
generator ontput fwith & de offaet crewted by o bamery). Te cory oot the expedmont, perform the follrwing:

frliak ika "aa

L

|

gy ) e

can be set on the Web, and a software interface converts
these parameters to a form that is accepted by the local
computer running the experiment. Atul and Molly®
developed the software for ‘Second best to being there’,
a distance-learning application that allows a remotely
located user to conduct experiments in the Control
Engineering Laboratory at Oregon State University.
This permits the experiments to be run via the WWW
(World Wide Web). Access requires only a basic Web
browser that runs Java and is possible from most
computer platforms. A robot experiment was
developed for the demonstraton. The Bytronic
Process Control unit®, referred to as the process rig in
the Process Control and Automation Laboratory at
Case Western Reserve University, can be accessed
remotely via the Internet. Using a Web browser, the
user can log on and post the parameters from a remote
client to a LabVIEW (Laboratory Virtual Instrument
Engineering Workbench, a program from National
Instruments”®) Web server that is connected to a
process rig via a PLC (programmable logic control)
module. The image is generated by a program and
refreshed using server push technology.

In this paper, we present an approach to controlling
real instruments remotely and describe a remote
oscilloscope experimentation system, VLAB, devel-
oped using this approach. LabVIEW as well as WWW
techniques such as CGI (Common Gateway Interface),
JavaScript and HTML were used. Users only need
a graphical browser which supports JavaScript to
conduct and monitor the experiment remotely. User-
friendly interfaces have been built and a video server is
being used to broadcast live what happens in the real
laboratory. VLAB®' was launched in March 1999, and
is part of a compulsory experimentation course for the
more than 1000 first year undergraduate engineering
students in the Faculty of Engineering at the National
University of Singapore (NUS). It realises an interactive
learning environment in which engineering students

can control an oscilloscope and signal generator
through the Internet to make real measurements from
a remote site 24 hours a day. )

The oscilloscope and signal generator in VLAB are
connected to a set of PCs through the GPIB (General
Purpose Interface Bus). A video camera in the
laboratory is used to allow the remote users to view the
oscilloscope display. VLAB resides in 2 World Wide
Web site maintained by our research group and the
URL (Uniform Resource Location) is http://vlab.
ee.nus.edu.sg/vlab. Fig. 1 shows a photograph of the
physical experimental set-up in the laboratory.

We recognise that no simulation system will provide
the same feel as conducting experiments in an actual
laboratory. Compared with the virtual laboratories
described in References 1-4, VLAB allows the student
to work on real instruments and to conduct the
experiment without simulating instruments. We have
focused on developing a general methodology for
making GPIB-based instruments accessible remotely.
To achieve the aim of creating an environment in
which students can gain the same experience as in a
traditional laboratory, *knobs’ and ‘controls’ have been
made as realistic as possible. Specifically, rather than
simulating the oscilloscope display, VLAB carries out
real-time video capture of the actual oscilloscope
display and sends it to remote users.

The user interface

A remote laboratory for an oscilloscope experiment
should have a realistic and user-friendly interface
through which users can control the real instruments.
One important consideration is that if the user sees a
non-realistic interface, an impression will be created
that the experiment is not easy to conduct and this will
have a negative effect on using the virtual laboratory as
a teaching tool.

The graphic interface of VLAB on the client side is
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implemented using JavaScript!! and HTML'". Fig. 2
shows the front panels of the oscilloscope and signal
generator, the two main instruments in the laboratory.
In the case illustated, the two instruments are used to
make measurements on an RC circuit. The experi-
ment is set up by ‘dragging’ various leads and cables to
connect relevant points of the circuit to the two
instruments. This is done so as to create a realistic
impression of the connections that have to be made in
an actual experiment.

The main functions and features of the user interface
are summarised below:

® An online operating manual on experimental
procedure has been developed, as shown at the
bottom of Fig. 2. This enables students to grasp
quickly key concepts and knowledge in a ‘learn by
seeing and doing’ manner.

® A clock at the top right of the user interface keeps
the user informed of the time remaining before
VLAB logs the user out of the system. Each user is
allocated 30 minutes after gaining access.

® The important Web pages that control the real
instruments are protected by VLAB and only
authorised users can access these pages.

A typical session

This section describes briefly a typical session for
conducting the remote oscilloscope experiment using
the interface described in the last section. The VLAB
experiment comprises four parts: ‘Basic functions
and controls’, ‘Measurement of phase’, ‘Frequency
response of LP (low pass) filter’, and ‘Response of series
R C circuit to square-wave input’.

A typical VLAB session consists of the following
steps: )



