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I. INTRODUCTION

The main idea of this e-learning education system is to
open up the laboratories for students. Before the e-
learning system was created, the students have had very
short time to get familiar with the facilities in the
laboratories. In most cases, they had no idea, how some
technological equipment looks like and how to use them.
This e-learning system show the students the real view of
laboratories and on the other side, by using videos created
in our laboratories, it shows step by step the way, how to
use the equipment and how to do some technological
procedure.

This system is a good solution of problem with the
capacity of laboratories. The laboratories of our
department are relatively small and there is no enough
space for a larger group of students to show them the
technologies.

E-learning education in the field of the technologies in
electronics enables the following benefits:

e Solution of a limited capacity of the laboratory.
The safety regulations allow access for the
students to the laboratory only for limited
number of persons. It is necessary to repeat
practical demonstration of the principles and the
working of technological equipment for several
groups of students. The solution is on-line
connection of the laboratory with e-learning
system via camcorder and suitable internet
interface.

e An alternative of repeated viewing of
technological method without necessity of
presence in the laboratory. Video records of
technological processes or interactive
applications illustrating the processes enable in
easier way to understand all the process and
interconnect the theory with praxis.

An alternative of such illustrating demos of
technologies including into the education
process, which are not accessible at the education
institute.
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It will also save time and money in the education
process, because at the theoretical lessons we don’t need
to show the same technological process for every group of
students again and again. It is enough to create some detail
videos to get the students familiar with the processes in
our laboratories, what will prepare them for individual
practical laboratory work.

II. STUDY PROGRAMME

Department of Technologies in Electronics of the
Faculty of Electrical Engineering and Informatics offers
new study program in engineering study "Advanced
materials and technology in automotive electronics” from
academic year 2011/2012. Main subjects of the study
program are:

e Production Processes in Electronics 1.
e Production Processes in Electronics II.
¢ Quality and Reliability Management.

e Production Technologies, Structure, Properties
and Applications of Sensors.

e Design Systems in Electronics.
¢ Diploma Thesis I and Diploma Thesis II.

Some of them are already implemented into e-learning
courses. One of the key subjects of this specialization is
the subject “Design systems in electronics”. Goal of the
subject is to familiarize the students with top Computer
Aided Design (CAD) system for design of the PCB.

Figure 1.

The CAD design system - Altium Designer. [1]

Choice of Altium Designer resulted from beneficial
offer for universities with potential for inclusion in project
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of educational institutes, which should result in a
competition or a presentation of the students PCB designs.
This form allows the students to present their skills for
scientific public and also allows addressing of potential
employers not only in region of Eastern Slovakia. Also the
web pages of Altium Designer offer wide range of study
materials, which simplify work with the design system.

To increase popularity of the study program, the
practical lessons by using technological equipment are
included into education process. Also the space for student
is created to make functional sample of the PCB by using
milling machine at the end of the Design Systems in
Electronics subject study. The prepared data from the
CAD system (GALAAD-Percival) control movement of
the milling machine, which with the help of a special tool
creates the PCB pattern of conductive paths (see
Figure 2). This “dry” method of the PCB production was
selected because of rate of the sample production and
contrary to “wet” way of the PCB production there is no
need to liquidate the chemical waste (etching solution).

HPperch S

Figure 2. GALAAD Integrated CAD-CAM-CNC software —
module Percival. [2]

Another e-learning supported subject is the Production
Technologies, Structure, Properties and Applications of
Sensors. It is focused on basic knowledge as well as for
acquaintance with new progressive trends in the area of
materials and technologies for sensors production. The
subject acquaints the students with materials used at
sensors production, with partitioning, principles (see
Figure 3) and characteristics of sensors, with mainly used
technologies: semiconductor, thin- and thick-film, as well
as new technologies used in production of MEMS systems

Transformatorovy indukénostny snimac s
malou vzduchovou medzerou

Transformatorovy indukénostny snimaé s malou vzduchovou medzerou sa vagsinou realizuii v diferencnom
usporiadani, pricom primarne budiace vinutie napajané napétim Uy sa nachadza na pohyblivej feromagnetickej kotve. \/
pripade rovnakych sekundarnych vystupnych cievok (rovnaky pocet zavitov a feromagnetikum) dostaneme pre vrozdiel
vystupnych napéti:

AU, = Uit - Ugz = Un.(N1.8)/(No.50)

Pre pokojovu Sirku vzduchovej medzery 8 = (81 + 5:)/2 je zavislost medzi vystupnym napétim a posunutim takmer linearna

< D [Sivisiace sranky [ 2.

