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ABSTRACT

Tecnoldgico de Monterrey as part of Global Univgréieaders Forum has been developing a strategiegtr
that focus on the application of ICT technologiesmplement engineering labs for remote, low cost mass
learning and training. This project is proper fewvdloping countries where the lack of equipmeriaiboratories
used in universities and training centers is onthefmain features to prevent the developmentafegsionals to
use the last generation technology. The main rea$dhis lack is the high cost of the equipment.tiMhe
integration of telecommunication technologies anthguter science with virtual instrumentation, reamote
laboratories can be developed and accessed thrinigimet in real time, ensuring a richer collabweat
experience for the student while avoiding somehefdrowing limitations of traditional laboratoriesjch as the
lack of enough work area, expensive instrumentatak of personnel, time assigned to a laboratang their
availability in non-working office hours. Under ghicontext, this initiative aim$ create new technological
platforms for engineering education that fill aggelike the low cost and distributed use of theaglifies to
include significant quantities of students deahwtitis kind of instruction.
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1. INTRODUCTION

Launched during the Governors Meeting for Informafi echnology and Telecommunications on the ocoasfio
the World Economic Forum Annual Meeting 2003 in Bsvthe Global Education Initiative (GEI) with ampary
objective to raise awareness and support the imglation of relevant, sustainable and scalableomatti
education sector, plan and develop innovative nwbedddress these challenges.

GEI implementation is based on technological irgations, particularly Information and Communication
Technologies (ICT), for modernizing educationalvaar delivery, skill development and quality leargi and
enhancing the enabling environment and providingjaseempowerment. As for GEI, technology is the tmos
powerful tool we can employ to rapidly improve edtion. Some technological issues of GEI impleméuntedre
(Global Education Initiative, 2008):

1. Improve channels of lifelong learning through edédag and content delivery centers.

2. Establish a connected learning community that resaavaditional obstacles related to time and place,
allowing all to realize their full potential.

Prepare all school and university students fordilgéal workforce.

Equipping all universities with an e-content deypehent lab and a training/accessibility lab.
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5. Connecting all public universities and private wngities to Internet II.

GEI model suggests improving the quality of edusgtialigning knowledge and skill outcomes and civang
teaching—learning practices and the learning caliar schools. One important highlight is the relaship
between ICT, Physical facilities, curriculum andipgogy (Cassidy, T. and Paksima, S., 2007). An ppiby
area arises related with topics concern educatiechhology development to reach the world trendsdiucation
and social issues.

Tecnoldgico de Monterrey's proposal shows the défim and implementation of a Remote Laboratories
Network based on telecommunication technologiescamiputer science that allow the use of the teduyyoto
develop laboratory stations with remote accesgah time which can be share by a great number ioktsities
and/or training centers from distant geographiccgdahaving a variety of machines and/or procedsat t
otherwise will be impossible to have due to higbktaif real machines or lab equipment.

The present document is a recompilation of the dgico de Monterrey’s efforts evolution to reable tmain
targets expressed by GEI, especially the issuetetklavith equipping all universities with an e-carite
development lab and a training/accessibility lalbirréntly, a Remote Labs Network project lets to nmmt
learning communities of Tecnoldgico de Monterreyrpases around the country.

2. ANTECEDENTS

The constant and accelerated growth of computingelecommunication technologies, along with itoajrown

availability, is creating a new bond between tlaeleng and learning processes, and the way thegaared out

together. As a result, knowledge transmission isgpaccomplished in many new ways, such as onlugses,

tutorials, information pages and network resouraespng many others. On the other hand, practicavladge

transmission platforms are very limited in numbed aavailable resources. Nevertheless, real andtigahc
experience must not be excluded, since it woulnhathis trend to have more impact and to accomgitetter

teaching-learning process. Likewise, collaboratwggk and at-a-distance projects are beginning t@ettmore

interest among the engineering world.

The interaction between virtual-remote world andl rexperiments can be accomplished by exploiting th
advantages of modern data acquisition equipmentiyank-ready hardware, and their ability to provide
development bench top equipment for measuringrumsntation and access platforms that can be easily
connected, controlled and processed with specithpftware. Once a workstation is connected torapcier, it

can be easily controlled with virtual instrumenteated with the software which, at the same tinas be
published into the network or as a standalone egptin, and that can be not only accessed butatedrvia
Internet, allowing for the lab application to beedgrom any network connection.

