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Preface 

 

It is our pleasure to welcome you at the 2
nd

 regional conference Mechatronics in Practice and Education – 

MECHEDU 2013, organized for the second time by Subotica Tech – College of Applied Sciences in 

Subotica, in cooperation with the Faculty of Technical Sciences in Novi Sad, Förderung der Automation und 

Robotik from Austria and Mechatronik-Plattform from Austria. 

MECHEDU was born within the framework of the IPA cross-border program with the aim of promoting 

activities in various areas of mechatronics by providing a forum for the exchange of ideas, presentation of 

technical achievements and discussion of future directions. 

The first MECHEDU conference was held in 2011 and it drew much attention and positive feedback from a 

wide spectrum of participants. Therefore, the representatives of Subotica Tech and Faculty of Technical 

Sciences from Serbia, together with F-AR and Mechatronik Plattform from Austria, agreed to jointly take on 

the task of organizing the next MECHEDU conference in the future. 

Today, MECHEDU 2013 Conference brings together an international community of experts from the region 

to discuss the state-of-the-art, latest research results, perspectives of future developments, and innovative 

applications relevant to mechatronics. 

Papers by more thirty authors from different countries are published in the Proceedings, covering different 

topics of interest such as: 

 Advanced Manufacturing; 
 Didactic Equipment for Mechatronics; 
 Education in Mechatronics Engineering; 
 Human-Machine Interface; 
 Industry Applications; 
 Information Technology; 
 Intelligent Systems; 
 Intelligent Control; 
 Intelligent Transportation Systems; 
 Modeling and Design; 
 Machine Vision; 
 Micro-Electro-Mechanical Systems; 
 Robotics and Mobile Platforms; 
 Sensors and Actuators and Networks; 
 Control Management; 
 Management in Mechatronics. 

We sincerely hope this publication will answer some of the questions concerning the field of Mechatronics. 

Igor Fürstner 

Chairman of the Organizing Committee of MECHEDU 

 

Subotica, December 2013 
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The modification of the roughness parameters in 

the wear process 
 

István Barányi,  

Óbuda University, Donát Bánki Faculty of Mechanical and Safety Engineering  

baranyi.istvan@bgk.uni-obuda.hu 
 

 

 
Abstract— Nowadays one of the most important tasks in 

tribology to design the surfaces optimised to the operation. 

According to the literature we define clearly and detailed all 

of the optimal machining parameters, but we have only 

limited information about the worn microtopography. 

Researchers define the wear rate, the wear form and the 

wear sign in different measuring methods, but the 

roughness parameters modification have been investigated 

only a small degree. With the help of these parameters have 

a possibility to determine the modificated operational state. 

In this article i would like to introduce the modification of 

the roughness parameters in a point of view of normal force 

and sliding distance in a case of non-lubricated abrasive 

process. 

I. INTRODUCTION 

In the past decades new roughness parameters and 
measuring systems have been developed, but these new 
opportunities have been used only a small degree in the 
engineering practices. The widely used parameters 
(example average roughness and root mean squared 
roughness) define the basic manufactured specific in the 
case of orientated microtopography [1], [2], [3] or the 
roughness of the cutting tool [4], [5]. The non-
standardised measuring technology and the 
microtopography parameters give me a possibility to make 
a deeper, detailed analysis.  

Tribologist often define the wear with the help of the 
wear rate in a function of normal pressure (normal force) 
and the sliding distance[6],[7], but the literature consist 
only a few article from the roughness modification of the 
worn part [8], [9] or  manage the real-time monitoring of 
the process [10], [11], [12] . In my topic I would like to 
determine which three dimensional roughness parameter 
represents the worn roughness profile correctly in a case 
of different abrasive wear state [13].  

II. MATHEMATICAL BACKGROUND AND 

CHARACTERISATION TECHNIQUE 

The roughness measurement standards divide the 
parameters in different classes: 

 Amplitude parameters  

 Spacing parameters  

 Hybrid parameters,  

 Functional parameters  

The wildly used amplitude parameter extension defines 
the ―traditional‖ approach which wildly used in the 
engineering practice. These parameters mathematical 
background: 
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Where: 

Sa: Average roughness of the surface, 

Sq: The Root-mean-square deviation of the surface, 

Ssk: Skewness of surface height distribution, 

Sku: Kurtosis of surface height distribution, 

Z(x,y): Height coordinate of the point. 

III. INVESTIGATED MICROTOPOGRAPHIES 

The investigated surface topographies made by turning. 
The particle number of the sandpaper was 1200 piece/cm

2
. 

The investigation was steel-sandpaper sliding pair.  

The sliding distance was between 600 mm and 10800 
mm (the step was 600 mm) ,the normal force was between 
200N and 600N (the step was 100N), the velocity was 25 
mm/s and lubrication have not used. The wear test has 
been made by special abrasive wear tester which 
automatically rotates the loading unit in a parallel of the 
surface microstructure main surface. 

 
Figure 1.  The turned surface microtopography before the wear 

process 
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Figure 1. shows the surface microtopography before the 
wear process and Table I. shows the roughness and the 
statistical parameters of the machined surface.  

The steel part profile was recorded a Mahr Perthen 
Concept 3D type stylus instrument. The travelling length 
was 1 mm the sample distance was 2 micron in both 
direction.  

The roughness parameters named  Sa and Sq which are 
the extensions of the average roughness and root-mean 
square roughness are represent the machining correctly, 
because the value of the coefficient of variation is smaller, 
than 2% and the higher Sa value produce higher Sq 
parameter value. For this reason the local errors of the 
microtopographies are not significant. 

The statistical parameters which characterising the 
height distribution and the density of the measurement 
points (named Ssk and Sku) are well represent the first 
stage of wear process and the values are typical for the 
milled machining process.  

Figure 2. shows the original and the worn profiles in 
different wear stage.  

The abrasive wear process particularly disappear the 
profile peak zone and modify the height coordinates of the 
points. 

The profile measurement helps the engineers to make a 
short time investigation. These profiles and its roughness 
parameters charaterise only the profile modifications. In a 
case of abrasive wear process, in a slideing dierction 
which equal than the profile measiuring direction the 
researchers have an opportunity only a small point of view 
analisys: the wear marks (scratches) take place in the 
perpendicular direction on the peak zone. According these 
thinks the surface measurement had been done. 

As Figure 3. shows the peak zone particullary destroyed 
all of the wear stage. This destroying and modifying (new 

 
original 

 
Force: 300N, distance:3m 

 
Force: 300N, distance:10.8m 

 

 
Force:500N, distance: 10.8m 

Figure 2.  The original and the worn  profiles in different stage 

 
original 

 
Force: 300N, distance:3m 

Table I. The roughness parameters and its average, deviation and 

coefficient of variation 

Sample 
Sa 

[micron] 
Sq 

[micron] 
Sz 

[micron] 
Ssk 
[-] 

Sku 
[-] 

1 3.21 3.92 20.89 0.78 2.75 

2 3.31 4.03 20.22 0.78 2.7 

3 3.30 4.05 22.47 0.65 2.72 

average 3.28 4 21.2 0.74 2.72 

deviation 0.05 0.07 1.16 0.07 0.03 

CV [%] 1.63 1.71 5.46 9.92 1.1 
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peak zone foriming) well defining with the help of the 
factors that affect to the wear. 

Figure 4. shows the roughness parameters defined 
(1),(2),(3),(4) in a function of force and sliding distance. 
All of the test has been made in laboratory environment, 
and the samples had been cleaned by before the test and 
the measuring. 

The factors values of the test has been determined to 
characterise the first modifications and the last stage of the 
original microtopography.  

 

 

IV. RESULTS AND CONCLUSIONS 

According to figure 4 the parameters are sensible to the 
force and the sliding distance too. The ―traditional 
parameters‖ (average roughness and mean root-square 
roughness) define the overall specific of the wear process.  

As figure 4. shows these to parameter tendency is 
similar. The decreased values in a function of force and 
sliding distance represent the decreased peak zone height 
coordinates. The similar graphs not defined local errors. 

The other parameters named skewness and kurtosis 
gives me statistical analysis of the point height 
coordinates. The skewness value reduction describes the 
symmetry of microtopography about the mean plane. The 
negative skewness indicates the predominance of valleys. 

 

 

 

Figure 4. The function of the roughness parameters 

 
Force: 300N, distance:10.8m 

 
Force:500N, distance: 10.8m 

Figure 3. The original and the worn  topography  in different 

stage 
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The kurtosis values are semi constant in a first stage of 
wear process and the around the maximum sliding 
distance and force the values dramatically grown. The 
meaning of growth is to the abrasive grains make new 
scratches on the valley zone. The increased kurtosis makes 
a prediction to the destroyed microtopography. 

With the help of this characterisation technique the 
researchers have an ability to define the wear process in 
the different stage: the statistical parameters give a chance 
to make a segregation between the original worn and the 
―new worn‖ microtopography which has been formed by 
scratches.  
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Abstract—Mechatronics is a facet of engineering science 

based on the combination of mechanical engineering, 
electrical engineering and computer science, and is 
fundamental to all forms of systems, device, and product 
design’s that incorporate a balance of mechanical structure 
with electronic and software control technologies. 
Mechatronics engineers use computers and computer-aided 
design (CAD), as well as other engineering software that is 
used specifically for modelling, simulating and analysing 
complex mechanical, electronic or other engineering 
systems. They use numerical computing environments and 
may also need to be familiar with programming languages. 
This paper presents two applications for learning 
programming languages such as Java, C#, Visual Basic, and 
F#, which enable students to improve their skills in 
programming. 

I. INTRODUCTION 

Mechatronics is a facet of engineering science based on 
the combination of mechanical engineering, electrical 
engineering and computer science, and is fundamental to 
all forms of systems, devices, and product designs that 
incorporate a balance of mechanical structure with 
electronic and software control technologies, as shown in 
Figure 1. 

 

 
Figure 1.  Mechatronics is the synergistic combination of mechanical 

engineering, electrical engineering, electronics, information technology 
and systems thinking used in the design of products and automation 

processes. [2] 

Mechatronics engineers, by necessity, must be cross-
trained in several disciplines and must also have the 
ability to communicate across these disciplines. They 
must be able to install machines, connect them to 
electronic circuits, and master their control software [1].  

Mechatronics is concerned with mechanics, electronics, 
pneumatics and computer technology. The computer 
technology element covers information technology 
applications, programmable machine control systems and 
technology which enable communication between 
machines, equipment and people.  

Mechatronic engineers use computers and computer-
aided design (CAD) and other engineering software that is 
used specifically for modelling, simulating and analysing 
complex mechanical, electronic or other engineering 
systems. They use numerical computing environments and 
may also need to be familiar with programming 
languages. 

This paper presents two applications for learning 
programming languages such as Java, C#, Visual Basic, 
and F#, which enable students to improve their skills in 
programming. These applications are primarily designed 
for beginners in the field of learning programming 
languages. 

II. JELIOT 3 

Jeliot 3 is a program visualization application. It 
visualizes how a Java program is interpreted. Method 
calls, variables, operation are displayed on a screen as the 
animation goes on, allowing the student to follow step by 
step the execution of a program as shown in Figure 1. 
Programs can be created from scratch or they can be 
modified from previously stored code examples. The Java 
program being animated does not need any kind of 
additional calls; all the visualization is automatically 
generated. Jeliot 3 understands most of the Java constructs 
and it is able to animate them. 

 
Figure 2.  A screenshot of Jeliot 3 
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Jeliot 3 can be used in several ways for teaching and 
learning to program. Here are some examples from 
Kannusmäki, Moreno, Myller and Sutinen [3]: 

 Lecturers can use Jeliot 3 as a part of the lecture 
material. They can explain the different concepts of 
programming through Jeliot animations. This will 
facilitate the construction by the students of the correct 
relationship between the animation and the concept, and 
enable them to apply it later with a reduced possibility of 
error [4]. 

 The students may use Jeliot 3 by themselves after 
lectures to do assignments. 

 Jeliot 3 can be used in an interactive laboratory 
session, where students may utilize their recently 
acquired knowledge by writing programs and debugging 
them through Jeliot 3. 

 Finally, Jeliot 3 provides a tool that can aid in 
courses where external help is not available (e.g. in 
distance education). Its visualization paradigm creates a 
reference model that can be used to explain problems by 
creating a common vocabulary between students and 
teacher [4]. 

One of the possibilities that the software Jeliot 3 
provides is the ability to select the Ask Questions During 
Animation option from the main menu. Whenever an 
expression is to be evaluated, a popup window will ask for 
the result. However, currently questions are generated 
only for assignment statements (Figure 2). The 
continuation of the animation is not possible until a 
student gives an answer to the question. In this way 
students have the opportunity to self evaluate their 
knowledge. 

 

 
Figure 3.  A screenshot with multiple choice questions 

The Jeliot family's key feature has been the fully or 
semi-automatic visualization of the data and control flows. 
The development of the Jeliot family has taken more than 
ten years with different kinds of stages. Several versions 
of the concept have been developed, namely Eliot 
(developed at University of Helsinki, Finland), Jeliot I 
(developed at University of Helsinki, Finland), Jeliot 2000 
(developed at Weizmann Institute, Israel). This has led to 

the stage when the software has become product-like both 
usable and stable. 

The new version Jeliot 3 is a free piece of software 
published under General Public License (GPL). This 
means that the future platforms can be developed by 
networked teams presenting the idea of learning 
communities. In these communities the distinction 
between a teacher, a learner and a developer disappears, 
thus learner can develop the tools he or she needs with the 
other members of the community. Jeliot-together with its 
documentation, research publications, and learning 
materials-can be downloaded for free from 
http://www.cs.joensuu.fi/jeliot/ [5]. 

III. PEX: UNIT TESTING TOOL FOR .NET 

Pex [6] is an automatic white-box test generation tool 
for .NET, based on dynamic symbolic execution. This tool 
is integrated into Microsoft Visual Studio in the form of 
an add-in. It can generate test inputs which are combined 
with different unit testing frameworks [7]. They have 
implemented Pex in classroom teaching at various 
universities (for example North Carolina State University, 
University of Illinois at Urbana-Champaign, and 
University of Texas at Arlington), and also in a variety of 
tutorials both within Microsoft (such as internal training of 
Microsoft developers) and outside Microsoft (such as 
invited tutorials at .NET user groups). Further, they have 
created numerous open source research extensions upon 
Pex [8]. 

One of the most important methodologies that Pex 
supports is called parameterized unit testing, which 
broadens the scope of today‘s industry practice which 
prefers closed, traditional unit tests (i.e., unit test methods 
without input parameters) [7].  

 
Figure 4.  A parameterized unit test for testing the Add method of a 

MyHashSet class 

There are useful characteristics that Pex offers to 
support for testing. Primarily, there is the option of 
exploring code and suggesting the tests that should be 
done. Secondly, assuming that it is a parameterized test, 
Pex can determine the combination of parameters that has 
to be tested so as to provide all feasible versions. Lastly, 
once Code Contracts is being used, Pex uses that 
information to fine-tune the unit tests that are offered or 
generated for the user [9].  

IV. PEX4FUN 

Pex for fun on the web is a fundamentally simplified 
form of the fully featured Pex Power Tool for Visual 
Studio. There is no need for any installation; since it is 
handled in the cloud (www.pexforfun.com). Code can 
either be written in C#, Visual Basic, or F#. Figure 5 
shows the user interface of the Pex4Fun web.  

  

http://www.pexforfun.com/
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Figure 5.  The user interface of the Pex4Fun web [10] 

Solve Puzzles 

Pex4Fun has a given set of particular code examples, 
which are called puzzles; these are displayed in the 
working area for the players. Every puzzle is focused on a 
major method named Puzzle. When a puzzle is loaded in 
the working area, the user will click the ―Ask Pex!‖ button 
so as to compile and run it. The compilation and execution 
takes place on the Pex4Fun server; only the testing results 
are displayed. The main Puzzle method can take 
parameters and return values. If one wants to run one of 
these Puzzle methods, argument values have to be 
provided. Pex automatically detects interesting argument 
values as it analyzes the code. A table of input and output 
values then shows the generated input argument values 
and produced return values under the working area. The 
player can click every row of the table for further details, 
e.g. console output or stack traces [7]. 

Solve coding duels 

A coding duel is an interactive puzzle. In a coding duel, 
the idea is to apply the Puzzle method to recreate the same 
behavior as another secret Puzzle method (e.g., the 
teacher‘s specification). In order to set out with a straight-
forward coding duel, click an example coding duel from 
the web site. There is a dummy implementation which 
does not do much. If you click ―Ask Pex!‖ it will show 
you how it is different from the secret implementation. 
Then you run a comparison between your result and the 
secret implementation result. You make an analysis of the 
differences and alter the code so as to match the secret 
implementation result for all input values. Again, ―Ask 
Pex!‖ is clicked and the whole process is repeated until 
you win the coding duel. After winning the duel, try 
another one! The tool ―Pex for fun‖ will track how you 
progress, but you have to be signed in for that. 

  

 
Figure 6.  A coding duel 

 
As far as learning and teaching are concerned, such 

coding duels serve the purpose of helping them to train 
different skill sets of players. These include the following, 
among others [7]: 
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 Abstraction skills. The shown list of generated input 
argument values is there to exhibit various behaviors and 
identical behaviors, respectively, though these are just 
exemplary argument values, which means that these are 
not a complete set of argument values for exhibiting 
different or same behaviors. Before realizing how to alter 
the player‘s implementation to move closer to the secret 
implementation, the player is forced to generalize from 
the seen exemplary values and the same or different. 

 Problem solving or debugging skills. In order to 
solve a coding duel the player needs to run iterations of 
trials and errors. The player has to decompose the 
problem on the basis of the observed exemplary 
argument values and behaviors: grouping exemplary 
arguments that may show the same category of different 
behaviors, e.g., because of lacking a branch with the 
conditional of if (i>0). As a following step the 
player has to think of a hypothesized missing or 
corrected piece of code to cause failing tests (different-
behavior-exposing tests) to pass as well as passing tests 
(same-behavior-exposing tests) to still pass. Following 
this, the player has to do a test to validate the hypothesis 
by clicking ―Ask Pex!‖. Thus, solving a non-trivial 
coding duel may require exercising different problem 
solving skills. 

 Program comprehension and programming skills. 
Assuming that the dummy implementation at the 
beginning is not that ―simplistic‖, including non-trivial 
code, the player has to first comprehend what actions the 
dummy implementation is performing. This makes it 
clear that the players must have solid programming skills 
in order to do well on a non-trivial coding duel. 

Create and teach a course 

The purposes of Pex4Fun are manifold: it can be used 
to make classes on mathematics, algorithms, programming 
languages, or problem solving in general seem more 
captivating. Teachers have at their disposal an embedded 
wiki to create class materials based on puzzles and coding 
duels. More specifically, this enables the teacher to 
integrate existing pages into the course. The author of 
these pages could either be the given teacher or anyone 
else. The participation process is the following: students 
are invited by way of the teacher sending them a 
registration link. It is even possible to have more than one 
teacher. A registration for the course through the 
registration link will make it possible for anyone to 
become a student. Then the student will go through the 
pages that are part of the course. In order to pass the 
course, the requirement is that the student executes the 
tasks as coding duels. Any time the student wants to leave 
the course, they simply unregister. 

Creating and publishing coding duels 

There are five steps necessary to create and publish 
coding duels. The first step is to sign in, so as for Pex4Fun 
to maintain coding duels for you. The second step is to 
write a specification setting out from a puzzle template 
where the specification is written as a Puzzle method 
which transforms inputs into output. The third step is 
creating the coding duel by clicking the button ―Turn This 

Puzzle Into a Coding Duel‖ (which appears after clicking 
―Ask Pex!‖). The fourth step is editing the visible program 
text by clicking the coding duel Permalink URL, which 
leads to the coding duel. You fill in a somewhat more 
useful outline of the implementation (as well as adding 
optional comments) which somebody else will at some 
point complete. 

The fifth step is to publish once you have finished the 
editing process of the visible Puzzle method text, then you 
click ―Publish‖. 

CONCLUSION 

Mechatronics engineering is a multidisciplinary 
segment of the engineering field. It combines electrical 
engineering, computer engineering, mechanical 
engineering, and control engineering. A mechatronics 
engineer‘s role is to unite various principles from all the 
above engineering disciplines to create more economic, 
reliable, and simplified systems. Mechatronics jobs can 
vary as much as the scope of the field of mechatronics 
itself. Some of the actual skills a job in mechatronics may 
require include programming software, creating models 
using computer aided design (CAD), and operating data 
acquisition instruments. 

The two versions of software described in this paper 
contribute to a better understanding of solving 
mechatronics problems related to programming. 
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Abstract—Teaching of control systems just as mechatronics 

has its own challenges. We developed several modules which 

work well together to teach students the foundations and 

uses of control systems to prepare them for the challenges 

they will face once in the industry. Since by no means is the 

subject of control systems a one semester course these 

modules had to be tailored to cover a wide range of 

materials at an understandable pace, this way students will 

not get discouraged by overwhelming amounts of course 

material. Students found the various subjects easier to 

master when working in well balanced small groups to solve 

problems that they could relate to. According to their 

statements the experience was further enriched by the 

various hands on exercises at the learning stations. Due to 

the structured course modules which take full advantage of 

the utilities of our institute the students were able to cover 

more material in previous years and interest in constructive 

competitions such as the PLC programming competition 

and Pneumobil has increased. 

I. INTRODUCTION 

The teaching of mechatronics and subjects closely 

related to mechatronics presents many difficult 

challenges. Among these selecting the right mixture of 

theory and practice to fit into the subjects timeframe is 

the biggest challenge since students find it difficult to 

simply imagine the effect on a plant from the result of a 

Matlab simulation's plot. To better facilitate the learning 

of the students we have been using rigs designed by 

ourselves for use in education as well as some 

commercially available ones. This article is about the use 

of these rigs in education as well as research. 

The first rig we will introduce is the one we designed 

for the testing of pneumatic artificial muscles (PAMs), 

after that the rigs developed for the teaching of PLC 

programming, control theory and signal processing will 

be examined. 

II. INSTRUMENT FOR THE INSPECTION OF PAMS 

For some years we have been investigating the various 

properties of PAMs and testing systems with high 

accuracy positioning achieved by using PAMs [1]. In this 

research we have included our students to teach them 

LabVIEW programming, data acquisition and processing. 

The tasks include measuring the contraction-force curve 

on varying pressures, experimenting with positioning on 

the newer muscle types and measuring how temperature 

affects positioning [2]. 

A specially constructed testing machine was 

constructed for the measurement of the static and 

dynamic characteristics of different pneumatic actuators. 

The rig is shown on Fig. 1. It consists of a slider 

mechanism. One end of the muscle is fixed to a load cell, 

while the other side is attached to the sliding block. The 

load cell (7923 type from MOM) is a 4 bridge element of 

strain gauges. It is mounted on the fixed surface and is 

attached to the PAM. The load cell measures the force 

exerted by the PAM. To measure the air pressure inside 

the muscle, a Motorola MPX5999D pressure sensor is 

plumbed into the pneumatic circuit. The linear 

displacement of the actuator is measured using a 

LINIMIK MSA 320 type linear incremental encoder with 

0.01 mm resolution. These sensors are all connected to an 

Instruments Multi-I/O card (NI 6251) and can be 

accessed from LabVIEW from their own dedicated task. 

The air pressure applied to the PAM can be regulated 

with a voltage controlled pressure regulator (proportional 

pressure regulator (PPR)) type Festo VPPM-6L-L-1-

G1/8-0L6H-V1N-S1C1. There is also a voltage 

controlled proportional valve (Festo MPYE-5-M5-010-B) 

for positioning. 

 

 
Figure 1.  Rig designed for the inspection of PAMs [3] 

The rig is reconfigurable, with little modification it can 

be changed from measuring linear displacement to 

angular displacement, this presents a new set of exercises 

for the students [4] (Fig. 2). 
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Figure 2.  Rig designed for measuring angular displacement [4] 

Using LabVIEW and the predefined input and output 

task defined in the Measurement and Automation 

Explorer software the students are given objectives to 

complete such as achieving positioning using a PID, 

sliding-mode or adaptive control algorithm, measuring 

the force-contraction curve of a particular PAM and 

applying curve fitting to approximate the function, 

measuring the hysteresis of PAMs [5]. These exercises 

follow excellently the course of control theory and data 

acquisition and signal processing. 

III. PLC PROGRAMMING 

The subject of PLC programming can be a particularly 

difficult one to teach for it requires hands on technologies 

that can be used to demonstrate industrial equipment. 

Hands on technologies are important because they face 

students with problems that simply are too difficult to 

learn with only simulations or just blinking lights, 

however having such a technologies can be rather 

expensive because of this simulations are becoming 

increasingly popular. In practice both of these have their 

place and a correct mixture enables students to learn the 

fastest. 

In the beginning of our PLC programming course the 

first few weeks are spent on simulators for a very simple 

reason, students are still inexperienced to the subject so to 

minimize the chance of them damaging the PLC-s 

simulators are used as a kind of training wheels to learn 

the basics such as the use of inputs, outputs, timers and 

counters. As I mentioned before seeing lights simply 

blink is not the most effective way of teaching the subject 

so there are specialized simulations to practice the basic 

concepts on. The first one is the classic garage door 

problem. In this simulation we have a panel with an open, 

close and stop button and the tasks are done in sequence 

starting with simply opening the garage door while open 

is pressed and closing it while close is pressed and 

stopping at the end stops, to programming a self holding 

circuit and finally the full out state machine approach of 

solving this particular problem and comparing the result 

with the intuitive way of solving a problem. 

Usually this first exercise is the best one to start with 

for it shows that even simple problems can be approached 

from many different angles, so we take extra time to first 

let everyone try to solve the problem intuitively on their 

own and then examine their way of thinking, break it 

down together and examine the good and bad parts and 

have a chance to talk about programming languages and 

styles. It is important to emphasise the importance of 

writing maintainable clean programs in the beginning for 

it only gets more difficult later on when they develop 

their own programming style. 

After a few weeks examining this first problem we 

move on to other simulations such as box filling, traffic 

control and batch mixing. There are some commercially 

available simulators/emulators and some are even free to 

use in education. A really good one is the PSIM program 

from http://www.thelearningpit.com it is free and covers 

most of the mentioned simulations. 

Once timers and counters have been covered the 

students are ready to handle some real PLC-s. To have a 

more modular environment we use a Festo EasyPort (Fig. 

2.) and the exercises that come with the Festo EasyVEEP 

program. Here the real PLC is connected to a terminal 

block which is connected to the Festo EasyPort. Through 

an USB connection the EasyPort communicates with the 

running simulation and handles the outputs. For all 

intents and purposes the PLC sees a real technology, this 

is an excellent tool to use for it is PLC independent unlike 

the PSIM which is an Allen-Bradley teaching tool. It is 

also possible to write new simulations in LabVIEW using 

the EasyPort as an input/output terminal thus the 

possibilities are virtually endless. Another excellent 

software to use is Festo's FluidSim, with it we can 

assemble a large electro-pneumatic system or simply an 

electric one and work it with inputs from the EasyPort. 

Students however want to apply their skills to more 

than just simulations, to demonstrate industrial equipment 

we use Festo MPS workstations (Fig. 3.) these are 

excellent to practice connecting industrial sensors and 

actuators but are limited in functionality because they 

cannot be reconfigured easily. A more versatile solution 

is a Festo electro-pneumatic workstation (Fig. 4.) which 

can be reconfigured as needed. The final weeks of the 

course are filled with exercises on real technologies and 

after this the students can confidently stand up to real 

industrial problems. Some as a further challenge take on 

themselves the Pneumobil or PLC programming 

competitions. 

 

 
Figure 3.  Festo MPS workstation 
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Figure 4.  Festo electro-pneumatic workstation 

IV. CONTROL THEORY 

Most people in higher education will agree that with 

the introduction of programs like Matlab or Scilab the 

teaching of the course has gotten a lot easier and far more 

ground can be covered in less time, however as before 

with simply looking at graphs especially when looking at 

such higher order events as acceleration, angular velocity 

and position. To help students understand these concepts 

visual aids in the form of hands on technologies are the 

best. For control theory concepts we use a Festo MPS 

Process Automation workstation (Fig. 5.). Since it also 

can be attached to an EasyPort and an EasyPort can be 

accessed from eider the FluidLab PA software which is 

the software recommended by Festo and comes with its 

own set of exercises or LabVIEW which offers a great 

opportunity to test control algorithms and visually see the 

results in the level of the water in the tank. It has sensors 

that can measure the flow of water and an output to 

change the flow rate of the pump at the bottom of the 

workstation. 

The station is easy to disassemble and reassemble into 

any configuration we want, more workstations can be 

combined into one more interesting and complicated 

system, sensors and actuators can be added to measure 

and control more parameters of the system for example 

temperature, water level, water flow direction. 

Since the EasyPort is essentially a PLC that is 

connected to a PC for this exercise a real PLC can also be 

used to implement the chosen algorithm in a physical 

device. Implementing these algorithms for the PLC is a 

challenge on its own.  

 

 
Figure 5.  Festo process automation workstation 

V. DATA ACQUISITION AND SIGNAL PROCESSING 

For this subject to manifest itself in students a modular 
course philosophy was implemented in which we design a 
product from start to finish over the course of several 
semesters through several subjects. In order for this to 
work all the subjects need to have the same goal in mind. 
An interesting example of this product oriented 
philosophy is the design of a handheld multimeter. 

The first step in designing a multimeter is learning the 
foundations of metrology and having some practice with 
measuring voltage and current, learn the basics of 
frequency measurement, capacitance, inductance and 
temperature essentially all the function necessary for a 
digital multimeter. They will also learn how to design and 
build the circuits on a breadboard as well as learn how to 
calculate the error of these measurement circuits. 

The second step is designing the printed circuit board 
and building the circuit. For this we have a semester of 
computer aided circuit design with EAGLE and circuit 
simulation in TINA provided for education by Texas 
Instruments. After learning the basics of circuit design the 
task falls to selecting components that can be used for the 
multimeter design in question. Keeping in mind that there 
will be a microprocessor with a limited number of A/D 
converters, resolution, sampling rate [6] these have to be 
connected to operational amplifiers. These circuits must 
have a low noise to signal ratio. They must also calculate 
with external noise and so the circuit must be shielded [7], 
resistances must be chosen so that even at the limit of their 
manufacturing precision they will meet the required 
precision that they learned from in metrology. 
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Next comes the programming of the microprocessor. 
For this we have the subject of data acquisition and signal 
processing where they learn about measurement systems, 
filters, dithering, FFT, signal processing and displaying 
the results. The necessary functions are selected and 
implemented on the microprocessor. 

This product oriented philosophy can have modules 
added to this, let's say we need a case for our multimeter 
we can involve the course for CNC programming to 
manufacture the case if we want a bench multimeter. If we 
want a handheld multimeter than the CAD course can be 
used to design a handheld case and manufacture the case 
with a 3D printer. 

As for the data acquisition and signal processing course 
the system of preference is again LabVIEW with an 
emphasis on signal processing. The course strongly 
follows "The scientist and engineer's guide to digital 
signal processing" book which is available for free from 
http://dspguide.com/. The foundations are mastered in 
LabVIEW but the implementation is in C on the 
microprocessor. 

VI. CONCLUSION 

In our experience with following these methods 

students have become more responsive to tasks given 

during the courses, a lower percentage of the students fail 

the courses, proving that a good foundation is necessary 

for the mastering of more advanced topics. 
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Abstract—In this paper we introduce a novel method for 

augmenting the spinal 3D model in real-time scene during 

diagnosis of various spinal deformities. By overlaying 

reconstructed anatomical contents onto the user’s field of 

view via augmented reality visualization platform, the 

virtual vertebral objects appear geo-referenced to the real 

environment and help physicians to improve the overall 

image of the patient’s postural condition. Then, we explain 

the principle of using markers located in prominent 

anatomical landmarks and interactive integration of virtual 

objects in the actual scene. In particular, this should be a 

powerful tool to understand the complex 3D nature and 

structure of the most common spinal deformities such as 

scoliosis and kyphosis, by the fusion of optical scans of the 

patient’s back surface and 3D vertebral assembly. From the 

patient side, conceptual augmented reality framework can 

enhance the self-awareness during rehabilitation by 

visualizing the target postures and motivate the user to 

exercise by game-like experiences. 

I. INTRODUCTION 

Augmented Reality (AR) systems are used to enhance 
the perception of the real 3D world. Visually, the real 
scene a person sees is augmented with computer-
generated objects. These virtual objects are registered in 
the scene in such a way that the computer-generated 
information appears in the correct location with respect to 
the real objects in the scene. AR can be classified along a 
virtuality continuum as illustrates Figure 1. 

This article introduces the applications of AR 
technology in complex spinal deformities visualization the 
significance of AR based anatomy learning. The core of 
this interactive system consists of video image processing 
techniques and interactive 3D model visualization.  

Augmented Reality 

One of the most commonly used definitions of 

Augmented Reality was given by Ron Azuma [1]. 

Independent of specific technologies, an Augmented 

Reality system has to meet the following requirements: 

1. Combine real and virtual worlds, 

2. Augmentations are interactive in real time, 

3. Augmentations are registered in 3D virtual to the 

real world. 

In recent years smart phones and tablets became an 

increasingly popular device for Augmented Reality in 

medicine and industry. These combine all needed 

components (camera, display and processing power) 

for video based Augmented Reality in a small form 

factor [2]. 
 

 
 

Figure 1. Simplified representation of the Reality-Virtuality Continuum 

(Courtesy of CAMPAR Lab Technical University of Munich) - 
Phantom head augmented with data extracted from a CT scan 

 
In the last few years, medical AR applications 

experienced a rapid expansion, driven by advances in 
hardware (tracking, haptics, and displays), new concepts 
in user interface design, such as Tangible User Interface 
(TUI) and a set of new interface metaphors and display 
techniques, such as Magic Lens and Virtual Magic Mirror 
[3]. These advances made it possible to visualize invisible, 
obscured or abstract 3D objects, models and data. 

II. 3D RECONSTRUCTION OF HUMAN STRUCTURES 

In this session we present 3D reconstruction methods 

that we have used for spinal 3D model reconstruction [4]. 

Modern 3D imaging modalities, such as CT and MRI, 

enable detailed and easy generation of 3D anatomical 

model of the spine, adequate for preoperative preparation 

and planning. Some methods require internal and external 

data of the deformity suitable for brace creation, but 

many efforts are being made to avoid adolescent patient‘s 

exposition to high radiation level during diagnostic and/or  
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Figure 2. Creating 3D models of vertebrae - Point cloud and contour 

extraction from DICOM slices  

 

monitoring process, by using optical and other 

nonionizing methods. In that course we made master 

model – virtual spinal phantom. 

The Visible Spinal Phantom 

Phantom is another word for a life-size anatomically 

correct replica of a human body, or one of its parts. The 

Visible Spinal Phantom was developed by 3D 

reconstruction methods of DICOM images, which was 

applied for in-situ visualization of CT dataset. As 

illustrated in Fig. 2, direct 3D reconstruction of each slice 

and volume rendering allows to achieve correct depth 

perception of inner organs. We have made a full 3D 

model of the spine by combining two software [5, 6].  

Vertebral 3D Reconstruction 

Mimics is biomedical software specially developed 

for medical image processing, segmentation of 3D 

medical images (from CT, MRI, microCT, CBCT, 

Ultrasound, Confocal Microscopy) and highly accurate 

3D models of patient‘s anatomy calculation [5].  

These patient-specific models or phantoms can be 

used for a variety of engineering applications in external 

software like statistical, CAD/CAM, or FEA packages. In 

this case we used trial version of Mimics for: 
 Importing DICOM data of the patient obtained 

from CT device, 

 Segmenting lumbar, thoracic, cervical vertebral 
parts, slice by slice according to the level of gray 
color, 

 Generating polylines and point clouds of the 
vertebral models, 

 Exporting 3D models in STL and IGS formats 
for further processing. 

 

With reverse engineering software called Geomagic 
Studio [6], we have made further processing of point 
clouds through the few phases (noise reduction, filtering 
outliers, wrapping). In the phase of polygonal meshes we 
have done decimating, spikes removing, mesh relaxation, 
holes filling and defeaturing. Final stage of mesh 
processing is contour detection and patches generation. 
This step is initial for the surface phase. Exported model 
with NURBS patches we have processed in PLM system 
CATIA [7], by joining patches into unique surface model. 
By adding volumetric features we have made solid 3D 
model of each vertebra, and then by defining joints and 
constraints we have created final spinal assembly. 

In the Table 1 we have showed details of 
reconstruction process of the 4

th
 vertebra from DICOM to 

solid 3D model. 

 
 

Figure 3. Creating 3D models of vertebrae - Polygonal and surface 

model generation 
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 All vertebral models are exported in an appropriate 

manner as *.vrml files (Virtual Reality Modeling 

Language) and then as a *.obj (Object File) models are 

adopted for AR environments. 

III. SYSTEM ARCHITECTURE 

In related work, some promising methods have been 

proposed for improving visualization during 

interventional therapy via augmented reality by applying 

head-mounted displays, external cameras or intra-

operative projector systems.  

To fulfill the requirements for an augmented reality 

system, the foundation is to estimate the position and 

orientation of the camera in respect to the world or vice 

versa. The combination of a position and an orientation is 

called a pose. To do this we employ a technique called 

marker tracking [2, 8].  

Marker tracker 

Marker tracking makes use of the camera image to 

find optical square markers and estimate their pose 

relative to the camera. A square marker consists of a 

black square with a white border and a predefined size. 

Within the square the ID of the marker is encoded. 

Different techniques can be used to encode the ID like 

template matching or the encoding as a binary number as 

in our case. The marker tracking pipeline is illustrated in 

Fig. 4 [2].  

In the first step the image from the camera is 

converted to a gray scale image to speed up the image 

processing in all further steps.  

Since the square markers are only black and white we 

can threshold the gray image in the second step to 

generate a binary image. This will remove noise and most 

of the environment from the image, which again allows a 

much faster processing for the next step.  

The third step consists of finding all of the contours 

that are left in the binary image. Of these contours only 

contours with exactly four corners are selected as 

potential square markers for the following steps. Using 

the corner positions of the rectangles from the previous 

step and the gray image the forth step consists of refining 

the corner positions of the rectangles to sub-pixel 

accuracy. This is realized by sampling the edges along 

each side of the rectangle and using this data to fit a line 

along each side. By calculating the intersection points of 

 

 
 

Figure 4. Marker tracker pipeline 

TABLE I.   
RECONSTRUCTION PROCESS OF THE 4TH

 LUMBAR VERTEBRA 

Ph. 
Reconstruction 

Detail Processing data File format 

I 

Tresholding, 
Segmentation, Region 

growing, Polyline 

detection, Exporting. 

Number of slices: 

46 

*.dcm 

*.mcs 

II 
Point cloud filtering, 
Warping, Decimating, 

Hole filling, 

Exporting. 

Initial number of 

points: 18204 

Reduced number of 
points: 18176 

*.igs 
*.wrp 

*.stl 

 
III 

Number of triangles:  

38477 

IV 
Number of patches: 

368 

V 
Surface extraction, 
Solid modeling. 

Exporting. 

Number of features: 

1 

*.CATPart 

*.vrml 
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these lines the algorithm obtains the sub-pixel accurate 

position of the corners. 

In step five the algorithm tries to determine whether a 

specific rectangle is a part of an optical square marker or 

a part of the environment by extracting the ID of the 

marker from the gray image. If a valid ID was detected 

then that rectangle is further processed. The ID of the 

square marker has the requirement to be rotation 

invariant. This property is needed to determine the order 

of the corner points, which in turn is needed to estimate 

the orientation of the square marker. Once a rectangle 

with a valid ID has been identified, the 2D corner 

positions from step 4 and the predefined size of the 

square marker are used to estimate its pose. Now we have 

all we need to fulfill the three requirements for an 

augmented reality system. By using the camera image as 

the background (real world) in our display and using the 

pose of the marker we now can superimpose the camera 

image with and virtual object (virtual world) as seen in 

Fig.5. When the marker or camera is moved the 

augmentation stays on the marker (registered in 3D 

space). The marker tracking pipeline is computationally 

inexpensive, so we can keep all interactions with the 

virtual objects in real time. Students or doctors observe 

the scene through a video camera, where the rendered 

image of the virtual patient is composed with video 

stream from a web camera, directed at the patient‘s back 

surface, as it is shown in Fig. 6 in detail.  

System description 

Our system is composed of a tracking framework to 

provide the necessary tracking data and a game engine for 

rendering the virtual models and interaction with the 

augmentations. As the tracking framework we employed 

UbiTrack [9]. UbiTrack is an open source, general 

purpose tracking framework for Augmented Reality 

developed by the „Fachgebiet Augmented Reality‖ group 

of the Technische Universität München, published under 

the LGPL license. 

 

 
 

Figure 5. 3D model of the spinal deformity in AR environment  

 

The greatest advantage of the UbiTrack Framework is 

the use of so called ―Spatial Relationship Patterns‖ [9]. 

This leads to a component based design, which allows 

the easy replacement of specific hardware drivers and 

tracking methods, as well as a less error prone way to 

develop and setup more complex Augmented Reality 

systems. UbiTrack has been successfully ported to 

Microsoft Windows, Linux, Mac OS and Android.  
Using a game engine for the visualization and 

interaction has the advantage that all the necessary 
groundwork for generating user interfaces, displaying 3D 
models, as well as an interaction  pipeline for the virtual 
world are already build in. For the game engine we are 
using Unity3D [10] for the ease of use and its platform 

 
Figure 6. Video based Augmented Reality 
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independency. This allows us to deploy our application to 
all desktop systems and Android devices without any 
need to change the source code of the application. 

Application 

 Adolescent idiopathic scoliosis is the most common 

type of abnormal curvature deformities observed in spine 

and it is more than 80% of cases diagnosed and 

progresses rapidly during the human growth period. The 

normal human spine has a physiological sagittal 

curvature, where upper curvature shows kyphosis in 

thoracic region, and lower curvature shows lordosis in 

lumbar spinal region. Idiopathic scoliosis is defined as 

curvature of the spine in frontal plane of at least 10 [4], 

with the rotation of the vertebral bodies, of unknown 

origin. Therefore scoliosis is a three dimensional 

deformation of the spine, including a curve in the frontal 

plane and vertebral rotation and deformation.  

 Our application basically works like the video based 

augmented reality system as seen in Fig. 6 to visualize 

and improve perception of the nature of the spinal 

deformity. By employing desktop version of developed 

AR platform or a Smartphone equipped with a camera, 

students and physicians are able to go through the 

investigation by themselves. Focusing the camera on the 

markers retrieve the virtual 3D object from database and 

the information and graphics are then overlaid onto the 

screen (Fig. 5). 

By recognizing the ID of the square-sized marker, 

the application determines which model and information 

to display. The interaction with the CAD model is 

handled by single touch rotation gestures on the touch-

screen of the device or by mouse inputs in case of the 

desktop application.  

IV. CONCLUSIONS AND FUTURE WORK 

 The augmented reality technology can be used as a 

new tool to support of the teaching activities and 

diagnosis aided tool to enhance the traditional learning 

experience and diagnosis.  

 
Figure 7: Scoliosis 3D model with additional parameters and 

annotations 

Since the spinal deformities are very complex [4], our 

conceptual system can emphasize the perception of 

students and medical staff and offers information that is 

not perceived directly by the use of their own senses or 

standard x-rays. Besides understanding the vertebral joins 

and their 3D models, conceptual AR platform aims to 

comprehending geometric relationships and 

measurements of the key lateral and internal parameters 

of spinal deformities (reference lines, Cobb‘s angles, 

vertebral axial rotations, etc.) (Fig.7). 

 In the future we plan to replace the standard square 

marker tracker with a texture/image based tracking 

system or fluorescent markers. This will allow us to 

integrate model of the lateral surface to the real patient 

and simulate kinematics of the spinal deformities. Such 

models can be further enhanced by integrating types of 

information other than just simple 3D representations. 

These types can include audio, text annotations, 2D 

images, and diagrams. As the development of the 

UbiTrack framework continues, we can make use of 

future ports of UbiTrack framework to other operating 

systems and all types of desktop and mobile devices.  
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Abstract—Since 1999, Wireless Sensor Networks (WSN) 

technology made major breakthrough in modern world. 

Together with WSN, main trends in Internet technology and 

its usage shaped its path from Internet of Data to Internet of 

Things (IoT). WSN became an invaluable resource for 

realizing the vision of the Internet of Things. In order to 

prepare undergraduate students to the new and upcoming 

technologies and concepts of ICT usage, the higher 

education has to apply new approaches and new and flexible 

learning environments for teaching next generations of 

students. This paper proposes the approach, as well as the 

platform, in teaching wireless sensor networks and related 

technologies applicable in IoT in undergraduate university 

courses. 

I. INTRODUCTION 

This paper deals with the approach of establishing 
effective learning platforms for the newest technologies 
and trends of the modern ICT world. One of these trends 
that are in the focus is Internet of Things (IoT). Emerging 
technologies shaped the path from Internet of Data to 
Internet of Things. On the other side, Wireless Sensor 
Networks (WSN) technology made major breakthrough 
since 1999. According to many sources WSN became an 
invaluable resource for realizing the vision of the Internet 
of Things [1,2,3,4].  

In order to prepare undergraduate students to the new 
and upcoming technologies and concepts of ICT usage, 
the higher education has the challenge how to apply new 
approaches and new and flexible learning environments 
for teaching next generations of students.  

This paper proposes the approach, as well as the 
platform, in teaching wireless sensor networks and related 
technologies applicable in IoT in undergraduate IT 
university courses. Before the platform proposal, this 
paper gives brief description of IoT, its architecture, key 
technology overview and features that are targeted with 
this paper.  

II. INTERNET OF THINGS 

The idea of Internet of Things according to [1] is that 
all the items should be connected to Internet by sensor 
devices such as RFID (Radio Frequency Identification, 
RFID) in order to accomplish intelligent recognition and 
network management. This idea was first proposed by 
Auto-ID laboratory in MIT (Massachusetts Institute of 

Technology) in 1999. Its core support technology is 
planned to be Wireless Sensor Networks and radio 
frequency identification (RFID) technology. 

The concept of Internet of things was announced in ITU 
Internet reports in 2005 issued on the World Summit on 
the Information Society (WSIS) by the International 
Telecommunication Union (ITU). It assumes that 
everything can connect to each other at any place and in 
any time by radio frequency identification technology, 
wireless sensor networks technology, intelligent 
embedded technology, and nanotechnology [6,7]. 

The Internet of Things is a technological revolution 

that represents the future of computing and 

communications, and its development depends on 

dynamic technical innovation in a number of important 

fields, from wireless sensors to nanotechnology. In order 

to connect everyday objects and devices to large 

databases and networks and to the Internet itself cost-

effective systems of item identification like RFID is 

crucial. Data collection play second important role 

making detection of changes in the physical status of 

things with sensor technologies crucial as well. 

Embedded intelligence in the things themselves can 

further enhance the power of the network. At the end, 

miniaturization and nanotechnology will help in 

developing smaller things able to interact and 

interconnect. A combination of all of these developments 

will create an Internet of Things that connects the world‘s 

objects in an intelligent manner [7]. 

A. Architecture of IoT 

According to the recommendations of the International 
Telecommunication Union [1,6], the network architecture 
of IoT consists of five layers: sensing layer, access layer, 
network layer, middleware layer and application layers. 

Sensing layer has the role to capture the interest 
information in large scales by various types of sensors and 
share the captured information in the related units in the 
network. 

The access layer transfers information from the sensing 
layer to the network layer through existing mobile, 
wireless, satellite networks, wireless LANs and other 
infrastructure. 
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Network layer integrates the information resources of 
the network into a large intelligence network with the 
Internet platform. Also its role is to establish an efficient 
and reliable infrastructure platform for upper-class service 
management and large-scale industry applications. 

The middleware layer manages and controls network 
information in real-time and to provide good user 
interface for upper layer application. It includes various 
business support platform, management platform, 
information processing platform, and intelligent 
computing platform. 

