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Predgovor sedmoj PSSOH konferenciji

Na Elektrotehnickom fakultetu, Univerziteta u Beogradu, 12. oktobra 2024. godine u amfiteatru "Nikola
Tesla" br. 56, odrZana je 7. po redu dvojezicna nacionalna PSSOH konferencija sa medunarodnim uces¢em
(Primena slobodnog softvera i otvorenog hardvera). Veoma smo zahvalni svim predavacima, jer smo uz
njihovo ljubazno odobrenje, bili u prilici da snimke predavanja i odgovore na pitanja postavimo na sajtu
konferencije, kao i na zvani¢nom YouTube kanalu PSSOH konferencije, za sve one koji nisu bili u prilici da
dodu na dan konferencije.

U 2024. godini, sve teme predavanja po pozivu su bile posvecene slobodnom softveru otvorenog koda (eng.
Free and Open Source Software, skracano FOSS) u raznovrsnim oblastima: energetski pretvaraci i pogoni,
opticka spektroskopija, vojna i civilna avijacija, kao i uredivanje audio i video zapisa. Plenarno predavanje je
u 2024. godini bilo posveceno temi meta-nauke i nau¢nom pristupu, koji omogucava da naucnoistraZivacki
rad postane kvalitetniji, a posebno sa akcentom na primenu principa otvorene nauke i saradnje u nauci. Uz
kasnjenje, objavljujemo Zbornik, kako bi: 1) vreme izmedu konferencije i pripreme Zbornika bilo posveceno
javnoj recenziji radova, koji su dostupni u Zenodo repozitorijumu i 2) da sebi damo vremena da odgovornom
poslu pripreme Zbornika posvetimo dovoljno vremena. lako je Zbornik i ove godine objavljen sa kasnjenjem,
svi radovi pisani u celini (po pozivu) su bili dostupni na Zenodo repozitorijumu u oktobru 2024. godine u
dijamantskom pristupu (publikacije postavljene u otvorenom pristupu bez ikakve nadoknade, odnosno bez
troSkova za objavljivanje i pristup sadrzaju).

Od osnivanja, 2018. godine, PSSOH konferencija je zasnovana na volonterskom radu svih ucesnika
(recenzenti, urednicki odbor i organizacioni odbor), te se registracija za uceS¢e i kotizacija za autore i
plenarne predavace ne naplac¢uju. Zato, ogromnu zahvalnost dugujemo svih ucesnicima za ljubazan doprinos
kontinuiranom odrZavanju PSSOH konferencije sve ove godine. Posebno, zahvalni smo svim predavacima, a
pre svega plenarnoj predavacici nau¢noj savetnici dr Ljiljani B. Lazarevi¢, koja je odrZala veoma zanimljivo
predavanje na temu kvaliteta naucnih istraZivanja, Sto je privuklo veliki interes ne samo istraZivaca, ve¢ i
studenata, koji planiraju da se bave nau¢nim radom.

Post-konferencijske radionice su u 2024. godini, odrzane 26. oktobra, kada su profesor dr Milos D. Duric¢ i
Marko Mijailovi¢, student Elektrotehnickog fakulteta, Univerziteta u Beogradu, izdvojili vreme da podele
svoje veStine sa prijavljenim ucesnicima u raCunarskim ucionicama na Elektrotehnickom fakultetu u
Beogradu. Svi ucesnici radionica su dobili elektronske sertifikate, kao potvrdu da su pohadali radionice.
Profesor Puri¢ je predstavio metode za obradu prirodnih jezika primenom alata u programskom jeziku
Pajton, a materijali sa radionice su dostupni na veb stranici PSSOH konferencije. Radionica, koju je
pripremio student Marko Mijailovi¢ je nastala u saradnji sa UdruZenjem studenata elektrotehnike Evrope u
Beogradu (eng. Electrical Engineering Students' European Association Local Commitee Belgrade, skraceno
EESTEC LK u Beogradu), koja je od 2024. godine postala i zvanicni partner PSSOH konferencije. Primena
Gita u praksi za efikasno upravljanje kodom, koju je pripremio Marko Mijailovi¢ je privukla veéi broj
ucesnika, a posebno studenata, koji su imali prilike da savladaju tehnike rada u ovom alatu.

Kao i ranijih godina, proverili smo koliki broj udzbenika je podeljen u slobodnom pristupu sa studentima
Elektrotehnickog fakulteta, Univerziteta u Beogradu i ponudili svim autorima da svoje udzbenike predstave u
Zborniku PSSOH konferencije, te ovaj Zbornik sadrZi promociju otvorenih nastavnih materijala.

Iskoristili bi smo ovu priliku da izrazimo bezgrani¢nu zahvalnost za kontinuiranu i velikoduSnu podrSku
Akademske Misli iz Beograda, jer bez njih Stampana verzija ovog Zbornika, ne bi bila moguca. Dodatno,
Varius kompanija je ove godine, pokrila troSkove Stampanja majica sa PSSOH logom i posluZenje za
predavace i ucesnike konferencije, na ¢emu smo vrlo zahvalni. Narocito bi smo se zahvalili Nikolini Skori¢,
studentkinji doktorskih studija Elektrotehnickog fakulteta, Univerziteta u Beogradu na svom predanom radu i
entuzijazmu u organizaciji konferencije, kao i na rukovodenju Organizacionim odborom, koji ¢ine studenti i



diplomci Elektrotehnickog fakulteta, Univerziteta u Beogradu. Bez podrSke Organizacionog odbora u kome
su neki ¢lanovi ve¢ veoma dugo sa nama ne bi smo mogli da zamislimo odrzavanje PSSOH konferencije:
dipl. inZ. Nikola Todorovi¢ (koji je ove godine ucestvovao u vodenju Organizacionog odbora zajedno sa
Nikolinom Skori¢), Dejan Petkovi¢, student osnovnih studija, dipl. inZ. — master Zivana Garasevi¢, Mihajlo
Pavlovi¢, student master studija, dipl. inZ. — master Pavle Radojkovi¢, Ilija Tanaskovi¢, student doktorskih
studija, Marko Mijailovi¢, student master studija, Tamara Maravi¢, studentkinja master studija i Maja Skori¢,
studentkinja osnovnih studija.

U duhu slobodnog softvera i uz zahvalnost velikom prijatelju PSSOH konferencije Italu Vinjoliju, ovaj
Zbornik smo pripremili u LibreOffice okruZenju. Takode, u duhu ravnopravnosti, koja predstavlja jednu od
osnova PSSOH konferencije, Uvodna re¢ na srpskom jeziku sadrZi rodno-ravnopravni jezik, osim u
pojedinim delovima, gde se pojmovi predstavljeni u muskom gramatickom rodu se podjednako odnose na
musKki i Zenski rod.

U Beogradu, 11. juna 2025. godine
Urednicki odbor PSSOH konferencije



Foreword to the Seventh PSSOH Conference

The 7™ bilingual national PSSOH conference with the international participation on application of free
software and open hardware (in Serbian: Primena Slobodnog Softvera i Otvorenog Hardvera) was held at the
University of Belgrade — School of Electrical Engineering on October 12, 2024, in the "Nikola Tesla"
amphitheater No. 56. We are immensely grateful to all invited speakers for granting us their kind permissions
to post the video recordings of the lectures and answers to the questions on the conference website, as well as
on the official YouTube channel of the PSSOH conference, for all who were unable to come in person.

In 2024, all topics of the invited lectures were dedicated to the Free and Open Source Software (FOSS) in
diverse areas: energy converters and drives, optical spectroscopy, military and civil aviation, as well as for
editing audio and video recordings. The plenary lecture in 2024 was dedicated to the meta-science and ways
to improve the quality of scientific research, with a particular emphasis on the application of the open science
principles and collaboration in research. We are publishing the Proceedings with a delay with two goals: 1) to
dedicate the time between the conference and the preparation of the Proceedings to a public review of the
papers, which are available in the Zenodo repository, and 2) to give ourselves a freedom to devote sufficient
time to the responsible task of preparing the Proceedings. Although the Proceedings are published with an
extensive delay this year, all papers for invited lectures were available on the Zenodo repository in October
2024 in the Diamond Open Access (DOA — publications freely available without any fee, i.e., free of charge
publication and free of charge access to the content).

Since its establishment in 2018, the PSSOH conference has been based on the voluntary work of all
participants (Reviewers, as well as members of the Editorial Board and Organizing Committee), so
registration for participation and fees for authors and plenary speakers have never been charged. Therefore,
we owe an immense appreciation to all conference participants for their kind contribution, which was crucial
for the continuation of the PSSOH conference all these years. We would like to especially express our
gratitude to all lecturers, and above all to the plenary lecturer, Dr. Ljiljana B. Lazarevi¢, Principal Research
Fellow for delivering a captivating lecture on the quality of scientific research, which attracted prominent
interest not only from researchers, but also from students who plan to engage in scientific work.

Post-conference workshops were held on October 26, 2024 when Professor Dr. Milo$ D. Puri¢ and Marko
Mijailovi¢, a student at the University of Belgrade — School of Electrical Engineering, devoted their time to
share skills during the hands-on events held in the computer classrooms at the School of Electrical
Engineering. All workshop participants received electronic certificates as a confirmation of their attendance.
Professor Buri¢ presented methods for natural language processing using tools in the Python programming
language — the workshop materials are available on the PSSOH conference website. The workshop, prepared
by student Marko Mijailovi¢ was created in collaboration with the student organization EESTEC LC in
Belgrade (Electrical Engineering Students' European Association Local Commitee Belgrade), which has
become an official partner of the PSSOH conference in 2024. The application of Git for effective code
management, prepared by Marko Mijailovi¢, attracted a large number of participants, especially students,
who had the opportunity to master the techniques of working in Git.

Alike in previous years, we checked how many textbooks were distributed in open access to students at the
University of Belgrade — School of Electrical Engineering, and offered to all Authors to present their
textbooks in the PSSOH Proceedings, so this Proceedings contains the promotion of open educational
materials.

We would like to take this opportunity to express our boundless gratitude for the continuous and generous
support of Academic Mind from Belgrade, as without them the printed version of this Proceedings would not
be possible. Additionally, this year, the Varius company covered the costs of printing T-shirts with the
PSSOH logo and catering for all conference participants, for which we are tremendously grateful. Moreover,
we would especially like to thank Nikolina Skori¢, a PhD student at the University of Belgrade — School of
Electrical Engineering, for her dedicated work and enthusiasm in organizing the conference, as well as for



leading the Organizing Committee, which consists of students and graduates of the University of Belgrade —
School of Electrical Engineering. Without the support of the Organizing Committee members, some
members of which have been with us for a very long time, we would not be able to imagine the management
of the PSSOH conference: dipl. eng. Nikola Todorovi¢ (who lead the Organizing Committee this year
together with Nikolina §korié), B.Sc. student Dejan Petkovi¢, M.Sc. Zivana GaraSevi¢, M.Sc. student
Mihajlo Pavlovi¢, M.Sc. Pavle Radojkovi¢, PhD student Ilija Tanaskovi¢, M.Sc. student Marko Mijailovié,
M.Sc. student Tamara Maravi¢, and B.Sc. student Maja Skorié.

In the spirit of free software and with exceptional gratitude to a great friend of the PSSOH conference, Italo
Vignoli, we have prepared this Proceedings in the LibreOffice environment. Also, in accordance with the
principles of gender equality, which is one of the foundations of the PSSOH conference, the Foreword in the
Serbian language contains gender-equal language, except in certain parts, where terms presented in the
masculine grammatical gender refer equally to the masculine and feminine genders.

In Belgrade, June 11, 2025.
Editorial Board of the PSSOH Conference



Sadrzaj / Table of Contents

Plenarna sesija / Session

Meta-science: How t0 improve SCIence USING SCIETICE ....c.cccueerrrurerrrireerreiireersieeesasereessssseessssseessssaessssssesssssaesnns 6

PSSOH sesija sa predavanjima po pozivu / PSSOH Session With Invited Lectures
Switched reluctance motor drive simulation using open-source SOftWare ...........cccceevveevvesvveseeseeseeseesreeseensnens 7
Review of open software for applications in optical SPECITOSCOPY ...veecveeverreereriiesieeiesreseesseesseesseesseessesssens 25

Analiza parametara leta i pokreta oka u izmenjenim uslovima simulacije koriS¢éenjem slobodnog softvera —

Eksperimenti sa primenom koncepta digitalne obuke i selekcije pilota .......cccccoeceereeveriensenieniienieeieeeenene 30
Pregled odabranih alata slobofnog softvera za uredivanje video i audio Zapisa .........cccecveeeervvervierviesvreneennens 47
Spisak autora(ki) / List of AUTROYS ..........ccoccoiiiiiiececeeee ettt e e e e eans 55
Otvoreni nastavni materijali / Open Educational ReSOUICES ..............ccccevvrvierrieenieesinreenieenieeneeseeseesenns 56
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META-SCIENCE: HOW TO IMPROVE
SCIENCE USING SCIENCE

Ljiljana B. Lazarevi¢

Institute of Psychology and LIRA lab, Faculty of Philosophy, University of Belgrade, 11000
Belgrade, Serbia

e-mail: ljiljana.lazarevic@f.bg.ac.rs
ABSTRACT FOR THE PLENARY LECTURE

Evidence of low reproducibility of scientific findings accumulated across scientific fields. These
concerns increased the need to develop and improve the field of meta-science - a discipline
investigating scientific processes, methods, and interventions aimed at improving science. In the
talk, I outline the current state of affairs in the meta-research, focusing on the reproducibility of
findings in different scientific fields (e.g., economy, philosophy, medicine, pharmacology,
psychology). I present an overview of the most important collaborative efforts from psychology
(Reproducibility Project: Psychology, Many Labs 2, Many Labs 3, Many Labs 5) that offered
important insights about the factors influencing the reproducibility of scientific findings. I also
present the results of the innovative approach based on prediction markets used to estimate the
replication rates across scientific fields. Lastly, I discuss efforts made to offer researchers incentives
for practicing open science and empirical results evaluating their effectiveness in the improvement
of science.