The overall experience, together with the fact thatprocess to study is being taken from a repéement, the
ease-of-use of the graphical interfaces, the reraotess from virtually any place and any time, andst
importantly, that it is all done in real time, gitlee user a richer real experience. To laboratoprdinators, this
allows for the elaboration of better practices watliar lower cost than traditional labs, the catf remote
laboratories with a minimal space required, andahgity to implement customized instrumentatiorséx in
software and low-cost hardware.

The advance towards tele-engineering projects, atumal laboratories, and collaborative developmeht
projects has been advancing and integrating newa datuisition technologies, digital manipulatiomda
software-applied measurement instrumentation. Elesnpf this type of software-applied measurement
instrumentation are the so called Virtual InstruteerThrough a specialized software tool, graphicsér
interfaces (GUIs) that allow the control of an entautomated system can be easily created. Bedides,
functionality to allow a GUI to be published as ebapage immediately is available in certain sofeyaackages,
giving access to the students to a remote prooagsli time and with no commercial software needati; a web
browser.
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By integrating electronic, computing and communa@atechnologies, and by taking advantage of thgoNal
Networking System implemented at Monterrey Teche tbresent project develops Remote Education
Technological Platforms that allow knowledge traission and its application in real and practicgberxments.
Monterrey Tech possesses one of the most suitafiiesiructures in the world to allow the developmand
implementation of these Technological Platformpresenting an element that provides the Institueadership
role internationally.

3. REMOTE AND REAL TIME LABORATORIES

This project started in Monterrey Tech, Campus Moel, and consisted on the construction of lalboyat
workstations accessible via internet. Two typesr@mote laboratories were achieved this way: Remote
Automations Lab and Remote Electronics Lab. Thelémgntation of these remote labs is similar in ezate,
with the exception of the particularities that eamte of them has due to its nature. Next, the ldetditheir
development and implementation are presented.

3.1REMOTE AUTOMATIONS LAB

An automation station was built, consisting of awwek-accessible PLC, a server computer, a scaldeimaof
transport and sorting line (with a 3-axis crane-lportal), and two network cameras that has beteaps® work
remotely through proprietary, remote, stand-alondsGThis was accomplished by integrating this m&bon
equipment controlled through a port in a computéth today’s internet technologies, making the dgunfation
and control of the entire system fully availableotigh the network. The structure of the remotedai be seen
on figure 1.

In automation and control laboratories, remote grpents are hard to set up online, since they recadlvanced
knowledge of the system in order for the user toichfatal errors to the system, an audio-visualdfeek
structure to allow the user to actually see and Wbat happens when he makes a change in the mgygriand a
way to control access to the experiment itselfcesitwo simultaneous user cannot operate the exeetir®nce
connected to the remote workstation, the GUI alltivesuser to modify input variables to the contratdware
and provoke certain actions in the scale model sisckthe movement of a specific motor. The interfals®
provides audio-visual feedback via a video disptayhich the user may select different angles efriodel and
also control camera movement and zoom.

Programmable

Controller
TCP/IP Access Platform LabVIEW
—— Portal Operation and
System Monitoring
Human-Machine
MP1/ Interface

PROFIBUS

INTERNET

REMOTE
USER

g
High End PC
- Web Server

- Database Server
- Access Server

Development Tool

. SIMATIC Step 7
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TCP/IP and Automation

Elevator, 2 towers, 3 floors

Vision System Full Development System
Figure 1: Remote Automations Lab Structure
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But the main approach of a remote automations datrécisely to let the user control the automagicocess,
which immediately implies access to the controldagre’s programming, in this case, a PLC. The usay
change the PLC’s main routine by uploading a nexgiam to it. This is done via hardware-specifidwafe.