Application layer integrates the function of the bottom 
system, and builds the practical application such as smart 
grids, smart logistics, intelligent transportation, precision 
agriculture, disaster monitoring and distance medical care. 

Some other authors [5] have another opinion of IoT 
architecture and its layers (Fig. 1.). 
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management
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Figure 1.  Architecture of Internet of Things 

B. Key Technologies of IoT 

The following technologies are identified as key IoT 
technologies [1]: 

RFID (Radio Frequency Identification) technology 
originated in the early 40 's when it was used in machine 
recognition of enemy aircrafts. Nowadays, it can be used 
for production management, safety, transportation, 
logistics management, and other areas. RFID system uses 
radio frequency tags to bear information. To identify 
information RFID tag and reader communicate by non-
contact sensors. RFID technology offers non-contact 
reading and writing, distance from a few cm to dozens of 
meters, to recognize high speed moving objects, strong 
security, and can identify multiple targets simultaneously 
[1]. 

EPC (Electronic Product Code) can be used to 

construct a global intelligent network sharing information 

in real time by establishing a unique identifier for every 

single article, and then to use RFID, wireless 

communications technology through the Internet 

platform. The complete system of EPC composes of EPC 

encoding, EPC tags, readers, EPC Savant, ONS server, 

PML, EPC-IS servers, and Internet [1]. 

ZigBee standard is developed by the ZigBee Alliance 

[9,10,11]. The ZigBee alliance is composed of hundreds 

of member companies and it is formed in 2002 as a 

nonprofit organization. The ZigBee standard has adopted 

IEEE 802.15.4 as its Physical Layer (PHY) and Medium 

Access Control (MAC) protocols. The application of 

ZigBee technology can be: Building Automation, Remote 

Control, Smart Energy, Health Car, Telecom Services, 

Industrial Control and monitoring, etc.  

ZigBee operates in 868 MHz, 915 MHz and 2.4 GHz 

frequency bands. The maximum data rate is 250 Kbits per 

second. ZigBee is designed for battery-powered 

applications with low data rate and when low cost and 

long battery life are main requirements. 

There are three types of ZigBee devices: coordinator, 

router and end device. 

No matter of presented technologies, all WSN 

technologies can be important besides ZigBee in sensing 

layer implementation. In the next subsection other 

emerging WSN technologies, will be presented as well. 

C. Wireless Sensor Networks (WSNs) 

Wireless Sensor Networks (WSNs) can be defined as 

a self-configured and infrastructureless wireless networks 

to monitor physical or environmental conditions, such as 

temperature, sound, vibration, pressure, motion or 

pollutants and to cooperatively pass their data through the 

network to a main location or sink where the data can be 

observed and analyzed. A sink or base station acts like an 

interface between users and the network. [9] 

WSN can contain hundreds of thousands of sensor 

nodes and the sensor nodes can communicate among 

themselves using radio signals. A wireless sensor node is 

equipped with sensing and computing devices, radio 

transceivers and power components and as constraints 

they have limited processing speed, storage capacity, and 

communication bandwidth. Wireless sensor devices can 

be equipped with actuators to ―act‖ upon certain 

conditions. These networks are sometimes more 

specifically referred as Wireless Sensor and Actuator 

Networks [9].  

 The major concerns within researches connected to 

Wireless Sensor Networks is to ensure energy efficient, 

low cost devices capable to communicate via wireless 

technology and to transmits data at relatively low speeds. 

The long battery duration, long operation time and 

optimization of transferred data have very important role 

in this research. 

 There are varieties of standards applicable in the WSN 

such as: ZigBee, IPv6 over IEEE 802.15.4 (6LoWPAN), 

WirelessHART, Z-wave, etc. 

D. Upper Layer Technologies 

In order to implement access and network layer, the 

utilization of other widespread communication 

technologies will be necessary. Such technologies are 

Wi-Fi, GPRS/3G/4G, Ethernet, etc. like it is shown in 

figure 2. [2] 
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Figure 2.  Combining WSN and other technologies in IoT 

III. ARDUINO PLATFORM 

 The Arduino Uno is an open-source microcontroller 

board based on the ATmega328. It has 14 digital 

input/output pins (of which 6 can be used as PWM 

outputs) and 6 analog inputs. It contains everything 

needed to support the microcontroller, and it can be 

simply connected to a computer with the Universal Serial 

Bus (USB) cable to get started. Alternatively, a more 

advanced implementation Arduino Mega2560 can be 

chosen with more input/output pins (54 pins compared to 

14 pins of Arduino Uno). The design described here is 

compatible with other Arduino boards including the 

Arduino Mega2560 [12,13]. 

This platform represents popular DIY (Do It Yourself) 

platform that allows solderless building of WSN and 

similar devices. 

Arduino allows connection with various shields, small 

boards that extends functionality of Arduino. Shield can 

be connected without soldering, making Arduino highly 

configurable and flexible platform. There is variety of 

shields like: 

 Ethernet shield, 

 USB shield, 

 Wi-Fi shield,  

 RS232 shield 

 RS485 shield, 

 GSM/GPRS/3G shield, 

 RFID/NFC shield, 

 GPS shield, 

 SD Card shield, 

 Motor drive shield, 

 Sensor shield, etc.  

Ethernet shield, e.g. adds Ethernet connection to 

Arduino, making it capable for 10/100 Mbps Ethernet 

connection. It comes with RJ45 connector. This shield 

makes Arduino capable to communicate with TCP/IP 

protocol.  

RS232 and RS485 add to Arduino serial port 

connectivity and GSM/GPRS, Wi-Fi and RFID/NFC 

shields extend its communication capabilities to the 

corresponding technologies. 

Sensor shield is also important for this topic because it 

enables connection of multiple sensors to the Arduino 

board making that platform suitable for usage as a 

sensing node. A variety of sensors can be connected 

directly to Arduino or using protoboard or to sensor 

shield. Such sensors are temperature and humidity 

sensors (DHT11, DHT22), barometric pressure sensors 

(BMP085), gas sensors (MQ-2, MQ-3, MQ-5, etc.), lux 

sensors, UV sensors, soil humidity sensors, rain drop 

sensors, fluid flow sensors, distance sensors, body 

temperature sensors, etc. 

For this research the one type of shield is especially 

important. This is XBee shield [13]. Xbee shield is 

initially developed for Digi XBee IEEE 802.14.5/ZigBee 

communication modules [14]. It allows mounting of 

XBee modules with Bee sockets. This is 2 x 10 2-mm 

socket typically used by XBee and similar modules. The 

Figure 3 presented Arduino UNO with installed XBee 

shield [15] and XBee module [14]. This construction is 

solderless and completely detachable.   

 

Figure 3.  Arduino UNO with XBee Shield and XBee module 
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IV. WIRELESS COMMUNICATION MODULES 

The popularity of XBee Wireless Radio modules and 

number of utilizes XBee shields affect wide spread usage 

of other technologies modules as well. In this section will 

be presented various modules important for IoT enabling 

technologies. 

A. ZigBee/IEEE 802.15.4 modules 

The XBee [14] modules are easy to use. Their unique 

footprint, miniature size and simple AT commands have 

made them popular for use in low power applications 

requiring low data rate wireless communications like 

WSN. There is a wide range of models of these modules, 

not limited only to ZigBee, but to IEEE 802.14.5 and RF 

technologies and they are presented in Table I together 

with its main features [23]. 

TABLE I.   
TYPES OF ZIGBEE AND SIMILAR MODULES 

Model Protocol Frequency Tx power Sensitivity Range 

XBee-802.15.4 802.15.4 2.4GHz 1mW -92dB 500m 

XBee-802.15.4-Pro 802.15.4 2.4GHz 100mW  -100dBm 7000m 

XBee-ZB  Zigbee-Pro 2.4GHz 2mW  -96dBm 500m 

XBee-ZB-Pro  Zigbee-Pro 2.4GHz 50mW -102dBm 7000m 

XBee-868 RF 868MHz 315mW -112dBm 12Km 

XBee-900 RF 900MHz 50mW -100dBm 10Km 

XBee-XSC RF 900MHz 100mW -106dBm 12Km 

* Line of sight and 5dBi dipole antenna 

In figure 3 XBee Pro 63mW – Series 2B module with 

RP-SMA antenna connector, XBEE 2mW – Series 2 

module with wire antenna and XBee 2mW module with 

U.FL antenna connector are presented [13].  

  
 

Figure 4.  XBee modules 

The presented devices (Table I) operate in the ISM 

bands: 2,4GHz, 868MHz & 915MHz. The device's 

firmware is open source and is available for modification.  

B. Bluetooth modules 

Bluetooth technology is designed for wireless short-

range communications between several devices and it is 

developed originally by Ericsson. Today, its specification 

is maintained and developed by the Special Interest 

Group (SIG) of Bluetooth and is standardized by the 

IEEE under the reference IEEE 802.15.1. [16] 

 

    

Figure 5.  Variety of Bluetooth Bee socket modules 

The variety of Bluetooth Bee modules can be 

connected to Arduino using XBee shields (Fig. 4) 

[18,19,20].  

C. RF modules  

RF modules operate in the ISM bands: 868MHz & 

915MHz. The devices can be configured using AT 

commands. Digi XBee RF modules are presented in 

Table I, but there are also products from other vendors on 

the market. 

D. Wi-Fi modules  

Wi-Fi modules allow IEEE 802.11b/g radio 

connectivity to Arduino. The RN-XV module is based 

upon Roving Networks' robust RN-171 Wi-Fi module 

and incorporates 802.11b/g radio, 32 bit processor, 

TCP/IP stack, real-time clock, crypto accelerator, power 

management unit, analog sensor interface, three modes 

(infrastructure, Ad hoc and AP), security (WEP, WPA, 

WPA2). The module is pre-loaded with Roving firmware 

to simplify integration and minimize development time of 

your application. In the simplest configuration, the 

hardware only requires four connections (PWR, TX, RX 

and GND) to create a wireless data connection. The two 

modules are shown on Figure 6 [15, 17, 20]. 

 
 

Figure 6.  Wi-Fi modules 

E. Global Positioning System (GPS) modules 

GPS modules support NMEA-0183 protocol and 

enable Arduino to combine position information such as 

latitude, longitude and altitude etc. Together with sensor 

read data, GPS modules are ideal for building mobile 

sensing stations. 

F. GPRS modules 

GPRSbee is a GPRS/GSM expansion board, designed 

as an alternative for the Arduino GPRS Shield, has the 

bee form factor and can be used in any system that has a 

bee socket. The GPRSbee uses SIM cards of the 

MicroSIM form factor. The core of this board is SIM900 

module. This module, like most other GPRS/GSM 

modules, has an operating voltage of 3.5 - 4.5 volt and 

can draw up to 2A power during broadcasts bursts. This 

makes the 3.3V power that the bee socket can provide 

unsuitable. This is solved by powering the GPRSbee 

directly from a 3.7 volt LiPo battery. GPRSbee has two 

JST sockets, one to connect the battery and a second one 

to provide the power to the main board. [21] 
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Figure 7.  GPRS Bee socket module 

G. RFID modules 

RFID technology is explained in previous section. 

Considering its importance for IoT it shall be presented in 

more details here. Radio-Frequency Identification (RFID) 

is a wireless data capturing technique from a tagged item. 

An RFID system consists of reader and a tag or 

transponder. RFID tags or radio transponders are high 

frequency electronic circuits that broadcast the position or 

attributes of items to which they are attached allowing 

these items to be remotely detected, identified, and 

tracked [22,23]. The modules presented in Fig. 5 operate 

at 125 KHz and 13.56 MHz can act as a both reader and 

writer devices [17]. Modules use Bee sockets and can be 

attached to XBee shields like all previously presented 

modules. 

  
Figure 8.  RFID Bee socket modules 

V. CONCLUSION 

In this paper is presented approach in teaching Wireless 
Sensor Networks and other related technologies, which 
are considered as IoT enabling technologies. This 
approach proposes Arduino platform for teaching 
presented technologies. The reasons for choosing Arduino 
are multiple. First of all, Arduino presents low cost and 
highly modular platform. That platform allows solderless 
building of more complex components and prototyping 
environment. 

With combination of XBee shields and Bee socket 
modules this platform offers flexible teaching 
environment for Wireless Sensor Networks and related 
technologies such as: ZigBee/IEEE 802.15.4, Bluetooth, 
RFID and RF communication. In communication with 
other shields, Arduino platform allows combination with 
sensors, Ethernet, GPRS/3G/4G, GPS and Wi-Fi 
technologies. All this make this platform suitable for 
teaching key enabling technologies for IoT in a low cost 
and easily developed environment.   
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Abstract— Product development process allows different 

solutions for each given specific project. The nearly infinite 

number of solutions is usually limited by constraints as defined 

by both the purchaser and the supplier of the final product. The 

paper presents the results of a seminar that was prepared by 

third-year students of Mechatronics at Subotica Tech during 

201/2013. The paper includes a brief outline of the teaching 

process in the study program of Mechatronics at Subotica Tech, 

and the detailed description of the seminar task. Following that, 

different solution concepts are explored with special focus on the 

various final solutions. A brief comparison of the different 

solutions is also given. 

Keywords— mechatronics, integrated product development, 

solution diversity 

I.  INTRODUCTION 

Mechatronics is one of the most popular technical disciplines 
in the 21st century. It is a multidiscipline science which 
consists of three main disciplines: electrical engineering, 
mechanical engineering and information technology [1]. The 
basic idea of creating this discipline was to satisfy the 
industrial requirements, since the industry is in need of 
engineers who have competence in all of these three 
disciplines.  

In mechatronics, all of the important and fundamental 
contents from the above mentioned disciplines are summarized 
in Fig. 1. The aim is to achieve practical knowledge which is 
used in engineering. The combined knowledge in mechatronics 
allows engineers to think from another perspective. Engineers 
of mechatronics have different technical intelligence than other 
colleagues. They can use and combine knowledge from the 
field of mechanics, electronics, robotics, programming, control 
systems, CAD/CAM systems, manufacturing and so on. This 
competence is mainly applied in the field of manufacturing 
system design and system integration, from small and simple 
systems to complex manufacturing-assembly systems [2]. 

The first level and basic task in mechatronics is designing 
and modeling systems. According to the actual trend, modeling 
should be done in 3D drawing software. Standard mechanical 
elements must be known to design the model of the systems. 
Accordingly, this level involves knowledge from the field of 
mechanical engineering. Furthermore, all systems, from the 
smallest to the biggest ones, contain sensors and actuators as 
their components. Knowledge from the field of mechanical and 
electrical engineering is necessary in this next level of 
mechatronics engineering, for choosing and using these 

components. Finally, the highest level of mechatronics is 
applying control systems, which involves programming and 
competence in information technology. Mechatronics engineers 
have an insight on each and every element of the system. They 
are capable of imaging, designing, integrating and 
implementing the system from the beginning to the end. 

At Subotica Tech – College of Applied Sciences, engineers 
of mechatronics are educated, to fulfill the need of the industry 
for this profile of engineers. The study program of 
Mechatronics at Subotica Tech, evolved from four traditional 
study programs that have a long tradition at the institution: 

 Mechanical Engineering – Product Development; 

 Electrical Engineering – Electronics; 

 Electrical Engineering – Automation; 

 Technical Informatics. 

 
 

Fig. 1 Summarized Disciplines in Mechatronics 

 
The curriculum of the Study Program consists of obligatory 

and elective courses shown in Table I [3]. Along with the 
obligatory courses, students have to choose 49 ECTS from the 
offered elective courses to complete their studies (180 ECTS). 
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TABLE I.  CURRICULUM OF THE MECHATRONICS STUDY PROGRAM 

Subject

E
C

T
S

S
u

b
je

ct
 

ty
p

e

Discrete mathematics 5 obligatory

English language 1 5 obligatory

Introduction to electrotechnics 1 6 obligatory

Introduction to graphic communication 5 obligatory

Basics of computer science 6 obligatory

Digital technics 5 obligatory

Calculus 6 obligatory

Introduction to mechnical design 6 obligatory

Physics 1 6 elective

Statics 5 elective

Physics 2 6 elective

Kinematics 5 elective

Materials science 5 elective

Operation systems 6 elective

Electrical measurings 5 obligatory

Mechanical elements 1 6 obligatory

Pneumatics 5 obligatory

Signals and systems 5 obligatory

Sensors and actuators 3 obligatory

Digital signal processing (DSP) 6 obligatory

Electrical machines 1 5 obligatory

English language 2 5 obligatory

Control technics 5 obligatory

Resistance of materials 5 elective

Computer architecture 6 elective

Dynamics 5 elective

Internet technologies 6 elective

Numerical mathematics 5 elective

Animation 5 elective

Assemblers 3 elective

Digital electronics 5 elective

Ecological sources and devices 6 elective

Intelligent systems 5 elective

Marketing 3 elective

Mechanical elements 2 6 elective

German language 5 elective

Object-oriented programming 7 elective

Computer networks 6 elective

Thermodynamics 6 elective

Project management 5 elective

Analogue electronics 5 obligatory

Industrial informatics 4 obligatory

Mechatronical structures 3 obligatory

Project - Mechatronics 3 obligatory

Practical work 3 obligatory

Final work 12 obligatory

Integrated product development 6 obligatory

Design of mechatronical devices 6 obligatory

Hydraulics 6 elective

Energetics electronics 5 elective

Mechatronical technological systems 6 elective

Management 4 elective

Microcontrollers 4 elective

Sound and image processing 6 elective

Robotics 5 elective

Artificial intelligence 5 elective

Year 3

Year 1

Year 2

 
Based on data in Table 1, a conclusion can be made, that 

some of the disciplines summarized in Fig. 1 are not covered in 
the curriculum. Nevertheless, the fundamental ones are present. 
They provide the general competences that include the ability 
of autonomous analysis, synthesis and evaluation of the system 
in the field of mechatronics, the knowledge of methods and 

procedures typical for the area of mechatronics, the application 
of knowledge in practice, the ability of problem analysis and 
synthesis of mechatronic solutions in practice, and the ability to 
optimize mechatronic systems, which are some of the 
competences defined in the study program of Mechatronics at 
Subotica Tech [3]. These competences are necessary, to be able 
to develop a mechatronic system of lower complexity. 

The presented curriculum includes two specific courses 
shown as shaded in Table 1, which summarize the knowledge 
gained within other courses. The first course, Integrated 
Product Development, introduces a systematic approach 
required during the product realization activities. It is an 
overlapping and iterative process shown in Fig. 2 [4]. The other 
course, Design of Mechatronical Devices, relies on the 
previously defined systematic approach, placing particular 
emphasis on the marked activities shown in Fig. 1. 

This paper presents the results of a seminar that was 
prepared by the students within the courses of Integrated 
Product Development and Design of Mechatronical Devices. 
The rest of the paper is structured as follows. First, the detailed 
description of the seminar task is given. Following that, some 
of the developed solutions are presented. Finally, a discussion 
of the results and conclusions are presented. 

II. SEMINAR TASK 

Third-year students have to present their competences by 
preparing a seminar paper, which demonstrates that they 
mastered the knowledge and skills needed to develop one 
product in the field of mechatronics to the level of complete 
technical documentation. 

 
Fig. 2 Product Realization Activities 

A mechatronics device that is able to fill, close and sort six 
bottles of beer (2x3) should be developed and designed. 

 

 

The device has the following constraints: 

 The filling and closing modules are installed as 
purchased products, i.e., they are not developed in this 
task; 



 

25 

 

 The sorting has to be performed, using an existing belt-
conveyer, which is shown in Fig. 3. Students can use 
the 3D documentation of the belt-conveyer, to include 
it into their solution. It is forbidden to make any 
changes on the conveyer. The conveyer is equipped 
with an electric motor with speed reducer (Nord, Type: 
SK 1S40AF-71 L/4, i=9.25, n=151min-1) that is to be 
used for moving the belt; 

 The solution has to secure, that all bottles (six bottles) 
are filled, closed and sorted in one cycle. After the 
placement of the bottles, the cycle has to be started 
using a ―Start‖ push button. After the cycle, i.e., when 
the filled and closed bottles sorted, the device has to be 
set to the initial position and stopped; 

 The cycle has to be designed using mechanical and 
electro-pneumatic solutions; 

 The control of the device is performed by PLC 
(OMRON CJ1G). The choice of sensors is free. For the 
control of the electric motor a DANFOSS inverter 
drive has to be used; 

 All moving parts have to be guided by bearings; 

 Regular safety measures have to be taken into 
consideration; 

 A ―Stop‖ button and a ―Reset‖ button have to be 
provided; 

 The device has to be designed as an independent 
module. 

 
Fig. 3 The Existing Conveyer 

III. SOLUTIONS 

Based on the defined seminar task, third-year students of 
mechatronics at Subotica Tech prepared their seminars. In this 
paper, four different solutions are presented. Along with the 
presented solutions, a brief description of different phases of 
the cycle is given. 

A. First Solution 

The first solution is shown in Fig. 4. At the beginning of the 
cycle, the bottles are directed using a specific fixed guide. The 

placement, positioning and gripping of each bottle in order to 
insure the filling and the closing is done using two separate 
pneumatic cylinders by using specially designed grippers. The 
sorting is performed using two pneumatic cylinders. In all 
phases of the cycle, the synchronization of the conveyer 
movement and other moving elements is provided [5]. 

B. Second Solution 

The second solution is shown in Fig. 5. At the beginning of 
the cycle, the bottles are directed using a specific fixed guide. 
The placement, positioning and gripping of each bottle in order 
to insure the filling and the closing is done using two separate 
pneumatic cylinders by using specially designed grippers. The 
sorting is performed using one tandem pneumatic cylinder. In 
all phases of the cycle, the synchronization of the conveyer 
movement and other moving elements is provided [6]. 

C. Third Solution 

The third solution is shown in Fig. 6. At the beginning of the 
cycle, the bottles are directed using a specific fixed guide. The 
placement, positioning and gripping of each bottle in order to 
insure the filling and the closing is done using one pneumatic 
cylinder with specially designed gripper. The sorting is 
performed using one pneumatic cylinder that rotates a specific 
guide. In all phases of the cycle, the synchronization of the 
conveyer movement and other moving elements is provided 
[7]. 

 
Fig. 4 First Solution 
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Fig. 5 Second Solution 

D. Fourth Solution 

The fourth solution is shown in Fig. 7. At the beginning of 
the cycle, the bottles are directed using a specific fixed guide. 
The placement, positioning and gripping of each bottle in order 
to insure the filling and the closing is done using two 
pneumatic cylinders by using specially designed grippers. The 
sorting is performed using three pneumatic cylinders. In all 
phases of the cycle, the synchronization of the conveyer 
movement and other moving elements is provided [7]. 

IV. DISCUSION OF RESULTS AND CONCLUSIONS 

The seminar task to develop a mechatronics device that is 
able to fill, close and sort six bottles, yielded several different 
solutions, four of which are presented in this paper (Fig. 4, Fig. 
5, Fig. 6, Fig. 7). 

Having in mind the shown solutions for bottle directing at 
the beginning of the cycle, as well as the solutions for 
placement, positioning and gripping of the bottles during filling 
and closing, it can be concluded that the solutions show little 
differences. However, the final sorting of the bottles is done 
differently in each solution. 

The presented solutions have similarities because the 
seminar task introduced many constraints and limitations, but it 
can be concluded that in the field of mechatronics, engineers 
may indeed show a high level of creativity in solving problems, 
i.e., in designing products. 

 
Fig. 6 Third Solution 

 
Fig. 7 Fourth Solution 
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Abstract— Contemporary agricultural production faces new 

challenges. In order to attain favoured product quality and 

high productivity the implementation of novel methods 

during the design of agricultural machinery and the ability 

of the industrial sector to adopt the latest technologies is 

required. In this paper mechatronic concepts and solutions 

such as a system for intra-row weed control, a device for 

automated attachment of wires in hop gardens, a stationary 

fully automated hop picking machine prototype and the 

methodologies used during their development are presented. 

I. INTRODUCTION 

Contemporary agricultural production faces new 
challenges, inter alia affected by the permanent increase of 
the world population, with a trend to surpass the 9 billion 
mark by 2050. The required additional production of 
agricultural products needs to be provided by increased 
productivity. The real and most significant challenge lies 
in meeting these demands in a more sustainable manner. 
The increased productivity is and will be constrained 
through limited resources, which can be at the same time 
considered as crucial parameters in reducing global food 
insecurity. The productivity gains will depend on 
protecting the available resources, research and 
development, and on the ability of the industrial sector to 
adopt the latest technologies. 

A. Mechanical weed control in row planted crops and 

vegetables 

The long-term application of large amounts of 
agrochemicals on agricultural fields can cause negative 
influences considering the sustainable development in the 
agricultural sector and therefore the priorities in 
developing new production techniques should be shifted 
toward systems with low or no input of pesticides. The 
demand on non-chemical weed control techniques has 
steadily increased in the last decades, as a consequence of 
the pollution originated by pesticides. 

The current trend of increased interest in organically 
produced agricultural products and foodstuffs is another 
fact why non-chemical weed control techniques are 
nowadays over again investigated. The EU-Regulation 
2092/91 allows only non-chemical weed control in 
organic production. Particularly complex task is the 
mechanisation of the cultivation of the intra-row area 
within row-crops. That is the reason why the hand 
weeding is still the most frequently used method of intra-
row weed control in Europe. 

In order to be able to increase the productivity, research 
on new techniques for physical weed control and 
development of self-propelled weeding robots is 
particularly emphasised. 

B. Hop production 

The Hallertau in Bavaria is the worldwide largest 
continuous hop-producing area, comprising more than 
15000 ha. The hop is grown in gardens consisting of a 
horizontal mesh of longitudinal and transversal cables 
anchored on a system of poles and supporting strings 
which need to be attached to the longitudinal cables. 
Combined, the longitudinal and transversal cables and 
supporting strings creates a 7-8 m high trellis systems. In 
most cases 2000 rootstocks are planted on one ha. The 
supporting strings provide direction and growing support 
for hop vines. In spring, two vines from each rootstock are 
trained to climb and twist around the supporting strings. 
Materials such as coconut fibre, untreated sisal twin, paper 
or plastic are used for preparation of supporting strings in 
grooving areas with less precipitation. Because of climatic 
conditions and good elasticity and tear resistance, the 
majority of farmers in Germany apply a 1.2-1.4 mm thick 
iron wire for preparation of supporting strings. 

The harvesting of hops takes place in late summer. Both 
the vines and supporting wires are severed from the 
overhead cables and transported to the stationary picking 
machines on the farm with trailers. The described 
harvesting method affects the preparation of the hop 
garden for the new grooving season. Each winter or spring 
approximately 4000 supporting strings per ha need to be 
replaced. 

II. DESCRIPTION OF THE PROBLEMS AND OBJECTIVES 

A. General facts 

Introducing smart machines and implements in the 
production of high value crops to carry out repetitive 
manual tasks was recognised previously as an 
economically justifiable task [1]. Leading representatives, 
members of associations and employees of industry 
leaders involved in agricultural machinery manufacturing 
stated that the introduction of smart implements in the 
German agricultural sector, among others, will face 
considerable growth in the next decade [2].  

The electrification and implementation of mechatronic 
solutions into agricultural machinery and implements 
were approved as important topics in the previous years 
and most of the introduced innovations were related to 
these fields. High value crops are the most interesting 
species which can push the development of sophisticated 
mechatronic systems. 

The facts that the expenditure on manual labour in the 
agricultural sector in Germany, as well as in most of the 
west European countries, increasing constantly and the 
number of farms decreased while the average size of a 
farm becomes bigger, need to be considered as additional 
challenges affecting the productivity. 
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Analysing the problems and development tendencies 
pointed out above, the automation of weed control, the 
automation of supporting wires attaching in the hop 
garden and the automation of feeding of static hop picking 
machines were recognised as important objective which 
might improve and support the production of high value 
plants in future. 

B. Mechanical weed control in row planted crops and 

vegetables 

Generally, the non-chemical weed control methods 
should assure agricultural products with higher quality and 
cause less negative impacts on the environment. The 
manual weed control in organic production depends on 
several factors and requires between 17 h ha

-1
 and  

408 h ha
-1

 [3; 4; 5] and sometimes the associated costs 
obstruct the farmers staying in the organic business [6]. To 
provide increased productivity one of challenges is 
development of alternative weed control systems which 
can ensure comparable effects like traditional hand 
weeding methods. 

Weeding strategies in row planted crops includes inter-
row, intra-row and close to crop weed control and to 
achieve optimal results they should be combined. The 
mainstream tools for inter-row weed control combined 
with exact row following can ensure weed control on 
approximately 80% of the field area. However, the weeds 
emerging in the intra-row (remaining area inside the rows) 
and close to crop area (proximate the plants) have much 
higher impact on the yield and development of the plants 
[7]. 

The main objective of the PhD research project carried 
out at the Institute for Agricultural Engineering in Bonn 
was the development and realisation of an autonomous 
intra-row weeding system based on the mechanical 
elimination of weeds in row crops which can be used in 
different plant spacing systems, various plant intra-row 
distances and growth stages. 

C. Automated attachment of the supporting wires in hop 

gardens 

Attaching of the supporting wires is still limited to the 
manual technique and is usually carried out between 
October and March depending on the wetter conditions. 
This task performs field workers standing on a special hop 
cultivation platform. The platform is mounted to the front-
end loader of the tractor. A considerable risk of accidents, 
especially in hop gardens established on hilly or uneven 
terrains which are common for Bavaria, accompanies the 
manual attachment of supporting wires. The main 
problems can be addressed to the platform construction 
and the way the platform is mounted to the tractor, as well 
as the unfavourable weather conditions, typical for the 
period when the task needs to be carried out. The extreme 
conditions including low temperatures, wind and 
precipitation can significantly affect the efficiency of 
manual attachment of supporting wires and even impede 
the workers to carry out the task.  

The private limited company Soller GmbH (Geisenfeld, 
Germany) worked for more than 10 years on the 
development of a machine concept for automated 
attaching of the supporting wires which resulted with a 
patent and a first evaluation model. In the period between 
2008 and 2010 the Bavarian State Research Center for 
Agriculture and the company Soller carried out a 

cooperation project in which the previous results were 
analysed and the entire system was optimised. 

D. Hop harvesting 

The hop harvest is partly mechanised and takes place in 
late summer, whereas the hop vines are severed with a 
pull-off implement approximately 50 cm from the ground 
and then cut or pulled from the overhead cables together 
with the supporting wires and loaded on to a trailer in 
continuous process, and transported to a static picking 
machine. The harvest needs to be carried out within three 
to four weeks to assure harvesting of the optimally 
matured cones. Thus, up to 20 working hours per day are 
under certain circumstances required. 

Harvesting with traditional static picking machines 
requires manual putting of each individual hop vine into a 
clamp, which pulls the wines into the machine. Carrying 
out of this task can be characterised as labour-intensive 
and uncomfortable considering the ergonomics, especially 
during separation of twisted single vines from the bulk. 
Due to the monotonous cyclical repetition of the task, after 
a certain period of time the concentration of workers 
decreases and the risk of injury becomes higher. 

The company Fuß Fahrzeug- und Maschinenbau GmbH 
& Co. KG (Pfeffenhausen, Germany) pursued the problem 
of automation of the manual placement of vines into the 
clamps on the stationary picking machines and introduced 
a new idea. The Bavarian State Research Center for 
Agriculture and the company Fuß started a joint 
development project in 2011, with the aim to evaluate this 
idea through concept and prototype development and 
testing. 

III. MATERIALS AND METHODS 

A. Mechanical weed control in row planted crops and 

vegetables 

Online detection of single plant position and plant/weed 
distinction are the bottlenecks of intra-row weeding 
systems, whereas accurate intra-row weed control requires 
either detection of the position of every crop plant or 
detection of every weed. In the research project a 
simplified methodology and system for plant position 
detection based on the spectral characteristics of crop 
plants combined with the context information of the 
planting pattern was developed and tested.  

A concept and virtual prototype of a system for intra-
row weeding, emulating the manual hoeing motions 
beneath the soil surface was developed and analysed. The 
hoeing tool consists of an arm holder and three or more 
integrated arms rotating around the horizontal axis above 
the crop row. The hoeing tool is attached to the motor 
shaft and the working height of the whole assembly is 
adjustable in order to provide an optimal hoeing depth. 
The changing of the arms‘ length and their angular 
position is allowed in relation to the surface perpendicular 
to the rotation axis in which the arm holder is placed.  

Depending on the duckfoot knives‘ shape and size the 
necessary number of cuts between two plants could be set, 
controlling the rotational speed of the hoeing tool. The 
virtual prototype of the hoeing tool was designed and 
tested with Pro/Engineer WF2 (PTC). The concept of the 
weeding system is presented in Fig.  1. 
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The kinematical behaviour of the system and the 

motion cycles for different tool configurations were 
analysed using the virtual prototype. 

After comprehensive virtual testing, the laboratory 
prototype was built based on an electrical servo motor. 
The servo motor was sized according to the experimental 
measurement of the torque in field conditions. The motor 
was selected in combination with a transmission gear to 
cover the full range of speeds and torques which were 
expected during the testing under laboratory conditions. 
The tests were carried out in a soil box with different soil 
types. 

The servo system implemented into the laboratory 
prototype was operated in a speed control mode providing 
rotational speed adjustment according to the forward 
speed of the carrier, to the intra-row distance between 
successive crop plants and to the observed angular 
position of the arms. The control software was created in 
Labview, based on previously developed software for 
detection of the plants‘ centre position. 

B. Development and optimisation of a prototype for 

automated attachment of the supporting wires in hop 

gardens 

A digital prototype of the most important subsystems 
was developed in Pro/Engineer WF3 (PTC) in order to 
perform kinematical simulation and analysis without 
making any change on the previously developed 
evaluation model. The analyses were focused onto the 
kinematical behaviour of the subsystems during the 
complex motion cycle of the embedded mechanisms for 
wire attaching. Performing the collision analysis in the 
early optimisation stage assured to achieve a new 
optimised design in a much shorter period of time with 
minimum design errors. The trajectories of the selected 
parts, considering different configuration alternatives of 
the actuators, were also simulated allowing testing of 
different scenarios of the wire attaching process. 
Sequences from the simulation of the wire attaching 
motion cycle are shown in the Fig.  2. 

 
The first evaluation model was tested under laboratory 

and field conditions in parallel with digital prototyping in 
order to collect significant information on the behaviour of 
the entire system which can affect the further 
improvement of the prototype. For this purpose a compact 
modular data logging system CompactDAQ (National 
Instruments) was connected to the evaluation model and 
adequate software for data acquisition was created in 
LabVIEW (National Instrument). The hydraulic pressure 
and flow-rate on the main hydraulic hoses was observed 
and the current states of the I/O ports of the programmable 
logic controller (PLC) were streamed. Thus, the response 
time of the actuators was determined and the duration of 
main process sequences ascertained. 

After comprehensive analyses and testing of the new 
digital model the physical prototype was built and 
evaluated during testing under field conditions. The same 
measurement instrumentation was used as for analysing 
the evaluation model and improved software was created, 
allowing the acquisition of 27 digital inputs (DI) ,9 analog 
inputs (AI) and two counters with different sampling rate 
depending on the type and scope of the experiment, 
ranged from 50 Hz to 500 Hz. The raw data from the 
CompactDAQ are recorded in the TDMS file format, 
without any signal conditioning and analysis, which is the 
recommended data format for streaming of time-based 
measurement data. For automated analysis of the acquired 
data a script in Scilab was written. Detailed description of 
the methodology can be found in [8; 9; 10]. 

C. Development and optimisation of the automated 

feeding of hop picking machine 

The first prototype of the system was designed using 
Product Design Suite Ultimate 2012 (Autodesk). In the 
first phase of the project a concept of the system 
consisting of a conveyer, a cutting subsystem including a 
pre-picking unit and a transport conveyer with a pre-
separator for cones was defined. Sketches and technical 
drawings of the main subsystems were reviewed and 
converted into 3D solids and data about the existing parts 
were collected using reverse engineering. 

The developed digital prototype, (see Fig.  3), allowed 
processing of the data through the entire process chain, 

 
Figure 3.  Sequences of the wire attaching motion cycle (a-initial 

position, b-approaching the longitudinal cable and attaching of the 

supporting wire, b- returning into the initial position and wire 
feeding, c-cutting of the wire to appropriate length) 

 
Figure 2.  Virtual prototype of the self propelled intra-row 

weeding tool 
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from the preliminary design to the building of the 
prototype. 

 
Kinematical simulation was used for evaluating the 

functionality of the newly designed parts and the final 
design was verified with collision analysis. Similarly like 
in the project in which the device for wire attaching was 
developed, the errors in the design were minimised owing 
to digital prototyping and the development time was 
considerably reduced. 

In parallel high speed videos of the cutting unit were 
captured. Testing under different working conditions, 
considering altering of the cutting speed and direction, 
different hop varieties and modifications of the position of 
the pre-picking unit were carried out. The continuity of the 
material stream and the quality of the picked cones were 
observed as critical parameters. The results from the 
analysis were integrated into the digital prototype. 

To provide the modularity of the system, lifting systems 
from the construction, packaging and assembly industry 
were analysed and partially transferred and adapted. 

Based on the digital model which reduced the number 
of design errors to a minimum level, the first physical 
prototype was built in 2012 in only 3 months after the 
design was approved and the preliminary testing carried 
out. The aim was to prove the simulation results, and 
check the stability and reliability of the system. New 
insights were gained and the prototype was optimised, 
implemented onto the new stationary picking machine and 
tested during the harvesting season 2013. The yield losses, 
damaging and quality of the cones were analysed and 
compared with the results gained during processing on a 
conventional picking machine. The compact modular data 
logging system CompactDAQ and adequate load cells 
were integrated during the testing in order to measure the 
forces affecting the lifting mechanism. The software for 
data acquisition was created in LabVIEW and the row 
data recorded in TDMS format. 

IV. RESULTS 

A. Mechanical weed control in row planted crops and 

vegetables 

In the frame of the project the development of a 
universal intra-row weeding tool was presented from the 
idea to the laboratory prototype. Its modularity and 

adaptability should allow application in different plant 
spacing systems, different plant intra-row distances and 
growth stages. 

Experimentally was confirmed that the combination of 
the RGB and laser sensor can be used for accurate 
detection of the plant centre position independently from 
illumination conditions. The maximum deviation of the 
estimated centre positions from the plant measured centre 
positions was 31 mm, whereby 50% of the samples were 
inside the interval 0 to 5 mm and 90% of the samples were 
inside the interval 0 to 16,9 mm during measurements 
with the RGB sensor. For measurements with the laser 
sensor, the maximum deviation of the estimated centre 
positions from the plant measured centre position was 25 
mm, whereby 50% of the samples were inside the interval 
0 to 3 mm and 90% of the samples were inside the interval 
0 to 6.9 mm. Although the achieved accuracy of the 
presented solution for the detection of the plant centre 
position can be regarded as satisfactory for broad use of 
the system, the adjustments of the sensor parameters need 
to be improved to avoid manual method before each 
measurement. 

The controlling algorithm, stability and robustness of 
the prototype were evaluated during experimental testing 
with continuous and changeable forward speed of the 
carrier on the crop rows with 200 mm and 400 mm intra-
row distances (see Fig.  4). The testing results have proved 
that depending on the system adjustment an uncultivated 
area, big enough to avoid damaging of the plants can be 
left around the plants [11;12;13]. The weeding system is 
able to adapt the rotational speed of the hoeing tool 
autonomously when the change of the forward speed can 
be characterised as non-intensive. After intensive forward 
speed change several plants were damaged while the 
system stabilises its work, but stable state can be reached 
immediately after the stabilisation period. 

At the Institute of Agricultural Engineering of the 
University of Bonn in the frame of the project 
"Automatisierte mechanische Unkrautbekämpfung in 
Reihenkulturen" funded by state ministry of climate 
protection, environment, agriculture, nature and consumer 
protection, NRW, the research on this topic has been 
continued toward the implementation of machine vision 
for plant detection. 

 

 
Figure 5.  Laboratory prototype of the hoeing tool integrated to a 

soil bin 

 
Figure 4.  Virtual prototype of the novel system for automated 

feeding of the hop picking machine  
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B. Prototype for automated attachment of the 

supporting wires in hop gardens 

The redesigned prototype of the device for automated 
attaching of the supporting strings consists of a telescopic 
leader mast attached to the front-end loader of the tractor. 
The leader mast carries the subsystem for wire attaching 
and positioning on its top. The external hydraulic power 
supply unit which was added to the system to avoid 
dependency from the tractor hydraulics and the carrier of 
the wire coil are mounted to a three-point linkage of the 
tractor. The actuators controlled by PLC based on the 
response of sensor integrated into the subsystem for 
positioning provide accurate tracing of the longitudinal 
cable. With additional sensors the transversal cables can 
be detected and the maximal height of the system 
controlled in order to avoid collision during the forward 
movement. Mechanisms for wire preparation, knot tying, 
wire feeding, wire cutting and pulling from the 
intermediate storage are integrated into the subsystem for 
wire attaching. The intermediate storage of the wire 
allows fail-save feeding of the wire with higher rate. The 
entire system is controlled by a PLC (see Fig.  5). 

According to the latest examination, carried out in 
spring 2013, one complete wire attaching sequence takes 
just about 3 s. In growing seasons 2011/12 and 2012/13 
approximately 50000 supporting strings in each season 
have been successfully attached with the presented 
prototype. The area capacity of the wire attaching depends 
on the shape, configuration and age of the hop garden, for 
both manual and automated attaching with the prototype. 
During the prototype testing an area capacity between 
0.21 and 0.23 ha/h and an average speed between 1.45 and 
1.65 km/h were reached, whereas speed peaks up to 1.9 
km/h were possible in adequately prepared hop gardens. 

 

C. Automated feeding of hop picking machine 

The preliminary tests of the prototype were carried out 
under different working conditions including evaluation of 
different vertical speeds of the cutting mechanism, in 
order to estimate the time necessary to complete a cut 
through the entire bulk. Also, the capacities which can be 
processed with the prototype were approximated. Selected 
parameters of the frequency inverter which controls the 
lifting system were acquired and analysed during the 
testing with the aim to examine the effects of different 
speeds to the energy consumption of the prototype [15; 
16]. 

The prototype for automated feeding was integrated 
into the optimised stationary picking machine in the 
harvesting season 2013. Both systems can operate in 
manual and automatic operation modes, whereas 
adjustment of the parameters, including the speed of 
conveyors and picking units can be carried out in the 
manual mode at the moment. The speed of the cutting 
mechanism and the speed of the pre-picking unit of the 
prototype can be adjusted, with the aim to achieve as low 
as possible damaging of the cones combined with a 
maximum pre-picking effect. The forces which occur 
during this operation were measured for different 
configurations and cutting speeds during the experiments, 
considering their dynamic character. On this way the 
maximal stress was identified allowing further 
optimisation regarding the maximal allowed load and total 
weight of components. 

In the automatic mode iterative repetition of all 
operation providing processing of a whole hop bulk 
without manual intervention. Additional tools which will 
allow improvements regarding the stability, reliability and 
better material stream were assembled to the prototype, 
tested and documented. In parallel the speeds of the 
picking unit and the conveyer on the integrated stationary 
picking machine were optimised in order to minimise the 
outage. 

All experiments considering important changes on the 
prototype and different issues were captured and will be 
analysed. New insights have been gained during the 
testing, providing important information and tasks which 
needs to be considered during the optimisation of the 
prototype and of the entire system for the next harvesting 
season. 

 

 
 

V. CONCLUSIONS 

Using contemporary design and analysis tools such as 
digital prototyping, real-time acquisition of the relevant 
parameters and capturing of high-speed videos during the 
testing of the systems allowed faster and more reliable 
design without high expenditures. In the future, the data 
acquisition system and developed software solution can be 
used as a diagnostic tool for fast troubleshooting in case of 
outage. 

The safety aspects of the introduced systems need to be 
incorporated in the final design and related problems 
solved according to the new machinery directive 
2006/42/EC [14]. 

 
Figure 7.  Prototype for automated feeding of attached to  strings 

in action during the testing in March 2013 
 

Figure 6.  Prototype for automated attaching of the supporting 

strings in action during the testing in March 2013 
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Abstract— Mechatronics embodies principles that cannot be 

traced only thousands of years ago in production of human 

artifacts, but are being present in every form of life and 

social relationship: we are in era of (re-)revelation and 

economically efficient applications of bio- and social-

mechatronics. History is full of technological inventions and 

re-inventions with direct influence to social organisation and 

stability, as well as individual freedom, productivity 

(creativity) and tranquility of life. Application of technology 

implies transactions, such as those according to Eric Berne, 

that may be used in automaton design. Transactions have 

the features such as: participants and their intentions, 

content and flow, capacity, sensorics, inference engine, 

performance, costs and outcomes (profits). The purpose of 

each transaction is to reach a specific goal, whose outcome 

has control and executive characteristics. Achievement of 

more or less rational goals may have potentially distortive 

effect to equality in transaction and its participants 

(projected phantasy turned into its opposite). Therefore, 

evolutionary computation algorithms such as simulated 

annealing may be used in order to optimize system 

(automaton) structure and performance (behavior). 

I. INTRODUCTION 

The first part of the paper presents considerations 
aimed at development of more general methodology for 
mechatronic handling system planning. The approach is 
based on several paradigms taken from engineering and 
non-engineering domains (CAD/CAE/CAM, concurrent 
engineering, transactional analysis Berne [1], 
optimization etc.). The methodology will be proven in 
experimental work to facilitate complex automaton's 
behavior. In terms of that, but in a real environment, the 
second part of the paper deals with path and layout 
optimization on the basis of travelling salesman problem 
using simulated annealing. 

II. HANDLING: A PART OF A PROCESS 

Handling of single parts occurs in almost every 
process, either industrial or non-industrial, either 
technical or biological. Handling covers various aspects 
of a very important general principle of mobility (that is 
so important thus even individual real estates pose a 
threat for mobility of work force). 

Typical industrial areas of handling are: transport (in 
material flow) among machines/workplaces, assembly,  

Acknowledgment: The paper is an outcome of the scientific project 
―Modeling of mechanical behavior for assembly, packaging and 
disassembly‖, supported by the Ministry of Science, Education and 
Sports of the Republic of Croatia. 

packaging and disassembly. The realization of handling 
process depends mostly on product and its quantities, 
implying technical systems whose performance in turn 
yields appropriate costs and profits. Possible market 
demand for larger production quantities, accompanied 
with the intent to use sound engineering approaches and 
technology, indicate a necessity of automated handling, 
where the goal is to achieve effectiveness through 
automation, on the levels of: product (and its package) 
design, process/system planning and process execution 
(Fig. 1). The issue covers both development of technical 
system itself as well as development of tools for its 
realization. 
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Figure 1. Stages and activities related to handling in product 

realization 

The technical systems aimed at automatic transport, 
assembly, packaging and disassembly are, despite 
significant differences (different roles in a production 
process/product life-cycle), closely related technologies: 
they have handling as the major activity, so hardware 
may be mostly the same. 

Regarding the levels of automation, it is needed to 
stress a discrepancy between assembly and packaging, at 
one side, and disassembly, at the other side. The 
discrepancy – backwardness of disassembly, exactly 
shows trend and need for changing of the relationship 
between industry (engineering work) and natural 
environment, meaning not only a change of planning 
content, but also planning approach. 

III. HANDLING AND ITS SOFTWARE 

Commercial software still does not seamlessly cover 
complete planning content, nor is satisfactory automated 
and structured (a lot of interactive work; design 
procedures are sometimes redundant, for example in 
designs of assembly and mechanism). 

It can be stated that the use and development of the 
required planning software support may be viewed from 
at least five points: 

1. general-purpose CAD software (such as: Catia, 
Pro/ENGINEER, Siemens NX, Google SketchUp, 
DesignSpark Mechanical); 
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2. engineering design/planning problem-specific (CAE) 
software (such was Delmia, now within Catia; 
Tecnomatix, now with Siemens; CIROS; CapePack 
and TRUCKFILL; OpenRAVE; ArtiosCAD;); 

3. device programming/control (CAM) software (often 
developed by equipment manufacturers); 

4. method-oriented optimization software tools, often 
stand-alone; 

5. business management – enterprise resource planning 
software (SAP, Oracle). 