Keywords: meta-science, reproducibility, replicability, open science.
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SWITCHED RELUCTANCE MOTOR
DRIVE SIMULATION USING
OPEN-SOURCE SOFTWARE

Bogdan Brkovi¢!, Milovan Majstorovi¢!, Mateja Ivanovi¢!, Mladen Terzic!

1: University of Belgrade, School of Electrical Engineering, 11000 Belgrade, Serbia
e-mails: brkovic@etf.bg.ac.rs, majstorovic@etf.bg.ac.rs, im225002p@student.etf.bg.ac.rs,
terzic@etf.bg.ac.rs

Abstract

The switched reluctance motor is a viable magnet-free option for low and medium power applica-
tions. Current challenges limiting widespread application are the inherent noise and vibration issues.
Mitigation of these problems while retaining the required performance can be achieved by improving
the motor design and control. The research presented in this paper is aimed at developing a detailed
simulation model of the switched reluctance motor drive system. This process includes: motor param-
eter identification based on finite-element analysis, composition of the joined model of the motor and
dedicated power converter, automatic simulation running, output data logging, and processing. The
entire procedure is conducted using open-source software platforms. The developed modelling and
simulation approach enables the determination of motor and converter performance indicators, includ-
ing a detailed calculation of semiconductor losses and temperature rise. Furthermore, this provides a
foundation for applying design and control optimization algorithms to achieve enhanced performance
characteristics.

Keywords: switched reluctance motor, power converter, drive, modelling, simulation.

1 Introduction

The switched reluctance motor (SRM) is recognized as a topology of interest in low and medium
power applications such as home appliances and small electric vehicles [1—4]. Compared to its main
counterpart, the permanent magnet synchronous machine (PMSM), the SRM has a distinct advantage
of being a magnet-free device. This feature makes the SRM more cost-effective and eco-friendly,
considering the volatility of the permanent magnet market and the devastating procedure of rare-earth
material extraction. The major drawbacks of the SRM are noise and vibration inherently related to
the double-salient structure [5]. To overcome these challenges, improved motor and converter design
and control approaches are required.

The SRM design procedure is based on analytical calculations or finite element analysis (FEA). The
two approaches can be combined to take advantage of the FEA accuracy and the time-efficiency of
the analytical approach. This is commonly done by using FEA to obtain flux and torque lookup tables
which are then used to compose the SRM dynamic model. This model can then be used to simulate
SRM operation under various conditions using any software package equipped with standard non-
linear differential equation solvers.
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The SRM can be supplied exclusively from a dedicated power converter. Multiple topologies have
been proposed over the years [6, 7]. The most commonly employed topology is the Asymmetric Half-
Bridge Converter (AHBC), due to its relatively low cost, control flexibility, and simplicity.

A simulation of the SRM drive is required in the development stage to assess the drive performance
under various operating modes. Both the motor and converter need to be simulated in sufficient detail
within a reasonable time frame. As previously stated, the motor can be simulated in great detail using
FEA software, however such simulations are by no means time-efficient. On the other hand, there
is a wide array of circuit simulation software packages. Notably, LTspice is a powerful open-source
simulation tool incorporating actual device models [8]. This allows an accurate prediction of converter
performance, most notably calculation of losses and dynamic behaviour. There is only the matter of
interfacing the converter model to the SRM model. In this paper, a detailed SRM model based on
flux and torque lookup tables is developed and implemented in the LTspice circuit simulation tool.
The lookup tables are generated using the FEA software platform FEMM 4.2 [9] in combination with
GNU Octave [10]. To the best of our knowledge, no previous implementations of an SRM model in
a circuit analysis sofware such as LTspice have been reported. Finally, the complete drive model is
assembled in LTspice. Interaction with the LTspice model (starting and stopping the model execution,
output data recording and processing) is conducted entirely using a dedicated Python script.

The paper is composed as follows. Following the Introduction, fundamental information regarding
the applied SRM and AHBC are given in section 2. Details regarding the development and imple-
mentation of the SRM drive model using open-source software platforms are given in section 3. The
model results are displayed in section 4 and the conclusions and plans for future work are presented
in section 5.

2 SRM drive overview

The SRM under investigation has six stator poles and ten rotor poles. Such a machine is aptly referred
to as a 6/10 SRM. The machine cross-section is displayed in Figure 1. The operating principle is
relatively simple - when a given phase is energized a magnetic field established in the corresponding
stator poles attracts the nearest rotor poles. By applying excitation in an appropriate order and with
suitable timing, high average torque with minimal oscillations is obtained.

Typical SRM waveforms are illustrated in Figure 2. The diagrams display the phase inductance, ex-
citation voltage and current, and electromagnetic torque developed by a single phase. The variation
of quantities is shown with respect to the rotor angle. Characteristic positions of the rotor with corre-
sponding qualitative flux line distributions are also displayed. Two characteristic rotor positions are
identified: the unaligned position, when the stator pole is between two rotor poles and the inductance
value is minimal, and the aligned position, when the axes of stator and rotor poles are aligned and the
inductance value is maximal. The inductance variation between these two positions is approximately
linear, disregarding magnetic saturation. The phase is usually energized before the overlap between
the stator and rotor poles begins and the current is quickly increased. Prior to reaching full alignment,
the voltage polarity is reversed and the current is reduced back to zero, after which the voltage is
maintained at zero value until the next cycle. The obtained electromagnetic torque is mostly positive,
however a slight negative pulse cannot be avoided practically, due to the finite current decrease rate.
Positive torque is generated when the inductance is increasing and vice versa. No torque is generated
when the inductance is constant. Without diving to deep into the SRM model itself, only the basic



Figure 1: SRM cross-section

equations are given as follows [5]:

L dw . o die  OLe(i,0)
Ug = Rng + d_lf = Rglg + L,;:(Zg, Q)d—f + —58; (73 (1)
1 ,0Le(ic, 0)
T,="= 2 VY 2
0 = [ Qdt. (3)

The variables and parameters in the previous expressions are defined as:

+ ¢ denotes the observed phase (A, B, or C),

* g, 1¢, and 1), are the voltage, current, and flux linkage of the observed phase,
* @ is the rotor position with respect to phase A,

+ () is the rotor angular speed,

* T is the electromagnetic torque generated by the observed phase, and

* R¢ and L, are the resistance and inductance of the observed phase.

It should be emphasized that the inductances are dependent on current values due to magnetic satu-
ration, which makes the SRM model highly non-linear. This non-linearity will be accounted for by
modelling the SRM using flux and torque lookup tables obtained from FEM simulations, as elabo-
rated in section 3. The motion equation is excluded from the model, as the rotor speed is considered
constant in all upcoming analyses.

The SRM supply voltage obviously needs to be varied frequently which can only be accomplished
by means of a power converter. Considering the required voltage values (+Vpc, —Vpe, and 0), a
two-level converter such as an H-bridge would be suitable. However, considering the fact that the

9
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SRM current is unidirectional, it is very common in practice to apply the asymmetric half-bridge con-
verter (AHBC). The AHBC topology and its connections to respective SRM phases is schematically
displayed in Figure 3. The AHBC structurally resembles a standard H-bridge module, except that it
only employs two switches (most commonly MOSFET or IGBT) and two diodes for each phase. As
previously stated, this is due to the fact that the current is unidirectional, which even eliminates the
need for reverse diodes in parallel with the switches (even though these are inherently present in most
cases). Reducing the number of power switches reduces the total component cost, which makes the
AHBC a preferred option for SRM supply. Moreover, the control algorithm is simpler, as only two
switches per phase are controlled, and the switching losses tend to be lower. The only drawback is
that the converter is composed of discrete components which may increase manufacturing cost and
complexity.

The control approach will now be briefly explained for a typical operating mode. Example voltage
and current waveforms along with corresponding AHBC switching states are shown in Figure 4. Hys-
teresis current control is commonly applied in the following manner:

* positive DC link voltage V¢ is applied by turning on the power switches when the turn-on
angle (#,,) is exceeded, which causes the current to increase;

10
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Figure 3: Schematic display of SRM phases supplied from an AHBC

* when the current exceeds the value /,.; + Al (I, is the reference and A the hysteresis band),
the lower switch is turned off and approximately zero voltage is applied to the phase winding,
causing the current to gradually decrease;

* when the current drops to I,y — Al the lower switch is again turned on and the current increases
due to positive DC link voltage;

+ the previous two steps are repeated until the turn-off angle (¢,) is reached, after which both
switches are turned off and negative voltage —V ¢ is applied through the diodes;

+ the negative voltage reduces the current to zero.

It should be noted that either of the two switches can be manipulated to achieve hysteresis control,
and normally both are used alternately to achieve an even loss distribution. The selection of turn-on
and turn-off angles is crucial for maximizing the average torque and minimizing the torque ripple.
Different values of 6, and ¢,¢; should be applied for various speeds and loads to achieve optimal
operating conditions.

3 Model synthesis and implementation

The flowchart depicting the model development and execution procedure is shown in Figure 5. The
applied software tools are indicated and the key outputs are highlighted. The entire procedure can be
divided into three four steps:

(i) FEM model composition,
(ii) FEM model execution by means of Octave code,
(iii) LTspice model assembly, and

(iv) LTspice model execution by means Python code.

After completing steps (i) and (ii), flux and torque lookup tables are generated. Based on these lookup
tables, the LTspice model is composed in step (iii). Finally, a Python script for automationg the LTspice
simulation execution and output data logging is developed in step (iv). The obtained outputs are the
SRM drive performance indicators, such as currents, voltages, power switch losses, etc. Each of the
listed steps is analysed in detail in the following subsections. Subsection 3.1 describes steps (i) and
(ii), whereas subsection 3.2 is concerned with steps (iii) and (iv).

11
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Figure 4: Illustration of SRM current control using AHBC

3.1 Flux and torque lookup table generation (FEMM & Octave)

The FEM model is developed based on the construction data of the 6/10 SRM displayed in Figure 1.
The open-source software platform FEMM 4.2 for finite element-based electromagnetic calculations
is used. The SRM geometry is plotted and appropriate materials are assigned to different areas. After
this is completed, the machine geometry is divided into a great number of small (finite) triangular
elements. The obtained finite element mesh is displayed in Figure 6a. When the mesh of appropriate
density is formed, the calculation is conducted and the field distribution within the analysed domain
(machine) is obtained. An example flux density distribution is displayed in Figure 6b.

Manual model execution is generally inconvenient, as many input parameters need to be set prior to
each calculation. This becomes very cumbersome and time-consuming when a wide range of operating
modes needs to be analysed. In this paper, the FEM model was used for obtaining flux and torque
lookup tables (LUTSs) with respect to winding currents and rotor angular position. As the accuracy of
the resulting SRM model is directly dependent on the resolution of these LUTSs, over 2000 simulations
for various current and rotor angle combinations are required. This process is therefore automated
by interfacing FEMM with GNU Octave by means of the OctaveFEMM toolbox [11]. This toolbox
allows Octave to modify the model, run the simulation, and access the output values.

The process of generating flux and torque LUTs is depicted in the flowchart of Figure 7a. Note that
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(b)

Figure 6: SRM cross-section in FEMM 4.2 environment: (a) finite element mesh, (b) flux density
distribution obtained after calculation
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the software tools applied in each stage of the procedure are indicated by appropriate icons. The
model is generated using only FEMM, although this step can also be carried out using Octave. After
the model is formed, input values are provided to Octave, specifically the set of currents and rotor
angles for LUT formation. A loop is then initiated, wherein FEMM calculations are conducted for all
current and angle combinations. This part of the process is automated: Octave invokes the model, sets
the current and angle to the required values, runs the model, and obtains the flux and torque values.
Upon exiting the loop, two-dimensional flux and torque LUTs are formed and exported to text files for
further use in forming the SRM numerical model. With a 1° angle resolution and 1 A current resolution,
the LUT contains a total of 2263 entries. This rule of thumb ensures high modelling accuracy while
maintaining the number of executed FEM simulations and total LUT generation time within reasonable
limits. Additionally, increasing the number of data points in the LUT eventually reduces the simulation
efficiency without significantly improving the accuracy. The graphical representation of the flux and
torque LUTs in the form of surface diagrams is given in Figure 7b.

/SRM geometry/

v

Create the FEMM
model

Y

Vectors of current values
and rotor angles

N
Led

4

Set the current and
rotor position

v

Run the FEMM model

v

Winding fluxes and
electromagnetic torque

All simulations
completed?

/Flux and torque LUTs/

(a) (b)

Figure 7: (a) Flux and torque LUT calculation flowchart, (b) flux and torque LUTs represented by
3D diagrams
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3.2 SRM drive model assembly and execution (LTspice & Python)

As indicated in Figure 5, the flux and torque LUTs are used to form an SRM model in the LTspice
environment. While the converter model is implemented in a straightforward manner, the SRM model
includes electrical, magnetic, and mechanical quantities. Therefore, appropriate electrical equivalents
need to be employed. Moreover, LUT implementation in LTspice is quite involved. Software tools that
enable a simpler SRM model formulation are available, but none of them provides accurate modelling
of power switching device dynamics and losses. As the power converter is an integral and most
sensitive part of the SRM drive, a high-fidelity model is crucial for proper performance prediction.

The complete SRM drive model implemented in LTspice is displayed in Figure 8. The model can be
divided into several functional entities as designated in the figure:

1.

The main part of the model — converter circuit connected to the phase winding terminals. The
phase winding is modelled as resistor connected in series with a dependent voltage source cor-
responding to the winding electromotive force (EMF). When the EMF is calculated, the current
is obtained simply as:
. Uy — €4
(e RA ;

where u 4 is the terminal voltage, e 4 is the EMF, and R 4 is the phase winding resistance.

