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T
echnology today enables us to

deal with tasks that were practi-

cally unrealizable before. By con-

necting instruments and various

peripheral devices, and by utilizing the

power of the Internet, we are able to cre-

ate powerful, comfortable, and practical

solutions for “long distance learning.”

However, when it comes to remote com-

municating with a process or a device,

in “real time,” it becomes a task that still

has not been widely resolved. This is

certainly a reason why distance educa-

tion, especially in engineering, still has

not been fully implemented in practice.

To be able to truly offer courses online,

we must be capable of making labora-

tory exercises available online. The goal

is to accomplish the remote control of all

instrumentation available in the labora-

tory. This control should also be avail-

able for multiple simultaneous user

(student) connections. Several students

should be able to share the results of an

experiment simultaneously and in

real-time as if they were all physically

located in the same laboratory together.

Until recently, this was not possible to

achieve in a practical and cost-effective

way. The model developed here re-

quires the distant user to have access to

a normal Web browser only. Thus, stu-

dents are not required to have access to

any additional software that can be very

costly. Moreover, the developed model

can be extended to help research institu-

tions around the world share sophisti-

cated equipment with each other, thus

reducing costs.

So far, students can successfully use

computer-based measurements as long

as they are performed locally through a

direct cable connection between a com-

puter and an instrument (Figure 1). The

computer sends commands (measure-

ment requests) and parameter values to

the instrument while receiving mea-

sured data from the instrument. How-

ever, difficulties arise when it comes to

providing remote control access to the

instrument over the Internet.

Now, the issues are how to transfer

local instrument control to a distant lo-

cation, how to interface a distant user

with a piece of equipment, and what

communication protocol and software

tools to use to enable good communica-

tion. Although these issues have been

previously addressed, no satisfactory

model has been developed that can al-

low multiple distance users to run the

same experiment simultaneously in

real time. Usually, users must be

equipped with the same specific soft-

ware in order to run the process. Fur-

thermore, the host computer must send

them complementary replicas of the

application running on it (experiment),

with prescribed communication chan-

nels for each prospective user. It is obvi-

ous that this approach significantly

diminishes the number of potential us-

ers and requires tight coordination be-

tween the host and clients.

The concept proposed in this article

does not suffer from the drawbacks

mentioned above. It provides versatil-

ity, cost-effectiveness and simplicity

while retaining data acquisition and

computational power. We also provide

the description of our proposed model

and a couple of examples.

Model Description
Major Components
and Principle Scheme
Let us first list the principle elements

that are to be connected in the scheme

in order to establish remote control

over the Internet. On one side, there is a

programmable instrument with a com-

puter that locally controls it. On the

other side, there is a distant user that

can approach the instrument only

through the Internet. To connect the

distant user to the instrument, we need

to have a Web server (WS) that will

transfer data from the user to the in-

strument and from the instrument back

to the user. However, as the user cannot

directly access the instrument, we need

to provide him with some kind of a

graphical interface that will simulate

the instrument front panel on the user’s

computer screen.

The basic part of the newly devel-

oped model is a computer application

that runs and controls the instrument.

That application is essentially a virtual

replica of the real instrument, called vir-

tual instrument (VI) [1] (Figure 1). While

a VI controls a real instrument, it sends

commands and parameter values to it

and acquires measured data from it. In

the case of process simulation, the VI is

the data generator and controller itself.

Since the VI provides the data, either

simulation data or measurement data,

looking toward the outer world, it

works as a data server (DS).

Data from the DS must be sent to the

WS in order to appear on the Internet.

The WS [2] is a central part of this com-

munication scheme that interconnects

the aforementioned components and

manages all data transfer. The WS is the

place where we store our graphical user

interface (GUI) files that will be sent to a

distant user as his interface to remotely

control the instrument. Those GUIs are

virtual front panels of real instruments

on the user computer screen. Using that

GUI, the remote user sends requests

(parameter values) to the WS. The WS

sends them to the DS (VI), which for-

wards them to the real instrument that

continues the measurement based on

those latest settings, and sends mea-

sured data back to the DS and all the

way back to the remote user.

The GUI under this concept is a

Java-based page [3]. It is platform inde-

pendent and possible to be run on any

machine using the HTTP protocol and

some of the standard Web browsers. A

distant user can open it as any other web

page on the Internet. GUIs are sim-

ple-to-use, intuitively understandable

interactive panels equipped with
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components such as switches, knobs,

and sliders that enable easy operation.

The whole system is presented in Figure

2. The communication process is based

on the following mechanism.