However, such ability is precisely the one whereeav, special need arises: a safety monitor. When an
automation lab is set up to be remotely used, aliging non-working hours, the need for a safetytesys
becomes critical. Such system has to monitor tbegss and the control hardware constantly, making that a
fatal error is not performed, like leaving a matonning for too long, trying to force the crane ofirange, etc.
This system would also ensure that, even whengbemakes a programming error in the control harewsuch
error does not lead to any damaging actions tarthe@el. To avoid programming errors, however, nesisthave
been developed which enable the user to emulatpribeess to be accessed and test their progranmsafea
virtual environment without having to connect ta thhysical equipment. Such emulations allow thea tee
correct programming errors before they are loadéalthe remote laboratory in their practice tim#diag to the
safety of the entire system.

The implementation of a remote laboratory with tiisd of equipment reduces implementation and djmral

costs in a significant way, mainly because instfdouilding a lot of stations for a traditional latnly a few are
set up and they can be shared. For example, thhagereost of a basic work station in an automadiaeh control
laboratory, consisting of a PLC, a PC with a su@abterface card, multiple connectors, and a soajeel of a
certain process, goes higher than US$14,000, buavarage automation lab consists of 5 of theséostat
exceeds the cost of US$71,000 per lab; this compaian be briefly seen at Table 1. The applicaifaremote
laboratory, on the other hand, requires the sarae hardware but implemented through a networkasHared
scheme, reducing the needed stations to one, tiafijex cost reduction of about 76 percent.

Table 1: Remote Automations Lab vs. Traditional Lak cost comparison

Traditional Automations Lab Remote Automations Lab
Equipment Cost (USD) Equipment Cost (USD)
High end PC $1,500
Scale Model $8,000 Common
PLC Training Package $3,500 Automation $15.100
Communications Card $700 _
Cables and connectors $200 Station
Development Tools $1,200
Network cameras $1,600
Student Licenses $400
Subtotal (1 Station) $15,100 Total $17.100
Total (4 Workstations) $60,400 (1 Remote Station)

This cost comparison, however, does not take intmunt that, in the traditional laboratory costeréhare not
only those generated by the equipment needed, Ibatthose for the space required for it and thekimgr
personnel, as well as the infrastructure costgribry personnel, maintenance staff and admitsgaSo, the
cost savings go way far from those achieved omdtaction of required equipment.

3.2REMOTE ELECTRONICS LAB

Likewise, Monterrey Tech, Campus Monterrey, implated an Remote Electronics Lab, by integrating data
acquisition equipment controlled through a porainomputer, software specialized in measurementanttol,

and a network/matrix of digital solid-state compoise relays, and digital switches with today’s inet
technologies, similar to a traditional laboratomyaking measurements and control of the circuityfalailable
through the network without having to be physicaltgsent in front of the experiment.
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A Data Acquisition (DAQ) station was build, congigt of an NI-ELVIS set, a DAQ card, variable power
sources, function generators, and a relay systesnbéen set up to allow the student to measurereliffgoints in
different circuits as well as to modify the inp@rameters in such experiments and it has alsodmarm to work
remotely through proprietary, remote, stand-alomap@ical User Interfaces (GUIs). Once the useimected
to the workstation, the GUI allows the modificatiohinput variables to the control hardware to jmkes certain
reactions in the circuit such as changing the irgfua voltage amplifier and see the results of sachnput
change at the circuit's output. Inside the integfdbe user is presented with various controls asglays,
depending upon the current practice and circuitilable. Examples of these controls and displagsvariable
DC power sources, function generators, switchealltmv for specific parts of the circuit to be aetigd or
disconnected, temperature readouts, and a 4-chasaébscope-like display with multiple measurempaints.
Other functions, depending on the current practitagy be activated.

With the practice interface, the user is given oaridf the circuit in its entirety and is able &configure it in real
time. However, the way each user carries out eeattipe is not predefined, but dependant of evesr.uDuring
a practice, each student may get to the final reaking several different ways, many of them iwlihg errors
and mistakes. It is a known fact that the user rhagpermitted to have mistakes during the pradticeafter all,
learning usually arises from making errors. Thesstakes, however, do not necessarily require bieithgl to the
circuit. This control given to the user via the giree interface calls for an extra effort from thetructor’s side:
safety. When an electronics lab is set up to beotely used, the need for ‘safe’ circuits becomdiscat. This
safety criterion has to be implemented before ther @an perform fatal operations in the circuitm8oof the
safety criteria include limiting the input signaggeventing dangerous connections during remoteiniag, and
choosing circuits components correctly.