4

. The EMF calculation circuit based on differentiating the winding flux. For this purpose, the flux

value is assigned to a voltage controlled current source connected in series with an inductor. The
current value corresponds to the flux and the inductance corresponds to the number of turns per
phase, thereby essentially obtaining the EMF value as:

dd (i, 0)
dt ’

€A

where N, is the number of turns per phase (“inductance”), and ® 4 is the flux per pole (“current”).
Note that a series RC' snubber is added in parallel to avoid numerical issues due to connecting a
current source in series with an inductor. The RC' element filters out the high-frequency noise
caused by the switching actions. The flux value is obtained from the LUT as a function of
winding current 7 4 and rotor angle 6.
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Figure 8: LTspice model of the SRM drive: 1 — converter circuit, 2 — SRM phase winding model, 3 —
flux and torque calculation from LUTs, 4 — rotor angle calculation, 5 — control circuits, 6 — model
inputs (parameters, libraries, initial conditions) and simulation settings
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3. Flux and torque LUTSs are implemented by using multiple behavioural voltage sources whose
outputs are defined by the LTspice table command. A more detailed representation is given
in Figure 9, where two behavioural sources are represented. This example refers to the flux
LUT, but the same principle is applied for the torque as well. Note that voltages of ports X and
Y correspond to input values of the current and rotor angle, respectively. The source denoted
Byx0 provides an output value from the associated table, dependent on the rotor angle and
corresponding to the current value of 0 A. The model contains 30 similar sources corresponding
to current values ranging from 1 A to 30 A, each providing an output dependent on the rotor
angle by interpolating the values from the LUT:

zj(k+1) — zjk
y(k+1) —yk’
where xj, yk, and zjk represent LUT values of current, angle, and flux, respectively. The source

B3 provides an output corresponding to the actual (input) current value X by interpolating the
outputs of voltage sources Byxj and Byx(j+1):

V(Byxj) = zjk + (V(Y) —yj) yk < V(Y) <y(k+D), (6)

V(Byx(j+1)) — V(Byxj)
x(j+1) — xj

V(Z) = V(Byxj) + (V(X) — xj) ;X < V(X) <x(+1),  (7)

where V(Z) denotes the output flux value. The presented approach requires a total of 32 be-
havioural voltage sources, each with a corresponding table command. Additionally, parameters
xj, yk, and zjk need to be defined by including multiple param commands. The entire process
is very involved and time-consuming, and can be expedited by using a Python script to assign
parameter values directly from the previously obtained text files.

4. Rotor angle is calculated by integrating the speed, according to (3). Rotor speed is set to a
constant value in each simulation, therefore the angle calculation is performed using a circuit
composed of an independent current source with current equal to speed, and a capacitor with
a capacitance of 1 F. The capacitor voltage is therefore obtained as the integral of current, i.e.,
speed, which corresponds to (3). Note that the angle is reset to zero whenever it reaches a
multiple of 36° to comply with the range of flux and torque LUTs.

5. Current control is implemented by using two behavioural voltage sources and one current con-
trolled voltage source. The behavioural sources V2 and V4 with the accompanying resistors
act as gate driver circuits for the upper and lower MOSFET, hence the labels GU (Gate Upper)
and GL (Gate Lower). The current controlled source provides a voltage equal to the SRM phase
current which is fed to a Schmitt trigger. The parameters of the Schmitt trigger are the reference
current and the hysteresis band, i.e., the corresponding voltage values Vt and Vh. According to
Figure 10, the control logic can be formulated as follows:

» when the rotor angle is between 0° and 18°, voltages at GU and GL are equal to zero and
both MOSFETs are switched off;

» when the rotor angle is between 18° and 36°, the voltage at GU equals 5 V and the upper
MOSFET is switched on;

» when the rotor angle is between 18° and 36°, the voltage at GD depends on the current
value:

— when the input voltage of the Schmitt trigger exceeds Vt + Vh, the voltage at GL is
set to zero and the lower MOSFET is switched off;
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Figure 9: Flux LUT implementation in LTspice

— when the input voltage of the Schmitt trigger drops below Vt — Vh, the voltage at GL

is set to

5V and the lower MOSFET is switched on;

The described control algorithm is in accordance with the approach illustrated in Figure 4. Note
that only the lower MOSFET is switched on and off during hysteresis control, leading to an
uneven loss distribution between the switches.

200

62 = :
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T

Upper MOSFET

Figure 10: Components of the current control system in LTspice

.
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V=IF(((V(theta)<18) & (V(Sch)>0.1)),5,0)
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Lower MOSFET Hysteresis control
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Sch i

6. Inclusion of libraries containing the applied switching devices (MOSFETs) and diodes, parame-
ter and initial conditions definitions, and simulation settings are provided through the appropri-
ate LTspice directives. The minimal time step was limited to 1 ps, but a variable-step solver is
used by LTspice to accommodate very fast transients. The step is reduced iteratively until the rel-
ative tolerance of 0.001 is satisfied. Such simulation settings would be appropriate even if more
complex digital control algorithms were employed, as the sampling period of such algorithms

is normally above

100 ps.
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Manipulation and execution of the model via the LTspice interface can be inconvenient, especially if
multiple parameters need to be varied prior to each simulation. For instance, in the case of the SRM,
it would be of interest to vary the reference current, operating speed, turn-on and turn-off angles,
hysteresis band, etc. Moreover, if one were to use the same model structure to analyse a different
SRM, modifications to LUTs would be quite cumbersome. For this reason, the dedicated PyLTSpice
library [12] is used to interface Python with LTspice and perform these modifications automatically.
Moreover, PyLTSpice allows the user to read output files and extract any waveforms of interest for
further processing. Specifically, the input parameters varied in this paper are the reference current and
operating speed. The waveforms of supply voltage, current, torque, and switching device losses are
obtained and analysed.

The flowchart outlining the simulation procedure is displayed in Figure 11. The process is mostly
self-explanatory, and the applied software tools used in each stage are denoted. More details can be
found in the Python scripts given in the Appendix. Parts of the code using the PyLTSpice library are
commented for better understanding.

Start Speed and current / > Create netlist N Assign speed and N Apply smulatlon
vectors / reference current settings —‘

NO

All simulations
completed?

Calculate losses and
plot outputs

Run simulation >»{ Read output data >

Figure 11: Flowchart of the simulation procedure using the Python/LTspice interface

4 Results
The SRM model is executed for various values of reference currents and operating speeds:

Les € {2,4,6,8,10,12, 14} A,

8
n € {2000, 4000, 8000, 12000, 18000} rpm. ®

The hysteresis band can also be modified in the Python script, but was kept constant for the purpose
of this analysis.

Waveforms of SRM voltage, current, and torque are obtained for each operating mode. Additionally,
switching device losses and converter efficiency are calculated. Simulated waveforms are shown for
two characteristic scenarios:

1) low operating speed (2000 rpm) and low reference current (4 A),

2) high operating speed (12000 rpm) and moderate reference current (8 A).

The waveforms obtained for scenario 1 are displayed in Figure 12. The frequent voltage changes
along with pronounced torque and current ripple indicate numerous switching operations during each
electrical cycle. Hysteresis control is obviously active in this case, as the current oscillates around the
reference value of 4 A. The MOSFET losses are therefore dominated by the switching loss component,
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as observed in Figure 12d. Note that the losses are mostly attributed to the lower switch (M2) due to
the hysteresis control implementation which does not employ the upper switch (M1). The MOSFET
losses are calculated with great accuracy due to the use of detailed switching device models. As
previously stated, high-fidelity modelling of semiconductor components is a major advantage offered
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Figure 12: SRM drive waveforms obtained for the operating mode with reference current of 4 A and
rotor speed of 2000 rpm: (a) current, (b) voltage, (c) torque, (d) MOSFET losses

The waveforms obtained for scenario 2 are displayed in Figure 13. Unlike the previous operating mode,
the voltage now changes only twice per cycle between the positive and negative DC link voltage (zero
voltage is never applied). Consequently, the torque and current waveforms are ripple-free. It can
therefore be concluded that hysteresis control is not applied in this case. The current does not even
approach the reference value of 8 A, therefore both switches remain turned on until the turn-off angle
is reached. The MOSFET losses are now dominated by the conduction loss component, as seen in
Figure 13d. High switching losses appear only twice per cycle, therefore their cumulative effect is
much less pronounced compared to scenario 1. The losses are now evenly distributed between the
two MOSFETSs as they both conduct the same current and are switched twice in each cycle.

The input and output power of the SRM drive are measured and the drive efficiency is calculated for all
operating modes. The obtained results are displayed in Table 1. While the efficiency calculation using
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Figure 13: SRM drive waveforms obtained for the operating mode with reference current of 8 A and
rotor speed of 12000 rpm: (a) current, (b) voltage, (c) torque, (d) MOSFET losses

the LTspice interface is a lengthy process, the same calculation is performed practically instantaneously
using Python. Repeated values of efficiency are observed in the table, particularly at higher operating
speeds. This is due to the fact that a certain level of reference current is never reached at elevated
speeds. Therefore, any further increase of the current setpoint is non-effective and all waveforms
remain unchanged. According to the results of Table 1, the current does not even reach 4 A at the
very high speed of 18000 rpm. Note that the converter efficiency is obtained with high accuracy.
However, only resistive SRM losses are modelled, therefore there a substantial error may occur whhen
calculating SRM efficiency.

5 Conclusions

An approach for implementing an SRM drive model using exclusively open-source software was de-
vised and described in this paper. The non-linear machine model was developed using the FEMM 4.2
platform in unison with GNU Octave. This model was then implemented in LTspice along with the
converter model. An original approach for implementing the SRM model in LTspice was developed
for this purpose. The simulation procedure was automated using a dedicated Python library, which al-
lowed various operating modes to be analysed in a short amount of time. Furthermore, Python enables
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Table 1: SRM drive efficiency with respect to reference current and rotor speed

2000 rpm 4000 rpm 8000 rpm 12000 rpm 18000 rpm

2A 47.2% 64.38% 79.12% 85.66% 90.6%
4 A 52.81% 69.98% 83.75% 89.52% 93.33%
6A 55.66% 72.98% 86.18% 91.03% 93.33%
8A 57.52% 74.92% 87.81% 91.03% 93.33%
10 A 58.65% 76.19% 87.81% 91.03% 93.33%
12A  58.97% 76.73% 87.81% 91.03% 93.33%

seamless processing and comprehensible representation of the simulation results.

The work presented here is only a small part of what may be achieved by integrating various open-
source software platforms. Octave was only used to modify the FEM model inputs, run the simulations,
and collect and process the output data. However, the model construction can also be performed
using Octave, which would allow different designs to be developed and analysed more efficiently.
The LTspice model generation can be further simplified, e.g., by using Python to automate the LUT
forming process. This would reduce the time required for model construction. A major issue with
SRM drives is the control optimization for different operating conditions. The developed model can
be used in combination with Python’s Optimize library to determine the optimal control inputs (most
commonly, the turn-on and turn-off angles) based on different optimization criteria. Complete cross-
platform integration can be attempted to fully automate the entire process, from creating the FEM
model to processing the LTspice output data.

More complex digital control algorithms such as torque and flux control can be implemented using
LTspice, but this process may prove tedious. Other open-source alternatives such as OpenModelica
or SciLab are more convenient in terms of control system composition and SRM modelling, but do
not incorporate detailed switching device models, which is a major downside compared to LTspice.
The most attractive choice may be the recently introduced QSPICE, which is compatible with the
same device libraries as LTspice, but intended specifically for mixed-signal simulations. Moreover,
QSPICE allows the control algorithm to be programmed in C++, thereby generating experimental
implementation-ready code.
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Appendix

The Python code used to manipulate the LTspice model of the SRM drive is given below. Parts of
the code not specific to the Python—LTspice interface are omitted and replace by vertical dots. User
defined functions read_data and calcVals dedicated to reading, processing, and plotting output
data, are given after the main program.

Main program

# Import PyLTSpice modules

from PyLTSpice import SimRunner

from PyLTSpice import SpiceEditor

from PyLTSpice import LTSpicelLogReader

from PyLTSpice import RawRead, Trace, RawWrite

# Import user defined functions
from functions import *

# Define vectors of rotating speeds and currents
nmeh_vec = [2000, 4000, 8000, 12000, 18000] # rotating speeds (rpm)
Iref_vec = [2, 4, 6, 8, 10, 12, 14] # reference currents (A)

# Run the simulations for all speed and ref. current values
for Iref in Iref_vec:
for nmeh in nmeh_vec:

# Select Spice model and generate netlist

LTC = SimRunner (output_folder='./temp'+str(nmeh), timeout=6000.0)
LTC.create_netlist ('AHB.asc')

netlist = SpiceEditor ('AHB.net')

# Calculate speed in (deg/s) and define the angular period

ndegs = nmeh#*360.0/60.0 # speed (deg/s)

theta_per = 36.0 # angle corresponding to one electrical period (deg)
tsim = 2.0*theta_per/(nmeh*360.0/60.0) # simulation length = two periods
# netlist.set_parameters(res=0, cap=100e-6)

# Set the values of operating speed, reference current, and hysteresis band
netlist.set_component_value('I1l', str(ndegs))

netlist.set_parameter('Vt', Iref)

netlist.set_parameter ('Vh', 0.2)

# Simulation settings
netlist.add_instructions (
"; Simulation settings",

";.param run = 0",

".tran O " + str(tsim) + " O.lus le-6 uic" # makes a transient simulation
)

netlist.set_parameter ('run', 0)

# Run the simulation

print ("simulating test")
LTC.run(netlist,timeout=60.0)
netlist.reset_netlist ()

# Sim Statistics
print ('Successful/Total Simulations: ' + str(LTC.okSim) + '/' + str(LTC.runno))
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54 # Read data from the output (*.raw) file

55 read_data("temp"+str (nmeh)+"/AHB_1.raw")
56
57 # Calculate the average losses of switching devices
58 gubici = calcVals("temp"+str (nmeh)+"/AHB_1.raw")
59 print (gubici)
Functions
HHBABHB AR B AR F BB A HHBABHH AR HHBRBHBA SR B AR H B RS H BB AR H R AR B AR HBRRF R B RS R B AR HHEEHS

