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Abstract—Remote Laboratory for Measuring Linear Di-
mensions with remote access and control via Internet is
developed and described in this paper. The system is real-
ized at the University of Novi Sad, Faculty of Technical
Sciences. This lab is dedicated to the students of secondary
vocational schools and faculties with the aim to gain
knowledge regarding linear dimension and mechanical
component tolerance. Every user of this set-up is able to
interact, observe and learn through the real measurement
processes via communication infrastructure.

Index Terms—E-learning, Remote laboratories; Remote meas-
urements.

L INTRODUCTION

Traditional engineering education lessons at secondary
vocational schools are based on theoretical explanations
and exercises, which are solved by the students and
checked by the teachers. This learning method has not
evolved for many years, sometimes forcing students to
believe in facts hardly demonstrable. Even if their results
are correct, they are not able to check how the hypothet-
ical system works in reality [1], if the school does not
have appropriate equipment. Therefore, remote access to
the practical experiment is very important for students.

One of the most promising possibilities for supporting
student education is interaction with remote experiments
by using internet connection. This way of learning and
observation is more attractive and accurate for students.
Learning and studying by using online resources has high-
er impact on student knowledge than traditional studying
from books.

E—learning [2], [3], might be a connection between real
experiments and theory from specific field of education.
Students are able to perform real experiment, track exper-
iment via video and collect the experiment results, by
using electronic educational technology. With separate
access to the learning material, scripts, multimedia presen-
tations and other educational resources via Internet, teach-
er can check students knowledge at any stage in the form
of continuous testing, also via Internet.

In this way, students gain more practical experience
based on previously learned theory and they are ready to
deal with the real problems.

This paper gives an overview of the experiment in the
field of mechanical engineering, using mechatronic devic-
es, its structure and real functioning over the Internet.

II.  GOALS

Remote laboratory for measuring linear dimensions
aims to offer a framework where tutors and trainees can
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communicate and interact remotely via Internet, in a
blended or e-learning context to the different types of
users, from secondary to higher education. It provides
access to remote experiments in different areas of con-
temporary automated manufacturing technology and sup-
porting materials.

Remote laboratory for measuring linear dimensions en-
sures reliable and accurate measurement of linear dimen-
sions. This system is a good example of a mechatronic
structure where different engineering areas, such as
pneumatics, automation, mechanical engineering and
programmable logic controllers (PLCs) are integrated in a
unique one.

III. DESCRIPTION OF REMOTE LAB FOR MEASURING
LINEAR DIMENSION

Remote laboratory for measuring linear dimension (Fig.
1) is developed to demonstrate different advanced tech-
nologies and to take care about important issues of overall
system characteristics.

For the execution of the experimental set-up, four
pneumatic cylinders of different sizes are used. Pneumatic
cylinders provide the movement, and opening and closing
of digital caliper. They allow the measuring device to
comes in contact with the measurement object and per-
form measurement. Directional control valves for pneu-
matic cylinders are electrically controlled with the sensors
output. Time-motion diagram is shown in Fig. 2.

1. IP web camera, 2. measurement device—digital caliper, 3.

Figure 1.
measurement object-axles, 4. cylinders for movement of measurement
device, 5. axles carrier, 6. platform.
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Figure 2. Time-motion diagram of execution part
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Figure 3. Working diagram

Data and clock signal from digital caliper are input sig-
nals that are driven and controlled by Arduino Yun. Web
page is made by using JavaScript environment.

The measurement process starts to work by pressing the
START button. After the measurement, results are sent to
the microcontroller memory. If user, for some reason,
wants to repeat this measurement, it can be done by reac-
tivating the START button. If the data from previous
measurement are not sent, the new data will not be saved.
If the START button is pressed after storing data in mi-
crocontroller memory, new regular measurement cycle
will begin. This working diagram is shown in Fig. 3.

The process structure of the e-learning via Internet, for
a concrete demonstration example, consists of the follow-
ing steps:
a) learning theoretical bases related to subject area,
b) experimental measurement with implementation of
gained knowledge,

c) evaluation and validation of student knowledge and
d) results analysis.

All steps except the second are based on Moodle plat-
form (Modular Object Oriented Dynamic Learning Envi-
ronment). Teachers prepare all the necessary literature,
regarding tolerances of mechanical parts and assemblies,
and place it on Moodle, so students can access it any time.
After reading theoretical basis students have all the neces-
sary knowledge for starting the experiment. In order to
access the experiment. Students need to open web browser
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Figure 4. Start page for accessing to the remote experiments

Remote laboratory for measuring linear dimensions

START STOP

Measurement results

Diameter of axle number 1: ds1 = 19.95 mm
Diameter of axle number 2: ds2 = 20.07 mm
Diameter of axle number 3: ds3 = 20.01 mm

Diameter of axle number 4: ds4 = 19.88 mm

Figure 5. E-lab web client page, with camera and measuring results

EXAM QUESTION

Test 1/Question 8
Based on the experimental results of the axle dimension
(Remote Lab included), determine which axle is made in
tolerance j8.

Remote laboratory for measuring linear dimensions

START STOP

Measurement results
-1 Diameter of axle number 1: ds1 = 19.95 mm

- 2 Diameter of axle number 2: ds2 = 20.07 mm

- 3 Diameter of axle number 3: ds3 = 20.01 mm

- 4 Diameter of axle number 4: ds4 = 19.88 mm

e
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Figure 6. Example of one exam question

and enter the IP address. Than the start page shows (see
Fig. 4).

By clicking the experiment, new tab is opening. Exper-
iment than can be started by pressing START button.
Upon completion of the measurement and by pressing the
RESULTS button, students can see the measured diameter
of installed axles (see Fig. 5).

At the end, students need to show their knowledge
through the test their knowledge. It is possible to prepare
several different types of tests, which can be located on
Moodle. The example of one exam question is shown in
Fig. 6.
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IV. CONCLUSION

Multimedia components such as photos, animations and
recordings, within this experimental set-up, give to the
students as much realism as possible, related to the issues
that might occur.

With the development of this experiment improvements
in teaching methods should be promoted, as well as mod-
ernization of teaching processes and new perspective to
the students. In addition, control activities can be prac-
ticed.
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