The implementation of a remote laboratory with tiisd of equipment reduces implementation and djmral
costs in a significant way, mainly because of the& tost of instrumentation and application of measents
through software and not specific hardware. Fompta, the average cost of a basic work table i&laotronics
laboratory, consisting of a DC power source, mudtin, function generator, and digital oscillosciparound
US$6,300, while the application of a remote labmmatwith the same generation and data acquisdapabilities
but implemented through a data acquisition card lsaness than US$4,000, reflecting a cost reduatibn
approximately 45 percent. However, it has beerbéisteed that the use of real instruments may ptesdaetter
performance, so, as a high performance optionlahe&an be implemented using real instruments adaddgo
the DAQ card of the computer rather than virtuatsnThis option, however, elevates the cost ofnsote lab
considerably, becoming a secondary option. Tabé@vs a brief, detailed comparison between the @bst
common workstation in a traditional laboratory ané cost of implementing a similar workstation oua remote
way with DAQ equipment and virtual instrumentationa low-cost implementation, and with a remoteescé
with commercial instrumentation in a high perforramlevelopment.

Table 2: Remote Electronics Lab vs. Traditional Lak cost comparison

Traditional Lab Cost Remote Laboratory Cost
. Low-Cost High-Performance
Cost Equipment . .
Cost Equipment Cost Equipment
$1,200 Power Source Data Common
Digital Acquisition Station minus
$500 Multimeter $2,200 System $5,800 Multimeter
$1.800 Function $1.200 Server $1,200 Server
Generator Computer Computer
$2.800 Dlglgal $100 Digital $100 Digital
Oscilloscope Components Components
1 Workstation Low-Cost High-Performance
Subtotal: $6300 TOTAL: $3500 TOTAL: $7100

5 Workstations
TOTAL: $31500
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As for time efficiency, a remote laboratory (in batases, automation and electronics labs) woubdvadiccess to
it in non-working hours, which is not common inditéonal laboratories, such as weekends and nigte:tThis

allows for a better use of the resource and fotebeervice to a greater number of users in a greatmber of
hours, since the laboratory is available in th@se slots. Table 3 shows a comparison of the efficy of use of
a remote lab against a traditional lab.

Table 3: Remote Lab vs. Traditional Lab, time avaiability

Traditional Lab

Remote Laboratory

9 hours/day

14 hours/day

24 hours/day

3 hours/session

2 hours/session

2 hours/session

5 days/week

6 days/week

7 days/week

15 sessions/week

42 sessions/week

84 sessions/week

It is important to note that, although very effeetia remote lab is not meant to replace traditiates at all, but
to enhance the learning process by supplying a teenfiexible laboratory for those basic subjectat tlack a
traditional one.

4. REMOTE LABORATORIES NETWORK

The construction of the so called “Society of Knetde” requires a constant growth on the use of Remo
Educational Technological Platforms, to accomplslioetter and more effective knowledge and inforomati
transmission. Regarding the Engineering field, eéh@atforms require the inclusion of means to,ardy transmit
information and knowledge, but also to allow thealepment of technical abilities gained with thalization of
real experiments to apply that knowledge.

The main objective of the project at Monterrey Téghio create a Collaborative Intercampus Netwankthe
development of remote lab platforms in the aredsle€tric, Electronics and Mechatronics Engineeranyd their
extension into other knowledge fields. Also, thikolwing goals are seek to be achieved:

- Allow students to have remote access to thedaburces.

- Allow teachers to bring lab experiments into thessroom.

- Share lab resources among the involved Campuses.

- Promote a Collaborative Network of Virtual andnfitge Labs.
The Network is intended to have three main remeteplatforms:

1.eLab. Remote access laboratories for the analysis adé&ign of electrical, electronic and digital citsui
Integrating computational and telecommunicatiorhetogies with data acquisition systems and
virtual instrumentation, these remote access ldaboes can be accomplished, which can be

operated in real time, ensuring a positive learpiragess for students.