1

2 # read_data --> reads and plots the voltage, current, and torque waveforms
3 def read_data(filename):
4

# Import the RawRead module for reading output traces
6 from PyLTSpice import RawRead
7 from matplotlib import pyplot as plt

9 # Read the output traces

10 LTR = RawRead(filename)

11 IR1 = LTR.get_trace("I(R1)") # Current

12 Torque = LTR.get_trace("V(VTem)") # Torque
13 VSRM = LTR.get_trace("V(L1)") # Voltage

15 x = LTR.get_trace('time') # Gets the time axis
16 steps = LTR.get_steps ()

17

18 # Plot the waveforms

19 for step in range(len(steps)):

20 # print(steps[stepl)

21 plt.figure()

22 plt.plot(x.get_wave(step), -IRl1.get_wave(step), label=steps[stepl)
23 plt.grid ()

24

25 plt.figure()

26 plt.plot(x.get_wave(step), Torque.get_wave(step), label=steps[stepl)
27 plt.grid ()

28

29 plt.figure()

30 plt.plot(x.get_wave(step), VSRM.get_wave(step), label=steps[stepl)
31 plt.grid ()

32

33 plt.show()

35 HHHHHBEHHBEHBASHBHHRARHBERRBERBERRBEHBRRRBERBER BB AR B RS R B RR R B AR BB SR BRR R RS H BB R RS S H
36 # calcVals --> reads and plots switching device losses and calculates average losses
37 def calcVals(filename):

39 # Import the RawRead module for reading output traces
40 from PyLTSpice import RawRead
41 from matplotlib import pyplot as plt

43 # Read the output traces

44 LTR = RawRead(filename)

45 IM1 = LTR.get_trace("Ix(M1:DRAIN)")
46 IM2 = LTR.get_trace("Ix(M2:DRAIN)")
47 VMiH = LTR.get_trace("V(M1iH)")

48 VMIL = LTR.get_trace("V(A)")

49 VM2 = LTR.get_trace("V(A)")

51 x = LTR.get_trace('time') # Gets the time axis
52 steps = LTR.get_steps ()

54 # MOSFET losses

55 # Array initialization

56 PgM1 = []

57 PgM2 = []

58

59 # Loss calculation and data plotting

60 for step in range(len(steps)):
61 # Calculate losses at the current time step and add to array
62 PgM1.append ((VMiH.get_wave(step)-VMIL.get_wave(step)) * IMl.get_wave(step))

63 PgM2.append (VM2.get_wave(step) * IM2.get_wave(step))
64

65 # Plot the data

66 plt.figure ()

67 plt.plot(x.get_wave(step), PgMi[stepl, label='Pgl')
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plt.plot(x.get_wave(step), PgM2[step], label='Pg2')

plt.legend() # order a legend
plt.grid ()
plt.show ()

# Calculate the average losses over the simulation interval

PgM1_avg = sum(PgM1[0])/len(PgM1[0])
PgM2_avg = sum(PgM2[0])/len(PgM2[0])

# Return the average values of losses
return [PgMl_avg, PgM2_avgl
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ABSTRACT

Open-source scientific software is essential for enhancing the reliability and openness of research.
This paper reviews several key open-source tools for spectroscopic analysis, including GNU
Octave, LabPlot, SciLab, Orange, LumThools, and JOES. GNU Octave, LabPlot, and Scil.ab
provide robust, cost-free alternatives to commercial software for numerical computations and
spectral analysis, with support from community contributions and institutional backing. Orange
offers a user-friendly interface for data mining and machine learning, with its Spectral add-on
enhancing spectroscopic data analysis. LumThools is tailored for temperature-dependent
luminescence analysis, allowing flexible model fitting, while JOES aids in Judd-Ofelt analysis for
rare-earth-doped materials. This comparative analysis highlights the influence of these open-source
tools on the field and their role in improving research practices, as well as the benefits for their
authors.

Keywords: spectroscopy software, Judd-Ofelt apps, thermometry fitting software, open Origin
alternative, open MATLAB alternative.

1 Introduction

Open-source scientific software is crucial because it promotes transparency, reproducibility, and
collaboration in research. Sharing the code allows other researchers to validate, expand, and refine
the work, strengthening the credibility of the findings, while the open-source approach fosters
community contributions that accelerate adoption, broaden the research's reach, and amplify the
paper's overall impact.!> When a paper includes open-source software, it can significantly boost its
visibility and citations, as researchers are more likely to reference and use tools that are freely
accessible.

This study aims to review the most effective open-source scientific software for
spectroscopic analysis, including tools developed by the Optical Materials and Spectroscopy Group.
A comparison with commercial alternatives is provided, along with an analysis of the underlying
academic motivations.
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2 Methodology
2.1 GNU Octave, LabPlot, and SciLab

GNU Octave,? LabPlot%, and Scil.ab> are open-source software tools useful for numerical
computations and spectroscopy. GNU Octave, with a MATLAB-like syntax, supports signal
processing and spectral analysis, funded by donations through OpenCollective.® LabPlot excels in
data visualization and analysis, offering features for curve fitting and peak analysis, and is
supported by donations via Liberapay.” SciLab facilitates numerical computations and spectral
analysis, allowing custom algorithm development, and is sustained by community contributions and
institutional support. These tools are free alternatives to commercial software like MATLAB,
OriginPro, Igor Pro, and LabVIEW.

2.2 Orange

Orange® is an open-source, Python-based data analysis tool developed by the Bioinformatics
Laboratory at the University of Ljubljana. It provides an intuitive, drag-and-drop interface for data
mining and machine learning (see Figure 1), leveraging libraries like NumPy, SciPy, and scikit-
learn. Spectral Orange is an add-on specifically for spectroscopic data analysis, offering tools for
preprocessing, feature extraction, and machine learning. It allows tasks like baseline correction and
peak detection, providing an open-source alternative to software like Origin. Both Orange, and its
add-on, Spectral Orange are free, supported by community contributions, and funded through
academic grants.

Figure 1. Example of Spectral Orange used for analysis of Sm?* luminescence.

2.3 LumTHools

LumThools® is a Python-based software developed for the analysis of luminescence
thermometry data, specifically designed to fit temperature-dependent models of luminescence. It
allows researchers to process and analyze luminescence properties, such as intensities and decay
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times, that vary with temperature (see Figure 2). Built with Python, LumTHools offers flexibility,
making it easier for users to adapt or modify the tool to suit specific experimental needs. The main
motivation behind its creation was to provide an accessible, powerful tool for accurately fitting
temperature-dependent luminescence models. LumTHools has been highly successful, with the
scientific paper describing it receiving a large number of citations, highlighting its significant
impact in the field.

Figure 2. LumTHools used for fitting of Sm?* luminescence lifetime vs temperature, and
corresponding thermometric graphs.

2.4 Judd-Ofelt from the Emission spectrum

JOES! (Judd-Ofelt Emission Spectra) is a Java-based software tool used for Judd-Ofelt
analysis, which applies the Judd-Ofelt theory to study the optical properties of rare-earth-doped
materials. The software facilitates the interpretation of emission and absorption spectra, providing
key parameters such as radiative transition probabilities and branching ratios (see Figure 3).
Developed to streamline the analysis process, JOES has become widely adopted in the scientific
community, as reflected by its high citation count in related research papers.
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Figure 3. JOES software employed for JO analysis from TiO2:Eu®* emission spectrum.

3 Conclusion

The adoption of open-source scientific software in spectroscopic analysis represents a
significant advancement in research methodology. GNU Octave, LabPlot, and SciLab offer robust,
free alternatives to expensive commercial numerical computation tools, fostering greater
accessibility and flexibility in spectral analysis. Orange enhances data mining and machine learning
capabilities, particularly in spectroscopy, through its intuitive interface and specialized add-ons.
LumThools addresses the specific needs of luminescence analysis with its customizable features for
temperature-dependent model fitting. JOES provides valuable support for Judd-Ofelt analysis,
streamlining the study of rare-earth-doped materials. Collectively, these tools not only contribute to
the advancement of spectroscopic research but also underscore the value of open-source software in
promoting scientific collaboration and innovation. The continued development and use of these
tools are likely to further enrich the field and enhance the reproducibility and transparency of
scientific research.
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REZIME

Potreba da se na avionima sa naprednim kokpitom obuka izvede na najefektivniji nacin dovela je do
toga da se u obuci posveti veta paznja koriS¢enju trenaZera leta i sumulatora razli¢itih nivoa
vernosti. Procena napretka u obuci bitna je stavka u tom procesu kao i u realnoj obuci na avionima.
Da bi se izbegla pristrasnost koju u ocenjivanje unosi ljudski faktor pored simulacionih softvera koji
pokreCu trenaZere i simulatore moguce je primeniti niz manjih softvera koji mogu da zabeleZe
parametre leta i putanju aviona u simulaciji, koji se kasnije mogu iskoristiti za analizu uspeSnosti
leta. Pored performansi i putanje leta jedan on naprednijih nacina za analizu primene znanja
steCenih na teorijskim pripremana u toku samog leta na trenaZeru je i analiza interakcija izmedu
coveka i maSine u vidu raspreda pomeranja paznje, odnosno strategije osmatranja instrumenata i
prenoSenja pogleda sa jednog instrumenta na drugi. U ovom radu bice rec¢i o upotrebi slobodnog
softvera u R programskom jeziku koji pruZa moguc¢nosti za izradu niza funkcija i potprograma za
prikupljanje podataka o performansama leta i indikatorima pokreta oka u toku leta i njihovu kasniju
analizu i prezentaciju.

Kljucne reci: letacka obuka, parametri leta, pokreti oka, trenaZeri, simulacija, slobodni softver.

1 Uvod

Zbog razvoja automatizacije i integracije sistema u kokpitima modernih civilnih aviona, prethodne
metode obuke fokusirane na vezbanje specifi¢nih situacija putem ponavljanja viSe nisu dovoljne
ukoliko se u letu pojavi potreba za reagovanjem u neocekivanim situacijama [1]. U skladu sa
prethodnim tvrdnjama su i rezultati istraZivanja Lefranciois i drugi [2] gde su kaZe da su piloti
postali ,,zavisni“ od automatizacije i zapostavili veStinu manuelnog letenja. Kao posledica toga
dosSlo je do ucestale pojave previda (ne kontrolisanja) pokazivanja instrumenta Sto je rezultovalo
kriticnim situacijama posebno u toku sletanja. Sli¢an tip automatizacije u nekoj meri primenjen je u
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izgledu kopita modernih aviona za obuku a koji se pre svega ogleda u primeni integrisanog
Elektronskog sistema letnih instrumenata (EFIS — eng. Electronic Flight Instrument System).
Ovakav tip aviona za obuku je poznatiji pod nazivom Tehnoloski napredni avion (TAA- eng.
Technically Advanced Airplane) [3]. Razlika koja je oCigledna u odnosu na stariji tip instrumentalne
table gde je postojalo Sest osnovnih instrumenata kruZznog oblika (,,six pack®) ,umesto dva ili tri
digitalna ekrana kako izgleda sada, proteZe se i izvan samog izgleda. Problem je u tome Sto niko od
proizvodaca nove avionske opreme nije prezentovao etiku koriS¢enja, odnosno osmatranja,
digitalnih instrumenata na nacin kao Sto je to bilo razradeno za stariju generaciju.

U mnogim studijama, konvencionalna simulirana okruzZenja visoke i niske vernosti koriS¢ena su kao
radna okruZenja u eksperimentima sa indikatorima performansi leta i pomeranjem pogleda.
Efikasnost simulatora razli¢itih vernosti u obuci je uglavnom procenjena proucavanjem sposobnosti
prenosa obuke (Transfer obuke eng. TOT- Transfer of Training) iz simulatora u stvarni avion.
Medutim, oslanjanje na ljudske sakupljaCe podataka (Instruktore i IspitivaCe) za proucavanje ovog
prenosa obuke izazvalo je zabrinutost u vezi sa potencijalnim predrasudama koje mogu uticati na
taCnost rezultata. Analizom rezultata i postavki prethodnih studija koje su se bavile tematikom
napretka u obuci istrazivacki tim Vojne akademije je pokuSao da otkloni neke nedostatke i uveo
kontinuirano digitalno pracenje performansi leta u proceduru evaluacije napretka obuke kako bi se
prikupio maksimalni uzorak podataka i na taj nacin prevazisli pre svega problemi sa malom grupom
pilota kao veli¢inom uzorka.

Mogucnost prenosa obuke iz simulatora u stvarni avion zavisi od viSe faktora a jedan od njih je i
vernost simulatora, odnosno mere do koje simulator oponasa stvarni avion. Prema jednoj studiji [4]
postoje Cetiri kvalitativna pokazatelja koji odreduju stepen vernosti i to:

e Vizuelna vernost (vernost prikaza scenarija van kabine aviona);

e Fizicka vernost (vernost prikaza instrumenata i oblika i veli¢ina poluga i prekidaca u
kabini);

e Kretna vernost (simulacija sila i momenata kretanja aviona kroz prostor);

¢ Kognitivna vernost (mogucnost izvodenja kompleksnih zadataka).

Variranjem stepena i odnosa pojedinih pokazatelja vernosti menjaju se uslovi simulacije, odnosno
dobija se drugaciji tip simulatora. Poredenjem performansi tokom izvodenja letackih zadataka na
pravom avionu, koje polaznici obuke postiZu, moZe se utvrditi razlika doprinosa obuci razlicitih
tipova simulatora. Pracenje performansi izvodenja letackih zadataka i napretka u obuci u
simuliranom okruZenju potrebno je da bi se identifikovali pokazatelji vernosti koji imaju uticaja na
takav ishod.

