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Abstract

Interactive 3D-applications are software prograha tan react immediately to input from its
user and display the results of these inputs witee-dimensional graphics in real time.
Typical application areas for 3D-programs are mtlia-games, software for visualizing
architecture or interactive learning software. Deselopment of interactive 3D-applications
is a very challenging area of software developméetause it requires a high level of
knowledge and implies lots of complexities.

These complexities can significantly be reducedugh the usage of appropriate tools. Such
a tool for developing interactive 3D-applicatiorss '{Unity". It supports to create 3D-
applications by providing a graphical user inteefand a built-in 3D-engine that hides the
mathematical complexities of computer graphics fitben user. Because of its great usability
and the enormous speed one can produce resuissaiigreat tool to use for teaching the
basics of 3D-application development to beginn&wgt despite these simplifications the
development of interactive 3D-applications with tyns still not a trivial task.

The aim of this work was to create useful resoutbas facilitate to learn the usage of Unity
for beginners. The target audience consisted pilynaf students in computer science
(focused on game development) and architecturaigixt on architectural applications). The
analysis of the special requirements of these growps conducted through qualitative
research in two different university courses.

With this background instructions and tutorials évdeen created that describe the various
aspects of working with Unity that are important beeginners. In addition to descriptions of
the tool itself and how to use it, aspects of dmlation and team work in a development
project within university context are discussed.

All resources should be made easy available thr@ugéntral repository. An evaluation was
conducted to determine the best way in which tymository should be realized.



Abstract (German)

Interaktive 3D-Anwendungen sind Programme, die tiethiar auf die Eingaben ihres
Benutzers reagieren und die Ergebnisse dieser Bsmganittels dreidimensionaler Grafiken in
Echtzeit darstellen kdnnen. Typische Anwendungsdebivon 3D-Programmen sind
multimediale Spielsoftware, Software zur Erkundumgchitektureller Entwirfe oder
interaktive Lernsoftware. Die Entwicklung von irdktiven 3D-Anwendungen ist ein
besonders anspruchsvolles Gebiet der Softwareddtwig, da es ein hohes Mald an
Vorwissen benotigt.

Dieses notwendige Vorwissen kann durch den Eingatigneter Tools deutlich reduziert
werden. Ein solches Tool zur Entwicklung intera&ti8D-Anwendungen ist ,Unity". Es
erlaubt die einfache Erstellung eines 3D-Projekidets graphischem Interface und enthalt
eine integrierte 3D-Engine, die die mathematisdhemplexitdten der Computergraphik vor
dem Nutzer verbirgt. Aufgrund seiner leichten Zuglamkeit und der enormen
Geschwindigkeit, mit der man sichtbare Ergebnisseielen kann, eignet es sich
hervorragend, um die Grundlagen von 3D-Anwendunggt Spieleentwicklung zu lehren.
Doch trotz dieser Vereinfachungen bleibt die Enklving von interaktiven 3D-Anwendungen
auch mit Unity ein sehr komplexes Gebiet.

Ziel dieser Arbeit war, sinnvolle Ressourcen zuedlen, die Anfangern den Einstieg in den
Umgang mit Unity erleichtern und diesen beschleemigollen. Die betreffende Zielgruppe
bestand primar aus Studentinnen der Informatik foitus auf Spieleentwicklung) und der
Architektur (mit Fokus auf architekturelle 3D-Anwsmgen). Die Erhebung der besonderen
Anspriche dieser Zielgruppen erfolgte mittels datiier Untersuchungen bei zwei
universitaren Lehrveranstaltungen.

Auf dieser Basis wurden Anleitungen bzw. Tutoriatstellt, die die verschiedenen Aspekte
der Arbeit mit Unity beschreiben, die fir Anfangéesonders wichtig sind. Neben
Beschreibungen des Tools an sich und des Umgartgdiesem werden darin auch Aspekte

der Zusammenarbeit im Team bei einem Entwicklurgsgt im Universitatskontext erortert.
Alle erstellten und gesammelten Ressourcen sallteoh eine zentrale Sammelstelle schnell

und einfach verfugbar gemacht werden. Eine Evalagrwurde durchgefuhrt, um die

gunstigste Art und Weise zu bestimmen, auf dieed&mmmelstelle umgesetzt werden soll.

IV
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1 Introduction

Technology in the field of 3D-software has evoliada way that allows the rendering of
countless objects in real-time, while still beingeato perform background processes. The
software can react to user input in a split secorehting the impression of real interactivity.
Because of these advances interactive 3D-applitatioday are being used as a medium in

plenty of different areas such as:

* Interactive 3D-software can be used to educatemnlin a fun and exciting way.

» It can serve as an interface to ease the contralagimplex device, for example a drill
machine or a surgical instrument.

* Interactive 3D-applications can provide help whdanping the construction of a
building.

* They can also suit pure entertainment purposesrbylating an interactive gaming

scenario for the player.

These are just some examples that shall help t@ getture of the countless possibilities

interactive 3D-applications can be used for.

Nevertheless, the development of such a softwargram is anything but trivial. To achieve
the illusion of three dimensions on a two-dimenalodisplay, a mathematical model that
represents the current scene has to be projectedtioa screen. The colors and textures are
influenced by light sources, gravity and physicsyrhave to be applied. The changes in the
scene from the current frame to the next frame nedak calculated, user input processed.
And all changes have to be applied machine-indegr@n@meaning that an object must not
cover more distance in the same amount of time fastar machine).

Implementing a framework that handles all thesaeasga so-called “3D-engine”) is a task
that can only be performed by experts in the ffl&computer graphics. However there are
lots of other stakeholders who might be interesteitie development of 3D-applications, but
do not provide this high level of expertise in catgy graphics: Game designers, persons

specialized in building science, or just in anotéwea of computer science, teachers,...



Luckily there are prefabricated tools that can hardany (but not all!) of the tasks one
would have to fulfill by himself when developing3®-application from scratch. This makes
the development much easier and accessible toexr vadge of people.

But even though such tools can hide many of theptexities that need to be conquered
when dealing with 3D computer graphics, it is dillite a challenging task to develop 3D-

software using these instruments.

This master thesis deals with a popular tool usedetvelop 3D-applications named “Unity”
[Unity]. The problems beginners have when learrihgty are analyzed and resources for

teaching it to students are provided.

1.1 Interactive 3D-applications

In this context, an interactive 3D-application efided as a piece of computer software that is
able to render three-dimensional objects in remétonto a screen, recognize some kind of
user input (though this is not always the case], @ocess it to apply changes to the objects
in the scene.

To create the illusion of motion, this renderinggess has to happen multiple times per
second, usually at above 16 to 18 times [WikipetBawegte Bilder’]. The number of times
the screen is rendered is called the “frame rate’the “frames per second”. A smooth
impression of motion can be experienced at a freatee of 25, even better at 60 frames per

second.

A preliminary question everyone who plans to depedo3D-application should think about
are the advantages that come with the 3D-effedtiBspecific purpose. These advantages are
being exchanged for a probably more complex dewvedoy process and the need for higher
system requirements at the end user’'s machinef 8uee dimensions are not absolutely
necessary for an application to fulfill its purppsae should consider developing a 2D-
application instead.

But of course there are certain advantages wheames to 3D:
* In the majority of cases, 3D-applications are dbleesemble real objects in a more
natural way than it can be done with 2D-visualimasi, also allowing the realistic

simulation of physical behavior.



» 3D-applications easily allow the viewing of objetitsm different perspectives.

» Compared to two dimensions, a three-dimensionalire@mwent adds “depth”,
therefore providing the developer (and consequehttyuser) with more degrees of
freedom and opportunities. This can also providenare realistic and intense
experience.

By making clever usage of these advantages, on@roaluce software of high quality. The
following examples show what can be done with extgve 3D-applications:

AquaMOOSE 3D is an environment that was investigated by Ellidadams and Bruckman
[Elliot et. al., 2002]. It was designed to suppbe teaching of 3D-mathematics, a topic which
is very well suited by nature for real-time 3D-wadimations. Elliott et. al. write:
“AquaMOOSE 3D is a graphical environment designesiuggport free exploration of three-
dimensional math concepts. Motion in AQuaMOOSE lmarspecified mathematically, using
parametric equations. For example, swimming inre svave in X and a cosine in y creates a
spiral.” [Elliot et. al., 2002]

E# AquaMODSE 3D ol
Flle Misudlization Game Tools Help
B First Perzon S _ — Move |Gallery| Edit | wiorld I
Load Mave: |star vI
“Current Maove: Jason's Trail #1
From t=[0 to [4Fi _Sphetical |
_Culindric:al |
#lt] = [sin(2t)
yit) =|eos(2t)
2=t
Mave | Save |
>
-~
W e
« . Moving: t="0"to 2 * Pi' with [t)="sin[2t]", plt}="cos(20), 2[="r T |
w “ ; w Moving: t="0" ta "2 * Pi' with x[t)="sin(2t]" y(t|="cos(2t], z(t}="2t'
w Moving: t="0" to "4 * Pi' with «[t="sin[2t]", vt)="cos[2t]", 2[t)="
0M G

Figure 1. The AquaMOOSE 3D environment (figure from[Elliot et. al., 2002])



They also write about a game they provided foregheironment, where the student (or the

“player”) must define a mathematical function tpasses through a certain set of rings:

E# AquaMOOSE 3D [={El=]

File “isualization Game Took Help

Mave | Galler| Edit | warld |

Load Mave: I vi

Eurrent Move: phil's Trail #1

Fromt:}ﬁ_ e !‘iq:,l_ iCartesjan

#ltl = [2sint)
o= [+2
2l = [-2cosl]
Save |

Moving...

Mew course 1

_-_I our e test track _‘_J

Fiing 10 cleared - Superior! _f_l
Ring 11 cleared - Superior!
Fiing 12 cleared - Superior!
Ring 13 cleared - Superior!

Figure 2: AquaMOOSE 3D - ring game (figure from [Eliot et. al., 2002])

Though Elliott et. al. could not observe that thsual learning method had a significant
impact onto the students’ test results, they shdvatwcan be done with interactive 3D-

applications in the area of education.

Another example that shows the advantages of tirensions is presented by Tong Lu et.
al. [Lu et. al., 2005]: They present a methodaoconstruct 3D-modelsfrom 2D-drawings of
architectural buildings. They argue that in thddfief architecture, many designs are being
done via 2D-plans, because of the complexities difirgg models in 3D-space. But 3D-
models may prove helpful for certain purposesiowever, for various construction
applications, such as quantity surveying, inventagnstruction, and visualization, it is
necessary to convert the widely used 2D architetttirawings to accurate 3D modelgLu

et. al., 2005]
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Figure 3: Reconstructing a 3D-model from 2D-plansfigures from [Lu et. al., 2005])

After conversion, such a 3D-model could be usedllmv an interactive walkthrough in the
building that is planned, allowing a more realistxperience than just by studying a “flat”
plan.

Of course one of the most popular applicationsifderactive 3D-software areomputer
games(also: “video games”). Some products of the modgmming industry generate higher
revenues than blockbuster movies. The constanttyeasing hardware performance of
computers can be owed to a large extent to the si&e of requirements for games.

Modern video games have reached a level of redhsitnhas never been seen before. Though
currently there is a trend to simpler games thatlma played “on the go” (caused especially
by the spread of smartphones and the acquisitiomewf customer groups), realistic games

would not be possible without 3D-technology.



There are countless different types of games auaild he genres vary from action-oriented
games to strategy and puzzle games. But the dgeatrgvas primarily responsible for evolving
the usage of three dimensions in games and makipgpular are “first person shooters”
(commonly also called: “ego-shooters”). The nammes from the fact that the player plays
the game from the point of view of the virtual ceter he is controlling. So, analog to the
real world, the player just sees the hands of tleacter (and items they are carrying) — at
least when there is no mirror in his view. Thissesithe player to better identify himself with
the character and can intensify the gaming expeeiehhe term “shooter” refers to the fact
that in many of those (often violent) games thgg@ia goal is to shoot enemies with different
kinds of weapons — though there are games frommdesson perspective with other goals as
well.

One of the first big cornerstones in the historyficdt person shooters was “Doom” from
1993, in which the player took on the role of adsai on a space station and had to fight
hordes of evil aliens. Another important exampléHslf-Life” from 1998, which added to
the standard first-person action a movie-like dioey Its sequel from 2004 furthermore
improved the experience and was one of the figgghimes to make usage of a physics engine
to simulate the realistic behavior of objects. Tolélowing screenshots give an impression of

the rapid evolution of computer games:
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Figure 4: Screenshot of the game "Doom" from 1993ihage from [PC Games, 2010])



Figure 5: Screenshot of the game “Half-Life 2" from2004 (image from [golem.de, 2004])

The given examples demonstrate three ways of ustagactive 3D-applications for different
purposes. Of course there are countless otherlpldsss that cannot be mentioned here as

well.

1.2 Development of interactive 3D-applications

Developing a high-quality interactive 3D-applicaticequires expert knowledge, the suitable
set of tools and proficient collaboration withinteam. To realize such a 3D-application
project in a professional way, it is necessaryiplement astructured development process

like it is commonly done in any other software pxij

Regarding the tools, there are lots of differentivéare programs available that help in

developing a 3D-application and can take over ntasks:

Of course all the objects in a 3D-application hawéoe defined. The computer must know

exactly how they look like, their shape viewed frathangles and what'’s their surface like.

7



Luckily it is not necessary to calculate these digj@ising mathematical equations, it can be
done much easier usir8P-modeling software With these tools one can design 3D-objects
with a graphical user interface, and instantly mevthe created results. Professional
software does not only allow to design the shapab@dcts, but also includes functionality for
animation, rendering and texturing. One of the npagtular 3D-modeling tools is “Blender”.
Due to the fact that it is free open source soféydris very popular among students and 3D-
modeling hobbyists.

AAA Blender

Figure 6: Screenshot from "Blender" (figure from [Wikipedia, “Blender”])

Another important asset when developing 3D-softveaeeso-called “engines”:

A “graphics engine” is computer software (though it can also be imgleted in hardware)
that is able to render given objects to the scréen.video game development one can also
make use ofgame engines’; which do not only render 3D-objects, but can dismdle
sound, game logic, menus and other things. Thexdass of different engines ready to be
used, which can greatly improve quality and redieeelopment time compared to starting a
project from scratch.

Also there are tools available which combine a whgbhme engine with a so-called
“authoring tool”. This means that there is not oalyaw programming framework for usage
in one’s own code, but also a graphical user iatarfintegrated in a software package that

can be used to define the environment and placelijeets in it. They often also graphically

8



support the user with built-in functions for designanimation, sound and scripting the game

logic. It is a whole software package that helgsuber with several important tasks.

One of these software tools is call&thity” [Unity]:

Figure 7: Screenshot from "Unity" (figure from [Uni ty, “What’s New in Unity 2.5™])

Unity provides its own game engine and allows tlizetit via a graphical user interface. The
intuitive tool allows to produce first results vegyickly and therefore is very well suited for
beginners in the area of interactive 3D-applicatienelopment. Due to the fact that there is a
free version available for download (which can hmgraded to the “Pro” version with
additional features for charge), it has recentlgdmee very popular among hobbyists and
students. But also professional studios increaginglke use of it.

Unity can be used for the development of 3D- arst &D-applications. In the industry the
main purpose it is being used for is the develogrmérideo games, though any other kind of
application can be developed as well.

Another important advantage of Unity is that itoals true “multiplatform development”.
This means that the developer has to implemerdgpscation only once, and Unity is able to
publish it (at least within the range of its faids) for different platforms. This feature has

9



become very important especially due to the in@éasnobile phone hardware performance,
which allows to play high quality games on the go.
Unity supports the following platforms for publisigi of applications:

« PC & Mac

* Internet Browser (needs a plug-in on the clienepid

* iOS (Apple’s operating system for mobile devicée lihe “iPhone”)

* Android (Google’s operating system for mobile degic

* Nintendo Wii

* Xbox 360 and Playstation 3

More details on Unity follow later in this mastéesis. Unity is the main topic of this thesis,

which provides methods and resources to teachofitwwase tool to students.

Another important aspect when it comes to devebppipplications that are greatly influenced
by visuals like 3D-applications is the interdepemmebetweenesign and development

The designers are responsible for defining the @/lcohcept of the application. For example
what's the scenario of the game, how the playerictamact with the application or who are
the characters he will meet. The design can alslude visual concepts for the application,
e.g. what it shall look like. Graphical 3D-artistse responsible for realizing the design into
3D-models.

These design tasks are separated from the implatr@ntasks done by the developers. The
developers need the design to exactly know how dotheé programming and bring all
different resources together into one application.

Of course in small teams it is possible that desigmlso do development and vice versa. In a
single-person team one has to carry out all devedop and design tasks by oneself.

In a large team with lots of different responsti®k, a process that defines the workflow
between designers and developers is absolutelyssageto produce high quality results.

Unity provides several functionalities that supgbrs workflow.

10



1.3  Problems for students who learn to develop inte ractive 3D-applications

Due to the complexities of 3D-application developmet is not trivial to teach students in
this area. Therefore the typical problems that oedile learning and the requirements for
teaching need to be analyzed.

This master thesis focuses on university studewiisgt to learn Unity. The students studied
for this thesis consist of two different groups:

» Students ofcomputer science This group primarily focuses on applications e t
area of video games or other programs that areactiee to a high degree. Often their
strengths are development and programming.

» Students ofarchitecture and building science This group is mainly interested in
applications that visualize buildings and intemndth less user interaction. Frequently

their strengths are design and modeling.

Due to the fact that there were not enough studentenduct an empirical study, the chosen
method for research wagualitative studying. This provided a deep insight into the
individual problems of each student.

For this master thesis the students of two unityecsiurses were surveyed:

The first course was 48 hours game development contedt was conducted for students of
computer science or architecture and was splintgptwo parts: In the first part the students
attended five workshops were they learned the basidUnity and game development in
general. They were introduced into technical tomsswell as into issues regarding the
development process. These workshops were necdsseayse the course did not presume
any previous knowledge in game development frorpatsicipants.

The second part of the course was the contest ifseprovide an appropriate atmosphere for
game development, it was conducted at castle “Wigdde in Upper Austria [Waldenfels].
The students were divided into groups of 2-3 pessand had to accomplish the task of
developing a functional game within 48 hours. Thé/@equirements for the game were that
it shall embed the 3D-model of castle Waldenfets the game (which was provided by the
professors) and be innovative in some way. Thet tsghedule furthermore intensified the

experience of working on a project with a closediiea.

11



Figure 8: Screenshot of the 3D-model from castle "W denfels" that was provided for the 48 hours game

development contest

Several measures were taken regarding the cougsertansights for this master thesis:

First and foremost | attended the course by myaadf joined a group in developing a game.
This way | could not only be very close to the otbidents of the course, but also get my
own insights into the problems beginners have wheg start to work on a Unity project on
their own. Secondly, | had contact with the studeftthe other groups and the professors as
well during the whole course. Furthermore eachestutiad to fill out a feedback form at the
end of the course, in which they explained the lg@mls they had and what could be done any
better. This made sure the opinion of each inddtudent could be obtained.

The end presentations of the different groups wereluded with a review of each student
(including the rating of several aspects), whicspalias an additional source for knowledge.
The gained insights follow at the end of this clkeajpt more detail.

The second course used to gain knowledge for tlasten thesis was calleiDynamic
Simulation and Visualization”. This course was conducted primarily for studeats
architecture and building science. They were gygiinto small groups of 2-3 persons. Each
group had to accomplish one of two tasks: One agdhtasks focused on the 3D-modeling of
a Balinese village, the other (again) on castle [&afels”. Each group was assigned one
special part of these models, so for example ooepghad to model a Balinese temple, while

another one modeled a traditional Balinese houlse.idea was that the students can share the
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models they created with each other, so each groula build an entire village (or the whole
castle) using all the parts.

But because the course was about dynarnsaalization, it was not enough to just do the
modeling. Each group furthermore had to presermraapt of an interactive application they
had to implement using the 3D-models. These corsagpte limited only by their creativity,
and included for example obstacle courses or mygsigadventures.

The concepts had to be realized by importing theated 3D-models into Unity, where
everything was put together and all applicatioriddwd to be defined. Most students had no
previous knowledge about Unity, so they were iniaml into the software in several
tutorials. The professor demonstrated how he actish@a different tasks using Unity, and
the students had to reproduce these results on dlagi computers. They were given the
opportunity to ask questions and get help withrthesblems anytime.

To gain insights for this master thesis, | alseradid this course in the role of an assistant and
directly supported the students in their work withity. This way | could learn about the
individual challenges the students had to facesm®dthe most common mistakes they make.
Furthermore the way how the professors taught tildegts was analyzed to gain insights on
how to (and how not to) design learning resourcesbeginners. The direct work with the

individual students was a very valuable sourcenaiWedge for this thesis.

The following insights on students’ problems ane tteaching process were the most
important ones that could be gained during the itiale studies. They were considered

when creating the learning resources for beginwersUnity:

* One of the biggest problems during the game comtastsynchronization of work
results. Different persons were working on the same ptoyeith the same files.
Although the groups arranged work in a way tharpwee focused on different parts
of the project, it could not be avoided that theads crossed each other at some point.
This is a typical problem: A large project with nyadifferent files and lots of
dependencies between them has to be manipulatexeu®ral persons at the same
time. In addition many of the artifacts createdinigithe game development contest
were quite large in file size, which further concplied the usage of automatic
synchronization tools, because the synchronizatroness could take very long.

The method that was finally preferred by the growas to manually interchange the

necessary data by using an USB flash drive. Thishoge of course was very
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cumbersome and easily caused inconsistent projatéss Furthermore it did not

support any kind of version management.

Properteamwork and collaboration in general was a big issue: How shall the project
folder be organized? How can work be split up idifberent parts? How can these

parts be merged? What kind of process shall be digexdg development?

Another issue that caused many problems during game contest was the
complicated usage of so-calledréfabs’. These are special artifacts in Unity which
can be defined once and then reused at severaspl@be important part is that when
modifying the original source prefab, changes Wélapplied to all “clones”, but this
does not happen when just editing a clone. Furtbegrthere are some steps one has
to perform correctly for this to work. It caused chuconfusion when changes were
not applied to any object or sometimes to all disjec

Though many students in the game contest alreadye vexperienced with
programming, thescripting in Unity works a bit different than other develogmb
systems. So it was not only difficult to write anfdional script, but also to structure it
in a way that allows easy modifications and relaethermore there are often many
possibilities to implement a functionality: Whertrgger shall be activated with the
collision of two objects, one could either attaclsaipt to object one and call the
trigger on the colliding object or vice versa. Thghuboth possibilities may work, it
makes sense to be aware of both of them and censisjust use one of them during
a project.

An important concept regarding the functions ofggsrin Unity that must be taught to
students is the navigation through objects and compts in the whole hierarchy.
This is necessary to be able to manipulate a éifteobject from within another
object, which is often required to accomplish aertasks.

