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Abstract—The MIT iLab Project was established to expand component of their students' education.

the range of laboratory experiences available to stients in Moreover, traditional laboratories, where available
science and engineering  education. iLabs are online rarely reach their full potential. This is becauf, the
laboratories  that enable students to conduct real  most part, their access is limited. Traditiondideatories
experiments remotely. Recently, the iLab Project has g.e generally open only when staffing is availahtel
focused on building remote laboratories around theNI- there are necessarily a limited number of experiaien
ELVIS platform, an all-in-one electronics workbench. This setups for students to use. This presents a coabide
paper will detail our recent efforts in expanding he inconvenience for students, who are often so emtjige
capabilities of ELVIS-based iLabs by enabling studets to assembling and troubleshc;oting an experiment thay t
test and debug digital and analog circuits. This wdk will are not left with enough time to absorb the crucial

enable students to perform remote experiments .., ants the assignment was designed to demonstrate
characterizing digital logic elements. By merging witching

capabilities with the Digital Multimeter available on the In 1998, MIT created the concept of iLabs - anrafie
ELVIS, students will have the ability to examine and {0 bridge the challenges and inefficiencies of gsin
troubleshoot circuits. These added capabilities wilprovide ~ traditional laboratories [1]. iLabs are online ladtories
educators and students with unparalleled flexibily and ~ that give students access to various experimestabs
significantly enrich the remote laboratory experierce. thus enabling them to conduct experiments on real
equipment remotely via the Internet. Such a setup
Index Terms— e-learning, electrical engineering, ELVIS, iLab, bypasses a large number of the typical problems of

remote laboratories conventional laboratories. Most importantly, iLajyeatly
reduce the cost of setting up a laboratory for easbr
Introduction because only one piece of equipment, which carmbaeed

by multiple users, is required. Further, iLabs dat n

A student's curiosity is often left unsatisfied lwitt  require direct staffing while they are being uséd. a
classroom education. In many cases, science anmgsult, an iLab can be setup with an experimeaiea in
engineering courses are taught with an accompanyingny location where there is Internet access andemad
laboratory component. These laboratory experimentavailable without time restrictions. Thus, studesitsnot
provide students with important hands-on, practicahave to wait in long queues to use equipment bectnasy
experience to give more credibility to the theor@sl can access the setups at their convenience fromotiva
methods taught in class. Further, they equip stisdeith  homes. Further, since iLabs can provide access to
a variety of skills necessary for them to be susfebsn  |aboratory instrumentation to a broad range of sisser
the real world. A purely theoretical education webul the Internet, only a few institutions need to irtvascostly
shield students from the inevitable discrepanciesyt equipment. This scalability of the iLabs framewdekds
would face when applying their education asitself to the project's vision: A global network of
professionals. These inconsistencies are oftersatref  institutions creating and sharing cross-discipinirabs
noisy data, inefficiencies of components and samedi  for use by each others' students and faculty.

even a failure to setup the problem correctly. Adfical Since then, the MIT iLab Project has focused on the
laboratory component provides students with expege gesign of a common architecture for the developraent
handling real data and enables them to deal wilseh yepioyment of online laboratories called the iLata®d
issues in an educational setting so that they ®ancome  architecture [2]. The iLab Shared Architecture, IS4,
these problems more competently as professionals. provides a set of generic lab services, such asagseunt
However, students often don't have sufficient a&¢es management and data storage, in a middleware system
traditional, hands-on laboratories. This is becauséhat can be accessed using Web Services. In this
traditional lab facilities are expensive to set apd architecture, iLabs can be designed as distributet
maintain. Further, large class sizes and limitationclass  applications, rather than stand-alone systems, thithSA
time and equipment availability have led to manymiddleware acting as a distributor of remote latmies
institutions around the world neglecting this neee$ to users. In this way, the ISA not only eases the
; ; ; , deployment of remote laboratories, but also makest
This work has been supported in part by the Caen&girporation ¢ eagie?/ to share across institutions. Adoption ef ittab
New York, the Maricopa Advanced Technology Educat@enter, th ; ’ p .
Microsoft Corporation through iCampus (the Mierosoft Alliance) Shared Architecture has lead to faculty from aetgrof
the National Science Foundation under award #0782%8 th«  engineering fields implementing and deploying a ham
Singapore-MIT Alliance, the Singapok&T Alliance for Research ai of iLabs which can be accessed by students achess t

Technology and by MIT Alumni Funds (Classes of '55, '60, and '72)  globe [3-5]. During this time, the number and virief
as well as through equipment donations from Natidnstruments

Agilent Technologies, AMD, Hewlett-Packard and Inte




iLabs available to a given user has expanded signily  standardized infrastructure which could be used by
[6] developers around the world [2].