Imaju¢i u vidu da sve vecu dostupnost trenaZera zasnovanih na virtuelnoj tehnologiji i njihovu
relativno laku dostupnost postavilo se pitanje da li oni mogu da obogate kurikulume letacke obuke i
doprinesu povecanju prenosa znanja. Kako bi ispitao ovu mogucnost istraZivacki tim Vojne
akademije napravio je eksperiment sa izmenjenim uslovima simulacije gde je konvencionalno
vizuelno okruZenje zamenjeno virtuelnim. Promenjena vizuelna vernost simulatora u kojem su
kadeti-piloti leteli zahtevala je da se ispitanici podele u dve grupe. Na kraju studije, zavrsni ispitni
let je izveden koriS¢enjem konvencionalnog uredaja za obuku kako bi se uporedila dostignuc¢a
eksperimentalne grupe sa simulatora virtuelne stvarnosti sa onima iz kontrolne grupe. Ovakav tip
studije naziva se i kvazi transfer tip studije. Dodatno su prikupljani podaci o pokretima ociju kako
bi se proucili efekti strategija osmatranja instrumenata na performanse leta.

Za razliku od ranijih studija gde je prikupljanje podataka vrSeno od strane instruktora letenja ili
ispitivaca i koje ima svojih nedostataka kao polaznu osnovu za istrazivanja koja je vrSio tim Vojne
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akademije posluZile su neke od studija gde je prikupljanje podataka i kasnija ocena performansi
vrSena softverskim putem. Zbog velike sliCnosti sa istraZzivanjima na Vojnoj akademiji izdvajaju se
dve studije. U svojoj studiji Lawrynczyk [5] je koristila sliCan scenario prilikom ispitivanja
mogucnosti koriS¢éenja VR za obuku pilota, umesto ili pored tradicionalnih simulatora letenja.
Studija koju su radili Oberhauser i kolege [6] poredila je funkcionalnu vernost simulatora letenja
virtuelne stvarnosti (VRFS eng. - Vitual Reality Flight Symulator) sa konvencionalnim simulatorom
letenja. Ispitivana su vremena reakcije pilota da bi se dosegle kontrole u kokpitu, odstupanje od
idealne putanje leta, radno optereCenje i bolest kretanja u simulatoru. Prikupljanje i ocenu
performansi softverskim putem primenjivali su joS i Ayala i drugi [7], Yang i drugi [8], McGowin i
drugi [9], Reweti i drugi [10], Le Ngoc i drugi [11].

U ovom radu bice prikazan nacin na koji su bili razvijani eksperimenti i organizovano ispitivanje
perceptivnih i motornih sposobnosti kadeta pilota u letovima u simuliranom okruZenju a koje je
kasnije nastavljeno ispitivanjem koncepta digitalne obuke i selekcije pilota. U prvom delu
objasSnjena je potreba za pouzdanijim prikupljanjem, obradom i prezentacijom podataka o
parametrima leta koja se javila tokom istraZivanja i mogu¢nostima slobodnog softvera da resi taj
problem. Prezentovani su primeri studija dugih autora i upotreba konkretnih funkcija i paketa za
reSavanje zadataka postavljenih u ispitivanjima koja su sprovodena na Vojnoj akademiji. U drugom
delu rada prikazan je nacin na koji se pomocu slobodnog softvera u kombinaciji sa uredajima za
pracenje pokreta oka mogu odrediti strategije osmatranja instrumenata i okoline aviona. Primeri
strategija koje su detektovane kod ispitanika vizualizovane su pomocu slobodnog softvera i
pomogle su da se uparivanjem sa prethodno zabeleZenim performansama leta odredi njihova
uspesnost.

2 Analiza podataka o parametrima leta dobijenih iz simulatora

U ovom poglavlju prikazan je eksperiment koji je sproveden sa kadetima pilotima Vojne akademije
u letovima u simulatorima sa razliitim vizuelnim okruZenjem odnosno razli¢itom vizuelnom
vernoScu. Sustina je bila da uocCe eventualne razlike u performansama leta i da se podaci prezentuju
na najbolji nacin. Primer ove i sli¢nih studija posluZio je da se ispita upotreba slobodnog softvera u
ove svrhe.

Slika 1 TrenaZer aviona Lasta koriS¢en za potrebe proucavanja Strategije osmatranja instrumenata u
digitalnom kokpitu (desno) sa uredajem za snimanje pokreta oka (zaokruZen Zutom bojom) i
kontrolni ekran aplikacije Gazepoint Analysis (levo).

Za eksperiment u kojem je vrSeno poredenje parametara leta (VA-TT/2/24-26), PC simulator letenja
koji su u ranijim istraZivanjima (VA-TT/5/13-15 i VA-TT-2/19-21) koristili istraZivaci sa Vojne
akademije i koji je opisan u studiji Vlaci¢ i ostali [12] posebno je nadograden sa Centurion 270
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PRO cilindri¢nim 270° vizuelnim sistemom kompanije Simpit Technologies kako bi se povecala
njegova vernost u pogledu vidnog polja. Eksperiment je koristio dodatak za avion Lasta, vojni avion
za obuku koji spada u kategoriju tehnoloski naprednih aviona zbog svojih integrisanih elektronskih
instrumenata (EFIS). Nova hardverska konfiguracija racunara komercijalno dostupna tokom
eksperimenta omogucila je bolji rad sa viSe frejmova i sa zakrivljenom projekcijom spoljnog
scenarija sa rezolucijom od 3080 puta 1024 piksela. Slika 1 prikazuje trenaZer sa podeSavanjima iz
eksperimenta i uredajem koji snima pokrete oCiju u pozadini.

Dodatak za softver Microsoft FSX za avion Lasta poboljSan je dodatnim softverom pod nazivom
FlyInside FSX firme Flylnside Inc. 2018. To je omogucilo postavljanje modela aviona Lasta u
virtuelnu stvarnost uz pomo¢ seta Oculus Rift Virtual Reality. Softver Flyinside koristi funkcije
Microsoft Flight Simulatora i dodaje interfejs VR okruZenja. Dinamika leta i karakteristike
originalnog softvera ostaju isti. Slika 2 prikazuje spoljasnjost VR simulatora letenja (levo gore), i
scenografiju leta i prezentaciju VR simulacije u kokpitu (desno).

Slika 2 VR Testiranje trenaZera aviona Lasta (levo gore) i izgled virtuelnog kabinskog prostora
(desno). VR trenaZer koriS¢en za eksperimentalnu grupu ispitanika za pri proucavanju strategija
osmatranja instrumenata. Slika iz meSane realnosti softvera FlyInside FlyInside Inc. 2018 .

Na slici broj 3 nalazi se Sematski prikaz konstrukcije Skolskog kruga koji se inace primenjuje u
obuci za uvezbavanje poletanja i sletanja na avionu Lasta. Isti ovaj Skolski krug uvezbavan je od
strane ispitanika koji su ucestvovali u ispitivanju poredenja performansi leta i strategije osmatranja
instrumenata na trenaZerima razlicite vernosti.

U studiji [12] koriS¢en je Modul snimac podataka (FS Recorder) koji je stvorio Matthias Neusinger
(2007-2010) da bi se zabelezili podaci o performansama leta sa simulatora. FS Recorder je slobodni
softver koji dodaje funkcije snimanja i reprodukovanja letova osnovnom softveru. Ovaj softver je
koriS¢en za snimanje parametara podataka o letu tokom svih letova u konvencionalnom
simuliranom okruZenju i VR. MoZe da snima i reprodukuje letove gotovo neogranicene duZine. On
cuva podatke u sopstvenom ".frc" formatu podataka. Osim toga, koriS¢en je FS Recorder konverter
kreiran od strane Matthias Neusinger (2007-2010) za pretvaranje FS Recorder ,,.frc“ datoteke u
tekstualne datoteke. Nakon konverzije, stvarni podaci o letu se formatiraju u redove i kolone, gde
svaki red sadrZi jedan skup parametara (u daljem tekstu nazvan uzorak podataka), a svaka kolona
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predstavlja odredeni parametar. Svaka linija predstavlja jedan uzorak podataka i sastoji se od niza
vrednosti razdvojenih razmakom (tabulatori ili razmaci). Ove vrednosti moraju da odgovaraju
definicijama kolona (tj, geografska Sirina, duZina, nadmorska visina, visina, nagib, smer, poloZaj
zakrilaca, instrumentalna vazdusna brzina (IAS — eng. Indicated Airspeed), stvarna vazdus$na brzina
(TAS — eng. True Airspeed). Najvaznija kolona za sinhronizaciju snimaka pracenja ociju i
performansi leta je kolona "vremenska oznaka", koja beleZi vremenski broj (sekunde) od pocetka
snimanja za svaki parametar koji Cini taj red podataka (tj. geografska Sirina, duZina, nadmorska
visina, visina, nagib). Na taj nacin, moguce je uporediti dogadaje u simulaciji sa tajmerom koji broji
vreme unutar softvera za pracenje ociju, jer oni pocinju da rade gotovo trenutno, odvojeni samo
jednim klikom.

Root Mean Square (RMS) Heading Deviation Downwind (°)

Deviation from the heading 302°

Root Mean Square (RMS) Instrumental airspeed Deviation Downwind (Kt)
Deviation from the airspeed 95 knots

Root Mean Square (RMS) Altitude Deviation Downwind (m)

Deviation from the altitude of 300m %

K DOWNWIND

Root Mean Square RMS) Heading Deviation Crosswind (°)
Deviation from the ljeading 032°

Root Mean Square RMS) Instrumental airspeed Deviation
Crosswind (Kt)
Deviation from the dirspeed 95 knots

Root Mean Square RMS) Pitch Deviation Crosswind (°)
Deviation from the fitch angle 9°

CROSSWIN

“

Root Mean Square (RMS) Heading Deviation Final (°)
Deviation from the heading 122°

Root Mean Square (RMS) Instrumental ail
(kt)

Deviation from the airspeed 85 knots
Root Mean Square (RMS) Pitch Deviation Crosswind (°)
Deviation from the pitch angle -3.5°

d Deviation Ci

Slika 3 Prikaz konstrukcije Skolskog kruga (u horizontalnoj ravni) koji se primenjuje pri
uvezbavanju procedure poletanja i sletanja na avionu Lasta i koji je koriS¢en kao postavka u
eksperimentu sa trenaZerima razliCite vernosti u studiji (VA-TT/2/24-26).

Oberhauser i drugi [6] su na sli¢noj konstrukciji Skolskog kruga kao Sto je ve¢ prikazan na slici 3,
koji je koriS¢en u istraZivanjima tima Vojne akademije, ispitivali pored ostalih elemenata i
performanse leta po slicnim segmentima (Crosswind, Downwind, itd. Slika 3). U samom radu [6]
autori daju Sematski prikaz arhitekture simulatora leta u virtuelnoj realnosti gde se vidi da je za
prikupljanje i obradu podataka koriS¢en mreZni radni okvir slobodnog softvera pod nazivom
robotski operativni sistem (ROS - eng. Robot operating system) koji su kreirali Quigley i drugi [13].
Sami autori robotskog operativhog sistema kaZu da to nije operativni sistem ve¢ predstavlja
komunikacioni sloj iznad osnovnog operativnog sistema koji povezuje heterogenu hardversko —
softversku strukturu. U sustini je ,jezicki neutralan“ ali ima u sebi podrSku za Cetiri potpuno
razlicita programska jezika: C++, Python, Octave i LISP. U ovoj studiji [6] nasao je svoju primenu
obzirom da je pored simulacije scenarija Skolskog kruga u virtuelnoj realnosti i kabine aviona
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simulator imao i hardverske komponente (pilotsku palicu i prekidace) koji su se nalazili na mestima
gde bi bili i u virtuelnoj realnosti i na taj nacin su sacinjavali takozvani meSani model. Na osnovu
datoteka izveStaja ROS autori su dosli do odredenih zakljuCaka koje ovde nece biti predmet
razmatranja.

Druga studija koju su izveli Sun i kolege [1] je imala za cilj da kvantifikuje neke od pokazatelja
novog tipa letacke obuke koja se joS naziva i Obuka i procena zasnovana na kompetencijama
(CBTA- eng. Competency — based Training and Assessment). Sustinski se kompetencija svodi na
indikaciju ljudskih performansi koje mogu biti siguran pokazatelj uspeSnog izvrSenja nekog posla. S
obzirom da je ovde re¢ o kompetencijama za bezbedno i sigurno upravljanje avionom definisano je
7 indikatora kompetentnosti (OB — eng. Observable Behaviors) u pocCetnoj letackoj obuci. Svi oni
su procenjivani na osnovu toga koliko puta su se pojavljivali kod ispitanika i koliko ¢esto. Sustinske
i osnovne za pocetnu obuku predstavljaju kompetencije vezane za merenje i ocenu performansi leta
aviona kao Sto su kontrola poloZaja aviona, kontrola putanje aviona i bezbedno upravljanje po
trajektoriji. Podaci iz letacke obuke analizirani su na principu teorije slicnosti krivih i algoritmom
za brzo pronalaZenje vremenskih serija. Kao scenario za procenu posluZio je neSto drugaciji patent
za sletanje nego u prethodnim studijama a predstavlja konstrukciju zalaznog zaokreta u obliku
kaplje koji sluZi za sletanje u instrumentalnim meteoroloskim uslovima (Slika 4).

Kako autori navode u tekstu rada svi podaci su sakupljeni pomoc¢u Snimaca parametara leta na
samom avionu (Cesna 172) i saCuvani u digitalnom obliku na memorijskoj kartici. Nakon sletanja je
na zemlji vrSeno filtriranje podataka da bi se dobili samo parametri koji su bili relevantni za sadrZaj
istraZivanja, kao Sto su geografska duZina, geografska Sirina, visina, nagib i instrumentalna brzina.
Drugo, na osnovu taCaka kao Sto su tacka pocetnog prilaza (IAF -Initial approach Fix ), srediSnja
tacka prilaza (IF — Intermediate Fix) i tacka zavrSnog prilaza (FAF- Final Approach Fix) (Slika 4) i
pozicije njihovih geografskih Sirina i duZina, kao karakteristika konstrukcije kaplje za sletanje
dobijeni su podaci za istraZivanje. Svi pomenuti procesi predobrade i naknadne analize podataka
vrSeni su u Python okruZenju koriS¢enjem Visual Studio Code softvera [1]. Nacin na koji su
prikupljeni podaci nije niSta drugo nego zapis parametara leta koji se moZe zabeleZiti i na indikatoru
parametara motora kao Sto je to slucaj sa uredajem MVP-50P koji se koristi u pravom avionu Lasta
sa kojeg se mogu izvuci sve potrebne norme koje su zabeleZene u istoj formi kao na FS rekorderu
koji je koriScen za snimanje podataka na simulatoru leta aviona Lasta.