Some games developed in the game contest coulddesveimproved a lot if it would
have been shown how to accomplish some tasks tlkabften needed bysing
already existing solutions One group for example tried to develop a patlifigd
system on its own (“pathfinding” is the logic bethinbjects that directs them from a
starting point to an arbitrary destination by auatically avoiding obstacles). The
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pathfinding system did not only take up large anmswof time, it also did not work
well. If the students would have known how to uskeg pathfinding system that’s
available online, they would have saved large answi efforts. But the time
schedule was too tight to learn how to use theegyshstantly. Other examples are the

usage of an animation library or a framework foplegions.

In the course “Dynamic Simulation and Visualizationany students had problems
with theimporting of their 3D-models into Unity. This was probably caused by the
fact that the students were using several modétialg in different versions. Here it is
probably important to tell students in advance Wwhicols are supported in which

versions and can therefore be used.

Because Unity was all new to the students of thess they also had problems with
the basics: It was difficult for them twavigate in 3D-spaceand position the objects
correctly. This hindered their work tremendously.

This problem also relates tssues with scaling Many students encountered
difficulties in defining the right proportions fdne dimensions of the different objects
and the player. This caused problems like objdws ¢ould not be seen because they
were too far away or actions that were not trigddvecause the player-character was
too small. It furthermore complicated the testingpgess because of very large
distances that had to be passed and the slow iavigarough a gigantic 3D-space. It
could be observed that many students had envirotsntkeat were far too large. It is
probably a good idea to start with a small envirentnon purpose and increase its

dimensions step by step when necessary.

Another big issue for the students was pihecess of publishingthe project that was
developed to make it playable on other machinesad@omplish this, one has to
define exactly what parts of the projects shallpbklished and the target system’s
type (like PC, Mac, Android,...).

The second step also caused some problems: Whag gamerated all necessary
artifacts in the publishing process, it is impottemmigrate all parts of the project that
are needed to the other machine. It often happehat students migrated the
executable *.exe file, but not the artifacts it diegs on. The result was that the project

could not be played on the other machine.
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Many students had difficulties in applying one lbé tmost fundamental functions for
an interactive 3D-application: Theontrols for the user (in Unity the related
component is called “character controller”). In mastudent projects, the character
played by the user fell through the ground, paskesligh walls or other objects he
should not walk through, or simply moved either stmw or too fast.

Though the standard character controller in Un#tyable to walk and look in all
directions, and even jump to a defined height, mstoglents could have needed a
controller that is able to fly through the scene, ke able to easily view the
environment from all angles. Such a character otiatrwas implemented for this

master thesis.

Regarding the lessons atript programming: It was observed that it was very
important for beginners to be introduced into gangp only with very short examples
of code. These examples shall only include the eptscthat shall be taught at the very
moment. When writing a piece of code to accompdigtertain task it is often the case
that other functions that are necessary indirelalye to be included as well. These
“side-functions” shall be reduced as far as possibexamples for beginners.

Another important aspect noted was the necessipyasfenting the code examples for
a long period of time to the students.

Many of them follow this pattern: At first, theyytto analyze the code when it is
shown on the screen and listen to the professaptapations. Afterwards they try to
transcript the code onto their own machine (or qudper). Doing the transcription
while listening hinders the understanding of thplamations. So it is probably better
to do any transcription afterwards, but teachemilshbe aware of that and show the
scripts for a long period of time.

Another option is to prepare the scripts ready dsage and deliver them to the
students directly. But this method has a significdrawback: There is a learning
effect in the process of writing the scripts by s#lé even if it is just a direct
transcription. In addition, because in programmarge has to define every single
symbol correctly (which is a new experience for sdmginners), many students make
mistakes in this process and so get the chaneato from them.

Also it is not only important to show them exampthsy can adopt, but show the

students how to help themselves: So the professor eften used the “Scripting
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Reference”, an online documentation that descradtleprogramming functions. This
way the students were demonstrated directly hofintbdefinitions they don’t know

instantly.

A challenge all beginners with Unity have to face the difference between
“collisions” and “triggers” . Both can cause certain actions when two objdetshc

with each other, but while collisions initiate ploa interactions, triggers shall only
activate developer-defined events. Also there ammes subtle differences in the
configuration of both of them. So it is often these that beginners define a collision

but expect a trigger to happen and vice versa.

It was also noted that the professors often used dbncept of animations to
demonstrate example actions that could happen. R&ssthe advantage of better
visibility than only printing a “Hello World!” mesge to the output console.
Furthermore the students are better introduced threodefinition of animations. But

the drawback is that this method makes demonstrattamples more complicated.

Furthermore one issue was observed that probalilg dwe improved when teaching

Unity: Occasionally when the professor created etaemto demonstrate certain

functions of Unity, these examples seemed a bidom”. For instance instead of

designing an object that resembles a door he mamdea and told the students this
cube should represent a “door” for now.

Of course it makes no sense to model every deftéileowhole environment correctly

if one just wants to demonstrate how to open a.d®ar it makes sense to model it to
an extent that makes it easier to relate it tofitiehed concepts. This way students
won't get confused through an additional abstractayer and can focus on the ideas
that shall be taught at the moment. Although thighthnot always be possible when
teaching several independent units that deal vathpietely different topics.
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2 Approach to facilitate the learning process

This chapter shall give an overview of the approtat was chosen to support students in
learning Unity. This approach is based on threangsil

» Help regarding the technical aspects of using Unity

* Help related to the collaborative aspects of waykiith Unity in a team.

* Alocation that centrally provides all help resasc

The approach of how to realize these three aspentsv explained in more detail. The actual

outcomes can be found in successive chapters.

2.1 Unity introduction tutorials

One of the most important things for beginners oty or any other new technology are

resources they can work through to gain the nepcgksawledge. These resources are called
“tutorials”.

In the majority of cases they consist of text cameli with images, but also tutorials that can
be watched as a video in motion are common innternet era. Generally they can address
beginners as well as intermediate and advanceemsisidf the topic they deal with. Tutorials

for example can contain theoretical informatiorgpshby-step instructions to reproduce or

exercises the student must solve.

It is important to know what can and what cannotabkieved with tutorials: The usage of
tutorials is a very-well suited way to gain the ibdshowledge on a topic that is new to the
student. This basic knowledge is essential to e tabstart working with a tool. Without this,
work can only be done following the principle ofatrand error, which is incredibly
ineffective.

But the constraints of what can be learned thraugprials shall also be mentioned here: A
solid knowledge that can be used to solve compteklpms in real-life project settings can

only be achieved through exercise and experiente suich problems. Tutorials can be the
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starting point for further learning processes, ity will not provide a high degree of deep

understanding.

In the context of this master thesis, several tal®ifor Unity have been created for the target

audience described in chapter 1.3. The tutorialee veeeated with consideration of certain

aspects:

Due to the audience consisting of students witfedkft levels of knowledge, it was
not possible to assume any previous knowledge.ekample it cannot be expected
that all students already possessed basic prognagrskills.

Therefore the whole body of knowledge that shaltdaeght to the students was split
up into several “modules”. Each module shall contaunit of knowledge that can be
worked through. Furthermore the modules are labelgh some kind of metadata,
like “goals”, “prerequisites” and “difficulty”. Ths way students can easily identify if a
module is appropriate for their current level.

It is important thatach module can be used as a resource on its ofan least when
the reader meets the defined prerequisites), stestsi don’t have to work through
other resources when they just need informatiorutabie certain topic. This intended
independence between different modules has a coeseg: It does not allow the
usage of incremental examples. That means that thast not be a module based on
resources created in another module, because anstudho just wants to take the
latter one would be missing something.

Despite this independence of different modulefidudd also be possible for students
to work through them in a linear fashion. FannytKitates thatThe flexible access
to hypermedia information in various depth alwaydds a disorientation problerh.
[Klett, 2001]. Hence she emphasizes the importaocestructuring the existing
information. Therefore the modules created for thaster thesis are provided with a

recommended structure of how to work them through.

The tutorials include @igh degree of practice Best results can be achieved if
students who work through the modules reproducensteuctions on their own. The
tutorials are designed in a way that this can beeda small incremental steps, so

students do not lose the thread. The examples theessare tangible and focused on
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the current topic, without too much side informatiorhe practical examples are

always provided with the necessary theoretical amknd.

 The tutorials mainly consist of text (including so& code listings), but are
intertwined withdemonstrative imagesrelated to the current situation. Videos could
not be produced due to the necessary efforts, tholugy could provide a valuable

resource and may be added in future work.

2.2  Guidelines for team collaboration in Unity proj ects

Due to the complexities and efforts necessary teeldp interactive 3D-applications, many
projects are performed within a team rather tharsibgle persons. Of course this also adds
new challenges that need to be handled: In a teeamot only important that every member
has the technical skills needed in the developnpeatess. It is also necessary that the
collaboration itself is organized in an effectivaywWork has to be clearly divided among the
team members, development goals must be schedubeki results have to be handed over to
other persons depending on them in time, the whodgect must be synchronized and of
course there have to be ways of providing a steadymunication flow between the different
members of the team.
To ease this collaboration process for beginneasieg Unity, this master thesis contains
guidelines that provide possible solutions of hovdéal with certain aspects of team work in
chapter 4. These guidelines contain:

» Approaches for structuring a Unity project

» Approaches for synchronizing work results with otteam members

* Arecommended development process for a small tddrmaginners

» Considerations regarding quality assurance

2.3  Repository for resources

Another goal of this master thesis was to set ugemtrally provided repository that can
contain all resources produced in this context alsd is a place that can be used to save
resources created in future work. It shall ease abeess for students to the tutorials,

guidelines and other assets that were createdpdfem.
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The acceptance among students to make use ofdhtedrresources greatly depended on the
usability of the technology utilized for the regosy. Hence an evaluation was performed in
which different tools and technologies were comg@amegarding their applicability for the
given purpose. Of course the chosen set could eaxhaustive, but it contained the most

important technologies with significant represents.

The tools were analyzed regarding the followingeasq

» Possibilities for structuring and finding resources

A repository that probably will contain a large nen of resources must allow to
structure them in a meaningful way that eases thaintenance and also the search for
desired resources. Possible ways of structuringteodnare: Hierarchical structures,
marking content with tags or keywords, categoraratiof content or chronological
structures. Another important option for findingsoarces is the possibility for doing a

full-text search.

* Visual design and usability

Because the repository shall be accessible toge lgroup of people, it must be easy to
use without having to spend much time to get fanivith the system itself. This would
dramatically reduce the acceptance of the repgs#omong students.

The best interface for this purpose uses elemémisare well-established in the web-
context and so can be used without lots of inswast Furthermore the technology that
shall be used must be modifiable in its visual glesso the interface can be related to the

university context.

» Efforts for maintenance, installation and administration

Not only the usability of the technology for theritend-user is an important aspect, but
also for the backend-users who need to instaltabis correctly, insert new content and

perform administrative tasks. Because in the usityercontext probably no one can

concentrate only on these activities, it is impattinat they can be performed easily with
low efforts.
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» Possibilities for (pre-)viewing content

When searching through the repository it is impurtar the user to preview the contents
in the repository before obtaining them. It is fessible for the students to download each
3D-model only to be able to see it. There must draeskind of preview possible that
allows to get a first glimpse of the resources tefteciding what to download.

For other resources like tutorials there must beagety of options to write text in
different formats and combine it with other medkea limages or weblinks.

* User management and permission system

Because possibly a larger group of people — stgd@mtcourses, their colleagues,
anonymous access over the web — will have acce$e teepository, it is important to be
able to precisely define the permissions for ddfergroups. In general it can be said that
the contents shall be readable for many users,nimdifiable only for a few users.

Administrative tasks of course have to be perforimgd separate group.

» Possibilities for collaboration

Though it shall not be the primary purpose for réygository, it might be useful to provide
some means for collaboration among students. Exesfpl that could be issue tracking
for open tasks, scheduling of goals to achieveolstfor communication like messaging
or forums. These tools could help students in dmjag their projects for Unity, but they

are not as important as other aspects when evaduithnologies for usage as repository.

» Version history of content

A feature that is not absolutely necessary butulsefcertain situations is the ability of
automatically saving the contents in each new warsihis provides the option to be able
to undo changes that have been done by accidempropare different versions of the

same resource to be able to analyze the differences

Now follows a list of tools and technologies wittetevaluation results regarding the different

aspects mentioned.
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2.3.1 Trac

Trac [Trac] is an open source configuration andgatomanagement system. It is web-based
with the main features of a wiki (a software systirat allows the collaborative editing of
document pages), issue tracking and tight integmatvith the version control system
Subversion. Trac is mainly used for software degwelent projects, but due to the wiki and
the version control system it could be used forepthurposes as well. It was chosen as

representative for tools focusing on collaboratspects.

Possibilities for structuring and finding resources:

Trac’s wiki allows hierarchical structures, a plingmakes it also possible to mark resources
with tags. A browser allows to easily search the-riépository. A “timeline” shows recent
changes in a chronological view. Full-text seaschrniother option for finding resources.
Visual design and usability:

The graphical interface is unspectacular. It istandard design adequate for project
management, but not very suitable for game devetopnHowever the interface can be
modified through the usage of themes.

The usage of Trac for the end-user should not cagdigger problems.

Efforts for maintenance, installation and administration:

The usage of the wiki, which is a very stiff stwet, could cause high efforts for the authors.
It is not easy to construct a useful hierarchyhia wiki, and it cannot be changed in a facile
way afterwards. This probably hinders the creatibcontent a lot.

Installation is also quite complex due to the néedinstall several necessary software
packages. The webserver needs to be configuredatiyriwvith Subversion support and the
software needs a database connection. For gergirahiatration background knowledge is
absolutely required to solve certain tasks.

Possibilities for (pre-)viewing content:

Due to the fully-functional wiki that is provideditiv Trac, there are lots of options of how to
create content. It can embed text in many formatskined with images and other resources.
However any preview for content must be added nignua

User management and permission system:

Due to its usage in the context of project manageni@ac has a very flexible and elaborate

system for permissions and user management.

23



Possibilities for collaboration:

Collaboration is the main case Trac is used foit stearly is its greatest strength. Trac has a
sophisticated system for issue tracking, the wim de edited in a collaborative way and
Subversion allows professional distributed workites.

Version history of content:

Trac automatically saves each version of wiki pattpas have been edited, and Subversion
allows professional version control for file hierhies.

Miscellaneous

One of Trac’s main features is a very tight craskihg of all resources: For example wiki
pages can be related to issues or to files in Salmre Furthermore Trac can be extended

with plug-ins.

2.3.2 MediaWiki

MediaWiki [MediaWiki] is one of the most populardis that can be used as a wiki-system.
The popular online encyclopedia “Wikipedia” usesdié@Viki as underlying engine.

The focus of a wiki-system lies in textual desdops, but other media like images, videos or
sounds can be integrated as well. Also all kinddileé can be attached to pages. This

flexibility was the reason why also a pure wikitgya was chosen for evaluation.

Possibilities for structuring and finding resources:

Hierarchical structuring of content is possibleotigh the usage of categories. However the
main method of finding resources in a wiki is prolyathrough full-text search. A
chronological view shows the recent changes.

Visual design and usability:

An advantage of MediaWiki is the look and feel tisafamiliar to most people because of
Wikipedia's popularity. It is a functional interfatchat can be customized to individual needs.
Efforts for maintenance, installation and administration:

MediaWiki has similar disadvantages as Trac wheroihes to creation of content: A wiki
system causes high efforts because everything dndse tstored within pages. Therefore
changes in the structure also cause lots of changée documents. Modifications that have

to be applied can become very tedious.
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Possibilities for (pre-)viewing content:

Due to the flexible creation of pages content cardésigned in all combinations of text and
other media. However it has to be done manually.

User management and permission system:

Can be configured through the usage of predefiised groups.

Possibilities for collaboration:

Collaboration is limited to the collaborative eddi of wiki-pages. This is useful for the
distributed work on documentation and other textaaburces, but not for other purposes.
Version history of content:

Wiki-pages and uploaded files are being versioned.

2.3.3 WordPress

WordPress [WordPress] is the most popular softwzakis being used for so-called “blogs”.
A blog is a website that focuses on chronologicsdlisation of content. So-called “bloggers”
maintain such a blog and periodically fill it wittew stories, pictures, videos or other media.
Most blogs are supervised only by a few or even peeson. Examples for bloggers are
persons writing about traveling experiences, reingwew technologies or publishing their
progress on a project.

WordPress was chosen as a candidate for the ags®ditory because it can be used very

flexibly for all kinds of purposes.

Possibilities for structuring and finding resources:

WordPress offers the whole range of possibilities $tructuring resources: Besides the
chronological structure of content which is essdnti every blog and can show the most
recent entries as well as the entries for a smeaifonth, it also provides support for
categories. It furthermore differentiates categgri@hich can be structured hierarchically,
from tags. So every resource can be assigned t@monwre categories and be marked with
several tags as well. The existing tags can beadew a “tag-cloud”, that visually shows the
most popular tags. Full-text search is anothermopti

Visual design and usability:

WordPress offers a standard design which can befiedbadompletely through the usage of

templates. The community also offers lots of presef layouts. Due to the popularity of
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blogging the general interface of the system shbeléamiliar to most web-savvy persons. In
general it is very easy to handle.

Efforts for maintenance, installation and administration:

Due to the fact that WordPress is quite an advategthology, the system can also be used
by authors very well. WordPress is intended to bkzed by everyone and not only by
experts. Thanks to this fact the whole administraind creation of content can be done very
conveniently. Installation also is a very straightfard process.

Changes to the content or its structure can beopeed without problems, even afterwards.
This is a consequence of the fact that each urdbofent (each “post”) has its own identifier.
When referencing this identifier it does not mattewhich category the post is located. So
hyperlinks to this identifier remain stable aftéaoges.

Possibilities for (pre-)viewing content:

WordPress offers all possibilities for creationamintent: Text, images and other media in
interleaved combinations. Posts can be previewedhbyend-users, but this preview only
shows the first lines of text. Other forms of pewiwould have to be done manually for
every post, an automated preview is not possiblstamdard WordPress for files like 3D-
models. Though this maybe could be added with g-piu

User management and permission system:

WordPress offers an easy to use permission systghere predefined roles like
“administrator”, “author” or “subscriber” can besagned to certain users. In general it is
possible to define the permissions for certain posteven the whole blog. It is not a highly
sophisticated permission system, but provides tbst important functionalities.

Possibilities for collaboration:

Collaboration probably is a weak point in WordPrdsg limited to users who are registered
and therefore can modify the content in a distedutvay. However a wiki offers more
options for the collaborative modification of docemt pages.

WordPress in the standard package does not pravigdeatures like issue tracking or other
support for project management.

Version history of content:

WordPress is able to save each version of a ppstraely. It also offers a way to compare
the different revisions of a content page.

A notable detail: WordPress regularly performs atosave while content is being modified

to provide a backup when problems occur.
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Miscellaneous
The system can be extended through the use ofipuddue to the popularity of WordPress
there is a large community which already providesusands of plug-ins for countless use-

cases that are not covered in the standard package.

2.3.4 Kohive

Kohive [Kohive] can be called a “shared-desktopétfdrm. The cloud-based service can be
accessed with a web-browser after free registratibnprovides a virtual workspace
resembling the desktop of an operating systemeaal“hive”. Every user can create multiple
hives and also invite other users into their owre&i This allows to work on resources in a
collaborative way.

Though it might seem exotic to use Kohive for amseasrepository, it was decided to

investigate its suitability in more detail. At thealuation time the system was in “beta” stage.

Possibilities for structuring and finding resources:

Even though Kohive allows to upload any kind oé fib a hive, it revealed the great drawback
of not being able to hierarchically structure them.

Files can be marked with tags and provided wittcdegons. A certain area shows the most
recent changes in the hive, but without any optimndiltering. Full-text search can also be
applied.

Visual design and usability:

Because of the well-known desktop metaphor usageksvquite fine. However possible
adaptations to the design are limited to chandwegotackground of the desktop.

Efforts for maintenance, installation and administration:

Files can be added quite easily, but this is aequesnce of the fact that there are almost no
options for structuring them. The system showslaB in a simple list.

Installation is not necessary, because the systeidas on an external server. Administration
is easy but only offers very few options.

Possibilities for (pre-)viewing content:

There are no possibilities for previewing files,igrhis a major drawback. Also Kohive does
not allow to combine images with text and other radadl arbitrary combinations. This is only

possible indirectly through the upload of filesttbantain the intended content.
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User management and permission system:

Apparently Kohive does not allow the configuratiminpermissions for other users. Therefore
the system is not appropriate for giving accesslarge number of people.

Possibilities for collaboration:

Kohive offers some features for collaboration: hHoydes a task management feature,
possibilities for chatting and sharing content. le@er these features are basic and not highly
sophisticated.

Version history of content:

No possibilities for versioning of content couldfoend.

Miscellaneous

Due to the beta stage the system does not work letehp stable, several errors were
encountered. Furthermore the fact that Kohive seraice offered by another company bears
some consequences: Though it eases installatioa@mahistration, it createdependency If

the company cannot maintain reliability, the whsévice might be offline. Or even worse:
The company stops business and does not offeethics anymore at all.

Another consequence is that all data resides oex#arnal server. This certainly can be a

breeding ground for legal issues and loss of data.

2.3.5 ResourceSpace

ResourceSpace [ResourceSpace] is open source sofamd was chosen as representative
among the group of “digital asset management” systé his kind of software has the main
purpose of maintaining a large number of digitalotgces in a structured form and providing
them to end-users. For example these systems deetbe suitable for implementing a large
database of photographs for a company in the cobofgournalism. So it seems that digital

asset management is an important option to inwegstifpr this evaluation.

Possibilities for structuring and finding resources:

ResourceSpace is quite complex when it comes tietsting digital resources. Even though

the system offers the possibility to assign ass#ts a hierarchical tree of categories, this
option is quite cumbersome and not very handy. Juide says that the developers wanted to

avoid a search through a large tree, so this hais éene on purpose.
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Instead, ResourceSpace offers a pretty comprelersgistem for assigning metadata to
assets. The allowed and obligatory metadata carobigured very exactly for each kind of
resource. This system’s possibilities go far beysintple tagging.

A full-text search is able to search through alltadata. ResourceSpace is even able to
automatically show related assets to certain regsurA “recent” area also displays the
newest assets.

ResourceSpace also offers the possibility to groenpain assets to so-called “collections”.
They subsume a defined set of assets under a ispeeifne. These collections can be
predefined and made publicly available to all usersmade private and only be available to
the user who defined the collection.

Visual design and usability:

ResourceSpace has a very modern look and feebfiegars very professional. The system
generally is usable very well for the end-userutifoit requires some work to get familiar
with the many functions it offers.

Efforts for maintenance, installation and administration:

Installation requires some tricky adjustments i@ slerver configuration, but it is feasible. In
the beginning there are lots of efforts necessaset up the complex metadata system, which
should be done very carefully because it affeasowerall value of the further work with the
system.

ResourceSpace offers lots of support functionsase ¢he maintenance and the import of new
content. However the extensive metadata systentdqmabably cause high efforts when it
needs to be changed after some time.

Possibilities for (pre-)viewing content:

One of the most useful functions ResourceSpacesoffethe ability to automatically create
preview thumbnails for lots of supported file fotisiaOn the other hand, the system is not
that flexible when it comes to freely combine texith other media. This could cause
problems when trying to add tutorials or otherteased resources.