The engineering use of software (Fig. 2) includes its 
ability of large-scale visualization, computing and 
virtualization, which is adequate for engineering mental 
work of various complexity (from trivial to very creative; 
the treatment of large assemblies where standard man-
computer interfaces become insufficient and virtual 
reality tools need to occur). However, in last decades the 
development was pretty slow, from technological 
euphoria and optimism in the second half of 90‘s, through 
market failures (Production Pilot), to today‘s situation of 
moderate and muted optimism (Siemens acquisition of 
EDS/UGS software). 

 

 

 
Figure 2. Examples of handling system design, simulation and 

visualization 

Adept‘s Production Pilot software suite, ten years ago, 
although as advertised, very advanced even in today‘s 
terms, was not successful. One of the main reasons may 
be too narrow market for such product (system integrator 
design offices). Why would a manager at assembly plant 
buy such complex and expansive software if his robots 
need only minor code modifications in their programs per 
year? In contrary, the need for off-line programming tool 
is of essence for planning environments (system 

integrators). In fact, even in a case of quite simple 
products, ever growing global atomized labor division 
(distribution of outsourced work) is a possible threat to an 
integral nature of the particular product (participants are 
loosely coupled to achieve the required results without 
deeper connections and indifferent to establish and share 
mutual value system, with appropriate negative effects 
regarding the level of used technology and eventually 
even product quality). 

The trade interest of manufactures helps designers and 
planners to import equipment in various CAD file 
formats (Bosch, Adept). Very often, software is 
developed as an ad-on to a main production program of a 
particular hardware manufacturer. 

IV. APPROACH 

Modern, fair-minded approach considers complete 
product life cycle, ―from needs to absorption, from raw 
materials to recycling, from cradle to grave‖ [2], despite 
present deviations which often happen in profit-only 
driven product realizations. So mentioned modern trend 
requires product‘s integrated considerations, not only 
from the viewpoint of design, manufacturing and usage 
[3], but also including what happens to a product after it 
had been used. 

The phenomenon of a product does not exist anymore 
in light of technical or economic duration only, but in 
sense of its life cycle, which is motivated by efforts for 
rational use of natural resources and environment 
protection. By terminology cradle-grave, it is obviously 
established analogy between life-less material artifacts 
and living systems (which in turn shows perhaps further 
level of our adoration of material and fetishism, 
neglecting humanity). 

A typical part of product life cycle contains the 
following processes: 1. manufacturing, 2. assembly, 3. 
packaging, 4. distribution, 5. consumption, 6. collecting, 
7. disassembly and disposal. 

The most of the products consist of more than one part, 
so they must be assembled. After assembly, the products 
are packed and distributed to consumers. Environmental 
and other reasons require collecting, disassembly and 
disposal of used products. 

Present global market and consumerism establish 
controversy: we are called to keep the nature and planet, 
at the same time in which we buy, use and throw away 
newer and newer products. 

It is obvious that solving of such situation will have a 
strong impact both on society (industrial, trade, 
legislative) and private (individual) levels, implying 
increased collaboration, responsibility, obligations and 
discipline. 

It can be assumed, for example, that the collecting 
system would be much more comprehensive, so the 
shopping centers will have large areas for receiving used 
products, including their packages (responsibilities of 
retailers and customers). 

Manufacturing plants would have output and input 
areas for finished and used products. The manufacturing 
plant would be responsible for its own product 
disintegration. It is natural, because the manufacturer has 
the largest competences (knowledge, facilities) regarding 
particular product. Despite this, the other closed-loop 

Filip Strsoglavec, 2011. 

Matija Petranović, 2011. 
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organizational solutions are also possible (recycling 
centers – particularly specialized, product specific ones; 
mixed-product disassembly lines), but it is largely a 
matter of transportation cost. 

Let us imagine a single manufacturing plant – a spot, 
where all activities of producing of finished goods, as 
well as disassembling, occur. Each activity may have (for 
example, because of clean-room, or technological 
requirements), or may have not (reasons: putting down 
the equipment investment costs, too low capacity), its 
own machinery. An order to develop a technical system 
for a particular task (product) may be treated as an 
initiation trigger (action stimulus) in specific social and 
cultural environment and time (initial state), affected by a 
current level of knowledge and aspirations of potential 
participants in realization, confronted to external 
environmental (natural or market) push. There is a system 
of values with various criteria that can be identified and 
analyzed in every single planning task which will be in 
realization (task fulfillment) adequately approved or 
changed, eventually resulting with further development of 
(group of) involved participants or their extinction (the 
latter as an extreme possibility). 

Science advances show ever growing similarities 
between humans and their achievements – technical 
systems, and it is not hard to imagine near future in which 
human mental processes will be naked and wirelessly 
treated. 

Traditional industrial conscience requires order, and 
sometimes bureaucratic acting and environment. That is 
intrinsic to ancient and always present dialectics of 
human as a natural and social being, exposed to forces of 
logos and chaos (rational and instinctive behavior). 

Similarly to their own technical systems, and ever 
growing global profit-only driven specialization in 
exploitation, humans appear to have very limited chances 
to realize creative capabilities important for quality and 
joy of life. Some research showed that excellence in any 
particular job (mental or physical) requires 10 000 hours 
to be invested (gradually expressed mass media 
propaganda of achievements shows a whole range of 
specialized people: from weird built-own-body 
individuals, gladiators, state-supported entrepreneurs, 
physicists in underground tunnels, to modest and more 
quite ones examples, more acceptable to an old-fashion 
petit bourgeois reactionary taste). 

Any system requires appropriate organization to 
achieve its own survival, mostly on the basis of criterion 
in accordance with the principle of minimum energy. 
Repetition as system‘s behavior occurs as answer to 
inputs (signals) that regularly appear (large production 
volumes, dedicated equipment). Situation of repetition 
will always bring specialization and more ordered work 
expectations and environment, with a tendency to lagging 
and invariance. Such invariance decreases an ability of 
adaptation to new, and especially quickly, spreading 
conditions (signals, criterion in the value system). 

At the opposite side, flexibility would always enable 
easier coping with changes, but in turn, with the lower 
output (efficiency) – Fig. 3. 

Obviously, each system must cope with mentioned 
dialectics, with its value system (source of volatility). 

 
Figure 3. Specialization, flexibility and labor division 

The next rule is that as the (technical) system is more 
complex its value system should be even more complex 
to retain and upgrade its current state. 

Many historical experiences have shown inability of 
groups in acting due to in fact trivial reasons (for 
example, Morrison‘s depictions of Guadalcanal sea 
battles, and more recently, yet many years lasting 
regional and global crises). Historical knowledge exists, 
advanced technology, too, but is seems that mankind will 
repeat the same failures. The reason is a global social 
production relationship (exploitation frame) that has not 
been changed in accordance with the change of social 
forces (people and technology): therefore a regression 
occurs. Real problems are intentionally overseen [4]. 
Further, each generation has to learn from scratch. 

Growing number of Earth‘s inhabitants (the law of 
supply and demand) requires adequate decrease of labor 
cost, and Western countries prepare themselves by 
means, besides, of cost-cutting of social benefits and 
standard (in health and education). Long time suppressed 
exploitation principles known from 19

th
 century and 

Marx‘s days come again. Approach to fair distribution of 
profit is blocked; the decisions are made in smaller and 
smaller groups. In Western countries deprivation of 
education and its quality benefits will move back life 
quality and labor cost very far behind, as adequate 
preparation for advent of imported work force. 

How much can we think beyond our own limitations? 
Our own limitations (capacity of knowledge reception, 
processing and upgrade; daily operational push) would 
too often lead to predefined solutions, and such would be 
greatly influenced with our position in (social) division of 
work. Common industrial approaches are based on decent 
praxis and normative references [5 & 6], though, due to 
infinite number of products, technical solutions and 
planning situations, sometimes very hard to generalize to 
larger extent. 

The planning content related to assembly, packaging 
and disassembly [7] is given by Fig. 4. In a plan 
generation, as given, the sequence of planning steps is not 
mandatory in its entirety. Besides, assembly and 
disassembly are not always inverse. 

Software CapePack results with optimal arrangements 
of different levels of packaging that should be later on 
transposed to appropriate handling functions (positions 
and orientations, paths, handling and other functions and 
operations) performed by human hand or machine. So 
such arrangements – patterns have important influence on 
future technical system in sense of layout and number of 
workstations. 

Bernard M. Snyder 
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Product and package modelling

Device
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Figure 4. Planning methodology 

In a search for the machine, vast space of solutions has 
to be explored. Reality always tend to evade, despite to 
number of explorers and their dedication to focus. 

V. HANDLING AUTOMATON BASED ON 

TRANSACTIONAL ANALYSIS 

Technical systems are materialisation of humanity. 
Therefore, the structure and behaviour of technical 
systems have features that are inherent to humans. 

Human survival, playful intellectuality, conscience of 
its own limitations, loneliness and imperfection have 
always been mirrored to creation of deus ex machina. 

Science rapidly unveils similarities between humans 
and their achievements – technical systems (human 
mental processes will be naked and wirelessly treated 
soon). 

The technical systems become more and more 
complicated, on hardware and especially control levels, 
requiring enlarged effort from their creators. 

Here are some features of technical systems inherent to 
humans: 

− minimum efficiency achieved (proved by existence) 

− goal-oriented acting and task acomplishment 

− output quality and efficiency to be enlarged (natural 
or market push) 

− capacity limit and finiteness 

− life cycle usually longer than economic cycle 

− structure comprising control (process initialization, 
corrective and adaptive functions) and executive 
(operative, outcome/artefact-carrying function) levels 

− interactions according to work/labor divison 
(autonomy and/or group collaboration) 

− specialisation/dedication vs. flexibility/versatility 

− data processing and symbolic reasoning 

− inertia (delays) to changes vs. volatility 

− prerequisites for acting (initial conditions, resources, 
arrangement of environment) and repetition 

− different ways (modes) of acting (work content and 
level of automatic behavior/functioning) 

− energy consumption 

− desirable and undesirable behaviour depends on 
current situation which may be difficult to anticipate 
(Common technical criteria of effectiveness 
(productivity, costs, time etc.), may be rather 
considered as dialectical criteria of construction and 
deconstruction.). 

In automaton design, common engineering knowledge 
and practice will be integrated with those from other, 
non-engineering, domains. For example, it may be 
interesting to explore the possibilities of using psychiatric 
and psychological concepts such as those of: 

− S. Freud − three-layer control structure (ego, super-
ego, id), and 

− E. Berne −  transactional analysis − interactions, 
transactions (stimulus and the response) and 
structured behaviors and scenarios. 

Both concepts are well established and usable, despite 
everyday brain-mining explorations that would finally 
reveal human mechatronic shivery we share with other 
living organisms. 

Transactional Analysis was introduced in fifties years 
of the 20

th
 century by Eric Berne [1]; it is: 1. an easily 

understandable yet sophisticated psychological theory 
about people's thinking, feelings and behavior, 2. a 
system of psychotherapy, education, organizational and 
socio-cultural analysis and social psychiatry. 

People's interactions are made up of transactions. Any 
one transactions has two parts: the stimulus and the 
response. Individual transactions are usually part of a 
larger set. Some of these transactional sets or sequences 
can be direct, productive and healthy or they can be 
devious, wasteful and unhealthy. ... Stroking is the 
recognition that one person gives to another. Strokes are 
essential to a person's life. ... It has been shown that a 
very young child needs actual physical strokes in order to 
remain alive. ... positive strokes like praise or expressions 
of appreciation, or negative strokes like negative 
judgements or put downs. Therefore, the exchange of 
strokes is one of the most important thing that people do 
in their daily lives. [8] 

There is a clear analogy between the latter and any 
contemporary technical system that requires multi-control 
dynamics. 

Typical sequence in scenario of packaging planning 
(transitions from idea to realized artifact: sequence of 
data and material transformations): 

1. find arrangement of packaging 

2. determine process − handling and other functions 
(positions and orientations, paths...) 

3. define principal technical solutions 

4. develop tehnical solutions in detail and integrate 

5. definition of control system and programming 

6. execution and adaptation. 



 

37 

 

Types of possible machine regarding its capacity: 

– machine with maximum (virtually unlimited) capacity, 
that collects all presented products in one 
handling/transport session, 

– one-by-one pick and place machine, 

– mixed case. 

A particular part of the mentioned approach, related to 
transport path optimization, will be shown in the next 
section; though, details on experimental apparatus – 
appropriate product/assembly, software and machinery, 
and design levels of technical system, will not be 
covered. 

VI. EXAMPLE OF MIXED LINE FEEDING OPTIMIZATION 

USING SIMULATED ANNEALING 

Mixed (-product) line is usual flexible trade-off design 
of technical solution where product diversity (though 
very limited) has been met with line efficiency. Layout 
and path optimization comes as a result of production 
quantities and dynamics of orders (line feeding). The line 
design and operation issue will be established as a 
travelling salesman problem [9–12] on the basis of 
Simulated Annealing (SA) [13]. The idea of SA comes in 
1953 [14] where the algorithm simulated the cooling 
(annealing) of material in a heat bath. If a solid is heat 
past melting point and then cooled, the structural 
properties of the solid depend on the rate of cooling. If 
the liquid is cooled slowly enough, large crystals will be 
formed. However, if the liquid is cooled quickly 
(quenched) the crystals will contain imperfections. The 
algorithm [14] simulated the material as a system of 
particles and its cooling process by gradually lowering 
the temperature of the system until it converges to a 
steady, frozen state. In 1982 [15] the algorithm was 
applied to optimization problems to search for feasible 
solutions and converge to an optimal solution. 

The law of thermodynamics states that at temperature, 
t, the probability of an increase in energy of magnitude, 
δE, is given by: 

P(δE) = exp(–δE /kt)                        (1) 

where k is a constant (Boltzmann‘s constant), its value 
depends on material. 

The simulation [14] calculates the new energy of the 
system. If the energy has decreased then the system 
moves to this state. If the energy has increased then the 
new state is accepted using the probability returned by the 
above formula. A certain number of iterations are carried 
out at each temperature and then the temperature is 
decreased. This is repeated until the system freezes into a 
steady state. This equation is directly used in SA, 
although it is usual to drop the constant k. Therefore, the 
probability of accepting a worse state is given by the 
equation: 

P = exp(–c/t) > r                             (2) 

where: 

c – the change in the evaluation function 

t – the current temperature 

r – a random number between 0 and 1. 

The probability of accepting a worse move is a 
function of both the temperature of the system and of the 
change in the cost function. It can be appreciated that as 
the temperature of the system decreases the probability of 

accepting a worse move is decreased. This is the same as 
gradually moving to a frozen state in physical annealing. 
Also note, that if the temperature is zero, then only better 
moves will be accepted which effectively makes SA act 
like hill climbing. The following pseudo-code of 
algorithm is taken from [13] (similar algorithms may be 
found in many instances elsewhere): 
Function SIMULATED-ANNEALING (Problem, Schedule) returns a 
solution state 

Inputs:                  Problem, a problem 

                             Schedule, a mapping from time to temperature 

Local Variables:   Current, a node 

                              Next, a node 

                              T, a ―temperature‖ controlling the probability of 
downward steps 

Current = MAKE-NODE(INITIAL-STATE[Problem]) 

For t = 1 to  do 

T = Schedule[t] 

If T = 0 then return Current 

Next = a randomly selected successor of Current 

E = VALUE[Next] – VALUE[Current] 

if E > 0 then Current = Next 

else Current = Next only with probability exp(–E/T). 

Several observations about the algorithm can be made. 
One of the parameters of the algorithm is the cooling 
schedule, and the algorithm assumes that the annealing 
process will continue until the temperature reaches zero. 
Some implementations keep decreasing the temperature 
until some other condition is met (for example, no change 
in the best state for a certain period of time). The way this 
algorithm is presented may hide another aspect of the 
algorithm that is shown more directly elsewhere. That is, 
a particular phase of the search normally continues at a 
certain temperature until some sort of equilibrium is 
reached. This might be a certain number of iterations or it 
could be until there has been no change in state for a 
certain number of iterations. This is all part of the cooling 
schedule which, in the above algorithm, hides some of 
these details. The cooling schedule of SA algorithm 
consists of four components: starting temperature, final 
temperature, temperature decrement, iterations. 

The starting temperature must be high enough to 
allow a move to almost any neighborhood state. If is not, 
the ending solution will be the same (or very close) to the 
starting solution. Alternatively, a hill climbing algorithm 
may simply be implemented. In contrary, if the 
temperature starts at too high value then the search can 
move to any neighbor and thus transform the search (at 
least in the early stages) into a random search. 
Effectively, the search will be random until the 
temperature is cool enough to start acting as SA 
algorithm. The problem is finding the correct starting 
temperature. At present, there is no known method for 
finding a suitable starting temperature for a whole range 
of problems. Therefore, other ways need consideration 
for calculation of a starting temperature: 1. the maximum 
distance (cost function difference) between one neighbor 
and another; 2. starting with a very high temperature and 
rapid cooling until about 60 % of worst solutions are 
being accepted. 

This forms the real starting temperature and it can now 
be cooled more slowly. A similar idea is to rapidly heat 
the system until a certain proportion of worse solutions 
are accepted and then slow cooling can start. This can be 
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seen to be similar to how physical annealing works in that 
the material is heated until it is liquid and then cooling 
begins (i.e. once the material is a liquid it is pointless 
carrying on heating it). 

Regrading final temperature it is usual to let the 
temperature decrease until it reaches zero. However, this 
can make the algorithm run for a lot longer, especially 
when a geometric cooling schedule is being used. In 
practice, it is not necessary to let the temperature reach 
zero because as it approaches zero the chances of 
accepting a worse move are almost the same as the 
temperature being equal to zero. Therefore, the stopping 
criteria can either be a suitably low temperature or when 
the system is ―frozen‖ at the current temperature (i.e. no 
better or worse moves are being accepted). 

Temperature decrement Once starting and stopping 
temperature are known, it is needed to get from one to the 
other − to decrement current temperature until eventually 
arrive at the stopping criterion. 

The way of temperature decrement is critical to the 
success of the algorithm. Theory states that enough 
iterations should be allowed at each temperature so that 
the system stabilizes at that temperature. Unfortunately, 
theory also states that the number of iterations at each 
temperature to achieve this might be exponential to the 
problem size. As this is impractical, a compromise is 
needed: a large number of iterations at a few 
temperatures, or, a small number of iterations at many 
temperatures, or, a balance between the two. One way to 
decrement the temperature is a simple linear method. An 
alternative is a geometric decrement where: 

t = t α,   α < 1.   (3) 

Experience has shown that α should be between 0.8 
and 0.99, with better results being found in the higher end 
of the range. The higher the value of α, the longer it will 
take to decrement the temperature to the stopping 
criterion. 

The final decision to make is to determine a number of 
iterations at each temperature. A constant number of 
iterations at each temperature is an obvious scheme. 
Another method is to do only one iteration at each 
temperature, but to decrease the temperature very slowly. 
The formula is (β is a suitably small value): 

t = t/(1 + βt).   (4) 

This formula has been entered on a spreadsheet 
(available from the web site). An alternative is to 
dynamically change the number of iterations as the 
algorithm progresses. At lower temperatures it is 
important that a large number of iterations are done so 
that the local optimum can be fully explored. At higher 
temperatures, the number of iterations can be less. 

Fig. 5 presents a real layout with several machines of 
the cable producing company. Material flow is 
established between a warehouse and every single 
machine. Transport vehicle transports material one by 
one from warehouse to appropriate machine and goes 
back, visiting the same machine locations several times. 
Transport frequency (f), depends on production quantities 
(customer orders) so it changes dynamically in time. 

Length of transport paths depends on distances 
between locations of warehouse and machines. If the 
lengths/distances are multiplied by frequencies, total path 

of the transport vehicle can be stated as change (shifting) 
of x and y coordinates of locations. 

From the viewpoint of transport vehicle, it means that a 
particular location is always situated in different 
coordinates. Given that this is a real problem in the 
production, in which transport vehicle passes many 
kilometers, the question arises about route optimization in 
order to reduce fuel consumption and shorten the time of 
the tour. 

Described problem is analogue to that of travelling 
salesman which visits various towns on different 
locations (coordinates), so path optimization of transport 
vehicle visitation of machines is possible. 

 
Figure 5. Layout of machines with coordinates 

The principle of calculation of location shifting, i.e. 
values of fictitious (shifted) coordinates (x2,y2) in 
dependency of frequency f, is given by (5)–(8), Fig. 6 and 
Table I. 

2 2

1 1 1c x y    (5) 

2 1c c f     (6) 

2
2 1

1

c
y y

c
     (7) 
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2 2

2 2 2x c y    (8) 

In accordance with previous considerations, two 
simulations have been performed: 1. transport vehicle 
visits all locations only once (f = 1); 2. real situation of 
orders when a frequency of location visitation f > 1, what 
results with fictitious layout different from that in Fig. 5. 
Both simulations calculate length of total path (route, 
track) that transport vehicle should travel, for two cases: 

1. unoptimized paths (tables II. and IV.), where transport 
vehicle visits locations randomly, 

2. optimized paths (tables III. and V.), determined by SA 
algorithm. 

The figures 7.–10. show unoptimized and optimized 
routes. Layout track implies real path on which transport 
vehicle moves, while unoptimized/optimized track relates 
to an ideal path. Together with figures 7.–10., 
accompanied tables II.–V. with the results are given. 
According to the results, the optimization on the basis of 
SA algorithm yields: 

1. for f = 1, in tables II. and III., shortening of the path for 
32 %; 

2. for f > 1, in tables IV. and V., shortening of the path 
for 51 %. 

 
Figure 6. Principle of location shifting based on frequency f 

 

TABLE I. 

Original and shifted coordinates of layout locations 

Layout 
location 

Original 
coordinates Distance 

c1 
f 

Distance 
c2=c1*f 

Shifted coordinates 

x1 y1 x2 y2 

– m – m 

K-2 15.0 63.0 64.76 57 3691.38 855.00 3591.00 

A-2 27.4 57.0 63.24 383 24222.32 10494.20 21831.00 

B-3 136.0 54.7 146.59 53 7769.17 7208.00 2899.10 

K-1 62.0 51.8 80.79 41 3312.44 2542.00 2123.80 

K-3 14.9 46.9 49.21 291 14320.10 4335.90 13647.90 

A-6 175.9 34.7 179.29 4869 872962.95 856457.10 168954.30 

I-6 150.3 24.9 152.35 1904 290071.76 286171.20 47409.60 

IV-4 36.4 15.6 39.60 62 2455.33 2256.80 967.20 

I-9 15.2 6.0 16.34 492 8039.95 7478.40 2952.00 

I-12 15.2 –4.2 15.77 3122 49232.66 47454.40 –13112.40 

 
Figure 7. Unshifted and unoptimized routes 

 

 

 
TABLE II. 

Unshifted and unoptimized distances between layout locations 

Route 
Layout 

location 

Coordinates Unoptimized 
distance between 

locations 
x1 y1 

– – m 

(1) K-2 15.0 63.0 
 

13.77 

(2) A-2 27.4 57.0 

108.62 

(3) B-3 136.0 54.7 

74.05 

(4) K-1 62.0 51.8 

47.35 

(5) K-3 14.9 46.9 

161.46 

(6) A-6 175.9 34.7 

27.41 

(7) I-6 150.3 24.9 

114.27 

(8) IV-4 36.4 15.6 

23.27 

(9) I-9 15.2 6.0 

10.20 

(10) I-12 15.2 –4.2 
 

Σ 580.43 
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Figure 8. Unshifted and optimized routes 

 

 
TABLE III. 

Unshifted and optimized distances between layout locations 

Route 
Layout 

location 

Coordinates Optimized 

distance between 
locations 

x1 y1 

– – m 

(1) I-9 15.2 6 
 

40.90 

(2) K-3 14.9 46.9 

16.10 

(3) K-2 15' 63 

13.77 

(4) A-2 27.4 57 

34.98 

(5) K-1 62 51.8 

74.05 

(6) B-3 136 54.7 

44.63 

(7) A-6 175.9 34.7 

27.41 

(8) I-6 150.3 24.9 

114.27 

(9) IV-4 36.4 15.6 

29.00 

(10) I-12 15.2 –4.2 
 

Σ  395.15 

 

 
Figure 9. Shifted and unoptimized routes 

 

 
TABLE IV. 

Shifted and unoptimized distances between layout locations 

Route 
Layout 
location 

Coordinates Unoptimized 

distance between 

locations 
x2 y2 

– – m 

(1) K-2 855 3591 
 

20630 

(2) A-2 10494 21831 

19214 

(3) B-3 7208 2899   

4729 

(4) K-1 2542 2123 

11662 

(5) K-3 4335 13647 

866158 

(6) A-6 856457 168954 

583094 

(7) I-6 286171 47409 

287687 

(8) IV-4 2256 967 

5586 

(9) I-9 7478 2952 

43083 

(10) I-12 47454 –13112 
 

Σ  1 841 848 
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Figure 10. Shifted and optimized routes 

 
TABLE V. 

Shifted and optimized distances between layout locations 

Route 
Layout 

location 

Coordinates Optimized 

distance between 
locations 

x2 y2 

– – m 

(1) A-2 10494 21831 
 

10241 

(2) K-3 4335 13647 

10642 

(3) K-2 855 3591 

2974 

(4) IV-4 2256 967 

1191 

(5) K-1 2542 2123 

4729 

(6) B-3 7208 2899 

275 

(7) I-9 7478 2952 

43083 

(8) I-12 47454 13112 

246269 

(9) I-6 286171 47409 

583094 

(10) A-6 856457 168954 
 

Σ  902 502 

VII. CONCLUSIONS 

In the dawn of a new totalitarianism, human common 
sense (reasoning) is oversheded by tehnology if the latter 
is economically justified. The next generation of closed-
loop mechatronic production-consumption-recycling 
profit-based systems brings further requirements for 
higher levels of automation, modularity and integration, 
and the same for their planning. In terms of that arises the 
importance of development and use of adequate 
(sometimes even unconventional) planning approaches 
and software tools that will enable straightforward 
accomplishment of engineering task in planning of 
mechatronic systems in the fields of automatic assembly, 
packaging and disassembly. In further work of special 
interest will be considering of integration of general CAD 
software, CapePack, own developed software and 
laboratory automatic equipment (mobile robots), enabling 
different production scenarios and mechanical behaviors, 
avoiding forced behaviour (indiffernece and regression). 
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Abstract— In this paper it is suggested using a biologically 

inspired control synergy approach that allows the resolution 

actuator redundancy robotic control problem.Also, it is 

presented the advanced control algorithms of integer and 

fractional order PID control based on genetic algorithms in 

the position control of a 3 DOF`s robotic system driven by 

DC motors. Finally, it is proposed a robust fractional-order 
PD sliding mode control of a given robotic system. 

I. INTRODUCTION 

 Robots today are making a considerable impact on many 
aspects of modern life, from manufacturing to 
healthcare,[1]. Unlike the industrial robotics domain 
where the workspace of machines and humans can be 
segmented, applications of intelligent machines that work 
in contact with humans are increasing, which involve e.g. 
haptic interfaces and teleoperators, cooperative material-
handling, power extenders and such high-volume markets 
as rehabilitation, physical training, entertainment. In that 
way, robotic systems are more and more ubiquitous in the 
field of direct interaction with humans, in a so called 
friendly home environment. As one of these robotic 
systems is NeuroArm robotic system, 7 DOFs-Laboratory 
of Applied Mechanics, Mechanical Engineering in 
Belgrade,(Fig.1), [2]. 

 
Fig.1 Model of Neuro Arm with 3 DOF 

Also,the problem of intelligent control of robotic 

system is wide ranging, involving many disciplines of 

science and engineering. For example, intelligent control 

is necessary for robots which must survive in 

unstructured environments without continuous human 

guidance or in the case for the motion control problem— 

how to make a robot move in a dynamic and coordinated 

way within its environment. On the other hand, in recent 

years it is remarkable the increasing number of studies 

related with the application of fractional order control in 

many areas of science and engineering. Fractional 

calculus (FC) is a mathematical topic with more than 300 

years old history, where the fractional integro-differential 

operators are a generalization of integration and 

derivation to non-integer order (fractional) operators, 

[3],[4]. FC has the potential to  accomplish what integer-

order calculus cannot. In most cases, our objective of 

using FC is to apply the fractional order controller to 

enhance the system control performance i.e. better 

disturbance rejection ratios and less sensitivity to plant 

parameter variations compared to the traditional 

controllers. The fractional PI D 
controller,the CRONE 

controllers, and the fractional lead-lag compensator,[3] 

are some of the well-known fractional order controllers. 

The left Riemann-Liouville (RL) definition of fractional 

derivative  is given by  
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for ( 1n n   ) where (.)  is the well known Euler's 

gamma function.Also, there is another definition of left 

fractional derivative introduced by Caputo, [3],[4] as 

follows:  
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Caputo and Riemann-Liouville formulation coincide 

when the initial conditions are zero.   

Here, we are interested in intelligent control algorithms of 

fractional order for robotic systems based on genetic 

algorithms  as well as  chatering-free fractional PD

 

sliding-mode.Also, we suggest using bio-inspired control 

using  synergy approach. 

2. INTELLIGENT CONTROL OF ROBOTIC 

SYSTEM 

2.1 MODEL OF ROBOTIC SYSTEM WITH  DC 

MOTORS 

Here, the Rodriguez` method [5] is proposed 

for modeling the kinematics and dynamics of the robotic 

system on the contrary Denavit-Hartenberg’s method. 

In our case, it is presented a robotic system with 

3n   DOFs (see Fig. 2). The equations of 

motion of the RS without end-effector can be expressed 

in a covariant form of Langrange`s equation of second 

kind as follows [4]: 

,
1 1 1

1,2,3
n n n

a q q q Q      
  


  

     
 (3) 

where coefficients 
a  are covariant coordinates of 

basic metric tensor 
n na R
   and ,  , , 1,2,...,n     

presents Christoffel symbols of first kind and  iQ
 

generalized forces.  Taking into account  dynamics of  DC 

motor, (
( )mq t

 is generalized coordinate of a DC motor as 

well as iN
 than is 

( ) ( ), 1,2,3mi i iq t N q t i 
, iN

 degree 
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of reduction, ( ) ( )u

i i m iQ t N k i t ) one can obtain in extanded 

state space    1 2 3 1 2 3, ,
T T

p vx q q q x q q q 
as follows: 

  
3 3
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0
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( )

vp
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xx
x t

A (x ) C x Fx A xx






    
      

              (4) 

  py h x x 
                                          (5) 

 
Fig.2. Open-chain structure of the robotic multi-

body system 
 

2.2 BIO-INSPIRED CONTROL OF ROBOTIC 

SYSTEMS-SYNERGY APPROACH 

 

As we know, the system control theory which forms the 

core foundation for understanding, designing, and 

operating of many technical systems, is still limited and 

insufficient to handle complex large-scale systems in real 

time as biological systems. In biological systems it is 

noticed that the redundancy problem is usually solved by 

using the biologically inspired principle – synergy i.e. 

rule(s) that can be developed by the CNS based on some 

principles.Using control policies or actuator synergies 

have attracted great interest in robotics research.Here, the 

actuator redundancy control problem has been stated and 

solved using Pontryagin's maximum principle,[6]. 

Control synergy as a class of dynamic synergy is 

established by the optimization law at the coordination 

level. All control signals are introduced as a superposition 

of two control signals – the central control cu  and the 

corresponding additive control iu .In our example, see 

below, 3,n  4m  ), the control vector 

 1 2 3, , ,
T

cu u u u u
,where the generalized forces can be 

given as the functions of the components of the control u  

as 

 1 2 3, 1,2,3 , , ,
T

i i i c cQ u u i u u u u u         (6) 

where the coefficients 
, 1,2,3i const i  

 are 

introduced due to different dimensions of control 

variables.In that way, it yields 

0 1 1 1 2 2 2 3 3 3cu r u r u r u r                                     (7) 

Eq. (7) presents  control synergy according to control 

variables. 

 

 

 

 

 

 

 

 

 

 

2.3  FRACTIONAL ORDER PID CONTROLLER-

PI D 
 

 

Fractional order PID controller (FOPID),[3] is the 

generalization of a standard (integer-order) PID (IOPID) 

controller.Recently, published results of FOPID, indicate 

that the use of a FOPID controller can improve both the 

stability and performance robustness of feedback control 

systems. Unlike conventional PID controller, there is no 

systematic and rigor design or tuning method existing for 

FOPID controller. The time equation of the FOPID 

controller  is given by: 

0 0( ) ( ) ( ) ( )p d t i tu t K e t K D e t K D e t   
                    (8) 

For practical digital realization, the derivative part in s-

domain has to be complemented by the first order filter  

1
( ) 1 ,

( / ) 1

d

FOPID p

di

T s
G s K

T N ss T





 
   

                   (9) 

2.3.1 OPTIMAL TUNING  FOPID USING GENETIC 

ALGORITHMS 

    Here, we propose using GA for determine the optimal 

parameters fractional order PID controllers. In real 

coding implementation, each chromosome is encoded as 

a vector of real numbers, of the same lengths as the 

solution vector. According to control objectives, five 

parameters 
, , , ,p d iK K K  

 are required to be designed 

in these settings. Next, optimality criterion is IAE, 

integral of absolute magnitude of the error, overshoot oP
, 

as well as settling  time sT
 is introduced,[7] 

           0 sJ P T edt min                            (10) 

All the GA parameters are arranged as follows: 

population size: 100N  ; crossover probability: 

0.75cp 
;-mutation probability:

 0 min 1,m mp p l g
, 

0 0.1mp 
-initial mutation probability, 25l  - generation 

threshold,  
g 

current number of generation, generation 

gap 
0.35gr 

.Both the FOPID and the IOPID controllers 

are designed based on the proposed GA. Here, vector has 

the FOPID parameters the ranges of FOPID parameters 

are selected as      10,200 , 0,100 , 10,200 ,p i dK K K    

   0.2,1 , 0,1   . 

where 
  

1
:P G G G


   

. We suggested the application 

of the fractional sliding surface in order to decrease 

output signal oscillations. For a 3-DOF RS, we propose a 

fractional PD
 structure as follows:  

 
,  1,2,3i i i is d x dt x i    

                     (10) 

Some experimental simulations were undertaken for 
0.7,0.8,0.9,0.95,0.99  , and we have found that the 
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Table 1.  The optimal parameters of the FOPID,IOPID 

controller  based on GA 

 

 

 

                                                                                              

 

 

 

 

 

 

Fig.3 The step responses of the   2
q t rad  

 

2.4   CHATTERING-FREE SLIDING MODE 

CONTROLLER DESIGN BASED ON THE 

FRACTIONAL ORDER PD

  SLIDING SURFACE 

 

Also, we suggested chattering-free fractional PD


 

sliding-mode controller in the control of a RS driven by 

DC motors. It is well-known that the sliding-mode 

control is used to obtain high-performance robust control 

nonsensitive to disturbances and parameter variations. 

For a nonlinear MIMO system represented in a so-called 

normal form one general sliding mode control law is, [8]  

 
          sgn

-1 -1

du = - ΛG x Λ f x - x - ΛG x Q s
   

 
   x f x G x u 

                                 (11) 

consisting of a continuous and discontinuous control part 

where switching surfaces s  are defined as 

 ds x x  
, dx  being the vector of the desired states 

and the Q positive definite diagonal matrix. The elements 

of the matrix  are chosen so that the i-th component of 

the sliding hypersurface has the structure 

 
 

 

 
1

, 1,2,...,
ir

i i i di
ds λ x x i n
dt



   
       (12)  

where ir  is the order of the i-th subsystem and 0i  . 

More generally, as a nominal (known) plant dynamics, 

we can write 

 
       x f x f x G x G x u                    (13) 

where 
 f x

 and 
 G x

 represent uncertainties or 

unknown plant dynamics.Using the Lyapunov method 

one may conclude   

 
        sgn ds PQ s P I x f x f x      

 14) 

best results are obtained with 0.95  , and the matrix 

 5,5,5nomQ diag
as well as 

 5,2.5,2.5
T

 
.  To 

verify the robustness of the proposed fractional 

sliding/mode control we have applied the next  

parameters variation as follows: 

/ , 9.5%,  i im m i = 1,2,3  

/ 10%, / 15%i i i iK K J J  . Here, the simulation data 

are presented for the case 2i  , 2q , (Fig-s.4). In 

particular, we present the comparison results for the 

second coordinate 2q
 responses with the PD  and 

fractional PD
cases with all other conditions being the 

same, for the nominal object. 

Fig.4 A)Step response 

 2q t  with PD  surface, B) Stabilizing using the sliding mode 

control PD and the fractional PD  - nominal case 

3.  CONCLUSION 

This paper presents the possibilities of some intelligent 

control of robotic systems.Firstly, it  is proposed using 

bio-inspired control –synergy approach. Then it is 

applied integer and fractional order PID controller 

where they are tuned by genetic algorithms for robot 

control. Finally, it is established a robust fractional-

order 
PD sliding mode control of a given robotic 

system. 
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Figure 1. System communication model 

Software structure in Drinkomat vending machine 
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Abstract— Machines for self – service (vending machines) 

are machines which dispense beverage, food and other 

products after inserting currency or credit into the machine. 

New market demands have led to the improvement of these 

devices. Application of new technologies (RFID and NFC 

technologies) improves interaction between users and 

machine and maintains the machine in working order more 

efficiently. Increased number of hardware components 

requires more complex software. Software for vending 

machine DRINKOMAT is divided into seven parts which 

include: NFC technology (Android application for mobile 

phones), user interface on the vending machine, gripper 

control motion (gripper transfers beverages), control of 

money recycles, RFID technology (RFID cards), database 

operations and  mutual communication of these parts. 

Architecture of implemented software on the vending 

machine DRINKOMAT is described in this paper. 

I. INTRODUCTION 

Vending machines are widespread. There are vending 
machines for beverages, candies, ice cream, etc. These 
machines are economical, 24/7 operational and do not 
require human presence [1]. Usage of RFID (Radio 
frequency identification) and NFC (Near field 
communication) technology, allows user to purchase 
products not only with cash, but also with RFID cards and 
mobile phones. NFC technology is present in payment 
systems [2] and it is frequently implemented in new 
generation vending machines. For better protection during 
payment, encryption is used during data transferring [3]. 
RFID technology is applicable in many fields. This 
technology is used in industry [4], health services [5], 
retail, warehouses, etc [6]. Simplicity and speed in serving 
customers are the main reasons for applying RFID 
technology in vending machines.  

CAN (Controller area network) bus represent serial 
communication protocol, which efficiently support 
distributed real time control with high level of security [7]. 
CAN bus was originally used in car industry for engine 
control units and other body control units [8]. Even 
though Can was originally used in car industry, today it is 
applied in many other fields of industry [9-14]. Panel PC 
unit with CAN bus can efficiently control systems and in 
the same time can be used as a user interface [15]. 

This paper describes  architecture of Drinkomat 
vending machine. Communication model is shown in 
Fig. 1. In Drinkomat vending machine, two computer 
systems manage all modules in the machine. These two 
computers communicate with TCP/IP communication. PC 
panel controls griper motion, while industrial PC controls 
money recycles, RFID writter/reader and EEPROM 
(Electrically Erasable Programmable Read-Only Memory) 

that is used for NFC module communication. Visual 
Studio is used for system development and all modules are 
implemented as a C# classes. 

II. SOFTWARE IMPLEMENTATION ON PANEL PC 

A. User interface 

 User interface is implemented in one form with 
multiple panels. Panels are divided into two groups 
according to available options on the machine: customer 
mode and administrator mode.  

Home panel in customer mode allows a customer to 
make purchase as well as mobile phone or RFID card 
credit refilling. Purchasing panel shows available 
beverages with prices and allows customer to select a 
beverage or to go back to the home panel. In case of 
choosing beverage purchase, the customer can choose 
between cash and RFID card payment. 

If a customer selects cash payment, beverage prices, 
and inserted money are shown on a display. After 
inserting enough money, notification panel shows 
message: ―Please, wait for your beverage‖ and machine 
delivers beverage to the customer. If the customer selects 
RFID card payment, RFID card has to be leaned on a 
marked spot. After successful card reading and writing, 
notification panel with a message: ―Please, wait for your 
beverage‖ is shown on the display and machine delivers 
beverage to the customer. 
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If a customer selects credit refilling, panel is shown in 
which customer can choose between RFID card and 
mobile phone refilling. On mobile phone refilling panel, 
the customer can choose to quit or to finish the refilling 
when desired amount of money is inserted. When the 
customer chooses to finish with the refilling, a panel is 
shown in which user is asked to lean a mobile phone on 
marked spot with activated appropriate Android 
application. After successful transaction, current credit 
that is stored in the database is shown on the display. If 
PC sends a message that transaction was not successful, 
the customer is informed about this in the panel ―try 
again‖ and has an option to choose to try again with 
refilling. 

If a customer choose RFID card refilling, quiting the 
refilling panel and going back to the home panel, finishing 
the refilling when desired amount of money is inserted, or 
checking a card balance could be chosen. When the 
customer inserts desired amount of cash and chooses to 
finish the refilling, a message is send to the PC and panel 
―lean‖ is shown on the display where customer is asked to 
lean a RFID card on a marked spot. When PC sends a 
message of a successful transaction, notification panel 
with current credit balance is shown.  

After administrator mode is activated, following 
options are available: arrangement, report, prices, money, 
flash, and completion. In case of arrangement is chosen, 
panel ―beverage arrangement‖ is shown and administrator 
can change beverage arrangement in the machine and at 
the end to save changed arrangement. If a customer 
chooses the ―report‖ option, then the customer is asked to 
enter the  date for which the report of sold beverages is 
desired. Option ―prices‖ enables customer to change the  
prices of beverages. Administrator has possibility to 
empty or refill money recycles as well as to see the 
amount of each denomination in the recycles. Option 
―flash‖ activates downloading of an appropriate file from 
the USB (Universal Serial Bus) flash memory. File 
contains pictures of beverages, as well as arrangement and 
prices of  beverages. After option for completion of 
administrator mode is selected, system goes to initial state 
and home panel is shown.  

 

B. Gripper motion control 

Panel PC communicates with modules through CAN 
bus with CANopen protocol. Beside PC panel, there three 
more devices on the bus: horizontal axis controller, 
vertical axis controller, and distributed IO module. 

There are two ways of communication with devices: 
SDO (Service Data Object) and PDO (Process Data 
Object) data packages. PDO messages arrive 
automatically when there are changes in the data that is 
being monitored. For getting the current status of devices 
PDO messages are used, while SDO messages are used 
for controlling devices. 

After powering panel PC, application starts 
automatically, CAN communication is initialized, devices 
are put in operational state, and diagnostic of devices is 
performed. If some problem exists, system will stop 
working and appropriate message will be shown on the 
display. During system initialization, message ―System 
initialization‖ is shown on the display and a customer 
cannot select any option. After initialization, a gripper is 

placed on the position for a beverage exemption and 
subsequently refrigerator scanning is performed. The 
gripper is placed in a first column of a first row and 
optical sensor detects if the beverage is present on current 
position, and that information is stored in memory. Then 
gripper moves to the second column of the first row and 
checkup is done again. That process repeats for every 
position (38 in total). After successful initialization, home 
panel is shown and the customer can use the machine. 
System shows available beverages, based on collected 
information. Beverages that are not available cannot be 
selected on a menu. Panel PC sends command for 
delivering beverage. If selected beverage is present on 
multiple positions, priority has the one that is closest to 
the gripper. After system has selected the position, lights 
turn on in the refrigerator and the gripper moves into the 
position under the selected beverage. The gripper extends, 
lifts up to gets the beverage and then retracts. Then 
gripper moves to the position above beverage dispense, 
extends and moves down to the zero position so that the 
beverage stays on the dispense grille. The beverage than 
slides down the grille and optical sensor detects it. In a 
case of door opening, if gripper is moving the gripper 
momentarily stops. After closing the door system 
initialization is done. The refrigerator door is considered 
closed when they are closed for minimum 5 seconds.  

III. SOFTWARE IMPLEMENTATION ON INDUSTRIAL PC 

A. Control of money recycles 

 There are two controlling modules. One is related to a 
device for coins and another to a device for bills. 
Drinkomat vending machine can receive bills and coins 
and give change in bills and coins. Devices for receiving 
money are activated if a customer chooses beverage 
purchase, or credit refilling on RFID cards or mobile 
phones. When reading of the inserted money is finished, 
total inserted amount of money is shown on the display. 
The devices are polled every two seconds. Reply received 
from the unit informs which process is ongoing (reading, 
stacking, payments, etc.) If sufficient amount of money is 
inserted, which is greater than or equal to the price of 
selected beverage, message about selected drink is sent 
over a TCP/IP to the panel PC. Panel PC sends a 
command to the gripper with coordinates of a selected 
drink. If the customer inserted greater amount of money 
than the price of selected beverage is, command is sent to 
the payment devices to give change. If the device does not 
have enough money for change, it returns inserted money 
and the message is shown on the display. If an error 
occurs with devices, a ticket is printed with the amount of 
money that needs to be returned to the customer and with 
the date when the error occurred. 

B. Gripper motion control 

The machine is using PostgreSQL database. Database 
contains the following tables: NFC, RFID, tables for 
recording errors and money turnover. NFC table stores 
IMEI (International Mobile Equipment Identity), the serial 
numbers of mobile phones and credit, which is located on 
a mobile phone. The RFID table stores UID (unique 
identifier) numbers of RFID cards and a credit and type of 
these cards. There are three types: type I (allows beverage 
purchase and credit refilling on RFID card or mobile 
phone), type II (allows printing of daily sales reports) and 
type III (allows operation with money - adding or taking 
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money out of the machine, printing daily report, changing 
the layout of drinks and  adding or removing the 
beverages). The error table records the errors when a 
malfunction occurs with devices for payments, and the 
amount of money that must be paid to the customer. The 
money turnover table records the volume of sold 
beverages, and the time and the date of the sale. During 
any interaction with RFID card or mobile phone, system is 
checking the amount of money that is stored in the 
database for certain card or mobile phone and performs 
data updating. If there is not enough money to purchase a 
beverage, information is printed on the display. 

C. RFID technology 

Beverage purchasing on the Drinkomat vending 
machine could be done with RFID card, which can also be 
refilled on the machine. When option for RFID cards 
operation is chosen, RFID reader is activated. When a 
customer leans the card, it is checked to see if this card is 
intended for work on Drinkomat machine (according to 
protective bits that are inserted into the card), card type 
and presence of the card UID in the database. If control 
bits do not match or UID is not in the database, a message 
with explanation is shown on the display. If option for 
beverage purchasing with a RFID card is selected and 
there is not enough credit on it massage is displayed. If all 
conditions are fulfilled, code with selected beverage is 
sent with TCP/IP communication, credit amount is 
updated, and RFID reader deactivates. If customer 
selected card refilling option, money recycles are activated 
and after refilling completion, data in the database are 
updated and a current credit is displayed. The customer 
can also choose an option for checking the credit on the 
card. 

D. NFC technology 

A mobile phone payment (for mobile phones that have 
NFC reader and Android operative system) on Drinkomat 
vending machine is implemented via EEPROM Dual 
Interface. It order to use mobile phone payment on the 
machine it is required that Drinkomat Android application 
is installed. Refilled credit is stored on the mobile phone 
and in the database. After starting the application a 
customer credit and a menu with beverages is shown. 
When a customer wants to make purchase with mobile 
phone, the beverage on the Drinkomat application menu 
has to be chosen and the mobile phone has to be leaned on 
the marked position on the machine. If the customer does 
not have enough credit, message will be shown on the 
phone. Otherwise, mobile phone writes the data to the 
EEPROM (IMEI and selected beverage). Data is checked 
and if the customer has enough credit in the database, 
message for beverage dispense is sent and simultaneously 
credit on the mobile phone and in the database is updated. 
If the customer wants to refill a credit on the mobile 
phone, appropriate option on the display of the machine 
has to be selected. After inserting money and choosing 
completion, this data is written into the EEPROM. The 
customer is then asked to lean the mobile phone on the 

marked position, so data could be read from the EEPROM 
and the credit on the mobile phone could be updated. 
Drinkomat application and the EEPROM contain control 
bits, which are for safety reason checked every time when 
there is an interaction between the EEPROM and the 
mobile phone. 

