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Abstract

Limited financial resources for the acquisition wéw
laboratory hardware continue to marginalize theliguaf
electrical engineering education. However, the demen-
tary use of onsite, remote, and virtual laboratan be
used to help overcome this trend. There is a wadttways
to integrate these three types of lab experienots the
curriculum. For fulltime, on-campus students, resnand
virtual labs can be used as supplemental work gootisite
labs. Virtual and remote labs are especially usééul
“predict and measure” experiments that focus oryéinal
learning. Onsite labs can continue to dwell on glesand
troubleshooting-oriented exercises. Remote labsatsobe
used to increase access to one-of-a-kind equipareahg a
group of students. This is especially true in uppeem
courses where the quantity of advanced test equipnee
stricts availability. There are also opportunitieform col-
laborative arrangements with other institutions which
remote labs can be shared.

Introduction

The use of software-based test and measuremestitool
engineering education has increased substantiallyart
due to the rapid development of low-cost, high-speam-
puters. The acquisition and ongoing costs of made#ind
simulation tools is much less than that of hardwad yet
can provide a valuable learning experience. Coresattyy
universities with science and engineering prograngsin-
corporating more software-based tools in both tieachnd
research laboratories. Science and engineeringesuypi-
cally involve students performing practical expegitts and
assignments in laboratories as part of their kndgdéeand
skills development. This is essential in reinfoccthe theo-
ries learned in lectures and in providing a meanfoster
independent thinking. Knowledge and skills develeptn
also bring the course theory alive so studentssegnhow
unexpected events and natural phenomena affeetvoréd
measurements and control algorithms.

Equipping a traditional electrical engineering ledtory
is a major expense, and maintenance (both breaksfitk

calibration) is an ongoing expense. Qualified instors are
needed to manage the laboratory, oversee studants,
grade their work. The laboratories are availablly evhen
equipment and instructors are both available. These
source limitations are an impediment to achievingram
efficient use of the space and equipment. Limiiedrfcial
resources to support traditional hardware-orietabdrato-
ries continue to marginalize the quality of engiieg edu-
cation. in this paper, the authors discuss theafisensite,
remote, and virtual laboratories as complementagystto
reduce cost, increase access, and, thereby, proeaoteng.

Combining the onsite laboratory experience with ggam
and virtual work allows educators to enhance thalityuof
engineering education. The approach is not to ceptae
onsite laboratory experience, but rather to supphenit
with a system that provides greater access to nodrikie
same experiment$he focus should be on integrating a con-
stellation of onsite, remote, and virtual laborgtogEsources
so that students receive good, hands-on experi€foe.
National Instruments (NI) ELVIS (Electronics Labtmgy
Virtual Instrumentation Suite) platform, along witk vari-
ous plug-in modules, can support experimentationssca
wide variety of science and engineering topics. @&tthors
have successfully implemented this approach farmabina-
tion of all three types of labs [1].

Onsite Lab Experience

The NI-ELVIS platform provides an economical sabuti
to equip electronic laboratories for onsite courseallows
users to run experiments nearly identical to thesothat
they now perform with hardware-based equipmeris kss
expensive to outfit multiple lab stations with thikatform
than with traditional dedicated test and measur¢raguip-
ment. Such tools as variable DC power suppliesitadig
multimeters, oscilloscopes, and waveform generappear
as virtual instruments displayed on a computerestrgith
knobs, readouts, and controls similar to their e
counterparts. Each lab station then consists oéraonmal
computer, an NI-ELVIS base unit and at least ongy{ih
board to support a specific set of experiments. ot
often-used NI-ELVIS built-in instruments are: fuioct gen-
erator, digital multimeter (DMM), oscilloscope, andria-
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ble DC power supply. The NI ELVIS platform is fléke
enough to teach analog and digital circuit fundatasn
instrumentation, control systems, and wired/wirglesm-
munications techniques.

The authors have evolved the electrical laboratorye a
blend of traditional measurement equipment anduairt
instruments. Dedicated test and measurement equoipene
primarily used in the 1st and 2nd year of the fgem+ pro-

communications and instrumentation now employ tineiv
al instruments within the NI-ELVIS platform. Afteieveral
semesters, the authors’ experience with integrafiig
ELVIS into their lab sections has been positiveid8nts are
first introduced to the platform with two introdocy exper-
iments that give them exposure to the virtual unsgnt
panel. Initially, the oscilloscope and waveform getor
configurations are employed to make measurements
hardware devices under test (DUT). Later, otheaualrin-
struments are introduced so that students get iexper on
them as well. Placing jumpers and cables on thg-jpiu
board is a convenient and easy way to set up a Hath
experiment contains a connection diagram that titiiss
how this should be done. Data is collected fromintial
readouts in much the same way as with traditionsiru-
ments.
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The student experience with the NI ELVIS setup wasFigure 1. Multisim Circuit Environment