User management and permission system:

The definition of permissions works a bit cumbersoivut generally it offers a large number
of options for configuration.

Possibilities for collaboration:

Collaboration is limited to the distributed imparid editing of assets. Thanks to the metadata
system, the results of this process can be coatrolery well. But in general there are no

additional features for project management.
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Version history of content:

No functionalities regarding version control coble found.

Miscellaneous

ResourceSpace also offers lots of features comggthe generation of statistics and creation

of reports.

2.3.6 Razuna

Razuna [Razuna] is another open source representati the group of digital asset
management software. Due to ResourceSpace’s unsgsi@m of structuring resources, it

was decided to also add a more traditional candiftatevaluation.

Possibilities for structuring and finding resources:

Resources can be structured hierarchically very kgasising folders. Keywords can be added
to every asset. There is no “news” section, buasets can be sorted by date.

A full-text search that can be parameterized cohmgmsively is also available. However
during tests the search seemed to “miss” someeokdélywords defined in the assets and did
not show them in the results.

Visual design and usability:

The interface is unspectacular, but generally ftinese. However many bugs in the GUI were
encountered that complicated the usage of therayste

Efforts for maintenance, installation and administration:

Installation can be performed very easily when gisinready-to-use package provided from
the website. If this package cannot be used, gatfinthe system becomes quite more difficult
and requires a Tomcat server with several additipackages to be installed.

In general adding content and maintaining it shdagdworking quite fine with Razuna. But
during local tests many errors and unexpected betsagf the system were encountered. It is
very probable that this causes high efforts for iagstration.

Possibilities for (pre-)viewing content:

Just like other digital asset management systeraguii@ is able to automatically create
preview thumbnails for uploaded assets. All assets be described with text or other
definitions. However it is not possible to flexidlytertwine text with images or other media,

which would be necessary for tutorials.

30



User management and permission system:

Razuna does not offer a sophisticated permissiagtesy Users can be added to defined
groups, and these groups can be granted read @r meate access to specific asset folders.
This system should solve the most common use-caségrobably is insufficient in more
complex situations.

Possibilities for collaboration:

Collaboration is limited to distributed work on ats There are no other features like issue
tracking or web-based communication.

Version history of content:

Assets are being versioned, so older versions csill be accessed when uploading a new
version.

Miscellaneous

After testing, the impression was that Razuna isantechnically mature product yet. An
extraordinary number of errors and unexpected Bsysteehaviors were encountered.
Furthermore the wiki that should be the documemmator Razuna is very incomplete, which

additionally complicates usage.

2.3.7 Result of evaluation

Several discussions based on the evaluation irssigbte held to choose the appropriate tool
for an asset repository. In the end it was deciledseWordPress. The other candidates
were discarded due to the following reasons:

* The evaluation showed that a wiki would probablysmahigh efforts for maintaining
the contents, especially when changes need to loe.ndis dropped out Trac and
MediaWiki.

» Kohive is not able to provide contents in an appetp form. Its permission system
makes it inadequate to be used in a broad uniyessittext. Furthermore due to the
“beta” stadium and the external service it could/éry unreliable in the future.

* Razuna was a promising candidate, but could net lig to high quality standards.
ResourceSpace was the second best system aftePY#esd Finally it was not chosen
because of its lacking capabilities to intertwiegttwith other media and the high

efforts to set it up correctly.
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The following arguments support the use of Word®res

It is easy to install, administer and to be utilizey the end-user.

It offers all important possibilities for structng and finding resources.

Changes in the structure do not cause high efforts.

Content can be defined very flexible which is intpat when mixing textual and other

media-based resources.

Most other features that are important for the pseplike a permission system,

version control and a customizable interface ase plovided. There is a high chance
that features that are not provided within the déad package can be implemented
with plug-ins.

A large community is behind the system which makes very reliable tool for the

future and ensures documentation and support.
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3 Tutorials for students learning Unity

This section of the master thesis contains theuress that were created to teach Unity to
beginners. The knowledge has been split up intarség modules. Each module contains
information to a certain topic. This allows to wdhtough a specific unit without the need to
read the preceding modules (except it is neceskayo missing knowledge).

The modules have been provided with descriptiva tké goal, prerequisites and difficulty.
Furthermore they have been arranged into an ondérésembles the recommended order of
working through the modules. The section starth &t overview of the tutorials and their

relationships.

3.1 Overview

Though each module can be used by itself, altogéties form a course that can be used to
get the basic knowledge in how to work with Unityey have been structured like illustrated

in the following diagram:
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Figure 9: Overview of the different modules about Wity
3.2 MODULE 01: Basic principles of 3D-applications

Goal: Understanding the most fundamental concepts dagaBD-applications in general

Difficulty : Beginner

Prerequisites None

3D-applications are able to create the illusionhoée dimensions on a computer. But how is

this possible with a screen that is flat and da#sprovide any depths?

The secret lies in the conceptprbjection. In general a projection is the process of mapping

something onto another surface. In a cinema tlegnmdtion of the movie that shall be shown

is projected onto the big screen. Similarly theoinfation the computer calculates for the

current scene of the 3D-application is projectetb dhe flat computer screen.
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To perform this projection, the computer needsdnovert all information it stores in three
dimensions into a two-dimensional system. The fuilhg figure gives an idea about the
concept of projection:

Figure 10: Projecting a three-dimensional object oto a two-dimensional screen

There are different ways of how to perform the @ctipn, some are more complicated (and
therefore often have a more realistic result) thiders. But luckily, when working with Unity
you do not have to care about projection, thisinsaaly handled by the Unity game engine.

However it is useful knowledge that helps in untierding other concepts.

Another topic that is fundamental when working wBB-applications is theoordinate
system Coordinates are being used to define the positiwinobjects or other points of
interest. While in a standard two-dimensional cowte system there is an x-axis to describe
the horizontal position and an y-axis for the \e&tilocation, in a 3D-application there also is
a z-axis that adds depths. Coordinates are deiimedmeric value pairs (for two dimensions)
or triples (for three dimensions). The followingagiam shows two objects in two different

coordinate planes:
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(6,8) (6,8,10)

(5’3) (5!3!2)

Figure 11: Coordinate systems with different dimeniens

The first coordinate system only knows two dimensioCoordinates are stated as “(x,y)”
pairs, so the first object has the x-value of 5 #rely-value of 3. The blue object has the
coordinates (6,8).

The second coordinate system adds depths by useng-&xis. The object positions now are
defined with triples: Values for x and y remain ga&ne, but now the orange object also has a
z-value of 2 and the blue object of 10. This me#met, the blue object is not only positioned
above the other, but also behind it.

It is a common practice to state positions as @};ycoordinates (in this order!). Furthermore
many 3D-applications add colors to mark the diffiér@xes:Red for x, green for y andblue

for z.

The bottom left corner, the point where the coamtbnsystem “starts” is called the origin. It
always has the coordinates (0,0) or (0,0,0). I5® gossible to locate objects to the left or

below the origin, which causes the coordinate \satoébecome negative.

Another important concept anectors While a point simply is the representation of a
specific position in the coordinate plane, a veaontains information about length and

direction. Confusing might be the fact that vectars also defined by using numeric values
for x, y and z, so they look quite similar to pasis. But they are used in different contexts:
For example you have to use vectors when calcglatia distance between two objects, or to
define the direction the player moves to. In Urtitgre are lots of operations that need a
vector as input, so it is important in many circtemnses. Fortunately Unity provides lot of

supporting functions that help us in dealing widttors.
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When working with coordinate systems it is necessamention that 3D-applications use a
specific technique to simplify some issues: Theveosion ofworld space into local space
World space (or also called “global space”) justingethe same like mentioned before: There
is one coordinate plane that is the referenceHerdefinition of the coordinates of all other
objects.

When using local space, the objects can be equippddtheir “own” coordinate systems,
which usually originate in the center of these otgeThis way it is much easier to state
relative positions like “5 units below this objectthich would be a simple statement like “(0,
-5, 0)". In world space one would have to calcuthi position with absolute values referring
the origin. Unity provides functions to automatigatonvert between local and global space.
The following diagram illustrates the concept.Hows a cube first in global coordinates, and

then within its own local space (in which the objiéself of course has the position “(0,0,0)"):

YA

\ 4

q

Figure 12: Global and local space

v

In 3D-applications all three-dimensional objecte anade up using two-dimensional

polygons A polygon is a defined geometric plane, like &ample a triangle, rectangle or

arbitrary other structures. Though this might sesmple, it is possible to create highly

detailed objects by combining lots of polygons. B¢ more polygons an object consists of,
the more work has to be done by the machine toereridcorrectly. So the number of

polygons is an important aspect one should keepind when developing applications with

Unity.

However polygons all by themselves could not makeawetailed object, they furthermore

need to be provided with realistic surfaces. A tbat just has one color cannot resemble a
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real car, it needs surfaces in different color someflections and transparent parts. To achieve
this, object surfaces can be equipped with 2D-irmage-calledtextures” .

These textures can make an object look quite tealisut do not provide any effects. For
example the reflection from a surface changes whth point of view, which cannot be
achieved with a graphic that is static. Therefotisteso-called'shaders”.

Shaders are written in a special language which esiathem look quite similar to
programming code. Using shaders a developer caatecnaarious effects like reflections,
transparency or color effects. Unity provides adbbuilt-in shaders that can be used for the
most common use-cases. Shaders and textures ceonii@ned and parameterized in so-

called“materials” .

The final topic that shall be mentioned here reg@rdhe basics of 3D-applications is the
manipulation of objects In most 3D-applications there are three fundaaleattributes that
are defined for every object: Position, rotatiod aoale.

* The position of an object is its location in thevieonment. By changing the position
an object can be moved forward, downward or in rotheections (thus around all
axes). The operation of manipulating the positidnan object is also called
“translation”.

* The rotation of an object is its angle relativeéite environment. Changing the rotation
means to turn it around the X, y or z-axis. Thiy e direction a character is looking
can be changed, or an item turned upside down. ofjezation is simply called
“rotation”. Values are given mostly in degrees.

* The scale of an object are its proportions in sétative to its original size. A scale
factor of 1 means no change in dimensions, a $aeler of 2 that the object’s size has
doubled. The scale also can be changed aroundesl separately. By not changing
the scale proportional around all axes equally apead will be stretched. The

operation is called “scaling”.

The following figure illustrates the different opéions:
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Figure 13: The basic operations translation, rotathtn and scaling

3.3 MODULE 02: Overview of the fundamental concepts  in Unity

Goal: Get an insight into the basic concepts of Unitg avhat they can be used for, without
any detailed knowledge yet

Difficulty : Beginner

Prerequisites None

While there are certain concepts that are similalli 3D-applications, some are special when
working with Unity. This module shall give an oveaw of those concepts to catch a first
glimpse without getting into any details. They drandled in all its particulars in later

modules.

* “Asset” is a term that is used very broadly in Unity. A8se@t can be anything that is
being used for a Unity project, for example texsui@D-models, programming scripts
or background images. In general all files that lacated within the current project
folder and can be used in the application are datsets.

» “GameObjects” are objects that are actually used in the cureenironment. They
can be positioned, rotated, scaled and manipuiatethny other ways. The difference

to an asset is as follows: An asset could be a ®dainfile of a monster that resides
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within the folder of the project on the computeiile system. When using this 3D-
model in the dungeon that is currently designed, dhset becomes a game object.
When manipulating this game object, the origini@ i not changed. Furthermore the
one single file could be used to create a wholdéof monsters.

There are some predefined game objects in Unityctdsa be used right from the start
without any asset, for example geometric bodies tikbes, spheres or cylinders. Also
there are special objects that provide extra fonetities, like for example cameras,
light sources or menu objects.

Any game object can consist of one or m@m@mponents”. A component is part of a
game object and describes either attributes origesviunctionalities for this object.
For example every game object has the componearistorm”, which can be used to
manipulate the position, rotation and scale of &jea. Another example is the
“RigidBody” component that adds realistic physibahavior to an object.

A “scene” in Unity subsumes the current environment withcalhtents in it that are
being designed for an application. This includdsgame objects with their current
positions and attributes. An application createthwlnity can consist of one or more
scenes. The developer can exactly define in whittlateon the player will jump to
another scene. So a scene suits very well to lmbassa “level” in a game.

“Scripts” are files that contain programming code. They rtedae used to define the
whole logic of the application. This means to handlsues like for example: What
happens when the player character touches the énétow can the character be
controlled by the user? Where are the highscoreg lsaved?

Scripts need to be written in a programming languagd must strictly meet certain
formal constraints. Unity supports usage of thrégemnt languages: “JavaScript”,
“C#” (“C-Sharp”) or “Boo” (a variant of the “Pythdrnprogramming language). The
different languages cannot be mixed in a single, fbut different files can use
different languages in the same project.

So-called‘Prefabs” are one of the most important concepts in UnitgliatyYou have
already seen the difference between assets and @gsets. An asset is a file that can
be used many times in different situations of thgqet. Utilization in a scene turns
them into a game object.

But what if modifications are made to the game dbfaot to the asset-file!), which

could make sense to be reused later?
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For example: The 3D-model file of a character ipanted into the current scene.
There it becomes a game object, and the developgosthe character with a weapon
and applies different textures to him to make himirfto the current level. If the

developer now wants to reuse this whole characidr weapon and textures in a
different scene, he would have to redo all thesst@entioned before. But by using
prefabs, he can save the textured character wattwbapon in its current state. The
developer can save the whole package as a preftibgwignificant name like “armed

hero”), and use this prefab in multiple locatioby ¢reating so-called “instances”).
What further reduces efforts is the possibilityttbhanges to the prefab (for example
the developer decides to give the character andgperof weapon) can automatically
be applied to all instances of the prefab in aings. But it is also possible to make
single instances differ from the others (for examiblere could be a level where the
character has no weapon at all). It is very impurtahen working with Unity to

understand the concept of prefabs and apply inreaningful way.

3.4 MODULE 03: The interface of Unity

Goal: Get an overview of the basic elements in therfate of Unity and learn to navigate
through 3D-space

Difficulty : Beginner

Prerequisites None

When opening a new project (it does not mattertfer moment which assets had been

imported), the application looks similar to thisitfvout the numbers):
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Figure 14: The interface of Unity

It is important to know that one can freely custoenihe layout’s interface. To get a GUI that

resembles the screen shown above you have to chésdow” - “Layouts” > “2 by 3” in

the menu. There are other layout configurationssipts too, but this one keeps everything

important on the screen at once.

The numbers in the screenshot mark the followingartant areas of the interface:

1.

2.

3.

4.

The scene view: This is the “building site” of yapplication. Here all current objects
of the scene can be seen and directly modified.

The game view: This is a direct preview of whatlvé shown when starting the
current scene. It has the point of view of the nw@mera, just like the user has when
starting the application. It furthermore is usedpteview the game in action after
pressing the “Play” button on top of the interface.

The hierarchy: Here all game objects of the curssr@ne are listed. In this list all
objects can easily be selected, even if they camadbund in the scene view. In a new
project there is only the main camera in the hamarbut every other new object will
be listed here as well.

The project folder: Here all assets that have hegorted into the current project are
shown. This view resembles the files that lie witthe folder of the current project.

These assets can be used in all scenes of theappli to develop. In fact even the
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scenes themselves are files in this folder. Atntioenent this view is empty (at least if
you have not chosen to import assets when cretitagroject), but will be filled with
assets in later modules.

5. Inspector: The inspector gives information andvedlanodification of the currently
selected game object or asset (it is used for bgibs). Currently the inspector is
empty, but if you click on the main camera in therdwrchy view, it will be filled with
lots of information. These contents can be verfedght and depend on the selected
object. In the inspector one can analyze and mdtiéydifferent components of the

selected game object. The different componentseparated with horizontal rules.

Navigation

One of the most important faculties when workinghwinity is to be able to navigate in 3D-
space efficiently. This is absolutely necessarymuiesigning an environment with objects in
the scene view.

Because it has no demonstrative effect to navidpteigh an empty space, you need to fill it
with a sample object. To do so, please click inrtteu on top on “GameObjec® “Create
Other” - “Cube”. What happens is that a grey cube will @ppe the scene view (and also in
the hierarchy). You will now try to navigate aroutite cube by using different types of
movements. Please make surestiart these movements with the mouse cursor withithe
scene viewotherwise you might encounter undesired effects.

If you lose sight of the cube during these expenits@nd do not find it again, you can click
onto the name “Cube” in the hierarchy, move the seogursor over the scene view

(important!), and press the key “F”. Then the culiébe centered again.

* By holding the right mouse button and moving thesou around, the scene view
rotates around its own axis. It might happen ttat lpse sight of the cube and you
must find it again by properly moving the mouse.

* By holding the middle mouse button the view of sltene can be moved left, right or
up- and downwards. If you have no middle mouseobutfou can also achieve this by
activating the hand-symbol in the topleft corned &olding the left mouse button over
the scene view.

* You can zoom in and out by simply scrolling the s®uwheel. This can also be
achieved by holding “Alt”, then the right mouse tomt and moving the mouse. The
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latter method has the advantage that you can addilty hold “Shift” to accelerate the
zooming speed (which can be useful in large scenes)

* Now hold “Alt”, then hold the left mouse button antbve the mouse: This has the
effect that the view is rotated again, but thisetinot around its own axis, but around
the axes of the world it shows. This technique lbarused to view objects from all

angles. Try to see all sides of the cube by udirggmethod.

Please try out all these techniques and learn davkhem. To have more objects to see when
moving around you can add other game objects inntkau “GameObject> “Create

Other”, like for example a plane, cylinder or sgher

Another helpful tool to mention is the so-called¢dére gizmo”. It is the small object in the

upper right corner of the scene view:

Figure 15: The "scene gizmo"

Visual objects that are part of the interface aléed “gizmos” in Unity. The scene gizmo can
be used to view the current scene from certaintpahview. If you click one of the handles
of the scene gizmo (for example the red x-handhe,view changes and shows the scene
from a certain side. This can be very useful whging to accurately position objects.

Please also note that activating one of the hanthesges the perspective to “isometric”
mode, which causes all objects to remain their igladive to other objects, no matter how far
away they are (normally objects that are farthesyaseem smaller).

To switch back to normal view just click the centiermed like a cube) of the gizmo.
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3.5 MODULE 04: Modeling the environment

Goal: Learn how to design the environment of the appilir, including terrain and objects
Difficulty : Beginner
Prerequisites Ability to navigate in the scene view, Unity'stémface (module 03), basic

concepts of 3D-applications (module 01)

This module is separated into several submodukssh Bubmodule can be worked through on

its own.

3.5.1 MODULE 04.01: Modeling the terrain

Most applications need some ground the user’'s ctaraan walk on or fly over. The
simplest way to create a floor for the charactdnisreate a plane. To do so, simply click in
the menu “GameObject®> “Create Other™> “Plane”. This creates a large, flat object that
can serve as provisional ground. You can use tleihod when experimenting with Unity or
building a prototype where you don’t need any diethierrain. Please note that a plane only

has one side, so it is invisible when trying towié from the bottom.

In other circumstances you probably want a moréstealandscape that can be explored by
the user. Unity provides a terrain editor that kefpcreating such an environment. But before
you get into terrain modeling you should import tyis terrain assets package (if you have
not done this already). To do so, please click 8&s5—> “Import Package”™> “Terrain
Assets” in the menu. Make sure all boxes are clieékethe following dialog and click
“Import”. When the process has finished, the projeew has been filled with several files
and folders that can be used for modeling the enuient.

First you need to create a terrain. You can doysdlibking “Terrain” - “Create Terrain” in
the menu. This creates a large, flat plane witlaoytdetails yet.

An important dialog can be shown by clicking “Taenfa—> “Set Resolution”. Here the
options “Terrain Width” and “Terrain Length” are mby of interest for us. They state the
dimensions of the terrain and are both set to 2i0the moment. You can decrease these

values a bit because 2000 is very large for thénbaty. Also interesting might be the option
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“Terrain Height”, which states the maximum height tterrain can have (important for

example when modeling mountains). The other optt@msbe ignored for now.

Now select the “Terrain” in the hierarchy. This milause the inspector view to display
certain attributes and tools that can be used.&®iiyrof interest for us is the component titled
“Terrain (Script)™

v [ Terrain (Script) [
- FIIPARIEE ]

Raise / Lower Terrain

Click to raise, Hold dawn s_hiﬁ:tl:- lawer,

Brushes

Heo®: =
L 2 R g R LY
‘ ' # --E "F-? :;:;

Settings
Brush Size i p— 75
Dpacity — — | 5]

Figure 16: The terrain editor

Before designing the terrain, you might want torgethe layout by selecting “Window>
“Layouts” - “Tall” in the menu. This way there is more spaoethe scene view which is
most important when designing the environment.

The modeling of terrain in Unity works similar toagving a picture in painting applications.
But instead of plotting colors onto the screen, yan “paint” mountains, valleys or trees.
This can be done by clicking the different iconkeTirst three tools are used for defining the

structure of the terrain:

* By activating the| af -icon, your mouse cursor becomébrush”. Try moving the
cursor over the terrain while holding the left medmitton. You will notice that many
small mountain peaks will appear. The more you mbeemouse around, the higher

the mountains will become. You can choose varitagpss for your “mountain-brush”

46



to achieve different results. Furthermore it isgilole to specify the size of the brush
and configure its opacity (which is the strengthtlod brush). By default this tool
raises the height of the terrain. But by holding tishift”-key while using it, the
terrain can be lowered again.

» The I? -symbol works similar to the tool mentionedddre, but it additionally lets
you configure the maximum height to which the terrshall be raised. It has the
effect that mountains you create will be flattereecactly at the defined height. By
holding shift and left-clicking into an area, tha@nt height of that area will be set as

the current maximum height. This tool is especialgful when modeling plateaus.

. Thel && -icon activates a brush that smoothes thehheigthe terrain. This means
that it turns rough height transitions like sharpals and chasms into smooth

formations.

With the mentioned tools it is possible to shapetéirain as desired, but to make it realistic it
furthermore has to be provided with details. Toieh this, the following tools need to be

used:

* The selection of thq? -icon allows to paint textucego the terrain’s surface.
Textures that are used for terrain are called tspia Unity.
Now you can make usage of the “Terrain Assets” pgekkmported previously. To do
so, you must click the “Edit Textures...” button.the following dialog, there is a line
called “Splat”, with the value “None (Texture 2D)rhis means that no texture has
been selected to serve as “splat”. To the rightethe a small circle symbol. By
clicking it, you will see the available texturestbke current project folder. Select the
“Grass (Hill)” texture by double-clicking it andick the “Add” button. This has the
effect that the “Grass (Hill)” texture appears lie tterrain editor, and also is painted
onto the whole terrain that exists until now. Bhitis done only for the first texture
that is being added to the palette (so be cardfiidinwtexture to add first!). Now repeat
this process and add the “Grass&Rock” and the fQl&yered Rock)” textures.
You should now have three different textures inghkette. Select the “Cliff (Layered
Rock)” texture and paint it onto the mountains ofiyterrain by pointing at them and
holding the left mouse button. Again you can cowmfggbrush size and opacity. By
modifying the target strength you can furthermoe¢ the transparency level of a

texture to mix it with other textures.
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If you encounter the effect that your textures leeky much like repeating patterns,
choose the regarding texture by double clickirend increase the values of “Tile Size
X" and “Tile Size Y”. Make sure both have the sawsue (for now). A texture is
being painted on a surface by repeating small irilgs” a lot of times. By
increasing the tile size, these tiles become laeyel therefore are not repeated as
much as before (with the drawback that they areanatetailed at close range).

» The |T -symbol allows to place trees onto the terréire same way as before for
textures, you first need to add trees to your pal€hoose the “Palm” and any other
trees you might like to add. When now “paintingétterrain you will see that the
palm trees will appear on the ground. There areers¢\options to configure this
process: “Tree Density” states the number of tpdased per click. “Color Variation”
makes the trees look slightly different by changthgir colors. “Tree Width” and
“Tree Height” change the dimensions of the treeh(wespect to the original asset’s
size) and can be provided with a random factor aerit more realistic.

To delete trees you have painted, simply hold t8&ift’-key when dragging the

mouse over the trees.

» The | Q‘ﬁ -icon allows to paint ground details like forample stones, flowers or
other plants. For instance you can add grass ta yewain by clicking “Edit
Details...” > “Add Grass Texture” and then choose the “Grass2ige. Painting
details onto the surface works similar to the “Blacees” tool.

* By activating the last icon in the row severalisgt for the terrain can be configured.
These affect the level of detail the terrain isdened, but they are not important for

the moment.

3.5.2 MODULE 04.02: Creating Game Objects

When you have created a terrain (it does not métieis a detailed environment or just a flat
plane for this tutorial), you can get on to thetrsep: Placing game objects.

A game object can be any object in the environmanbuilding to explore, a monster that
needs to be fought or a vehicle the player can tidéact even the terrain itself and the user’s
character are game objects.

There are different types of game objects: Theeestandard objects provided with Unity, and
imported game objects modeled with another apphsaFurthermore there are game objects
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that have special functionalities like for examiijat sources. These will be covered in later
modules in more detail.

Now create some of the standard game objectsdpatsent the most basic geometric bodies.
They can be found in the menu at “GameObjezt*Create Other”. Please create at least one

for each of the following objects: Cube, Sphergyside, Cylinder and Plane.

Figure 17: The basic game objects

You can now manipulate the objects you createdelbycting one of the icons on the topleft

corner:

&[S =]

Figure 18: The basic tools for object manipulation

By activating these three icons it is possible d¢otlte basic operations described in module
01: Translation, rotation and scaling.

Activate the first icon and click on one of the etig you created, for example the cube. You
will see that the cube will be highlighted and thaarows originate from the object in three
different colors: Red, green and blue. This is heotgizmo” that helps in manipulating the
object. There are several methods of how to tréaghaove) the cube now:

* In the center of the object (at the origin of theet arrows) you see a small square.
You can left-click the square and drag the objecumld in the scene view. This
method of translating an object is quite simplé, dou the other side very imprecise.
The reason is that movements of the mouse on fitatngl have to be converted into
three-dimensional positions. This is not possibiiaeut guessing at least one value of

the three coordinate axes. To improve this behaitios better to choose one side as
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point of view from the scene gizmo. After that, thée can be dragged around along
two axes precisely.

Another option that works very well is to click one of the three arrows, hold the left
mouse button and move the cursor. This way thecbigeonly moved along the axis
that is represented by the arrow. This methodrig useful for precise positioning, but
can be a bit tedious when moving the object dialipahere positions along two or
three axes need to be manipulated). By holding“@tel”-key while moving the
object, it will be moved in single units.

Finally the position of an object can also be statéh exact numeric values by using
the “Transform” component in the inspector. Uss thiethod when moving the object

with the mouse is not precise enough for your psepo

¥ .~  Transform ﬁ £k,
Position

*» | -0.2925288 |Y 8445241 £ 1000886
Rotation

* |0 ¥ 0 Z 0

Scale

= |1 ¥ o1 Z |1

Figure 19: The "Transform" component

The top row of the component is titled “Positionidashows the exact values of the
position at x, y and z axis. You can manipulate thkies by just typing a new one
into the box. Furthermore it is possible to move thirsor over the “X”, “Y” or “Z”
letter, click the left mouse button, hold it andwvedhe mouse. The cursor changes its
shape and the values can be modified with movem@&hts way of modifying a box

with a numeric value is generally very common ia ithterface of Unity.

By activating the second icon you can see thatgihmo changes to different circles that

contain the game object. In general there are thifesrent gizmos for the basic manipulation

operations:
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Figure 20: Different "gizmos" for manipulation of o bjects

The second icon activates “rotation mode”. It wqgpkstty similar to translation but instead of
moving the cube around it will be rotated alondetént axes. Each colored circle will rotate
the cube around a specific axis. Furthermore theigs an additional outer area (made up of
two grey circles). Rotation along this area is doneelation to the current point of view of
the scene.

As with the translation, rotation can also be malafed using the transform component in the
inspector. Values are stated in degrees, so nateathvalue of zero will show the same
rotation as values of 360, 720,... et cetera. It madense to let those values not become
unnecessary big.

The third icon allows to scale an object. Agairsthiorks similar to the other manipulation
operations. Note that modifying just one of thesawal either stretch or narrow the cube. To
proportionally scale an object click on the cemkthe gizmo (which is formed like a cube)

and then drag the object to the intended size.

You might want to give an appropriate name to ajeabTo do so, click the object twice
with some time in between (like a very slow doutliek) and type in the name. It is also

possible to select the object and press the “F¥.-ke

An important concept when working with game objeastsalled“parenting” . To see this
concept in action, create two game objects, likeefcample two cubes. Now drag one of
those cubes in the hierarchy view (not in the seeew!) onto the other.

You will notice that one of the cubes will disappéeathe hierarchy view and a grey triangle
can be seen. Clicking this triangle will bring bable second cube, but its name is indented
now. This indicates that it is now the “child” dig other object, which itself is called the
“parent”. Furthermore you might have noticed ttregt position values of the child cube have
changed in the inspector. The reason is that abjects do not have an absolute position
referencing the origin of the whole environmentt their position is now relative to their
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parent’s. So a position like for example (5,0,0)amethat the child cube is five units to the
right of its parent, no matter where the parententty is located. When moving the parent
both objects are moved, but the child remains dsitpn relative to the parent. The same
goes for rotation and scaling, both attributesreme given in relation to the parent. So a scale
value of two means double the parent’s size. If wamt to remove the child from its parent,

simply drag the child into the grey area of therdmehy, where there are no other game

objects.

This technique is often used to group objects ithlate to each other, for example a character
and the weapon he is holding.

But sometimes you want related game objects to foeipgd, but remain on the same
hierarchy level. To achieve thismpty game objectsan be used.

Please click “GameObject> “Create Empty” in the menu. A line called “Game&xti] will
appear in the hierarchy. But you won’t be ableg® any new object in the scene view. This is
because the new game object is “empty”, and thexefannot be seen. But you can still use it
as a parent for other objects. To do so, drag ttheragame objects (that have no parent yet)
onto the empty “GameObject”. Both will become chaldl now and remain their position,
rotation and scale relative to their parent. Beraved the fact that although the empty game
object cannot be seen in the scene view, its tbamsttomponent still has values for the

different attributes. These are the base for thildrelm’s attributes.

Importing 3D-models

Until now you just used predefined game objectthanscene. But of course it is difficult to
design detailed objects like humans, cars or ugsliusing the simple shapes of cubes,
spheres or cylinders. Unity might be a great tbal, in fact there are applications that are
much better suited for performing the detailed niadeof objects. Luckily Unity can import
the results of other applications. The following-B8iddeling applications are supported by

Unity:
+ Cinema 4D
* Blender
* Maya

+ 3D Studio Max
e (Carara
e Cheetah 3D
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* Lightwave
o XSI

Usage of modeling software won’t be covered in details here, in fact it is a course on its
own. But in general these applications can exp@thodels and everything packaged with it
(like meshes, textures and animations) into theadled “fbx” file format, which can be used
in Unity.

Unity even automatically identifies changes madth#ofile in other applications, so you can
use your favorite 3D-modeler at the same time akiwg with Unity. You just need to save
all exported results into Unity’s project folder. fAll list of compatible applications can be

found athttp://unity3d.com/unity/features/asset-importing

To see an “fbx”-file in action you can import trerrain assets. If they are not already in the
project folder, click on “Assets®> “Import Package™ “Terrain Assets”. If all boxes are
checked in the following dialog, click “Import”.

When finished, expand the folders “Standard Asset§errain Assets” / “Trees Ambient-
Occlusion” / “Palm” in the project view. In thisltter there is an asset called “Palm” with a
cube and small document symbol beside. This i9%’-file that defines the model of a palm
tree. By clicking it, the inspector shows all redav information of the imported file, like
information to materials or animations. An impottaption to configure is the “Scale Factor”
from the “(FBXImporter)” component. This settingfiles how much the model shall be
scaled within Unity in relation to its original sizn the modeling application. If you happen
to import an object which is gigantic or too smail can tweak this setting.

But for now just drag the palm asset from the priojelder into the scene view. You will see
that a detailed tree will appear in the scene. Now can manipulate the palm just like any
other object and modify its position, rotation cake. In general advanced 3D-applications
make lots of usage of 3D-models that were designtdprofessional modeling software.

3.5.3 MODULE 04.03: Materials, Textures & Shaders

You might have noticed that imported 3D-models @ften highly detailed, while standard
game objects created from within Unity like cubesgheres all appear just grey. The reason

is that 3D-models from other applications are ugualeady provided with materials, while
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there are none defined by default for game objerated within Unity. But it is possible to

apply materials, textures and also shaders to tsyethin Unity.

To repeat the difference between materials, shaahetrsextures:

» Textures are graphics that can be placed onto bbjgtaces. But because they are
only static images, they do not provide any dynagfiiects.

» Shaders are definitions of how to render the sedaxf objects (with possible textures
on them). In fact they are small programs and ble @ create effects like reflections,
color toning or transparency.

* Materials unite the different concepts into a sngssets. A material can be provided
with textures, shaders or other necessary assathefFmore different parameters can
be configured for the material. Which parameteesaailable depends on the shader

that has been chosen for the material.

You will now see these concepts in action: Creaptaae object by clicking “GameObject”
- “Create Other™> “Plane”. Now create a new material asset thatmamdded onto the
surface of the plane. Assets are listed in theeptdplder view, so you need to click onto the
“Create” button on top of the asset view (beside #earch field). Choose “Create>
“Material”.

An asset will appear in the list called “New Ma#dti You now have a material, but it is not
assigned to any object yet. To do this, you jusdn®e drag the “New Material” asset onto the
“Plane” object in the hierarchy. Clicking the “Pé&irobject now shows the “New Material” in
the inspector view. The material itself can noweld@ed either by selecting the “Plane” object
or by selecting the “New Material” asset in thejpob view, both methods work.

The “New Material” does not show much informaticet.yThe shader is “Diffuse”, which is a
built-in default shader. A diffuse shader spreaelected light very much, in contrary to
specular reflection which creates a glossy effddie following figure illustrates the
difference. While the diffuse surface reflects light evenly, the specular surface highlights

the light rays in the direct emerging angle:
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Figure 21: Diffuse and specular light reflection orsurfaces

The first obvious thing that can be changed in“thew Material” is the “Main Color”. By
default this is white, but by changing it you va#e that it is simple to equip the object with a
different base color tone. Any changes made tontlagerial can instantly be seen on the
object in the scene view.

Now apply a texture to the plane. To do so, yowehtawclick on the “Select” button inside the
grey square with caption “None (Texture2D)”. Seldwt “Cliff (Layered Rock)” texture by
double-clicking it (you need to import the “Terrahssets” for that texture, please do so if not
done already). You will see that the plane is noweced with the cliff texture. You may also
want to change the “Tiling X” and “Tiling Y” valuesvhich state the number of times the
texture image (called “tile”) is repeated on theface. A value that's too small might give a
washed-out look to the texture at close-range, evhilvalue that's too high will give the

impression of repeating images. A value like “3x3probably okay for this purpose.

There are other built-in shaders as well that caused: Switch the shader of the material
from “Diffuse” to “Specular’” and have a look at thkane from different angles. You will see
that it now seems to be a bit glossy. You can aisdlify the color of the reflection effect
with the option “Specular Color”. The “Shininessbdifies the range of the effect.

Other interesting shaders are the “Bumped” (eitliuse or specular) shaders. These shaders
are able to make a texture (that is actually fk&g@m to have raised or lowered parts. This
effect makes a surface look very realistic becatusgpears to be three-dimensional.

In order to use bumped shaders effectively it iseseary to provide them with a so-called
“Normalmap”. A normalmap is a grayscale image thefines the way the shader shall render
the bump effects on the texture. It has to be defiby the developer, but can be done in
parallel to creating a texture. “Bumpiness” is @wanced technique and not easy to get done

in a realistic way.
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There are lots of other built-in shaders that canubed by the developers and cannot be

covered here anymore.

Please see the website tp://unity3d.com/support/documentation/Manual/&f&tls.html

for an overview of the different types of materiatel shaders.

3.5.4 MODULE 04.04: Light sources

Every scene in a 3D-application usually needs dbjelbat emanate light to make the

environment visible to the player. These objeces @alled “light sources”. They can be

created with the menu “GameObjee¥ “Create Other”. There are three different types of

light sources:

Directional Lights are objects that shine on everything in the sceut@jn infinite
range. In fact although directional lights haveoaipon in their transform component,
it does not matter at all where to place thesd kglurces. The only relevant transform
attributes are the rotational values, that defihne angle of the light incidence.
Directional lights are most often used as the nsmarce of light in a scene. They
simulate the sunlight, so the majority of outdooerses that take place during daytime
need a directional light. One of these light sosriseoften enough, but you might want
your objects to be equally lit from all sides, theman make sense to add multiple
directional lights with different angles.
Point Lights are light sources that emanate from a single pototall directions. For
these types of light the position is very imporidrgcause it becomes the center of
light emission. But because light is equally enditiato all directions, the rotation
does not matter for point lights. Their inspectbows another attribute that is of
importance: The range. It defines the distance ligiet is being emitted, and is
illustrated with the yellow circles around the altjen the scene view when selecting
it. These types of light sources suit very wellréalistically simulate light bulbs,
lamps or fires.
Spotlights are the last type of light source. As the nameadlyesuggests, they shine
from a specific point into a particular directidik¢ real spotlights on stage do). So it
is important to define both the position and thedion as intended. For spotlights it
is possible to define the distance it shines wihth option “Range”. Furthermore the
option “Radius” makes it possible to configure #rgle the light is emitted: It allows
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to model a small ray of light, or a broad emisdiaait covers lot of ground. Spotlights

are ideally well suited to simulate objects thatkvike flashlights.

All three types of light sources have two otherfguration options that are of interest here:
They let the developer define the color of thetlighd its intensity. The default color is white,
but you maybe want a fire for example to emit doyeish colored light. By modifying the
intensity it is possible to make the light of tleeisce brighter.

Try out all different types of light sources. Youllwotice that after creating the first light
source, the scene view will disable its “standdiglitening, that helped in making the first
objects and terrain.

Lightening helps to make scenes more atmospheticiths not an easy task. Start with a
directional light source so the majority of the reeas well-lit. Try to highlight points of
interest with additional light sources. Of coursmiyneed further light emitters for indoor
environments and objects like lamps, fires or caadiights. Preview your results from

different angles and often see what they look Wken trying out the game.

3.5.5 MODULE 04.05: Skyboxes

When starting a project from scratch you might haetced that the background in the game
view (or the preview of the game that starts whessging the “Play” button on top) is just
blue, without any other details. In an actual aggilon you probably want something like
blue sky with clouds, a sunset or starry sky.

This can be achieved in Unity through the usaga sb-called “skybox”. A skybox is made
with a “cubemap”, which means that six texturesretogether in the form of a cube. The
whole environment then is put into this “cube”. Bging seamless textures the player cannot
see that he is inside a cube but perceives theresxat the horizon. Similar to reality, the
skybox is something that can be seen but the ptayenever actually get to it.

To apply a skybox to your project you might firsamt to import the standard set of skyboxes
delivered with Unity. To do so, please click “Asset> “Import Package™ “Skyboxes”.
When all boxes are checked in the following dialkdggk “Import”.

It is very easy to define a skybox for the currecgne. In the top menu you need to click on
“Edit” > “Render Settings”. No dialog does appear now,esxtthe inspector shows

different configuration options. There you neecliok on the small circle beside the option
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called “Skybox Material’. Choose one of the skybamaterials (for example one of the
“Sunny Skyboxes”) by double-clicking it. You willotice that your scene view immediately
becomes provided with a beautiful sky.

The standard assets contain different skyboxegliféerent types of weather and also for
nightskies, so you may want to try them out andvele&t they look like. If you do not want to

see the skybox while working on your scene youdssactivate it by clicking the

lid -icon on top of the scene view (note that thid wit deactivate the skybox in your

;‘inal application, but only when working on it).

If the standard assets do not provide an apprepsa&ybox for your purpose, it is also
possible to make one on your own. To achieve yig,have to perform 5 steps:

1. You need 6 images that represent the sky you wamlidplay. Each one of those
images should correspond to one of the sides ottie. Make sure that adjacent
images intertwine seamlessly. Then import thoséuteg into your project’s asset
folder (you might want to put them into a new faltie group them together).

2. The next step is to select each one of the texamdschange the option “Wrap Mode”
from “Repeat” to “Clamp”. This is necessary to dégpthem correctly in the skybox.

3. Now you need to create a new material. Click thee&e” button on top of the project
folder view and choose “Material”.

4. Select the material you just created and changeshiagler in the inspector view:
Choose “RenderFX®= “Skybox”.

5. The inspector now shows 6 different slots, onesich side of the cube: “Front (+2)”;
“Back (-2)”, “Left (+X)”, “Right (-X)”, “Up (+Y)” and “Down (-Y)”. Click through
the different “Select” buttons of each side andag®othe corresponding textures you

imported before.

You might want to assign the material a significaatme. Then you can apply it as skybox to

your scene in the same way that was describeddaefor

3.5.6 MODULE 04.06: Particle systems

Unity has a built-in type of game object that caakm the environment of an application

much more realistic and dynamic: Particle systems.
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These are special objects that are able to emsipliosmall 2D images, called particles. There
are plenty of configuration options for them, satigke systems can be used for several

different purposes like for example explosions,fsmoke, waterfalls or magic effects.

Figure 22: Simulating fire with a particle system

You might want to have a look at the different méet systems that come with Unity’s
standard assets. To import them, just click “Asse?s “Import Package™> “Particles”,
check all boxes in the following dialog and click timport”. You can now see different
objects in the folder “Standard Assets” / “Parti€l@n corresponding subfolders). To add one
of those particles to your current scene, you jestd to drag the object (like for example
“Firel” or “Flame”) into the scene view. You willotice that the particle effect is being
animated right away in the scene view. But thisnty the case if the particle system is the
currently selected object. If you unselect it, #mémation stops.

Take a look at the different particle systems tt@he with Unity to get an impression of

what's possible with these objects before you llld your own particle system.

It is important to know that a particle system astssof three different components:

» The Particle Emitter is responsible for creating the particles. It @ssble for
example to configure the area where they are gwtkrtheir size and the number of
particles. There are two types of particle emittBtbpsoid and mesh particle emitters.
The type defines the outer bounds of the area wherparticles are being emitted.

* The Particle Animator is the component that changes patrticles over tihexefore
“animates” them. The most important options aréed#int colors that can be applied

to make the particles change their color tones)sw rotation effects.
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The Particle Renderer defines the details of how each particle will baveh onto the
screen. It can apply materials to particles thakemia possible to use textures and

shaders for the particles.

Each of these components has several options d@nabe configured in the inspector. Not all

of them are analyzed here, but the most importaesoYou might want to create a particle

system by yourself and see the effects of chamgtsese options in action:

Ellipsoid Particle Emitter

Emit: If not activated, no particles will be generatedlhs object.

Min / Max Size: Defines the size the generated particles will h&s.defining
different values for min and max particles will leas random size in between the
values. Small particles could be used for dustmoke, large ones for simulating
clouds or fog.

Min / Max Energy: Defines the min / max time span a particle willd@wn until it
disappears. It has to be defined in seconds.

Min / Max Emission: This option states the min / max number of patichat will be
created every second.

World / Local / Rnd Velocity: These options can be used to configure the spked o
the particles in the directions along x, y and zgative values are possible. The
differences between the world and local optiongla@ecoordinate system in which the
values are given — for the first option in worldbodinates and for the second option in
coordinates relative to the emitters local systéhe “Rnd” option allows to apply a
random velocity — that is between the value defiaed its negative magnitude - in
each direction to the particles.

Tangent Velocity: Allows to define the speed of the particles alonffecent axes
across the outer bounds of the emitter.

Angular / Rnd Angular Velocity: Allows to generate the particles with a “spinning”
speed, making them rotate around their own axis.“Rnd” option allows a spin in a
random direction.

Rnd Rotation: If this option is enabled, particles are alreadgated in a random
angle.

Simulate in Worldspace: If enabled, the generated particles will not movthvany

translation applied to the emitter itself. You aasily try this out in the scene view:
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Activate this option and move the particle systemmg object. You will notice that
the particles already generated won’'t be moved &k although fresh particles will
appear at the emitter's new position. Now try thens with the option deactivated:
You'll notice that all particles “stick” with thegpticle emitter now.

One Shot: If “One Shot” is activated, all particles appetoace (and also disappear
at once). This might be useful for effects like lespns, splashes or shots, but
probably not for things like smoke, dust or snow.

Ellipsoid: Defines the size of the area where the particledaing generated.
MinEmitterRange: Defines an area in the center of the particle sysiéhere no

particles are being created.

An alternative to the “Ellipsoid Particle Emittas’ the “Mesh Particle Emitter”. Here the area

where the particles are being generated can beeatkfieely with a given mesh.

Particle Animator

Color: Probably the most important option for the “Pagiéinimator” component is
the ability to animate the particles with differadiors. There are five different slots
for colors in the inspector. By clicking onto thelar box you can change each one.
Furthermore it is possible to modify the transpayelevel by changing the value of
“A” (which stands for “Alpha”), 255 means “no trgraency”. If the checkbox “Does
Animate Color?” is activated, each particle willacige their colors along the 5 given
colors. It is very important to choose suitableoc®lwhen creating particle effects.
World / Local Rotation Axis: Allows to define an axis the particles will rotaeund
while moving. This axis can be defined in localroglobal space. Please note that this
effect will only take effect if velocity (or forceyas applied to them.

Size Grow: As the name already suggests, it makes partictes oy size over time.
Force / Rnd Force:Force can be applied along all axes to the pasti¢iRnd Force”
allows to state a random factor. Force makes thtéicjgs move in the defined
directions. The difference to velocity: Force alaccelerates the particles, while
velocity defines a constant speed.