2. teleLab. Remote access laboratories for monitoring, diagnasitomation and control of continuous and
discrete systems. Based on PLC's, standard comutioncprotocols, audio and video feedback
systems, databases and web servers, teleLab pladkinblishes a remote connection at real time.

3. ASMLab. Remote access laboratories for the automationjtorong and control of manufacturing cells. Real-
time connection to accomplish PLC, Robot, CNC maebj artificial vision systems, material
handling and AS/RS remote programming and control.

The first step in the path to develop the Collabeealntercampus Network was taken in Campus Moeyerit
included the implementation of two main platforrakab, Remote Electrical and Electronics Engineekialy in
Real Time; and TeleLab, Remote Automations and i©bhab in Real Time.

These technological platforms consist of three rpaints:
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- A free Web accessibRortal containing the necessary information about theéqria.

- A Scheduling systento organize the use of the remote work-stationsectly; the access is restricted to
the users of the platform.

- An Access Interfaceneeded to remotely execute the experiments oreieved time slots.

The Web Portal contains all the necessary information about thmote laboratories, including concepts,
workstations descriptions, detailed instructiorsydloads, practice documents, teacher informatiehthe links
to the Scheduling System and Access Interfacesrig).

{2 TeleLab: Remote Automations Lab - Windows Internet Explorer

(= R |§,hth::fftelelab.mty.itesm.mxf V!f"}i K ! = Searc ip'

.\_—
" = - : 5 »
o |@TeleLab:Remote Automations Lab | ]‘;-Rﬁ * B i |5 Page o {CF Tools = @'

‘@gTECNOLdGICO "TeleLab - Remote Automations Lab

DE MONTERREY .

Home Practice Login | Scheduling System Remote Labs
|

Description

TeleLab is a plattform designed to provide students undergoing an Automation related course with an
easy-to-use remote laboratory. With this plattform. students are able to download their own program,
directly to a REAL, PHYSICAL Programmable Controller (PLC), thru the Internet. This Controller is
physically wired to a scale-modeled REAL process, with real sensors and actuators. An image
acquisition system makes possible for the student to receive LIVE Audio & Visual Feedback, in
order to monitor the behavior of the process resulted from their program. This way, the student can
actually validate their program and verify its correct operation or detect possible errors, and debug. At
TeleLab Concept the end, the student will develop the skills that a common automation laboratory should aim to develop,

g without the need for the student to be actually in front of it. since it has full access to the lab through
el e Ration the Warld Wide Web But why TeleLab? Find out here.

Detailed Instructions

i PROGR,
Practice Documents 5 i s

AvABLE i
Downloads e e ﬂ Top/P
| Teacher Info |

Figure 2: Web Portal for TeleLab — Remote Automatims Lab

The implementedscheduling Systemconsists of an access web page in which the beeing previously
requested a user account and being validated bgbhedministrator, logs in and selects up to tworhk to access
the automation station. Once the user has sechesé time slots, they don’t become available fgrather user,
thus avoiding double reservations. The system addidates that each user account can only resgrv® two
time slots and can only change any existing reseng or select new ones with up to two hours ptiothe
selected time slot. Any time slot before that beesimmediately blocked for all users.

A very plausible advantage (and one of the bedtifes) of a remote lab is precisely the freedorthefuser to
select appropriate time slots, therefore, not béied up to a fixed weekly schedule and being abladapt the
lab to the user’s own schedule; the user timinginalude non-working hours, such as weekends agiat-time,

which allows a higher efficiency on the use of Wmrkstations. Also, the two available time slots pger do not
have to be necessarily selected in successionyrteans that a user may select one time slot oneaddythe
second one in another, adding to the flexibilitsttee.
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Figure 3: Scheduling System

The Access Interface as shown before, allows the user to access theteeworkstation at his reserved time
slots; once its credentials are checked, and drdyvalid reservation is active at the current tintee user can
connect and interact with the equipment, havingahiéty to modify input variables to provoke cerntactions
with audio-visual feedback and control over the emaent and zoom of the cameras.