measured using a survey in a third-year RF comnatioits
class [2]. The results showed that students weglehhisup-
portive and described it as a positive processulrer of
elements contributed to the positive, hands-on espee of
our students. For example, they were able to gyicktate
a wide range of test configurations with minimahéi re-
quired to wire and troubleshoot the DUT. The Helpaurce
for the virtual instruments is well-written and éles stu-
dents to understand how to modify settings andiolatecu-
rate data. Furthermore, the detachable breadbdindsa
project work to be carried out independent of theebunit
itself. NI-ELVIS, coupled with other tools such lsiltisim

When the need arises for more advanced analysiki-Mu
sim delivers over fifteen sophisticated analysesn& ex-
amples include sinusoidal steady-state, transiamd, fre-
guency spectrum analyses. In addition to traditi@RICE
analyses, Multisim allows users to intuitively cechvirtu-
al instruments to schematics. These virtual measené
instruments can be used to interactively measueeréh
sponse of circuits that behave like their real-datjuiva-
lents as the user sets, changes, and reads théoutp

Virtual instrumentation can be used to help inttis

and LabVIEW™, provides an inexpensive yet powerful overcome the resource limitations of onsite latmsaspace

teaching platform.

Virtual Lab Experience

NI's Multisim circuit simulation environment showin
Figure 1 can also be used as a virtual lab to supght its
onsite counterpart. Multisim offers a user-friendyperi-
ence, especially for students who are new to disigiula-
tion software. New users do not need to work wiHCE
(Simulation Program with Integrated Circuit Emplssi
syntax and commands, while advanced users havesatwe
all SPICE details. Multisim has a wide range of poments

and hardware. One of the approaches in this stuaky tev
allow students to connect to onsite equipment aret p
staged experiments remotely over the Internet. dees
where space and facilities are limited, accessexpanded.

Remote Lab Experience

Remote laboratories are a way to allow laboratapyife
ment to be accessed by students from a distanog tisé
Internet. Some exciting applications can be easilye us-
ing NI-ELVIS. Experiments can be made availablen@drs
a day, 7 days a week, and students can perfornrimerds
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from their campus residence or home. This appradst
enables research teams to make expensive equi@wveiht
able to others, enabling institutions to get mase from its
current equipment base and to meet demand withexésna
sarily purchasing more.

A significant hurdle lies in providing a requisiabstitute
for the traditional onsite experience. Early work r@mote
delivery of experiments appeared in 1998 with Esé&he
Chassapis [3]. It was followed in 2000 with a repby
Gurocak [4]. A distance platform that supplemerite t
hands-on experience was developed and pilot testélde
University of Hartford in 2004 [5], [6]. The systeatlows
users to control test and measurement equipmerateim
and, thereby, run the same experiments normalffppeaed
by coming to the lab.

Sharing a remote laboratory platform between stigdien
different courses, sections, and perhaps acrossutions,
requires detailed planning across several fromg Types

quire a high degree of pre-planning with minimahibe
during the semester. As shown in Table 1, the dipgtroach
is called ‘synchronous’ in which all students penfothe
same set of experiments on the same weekly schetiue
advantage is that the set-up and take-down for eaphri-
ment need only be done once. The main issue isriagsu
sufficient access for a given population of userd ime
period to get the work done. The second approaaled

weekly coordination to ensure that the relevanteexpents
are made ready. This approach works only if anteriech-
nician with sufficient time to focus on DUT set-apd take-
down is available.

Table 1. Approaches to Course Collaboration

Approach Advantage Disadvantage

Minimal setup and| Experiments and

Synchronous take down requiredtiming must overlap

Experiments and
timing are flexible

Help needed for

Asynchronous frequent DUT changg

D

For a truly effective remote lab, there is no conuiadly
available solution that offers a comprehensiveesaftman-
agement and learning tools, e.g., video confergcin
chatting, remote hardware configuration, simulatiwft-
ware, and downloadable lecture/lab materials. Thera
need to develop a more complete and fully integratis-
tance learning environment that offers sharing emithbo-
ration options between and among institutions £#.Inte-
grated Virtual Learning Platform (IVLP) was devedapand

reported in 2010 to address this need [8]. An édtng
advantage of IVLP is that it employs a simple aeatture
based solely on LabVIEW ™,

LabVIEW™ can be used to programmatically control
hardware in the base unit, enabling, for instaacégmated
signal acquisition and generation. NI-ELVIS instemts
can be opened inside the Multisim environment talyze
both simulated and real signals. Students can cempe
pected results using simulations with actual valfresn
physical devices promoting an understanding ofdifier-
ence between theory and practice.