Autodestruct: Allows to automatically destroy the particle systgame object when
it stopped emitting. This is useful to save processime, because particle systems

can require lots of hardware resources.
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Particle Renderer
* Materials: The Particle Renderer can define one or more naddethat will be
displayed as particles. If more than one matesideifined, they will be combined.
» Stretch Articles: Defines the way of how to render the particlese $tandard value is
“Billboard”, which means that the particles willways face the user of the
application, no matter from which point of view lmoks at them. There are other

values possible too that cause different orienatend behavior.

Example: “Starting” a fire

To see how particle systems can be used in applsayou will now try to model a small fire
(like in Figure 22) by using one of these game ciisjeSo first create a standard particle
system by clicking onto “GameObjec® “Create Other-> “Particle System”.

First of all the particles need to be larger inesido change the value of “Min” and “Max
Size” to 0.5. The energy defines the lifespan efphrticles, and therefore will determine the
height of the fire. Set both values to 2 for novecBuse you want a dense fire set “Min” and
“Max Emission” to 80.

It makes a fire appear more realistic if it seemburn upwards. So you’ll make the particles
move along the y-axis: Set the “Local Velocity”df to 0.6. Furthermore the “fire” burns in

a very wide area until now, so change the “Ellig&oset x, y and z to (0.5, 0.3, 0.5).

The general shape of the fire seems to be okaynéxit comes one of the most important
things to configure: The colors. Now it is only wehibut a fire needs color tones with yellow
and orange. Try to set the colors to similar vamgeshown in the following screenshot:

¥ .. Particle Animator L %
Does Animate Color? (v
Color &nimation[0] j
Color Animation[1] - f
Color Animation[2] P
Color &nimation[3] — f
Color &nimation[4] L j

Figure 23: Animating the colors of the particles

When you have finished animating the colors, yoantiple system should resemble a small

fire. Of course there are always many ways of howimulate an effect. You can tweak the
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current fire to get different effects: Try to makevider to burn on a larger area. You could
also change the velocity values to simulate thecefbf blowing wind. Finally it is a good
idea to make a second particle system above théhfat simulates smoke.

3.6 MODULE 05: Unity prefabs

Goal: Learn to know and use the concept of Unity prefdkurthermore make use of the
“First Person Controller” and preview the applioati

Difficulty : Intermediate

Prerequisites Basic concepts of Unity (module 02), ability tavigate in the scene view

(module 03), ability to model a simple environmerdrenting, game objects (module 04.02)

So-called “Prefabs” are one of the fundamental eptscin Unity. Prefabs allow to make
game objects reusable, which otherwise would oelptssible for assets. In fact prefabs are
game objects converted into a special type of asset

When working with prefabs one must differentiatéwsen originalsource prefabsand
prefab instances A source prefab is an asset in the project foldew. It is not present in
any scene of the application. To use the prefathénapplication, you need to create an
“instance” of the source prefab, which is just ackof copy. Multiple instances can be created
from the same source prefab, and they can be wusedd or several different scenes. Very
important is the fact that all instances are linkedthe source prefab. This means that
modifications only need to be applied exactly omstead of once for every instance.

These issues will be dealt with later in more defarst try to instantiate a prefab that's
already provided with Unity. To do so, please clmk “Assets”> “Import Package’>
“Character Controller”. Make sure all boxes arecieel in the following dialog and click the
button “Import”.

When the process is finished a new folder calle@ri8ard Assets” / “Character Controllers”
has been created. It contains different assetecedly interesting for now is the “First
Person Controller”.

In general “Character Controllers” are game objectt/nity that represent the user of an
application and can be controlled by him usingkagboard, mouse or other forms of input.
The “First Person Controller” is a Unity built-igge of prefab that can be controlled by the

player, and shows the environment through a fiess@n perspective (meaning that the player
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does not see the character that represents hidliydatly “sees through his eyes”). Click on

the small grey arrow beside the “First Person Qxlet’” and you will see some more objects:

¥ [ First Person Controller
[ Graphics
[l Main Camera

Figure 24: The "First Person Controller" prefab in the project folder view

The cube icon beside an asset signifies thatatpsefab (not to be confused with 3D-model
assets which have a similar icon!). Every prefat @ansist of one or more game objects. You
can see that this prefab consists of three objéetsempty game object called “First Person
Controller” that is the parent of two other obje¢@raphics” and “Main Camera”.

Now “instantiate” (which means “creating an inst@&fcthe first person controller. Make a
small scene with an object that can be used asidrdar example by creating a plane.

It is very easy to get the prefab into the curisrgne: Just drag it from the assets view into
the scene view over the plane you created.

Important : Drag the “First Person Controller”, and not tlé&&phics” or the “Main Camera”
object into the scene view, otherwise the objedlishe disassembled!

Now you will see an object like shown in the folliog figure:

Figure 25: The "First Person Controller" prefab in the scene view
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The empty parent object groups two different cbitgects together:

* The “Graphics” is an capsule object that represents the boundthefplayer
character. It does not have to be any more detthiaal it is, because the player can'’t
see the capsule when playing the game.

 The"Main Camera” is attached on top of the capsule and are thes"eylethe user
in the application. The application will show exXgoivhat the camera sees. In the
scene view the area that is covered by the cambeddsof vision is marked by grey

lines forming a trapezoid.

The objects of the prefab also contain all necgssaipt components that are necessary to
react to user input and move the object accordinfiiys means that the prefab is ready for
usage. Make sure the graphics object of the fiessgn controller is slightly above solid
ground (e.g. the plane). If it is not, it can fhltough.

In Unity it is always possible to preview the cuntr@application in action without the need to
start the whole building process (which would tékeger). To do so, you just need to click
the [E -button in the upper area of the interfaceu ¥an now control the character in the
game view. Move it using the arrow keys on the loayld, turn it and change the direction it
is looking by moving the mouse. By clicking tth ution you can pause the current
preview. By clicking theE -button again you canpstiie current preview. The third
button will not be used for now.

Note that it is possible to modify your objectsthe inspector or the scene view during
preview mode, for example to change the positiomrofobject.But any changes applied
during preview mode will be lost when exiting prevew!

It is very important to bear this in mind, becaitseften happens that changes are made in
preview mode by mistake and are lost afterwards.

After you have used a prefab provided by Unity, yoll now try to create your own and see
the particularities when working with prefabs. To sb, you will create a simple pillar and
convert it into a prefab so it can be reused.

First create an empty game object and rename ‘Pittar”. Then create a cylinder and a

sphere game object. Put both of them as childréheoémpty pillar object. Set the position of
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the cylinder to (0, -0.5, 0) and the position oé #$phere to (0, 1, 0) — remember that these
positions are not absolute, but in relation toehepty parent object.

You now have built a primitive object that could bsed as a kind of pillar (with some
imagination). If you need another pillar objectuywould have to redo this process to build
another one.

But luckily you can take advantage of Unity’s ptefaechanism: To do so, click in the menu
“Assets” 2> “Create” > “Prefab”. A new asset called “New Prefab” will a&ap in the project
folder view. The grey cube signifies that it is dynget, but can be filled with an object.
Rename the “New Prefab” to “Pillar”, and then dthag “Pillar” from the hierarchy view onto
the empty prefab you created. Make sure to dragdhent object (and not the child sphere or
cylinder!) onto the prefab. The grey cube icon Wwicome blue now, which means that the
prefab is no longer empty. Furthermore you mightceothat the pillar in the hierarchy view
is now written in blue. This indicates that thetame is “connected” to the source prefab.

If you would delete the pillar object in the scenew now, you could easily rebuild it with
the prefab, which has all necessary informatiomestoNow build a scene that contains 4
pillars in a row. You can add a new pillar by jdsagging the prefab into the scene view (like

done with the “First Person Controller”).

Next select the “Sphere” object under the “Pillgnefab in theasset view(not in the
hierarchy or scene view!). If you want pillars witigher peaks, you would have to change
the scale factor. Change the scale factor of Y.t¥du will see that all four pillars in the
scene view instantly become higher. The reasommas all instances are connected to the
source prefab. All changes applied to the soure@atomatically applied to all instances.
After that change the scale back to the valuetér(aficking on the sphere asset).

What if you just want one of the pillars to be heghhan the others? Select one of the pillar-
spheres in the hierarchy view, and set its y-sfaadtor to 2. You will see that this time, only
one of the four objects changed. It is possibletalify the attributes of one of the instances

without affecting the source (and the other instahc

Now the three buttons on top of the selected igtdoecome interestingSelect”, “Revert”
and“Apply”. By clicking the “Select” button the source prefdbaa instance is selected in
the asset view. This is a handy feature, but youtaeed it for now.

By clicking the “Revert” button all changes madethe current instance are undone, and its

state becomes the state of the source prefab. Maileethe sphere that is higher than the
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others is still selected, and click the “Revertttbn. You will see that it becomes the normal
size just like the others.

Change the y-scale of one of the spheres back Mo®. click the “Apply” button: All other
spheres will have become the same size now toorddson is that by clicking “Apply”, all
changes made to the current object are copiedet@dhrce prefab. And because all changes
to the source are automatically applied to allanses, all other pillars in the scene increase
their height as well.

Be aware of the fact that thes®difications are always processed per objecThis means
that changes made to the child sphere won't beep the source when selecting the parent

or the cylinder object and clicking on “Apply”. ik necessary to select the sphere itself.

It is also possible to modify other attributes thiha scale of the transform. Select a sphere
and click the “Is Trigger” checkbox of the “SpheZellider” component (its use will be dealt
with in later modules). You will see that the “Isigger’ font now becomes bold. This
indicates that the value is different from the mvéj source prefab. You can click the
“Revert” button, or right-click onto “Is Trigger’ral select “Revert Value to Prefab” to restore
the original values. The latter method allows tetoee single attributes without affecting

others.

All changes done until now to the instances retiagnconnection to the source prefab. Only if
they are connected they can automatically adaptgdsamade to the source. There are two
types of modifications that cause objects to laseection to their source prefab:

* Adding or removing a component to one of the olsjecta prefab.

* Adding or removing a whole child object.

If the user tries to perform one of these actidosity displays a warning message: “This
action will lose the prefab connection.” The udeent has to confirm his decision, which
makes sure the connection is not getting lost lojdaat.

But even if the connection was lost, it can bearest. Right-click on one of the pillar-spheres
in the hierarchy and choose “Delete”. Choose “Gurf in the following dialog. One of the
pillars will now have lost its sphere. It furtherrads no longer blue in the hierarchy view.
But the inspector now shows different buttons: &8¢l “Reconnect” and “Apply”. If you
click “Reconnect”, the sphere will appear again dhd object will become blue in the

hierarchy. If you delete the sphere again and pfagply”, all spheres will disappear.
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“Apply” restores the connection by applying all ogas (in this case the removal of an
object) to the source. So all other instances theesphere as well. Note thhis cannot be
undone with “Edit” = “Undo”, because it directly changed the asset file!

The following diagrams illustrate the differenttsgof source prefabs and their instances:

Source Prefab Source Prefab
State X State Y
conn'ected 1conn'ected
‘ 1 1
e |
instantiation | apply |
‘ ' modify attributes '
Instance 1 | > Instance 1
State X State Y
4—.
revert

Figure 26: Modifying, reverting and applying the atributes of a prefab instance

Source Prefab Source Prefab Source Prefab
State X State X State Y
! ! 4 !
connected ):( connection lost connected
| ' ]
L X : y !
instantiation i add / remove component i i i
‘ | add / remove object ! !
—
Instance 1 Instance 1 Instance 1
—_—
State X State Y State Y
—
reconnect

Figure 27: Losing and restoring the connection beteen an instance and its source prefab

Though prefabs are one of the most important aetulisoncepts offered by Unity, they are
also a very common error source. The dependenetgebn the source prefabs and their

instances can easily cause confusion.
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Make sure to be very careful when modifying prefabs
e Usually it's best to modify the source prefab anot @an instance, unless you
deliberately want to have an instance to be diffetiean the others!
* Only use the apply, revert and reconnect buttonsrwou really know the effect it

will have! Do not click them thoughtlessly!

3.7 MODULE 06: Script programming

Goal: Learn the basics of script programming in genana specifically for Unity
Difficulty : Intermediate / Advanced

Prerequisites Basic knowledge about game objects (module 04.02)

Writing script-programs for Unity (also called “guing”) is certainly one of the most
important tasks when developing 3D-applicationslyQhrough scripting it is possible to
precisely define the logic of an application, evpat happens under what circumstances.
This module is separated into two parts: The finsé is about programming concepts in
general that do not apply to Unity in particulanelsecond part describes scripting with Unity
and brings examples of how to achieve differerkda¥ou can skip the first part if you are

already familiar with programming in general, budka sure to read the second part.

3.7.1 MODULE 06.01: Basic concepts of programming

Unity is a tool that combines new ideas with triaaiial concepts that have proven of value
over a long period of time. When it comes to pragrang, Unity allows to use well-known
concepts, but tweaks them in a way to make theto fihe rest of the tool. This way persons
who have already done some scripting can utilieé knowledge and still take advantage of
Unity’s benefits.

But first of all: Why do you need programming? Whyt necessary to write complex scripts
at all? The reason is simple: It is an absolutetrtausxactly tell the computer how to handle
different situations. The software does not knoat ghressing the forward key should move
the player character forward 5 meters by your itmd@n A priori it is not clear that contact
between the player character and the enemy sheuldce the health bar by 10%. Such
actions are part of the so-called “application édgiThough Unity helps in many ways, most

of the application logic’s details have to be defirby programming scripts.
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Like with other technologies as well, in Unity trifiles have to be written by using a
programming language. This language exactly defihnedormal constraints that have to be
met for files to be valid. These constraints inelude names and characters that can be used,
and the whole structure a script has to follow. tymrovides support for three different
programming languages: JavaScript, C# and Boo. Thapot be mixed within a single file,
but multiple files can use different languagesha same project. Because it is the language

most commonly used, you will only s@avaScript in these modules.

Programming in Unity works pretty much the same@agramming with other tools. Every
script can make use of the following concepts:

Commands or instructionsare lines in the script that tell the computer éof@rm a certain
action. In JavaScript they always have to be end#d a semicolon “;” character. For
example a command can set a value of something uki “=" character. The following

(example) command sets the “speed” to the valli®of

speed = 50;

Of course it is also possible to execute multimlenmands successively. They are executed
one after another within split seconds by the maehirhe following lines of code set the
value of something that damages the character.tdli€n the “health” of the character is set
to its current value minus the damage it took. fin@ command is called that updates the
“healthBar” which shows the current health to theypr. Be aware of the fact that the code
lines shown in this module are only examples amdbainly won’t work in your own project

one-to-one:

damage = 10;
health = health — damage;
healthBar.update();

Any programming language furthermore supports gaga ocomments Comments are text
and sentences in the programming file that arergghdoy the computer. They only have

meaning to persons who read the program. Theyaseuseful to document the code (which
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can become quite complex after time) and make #ieeato understand. It is a very
recommendable practice to add lots of commentgtogram.

A comment that only goes over a single line halsetanarked with double-slashes “//” at the
start. A comment that goes over multiple lines toestart with “/*” and end with “*/”. Take a

look at the comments in the following example:

/[ at first we initialize the highscore
var highScore = 0;
var currentScore = 30; /l the current score is 30

var scoreMultiplier = 2; /I multiplier is 2

/* We have all necessary parameters.
So we set the new highscore now. */

highScore = currentScore * scoreMultiplier;

It is also very easy to do basidthmetic operations in JavaScript: You just have to use the
correct character for the operations of additioubtisaction, multiplication and division.
JavaScript also allows to easily add or subtraftbfn a value by using the “increment” or

“decrement” operators, marked by double plus otbteminus characters:

resultl =5 + 10; /[ resultl is 15

result2 =5 - 10; /[ result2 is -5

result3 =5 * 10; Il result3 is 50

result4 =5/ 10; I result4 is 0.5
resultl++; /l resultl is now 16
resultl--; / resultl is now 15 again

In the preceding examples a programming conceptusad that is essential in almost any
scripting programVariables. A variable is some kind of container that canesttata for later

usage. A variable has a name and its value captheith the “=" operator. There can also be
lines that simply “declare” a variable (tell thengouter that it exists) without setting its value.
Then it is necessary to use the “var” keyword. Tdll®wing lines demonstrate the usage and

declaration of variables:
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var totalScore;

scorePerEnemy = 50;
enemiesDestroyed = 22;

totalScore = scorePerEnemy * enemiesDestroyed;

Until now just numeric values were saved in thaaldes. But it is also possible to save other
so-called‘datatypes” in variables. The most important datatypes in Yare:
e String: Saves text. It can consist of characters, numdnedspunctuation marks. If you
define text in programming code it has to be dedawvithin “double quotes”.
* Integer: Stores an integer number, hence a number widoptlecimal places.
* Float: Contains a floating point number that can havardal places.
* Double The same as “Float”, but is able to store everendecimal places and can be
more precise if necessary. But “Double” variables® dake up more memory of the
machine.

» Boolean A logical datatype that can only have one of tiatues: “true” or “false”.

It is optional to declare the datatype for a vdgaBut generally it is good practice because it
can prevent some problems. To declare a datatyyee; 't character has to be used. The

following lines of code show the declaration anstamt setting of different datatypes:

var sentence : String = "Hello Player!";

var integerNumber : int = 5;

var floatingPointNumber : float = 3.1415;

var preciseFloatingPointNumber : double = 3.1415926 5358;
var logicalValuel : boolean = true;

var logicalValue2 : boolean = false;

It is furthermore possible to set the so-caltegibility” for variables. The visibility defines
whether or not a variable can (programmaticallypbeessed from other scripts or by the user
through Unity’s interface. The latter issue will ®¢opic of the next module.

There are two different types of visibility: “Putiliand “Private”. The first means “accessible
from anywhere”, the second “only accessible witi@ script”. If you define no visibility for

a variable, it automatically becomes “public”.
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For beginners it is not fundamental to care abasibNity. When using a variable, ask the
following questions: Is it only used within thisrgd? Do other scripts need access to the
variable? Is it important to tweak the variableigial value often? This might help to choose

the right visibility. The following lines of codénew how to set the visibility:

var highScore = 0; /[ automatically "public"
public var currentScore = 100; /l declared as "public"
private var scoreMultiplier = 2; /Il declared as "private"

Another important concept that exists in most paogmning languages areonditional
statements These are commands that will only be executedafjical condition (a condition
that can be evaluated to be “true” or “false”) ieu&”. Such a condition is marked with the
keyword “if”, the condition itself has to be placadside parentheses. It can contain
comparison operators like “<” (smaller), “>” (greg), “<=" (smaller or equals), “>=" (greater
or equals) or “==" (equals) and “I=" (not equalBe aware of the difference between “=" and
“==". The first one is used to set the value ofiahles, while the second one checks for
equality of two values.

It can also contain variables of type “boolean”eTd¢ode that shall be executed when the
condition is true must be inside *{...}‘-parentheseshe following example sets the

highscore to the current score’s value if it isagee than the highscore was before:

if(currentScore > highScore){
/[ this part is only executed if the condition is true:
highScore = currentScore;

}

/I what comes here is executed in any case afterwar ds

It is also possible to provide an alternative tdk only be executed if the condition is false.
This means that only either the first code or theraative will be performed. An alternative

has to be marked with the “else” keyword:
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if(currentScore > highScore){

message = "Congratulations! New Highscore!";
}
else{

/I this part will only be executed if the condition is false

message = "Try again!";

There is also the opportunity to provide the “elpaft with a condition. Then it is necessary
to write “else if’, together with the condition. i possible to state an arbitrary number of
“else if” conditions. But be aware that they wik lchecked from top to bottom, and if one

evaluates to “true”, all others won’t be checkegimare!

/I only one of the following 3 instructions will be executed
if(currentScore > highScore){

message = "Congratulations! New Highscore!";
}
else if(currentScore == highScore){

message = "You tied the Highscore!";
}
else{

message = "Try again!";

In general condition blocks have the following strue:
* They always start with an “if” statement includiagondition.
* Then optionally follow an arbitrary number of “el$estatements with conditions.
* Finally there can be an optional “else” statemaunthut condition).

Of course it is also possible to use several commmglendition blocks consecutively.

Conditions can furthermore be assembled with séwaraller conditions. Therefore the
logical operations “&&” (called “AND”) and “||” (cked “OR”) can be applied. They allow to
state conditions like “if condition1 AND conditioréte true”. The following example sets the

“message” to “Game Over!” if the user has no moealth AND no more lives left. The
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message is set to “Level solved!” if there are HERHno more enemies OR the key to the

exit was found:

if(currentHealth == 0 && currentLives == 0){
message = "Game Overl!";

if(numberOfEnemies == 0 || exitKeyFound == true){

message = "Level solved!";

By using the exclamation mark “!” (called “NOT”)andition can be negated. The following
example negates the previous one. Also note tha patentheses that are necessary to negate

the whole condition and not just the first parttof

if( !(numberOfEnemies == 0 || exitkeyFound == true) )

message = "You can't get to the next Level yet!";

Another very common structure in programming larggasaareloops. By using loops a

certain part of the code can be executed sevenaktiThere are different types of loops.

The first one is the “for’-loop. It is marked withe keyword “for”. It needs two instructions
and one condition as arguments (in the order: unogbn 1, condition, instruction 2 —
separated by semicolons). The code inside the-ttmp is executed as long as the condition
evaluates to “true”. The first instruction is extl once (and only once!) at the very
beginning of the loop, and the second one is erecat the end of each single loop iteration.
“for’-loops are usually used to execute some codefamed number of times. The following
example code adds the value 20 to the current $ooeach enemy that has been destroyed.
Therefore a “count” variable is introduced and tetzero at the beginning. Then it is

incremented as long as it is smaller than the vafiifenemiesDestroyed”:
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var count : int;
for(count = 0; count < enemiesDestroyed; count++){

currentScore = currentScore + 20;

Another type of loop are “while”-loops. These aged complicated, because they only need a
condition in their declaration. The code inside lib@p is executed as long as the condition is
true. The following demonstrative example code tea®aew enemies as long as there are less

than 50 enemies:

while(enemiesCount < 50){
createNewEnemy();

A similar type of loop is the “do-while” loop. liso only needs a condition. The difference to
the “while”-loop is as follows: The “while” loop @tks if the condition is met, and then
executes the code statements inside. But the “d@ibop first executes the statements, and
then checks the condition afterwards. So it is isshat the code in the “while”-loop is not

executed at all, but the “do-while” always procese code inside at least once!

Usage looks similar to the following example. Itieases the lives of the player until the
maximum is reached. But no matter how high the marn is set, the lives are at least

increased by 1:

dof
playerLives++;

twhile(playerLives < maxLives);

When working with loops it is very important to clethat the conditions are designed in a
way that makes it always possible for the comptdeexit the loop. If this is not the case,
there is annfinite loop which will cause the application to crash. So gfsvenake sure that
the conditions defined in the loops will evaluaiéfalse” at some point!