In order to get control over the dis-

tant process, a student browser needs

to pass a few short steps

that enable it to create a

specific GUI for the re-

mote control of a particu-

lar instrument. During

that, files such as a Java

applet, Java class files,

and the file carrying the

configuration of a specific

GUI, are activated. Using

them, the remote browser

initiates communication

with the host. After the

handshaking and check-

ing procedure, the com-

munication link is

established. From this

moment, the user is connected to the in-

strument or simulation, and is capable

of controlling it in real time.

In practice, this communication es-

tablishing process is done automatically

by the software, so the only step the user

needs to perform is to call the desired

Web site, as it is typically done with any

other site while surfing the Web. If ev-

erything is correct, the GUI will appear

on the user computer screen a few mo-

ments after the request.

Examples
We present two examples: the first is a

simulation of the amplitude modula-

tion (AM) process taught in basic com-

munication courses; and the second is

the remote control of a network ana-

lyzer (NA) used in microwave labora-

tory experiments.

Virtual instruments combine the ad-

vantages of real instruments with pow-

erful properties of computers. They can

be set and organized in a user-friendly

fashion and have access to signal pro-

cessing and storage capabilities that

even real-life instruments do not pos-

sess. This approach is very beneficial to

students since they get exposed to the

main features of the real-life instrument

any time, anywhere, and at their conve-

nience. It is important to note that it is

not necessary to produce a complete

replica of the real instrument with all its

features. Some features may be disabled

if the instrument is very sensitive to cer-

tain applications. Since the equipment

is available to mulitple users, disabling

these features will protect the equip-

ment from potential damage. Another

possibility is to place control keys for

more than one instrument on a single

GUI. That way, the user may run a cou-

ple of instruments, using only those

functions of them that are applicable to

our specific interest.

In both examples presented here,

only one possible solution is shown.

There are more possible configura-

tions that can be implemented. The

aim for us here was to establish a con-

sistent communication scheme, rather

than to perfect a specific example.

Once a robust model is achieved, it is

quite easy then to add more and more

functions and options to enhance the

application.

The AM simulation example (Figure

3) is a demonstration of how to run a re-

mote virtual process. For educational

purposes, this can be employed to en-

rich lectures on some processes that are

not so easily understandable. Thus, we
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can enable students to better see and ex-

perience the process by running it virtu-

ally. Students get the opportunity to

change the values of various parameters

and track their influence on the overall

process. We know from our experience

that some processes can be a lot better

understood if we can visualize them

and, even better, practice them. In our

particular case, students can see three

typical waveforms and they can change

the values of the modulation signal and

the carrier frequency. As they change

the modulation index, the students can

observe phenomena, such as over-

modulation, and experiment with vari-

ous values of Nyquist sampling rates.

All the values being changed take effect

instantly, on all the computers con-

nected to the session.

In the second example, S-parameters

measurements are performed on anten-

nas using a NA [4] that is remotely con-

trolled via the Internet, which can be

equally done either by a laptop com-

puter, wirelessly (Figure 4), or by a wire.

The computer is placed next to the NA

just to show the coherence of graphs on

the original display on the NA and the

virtual display in our GUI. All the major

and most widely used features of the

NA were programmed and successfully

tested. The network analyzer was used

here as an example. However, any other

programmable device can be operated

remotely using the same approach dis-

cussed in this paper.

Results
We have achieved full real-time bidi-

rectional communication between a dis-

tant client and a local instrument or

process with no other requirement for a

potential user computer except access to

the Internet through a standard Web

browser. This makes everybody capable

of performing the same remote control

from any place in the world. There are

no software compatibility issues be-

tween the host computer and the client

since the client (student) does not con-

nect to the local application, directly, but

through a Web page that carries a Java

applet as the interface.
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TheWS can handle multiple connec-

tions simultaneously. Taking advantage

of that, many clients may be connected

concurrently to the same process (Fig-

ure 5). When any of them changes the

value of any parameter in their GUI, it is

simultaneously sent to all the other us-

ers in the session. Thus, all of them re-

ceive the update instantly. As it can also

be seen in Figure 5, a chat window is

placed on the GUI. This feature allows

users to coordinate their actions and

have a real-time discussion and collabo-

ration along with the measurement in

progress.

How well a continuous stream of

data transfer can be received when a

large number of users are concurrently

connected to the same session, depends

on the relative power of the server and

the number of users. It also depends on

the traffic through the networks on their

routes. With regard to the necessary

power of a single client computer, an

average configuration of today’s com-
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puter is sufficient to run the process

with no difficulties. Our tests have

shown that any delay in data transfer

was mainly due to Internet traffic.