Within the MIT iLab Project a significant amount of As detailed in Fig. 1, the iLab architecture isitsipito
effort has been applied to developing iLabs basethe three major components: a lab client, a Servick&rand
National Instruments Educational Laboratory Virtuala lab server which interact with each other usirgbw
Instrumentation Suite (ELVIS) platform [7]. The ELY  based service calls. Each of these componentsésided
is a relatively inexpensive, small-footprint ingtrent in detail in this section.
containing a number of common electronics test and )
measurement tools [8]. Leveraging iLabs togethén wie ~ A. Lab Client
ELVIS hardware platform enables a wide variety of The lab client is the user interface through which
electronics measurements to be made remotely witheu students access an iLab. It provides an intuitive
burden of interfacing with many different pieces ofrepresentation for the lab being run, allowing sstr
individual lab instruments. Initially, ELVIS-basatabs specify parameter values and to graph the resefitsed
were focused on a small subset of the platform’srom a given experiment.
functionality. More recently, the iLab-availableatare set The current family of lab clients was adapted frttve
has grown, enabling a truly versatile remote latwya \ersatile, open source client used in the original

experience. Microelectronics Device Characterization iLab [Bhus,

This paper will detail the latest additions to HIeVIS-  ysers of previous generations of MIT iLab clienit e
based iLab developed by the MIT iLab Project. Itl wi familiar with the more recent lab clients.

provide an overview of previous work with the phaith.
With the development trajectory established, trigpgy B. Service Broker

will describe the project's latest efforts to ematile entire e Service Broker serves as the heart of the FSA.
set of ELVIS functionality available within a simgilLab. Service Broker provides generic administrative ises/
that can easily be leveraged by lab developersevdifio
. THEILAB SHARED ARCHITECTURE managing communication between lab servers andtslie
Early remote laboratories at MIT were built asGiven its generic design, a Service Broker candual by
individual, stand-alone systems [9-10]. A lab djesuch multiple lab servers and clients simultaneouslytdmnms
as a Java applet, communicated directly with aeserv of administrative functionality, the Service Brokeeals
connected to the hardware being investigated. 3dniger  with user accounts and enforcing permissions. @lisvs
also provided an administrative interface, managingdministrators to group students by class, yeagven
student accounts and logins. However, as the ikaje@t  educational institution, for example, and to spewihich
grew and more labs were created, this approacholed labs are available to each group of students. Treic®
divergence in development efforts with each labiigits ~ Broker also stores usage data that completely ibesca
own unique code structure. The iLabs shared aathie lab session whenever a student runs an experiment.
was introduced in 2002 in an effort to create a There are two distinct types of Service Brokerssth
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Figure 1. Topology of the iLab Shared Architecture



for batched experiments and those for interactimeso It must, however, be noted that each lab server is
The Batched Service Broker supports the running ogquipment specific, and as such, a different latvese
batched labs. A batched lab experiment is completelnyst be used for each distinct set of lab instruetim.
defined by specifying parameter values for thesetis

information is passed through the Batched Sevitk®  patafiow within the iLabs Shared Architecture

and stored in a first-in first out (FIFO) queue the lab e . .

server. Once the experiment reaches the front ef th Lab-specific information is exchanged between the
queue, it is run and the results are passed badketo Va&rous components of the ISA using a series of XML
client. When running a batched experiment, theestud €ncoded messages. These messages capture the lab
does not have real time control of the lab equigraad, configuration, the specification of a given expesithand

as a result, bandwidth requirements are quite fows  the results of an experiment. One complete rumat.ab

type of experiment is suitable in variety of case£xperiment involves the creation, transfer andpfeming