Figure 3. View to the sensors principles screenshot from
e-learning module under the Moodle platform

for sensors used in temperature, mechanical, geometric,
magnetic and chemical parameters sensing as well as of
biosensors.

III.  VIRTUAL TOUR

A.  Main functions

The best way, how to prepare the students for
individual work in the laboratories is to introduce them
every piece of available equipment before they really go
to the laboratories. At the practical lessons, the student
should make real laboratory exercises instead of searching
the applicable equipment or tool, or finding the laboratory,
where the needed equipment is located in. For this reason,
we have created a real life virtual tour from our
laboratories.

From each laboratory at our department we have
created a 360° panoramic picture, by using adequate
technological equipment to eliminate optical defects. In
the e-learning system, these panoramas are viewed by a
special open-source web applet, which allows us to create
some clickable areas in the panoramic picture. By clicking
on these areas, the user can start some specific action, e.g.
start a video, open some web page or go to other part of
the virtual tour.

The user can look around in the laboratory by using the
buttons (see Figure 4), or through automatic tour, as well
as he can zoom to some selected part of the virtual tour.

Figure 4. Virtual tour with standard buttons

In the wvirtual tours, the interesting objects are
highlighted by different color (see Figure 5). By clicking
on them the user can open the card of the equipment, on

Figure 5. Highlighted clickable equipment
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which he can find some basic information about the
selected technological equipment (in which technological
process can be used the selected equipment, link to its user
manual), links to the video files and animations related to
selected object and other.

B.  Technologies used for creating the virtual tour

For creating of detail photos we have used a DSLR
camera with a tripod and a special, self-made panoramic
head, by which we have created digital photos without any
optical defects. The panoramic head allowed us to create
every photo from the same position (the camera is turning
around of its optical centre), what is very important
precondition for successful automatic sticking of the
created photos. If we don't use a panoramic head, it is
impossible to stick the photos without getting some
optical defects because of parallaxes (see Figure 6).

Figure 6. Optical defects because of parallax in a panorama made
from photos taken without the panoramatic head

For sticking the photos to a panorama we have used the
open-source program, Hugin. This software can be used
for automatic sticking of the photos, what can save a lot of
time. In case of some problems during the sticking, the
user can help the program to find some control points to
get better result.

The panoramas are showed by an open source java
applet, PTViewer. This applet can view panorama pictures
in web pages. The applet have a lot of useful features, e.g.
creating of clickable areas, adjusting the size of the
viewing window, zooming, manual or automatic turning
around, high resolution parts of the panorama, etc.

IV. OTHER PARTS OF THE E-LEARNING SYSTEM

A. Live video

The second fundamental parts of the e-learning system
are video files and video streaming. Existing internet
connection in every laboratory allows us to create live
online video streams from the laboratories about the
technological procedures made at our department.

For capturing the videos, we have available two types
of cameras. One [P camera with maximal resolution of 1.3
Mega-pixels at the frame rate of 15 frames per second
(30 fps at resolution of 0.8 Mpix) and a classical digital
camcorder connected to a notebook by a TV-card.

The first camera with fixed 4 mm lens is eligible for

creating of some overview videos about the procedures
made in the laboratories, while the second camera, if it is

used with a tripod, can create detail, close-up videos. The
video from the camcorder is streamed to the LAN by the
open-source video streaming program, VLC.

Every stream will be collected by a multimedia server.
This server will collect the video streams from every
camera as well as from the computers connected to
different technological equipment (climatic chamber,
electronic microscope, etc.) and computers used for
lectures (PowerPoint presentations with audio records
from the lecture).

This server will use the collected multimedia materials
as sources for streaming them to the local network as well
as to the internet. This step is very important, because the
cameras can not serve more connections and on the other
side, the server will be the only computer visible from the
internet. This is a big security advantage.

The server will stream multimedia in two ways (see
Figure 7). In our local network there will be available a
multicast stream, which need less system resources, but is
reachable for everybody located in our network. To the
internet, we will send unicast stream (as known as “on
demand stream”) — it will be available only for authorized
persons. This method is less effective than multicasts,
because it request more bandwidth and creates more load
on the server, but it is not possible to stream multicasts out
of our network (most of internet providers are blocking
them).