The final general concept of programming that Wwéldescribed in this module dtactions.
These are constructs that allow to use the saras 6hcode at different locations without the
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need to write them multiple times. They can berdsfionce and “called” (meaning that the
code in the function will be executed) anywheré¢hi@ script. A function must be defined by
using the keyword “function” like shown in the folling example:

function createNewEnemy(){
enemiesCount++;

message = "Alert! New enemy detected!";

A call to the function to execute it always congaits name and parentheses:

createNewEnemy();

It is not only possible that functions contain coamds to execute, they can also return
values. In this case the keyword “return” has toused. A call to such a function can be

utilized to get a result for further processing:

function getTotalScore(){
totalScore = scorePerEnemy * enemiesDestroyed;
return totalScore;

message = "Your total score is: " + getTotalScore()

This makes even more sense when introducing paeasn&i a function. Parameters make
functions flexible. They allow to adapt the callaofunction to the current situation by passing
the values given in the call to the code in thecfiom. To do so, variables are declared when

defining the function. These variables can be $emcalling it:

function getTotalScore(scorePerEnemy : int, enemies Destroyed : int){
totalScore = scorePerEnemy * enemiesDestroyed;

return totalScore;

message = "Your total score is: " + getTotalScore(5 0, 22);
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In general programming is a huge topic and canadidndled in further details here. But the

concepts shown are the most fundamental onesttbatdsbe clear to every Unity developer.

3.7.2 MODULE 06.02: Programming scripts for Unity

There are some patrticularities a developer needsetaware of when creating scripts for
Unity.

First of all: A script itself is a normal assettime project folder. But it won't be executed
unless it is applied to a game object (or prefaihen applying a script to an object, it
becomes aomponent of this object. But the script file still can beodified, though it is
applied as a component of an object. The same &ksetan be set onto several different
objects. But all of those components execute tle émm the same asset file!

There can be parts of a code that refer to a ceolgject. In general these parts automatically
refer to the object the script is attached toh# script is attached to multiple game objects,

than the script is executed for each object seplgrat

Another fundamental issue are special functions iead to be defined when working with
scripts. When writing scripts with Unity, most cdl&s to be inside of a function.

But not any arbitrary function: Unity provides difent function names that represent
different actions that may happen during the exenutf an application. Unity automatically
performs the code defined in such a function when dorresponding action happens. For
example, there is a function that is called autazally when the user clicks onto an object in
the scene. The developer can now define the comsntvad shall be executed when this
action happens by defining the corresponding fenctyou will see this in action later. Some

examples of the most important functions that aocwided with Unity are:

* Update: This is probably the most central function. Itbising executed during every
frame during the whole application. Place code tiegtds to be performed all the time
into this function.

* FixedUpdate While “Update” is called every frame that is rened by the engine,
“FixedUpdate” is only executed at certain framespaehding on the physics engine.
Put code that manipulates object physics (see tabeiules) into this function.

» Start: “Start” is only called once at the begin of thapkcation. It can be used for
example to initialize the state of an object.

78



* OnMouseDown This function is automatically being called witbe object the script
is attached to is being clicked on by the users Tould be used for instance for a top-
down strategy game, where the user can give comsrtanalugh clicking.

* OnTriggerEnter & OnCollisionEnter : These functions are being called when two
different objects touch or “collide” with each oth&hey will be handled in more
detail in module 7.

You can make use of an arbitrary number of funstiona script, there is no limit. But of
course the code should always serve the purposmake sure that you only use functions
that are really necessary! A complete list of athilable built-in functions can be found at

http://unity3d.com/support/documentation/ScriptRefee/MonoBehaviour.htmlThere also

the exact definition of the functions (includingr@atheses and parameters) can be found.
Important : Unity provides these “built-in” functions, but uft forget that it is also possible

to define your own arbitrary functions in a progtam

Most code you write can be put into either a binilfeinction or functions you created on your
own. But it is also possible to write code into #aipt without any function surrounding it.
This code will be executed when the game objedtliha the script attached is loaded. But it

generally can be recommend to put any initializinghmands into the “Start” function.

However there is one thing that makes sense tocpdé outside any function: Variable
declarations. If you declare a variable insideracfion, it will only be accessible from within
this function. This makes sense in some casespftert you want a variable to be accessed
from the whole script. Then you need to declaruiside. If it is defined as “private” it can
only be modified from within the (whole) script, dplic’ means to make it visible to other
scripts and objects as well. Declaring a varialépaiblic” (or with no defined visibility) has
another consequence: The value of the variabldbeamanipulated conveniently through the

inspector in the interface. This looks similarte following figure:
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v || [¥ Mouse Look (Script) g %,
Script |_| Maouselook @
Axes MouseXAndY :
Sensitivity X 15
Sensitivity ¥ 35
Minimum X -360
Maximurm 360
Minimurn Y -60
Maximum ¥ &0

Figure 28: Public variables can be modified with tle inspector view

Here the script component called “Mouse Look” (Whis a script provided with Unity’'s
standard assets) has the following public variabileses”, “Sensitivity X", “Sensitivity Y”,
“‘Minimum X", “Maximum X", “Minimum Y” and “Maximum Y”. The values of these
variables can be modified directly through the etdpr view.

Be aware of the fact that thanly sets theinitial state of the variables, which might be
changed during the running application. Furthermmmte that though you change the values
in the inspector, the initial values in the scrgsset itself (if they were set at all) do not
changeThe values set in the inspector always override theriginal values defined in the
script file. This behavior is a source for lots of mistakegmwivorking with Unity!

You can reset all values set in the inspector ¢oatifiginal values in the script by clicking the
“cog’-icon in the upper right corner of the scrqg@mponent and choosing “Reset”.

You will now build a simple example script that demstrates some concepts and allow the
simple movement of an object. Create a “Capsul@iagabject that will serve as provisional
player character and name it “Player”. Also chatige layout by clicking “Window”->
“Layouts” - “2 by 3”. This will allow to keep the capsule ihet field of sight if it moves
away.

Now create a new JavaScript file by clicking on $Ats” > “Create” > “JavaScript”. An
asset called “NewBehaviourScript” will appear i throject folder. Rename this file to the
name “PlayerMove”. When it is selected, the inspeshows the contents of the file. It was
automatically filled with an empty “Update” functighat’s ready to be used.

But you cannot edit the file in the inspector. Tmwsb either click the button “Edit...” in the
inspector view or double-click the asset. This wplen the editor for modifying scripts. Now

put the following lines of code into the script asal/e it:
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public var speed : float = 10.0;

function Update () {
var translationForward : float
= Input.GetAxis("Vertical") * speed;
var translationSideward : float

= Input.GetAxis("Horizontal") * speed;

translationForward = translationForward * Time.d eltaTime;
translationSideward = translationSideward * Time.d eltaTime;
transform.Translate(translationSideward, 0, transl ationForward);

On top a public “float” variable called “speed’dsclared that shall define how fast the player
moves in the application. It is initially set to.@0 but this can be modified through the
inspector.

Then comes the “Update” function: Everything instlées function will be executed during
every rendered frame of the application, severaksi per second. Inside two other “float”
variables called *“translationForward” and “tranglaBideward” are defined. They shall
contain the value the character object shall beadawu the current frame, either sideways,
forward or backward.

The function “Input.GetAxis” is a function provideoy Unity and tells us if the player
pressed an arrow-key on the keyboard. The paramiéeetical” checks for the “up” and
“down” keys, the parameter “Horizontal” for “leftand “right”. If one of the keys was
pressed, the function returns either 1 or -1 (dépgnon the direction, 1 is for up and right, -1
for left and down).

But you probably want the player to move at a tedpeed, and not only 1 unit per frame. So
the value returned by the function (which is eitlherl or O if no key was pressed at all) is
multiplied with the “speed” variable declared at theginning of the file.

The next two lines modify the “translation” variabl again by multiplying them with
“Time.deltaTime”. This is a function provided by ityn that allows to make a game
independent from the current framerate. As youadlyeknow the computer renders a certain
number of frames per second. How many frames caerigered depends on the hardware of
the machine: A high-end machine may constantlyeeid® frames per second, while another
one may only produce 20 frames per second. Budgorlt want the character to move faster

on a faster machine (because there the “Updatetium is called more often per second).
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This is where the “Time.deltaTime” value can bedusBy multiplying the current speed
value with it, it will be reduced proportionally the amount of time it took to render the
frame. This has the effect that the character mdlve 10 units per second, and not 10 units
per frame. Multiplication with “Time.deltaTime” isften necessary when performing an
action every frame including numeric values.

Finally you have the exact values to move the playgect in the current frame. It can be
done by using “transform”: This refers to the “tséorm” component of the game object the
script is attached to. It offers several functiomse of them is “Translate”. “Translate” needs
three numerical parameters, defining how much teartbe object into the directions of x, y
and z. Put the value for sideward translation agpdrameter for x, and forward translation as
parameter for z. Y remains to 0, which means tmaplayer cannot move up or down.

Now that the “move” script is ready to use it neealde applied to a game object. To do so,
just drag the asset from the project folder viewodhe “Player” object in the hierarchy. You
can now see a new component in the inspector oblbfext called “Player Move (Script)”. It
furthermore shows the “Speed” parameter with aeturvalue of 10.

Center the capsule object in the scene view, aol tie “Y”-handle on the scene gizmo to
view it from top. Do that to make sure you can geeobject actually moves when pressing
the buttons (you could also adjust the “Main Carheraee the object in the game view).
Now press the preview button (the “Play” buttontive upper area) and try to move the
capsule around by pressing the arrow keys on tlybdesd. If everything has been done

correctly, the capsule should be moving accordintipé buttons that were pressed.

After that change the “speed” value in the inspefiom 10 to 20 and preview again. You
will see that the object instantly moves fasteiis leven possible to change the value during
preview, but then the changes will be lost whepsitog the preview.

When you changed the value of “speed” in the inswegou will notice that the first line in
the script itself has not changed, it still showgalie of 10. Remember that values set in the
inspector will override any settings from the file!

To reset the “speed” to the value of the file, Iclan the “cog’-icon of the component in the

inspector and choose “Reset”. The “speed” will Beadain.
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The functions shown in the example script were gusinall excerpt of the functions provided
by Unity. Other important examples are:
» transform.Rotate: Allows to rotate an object.
» transform.LookAt : Rotates an object in a way to directly face aeothbject.
» Debug.Log Prints the given text message to the console.thisdunction to test and
evaluate your application.
* GetComponent Returns a component of the defined type of theect object.
* GameObject.Find Returns a game object with the given name.
* Instantiate: Programmatically clones a given object at a aefiposition with defined
rotation.
« animation.Play: Starts the animation attached to this game object

» audio.Play. Starts to play an audio source attached to #msegobject.

There are countless other functions provided bytyhiat cannot be mentioned here as well.
If you don’t know which function to use or how tefthe a specific function, always refer to
the Scripting Reference The Scripting Reference is a documentation ofoajects and
functions available when programming with Unityalso provides full-text search for when
you don’t know exactly where to find something yeed. Many code examples can be found
in the reference which you can adapt to solve youn tasks. The Scripting Reference can be
viewed with an internet browser and is opened aatmally by clicking “Help”-> “Scripting

Reference” in Unity’'s menu.

3.8 MODULE 07: Physics and interaction between obje  cts

Goal: Learn to know how “triggers” and “collisions” cdre used for interaction between
objects, what are the differences, how to implenpdysical behavior and learn to know the
concept of tags

Difficulty : Advanced

Prerequisites Basic knowledge about game objects (module 04 &fabs (module 05),

knowledge about programming scripts (module 06)

One of the most important things when developingapplications are the interactions

between different objects. There are different $yp€ interactions, but the primary concept
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that is of interest here are “collisions”. A coltis between two objects happens when the two
different objects touch each other. To be moreipeedVhen the “colliders” of the objects
identify that the objects have contact.

“Colliders” are components in Unity that automallicacheck for collisions. A collider
“weaves” an invisible web around the object it isaehed to. When another object (with a

collider) crosses this web, Unity registers a s@in to which one can react by using scripts.

There are different types of collider shapes. Alidet can precisely match the object it
encloses in every detail (a so-called “mesh caflider just have a simple shape that does
contain the object, but does not match every déi@ilexample “Sphere Colliders” or “Box
Colliders”). Though a collider is invisible in tHmal application, a green “web” around the
objects signify it in the scene view. The followifigure shows three different colliders

around the same object, each one matching thetabfearently:

Figure 29: Different types of colliders on the samebject

As you can see in the figure, only the last cotlidehe “mesh collider” — exactly matches the
palm object. The other colliders would identify lcbns even when the other object did not
precisely touch the actual palm.

So why not always use “mesh colliders™? The anss/because of processing efforts. It takes
up much more resources of the machine to checkyifabject exactly touched any of the

palm leaves, than just checking if an object ishimita certain distance of the palm.

Furthermore in many cases it is not necessary éckchollisions that precise. In a fast-paced
action game the player could never see a differentdee range of some units. So always try

to use simple-shaped colliders if possible.
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Colliders will be dealt with later, but first anethrelated concept in 3D-applications and
Unity is introduced that can add much realism t@pplication:Physical behavior

Unity has a built-in “physics engine”, a technoldtpat calculates the behavior of objects in
realtime under consideration of their mass, theddhat acts upon them and other physical
objects in proximity. For example this allows tdlran object down the hill in a realistic
manner without any necessary programming.

In Unity physical behavior is not applied to gamigeats per default. They need to be
provided with a special component that marks thesn“ghysic objects” and allows

configuration of physic parameters. This componectlled “RigidBody”.

You can try out how physical behavior looks likeaction with a simple example: Create a
plane that serves as ground for the objects. Neatertwo cubes and one sphere object. Place
them in some height above the ground, and also ealEach other. Now attach the
“RigidBody” component to all three of the objecty Iselecting them and clicking
“Component”> “Physics” > “RigidBody”. Make sure you can see the objectshim scene
view, and press “Play” to preview the result: Thgeots should fall down to the ground and
realistically collide with each other, the spherdl wrobably roll away. You can also play
around with the “Mass” parameter in the inspectothe “RigidBody” component. Objects

with higher mass will tend to push objects with é&swnass aside.

You will now build a small game that makes use loygical objects and demonstrates some
concepts. The purpose of the game shall be tmhiedargets by shooting balls.

First create a plane that serves as ground fooltipects. Put some cubes onto the plane that
shall be the targets for now. Increase them in zmake it easier to hit them. Make sure
they are on the plane (not below or intersectirgg), they cannot fall through. Add a
“RigidBody” component to all the cubes and renarheirt names in the hierarchy to
“Targetl”, “Target2”, “Target3”,... and so on. Tes$tat the targets don't fall through the

plane by previewing the application.

Next you need to add the player to the game. letiestill a “Main Camera” object in your
hierarchy: Delete it, because you will use a défgrcamera object.
If they are not already in your project folder, ionpthe “Character Controller” standard

assets by clicking “Assets® “Import Package™ “Character Controller”. After that choose

85



the “First Person Controller” prefab from the “Siand Assets” / “Character Controllers”
folder that was created and put it into the scéeke sure it stands on the plane and cannot
fall through. Test if it can be controlled corrgdbly previewing.

Then you need something to shoot for the playezatéra simple “Sphere” object and provide
it with a “RigidBody” component. Because you wahe player to be able to shoot lots of
objects and not only one, make a prefab out ofsphteere. Click “Assets*> “Create” >
“Prefab” and drag the sphere object onto the gigw Prefab”. Rename the prefab now to
“ShootingBall”. Because you can use the prefab new, don’t need the actual sphere in the

scene anymore, so delete the “Sphere” object franstene view.

Now it is time to equip the player and make himeatd shoot balls in the direction he is
currently looking. Create a new JavaScript filehe asset view, rename it to “PlayerShoot”

and fill it with the following code:

var impulse = 100;
var objectToShoot : Rigidbody;

function Update () {
if(Input. GetMouseButtonDown(0)){
var clone : Rigidbody;
clone =
Instantiate(objectToShoot, transform.position, tran sform.rotation);
clone.AddForce(
transform.forward * impulse, ForceMode.Impulse);

}

Note that you can insert line breaks at differemgifpons than shown in the script above, it
does not matter where to put them when using JandaSc

The script contains several interesting parts afec@t the beginning two different (public)
variables are declared. The first one is a simplmber, but the second one is of type
“RigidBody”. This demonstrates that it is not omqgssible to use numeric or text variables,
but also complex objects as variables. It is cafl@ojectToShoot” and will be set to the
projectile used for shooting later.

Then follows the “Update” function: It contains @dhat only is being executed when

“Input.GetMouseButtonDown(0)” is true, which is tlwase when the user clicks the left
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mouse button in the application. Inside anotheralde which also is of type “RigidBody” is
declared and called “clone”. Because the player shapt an arbitrary number of projectiles,
the program needs to produce a “clone” of the paobject every time he clicked the left
mouse button.

This is done by using the “Instantiate” functioh:eikpects an object to clone in the first
parameter (the original “objectToShoot”) as wellvakies for position and rotation.

By using the name “transform” you can access thiesform-component of the current object
the script is attached to. “transform.position” @gvthe position and “transform.rotation” the
rotation of the current object. So a clone projedt created at the exact position and with the
same rotation as the object the script is attathed

Creating the object to shoot is not enough, it &s® to fly away. This is done in the last line
beginning with “clone.AddForce”. This is a methdtht can be called on a “RigidBody”
object and allows to “push” a physical object. fiséorm.forward” gives the direction you
want to push the object (in the forward directidrir@ current “transform” component), and
by multiplying it with the public “impulse” variabl you can adjust the shooting speed in the
inspector of the script by changing the value ofmpulse”. The second parameter
“ForceMode.Impulse” just says that the “push” iplegd once in form of a single impulse,

and not constantly.

You want the player to shoot the balls in the dicgche is currently looking, so save the
script now and attach it to the “Main Camera”, dctbbject of the “First Person Controller”

in the hierarchy view. A dialog will warn that “thaction will lose connection to the prefab”.
This does not matter for now, so just click “Contfi.

You can now see the “Player Shoot (Script)” commbre the inspector when selecting the
“Main Camera”. There you can modify the two publariables defined in the script: The
“impulse” makes it possible to configure the spekthe balls shot away.

The other one was a variable of type “RigidBody’isl currently set to “None” and expects
some object with a “RigidBody” component. Such #lmuobject variable can simply be set
in Unity by dragging it into the inspector: To do, snake sure the “Main Camera” is still
selected, and drag the “ShootingBall” prefab frdva asset view onto the “Object To Shoot”
variable in the inspector. It is important that ybold the left mouse button on the
“ShootingBall” prefab, otherwise it will be seledtand the inspector view changes. If you
have done it correctly, the “Player Shoot (Scripgdmponent will now show the

“ShootingBall” as value for the “Object To Shoot”.
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After that it is time to test the application. If steps were performed correctly, then it should
be possible for the player to walk around and shoadis into the direction he is currently
looking by clicking the left mouse button. Try ta the cubes by shooting them: They should

be pushed away in a realistic way when collidinghvai ball.

Now improve the little game even further: It coblel a nice addition if the application would
register actual hits of the targets. This couldubed for example to increase the score of the
player with every hit. But for now you will justyg out a message to the console.

To achieve this, implement some code that reactsltsions. Create a JavaScript file in the
project folder and rename it to “ObjectCollisiout the following code inside and save:

function OnCollisionEnter(collision : Collision) {
Debug.Log("COLLISION DETECTED !');

The function “OnCollisionEnter” is automatically leal by Unity if the object the script is
attached to starts a physical collision with anotbbject. To be more precise: If the
“Collider” components of the objects get in contaith each other. The parameter variable
named “collision” of type “Collision” holds variougypes of information about the collision

itself, this will be used later.

Now attach the “ObjectCollision” script onto theh@&tingBall” prefab. Because the script
has no public variables, it does not need any éurtonfiguration. Preview the game and
shoot the targets. You will see the “COLLISION DETEED !” message on the bottom of
the interface. It shows the last message of thealenTo see all messages, click “Window”
- “Console”. A window will open that shows all megea. If you hit more than one target,
there should be more than one message.

Now try the following: Start the preview and sh@oball into open space, make sure you
don’t hit any of the targets, and also not the gbuYou will see that the “COLLISION
DETECTED !" message will be shown again. Why isttie case even when you don't hit a
target?

The answer is that the sphere is created at théqrosf the player character, and therefore
Unity identifies a collision with the “First Persd@@ontroller” object. But you want the code
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only to be executed when a target cube is hit. @oneed to somehow “mark” the cubes as

“targets”. This is where the concept of tagging esrmto play.

Tagging is a concept that is very common in various safapplications. It is being used to
group different items that share something in comnf@r example webshops or blogs use it
to group articles that are concerned with the sepie.

In Unity you can use tags to mark certain obje&tsag can be any kind of name, for example
“Player”, “Enemy”, “Item”, “Spawn Point”,..and so on.

You will now mark the target cubes with the tag fget” to be able to distinguish them from
other objects. To do so, select one of the cubestop of the inspector there is the word
“Tag” displayed. Click the box with the value “Ugtged” beside it: It shows some predefined
tags, but the name “Target” is not among them.®mse the option “Add Tag...”.

This changes the inspector to view the “Tag Mariadgelick on the grey arrow beside the
“Tags” option, which opens all existing user-detirtags. It is a list where “Element0” is the
first tag, “Elementl1” the second one,... etc. Itusrently empty and only shows “Element0”.
Click into the empty field right from “Element0”,nte “Target” inside and press enter.
Instantly “Element1” appears and would allow to d&adidher tags. But for now that’s enough
tags, instead select a target cube. Now click feg8” box again, and choose the “Target”
tag that is available now. Repeat this selectiorafictarget cubes, so they are not “Untagged”

anymore.

Now modify the “ObjectCollision” script to make usé the introduced tag. Change it like
shown in the following listing:

function OnCollisionEnter(collision : Collision) {
if(collision.gameObject.tag.Equals("Target")){
Debug.Log("COLLISION WITH TARGET !);

The script now accesses the “collision” parametet tcontains information about the

collision itself. It allows to access the other gaafject that collided with the object the script
is attached to. Any game object allows to accessag-name. All three steps together are
written like “collision.gameObject.tag”, with doils between every access step. “Equals” is a

method that allows to check if a value (for examplgtring) is equal to another given value.
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Here the parameter “Target” is given. So the caowlits only true if the tag from the other
game object in the collision equals the name “Térgé this is the case, the message
“COLLISION WITH TARGET !" is printed to the consale

Now preview the application again. Shoot the bialls air — nothing should happen. Then hit

a cube (that was tagged before) — the messagedshewshown.

Trigger

The techniques shown in the example before worktypkeell when you want to identify
physical collisions through script, thus collisiotat inflict some kind of force upon each
other. But it is very often the case that you warntegister that an object touched an invisible
collider without actually being affected by the I=bn. An example could be the case that
you want to register if the player entered (or)leftcertain area without notifying him to
launch an event (for instance alert some enemiegpu want to detect contact between

colliders without any physical force involved, Unprovides the concept trfiggers.

So you will improve the small game even furtherc®gse it is very easy to shoot the targets
at close range, you want to identify if the plajgewithin a certain area at which the distance
is long enough.

To do so, create a cube object. Now stretch the aulis scaling dimensions to be very large.
It should cover about a third of the ground plamethe farther side of the targets. The cube
should have the dimensions of an area from whicis ibkay for the player to start his
shooting exercises.

