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Not all students are able to use didactic manufacturing cells in order to experience real-life project development, owing to

their cost and availability. Given the advances in communication media, such as the Internet2 network, which is designed

for education purposes, it is easier for universities that have such manufacturing cells to share their resources. Under this

premise, this paper presents the development and results of a case study involving a didactic teleoperated cell and the

interaction between the ITESM in Mexico and the ESPE (Escuela Politécnica del Ejercito) in Ecuador, through the

Internet2 network. The universities have similar graduate programs for automated systems but only the ITESM (Instituto

Tecnológico y de Estudios Superiores deMonterrey) has a full didactic manufacturing cell: a CNC, a transportation band

and an automated storage system. For the aforementioned cell, the software that integrates all the control systems was

developed by students of both universities and operated as a server for client software given to the students of the ESPE.

Practices and surveys for the studentswere developed and applied in order to compare the knowledge acquired between the

students using the cell directly and the students using the cell via the teleoperated cell. This kind of systemhelps universities

to provide more advanced courses and the subject treated in this paper seeks to support the feasibility of telepresence

systems as a mean of education.
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1. Introduction

Manufacturingeducationhasusuallybeenlimitedto

classrooms and laboratories; there have been

improvements in didactic activities that allow the

students learn topics using equipment or installa-

tions that are not usually available for them, such as

simulations or learning scenarios. Approaching

thesescenarios is teleoperation, inwhichthestudents
can obtain the knowledge gained in developing

manufacturing projects using a manufacturing cell

located in another place with the help of commu-

nication networks like the Internet2 network. With

this technology, students at any campus or in any

location canacquire skills onhowtouseandmanage

a manufacturing cell with automated systems. [1]

Internet2 is a powerful network designed for
academic purposes known as the Next Generation

Internet Initiative (NGII) [2]. Among the innova-

tions to improve the Internet are fast fiber-optic

networks, more efficient switches and routers using

the new Internet Protocol version 6 (IPv6) to

provide more Internet addresses and multicast

technology that allows a user to disseminate data

to multiple recipients simultaneously, thereby
saving bandwidth for other data.

This paper describes the advantages of applying a
learning system that uses teleoperation,which refers

to remote control, as a support tool to link theory

and practice. In addition, a methodology is

described with the necessary steps so that other

universities or companies can implement it and

follow this type of educational method.

A case study is included in which the Escuela

Politécnica del Ejercito (ESPE) connects with a
didactic manufacturing cell located in the Instituto

Tecnológico de Estudios Superiores de Monterrey

(ITESM); this uses the well-known academic net-

work Internet2 and compares learning using a

manufacturing cell in person and by learning using

teleoperation.As anobjective, the student should be

able to learn about the use and development of

Manufacturing Execution Systems (MES).

2. Historical review

As the science fiction writer Robert Anson Heinlein

presaged, there aremany concepts that have become
actual products; some of the most outstanding

products related to the use of teleoperation are

presented in the S curve (Fig. 1).

About 60 years ago, the term ‘teleoperation’ came
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into use for activities operated at distance. The

patent of the first remote-control manipulator of

Raymond Goertz [3] shows that remotely operated

mechanisms have been used to access in inhospita-

ble environments.

In the 1980s, different applications for teleopera-
tion appear as studies [4, 5] and real-life applications

[6, 7]. Knowing the benefits of teleoperation, it was

possible to reach the unexplored areas of the sea

with remotely operated submersible, aswell as other

planets with Mars Exploration Rover Missions.

Academics started looking for new areas of

opportunity for teleoperation; an example of this

is remote education in subjects such as physics [11]
and engineering [12]. Later they began to produce

more elaborate schemes using academic networks,

such as that of Colombia [13], where teleoperation

was used so that students learned manufacturing

techniques such as milling and turning.

Owing to the creation of new applications that

demand more bandwidth, security, better quality

for the arrival of information, and the need of real
time communication, among other requirements, it

was necessary to develop a new network, this new

technology was called Internet2. This project,

initiated in October 1998, started with 34 EU

universities sharing applications that did not have

adequate performance on the commercial Internet.