Base turn

A\ Inboundleg A Runway

IF FAF IAF

Slika 4 Konstrukcija zalaznog zaokreta za sletanje u obliku kaplje koji je analiziran u radu Sun i
ostali [1], http:/creativecommons.org/licenses/by/4.0/.

Na osnovu podataka sa snimacCa leta, a nakon analize, autori su dobili predstavu kretanja
vazduhoplova u horizontalnoj ravni u proceduri sletanja koja izgleda kao na slici 5. Poredenjem
ocene odstupanja parametara leta koja je dobijena putem softvera i ocenama koje su instruktori
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letenja dali ucesnicima u samom letu dobijena je korelacija od 0.947 na osnovu cega su autori
zakljucili da ovakav model moZe biti koriS¢en za ocenu performansi leta pilota na obuci.

Slika 5 Horizontalna projekcija trajektorije vazduhoplova u proceduri za sletanje iz rada Sun i drugi
[11, htto://creativecommons.org/licenses/by/4.0/.

Kao Sto je ve¢ konstatovano na pocetku ovog rada u poslednje vreme doslo je do velike ekspanzije i
prelaska sa obuke na pravim vazduhoplovima (Ziva obuka- eng. Live training) na obuku na
simulatorima a to je posebno karakteristicno za vojnu obuku koja je inace skupa i sa sobom nosi
velike rizike. Ideja autora softvera ,, AsaPy“ Cije ime predstavlja skracenicu od naziva Python
biblioteka za analizu Aeronautickih simulacija (A Python Library for Aerospace Simulation
Analysis) je bila da analizu gomile podataka koju generiSu simulacije i koja moZe biti opterecujuca i
nesavladiva pojednostave i ucine ekspeditivnijom.

Kao rezultat toga nastala je, AsaPy, prilagodena Python biblioteka, dizajnirana u kontekstu
vazduhoplovnih simulacija (Aerospace Simulation Environment) kako bi se pojednostavila i ubrzala
analiza podataka sa vojnih simulacionih platformi, odnosno kako bi se podrZao proces donoSenja
odluka [14]. Dijagram toka za testiranje hipoteza koriS¢enjem AsaPy softvera grupe autora Dantas i
drugi [14] data je na slici 6 i moZe se videti da u sebi ukljucuje pre svega tehnike za proveru skupa
podataka na odredivanje normalnosti raspodele i kasnije podeSavanje statisticke distribucije
podataka.

Slika 6 Dijagram toka za testiranje hipoteze koriS¢enjem ,,AsaPy*“ softvera iz rada Dantas i drugi
[14]. Slika iza rada dozvoljena za reprodukciju u nekomercijalne svrhe.

Kada je rec€ o predikciji performansi koja se dobija na osnovu proverenih hipoteza autori navode
primer navigacijskog leta vojnog lovackog aviona gde je istraZivan medusobni uticaj visine leta,
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brzine aviona i potroSnje goriva. Cilj je bio da se izdvoje momenti u kojima dolazi do vrhunca
potrosnje goriva. Na slici 7 prikazani su rezultati.

Slika 7 3D dijagram koji ilustruje medusobni odnos izmedu brzine, visine i potroSnje goriva iz rada
Dantas i drugi [14]. Slika iza rada dozvoljena za reprodukciju u nekomercijalne svrhe.

Iz prethodno prezentovanih studija moZe se videti da je sem izuzetka ROS softvera koji je koriScen
u Radu Oberhauser i ostali [6] koriS¢enje slobodnog softvera uglavnom svedeno na funkciju za
obradu podataka, a to je proces koji moZe da se poistoveti sa statistickom analizom koja se moZe
uraditi i u R programskom jeziku. Mnogi autori koriste R okruZenje za statisticku analizu i
prezentaciju podataka obzirom da je R okruZenje pogodno za razvoj brojnih alatki za analizu
simulaciju i prognozu [15].

Da bi uneli Sto viSe ,,pilotskog” razmisljanja i poistovetili proces izdvajanja bitnih podataka o
parametrima leta u odredenim segmentima leta u studiji o analiza parametara leta i pokreta oka u
izmenjenim uslovima simulacije koja je sprovedena na Vojnoj akademiji, napravljena je u R
programskom jeziku funkcija ,Proracun®. Napravljena je za izdvajanje i analizu podataka o
performansama leta po segmentima Skolskog kruga, odnosno u nju je ve¢ unapred ubacen deo
pilotskog znanja i iskustva. Jedan deo znanja potiCe od toga da je nacin na koji se ocenjuju
performanse leta u Skolskom krugu, to jest koji se parametri tacno posmatraju kod ucenika, izdvojen
iz niza drugih parametara. Drugi deo znanja potiCe od toga da je velicina normi koje se ocenjuju i
porede zadata prema zvani¢nim metodickim priruc¢nicima koji sluZze kao vodici u obuci i koji su
napisani iz iskustva iz niza letova koji su tome prethodili. Odnosno, veoma bitna stvar koja je
primenjena u ovoj studiji je broj letova koji se daju za uveZbavanje kao norma koja je definisana
metodickim priru€nicima i predstavljaju niz znanja koja se prenose i uvezZbavaju iz leta u let.

Svaki let uvezbavanja po veZbi Skolskih krugova sadrzi Sest Skolskih krugova, odnosno Sest
poletanja i sletanja. Nakon Sto se csv. datoteka za jednog od ispitanika uveze u R okruZenje, za
pocetak, bitno je izdvojiti vremenski okvir u kojem se svaki pojedinacni Skolski krug odvija. To se
postiZe filtriranjem na osnovu promenljive koja sadrZi vrednost 0 ako je avion u vazduhu ili 1 ako je
avion na zemlji. PoSto je avion u ovom slucaju kratko vremena na zemlji pogodnije je da se filtrira
na osnovu vrednosti 1. Dobijene krajnje vrednosti kolone vremenska oznaka, izmedu kojih postoji
prekinuti vremenski niz predstavljaju pocetak odnosno kraj jednog Skolskog kruga. Funkcija filtrira
ovu promenljivu i upisuje delove originalne tabele u tabelu ,,Vremena“ koja ima poseban dodatak
imenu za svakog ispitanika i za svaki njegov let. Ispod je dat primer za ispitanika broj pet i za
njegov let broj 2.

Vremena_lIspitanik5_test2<- mydata %>% filter(onground==1)
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Nakon toga se za date vremenske okvire u kojima se odvijaju Skolski krugovi na osnovu filtriranja
po viSe zadatih kriterijuma dolazi se do odredenih segmenata Skolskog kruga, kao Sto je prikazano
na primeru ispod, koji predstavlja poslednji korak filtriranja za segment zavrSnog prilaZenja (final)
koji se moZe videti na slici 3.

final16<- mydata %>% filter(between(timestamp,f,g))

Ovde je posebno pogodna upotreba Pipe operatora ,,%>%" koji je u stvari deo paketa ,,dplyr® [16] i
pomocu kojeg se gotov proizvod jedne funkcije moZe koristiti kao argument naredne pa je tako
moguce na koncizan nacin povezati viSe operacija u jednu.

Na kraju se za svaki od segmenata Skolskog kruga odnosno za svaki parametar leta koji je bitan
mogu se odrediti odstupanja od potrebne vrednosti. Na primeru ispod prikazano je kako se racuna
srednje kvadratno odstupanje kursa leta od zadane vrednosti 122° u zavrSnom prilaZenju (segment
,Final“ na slici 3.)

else{ if(I=="final"){
p6<- abs(fww$heading-122) #daje promenljivoj vrednost u odnosu na zadani kurs#
prenos6<- data.frame(p6)
rms_final_head<- sqrt(mean(prenos6$p6-2))
Zapis_final$head_sixth_circle<<- prenos6$p6
Zapis_final$alt[6]<<- fww$altitude[1]
Zapis_final$hdg[6]<<- fww$heading[1]
Zapis_final$rms[6]<<- rms_final_head
print("rms_final_head")
print(rms_final_head)

Kako bi se prikazala putanja leta po Skolskom krugu moguce je analizirati podatke po svim tackama
putanju leta u okviru zadatog vremenskog okvira i po geografskim koordinatama pomocu paketa
,»ggplot“ [17] prikazati na 2d grafikonu (Slika 8 desno) ili u 3d prikazu sa vrednostima visine (Slika
8 levo) pomocu niza naredbi ispod.
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Slika 8 2D prikaz putanje leta po Skolskom krugu aviona Lasta u geografskom koordinatnom
sistemu (desno) 3 D prikaz putanje leta po Skolksom krugu aviona Lasta u geografskom
koordinatnom sistemu sa prikazom visine (levo). Izvor: Aleksandar KneZevic.

ggplot(mydata, aes(x=longitude, y=latitude))+
coord_quickmap()+
geom_point()

Na sli¢an nacin, pomoc¢u funkcije ,,ggmap“ moguce je crtati podatke na Google mapama za koje je
prethodno potrebna registracija kod kompanije Google kao ,,developer®, da bi se dobio API kljuc sa

38



kojim se pomocu niza naredbi, datih ispod, putanja sa slike 8 (desno) moZe ucrtati na Google mapu.
Putanja Skolskog kruga iznad aerodroma Batajnica na Google mapi prikazana je na slici 9.

mapimagedatal <- get_googlemap(center= c(lon=mean(mydata$longitude), lat=mean(mydata$latitude)), zoom=12,
size=c(640,640),scale=2, format="png8", maptype=c("terrain™))

Slika 9 Prikaz putanje Skolskog kruga aviona Lasta iznad aerodorma Batajnica na Google mapi
kreiran pomocu funkcije ,,ggmap“ u R programskom jeziku.

Slika 10 Sumarna statistika za srednje kvadratno odstupanje od kursa zavrsnog prilaZenja za svakog
ispitanika iz eksperimetalne grupe (VR)- gore i kontrolne grupe (Simpit)- dole, sa linijom trenda po
letovima za grupe ispitanika.

Na kraju istraZivanja, podaci dobijeni analizom zapisa sa datoteka snimaca leta u konvencionalnom
i virtuelnom okruZenju otkrivaju nam da je izrazit i karakteristican napredak grupe koja je
uvezbavala Skolski krug u virtuelnom okruZenju. Bolji rezultati ove grupe su evidentirani ¢ak i kada
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su nakon uveZbavanja vraceni na testiranje na konvencionalnom simulatoru zajedno sa kontrolnom
grupom. Primer preciznijeg izlaska u pravac sletanja, odnosno manjeg odstupanja od idealne
putanje zadatog kursa u zavrSnom prilaZenju dat je na slici 10. Graficki prikaz dat je koriS¢enjem
funkcija ,,ggplot” paketa i paketa ,,RColorBrewer“ u R programskom jeziku.

3 Analiza podataka dobijenih iz uredaja za snimanje
pokreta oka

U ovo poglavlju bi¢e objasnjen nacin na koji se tradicionalne mere tranzicije pogleda koje se
snimaju uredajima za pracenje pokreta oka, pomocu slobodnog softvera mogu zameniti naprednijim
prezentacijama i parametrima Sto je posluZilo kao osnova za izvodenje studije unapredenja selekcije
pilota na Vojnoj akademiji. Studija koje je uspeSno dokazala upotrebu uredaja za pracenje pokreta
oka posluZila je kao pomoc¢ pri izvodenju studije sa pracenjem parametara leta koja je prezentovana
u prethodnom poglavlju.

Strategije pomeranja pogleda se definiSu kao pokreti ociju koje pojedinac moZe da izvrsi i koji su
relevantni za letenje avionom. Konkretno, dva relevantna pokreta ociju su fiksacije (tj. Vreme koje
protekne dok je neciji pogled usmeren na jednu odredenu lokaciju, ili broj pogleda u tu istu tacku) i
sakade (tj. Brzo kretanje ociju iz jedne tacke fiksacije u drugu) [18]. U praksi se, barem kada je rec¢
o vazduhoplovstvu tacka u kojoj se meri broj pogleda ipak definiSe kao podrucje, odnosno kao
podrudje od interesa (AOI — Area of Interest).

Sekvenca kretanja pogleda moZe poceti od bilo kog drugog AOI i predstavlja povratnu putanju
skeniranja ili "ponovnu posetu" sa bilo kojim drugim AOI. U rezultatima studije Lijing i ostali [19]
gde su vrSena istraZivanja indikatora pokreta ociju u korelaciji sa tehnikom skeniranja instrumenata
i performansama leta sa iskusnim pilotima i pocetnicima, posebno je objasnjeno kako amplituda
sakade, ugao sakade i vreme kao indikatori fiksacije oka koreliraju sa veStinama letenja.

Slika 11 Izgled kokpita aviona Cesna 152 u simulaciji Microsoft flight simulator i 10 AOI za koje je
sniman raspored osmatranja u studiji Ayala i ostali [7], http://creativecommons.org/licenses/by/4.0/.

U studiji koju je istraZivala uticaj teZine letackog zadatka na strategiju osmatranja instrumenata kod
pilota sa manjim letackim iskustvom vrSena je analiza na bazi entropije na 10 AOI (Slika 11) u
simuliranom scenariju sletanja [7] . Zatim je generisan niz lokacija fiksacije za svaki let. Potrebni
kodovi su napisani su u Python okruZenju za izracunavanje staticke entropije pogleda SGE (Static
Gaze Entropy) i Entropije tranzicije pogleda GTE (Gaze Transition Entropy). SGE je mera
disperzije pogleda koja se izracunava u datom periodu gledanja. Sto su vise ravnomerno
rasporedene fiksacije Sirom AOI (tj. Sira disperzije pogleda), to je veca entropija. Entropija
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tranzicije pogleda (GTE) ispituje sloZenost sekvence fiksacije kroz analizu matrica tranzicije
pogleda.