IV. CONCLUSION 

In this paper software structure of Drinkomat vending 
machine is described. Software structure consists of seven 
parts, which include: NFC technology (Android 
application for mobile phones), user interface on the 
vending machine, gripper motion control, control of 
money recycles, RFID technology, database operations 
and mutual communication among these parts. RFID and 
NFC technology enables easier beverage purchases, and 
CAN enables real time system control. 

Future research will focus on implementing algorithm, 
which enables intelligent beverage arrangement and 
calculation of required quantity of beverages, so that 
problem of "beverage out of stock" could be avoided. 
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Abstract—Under contemporary conditions of the 

manufacturing process of parts and assembly the accuracy 

of production is of great significance. Accuracy does not 

refer only to dimensional but also to geometric precision. 

These characteristics are imposed by tolerance in dimension 

and form. This paper treats a control analysis of a geometric 

property:  roundness. Measurements are done on a 

contemporary CNC controlled coordinate measuring 

machine using different conditions of measurement. In the 

paper two-factor analysis of the variance belonging to 

method ANOVA is compared to the influences of qualitative 

variables. 

Key words: roundness, CMM, measuring, ANOVA 

method.hese instructions give you basic guidelines for 

preparing camera-ready papers for conference proceedings. 

I. INTRODUCTION 

A work piece from dimensions all work pieces have 

certain micro and macro geometrical surface 

characteristics. For deviation from dimension and macro 

geometrical characteristics of form, location, and 

direction there are functional limitation which, if they are 

overstepped, this may endanger the functionality of the 

work piece.  The tolerances on the drawings (PLANS, 

DESIGNS) have to completely ensure the dimensions and 

geometrical form, so that nothing is left to subjective 

evaluation of the factory staff or the control service.  

The forms of the real surfaces regularly have a certain 

degree of deviation in comparison to the geometrically 

ideal surfaces. The causes of deviation basically match 

with the causes of inaccuracy of measuring work pieces. 

Functional dimensions are always done with a certain 

degree of tolerance that simultaneously limit the form 

deviation of that work piece. [2] 

If one needs a greater degree of precision, than the one 

provided by the tolerance level formed by the tolerance of 

longitudinal dimensions, then the form must be separately 

tolerated. All this is true for location between two or 

more surfaces. The exceptions for this are: symmetricity 

and coaxiallity, as well as precision of rotation, as they 

are independent of real dimensions, but they are 

determined in relation to the central plain and the axis.  

Geometrical tolerances are determined only when 

necessary from the aspect of functional requirements, 

changeability and eventually from the aspect of 

production. However, this does not mean automatically 

that a special way of manufacture, measuring or control 

has to be used. One specific version of form tolerance is 

analyzed in this paper, namely roundness. 

II. DEFINITION OF TOLERANCE OF ROUNDNESS 

The field of roundness tolerance in the regarded plain 

is restricted by two concentric circles on the distance t. 

(fig. 1) 

If the section lines are tolerated, then all section points 

must lie between two concentric circles on the section 

plain, on a radial distance of t. This parameter t is the 

value of tolerance of roundness.  

 
Fig. 1 Definition of tolerance of roundness [1] 

 

A. Posible Form of Deviation from Roundness 

Irregularities on the section of round machining 

bodies, including both the axis and openings are most 

often realized in: a) multiangle, b) oval, c) triangular, or 

d) eccentric forms. These irregularities of forms depend 

mailto:miodrags@uns.ac.rs
mailto:miodrags@uns.ac.rs
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on number exterior effects, primarily on rigidity and a 

way of clamping.  

Thus, for example, a triangular form of irregularity is 

mostly achieved with thin-walled pipes, if the clamping is 

done in three points. This means that with roundness 

control of such an work piece the appearance of a 

triangular form can be expected in advance. This is 

significant, because with classical ways of roundness 

control not all types of deviance can be measured. The 

most probable form of irregularity has to be assumed in 

advance.  

Figure 2 provides a review of the most common roundness 

errors. 

 
     a.                            b.                         c.                          d.   

Fig. 2 Possible Versions of Form Irregularity of Workpieces in Cross 

Section [1,3] 

 

III. MEASUREMENTS 

A. Presenting of the Used Measurement Machine 

The measurement has taken place on an up-to-date 

directed coordinate measuring machine, produce of the 

firm DEA Hexagon Metrology, in the laboratory of Szent 

István University in Gödöllő. The technical 

characteristics of the measuring machine are the 

following: 

- the workspace of the machine (length x width x 

height) – 1000 x 700 x 600 mm, 

- pneumatic bearing of the moving elements in the 

mechanism, 

- measuring uncertainty (MPEE): (0,9 + L/350) m, 

where L is the length in mm, 

- automatic compensation of the temperature for all 

kinas of steel between 19
o
 – 21

o
, 

- maximal speed of the sensor‘s displacement (vmax): 

520 mm/sec, 

- maximal acceleration of the sensor‘s displacement 

(amax): 3300 mm/sec
2
, 

- software machines: Quindos 7. 

Measurements are carried out in five different places 

(locations) on the table, with the aim to exclude eventual 

errors which may have occurred due to an inaccurate 

motion mechanism of the carrier construction of the 

measuring machine. The locations are presented in Fig. 3. 

1

3 5
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Fig. 3 Setup of the measurement places on the machine table [1] 

The measurements are effectuated in all measuring 

positions with different numbers of measuring points.  

These numbers are: 310, 1150 and 2250. Each 

measurement is repeated three times in every measuring 

position. Out of the measuring data of importance are the 

widths of the tolerant fields of roundness. Table 1 presents 

the obtained results of these measurements. 

B. Presenting of the Used Measurement workpiece 

As measuring objects machine parts and measuring 

and control elements were used with outer and inner 

measuring surfaces. Out of that family of objects a master 

ring was chosen, the diameter of the hole 30 mm, made of 

high quality, heat-treated and polihed steel (Fig. 3). 

 
Fig. 4 The Used Measurement workpiece 

 

IV. PRESENTING OF THE MEASUREMENTS RESULTS 

Alter having done every measurement, the measuring 

machine produced a summary of the results. That survey 

was given in diagrams and tables. Figure 5 illustrates 

characteristic diagrammatic presentations from all the five 

measuring places in form of circuit diagrams. 

                                           
1.                             2.                             3. 

 
4.                                  5. 

Fig. 5 Characteristic Circuit Diagrams from the Five Measuring Places 
 

    From the table of results at this place only relevant data 

appear about the most essential element – the dimension 

of the width of the field of roundness. (Table 1.) 

Measuring places are considered as factor A (a=5), while 

the different numbers of measuring points factor B (b=3). 
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TABLE II.  WIDTH OF THE FIELD OF ROUNDNESS IN MM

           factorA   

factorB               
Measuring place 1 Measuring place 2 Measuring place 3 Measuring place 4 Measuring place 5 

Number of meas. 
points 310 

0,0055 0,0046 0,0043 0,0020 0,0021 

0,0042 0,0034 0,0040 0,0031 0,0022 

0,0050 0,0041 0,0034 0,0022 0,0035 

Number of meas. 

points 1150 

0,0057 0,0039 0,0033 0,0035 0,0022 

0,0051 0,0045 0,0031 0,0022 0,0036 

0,0040 0,0040 0,0042 0,0018 0,0020 

Number of meas. 

points 2250 

0,0056 0,0044 0,0031 0,0033 0,0022 

0,0051 0,0041 0,0041 0,0030 0,0037 

0,0043 0,0035 0,0036 0,0021 0,0020 

 

Considering the results, there is a rather significant 
dissipation of values, so we may wonder why it is so. The 
aim of the result-evaluation of the measurement of 
roundness is determining the influence of the measuring 
place on the table of the measuring machine and the 
number of the measuring points on the accuracy of the 
measurement in the same way as their mutual influence. 

V. THE USE OF TWO-FACTOR ANALYSIS OF 

VARIANCE 

At the beginning of the analysis some hypotheses 

may emerge from behind factor A, factor B and their 

interaction AB (possible influence of the number of the 

measuring points onto the measuring place). 

Hypotheses: 

Factor A: 

- H0: various measuring places on the table of the 

measuring machine have identical influence on 

the measurement of roundness, 

- H1: at least one measuring place on the table of 

the measuring machine influences differently the 

results of the measurement of roundness. 

Factor B: 

- H0: different numbers of measuring points have 

identical influence on the measurement of 

roundness, 

- H1: at least one number of measuring points 

influences differently the results of the 

measurement of roundness. 

Interaction between Factors A and B: 

- H0: the number of measuring points does not 

influence the measuring place, 

- H1: at least one of the numbers of measuring 

points influences the measuring place. 

A rouge table is to be composed as it is shown by table 

2. 

TABLE III.  ROUGH TABLE 

  Measuring place - factor A  

  
Measuring 

place 1 

Measuring 

place 2 

Measuring 

place 3 

Measuring 

place 4 

Measuring 

place 5 
  

N
u

m
b
er

 o
f 

m
ea

su
ri

n
g

 p
o

in
ts

 -
  

fa
c
to

r 
B

 Number of 

meas. points 
310 

 

n=3       

y=0,0147 

y=0,0049 

 

n=3       

y=0,0121 

y=0,00403 

 

n=3       

y=0,0117 
y=0,0039 

 
n=3       

y=0,0073 
y=0,00243 

 
n=3       

y=0,0078 

y=0,0026 

 

n=15       

y=0,0536 

y=0,00357 

 

Number of 

meas. points 

1150 

 

n=3       

y=0,0148 
y=0,00493 

 

n=3       

y=0,0124 
y=0,00413 

 

n=3       

y=0,0106 
y=0,00353 

 
n=3       

y=0,0075 
y=0,0025 

 
n=3       

y=0,0078 

y=0,0026 

 

n=15       

y=0,0531 
y=0,00354 

 

Number of 

meas. points 

2250 

 

n=3       

y=0,015 

y=0,005 

 
n=3       

y=0,012 

y=0,004 

 
n=3       

y=0,0108 

y=0,0036 

 
n=3       

y=0,0084 

y=0,0028 

 
n=3       

y=0,0079 

y=0,00263 

 
n=15       

y=0,0541 

y=0,00361 

 



n=9       

y=0,0445 

y=0,00494 

n=9       

y=0,0365 

y=0,00406 

n=9       

y=0,0331 

y=0,00368 

n=9       

y=0,0232 

y=0,00258 

n=9       

y=0,0235 

y=0,00261 

n=45       

y=0,1608 
y=0,00357 

 

 

On the basis of the data from the rough table 

first the sums of squares are calculated, in fact the 

variation among groups SSM, variation inside groups SSE 

and the summing up variation SST, in the same way as the 

variation of the factors SSA, factors SSB and the 

interaction of the factors SSAB. Later the degrees of 
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freedom are determined. Finally quadratic mean 

(variances) are calculated, variances of factor A – MSA, 

variances of factor B – MSB, variances of interaction of 

factors MSAB, variances inside the group MSE and all the 

variances MST.  

The results of the calculations are presented in table 3.

 

TABLE IV.  TABLE OF THE RESULTS 

 DF SS MS F0 P 

Factor A 4 0,0000363636 0,0000090909 19,9362 <0,05 

Factor B 2 0,0000000333 0,0000000167 0,0365  

Interactions AB 8 0,0000004711 0,0000000589 0,1291  

Rest (error) 30 0,0000136800 0,0000004560   

Total 44 0,0000505480    

 

For interpreting the acquired values we use the 

table of limits F distribution – Snedecor‘s distribution. In 

this case a distribution with 95% reliability (=0,05) was 

used. 

FA(a-1,n-1),a=F(4,44),0,05 = 2,61   (1) 

FB(b-1,n-1),a=F(2,44),0,05 = 3,23   (2) 

FAB((a-1)(b-1),n-1),a=F(8,44),0,05 = 2,18   (3) 

VI. CONCLUSION 

Relying upon these findings we can conclude the 

following: 

The acquired results point out that the hypothesis H0 on 
the level of significance =0,05 can be discarded, which 
means that different measuring places on the table of the 
machine do not influence equally the measured roundness, in 
fact the place of the measurement on the table is the most 
important factor. The numbers of the measuring points and 
the interaction have not any influence on the value of 
roundness. But by means of this method we cannot 
determine the reason of the measuring places influence. It 
must be the theme of some other analysis. 
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Abstract — In this article function optimization using 

particle swarm optimization (PSO) is described. Swarm 

intelligence belongs to the group of stochastic global 

optimization methods. A population of individuals is used 

similarly to genetic algorithms. Particle swarm optimization 

explores the search space in order to maximize a particular 

objective. 

I. INTRODUCTION 

Particle swarm optimization technique first was 

introduced by Kennedy and Eberhart in 1995 [1], and it 

has origins in two distinct concepts: 
 

1. the intelligence of swarms that is based on 

examining the swarms of living organisms such 

as birds, bees or fishes). 

2. evolutional algorithms. 
 

One of the advantages of the particle swarm 

optimization approach is that it doesn‘t need the 

calculation of the first derivative. 

II. OPTIMIZATION 

Optimization is a procedure that is used to find a 

maximum or a minimum of a function or a process. 

Optimization techniques are used in many scientific area 

such as physics, chemistry, economics or production 

where the goal is the maximization of efficiency, 

production or some other measure. Optimization can be 

referred either to maximization or minimization: the 

maximization of function f  is equvivalent to the 

minimization of the function f  [4]. 

 

Mathematically, minimization has the following task: 

 for given RRf n :  

find 
nRxˆ  such that the following condition is 

satisfied: 
 

    nRx   xfxf  ,ˆ  

 

The task of maximization is defined similarly: 

 for given RRf n :  

find 
nRxˆ  such that the following condition is 

satisfied: 
 

    nRx   xfxf  ,ˆ  

The domain 
nR  is called the search space of function 

f (parameter space). Each element from 
nR  is a 

potencial solution, while x̂  is the optimal solution. Value 

n is the dimension of the search space, and also means the 

number of parameters that are included into the 

optimization process. Function f is the function to be 

optimized, and it maps the search space onto the function 

space. After that, the function space is mapped onto the 

fitness space, thus providing a unique fitness value to 

each set of parameters. The obtained fitness value 

determines the optimality of the parameter set for the 

given problem. In the vast majority of the cases the 

function space can be directly mapped onto the fitness 

space. 

On Figure 1 a very simple optimization problem is 

showed. This figure shows a selected area of the function 

f  to be optimized. Function f maps the one dimensional 

parameter space (set of real numbers R on the x-axis) 

onto the one-dimensional function space (set of real 

numbers on the vertical y-axis). Values on the x axis 

represent the potencial candidates for solutions, while 

values on the y axis represent the values of the examined 

function. Figure 1 shows the fitness space for the 

optimization problem. 

 

 
Figure 1. Function to be optimized 

 

The fitness space shows the n-dimensional parameter 

space against its one dimensional fitness for each of the 

parameters.  
Except the global maximum, Figure 1 shows several 

local maximums. Local maximum is such a candidate for 
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the solution that has the highest fitness among all the 
candidate in a certain region of the search space. For 

example, if we consider the interval  1.13.1    , the 

function to be optimized has a local maximum at 

16.1x . Many optimization algorithms are designed to 
find only the local maximum of the function, and those 
algorithms ignore the existence of other local maximums 
and a global maximum. Algorithm that is based on the 
intelligence of swarms and described in this paper finds 
the global maximum. 

III. THE PARTICLE SWARM OPTIMIZATION (PSO) 

ALGORITHM 

The PSO algorithm simulateously maintains several 

candidates for solution in the search space (the number of 

candidates depends on the size of the population). During 

each iteration of the algorithm, every candidate for the 

solution is evaluated using the function to be optimized. 

That‘s how the fitness of each candidate is obtained. Each 

candidate for the solution can be imagined as a particle 

that „flyes― through the search space. 

At the beginning of the algorithm (initial state) the 

PSO algorithm randomly chooses the candidates inside 

the search space. Figure 2 swhos the initial state of the 

PSO algorithm with four particles in search for the global 

maximum of the examined function in the one 

dimensional search space. The search space consists of all 

possible values along the x axis in the given interval. The 

curve shows the function to be optimized. It has to be 

emphasized that the PSO algorithm „doesn‘t know― the 

shape of the function to be optimized, so it doesn‘t know 

wether each candidate is close or far from a local or 

global maximum. The function to be optimized is used 

only to determine the fitness of each candidate. 

 
Figure 2. Initial state of the PSO algorithm with 4 randomly selected 

particles 

 

At each discrete time interval each particle knows its 

position, fitness and velocity. Each particle also has a 

memory, so it „remembers― for which value of the 

indipendent parameter x it achieved their best fitness so 

far. Those values are referred as individual best fitness 

and individual best position. The PSO algorithm also 

memories the best fitness that was achieved so far by any 

member of the population, as well as the position the best 

fitness on the x axis. Those values are reffered as global 

best fitness and global best position. 

 

The PSO algorithm consists of only three easy steps 

that are repeated before some stopping condition is 

satisfied: 

 

1. Determinig the fitness of each particle 

2. Updating the individual and global best fitness 

and position 

3. Updating the velocity and position of each 

particle 

 

The first two steps are very simple. Calculation of 

fitness  is done by evaaluating the function to be 

optimized in points that is determined by the candidate 

solution. Individual and global best fitness values are 

updated by comparing the newly calculated fitness with 

the best individual and global fitness so far, replacing 

best fitnesses and positions (if needed). 

Step 3 of the algorithm in which the velocity and the 

position of the particles are updated is responsible for the 

optimization capabilities of the PSO method. The 

velocity of each particle is updated according to the 

following formula: 
 

             txtgrctxtxrctvtv iiiii  2211
ˆ1   

 

Subscript of each particle is marked with i,  tvi  is the 

speed of particle i at moment t, while  txi  is the 

position of particle i at moment t.  

Parameters   and  , 21 cc  are determined by the user. 

Values 1r  and 2r   1,0 21  rr  are chosen randomly, 

and they are generated repeatedly at each velocity update. 

 txi
ˆ  is the position of the best individual particle i at 

moment t, and g(t) is the position of the best particle at 

moment t.  

In the velocity updating equation every of the three 

parts has its role in the PSO algorithm. 

The first term is the inertial component and it is 

responsible for the movement of the particle in the 

direction it was going in the previous moment. The value 

of the inertial coefficinet ω usually varies between 0.8 

and 1.2. In general, lower values of this coefficient 

speeds up the convergence to the optimum, while higher 

values encourage exploration of the search space. The 

coefficient ω can also be varied during the algorithm. 

Very often, at the beginning the user wants to explore the 

search space, and at the end the user wants to speed up 

the convergence. In that case a formula can be used that 

at every iteration linearly decreases the value of ω.  
 

 noii /5.0*9.0   

 

In the upper formula noi stands for the number of 

iterations, while i stands for the current iteration. 
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The second term     txtxrc ii ˆ
11

 is called the 

cognitive component, and it represents the memory of the 

particle. It infuences that the particle returns to the 

regions of the search space where it achieved high 

individual fitness. The cognitive coefficient 1c  usually 

have a value that is closed to 2, and it influences the size 

of the step the particle moves towards its best position so 

far. 

The third term,     txtgrc i22
 is called the social 

component and it is responsible for the movement of the 

particle towards the best candidate the swarm found so 

far. The value of the social coefficient c2 is around 2. 

Because of the random values r1 and r2 in the cognitive 

and the social terms respectively, those two terms have 

random influence when it comes to velocity update. 

Because of this stochastic nature, each particle moves in a 

semi-random manner, but under the considerable 

influence of its best position and the globally best 

position. 

To prevent the particles to move away from the 

endpoints of the search space, a technique called velocity 

limitation (or velocity clamping) is used to limit the 

velocity of every particle. If the endpoints of the search 

space are  maxmax xx , , the velocity is limited to 

 maxmax vv , , and 
maxmax xkv  . The parameter k is 

determined by the user and its value varies in range 

11.0  k .  

After the velocity of each particle was determined, the 

positions are updated based on the current velocity and 

the previous position of the particle: 
 

     11  tvtxtx iii
 

 

The described procedure is repeated till some stopping 

condition is met. 

The algorithm can be summarized with the following 

pseudo code: 

 
For (each particle) 

 Initialize particle 

end 

Do 

 For (each particle) 

 1. Calculate fitness 

 2. If current fitness of the 

particle is better than the best 

fitness of the particle so far 

(pbest), replace the best 

fitness with the current fitness 

 end 

 Choose the particle with highest 

fitness for gbest fitnesom za 

gBest 

 For (each particle) 

1. Calculate the velocity of 

the particle fir the next 

time interval 

2. Update the position of 

each particle 

 End 

Repeat while stopping condition is 

met 

IV. COMPARISON OF GENETIC ALGORITHMS AND PSO 

Most evolution based techniques consist of the 

following procedure: 

1. Random generation of initial 

           population 

2. Calculating the fitness of each    

           individual (the fitness depends on the    

          quality of the individual) 

3. Fitness-based reproduction of the  

           population 

4. If a stopping condition is met the 

          algorithm stops, otherwise it returns to 

          step 2. 

 

Based on the canonical algorithm, it can be seen that 

PSO has lot of common elements with genetic 

algorithms. Both algorithms start with a gruop of 

randomly generated population, both of them rely on the 

fitness of individuals when calculating the quality of 

individuals. Both methods update the population and 

search for the optimal solution using random techniques. 

None of the two algorithms guarantee success. 

However, PSO doesn‘t use genetic operators like 

recombination or mutation. Elements of the swarm update 

themselves through internal speed. The particles also 

posess memory which is very important for the success of 

the algorithm. In comparison with the genetic algorithm, 

in PSO the information sharing is quite different. In 

genetic algorithms chromosomes share information 

between themselves, so the whole population acts like a 

group that moves towards the optimal solution. In the PSO 

method only the best individual (gBest or lBest) gives 

information to other members of the population, so it is a 

one way information sharing model. In PSO all 

individuals converge to the best solution. 

V. PARAMETER CONTROL 

When applying the particle swarm optimization 

algorithm there are two key steps that enables the finding 

the optimal solution: 
 

1. representation of the potencial solution 

2. fitness function 
 

One of the advantages of the PSO algorithm is that 

individuals are represented as real numbers. When using 

genetic algorithms, the user should first switch to binary 

representation, or special genetic operators are needed to 

run the algorithm. For example, to find the extreme value 

of the function 
 

  2

3

2

2

2

1 xxxxf   
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Individuals can be represented by  321 ,, xxx , and the 

fitness function is  xf . Then we can use a standard 

procedure for finding the optimum. In that case, search is 

the process which is repeated while maximum number of 

iterations is reached, or the error falls under a certain 

margin. 

In PSO there aren‘t many parameters to adjust. 

Number of individuals: typical value varies between 20 

and 40. For most problems applying 10 individuals gives 

very good results. For harder problems between 200 and 

400 individuals are used.  

Size of the swarm: depends on the optimization 

problem. 

Range of the individuals: Also varies based on the 

problem. For each dimension different ranges can be 

defined. 

Vmax: determines the maximal change of position of 

the individual in one iteration. Vmax is usually set to be 

capable of flying through the whole range in one 

iteration. For example, if  10101   X  , then 

Vmax=20. 

Learning constants: c1 and c2 usually equals 2. In some 

applications other values are used, but always from range 

 4,0  . 

Stopping condition: different stopping conditions can 

be defined: 

1. defined number of iterations reached, 

2. error smaller than a predefined value 

3. no improvement in solution quality in the last n 

iterations. 

Global and local version: there are two main versions of 

the PSO algorithm: global and local. Global version is 

quicker, but in some cases it can converge towards a local 

maximum. The local version is slower, but it rarely get 

stuck in local extreme value. In this paper only global 

version is considered. 

VI. CORRECTION FACTOR 

Since the PSO has its origins in modelling social 

systems, the detailed mathematical model was not 

developed at the same time when the algorithm was. In 

the last couple of years, there were attempts of a detailed 

description. Clerc proved [6] that in some cases the 

introduction of correction factor is desirable to ensure 

convergence of the algorithm. The infuence of correction 

factor is given by the following formula 
 

              txtgrctxtxrctvKtv iiiii  2211
ˆ1  

 42

2

2 
K

,  

4    ,21   cc  

 

In a typical case when the correction factor is used, φ is 

set to 4.1, so the constant factor K equals 0.729. This 

means that the speed at the previous time step is 

multiplied by 0.729, and the other two terms by 

0.729*2.05=1.49445 (this value is further multiplied by a 

random value that is between 0 and 1). 

VII. EXAMPLE 

To clarify the above theory, a concrete example will be 

shown. The maximum of the following function is to be 

found: 
 

 xey x *20sin*1.0
21

1

   
 

This function is very desireable for testing purposes since 

it has a lot of local maximums. Figure 3 through Figure 8 

shows several steps of the algorithm. Figure 3 shows 4 

randomly selected particles from the range of the function 

to be optimized. Figure 4 shows the evaluation of each 

randomly selected particle. Circles around particles show 

the best position of that particle so far, while the triangle 

shows the best particle so far in the whole swarm. The 

circle and the triangle have the same meaning in the 

remaining figures. Figure 5 shows tha direction of the 

movement of each particle, and Figure 6 shows the 

particle‘s new positions. The updated values can be seen 

on Figure 7 (particle 4 has the largest fitness). Figure 8 

shows the influence of each term on the position of the 

particle (the dotted line stands for the cognitive 

component, the full line stands for the social component, 

and the interrupted line line stands for the inercial 

component). The bold arrow shows the sum of the three 

components. 

 

 

 

 
Figure 3. 

 

 
Figure 4. 

 

 
Figure 5. 
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Figure 6. 

 

 
Figure 7. 

 

 
Figure 8. 

VIII. CONCLUSION 

In this paper we showed a relatively new way for 

function optimization. The method is designed to find a 

global maximum of the function, and in most of the cases 

it succeeds in it. The PSO algorithm very rarely gets stuck 

in local maximums. For achieving optimal performance 

correct choice of the parameters is needed. 
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Abstract—During NC path generation it is important to 

take care about the position and size of the fixture elements. 

It is the best solution to beside the CAD model of the 

workpiece to build also the CAD model of the fixture used 

at a given machining, but it is often hard and time 

consuming task. In this paper a system is presented that 

after prescribing machining requirements builds the CAD 

model of the fixture that can be loaded in any CAM 

program that can recognize Solid Edge files, and in the 

CAM program the fixture elements can be defined as check 

body. 

I. INTRODUCTION 

The NC path of the tools can be generated with manual 
programming or with the help of a CAM module. In both 
cases not only the geometrical and technological data of 
the workpiece are to be taken in consideration, but one 
also has to take care about the geometrical data of the 
workpiece holding fixture. Tool must not cut the fixture 
elements; it should keep a safe distance from them. This 
means that the one who writes G code program or the one 
who defines the input data for the CAM module must wait 
until the appropriate fixture that enables the machining of 
the given workpice is built. But it is often a time 
consuming task to design an appropriate fixture, and if the 
NC path is to be generated with a CAM module, one have 
to make the CAD model of the fixture too, in order to can 
define the forbidden zones or check bodies for the tool. If 
we cut the time needed for fixture design and time needed 
for building the CAD model of the fixture, we can reduce 
the overall production time, and reduce production costs. 
The system introduced in this paper aims to help in it. 

 

II. THE FIXTURE DESIGN SYSTEM 

Since the different 3D modeling program packages 
stores the data a little bit different way, the model made 
with one program often can not be opened with another 
program. In order to ensure software package 
independence for our system we choose IGES format as 
input format. The system consists of four modules: 

1. IGES post processing module – this module opens 
the CAD model of the workpiece saved in IGES 
format, recognizes the most common features 
present on gearbox housings, and extracts their 
relevant data. The process engineer prescribes which 
surfaces and features should be machined, prescribes 
the surface roughnesses, dimensional, shape and 
position tolerances. The output data of this module 

is a file where the data needed for setup and fixture 
planning are in structured format stored. 

2. The setup and fixture planning module – opens  the 
output file of the previous module and gives 
recommendations on the number and order of 
needed setups, recommendations on supporting, 
positioning and clamping methods and on base 
surfaces to be used for fixturing.  

3. The fixture configuration module – selects concrete 
fixture elements and builds of them an appropriate 
fixture for the given setup.  

4. SE assembler module – builds the CAD model of 
the fixture in Solid Edge assembly environment. 

The operation planning module – is not yet made. The 
role of this module will be to decompose the operations 
on particular cuts, to select tools, to determine the tool 
paths and to determine the cutting parameters.  

 

More detailed description of the work of the modules 
can be found in Error! Reference source not 
found.,Error! Reference source not found. and [2]. 

 

III. INTRODUCTION OF THE WORK OF THE SYSTEM 

In Error! Reference source not found. we can see a 
gearbox housing. The user opens the CAD model of the 
workpiece saved in IGES format, the system recognizes 
the technological features present on the model, extracts 
their characteristic data, and then the user prescribes 
which surfaces should be machined, the desired precision, 
and finally prescribes the relationship tolerances. The 
system determines the number of needed setups and the 
order of the setups, and gives recommendations on the 
type of the supporting method and supporting surface(s) 
to be used at main setup, the type and surfaces to be used 
for positioning the part, and on the type and surface(s) to 
be used at clamping. In Error! Reference source not 
found. one can see the proposal our system gave on the 
conceptual solution for the first setup. According to this 
proposal the workpiece should be laid on the violet ring-
like surface, should be positioned with the help of the pink 
inner cylindrical and grey flat surface, and should be 
clamped on green flat surface in three points. In  

 the proposal our system gave for the second setup is 
shown. According to the proposed solution during the 
main setup the workpice should be laid on the four violet 
flat surfaces, be positioned over the pink and grey inner 
cylindrical surfaces, and clamped over the four green flat 
surfaces. 

mailto:ratosz@vts.su.ac.rs
mailto:stampfer@vts.su.ac.rs
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Figure 1.  Gearbox housing 

 

 

 
 

Figure 2.  The conceptual solution of the fixture for the first (auxiliary) 
setup 

 

Figure 3.  The conceptual solution of the fixture for the second (main) 
setup 

In Error! Reference source not found. is shown the 
fixture that our system built for the first setup.  

 

 
Figure 4.  The fixture for the first setup 

 

IV. THE USAGE OF  THE SYSTEM‘S OUT PUT AT TOOL 

PATH DESIGN  

 

Since the SE assembler module makes the CAD model 
of the fixture together with the clamped workpiece, this 
model can be used at tool path generation. The CAD 
model of the assembled fixture with the workpiece was 
opened with CAM Express, the surfaces to be machined 
and machining methods were defined manually, and the 
tools were selected also manually by the user. Then the 
tool paths were generated by CAM Express. In Error! 
Reference source not found. and Figure 6. the problem, 
which can occur if the fixture elements are omitted during 
the tool path generation,  is illustrated. In Error! Reference 
source not found. is shown the tool path generated with 
omitting the fixture elements (tool path O). It can bee seen 
that the light blue line, which presents the cutting move of 
the tool extends beyond the ground plate, and the red 
dashed line, which presents the non cutting motion of the 
tool goes through the clamping strap, the clamp holder 
and extension form element.  
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Figure 5.  The tool path O (when the fixture elements were omitted 
during the path generation) 

 

Figure 6.  The tool path F (when the fixture elements were marked as 

check bodies before the path generation) 

In Figure 6. is presented the tool path generated after that 

the fixture elements were defined as check bodies (tool 

path F). We can see that in first case the tool would 

collide with the fixture elements, either damaging the 

tool or the fixture, while in second case the tool avoids 

the fixture elements. 

 

V. THE INTEGRATING POSSOBILITIES 

As the output data of the IGES post processing module 
contains which surfaces should be machined, with what 
precision, and contains the main characteristic data of the 
features, as well as their position and orientation, these 
data together with the CAD model of the fixture serves us 
many information needed for tool path generation. Taking 
in consideration that a CAM module as input data need 
the CAD model of the raw part, CAD model of the 
finished workpiece and the check bodies, the allowances 
for finishing, the data of the cutting tools, which surfaces 
should be machined, the cutting strategy to be used for 
each cutting; we can state that the operation planning 
module could be more simple, then originally planned. It 
would be enough to the operation planning module to put 
in time order the surfaces to be cut and to determine the 
finishing allowances, to select appropriate tool for each 
cut, to determine the clearance planes and to store these 
information together with information that is present in 
the IGES post processing module‘s output file in an 
appropriate form, and to let the CAM module to 
determine the number of cuts and to generate the tool 
paths. This way we could spare time – since the surfaces 
to be machined should not be defined twice (once for 
fixture planning, once for path generation), and the 
automated tool selection would also be faster than manual. 
Such output would offer an opportunity to easily connect 
our system and a CAM module and, having the CAD 
model of the fixture, without further human interaction 
could be tool paths generated. Of course the process 
engineer has to check if everything is okay with the 
generated path. 
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Abstract—Vehicle detection and classification is a very 

actual problem, because vehicle count and classification 

data are important inputs for traffic operation, pavement 

design, transportation planning and other applications. In 

this work the results of a new detection and classification 

method using a single magnetic sensor based system are 

presented. Vehicle classes are determined using a 

feedforward neural network which is implemented in the 

microcontroller of the detector, together with the detection 

algorithm and the algorithm used for determining the 

neural network inputs. The gathering of training samples 

and testing of the trained neural network have been done in 

real environment. For the training of the neural network the 

back-propagation algorithm has been used with different 

training parameters. 

Keywords—vehicle detection, vehicle classification, magnetic 

sensors, neural networks 

I. INTRODUCTION 

The need for automatic traffic monitoring is 
increasing, which urges the manufacturers and 
researchers to develop new technologies and improve the 
existing ones, to provide speed monitoring, traffic 
counting, presence detection, headway measurement, 
vehicle classification, and weigh-in-motion data. 

Vehicle count and classification data are important 
inputs for traffic operation, pavement design, and 
transportation planning. In traffic control, signal priority 
can be given to vehicles classified as bus or an 
emergency vehicle. 

In this work,a new detection and classification method 
for a single magnetic sensor based system is discussed. 

Magnetic sensors measure the change in the Earth‘s 
magnetic field caused by the presence of metallic objects. 
Magnetic vehicle detectors use the changes generated by 
the metallic content of vehicleswhen they are near the 
sensor as written in Reference [1]. Two sensor nodes 
placed a few feet apart can estimate speedas described in 
Reference [2]. A vehicle‘s magnetic ‗signature‘ can be 
processed for classification. 

Advantages and disadvantages of magnetic detectors 
are shown in Table 1. 

 

 

II. THE USED SENSOR 

The used magnetic sensor is an HMC5843 based unit 
developed by ―SELMA‖ Ltd. and ―SELMA Electronic 
Corp‖ Ltd., companies from Subotica, Serbia. Two types 
of magnetic detectors have been developed, one with 
cable and one with wireless communication. 

For classification sample collection and detection and 
classification efficiency testing, a unit with cable 
communication has been mounted in Subotica, on the 
main road passing through the town. The place is ideal, 
because all vehicles classes can be found passing on that 
road. The sensor has been mounted 5 centimeters beneath 
the pavement surface. The direction of the axis is very 
important, because the network inputs are calculated by 
axis, and if changed, the waveforms will not be the same. 
The X axis points to the movement direction, the Y axis 
points to the neighboring lane, and Z is orthogonal with 
the pavement surface. 

The Honeywell HMC5843is a small (4x4x1.3 mm) 
surface mount multi-chip module designed for low field 
magnetic sensing. The 3-Axis Magnetoresistive Sensors 
feature precision in-axis sensitivity and linearity, solid-
state construction with very low cross-axis sensitivity 
designed to measure both direction and magnitude of 
Earth‘s magnetic fields, from tens of micro-gauss to 6 
gauss. The highest sampling frequency is 50Hz. 

Wireless magnetic sensor networks offer an attractive, 
low-cost alternative to inductive loops, video and radar 
for traffic surveillance on freeways, at intersections and 
in parking lots as written in Reference [3]. 

 

TABLE I. 
ADVANTAGES AND DISADVANTAGES OF MAGNETIC SENSOR BASED 

VEHICLE DETECTORS 

Advantages Disadvantages 

 Insensitive to inclement 
weather such as snow, rain, 

and fog 

 Less susceptible than loops 
to stresses of traffic 

 Some models transmit data 
over wireless RF link 

 Some models can be 
installed above roads, no 

need for pavement cuts 

 Difficult to detect stopped 
vehicles 

 Installation requires 

pavement cut or tunneling 
under roadway 

 Decreases pavement life 

 Installation and maintenance 

require lane closure 
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III. VEHICLE DETECTION ALGORITHM 

As written in References [4] and [5], magnetic 
detectors are capable of very high, above 97 percent 
detection accuracy with proper algorithms. In Reference 
[6] 97% of detection accuracy has been achieved using 
neural networks and fuzzy data fusion. Most of the 
algorithms use adaptive thresholds as used in Reference 
[7]. 

In Reference [4] it is described that HMC magnetic 
sensor measurements are affected by temperature. As the 
temperature on the pavement can change a lot in the 
course of a day, but the changes in the measured values 
are very slow. 

The developed vehicle detection algorithm uses 
thresholds which can change when no detection is 
available to avoid the effects of temperature changes. The 
principles of the algorithm: 

 A calibration process is run when the unit is turned on. 
Maximum and minimum values are determined in a 
period of time at all three axis (if even at one axis the 
difference between the maximum and minimum 
exceeds a previously defined width, the calibration 
starts from the beginning). After this stage, the range is 
equally stretched to the previously defined width, and 
the upper and lower thresholds are now determined at 
all three axis. This method makes the further algorithm 
immune to noise. 

 If the measures at all three axis exceed the range 
determined by the thresholds, a detection is generated 
(detection flag is ―1‖). If only one or two axis exceed 
the range, probably a vehicle is passing in the 
neighboring lane. 

 In case of a detection,the detection flag goes back to 
―0‖ if measures in all three axis are between thresholds 
for a previously defined number of measures. 

 If all three axis are in the range determined by the 
thresholds, and no detection is available, the algorithm 
calculates new thresholds. 

The axis along the direction of travel can be used to 
determine the direction of the vehicle, what is shown in 
Reference [8]. When there is no car present, the sensor 
will output the background earth‘s magnetic field as its 
initial value. As the car approaches, the earth‘s magnetic 
field lines of flux will be drawn toward the ferrous 
vehicle. 

A. Efficiency 

For testing the efficiency of the algorithm a one hour 
test has been done. The results have been divided by 
vehicle classes, and are shown in Table 2. As seen, the 
algorithm is effective, only motorcycles can cause 
failures. The reason of failures in motorcycle detection 
can be the low metallic content, and the distance from the 
detector. Vehicles passing in the neighboring lane with 
high metallic content, usually trucks, can cause false 
detections. The filtering of these vehicles can be done by 
increasing the width of the detection ranges, but this can 
affect the motorcycle detection efficiency. 

 

 

IV. CLASSIFICATION ALGORITHM 

The basic idea was to collect the measurement values 
when the detection flag is ―1‖, and calculate specific 
parameters from the magnetic signature, which can be 
applied to the inputs of the neural network. 

A. Other classification algorithms 

Classification stations with highly calibrated inductive 
loops are very popular. However, the infrastructure and 
maintenance costs of such a vehicle classification station 
are high. 

In Reference [9] an artificial neural network based 
method was developed to estimate classified vehicle 
volumes directly from single-loop measurements. They 
used a simple three-layer neural network with back-
propagation structure, which produced reliable estimates 
of classified vehicle volumes under various traffic 
conditions. In this study four classes (by ranges of length) 
were defined, and all classes had an own ANN. All 
networks had 19 nodes in the input layer, 1 node for the 
time stamp input and 9 pairs of nodes for inputting 
single-loop measurements (volume and lane occupancy). 
All networks had one output node (each was one class 
bin), but the number of hidden neurons differed for each 
class (35 for class1, 8 for class2, 5 for class3 and 21 for 
class4). 

Sun, in Reference [10] studied the use of existing 
infrastructure of loop detectors for vehicle classification 
with two distinct methods. The seven-class scheme was 
used for the first method because it targets vehicle classes 
that are not differentiable with current techniques based 
on axle counting. Its first method uses a heuristic 
discriminant algorithm for classification and multi-
objective optimization for training the heuristic 
algorithm. Feature vectors obtained by processing 
inductive signatures are used as inputs into the 
classification algorithm. Three different heuristic 
algorithms were developed and an overall classification 
rate of 90% was achieved. Its second method uses Self-
Organizing Feature Maps (SOFM) with the inductive 
signature as input. An overall classification rate of 80% 
was achieved with the four-class scheme. 

In the last few years a big number of studies have been 
made with classification algorithms using magnetic 
sensors. 

The rate of change of consecutive samples was 
compared with a threshold in Reference [11] and declared 
to be +1 (–1) if it is positive and larger than (negative 

TABLE II.   
EFFICIENCY OF THE DETECTION ALGORITHM DURING A ONE HOUR 

TEST 

Vehicle class Passed Detected Rate 

Motorcycle 4 3 75% 

Car 168 168 100% 

Van 10 10 100% 

Truck 15 15 100% 

Bus 6 6 100% 

Other 2 2 100% 

False detections caused 

by vehicles passing in the 
neighboring lane 

 13  

Σ 205 217 94,15% 
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with magnitude larger than) the threshold, or 0 if the 
magnitude of the rate is smaller than the threshold. The 
second piece of information was the magnetic length of 
the vehicle. 82% efficiency was achieved, with vehicles 
classified into five classes.  

Reference [12] achieved a vehicle detection rate better 
than 99 percent (100 percent for vehicles other than 
motorcycles), estimates of average vehicle length and 
speed better than 90 percent, and correct classification 
into six types with around 60 percent, when length was 
not used as a feature.  

In Reference [13], with x and z dimension data and 
without vehicle length information, a single magnetic 
sensor system, with a Multi-Layer Perceptron Neural 
Network, 93.5 percent classification efficiency was 
achieved, but vehicles were only separated into two 
classes. In a double sensor system 10 classes were 
selected for development, and 73.6 percent was achieved 
with length estimation and a methodology using K-means 
Clustering and Discriminant Analysis. 

B. The used neural network and the input parameters 

A three-layer feedforwardneural network has been 
used for vehicle class estimation. Theneurons in the 
hidden layer have logarithmic sigmoid transfer functions, 
while the output layer neurons use saturating linear 
functions. The structure of the used neural network can be 
seen on Figure 1. Bias values have not been used in the 
network because the network has to be implementable in a 
neural network, and the bias values would need big 
memory space. 

The networks have been trained using the 
backpropagation algorithm. During the training, weights 
have been modified after every sample. Using this 
network the error of the output layer output can be 
calculated with the next formula: 

   (1) 

where  is the error of  output neuron,  is the 
target value, and  is the current output of the neuron. 

The output neuron weights have to be modified the next 
way: 

      (2) 

where  is the modified weight between  hidden and  
output neuron, and  is the learning rate. 

 
Figure 1. The structure of the used neural network 

The error of the hidden layer neurons can be calculated 
using the errors of the output neurons, the weights 
between the hidden neuron and each output neuron, and 
the output of the hidden neuron: 

   (3) 

The modifications of the weights between the input and 
the hidden layer can be done with the next formula: 

  (4) 

where  is the input of the  input neuron. 

Network training has been done with different number 
of neurons in the hidden layer, and different learning rates. 

The network has 6 outputs, because 6 vehicle classes 
had been defined to be classified: motorcycles, cars, vans, 
trucks, buses and other.The class with the biggest output 
will be declared as the class of the passed vehicle. 

The input layer consists16 neurons. These are 
parameters calculated of the waveforms at each axis. The 
network inputs are the next: 

 1 input – Detection length (number of measures 
made while the detection flag is ―1‖) 

 6 inputs - The biggest differences between measured 
values and thresholds at each axis (the difference 
between the highest measured value and the upper 
threshold (5), and the difference between the lower 
threshold and the smallest measured value(6) ) 

 (5) 

 (6) 

 6 inputs – Number of local maximums (if the 
measured values are above the upper threshold), and 
local minimums (if the values are under the lower 
threshold) at each axis. 

 Range changes at each axis. The thresholds define 
three ranges, one above the upper threshold, one 
under the lower, and one between them. 

C. Sample collection 

Measurement data for 130 samples per class have been 
collected for network training. The measurement values 
and a detection number, which has been incremented at 
every rising edge of the detection flag, have been saved 
into a database. 

The classes (network targets) of the samples have been 
defined using images made by a camera mounted beside 
the road. The images have been saved at every falling 
edge of the detection flag, and have been named using the 
detection number. 

D. Neural network training 

The network training has been done in three series 
depending on the learning rates of the layers. The used 
rates were the next: 

 0.11 at the output and 0.1 at the hidden layer 

 0.08at the output and 0.06at the hidden layer 

 0.05at the output and 0.04at the hidden layer 

Every learning rate pair has been tested with 1 to 25 
hidden layer neurons. Every of the 75 trainings has been 
done in 1000 epochs. 

Of 130 samples per class, 90 have been used for 
training, and 40 for validation. 
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During the training process the matching rates and the 
mean squared errors at training and validation samples 
have been calculated after every sample in the epoch. The 
highest matching rates and the smallest mean squared 
errors have been saved. When finding a better value of 
each parameter, all current values of other performance 
parameters have also been saved together with a matrix 
containing the current places of the misses. The current 
number of the iteration and the sample number have also 
been recorded to see are more iterations needed. 

The highest matching rates with all learning rate pares 
depending on the number of hidden layer neurons can be 
viewed on Figure 2. The efficiency of the network both on 
training and validation samples has improved when 
learning rates have been reduced. The highest matching 
rate on training samples, 88.44%, has been recorded with 
18 hidden layer neurons. The highest efficiency on 
validation samples was 70.83%. The rate at training 
samples can be improved by increasing the number of 
iterations, because at most cases the biggest value was 
achieved near to the end of the training process. But this is 
not true for the validation samples, where in most of the 
cases the maximums were recorded around 300 epochs. 

On Figure 3 the smallest mean squared errorsare 
shown found during the trainings. As seen, the smallest 
values were achieved also with the smallest learning rate 
pair. The values similarly as at matching rates, could have 
been improved at training samples by using a longer 
training process, but the smallest values at validation 
samples were also recorded around 300 iterations. 

The number of misses by classesin the case when the 
highest matching rate at training samples has been found 
are shown in Table 3 for training samples and Table 4 for 
validation samples. The places with most misses are very 
similar. The most misses are were made between classes 
2, 3 and 4. A possible reason can be that cars, vans and 
smaller trucks are almost the same length, the number of 
axles is also the same, and the distance between them is 
also similar. 

 
Figure 2. Highest matching rates achieved at training and 
validation samples with different number of hidden layer 

neurons and different learning rates. 

 
Figure 3. Smallest mean squared errors achieved at 

training and validation samples with different number of 
hidden layer neurons and different learning rates. 

E. Neural network implementation and testing 

During the implementation a very important factor 
was not to stop the measuring for the time of the network 
output calculating. The network input calculation and 
updating has been done after every measurement when the 
detection flag was ―1‖. 

After a falling edge on the detection flag, the network 
outputs are calculated, and the vehicle class is determined. 
This process is done until the next measurement is made, 
so the class is determined in 20ms, what is a measurement 
cycle. 

For testing, the weights of the 18 hidden neuron 
network has been implemented which achieved the 
highest matching rate on training samples. This network 
had 64.17% efficiency on validation data, the mean 
squared error of the training samples was 0.041736, and 
0.096034 of the validation samples. 