[3,4,7,11]. of each of these documents. This exchange is eepint
On the other end of the spectrum is the Interactivg |g._2_ . :
Service Broker, which facilitates the running deiractive Initially, when a user selects the lab he wishesitoin

labs [5]. In an interactive lab, the student haspiete and the Service Broker, a lab configuration message, or
exclusive control of the experimental setup forigey document, is created by the lab server and sentheia
period of time. This is a much more realistic siatian of ~ S€rvice Broker to the client. This document enctges
the laboratory experience but presents severaleciyss information about which lab resources are availabline
such as the need for scheduling when dealing \aithel ~ Present setup. On parsing the lab configurationudhent,
class sizes. In order to facilitate real-time cohtr the client retrieves the data it carries and digplthe
Interactive iLabs are built in such a way thatldfeclient ~2PPropriate system-under-test and available ingnisn
connects directly to the lab server. The InteracBervice Once the assignment is displayed to the student, he
Broker still handles user accounts and lab actessonce configures the various instruments visible in thent by
access is established, the Service Broker allowslah inputting appropriate parameter values. These gadue
client and lab server to communicate directly. Ttam  compiled into an experiment specification document,
enable a much more responsive experience, bueatost  which is sent to the lab server where it is paraed
of much higher bandwidth requirements. translated into instrument specific commands. Ottee
The remainder of this paper focuses on iLakfXPeriment is conducted as per the users spfisa

development within the iLab Shared Architecture fortn€ results are written into an experiment resditnent.
batched experiments. This document is then sent to the client wheredéhevant

information is extracted and graphed.

C. Lab Server
The Lab Server is the part of the ISA which intésac Il. PREVIOUSWORK AND MOTIVATION
directly with laboratory equipment. Specificatioffisr The National Instruments Educational Laboratory

each experiment, entered in the client by studanéssent Virtual Instrument Suite (ELVIS) is an all-in-onedce
to the lab server via the Service Broker. Analoggus containing a suite of 12 instruments allowing stideo
once the experiment is performed the lab serveilssére  perform hands-on experiments in electronics [8]e Th
results back to the client through the Service Brok ELVIS contains many of the essential instrumentséb
] ) ] in traditional electrical engineering laboratorissich as

Another important function of the lab server isseve  function generators, an oscilloscope, power sugplée
as an administrative interface to the lab equipmeab  multimeter and digital 1/0. These instruments are
administrators enter the desired configuration éach contained in a single unit with a circuit prototygiboard
experiment by choosing which instruments they wish connected to it. This combination of instrumenteves
include in a particular setup. Administrators dewajiven ~ for a wide variety of experiments to be performsihg a
the opportunity to specify the allowable range wpit Single hardware platform.
values for each required parameter. Any valuegedtey Instruments on the ELVIS can be accessed using the
the user outside this range are rejected. Thisreaghe knobs and switches on its front panel. The ELVI&l&®

safety of laboratory equipment and helps prevenighly customizable using the LabVIEW programming
potentially hazardous situations. environment, allowing the instrument’'s features bie

controlled easily with a computer. This enablesBEh¥'1S

To facilitate the sharing of labs between instimg © fit nicely into the iLab context. .
each lab server can interact with several Servickes. Since the adoption of the ELVIS as a cost-effective
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Figure 2. Dataflow within the iLab Shared Architee



platform for the development of iLabs in 2006, thbave hardware would be needed for each course. Th&sway,
been several, distinct releases of lab server dieditc belied the ELVIS's reputation as a low cost repieeeat
software used to leverage the ELVIS platform foe as for higher end equipment. Another implication ofth
an iLab. Each of these versions has provided faauth  inability to switch between points on the ELVIS
greater flexibility in designing meaningful assigemis for  prototyping board was that every setup was fixesl, a
use in engineering curricula. With every revision,user could only analyze a previously wired circtibr
particular attention was paid towards overcomingexample, if he wished to measure input voltagesabtof
limitations of previous versions of the ELVIS-basedoutput voltage, it would not be possible. This vebul
iLabs, as exposed by students and faculty alikee Threquire the physical circuit to be rewired by an
following section details the ELVIS iLab developmen administrator. In other words, a student had alsiyluno
trajectory (Fig. 3). control over the apparatus.