The multimedia server will also create a copy from
every stream for future use. This will generate us a
multimedia archive, which will be used in education
process in the future. This archive will be available for
students and will be searchable by different criteria.

All component of the streaming server will be
implemented on open-source technologies. For streaming
the screen of the computers will be used application called
VLC. This program will be also used for streaming the
content from the multimedia server.

On the client side, the stream will be viewed by a java
applet, alternatively by the vlc-plugin for internet browser.
The first one seems to be a better choice, because it only
need a java runtime environment, which can be found on
most computers (if not, the most of internet browsers have
built in function to install it), while the vlc must be
installed manually (it requires more technical knowledge
from the users).

i
) r
& | — - —  Multicast communication

,,,,, Unicast communication

Figure 7. Communication system architecture
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B. Video archive

A very important part of the e-learning system is a
video archive, what is made up from videos created in our
laboratories. These videos bring the students detail view to
the technological processes made in the laboratories.

The videos in the archive can be sorted by different
criteria, e.g. by technological process, by equipment, by
laboratory, etc.

C. Flash animations

The third part of the e-learning system is flash
animation support, which allows illustrating the
technological processes. The animations are linked to the
appropriate technological equipment as well as to the
steps of some technological procedure. The animations in
the system can be sorted by different criteria, too.

The preparation of animated components is realized by
using the Adobe Flash CS4. From this platform the
components are implemented into the study materials. The
mentioned software was selected behalf various reasons.
In particular it provides tools for producing of interactive
animations, which allows creating of objects
corresponding to real processes. In the following there is
the possibility of increased interactivity with the user,
what is scarcely possible to achieve with utilization of
classic scripting tools.

In the Figure 8 and Figure 9 is static view to two of
created Adobe Flash CS4 animations which illustrate the
semiconductor materials physics and manufacturing in
particular steps. The pictures show mainly structure of all
pages for modules with color scheme, header on the top of
the page and control/navigation toolbar for navigation
across full course on the bottom of the page.

Millerove indexy rovin

Millerove indexy rovin st tvorené trojicou éisel (h. k. 1) zapisanymi v okrihlych zatvorkach. kioré urtujd krytalograficka
rovinu.

Millerove indexy rovin Millerove indexy rovin v diamantovej mriezke

« Bez roviny

+ Bezrovin
v « Zobraz rovinu xxx

+ Zobraz rovinu xxx

* Rovina (100). (1), (110) o Zobraz rovinu xxx bez atémov pred rovinou

« Kolmy pohfad na rovinu xix

o By P [stvisiace sranky v plo -

Figure 8. View to the Adobe Flash CS4 animated component
embedded in e-learning module about semiconductor
materials physics

The navigation toolbar has the standard form with
buttons for previously browsed page, for home, for next
recommended page, list of related pages, and toolbar for
playing audio files (from left to right side). The on-line e-
learning module is only in Slovak language recently.

Katodové naprasovanie

Kalodové napraSovanie je fyzikaina metdda
pripravy tenkjch vrstiev. Zariadenie pre
katbdové  naprasovanie wyuiiva  diadové
zapojenie pracuje pri flaku 0.1 a2 1 Pa a napaii
niekolko KV. Inerné Kiadné idny plynu
(najtastejsie Ar) vznikajice vo vyboji narazovou
ionizaciou bombarduj(i (dosahujl energiu 40 az
. 130 keV) zdpome nabity tert nachadzajici sa
substrét na katode priom vyrdzajd atémy terta
s napraSovanou Vyrazené zvata neutraine atomy materidlu
tenkou vrstvou teréa nasledne kondenzujd na substrate

L vakuova banka

katéda / tert

ey Metéda je vhodna pre nanasanie roznych
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Figure 9. View to the Adobe Flash CS4 animated component
embedded in e-learning module about semiconductor
materials processing

CONCLUSION

A number of study modules at the Department of
Technologies in Electronics were created in the frame of
e-learning support of education. Evaluated e-learning
system and virtual laboratory solves the capacity
limitations of laboratories at our department and it already
helps our students to get familiar with the laboratories and
their equipments as well as with the technological
processes made at our department. Continuous preparation
and practical utilization of animated components under
Adobe Flash platform is in progress for educational
process with the scope of technologies used in
microelectronic industry. The described system has good
preconditions to be a useful e-learning system that will
help the students to study more effective and attractive.
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