Examples of these applications are: virtual labora-

tories, remote laboratories, remote education, digi-
tal libraries, real time and complex calculations,

remote medicine and artistic creations, among

others [14]. Internet2 is managed by UCADI (Uni-

versity Corporation Advanced Internet Develop-

ment) and directed by university members who

work along with collaborators [15].

Table 1 gives a classification of papers with

significant contribution to these fields, in order to

give a complete overview of the literature that

inspired this work and gave the basis for this

research. From this simple analysis where other

publications with similar topics are shown, it can
be deduced that even though there are similar

elements and developments there is no full imple-

mentation and analytical information regarding the

knowledge obtained by the students. There is suffi-

cient statistical analysis obtained from the test

results, where the impact that this type of effort to

approaching resources to enable better learning in

different geographic areas was corroborated.
In addition, there are great economic advantages

as mentioned in diverse publications [26], the

requirements needed to implement a teleoperated

laboratory are less than for a complete manufactur-

ing cell. This shows the importance of developing

this type of low cost application that brings a new

method of education.

3. Infrastructure and equipment

The laboratory installed at ITESM consists of two

identical cells equipped with a one loop conveyor

belt, one robot (Motoman UP6), one ASRS (auto-

matic storage retrieval system) installed in a ware-

house of 2612 storage slots, a CNC machine

(EMCO PC MILL 155), and an assembly table for

each cell. The conveyors have three docking sta-

tions: robot, inspection and storage station. There
are two motorized cameras, one on top of the

manufacturing cell and one inside the CNC

machine. A photograph of this manufacturing cell

with all the equipment is shown in Fig. 2.
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Fig. 1.Evolution of teleoperation use and implementation; it can be seen that remote control has reached several
areas of knowledge.



This cell is used by students on the mechatronics

engineering bachelor Automation of Manufactur-

ing Systems course, so the theory seen in class is

complemented by the didactic manufacturing cell.
On the other hand, in the ESPE, Quito, Ecuador a

course with the same objectives, named Flexible

Manufacturing Systems, is taught. Nevertheless,

this educational institution is not properly equipped

to meld the theory with practice. This is why it was

decided to execute the teleoperation between these

two universities. It is important to mention that

both universities use a system of qualification based

on 0–100 points, where the pass mark is 70 points.

A student group taking the mechatronic projects
course at the ITESM began the development of the

control of the manufacturing cell. The group was

made up of: Carina Viteri (ESPE), Oscar Salas

(ITESM) and Baltazar Carranza (ITESM); the

course was under the tuition of Dr.Miguel Ramı́rez

y MsC. Mauricio Hincapié
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Table 1. Citation of papers with the same topics

Subject

Place/Year Edu Tel I2 MC

Web based learning for engineering education [12] Kingdom of Saudi
Arabia/2004

* *

Comprehensive collaborative web-based experimentation: integration
of teleoperation and simulation for supporting active learning in
higher education [16]

Spain, Switzerland/2004 * *

On-line laboratories for undergraduate distance engineering
students [17]

United States/2004 * *

Internet based manufacturing technology: intelligent remote
teleoperation [18]

United States/2000 *

Laboratory tools for robotics and automation education [19] Italy/2003 * *

Control and robotics remote laboratory for engineering education [20] Slovenia/2005 * *

Teleoperation in the undergraduate physics laboratory—teaching an
old dog new tricks [11]

United States/1999 * *

Teleoperation of a mobile robot through the Internet [21] Brazil/2000 * *

Requirements for real-time laboratory experimentation over the
Internet [22]

United States/1999 *

Teleoperación de robots: técnicas, aplicaciones, entorno sensorial y
teleoperación inteligente [23]

Spain/2004 *

Interconexión y supervisión por medio de Internet de una celda de
manufactura flexible [24]

Colombia/2007 * * *

Teleoperationof amanufacturing system for vocational education [25] China /2000 * * *

Edu = Education, Tel = Teleoperation, I2 = Internet2, MC =Manufacturing

Fig. 2. ITESMManufacturing Cell,Mexico. From left to right: CNCmachine (EMCOPCMILL 155), robot arm (MotomanUP6), loop
conveyor belt, automated storage system.



4. Methodology

The methodology for the development of this

research can be divided into six phases (Table 2).