 

TABLE III.   
PLACES AND NUMBER OF MISSES AT TRAINING SAMPLES 

Output 
\ 

Target 

1. 2. 3. 4. 5. 6. Rate 

1. 0 1 1 0 0 0 97,33% 

2. 1 0 9 7 0 0 77,33% 

3. 1 7 0 6 1 0 80% 

4. 2 4 4 0 4 1 80% 

5. 0 2 1 0 0 0 96% 

6. 0 0 0 0 0 0 100% 

 

 

TABLE IV.   
PLACES AND NUMBER OF MISSES AT VALIDATION SAMPLES 

Output 
\ 

Target 

1. 2. 3. 4. 5. 6. Rate 

1. 0 1 1 0 0 3 87,5% 

2. 1 0 9 9 0 0 52,5% 

3. 0 11 0 10 1 1 42,5% 

4. 3 7 5 0 9 1 37,5% 

5. 0 4 2 6 0 0 70% 

6. 2 0 0 0 0 0 95% 
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The network was tested for 300 detections, and the 
results are shown in Table 5. As seen, the recognition rates 
are very similar to the values calculated on validation 
samples during training (Table 4). The testing was not 
ideal, because some classes had very small number of 
vehicles passing in this testing interval.  

V. CONCLUSION 

In this work a detection and neural network based 
vehicle classification method was presented. Measurement 
data had been collected for neural network training. 
Training has been done with different number of hidden 
layer neurons, and different learning rates. 

Training results showed that the recognition rates are 
not usable in real-life applications, but the results are 
perspective. For better recognition rates, changes are 
needed.  

Increasing the number of training samples could lead to 
better results.  

Another possible modification is to change the 
classification. Dividing the vehicles into more classes, or 
dividing them by length and axle number could also 
improve the accuracy. 

But probably the most efficient modification could be 
to include the changes of waveforms in time.  
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TABLE V.   
TEST RESULTS OF THE IMPLEMENTED NEURAL NETWORK 

 1. 2. 3. 4. 5. 6. Σ 
Recognition 

rate 

1. 2 0 0 0 0 0 2 100% 

2. 18 99 48 55 5 4 229 43,23% 

3. 0 1 6 5 0 0 12 50% 

4. 0 4 1 13 2 0 20 65% 

5. 0 1 0 2 3 1 7 42,86% 

6. 0 0 0 0 0 0 0 0% 

False 
Detection 

11 1 1 6 0 11 30  

Σ 31 106 56 81 10 16 300  
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Abstract—Pneumatic actuators convert pneumatic energy 

into mechanical motion. This motion can be linear or rotary. 

Linear motion is feasible with pneumatic cylinders (e. g. 

single-acting cylinder, double-acting cylinder, rodless 

cylinder) and pneumatic artificial muscles (PAMs). 

Pneumatic artificial muscle is the newest and most 

promising type of pneumatic actuators. PAM is a membrane 

that expands radially and contracts axially when inflated, 

while generating high pulling forces along the longitudinal 

axis. The force and motion produced by PAM are linear and 

unidirectional. Different designs of PAM have already been 

developed. Recently Fluidic Muscle manufactured by Festo 

Company and Shadow Air Muscle manufactured by 

Shadow Robot Company are the most popular and 

commercially available. 

The most often mentioned characteristic of PAMs is the 

force as a function of pressure and contraction. In this 

paper our newest function approximation for the force 

generated by Fluidic Muscles is shown that can be generally 

used for different muscles made by Festo Company. 

I. INTRODUCTION 

Electric, hydraulic and pneumatic systems are 

commonly used in industrial environment, robotics and 

education [1], [2], [3], [4]. Pneumatic artificial muscles 

have a wide range of applications, too, e. g. for tab 

punching, vibratory hopper, lifting device and walking 

robot [5], [6]. Many important daily activities, such as 

eating, drinking, dressing and walking depend on two-

handed or/and two-legged functions. Rehabilitation and 

prosthetic devices driven by PAMs can help such people 

who have difficulties in these areas [7], [8]. 

There are a lot of advantages of PAMs like the high 

strength, good power/weight ratio, good power/volume 

ratio, low price, little maintenance needed, great 

compliance, compactness, flexibility, inherent safety and 

usage under rough environments, but their dynamic 

behaviour is highly nonlinear, therefore a nonlinear 

robust control technique is needed for accurate 

positioning [9], [10]. 

The pneumatic artificial muscle is a one-way acting 

device. Therefore, two ones are needed to generate 

bidirectional motion: one of them moves the load, the 

other one will act as a brake to stop the load at its wanted 

position and the muscles have to change function to move 

the load in the opposite direction. This specific 

connection of the muscles to the load is generally named 

as an antagonistic set-up: the driving muscle is called the 

flexor or agonist, while the brake muscle is called the 

extensor or antagonist. The antagonistic configuration of 

the actuators causes the active muscle to pull against the 

stiffness of the passive muscle. Different investigations of 

PAMs in antagonistic connection are well described in 

[11] and [12]. Bharadwaj et al. in [13] presented the 

possibility of bidirectional motion with spring over 

muscle (SOM). 

Many researchers have investigated the relationship of 

the force, length and pressure to find a good theoretical 

approach for the equation of force produced by 

pneumatic artificial muscles. Some of them report several 

static and dynamic models [11], [14], [15], [16], [17], 

[18], [19]. Our goal was to develop a precise 

approximation algorithm with minimum number of 

parameters for the force of different Fluidic Muscles. 

The layout of this paper is as follows. Section II (Static 

Force Model of Pneumatic Artificial Muscles) is devoted 

to describe several force equations on the basis of 

professional literature. Section III (Experimental Results) 

compares the measured and theoretical data. Finally, 

Section IV (Conclusion and Future Work) gives the 

investigations we plan. 

Fluidic Muscles type DMSP-10-100N-RM-RM (with 

inner diameter of 10 mm and initial length of 100 mm) 

produced by Festo Company was selected for this study. 

II. STATIC FORCE MODEL OF PNEUMATIC ARTIFICIAL 

MUSCLES 

The general behaviour of PAMs with regard to shape, 

contraction and tensile force when inflated depends on 

the geometry of the inner elastic part and of the braid at 

rest (Fig. 1), and on the materials used [20]. Typical 

materials used for the membrane construction are latex 

and silicone rubber, while nylon is normally used in the 

fibres. 

The load carrying structure of Fluidic Muscles is 

embedded helically in its membrane. The membrane is 

made from chloroprene and the load carrying structure is 

made from aramid (Fig. 2). 
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Figure 1.  Geometry parameters of PAMs 

 

 
Figure 2.  Scheme of Fluidic Muscles 

With the help of [11] and [14] the input and output 

(virtual) work can be calculated: 

 

dVpdWin   (1) 

 

dWin can be divided into a radial and an axial component: 
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The output work: 

 

dlFdWout   (3) 

 

By equating the virtual work components:  
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By using (10) and (11) with (6) the force equation is 

found: 
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  (contraction, 

relative displacement), maxκκ0  , V the muscle 

volume, F the pulling force, p the applied pressure, r0, l0, 

α0 the initial inner radius and length of the PAM and the 

initial angle between the thread and the muscle long axis, 

r, l, α the inner radius and length of the PAM and angle 

between the thread and the muscle long axis when the 

muscle is contracted, h the constant thread length, n the 

number of turns of thread and κ the contraction. 

 

Consequently: 
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a
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Equation (12) is based on the admittance of a 

continuously cylindrical-shaped muscle. The fact is that 

the shape of the muscle is not cylindrical on the end, but 

rather is flattened, accordingly, the more the muscle 

contracts, the more its active part decreases, so the actual 

maximum contraction ration is smaller than expected 

[10]. 

Tondu and Lopez in [11] consider improving (12) with 

a correction factor ε, because it predicts for various 

pressures the same maximal contraction. This new 

equation is relatively good for higher pressure 

(p ≥ 200 kPa). Kerscher et al. in [16] suggest achieving 

similar approximation for smaller pressure another 

correction factor μ is needed, so the modified equation is: 
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Significant differences between the theoretical and 

experimental results using (12) and (15) have been 

proven in [21] and [22]. To eliminate the differences a 

new approximation algorithm with six unknown 

parameters has been introduced for the force generated by 

Fluidic Muscles: 

 

654
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21 apapκaexp)ap(a)F( 


κp,  (16) 

 

The unknown parameters of (16) were found using 

least squares method with Microsoft Excel Solver. 

III. EXPERIMENTAL RESULTS 

The analyses were carried out in MS Excel 

environment. Firstly, tensile force of Fluidic Muscle 

under a pressure of 600 kPa was determined as shown in 

Fig. 3. 

 

 
Figure 3.  Isobaric force-contraction diagram of Fluidic Muscle under a 

pressure of 600 kPa 

To approximate the measured force generated by 

Fluidic Muscles type DMSP-10-100N-RM-RM (16) was 

used. Values of the unknown parameters of (16) are 

shown in Table 1. 

TABLE V.   
VALUES OF UNKNOWN PARAMETERS OF (16) (600 kPa) 

Parameters Values 

a1 -13.57 

a2 215.53 

a3 -0.36 

a4 -3.04 

a5 99.74 

a6 -215.33 

 

Fig. 4 presents the experimental and theoretical 

results on the same graph. To describe the nature and 

strength of the relationship between the experimental and 

calculated results, regression and correlation analysis 

were used. R
2
 = 0.9999  R = 0.99995 coefficient 

approaches the maximum (strongest, R = 1) correlation 

(Fig. 5). 

 
Figure 4.  Comparison of measured and calculated force under a 

pressure of 600 kPa using (16) 

 
Figure 5.  Result of regression and correlation analysis under a pressure 

of 600 kPa 

Secondly, the investigation was repeated under 

different pressure values (0-600 kPa). The force always 

drops from its highest value at full muscle length to zero 

at full inflation and position (Fig. 6). 

 
Figure 6.  Isobaric force-contraction diagram of Fluidic Muscle under 

different pressure values (0-600 kPa) 
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The accurate fitting of (16) can be seen in Fig. 7 and 

Fig. 8 illustrates the relationship between the measured 

force and calculated force. The R
2
 = 0.9989  

R = 0.9994 coefficient proves the tight relationship 

between them, i.e. the correlation coefficient slightly 

reduced if the pressure is extended to the range of 0-

600 kPa. 

TABLE VI.   
VALUES OF UNKNOWN PARAMETERS OF (16) (0-600 kPa) 

Parameters Values 

a1 -13.05 

a2 215.62 

a3 -0.35 

a4 -3.08 

a5 100.49 

a6 -215.22 

 

 
Figure 7.  Comparison of measured and calculated force under 

different pressure values (0-600 kPa) using (16) 

 
Figure 8.  Result of regression and correlation analysis under different 

pressure values (0-600 kPa) 

Next, the hysteresis in the force-length (contraction) 

loop was analysed. Chou and Hannaford in [14] report 

hysteresis to be substantially due to the friction, which is 

caused by the contact between the bladder and the shell, 

between the braided threads and each other, and the shape 

changing of the bladder. Fig. 9 illustrates the hysteresis 

loop under a pressure of 600 kPa, while Fig. 10 

demonstrates it under different pressure values (0-

600 kPa). 

 
Figure 9.  Hysteresis in the tension-contraction cycle under a pressure 

of 600 kPa 

 
Figure 10.  Hysteresis in the tension-contraction cycle under different 

pressure values (0-600 kPa) 

To approximate the hysteresis loops using (16), besides 

the parameters in Table I. and Table II., new parameters 

had to be specified for lower curves (Table III. and Table 

IV.). 

TABLE VII.   
VALUES OF UNKNOWN PARAMETERS OF (16) FOR LOWER CURVE 

(600 kPa) 

Parameters Values 

a1 -5.83 

a2 166.60 

a3 -0.40 

a4 -2.83 

a5 89.18 

a6 -193.56 
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TABLE VIII.   
VALUES OF UNKNOWN PARAMETERS OF (16) FOR LOWER CURVES (0-

600 kPa) 

Parameters Values 

a1 -6.45 

a2 166.51 

a3 -0.41 

a4 -2.88 

a5 89.89 

a6 -193.46 

 

The accurate fitting of (16) for the hysteresis loops can 

be seen in Fig. 11 and Fig. 12. Finally, Fig. 13 and Fig. 

14 prove the accuracy of static force model. 

Consequently, (16) is capable of making accurate and 

reliable predictions of static force. 

 

 
Figure 11.  Approximation of hysteresis loop using (16) under a pressure 

of 600 kPa 

 
Figure 12.  Approximation of hysteresis loops using (16) under different 

pressure values (0-600 kPa) 

 
Figure 13.  Result of regression and correlation analysis for lower curve 

under a pressure of 600 kPa 

 
Figure 14.  Result of regression and correlation analysis for lower curves 

under different pressure values (0-600 kPa) 

IV. CONCLUSION AND FUTURE WORK 

This paper presents a static force model for Fluidic 

Muscles. It was proven that the six-parameter function can 

be used for accurate prediction of static force. The 

regression and correlation analysis were carried out in MS 

Excel environment. 

The behaviour of pneumatic artificial muscles under 

operation can be described by dynamic models. On the 

basis of this static force model a new dynamic model has 

been developed. With the help of dynamic model the 

stiffness and damping coefficient of PAMs can be 

determined and the whole system containing PAM can be 

described. 
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Abstract — The issue of energy saving nowadays is very 

important. Pneumatic and electro pneumatic systems,   

constituting an important segment of almost every industry, 

represent large energy consumers. This paper examines the 

possibilities of control system design with the recirculation 

of the used air. The emphasis is on the increasing energy 

efficiency of the system. Developed examples of manipulator 

control are presented with pure pneumatic components and 

electro pneumatic components with and without additional 

reservoir. Realized average energy savings are presented, 

compared and discussed.       

I. INTRODUCTION 

Compressed air is one of the most widespread forms of 

energy used in the industry. It is used for the general 

purpose:  in factories, workshops and warehouses, for the 

systems of pneumatic transport, operation of pneumatic 

tools, food processing, chemicals and pharmaceutical 

products, spray paint, surface coating powders, operation 

and control of packaging machines and control other 

machines.  

Energy savings in pneumatic systems can be classified 

according to the point of use on: part of the production, 

distribution, and execution [1]. In percentage, energy 

savings in the production part of the compressed air 

system can go up to 16%, in distribution 25% - 30% and 

in the execution part can be up to 50%. In pneumatic 

systems are most commonly used linear and rotary 

actuators. This paper will consider only the pneumatic 

cylinders applied in pneumatic and electropneumatic 

systems. During reverse motion, all compressed air from 

the working part of cylinder is released into the 

atmosphere. It is a big loss of compressed air which has 

enough potential energy that can be effectively used [2]. 

Therefore, we will consider the reuse of discharged 

compressed air that can contribute to the increase of 

energy efficiency. 

In this paper, emphasis is placed on energy efficiency 

of pneumatic systems. It is discussed and analyzed how 

and in what ways is possible to reduce the consumption 

of compressed air in a system that is used to manipulate 

workpieces between two automated assembly lines.    

II. MODEL DESCRIPTION 

A. Experimental system  

 

The standard pneumatic model of the manipulator 
consists of three main parts: two horizontal (A, C) and one 

vertical pneumatic cylinder (B), as it is shown in Fig. 1. 
Pneumatic cylinder A pushes work piece to the pneumatic 
cylinder B, which raises workpiece to the level of 
pneumatic cylinder C, and, at the end, cylinder C pushes 
workpiece on the conveyor belt 2. Cylinders A, C are 
immediately returned to the starting position after 
reaching the final position, while the cylinder B returns 
only when the cylinder C reaches its end position, as is 
shown in Fig. 2. For the purpose of the simulation test 
table was constructed (Fig. 3).  

Electropneumatic installation shown in Fig. 3 consists 
of a cylinder FESTO D:S-PAZ-DW20-100PPV (1, 3), 
cylinder FESTO DNC-32-250-PPV-A (2), cylindrical 
metal workpiece (4), additional reservoir FESTO VZS-
0.75 (5), pressure sensor with display FESTO SDE3-
D10S-B-HQ4-2P-M8 (6), 5/2 way, electrical actuated 
valve (7) and pressure gauge (8). 

 

 
Figure 1. CAD model of pneumatic manipulator devices   

  

 
Figure 3. Displacement – step diagram 
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Figure 3. Test table 

Data acquisition and control is performed using a 
programmable controller FESTO CPX-CEC-C1.  

In this experiment, the flow was measured by FESTO 
Air Box portable laboratory [3]. Flow rate, pressure and 
temperature allow measurement using Air Box and also it 
is possible to test compressed air quality. There are two 
modes of work: static and dynamic. In the static mode we 
are detecting leaks in the compressed air system and in the 
dynamic mode we measure consumption of compressed 
air. For this case is of interest dynamic mode 
measurements. All data are saved in data logger.  

Each measurement cycle is repeated 12 times. Graph is 
obtained as a result that represents the compressed air 
consumption in time. Data obtained in this way were 
transferred to the software package MsExcel, where is the 
total compressed air consumption calculated with the 
formula (1). 

 1 11

1
( )

2

n

i i i ii
Q t t q q 
               (1) 

where is: 

Q   total compressed air consumption, 

it   measuring time [s], 

1it    previous measuring time [s], 

iq   consumption in it  
min

l 
 
 

, 

1iq    consumption in 1it   
min

l 
 
 

  

B. Pneumatic  and electropneumatic scheme of 

experimental installation 

In paper by Novaković [4] the process of filling the 

additional reservoir with the exhausted air from the 

cylinder and it‘s impact on dynamic properties of the 

same cylinder is investigated. From according to this 

paper we used the upper limitation of pressure in 

additional reservoir.  

In standard mode, Fig. 4. exhausted air from cylinders 

A and C is released in the air. This leads to a significant 

loss of compressed air energy. The idea of additional 

savings of compressed air is that compressed air should 

be stored in a separate reservoir and, after that, it can be 

used to operate a back movement of cylinder B. The 

pressure in the reservoir is maintained at values between 

1.8 bar and 3 bar. If the pressure in reservoir drop below 

1.8 bar then it should be raised to the upper limit with the 

compressed air from the network.  

In Fig. 5 is given the consumption of compressed air 

for the standard pneumatic system. Fig. 6. and 7. shows 

standard pneumatic scheme with additional reservoir, and 

consumption of compressed air, respectively.    
 

 
Figure 4. Standard pneumatic scheme  

 

Figure 5. Consumption of compressed air in the standard pneumatic 
system 

 

In order to increase energy efficiency of system main 
pneumatic valves are replaced by electropneumatic valves 
(FESTO D:TP-PVE-M1H-5/2-ISO, D:TP-PVE-M1H-
2X3/2G-1S), as well as sensors and PLC is added. For this 
case, consumption of compressed air should be less, and it 
is shown. 

Standard electropneumatic scheme is given in Fig. 8. As 
a result of the measurement graph in Fig. 9 is obtained.  
FESTO CPX-CEC-C1 controller was used to control 
electropneumatic valves for this case of electropneumatic 
scheme. Programming was done in CoDeSyS  
development environment. 
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Figure 6. Pneumatic scheme with reservoir 

 
Figure 7. Consumption of compressed air in pneumatic scheme with 

reservoir 

 

 

Figure 8. Standard electropneumatic scheme 

 

After adding reservoir to the electropneumatics scheme 
what is shown Fig. 10, the experimental measurements 
were made. The pressure sensor (FESTO SDE3-D10S-B-
HQ4-2P-M8) has been used to measure the pressure in the 
reservoir. Consumption of compressed air in 
electropneumatic scheme with reservoir is shown in Fig. 
11. 

 

Figure 9. Consumption of compressed air in standard electropneumatic 
system 

   

 
Figure 10. Electropneumatic scheme with reservoir 

 

Figure 11. Consumption of compressed air in electropneumatic scheme 
with reservoir 

III. RESULTS AND DISCUSSIONS 

Several experiments were performed in order to verify 

the increase of energy efficiency for the standard 

pneumatic system. First, with standard pneumatic scheme 

experimental measurement of compressed air 

consumption is Q = 45.61 l. After adding and storage of 

compressed air in the reservoir, consumption of 

compressed air is decreased down to Q = 34.86 l. The 

second group of experiments was done with 

electropneumatic valves control. The results are shown in 

Table I. It can be easily seen that the biggest savings of 

compressed air are in the electropneumatic system with 

additional reservoir whose work cycle was controlled by 

PLC.  
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The Table II. shows the percentage in savings as 

compared to the total consumption of compressed air  in 

the given systems.  
Table I. 

Total consumption of compressed air in systems 

Type of system Pneumatic  Electropneumatic 

Standard  scheme Q = 45,62 l Q = 44,48 l 

With reservoir Q = 34,86 l Q = 30,45 l 

 

Table II. 

Savings ratio compressed air systems shown in the percentages 

 SPS SPSR SES SESR 

SPS / 23,57% 2,47% 33,23% 

SPSR 23,57% / / 12,65% 

SES 2,47% / / 31,54% 

SESR 33,23% 12,65% 31,54% / 

 

SPS Standard pneumatic scheme 

SPSR Standard pneumatic scheme with reservoir 

SES Standard electropneumatic scheme 

SESR Standard electropneumatic scheme with reservoir 

  

Detailed calculation shows how much compressed air 

could be saved using the method described above. 

IV. CONCLUSION 

In this paper we have shown the investigation of the 

influence of collecting the exhausted air in an additional 

reservoir and using it for reverse motion of the cylinder 

that do not require full force in this direction. Two 

different control schemes are investigated: pure 

pneumatic scheme (without any electricity) where all the 

control is realized with the combination of pneumatic 

logic elements and electro pneumatic one with additional 

PLC. First type of control scheme are used in areas where 

explosion or fire is very likely to happen and the second 

one are generally used in all other areas of industry. As it 

is already known, this investigation confirmed that, in 

general, pneumatic control schemes are less energy 

efficient than electro pneumatic ones what can be seen 

from table I. But main focus of this investigation was to 

show the influence of capturing the exhausted 

compressed air and its reuse. The pressure level in this 

additional reservoir are maintained at 3 bar due to the 

limitations in connection with dynamic properties of 

cylinder movement. Reusing of this air improved energy 

efficiency in both cases. In electro pneumatic schemes, 

savings are bigger (31,54%) than in pneumatic scheme 

(23,57%). With such a big savings, this method should 

find appropriate applications in industry.  

Further studies should encompass the payback period 

of this method in accordance with the required level of 

pressure for the reverse motion of the cylinder. 
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Abstract—Robotic contact tasks require different kind of 

forces. Special problem is the case when robotic tool has to 

penetrate in some material. The purpose of this study is to 

realize a model of simulated penetration forces that will be 

in good accordance with forces measured by experiments. 

Simulation while tool penetrating into material have to be 

carefully optimized for a given material and tool geometry. 

Finite element method (FEM) is used with appropriate 

software package Simufact. The tool and work piece were 

realistically modeled, and FEM was made for each depth of 

penetration tools with increment step of 0.0025 mm. There 

was a little difference in stiffness forces. That can be due to 

the fact that material of work piece that is used (Aluminum) 

was experimentally investigated without prior heat 

treatment. It was found that the force of the tool during 

penetration in material is in nonlinear dependence of 

penetration depth.       

I. INTRODUCTION 

 
In the last 30 years one of the most attractive tasks in 

the engineering industry is to control a robot when it 
comes into contact with environment [1]. The application 
of robots is often possible in the process of finishing the 
workpieces. 

When workpiece materials are processed each operation 
can be performed separately at various places. In modern 
industry this kind of process is often long and expensive. 
Solution to which the designers of production systems had 
come is that all operations are performed in the same 
location within the same cell. 

In most cases of contemporary machining the work 
piece is clamped. Common operations that are 
implemented in such a way are deburring and the 
processing of less stiff materials such as plastic, aluminum 
and some alloys which does not require a large force. 

Problem that arises is how to control in such operations. 

There are several different approaches for solving of 
this problem. Some of them are application of hybrid 
control and impedance   control [2, 3]. Stability in these 
cases is not yet adequately solved from a theoretical and a 
practical point of view. 

One of the approaches for solving of this problem is to 
control the robot position and force [4]. It is necessary to 
know the model of the environment in order to determine 
the control force which is influencing the performance of 
the contact task. The forces occurring in the contact points 
between the robot and the environment must be controlled 
in a such way that the robot adapts to current situations 
when interacting with the environment.  

In previous work, the results of investigating the 
stiffness of a various materials during tool penetration into 
material structure are given [5]. Forces are determined 
experimentally during orthogonal cutting. 

Purpose of this paper is to realize adequate simulation 
model based on the experimental results and to 
demonstrate the versatility of having different meshing 
capabilities when simulating individual manufacturing 
process. The technique which had been implemented and 
evaluated in simulation of tool penetration into material in 
selected software package – Simufact [6] is the finite 
element method. Discretization of environment model is 
done and FEM like numerical method [7] is applied for 
determining the force at various depths of penetration. 

The next paragraph presents model of the environment 
with tool and work piece material. Third paragraph 
presents simulation and experimental result. 

In this paper, we have modeled tool and work piece, put 
CAD model into software with appropriate mechanical 
characteristic for simulation and with FEM calculated 
forces while tool penetrates into material with increment 
step of 0.0025 mm.   

II. MODELING AND SIMULATION OF TOOL 

PENETRATION 

A. Description of model 

The model consists of three parts: tool, workpiece and 
clamp as it is given in Fig. 1.  

 For the purpose of the simulation, tool was constructed 
with 4 mm width and back angle of 10

° 
(Fig. 2).  

 

 
Figure 1. Representation of the finished solid model 

 

Material of workpiece and geometric features of tool: 
width and back angle are characteristics of interest, during 
tool penetration into the material of workpiece. CAD 
models for simulation, clamp and workpiece  are realized 
and shown in Fig. 3. 
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   a)   b)  
Figure 2. Tool for stiffness testing, a) CAD model b) experimental model 

 

 

  

a) b) 

Figure 3. CAD model of clamp (a) and work piece (b) 

It is assumed that the workpiece plate: is of 4 mm 
thickness, height of 50.5 mm, the length of 102.4 mm and 
that it‘s bottom is resting on fixed surface and laterally 
wedged up to the height of 20 mm in the fixed clamps as 
well.  

B. Material parameters  

Based on examination of the forces that occurs during 

the penetration process, for the testing of stiffness was 

selected pure aluminum. It was chosen because it does 

not require high cutting force and robot can easy handle 

that contact task. 

Chosen workpiece material is Al 99% [8]. Some elastic 

and plastic properties are given in Table I and II.   

The tests were performed with the knife made of steel. 

Tested material has significantly less strength than the 

material of tool. Because of that it is assumed that the 

tool compared to the tested material is absolutely rigid i.e. 

any kind of tool deformation is neglected. This 

assumption is justified because after experimental testing 

procedure it could not be seen any deformation on the 

tool, while on the material were visible traces of entering 

the tool into the material.    
Table I.   

Elastic properties of aluminum (Al 99%) 

 

C. Force measurement 

During orthogonal cutting, the tool is penetrating into 

the material very slowly in order to avoid the effect of 

inertial forces, which could be considered to be a static 

value.  

Table II. 

Plastic properties of aluminum (Al 99%) 

PLASTIC 

Constants for cold forging material form 

5000 Minimum yield stress [PSI] 

119279000 Yield constant [Pa] 

0,297 Strain hardness 

0 
Fraction of mechanical work that will be converted 

to heat 

2,35e-005 Coefficient of thermal expansion [1/K] 

0 Reference temperature at stress free state [K] 

 

Force readings were taken every 0.025 mm during the 

tool penetration into the material. The study began after 

actual contact with the initial force (preload). This 

establishes secure connection of workpiece with tool and 

eliminated all possible deviations. This position is also 

considered for the starting position during data 

acquisition. Results of force measurement are given in 

Table III. 
Table III.   

Force required for penetration into the material with a tool width  

b = 4 mm and dorsal angle α = 10° 

 
ALUMINUM 

Al 99,0% 
(α = 10°, b = 4 mm) 
(Figure 6, Table VI) 

Simulation 

Al 99,0% 
(α = 10°, b = 4 mm) 

Experimental results 

Penetration [mm] Fn [N] Fn [N] 

0,00 87,2069 98,1 

0,025 128,844  

0,05 194,996 155 

0,075 241,331  

0,1 298,494 222 

0,125 380,816  

0,15 407,283 318 

0,175 469,997  

0,20 523,746 408 

0,225 577,479  

0,25 647,152 518 

0,275 688,065  

0,30   

 

D. Mesh design 

The finite element simulations of the orthogonal metal 
cutting process are carried out under the plain strain 
conditions. The workpiece is discretized by finite element 
mesh shown in Fig. 4. The regions of interests are 
separated. In regions where are expected to be large 
deformations of material, mesh is made denser then in 
regions that are not of interest. Number of elements varies 
according to the size of individual element and therefore 
the accuracy of the results. In order to appropriately define 
the mesh for our case several simulation experiments were 
made.  

In all cases we used material Aluminum 99%, a tool 
width b = 4mm and dorsal angle 10

°
,
 
hexahedral elements 

and Overlay Hex algorithm for calculating the stiffness 
matrix of the system. Hexahedral elements can be divided 

ELASTIC 

Basic material constants Heat material constants 

Young‘s 

modulus 
[Pa] 

Poisson‘s 

ratio 

Density 

[kg/m3] 

Thermal 

conductivity 
[W/(m*K)] 

Specific heat 

capacity 
[J/(kg*K)] 

69x109 0,33 2750 222 904 
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Figure 4. Displaying a mesh across multiple regions (boxes) 

into 13 subelements with function surface while with 
function full they can be divided into 27 subelements. In 
the first case, workpiece is split into elements size 0.9 
mm. After that, the region of interest is separated and the 
size of elements inside that region is calculated by formula 
(1). The size of those elements is 0.45 mm. Chosen values 
for FEM modeling are shown in Tables IV, V and VI. 

size of element (basic)
 of element in region = 

2nSize   (1) 

where n is number of levels. 
Table IV. 

Mesh characteristic 
 

Size of the elements [mm] 0,9 

Size of the elements in the box [mm] 0,45 Level 1 - surface 

Total number of elements 19 654 

 

Table V.  
Mesh characteristic 

Size of the 
elements [mm] 

Size of the 

elements in the box 

[mm] 

Total 

number of 

elements 

0,5 0,25 
Level 1 

a) Surface 

b) Full 

102 590 

 

Table VI.  
Mesh characteristic 

 

Size of the lements [mm] 0,8 

Size of the elements in the box [mm] 0,05 Level 4 - full 

Total number of elements 410 784 

 

Fig. 5, 6, and 7 show values of forces which were 
obtained when tool penetrate into material. Reducing the 
size of the elements, total number of the elements 
increased. The values of forces obtained by simulation 
which are approximately corresponding to the values of 
forces obtained by experiments are shown in Fig. 7. It can 
be seen that almost all of them are in a straight line. 
Length of that simulation is continued for more than 100 
hours.  

 
Figure 5. Penetration into aluminum with mesh parameters from Table 

IV 

 

a)  

b)  

Figure 6.  Penetration into aluminum with mesh parameters from Table 
V  

 
Figure 7. Penetration into aluminum with mesh parameters from Table 

VI 

 If the total number of elements in workpiece is too big 
then the stiffness matrix becomes more complex and 
difficult to calculate. Because of that, each selected 
algorithm in FEM modeling follows precisely defined 
parameters settings. In this paper, the aim is to make mesh 
with the optimal number of smaller elements that will give 
us more precise data concerning the penetration force at 
any given time and at the specified depth. Applied 
software, with hex overlay algorithm has the ability to 
create an unlimited number of different boxes in 
workpiece. Also, there is possibility to define quality of 
elements in the box. In this way software gives ability for 
more precise results.    

III. RESULTS AND DISCUSSIONS 

In this paper, numerical simulation of orthogonal metal 

cutting process is presented and compared with 

experimental measurements. Finite element method was 

successfully applied.     

Deformations after penetrating the tool into the 

material of the work piece are shown in Fig. 8. 

Achieved first contact with the material in which 

measured force is taken represents a zero point. Therefore 

each depth where the measured force is taken decreases 

with the increment 0.0025 mm by which the simulation 

was performed. 

At the end, the comparative analysis of different types 

FE meshes is done and spent time of every simulation is 

compare with quality performance of results. The most 

ideal solution is obtained by using elements of 
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dimensions 0.05 x 0.05 x 0.05 mm. From the Fig. 7 it can 

be clearly seen that the first order straight line goes 

through nearly all points ideally. Points on this line 

provide information about dependence of forces 

penetration depth tool with depth penetration using mesh 

characteristic from Table VI. For each diagram is given 

equation .F Kx const    where F  is the force of 

penetration, K  stiffness coefficient, x   penetration 

depth and  .const  is the value of preload. Slope is the 

coefficient of stiffness.  

For further work it is necessary to examine the impact 

of tool penetration with different width and dorsal angle 

of deformation on different kind of materials. Also with 

simulation it is necessary to determine the influence of 

the equivalent mass, which comes into interaction with 

the robot.       

The reason why different angles of attack must be used 

in the future is that when the attack angle varies the 

resultant pressure force components on the work piece 

will have different relative values at the same cutting 

speed. 

 

 
a) 

 
b) 

Figure 8. View of deformation after tool penetration into work piece  

a) 3D, b) x-y. 

 

Simulation of this method takes a long time. 

Sometimes the quality of the results varies with software 

and computers performance. Therefore, it is necessary to 

have a very good knowledge of the theory. Analyzing 

separately each simulation with different algorithm and 

parameter types it can be easily wasted a lot of time. 

Beside of that needs of the required task will not be 

satisfied. 

In this paper is determined certain forces during the 

penetration of the tool into the material with specific 

dimensions and features during simulations. The obtained 

data were compared with the experimental values. There 

was very little difference in stiffness forces. It is probably 

due to the fact that aluminum is investigated 

experimentally without any prior heat treatment. It was 

found that the stiffness of workpiece during tool 

penetration process is nonlinear dependence of the 

penetration depth. Stiffness of the material depends not 

only on the material, but also on the type of processing, 

as well as the characteristics of the applied tools that has 

not been addressed. It is also important that the 

workpiece is set on a massive basis. For the future work 

workpiece can be represent in the form of console.  
In the future work attention will be devoted to 

determining the environment mass parameters, before and 
after the tool penetration into material. In that way we 
could get information about the dependence of moving 
mass in function of the depth penetration.  

IV. CONCLUSION 

 With this obtained forces we can control robot, easily 

realized secure contact with environment and after that 

penetrate in some material. In this special problem the 

goal is making the good quality meshes of workpiece and 

ability to reduce the duration of the simulation. The result 

shows the possibility solving this kind of problem with 

home computer.      
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Wireless Sensor Network technology can contribute in control strategy, productivity and quality of production through 

applications in controlled microclimatic environment. This work attempts to establish a pioneer agricultural 

environment and improve the productivity of crops by suggesting a using WSN technology. The proposed system can 

collect and monitor climatic parameters related to the microclimatic environment of crops outside and inside the system 

by applying WSN sensors. One of the main goals of the project is to develop a stabilized universal microclimatic 

environment control system which is capable for fast adaptive control in various conditions. The research area inside 

the controlled microclimatic environment is a wirelessly controlled mobile measuring station. The control surface is 

generally made with LabVIEW using the features of Microsoft SQL. Navigation of the mobile measuring robot can be 

done manually, relying on the visual data from the robot‘s camera, or can be switched to automatic mode where the 

developed algorithm is doing the navigation job. Mobile robot navigation is based on potential field method in 

combination of RSSI parameter of WSN considering a wide range of energy-aware parameters. 

Keywords: Mobile robot, WSN, Measuring agent, LabVIEW, Navigation, RSSI. 
 

 

 INTRODUCTION 

 

A similar project was developedalso by other 

researchers [1], they make it possible to collect 

information and control the greenhouse automatically on 

site or from a remote place through aweb browser. The 

proposed system by [2] describes a system developed to 

introduce computer management into the cultivation 

process in low-tech greenhouses. A research paper 

presented by [4] describes how the greenhouse climate 

control can be represented as an event-based system in 

combination with wireless sensor networks, where low-

frequency dynamics variables have to be controlled and 

control actions are mainly calculated against events 

produced by external disturbances. Controlled 

microclimatic environmental conditions are used to grow 

plants for efficient production and forms an important 

part of the precision agriculture sector. Environmental 

monitoring systems have become animportant part of a 

controlled microclimatic environment for optimum crop 

growth, efficient resource usage, and better utilization of 

the energy. Many researchers have been making attempts 

to develop their own controlled microclimatic 

environment, but fixed measuring point was applied. The 

existing controlled microclimatic environments are very 

costly, difficult to maintain and less appreciated by the 

technologically less skilled work-force [1]. In this work 

an attempt has been made to devise a mobile measuring 

robot with onboard sensors with WSN support to real 

time monitor the climatic parameters which, directly or 

indirectly, have a vital role in the growth of the crops. 

The developed system is simple, cost effective, and 

easily installable. The parameters which are being real 

time monitored and stored in a SQL database for further 

analysis are temperature, humidity, solar radiation, CO2 

concentration, pressure etc. 

 

I. MATERIAL AND METHODS 

 

The advantage of this system inside the controlled 

micro-climatic environment is fast and easy to setup. 

There is no need for sensor cablings which can decrease 

installation costs dramatically. Mounting the sensor 

nodes on an appropriate place is the main task during the 

installation. All the necessary programming and setup 

can be done over the wireless network [5]. When the 

installation of the sensor network is done, the mobile 

measuring station is ready to navigate along the crop 

rows from point A to point B collecting the 

environmental parameters. 

 

1.1 WSN Inside the Controlled Microclimatic 

Environment 

 

Considering the characteristics of the wireless sensor 

networks for the controlled microclimatic environment, 

the Cluster-based Structure design is chosen. In a cluster, 

a wireless sensor node can transmit data to the base 

station and transmit instructions to the control system 

[6]. Only one base station exists in a controlled 

microclimatic environment. A typical cluster-based 

mailto:simon@vts.su.ac.rs
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WSN for controlled microclimatic environment can be 

seen in Figure 1. 

 

 
Fig. 1. Mesh-based WSN for controlled microclimatic environment 

 

Wireless sensor node‘s main job is to monitor and 

collect the entire controlled microclimatic environment‘s 

climate information. The task of the base station is to 

store and process the information that received from 

each sensor. 

 

1.2 Mobile Measuring Robot Inside the Controlled 

Microclimatic Environment 

 

The robot starts at the start point and its objective is 

to find an obstacle-free, continuous path from start to the 

target. This work aims to improve the performance of 

mobile robots in unknown environments. Several 

algorithms are simulated and investigated using the 

SunSPOT mote developing system [7]. A model of 

measuring robot is given in Figure 2. 

 
Fig. 2. Mobile measuring robot 

 

Radio Signal Strength Indicator (RSSI) based 

localization techniques are based on the fact that the 

strength of the radio signal fades during propagation [7]. 

As a result, the understanding of radio attenuation helps 

to map the signal strength to the physical distance. In 

theory, radio signal strengths fade with distance 

according to a power law. A generally employed model 

for wireless radio propagation is as follows: 

 

 (1) 

 

Where is the received power at distance , 

 the received power at some reference distance , 

 the path-loss exponent, and  a log-normal random 

variable with variance  that accounts for fading 

effects. Hence, if the path-loss exponent for a given 

environment is known, the received signal strength can 

be translated to the signal propagation distance. 

 

Table 1. Estimated distance based on measured RSSI signal 
RSSI Value [dDm] -21 -24 -26 -36 -27 -41 -52 -44 -48 -48 -51 -47 -44 -41 -48 -50 -51 -56 -53 -52 -57 -58 -61 -63 -57 -62 -61 -63 

Distance [m] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 

 

As shown in Table 1, the relationship of RSSI values 

and distance is not a smooth relation. Since the multi-

path interference, the measured values vary 

randomly.The RSSI measurements are mainly influenced 

by propagation, such as obstacles, multi-path 

propagation fading and motion people [9]. Fading is 

caused by interference between two or more versions of 

the transmitted signal which arrive at the receiver at 

slightly different time. Since the communication 

environment is complex, it induces unsteadiness of the 

signal [2]. The RSSI-based location methods mainly 

depend on the path loss model that converts RSSI values 

into corresponding distances. The RSSI based 

localization is shown in Figure 3. The sensor nodes are 

marked with a unique number. 
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Fig. 3. RSSI-based localization 

 

RSSI-based ranging is a relatively cheap solution 

without any extra devices, as all network nodes are 

supposed to have radios. Combining RSSI localization 

with potential field method for obstacle avoidance [10] 

gives a good navigation result. The Hardware basically 

centers around Sun SPOT wireless node and DC Motors 

controlled by Basic Stamp. The Sun SPOT base station 

will send data to Sun SPOT on the mobile measuring 

station which will drive the Basic Stamp controller to 

DC IO pins [11]. The microcontroller will drive the 

Motors which will run the measuring station. 

 

1.3 Real-Time Environmental Control and 

Monitoring 

 

A LabVIEW application was developed to display 

the sensor data enabling users to interactively access the 

WSN data. Sensor data are uploaded from each node to a 

remote central server. The server side processes the 

incoming data and populates the SQL database [7]. It 

allows live monitoring and visualization of climate, 

atmosphere, plants and soil data from the controlled 

microclimatic environment [2]. It also provides a 

dashboard for displaying sensor readings and derived 

parameters such as max temperature. The measurement 

process is depicted in Figure 4. 

 

 
Fig. 4. Measurement process 

 

Historical data displayed in grid and graphical 

formats which can be customized to provide better 

visualization of logged data. Figure 5 shows LabVIEW 

monitoring application displaying the controlled 

microclimatic environmental data. Table 2 gives an 

overview of temperature parameters of various crops 

[13]. 

 

 

Table 2. Temperature parameters for crops 

Crop type Optimal day 

temperature 

Optimal night 

temperature 

Minimal grow 

temperature 

Damage from frost 

Capsicum 25 C° 18 – 20 C° 12 C° - 0,5 C° 

Tomato 22 C° 14 – 18 C° 10 C° - 0,5 C° 

Strawberry 19 C° 8 – 10 C° 4 C° - 5 do – 10 C° 

Cucumber 16 C° 8 – 14 C° 5 C° - 5C° 

 

In order to fully automate the controlled 

microclimatic environment climate control, a 

comprehensive supervisory system is designed to serve 

as a user-friendly interface with the operator [15]. The 

developed system is analyzed and validated through 

simulation and aseries of tests, giving adequate modeling 

to aspects that are of direct relevance. 

 

 
Fig. 5. Control surface (LabVIEW) 

 

Real-time sensor data collection is used for accurate 

illustrations of current conditions while forecasting 

future conditions and risks [9]. The real time information 

from the controlled microclimatic environment can 

provide a solid base for administrators to adjust 

strategies at any time. Instead of making decisions based 

in some hypothetical average condition, which may not 

exist anywhere in the reality, a precision agriculture 

approach recognizes differences and adjusts 

management actions accordingly [16]. 

 

II. RESULTS AND DISCUSSION 

 

One of the goals of this project is to develop 

algorithms for coordination and navigation of the mobile 

measuring station inside the controlled microclimatic 

environment [17]. When the sensor node has sampled 

data from its environment, a strategy is required to 

manage how the data is made available to other nodes, a 

central sink node, or the end-user. Also developing a 

controlled microclimatic environment test environment 

for real-time tests and analysis was done. Table 3 is the 

representation of raw data from the database. 
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Table 3. Collected data from sensors 
Time Temperature 

(°C) 

Dew 

Point 

Pressure Wind Wind 

Speed 

Wind Gust Humidity Rainfall 

Rate 
(Hourly) 

Date 

0:00 13.7 9.6 °C 1008.0 hPa ENE 3.2 km/h 4.8 km/h 76% 0.0 mm 03.may.2012. 

0:05 13.7 9.6 °C 1008.0 hPa East 3.2 km/h 4.8 km/h 76% 0.0 mm 03.may.2012. 

0:10 13.7 9.6 °C 1008.0 hPa East 3.2 km/h 4.8 km/h 76% 0.0 mm 03.may.2012. 

0:15 13.6 9.4 °C 1008.0 hPa NE 1.6 km/h 4.8 km/h 76% 0.0 mm 03.may.2012. 

0:20 13.7 9.7 °C 1008.4 hPa SW 1.6 km/h 4.8 km/h 77% 0.0 mm 03.may.2012. 

0:25 13.6 9.8 °C 1008.4 hPa WSW 1.6 km/h 3.2 km/h 78% 0.0 mm 03.may.2012. 

 

Figure 6 shows a graphical representation of 

collected temperature and humidity data stored in the 

database. Controlling the humidity in the microclimatic 

environment can increase crop production, benefits in 

disease reduction and improved growth [10]. 

 

 
Fig. 6. Graphs of measured data 

 

The humidity control has a special interest, because high 

humidity may produce the appearance of diseases and 

decrease transpiration,  

 

and low humidity may cause hydric stress [11]. The 

intensity of solar radiation during one year in Subotica is 

depicted in Figure 7. 

 
Fig. 7. The intensity of solar radiation during one year in Subotica 

 

Plants grow under the influence of the PAR 

radiation, performing the photosynthesis process. 

Furthermore, temperature influences the speed of sugar 

production by photosynthesis, and thus radiation and 

temperature have to be in balance in a way that a higher 

radiation level corresponds to a higher temperature [5]. 

 

 

 

 

III. CONCLUSION 

 

The environment monitoring system has been 

successfully implemented in compliance with the mobile 

measuring robot. The environmental sensors can be used 

to monitor the climatic parameters. The usage of the 

semiconductor sensors adds several advantages to a 

system such as low cost, fast response, low maintenance, 

user friendly and ability to produce real time 

measurements. A mobile measuring robot makes the 



 

83 

 

system to be used for real time application. The 

implemented system is successful in measuring the 

temperature, humidity, solar radiation, and concentration 

of CO2 gases. Initial results of the study are encouraging. 

But this has its own limitations, as these results are based 

on asmall number of measurements. To increase the 

level of accuracy,the author and his associates are 

planning to conduct more measurements in different 

greenhouse environments. The information of the system 

can be easily exchanged between farmer and expert. 
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Abstract—This paper presents the design of the system of 

the anthropomorphic robotic eyes (mechanical design, 

electronics and control). During the head movements, 

humans do not move both eyeballs in the same manner. 

Therefore, to achieve the natural motion (and appearance) 

of the eyes, each eye is designed as a separate mechanism. 

Each eye (the eyeball and two eyelids) has four degrees of 

freedom. The eyeball is actuated with two servo motors and 

the eyelids with one servo each. The eyeball is designed to 

enable to build in the cameras to be used as a vision system 

of the future robot head. To enable the control of the robot 

eyes, the electronics (with necessary control and testing 

software) is also designed and manufactured. Electronics is 

used for motion control of both eyes simultaneously (i.e. 

eight servos). The actuation of both eyeballs and all the 

eyelids are independent, and the necessary synchronization 

is realized by the software. 

I. INTRODUCTION 

This paper presents the design of the anthropomorphic 
robotic eyes for humanoid robot MARKO (Mobile 
Anthropomorphic Robot with Cognitive Skills). Robot 
MARKO, whose purpose is to participate in the physical 
therapy for children with cerebral palsy, is being 
developed at University of Novi Sad, Faculty of Technical 
Sciences. The purpose of the robot is to assist doctors in 
habilitation/rehabilitation for children, by motivating them 
to spend more time exercising, in order to enhance their 
motor skills and cognitive abilities. MARKO is designed 
as humanoid robot with two legs, two arms, a torso and a 
head [1]. Robot will be placed on the mobile platform for 
motion in its environment. The purpose of the legs and the 
arms is for the demonstration of gross motor skill 
exercises, while the arms will also be used for 
demonstration of fine motor skill exercises. In order to 
achieve verbal communication, robot will integrate a 
cognitive dialog system, which will integrate subsystems 
for speech recognition and synthesis, while stereo. For 
obtaining the information in its surrounding, robot will use 
stereo vision. Having such a system, the robot will be able 
to notice a person, and possibly respond on the most 
natural way. Since the humanoid robot is not 
manufactured yet, the experiments of integrated system 
including industrial robot, stereo vision system and speech 
recognition and synthesis system with cognitive dialog 
management system have been realized [2].  

Another type of interaction that is important for work with 
children is non-verbal communication, which is based on 
facial emotion expressions, gestures and body language, 

and whose purpose is to seek, establish and maintain 
social interaction. Emotion expressions significantly 
contribute to efficient interaction with the child. Motion of 
face elements, including eye movements, plays very 
important role in expressing different emotions, and this is 
why the design of the robotic eyes is very important. 

A. Eye movement 

Eye movements are typically classified as ductions, 

versions and vergences [3]. A duction is an eye movement 

involving only one eye. Each eye is actuated by six extra-

ocular muscles (Lateral Rectus, Medial Rectus, Inferior 

Rectus, Superior Rectus, Inferior Oblique and Superior 

Oblique), as shown in Figure 1.  

 

Figure 1. Extraocular muscles of the right eye 

Each eye has six degrees of freedom: three rotations and 

three translations. Since the range of translation is only 

one millimeter, the eye is approximated as a spherical 

joint [4]. The rotations are about: X-X‘ axis, Y-Y‘ axis 

and about an axis that is perpendicular to both X-X‘ and 

Y-Y‘ axis, as shown in Figure 2.  

A pair of ductions is a rotation, which implies that there 

are six ductions: abduction, adduction, sursumduction, 

deorsumduction, intorsion, and extorsion. Abduction is 

rotation about the vertical axis from center of the face, and 

adduction is rotation about the same axis but in the 

different direction. Rotation upward about X-X‘ axis is 

called sursumduction, and rotation downward about the 

same axis is called deorsumduction. Rotation about Y-Y‘ 

axis, so that the top of an eye is approaching to the center 

of the face, is called intorsion, and the rotation about the 

same axis in different direction is called extorsion [3]. 

mailto:s.satjas@gmail.com
mailto:rakovicm@uns.ac.rs
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Figure 2. Relationship of muscle plane of vertical rectus muscles and 

the muscle plane of oblique muscles to X-X‘ and Y-Y‘ axis. 

Individual contraction of each eye muscle achieves an 

appropriate cardinal position of gaze (up/right. up/left, 

right, left, down/right, down/left). All other positions are 

obtained by combining the appropriate muscle 

contractions. The mean range of ductions depends of the 

age, and is largest with teenagers: 50° for abduction, 50° 

for adduction, 45° for sursumduction and 45° for 

deorsumduction.  

A version is an eye movement involving both eyes 

moving synchronously and symmetrically in the same 

direction. The example of a version is right gaze 

(adduction of left eye, and abduction of right eye). A 

vergence is the simultaneous movement of both eyes in 

opposite directions to obtain stereo vision. To look at an 

object closer by, the eyes rotate towards each other 

(convergence), while to look at an object farther away 

they rotate away from each other (divergence) [5].  

From a functional point of view, eye movements are 

typically classified in five groups: saccades, vergence 

movements, smooth pursuit, vestibulo-ocular reflex and 

optokinetic reflex [3]. Saccades are rapid movements of 

eyes which subserve vision by redirecting the visual axis 

to a new location. Saccades can be reflexive and 

voluntary. If object of interest suddenly appears in the 

field of vision, saccadic system will redirect eyes with 

highest speed to that object (reflexive saccades). An 

example of voluntary saccadic movement is redirecting 

the visual axis to the next line while reading. Saccades are 

the fastest movements produced by the human body. The 

peak angular speed of the eye during a saccade reaches up 

to 900°/s [6].  

Vergence movements and smooth pursuit are slow eye 

movements. Maximal angular speed for vergence 

movements is around 22°/s [7]. When the object of 

interest is moving, the image is kept still on the fovea 

thanks to the pursuit eye movements. The pursuit of 

targets moving with velocities of greater than 50°/s tend to 

require catch-up saccades [75]. 

B. Requirements 

The main requirement for robotic eyes is to make them 

move in the most natural way comparing to humans. 

However to accomplish that, some details must be 

analyzed. When one is looking to the right, both eyes are 

rotated in the same direction. During some other eye 

movements, like vergence movements, eyes are rotated in 

the opposite directions. To achieve these movements, it is 

required that each eye is actuated by a separate 

mechanism, and the synchronization of the eyes will be 

accomplished by software.  

During eye movements upward/downward, eyelids follow 

eyeballs, which means that the lower and upper eyelid 

rotate in the same direction. On the other hand, during the 

blink, upper eyelid and lower eyelid rotate in the opposite 

directions. Therefore, each eyelid should be actuated by a 

separate mechanism and the synchronization will also be 

achieved by software. Last requirement is that eyeball has 

two degrees of freedom, i.e. the rotation about vertical 

axis (left/right) and the rotation about horizontal axis 

(up/down). This was considered as sufficient to achieve all 

the necessary eye positions.  

Since the final appearance of the robot face was still not 

defined and the distance between the eyes is not 

determined, each eye is designed as a separate module. 

Based on the different types of eye movements, the 

appropriate velocities and duction ranges, the following 

requirements which robotic eyes had to meet are set: 

 actuation of each eye has to be independent 

 each eyelid has to be actuated independently.  

 robotic eyes must have the ability to move with 

as many different speeds 

 angular velocities of robotic eyes must be above 

400°/s 

 The range of ductions of robotic eyes should be 

above: 40° for abduction, 40° for adduction,35° 

for sursumduction and 35° for deorsumduction. 

C. Mechanism for the eye rotation about the vertical 

axis 

For the rotation of the eye about the vertical axis, a 

specially designed parallel-crank mechanism, with equal 

opposite links (a, b and c), was used (see Figure 3.). The 

motor shaft is placed so that its axis is collinear with the 

axis that is perpendicular to the plane of the parallel-

crank mechanism and that passes through the point A. If 

the eyeball is attached to the rod c, so the center of the 

eyeball is at point C, the rotation of the shaft by an angle 

α, leads to rotation of the eyeball by the same angle, as 

shown in Figure 3.  

 

Figure 3. Sketch of the proposed parallel-crank mechanism for the 

mechanism for the eye rotation about vertical axis 

http://en.wikipedia.org/wiki/Eye_movement_(sensory)
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Figure 4 shows the 3D CAD model of the mechanism for 

the eye rotation about the vertical axis. Rotary joints at 

points A, A1, A2, B, B1 and B2 are plain bearings.  

   

Figure 4. 3D CAD model of the mechanism for the eye rotation about 
the vertical axis 

At the points C1 and C2 the revolute joints with two 

degrees of freedom is used. One degree of freedom 

allows the functionality of the mentioned parallel-crank 

mechanism and the other allows the rotation of the eye 

about the horizontal axis. The range of the angle α for the 

proposed mechanical design is from -42° to 42°. 

D. Mechanism for the eye rotation about a horizontal 

axis 

For the eye rotation about a horizontal axis, crank-lever 

mechanism is used, shown in Figure 5. It consists of four 

elements linked with revolute joints, whereas one element 

(a) is stationary and three elements (b, c, d) are mobile. 

 

Figure 5. Sketch of the proposed lever-crank mechanism for the 

mechanism for the eye rotation about horizontal axis 

 

Figure 6. 3D CAD model of the mechanism for the eye rotation about 

a horizontal axis 

The motor shaft is placed so its axis is collinear with the 

axis that passes through the point B perpendicular to the 

plane of the crank-lever mechanism. The output lever link 

(d) is rigidly connected to eyeball, so that the eyeball 

center is located at point A. The movement of the drive 

lever (b) by angle β‘ affects the movement on the output 

lever (d) by angle β. Figure 6 shows a 3D CAD model of 

mentioned crank-lever mechanism. The angle β ranges 

from -39 ° to 39 °. 

E. Mechanism for the eyelids rotation 

Since it was decided that each lid is separately actuated, 

the mechanism for rotating the eyelids consists of two 

lever-crank mechanisms. The only difference between a 

mechanism of the upper eyelid rotation and mechanism 

for the lower eyelid rotation is the difference of the 

lengths of lever links. The mechanism for moving the 

eyelids is identical with mechanism for rotating the eye 

about the horizontal axis. Figure 7 shows both crank-

levers with the boundary conditions that correspond to 

the proposed mechanical construction.  

 

Figure 7. Sketch of the proposed lever-crank mechanism for the 
mechanism for the eyelids rotation 

The range of the angle γ for which the upper lid can be 

rotated is 33° and range of the angle δ lower lid is 54°.  

F. Realization of the robotic eyes 

Parts for robotic eyes were either manufactured or 

purchased. Several parts are manufactured on a 3D 

printer (eyeballs and eyeball supporting parts, eyelids, 

supporting construction, etc.); several parts are made of 

aluminum (mechanism links, eyelid brackets, etc.), while 

other parts are standard and they were purchased 

(spherical joints, revolute joints, etc.).  

Two eyes are manufactured, and for actuation of joints, 

eight servos are used (Modelcraft MC -620 MG). Two 

servos are used for actuation of each eyeball and one for 

each eyelid. Figures 8 and 9 show assembled robotic eyes 

in two views. 

 

Figure 8. Assembled robotic eyes – frontal view 
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Figure 9. Assembled robotic eyes – isometric view 

For control of the servo is used ATmega2560 

microcontroller. This microcontroller is part of the board 

that was specifically designed for control of robotic eyes 

movements (see Figure 10.).  

 
Figure 10. The printed circuit board with the necessary supporting 

electronics 

The board integrates twelve outputs for controlling the 

servos, and appropriate power circuit with voltage 

stabilization. The reason for the integration of mentioned 

power circuit is to prevent the possibility of unwanted 

microcontroller reset, which can occur when all eight 

servos are active. In order to synchronize the movement 

of the robotic eyes with the movement of the rest of the 

robot (head, neck, etc.), the board for the robotic eyes has 

connection for communication, so that microcontroller 

can send and receive messages. The communication with 

other systems is used USART communication protocol. 

In order to increase the operational frequency of 

microcontroller, there is an external oscillator circuit on 

board.  

The firmware for the microcontroller was written in 

development environment ―Atmel Studio 6.0‖ in ―C‖ 

programming language. To test the movement of robotic 

eyes, a special desktop application was developed. In 

Figure 11. is shown the main window of the mentioned 

desktop application. The application allows the user to 

directly control the movement of the robotic eyes in 

several ways.  

 

Figure 11. Main window of desktop application 

On the left side of the window there is a section for 

control of synchronized movement of both eyeballs and 

eyelids at the same time. In order to move robotic eyes, 

user has to move the mouse cursor inside the red circle. 

On the right side of the window there are commands for 

moving individual segments of robotic eyes. Movement 

of each segment is coupled with the appropriate slider. In 

numeric fields, which are located next to the sliders, user 

can enter desired constant velocity for the appropriate 

segment in the range of 1 to 10.  

At the bottom of the main window there are buttons for 

special moves such as „Open/Close―, „Blink―, „Left 

Wink―, „Right Wink―, „Exited Look―, „Angry Look― and 

„Tired Look―. Finally, when the robotic eyes were fully 

assembled and control software completed, movement 

tests were conducted and the results were satisfactory, 

because both robotic eyeballs and eyelids moved in 

natural way, which was the main requirement set at the 

beginning. 

G. Analysis of movement 

Kinematical analysis of robotic eyes movement was 

conducted in the simulation software "Working Model". 

The first simulation that was conducted was the eyelid 

movement mechanism simulation. Then the simulation of 

the mechanism for eye rotation about horizontal axis, and 

for the eye rotation about vertical axis is conducted. 

Table I presents the results of mentioned simulations. 

TABLE I. RESULTS OF THE MOTION SIMULATIONS 

 

Driving 

link 

velocity 

Driving 
link angle 

Motion 
time 

Output link 
angle 

Output link 

velocity at the 
begining of the 

motion 

Output link 

velocity at the 
middle of the 

motion 

Output link 

velocity at the 
end of the 

motion 

Closure of the 
upper eyelid 

461.5°/s 11° 23.8ms 27.9° 1441°/s 1051°/s 938°/s 

Closure of the 

lower eyelid 
461.5°/s 8° 17.3ms 12° 649°/s 611°/s 562°/s 

Rotation about the 

horizontal axis 
461.5°/s 

54° 

 

1173ms 

 

78° 

 
/ / 862°/s 

Rotation about the 

vertical axis 
461.5°/s 84° 182ms 84° 461.5°/s 461.5°/s 461.5°/s 
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The simulation result shows that, for the mechanism of 

eyelid rotation and mechanism for eyball rotation about 

horizontal axis, the output angle is greater then the input 

angle, and the maximum output link velocity is greater at 

the begining of movement than at the end of movement. 

When the mechanism for eyball rotation about vertical 

axis is considered, it can be seen that both input and 

output link velocities are constant, and both input and 

output angles are equal. The result also shows that the 

requirements set for angle ranges, and velocities (both for 

eyeballs and eyelids) are achieved. It is important to 

mention that the simulation was purely kinematical, and 

did not take into account the mass of segments, 

momentums of inertia, friction, etc. 

H. Conclusion 

The requirements that have been initially set have been 

fulfilled. Each robotic eye (the eyeball and two eyelids) is 

designed as a separate mechanism and has 4 degrees of 

freedom. Range of motion and velocity of each robotic 

eye segment meets the initial requirements. Velocity of 

each robotic eye segment is higher than the matching 

segment on human eyes, whereas the range of movements 

is smaller than those of humans, but is considered to be 

sufficient for achieving natural movements.  

There are several modifications that can be made in order 

to improve the robotic eyes. One of the modifications is 

related to compactness. Reduction of mechanism part 

lengths and repositioning of servo motors can reduce the 

overall dimensions of robotic eyes. Another possibility is 

optimization of the parallel-crank and lever-crank 

mechanisms. Parts of mechanisms can be modified in 

order to increase the maximum angular velocities of the 

output segments (eyeball and eyelids). Another possibility 

is related to the quality of joints, regarding the material 

selection and more precise production of joint parts. 

Further steps of research are directed on design of robot 

head, face and neck as well as control of mobile modules. 
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Abstract— Experimental laboratories for automation skills 

represent a high investment. The reason for huge 

investment are the high cost for different multiple devices 

inside of automation solution and the cost for extensive 

engineering. Beside of the costs, usually the number of 

working stations does not fit the required number of the 

students, which must be trained. In this case the same 

exercises have to be repeated several times. 

Web Based laboratories are a very cost-effective solution in 

order to face those problems. This paper describes how this 

objective can be achieved, by implementation of a WBT 

server (WBT - Web-Based Training server) and Java based 

client server architecture. The idea behind a remote 

laboratory is to use the web technologies and internet as the 

communication infrastructure in order to perform 

experimental part of education with programmable 

automation devices. 

 

I. PROBLEMS WITH CONVENTIONAL ONLINE 

AUTOMATION ENGINEERING  

The use of online automation engineering in general has 
thus far not found any sweeping acceptance on the 
operating side. The engineering capable of being 
performed via world-wide data paths and by means of 
multi-media tools are thus far advances of innovative 
manufacturers of capital goods who, in this way, ensure 
themselves new unique selling points compared with their 
competitors [1, 2]. 

This type of manufacturer-driven approach neglects 
important customer interests through the proprietary 
design and the differing manners of communication of the 
systems. The reasons for this trend lie in the fact that 
many manufacturers have initially striven for support by 
their own service personnel, especially during the 
commissioning phase. The finding phase of the suppliers 
with respect to online engineering that is still continuing 
makes the path towards a uniform communications 
standard for use in the industrial environment more 
difficult. The latter has been prevented in particular 
through the rapid changes in the field of various 
information and communication technologies [3, 4]. 

Some concepts for the provision of diverse machine-
related services via remote control of these machines by 
humans with information technology tools have already 
been developed. These constitute comprehensive solutions 

for IT-assisted service scenarios with the involvement of 
the organizational structures of manufacturer and 
operating company that above all make clear the complete 
host of services that can be reproduced on the basis of 
modern-day information and communication technologies 
[5, 6, and 7]. The use of the communications 
infrastructure of the Internet itself is becoming 
increasingly established in this field and, as a result, will 
develop far-reaching potential for the future online 
engineering [6, 8]. 

Nevertheless, the introduction of online engineering 
brings with it major challenges for the companies. Many 
of these companies are placing their faith in differing 
suppliers in the field of machines and machine control, 
with the result that the large number of heterogeneous 
components and online service solutions offered, prevents 
any efficient organization of remote access that represents 
a further precondition for a comprehensive, inter-
compatible and future-oriented introduction of online 
service in the field of remote control access. Operating 
companies of Online supportable, production systems are 
consequently faced with high infrastructure and 
organizational costs as they constantly have to administer 
the large number of different systems in order to keep 
them available for possible use [3, 4, 9]. 

In this respect, the world-wide operating, major 
manufacturers of online engineering systems offer 
comprehensive services that have already been taken into 
consideration in the planning of the installations, however, 
the well-known problems of the proprietary solutions and 
the difficulty with integration into company infrastructures 
continue to exist. In detail the following weaknesses of 
current remote. In detail the following weaknesses can be 
shown: can be shown: 

• Users are confronted with different online service 
solutions. 

• Insufficient compatibility to allow in-house 
usage of proprietary systems.  

• High requirements for safety of operator and 
machine. 

• High requirements for security of system access 
and network. 

• Version conflicts due to different software 
updates. 

• Current complexity allows operation by experts 
only. 
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II. A NEW APPROACH FOR AUTOMATION SOLUTIONS 

The design of an automation solution depends of 
machine size and market segment, where automated 
equipment can be applied. The main criteria for building 
of automation architecture are: number of digital and 
analogue Inputs/Outputs, intelligent channels, type of 
fieldbus, remote access, high availability and safety. 

The most simple control concept is used for small and 
compact machinery and can be equipped with smart relay 
as PLC. The performance requirements according fieldbus 
installation by the complex machines are higher. There are 
many options open to designers (CANopen, AS-Interface, 
Profibus, DeviceNet, etc.) but the trend is towards a 
standard single network. In this framework, Ethernet, 
which has already won over the industrial computerization 
sector, can also address needs for ground buses. Today 
industrial Ethernet is usually used by distributed large 
plant and infrastructure. Additionally in those segments 
has be to design a system that ensures both safety and 
availability, with the aim of keeping production going on 
the installation even when a failure occurs. An overview 
with different type of application, automation concepts 
and segment is given in figure 1. 

The building of automation architecture is a complex 
issue. Architecture is designed to integrate, interface and 
coordinate the automated functions required for a machine 
or process with the object of productivity and 
environmental safety. Four different technologies 
(process, hardware, communication system and software) 
have to be taking precisely in account, in order to meet the 
requirements of architecture. But a limited number of 
architectures can meet most automation requirements. 

 

 
 

Figure 1.  Automation concepts today! 

 

To keep the automation engineering more simple we 
recommend using a generic approach, considering the four 
mentioned technologies. In Industry, Building or 
Infrastructures, 80 % of solutions are built with similar 
automation technologies: The automation architecture 
consists commonly on one PLC, one HMI Panel, several 
drives, sensors and actuators 

 

 

 

 
 

Figure 2.  The new education engineering approach 

 

For training of automation engineering skills we 
designed a suitable working stations, which consider those 
commonly technologies. One workstation contains 
following equipment: 

 

• Sensors, detectors, encoders and RFID switches 
for data detection 

• Programmable logic control (PLC) for data 
processing 

• Human Machine Interface 

• Velocity speed driver and Motion driver 

• Smart meter for energy efficiency 

• Ethernet Network and CANOpen as machine bus 

• Programming and SCADA software 

 

The laboratory for automation on university for applied 
science in Cologne offers 20 working stations for 
automation training 
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III. UNITS SYSTEM ARCHITECTURE FOR REMOTE 

AUTOMATION ENGINEERING 

The WBT server provides all central Services including 
administration tasks and routing to the appropriate 
stations. The WBT Server also runs an SQL Server with 
modules for authentication authorization and logging. For 
a high scalability the Hyper-V services, which are 
integrated into Windows 2008 Datacenter, are used on the 
root machine. The root machine consists of two vlan 
switches for network data transfer between the virtual 
clients. Each vlan is connected with one physical network 
adapter. The first vlan is connected with the internet and is 
used by the thread management gateway server who links 
to routing and ras (including vpn connections). Another 
roll of this virtual server machine is to establish a web 
server and secured internet access from inside of the 
laboratory. The second vlan is connected with the virtual 
machine pool. In order that the virtual machines can 
connect to the PLCs and the HMIs, the vlan is connected 
to the physical network adapter, which is connected to the 
internal laboratory network. 

 

 
 

Figure 3.  Remote access 

 

For an integrated authentication service, the active 
directory services are used. In this directory we integrated 
a container for external users. Only administrators and 
users in this group are allowed to connect via vpn. 
External standard users have some more restrictions which 
are realized due to adapted group policy objects. 

 

A.  Establishing of connection 

 

A user who would like to use the remote access needs a 
given username, password, the external url of the WBT 
Server and the name of the virtual machine. These 
information‘s will be provided by the administrator. The 
connection to the virtual working desktop can be realized 
in a simple way. In the first step a vpn connection has to 
be done. For establishing the vpn connection the user only 
need the vpn client supporting either SSTL, L2TP, PPTP 
or IPsec. The easiest way is to use the already integrated 
client of the most frequently used operating systems, such 
as Microsoft Windows, Mac OS X, iOS and many Linux 

distributions. After connection the user is able to start a 
remote access app which uses the rdp protocol. On actual 
Microsoft Windows machines (XP, or later) the tools is 
already integrated. OS X users can download a small 
application from the Microsoft web site. If the application 
is running, users only need to enter username, password 
and the name of the virtual machine. 

 

 
 

Figure 4.  Booking of the station 

B. Work with the virtual machine 

 

After establishing the connection to the virtual machine 
the user can open applications for writing and download 
and testing applications to the PLC, HMI and Drives. The 
students have the same look and feel, as if they are 
working on the computer in front of real station in 
laboratory. 

Beside of registration, for the using of the architecture 
the students need just a standard Web-Browser. Different 
needs and different automation topics (programming of 
PLC, HMI, Drives, Motion and Networks) can be 
remotely covered by undergraduate, graduate and doctoral 
student. 

 

 
 

Figure 5.  The number of user is flexible adoptable 
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IV. CONCLUSION AND FUTURE WORK 

The whole system has been already extensively tested. 
The remote access services are running very stable with a 
high reliability. The remote stations are available from 
outside firstly for our project partner. The first experience 
has shown that developed architecture is effective for cost 
reduction and students satisfaction. Further our hardware 
resources and software license can be shared by our 
partner universities in Eastern Europe and Asia, where 
departments are not able to make similar investment. 

We are currently developing a suitable scheduler for 
booking service where users can see available times and 
stations. For this service it‘s designated, that technologies 
like Java, HTML and SQL will be used. A second point is 
an optical real time feedback. This can be realized by 
using a network web cam installed on top of the used 
stations. 
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Abstract— Operation of multiple locations production 

systems (MLPS) presents a process which is hard to manage 

on everyday basis. It involves management of materials, 

workforce, supplies, product and process data and 

information. Accuracy of data in real-time is vital to 

successful operations management of an production system. 

To take full control of multiple locations production system 

management, manufacturers need to access real-time 

operational information captured from multiple locations. 

This paper presents comparison of two approaches to data 

management in multiple locations production systems based 

on a case study of overhaul of railway braking devices. First 

approach uses PLM platform for data management as one 

method for organizing MLPS, by using two tier and four 

tier architecture. The other approach uses ERP platform. 

Case study shows advantages and disadvantages of both 

approaches on managing material and parts warehouse 

data. Either can benefit the company, while using different 

data management approaches. 

I. INTRODUCTION 

In the modern environment of a production system, 
customer demands have become increasingly dynamic, 
diverse and unpredictable. To achieve competitiveness, 
the manufacturing enterprise must change manufacturing 
processes from all angles, such as production ordering, 
production design, production, storages organization and 
sale. Generally, a central database provides a global view 
of the overall system, and a central machine computes 
schedules and controls the shop floor [1]. There are many 
types of uncertainties which affect the production process 
and can lead to delays and misinterpretation of data 
communication between work positions at different 
locations. It can happen also when the information 
required for making an important decision is not available 
for the decision maker. This can happen either because of 
the level of information or due to improper 
communication. 

It is important to overcome these problems because of 
effects that these bad decisions can cause. These effects 
can be seen in the inefficient management, 
mismanagement of production and warehouse, as well as 
increased number of poorly manufactured products. 

Creating efficient communication strategy between 
multiple locations production systems and their work 
places is a great challenge for industrial engineers. It 
consists of efforts to make basic, everyday 

communication to level where information flow is 
arranged and transparent and thus available to all 
participants in the production process. Effective 
communication between developers and users is 
important as organizations redirect resources to the 
development of decision/expert and communication 
support systems and to helping users develop their own 
systems [2]. 

Managing of the data with the help of the PDM and 
PLM software has taken development of products data 
management on a whole new level. In last two decades 
the applications of PDM and PLM software have become 
the imperative for concurrent position of the companies 
in global market [3]. Also, managing production data 
with an ERP system has many advantages especially in 
the field of planning and coordinating all transactional 
operations of a company (sales order management, 
purchasing, cost accounts, etc.). 

This study begins with recent status review of 
production data management with PLM system in Section 
II and production data management with ERP system in 
Section III. Today there are many companies that are 
situated on more than one location and this problem is 
depicted in Section IV. Case study of the railway braking 
devices overhaul in Section V, shows advantages and 
disadvantages of both concepts for managing material 
and parts warehouse data. Finally, conclusions are made 
and future perspectives are given. 

II. MULTIPLE LOCATIONS PRODUCTION SYSTEMS 

Classical production systems are positioned with all of 
its functions on one physical location. This is the case of 
traditional manufacturing which is the school example for 
production systems. This kind of organization is suitable 
for shop floor organization, for the production 
management, inventory management and scheduling. 
Most of the smaller companies, but also many of medium 
and large ones are organized in this way and will stay with 
this type of single location placement in the future.  

On the other side, today there are many companies that 
are situated on more than one location. We call these 
companies multiple locations production systems. It must 
be emphasized that multinational companies with their 
many locations all over the world are not the cases of 
multi-location systems by definition. In order to have 
multiple location production systems there is a need to 



 

94 

 

have clear interdependencies between the various 
locations. 

Interdependencies of production locations result with 
various challenges for engineers and management staff, 
leading towards a number of problems in production, 
management, inventories and scheduling. 

One of the main problems is efficiency in managing of 
real-time data. The data must be gathered from various 
company sites (storage, production, etc.) which can for 
some companies prove to be a demanding and challenging 
job. Other main problems caused by multiple locations are 
data interpretation, storage and proper use of information. 

To take full control of multiple locations production 
system management, manufacturers need to access real-
time operational information captured from multiple 
locations. These kinds of problems have been known and 
addressed for a long time now [4]. 

Thus, the problem of multiple locations is spotted in the 
organization of production systems that consist of several 
workshops that are physically separated in several 
locations. This problem is mostly noticeable in the 
communication and organization of work when it is 
necessary to coordinate processes that require work in a 
number of separate workshops. For example, one of the 
products made at first workshop has to be painted in the 
second workshop, packaged with the second part and 
stored in the third workshop.  

Multiple location production systems usually suffer 
from the lack of information. The lack of information 
many times comes from the lack of information carriers. 
The classical organizational model on the other side 
assumes that all processes are controlled by one party and 
that all information is available at all time. Thus, the 
technical documentation should contain the information 
required for all participants in the work process, but also 
to be constantly available to all locations.  

With the problem of managing real time data 
efficiently, there is a need for Production Management 
techniques that make possible the utilization of the 
Manufacturing Resources, and yet keeping throughput 
times low, and decision-making close to the relevant 
resource [5]. In agent-based collaborative design systems, 
software agents are mostly used for supporting 
cooperation among designers, enhancing interoperability 
between traditional computational tools, or allowing better 
simulations [6]. 

III. PRODUCTION DATA MANAGEMENT WITH ERP 

SYSTEM 

ERP systems use BOM (Bill of Material) information, 
inventory records, forecast data and customer orders, 
capacity information etc., for the process of production 
planning and control [7]. Supporting IT architecture 
includes database server, application server, user 
interfaces, networks and web services. Data can be 
accessed from a desktop application, web application and 
in the last few years, over mobile application.  

Effective data management includes solutions on 
database servers which enable data availability, accuracy 
and security: 

 transaction management with preservation of 
Atomicity, Consistency, Isolation and 
Durability (ACID) principles, 

 database mirroring services, 

 database replication and 

 Clustering services. 

Since databases work with data transactions in order to 
fulfill user data requirements, transaction management 
concerns preserving ACID (Atomicity, Consistency, 
Isolation, and Durability) principles for each database 
transaction, which prevent problems with data 
inconsistency [8]. Atomicity means that every data 
transaction must be done as whole. Consistency gives data 
validity for defined constraints which are defined over 
data. Isolation principle prevents two users working with 
the same data at the same point of time, in other words 
every database transaction is processed isolated. 
Durability provides that committed data (data on which 
changes are done and saved) remain accurate even in the 
cases of system failure or power loss. 

Database mirroring services enable that same database 
can be duplicated and maintained on two database servers, 
so when one fails other can be used instantly with respect 
to ACID principles. 

Database replication makes data available on different 
physical locations by replication database from one server 
instance to another. If database is too big, than often only 
part of the database is replicated. 

Clustering services give the ability that database servers 
can be connected and act as one server and share available 
disc space in order to provide fault-tolerant storage 
solution. Usually this solution involve some configuration 
of redundant array of independent disks (RAID) or storage 
area networks (SAN) and enable data redundancy. 

IV. PRODUCTION DATA MANAGEMENT USING PLM 

SYSTEM 

Product lifecycle management represents a 
comprehensive vision for managing all data related to 
design, production, support and ultimate disposal of 
manufactured goods, in other words managing and using 
of enterprise data along the entire product lifecycle [9] 
[10]. PLM software solutions help companies drive 
productivity with a single source of product and process 
knowledge, also improving teamwork through instant 
collaboration. 

PLM is the process of managing the whole lifecycle of 
a product starting from generating of idea, concept 
description, business analyses, product design and 
solution architecture and technical implementation, to the 
successful entrance to the market, service, maintenance 
and product improvement [11] [12] [13]. The goal is to 
enable product development teams and manufacturing 
teams to work together in the product lifecycle as early as 
possible to minimize production costs, improve product 
quality, and deliver more reliable products [14]. 

Three types of data can be stored in PLM data bases: 
product data, production data and operational support 
data. Product data describe how the product is designed, 
manufactured, operated or used, serviced and then retired. 
Production data focus on all activities associated with the 
production and the distribution of the product. 
Operational support data deal with the enterprise‘s core 
resources, such as people, finances and other resources 
required for supporting the enterprise. The required data 
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is distributed to all organizational sectors providing the 
needed integration [15]. 

Teamcenter is an integrated suite of PLM (Product 
Lifecycle Management) applications, originally created 
by EDS PLM Solutions, a company which ultimately 
became Siemens PLM Software. It is designed to deliver 
increasingly complex products to market while 
maximizing productivity and streamlining global 
operations. It introduces new substance compliance 
capabilities to companies by creating a framework for 
sustainability and environmental compliance. Teamcenter 
provides data exchange between company departments, 
of data between OEMs and suppliers and customers and 
companies. Community collaboration capabilities enable 
its users to share PLM information securely and work 
together across the entire product lifecycle. By breaking 
down the time, distance and cultural barriers to 
communication, PLM software saves time and money by 
reducing travel [16]. 

Teamcenter offers solution for information 
management of multiple locations production systems as 
an efficient collaborative tool. It can overcome challenges 
in communication, data-transparency and data-
consistency. Teamcenter is powerful cooperation 
platform for the creation of Technical Documentation. It 
can provide availability and access to Technical 
Documentation at any time. The various components of 
e-business and technology enable companies to connect 
internal and external data on the functioning of the 
system in a more efficient and flexible way. E-business 
applications are often very complex. This includes 
hardware, software, people, processes, procedures and 
information. Software applications aim to support the 
effective and efficient management of business processes. 
In defining the strategy, first, priorities must be defined. 
These priorities are derived from business objectives and 
nature of the work at dislocated production sites (these 
sites are usually specialized for delivering one sort of 
work or certain kind of product parts or maybe used for 
product packaging, storage and shipping). 

A. Using the Plm Software in Service of Multiple 

Locations Production System 

It is essential that large companies and corporations 
can in real time successfully manage the data and 
information. It is well known that stocks represent only 
the cost and for this reason companies tend to eliminate 
them, but again, some stocks still have to exist to enable 
the functioning of certain sectors of the company without 
interruption and problems. Most companies in Serbia do 
not know in real time the quantities of parts, materials, 
semi-finished products in their own warehouses, 
especially large companies whose departments are spread 
over one or more geographic regions. Thus, it is often 
that already ordered or produced parts, materials and 
products are ordered or produced again. This is because 
the financial and commercial management of the 
company did not have information about the real situation 
in the warehouses. Below is a proposed method that can 
solve this problem of major companies. 

 

V. CASE STUDY OF COMPANY FOR BRAKE SYSTEM 

SERVICING 

In this chapter case study of multiple locations 
production system will be presented. Multiple location 
production systems usually suffer from the lack of 
information. Company engaged in the service of brake 
system of locomotives and wagons has 4 locations 
situated within 50 km range. The company management 
often orders spare parts or semi-products that are already 
in storage because they do not know the true state in the 
every storage. The main problem is that the company 
management does not receive real-time information on 
stock status which misleads decision making on stocks 
levels.  

At this point, the proposed solution for the problem of 
information management in real-time will not spread 
outside storage sector, but equally, in the same way it is 
possible to connect sectors of company with each other. In 
the company headquarters the server (S1) with 
Teamcenter software is installed, while in the other three 
locations client applications of the same software are 
installed (Figure 1.). Detailed procedures for collecting, 
processing and sharing of data is presented below. 

 

Figure 1.  Connecting scheme of distributed production systems 

As mentioned earlier, for processing, management and 
storage of data and information Teamcenter software will 
be used. It will be installed in company headquarters, 
while in other three facilities 2-tier and 4-tier Teamcenter 
client applications will be installed (Figure 1.). 

Communication between company headquarters server 
(S1), and three other locations, workshop for repair of 
brake systems (user 1), workshop for repair of wagons 
(user 2) and workshop for production of parts (user 3), is 
organized in such a manner that all the files are stored on 
the server at company headquarters, and the other three 
users work with shortcuts. This way the company ensures 
itself from the possibility of losing information, which has 
often happened in the past (theft by their own employees). 
Teamcenter ensures that everything is stored on the server. 
Even if company employees in sites 1, 2 or 3 try to delete 
some information, they will delete only the shortcut, 
original file will be still stored on server computer. In 
other words, ―participant using only shortcuts of files not 
being able to delete the original of the file― [17]. An 
example will be presented through storage sector of parts, 
materials and products, while the model is equally 
applicable to information management across all sectors 

http://en.wikipedia.org/wiki/Product_Lifecycle_Management
http://en.wikipedia.org/wiki/Product_Lifecycle_Management
http://en.wikipedia.org/wiki/Siemens_PLM_Software
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of the company. Model for information management of 
distributed production systems would function as follows. 

First of all, company management must define time 
frame for warehouse status check, which should be before 
any planned acquisition of parts, materials and products. 
At the appropriate moment, the company management (in 
example infodba user) shares reports to other warehouses 
that have to be filled (Figure 2.).  

 
Figure 2.  Sharing of reports by company management 

Each warehouse (user 1, 2 and 3) receives files in 
electronic mailbox of Teamcenter software, these files 
must be properly filed, stored and saved (Figure 3.). 

In addition, at the same time management of the 
company initiates the process for approval of the status 
report of the warehouse. At the warehouse the work list is 
opened in client application. Every warehouse opens its 
shared sheet of excel file and fills it, in accordance with 
the balance in the stock. After the report is completed, it 
must be approved, signed and submitted by authorized 
person of warehouse before the deadline (Figure 4.). 

 
Figure 3.  Electronic mailboxes of warehouse authorized personnel 

 

Figure 4.  Work lists of warehouse authorized personnel 
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Server user (infodba – S1) can see the stages of filling 
the report. Also, company management can see when the 
report was received, who signed it and what kind of 
comment is given (Figure 5.).  

 
Figure 5.  Approval and comments of submitted reports 

When all responsible personnel sign and confirm report, 
the company management approves the report and 
according to it, the procurement of materials, parts and 
products is organized. Excel file is created, with three 
different sheets which are meant to be filed by a particular 
user for each sheet. Its data will be generated into new 
sheet (item with a flag next to it) to be seen only by 
company management (infodba user) (Figure 6.).  

 

Figure 6.  Final report, which is seen only by the management of the company 

Similar case is shown on Figure 7, which shows the 
number of braking devices which are currently in the 
warehouse. The ERP system automatically manages the 
data in the entire enterprise by using the locking 
mechanisms described in chapter III. After the reception 
of braking device from a customer, worker enters the data 
about braking device into ERP system database and the 
stock status is being updated. Tracking braking device 
from the warehouse to shop floor and back is controlled 
by documents which exist in electronic form in the ERP 
system. Thus all the data is controlled independently of 
the number of physical locations on which work 
operations are done (Figure 7.).   

 

Figure 7.  ERP system 

VI. CONCLUSION 

Company management of multiple locations production 
system often does not know the current state of stocks in 
the warehouses. It is often that management orders 
materials and spare parts from suppliers unaware that their 
stocks already contain needed materials and parts. The 
proposed model presents one possible solution for this 
problem.  

The presented research shows that using of the PLM 
Teamcenter software in service of multiple locations 
production systems leads to: 

 Real-time information about the status of stocks, 

 Real-time information about every company sector 
equipped with PLM software, 

 Cost savings in engineering processes, 

 Maintaining of centralized and easy accessible 
product data base, 

 Better communication between engineering and 
management departments and 

 Monitoring of all types of company processes in 
real time. 

Main limitation of presented research is that the only 
big companies with high budget can afford this specific 
software solution, because it is among more expensive 
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products of this kind in the world. It is better for small size 
company to develop their own software than to purchase 
popular solution software like this. Teamcenter is all-
around, flexible software solution which will help 
companies to track their work and to standardize data for 
easier cooperation with costumers as well as other 
companies. 

The ERP approach differs from PLM because does not 
involve so much user interaction for managing the data 
and all the data is stored in a database. The advantages of 
ERP system are: 

 Reliable, fast and accurate data  management,  

 Integrated data management through the 
whole enterprise,  

 Work order creation and scheduling, 

 Possibility of making reports (daily, weekly, 
monthly, etc.) from the data which reside in 
the industrial system and 

 Easy user management, etc. 

The ERP system is better for controlling the daily 
operations in industrial systems and the PLM system is 
better for managing the different versions of product data 
(drawings, sketching, etc.). For presented case study we 
can conclude that it is better to use the ERP system 
because the overhaul of the braking devices does not 
change the product structure and there for does not 
influence its bill of materials (BOM).   

The future work will be focused on implementation of 
proposed model in practice and testing of model‘s 
functionality. 
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Abstract — The structural properties of composite 

materials are primarily derived from the fiber 

reinforcement. Advanced composites, initially 

developed for the military aerospace purposes, offer 

performance superior to that of conventional 

structural metals. The push for fuel economy in the 

face of rising oil prices, for example, has made 

reducing of weight a priority in almost every mode of 

mechanical transportation, from bicycles to large 

commercial aircrafts. Commercial composites for large 

markets, such as automotive components, boats, 

electronic goods, sporting goods, heavy industry, in the 

energy sector in oil and gas exploration, wind turbine 

construction and corrosion-resistant industrial parts 

are unstoppably spreading.  

 

I. INTRODUCTION 

The composites, on account of their numerous 

advantageous properties, are becoming more and more 

significant in those areas that demand special bearing 

force. Composites make it possible to form intricate 

structures in the direction of the mechanical load. Due to 

intensive developments and the decreasing of production 

costs and operational time as well, the fiber reinforced 

polymers are being used in larger and larger volumes 

throughout the industrially developed countries of the 

world (Diagram 1). 

 
Diagram 1. 

Distribution ratio of composites use in main areas can be 

seen in Diagram 2. 

 
Diagram 2. 

The mechanical transporting vehicles (from bicycles to 

automobiles, trains, ships and airplanes) machinery parts 

under great bearing loads, sporting goods, high pressure 

corrosion proof tanks, pipelines, large sized but low 

deforming light structures, wind turbine manufacturing 

all show the success of composites and within this, the 

accentuated importance of CFRP (Carbon Fiber 

Reinforced Plastics). Examples of the various 

applications can be seen in Figure 3. 

 
Figure 3. 

Due to the increasing energy demands, growing prices, 

the shortage of fossil based energies, the specific energy 

consumption will decrease, recycled energy is expected 

to come to the forefront (Diagram 4.). 
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Diagram 4. 

The above expectations deem that the use of new light 

structured materials for high performance is necessary. 

The fiber reinforced anisotropic structured composite 

materials – especially the CFRP – has numerous 

advantageous properties over metals, since the 

mechanical limits of the metal structures (size increase, at 

easily moving mechanical structures - safety etc.) makes 

it possible to broaden it. 

II. Main areas of application 

Space research and air transportation research 

regarding the composites, were the leader of the 

developments because of the high starting price of the 

carbon fiber, (>1000$/kg). Today in the newest airplane 

constructions, the presence of composite materials is 

more than 50% (Diagram 5). 

 
Diagram 5. 

To meet the strict safety engineering regulations, the 

dimensions, increasing of shipping capacities, the mass of 

the structures and the specific energy consumption, 

reducing the load on the environment in air transportation 

is of deciding importance (Diagram 6). 

 
Diagram 6. 

From safety points of view, the composites materials, 

especially the CFRP, are of key importance in aircraft 

parts (Figure 7). 

 
Figure 7. 

The special demands of sporting goods have also been 

the application field of composites for several decades 

(Figure 8).  

 
Figure 8. 

In earlier decades, the CFRT, in spite of its excellent 

properties, because of its high price and immature 

production technology, was only used in the most 

necessary areas and in small quantities. 

Today, the use of composites in the vehicle and auto 

industries is becoming larger and larger because of the 

efforts instigated to decrease prices and manufacturing 

time significantly. Breaking safeness of the composite 

materials in racing cars has proven itself on numerous 

occasions, and the more valuable cars are also using more 

and more CFRT because of its economic advantage over 

metals (steel, aluminum) frames and body parts (Figure 

9).  

 
Figure 9. 

Due to the ever increasing safety requirements, the CTRP 

excellently suits and fulfills these demands. Its breaking, 

energy absorbing behavior is also favorable (Diagram 

10). 
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Diagram 10. 

To reduce fuel consumption and harmful environmental 

effects – especially in city traffic – the spreading of 

electric hybrid autos is being urged. The supplementary 

drive of automobiles and the battery, because of the 

earlier safety regulations increases the weight of the car. 

This in turn disadvantageously affects specific energy 

decreasing. 

Compensation of this weight increase can only be done 

by decreasing the mass (weight) of automobile parts, by 

using light structured materials and composites. BMW 

has begun the serial production of CFRP structured, 

electrical BMW i3 small cars, and next year, the i8 

productions will also be started (Figure 11). 

 
Figure 11. 

All of the leading automobile producers in cooperation 

with known carbon fiber and composites producers in 

Europe, USA and Japan are working on the economical 

production of CFRP auto parts. 

The excellent chemical and heat resistance property of 

the CFRP, in relation to mass, and its properties that 

significantly overpass the properties of metals are 

becoming significantly more and more important in the 

production high pressure tanks, tankers, pipelines and 

wound products (Figure 12). 

 
Figure 12. 

FRP (Fiber Reinforced Plastic) is integral material for 

fast moving, high stiffness, light, large sized machinery 

parts, robot arms, prosthesis, implants, printed circuits, 

computers, cell phones housing, and printers.  

The wind turbines in the production of renewed energy 

are the most determining, their developments in the past 

decades have taken a great increase (Diagram 13). Wind 

turbine sizes and the started new capacities (40-50 GW) 

grow by 7-8% a year. 

 
Diagram 13. 

The efficiency of the wind turbines can be boosted by 

increasing the size of the turbine blades for which the use 

of light structure, high tensile strength composite 

materials is imperative (Figure 14). 

 
Figure 14. 

The turbine blade is made up of a material having high 

internal tensile strength and a stiff outer shell. Because of 

the mechanical requirements, larger blades demand the 

use of light structured high strength composites. 

The energy obtained is proportional with square of the 

wind turbine blade lengths and with the ledger swept area 

of the rotor. The ability to ―add a few meters‖ to a wind 

turbine blade set is far from simple. Theoretically, blade 

weight increases proportionally with cubic of the blade 

length. Carbon fiber has been used to reduce the weight 

of longer blades. Significant cost reduction and advanced 

manufacturing technology are needed by the carbon fiber 

industry to further promote adoption in wind energy 

applications. 

Depending on the size of the turbine blades and the speed 

of the wind, per second, a significant amount of air is 

passed through. The turbine blades utilize nearly 10% of 

the wind energy. Thusly, at the axis of the turbine, a 

significant amount of torque is generated. Namely, in the 

case of today‘s largest 80 m blades, and counting with a 

15 m/s wind speed; approximately 8 MW turbine 

capacities can be attained (Figure 15). 
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Figure 15. 

III. CONCLUSION 

By demonstrating with examples the application of 

composites, it definitely stands out that the use of 

composites in structural materials, (similarly to the 

electronic revolution three decades ago) will be of 

deciding importance, in the wide field of technical 

applications, and this in turn will also mean new 

challenges in teaching. 
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Abstract—The application of compressed air is widespread 

in the industry. Air jet loom is one of the typical examples of 

shuttleless weaving in textile machinery. A weft yarn ejected 

through the weft passage with high speed air flow is given 

the drag force caused by friction between the weft and the 

air stream. The advantages of profile reed air jet weaving 

machines are large productivity, high filling insertion rates 

of weft, despite the high flow velocity the dynamic load of 

the weft thread is not too big and low vibration level. 

However, because of large using of compressed air the 

power consumption in air jet loom is much higher than the 

other weaving machines. The efficiency improvement is one 

of the important technical targets in the air jet looms 

development. This study shows the production of 

compressed air and technology of the profile reed air jet 

weaving with relay nozzles. 

I. INTRODUCTION 

In air jet weaving machines weft is accelerated and 

taken through the shed by the flow impedance between 

the flowing air and the weft. Air jet weaving machines 

belong to the set of intermittent-operation weaving 

machines. The energy resulting from air pressure directed 

from the central air tank to the weaving machine changes 

into kinetic energy in the nozzle, which accelerates and 

delivers the weft in the air channels of differently shaped 

by machine types. The air leaving the nozzle mixes with 

the still air, it disperses, the speed of the axis of the flow 

drops quickly as it moves away from the nozzle, therefore 

in order to reach bigger reed width the air speed must be 

kept up in the line of the weft passage [3].  

Intermittent weaving machines have the property that 

the weft is laid into shed and tightened to the selvedge 

one after the other, repeatedly (intermittently). The 

structure of intermittent weaving machines is designed 

according to the characteristics of weft insertion. Fig. 1 

shows classification of weaving machines [1]. 

 

 
Figure 1.  Classification of weaving machines 

It is a general characteristic of weaving machines without 

shuttle that the length of one shoot of yarn is measured by 

the weft accumulator and it is removed and taken into the 

shed by the air flow of the main nozzle and relay nozzles 

(also called subnozzles). The weft is cut on the side of the 

main nozzle with each shoot at the selvedge.  

The air flow leaving the nozzle mixes with the still air, 

it disperses, the speed of the axis of the flow drops 

rapidly as it moves away from the nozzle, therefore in 

order to reach longer reed width the speed of air flow 

must be kept up in the line of the different air guides (Fig. 

2). The movement of the inserted yarn in weft passage is 

a complex motion. It is not a positively controlled 

process. When the weft yarn is leaving in air stream the 

main nozzle, the weft is accelerated as a result of the air-

yarn friction. The part of the yarn flight where the weft 

velocity is lower than air velocity is called the 

acceleration part as shown in Fig. 3. 

 
 

 

Three different systems have been used on commercial 

air jet looms: 

1. Single nozzle, confusor guides and suction 

on the other side 

2. Multiple nozzles with guides 

3. Relay nozzles with profile reed (Fig. 5). 

In system 1 a single nozzle is used to insert the yarn with 

air guide. Diffusor drop wires are placed across the entire 

width to guide the air stream which is injected into the 

open shed. Weaving machines with this configuration are 

limited in reed width (about to165 cm) [4, 5]. In system 2 

in addition to the main nozzle relay nozzles are used. 

They are arranged across the warp width at certain 

intervals and inject air sequentially and in groups in the 

direction of yarn movement. System 3 has reed dents 

built in the reed and relay nozzles across the open warp 

(Fig. 4 and 5). With the profile reed, the restriction on 

warp density also less severe than in the case of the 

confusor guide system. Although all the three systems 

 
 

Figure 2.  Air flow velocities on reed 

width 

Figure 3.  Air and yarn velocities 

in the air guide 
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have been used on air jet looms, system 3 relay nozzles 

with profile reed is the standard in the market today [1].  

 

Subnozzles are placed across the machines width on the 

sley (Fig. 4). A relay nozzle can have a circle single hole, 

multiple holes (19 of them), two holes, nine holes, 

rectangle, ellipse or star hole arranged in the direction of 

yarn flight (Fig. 6).   

 
The first commercial machine was the Maxbo air jet 

weaving machine which was introduced by Max Paabo 

and first exhibited in Sweden in 1951 weaving cotton 

cloth 80 cm wide with a frequency of 350 picks a minute. 

In 1969 Te Strake developed the filling insertion system 

with main nozzle, relay nozzles and U-shaped cross 

section profile reed. The air jet weaving machine 

combines high performance with low manufacturing 

requirements. It has an extremely high insertion rate. The 

advantages of air jet looms are [1]: 

 high filling insertion rates 

 high productivity  

 low initial outlay 

 simple operation and reduced hazard because 

of few moving parts 

 low vibration level  

 low spare parts requirement 

 reliability and minimum maintenance. 

Air jet weaving machines are under constant 

development. Current research is mainly focused on air 

and yarn interaction as well as the guide system to 

increase the yarn velocity. 

II. THEORETICAL DISCUSSION  

In the nozzles the compressed air generates into kinetic 

energy. The air erupting from the circular cross section 

slot at high speed grabs the weft yarn into the middle of 

the nozzle and accelerates it to high speed. The 

transporting substance, the air has a complicated flow. 

The exact theoretical and mathematical description of the 

flow is not known. 

The propelling force on a weft yarn placed in a stream 

of air consists of skin friction (equal to the integral of all 

shear stresses taken over the surface of the yarn). This 

force parallel to the undisturbed initial velocity is referred 

to as the friction force fF  as shown in Figure 7. 

 
Figure 7.  Force acting on a moving weft yarn in air flow 

The propelling force to move the weft yarn in air jet 

insertion is provided by friction between the air and yarn 

surface and given by the following form: 

2)(
2

vuXDcF ff  


 (1) 

where 
  air density; [ 3kgm ], 

fc  skin friction coefficient; [-], 
D  weft yarn diameter; [m], 
X  weft yarn length subject to air flow; [m], 
u  air velocity; [ 1ms ], 
v  weft yarn velocity; [ 1ms ]. 
This force is proportional to the square of the relative 

velocity between the air stream and yarn. The propelling 

force increases with an increase in the air velocity and the 

weft yarn diameter. The dimensionless coefficient fc  

depends on Reynolds number. The turbulence of the air 

flow slows down the moving of the weft yarn. This 

causes deviation of the yarn from the centre of the flow. 

Therefore the turbulence level should be minimal. 

However, it is impossible to insert the yarn in laminar 

flow because the air velocity would be very low [1]. The 

force acting on the weft in the accelerating tube of the 

main nozzle can be written by the following formula (Fig. 

8 and 9). 

2)(
2

vuLDcF fmf  


 (2) 

where 

mfF  air friction force on the yarn by relay nozzles in 

the main nozzle; [N], 
L  length of the acceleration tube; [m]. 

 

Figure 8.  Schematic diagram of weft insertion by main nozzle 

(acceleration tube)and relay nozzle 

  
Figure 4.  Subnozzles and 

profile reed on an open shed 
Figure 5.  Yarn insertion system with 

relay nozzles and profile reed 

 

 
Figure 6.  Commercial relay nozzles [8] 
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The equation of motion for the weft in air flow, based 

on Newton‘s second law, can be written as (Fig. 9) [2]: 

12

2

FFF
dt

sd
mam rfmF   (3) 

where 
m  total yarn mass involved in the motion; [kg], 
a  acceleration of the weft tip; [ 2ms ] 
s  length of the inserted weft; [m], 

rfF  air friction force on the yarn by subnozzles; [N]. 

1F  - take down force; [N]. 

According by the weft yarn is stressed or loose in the 

open shed its mass has to be determined in different way 

(Fig. 9). In case of stressed weft yarn: 
610 texTlm  (4) 

and for the loose weft yarn 
610)(  texTslm  (5) 

where 
l  length of the stressed weft; [m], 
s  length of the inserted weft; [m], 

texT  linear density of the weft; [tex]. 

The differential equation of beginning accelerating 

motion section for the stressed weft yarn in air flow, 

based on Newton‘s second law, can be written as: 

 1

610
FF

Tlm

F

dt

dv
a mf

tex







 (6) 

For loose weft when the speed of yarn is approximately 

constant:  

  .0
)(

10
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Tslm

F

dt

dv
a rfmf

tex

 (7) 

 
Figure 9.  Weft motion in air flow of the main and relay 

nozzles 

III. ARRANGEMENT OF PROFILE REED AIR JET LOOMS, 

MEASURING LAYOUT AND MATHEMATICAL METHOD  

In the Textile Workshop of Óbuda University the flow 

characteristics were examined of air jet weaving 

machines under laboratory and industrial conditions (Fig. 

13 and 14). Fig. 11 shows the layout of the laboratory 

bench.  The bench was made from parts used on weaving 

machines based on the actual dimensions of the weaving 

machine, which is suitable to measure the velocity 

distribution developing in the axis of the insertion 

)(xfu  . When designing the bench my aim was that 

the actual weaving machine conditions should be 

simulated as large extent as possible. Measuring on 

operating machines is not possible due to the swaying of 

the reed. 

Fig. 10 shows the outline of main parts of the profile 

reed air jet weaving machines. Weft yarn is drawn from a 

filling supply package by the filling feeder insertion by 

means of a stopper. 

 

 
Figure 10.  Schematic of air jet insertion with profile reed and air 

system diagram 

The arrangement of the experimental equipment is shown 

in Fig. 11. Experimental equipment included the bench 

test board with a U-shaped profile reed segment, main 

nozzle, relay nozzles, a pressure sensor and a stepper 

motor. The profile reed segment had an overall length of 

750 mm, a density of 14.5 dents/cm, profile dents with a 

thickness of 0.24 mm and a cavity ratio of 65%. The 

compressed air from the main air tank was led to the main 

nozzle and to the groups of the four relay nozzle through 

a pressure regulator and a mass flow meter (Fig. 11). 

 

Figure 11.  Schematic diagram of the test apparatus 

The direction of the velocity measurement was the x-axis. 

Fig. 12 shows position of the measuring point in the U-

shaped weft passage. A Pitot tube was used for 

measurement of the air velocity along the axis of the air 

flow into the profile reed segment. The output change in 

pressure p value from the Pitot tube was proportional to 

air velocity. The data p  measured by an analogue 

pressure sensor were converted to digital values by a 

DSO 2090 oscilloscope and a personal computer (Fig. 

11). Pitot tube was driven by a stepper motor and it was 

moved with constant speed ) 6,17( 1cms . 

 
Figure 12.  Measurement point of air velocity in the weft passage  
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The supply air pressure to the main nozzle and the relay 

ones was set with a pressure regulator to a gauge pressure 

5 bar. The supply mass flow rate 0m  at this time was 

1 6 gs  under standard conditions of bar. 1 and 20 C  

The velocity distribution along the profile reed cannot 

be expressed by a closed formula in function of .x  

Therefore the Discrete Fourier Transform (DFT) was 

applied to the velocity of the air flow in order to 

determine the approximate velocity at any x  spot. 

  

Figure 13.  Layout of laboratory 

bench 

Figure 14.  Industrial 

measurement 

Generally the approximation by the Fourier series for a 

function )(xf  with a period :p  
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where 

n  number of measurements in equidistant points 

;935n [-] 

iu  measured velocities along the reed width at 
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The approximate value of the at any x  can be obtained, 

where wxy / : 
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IV. MEASURING RESULTS 

Examination of velocity of air flow in the weft passage 

has been given the next measuring results. The values of 

the air flow velocity distribution along the weft passage 

depend on two variables: pressure of main tank and 

distance in the direction x. The maximum air velocity at 

the entrance of the profile reed 0u  is . 94.268 1ms  Fig. 

15 sows the velocity distribution at barpt  5  tank 

pressure. In Excel Visual Basic program has been written 

to obtain the numerical values of the velocity. 
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Figure 15.  Distribution of the air velocity in the x-axis 

The velocity of air flow in the weft passage decreases 

rapidly to cm 5x and at this point the air velocity is 

. 23.113 1ms Influence of the first relay nozzle stands out 

in range cm 8.11  5  xcm and subsequently periodical 

with cm 4.7x  periodicity. Pictures in the Fig. 16 

shows the simulation of the flows from the main nozzle 

[3]. 

 
Figure 16.  Air flow from main nozzle 

Fig. 17 shows the simulation of the flows from the 

subnozzles [9]. 

  

Figure 17.  Air flow from subnozzles  
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Fig. 18 and 19 show the Fourier approximation in 
undimensioned form obtained by division with the 

maximum speed 0u  and of the data xi  with the reed 

width )(w . The character of dimensionless function does 

not depend on main tank pressure .tp  
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Figure 18.  The approximation of the Fourier series with number of terms 

of approximation is three 
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Number of terms of approximation(r): r =50
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Figure 19.  The approximation of the Fourier series with growing 

number of terms 

V. CONCLUSION 

This study dealt with the U-shaped profile reed air 

guidance solution. The velocity distribution in the weft 

passage was investigated. Weft insertion through weft 

passage by air is a complex and complicated process.  

Main research findings: 

 The air flow field in the weft passage may be 

divided into two parts. 

 The first part, the only effect of main nozzle, 

the initial section, where the characteristics 

of axial velocities are similar to the flow of 

free air jet. The velocity of air flow in this 

range decreases rapidly. 

 The second part, effect of relay nozzles, is 

the nearly periodical part of flow. 

In this research the characteristics of the axial velocities 

were determined in the U-shaped weft passage. The main 

results are summarized as follows: 

1. The axial flow velocities were measured 

using a Pitot tube along the profile reed 

channel. 

2.  The ratio of the variation in axial velocities 

0/uu were determined independently of the 

main tank pressure. 

3. The DFT is suitable for the calculation of the 

approximate axial air velocities in weft 

passage if the maximum air velocity 0u  is 

known at the entry point of the profile reed. 
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Abstract — Mechanical properties of fibre-structured 

materials essentially exceed the properties of block-designed 

materials. The development of fibre-materials and their 

embedment into matrix makes possible the production of 

composites with excellent properties for application goals. 

The density of fibre-materials (composites) is significantly 

less than of steel; for this reason the comparison of 

mechanical properties of structural materials – in 

engineering practice by material weight instead of cross-

section aspect – shows the applicability much better. From 

the comparison of mechanical properties it seems that fibres 

used for reinforcement of polymers significantly exceed the 

strength and tensile-flexibility modulus of steel and 

aluminium structures, having numerous advantageous 

properties depending on application area. 

High strength, high tensile modulus and low weight 

(Figure 1.) remain the winning combination that propels 

composite materials into new areas, but other properties 

are equally important. 

 

Figure 1. 

The reinforced fibers, the structures formed from them 

and depending on the selection of the matrix, the 

properties of composites can be formed to meet consumer 

demands (Figure 2.). 

 

Figure 2. 

Composites differ from traditional materials in the sense 

that composite parts comprise two distinctly different 

components — fibers and a matrix material (most often, a 

polymer resin) — that, when combined, remain discrete 

but function interactively to make a new material, the 

properties of which cannot be predicted by simply 

summing the properties of its components. In fact, one of 

the major advantages of the fiber/resin combination is its 

complementary nature (Figure 3.). 

 

Figure 3. 

Thin high-tech fibers, for example, exhibit relatively high 

tensile strength, but are easily damageable. By contrast, 
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most polymer resins are weak in tensile strength but are 

extremely tough and malleable. When combined, 

however, the fiber and resin each counteract the other‘s 

weakness, producing a material far more useful than 

either of its individual components. 

Overall, the properties of the composite are determined 

by (Figure 4.): 

- the properties of the fiber 

- the properties of the resin 

- the ratio of fiber to resin in the composite (Fiber 

Volume Fraction) 

- the geometry and orientation of the fibers in the 

composite. 

 

Figure 4. 

The higher efficient textile reinforced plastics, 

the so called composites using more and more 

important. However, in the language used in the 

general field of engineering and textiles, the use 

of measuring units is still not harmonized 

(Figure 5.). 

 

Figure 5. 

The reinforced fiber tows, processed by using the 

various textile technologies (Figure 6.), the most 

suitable structures may be produced for the various 

fields of applications. 

 

Figure 6. 

Generally, the composite reinforced fibers are 

characterized by their high stiffness; its flexibility, (thusly 

processing) may be improved by reducing its diameter. In 

the case of carbon fibers, the high stiffness of the 

composite may be attained by embedding non crimped 

fabrics (Figure 7.) into the matrix of the tow filaments. 

 
Figure 7. 

The composite structural materials broadly covers a wide 

area (Figure 8.). 

 

Figure 8. 

Fiber composites-structure can be: 

   - fiber reinforced plastics  

   - C(arbon) & C composites 

   - C & Ceramics 

   - C & Metal  

   - Tyre cord, 

   - concrete (building) amplifier structures 

   - Gain Wood,  

   - Bio-Plastic.  
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Composite materials offer good damping of vibration 

(Figure 9.), 

 

 

Figure 9. 

low coefficient of thermal expansion (CTE) (Figure 10.), 

 

Figure 10. 

and very good fatigue resistance (Figure 11.), 

 

Figure 11. 

properties that can be engineered for specialized 

applications.  

Composites provide design/fabrication flexibility that can 

significantly decrease the number of parts needed for 

specific applications — which translates into a finished 

product that requires less raw material, fewer joints and 

fasteners and shorter assembly time (Figure 12.).  

 

Figure 12. 

CONCLUSION 

Composites have proven resistance to temperature 

extremes, corrosion and wear, especially in industrial 

settings, where these properties do much to reduce 

product lifecycle costs. These characteristics have 

propelled composites into wide use. 
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Abstract— The improving quality of hole boring, primarily 

by tool innovation activities, allows us to use drilling as a 

finishing technology. It is well known that the attainment of 

a perfect chip-forming ability poses an enormous technical 

challenge to developers. In order to succeed in this 

challenge, in practice it is not enough to reach a sufficient 

cutting condition besides the right combination of the 

construction-geometry-coating triple. However, any chip 

forming disorder will significantly influence the quality of 

the machined surface. The wear resistance of the surfaces 

and their adequate functional behavior are definitely linked 

to surface quality parameters. It is well known that the 

lifetime of parts and their functional behavior and reliability 

depend, besides shape and bore accuracy, on the deviation 

of the microgeometry of the machined surface (waviness 

(W) and roughness (R)): on surface quality in a broader 

sense. For an accurate evaluation of the surface profile, 

typical descriptive parameters have to be analyzed in a 

complex manner. It is not enough to deal with the roughness 

(R) profile, but the unfiltered (P) profile should rather be 

focussed on. 

I. INTRODUCTION 

Whatever kind of machining procedure is applied in 
production, technical surfaces get damaged and uneven to 
a certain degree depending on the type of machining. It is 
impossible to produce geometrically perfect surfaces, and 
nearly perfect surfaces are rather costly to achieve. It is a 
decisive and proven fact of our age that components 
whose geometry after machining considerably deviates 
from the ideal shape, have a dominant impact on the role 
of the component in operation. The following technical 
features are directly affected by the type of surface 
roughness produced: wear behavior, friction and 
lubrication (lubricant keeping) properties, component 
wear, adequacy of joints and corrosion resistance.  

This study presents in detail the forms of roughness 
calculation formula(s) used in industrial practice and in a 
number of technical fields as valid to our case. It casts 
light on the frequently forgotten fact that in case of most 
procedures, filtered roughness profiles are completely 
different from unfiltered profile images loaded by 
waviness. Furthermore, it discusses the importance of 
mathematical parameters to be derived statistically as well 
as their demonstrated technical content.  

II. METHOD FOR CONDUCTING HOLE BORING 

EXPERIMENTS  

Systematically designed drilling experiments were 
conducted using a high-capacity compact hard metal 
drilling tool with flush cooling. Microgeometric 
measurements on boring surfaces were performed using 
the Mahr-Perthen Perthometer PRK Concept-2D, 3D 
surface tester equipment available at our Institute [1]. By 

fixing an FRW-750 type tracer of 4-5 µm peak radius in 
the tracing head of the measuring system, measurements 
were performed with the following settings: applied 
traction length (Lt) = 5.60 mm; cut-off filtering 
wavelength Lc = 0.8 mm; length of assessment (Lm) = 
4.00 mm; traction speed set = 0.50 mm/s. The results 
published are averaged from two measurements.  

III. MICROGEOMETRIC PROPERTIES OF THE DRILLED 

SURFACES OF HARDENED TOOL STEELS  

Even when drilling is performed by leading-edge high-
capacity drilling tools available as a result of recent tool 
innovation activities, much attention should be devoted to 
the correct interpretation of surface microgeometry 
parameters. As regards surfaces machined by these tools, 
it could be stated – on the basis of roughness parameters 
Ra and Rz and also taking technological limitations into 
account – that their roughness is exceptionally adequate as 
even Ra=0.1…0.3 μm was possible to reach in the 
examined hardened tool steel of 40 HRC hardness 
(ToolOx 44). In spite of the fact that the technical content 
of average surface roughness Ra is insufficient, providing 
only general practical information, it is a parameter used 
worldwide (together with roughness height Rz), as these 
values are the most generic figures possible to be used for 
characterizing surfaces.  

For instance, Ra does not provide any information at all 
about the extent of salient values to constitute the surface, 
leaving them almost totally out of consideration. It is 
important to know about average roughness that in 
contrast to the values of Rt and Rz it can remain nearly 
constant in various measurement cross-sections. 
Consequently, it is not at all unlikely that maximum 
unevenness parameters Rt and roughness height 
parameters Rz significantly differ from the average 
roughness of a measured surface. In the surface design of 
drilling tools, adhesion of the machined material to the 
tool highly affects roughness parameters, increasing 
surface roughness (nearly to double) and changing surface 
microgeomtery properties [2]. 

A. Filtered and unfiltered profile proportions in case of 

drilled surfaces  

The roughness profile used for drilling (R) greatly 
differs from the parameters of unfiltered or complete 
profiles (P) (Figure 1). According to that, real 
microgeometry indices evaluated by including waviness 
can reveal much more about the structure and nature of 
the surface as the filtering technology of laying on the 
centre line is omitted and the aperiodical surface scanned 
is nearly identical with the surface of the real specimen.  
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Ra=0.12 μm; Rz=0.93 μm; Rt=1.26 μm; Rp=0.50 μm 

 
Pa=0.68 μm; Pz=3.11 μm; Pt=3.56 μm; Pp=0.87 μm 

Rsk=0.305; Rku=3.315 

Figure 1.  Differences between filtered and unfiltered profiles; 

characteristic indices  

The table below shows the measured and calculated 
roughness values of bore holes produced in a single test 
cycle by the same tool in case of various bore depths and 
feeds.  

TABLE I.   
ROUGHNESS RESULTS OF BORE HOLES  

Dc = 10 mm vc = 40 m/min 

L, mm 20 30 

f, mm 0.08 0.10 0.12 0.06 0.08 0.10 

Ra 0.16 0.20 0.33 0.34 0.19 0.23 

Rz 1.17 1.34 2.15 2.32 1.51 1.58 

Pa 0.57 0.65 0.76 1.04 0.65 0.53 

Pz 2.83 3.35 4.26 5.24 3.63 3.18 

Rz/Ra 7.53 6.77 6.55 6.91 7.84 6.88 

Pa/Ra 3.69 3.29 2.32 3.10 3.38 2.28 

Pz/Rz 2.42 2.50 1.98 2.26 2.40 2.01 

The figures in the table clearly indicate that the 
equation below (1) is not suitable any longer for 
describing the microgeometry of bore holes machined by 
up-to-date drilling tools of excellent roughness production 
capabilities.  

 (1) 

In the literature published on the basis of long years of 
experience in cutting technology (for example [3]), there 
are references to the fact that the value of the disputed 
multiplier factor differs from four – is mostly larger – 
depending on the procedure concerned.  

The following formula (2) can be used to obtain 
appoximate results on the value of the traditional 
roughness height Rz in drilling hardened steels:  

  (2) 

The calculated results also indicate that the index 
number Pa of the unfiltered profile is 2 to 4 times larger 
than the filtered parameter (Ra), while in case of 
roughness height (Rz) the value of the parameter Pz will be 
2 to 2.5 times higher when comparing filtered and 
unfiltered parameters. On the basis thereof it is easy to 
concede that it is a large mistake in case of such surfaces 
not to take into account the indices characterizing the 
complete profile [4].  

B. Connection between height parameters Ra and Rt  

Information content on surface profile forms is 
provided by average roughness should be supplemented 
because the index number in itself does not reveal much 
about the actual shape of the surface profile.  

  

 
Figure 2.  Bore hole length: 30 mm; feed: 0.08 mm 

Relatively little mention is made of the magnitude of 
salient microgeometric values of surfaces examined in 
engineering practice: such differences are nearly always 
neglected. This should be particularly emphasized in 
drilling operations as drilled surfaces are shaped by 
exiting chips among other things, leaving larger or smaller 
marks (‖grooves‖) in most cases. Figure 2 shows the 
measured magnitude of three parameters and an electron 
microscopic enlargement (750x), with the following two 
main conclusions to be drawn:  

• the maximum unevenness parameter (Rt) is 10 
times higher than average roughness, indicating deep 
‖grooves‖;  

• the filtered index number Rt is half the size of the 
unfiltered parameter Pt affected by waviness.  

Such discrepancies exert a considerable influence on 
the characteristics of surface microgeometry, with an 
enormously negative impact on operation roles. If this is 
neglected, serious problems can occur in component 
operation; moreover, life time can also be remarkably 
reduced.  

C. Significance of the parameter to describe the 

maximum peak height of the profile  

The maximum peak height (Rp) of the profile 
corresponds to the distance of the centre line and the 
tallest profile peak measured along the length of 
assessment (5x0.8 mm). The content of the parameter Rp 
is questionable in certain cases as measurement evaluation 
can be easily altered by a lofty profile deviation, therefore 
a detailed cross-check was performed on our preliminary 
tests with state-of-the-art drilling tools. As the roughness 
profile is a mathematically filtered profile, it is definitely 
concluded on the basis of the measurements previously 
performed by our research team that the assessment of 
drilled surfaces is not affected by the fact that a parameter 
other than Rpm (averaged maximum peak height) is used 
for characterizing surfaces.  

 

Figure 3.  Technical content of the parameter Rp (image source: [5]) 
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Smaller peak height values indicate a surface divided 
by strong, robust, lean valleys (Figure 3/a), while larger Rp 
values refer to profiles ‖scantier in substance‖, with 
pointed peaks wearing much more intensively and divided 
by thick valleys (Figure 3 /b). If the ratio Rp/Rz is higher 
than 0.5, the peak zone will be ‖pin-like‖; if it is smaller 
than 0.5, the characteristic material profile will be more 
favourable and rounded off [6]. In case of any kind of 
machining, attempts should be made to produce a surface 
of type a) as the wear properties of the other pin-like 
surface are highly unfavourable; what is more, many 
particles can come off in a short time during wear, causing 
serious problems in surface operation [6].  

Great emphasis has been laid recently at our University 
on the complex rating of state-of-the-art drilling tools, 
along with highly detailed documentation of the 
microgeometry of the surfaces produced even for the most 
extreme materials available in industrial practice 
(corrosion resistant, hardened, HRSA materials, etc.). 
Based on such tests and the results discussed in this study, 
the following conclusions can be drawn:  

• the Rp/Rz ratio of drilled surfaces varies between 
0.3 and 0.5, hardly ever exceeding 0.5. The reason for this 
is that the wall of the bore hole is strongly reamed by the 
drilling tool in the course of drilling, thereby abrading the 
surface profile produced by the peak of the tool, giving 
rise to a type of profile shown in Figure 3/a.  

• Table II shows that in case of minor bore hole 
depths, the ratio is just at the borderline; on the contrary, it 
is clearly observable in case of deeper bore holes that the 
resulting bearing surface is much more favourable.  

TABLE II.   

L, mm 20 30 

f, mm 0.08 0.1 0.12 0.06 0.08 0.1 

Rp/Rz 0.45 0.44 0.41 0.29 0.38 0.41 

 

D. Description of bore hole surface by height 

distribution curve parameters  

Bearing surface and height distribution are gaining 
importance as mathematical profile properties since they 
provide a clear picture of the shape, loadability, and 
lubricant retention capacity of machined surfaces based on 
the statistical data sets recorded during measurements.  

The characteristics of drilled surfaces are intended to be 
described on the basis of the two main parameters of the 
height distribution curve. One of them is the skewness 
parameter Rsk, characterizing the asymmetry, compared to 
the centre line, of the shape of the height distribution 
function of surface microgeometry. In case of so-called 
Gaussian surfaces, where the function curve of the height 
distribution of profile points is symmetrical, the value of 
Rsk is zero. If the profile peaks of the measured surface are 
larger than valley depths, the surface will be characterized 
by a positive skewness value; if valleys are deeper than 
the height of the peaks, skewness will be negative. The 
other parameter, the kurtosis index Rku characterizes the 
peakedness and pointedness – therefore the standard 
deviation (spread range of standard deviation) – of height 
distribution. In case of the Gaussian surfaces already 
mentioned, Rku = 3. High Rku values mostly indicate 
salient peaks or valleys (possibly both) [6].  

 
Figure 4.  Drilling topology map  

The topology map (Figure 4) clearly shows profile 
characterization values. It can be seen that Rsk is negative, 
meaning that a longer part of heightwise distribution 
appears on the side over the median plane, indicating a 
surface of advantageous bearing properties. Here, the 
plato-type peak zone enables the creation of a large real 
contact area, representing relatively small local loads on 
roughness peaks. A negative Rsk value not only indicates 
favourable load bearing properties but – coupled with a 
large Rku value – deep valleys capable to retain lubricants 
as well.  

IV. SUMMARY 

In the analysis of the microgeometry of bore holes 
produced during the machining process, it was intended to 
find out what drilling surfaces are assumed by surface 
indices. The present study clearly demonstrates that 
machined surfaces are required to be analyzed in addition 
to standard roughness parameters. It is not worthwhile to 
make a rash assessment – positive in most cases – based 
on simple and customary index numbers. My 
measurement results demonstrate that the parameter Ra 
provides a simple but insufficient characterization as it is a 
value yielded as a result of mathematical filtering and 
averaging. The present study also disproves the formula 
used for roughness peak calculations for several decades, 
stating that in case of drilled surfaces the parameter Rz is 
six or even eight times higher than average roughness. 
Measurements provide evidence that the bore holes 
produced by the test tool are provided with surfaces of 
appropriate microgeometry / roughness.  

The present study is based on short drilling lengths, so 
it does not supply information on the surface roughness 
expected before reaching the allowed wear value valid for 
the tool. 3D topography measurements of drilled surfaces 
are also envisaged to be performed in the near future.  
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Abstract—This article describes the implementation of 

databases in various research fields. The importance of 

accessible online databases will be discussed especially from 

the point of view of postgraduate studies. This work focuses 

on the database of The New York Times and the research 

opportunities that its archives provide. The research topic 

was the mission of the three-member Irish-American 

delegation dispatched to the Paris Peace Conference in the 

spring of 1919. The moves of the delegation were closely 

monitored by the American and Irish-American press. The 

paper uses The New York Times’ free electronic online 

archives to track the delegation’s progress. This work relies 

heavily on articles published in The New York Times and 

made available to the public on the Internet free of charge. 

I. INTRODUCTION 

This article describes the implementation of databases 
in various research fields. The importance of accessible 
online databases will be discussed especially from the 
point of view of postgraduate studies. This work focuses 
on the database of The New York Times and the research 
opportunities that its archives provide. The research topic 
was the mission of the three-member Irish-American 
delegation dispatched to the Paris Peace Conference in the 
spring of 1919. The research process for a work on the 
quest for Irish independence in the first two decades of the 
twentieth century requires the use of electronic databases. 
The general topic of the current research is Irish 
independence, while the specific chapter will deal with the 
journey of a three-member Irish-American delegation 
dispatched to the Peace Negotiations held in Paris in 1919. 
The delegation consisted of Frank P. Walsh, Edward F. 
Dunne, and Michael J. Ryan, all prominent Irish American 
political figures. The mission of this delegation was to try 
to secure a hearing with the Grand Committee for the 
representatives of the self-proclaimed Irish Republic. The 
moves of the delegation were closely monitored by both 
the American and the Irish-American press. This paper 
will rely heavily on articles written for and published in 
The New York Times. In the first few weeks of the 
delegation‘s stay in Paris their work was not as successful 
as they had expected it to be, thus the delegation chose to 
travel to Ireland. The aim of that visit was to experience 
Ireland‘s social, political and economic situation, and 
publish a report about their observations. Eventually, the 
delegation‘s visit and the resulting report would both 
prove to be controversial, possibly causing the failure of 
their original mission. The representatives of the Irish 
parliament were not granted a hearing with the Grand 
Committee, nor was the Irish-American delegation able to 
attain the unambiguous support of President Wilson for 
the Irish cause.  

This work will deal with the subjects, repeatedly 
moving from one ―side of the coin‖ to the other. On the 
one hand, this paper will touch upon question related to 
research methods and common problems of source 
availability that all postgraduate students, researchers and 
scholars face. On the other hand, the paper will show how 
The New York Times followed Ireland‘s struggle for 
freedom, and more specifically, the work and travelling of 
the Irish-American delegation at the Paris Peace 
Conference. 

II. RESEARCH PROBLEM – PROBLEMS OF 

RESEARCH 

Doing research sounds easy. It also sounds important. 
And it mostly reflects a certain level of interest on the 
PhD students‘ side in a specific subject. This is the birth of 
the idea of a doctoral dissertation.  

Each area has a different scope of problems, some 
include off-limit laboratories, ―unfundable‖ experiments, 
unreachable equipment or simply the use of technology 
not available to a PhD student in the field of science and 
technology. A writing a dissertation on Irish history has 
another set of these problems, the most crucial of which is 
the accessibility of original source material. The easiest 
form, naturally, is to travel to the original location 
pertinent to the research, visit the local library and work 
away unhurriedly on the material. However, this is the 
least likely situation. What is a much more probable 
scenario is that the student will search tirelessly on the 
Internet and find material available online. The Internet 
has thus become one of the most crucial tools in the hands 
of a researcher. While there may still be the question of 
download prices or fees for subscriptions, these costs are 
significantly lower than the overall costs of some library 
research done on location.  

III. ACCESSIBLE ONLINE DATABASES 

The New York Times is the most prominent daily 
newspaper in the United States. It was founded and has 
been continuously published since 1851. The paper has 
been online since 1996 under the address 
www.nytimes.com where are articles can be viewed and 
read for free. The New York Times also has an invaluable 
archives section. All news archives from 1987 to the 
present can be viewed at no charge, as well as those 
articles from the period of 1851 to 1922, which are in the 
public domain. To an history student this is a priceless 
treasure-trove.  

The archives are equipped with a search engine where 
numerous criteria can be set so the search yields the 
required results. The wanted article is first previewed in an 
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abstract and can then be viewed in full length. The 
complete article is a scanned version of the original 
printed copy of the article. This lends a particular feeling 
of authenticity and originality to the material, juxtaposing 
the modern tool of the Internet with the image of a 
hundred-year-old typeset, included the occasional typos 
and smudges printing ink.  

The persons of interest for this work were the members 
of that particular delegation, Frank P. Walsh, Edward F. 
Dunne, and Michael J. Ryan. Most searches were carried 
out based on their names and within a time frame of 1919 
to 1920. Apart from The New York Times’ archives, the 
other online resource material was Google books, which 
also provided access to important, if not full, printed 
material via the Internet.  

A. SELECTION  

It is not possible to discuss the American influence on 
the Irish quest for independence without mentioning the 
three-member delegation selected at the Third Irish Race 
Convention held in Philadelphia on February 22-23, 1919. 
The event was attended by 5132 delegates and presided 
over by Court Justice Daniel Cohalan of New York. It was 
estimated that about thirty Irish Catholic bishops were 
present at this meeting.[1] The aim of this delegation was 
to act as intermediaries on behalf of Irish representatives. 
The three members of the "American Commission of Irish 
Independence," were: Frank P. Walsh, a Kansas City 
attorney and co-chairman of the National War Labor 
Board; Edward F. Dunne, a former mayor of Chicago and 
ex-governor of Illinois; and Michael J. Ryan, a prominent 
Philadelphia lawyer, and de facto initiator of this 
delegation. 

B. TRACKING THE JOURNEY  

Before sailing to Paris, the three delegates first had to 
obtain passports. Their passport request stated the 
following as their purpose of visit to France: ―to obtain for 
the delegates selected by the people of Ireland a hearing at 
the Peace Conference, if the hearing has not been given, 
the case of Ireland; her insistence upon her right of self-
determination, and to international recognition of the 
republican form of the government established by her 
people,‖ quoted from article dated March 29, 1919. This 
original purpose of visit would later be called in question 
several times in connection with the delegation‘s visit of 
Ireland and the conflict with British authorities. The 
delegates would also repeatedly be reminded that their 
passports were valid only to their initial destination, 
France, as stated in their request. The Committee finally 
sailed to Paris on April 2, 1919 on the steamer Touraine 
and stayed in Europe for almost three months.  

 

The Irish-American delegation had two goals set out: 
firstly, to obtain the help of the American Peace 
Commission in ensuring safe passage for the 
representatives of Ireland to Paris. The party of 
representatives would include Eamon De Valera, Arthur 
Griffith, and Count Plunkett. Secondly, the delegates were 
also trying to secure an interview for the Irish envoys 
stationed in Paris, O‘Kelly and Duffy. 

The fact that ensuring the president‘s support for the 
Irish cause would not be as straightforward a task as might 
have been expected initially was signaled by an incident at 
the Metropolitan Opera House in New York the evening 

before Wilson himself was to sail for Europe, on March 4, 
1919. An Irish-American delegation met with the 
president to ask for his support for the Irish cause. The 
president refused to commit on the grounds that it would 
mean interfering with a country‘s internal affairs. The New 
York Times was very cautious with the wording of its 
article when they ran the story with the headline: 
―President reported to have said that unofficially he 
favored Ireland‘s aspirations.‖ The interview lasted 25 
minutes. Ex-Supreme Court Justice John Goff asked the 
president directly if he would lend his support: ―Mr. 
President, representing, as we do, millions of your fellow 
American citizens, I ask you if you will present to the 
Peace Conference in Paris the right of Ireland to determine 
the form of government under which she shall live?‖ No 
direct answer was made. To add insult to injury, President 
Wilson refused to receive the Irish-American party as long 
as Daniel Cohalan was also present in the room. The 
delegation was given five minutes to decide whether or 
not Cohalan would withdraw. ―Wilson told (his 
biographer Ray S.) Baker that he refused to see Cohalan in 
―language so plain and loud that it could be heard by the 
Tammany policemen who stood about‖ and that the 
delegates were so insistent in making their case that he 
―had hard work in keeping [his] temper.‖[2] The meeting 
only highlighted Wilson‘s suspicious nature of some of 
the ‗hyphenate‘ groups of people who sought the 
president‘s support for their former homelands.  

The moves of the Irish-American Committee were 
closely followed by The New York Times. The dates of the 
arranged meetings and purpose were published to keep the 
home public updated: on April 17, 1919 President Wilson 
received Frank P. Walsh at 5 o‘clock in the afternoon. The 
following day the entire delegation made an appearance at 
the ‗White House‘ of Paris to discuss the US 
Commission‘s refusal to receive O‘Kelly and Duffy, the 
envoys of the Dáil in Paris, referenced in The New York 
Times on April 18, 1919. While the Irish-American 
delegation primarily turned to President Wilson, they were 
quickly referred to Colonel House, whom they met with 
the following day and submitted the papers relating to 
their request concerning the Irish question, as published 
on April 19, 1919. 

C. THE VISIT TO IRELAND 

Days passed following the submitting of the papers, but 
there were no visible results. Upon seeing that their 
mission in Paris was not making significant progress, the 
three-member commission asked to visit Ireland to gain a 
first-hand impression of the social, economic and political 
conditions in Ireland. They could only travel with a 
special permission from British authorities, which was 
eventually granted to them. They visited Ireland between 
May 3-16, 1919. The Irish political elite was very 
appreciative of their visit, all three delegates were invited 
to make speeches at the Dáil. The three-member Irish-
American delegation arrived in Dublin on May 4, 1919 
and made their appearance at the Dáil four days later.[3] 

Arthur Griffith was the first to address the guests. He 
spoke about the plight of Irish economy, and how a great 
amount of arable land was lost to raising cattle, as it was 
more profitable for landowners. Following Griffith, all 
three delegates gave speeches, Sean O‘Kelly announced 
them one after another.  
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Frank Walsh was the first to address the Dáil. He 
started his speech by stating that their mandate was only 
partly political, but came in fact from the ―twenty millions 
of people of Irish blood represented in the Philadelphia 
Convention, but, as your President has so well stated, by 
the great heart of America itself.‖ Walsh stressed that it 
most certainly was the task of the United States to ensure 
that the Irish could live in a self-declared republic, 
because, as he summarized: ―[i]t was declared that this 
war, so far as America was concerned, was for the right of 
all who submit to authority to have a compelling voice in 
their own government; for the rights and liberties of the 
small nations of the world; for a universal dominion of 
right, by a concert of action of free peoples that would 
make safe and secure and peaceful all the nations of the 
world, and finally make the world itself free.‖  

Sean T. O'Kelly announced the next speaker, Edward F. 
Dunne. The ex-governor of Illinois started off by 
expressing how hopeful Irish Americans were that once 
the United States had entered the war, it would surely lead 
to freedom for Ireland. Dunne quoted the President‘s 
words: ―[At the Peace Conference there will be] men of 
every nation that shall make not alone the liberty of 
America secure, but the liberties of every other people in 
the world.‖ However, after having waited for months 
patiently for the cause of Ireland to be taken up at the 
Paris Peace Conference, the leadership of the Irish-
American Race Convention in Philadelphia decided that 
the delegation should help with securing a hearing ―for the 
people of Ireland.‖ Dunne stated that if Greece could be 
freed of 700 years of Turkish rule, and Bohemia of 400 
years Austrian rule, then so could, he believed, Ireland be 
freed of British rule. 

The last delegate to address the audience was Michael 
J. Ryan. He set out by stressing how proud he was of 
actually standing in the Dáil, for it was on his initiation 
that an Irish-American Committee was selected at the 
Race Convention. He admitted that it was his first time in 
Ireland, and he did not know anyone in his own family, 
either, who had visited Ireland before, and yet he retained 
his origins and Irish way of life as best as he could in the 
United States. In his view, there was only one Irish nation 
that all of them were part of.[4] 

While in Dublin, the Irish-American delegation visited 
Mount Joy prison and met with Archbishop William 
Joseph Walsh, as reported in The New York Times on May 
12, 1919. [5] Also, they participated in a reception 
organized by the Lord Mayor of Dublin where the hosts 
adopted resolutions wishing the American delegation 
success in their mission. In reply to this Ryan expressed 
his belief that freedom for Ireland was no more than six 
months away. In addition to this he stated that the United 
States was earnest in her reasons for entering the war, 
namely that all peoples should have the right to decide for 
themselves what form of government they wished to live 
under. 

IV. THE REPORT 

Upon their return to Paris, they submitted a report on 
the social, political and economic conditions in Ireland to 
the American Peace Commission (to President Wilson and 
Secretary Lansing) as well as to British authorities (to 
Prime Minister David Lloyd George). Parts of this report 
were published in the London-based The Daily News in 
early June 1919, accompanied by an editorial, and 

subsequently commented on in The New York Times. 
According to The Daily News, the report was ―calculated 
to leave on fair minds an impression that a strong case is 
spoiled by partisan rhetoric statements.‖ The tone of the 
article was impartial, it pointed out an erroneous statement 
made by the delegates and stated that, while the accounts 
of squalid prison conditions may be close to the truth, 
such reports could be made from any other country 
affected by the war. The New York Times, quoting the 
British article, described The Daily News as an ―ardent 
supporter of Home Rule and a strong sympathizer‖, but 
added that The Daily News seemed to ―neither resent nor 
deplore the report.‖ The same report on Irish conditions 
was also sent to the Dublin newspapers, but the censor 
banned the reproduction of any part of it. [6] 

Michael J. Ryan returned to the US sooner than the 
other two delegates in order to report on their mission to 
the Friends of Irish Freedom. The meeting was set for 
June 2, 1919 at the Waldorf Astoria Hotel in New York. 
The meeting was presided over by Supreme Court Justice 
Daniel F. Cohalan. At this meeting Ryan gave a more 
detailed account of the delegates‘ visit to Ireland. Ryan 
told the audience that the ―buzzards of the world‖ were 
gathered in Paris, and the Peace Treaty was decided upon 
by five men, though he did not mention any names 
explicitly. Ryan spoke out against the League of Nations 
which, he believed, was ―a scheme to perpetuate what 
they [the Irish-American delegation] termed British 
supremacy.‖ [7] In Ireland the Irish-American delegation 
had met with the 73 elected Sinn Fein representatives. 
According to The New York Times report of this meeting, 
Ryan ―paid a glowing tribute‖ to the leadership of De 
Valera and Count Plunkett, as published on the pages of 
The New York Times on June 3, 1919.  

There were several occurrences and confrontations that 
the delegation had experienced during their visit to 
Ireland. The May 13, 1919 article in The New York Times 
reported of an incident when the delegation was traveling 
from Galway to Westport. Despite the fact that the 
delegation had been informed that Westport was 
proclaimed a military area, they had made their way to 
Westport. However, at the outskirts of the city the 
delegation was stopped by troops and police with drawn 
weapons. Walsh produced their passports and explained to 
the officer that these were diplomatic passports issued at 
the request of Prime Minister Lloyd George and President 
Wilson. While the officer said that he had been aware of 
their planned visit, he was under instructions not to let 
them pass. The delegation was thus forced to change their 
destination and travel on to Castlebar, the capital of 
County Mayo. However, the general optimistic overtone 
of the delegates‘ Ireland tour remained unchanged, 
wherever they went, they were well-received.  

V. REPERCUSSIONS 

Did the visit to Ireland manage to advance the goal of 
the Irish-American delegation? Hardly. Safe passage for 
the representatives of the newly-proclaimed Irish republic 
was not granted, they were not given the chance to lay out 
their plea for international recognition to the Grand 
Committee at the Peace Conference. However, the trip to 
Ireland had given the Irish-American delegation a picture 
of the political situation in Ireland, it had shown them the 
determination of Ireland to gain international recognition. 
It also became apparent how vital the role of the press is.   
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The New York Times reported details of the speeches 
made during the delegates‘ visit to Ireland in the article 
entitled ―What Walsh Said to the Irish‖ published on May 
31, 1919. Parts of their speeches were published by 
various Irish-American weekly magazines, which were 
then used as source by The New York Times. The Gaelic 
American reported that Frank P. Walsh was asked ―if the 
people of America recognized the existence of the present 
Irish republic as referred to in his (Walsh‘s) observations. 
To this Walsh ―replied in the affirmative, adding that they 
did so along the lines laid down in the declaration of the 
Entente Allies as the purpose of the war, and especially 
the declaration by the American Government as to its 
purpose in entering the war.‖ Further, in a quotation 
Michael J. Ryan described the strong bond between all 
Irishmen, wherever they might come from: ―We are part 
of you. Your aims are our aims, your hopes are our hopes, 
and speaking not only for Americans from Irish lineage, 
but Americans springing from where they may, we say, 
we stand behind you, until you, like us, are given the right 
of determining for yourselves.‖[8] The magazine Irish 
World gave an account of Ryan‘s words when he said that 
―for more than a generation he had upheld the Irish cause 
in the States, and today he ranged himself Sinn Fein 
because after the terrible tragedy of Easter Week, 1916, he 
saw nothing else for the freedom of the motherland.‖ 

While US articles mostly saw the positive aspects of 
this visit to Ireland, the British point of view was starkly 
different. The British press blamed the delegates‘ agitating 
comments, on the liberal Prime Minister himself, since it 
was Lloyd George who had given permission to issue the 
passports. The New York Times ran an article on May 15, 
1919 which reported that ―Mr. Lloyd George has been 
subjected to bitter attacks for his alleged encouragement 
of the delegate‘s activities, which were regarded as a quite 
unwarranted interference with British domestic affairs.‖ 
The Spectator had even written of a ―dangerous 
conspiracy‖ to force the Prime Minister into accepting 
some form of Irish republic, as the same article continues. 
Also, the concern had arisen that the US delegation‘s visit 
may have elevated the Sinn Fein party‘s profile. [9] In a 
later article dated June 20, 1919, The New York Times 
quoted The Morning post: ―The culprit in this sorry 
business is, from the British point of view, the Prime 
Minister, who, knowing the record of these Irish-
American mischief-makers, went out of his way to 
facilitate their visit to Ireland. It was an act of weakness 
and folly comparable only to that of Mr. Asquith in 
holding friendly talks with Sinn Fein prisoners after the 
Easter Rebellion,‖ as quoted in The New York Times, June 
20, 1919. 

VI. CONCLUSION 

This article aptly describes the vital role of the 
electronic databases in different areas of research, in this 
case, Irish-American history. Without a readily accessible 
online database such accurate historic research would be 
much more challenging. The dates of articles listed in this 
work lend proof to the fact that The New York Times 
archives are a valuable tool in the hand of the author when 
trying to map the work of the Irish-American delegation. 

The Irish-American delegation‘s visit to Ireland and the 
subsequently submitted report became a highly 
controversial issue for both the British as well as 
American authorities. While the delegates believed that 

their visit would further the chances of ensuring a hearing 
for the Irish political figures, in fact it may have ruined the 
chances completely.  

President Wilson did not make the effort to notify the 
delegation personally, but had Secretary of State Lansing 
inform them in a letter that all further attempts at bringing 
the Irish representatives in front of the Grand Committee 
were abandoned.

1
 It was not only in Paris that Lansing‘s 

letter caused much disturbance. In the United States 
Justice Daniel F. Cohalan and Ex-Justice John W. Goff 
spoke in the name of the Friends of Irish Freedom and 
voiced their indignation in The New York Times article 
published on May 29, 1919. Cohalan stated that he did not 
understand why Lansing and the American Peace 
Commission would be surprised at the speeches about 
Irish independence made by Walsh, Dunne, and Ryan 
during their visit to Ireland. He remarked ironically: ―I 
wonder whether Mr. Lansing thought these gentlemen 
went to Ireland to view the scenery or to praise the rule of 
Dublin Castle?‖ However, as Dunne summarized, the 
fight for Ireland‘s recognition was far from over: ―The 
Irish race both in Ireland and abroad intends to keep up 
the fight for an Irish republic until the flag of that republic 
floats over every inch of Irish soil.‖

2
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Abstract - Current trends in mechatronic study programs 

push the boundaries of the conventional engineering 

studying, combining the solid theoretical knowledge in the 

fundamentals, with focus on modern teaching methods with 

equipment and hands-on labs in the advanced mechatronic 

courses. Project based learning is project oriented approach 

in teaching where the main focus is on the students and their 

autonomous efforts in investigations of engineering topics. 

The project based learning is implemented through 

organized projects where students work on predefined tasks 

that would lead to products. In this paper an autonomous 

vehicle development is presented as a student project 

example of project based learning. A group of students were 

given a task to develop mobile robot with specifically 

defined functionality and limited time and money. The 

students successfully completed the given task, building a 

prototype of a two wheeled mobile robot using odometry for 

navigation and positioning. The experience and lessons 

learned with this student project in implementing project 

based learning in mechatronic education are presented as 

well. 

I. INTRODUCTION 

Project based learning is instructional method centered 

on the learner and affords learners the opportunity for 

indepth investigations of worthy topics [1]. Project based 

learning that has authenticity in the student‘ world 

enables the teaching of science and technology to 

students from a variety of backgrounds. This method has 

the potential to enable students to research, plan, design, 

and reflect on the creation of technological projects. 

Imparting creative thinking within the design process of 

students‘ projects not only requires changing the teaching 

methods and learning environment, but also adopting new 

assessment methods such as student‘s portfolios. Projects 

are complex tasks, based on challenging questions or 

problems, that involve students, problem-solving, 

decision making, or investigative activities; give students 

the opportunity to work relatively autonomously over 

extended periods of time; and culminate in realistic 

products or presentations. Instead of using a rigid lesson 

plan that directs a learner down a specific path of learning 

outcomes or objectives, project-based learning allows in-

depth investigation of a topic worth learning more about. 

Project based learning and the construction of artifacts 

enable the expression of diversity in learners, such as 

interests, abilities and learning styles [1]. Firstly, and 

most obviously, digital technology makes it easier than 

ever before for students to conduct serious research, 

produce high-quality work, keep a record of the entire 

process, and share their creations with the world.  

Secondly, is know much more about how to do good, 

rigorous project based learning, and can evaluate its 

effectiveness. 

Today, teachers around the world are designing 

projects for their students because they ignite a shared 

passion for learning in both students and staff; they foster 

a wide range of skills (such as time management, 

collaboration, and problem solving) that students will 

need at college, university, and in the workplace; and 

they can be tailored to suit students with a wide range of 

abilities and learning needs.  

Within the study program Mechatronics from the 

Faculty of Mechanical Engineering-Skopje, students are 

engaged in problem-based learning. A small group of 

students are assigned a task to attack real-world 

engineering problems. With the introduction of project 

based learning in the study program it has been enabled 

that young engineers are better prepared for placement in 

the labor market. Many technical universities worldwide 

have introduced study program reconstruction and new 

course development base of mechatronics approach. 

While implementing mechatronics in education, different 

approaches could be noticed. The approaches  are varying 

depending on which department (mechanical, electrical or 

computer science) of the university is responsible for 

implementing the study programs, the tradition and the 

classification of classical engineering disciplines, as well 

as the local industry development and the university-

industrial cooperation. However, with the spread of 

mechatronics used in a wide range of products and 

systems, it has become an imperative that besides the 

theoretical background the engineers require also a more 

practical problem based education. 

The purpose of this paper is to give review of student 

project which is made within the Faculty of Mechanical 

Engineering in Skopje and at the same time to point the 

quality of the methods based of project oriented learning. 

The remainder of this paper is structure as follows: in 

section II is presented project based approach in 

mechatronic education, in section III is described the 

process of design and control an autonomous vehicle, by 

a group of students, in part IV the positive  side effect on 
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the students  is presented. Finally, in section V some 

conclusions are presented. 

II. PROJECT BASE LEARNING IN MECHATRONICS 

Technological advancement and globalization of 

manufacturing are leading to an increased interaction 

between different disciplines:  mechanics, electronics, 

computers, embedded control software and computer 

control involved in different domains. The current 

technological development influence the product design 

and introduce smart products and processes based on 

integrated functionality of mechanical and electrical 

components upgraded with information technologies. 

These ubiquitous trends inspire restricting in the higher 

engineering education in the direction of implementing 

interdisciplinary approaches in the curricula and demand 

the introduction of new modern educational methods in 

teaching engineering [2].   

As a synergy of basic engineering disciplines 

(mechanical engineering, electrical engineering and 

computer science) mechatronics has become an important 

components of modern education systems.  Actually, the 

interdisciplinary approach of mechatronics has become 

one the leading engineering disciplines all over the world. 

This area has evolved over the past few decades, and has 

gone through several names: electro-mechanical systems, 

systems engineering, embedded devices, and 

mechatronics, to name only a few. Indeed, the current 

operating definition of mechatronics comes from a quote 

[3]: ―synergistic integration of fine mechanical 

engineering with electronics and intelligent computer 

control in the design of products and manufacturing 

processes.‖ Mechatronic engineering courses at 

undergraduate and graduate levels, as well as vocational 

training courses, are rapidly increasing across the world. 

Philosophy and structure of such courses divert from the 

classical single-discipline engineering programs and 

induce a challenge for the higher education institutions.  

In mechatronics in general and mobile robotics in 
particular, many robotics contests take place each year in 
many universities. This has shown to be a very motivating 
framework for interdisciplinary team projects. Within the 
Faculty of mechanical engineering-Skopje, Institute of 
Mechanics, a project on ,,Odometry method of motion and 
control an autonomous vehicle or mobile robot‖ has been 
developed. The goal of the project was to apply the 
method of project based learning in developing a mobile 
robot. 

III. ODOMETRY METHOD OF MOTION AND CONTROL OF 

AUTONOMUS VEHICLE 

Odometry is the most widely used navigation method 

for mobile robot positioning. It provides good short-term 

accuracy, is inexpensive, and allows very high sampling 

rates [4]. Navigation means the ability to wander in the 

environment without colliding with obstacles, the ability 

to determine one's own position, and the ability to reach 

certain goal locations. Accordingly navigation system 

may imply the following components: robot positioning 

system, path planning, map building. The positioning 

system is the most essential component with role to 

answer the question where is the position of robot. The 

answer can be a relative or absolute position to the robot. 

The task of navigation can be divided into localization 

and path planning. The aim of localization is to estimate 

the position of a mobile robot in its environment (global 

localization), given a map of the environment and local 

sensory data. Robot localization has been recognized as 

one of the most fundamental problems in mobile robotics.  

In a typical indoor environment with a flat floor plan, 

localization becomes a matter of determining the 

Cartesian coordinates (x,y) and the orientation q of the 

robot [5]. For a wheeled robot, odometry (also known as 

dead-reckoning) is one of the most important means of 

achieving this task. Odometry is accurate enough for 

local movements but is not suitable for long term 

localization because of its increasing error. Particularly, 

the accumulation of orientation errors will cause large 

position errors which increase proportionally with the 

distance traveled by the vehicle (robot) [6]. Despite these 

limitations, most researchers agree that odometry is an 

important part of a robot navigation system and that 

navigation tasks will be simplified if odometric accuracy 

can be improved. Absolute position measurements from 

robot navigation can be fused with odometry data to 

provide better and more reliable position estimation. 

Odometry can be used in between absolute position 

updates with landmarks. Given a required positioning 

increased accuracy allows for less frequent absolute 

position updates. As a result, fewer landmarks are needed 

for a given travel distance. Another positive side is that 

many mapping and landmark matching algorithms 

assume that the robot can maintain its position well 

enough to allow the robot to look for landmarks in a 

limited area and to match features in that limited area to 

achieve short processing time and to improve matching 

correctness. In some cases navigation information can be 

obtained only form odometry for example, when no 

external reference is available, when circumstances 

preclude the placing or selection of landmarks in the 

environment, sensor fails.  

   When trying to measure and reduce odometry errors, it 

is important to understand the distinction between 

systematic and nonsystematic odometry errors. 

Systematic errors are those errors that are inherently part 

of the robot‘s kinematic or controller properties, 

independently from the robot‘s environment. 

Nonsystematic errors are those that depend on the robot‘s 

environment and differ from one environment to another. 

This distinction is important because each one of these 

two groups affects mobile platforms differently, their 

remediation differs, and, most important, both groups 

require different measuring techniques in order to obtain 

meaningful and comparable experimental data. The clear 

distinction between systematic and non-systematic errors 

is of great importance for the effective reduction of 

odometry errors. Systematic errors are less desirable 

because they accumulate constantly.  On most smooth 

indoor surfaces systematic errors contribute much more 

to odometry errors than nonsystematic errors. However, 

on rough surfaces with significant irregularities, 
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Figure 1. Growing ―error ellipses‖ indicate the growing position 

uncertainty whit odometry [2] 

nonsystematic errors are more frequent. The problem 

with nonsystematic errors they appear unexpectedly, and 

they cause large position errors.  When a mobile robot 

system is installed with a hybrid odometry/landmark 

navigation system, the frequency of the landmarks is 

determined empirically and is based on the worst-case 

systematic errors. Such systems are likely to fail when 

one or more large nonsystematic errors occur. With this 

approach each computed robot position is surrounded by 

a characteristic "error ellipse", which indicates a region of 

uncertainty for the robot's actual position. These ellipses 

grow with travel distance, until an absolute position 

measurement reduces the growing uncertainty and 

thereby "resets" the size of the error ellipse. These error 

estimation techniques must rely on error estimation 

parameters derived from observations of the vehicle's 

dead-reckoning performance. Clearly, these parameters 

can take into account only systematic errors, because the 

magnitude of nonsystematic errors is unpredictable. 

Landmarks and mapping, as a method of area 

positioning and distance measuring was not implemented 

in this project. The control and navigation of this 

autonomous vehicle presented in detail in this paper, are 

based on integration of motors, encoders, sensors and a 

controller. The autonomous vehicle was named 

MUDIFFORM as abbreviation of multifunctional 

differential platform. The controller used in 

MUDIFFORM is powerful real time and FPGA controller 

NI sbRIO 9632, programmed with the software platform 

LabVIEW.  

A. Robot Design and function  

The goal of the project is to develop a vehicle that can 

move indoors and to get to any position by avoiding 

obstacles.  

The robot has the following tasks: 

 Moving forward and backward with or without 

rotation. 

 Moving asides (right and left). 

 Have the opportunity to rotate in a complete 

circle. 

 Avoiding obstacles 

 The control unit and battery charges should be 

on the robot itself. 
    MUDIFFORM (Multifunctional differential platform) 
is two- wheeled autonomous vehicle development in the 
frame of the student project. The construction is made 
from several different materials such as: aluminium, 
alubond, bekelite, plastic etc. Construction meets the 

requirements of the project and is a small and compact 
box which houses the motors and drivers, batteries, 
controller and all other parts necessary for the function of 
this vehicle.  Fig. 2, presents the assembled drawing of the 
vehicle and all the components necessary for the vehicle 
functionality.   

 
Figure 2.   Assembled drawing of autonomus vehicle  

 

B. DC brushed motors 

The vehicle motion is enabled by two 30W 

unidirectional DC brushed motors with maximum speed 

of 7200rpm.  These motors are generally used as wipers 

motors combined with worm gear. The advantages from 

the worm gear are: drives operate silently and smoothly, 

they are self-locking, have good meshing effectiveness 

and occupy less, usage for speed reduction  speed and 

increasing torque, high velocity ratio of the order of 100 

can be obtained in a single step. From the other side the 

disadvantages are:  worm gear materials are expensive, 

have high power losses and low transmission efficiency 

and also produce a lot of heat.  

Both motors are with different characteristics, which 

is usually the case in everyday engineering practice. In 

order to develop a low-resolution custom made encoders 

a mechanical extension of the motor shaft is applied. This 

mechanical modification increased the difference 

between motors characteristics. Due to the design of the 

vehicle and placement of the wheels, both motor-sets 

rotate with opposite direction. For all the reasons 

mentioned above, the motors have significantly different 

characteristics. Motors characteristics were evened out 

with PID control implementation. The coefficients Kp 

(proportional gain) and Kv (derivative gain) were 

experimentally derived. 

 Accordingly, when the motors rotate with same speed 

and direction, the vehicle rotates around its own axes. 

The fact that the friction force in the worm gears is 

unpredictable complicates the steering of the vehicle. The 

signals from the controller brought to the motors are with 

low value and is not enough to move the motors. 

Appropriate drivers for amplification are used. Those are 

two directional H-bridges and each driver has input of 

DC voltage (12V) required for moving the motor; two 

different types of inputs for direction (forward and 

reverse) and input for speed control or PWM-signal 

(Pulse-With Modulation). The PWM-signal is periodic, 
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unipolar, binary (in range of 0V and 3.3V) signal and 

frequency of 10 kHz.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Bidirectional transistor H – IMC 

C. Incremental Optical Encoder 

Incremental encoders has been design, as a single 

channel tachometer encoder, basically an instrumented 

mechanical light chopper that produces a certain number 

of sine-or square-wave pulses for each shaft revolution. 

Adding pulses increases the resolution and subsequently 

the cost of the unit. These relatively inexpensive devices 

are well suited as velocity feedback sensors in medium to 

high-speed control systems, but run into noise and 

stability problems at extremely slow velocities due to 

quantization errors. The tradeoff here is resolution versus 

update rate: improved transient response requires a faster 

update rate, which for a given line count reduces the 

number of possible encoder pulses per sampling interval. 

Both encoders are two – bit incremental optical encoders. 

Two sensors are normally angled because the sensor is 

unable to guess in which direction the wheel rotates. The 

ratio of the phase difference of the signals from both 

sensors, determines the direction of rotation of the motor 

or the wheel. The speed and direction of rotation is 

important, because the signal from the encoder is the only 

feedback that is used in controlling the vehicle.  

When the sensor detects the transparent part of the 

foil, the output voltage of the circuit for conditioning the 

wheel is 4,8 V and it is a logical unit for steering. When 

the dark part of the foil passes through the sensor, 

transistor leads and the output voltage is closely equal to 

zero. The table given difference when the encoder count 

up (increases its value by +1) and down (reduces its value 

by -1). 

Fig. 4, presents construction of implemented 

encoders.  

 

 

 

 

 

 

 

Figure 4. Encoders 

D. Ultrasonic Sensor 

Ultrasonic sensors provide accurate information of 

distance or movement of an object. To realize 

functionality of avoiding obstacles, two ultrasonic sensors 

were placed on the front side of the vehicle. The 

ultrasonic sensors which are used in this application are 

parking sensors normally implementing in automobiles 

for safer parking. Noise that is present in industrial 

facilities hardly affects them due to the fact that their 

operating frequency is much higher than the frequency of 

industrial processes. Ultrasonic sensors have a dead zone, 

which exists because the signals are deflect off the object 

and return to the sensors while there are transmitted. 

These sensors emit signals with frequency of 40 kHz, and 

higher frequency of the sensor means greater distance 

detection. 

To control MUDIFFORM, a signal sent to the 

indicator was not adequate, therefore was necessary to 

created test signals sent by the sensors to the processor by 

using oscilloscope. It was concluding that the data is 2-bit 

synchronized whit pulse signal. The lower bit presents the 

distance from the left sensor to the obstacle, and the 

upper bit is the right sensor distance. The value range of 

the sensor units is between 35 and 200, which is suitable 

of the obstacle distance with accuracy of ± 1cm. 

E. Controller 

The controller used in MUDIFFORM is single-board 

RIO9632 from National Instruments. NI sbRIO 9632 

embedded control and acquisition devices integrate a 

real-time processor, a user-reconfigurable field-

programmable gate array (FPGA), and I/O on a single 

printed circuit board (PCB). They feature a 400 MHz 

industrial processor, a 2M gate Xilinx Spartan FPGA, 

110 3.3 V (5 V tolerant/TTL compatible) digital I/O lines, 

32 single-ended/16 differential 16-bit analog input 

channels at 250 kS/s, and four 16-bit analog output 

channels at 100 kS/s. They also have three connectors for 

expansion I/O using board-level NI C Series I/O modules. 

The sbRIO-9632 offers a -20 to 55 °C operating 

temperature range, while the sbRIO-9632XT provides an 

extended temperature range of -40 to 85 °C. Both models 

include a 19 to 30 VDC power supply input range, 128 

MB of DRAM for embedded operation, and 256 MB of 

nonvolatile memory for storing programs and data 

logging.   

NI sbRIO 9632 can be programmed with the 

graphical programming language LabVIEW. There are 

two separate modules for LabVIEW programming of the 

TABLE I. 
ENCODER COUNT 

Increases value by +1 Reduce value by -1 

00 → 10 00 → 01 

10 → 11 01 → 11 

11 → 01 11 → 10 

01 → 00 10 → 00 
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controller: LabVIEW Real-time Module for programming 

the CPU in real time, and the LabVIEW FPGA Module, 

programming the FPGA chip.  

The program is developed on a PC and then is 

compiled on the real time processor  and the FPGA target. 

The connection of the PC with the controller is either 

through Ethernet port or through local router.  

F. PID control algoritam 

For controlling of this autonomous vehicle we used 

PID (proportional - integrating - differentiating) control 

law is the sum of three control actions: proportional, 

integrating and differentiating effects. Equation (1) 

represents the PID control law and on the Fig. 5 is 

presents the implementation of PID control: 

dt

tde
KdeKteKtu d

t

ip

)(
)()()(

0

                  (1) 

where )(te   represents the error in the system, which is 

calculated as the difference between the set value and the 
measured system sizes or operated. 

 

 

 

 

 

Figure 5.  Blok diagram of PID control 

 Fig. 6 and Fig. 7 present control logic of 
MUDIFFORM. At the beginning of the motion, the 
vehicle is located in a starting position and waiting for 
appropriate task. Vehicle begins to drive to the desired 
position, until the error in PID controller is equal to zero 
or has achieved the set point location. Then the vehicle is 
stopped and expected new orders. While driving, if the 
vehicle detects an obstacle on the way it stops and waits 
five seconds for the obstacle to be removed. If the obstacle 
is removed the vehicle keeps going, otherwise waits for 
another five seconds and checks again if the obstacle is 
removed. 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

Figure 6. Control logic of the autonomous vehicle 

 

 

 

 

 

 

 

 

 

 

Figure 7. Control logic for avoiding obstacles 

IV. SIDE EFFECTS/SOFT SKILLS 

With the changing educational trends, versatility in 

educational courses, availability of masses of qualified 

personnel, the competition for job acquisition and job 

sustainability is becoming harder. To get an edge over the 

competitors, students are left with no choice but to add 

values to their hard skills with soft skills to exhibit their 

true potential. Hard skills are academic skills, experience 

and level of expertise while soft skills are self-developed, 

interactive, communication, human and transferable 

skills.  Most employers these days want to hire, retain and 

promote persons who are dependable, resourceful, ethical 

and self directed, having effective communication, 

willing to work and learn and having positive attitude.  

Engineering deals with solving of society‘s problems 

in a sustainable way and these problems to be solved are 

defined by the society, which also defines the 

acceptability of any prescribed solution. For engineers to 

achieve this they have to be equipped with the right 

technology and skills. Developing hard engineering skills 

which include computation, analysis and design can be 

achieved through both tuition and during work integrated 

learning.  However, students require soft skills in addition 

to hard skills which enable them to effectively 

communicate and interact easily with others upon 

entering the real world of work. 

Project base learning can contribute towards the 

imparting of these soft skills. Soft skills include 

emotional intelligence, critical thinking, giving feedback 

and problem solving, report writing and presentation, 

project and team management [7]. This project has been 

organized in order to develop skills, students need 

experiences, feedback and reflection moments. The 

subsequent projects do provide a number of excellent 

opportunities for the development of these skills, but are 

not specifically designed to do so. Students will most 

likely develop leadership and management skills, when 

working in a team of five persons on a large open-ended 

project. At the beginning the number of students 

interested in working on this project was somewhat big. 

Fifteen students from various study programs were 

involved. The highly demanding task completion drove 

many students away from the project itself. These 

students could not provide results in the proposed time 
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frame. Towards the end of the project only five students 

remained to participated in the full realization of the 

project. Naturally these were people who were self-

motivated, eager to acquire more knowledge and practical 

skills. Students themselves chose their team leader and 

adhered to her plans and instruction.  

The development of technical competencies takes 

places through lessons, tutorials, project work and other 

assignments that can be directly accompanied by the 

teaching staff, whereas the development of non-technical 

skills takes place in more informal settings like the group 

rooms, the library and other places where students get 

together to meet and to work [8].  By the end of the 

project students gained abilities that are important for 

their self promotion in future engineering labor market. 

They become more responsible, confidential and 

professional. They experienced the meaning of time and 

finances management, and managing tasks among each 

other. Also during the work process they gained many 

contacts with professors who are experts in different 

fields and manager of well-known companies in 

Macedonia and abroad.  Extremely valuable was the time 

spent with experienced engineers in different technical 

fields during solving their engineering problems. This 

makes them better engineers and engineers who are one 

step ahead of other colleagues. 

Soft skills are critical in giving confidence, 

productivity and to unlock future potential in students. 

Training tasks should ensure there is a high level of soft 

skills imparted to complement hard skills they gain 

during project based learning. 

V. CONCLUSION  

Project base learning helps students develop skills for 

living in a knowledge-based, highly technological society. 

The old-school models of passively learning facts and 

reciting them out of context are no longer sufficient to 

prepare students to survive in today‘s world. Solving 

highly complex problems requires that students have both 

fundamental skills (reading, writing, and math) and digital 

age skills (teamwork, problem solving, research gathering, 

time management, information synthesizing, utilizing high 

tech tools). With this combination of skills, students 

becomes directors and managers of their learning process 

guided and mentored by a skilled teacher. With 

implementation of project based learning in mechatronics 

the students understanding of the material deepens by 

requiring them to apply the learned techniques to an open-

ended task. The students get information on various 

aspects of a design as they progress in the project, such 

that it becomes easier to realize the connection between 

various areas.  This project changes the current status of 

program in Mechatronics and introduced a new way of 

learning in the study program. At the same time an 

encouragement for new projects and new challenges for 

the students but also the teachers. It proved that engineers 

and students in Macedonia can face and solve modern real 

problems and challenges. At the same time the project was 

a learning process for students and professors. 
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Abstract— In development of controllers for automatic 

control of rapidly changing variables, one of the limiting 

factors is the time required for parameter calculations 

between subsequent times of controller output updates. All 

updates should be performed in real-time, and for rapidly 

changing variables the time intervals are very short. 

Introducing FPGA technology in processing the feedback 

signal and calculating the control signal can significantly 

lower the required time for execution of the control 

algorithm, and thus enable usage of the processing power of 

the real-time controller for other tasks. LabVIEW software 

tool and adequate hardware allows easy modification of the 

existing algorithms for real-time controllers and their 

application to an FPGA platform. 

I. INTRODUCTION 

When developing controllers for automatic control of 
rapidly changing variables, one of the limiting factors is 
the time available for signal processing and analysis of the 
measured signal which is required for creating the new 
controller output. In theory, according to the Niquist-
Shannon sampling theorem, the frequency of digital signal 
sampling must be at least two times higher than the 
highest frequency of the measured analogue signal, while 
in practice, it is often dozens of times higher in order to 
adequately present all the characteristics of the rapidly 
changing analogue variables. It is also required to 
calculate the new control variable for feedback, and to 
update the controller output, between subsequent sampling 
times. Everything must be performed in real-time, and 
with rapidly changing variables the whole calculation 
must be done dozens of times faster than what the 
operating frequency of the device enables. Controllers 
based on Digital Signal Processors (DSP) that are used for 
signal processing are often not fast enough to catch all the 
signal changes, and at the same time to perform a more 
sophisticated control algorithm. Field Programmable Gate 
Array (FPGA) technology enables direct application of 
digital logic gates in a simple manner, which contributes 
to the possibilities in signal processing in real parallelism. 
By combining FPGA technology and controllers that 
support Real Time Operative Systems that allow direct 
access to the peripherals, the execution time of the control 
algorithm could be greatly reduced, which should lead to a 
more efficient operation of the control device. 

In the case of acquiring, processing and analyzing rapid 
changes, there is a lack of processing time, and in order to 
save resources, some of the less important factors are left 
out, which leads to lower actuator performance. 

Application of a control processor with multiple parallel 
cores reduces the processing time, but complicates the 
control structure of the controller. On the other hand, the 
application of a multi-core processor increases the power 
consumption in the digital part of the controller and 
increases the total price of the controller due to the 
multiplication of electrical components. FPGA technology 
could prove adequate for solving the mentioned issues. 

A group of authors introduce a comparative study in 
their paper [1], for three digital Proportional Integral 
Differential (PID) controller architectures. The 
implementation of the digitized PID algorithm in one 
FPGA is designed as a specialized computation processor. 
This FPGA PID circuit can be embedded into a process 
calculator (PLC, Microcomputer, and microprocessor 
board...). This PID can be used for real time applications 
where the command speed is a crucial parameter. For 
multiloops systems this controller allows tuning the 
parameters calculations in minimal time delays. This 
hardware implementation can be implemented in three 
different architectures: serial, parallel or mixed. In any 
case, this kind of electronic implementation has a much 
faster response than a software one. The digital PID so 
designed is based essentially in architectures including 
state machines, multipliers, adders and some others logic 
circuits. 

In another paper [2], the authors presented a modular 
design of embedded feedback controllers using the FPGA 
technology. A Distributed Arithmetic (DA)-based PID 
controller algorithm is implemented and integrated into a 
digital feedback control system. This presented controller 
saves about 80% of hardware utilization compared to the 
multiplier-based scheme. It also offers good closed-loop 
performance while using less resource, resulting in cost 
reduction, high speed, and low power consumption, which 
is desirable in embedded control applications. The digital 
control system is built using commercial FPGA Xilinx 
XC9572XL. The final system was first tested by 
simulations, and after that with experiments. Tests 
demonstrate good closed-loop stability and performance. 

FPGA realization of Space-Vector PWM (SVPWM) 
Control IC for Three-Phase Pulse-Width Modulation 
(PWM) Inverters presents a new circuit realization of the 
SVPWM control strategy [3]. In this paper, the authors 
describe a novel SVPWM control integrated circuit (IC) 
which was developed using the state-of-the-art FPGA 
technology. The proposed control scheme is realized by 
using a single FPGA (XC4010) from Xilinx, Inc. The 
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Figure 1. Generic structure of an FPGA [4] 

output fundamental frequency can be adjusted from 0.094 
to 1500 Hz. 

The PWM switching frequency can be set from 381 Hz 
to 48.84 kHz. The delay time for the PWM gating signals 
is adjustable. The designed SVPWM IC can be included 
in the digital current control loop for electric motor stator 
current regulation. It can be incorporated with a DSP to 
provide a simple and effective solution for high-
performance AC drives. The implemented SVPWM 
control IC was tested and verified by simulation and 
experimental use. 

Various authors [4]–[7] show that it is possible to 
implement the FPGA technology for applications with 
more sophisticated control systems, that can also be 
applied in industrial environment. Control of various 
electrical actuators, chemical or technological processes, 
are only some of the application examples of these 
systems in real-time. Also, machine vision systems should 
be mentioned that are used for positioning and 
identification of objects, as well as for product quality 
control. All these cases include data (various sensor 
signals) that should be acquired and analyzed in real-time, 
and based on the results, new output control variables 
should be generated. Beside the execution of control 
algorithms, the industrial environment also requires 
providing the possibility to connect the control unit to the 
industrial communication network, for information flow 
between multiple devices. All the above mentioned should 
be executed in real-time, and taking into account that all 
these processes are fast and the algorithms demanding, the 

conclusion can be drawn that very powerful processors are 
required for fulfillment of all these requirements. The 
possibility for parallel execution of algorithms shortens 
the total time for signal processing. On the other hand, the 
application of simple logic gates inside the FPGA chip 
leads to lower power consumption of the digital part of the 
controller, which contributes to lower total expenses [8], 
[9]. 

II. REAL-TIME CONTROLL SOLUTIONS 

To implement efficient real-time control systems, 
which can be used in an industrial environment, there is a 
choice between two main families of digital device 
technologies [4].  

The first family is based on a pure software platform. 
The associated devices are microcontrollers and DSP 
controllers. These components integrate a performing 
microprocessor core along with several peripherals which 
are necessary to control the targeted system in real-time 
and to communicate with the industrial environment. 

The difference between microcontrollers [10] and DSP 
controllers [11] is in the ratio between the processing unit 
and the communication and control peripherals. The 
microcontrollers include a general purpose 16 or 32 bit 
Reduced Instruction Set Computer (RISC) core and a 
wide variety of peripherals, while DSP controllers 
integrate a high performing processor core based on an 
hardware accelerator computing block (Multiply and 
Accumulate Arithmetic Logic Unit - MAC ALU) and few 
peripherals.  

However, the limits between these two concepts are 
vanishing since the RISC unit of microcontrollers is more 
and more powerful and the number and the types of 
peripherals in DSPs are increasing. The main advantages 
of this approach are in the level of development and 
acknowledgement of this technology, as well as in the 
accompanying development tools and relatively low price. 
The main limitations are the impossibility of performing 
control algorithms in real parallelism, which is mostly 
required for the control algorithms, but rather the 
processing is performed sequentially which leads to time 
delays and worsening of the controller performance, as 
well as decreasing the attainable bandwidth for data 
transmission. 

TABLE I. 
FPGA COMPARISON TABLE FOR XILINX FPGAS 

 
Spartan-6 Artix-7 Kintex-7 Virtex-7 

Logic Cells 1.5* 105 2.15* 105 4.8 * 105 2 * 106 

BlockRAM 4.8Mb 13Mb 34Mb 68Mb 

DSP Slices 180 740 1,920 3,600 

DSP 

Performance 
 (symmetric 

FIR) 

140GMA
Cs 

930GMA
Cs 

2,845GM
ACs 

5,335GM
ACs 

Transceiver 

Count 
8 16 32 96 

Transceiver 

Speed 
3.2Gb/s 6.6Gb/s 12.5Gb/s 

28.05Gb/

s 

Total 
Transceiver 

Bandwidth 

(full duplex) 

50Gb/s 211Gb/s 800Gb/s 
2,784Gb/

s 

Memory 
Interface 

(DDR3) 

800Mb/s 
1,066Mb/

s 

1,866Mb/

s 

1,866Mb/

s 

PCI Express® 
Interface 

x1 Gen1 x4 Gen2 x8 Gen2 x8 Gen3 

Analog Mixed 

Signal 

(AMS)/XADC 
 

Yes Yes Yes 

Configuration 

AES 
Yes Yes Yes Yes 

I/O Pins 576 500 500 1,200 

I/O Voltage 
1.2V, 1.5V, 1.8V, 2.5V, 3.3V 

 
1.35V,  1.35V,  1.35V,  

EasyPath™ 

Cost 

Reduction 
Solution 

- - Yes Yes 

 

Source: http://www.xilinx.com 
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Figure 2. LabVIEW RIO Evaulation Kit 

The second family of available digital devices for 
implementing real time control systems is based on the 
FPGA technology [12]. This technology can be an 
alternative to the previously described microprocessor and 
DSP technologies. These devices consist of predesigned 
elementary cells such as AND and XOR gates, and even 
complete more sophisticated functions, such as 
combination networks, decoders or realizations of 
mathematical functions. Between the cells are 
interconnections that are fully programmable by the end 
user to build specific hardware architectures that match 
the requirements of the final targeted application. The 
generic structure of an FGPA chip is shown on Fig. 1. 
This FPGA structure consists of Logic Blocks (LBs), an 
interconnection network (Switch Matrix) and configurable 
I/O blocks. The recent FPGA devices also include 
memory blocks, hardwired DSP blocks, clock manager 
blocks, and communication blocks [13]. Depending on the 
expected function to implement, each LB is configured to 
perform combinatorial and/or sequential operations. An 
LB is also able to perform a local storage function 
(distributed RAM memory), shift register (SR), 
multiplexer, and add/subtract operations.  

In order to optimize FPGA resources, hardwired DSP 
blocks (arithmetic blocks) including multipliers, adders, 
accumulators and memory blocks (RAM, ROM, Flash 
RAM) are integrated. The current FPGA devices also 
include communication blocks that consist generally of 
transmission and reception buffers. Various 
communication protocols are supported, such as Ethernet, 
CAN, USB, PCI, SPI, and I2C protocols. 

Besides the evolution of FPGA technologies, the novel 
FPGA devices give the possibility to implement an 
increasing diversity of cores. These FPGAs can integrate 
one or several processors and even analog peripherals 
[14], [15]. They are then considered as System-On-Chips 
(SoCs) or System-on-Programmable-Chips (SoPCs) 
solutions. 

The variety of the designed FPGA based controllers is 
large. The best known producers of FPGA devices are 
Xilinx and Altera. Table I and Table II show the main 
parameters for current actual FPGAs from Xilinx and 
Altera. 

III. NI LABVIEW RIO EVALUATION KIT 

In the previous section, the basic overview of real time 
control solutions is given. The possibilities of 
microprocessor and DSP controllers, as well as FPGA 
controllers are given. Modern development trends for 
FGPA controller chips tend towards integrating both 
approaches (DSP and FPGA, with adequate peripherals). 
In order to develop a functional and efficient controller for 
rapidly changing processes, it is necessary to adjust the 
existing algorithms developed mainly for DSPs to work in 
the new environment, and to test their operation.  

The LabVIEW RIO Evaluation Kit (Fig. 2), from the 
National Instruments Corporation, includes everything 
that is required for working with the FPGA platform and a 
Real-Time controller. The LabVIEW system design 
software and standard FPGA-based NI reconfigurable I/O 
(RIO) hardware platform reduce the necessary time for the 
development of a new FPGA based real time controller. 
The Evaluation Kit is based on XC5S2X45 FPGA chip 
from SPARTAN-6 family from Xilinx Inc., and 
MPC5125YVN400 32-bit microprocessor. The MPC5125 
microprocessor is cost and power consumption optimized, 
industrial networking and human-machine interface 
(HMI) controller. The Evaluation Kit also includes the 
following peripherals: 

 4 digital I/O lines 

 6 analog inputs 

 2 analog outputs 

 5 push buttons 

 6 user-programmable LEDs  

 Potentiometer: 100K linear 

 Quadrature encoder : 24 cycles/rev 

 Centigrade temperature sensor 

 Function generator 

o square: 0 to 1 kHz, 

o sine: 0 to 10 kHz, 

o triangle: 0 to 100 kHz 

 LCD character display 

TABLE II.  
FPGA COMPARISON TABLE FOR ALTERA ARRIA V FPGA VARIANTS 

Feature 

Arria 

V GZ 
FPGA 

Arria V 

GT 
FPGA 

Arria 

V GX 
FPGA 

Arria V 

ST SoC 

Arria 

V SX 
SoC 

ALMs (K) 170 190 190 174 174 

Variable-

Precision DSP 
1,139 1,156 1,156 1,068 1,068 

M20K Blocks 1,700 - - - - 

M10K Blocks - 2,414 2,414 2,282 2,282 

Memory 

Interface 
(DDR3) 

800 

MHz 

667 

MHz 

667 

MHz 

667 

MHz 

667 

MHz 

Hard Memory 

Controllers 
- 4 4 4 4 

Transceivers 
(Gbps) 

12.5 
Gbps 

10.3125 6.5536 10.3125 6.5536 

PCI Express® 

(PCIe) 

Gen3/2/1 HIP 

1 
Gen3 

2  
Gen2 

2 
Gen2 

2 
Gen2 

2 
Gen2 

Design 

Security 
Yes Yes Yes Yes Yes 

SEU 

Mitigation 
Yes Yes Yes Yes Yes 

 

Source: www.altera.com 
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 Ethernet, USB 2.0 with OTG 

 SD card slot. 

The development is possible in the engineering 
software tool LabVIEW 2010 or newer, where the 
LabVIEW FPGA and LabVIEW Real-Time modules 
allow programming of the development environment in a 
simple manner. LabVIEW provides simple 
programmability of all peripherals through built-in 
software drivers, and also enables the development of user 
specific modules. This way, the FPGA is programmed on 
the logical (block) level, without the need for 
programming in VHSIC Hardware Description Language 
(VHDL), but if necessary, in order to achieve better 
performance, a part of the control code can also be written 
in VHDL. For compiling the algorithm for the FPGA 
platform, the Xilinx compiler is used, either on the local 
computer, or on the National Instruments servers or other 
commercially available servers, which additionally makes 
the process of controller development faster. All the 
peripherals are directly available with FPGA, which 
additionally facilitates operation, especially with rapidly 
changing signals that are to be processed, and used for 
calculating control outputs.  

IV. CONCLUSION AND FUTURE WORK 

The aim of this paper was to present the FPGA 
technologies and highlight their use for automatic control 
of rapidly changing variables in industrial control 
applications. Possible hardware approaches are presented 
for real-time control, and the differences in using 
microcontrollers and DSP controllers are shown, 
compared to FPGA. The architecture of FPGA is 
analyzed, with an overview of the concepts in currently 
actual FPGA controllers, which contain all the necessary 
blocks for the development of fast controllers that can be 
implemented in industrial applications. The LabVIEW 
RIO Evaluation Kit is presented, which enables the 
development of applications based on FPGA in a simple 
manner, as it includes all the required peripherals for 
development and testing. The whole development and 
testing can be performed in LabVIEW environment, 
which allows simple implementation of control logic, 
without the need for going into the core of VHDL 
programming. 

Further work will include the development of a FPGA 
based control and regulation unit for electrical actuators, 
which would provide more efficient and precise operation 
of these actuators. The main goal is implementation of 
advanced control algorithms based on fuzzy logic and 
neural networks. 
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Abstract - The inclusion in the domain of education 

expresses the attitude that it is necessary to perform changes 

at school in order to enable every child to advance 

according to its own possibilities. School should be the place 

where activities are accessible to every disciple without 

regard to his / her individual differences and needs. In the 

work are considered teachers’ necessities for support and 

strengthening when the work with the children with special 

indispensabilities is at stake. There is also being envisaged 

teachers’ opinion should these children be included into 

regular schooling. Here is also pointed the need for skilled 

training of the teachers in this field of teaching in order to 

raise their competence on the satisfying level. The final 

result would be more qualitative work of the teachers with 

these children.  

Inclusion stands on the principle of respecting the right for 

education. The inclusive education offers a chance to all of 

children to be a part of school community and so make 

plans for equal participation in social life as grown – up 

persons. 

I. INTRODUCTION 

The primary school ―Mihajlo Pupin― in Veternik, 
where was being conducted the research for this 
paper, is included in the project "The Strengthening 
of the School for the Inclusive education – DILS" of 
the Ministry of Education. This school also realizes 
the individualized work for the disciples that need 
support in learning. In the above mentioned program 
are included 134 schools. The objective of this 
program is the advancing of the capacity of the 
schools for successful including and qualitative 
education of the children from the sensitive groups 
[3]. Just because of that has appeared the necessity 
to check the teachers‘ opinion of their readiness for 
including the children with special educational 
needs into regular schooling and investigate their 
competence in the work with this children. 

II. THE CONCEPTUAL DEFINING OF INCLUSION 

On inclusion is usually implied full participation 
in social life of all persons without distinction of 
their sex, national, creed or social – economical 
origin, capabilities and state of health. All children 
would get qualitative education within regular 
schools without taking into consideration their sex, 

nationality, religion and social – economical 
background, capabilities and the state of health. As 
well all educational – pedagogical institutions 
should adapt their program to educational needs of 
all children, not only the ones that fit into the 
existing educational process ( www.fosserbia.org). 

 The inclusion in education includes the 
following processes: 

 Increasing of the participation of the 
disciples with disturbances in their 
development in the realization of 
teaching as well as in the activities of the 
commune that gravitates to the local 
school, 

 Restructuring of culture, practice and 
principles of the educational – 
pedagogical work, so that different needs 
of disciples could be satisfied, 

 Acceptance of difference as a normal 
appearance / immense resource for all 
disciples, 
4. Satisfying the needs of all disciples, 

 Acceptance and supporting of various 
styles / tempos of learning, 

 Assurance of the education quality for 
all disciples through adequate 
curriculum, strategy, support and 
teaching. 

 Acceptance of the educational inclusion 
as only one aspect of general social 
inclusion [1]. 

On the inclusive education is implied the 
educational system opened for all children, first of 
all for the ones, that are, on account of their 
marginalized social status or exclusion from the 
education system or that system does not provide 
them the adequate support as: the children with 
impediments in development, the children belonging 
to different national minorities (for one the Romany 
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children), the children of the refugees and displaced 
persons, the children without parental care and the 
children from the destitute families. The inclusion of 
the marginalized children into the educational 
system is a long – term and stage process. Up to 
now some children that were expelled from regular 
schools could be included, and after that, that 
process would continue father, by including the 
other groups of children. For their inclusion is 
necessary more time so that the schools, their 
teachers, parents and children would be prepared for 
that including [6]. 

According to some assessments there are in 
Serbia around 10% of children with special needs. 
Many of them are not comprised by the educational 
system. Besides, according to the official data about 
20% of the Romany children are out of regular 
primary schools. Meanwhile if that digit comprises 
as well the Romany children that are not registered, 
which are displaced from Kosovo and the ones 
deported out of the Western countries, the 
percentage of the Romany children which are not 
educationally comprised, can be even 80%. 
According to the unofficial data, in Serbia there are 
about 350.000 persons hindered in their 
development. 160.000 of them are with mental 
handicaps. There are only in Belgrade 10.800 
persons with special needs. 

One of the important fields in the reform of the 
existing educational system should be the generation 
of the inclusive education. It would contribute in the 
realizing of the children‘s education and 
development needs. Perhaps the most important 
item in this process is the inclusion of all the factors 
of the school system (headmasters, representatives 
of the local communities, parents, teachers and 
disciples) in order to create the foundations for this 
form of education. 

III. TEACHERS AND INCLUSION 

Nowadays is being paid greater and special 
attention to the pedagogy and education to the 
children with special educational needs. The 
authorities endeavor to enable their further 
development in accordance with the knowledge of 
their possibilities. It can be said that in these days is 
present much more human and opener relation to the 
persons with all difficulties in development. Great 
responsibility in this segment have pedagogical – 
educational institutions which are responsible to 
perform the inclusion in its full and essential sense. 
It is necessary to educate children that people are 
different but that all of them have the same rights 
onto dignified life and realization of their 
capabilities. 

The teacher in the inclusion is: 

 Main factor of the realization of the inclusive 
process; 

 Educator which should react to the program 
contents with the disciples with special 
needs; 

 Person that adapts the teaching materials to 
the capabilities and possibilities of every 
child (he/she carefully defines the volume of 
the teaching material and proper dozing of 
teaching); 

 Person who performs the educational politics 
that appreciates differences and overcomes 
the elements of the divided character of 
education; 

 Cooperative person whose guiding thought is 
inclusion; 

 Person who knows special and individual 
strategies both of teaching and learning and 
respects the richness of individual 
differences; 

 Mediator of teaching / learning; 

 Designer of the programs and materials for 
teaching / learning; 

 Leader, administrator and manager ; 

 Person who adapts didactic activities of 
pupils; 

 Person who takes into account cognitive 
styles of children; 

 He/she has clear focus of the educational 
objectives [1]. 

The regional report ‖Teachers for the Future‖ 
prepared for the European Training Foundation - 
ETF), analyses politics and practices of the 
development of the teachers for the inclusive 
education in the region of Western Balkans contrary 
to the European trends and the latest international 
researches in this field. The study has identified that 
in the region is wide – spread too narrow concept of 
the inclusive education as including children and the 
youth with special educational necessities – 
particularly the ones with difficulties in 
development and, more rarely, the Romanies – into 
education, usually into regular schools, but 
sometimes into special classes. Meanwhile rarely 
the responsible persons reference to cultural, 
linguistic, geographical and socio – economical 
reasons for exclusion and unequal education [6]. 
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IV. THE METHODOLOGY OF RESEARCHING 

A. The object and the aim of researching 

The aim of researching was the assessment of the 
primary schools teachers for the strengthening in the 
function of the work with the children having 
special needs in education. 

1. The method and instrument of researching 

On account of the nature of researching, it was 
necessary to use the descriptive method. Using it in 
the researching the aim was as much as possible the 
description of the existing facts as realistic as they 
are indeed. This method as well establishes the facts 
and the things they reference. For the needs of this 
researching was written a questionnaire for the 
teachers of the observed primary school. The survey 
contains 24 assertions or questions, and the polled 
teachers declared themselves on the fourth – level 
scale: I do not agree, I agree very much and I do not 
agree at all. The researching was realized during the 
period from February 1

st
 to October 1

st 
2012 year.  

2. The sample of the research 

The questionnaire was realized on the model of 
48 teachers  of the primary school ―Mihajlo Pupin― 
in Veternik. The obtained results were presented and 
processed by the program software for the statistical 
data processing SPSS. 

This paper presents the results of the expended 
research conducted 2011, whose results were 
published in [1].  

3. The research results 

Statement 1: I am informed about the draft of 
the inclusive education. 

Only 8,13% of the polled persons are informed 
of the outline of the inclusive education. 66% of the 
surveyed persons disagree with this assertion. Even 
23,76% of the testers disagree at all with this (fig.1). 

 
Fig.1. 

 
Statement 2: The children with the body 

invalidity should have more massive inclusion into 
regular schooling. 

With this assertion agree 44,81% of the 
respondents, while 20,1% of them agree. Disagree 

26,2% of the examinees, while relatively little 
percentage of the teachers disagree at all (8,89%), 
(fig. 2). 

 
Fig.2.  

Statement 3: I support the initiative that the 
children with autism should have more massive 
inclusion into regular schools. 

With this proposition agree 28,3% of the testers, 
while 4,16% agree very much 38,34% of the 
examinees disagree at all (fig.3). 

 
Fig.3. 

 
Statement 4: The advanced improvement for the 

work with the children with autism would be most 
useful for me. 

With this assertion agree 11,7% of the 
interviewed  teachers, while even 18,3% agree very 
much. From the examinees who disagree with the 
statement, 12,3% disagree at all. 

Statement 5: With regard to the skilled 
competence, I am ready to work with the autistic 
children. 

With this statement agree 40,2% of the 
interviewed teachers, while only 0,2% of the 
examinees agree very much with the statement. 
20,4% of the examinees disagree at all (fig.4). 
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Fig.4. 

 

Statement 6: I support the proposition that the 
Romany children have to have more massive 
inclusion into regular schools.  

High percentage of the testers (72,62%) agree 
very much with this statement, while 9,80% of them 
agree. Only 2,18% disagree at all (fig.5). 

 

 
Fig.5. 

 

Statement 7: I am ready to work with the 
children  with the body disablement.  

38,3% of the questioned teachers agree with this 
assertion. Only 4,2% of the examinees agree very 
much. Relatively high percentage of the testers 
disagree  with the assertion (32,6%), while there is 
also high percentage of the respondents (24,9%) 
which disagree at all with the assertion. 

Statement 8: I am equipped for the work with  
the children which have disturbances in  behavior 
(e.g. hyperactivity).  

With this statement agree 39,2% of the surveyed 
teachers, while 13,8% agree very much. 18,12% of 
the surveyed teachers, disagree at all. 

Statement 9: The school and the teachers are 
ready for the work with the children with special 
educational needs. 

Relatively small percentage of the testers 
(13,10%) agree very much with the statement, while 
29,9% agree 17,82% of the testes disagree at all. 
(fig.6)  

 

Fig.6. 

V. CONCLUSION 

The use of information technology has imposed 
itself as necessity in the process of modern teaching. 
Information technology has assumed a dual role in 
educational area. This role has been reflected 
through developing of computer literacy and using 
information technology, but also through using its 
own possibilities.  

Users with special needs represent a 
special category so the educational 
materials designed for them is 
characterized by the following features: 

 Users with disturbance of vision – 
increasing the surface of display, conversion 
of entrance/exit (input/output) in Braille 
alphabet or voice 

 Users with hearing impairment  – 
conversion of audio information in video 
presentation 

 Users with motoric disorder – special 
input/output devices should be used (special 
keyboards, joystics, keys, ―head-mounted‖ 
optical mouse...).   

 Interactive - communicative aspect can be seen 
as an aspect of education along with two others: 
social – generational and individual aspect of 
personality development.   
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