The first approach gave as a result the main wethaPBRemotelLabs.itesm.mxvhich contains a general
description of the concept of Remote Labs and theréampus Network; also, the domaeisab.mty.itesm.mx
and TeleLab.mty.itesm.mxor the two developed platforms at Campus MoeteriOnce these domains were
implemented and fully functional, the two platfornagere used in an electronics class (eLab) and in an
automations class (TeleLab), showing excellent iathising results. Once the platforms were implaedmat
Campus Monterrey, these same stations were useddb lab courses at several different Campusesdurihe
country. It was then time for Monterrey Tech toKau the bigger picture and begin extending théegtdahrough

the entire system to accomplisiCallaborative Intercampus Remote Labs Network

The second step was taken to build up the Remdis Network, the following campuses were includeam@us
Estado de Mexico (CEM), Campus Santa Fe (CSF), @arbpguna (LAG), Universidad Virtual (RUV), and, of
course, Campus Monterrey (MTYBesides, the Network is open for the inclusionhafse smaller Campuses
with not enough financial resources to afford a kstation by themselves, to allow them to remotedg the
workstations provided by the former in their engirieg courses. This initiative is intended to brbenefits into
several academic programs, such as:

- Electronic and Communication Engineering

- Mechatronic Engineering

- Electronic Systems Engineering

- Electronic Technologies engineering

- Computer and Information Technologies Engineering

- Biomedicine Engineering
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The next step consisted on the consolidation of Ne#work, with the materialization of two new elLab
workstations, at Campus Estado de Mexico and Carfjauda Fe. Likewise, the workstations built in thes
campuses consisted of different type of equipmesitvben them, as well as the one on Monterrey. The
workstation at Monterrey is intended to teach Etauts classes, while the one at Estado de MegidoriDigital
Circuits and the one at Santa Fe for Electricat@is. This way, instead of having three differiattoratories to
teach the three different classes, the workstataams be remotely accessed from anywhere, bringifg af
benefits and saving to Monterrey Tech, and brinding teachers and students a wider and more camplet
teaching-learning experience.

Nowadays, there are a total of seven workstationgse in a total of five participant Campuses ie émtire
Collaborative Intercampus Remote Labs Netwtikee eLab workstations at Campuses Monterrey, Estado de
Mexico and Santa Fe; arfidur TeleLab workstations, at Campuses Monterrey, Laguna, Estado de Mexido a
Virtual University. Each one of these workstatidmess its own website, which can be accessed by going
RemoteLabs.itesm.m¥Xhe Network's performance is due thanks to theabtfucture available at Monterrey
Institute of Technology, which brings the most ahbié environment for its development. The intenti®rio
include more campuses to the Network, as well asthird platform, ASMLab. This will allow cost sag
though the entire Monterrey Tech system, permittivegsharing of resources between campuses thatthamn,
and its use to the campuses that don’t.

5. CONCLUSION

The Intercampus Remote Labs Network allows to hsivared resources among the different campuses at
Monterrey Institute of Technology, to extend theauwrce available for each one of them, and recueamount

of investment needed for it. This scheme allows w®le system to share resources between themadoad t
advantages of the already existing equipment oh eathe participant Campuses, and use it by allNetwork
members.

Future development on the Remote Labs Network attdtoey Institute of Technology is threefold. Itneant,
on one hand, to integrate new workstations at miffeCampuses so that all National territory camcdeered by
the Network. Also, it is intended to integrate elaaidl TeleLab platforms to the teaching of otherses, e.g. to
use TeleLab platform in Control Lab remote coursegLab for Instrumentation and Digital Systems.

On another hand, ASMLab platform will be incorpetto the network. This platform will allow studsrtb
learn topics on industrial automation by remotedgessing, on real time, manufacturing cells fossipervision
and remote control; this allows automating and mdlimg the laboratories with the use of camerasdmbine
real-time images with digitally processed signaed with the use of software and hardware toolsdiatia
acquisition and control.

Finally, these technological platforms will be tséerred to other Universities around the countrg around the
world. Nowadays, this transference is already beingomplished, searching for the formation of aidet
Remote Lab Network on Tec Milenio University, whigbssesses campuses on 37 cities around the country
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