
VL 4Bp d p i lot m± -bdsed tyi rtttdl laboratory on m OSCI-l loscop e Á p ert-w10 1tp has been develop ed dnd

launchedj br over 1000j i rM year tm deú radMate eng ineering 5tudent5 in the Fdctd ty qf E ng ineering at the

N ational U niversi fy qf s ing dp ore (N U Sj . R ather than siw114ldting the osci lloscop e disp ldy on the cl ien t as
is j tm done in other W tw l ldbomtoriesp the system uses real- time video cap ture qf tlw actttdl osci l loscop e

dikp ldy. I n d di tionp the use qf the mOUM to turn the control button5 dnd knobs qf the instrument has been
I-mp lemented so that d more real isticj d l qf the iru trument b p rovided. SI-nce iu ldtm cl19 VL 4B ha5 in

gefr rdl recci tyed p osi tim j k dbachj tom numerous users m d cm be accessedj tom

Ä Á : / / Í ld .ee.nu5.edu-4gN Ub-

matrix assembly Java applet . T hese virmal laboratories
provide instrument simulators, w hich can be a
powerh l auxiliary didactic tool to give students a basic
idea of the instruments, their control and operadon-

R et- rence 5 describes some laboratory exper iments
that can be run remotely via a Web interb ce- T his type
of laboratory is well suited h r distance learning, w here
students may not be physically on campus. Parameters

of the In ter net has been expanding

i t is now extensively used as a
l ret- rence tool b r com m er-

cial , personal and educational purposes. In

par ti cu lar, the Inter net provi des m any new lear ning
paradig m , inclu ding distance and group lear ning.
M ore recen tlyi the technology has even ex ten ded into
the realm of conducti ng laboratory exper im ents at any
tim e and ð om any l ocati on

th rou gh the I nter net .
A un iversi ty distance teach ing

system that provides lessons,
semi nars an d tu tor ing h as been
operating at the Poli tecni co di
M dano 12 tbr a À w years. A

v i r tual classroom 3 w hich uses

H T M L (H yper I K t M arkup
L anguage) an d H T T P (H yper-

Tex t T ransp or t Pro tocol) to

introduce the capabi11ties of
V H D L (Very large scale i nte-

grated H ardw are D escr iption
L anguage) to ols has been
constr ucted at the U niversi ty
of Erlangen- N urem berg- T he

interactive and com p utational
capab il lt ies of the Java language
have been dem onstrated in
R et- rence 4 usi ng a sim ple Fig. 1 Lab£rat£ry set -up d the £K illoscope experiment
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Fig. 2 One-user int erfaEe £f
VLABon t he Elient side

can con» ol an osci l loscope and sig 1al generator
through the Inter net to m ake red m easurem en ts ð om
a rem ote si te 24 hours a dayi

T he osci lloscope and si g 1al generator in V I A B are

conn ected to a set of PC s through th e GPIB (G eneral
Pu rpose In tertace B us) . A v i deo cam era m the

laboratory is used to d ow the rem ote users to v iew the
oscil loscope di spl ayi V LA B resides in a W orl d W ide

W eb si te m aintai ned by our research group an d the
U R L (U nitbr m R esource L ou d on) is http :/ / v lab-
ee.IIl l s-ed11.sg/ vlab. Fig. 1 show s a photograph of the
phy sical exp er im en tal set- up in the laborator y.

W e recogni se th at no sim d adon system w i ll provi de
the sam e tM as con ducting exper im ents i n an actual
laboratory. C om p ared w i th the v i r tual laborator i es
descr ibed i n R et- reIICed - 4, V LA B d ow s the student

to w ork on red instrum ents and to conduct th e
exper im ent w i th out sim ulating i nstrum ents. W e have
tbcused on developing a general m etho dology h r
m aki ng G PIB - based instr um en ts accessibl e rem otely;

To achieve the aim of creating an environm ent m
w hich students can gain the sam e o × cr ierlce as i n a
tradi ti onal laboratory, ®kn obs' and ®controls' have been

m ade as real ist i c as possible. Speciacaliyi rath er than
simuh ung th e osci l loscope display, V LA B car r i es ou t
real- Hm e v ideo capt ure of th e actual oscilloscope

displ ay and sen ds it to rem ote users.