Slican pristup kao Sto je mera Entropija tranzicije pogleda razvili su Mandal & Kang [20] u svojoj
studiji. Primenjena je mreZna analiza pokreta oka za dinamicke zadatke, gde su razliciti AOI
prikazani kao vrhovi mreZe (¢vorovi), a tranzicija pogleda medu njima je predstavljena usmerenim
putanjama izmedu vrhova mreZe. Razvijanje vizualizacije zasnovane na mreZi i ostali slic¢ni
pokusaji su teZnja da se tradicionalne mere tranzicije pogleda kao Sto su broj i trajanje fiksacija,
koje nisu davale dovoljno pouzdano pokazivanje razlike u strategijama osmatranja, zamene
pouzdanijim. Vizualizacija i merenje tranzicije pogleda zasnovano na mreZi zahteva prvo kreiranje
AOI matrice tranzicije, koja je tabelarna prezentacija prelaza fiksacije oka koji se javljaju izmedu
razlic¢itih AOI parova. Nakon toga, ove informacije o matrici tranzicije se koriste za razvoj mrezne
prezentacije, koja vizualizuje strategiju vizuelnog skenirana kod ispitanika.

Nacin prezentacije podataka za staticku mreZu kao u Mandal, Kang, & Millan [21] sa odredenim
prilagodavanjima koriS¢ena je u radu Vlacic, Knezevic, Mandal, Rodjenkov, & Vitsas [12].
PredloZena cetiri AOI na simuliranom kokpitu aviona Lasta za potrebe ove studije vide se na slici
12. Snimanje pokreta oka vrSeno je pomocu uredaja GP3 Desktop Eye Tracker firme Gazepoint
(Slika 1) sa brzinom uzorkovanja od 60 Hz, i ugaonom preciznos¢u od 0.5°— 1°. U momentu
startovanja simulacije i softvera FS Recorder startuje se i funkcija snimanja u softveru Gazepoint
Analysis tako da se moZe uporediti vremenska linija snimanja parametara leta i tranzicije pogleda.
Zanimljivo je napomenuti da razlika izmedu broja AOI u primeru iz studija Ayala i drugi [7] (gde ih
je bilo 10) poticCe iz toga Sto je kokpit aviona Lasta opremljen elektronskim instrumentima koji
objedinjuju pokazivanje viSe parametara na jednom prostoru Sto je upravo i navedeno u uvodu kao
potreba da se sprovedu istraZivanja. Za potrebe ove studije koriScen je ,igraph“ paket [22] u R
programskom jeziku za konverziju AOI matrica tranzicije (Tabela 1) u grafove. Postoji razlika sa
predloZenim bojama ¢vorova u odnosu na predloZeni princip u Mandal, Kang, & Millan [21]. Na
osnovu RGB palete RColorBrewer paketa u R programskom jeziku definisano je da: crvena boja
znaci nisko trajanje fiksacije, narandZasta boja znaci duZe trajanje fiksacije a Zuta boja znaci
najduZe trajanje fiksacije.

Slika 12 Izgled kokpita aviona Lasta u Microsoft Flight Simulator i 4 AOi za koje je sniman
raspored skeniranja instrumenata u radu Vlacic i ostali [12] http://creativecommons.org/licenses/by/
4.0/.
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Tabela 1 Matrica tranzicije pogleda izmedu AOI za ispitanika broj 9 u horizontalnom letu iz rada
Vlacic¢ i ostali [12] http://creativecommons.org/licenses/by/4.0/.

FROM TO AOI
AOI AST AVST | EI| OC
AST 0 1 2 6
AVST 1 0 1 8
El 1 0 0 3
OC 7 8 2 0

Rezultat konverzije matrica u grafove je jasna vizualizacija razli¢itih strategija osmatranja
instrumenata koja se moZe videti na slici 14 za ispitanike broj 2 , broj 9 i broj 8 (slike sa leva na
desno). Boje od crvene ka Zutoj prikazuju duZe trajanje fiksacija unutar pojedinog AOI. Dodatno,
povrSina kruga predstavlja broj fiksacija unutar pojedinog AOI a debljina usmerenih putanja
predstavlja broj tranzicija pogleda izmedu AOI.

Slika 13 Vizualizacija strategija osmatranja instrumenata mreZznom metodom za ispitanike broj 2,
broj 9 i broj 8 iz rada Vlacic i ostali [12], http://creativecommons.org/licenses/by/4.0/.

Da bi se razlicite strategije koje su vizualizovane na ovaj nacin statisticki ispitale sprovedeni su
proracuni srediSnjosti ¢vorova unutar grafova pomocu paketa ,,Igraph“ u R programskom jeziku.
Ove mere svojstvene grafovima odreduju relativhu vaznost ¢vora u odnosu na graf. U pomenutoj
studiji to su bile mere stepena srediSnjosti (eng. Indegree), srediSnjosti po bliskosti (eng. Closeness)
i relaciona srediSnjost (eng. Betweenness). Dodatno, ove mere su normalizovane da bi se ustanovilo
koliko je svaka od ovih mera udaljena od maksimalno zabeleZene vrednosti unutar datog
vremenskog intervala, odnosno u ovom slucaju faze leta.
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4 Slobodni softver u studijama o avijaciji

Tabela 2 prikazuje pregled studija koje su prezentovane u ovom radu u kojima je koriS¢en slobodni
softver za prikupljanje, obradu i prezentaciju podataka. Tabela pored tipa softvera sadrZi i aktivnost
za koju je koriSc¢en kao i link sa kojeg taj softver moZe biti preuzet.

Tabela 2 Pregled studija o avijaciji u kojima je koriS¢en slobodni softver

Studija Slobodni softver/paket/ | aktivnost link

funkcija

Dantas i Python/ AsaPy obrada podataka https://www.python.org/downloads/

drugi (2024) /predikcija/prezentacija

Sunidrugi | Python/Visual Code obrada https://www.python.org/downloads/

2023 softver podataka/prezentacija https://code.visualstudio.com/

Oberhauser | C++, Python, Octave i prikupljanje https://code.visualstudio.com/

i drugi 2018 | LISP/ROS (Robot podataka/obrada https://www.python.org/downloads/

Quigley i Operating System) podataka/prezentacija https://octave.org/download

drugi https://common-lisp.net/downloads

Ayala i Python obrada https://www.python.org/downloads/

drugi 2023 podataka/prezentacija

Vlaci¢ i R/igraph, RColorBrewer | obrada https://cran.r-project.org/bin/

drugi 2020 podataka/prezentacija windows/base/
https://r.igraph.org/
https://cran.r-project.org/web//
packages/RColorBrewer/index.html

Mandal i R/igraph, RColorBrewer | obrada https://cran.r-project.org/bin/

Kang 2018 podataka/prezentacija windows/base/
https://r.igraph.org/
https://cran.r-project.org/web//
packages/RColorBrewer/index.html

Mandal. R/igraph, RColorBrewer | obrada https://cran.r-project.org/bin/

Kang i podataka/prezentacija windows/base/

Milan 2016 https://r.igraph.org/
https://cran.r-project.org/web//
packages/RColorBrewer/index.html

Eksperimen | R/dplyr, ggplot, ggmap, | obrada https://cran.r-project.org/bin/

tisa RColorBrewer, podataka/prezentacija windows/base/

primenom igraph/filter,Proracun https://cran.r-project.org/web/

koncepta packages/ggplot2/index.html

digitalne https://cran.r-project.org/web/
obuke i packages/ggmap/index.html
selekcije

pilota
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5 Zakljucak

Na nekoliko primera koji su navedeni u ovom radu moze se videti da je upotreba otvorenog softvera
dostigla visok nivo kada je re¢ o primeni u avijaciji ili vojnoj industriji. Poseban osvrt koji je
napravljen a tice se upotrebe otvorenog softvera u obuci pilota potvrduje neke od prednosti njegove
upotrebe.

Otvoreni softver kao Sto je R okruZenje sa svojim paketima i funkcijama omogucuje rad sa velikom
koli¢inom podataka kao Sto su zapisi iz registratora parametara leta, bilo sa pravog aviona ili iz
simulatora. U prvi plan dolazi moguc¢nost detaljne statistiCke obrade podataka koja moZe posluZiti u
svrhu dokazivanja neke hipoteze ili poredenja grupa ispitanika. Na ovaj nacin mogu se stvoriti
takozvane brze alatke koje mogu doprineti donoSenju odluka u kom pravcu treba da se nastave
eksperimenti. Sa druge strane mogucnost grafickih prezentacija i simulacija procesa moZe da
posluZi boljem razumevanju odvijanja kompletnih procesa za one koji treba da postanu korisnici
usluga obrade podataka.

U svakom slucaju to Sto su ovi softveri otvorenog tipa omogucavaju Siroku primenu bez ogranicenja
na neku granu nauke ili prakse i to ih preporucuje za upotrebu.
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REZIME

U vreme kada digitalna produkcija postaje sve prisutnija, analiza alata slobodnog softvera za
uredivanje video i audio zapisa od suStinskog je znacaja za Siru dostupnost navedenih tehnologija.
Ovaj rad pruZa detaljan pregled pet odabranih alata slobodnog softvera s ciljem da se korisnicima
ponude informacije o glavnim karakteristikama, prednostima i manama svakog alata. Odabrani alati
su Shotcut, OpenShot Video Editor, Kdenlive, Blender i VidCutter. Kroz sprovedenu analizu,
korisnicima se pomaZe da odaberu alat prema sopstvenim potrebama i nivoima veStine koje
poseduju. Na kraju, rad nudi uporedni pregled i preporuke alata za razlicite tipove korisnika u
zavisnosti od slucajeva upotrebe, od osnovne montazZe do napredne obrade.

Kljucne reci: slobodan softver, video i audio obrada, Shotcut, OpenShot Video Editor, Kdenlive,
Blender, VidCutter.

1 Uvod

U svetu digitalne produkcije, obrada video i audio zapisa postala je sastavni deo kreativnog procesa,
ne samo za profesionalce, ve¢ i za amatere. Sa sve ve¢im brojem dostupnih alata, korisnici imaju
priliku da biraju izmedu komercijalnog i slobodnog softvera. Slobodan softver nudi korisnicima
pristup naprednim funkcijama bez finansijskih ulaganja, ¢ime omogucava vecem broju korisnika da
se bave obradom multimedijalnih sadrZaja. Slobodan softver predstavlja vazan deo oblasti digitalne
obrade.

Cilj rada je pruZiti pregled odabranih alata slobodnog softvera ¢ija je namena uredivanje video i
audio zapisa. Analizirate se pet alata: Shotcut, OpenShot Video Editor, Kdenlive, Blender i
VidCutter. Navedeni alati odabrani su prema svojoj popularnosti, funkcionalnosti i dostupnosti na
razlicitim operativnim sistemima. Kroz detaljan pregled odabranih alata, rad Ce prikazati glavne
karakteristike, prednosti i nedostatke svakog alata, kako bi korisnici mogli da odaberu odgovarajuci
alat prema svojim potrebama. Rad ¢e pruZiti i uporedni pregled svih odabranih alata, analizirajuci
kljucne karakteristike. Na kraju, bice izloZene preporuke alata za razlicite tipove korisnika.
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2 Pregled odabranih alata

U ovom poglavlju, predstavljeni su odabrani alati slobodnog softvera za uredivanje video i audio
zapisa. Svaki od odabranih alata nudi specifi¢ne funkcionalnosti, koje mogu zadovoljiti razlicite
potrebe korisnika. Pregled ukljucuje analizu kljucnih karakteristika alata, prednosti i mane svakog
alata, kao i mogucnosti alata u razlicitim slucajevima upotrebe. Ovaj pregled pomoci Ce korisnicima
da steknu bolji uvid u neke od dostupnih slobodnih softvera za uredivanje video i audio zapisa,
Cime se olakSava izbor odgovarajuceg alata u skladu sa potrebama korisnika.

2.1 Shotcut

Shotcut [1] pruza intuitivan korisnicki interfejs prilagoden pocetnicima i predstavlja jedan od
najpoznatijih slobodnih softvera za uredivanje video i audio zapisa. Dostupan je za Windows,
macOS i Linux operativne sisteme i objavljen pod GNU GPL v3 licencom. Alat Shotcut nudi
jednostavnu upotrebu za pocetnike, dok istovremeno pruZa niz naprednih opcija koje zadovoljavaju
potrebe profesionalaca. Slika 1 prikazuje izgled prozora alata Shotcut.

Slika 1 Izgled prozora alata Shotcut. Video by Jake Hienemann via Pexels: https://www.pexels.com/
video/cute-cat-1481903/

Shotcut se izdvaja Sirokim izborom funkcionalnosti, filtera i razlicitih efekata, ukljucuju¢i naprednu
korekciju boja i dodavanje prelaza izmedu video zapisa. Nudi i osnovne opcije za uredivanje audio
zapisa, kao Sto su podeSavanje jacine zvuka, dodavanje efekata i filtriranje Suma. Softver koristi
FFmpeg biblioteke [2] kao osnovu za podrSku razlicitih video i audio formata, kao i formata slika,
Sto omogucava korisnicima rad sa mnogim standardnim, ali i nekonvencionalnim formatima.
Shotcut podrZava i obradu video zapisa u 4K rezoluciji, pruzajuci visok kvalitet kreiranih projekata.
Medutim, alat u sebi ne sadrzi ugradenu biblioteku gotovih efekata, muzike, slika, audio i video
zapisa, Sto korisnici moraju sami da obezbede.

