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Abstract. Due to the rapid development of technology in various fields of science, a new problem
related to excessive resource consumption arises, as most of the experiments and demonstrations require
a certain amount of materials and substances to be successfully performed. The aim of this work is to create
a realistic simulation using Unreal Engine 4 and give an insight into its practical applications in education
process. Authors have also gathered general information about simulation development and Unreal Engine
4 environment. As a result, a simulation showing friction of three different materials was created. It was
also concluded that such applications could replace ordinary experiments because of their simple
modifiability and minimal long-term resource consumption.
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levads

Saistiba ar straujo tehnologiju attistibu miisdienas arvien straujak pieaug resursu
patérin$, kas ierobeZo vairaku praktisku eksperimentu veikSanu, 1pasi macibu nolukiem. Lai
risinatu So problému, ir pieejamas dazadas efektivas metodes, piem&ram, virtualas simulacijas,
kas sp€j nodrosinat realistisku eksperimenta vides att€lojumu, nepatergjot liekus materialus
lidzeklus.

Par simulaciju sauc eksperimentaliem mérkiem raditu realitates atdarinajumu, kas ir
realiz€ts ar noteiktu datorprogrammu palidzibu. To prieksrociba ir iesp€ja atri maintt vides
apstaklus un pielagot to katra eksperimenta vajadzibam. Paslaik $adas metodes tiek plasi
izmantotas militaraja joma, kosmonautika un atseviskas zinatnes nozarés [1].

Attistoties virtualajai realitatei, paveras jaunas iesp€jas realistisku simulaciju izstrade.
Tas lautu lietotajam kontrolét eksperimenta gaitu, kas Iidzinatos realu iekartu izmantoSanas
procesam. Sadu realizaciju var panakt vairakas programméSanas vides, kas ir paredzétas
datorspélu izstradei, pieméram, Unreal Engine un Unity [2].

S1 darba mérkis ir izp@tit simulaciju pielietojuma iesp&jas izglitibas procesa un izstradat
fizikas eksperimenta simulaciju datorprogrammas Unreal Engine 4 vid€, kas uzskatami parada
tris paraugu virsmas 1paSibas atkariba no to materiala.

Darba uzdevumi:

1) 1zpétit simulaciju nozimi un to pielietojumu izglitiba;
2) raksturot Unreal Engine 4 vidi un tas piedavatas simulaciju izstrades iespgjas;
3) izstradat fizikas eksperimenta simulaciju Unreal Engine 4 vide.

Materiali un metodes
Autoru motivacija $1 darba izstradei ir pievérst cilvéku uzmanibu jauno tehnologiju
izmantoSanas iesp&jam izglitibas procesa, uzsverot to prieksrocibas saistiba ar paplasinatajam
eksperimenta gaitas modifikacijas iesp&jam, ka ar1 resursu patérina samazinasanu.
Projekta ietvaros tika realizéta fizikas eksperimenta simulacija, kas ietver sevi tris
dazada veida materialus, kas viens no otra atSkiras ar to virsmas slidamibas parametru.
Simulacija satur vienu rampu un tris taisnstira paral€lskaldnus, kas ir izvietoti virs tas. Uzsakot
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eksperimentu, objekti uzsak kustibu pa rampu, kur arT izpauzas visu materialu virsmu saskares
pasibas, kas ietekmée to slidéSanas atrumu.

Simulaciju nozime un to pielietojums izglitiba
Paslaik jau ir pieejamas vairakas divdimensiju simulacijas, kas ir paredz€tas
izmantoS$anai macibu procesa. Parsvara tas vizuali att€lo kadu noteiktu fizikalu, kimisku vai
biologisku procesu, kur lietotajam ir dota iesp&ja ievadit sakuma parametrus. 1.attéla ir paradita
uz Java bazes realizéta speku un kustibas simulacija, kur priekSmeta atrums mainas atkariba no
pamatnes un pasSa objekta virsmas materiala, slipuma lenka, ka art pielikta speka. Tas lauj
skoléniem uzskatami demonstrét materialu virsmu berzes fizikalas Tpasibas [3].
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1.attels. Speku un kustibas divdimensiju simulacija

Sadu divdimensiju simulaciju galvenas prieksrocibas ir to salidzinosi vienkar$aka
izveide, jo darbs neieklauj telpisku objektu modelus. Tadas lietotnes atbalsta lielaks skaits
sistému, jo to aparatiiras prasibas ir zemakas neka sarezgitam trisdimensiju simulacijam.

Neskatoties uz to, §STm programmam ir vairaki trikumi. Piemé&ram, to realizacija
divdimensiju vidé padara tas mazak uzskatdmas un nedod realu priekSstatu par tajas
notieko§ajiem procesiem, tapéc ir svarigi mekl&t jaunus tehnologiskus risinajumus, kas padaritu
Sos macibu lidzeklus realistiskakus un skoléniem saistoSakus.