4.1 Phase 1: Establish a bond with the counterpart

and decide on the subject that is going to be the

focus

Both universities, host and guest, need to have the
proper connection and elements in place to assure

that the experiment is carried out well. The host

university has to provide an instructor and a fully

operational teleoperated manufacturing cell

through Internet2 broadband connection, while

the guest university has to provide its students

with a computer connected through Internet2.

The chosen subject must have a positive impact
on the students andmust significantly improve their

learning experience, so the project has the best

impact on their education and will subsequently

improve their performance in industry. Another

important factor in the decision is that the user

must have some previous knowledge, so that when

a problem arises during the implementation of the

project, the student will be able solve it, while
understanding where the problem originates. The

last and more important point is that the chosen

experiment must be able to be realized with the

teleoperated cell.

4.2 Phase 2: Establish the necessary tools

Asmentioned before, the ITESMhas amanufactur-

ing cell so, in the first phase, professor Miguel

Ramirez of the ITESM contacted students and
professors from the ESPE, as this university is not

equipped with a manufacturing cell. In this specific

case it was decided to use theManufacturing Execu-

tion Systems (MES) implementation, because it can

be explained with the manufacturing cell and its

control in real time.

As is shown in Fig. 3, students will use only a

Human–Machine Interface (HMI) to control the

manufacturing cell and cameras to watch how the

environment changes with their input. But behind
the HMI is the interaction between the two local

networks connected through Internet2, handling

the data, audio and video to control the elements

of the manufacturing cell. The ITESM’s standard

Didactic Cell of Advanced Manufacturing com-

prises five elements: robot arm (Motoman UP6),

CNC milling machine (EMCO), transportation

band and the automated storage system. This cell
is used by the ITESM to teach the students how to

design automation projects and show them the

importance of integration by real-life experience.

Each one of the elements has a PLC, which is

connected in the same network to a 3M router,

and each one of them is configured using RSLogix

and controlled by the OPC protocol; this will be

explained later.
The required software to execute the client is the

Labview Run-time and the Remote Live Viewer

that comes in the D-ViewCam package. There are

two ways to mount the client computer or compu-

ters: using two computers with minimum require-

ments or one computer that can be attached to

monitors, since both applications, teleoperation

client and visualization client, require the whole
screen in order to display all the indicators and a

good detailed image.

It was decided to use the academic network

known as Internet 2, to avoid other delays during

the teleoperation. Abilene is the high speed network

that supports Internet2, whose connections go from

the 2.4 to the 9.6Gbps. These connections are linked

by regional points called GigaPoPs (Points Of
Presence), where the universities access this net-
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Table 2. Methodology of the experiment

Phase 1:
Establish the bond with the counterpart and decide
the subject that is going to be focused on

� What is lacking that needs to be resolved fastest?
� Who has this shortage in equipment needed to support their education?
� On what course would the students benefit most by the application of
teleoperation?

Phase 2:
Establish the necessary tools

� In terms of equipment and software, what tools are necessary to fulfill the
requirements of the project?

Phase 3:
Application or interface development

� Which protocols does the software use?
� Are there any special requirements such as licenses?
� Which are the activities that the students will be able to realize in teleoperated
form?

Phase 4:
Design of the tests and practices that will be
developed

� Which are the specific subjects that the students will understand when
developing this practice?

� What stepsmust be followed to understand the subject that is to be developed?
� What tests must be realized to know if the students understood the concepts?

Phase 5:
Study of the obtained feedback and determine the
results

� What statistical calculationsmust be realized tounderstand the level of success
of the experiment in the students?



work. Abilene constitutes the bridge to connect

other networks with these capabilities such as the

CUDInetwork inMexico and theCLARAnetwork

in Latin America.

4.3 Phase 3: Development of the application or

interface

The program used to develop the server is the
software Labview, as previously stated. Labview

can control the variables in PLCs using the OPC

(OLE for Process Control) technology. To connect

the server software to the Internet the TCP protocol

was used.

There are programmed blocks for each element,

eachof themcontrols thePLCof each element in the
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Fig. 3. Scheme of connectivity. This diagram shows the connections and information that travels through the system (adapted from [23] ).