After that, if you preview the game you will notitkat there is a cube that might be the
“shooting range”, but the player cannot get insifle.change that now: Stop the preview,
select the cube and check the “Is Trigger” checkimois “Box Collider” component. This
makes the collider to act as trigger, and has fiieetehat the player can directly walk through
the object.

Because you furthermore want the cube to be ineisibeactivate the “Mesh Renderer”
component: You can do this by unchecking the chexkbeside the “Mesh Renderer”
headline of the component. This means that thecbigestill there, but not rendered anymore
by the engine.

You now need a script that reacts to entering anting the “shooting range”. Create a

JavaScript asset called “ObjectTrigger” and puhimfollowing code:
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function OnTriggerEnter (other : Collider) {
if(other.gameObject.tag.Equals('Player"){
Debug.Log("Shooting range entered! Start shooting ");

function OnTriggerExit (other : Collider) {
if(other.gameObject.tag.Equals("Player"){
Debug.Log("Left shooting range! Stop shooting!");

There are two different functions used now: Thsetfone is being executed when an object
first collides with the trigger and enters the acéahe collider, the second one when the
object leaves the area of the collider.

Because you only want to react to the player emgeor exiting the shooting range, a check
for the tag “Player” is done. Of course this densatitht you set the tag of the “First Person
Controller” object in the scene to “Player” (whigha predefined tag and therefore does not
need to be added).

Now attach the “ObjectTrigger” script to the “shiogt range” cube and start the application
preview: Try to walk in and out of the area. Whenteging, the first message should be
shown, when exiting the second one. Because afttbek for tags no message should appear

when shooting balls directly through the “shootiagge”.

This was a small overview about the most importemicepts regarding collisions and
triggers. There are lots of other things to knowguycan get more information at

http://unity3d.com/support/documentation/Componetdss-BoxCollider.html and other

documents in the reference manual.
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3.9 MODULE 08: Cameras

Goal: Learn the basic concepts of cameras in Unity
Difficulty : Intermediate
Prerequisites Basic knowledge about game objects (module 041¥3ic knowledge about

programming scripts (module 06), tags (module 07)

“Cameras” are special objects in Unity that sergetlae “eyes” of the user within the
application: A user running the application wilkesexactly what a camera captures in its field
of sight.

If you are using the “First Person Controller” diet3% Person Controller” provided with
Unity’s standard assets, you probably do not haweate a lot about cameras. These character
controllers are already provided with cameras dsd scripts that automatically make those

cameras controllable and follow the player object.

In case you want to create a camera yourself tmereome things you need to be aware of:

» Cameras themselves are invisible objects, but #ieymarked with a small camera-
icon in the scene view. It furthermore highlighte field of sight of the camera with
white lines forming a trapezoid.

* Any application should be provided with a “Main Canar’. This is the camera that
should be active when starting the applicationytiothis is not always the case) and
be the primary view for the player. In generalsita camera like any other one but
named “Main Camera” and marked with the tag “Maiméea”.

* When selecting a camera in the scene view a smaligiv window in the bottom
right area is displayed. This shows what the setecamera can “see” at the moment.

* It can be quite tricky to position a camera thatlishapture a certain area from a
specific point of view. This is quite difficult whetrying to apply the correct rotation
and position with the inspector. There is a funtiio Unity that can help here: Select
the camera you want to position and change the pbiview in the scene view to be
exactly where you want the camera to look at. Néiekc'GameObject”> “Align
With View” in the menu. Now the camera will be sgtthe exact position with the

current rotation of the scene view.

92



When you have two or more cameras in the scenewilbget the “There are X audio
listeners in the scene’-message, where X is thebeumf cameras. The reason is that
cameras do not only “see” for the player, they &listen” to sounds. For this they use
the “Audio Listener” component. But of course itedonot make sense to listen from
more than one location, there can only be one aowliput for the user. To get rid of
the warning message, just deactivate the “Auditebisr” components you don’t need
(make sure one is still active) by clicking the dkiox to the left from the headline of

these components.

There are some configuration options in the ingpeébr cameras that might also be

interesting for Unity beginners:

The“Projection” option allows to choose between “Perspective” ‘@wdhographic”
projection. It defines the type of perspective tkdieing rendered. The first one is the
standard type of three-dimensional projection withects in distance getting smaller.
“Orthographic” enables a similar perspective to wisashown when activating the
scene view gizmo to enter “isometric” mode. It me#rat all objects remain their size
relative to each other, no matter how far away taey “Orthographic” for example
can make sense when developing a top-down stratEgg.

The “Field of View” allows to configure the view angle of the cameraégrees. A
wider field of view allows to capture a larger gréat objects seem to be farther
away. A narrower vision captures a smaller regind has the effect of “zooming”
onto the objects.

A camera does not capture all objects at infinistathce or when they are too close.
The “Clipping Planes” define at which distances the camera starts and stops
rendering the environment. The “Near Clipping Ptadefines at which distance
objects will be rendered, so objects closer that #on't be displayed. The “Far
Clipping Plane” defines until what distance rendgriakes place. All objects outside

that distance won’t be captured by the camera.

In some applications you want the possibility towlthe player to switch between different

cameras. A racing game for example could let thee switch between the cockpit of the car

and an outside view.

To achieve this, the following (improvable) scrigan be used. It works for two cameras

named “Cameral” and “Camera2”, and changes thepgetise when the “space” key is
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pressed. Attach this script to one of the camemndsnaake sure that only one camera is active

at the beginning of the application:

function Update () {
if(Input.GetKeyDown("space™)){
cameral = GameObject.Find("Cameral");
camera2 = GameObject.Find("Camera2");

cameral.camera.enabled = lcameral.camera.enabled;

camera2.camera.enabled = lcamera2.camera.enabled;

If the “space” key was pressed, the script firgtreles for the two camera objects by using
the built-in “GameObject.Find” function.

It then enables the “camera” component at the cathet was disabled before and vice versa.
The exclamation mark “!” is an operator that negatdoolean value. So by writing “A = A"
one can express “set to A the opposite value ot wheas now”. This leads in switching the

current value of A.

Further script components for cameras can be foundJnity’'s menu in the section

“Component”™> “Camera-Control”.

3.10 MODULE 09: Animations

Goal: Learn basic concepts of animation in generallawl to animate objects within Unity
Difficulty : Intermediate

Prerequisites Basic knowledge about game objects (module 04.02)

In general animations mean the execution of praddfichanges for attributes over a certain
period of time. This might sound complicated astfirbut the concept is quite easy to
understand when giving an example: An animationcctme an object at position (0, 0, 0)
first, then moving to position (5, 0, 0) within thme of 30 frames. Another kind of animation

could be a blue light that smoothly changes tooyelvithin 100 frames.
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Animations need to be used quite often in 3D-apgibnis: For opening doors, moving
platforms or running enemies. It is possible tonate almost any kind of attribute. Unity
provides great support in creating such animatibraugh the interface.

But before you create your own animation it istfinecessary to learn to know the basic
concepts of animation in general. These are coadbpt are not only applied in Unity, but in
lots of other software tools that allow to defimenaations:

Each animation consists of seveirames. A frame is one “picture” of the animation. When
playing some frames consecutively in a short penbdime the illusion of movement is
created. It is important that there are only srddferences between each frame. For example
the first frame could be a door in closed state,stacond frame shows a small gap which gets
slightly larger with each frame. The last framentlsbows the door in its open state.

This is where the concept tfeyframes” comes into play. When defining an animation, it
would be very time-consuming for the developerdsidgn every frame of the animation, thus
the example door in all its states from closed pero But smart software tools allow to
shorten this process: A developer just has to ddfie keyframes, and the animation software
automatically calculates the frames between them.

To get back to the example: The user would jusindethe door in its closed and open state,
and the software could work out all frames betwelesed and open. This is done through a
technique called'interpolation” . It works like in the following example: An objeeit
position (0, 0, 0) in the first frame and positid®, 8, 5) in the last frame must be at position
(5, 4, 2.5) after the first half of the frames paksThis position can be interpolated by the
software.

Unity (and also other software tools) provide a tmtable way of analyzing the animations.
The changing of the attributes over time can bdurad in a two-dimensional coordinate
system. The x-axis represents the current poititria of the animation, calletime line” . It
always starts with zero. The y-axis represents viees of the different attributes, for
example the transform’s z-position or the coloruealWhen designing an animation, Unity
fills this coordinate system with lines callédnimation curves”. They represent the
changing of the different attributes over time. Quoenplete animation from start to end is

called arfanimation clip” .
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You will now do a sample animation to learn to kntve concept within Unity. It is also
possible to import animations created with externaldeling applications using the “FBX-
Importer” component, but you will just use Unityrae

Create a new scene and insert a cube at positjdy (). You can also insert a light source to
make things better visible if you want to. Chanlge window layout of the interface to “Tall”
and center the cube in the scene view.

Now click on “Window” - “Animation” in the menu, which causes a hew windovappear.
You can fixate the floating window in the bottonearof the scene view by dragging the tap
labeled with “Animation” into the lower area. Makare you can see the animation view and
the scene view both at once now.

If the cube is selected, the animation view shalidw several attributes of the cube on the
left side, for example the “transform” attributesllider, material, ... and others. These are
the attributes that can be animated (which is hetdefault case for all properties). To start
creating an animation, you have to click the redctrd” button on the top left of the
animation window. When clicking you will be promgt¢o save a file in a folder. This is
because animations are normal asset files that toeleel stored in your project folder. Give it
an arbitrary name and click “save”. Now you are’Amimation Mode”. All changes made
now affect the animation (but not the current stdtscene).

The grey area on the right side of the animati@wvdisplays the animation curves (when
there are any). The top part labeled with time sdde “0:00” and “0:30” is the time line. It
can be used to change the current frame of theaiomthat is being shown. You will see a
vertical red line crossing the area. This showw/lath point in time of the animation you
currently are. You can drag it around by clickingni the time line (it cannot be dragged by
clicking it in the grey area!), holding the mousdtbn and moving the cursor.

Make sure the red line is at the start of the ationaand click the “Transform” component
on the left side of the animation view. This causkstransform”-attributes like “Position.x”,
and “Position.y” to be selected. Now click the “AHéyframe” button in the top left area of
the animation view. It looks like a small diamondhaa plus-sign. Small “diamond”-shapes
are symbols for keyframes. If you have done evamgtitorrect a small keyframe-symbol
should have appeared in the upper area of thefigidy

Now drag the red line to the time code of “1:00"h{egh means 1 second after animation
start). Change the position of the cube to (0,)5Make sure you can still see the cube in the

scene view. Another keyframe-symbol should haven lzggeared. You have now made two
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keyframes, enough for a small animation. You ca&kahe “Play” button beside the “record”

button in the animation view to preview the aniroatcreated.

After that change the position of the red line he time code of “0:30” (which means 30
frames after animation start). Set the x-positibthe cube to 5 now, which creates another
keyframe. Furthermore a curve has been creatednity that looks similar to the following
figure:

© Animation

HOl > | i[5 ][]0

Cube 4| Mew Animation

¥ Cube
¥ A Transform.

I 55 Cube (Mesh Filter)
b 5 Box Caollider

b @i Mesh Renderer
 (J Animation _ .
¥ W Default-Diffuse (Instance) (Material)

Show: All | Defaule

Figure 30: Animation curves

The red curve represents the change of the x-posiver time. Unity automatically tries to
animate smooth transitions, so a round curve witlsbarp edges appears. When you press
the animation-preview button now, you will see ttta cube does not only move diagonally
upwards, but also makes a curve forward and badsmMaf course depending on your point

of view).

All other attributes can be changed the same wajoas for the position now. It is easy to
make a rotating object by changing the rotationaites over time or make an object that
increases in size by modifying its scale. But y@n @lso animate other things than the
“transform”-properties: All attributes shown on thedt side of the animation view can be
animated! This allows possibilities limited only mgagination.
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Some more notes on animation:

3.11

When working with the animation curves, you can ts®mousewheel to zoom and
press the middle-mouse button to move. But be awérihe following fact: The
preview-button only plays the part of the animattbat is currently viewed via the
animation curves! If you want to reset the viewsgréhe “F” button while hovering
the mouse cursor over the animation view.

You can change the so-called “wrap mode” of an ation. This defines whether an
animation is played once, in a loop, or forward datkward again. Select the
animation file in the asset view and change thedp\lode” in the inspector.

When starting the application, animations are plagatomatically by default. You
can change this by selecting the animated objeoty ancheck the “Play
Automatically” property in the inspector of the “fmation” component.

If you want to play an animation programmaticallyuyjust have to insert the line
“animation.Play();” at the position you want it pday and attach the script to the
object with the animation component. If the objleas more than one animation you
can use a text parameter to choose the intendethation: For example
“animation.Play(‘myAnimation’);” or “animation.Plg\ppenDoor’);”

MODULE 10: Sounds

Goal: Learn how to integrate sounds in a Unity appiarat

Difficulty : Intermediate

Prerequisites Basic knowledge about game objects (module 04¥3ic knowledge about

programming scripts (module 06)

A 3D-application becomes much more vivid if therusan hear sounds that dynamically fit to

the current situation. Examples for sounds canhibeg$ like starting an engine, shooting a

weapon, background music or character voices.

When working with sound in Unity, you need to ganiliar with three basic concepts:

“Audio Clips” are sound files in the asset folder. They contagndata of the sound
effect (or music) to play. Unity is able to suppibre following file formats for sounds:

*.mp3, *.wav, *.ogg and *.aif
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» “Audio Sources” are game objects with an “AudioSource” componehtylneed to
be provided with an “Audio Clip” to work. “Audio Smces” define the position of the
sound in space, their volume, when to play it atieiosettings.

* “Audio Listeners” are components attached to a game object that lsdadible to
capture the sounds from the “Audio Sources”. ThaiMCamera” is automatically
equipped with an “Audio Listener”, which is sufieit in most cases. This way the
camera does not only represent the “eyes” of taggplwithin the application, but also
his sense of hearing. Note that there can only ree active “Audio Listener” per

scene.

When working with sounds in Unity, it is importatdt distinguish betwee@D- and 3D-
sounds The difference lies within the way they are plhymack to the player: While a 2D-
sound always keeps the same volume no matter opldnger's position, a 3D-sound is
automatically adapted to its distance to the “Audistener”: If the player walks away from
the sound, it dies away, if he walks toward it, Yh&ime increases.

This creates dynamic sound effects that increasedalism of an application. Both types of
sounds have their use cases: While 2D-sounds dtesuved for instance for background
music, 3D-sounds can be used to underlie events witcertain position, for example

explosions or gunfire.

You will now see how to create “Audio Sources” imity. For this exercise you will need
two different sound files: One with music playingeo some minutes, and another one with a
short sound effect that stops within seconds. Wafately it is not possible in this context to
provide any sound files, so please search the wdmd any two sounds, if you have not
already any examples on your computer. See thédfifeats before to know what formats are
supported.

Put the files into your Unity asset folder by draggthem from your file system into the
project folder view. This will cause Unity to autatitally import these files.

Select the music-file in the asset view. The ingpewill show several properties. The most
important one is the “3D Sound” checkbox, whichinke$ whether or not it is a three-
dimensional sound. It should be checked for nowthfeamore in the bottom area there is a

play-button that allows to preview the sound.
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Now create a small scene that allows to experimdtht these sounds a bit: Delete the “Main
Camera” if existing. Then create a plane as promai ground and put the “First Person
Controller” prefab on it (if you have not alreadyported it: Click “Assets™> “Import
Package™ “Character Controller”). The “First Person Conleol is automatically equipped
with an “Audio Listener” component that makes ispible to hear sounds from any sources.
But there are no sources yet that could play amn&oSo you need toreate an “Audio
Source”.

To do so, create an empty game object. Rename“AudioSource” and equip it with the
right component by clicking “Component “Audio” - “Audio Source”. The empty game
object now gets a “Speaker”-icon in the scene view.

You furthermore need to provide the component waitH'Audio Clip”. Click the small circle
beside the option “Audio Clip” in the inspectortbe selected game object. Now choose the
music-file asset by double-clicking it.

There are several important options that can beifreddn the inspector: “Mute” allows to
silent the sound, “Play On Awake” defines whetlmer $ound is started with the current scene
and “Loop” repeats the sound if it has finished.

But for now leave all options unchanged. Placeetim@ty game object on the outer regions of
the plane, so the player has to walk some distamget to it. Start the application preview:
You should hear the sound of the music playing. tbryvalk to the audio source and away
again. The volume of the music should change wighdistance of the player character. If the
music sounds a bit “weird” during walking, try tbange the “Doppler Level” option in the
“3D Sound Settings” of the “Audio Source” componé¢atzero. This simulates a physical
effect that makes sound more realistic, but isapgiropriate in all situations.

To model music as three-dimensional sound is ugefidituations where the application
should create the realistic impression of a spedkat is located somewhere in the
environment. But in most cases ambient sound madas sense in 2D. So you will change
this now: Select the music-file in the asset viawd ancheck the box at “3D Sound”. Any
change here must be confirmed with the “Apply” batbelow the options. By clicking it, the
sound will be converted into a 2D-sound.

When the process has finished preview the appbicagain: You will see that the sound does

not change anymore when moving around.
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Beside background music “Audio Sources” can alsau$ed to create sound-effects: Short
sounds that underlie certain events in the appbicatAny object can be the source of an
audio effect, even the player itself. Select thestHPerson Controller” in the hierarchy view
and click “Component= “Audio” - “Audio Source” in the menu. Confirm the following
dialog that warns about “losing the prefab conmectby clicking the button “Add”. This will
equip the “First Person Controller” with an “Audsmurce” component.

You now need to define the “Audio Clip”: Click tisenall circle beside the option and choose
the short sound-file you have imported into theeti$slder. The kind of sound does not
matter for the purpose. When you preview the appbo now, the sound effect will be
played instantly.

However you want to start the sound by script. Bgelect the “Play On Awake” checkbox in
the “Audio Source” component of the “First Persoon@oller”. When previewing the

application now, the sound-effect should not bggdaanymore.

Next you need a script that initiates the sound@nmand. Create a JavaScript asset and call
it “PlayerSound”. Fill it with the following line®f code and attach it to the “First Person

Controller”:

function Update () {
if(Input.GetkKeyDown("space"){
audio.Play();

Preview the application. The sound should be playad when pressing the “space”-key.
This way it is easy to play sound per scripting.

Other wuseful functions for sounds are “audio.Stop(vhich stops playing, and

“audio.Pause()” that pauses playing. The functiaandio.PlayOneShot(clipObject)” allows to
play a certain object of type “AudioClip”, which wlol be for example a public variable

configurable through the inspector.
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3.12 MODULE 11: GUI objects

Goal: Learn how to use “GUI Texts”, “GUI Textures” anthke a basic menu
Difficulty : Intermediate
Prerequisites Knowledge about programming scripts (module 06)

When developing 3D-applications, it is often neeegsto provide the player with

information: Examples are the current score, heafpeed, enemies left,... etc. For this
purpose it often is not necessary to design compBxobjects, simple text is enough.
Furthermore it is important that this text is ire tblayers field of sight all the time, and does
not get smaller when the player walks in any diogctIn other words: It should not be

located in 3D-space, just always on the front efsbreen.

Unity provides special game objects that easilyilliuthis purpose: They are called “GUI
Texts”. A “GUI Text” can be created by clicking “@G&Object’> “Create Other=> “GUI
Text”. When creating such an object it immediatghpears on screen. It is an object like any
other one, but behaves a bit different: Thouglag & transform component, it is not affected
by changing the values for rotation and scale.héeiit is affected by the position value at the
z-axis.

But the values of x- and y-position change thetioceof the text on screen. Be aware that the
coordinates (0, 0) mark the bottom-left corner, &hdl) the top-right corner of the screen.
These coordinates are relative to screen sizef. Y@iwant a text in the middle of the screen

you just have to define the values (0.5, 0.5).

Other important configuration options of a “GUI Téabject in the inspector:
» Text: Defines what text shall be displayed by the object.
* Anchor: States the position of the text relative to tharisform” component.
» Font: Allows to configure the font style of the text. Eemeed to be imported into the
project folder to be available. This can be donesibyply dragging a *.ttf file into the
asset view.

* Font Style: Gives the opportunity to make letters bold andéra.
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If you want to dynamically change the text of a “IGKkéxt” object, you can use the command
“‘guiText.text = ‘my new text”. Remember to placket new text to assign under double-

quotes!

Besides the possibility to show static text for fhlayer, it is also possible to render flat
images onto the screen without any location in BBes. They could be used to design a
fancy health bar or a map of the current terraihese game objects are called “GUI
Textures”.

You can create a “GUI Texture” by clicking “Game@tf’ - “Create Other’-> “GUI
Texture” in the menu. It works quite similar to “GUexts”: The position can be set the same
way, but note that “GUI Textures” are affected bydifiying the scale values in the
transform. Furthermore instead of defining a vdarehe “text” option, you have to specify a
texture (a graphical image) with the “Texture”-aptiin the inspector.

Also the “Pixel Inset’-option now provides to seet“Width” and “Height” of the texture.
This allows to set the dimensions from the grap¥hen rendered. It is useful to prevent them
from changing with different screen resolutions.tMut specifying these values a “GUI
Texture” will scale with the current screen resointand look very different on different
screens. Make sure to set the scale values of xyammdthe “transform” to zero when
modifying the “Width” and “Height” of the “Pixel lset”.

Beside the possibilities described to display infation on screen, it is also often necessary to
show elements the user can interact with. Probieglynost common purpose, that is featured
by nearly every 3D-application, is a menu that lbarused to define several options, start and
quit the application. Such a menu must contain etemthe user can click to cause certain

actions. You can do this with Unity through scmigti

To draw interactive elements onto the screen, ywurnsake usage of the “OnGUI()” function
provided by Unity. It is called automatically eveiname. The function can be filled with

commands that draw different GUI-elements and niigessible to react to interactions.

A very common type of GUI-elements are “buttondie$e are objects that can be clicked by
the user which causes a predefined action to happen
Create an empty game object and name it “GUI” ¢omsidoes not matter). Now create a

JavaScript file named “GuiMenu” and fill in the fmlving code:
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function OnGUI () {
if (GUI.Button (Rect (25, 25, 100, 30), "First But ton") {
Debug.Log("First button clicked!");

}

if (GUI.Button (Rect (25, 65, 100, 30), "Second Bu tton")) {
Debug.Log("Second button clicked!");

}

Now attach the script file to the empty GUI objetbu only need this empty object to get the

script into the scene as a component, otherwiseuld not be executed.

Start the preview of the application: There shdaddwo buttons now in the upper left corner:
Try to click both of them which should cause thdirgel text messages to appear in the
console.

The interesting part of the script are the condgiof the “if’-statements. They are functions
that cause a button to be drawn onto the screehalao check if it was clicked at the same
time.

These functions called “GUI.Button” take two paraemns. The first one is a “rectangle”
object created with the function “Rect”. It is ugeddefine the position and dimensions of the
button. The first two numbers define the x- andogijon on screen, the next two numbers
the width and the height of the rectangle (andetoee the buttons). The second parameter is

a text that defines the caption of the button.