: Despite all these limitations, the EVLIS iLab viMAs

A. ELVISiLabv1.0 a great success.iLabs based on this version were
The first version of the ELVIS iLab was completed i extensively used at MIT and other universities. sThi

2006 by Samuel Gikandi [12]. Gikandi used theversion also provided a robust platform conducive t

Microelectronics iLab's general framework as a$#si  subsequent development.

its development. However, to make ELVIS-based # ab

more natural to use, a specifically tailored clievas B. ELVISiLab v2.0

developed. The lab server was also appropriatelyified Version 2.0 of the ELVIS iLab addressed some of the

to effectively communicate with the new hardwardlevh |imjtations present in ELVIS 1.0 by exposing mofete
the original Service Broker was used. ELVIS v1.0g| v|S functionality, namely:

exposed the Oscilloscope and Function Generator
functions of the ELVIS, enabling users to studygkn
input circuits.

Owing to the fact that only two of the ELVIS's
instruments were exposed in v1.0, it did not supastery
wide range of experiments. More specifically, tHeVES
v1.0 iLab could only handle time-domain

Variable Power Supplies that output a DC voltage
between -12 V and +12 V enabling some ability
to control circuit operation;

Arbitrary Waveform Generator that allowed
students to explore the response of circuits to
user-defined waveforms;

experimentation. No frequency- or digital-domaimlgsis + Bode Analyzer that performs frequency-domain,
could be performed. This was a considerable limitaof swept sine measurements of analog circuits.
this version, given the fact that these conceptm fan The inclusion of these instruments in an ELVIS-base

integral part of most undergraduate level eledtricajLab enabled a much broader set of measuremertis to
engineering courses. Almost all iLabs using ELVISOv  performed remotely [13,14]. On top of the ability
involved the characterization of individual electi® perform time-domain measurements with a basic fanct
devices or small analog circuits with a single itputput  generator, students could provide a wider variétinout
configuration. Further, due to its inability to ltd& more  signals to a circuit-under-test or observe the Uesmy-
than one input and output, or switch between ewgsti domain behavior of that circuit. This provided arm
setups, v1.0 only supported a single device/circuitomplete laboratory experience for students and
configuration per board. This meant that if severalnstructors.

instructors wished to use the ELVIS iLab as parthair In addition to the functionality described above.® of
courses over a particular period of time, sepasats of

Currently deployed at MIT
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; ngeloped by James Hardison Spring 2009
ardison * Added Arbitrary Waveform I I
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= Hamidou Soumare

(MEng thesis)

* Refined hardware Generator, Bode Analysis,
control, admin interface other functionality into
deployed lab branch

. ® Exposes Digital /O I
. Functionalif .

pRR A A ——
Version 1 A
Sept. 2006 Version 3.5:
* Developed by Samuel ) ‘Fall 2008 )
Gikandi (MEng thesis) - * Unifies all previous
* Exposed Function Verslon 2a work. ) )
Generator, Oscilloscope \A Spring 2008 * Basis for thesis work
* Developed by Adnaan for Hamidou Soumare
Jiwaji (MEng thesis) and Rahul Shroff

* Exposed Arbitrary
Waveform Generator, I A

Bode Analysis Version 4b
Version I Spring 2009
2(unified): " ® Developed by Rahul
s 2008 eveloped by Rahul I
ummer Shroff (MEng thesis)
* Developed by Adnaan
Jiwaji & Bryant Harrison . ® Exposes Digital
X * Merge of v. 2a and 2b . Multimeter and adds I
Verslon 2b troubleshooting
Spring 2008 capability

* Developed by Bryant
Harrison (MEng thesis)

® Integrated switching

Figure 3. Development Trajectory for MIT ELVIS leasiLabs



the ELVIS iLab provided the ability to switch compmts traditional lab. Further, this functionality will nable
in or out of a circuit-under-test [13]. This workkas instructors to use the v4.0 ELVIS iLab as a tool fo
inspired by a similar effort to leverage switchimg teaching electronics troubleshooting skills.

electronics experiments by a partner iLab developgme QOwing to the deliberate compartmentalization of
group at Obafemi Awolowo University, Nigeria [7,11] components in the ISA, the process of adding didfita
The MIT implementation used a LabVIEW controllable capabilities and the Digital Multimeter instrumemtp the
switch module in tandem with the ELVIS. The ability  already existing framework was very modular. Théren
switch components in a circuit provides a richefgperation was extremely iterative, with several
pedagogical experience since it allows students tgreliminary versions being tested and subsequdintty
experiment with elements of circuit design. In &iddi it tuned to provide the optimum user experience.