Apgalvojumu par $adu metozu ievieSanu skolas argumenté 2010.gada Amerikas
Savienotajas Valstis veiktais pétijums, kas pierada, ka simulacijas piedava skoléniem giit
vertigu praktisku pieredzi virtuala videé ar mérki uzlabot prasmju pielietoSanu art realaja dzive.
Tas savukart biitiski paaugstinatu audzéknu motivaciju klases darbos un uzlabotu kopéjo
apmacibas procesa kvalitati [4].

Unreal Engine 4 vides raksturojums
Unreal Engine ir pilnvertigs lietojumprogrammu komplekts, kas paredzets apjomigu
grafisku lietotnu izstradei divdimensiju un trisdimensiju vidé. Ka piem&rus var mingt
datorspéles, 3D filmas, apmacibu simulacijas, ka art vizualizacijas. Projekta sakuma logs ar
vairaku objektu un materialu piemériem ir redzams 2.att€la, sniedzot visparigu priekSstatu par
iepriekSminéto programmnodroSinajumu.
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2.attéls. Unreal Engine 4 projekta logs ar objektu un materialu piemériem

So riku 1998. gada, izmantojot C++ programmésanas valodu, izstradaja kompanija Epic
Games, kas pirmo reizi to pielietoja spéles Unreal izveidei. Unreal Engine pamata funkcijas,
kas tika realizétas pirmaja paaudzg, balstas uz objektu sadursmju noteikSanu, renderéSanu un
maksligo intelektu. Otraja paaudze tika ieviestas tadas iesp&jas ka transportlidzeklu, ka ar1
dalinu kustibu un mijiedarbibas fizika. Attistoties tehnologijam, tre$a paaudze jau atbalsta
DirectX 9/10 lietojumprogrammu saskarni un darbojas uz vairakam platformam: PC, Xbox 360
un Playstation 3 [5]. Pasa jaunakaja lictotnes versija tika ieviesta grafiska skriptu sist€ma
Blueprint, kas dod iesp&ju bez koda palidzibas &rti veidot atsevisku projekta elementu struktiiru,
funkcijas un saskarni ar lietotdju, ka ari lauj atrak veikt programmas atklidosanu. Sis
tehnologijas piemérs ar savstarpgji savienotiem programmas funkcionalajiem blokiem ir
uzskatami paradits 3.attela.

3.attéls. Grafiskas skriptu sistemas Blueprint piemers
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Papildus ir iesp&jams izmantot ar1 C++ programmeéSanas valodas kodu, kas lauj tiesi
manipulét ar objektiem un to ipasibam. Turklat, Unreal Engine 4 starpprogrammatiiras
integracijas funkcija nodroSina tadu tehnologiju ka NVIDIA PhysX un Oculus VR integréSanu
projektos. Tas savukart padara realistiskakas objektu fiziskas 1paSibas un mijiedarbibu starp
tiem, ka arT sniedz iesp€ju realizét virtualas realitates programmas [6].

Rezultati un to izvértejums

Izstradataja simulacija autori piedava apskatit dazadu materialu virsmu berzes pasibas,
tiem mijiedarbojoties vienam ar otru un radot noteiktu pretestibu. Programma ir iespgja
izveleties vienu no trTs pieejamajiem eksperimentiem, kur katrs atSkiras ar rampas, pa kuru slid
objekti, materialu. Krasa attiecigi norada uz materiala slidamibas pakapi, kur zila - laba,
dzeltena — vidgja, sarkana — vaja slidamiba.

Lai materialiem pieskirtu vajadzigas ipasibas, Unreal Engine 4 tiek izveidota jauna
parametru datne. Eksperimentam nepiecieSamais lielums ir ,Friction” jeb berze, kuram
palielinoties objekts slid lénak. Lai noskaidrotu divu objektu savstarp€jo slidamibu, tiek
rékinata virsmas berzes parametru vidgja vertiba jeb ,,Average” [7].

Pirmais eksperiments ir vizuali paradits 4.attéla. Taja rampa ir veidota no materiala ar
zemu berzi, piem&ram, ledus. Rezultata visu slidoso objektu atrums ir salidzinosi liels.

4.attéels. Eksperiments Nr.1

Otrais eksperiments ir apskatams 5.attela, kur rampa ir veidota no materiala ar vidéju
slidamibas pakapi, pieméram, koka. Uz tas esoSo objektu atrums attiecigi samazinas berzes
ietekmé.