Jedan od klju¢nih aduta Shotcut alata predstavlja fleksibilnost i svestranost u pogledu opcija za
uredivanje. Pored osnovnih opcija, Shotcut omogucava napredne opcije poput viSeslojne video i
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audio obrade i zamene pozadine unutar video zapisa. Redovna aZuriranja softvera donose nove
funkcionalnosti i doprinose povecanju stabilnosti i efikasnosti alata, Cine¢i Shotcut pouzdanim
alatom za dugorocnu upotrebu. Ipak, sloZeniji projekti mogu zahtevati znaCajne racunarske resurse,
Sto moZe predstavljati izazov za korisnike sa slabijim sistemskim konfiguracijama.

Kljucne prednosti Shotcut softvera su jednostavan interfejs i veliki broj funkcionalnosti koje alat
pruZza. Redovna aZuriranja softvera i rad sa razliCitim formatima video i audio zapisa dodatno
doprinose softveru da bude konkurentan na trZiStu alata za uredivanje video i audio zapisa. Ipak,
nedostatak ugradene biblioteke sadrZaja i visoki zahtevi za racunarske resurse mogu predstaviti
izazov pojedinim korisnicima. Shotcut je alat koji nudi Sirok spektar opcija i moZe zadovoljiti
potrebe razlicitih korisnika, od pocetnika do profesionalaca. Osnovne funkcionalnosti alata Shotcut
detaljno su prikazane u uputstvu [3] koje je ranije kreirano.

2.2 OpenShot Video Editor

OpenShot Video Editor [4] jedan je od najpopularnijih slobodnih softvera za uredivanje video i
audio zapisa. Poznat je po svojoj jednostavnosti, Sto alat ¢ini pogodnim za pocetnike u svetu video i
audio obrade. Dostupan je za operativne sisteme Windows, macOS i Linux. Softver je objavljen pod
GNU GPL v3 licencom. Slika 2 prikazuje izgled prozora alata OpenShot Video Editor.

Slika 2 Izgled prozora alata OpenShot Video Editor

Jedna od kljucnih karakteristika alata OpenShot Video Editor jeste intuitivan korisnicki interfejs,
koji omogucava jednostavno snalaZenje i brz pocetak rada. Softver koristi FFmpeg biblioteke,
nudedi Sirok spektar razlicitih formata obrade, ukljucujuci i 4K rezoluciju video zapisa. OpenShot
Video Editor sadrzi relativno veliki broj funkcionalnosti za uredivanje video zapisa, kao Sto su
odsecanje, skaliranje i rotacija, kao i dodavanje naslova i efekata unutar zapisa. Izdvaja se po tome
Sto nudi funkcionalnost zamene pozadine unutar video zapisa, Sto je korisno za profesionalne
projekte. SadrZi i osnovne opcije za obradu audio zapisa, ukljucujuci seCenje zapisa, podeSavanje
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jacine zvuka, dodavanje efekata i sihronizaciju audio i video zapisa. Pruza moguénost viSeslojne
video i audio obrade.

Iako je bogat funkcionalnostima, OpenShot Video Editor ima i odredene nedostatke koji mogu
uticati na korisnicko iskustvo. Softver povremeno moZe biti nestabilan i pored redovnog odrZavanja
i aZuriranja, Sto dovodi do prestanka rada softvera, pogotovo u slucaju sloZenijih projekata. Obrada
u 4K rezoluciji moZe biti spora kod korisnika sa slabijim racunarima. Nedostatak naprednih
funkcija za kontrolu zvuka i sloZenijih video efekata moZe odvratiti iskusnije korisnike od alata,
pogotovo korisnike koji traZe profesionalne alate.

Ukratko, OpenShot Video Editor korisnicima nudi relativno veliki broj osnovnih funkcionalnosti.
Intuitivan interfejs koji pruza i veliki broj podrZanih formata omogucavaju brzo i lako uredivanje.
Medutim, nedostatak pojedinih naprednih opcija i povremeni problemi sa stabilnoS¢u mogu uticati
na korisnicko iskustvo. Bez obzira na nedostatke, OpenShot Video Editor predstavlja solidan alat za
uredivanje video i audio zapisa kod korisnika sa osnovnim potrebama. Osnovne funkcionalnosti
alata OpenShot Video Editor detaljno su prikazane u uputstvu [3] koje je ranije kreirano.

2.3 Kdenlive

Kdenlive [5] je napredan softver za uredivanje video i audio zapisa, namenjen korisnicima koji
zahtevaju profesionalne alate za sloZene projekte. Dostupan je pod GNU GPL v2 licencom. Alat je
prvobitno kreiran za korisnike Linux operativnih sistema, ali nudi i podrSku za korisnike Windows i
macOS operativnih sistema. Medutim, verzija za operativni sistem macOS moZe biti nestabilna
zbog nedovoljno redovnih unapredenja. Na Slici 3 prikazan je izgled prozora alata Kdenlive.

Slika 3 Izgled prozora alata Kdenlive

Alat Kdenlive izdvaja vrlo prilagodljiv interfejs, koji omogucava korisnicima da podese svoje radno
okruZenje prema potrebama. Kdenlive koristi FFmpeg biblioteke, Cime pruZa bogat izbor razlicitih
formata. Alat nudi i obradu video zapisa u 4K rezoluciji. Osnovne funkcionalnosti alata ukljucuju
viSeslojno uredivanje video zapisa i naprednu korekciju boja. Softver takode podrzava uredivanje
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koristeci privremene datoteke (eng. proxy editing), Cime se dodatno povecavaju performanse alata,
bez uticaja na kvalitet zavrSnog proizvoda. Navedena opcija omogucava video obradu visoke
rezolucije na racunarima sa slabijim performansama. Kdenlive nudi i napredne opcije audio obrade,
ukljucujuci viSeslojno audio uredivanje, detaljno filtriranje i dodavanje razlicitih efekata. Korisnici
imaju potpunu kontrolu nad audio slojevima, ukljucujuci precizno kombinovanje i automatsku
sinhronizaciju sa video zapisima. Navedene funkcionalnosti su posebno znacajne za profesionalne
korisnike, jer pruZaju veliku fleksibilnost u video i audio obradi.

Izuzetno napredne funkcionalnosti koje nudi alat Kdenlive zahtevaju da se odvoji vreme za
savladavanje alata, Sto moZe predstavljati izazov korisnicima bez iskustva u oblasti video i audio
obrade. Potrebno je uloZiti trud i za razumevanje nacina na koji se interfejs alata prilagodava
potrebama korisnika. Dodatni nedostatak alata je odsustvo automatskih aZuriranja, iako se
unapredenja sistema redovno izvrSavaju.

Kdenlive je mocan alat u svetu uredivanja video i audio zapisa. Namenjen je naprednijim
korisnicima i profesionalcima koji traZze besplatno reSenje za svoje projekte. PruZa Sirok spektar
funkcionalnosti i veoma prilagodljiv interfejs, Sto alat ¢ini jednim od najboljih izbora u svetu
slobodnog softvera. Medutim, korisnici koji traZe jednostavnost ili su novi oblasti video i audio
obrade, verovatno Ce se opredeliti za alternativni alat.

2.4 Blender

Blender [6] je mocan i sveobuhvatan alat za 3D animaciju i uredivanje video i audio zapisa, idealan
za profesionalne korisnike koji Zele da kombinuju dve navedene oblasti. Softver je dostupan na
Windows, macOS i Linux operativnim sistemima i objavljen je pod GNU GPL v2 licencom. SadrZi
bogat skup funkcionalnosti i pogodan je za izradu visokokvalitetnih projekata. Blender korisnicima
pruza fleksibilnost u modelovanju, animaciji i video montazi, Sto alat ¢ini sveobuhvatnim reSenjem
za multimedijalne projekte. Slika 4 prikazuje izgled prozora alata Blender.

Blender donosi veoma veliki broj razlicitih funkcionalnosti, od osnovnih do naprednih. Ipak, cena
za Sirok spektar funkcionalnosti je izuzetna sloZenost alata i kompleksnost korisnickog interfejsa.
Potrebno je da korisnici izdvoje vreme za savladavanje alata, Sto moZe predstavljati veliku prepreku
pocetnicima u oblasti video i audio obrade. Blender koristi kao osnovu FFmpeg biblioteke, ¢ime
pruZa Sirok spektar razlicitih video i audio formata za obradu, ukljucujuéi i obradu video zapisa u
4K rezoluciji. Ogroman broj mogucnosti koje su na raspolaganju korisnicima zahtevaju velike
raCunarske resurse, Sto moZe biti prepreka za korisnike sa slabijim sistemima. Medutim, Blender
nudi opciju uredivanja koriste¢i privremene datoteke, ¢ime omogucava jednostavniju obradu na
slabijim raCunarima.

Alat korisnicima omogucava viSeslojno uredivanje sa podrSkom za 32 trake za audio i video zapise,
kao i relativno veliki broj opcija za video i audio obradu. Iako je korisnicki interfejs kompleksan,
Blender pruza moguc¢nost prilagodavanja interfejsa prema potrebama korisnika. Moguce je menjati
modove rada, prilagoditi izgled i raspored alatki u prozoru, kao i preCica na tastaturi. Novija
aZuriranja alata dodatno su poboljSala prilagodavanje interfejsa korisnicima, ¢cime Blender postaje
konkurentan najboljim komercijalnim alatima za video i audio obradu.

Ukratko, Blender je izuzetno mocan alat za sve korisnike spremne da uloZe vreme i trud kako bi

oW e

koje zadovoljavaju potrebe profesionalaca u razli¢itim oblastima, od 3D modelovanja do video i
audio montaZe. Iako nije idealan za pocetnike, predstavlja jedan od najboljih slobodnih softvera za
obradu video sadrZaja dostupnih na trZistu.
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Slika 4 Izgled prozora alata Blender

2.5 VidCutter

VidCutter [7] je jednostavan, ali efikasan alat za osnovno uredivanje video zapisa. Idealan je za
pocCetnike u uredivanju video zapisa, kao i korisnike kojima su neophodne samo osnovne
funkcionalnosti. Softver je dostupan za Windows, Linux i macOS operativne sisteme. Objavljen je
pod GNU GPL v3 licencom. Alat omogucava korisnicima da lako uklone neZeljene delove iz video
zapisa ili spoje viSe zapisa u jedan, bez potrebe za prethodnim iskustvom u uredivanju video zapisa.
Na Slici 5 prikazan je izgled prozora alata VidCutter.

Iako VidCutter ne nudi napredne opcije poput specijalnih efekata ili prelaza, pruZza moguénost
koriS¢enja Sirokog spektra video formata zahvaljuju¢i FFmpeg bibliotekama. Ne sadrZi opcije za
uredivanje audio zapisa, ali dozvoljava uklanjanje audio komponente iz video zapisa. Interfejs je
prilagoden apsolutnim pocetnicima u oblasti video obrade, intuitivan je i lak za snalaZenje. Ipak,
ogranicenja VidCutter alata ocigledna su kada se poredi sa profesionalnim softverima za uredivanje
video i audio zapisa. Nedostatak naprednih funkcija velika je prepreka korisnicima koji traZe
sveobuhvatno reSenje za uredivanje video sadrZaja.

VidCutter predstavlja solidan izbor za korisnike kojima je potrebna osnovna obrada video zapisa,
kao Sto su seCenje i spajanje video zapisa. Nedostatak naprednih funkcionalnosti i opcija za
uredivanje audio zapisa ogranicava mogucnosti koje alat pruzZa. Ipak, jednostavnost softvera i veliki
broj formata video zapisa koje nudi ¢ine ovaj alat savrSenim izborom za pocetnike u oblasti
uredivanja video zapisa.
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Slika 5 Izgled prozora alata VidCutter

2.6 Uporedni pregled

Ovo potpoglavlje sadrzZi uporedni pregled odabranih alata slobodnog softvera za uredivanje video i
audio zapisa. Svaki od odabranih alata nudi specificne funkcionalnosti koje mogu zadovoljiti
razli¢ite potrebe korisnika. Svi odabrani alati dostupni su na tri osnovna operativna sistema,
Windows, Linux i macOS. Izuzetak je alat Kdenlive, kod koga su unapredenja za operativni sistem
macOS neredovna. Odabrani alati koriste biblioteke FFmpeg, ¢ime pruZaju raznovrsne formate za
video i audio obradu. Tabela 1 sadrZi uporedni pregled osnovnih osobina odabranih alata slobodnog
softvera za uredivanje video i audio zapisa.

3 Zaklju€ak

Na osnovu prethodnog pregleda pet odabranih alata slobodnog softvera za uredivanje video i audio
zapisa, moZe se zakljuciti da svaki od alata ima svoje specifi¢ne karakteristike, prednosti i mane, Sto
analizirane alate ¢ini pogodnim za razlicite tipove korisnika. Izbor alata zavisi od specifi¢nih
potreba korisnika. Za pocetnike ili korisnike sa osnovnim potrebama, OpenShot Video Editor i
VidCutter su dobri izbori. Za naprednije korisnike koji traze ozbiljnije alate i vecu fleksibilnost,
Kdenlive i Blender su odli¢ni izbori, dok Shotcut nudi balans izmedu jednostavnosti i naprednih
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opcija. Pri odabiru alata, potrebno je uzeti u obzir nivo iskustva korisnika, zahteve projekta i
raspoloZive racunarske resurse.

Tabela 1 Uporedni pregled odabranih alata slobodnog softvera za uredivanje video i audio zapisa

Interfejs Jednostavno o . .
. . . ViSeslojno Napredna Mogucnost
Naziv alata prilagoden | savladavanje Lot . .
. O, uredivanje | video obrada | audio obrade
pocetnicima alata
Shotcut da da da da da
OpenShot
Video Editor da da da da da
Kdenlive ne ne da da da
Blender ne ne da da da
VidCutter da da ne ne ne
Zahvalnica

Zelim da izrazim svoju duboku zahvalnost Uredni¢kom odboru PSSOH konferencije na ukazanoj
prilici da u€estvujem na PSSOH 2024 konferenciji i predstavim rezultate svog istraZivanja.

[2] FFmpeg, https://www.ffmpeg.org/, pristupljeno 22. avgusta 2024. godine
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