permits lab administrators to put numerous setups o

single ELVIS station allowing different coursesuse the  A. Integrating the Digital /O Capabilities of the ELY

ELVIS equipment simultaneously. As discussed earlier, the lab server communicates
e : directly with the lab instrumentation. At the heaftthe
C. t‘J nb|f|c§t|0_n (t)f Eﬁ\r/a}ge_lLDebveéog ment Efforts in the effort to integrate digital logic analysis into g VIS
iLabs Project ( iLab v3.5) iLab is the LabVIEW control software, which was
Branches in the developme_nt effort led to _thedesigned with flexibility in mind.
emergence of two separate versions of the ELVI®,iLa  prgner understanding of any digital circuit reqsitee
each with its own functionality and distinct apmbao — creation of a truth table. A truth table descrittbe
the underlying LabVIEW Virtual Instrument (V1) popavior of a digital logic element by specifyinget
structure. For example, James Hardison's v3.0ie@is 5 nronriate output values for all possible inputuga
intended to add some v2.0 functionality to the dgeti . mpinations. If one were to fill out a truth tats
ELVIS iLab branch (v1.2), did not incorporate anyeynerimentally observing a logic element, each
switching capabilities. However, this version usegher o tation of possible input combinations woulsiehto
level ExpressVis to drive the hardware, as opp@setie o tested. For example, an experiment involvingeth
other versions which used lower level virtual instents. o, 15 has eight distinct combinations of inputd amuld
Thus, to prevent further divergence and inCONSBESN o refore require eight experiment runs to complete
the creation of a consolidated codebase was imperat ghqcity the corresponding truth table. The numbkr o
This new version would enable instructors and dgpls o, heriments required is exponentially related t@ th
to use the entire breadth of exposed ELVIS funelion mper of inputs. Given that we are dealing with a

to create new and more meaningful labs. batched iLab, performing a large number of expenisie

To enable a greater variety of experiments to beoru s inconvenient and very time consuming. In respotas
the ELVIS iLab, it is crucial to increase the numioé  this limitation, the LabVIEW digital /O control $ware
ELVIS instruments available through the iLab framev  was designed to support input values that can @hasg
The major contributions in the past involved theliion  function of time. This allows the user to speche digital
of a new "Domain” to the iLabs platform. The v1.0input for up to eight clock steps, enabling theatioe of a
ELVIS iLab set the foundation for the Time Domain. three input truth table in one experiment run.

ELVIS iLab v2.0 introduced the Frequency Domainf ou \yith res ;
. . J pect to the lab client, there were a numdfer
work on the v4.0 ELVIS iLab was designed to conttib changes required in order to support digital logic

the Digital-Domain and add troubleshooting capt®di o, Jariments. Of particular im
. o i : . . portance was upgradimeg
(via the addition of the Digital Multimeter instremt) to ELQ/IS iLab cIiSnt applet's existing data graphing
EVLIS-based iLabs. mechanisms. The existing client’s graphing engires w
designed to support plotting continuous data vector a

Il ELVIS v4.0CONTRIBUTIONS TO THE LABS Cartesian plot. In order to display digital 1/O rsids, the
PLATFORM existing graphing engine had to be extended.
The new functionality available in ELVIS v4.0 prdeis In order to graph data a user must specify datéoxec