Fig. 4. Architecture of tools required for server. The server runs
the control server software and the camera server.

Fig. 5. Architecture of tools required for client. (a) Two computers setting running the control
software and the camera software respectively. (b) This setting uses two monitors and one CPU to
handle the control software and the camera software.



didactic cell. The storage block, for example, is able

to send the pallet number to the PLC and the

command to execute, such as move and place (in

band), the band vi reads and displays the pallets that

are in the band while using the program. The robot

control is the most complex program in the server;

this part of the software requires several custom
scripts and C programs to allow the HardLock

given by the supplier.

All the programmed blocks are integrated in a

program, one that will work as HMI and Server. As

already stated, all the variables are clustered and

send by a TCP setup inside the program. Since there

are several variables and multiples programmed

blocks, the program could get stuck in the main
loop; therefore the programmed blocks are in

independent loops that are only activated in the

polling process.

In the prototypes stages, the audio and videowere

integrated in the Labview program. While testing

the prototype with the students, the software pre-

sented problems with the response speed; this was

caused by the saturation of data in the HMI server,

especially with the video and sound data. The

solution to this problem was to use the proprietary

software that came with the cameras, as already

stated. The camera was operated with its own inter-

face (Fig. 8) to diminish the delays in the server. This

also improved the experience of the students, since

they could look at a larger display and see the
actions of the manufacturing cell in more detail.

The other problems that the software presented

was that some commandswere applied several times

if the client kept the command button pressed,

normally known as bounce, and this generated a

lag between server and client. These problems were

causedbecause neither the client nor the server had a

buffer to store the commands and deliver them in
order.

4.4 Phase 4: Design of the tests and practices that

will be developed

As it is necessary to analyze the progress of the

students in a course that involves theMES as a base,

the objectives for such course are: identify, operate,

program the components of the flexible manufac-
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Fig. 6. (a) Server GUI, this software has digital displays and allows the instructor to control the access from the client.
(b) Client GUI, in this version of the client the cameras streamed directly to the control client software.

Fig. 7. OPC connection block for this implementation. This shows the handshake process.



turing systems and design processes that involve the

use of manufacturing cells. These objectives are

complemented by the teleoperation, where the stu-

dents will use the interface designed to control the
manufacturing cell to perform a test and run it in the

CNC vertical milling center with their own code,

which should bewritten previous to the experiments

in order to receive feedback.

To develop the experiments’ manual, a compar-

ison of each MES course from the ITESM and the

ESPE was made. With the information obtained,

two practices were designed:

� Practice 1: Identification of the components of

the Flexible Manufacturing System and basic

programming, milling in a CNC machine.
� Practice 2: Identification of the components of an

industrial robot, operation and programming of

a transport line and an automatic warehouse.

Finally, sixteen students from the ESPE assisted in

carrying out the experiment. The dynamics of the

experiment are described in the following steps:

1. The student should read the theory for the

experiment that is provided beforehand.

2. The students take a quiz about the theory.

3. The instructors give a brief explanation of the

procedures.

4. The students develop the experiment.

5. The students take another exam regarding the

experiment.

4.5 Phase 5: Study of the obtained feedback and

determine the results

As can be appreciated from other papers [1], a
feedback survey must be carried out, since the

impact of the teleoperation over the theory learned

has to bemeasured; it is recommended thatmethods

that include all the aspects or variables are used to

obtain precise results. With this survey the quanti-

tative part of the analysis can be filled in while the

qualitative part could be obtained from interviews

with the students

From the interviews the instructors could find the
students’ opinions and could take them into account

to improve the practices. Each question matches a

designated variable to analyze the project from the

point of view of student satisfaction.

� Question 1: Project’s viability

� Question 2: Qualification of project’s viability

� Question 3: Theoretical knowledge application
� Question 4: Teachers (4.1 ITESM and 4.2 ESPE)

� Question 5: Acquired knowledge

� Question 6: Facilities and material

� Question 7: Institutional project support

For this part of the study, an analysis was generated

by the crossed variable method in the satisfaction

survey. Because the questions are linked to each
other, we can obtain a congruent answer about Y/N

questions and the qualification of the same. For

these analyses the program SPSS was used. Some

examples of the results obtained are given in Figs 9

and 10.