The NI-ELVIS workstation can be reconfigured foriva
ous electronic laboratories by choosing differehiggn
modules. Plug-in modules are available for confrotam-
munications, electronics, fiber optics, digital ilmgand oth-
er topics. The eTCB (electronics Training CircutaBd) is
one example from Delmar Cengage Learning. This unit
supports DC and AC circuit analysis for design andlysis
topics. For advanced courses, Emona Instrumentdehae-
oped the DATEx and FOTEXx boards as plug-ins. Figuie
a picture of the Emona DATEX-ELVIS setup used idioa
frequency (RF) and data communications. Figure @wvsh
the Emona FOTEX-ELVIS used for fiber-optic commuanic
tions.

Figure 2. DATEX-ELVIS Setup

Remote Lab Experiment

This experiment demonstrates the use of the Em@ha F
TEX board to transmit two discrete message sigalalsy an
optical fiber in the same direction using WDM. Asetre-
ceiver end there is filtering in order to recovestjone of
the messages. Figure 4 presents a block diagranthéor
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WDM experiment, while figure 5 presents the actc@h-
nections on the FOTEXx board [9].
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Figure 3. FOTEX-ELVIS Setup
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Figure 4. WDM Experiment Block Diagram

Figure 5. WDM Experiment Setup

The setup is a single-channel transmission sysidrme.
master signal module's 2kHz sine output is usadddel an
analog message. Coupler modules are used to déeilihe
remainder of the experiment remotely. Then set the
ELVIS Il oscilloscope VI as follow:

» Timebase control is 100us/div.
e« Channel 1 is activated. Recovered message ob-
served is given in Figure 6.
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Figure 6. WDM Experiment Set-up

Then, send the two signals over the channel — alogn
and a digital message (modeled by the master sigodt
ule’s 10kHz Digital Output). The result of the WDdpera-
tion can be observed on the oscilloscope virtusiriment,
as given in Figure 7. The set-up used for this erpent
enabled students to use LABVIEW capabilities fotada
calculations.

Students Experience Using Remotely
Controlled Test Environment

Two surveys were conducted to get student feedback
about the use of the FOTEX communication trainéups
in the lab. The following questions about their esxence in
using the FOTEX-ELVIS Il setup in a Fiber-Optic Coon
nications course were used for the survey:

1- Do you feel comfortable using this setup?

2- Were the setup experiments clearly written?

3- Were the experimental procedures easy to follow?

4- Did the use of the setup increase your inteireghe
labs?
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Did you have difficulties in configuring the FEBX -
ELVIS setup software?

Did you have difficulties in configuring the FEBX -
ELVIS setup hardware?

Did you experience difficulties in performingyaRiber
-Optic Communications experiment?

Was the lab setup very valuable in terms ofrlieay?
Overall, do you support the use of the FOTExXVEL
setup in this course?

Figure 7. WDM Output

Fibe Optic Lab Survey Results
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Figure 8. Fiber Optic Communications Survey Results

The survey included 15 students enrolled in a gatelu

fiber-optic communications engineering course, ahd

results of the survey are illustrated in Figuremere the

blue (light) bar represents a YES answer and tedark)
bar represent a NO answer. The X-axis represeatguhs-
tion number, and the Y-axis represents the frequenfc
each answer. As given in the graph, there is d tmjeee-
ment among all students that they feel comfortablag the
FOTEX-ELVIS setup and that FOTEX -ELVIS setup exper
ments were clearly written. Also, all students syad sup-
port the use of the FOTEX -ELVIS setup. The resoitthis
survey also show that this setup is user friendigt has a
fast learning curve. The next step is to implenteatuse of
this set-up with an optical switch matrix and use set-up
in a collaborative distance learning environment.

Conclusion

Institutions that offer science and engineeringgpams
continue to be under pressure to do more with lessited
resources for equipment and instructors make adbkén
architecture of virtual and remote labs an attvactvay of
supplementing onsite labs. Remote access to expetain
setups expands the window of equipment availabdityl
opens the possibility of collaboration across ottenpuses
and schools. To date, there is no commercially |alvi
management system that meets the needs for rembte |
operation. A course management system integrated wi
LabVIEW™ would appear to be the most effective. &th
wise, institutions will continue to rely on proptiagy or oth-
er work-around solutions.

On the positive side, the combination of LabVIEW™,
Multisim, and NI-ELVIS is a useful way to mesh tigand
practice. Students develop a firm grasp of thegiplas of
electronic devices, circuits, and systems usingead of
onsite, virtual, and remote labs.
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