several major contributions to the iLabs platforfirst, for the x-axis and a y-axis, resulting in pointéosthe
the utilization of the ELVIS’s digital I/O capaliits will  specified data vectors within the graphing engine.
lay the foundation for a whole host of remote eipents  Together, these data vectors specify a set of ouatel
involving logic gates, programmable arrays, ROMspairs representing the results. The client thenwsirthe
FPGAs, and various other microcontrollers. Goodgraph by looping through the set of coordinate gaind
understanding of digital electronics is essential f connecting adjacent points by a line. In order to
engineers in this increasingly digital world. understand the limitations of the previous graphing
Second, v4.0 of the ELVIS iLab features the ELVISengine, it is important to look at an example whire
platform’s digital multimeter. Similar to a traditial ~produces an undesired output.
handheld multimeter, this instrument enables uders Fig. 4 details the result of plotting a non-contins
easily measure current or voltage across a brahcn o data vector representing two digital lines. Theultess
circuit as well as the values of standard electronialmost as desired except for the diagonal line that
components (resistors, capacitors and inductors}hé connects the waveforms for two separate digitaisliiThe
ELVIS iLab, this instrument leverages the switchingclient uses a data type called c@nnectpatternthat
capability introduced in v2.0 in such a way thatrgscan specifies a function for determining which points t
remotely specify what circuit branch or componemt t connect in the graph. This data type returns tosetie
measure. This enables a remote DC measuremeinidex of every point that should be connected te th
experience approaching the flexibility of a similarpreceding point. The defaudbnnectpatterbehavior is to



Fortunately, this decision was further justified by
experiment pedagogy. Particularly, a broad set of
experiments are possible when using the instruniauits
into the ELVIS. One can perform time-domain
measurements using the Function Generator and
Oscilloscope. Alternatively, one can also use Bloele
Analyzer to perform frequency-domain measurements o
the Digital Multimeter to observe DC measurements.
While these may all be valuable, they are distipgées of
measurements. Thus, compartmentalizing the indalid
ELVIS instruments into non-conflicting sets gavethe
ability to organize those instruments into theipapriate
measurement type.

Figure 4. Sample stacked strip chart displayirg limitations of 2) In;egranon W!th Other Lab Server Modules
the previous graphing engine when plotting non-icoius data. At a higher level in the lab server, several changere
o ] made to supporting methods/routines in the labeseiy

“‘always connect’. This instructs the graphing eegto  recognize and take advantage of the Digital Multéne
connect every adjacent point in the data plot, tagimg  Perhaps the most interesting and useful changetiveas
proper behavior for typical continuous data vectdrs incorporation of an augmented version of switchimig
order to properly display digital data, all adjacepints  the system.
must be connected except for those belonging fereiit The DMM control module allows users of ELVIS iLab

digital lines. _ V4.0 to take a wide array of elementary, pointmp
The ability to dynamically create and activatemeasurements. However, due to the nature of iLabs,
connectpatterngepresents a significant addition to thestudents are only exposed to a diagrammatic
iLabs platform. With this new behavior, developare representation of the circuit schematic they aesresing.
free to implement unique interpretations of thepbra They do not have the opportunity to physically aethe
concept by creating functions that specify howdarect  actual configuration of a circuit. Given this limion, the
specific data points. probes of the DMM had to be connected to two fixed
. . . . points in a circuit. Using this model, students lgoonly
B. Enabling Troubleshooting Experiments Using the e aple to take measurements across two previously
ELVIS’s Digital Multimeter selected circuit points. In order to understands,thi
The development process incorporating the Digitatonsider the simple RLC circuit seen in Fig. 5.the
Multimeter into the ELVIS iLab framework involved existing model, an administrator would connectEhéM
considerable changes to both the lab server anditrg.  across, for instance, the capacitor and studentédvemly
These were interfaced to a standard Batched Servié® able to make voltage, current or component
Broker. measurements across that portion of the circuita If
1) Lab Server Instrument Control student wanted to find the value Bfas labeled in the

As an initial step towards integrating the Digital figure, it would be impossible without physically

Multimeter the ELVIS-based iLab, LabVIEW control reconfiguring the circuit, o .
software was developed to facilitate interactionhwthe We chose to expose the ELVIS's Digital Multimeter
ELVIS hardware. The control software for the Digita functionality with the aim of providing students tii
Multimeter, or DMM, was designed to support thd &gt ~ rémote testing and troubleshooting capabilitiesiptesly

of DMM functions in the most modular way possible.unavailable on ELVIS-based iLabs. This implies that
Essentially, the DMM control module allows a cajlin Students should have complete flexibility in dyneatly
method to input a measurement type in order tooparf Cchanging the location of the multimeter probes airevlit.

the desired measurement on the ELVIS. For each R
measurement type, the DMM control module seleats th N ANANAN ouT
appropriate lower level parameters, enabling ctyren A+ A

voltage or component value measurements (resistance
capacitance or inductance) using a single, simggram
interface.