Currently, we can connect up to fif-

teen instruments to a single worksta-

tion that controls all of them. Having

these instruments on the Web ulti-

mately yields a virtual laboratory that

can be accessed from anywhere in the

world. Furthermore, with a high ca-

pacity network, one can open more

than one browser window, simulta-

neously, and hence the user can be

connected to more than one experi-

mental session (Figure 6).

The developed model also makes a

distinction between “power users”

that have “read-write” permission,

from those that have “read-only” per-

mission. The GUIs can have IDs as-

signed by the programmer that allow

the application to verify if the incom-

ing applet connection is a proper one

or prevent some other applet’s data to

spread out in a wrong direction and

interfere with other applications. That

ID is not known or visible to—and

cannot be changed by—the remote

client. To protect against the unautho-

rized access to a session, since our

GUIs are sort of Web pages, we can

protect them as any other re-

stricted-access Web page using a

proper filter window requiring a

username and/or password before

getting the page opened.

Benefits
A low-cost, simple-to-use, efficient

model of remote control of instrumen-

tation over the Internet was presented.

The concept can be used to improve the

quality of presentations in the class-

room, as well as experimentation in the

laboratory. It provides students with

the opportunity to run or observe ex-

periments from distant locations at

convenient times and in more comfort-

able surroundings. Laboratory groups

and sessions can be arranged in a more

flexible way for both students and in-

structors. If the trend of long-distance

education keeps developing, the model

described above can be successfully

employed to offer online courses that

include laboratory experiments. Due to

the generality, flexibility, and versatility

of the model, it can be used for commer-

cial purposes as well. Sharing instru-

mentation worldwide in the depicted

manner, which is augmented in Figure

7, offers tremendous savings and allows

a large number of students or research-

ers to enhance their performance.
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2003 IEEE & MTT-S Awards: Call for Nominations

� Peter Staecker

N
omination forms are now

available for the 2003 IEEE

MTT-S Awards. We all know

of deserving individuals who are rec-

ognized by their peers as being worthy

candidates for the prestigious MTT-S

Awards. Please take the time to con-

sider your deserving colleagues for a

suitable MTT-S award or for the Fellow

award so that others may be aware of

their accomplishments. All nomina-

tions will be evaluated in a fair and pro-

fessional manner.

IEEE Technical Field Award
Nominations Due
31 January 2002
The IEEE Technical Field Awards Council

encourages you to submit nominations

for outstanding candidates. To read sum-

maries of the awards, and to obtain nomi-

nation forms, guidelines to nominators,

and lists of past recipients, visit http://

www.ieee.org/awards/tfalst.htm.

IEEE Fellow Award Nominations
Due 15 March 2002
Fellow award kits may be obtained by

contacting the IEEE Awards offices:

Ms. Sandy Schumacher

Phone: +1 732 562 3843

Fax: +1 732 981 9019

e-mail: fellow-kit@ieee.org

MTT-Society Awards Nominations
Due 1 July 2002
Nomination forms may be obtained by

contacting:

Dr. Peter W. Staecker

167 Cedar St.

Lexington, MA 02421

Phone: +1 781 861 7643

e-mail: p.staecker@ieee.org

or by immediate electronic download

from http://www.mtt.org/. The MTT-

Society Awards are listed below with a

description of the requirements for

each award and the previous recipients

by year:

Microwave Career Award
Prize: Certificate, Plaque, and Cash
Honorarium
This award is made to an individual (IEEE

Member) for an outstanding career of

achievement in the microwave field, and is

the Society’s most prestigious award.

The basis for judging consists of pub-

lications in technical journals, presenta-

tion of lectures, contributions to the

advancement of microwave technology,

and other technical contributions con-

sidered in conjunction with any or all of

these areas of contribution.

Distinguished Service Award
Prize: Plaque and Certificate

This award recognizes significant con-

tributions and outstanding service to

the Microwave Theory and Techniques

Society and the microwave profession

over a sustained period of time.

The basis for judging is service to

MTT-S AdCom and the IEEE.

Distinguished Educator Award
Prize: Plaque and Cash
Honorarium
This award recognizes a distinguished

educator in the field of microwave en-

gineering and science who exemplifies

the special human qualities of the late

Fred J. Rosenbaum, who considered

teaching a high calling and demon-

strated his dedication to MTT-S through

tireless service.

The awardee must be a distinguished

educator, recognized, in general, by an

academic career. Additional attributes in-

clude documentation of having received

other teaching awards; effectiveness as an

educator supported by a list of graduates

in the field of microwave science who

have become recognized in the field; rele-

vant letters of support; and an outstand-

ing record of research contributions

documented in archival publications. The

candidate shall have a record of many

years of service to MTT-S, and must be a

member of the IEEE and MTT-S at the

time of nomination.
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