Other important GUI-elements that can be createzliih functions are:
* GUI.Label: Just creates a text on screen.
* GULTextField: Draws a field that can be filled with (a singled) text by the user.
* GULTextArea: Draws a field that can be filled with multi-linext by the user.
* GULToggle: A checkbox that can be either checked or uncleecke

* GUl.HorizontalSlider : Draws a control with a knob that can be movedgla bar.
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Please refer to the documentation at
http://unity3d.com/support/documentation/CompongisControls.htmlfor a complete list

of all GUI-elements and how to use them.

3.13 MODULE 12: Publishing the application

Goal: Learn how to publish an application made withtyni
Difficulty : Beginner
Prerequisites None

Finally when you have finished developing your a@milon, or you just want to test it on
another computer, you need to convert it into agofbrmat. You can do a preview of the
program within Unity, but another machine might hawve Unity installed, and furthermore
you don’t want your application to be modifiable other computers, they should only be
able to execute it. The process of converting tphplieation into a format that allows
execution on other machines without being able todifg it is called “building the
application”. The result of this process is a “duil

It is very easy to build an application with Unityneeds some configuration to be done in a
dialog after clicking “File”> “Build Settings” in the menu. The first thing ybave to define

is which scenes you want to include in your bulld. application can consist of one or more
scenes. A scene could for example represent oeédéa game. By using the “Add Current”
button you can add the scene you are currentlyngdio the list. Other scenes can be added
by dragging them from the project view into thé.lis

This list does not only define the scenes thatldtmlincluded in the build, but also their
order. On the right side of each scene an indexbeumarks the position of the scene in the
order.

If you want to change from one scene to anothdriwihe application, you have to do this by
script. It can easily be done by using a functithe call “Application.LoadLevel(2)” would
load the scene with index number “2” in the listlod build settings. It is also possible to give
a name as parameter like “Application.LoadLevei@iBoss’)”.

You can change the order of scenes by dragging #rennd in the build settings list. It is
furthermore possible to exclude a scene from adbloyl unchecking the box beside it, or

remove it by selecting it and pressing the “Del{ke
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The next important decision is the target-platfmithe build. The final application can only
be run on machines of the platform type you chdwse. It offers the following choices:
 Web Player. Publishes applications into a format that allowsptay them from a
website using an internet browser. But note thatitowser needs to be provided with
a special plug-in.
» PC and Mac Standalone Allows to choose between Windows and differenttNG&
X architectures.
* iOS & Android: Builds the application for mobile devices witheowf the two
operating systems. Not possible in the free versidunity.
» Xbox 360, PS 3 and Wii Publishes the application for one of the thredewgi game

consoles. Not possible in the free version of Unity

When you have chosen the desired platform (supghdageyour current version of Unity) you
can click “Build”. This prompts you to choose aation for the results of the build process.
You can save the files into the root of the projetder, but do not store them directly into the
assets folder of the project.

The other option is to click “Build And Run”, whiathoes not only create the build, but also
executes it promptly. If you have executed an apgibhn that provides no opportunity for the
player to quit yet, you need to use your operasiygfem’s keyboard shortcut for quitting. On

Windows this can be done by pressing “Alt” and “Fdgether.

Unity creates different results depending on thigetaplatform. On Windows an executable
*.exe file along with a folder with suffix “_Data% created. You need to copy both of them
onto another machine for running the applicatioeréh For Mac an “app bundle” will be
produced that can be executed and also contaimeedissary resources. When building for
the “Web Player”, Unity creates a HTML templateefitogether with a data file. The

application can be started by opening the HTML ifila browser.

Note that the free version of Unity always builds application that starts with the Unity-

logo. This can only be avoided through buying tReo®-version of Unity.
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3.14 MODULE 13: Extending Unity

Goal: Get an overview of the possibilities of how tdexd the features of Unity
Difficulty : Intermediate

Prerequisites None

Although Unity is a very comprehensive softwareltdbere might be useful tasks and
features it cannot cover. These cases can oftdrabéled by extending the software Unity.
Please note that the “extensions” in this contexindt (directly) influence the applications
developed with Unity, but the software Unity itséThey can add new features to the software

or make some tasks easier than before.

There are many different types of extensions. Th#gwing list tries to categorize them into
several groups and describe them. Please noteythatimight read of different types of
extensions at other resources, because there agewags how to categorize them:

» Script libraries: A “script library” in this context is nothing motéan one (or more)
complex script files that provide functions thasea&ertain tasks and can be used from
other scripts. Usually it can be put into the assaw just like any other script file. An
example is the “iTween” library that allows to dany kinds of animations with low

efforts. It can be found &tttp://itween.pixelplacement.com/

» Editor scripts: These are special types of scripts that alloextend the standard user
interface of Unity and can handle certain task®ré&tare many editor scripts available
on the web, and it is not a superior challenge teate one on your own.
They are script files that have to be placed infolder called “Editor” in the project
folder. In most of those scripts you will find ®atents that start with a “@"-
character. These are instructions that are interprdirectly by Unity itself and can
modify or extend its interface. An example for aefu$ editor script are the
“TransformUtilities”, which allow to easily alignnal copy the values of different
“transform” components and can be found at

http://www.unifycommunity.com/wiki/index.php?titldxansformuUtilities

* Frameworks: Frameworks are groups of assets that can hehxheeve particular
tasks when developing an application. Some of tifi@ggeeworks can be downloaded
as files in format *.unitypackage. It is a formhat packages a group of assets in a

single file. Such files can be imported into yowojpct folder by clicking “Assets®>
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“Import Package™ “Custom Package...”. It is also possible that theysist of asset
files packaged in a *.zip archive that needs tomgacked into the project folder.

The different assets of a framework belong togetimer provide new features through
novel components or other elements. An examplensidge is the “Terrain Toolkit”
which provides several tools to ease the creatioaadistic terrain. It can be found at

http://unity3d.com/support/resources/unity-extensiterrain-toolkit

Plug-ins. Plug-ins are extensions that can add or modifytfanality at a very deep
level of the Unity software. They allow for exampteextend the editor and use new
components. With plug-ins it is possible to do @tble things with Unity. But know
that development of plug-ins is not trivial.

There are two different kinds of plug-ins: Plug-toreated via the “.NET” technology
and native plug-ins which are written in other laages. The latter ones can only be
used with a Unity “Pro” license.

Plug-ins provide *.dll files, which are compiledogramming libraries. There are
different ways of how to install plug-ins, but iemeral they have to be put into your
project folder. An example plug-in is “Path”, whieldds pathfinding functionalities to
your application and can be foundhéttp://angryant.com/path.html
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4 Development of applications with Unity in a team

Knowing the technical aspects of how to use Ungyan absolute requirement when
developing interactive 3D-applications. But bestlese functional issues there are other
skills as well that are necessary for creating {gghlity applications.

Because of their complexities such applications @ften developed within a team. But
developing an application within a team brings ndifficulties into the process. It is not
enough to produce the necessary artifacts, the watkhas to be done needs to be divided
among the team members. Results need to be symodalowith each other, communication
has to be done in a structured way to avoid miststaedings, some kind of planned process
needs to be performed to circumvent redundant wadlé work time needs to be avoided and

it is necessary to keep the time schedule.

This chapter contains approaches for improvingtéaenwork when developing applications
with Unity. The target audience are students wle laginning to learn Unity within an
university context. It is often necessary for thienwork on applications in small groups, but
very rarely they are experienced teams who have Hdeeeloping software for a long time.
Most often it is the case that these students aremly new to Unity itself, they also do not
know how to implement an efficient development psxthat reduces efforts and increases

guality of results.

These are the assumptions for the approaches shevwen Because the students are no
experienced developers, the processes presenteddberot only need to be efficient, they
need to be simple as well. It does not make semsstfidents to force them to spend more
time on learning and implementing a complex pro¢assch can hardly be done within a few
months) than on learning the technical basics tleéres. Therefore it is necessary to provide
these students with simple guidelines that can awgrefficiency without too much process

overhead.
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4.1  Structuring and synchronizing artifacts in a te am

When developing 3D-applications the team membeaslyme different kinds of (digital)
artifacts. These artifacts can for example be 3@k) script files or whole scenes. They are
stored within the project folder of Unity.

Because all members of the team work on the as$dte project folder at the same time,
there is lots of potential for producing inconsmties between the members. Therefore it is
very useful to agree upon a shared way of strugjutthe artifacts. This makes sure that all

students have the same view onto the project foldet helps to keep it organized.

Three general ways to structure the project fodderrecommended in this thesis:
e Structuring assets by type This means to group all assets of the same tyfmed
shared folder. Asset types are for example “Scrifpfaterial” or “Prefab”. A folder is
created for each of the types necessary for yayegt: The following figure shows an

exam pIe structure:

3 Project | -
Create = | [orAll
£ Animations
v [ Materials
3 shaders
£ Textures
3 Models
3 prefabs
I:_'IScenes
3 Scripts
v £3 Sounds
£ Music
3 soundeffects

Figure 31: Structuring assets by type

This kind of structure is very easy and quick tglement. It can also be adapted to
better serve the purposes of your particular ptojeés very clear and unambiguous
where to put newly created assets.

A drawback of this method is that it might mix éifént assets that do not relate to

each other into the same folder. Furthermore tmtecs of each folder can become
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very huge for projects that are more ambitioussThight result in overloaded and
confusing lists of assets. Therefore this methogrizbably best suited for small

projects with a low number of assets.

Structuring assets by purpose Another way to structure the assets is to grdugmt

together by related purpose. For instance a comefemy object can consist of
several types of assets: A 3D-model, materialssrsggcripts that define the logic and
finally a prefab to make it reusable. These asse#se the same purpose: To model
the “enemy” in the game. The following figure giveas example for a folder structure

demonstrating this idea:

3 Project =
Create =| (arAll
¥ £ Enemies
v i Goblin King
@ Crown
b Lty Goblinking
¥ 3 Goblin Soldier
b Lty GoblinSoldier
v S shared
;] GoblinBehaviour
D orcskin
v i Obstacles
gl Explasion
gl Platform
E}PIatfurmAnimatinn
|£] PlatformBehaviour
v i Player
Lgl PlayerContraller

Figure 32: Structuring assets by purpose

This is a more complex structure. But it makes she¢ assets that do not relate to
each other are not getting mixed up. The listsssiets within the folders should not
get too long, but it might be the case that theeelats of folders in the asset view.
Another problem is the fact that many assets dohawe a single purpose, they are
needed for several different things, like for exséngifferent kinds of enemies. To

solve this, “Shared” folders can be introduced twitain multi-purpose assets. This
structure is well-suited for most projects, thouggkdoes not make sense to use it if
there are too many files in “Shared” folders.
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» Hybrid structures: Another possible solution is to group assets dmthtype and
purpose. This means to have “purpose-folders” coimign “type-folders” that finally
contain the assets themselves. The other way rauatso possible: “Type-folders”

containing “purpose-folders”. The following figurgeze examples:

£5 Project |

-

Create - | (o all
¥ 5 Enemies
¥ 3 Goblin King

gl PlayerController

|i€'| GoblinBehaviour

3 Project | %
Create = "'?___

¥ 3 Animations
v i obstacles

il

v Al

¥ £ Material E}Platfurmﬁ.nimatinn
i Crown ¥ i Materials
v i.'-]rﬂudel ¥ S5 Goblin King
b Lty Goblinking i Crown
¥ [ Goblin Soldier v i shared
¥ [ Model i Oreskin
b [y GoblinSoldier =
¥ i shared ! I__71_|'1'10de|5 g
¥ [ Materials Wiy o FIHQ
O orcsiin : Ly Goblinking
v G Ecite ¥ [ Goblin Seldier

¥ Ly GoblinSoldier

¥ [0 Obstacles ¥ (i Prefabs
¥ [ Animations ¥ [ Obstacles
[} PlatformaAnimation rle Explosion
¥ [ Prefabs _ gl Platform
gl Explosion v I__TIP_Ia'y'er
Lyl Platform il PlayerContraller
¥ [ Scripts v & Scripts
[22] PlatformBehaviour v i Obstacles
¥ i Player 22| PlatformBehaviour
v [ Prefabs v Cishared

|£| GoblinBehaviour

Figure 33: Structuring assets by purpose and by typ

The hybrid method can be very complex and resulboia of different folders. It

should only be used in projects with a high nunddetifferent assets.

In general it cannot be said which method is bastiévelopment, because it depends a lot on
the type of project and the number and kinds oétasssed in it.

Also be aware of the fact that it is very easy withity to restructure the assets using the
project folder view at any time. All referencesassets remain intact when rearranging them.
So if you do not know what structure to use, ipisbably best to start with the simplest

structure (group assets by type), and refactof it is not practicable anymore. But very

important is the following: All team members shobklusing the same project structure!
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This brings us to another issue when working ineant: Synchronizing the artifacts
Artifacts do not remain the same during a projécgy are changed continuously. When
different persons work together on the same fpessible conflicts can occur.

This is the case when the following scenario happBerson A starts working on a file. In the
meantime person B opens the same file, makes lisgels and saves them. These changes
could not have been adapted by A. So when A sagaeshhnges, the modifications done by B
are lost.

This can result in lots of additional efforts asllwas into social conflicts between team
members. Therefore it is of primary importance woid such conflicts. To achieve this, it is
necessary to implement some kind of “lock” ontoreses. A “lock” is a concept that allows

a person to change resources by himself, but samedtusly block others from modifying the
locked resources. Others can still “read” thoseusses and therefore use them, but are not
able to change them. The holder of the lock themesdis changes and releases the lock.
Others can now modify the resources, but it is r@ssthat they start working on the files in
their most recent state.

There are also approaches to “merge” a file in different states if a conflict has occurred.
But it can be very complicated and error-prone.gémeral it might be possible for files
containing only text (like script files), but is fa#y achievable for binary assets (like 3D-
models).

Different methods exist to perform the synchron@abf work results. Among them are:

* Manual file synchronization: This is probably the most common method of slgarin
work results among beginners. Team members justiatigrexchange the files they
worked on with each other, often by using a mediiken USB flash drives. There is
no mechanism that resembles an automated locke&udhave to “lock” files by
according the resources they work on with eachrotBet of course this is no
guarantee to avoid conflicts. Misunderstandingsmmaated relations between
different files or uncooperative behavior can gasbkult in inconsistencies. Therefore
this method can only be used for very small, simpigiects with clear agreements

between the different team members at project. start

* Synchronization over a centralized file storageThis means that each team member
has access to the same location that stores & ifil their most recent versions.

Contrary to a process where each team member aggathe resources on their own
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machine, this makes sure that students share the g@w onto the most recent state
of the project.

There are different ways of implementing this methtsom manually exchanging
files with the store (like for example when usingslaared FTP-server), to using
services that automatically synchronize the files tbe local machine with the
centralized server. A locking mechanism might bailable, but this is not always the
case. If not, students have to arrange with eduér ot

This method brings some advantages through thastensview onto the current state
of the files, but is no guarantee to avoid cordlidt furthermore might consume lots

of time for the network traffic to send and receaeye files from the server.

» Transactional version controt A sophisticated solution for development projdots
general is to use a version control technology fikeexample “Subversion”. These
technologies allow to send changes to a centralsarder in a transactional way.
Local copies can automatically be synchronized witle server. This ensures
consistency on all machines. They usually also igewa locking mechanism that
keeps other team members from modifying locked uess. Furthermore it is not
only possible to view the most recent version aorgces from the server, but also
previous versions. This technique can be usedrfalyaing the evolution of assets or
restore features that have been removed.

Version control protocols are often smart enougbrtly send the differences of a file
compared it its previous version to a server, dwoek traffic can be reduced to the
inevitable minimum.

Version control systems are very commonly usedcttlaborative development. But
because of their features, they are not triviause. So they are probably not well-
suited for small projects performed by people whe Baot familiar with version

control.

The method to choose for synchronizing projecteeddp on the number and the skills of the
team members, their experience in team work andgi#eeof the project. Though it is not an
advisable approach in general, a tiny project small team might come off best with manual
synchronization if the team members agree on aegsothat avoids conflicts. Version control
can prove its strengths in large projects, buttesean unnecessary overhead and technical

problems due to inaccurate usage when used foall assignment.
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4.2  Development process

To produce a high-quality product, all efforts sliblbe performed in a structured way. If all

team members do just what they think to do right/,nhchaos is at hand and goals won't be
met due to the lack of shared understanding optbgct.

In this master thesis a development process thaglissuited to teams of students who begin
to learn Unity is recommended. It meets the corgefrihe different phases of a project while
still allowing to adapt to close deadlines. It waasigned to be rather simple to make
implementation for beginners very easy. The proeessinfluenced by the incremental way
of developing an application with usage of protatgodescribed in the work of Pearce and
Ashmore. They analyzed the development of a prptofgr a multiplayer game [Pearce and
Ashmore, 2007].

The following figure illustrates the developmenbgess:

Compare CURRENT
VISION < and refine | RESULT
Input for iteration Output of iteration

\ 4 I
/ Iteration

// Goals 4\

Tasks for current iteration Tasks for next iteration

Test Design——|

Desi g e Feedback

———————— Modifications

Test Prototype———>|

Prototype Foedback Test
| *-—Modifications
Result ! .
L Test refined
Refinement Result
D Feedback----------

Figure 34: A development process for beginner teams
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The process starts withvasion of the application that shall be developed. A vis®the idea
for the software students must have at the beginoirthe project. It is the “big picture” the
students work towards to, but only consists of wagancepts that lack any details at this
phase. In university context, it is also possilbiat tthe vision is already predefined for the
students.

If this is not the case, a vision can be formedugh communication and techniques like
brainstorming. Although it is possible to refineethision in later stages of the project, it can
result in additional efforts. This is why studest®uld spend sufficient time in developing a

vision of a quality application that fulfills itsupposes.

The vision is the input for the first (and follovgh iterations. Thework in iterative,
incremental stepsis one of the most important aspects of this dgwakent process. Work is
not being done in one big package, but in smalteimental steps. Each step adds new
features or improves existing ones of the apphbeati

Very important is the fact, thaeach iteration should produce a runnable, tested
application as result This helps students to meet the schedule and aloowerstrain
themselves. It is often the case that beginnerserestimate efforts when developing
software. They try to implement a huge applicatiand get overwhelmed with the
requirements when deadlines come closer. A prottestisrefines the application in small

steps, each one producing a runnable result, aaid &vis problem.

But of course it is important to choose the righedor an iteration. This can be done through
the definition ofgoals A goal is some objective the students plan téizedor the current
iteration. Goals can be divided into several taskdefine them more precisely.

Example: A goal could be to “Implement enemy Al'high is divided into multiple tasks like
“Implement enemy pathfinding” and “Implement eneattack patterns”.

It is furthermore important to assign all taskspgrsons in a collective decision. If they are
not assigned, it can be the case that personsdanithe tasks they prefer and certain tasks
remain untreated. There should be at least onemegpe person for each task. Of course it is

also possible to work together on tasks.

The actual work process can be separated into thifeeent phases. In general the phases are
handled successively, but it is also possible @mmake a lot of sense!) to interleave them.

This process does not force any kind of order iggrthe different work phases, but the
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demonstrated order tends to fit for many projeBtg. keep in mind that it should always be

possible to refine the results from a previous phas have different persons working in

different phases at the same time.

The results of all three phases should be testedviarying extent. It might make little sense

in early stages, but gets more and more importdiht pvogressing development stages. The

different phases are:

Design The design should result in concepts that corzeré¢he vision in more detail.
While the vision itself is very vague, the desigredfies the application as exact as
possible at the current stage of the project. Resifldesign can include rules for a
game, how to control the player, what the envirominshall look like, background
story,... etc. The design is very important, it does only give the direction for all
further work, it is also crucial for the quality tife application. It does not matter how
well a game was implemented that is boring by matur

It is not easy but possible to test the desigmataaly stage. It could be done by using
mock-ups that try to resemble the game or the egipdn. Furthermore feedback from
persons of the target audience might help to imprbze design. But of course it is
easier to test the design itself in later stagethefproject, when the application can

already be run. The design can and should alwaysfimeed if necessary.

Prototype: During the “prototyping” phase actual developmisnione with Unity (or
other tools used). However the goal is not to imm@et a finished, highly-polished
product, but to realize a first prototype of thattees for the current iteration. This
means that not every detail is completed, only rittest fundamental things. When
implementing a new type of enemy for example, gsloot need to be made with a
highly-detailed 3D-model right away. It makes m@ense to just create a simple
capsule (or another shape that resembles it) aadtuss provisional enemy. This
allows to rapidly test the current concepts andgiesf the application. This way
many design flaws can be avoided before any uneacgsfforts were spent.

It furthermore helps students to estimate the tffand further implications of their
application: If it is already quite difficult to ipbement a racing game with simple
rectangles, it shows how challenging a realist@ng game with physical behavior

can be.
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* Refinement Refinement consists of all tasks that need tadme for a functional,
presentable application (but only within the conmeresion of the current iteration).
This includes detailed 3D-models, working scriptsl @omplete environments. A lot
of testing should be done to ensure the qualityhefapplication. The result should be
an application that fulfills the goals defined ke tbeginning of the iteration in all

necessary details.

After an iteration was finished, the team shouldabée to have an application that can be
compared with the end vision of the software. Téamt must now decide what goals to
realize for the next iteration, if there is one essary at all. The result of the last iteration
should be saved separately from the developmemicbralhis allows to present something

runnable even if the next iteration cannot be fiats within schedule.

The set of goals for the next iteration should besen with the time schedule and the efforts
the team members can invest in mind. It might deothe case that goals could not be
achieved in the previous iteration, so they caddi®e in the next step. It makes sense to tend
to choose a smaller set of goals for the iterati@cause efforts are often underestimated.

Also be aware of the importance t#sting! It can mean plenty of additional efforts, but

increase quality tremendously.
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5 Conclusion & Further Work

The development of interactive 3D-applications isveay complex task. It requires the
investment of high efforts and expertise.

The software tool “Unity” is able to ease developmef interactive 3D-applications. It
combines an intuitive graphical user interface vatimcepts that are easy to understand and
apply. It provides all necessary technologies neglito implement realistic 3D-software.

Therefore it is very well suited to teach developtad 3D-applications to beginners.

In the context of this master thesis the requirdsand problems students encounter when
beginning to learn Unity were analyzed. For thatsos two different university courses with
students of architecture and computer science wesestigated with qualitative research.
This analysis showed the most important technioal ddactical aspects to consider when
teaching Unity to beginners.

These findings were considered for the creatioresburces that help students to learn Unity.
The resources contain technical instructions tlatec the most important aspects when
developing 3D-applications with Unity, as well agdglines for development of applications
in a team within the university context. The guide$ include the recommendation for a
development process that fits well for the students

Because the resources shall be easily accessilihe tudents, an evaluation was conducted
on how to store them in a centralized repositothye Tesult of this evaluation was to save the
resources in a “WordPress”-blog, which ensuresbilety and low efforts for authors as well

as lots of possibilities to find resources for stois.

The results of this master thesis could be externdéu further work regarding different
aspects: The technical tutorials themselves cdwentost important details for beginners, but
skip some information that is important for studgentho want to improve their skills any
further. Moreover the detailed usage of importahigpns and frameworks should be
described. The tutorials could also be enrichegioglucing demonstrative videos that show
the concepts described in action. This could balaable resource for beginners.
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