Once the DMM module had been created and tested
thoroughly, it had to be integrated into the larger
framework of the iLab ELVIS LabVIEW control
software. The exact nature of this integration was
influenced by both technical constraints and pedmgb
decisions. From the technical perspective, ceffdiNIS
instruments make use of common hardware resources o
the platform. For instance, the Digital Multimetar the TS
ELVIS could not be used simultaneously with the
Function Generator as they use common lower level p—
hardware resources [15]. This required that ceaMIS
instruments be compartmentalized into experimerdaap Figure 5. Simple RLC Circuit
thus preventing resource conflicts.




This would, to a certain degree, replicate whabhshe seen in Fig. 5. The added switching functionalitplges
would do while examining a circuit in a traditional users to choose which pointAH, A-, B+ etc) to
laboratory setting. investigate on this circuit. However, a student is
To overcome this limitation of single point completely oblivious to the machinery used to aohie
investigation, we combined the switching introdudsd  this. Due to this, the schematic seen in Fig. Shinlwe
Harrison in the ELVIS iLab v2.0 with the DMM potentially confusing for students. For example wire
functionality. Due to the fact that v2.0's switaifocused connecting one end of the resistor to the capaiitdne

{)r:;mnirrllls){[rgg esr\amcrholBgscci)tmnpeoendeenéstomlg% ?nggﬁilgajhg circuit representsone electrical node. However, to
P ’ facilitate flexibility in measurement there existvo

with trf\e ?.Igltal Mgltereter._ hin th f K distinct points A- and B+) on this wire to which the
To facilitate switching within the DMM framework We 1\ terminals can connect. From the DMM point of

introduced the concept sfvitching layers.There are four view. having these two points is absolutelv neasssa
switching layers that assist with DMM measurements: NN 9 P X Yy Neagssa
since we must be able to physically connect bath it

1. The first layer consists O.f SW'tCh(.aS defining ositive and negative terminals to an electricadendor
measurement category. Th's level IS necessar nalysis. However, since the user only sees aalirtu
because the ELVIS uses different physical terminalge esentation of the circuit and is unaware of the
to conduct what it calls ‘Current Type’ and 'VOI&g  gyitching  mechanism used to take multipoint
Type’ measurements. o . measurements, seeing nodes labeled in this wayt égh

2. The second Iayg_r of sw_ltchlng is relatgd _todisconcerting.
measurement position. '_I'h|s is the layer of switghin Doing away with these point labels would greatly
which is used to specify where exactly the usefequce the flexibility of taking measurements witre
wishes to place the multimeter probes in a circuitpmMM. Users would now only be able to take
These correlate with points of interest which aremeasurements across points previously selectednby a
marked on the circuit schematic displayed in theadministrator. To prevent this, we chose to repretese
client to the user. Points labeled with a “+” ot “- electrical nodes as distinctly colored clusters.s&en in
indicate connections for the DMM's positive or Fig. 6 each cluster consists of three elements’(artd ‘-
negative terminals respectively representing connection points for the DMM's vittua

3. A third layer of switching is used to facilitate ProPes, and a colored circle representing the hobde)

current measurements. Typically, while takingWich represent an electrical node. This approach
current  measurements.  the ’branch beindreserves the inherent usability of the system ewhil

. . . . : aking node locations clear. To make it even mézarc
investigated is temporarily disconnected from the students, once the DMM has been configured @ th

circuit. The terminals of the DMM are then used t0¢jient, its icon morphs to reflect which points ¢me
bridge the resulting open circuit so that the aure cjrcuit it is connected to and also what type of
can flow through the instrument. measurement it is taking (Fig. 6).

4. The fourth layer of switching Qeals with peripheral  Thys using the machinery described above, a @ser ¢
instruments. These are switches connected taot only choose which type of measurement they want
various sources and grounds which are part of thgake, but can also select where in the circuit-ciett to
circuit. Correctly switching these components is
required in order to perform accurate At e
measurements. Mg 5. 0T

To conduct a measurement, a user will specify tmdy
points in the circuit where the multimeter probeswdd
be placed along with the type of measurement tméee.
Based on these parameters and the requirementseof t B-
switching layers,the lab server toggles the necessary €+
switches in order to produce the desired connection
between the Digital Multimeter and the circuit-undkest.