In Fig. 9, the results of the questions are observed

and analyzed to ascertain if the project is viable and

its level of viability is observed. Although a negative
answer was obtained, most of the students replied

affirmatively but at different levels. Therefore, it is

possible to say that even though the survey did not

showaunanimous agreement on the potential of the

project, it still had a high acceptance.

Figure 10 shows whether the students actually

applied the theoretical knowledge gained from their

regular classes. According to the results obtained,
all the surveyed students managed to put their

theoretical knowledge into practice. The grades

obtained by the students start at 6, with grades

going on to 9 and 10, which indicates a good
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Fig. 8. Changes in client’s interfaces. The video stream caused a huge load on the control software, since it could not handle the streams
easily; this was removed in the second version and handled by the proprietary software.



absorption of information, showing the effective-

ness of the experiment as an education tool.

Analyzing the grades, a results table is obtained

(Table 3) fromwhich it can be seen that the students

get satisfactory evaluations. As mentioned above,

the grades have a range 0–100 and an average grade

of 89 is good enough to prove the positive effects of

the project. Lower scores are presented in the oral
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Fig. 9.Project’s viability, it shows the acceptance by the students and how they perceive
the benefits of the software.

Fig. 10.Results of the survey showing the relationship between the theory and the teleoperated
practice.

Table 3. Qualifications results

Qualifications Value Average Mode
Standard
deviation Kurtosis

Pre-report /10 9.5 10 1.032 3.209
Oral quiz /10 7.875 10 2.125 –0.728
Final exam practice 1 /20 14.375 14 2.655 1.259
Final exam practice 2 /20 18.375 18 1.087 0.555
Report practice 1 /20 19.5 19 0.564 –2.308
Report practice 2 /20 19.75 20 0.683 4.839
Total /100 89.375 92 4.964 0.235



quiz and the final exam for the first experiment but

these grades are still acceptable to the project. The

data obtained from the oral quiz are relevant even if

the kurtosis (the measure that represents the level of

concentration that the values have in the distribu-

tion’s central region) shows a negative number,

which means a low concentration of the values. It

is very prudent tomake this type of examination of a
student’s knowledge prior to the experiments so that

the students are aware of the extent of the experi-

ment.

The kurtosis of the total score shows that the

values are greatly concentrated in the central value

in spite of some grade components. Figure 11 shows

a histogram for a better appreciation of the grades

by frequency. As can be seen, all the students
approved with a minimum score of 82 and a max-

imum of 100. It is possible to see that the values in

the table are near the highest note.

5. Conclusions

This kind of project attempts to develop the abilities

of the students who may not have access to the

necessary equipment, bearing in mind that the

remote learning environment is not intended to

replace the conventional classroom; instead, it is

designed to enhance out-of-classroom learning. The

more this technology spreads, the more empiric
knowledge will spread.

This paper demonstrates the flexibility of an

automated system and how one has only to apply

adequate concepts and applications to implement a

full teleoperation. On the other hand, any univer-

sity, especially those without automation labora-

tories, could easily benefit from a teleoperated cell

connecting it with practically any computer that has

a proper connection to the Internet. It may not be as

stimulating as the real experience but the students

can familiarize themselves with the systems

involved. In industry, the engineers would be able
to learn how to monitor and control automated

systems in order to improve them ormodify them as

needed.

Finally, this particular project shows the feasi-

bility of the application of a teleoperated manufac-

turing cell as an educational tool; this was

demonstrated with the results of the grades and

surveys obtained from the students participating
in this project. These students showed excitement

and interest in this new method of learning as they

were able to try concepts that until then were just

only theoretical concepts without any real experi-

ence to back them. It can be said that all the students

were able to implement at least one of the concepts

learned in class, such as manufacturing timing and

G-code optimization. Using Internet2 for commu-
nication helped the instructors fromMonterrey give

feedback to the students in Ecuador and vice versa

in real time, all of this without losing control of the

teleoperated cell and with minimum lag in the

shared data.
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Fig. 11.Distribution of grades. These are grades that the students obtained in the knowledge
tests.
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