5.attéls. Eksperiments Nr.2
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TreSaja eksperimenta, kur$ ir apskatams 6.attéla, att€lota rampa ir veidota no zemas
slidamibas materiala, piem&ram, gumijas, ka rezultata slidoSo objektu atrums ir viszemakais.

[T —— -—-_"l

6.attels. Eksperiments Nr.3

Dota simulacija kalpo ka demonstracija tam, ko ir iesp&jams iegiit, izmantojot Unreal
Engine 4. Realizg&jot doto programmu ka realu Iidzekli macibu procesam, biitu vélams pievienot
datu registracijas iesp&ju, ar kuras palidzibu tiktu ierakstiti katra eksperimenta rezultati, t.i.,
objektu atrums, slidot pa rampu, laiks, kura objekts ir sasniedzis rampas beigas, ka ar1 berzes
speks. Lietotajam ir jabut iespgjai izvelties katra objekta materialu un mainit rampas
augstumu. Lai simulaciju padaritu interaktivu un skoléniem saistoSu, to var parveidot,
izmantojot Unreal Engine 4 virtualas realitates iesp&jas, kas lautu padarit macibu procesu,
pieméram, fizikas nodarbibas, vieglak uztveramu.

Secinajumi

1. Paslaik pieejamas simulaciju izstrades iesp&jas ir pietickosi plasas, lai veidotu
realistiskus, fizikas likumiem atbilstoSus, eksperimentu atdarinajumus.

2. Simulacijas jau tiek izmantotas dazadas nozargs, bet to pielietojums izglitiba ir
salidzino$i zems.

3. Tagad esoSas, izglitibas nolukiem izmantotas, simulacijas parsvara ir
divdimensiju, kas tas padara mazak realistiskas.

4. Datorprogramma Unreal Engine 4 ar grafisko skriptu sist€émas Blueprint

palidzibu nodroSina loti plaSas iesp€jas trisdimensiju simulaciju izstrade, ka ar1 dod iesp&ju
izveidot virtualas realitates telpu.

5. Ar izstradatas simulacijas palidzibu tika uzskatami paradita realistiska fizikas
eksperimenta gaita, uzsverot materialu virsmas slidamibas 1pasibas.

6. Realistiskas trisdimensiju simulacijas spetu paaugstinat skolénu interesi apgtt
eksakto zinatnu priekSmetus, ka arT dotu iesp€ju veikt eksperimentus ar paaugstinatu bistamibas
pakapi.

7. Simulaciju izmantoSana izglitibas procesa lauj samazinat resursu patérinu, jo
darbs nenotiek ar realiem materialiem un vielam.

Summary
Most scientific experiments and demonstrations require a large amount of resources,
which consumption is rapidly increasing along with the development of technology in various
fields of science. This leads to different kind of limitations in schools which are not funded well
enough to acquire necessary substances and equipment such as interactive boards and tablets in
order to make the whole learning process more appealing to students. To solve this problem,
virtual simulations could be used instead of a conduction of actual experiments. The main
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advantage of such applications would be their efficiency, simple modifiability and overall
safety.

The aim of this work is to highlight some of the main advantages of simulations and
their applications in education process in order to motivate educational institutions to integrate
such methods in their line of work. In order to prove the necessity of these interactive pieces of
software, authors of this research paper came up with an idea of creating a simulation consisting
of physics experiments which show friction of three different materials. This example could be
improved further and used as a study aid in physics lessons partially replacing theory books.

There are already several two-dimensional simulations available for educational
purposes resembling a large variety of physical, chemical and biological processes. The main
advantage is their low system requirements which makes them compatible even with older
devices. On the other hand, being two-dimensional, these applications are not realistic enough
to give students a thorough insight into the experiment process and the idea behind it. In order
to solve this problem, three-dimensional applications could be developed, as, according to
recent research, such interactive lessons would motivate students to perform better and be more
interested in the according subject.

To accomplish their goal and create a simulation, authors have used Unreal Engine 4,
as it is an open source tool suite which is available for free. The main reason for choosing this
exact development software was its large scale of features the most important of them being the
visual scripting system called Blueprint. It allows developers to use and connect various
functional blocks to give objects certain properties and define their interaction with one another
without directly editing the source code.

As a result, simulation showing three different material friction with one another was
created. Developed application consists of three levels, where each contains one ramp and three
blocks each of them being made out of a different physical material with a distinct surface
friction property. The material of the ramp itself is different in every experiment while blocks
keep the same physical properties throughout the whole simulation.

In the end, it was concluded that three-dimensional simulations would positively affect
the quality of education process and motivate students to acquire knowledge through interactive
and enjoyable means. These virtual experiments would also allow to perform highly dangerous
tasks that otherwise would be impossible to be reproduced in a classroom.
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