In this way, the student can remain focused on the

operation of the multimeter while the lab servemages k-
the state of each individual switch

3) Lab Client Development

A considerable amount of time was spent making the B+ B-
Digital Multimeter-enabled iLab more user friendijhe
DMM provides students with a slightly different use T
experience as compared to other instruments on the
ELVIS. For the first time, users of the ELVIS-baskedb DMM

are given flexibility regarding where in the circunder-
test they wish to connect an instrument.

) In addition to making iLab_S irllVOIVin_g the Digital Figure 6. RLC Circuit with lab client renderedtisnent
Multimeter natural to use, the client's design wesatly terminals. Electrical nodes are represented byredlolusters.

influenced by the need to always present an et@dyi take that measurement. Thus, the Digital Multimeter
accurate circuit to the user. Consider the cirsciitematic

WPS+



provides students with real-time, dynamic circeisting require a significant redevelopment of the ELVI® la
and debugging capabilities, unprecedented in a.iLaclient.

This significantly enhances the ELVIS iLab's vah® a Additionally, National Instruments has releasedicim
versatile educational tool and represents a cor@i® enhanced version of the ELVIS platform, called the
step forward in bridging the gap between conveafion g| v|S |I. This new workbench provides more accurate

and remote laboratories.

measurements at low voltages - a major limitatiorthie

original ELVIS - and has a frequency range muclatgre

V. CONCLUSIONS

than its predecessor. Most importantly, it usegmtirely

The ELVIS v4.0 iLab, by supporting digital logic as different underlying circuitry that prevents man tbe
well as DC and component measurements through tHgsource conflicts inherent in the original ELVI8n

Digital Multimeter, has greatly improved the valokethe
ELVIS-based iLab as a tool for electrical enginegri
instructors. Since integrated circuits are the baok of

improvement to the existing ELVIS iLab implementati
would be to make it compatible with this new hardwa
This would enable remote circuit analysis with geea

modern day computing, the incorporation of digitaldccuracy over a greater measurement range onla stil

capabilities will create a new class of user of Ei&/1S
v4.0. Diversifying the target audience for iLabsaivery
important step towards realizing the project’s allegoal
of increasing the number and variety practical eepees
available to students through remote online lalooies.

Detractors of the iLab concept have always beeokqui
to point out that, using iLabs, students are untabtest or
troubleshoot a system-under-test. Although conckasea
complement to hands-on laboratory exercises, dikein
cost-effective nature it is inevitable that in ednt
situations iLabs will be used to completely repldceir
traditional counterparts. In these situations sttgl@sing
earlier versions of ELVIS-based iLabs would never b [3]
exposed to these invaluable skills. The ELVIS iha&h0
takes a step towards overcoming this disability by
introducing the Digital Multimeter and coupling itse
with an augmented version of the already existing
switching capabilities. However, the multimeterseus [4]
not limited to debugging. A wide range of laborgtor
assignments, ranging from simple experiments iriaglv
series resistance to much more complex circuits man [5]
designed around this instrument.

These developments significantly enhance an iLab's
value as a versatile educational tool and represent [g]
considerable step forward in bridging the gap betwe
conventional and remote laboratories.

(1

(2

V. FUTUREWORK
[7]

ELVIS-based iLabs have greatly matured since their
introduction in 2006. Constant development has seen
two instrument setup trying to mimic the Microelectics
Device Characterization iLab transform into a coltig
platform supporting measurements of both digitgido 8]
systems and analog circuits in the DC-, time- an(ﬁ
frequency-domains along with troubleshooting[g]
mechanisms.

However, in a bid to add new functionality some
aesthetic details have been overlooked by devedoper
Although we have done some work in trying to imgrov
circuit representation, what the iLab client ladksthe [10]
ability to change the way a circuit looks in reiate¢. For
example consider the physical changes in a cirtait
occur when taking measurements with the Digital
Multimeter. Ideally, these changes, such as soureas
shorted when taking component measurements or
branches being opened when taking current
measurements, should be made visible to users @n tp_z
client's schematic panel. A further improvement ldce ]
to allow the position of the DMM icon to dynamigall
change based on a user's input. Changes of thisenail

|[11]

reasonably inexpensive hardware platform.
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