can be set on th e W eb, and a soðw are in terf ace conver ts
these param eters to a b r m that is accep ted by the local
com pu ter r unning the eEê cr im ent . A m l and M ol ly5
develop ed the soð w are h f Second best to being there,,

a distance- l ear n ing appl ication that allow s a rem otely

located user to con duct exper im ents i n the C ontro l

Engineer ing L aboratory at O regon State U niversi ty.
T his per m i ts the exper im ents to be run vi a the W W W
(W orld W ide W eb) . A ccess requi res on ly a basi c W eb
brow ser that r uns Java and is possible ð om m ost

com puter plattbr m s- A robot exp er im en t w as
developed b r th e dem onstranon . T he B y tronic
Process C ontrol uni t6, ret- r red to as the process r i g in

the Process C on trol and A utom aUon L aboratory at

C ase W ester n R eserve U n iversi ty, can be accessed
rem otely v ia the I nter net . U si ng a W Kb brow seE the

user can log on and post the param eters tkom a rem ote
cl ien t to a L abV IEWr (L aboratory V ir tual Instrum ent

Engineer ing W ork bench , a p rogram ð om N adonal
Insm Im end s) W eb sew er that is connected to a

process r ig v ia a PL C (program m able logi c con trol)
m odule. T he m age is generated by a program an d
rek sh ed using sew er push technol ogy.

In th is p aper, w e present an approach to controll in g
red instrum en ts rem otely and descr ibe a rem ote
osci l loscope ex per i m en tadon sy stem , V L A B , devel -

oped using th is approach . L abV IEW as w el l as w w w
techn iques such as C G I (C om m on G atew ay Interb ce) ,

JavaScr ipt an d H T M L w ere used . U sers only need
a graph ical brow ser w hich suppor t3 JavaScr ipt to
condu ct and m on i tor the exper im ent rem otely. U ser-

ð ieIIdly in ter× ces have b een bui lt and a v ideo server is
bei ng used to broadcast l ive w h at happens in th e real
laboratory. V LA B mow as launch ed in M arch 1999, and

is par t of a com pulsory exp er im en tati on course h r the

m ore than 1000 6rst year undergraduate engineer ing
students in the Facul ty of E ngineer ing at the N adonal
U niversi ty of Singapore (N U S) . I t real ises arl in teracdve
lear ni ng envi ronm ent in w hich engineer i ng students

The user interface

A rem ote laboratory tbr an oscil loscop e o × er im ent
should have a real isUc and user -ð i endly in terfk e

th rou gh w hich users can control th e red instrum en ts.
O ne im p or tan t consi derad on is that if th e user sees a
non- reali st ic i n terb ce, an im pressi on w i lI be created

that th e exper im ent is not easy to con duct and this w ill
h ave a nep bve eEect on using the vi r tu al l aboratory as
a teachin g tool .

T h e graph ic in terface of V L A B on the cl ient side i s
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- A n Od ine operating m anual on o × er im enu l

procedure has been developed, as show n at the
bottom of Fig. 2. T his enables studen· to grasp
quick ly key concepts an d know ledge i n a ®learn by
seei ng an d doing, m anner.

¤ A clo ck at the top r igh t of the user interb ce keeps

the user intbr m ed of the dm e rem ain in g beh re
V LA B l op the user out of th e system . Each user is

al located 30 m inu tes að er p mm g access.
¤ T he im por tan t W eb pages that control the red

instrum ents are protected by V L A B and only
au thor ised users can access these pages.

im plem en ted using JavaScr ipt11 and H T M L 12. Fig . 2

sh ow s the ð on t panels of the osci l loscop e and sip al

generator, th e tw o m ain instrum en ts in the lab orator y.
In the case i llustated, the W o instrum ents are used to
m ake m easurem en ts on an R C ci rcui t . T he exper i -
m ent is set up by ®dragging ' var ious l eads and cables to

connect relevan t p oints of the ci rcui t to the W O

instr um ents. T his i s don e SO as to create a real isdc
im pressi on of the co nnecUons th at have to be m ade in
an actual exp er im en t .

T he m ain h nctions and tkatures of the user interb ce
are sum m ar ised below :

A typical session

T his secti on descr ibes br iedy a typ i cal sessi on b r
conducUrlg the rem ote oscil loscope eE× er im ent using
the inter face descr ibed in the last seCHon - T h e V LA B
exper im ent com pr ises b u r par ts: ®Basic h ncdOIls
and con trols,, ®M easurem en t of phase,, ®Frequency
response of LP Oow pass) alter ,, an d ®R esponse of ser ies
R C ci rcui t to square- w ave input ,.

A typ ical V L A B session consists of the h llow in g
steps:


