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ABSTRACT

The recent releases of new and affordable software for developing video games, combined with an
educated population and thiarge amount of knowledge available for free on the internet has created

an explosion in the number of video games being developed and released independently. This project
details part of the development of a video game based on a previously existing aarel This
project focuses on the aesthetics and story, two elements of the game design tetrad that, all games
possess in varying degrees. During this project the interface of the video game was designed,
prototyped, tested and iterated upon. The game Vaiits props and characters were also modeled
and a background story was established for the world, the monuments on it and, for each character
and where they came from. The development of this project followed processes applied and thought
by professionks of the game industry and was successful to implement a proof of concept of a video
game.This workprovides a deep insiglior anyone that wishes tanderstandthe game industry and

learn the process of creating a game.

RESUMO

Os langamentos de novosigotes desoftwarea precos acessiveis para o desenvolvimento de video
jogos, juntamente com uma populagéo formada e a grande quantidade de conhecimento disponivel
de graca na internet geraram uma explosdo no nimero de video jogos a serem desenvolvidos e
lancados independentemente. Este projeto detalha parte do desenvolvimento de um video jogo
baseado num jogo de tabuleiro previamente existente. Este projeto caetrza estética e historia,

dois elementos da tétrade do desenho de jogos que todos os jogssupm em graus variados.
Durante este projeto a interface do video jogo foi desenhada, foram criados protétipos desta, estes
foram testados e iterados. O mundo do jogo, os objetos neste e as personagens foram modelados e
uma histéria de fundo foi criadaapa 0 mundo, 0s monumentos deste, para cada personagem e a sua
origem. O desenvolvimento deste projeto seguiu processos aplicados e ensinados por profissionais da
industria dos video jogos e foi besncedido na impleentagdo de um video jogdeste trabalho
apresenta uma visdo aprofundada para que qualquessoague deseje aprendesobre a industria

de jogos e o processo de criacdo destes.
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1 INTRODUCTION

1.1 MOTIVATION AND OBJHZES

Thisworka G F NIISR | & | . & fdfestinZhihpstes BrigiBeSriHgiat theAUfiiversity of
Madeirawhich will be referred to as General Game Project (GGR) GGRvas shared between two
students, Tatiana Vieira and Yuri Almeida. The gahleo&GRvas to create a board gane validate

a game concept ando establish the requirements for its digital implementatiothe Game
Implementation Project (GIPPue to the sheer amount of wodnd thecomplexityof the GIR the
workload was divided between the two students.

The main purpose dhe GIPis to implement a working digital prototype of the board game that was
previously developed with all its rules and requiremef@P)The biggest challenges to overcome
were to ensure that the spirit of the board game was maintained in the digitalementation
learning and following the development process used in the game industry and collaborating in a
multidisciplinary team.

This projectthe Design and Aesthetics Project (DiR) five sections each approaching a major topic:
state of the at, the board game (GGP), game story development, game interface and the creation
pipeline of the 3D assets. This last seciasalso useds a learning experience in 3D asset creation
for games and all the knowledge and experience gained through thela@went ofthe DAPwill
contribute to finding a fultime position as a 3D Designer in a game development company.

1.2 PROJECT DIVISION

The GIPdivision was based on the Elemental Tetrad of Gafhgsvhich divides a game into four
components: Aesthetics, Story, Mechanics and Technolbgy.DAPfocusses on the development
and implementaion of the first two componentsvhile, the other two can be found in the project
Keepers of Inthes: Mechanics and Technolog®] which, will be referred to as Mechanics and
Technology project (MTPrigurel shows the complete game developmemtsponsibilities Part of

the game design document was done previously when creating the board game.

Game Design Document .
. __ 2
N
Game Design e Modeling

Game Play
Concept Art Animation
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Green represents the scope tie DAP, Blue represents the scope tiie MTP.
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This project is responsible fomultiple aspects. Firsththe development of the interface design and
implementation. The interface is divided into two parts, the menus which include all aspects of the
interfacebefore starting a game and the-game interface which includes all the elements required

to play the game as in the board game. This project is also responsible for the development of the
game storywhich,A y Of dzZRS& (G KS &2 NE 2 Foackgkobnd &f leactbcaiacteizy A @S NE
This story also influenckethe creation of the 3D assets created in this proj@dtesewere created
according to a 3D production pipeline which started with a piece of concept art and ended with a final
3D game asset. Anotheesponsibility of this project was to integrattee animations and particles of

the game with their corresponding mechanics inside the game engine, Ung}3tnally this project

hadto ensure that every asset created could be integrated into Unity3D but also that it was compatible
with the MTR Figure2 shows hev both projects wee connected anthe solidgreen shapes represent

this projec@responsibilities

/

Ability Implementation ’,/ Character Animation
Element Power  { Controller
Implementation \ Particles Controller

Database Queries ~‘ Game Information GUI Implementation

Data Structures GUI Controllers

Gui Development

In-game Controller finity scenies)

Networking Game Logic
\—> Game Logic

Map Construction ¢ Map Controller

Figure 2 ¢ D L t afzhitecture division (white represents theresponsibilities of the MTP while solid green representsii KS 5! t Q&
responsibilities.

The game development was planned throughGantt chart (AnnexGantf) that included the
responsibilitiesof the GIR the dependencies of each part and a deadline for their compleBaoith
parts of the GIPwere linked to a server version control, Microsdftam Foundatiod], which was
used to integrate both source codes and to be able to work simultaneously.



PART I:
STATE OF THE ART






2 STATE OF THE ART

2.1 GAME INDUSTRY EVOIQN

Videogames started out as research. At the time, the goal was to push the boundaries of computing.

The first computer game, Noughts and Crosses, was created in 1952 by A. S. Douglas at the University

of Cambridgg5]. Despite this, the first recognized example of a game machine was presented in 1940

Fd GKS bSg |, 2N 2 2 NI RR &angCdtherNdllowet Rhis pdthastarthg 6ut 88 R b A Y
research but ultimately becoming entertainment. In 19&8other early computer gamwas created

by MIT researhers but it could not be distributed since the hardware was too expensive to mass
produce. By 1964 the programming language BASIC was developed which became instrumental in the
creation and sharing of videogamigg.

. @ 0KS MdpTnQad GARS2 3 YaSoim okdntBrtaine@. IR aFivdBbiarcads® & S | NI
games and home consoles due to Atari, further contributed to the fast adoption of videodaies

[6]. The development of videogames continued to climb and by 1978 arcddegdames were so

LJ2 Lddzf F NJ GKI G GKS@ 6SNB LI NI 2 FeveRld®mEgameS Raie f A TS«
created, such as Pawan, Donkey Kong (which later led to the development of Mario) and T8tris

During those early daythe goal was not to inspire the audience, stir up emotions or expose them to
thought provoking realities or perspectives but, simply to entertain and amuse. A major milestone in
breaking away from simple entertainment into the rich works of art of today was the appearance of
the textbased adventure games in 1976. Colossal Cave Adventure, developed by Will Crowther and
Don Woods, combined elements from video games with tabletogptaling video games to create a
completely new experienc@-igure3 - A)[7]. Narrative was used as a tool to overcome the limitations

of that time. @mputers could not render complex landscapes such as todaywitit a detailed
descriptionti KS LJ I & S NXnald do ¥t. WAhkthé Ireleds@ of Donkey Kong in 19B8& world

saw one of the first complete narratives in video games. A giant ape (Donkey Kong) kidnaps a woman
while her boyfriend (Jumpman, later named Mario) attempts to rescue her over the coursesplke
stages / levelgFigure3 - B). The gameplay and narrative walked hand in hand sinten the
protagonist failedthey antagonist smiled, the damsel in distress often shouted for help (through a
speech bubble) until the player reached her. As this happened, a heart would appear between them
just to be shattered by the villain as he escaped once d@aihese simple narrative elements, were
more than sufficient to convey the classical story of a damsel in distress and the hesatkdther.

Donkey Kong was also one of the first platform games. Due to tecHimitdtions, these early
platform game levels were constrained to the size of the screen. The next step in platform games was
side scrolling which removed these early lirtitas. As technology evolved, games such as Q*bert, in
1982, started to emerge. These games had an isometric view giving the illusion of being three
dimensional but were in fact still 2D gam@sgure3 - C)[8].



led the inscription, Fee fie foe
[sic].

In Narrow Corridor
You are in a long, narrow corridor
stretching out of sight to the west. At

the eastern end is a hole through which
you can see a profusion of leaves.

>n
You can't go that way.

>w

Figure3 ¢ (A) Colossal Cave Adventure screen; (B) Donkey KohgC) Q*bert in the arcad¢B].

The videogame fever continued until the vided Y S Q dof 10986]4TKis year was a turning point

for computer and console games. While consoles started to decline in popularitye bomputers
started to grow. This wamdoubtedlyfueled by the BASIC programming language and magazines that
shared videogame code for anyone that had a home comgdéier

¢tKS ynQa ¢6SNB fa2 Iy AYLRNIFYyd RSOFRS F¥2NJ OARS?2
In 1983 &hit consoles were releasedringing along more detailed colors, sound and processing
power. By 1987 18it processing was a realittaking another giant leap in thegeatures|[6].

In 1986 Nintendo released the game Metroid that would later leadnt@ny more Metroid games.

Metroid is an influential game not because of its narrative but, because of how it was able to deliver

a clear narrative through aesthetics. The game takes place in the Planet Zebes and through the use of

dark color pallet, eerienusic and sound effects anthe lack of dialogue, the creators of the game

instantly convey a clear message and the setting of the narrative: this is a harsh world and the player

is all alone(Figure4 - A) [7], [9]. Metroid also employed a technique used in other media, the
LINRGF3I2yAaiQa FIFOS 41 a O20SNBR YR yS@OSNI alLkRi s
themselves onto the role of the protagoni§i.

The Legend of Zelda, considettbeé forerunner of roleplaying games (RPG) was also release in 1986.

One of the main innovations brought by Zelda was a-ligar narratve. This feature was adopted

by many more games through the years and became an essential part of future TReGHluence

2T GKS 3IryYSQa Fryidlrae aStdAiy3da FyR Yd@Eidgues-8) aiets
[10].

MANY YEARS AGO PRINCE ,
DARKNESS STOLE %
ONE OF THE TRIFORCE WITH %
POMWER. PRINCESS X
¥ HAD ONE OF THE TRIFORCE %

¥ WITH WISDOM. SHE DIVIDED
¥ IT INTO & UNITS TO HIDE %
¥ IT FROM BEFORE %
¥ SHE WAS CAPTURED. 4

L INK

Figure4 ¢ (A) Legend of Zelda 198§61]; (B) Metroid[12].

Technology continued to evolve and in 1993 the internet became part of the public domain. This was
crucial to the sharing of information but also to the rise ofltiplayer games. The main boosters to

4



the popularity of these games were Doom and Pathway to Darkness also released iDd&®3Band
Wolfenstein 3D brought along the first 3D concepts for ga(regure5 ¢ A and B)At the time, these
games took place in a thre#imensional space buhanyof the game elements were still 2D sprites
[13], [14]

The following year savhe release of Warcraft: Orcs and Humans whidds one of the first strategy
games with detailed mission$his franchise would later lead to the development of the most popular
massively mulplayer online game of all timé&Vorld of Warcraf{5].

By 1996, as a successor of Doom, Quake was release. It managed to overcome the technical limitations
andall the elements in the game world werew 3D (Figure5 - C)

FLOOR| SCORE | LIVES a |HEALTH | AMMO

Figure5 ¢ (A) Wolfenstein 3013] (B) Doom[14]; (C) Quake [15].

Video games continued their course until 2007. This year was marked by the release of smastpho
and app stores. A new era begun in a new system with new features and restrictions. This new age of
gamming fueled an inevitable evolution in game interfaces as smartphones had smaller screens but
still needed to present a lot of information during garsessions.

Video game aesthetics have been a hot topic in the last few years as consumers and reviewers mistook
aesthetics for graphics (graphical fidelity). As technology evohlhedgraphical fidelity that games
achieved also improved. Thiglléo the creation of characters that were visually closer to reality and
moved them away from the uncanny valley. As this happened, games looked better and consumers
started to associate the technological evolution with better looking games. This made them ask for
better graphics and the game industry provided better graphics. However, many games that did not
look better with ths technological evolution anthjs led to many video games looking bland and
generic[16]. In the early days of the video game industry, audio, visuals, gameplay and narrative were
all on the same level or very close to each otheFigure6 we can see howegend of Zeldavolved

but kept the same aesthetic over the yeasghile all of them have come a long way, visuals and audio
are the ones that benefited the most from the tewblogical evolution. As these aspects of games
evolved they started to grow apart in cohesion since some developers and designers wanted to simply
incorporate the latest innovation into their games sometimes without care or tho[idit [17]



A
A

& 88KE

Figure6 ¢ Evoluion of Zelda through the yearfl1]

In the last two years, virtual reality appeared to be the future of videogames but currentbtarimg
to lose popularity due to its high costs aathck of games using this technology. Regardless of what
the future holds for videogames it will surely be entertainjéh

While the narrative is often an after though in many player versus player (PVP) games, it is essential
F2NJ LX I 8SNR& SYSNERA2Y FyR Sye22eySyido Ly GKAA 3T
developed.This was also important to define the setting of the game and its aesthetics.

2.1.1 THE EVOLUTION OF ATRGY GAMES AND TRHEE OF MOBAS

{ Ay 0SS GKS f halebeembieQaicampetivith @aSi\aEher and this led to the rise of player
versus player gags From this competitive atmospherewb game genregmerged,the strategy
games like StarCraft, Warcraft, Command & Conquer and first person sheotdraaidDoom, Quake
and Teanfortress. These gamesdlowed players to compete in arena where they cdd show off
their skills and knowledgj.8]. Due tothe scopeof the DARthe focus will be orstrategy gamesThis
genre can be divided in twgameplay styles, turbased(TBShand reaidtime strategy (RTS)

Turn based games come from the initial consadtgames. From the early gam&sch acheckerdo

the first multiplayer game, Empire, released in 196 In these games, players playturns where
each can decide where to move and what to dotleir turn and then wait for the other player to
play.There are many games thean fit in this categorywhile in Civilization, players can conquer the
world from a perspective of a god or an observerXConthe player is closer to the action and can
see theirtroopsup close and fe€like they are orthe field leadingthem. Even hough many games in
this genre have real time mechanjt¢kissubgenre focus more on strategy and planning than on quick
execution(Figure?).

A

Figure7 ¢ (A) Empire game scredii9]; (B) Civilization V gamepld20]; (C) XCom gamepld21].



Realtime strategy games on the other hand, create anxiety and adrenaline rushes which is something
that a lot of players enjoy. Games liBune II,StarCraftand Warcraftled to the creation otthis
subgenre[18]. In this type of gam® players &n deploy units and create structures under their control

to secure areas of amap acdnR S & (1 N2 & (i KadSd\aNd trBopsS Sirke€xde amount of tasks a
player must perform to be able to suain an RTS can be very demanding, complex user interfaces
had to be created tdnelp the playergope with this big challenggigure 8).

Figure 8 ¢ (A) Dune Il gameplaf22]; (B) StarCraft 1 gameplay; (C) Warcraft 1 gameplay

Some games also combine these two subger@e® of the most knowexamples are the Total War
serieswhich allows players to play boflubgenres at the sameéme. In a first phaseplayersare faced
with a map where they move around and stapying and exploring the worlth a seconghase they
must go ino battle,to conquemew territoriesor defend theirown. Before the battles start, the player
places their units on the map and once the battle starts it takes place in rea]2Bhe

With StarCraftand Warcraft, Blizzarceleased a Map editor, wherplayerscould createtheir own
levels and game ideas. liddnot take long for the most curious players to start creating their own
mapsand it was then that another gansibgenre came up, Multiplayédnline Battle Arena (MOBA

It started as a StarCrafhini-game called Aeon of Strifend then Defense of the Ancients, another
mod of a Blizzard game, Warcraft thHat continued to evolve this newubgenre (Figure9 - A)[18],
[24].

In thissubgenre the playercontrolsa single hero as part of a teaffiheobjective is to destroy the
SySyeQa ol asS dzaAy3a (KeiKSNRDaTidyakhdgogadetly elle§oni A Sa |
the LJt | @ SN A& I§amti® humbds df axiloAshgy caperformin a certainramount oftime.

Players have to managsaying as a team and evolving their hero as game pimgressegFigure9 -

B). Games such as League of LegdpBsandDOTAR[26]6 SNBE G KS FANRG ah. ! Qa NB
the Storm[27], amore recentMOBA changedsome of the base rulésechanics.Players no longer

needto upgradethe armor on their heroes as they level wand experiencés shared between the

team instead of being personal. Another MOBAth& dr LJ | @ SN A& | {([2B]SDesphe2 y 4 | &
not changing the game mechanics like Heroes of the Storm, SMITE chose to change the perspective of
the player fran an isometric view to a third person vi¢®8]. This completely changed the way players
experienced a MOBA
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Figure9 ¢ (A) Warcraft Il map editor; (B) MOBA map explanation

MOBAs were one of the big inspirationsthre board game.Since the board game shared many
mechanics and system with MOBAs, its interface will also be influenced byt¢himces of MOBAS.

The board game was createdth the goal of incorporating the most enjoyable mechanics from
existing games into a single cohesive experience. The digital game, had to go beyond this and provide
a new experience to players that hadesdy experienced everything that strategy games had to offer.

2.2 GAME INTERFACES

The interface is what allows the interaction between the player and the game[R8¢{{31]. Contrary
to popular belief, the interface is not just what che seen on a screen but, it also includes all the
controllers that help the player bridge the gap between the physical and the virtual y@&d

¢KS TASEtRa 2@ Y'Ra SINIASNI DNEAISHE S y O $he Ulds'la setof tboldB 2 F (i ¢
that the player uses to interact withe game. On the other hand, UX refers to how easy and pleasant

AG A& (G2 SadlrofArakK GKS AYGdSNIOGA2y® Ly 3IlFYSaz |
game interface and gameplay is blufB@], [32] Gameplay is defined as the emotionally positive
experience that users get when interaainwith the Ul and its visual elements, information
architecture and navigatiof29]. Sometimes, the interface mdye userriendly, while the gameplay

is challenging and, in other cases, the interface may be difficult to use in order to further separate
players based on their skill, without compromising the enjoyment of its audii@ie

In video game design, one of the most important things is to keep a player entertained and engaged
in the gam¢33]. Despite being fundamental, the Ul has been one of the few things that hagteeen
most neglected in the past fifteen yed@0]. Other fields, such as physics, artificial intelligence and
even 3D modeling have been constantly evolving in gd28, [30]

In manygames Ul design moves away from traditional Ul designs because it has to accommodate an
additional element, fiction, which is an avatar of the actual pld®4i. It becomes a portal to the
inside of the game bridging fantasy and reality. Through the years, terminologies have been used to
identify each type of interface depending on how linked te tame geometry and narrative they are

[35], [36] They are divided to four different typesdiegetic, nordiegetic, sptal and meta.

Diegetic interface elements exist inside the game and can be interacted with by the player or its avatar.

If this type of interface is well executed, it will provide a more immersive experience to the player,
enhancing their experience of$h 3+ YS® 'y SEFYLX S Aa GKS SIF3ItS ga
by Ubisoft37] wherethe playercan see targets and track patrols behind wéfigurel0¢ A). On the
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other hand, nordiegetic interfaces are the ones that are rendered outside the game world and are

only seen or heard by the player. Thewe the most common game interfag@sgurel0¢ B). Spatial
AYGSNFIFOSa INBE O2YLRASR o0& StSYSyda dykhdntityr NB Ay 2
of the game world itself, for example when the amount of damage done to a target inshaw its
head(Figurel0 ¢ ©. Meta representations in the interface are elements that can exist in the game

world but are not necessarily seen spatially by the player, for example blood spatter on the camera to
indicate the player has been damag@dgurel0¢ D) [34], [36]

fFar Seer Regulkut
100% 60

Figurel0¢ (A) Diegetic interface example! a a1 &8 & Ay Qa / N[Bs§ (8) Nondigdetts Riarfacd ADDXA22y(C) Spatial interface
¢ World of Warcraft Scrolling Combat Text; (D)eta interface¢ Blood Spatter in Call of Dut§89].

Game Uls come in many forraad should never be limited byagsic game elements, there is also
audio, animations and even game effects to make the player aware of what is going on inside the
game[36].

Video games often combine different types of interfaces to provide feedback to the player in several
ways. This feedback is sometimes redundant but, contributes to a higher awareness of the game state.
In the game being developed, diegetic, Adirgetic and spatial interface elements were combined to
provide a richer experience while still displaying all the necessary information.

2.2.1 EVOLUTION OF GAMEBRFACES

Over the years, there has been a trend on game Uls of the same genre. The simitatilids style,
screen layout and the use of Ul eleme[88]. Many game genres have been emerging, but the most
played are Massive Multiplayer Online Role Playing Games (MMORPGJjriRed&@trategy games
(RTS) and First Person Shooters (FR§)



MMORPGs have been using a standardized layout based on Everquest[d199§}2] and later
updated with the launch of another game, World of Warcraft (20@8), [44] This type of games
usually shws a health bar, an action bar and a mini map to help navigate around the open world
(Figurellc A and B) There are also a lot of player modifications (mods) that can be created for this
kind of interfaces, making the interface more versatile and deeply customigjlé/Nith these new
features, some researchers in the field of HCI think that there is a lot to learn from game Uls that can
help to create better Uls outside of the game indugé§].

FPSs have been presenting the same information since the first game of this genre was launched,
Wolfenstein 3D (1992) (health points, ammunition, armor points, escamd equipped weapons)
(Figurellc C and D)13], [35], [47] The launch bthe second FPS game, Doom (1993) brought new
controls[14]. As time went by, some interface elements started to emerge in this type of games only
in some contexts, showing up only when needed. They became part of the garitk sometimes

even mimicking a headgp display (HUD) in an aircraft and creating a more immersive gameplay
experienceg35], [47]

RTSs have been using the same set of controls antbtdents since Warcraft Il was launchi@@].

The Ul elements of these games include unit health bars, amount of resources, small action bars and
a mini map to improve strategy and navigation in the gaffigurell - E) This pattern has been
repeating on every Blizzard RTS and it has also been adopted by other RT#8amMssmentioned
previously, these games lead to the development of the MOBA genre. In these games, the Ul was
maintained and as they evolved, some mechanics were removed and so were their representations
on theinterface(Figurell- F)

LEVEL| SCORE  [LIVES | oG |HEALTH| AMMO

0 3 & 100/ 7

Figurell ¢ (A) Everquest Interface; (B) World of Warcraft interface; (C) Wolfenstein3D interface; (D) Counter Strike: GO interface; (E)
Warcraft lll interface; (F) Heroes of the Storm interface

Video games have been through a massive evolution in the last fexddebut interfaces have barely
evolved. This has its benefits but also its problems. On the brightaside players learn the interface

for one game genre they will be sufficiently proficient with other games in the genre through
familiarity. On the otler hand, innovation is often left behind or very slow for fear of straying too far
from the familiar. This would force players to have to learn a new interface for a genre they already
knew giving them the impression that this new game was needlessly matgal and inferioto the

others they already knew.
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2.2.2 HOW INFORMATION ISSPLAYEIN OTHER GAMES

Even thougthe gamebeing developeds a turnbased game it haseveralcomponents that can also
be found inother game genres-or the purpose of the DAR the research on how information is
displayed for the playefocused mainly on turibased strategy games but, it also included MOBAS,
(MMO)RPGSs and RTSs.

The main difference between the game implemented and the board game, is that each player controls
a tean ofthree heroesinsteadof having each player control a single hero. Bhardgame has a lot

of information that needs to be displayed at all timias, there is also a lot afontextual information

that the playermeedsthroughout the gameln this subsection, research was don@ged on the type

of information that is going to be displayed the digital implementation according to the board
gameQ@quirements (more information can be seenlihe Board Gamgection).The game haa hex

map. hthesegamesthis type of mapss shown in two different ways: a grid shown at all times or an
overlay of what are the boundari¢ke playercan move to. Foexample,in Might & Magid50], the

grid isalways presenbut in XCOM21], the movement boundaries are only showrhen the unit is
playing(Figurel?2).

Figurel2 ¢ (A) Might & Magic game grid; (B) XCom movement phase.grid

Team structuregsuch as buildingsgre represented in games 8® objecs inside the mapusually
with ahealth bar,aresource bar and other information as part of its spatial interf&a®.example, in
Heroes of theSorm [27], in addition toits health, each tower has ammunition, so it has a floating bar
showing theremaining ammunitior{Figurel3 ¢ A).

Since the early daysf multiplayer that teams are rapsented by blue and red colors. Usudllgndly
units are colored as green or blue and enemies as red or p(Fjgarel3- B).Team units areisually
represented in the interface as a series of portraits amaddition totheir avatar, they also show their
health and resource@~igurel3- C)

When a unit is selectedometimesit is possible to seeore information about it. Its list of current
active abilities, state (has played/is dead/othemnd alist of current negative and positive effects
(knownas cebuffs and buffs, respectivelyfhese effectsre sometimesaccompanied byanimations
to help the playeuicklyrealize what is going on witheir units (Figurel3 - D)[51]. Each unit is also
represented simultaneously in the map&3D object with information as spatial interfaieigurel3
-Band C).
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Figurel3- (A) Tower with ammunitions in Heroes of the Storm; (B) Enemies represented as 3D objects and with information as spatial
interface; (C) Units selected in Warcraft 3 showitigeir health at the bottom; (D) Water drops in Magicka representingthe element
affecting the player

The score is a very importapart in these gamesSomeof the mostpopularMOBAS have chosen to
showthe score like an FPS game, whére playerscan sedheir Kills, assists and deathSometimes
the score is also pd&ined at the bp of the screerfFigurel4- A).

RTS and MOBA games do not have a history list wherplayerscan seehe last attacks and recent
eventsbecause mre than 20 actions happen each secofithese are normally shown in the turn

oFraSR 3IYSaz 6KSNBE SIFIOK LXFe@SN) LXlea 2y0S FyR Al
happened. Hearthstonfs2] is a goodexample ofthis kind of gamesilt has a game history of the last

few playswhere each square on the side represents a player a¢kaurel4 - C).

Other interesting parts of the interface are the floating combat tekich gives instant feedback on
health lost and gaied for each uit and floating messages thatovide feedbackfor certain events
that the playemeeds to be aware dFigurel4 ¢ A and B)In fast paced games, using an ability is an
instant actionthe playerhas a target,pressesa key and done, ability used. In turn based gathes
process is a bit lengthier.dimally, playerschoose the ability, then choodbeir targets andfinally
decide whether to use ibr not. The resultis the same, bufor interface design it is completely
different. A good example of a turn based game where this is i®¥€omin which the playergoes
through the process described above and the ability pamelvidesadditional information such as
range and damag@-igurel4- D).
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Figurel4- (A) Score and Floating Messages on Heroes of the Storm; (B) Floating combat text on League of Legends; (C) Match history on
Hearthstone; (D)Target system in XCom 2

Outside of the gamethis interface should accommodate many more functionalities. Players should
be able to change settings in their game such as video, audio and key bindings. The interface should
also provide a way for players to see the information about their heroes and meatew ones. This
is usually done through atore. The gameHeroes of the Stormis a good example on how this
information should be displayeFigurels).

OB R

\ﬁﬁfhﬁﬁﬁﬁwj

N

Featured items

%{I TR L0
)

,—‘ ] staaeone
ksl

7] Moswer
2

[—: ROCKSTAR

Figurel5¢(A) Hero information panel; (B) and (C) Game Shop; All images from Heroes of the storm

13



While developingd KS 31 YSQa Ay (GablArawdf®mn diffesérit gdknbisl bijtalRays
consideringhe best way to keep the play&miliarwith it by using solutions fromvell-knowngames.

2.3 TEXTURING AND TEXEWRAPS

When thinking about textures, one of the first things that often comes to mind is color, because that
is normally the base of a textureplor. There are several ways to create a texture, from photographs
to painting them by hand. Textures are often thought of as a single image, but in fact they are a
combination of several layers (texture mapahich together form a shader

2.3.1 COLOR MAPS

The most common color map types are the Diffuse and Detail maps. Diffuse maps are the colors seen
on the model[53] They are normally used adase for the other texture mapand are created from
different photographs of realvorld materials. When there are no additional maps, the diffuse map
will also simulate shadow, light and highlight, all at oft6&]c[55]. For example in mobile game
development, where there are more restrictions in the amount of memory and CPU usage it is not
possible to use shaders that have more than two texture maps (diffuse and B&6p)

Detail maps are used to show additional detail when seeing the model up close. By using a tiled texture
together with a transparency map, it is defined where there should or shool be any detail as the
camera gets closer to the mod&i3].

2.3.2 TRANSPARENCY MAPS

Also, known as opacity or alpha maps, transparency maps are usually stored in the alpha channel of
the diffuse, specular ahlight maps. They are usually used for blending and for letting the texture map
know where to show a certaipart of its texturg53]. Since it uses the alpha channel, the only colors
accepted are a full gdient from white to black, where white defines the texture as visible and black

as completely invisible. This type of map is useful when creating hidden parts of a model, for example
for low-poly grass. This is accomplished by creating a plane whergdbs @xture is applied, and its

alpha map will make sure that only the grass image is visible, hiding everything else in th&jgjares (

16).

A

|

Figurel6 ¢ (A) Alpha Map; (B) Color Map; (C) Grass model in the game engine
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2.3.3 BUMP MAPS

Textures are not limited to color maps and can be use®® | y3S | fy2zad y& OKIyyY
material. In addition to the Bump map itself, the most commonly known are Normal, Displacement
and Height maps.

The first thing to understand about Bump maps is that the detail they create is an illusion. When
looking at the model up close, it is clear that the detail is actually not there, it only appears to be.

These maps are greyscale gradient images where the 3D model reads two things, white for details that
FLILISE NI G2 Llz £ dzLd G KS odetailythaR&ppedrdo pasding thes8rfadey R 0 €
[57]. Bump Maps are valuable when adding small details such as wrinkles, cloth texture and imprints.
Eventi2 dz3K (KS& R2 y20 OKIy3aS GKS Y2RStQa aAifK2dzsSa
massive difference, as long as the camera is kept at a safe distigaee7 - B)[54].

Normal maps can be seen as an improved version of Bump rRaps€l7 - A). And just like Bump

maps, the details they create are also an illusion, they do not affect the silhouette of the model. While
bump maps create this illusion using greyscale maps and only gadugioavn, Normal maps use RGB

(red, green and blue) information corresponding to the XYZ axis in the 3D world. The RGB colors give
the 3D application the orientation of where each polygon is facing, creating the fake &égagl7

- C)[53]. It is important to notice that there are two different types of Normal Maps, the Tangent
Space Normal Maps arlble Object Space Normal Maps. Tangent Space Normal Maps work best for
models that will be deformed during their animations (like charactefg)urel8 - B), while Object

Space Normal maps are usually used for game assets that do not need to be deformed, like rocks and
other static assetsHigurel8- A)[57], [58] Normal maps are not so easily createci@D Software

and are normally part of the asset creation pipeline where a normal map is baked using a high
definition version of the 3D mod7].

Figurel7 ¢ (A) Bump and normal Map aspecfs9] and their texture detail differences a 3D cubf9] (B) Bump Map in usd54]; (O
Normal Map in use

Displacement mapdo not create the illusion of detail. They are equivalent to Bump Maps and the
2yte RAFFSNBYOS 0SGoSSy GKSY Aa GKIFG GKS& | OGdz €
because of this, they use a considerable amount of resources at renderRigwd18 - C)[53], [57]

Height Maps are usually used in terrain meshes. They are equal to Displacement Maps, using a
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greyscale texture to define the topography of the mesh but modify the vertex height. Game Engines
2FT0SY dzaS GKSY (2 RSTFAYES. GKS 3AFYSQa GSNNIAY f I yF

Figurel8¢ (A) Object Space Normals; (B) Tangent Space Norfals (C) Displacement Maf$2].

2.3.4 SPECULAR MAPS

Spealar Maps control how light reflects on a surface. These
instruct the program on how shiny a certain area of a mesh
should be. Using a Color Map and changing the image levels
and curves it is possible to create a good specular map,
making it brighter to inrease the light reflection or darker to
reduce the amount of light being reflected. This map also uses
the alpha channel to define which parts of the mesh it will
affect (Figurel9) [53], [54]

Figure19 ¢ Shield model in the game engine w
light reflecting on the metal materiaJ145].

2.3.5 LIGHT MAPS

Light Maps are an efficient way to save hardware resources inside a gasterlmg all the pre
rendered lightning in it. The most common are Ambient Occlusion and Emissivg®3aps

Ambient Occlusion Maps are used to create soft shadows. These make the model look as if it was
illuminated with indirect light, likeon a cloudy dayRigure20 ¢ A and B). In the texturing pipeline,
artists add this map as an overlay of the diffuse orcsggr map, instead of being stored only as a
unique map[53], [64]

Emissive Maps are also known as Glow Maps. They also use the alpha channel to know where to apply
GKS GSEGdINB Ay GKS YSakKed ¢KSe NB dz&ASR (2 ONBI (8
surfaces around therfb3], [63] They are very useful when adding glow to details such as magic runes

and crystalsKigure20¢ C and D).
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Original model With ambient occlusion Extracted ambient occlusion map

Figure20 ¢ (A) Model without and with occlusion maps; (B) Occlusion Map exam[@lig]; (C) Emissive map example; (D) Model with
emissive map applied in the game engif&6].

2.3.6 CREATING TEXTURES

As shown previously, texturean be anymagethat give coloror details toa 3D object in order to
overcome the limitations of game engines and hardware which do not always have memory to process
3D models with a high number of polygons (check se@i6for more information on the 3D creation
pipeling).

There aremany waygo create textures. These range from creating therAdobePhotoshop67] to

taking photographs, scanning theamd even by using 3D applications like ZBfé68fto model and

render images. Although there are many ways to create textures for game assets, regardless of the
way we choose to create them, image treatment will always be irequ[69].

Adobe Photoshop is also very popular among game artists to create game art. Some use it to create
concepts while othergse it for detailed paintings of objects and characters. Due to it many tools and
capabilities, Photoshop is considered a standard in digitdbait It is also very useful when creating
seamless texture@a texture that can be tiled without any noticeable joining par&Sjarting from a

raw image from a photograph or online texture library it is possible to turn it into a pat@moe the

image editing software has been mastered, it is easier to achieve consistency among the textures
created. As such, a program similar to Photoshop is vital to create great textures.

When creating textures from photos, imagination is key. Regssd)¢the original photograph and its
context, it can be used to generate a texture in a completely different setting. For example, small
cracks on one surface can become large cracks somewhere else, a pebble can be turned into a
mountain. Even a small veran become a large sewer grg@9]. To ensure this straight forward
transformation of images it is vital that they have a larggolution and that they are captured without

flash.

When it is not possible to photograph, scan or accurately draw the desired texture, it is possible to
create the original object in 3D and make a texture out of it. This is an advanced method agé@srequi
additional knowledge in 3D modeling and software. The first step in this method is creating a 3D model
with incredible detail. Then, the model is painted, the shaders and materials are added and finally the
lights are placed. When all of the elementsre together, a high quality render is made and the image

is applied to a low poly model to achieve the desired re§6&$, [70]

There are several approaches to creating good textures. The texture laassto choose which
method to use depending on the resources they have available and the quality they wish to achieve.
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2.4 STANDARD UV PROJE®H VS UV MAPPING

There are two ways to apply textures to 3D models, standard UV projections and UV mapping.
Standad projections are very useful for assets with simple geometry such as boxes, metal drums and
other assets that lack organic shape. On the other hand, UV Mapping is mostly used for organic assets
such as characters, animals or even trees but, it can asapplied to simpler models to provide a

more accurate texture to the mod¢r0]. This process consists in placa@D texture on a 3D mesh.
Thetwo-dimensional texture coordinates correspond with the vertex informatibthe geometry

As the name implies, in projections, the textures are projectett the surface of the 3D object. There

are four different types of projections, planar, cylindrical, cubic and spherical. The planar projection is
useful when recreating objects that we perceive as planar such as sheets of paper and posters but if
the object is not completely flat, it will stretch the texture creating unrealistic results. Planar
projections are also useful to mimic 3d objects using 2d planes. This type of projection is often used
in video games to create grass and foliage that looks gabadnsumes very few resourcdsigure

21 ¢ A, B and C). Cylindrical, Cubic and Spherical projections are most suitable for objects with these
shapes. Using any of these projections in other shapes will create distorted textures that will lead to
undesirable and unpleasant resul&dure21 - D)[70], [71]

o
N

Spherical

Planar Cylindrical

Figure21¢ (A) Tree wireframe on the game engine; (B) Cadoid alpha textures; (C) Final Tree on the game engine; (D) Example of each
projection.

To overcome the limitations of UV projections, UV mapping is used. The first step to UV mapping is
deciding whether to use the automatic UV layout created by the 3DiGgijon or a manual layout
created by the artistRigure22 - A). The main limitation of automatic UV layout is its inability to
accurately predicthe best place to divide the 3D model. This often results in seams in undesired
places such as the middle of the face instead of the desired back of the head, considered the standard
[71]. Despite this, automatic UV layout is useful for models that resemble geometric solids. On manual
UV mapping the artist divides the surface of the 3D model into several areas. The botbdesef
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areas is called a seaamd seams should be applied every time that there is a change in the material,
the color of the texture or if there is a right (90°) angle. One very important consideration is that seams
should always be placed in the least visible sections of the moelgtsdless of how good they are.

To improve the quality of the seams, padding should be used. Padding will allow the artist to blend
the two sides of the seam in order to reduce its visib[lt®]. A common practice when mapping the
UVs is to overlap identical clustdrsgain space in the map. This creates more space on the map for
other objects allowing the overall map to be matetailed and saves the artist time since they only
have to texture that cluster oncéigure22 - B).

207 UY Islands generated in 1.59 seconds!

Figure22¢6! 0 a2 RSt Q& dzy NI LJ YI L) O2f 2NBRT 6.0 {AYAfI N OftdzadSNE 2@FSNI I LL

Keeping all of this in mind, texturing should only be applied to finished models as any change to the
model will force the artist to repeat at least part of the texturing process.

2.5 ANIMATION APPROACHHNSAMES

Animation brings 3D to life. Animation is tgally approached in three different ways, kiggme
animation, motion capture and procedural animation. In addition, these approaches can be combined
to achieve better results.

In keyframe animation, animators decide how objects are animated in spdciines, the key
frames. This usually means that there will be at least two-fk@yes, the initial and final state.
Additional keyframes are added to improve realism and to provide a smoother movement. These
additional frames can be added manually or auvsaiically by software. The main advantage of-key
frame animation is that it can transcend reality which allows animators to produce animations that
would be impossible to capture. On the other hand, this is still a very lengthy process despite major
advanements in both technology and techniqugs].

Motion Capture is ideal to capture reality. It captures the movement of actors so that it can be mapped
to virtual charactersmaking them move just like the actdfs4]. Motion Capture can even record
extremely detailed animations such as facial expressions. The main disadvantage tgpehisf
animation is its cost, since it requires expensive equipment in addition to large spaces and actors. The
main advantage of this type of animation is that it provides instantaneously results and with the
advancements of technology there are somedowst solutions such as the Microsoft King@&]. Then

again, these solutions lack in accuracy and require an animator to polish the aninj@8prsnother
disadvantage of motion capture is that actors are only part of the team for a short period of time,
further increasing the cost of modifying or creating new animations. Despiimmon belief,
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animators are still required when using motion capture in order to improve the animations themselves
and to overcome the physical restrictions of motion captii4)].

Procedural generated animation is used to simulate the effects of the environment on an object. This
new type of animation is used when it is not viable to animate every aspect of an object as it reacts to
the virtual world such as clotmoving in the wind. This has proven to be extremely useful in video
games since animators no longer have to animate a multitude of possible scenarios and it also
generates slightly different results every time, reducing the possibility that the playgaines) will

feel that the movement is unnatural or repetitifé3], [76]

In spite of the major advancements in animation technology;fkame animation still remains as the

most popular form of animation in the g# industry[76]. While creating the animations for this

game, all three types were used playing to each of their strengths. To keep players engaged and
interested procedural generated animations should be considei@dunanimated objects and for

any animationsthatar®2 ya i yadft & NBLISIF SR (K2dz3K 2dzi GKS 3IY
FyR SESOdziAz2y 2F [oAfAGASaEaDd ¢KAA Oy 0SS I OKASOSF
clothes, hair and accessories.

2.6 GAME ASSET CREATICBNANDARD GAME INBTRY PELINE

In the gamédndustry,there is a standard pipelingigure23) to create a 3d model ready to be used in

a game engine. The 3d model can be anything from aacierto an environment asset. Although it

is considered standard, different companies use different sets of software tools to achieve the same
final product. This section is based on the information that game companies disclose and also in
professional gelines created by 3D game arti§f§]¢[80].

g4 Create Model
Base Mesh High Resolution Model Re-topology
Integrate into
Game Engine [}

Figure23 ¢ Game asset creation standard pipeline.

Add Textures

Texture
Projection

Rigging Skinning Texturing

2.6.1 CREATING THE CONCEPT

The first $ep in creating any 3d model is to have a conosptich, is a series of sketches of the idea
being developedit is the most crucial phase because, if the concept is wrong then the final product
will be wrong as well. In this phase, modelers, concepttaréind creative directors work together to
ensure that a shared vision is created qui¢KE]. Concept design can be seen as a way of prototyping.
Several concepts are created until the team is happy with tfé8h These concepts are usually made

in paper and quickly converted to a digital medium. Here, Adobe Phojois one of the first choices
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to begin coloring the concepth.is also important to consider the type of surface the model will have,
organic, hard surface or a mixture of both, as this will help to improve the quality of the cdii@pt
When the concept is approved by the art director, it is sent to the 3D artist that will start to divide the
concept into different parts while getting as many material and picture references as possgules(
24)[77], [78]

Figure24 ¢ Concept Art of a Persian Warrior from Art BylProductiong81].

2.6.2 CREATING THE MODEL

The next step is creating the base mesh of the molehesh is a group @blygons and a polygon is

any twodimensional shape, the most common are triangles which are shapes formed by three
vertices and quads which are shapes formed by four vertiiaste are two ways to accomplish this,
A0FNIAY3 FTNRBY | dalpheviodsl dréadGbase dzedBdiire2s -M). Thislghddce is

up to the 3D artist. If the model is something similar to an already existing asset, the asset can be used
as a starting point. If instead, the artist is starting from scratch, they will usually start from a primitive
form, such as a cube aylinder. At this stage, the artist uses Blender, 3dsMax or a similar program to
create that base mesh. The most crucial rule during this step is ensuring that the base model is only
made up of quaebasedpolygons(polygons with four vertices), no triargg or Ngons (a polygon with

more than four verticesHigure25- B)). This will ensure that in the next steps of the pipeline there will

be no problens when subdividing the base mesh or renderinfy4], [82], [83] Some companies
already have vast libraries of base meshes that can be used as a starting point for new assets. This is
convenient as it will significantly speed up this part of the process. For exampl@, eveating
characters, staring from a human base mesh will save valuable time and often resources that can be
redirected to other areas of the development.

Once the base mesh is finalized, it should be exported as an O@Jifieethat has all the datof a 3d
geometry, such as position of each vertices and texture vertises) can be imported in Zbrush,
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Mudbox or other sculpting program in order to create and provide detail to the high poly médel.
sculpting software is any software that allowgthser to sculpt on a 3D model as if they were sculpting
clay in real life where the clay tools are the brushes inside the softWargroduce the detail, the
mesh will be subdivided several times, hence the need to make sure the mesh is only madgaripoly
with four-vertices. As each subdivision is made, more detail is added, as skayuig25- C. As detall
increases, so does polygon count, aa¥eral 3D applications cannot handle this many polygons like
sculpting programs do. To prevent the 3D applications from running out of memory, the model is split
in different parts to be imported later on 3DsMax, Maya or a similar program for the ngxirsthe
pipeline[77], [79], [84]

Figure25¢ (A) Base Mesh example; (B) Difference between quads, tris agims[85]; (C) Mesh subdivision phases in Zbrysh].

Once all the detail has been added, tigided parts of the mesh are exported again as OBJ files, this
time to be imported back to 3DsMax, Maya or a similar program.

This is the time to réoplogise the model. Computers and game engines do not have the capability to
render models with millionsf polygons, nor can 3D artists afforddpendthe extra weeks attempting

to animate those kinds of models so, a more optimized mesh is req(ifféd [79] Retopology
consists in creating the final low poly meslat has the same silhouette as the high polygon mesh and
that can then be used inside the game engiibere are different plugins and techniques to ackiev

the final product of this step. These range from creating a low polygon mesh on top of the high polygon
model[79] or, using an automaticl generated low polygon mesh from Polygon Crusher, a common
plugin used in the game industfy7]. This final mesh will be used to animate and rig, so it is vital to
consider how the topologfthe way the polygons are connected to each othisrpeing formed. There

are different guidelines that should be followeeigure26) to achieve good deformativand decrease

the odds of having issues on rendering tif8&]. A good understanding of the human body (when
creating a human character) and how the bone structure affects its muscles is a plus when creating
this mesh [79]. As previously mentioned in other steps, the models should not have any Ngons or
triangles, since these will make thaimatingprocess far more complex.
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Figure26 ¢ Tips to get good topology while modeling charactdB¥].
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The next step of the pipeline is to unwrap the mesh. When creating a charactarrhovie, each
section of the mesh can have a separate UVW. Unfortunately, game engines only allow a single mesh
to have up to two UVW maps. As such, texture artists will have to consider which sections will receive
more attention from players and giveém more UVW space (more detail) at the cost of losing detalil
(UVW space) on other sectiof®’]. The unwrapping process consists of creating the UV maps for the
mesh and making sure that all the polygdrave similar sizes to be able to accurately texturize it in a
future phase. As UV Mapping was already explained in detail ilstéedard UV Projections vs UV
mappingsection it will not be approached any further in this section. Unwrapping can be accomplished
by any modeling software, such as 3dsMax or Maya but also in a sculpting software like Zbrush.

2.6.4 ADDING TEXTURES

2 KSYy GKS Y2RSt KFra 0SSy dzyoNI LILISRZ AG A& NBI R
it. To achieve this, it is important to ensure that the low resolution mesh has the same silhouette as
the high resolution mesh in order to capture all oéttetails on the projection modifigi77], [79],

[88]. Using a program such as 3dsMax or XNoriig&lst is possible to render the details of the high

poly mesh to the low resolution mesh through textures, this process is also known as baking textures
[78]. In other words, this process will create a Normal Map to save all the details, like stiches, wholes
and cracks, an Occlusion Map to store all the information related to shadows and a Diffuse map for
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the colors Figure27). Applying these three maps to the low poly model will completely change its
detail without adding any more polygons, making it look like the high detailed mesh.

High Poly Low Poly Low Poly + Normal Map

373 414 Polygons 1542 Polygons 1542 Polygons

Figure27 ¢ How using Normal and Occlusion Maps can give a lot of detail on the final low polygon model

At this point, the model can finally be textured. There are several routes at this point and this is where
the pipeline diverges the most. Some companies prefer to use the common Photoshop workflow,
where the baked textures are imported to Photoshop, tleelasion map is used as an overlay of the
diffuse map and the detail is patiently added in different layers to the diffuse [Ti&ja[79]. Some
companies prefer to texture the model in a 3D environment, like Zbrush, Mudbox, Q8del
Substance Painter 3[91] or Deep Paint 3[[92] where it is possible to paint and see the resulting
model in real time, so detail is actually painted on top of the m¢deé]. Other companies prefer to

use a mix bboth methods, they start by using Photoshop to correct any imperfections in the normal
map, add textures to the diffuse map using the occlusion map as an overlay and even create new maps
like specular and emissive. When they are happy with the bases¢tih@y use the 3D model painting
software to add additional color detail to it, making the model even more rea|i&ti; [78]

2.6.5 ANIMATING

When working with a static model, at this point it is redadye exported as an FBX f{file that has
everything an OBJ file has and more, such as animations and skeletorm@tafer imported into

the game engine. However, when working with models that will be animated, such as a car or a
character, theraare still three steps to go. First, a skeleton must be crettdak able to connect the

mesh to an animation. Game companies usually have their own custom skeletons but some also use
0KS RSTlLdzA Ga FTNRBY &a2Fi66+ NBZ &dzOmanK[@7], BX Shese Ra al E
skeletons do not necessarily have the same number of bones as a human or animal skeleton. The
standard humanoidskeleton has: a head bone, a neck bobetween two andhree spine bones, a

pelvis and for each side of the body there are also a hip bone, upper and lowsarleg, uppeand

lower arm bonesThe bones of the hand are fused into a sinlgme as are the foot bones. On the
hands the number of fingers can range from one to five and their number of articulations from one to
three. Toes are generally represented by a single bBig(e28 - A) [93].

Rigging is the process of adding controls to each joint of the 3D skeleton, which can later be used by
the animator to easjyl animate the model. Aere are 3D programs that can help character riggers
achieve this fasterfor example, in Maya, it is possible to create the bones aittomaticcontrollers.

When animating, if the controller is moved the bones follow. This makesthvement more realistic
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lower arm and finally its wrig83].

When the rig is created, with all the constraint limitations of how far it can stretch, how much it can

bend and where ibends it is time to tell each bone which part of the model will it affect. This process

is known as skinning. Feach bone, weights are assigned to the vertexes in the mesh. For example,

Ay I OKIFNIXOGSNE G2 Y2@8S Fy IIN¥Y ¢6KSy GKS ai1StSiazy
mesh to it. A higher strength needs to be assigned to ensure that the mesh etetggbllows the

skeleton. On the joints, the weights must be evenly distributed between the two bones that create

the joint so that when it is bent, it deforms properlyigure28 ¢ B and ¢[79], [83]

RightArm He dd LeftArm

AightForeArm LeftForeArm
quth md Ll >ftHand

§—— spine
<@—— Hips

RightUplLeg LeftUplLeg

RightLeg LeftLeg

Rightl’oot—’; 6 Q— LeftFoot

Figure28 ¢ (A) An example of a standard skeleton (downward arrows show where additional bones can be ad@dnd (Cpkinning
Envelopes and how they should have their weiglfi€st].
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some will animate the model in a 3Pogram, some will animate it inside the game engine and others

will use motion capture data on the character bong®]. Animators usually eate loopable
animations to be able to use them inside the game without having to create long keyframed
animations. For example, to be able to animate a character walking, all an animator needs to create

is two steps of the character walking and then Idlbem for as long as needed inside the game engine

[83]. When all the animations have been integrated into the model, it is ready to be impottethe

game engine to undergo poeprocessing, such as lighting and animation transitions.

2.7 SOFTWAREOOLS

Due to having to creatall the game assets, reach was requiredo better decidewhich software

had the functionalities required to accomplishabapart of the3D pipeline processThe selected

programs must be able to complete at least one of the tasks in the 3D asset production pipeline and
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to the limitations of theGIR
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2.7.1 3D MODELING, RIGGIRGED ANIMATING 3DS MAX VS MAYA LT BISENDER

Currently, video game companies use different software in their game assets development pipeline.
From modeling to sculpting, there amanytools from which bey can choose fronAlthough there

are many more toolavailable the focus will only be in the three most popular modeling, animating

and rigging Theyare 3ds Max95], Maya[96] and Blendef97].

3ds Maxand Maya belong to Autodesk and are the tool of choice for several compadrtiese isa
version of Maya targeted for indie companies, Maya Lite (May#98]. Thebig difference between
themis that Maya can also be used for rendering highlitpianages, dynamics and physing it also
integrates python scriptingvhile MayalL Tis aimed at game development since it contaah®ost all
the tools needed tproducegame assetf99], [100] Considering that Maya has all the functionalities
of MayalLT and more, only Maya will be considered.

3Ds Max is known for its powerful modeling tools and vast modifiers library, that allow anyone to
create complex 3D modie with a fast workflon[101]. Furthermore, it has an easy to learn User
Interface (Ul), making it easier fareixperienced user§-igure29- A). Along with its UV editing tools,
combination of unlimited number of textures and different projection methods, 3ds Max is a great
tool when looking for an application specifically fmset creationOn the other hand, Maya is less
forgiving when it comes to modeling complex assatsl has a more complex UFigure29 - B).
AlthoughBlender is not used often by AAA companies as the other software, it is used by many indie
game developers since it is one of the only free tools available. Blender is known for its very intuitive
and easy to understand modeling workfldgd02], but it lacks in its UIFgure29 - C), being very
unintuitive for a new userThe only downside of 3dsMagontrary to Maya and Blendds that it is a
Windowsapplication only without any crossplatform integration, making it impossible to use on
Linux or OSXL01], [102]

Figure29 ¢ (A) Autodesk 3DsMax 2016 interface; (B) Autodesk Maya Lite interface; (C) Blender interface
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When it comes to animating and rigging characters, 3dsMax has one of the best character animation
tools available. The user can choose between Character Animation Tools (CAT), Biped and MAX
customizable bonef 03]. Between the three, Biped is the easiest to use, since it isitmmeated way

of creating a bone system. CAT was created in an attempt to replace the biped, providing a bigger
toolset and more animation controllers and finally, MAX bgmes be used when creating a custom

rig to be fully animated by hand, which is nibe case irthe DAH103]. Both systems (biped and CAT)

allow the layering of animations and the use of motion captags, which will both be used in this

work [104]. While Bipedis an old system, is very good for twdegged characterbut it falls short

when trying to rig animals (even though it is possible to add additional bones to it). CAT excels both in
animal and humanoid rigging and even includes a muscle systeising some realism to the
animations(Figure30- A). On the other hand, CAT is extremely unstable and will likehc3dsMax

without any reasorj104]. Maya hashe HumanlK skeletgrsimilar to theBiped and CAT in 3DsMax,

which creates a standard skeleton and I#te artistmap all the bones stheyOlF' y dza S G KS 02
controllers later. This featuralongwith Motion Builder allavs the artistto use motion capture data
later (Figure30- B). This is one of the big reasons why Maypréferred duringthe rigging process
and why so many game development companies use Mayafortunately, Blender is the one that
falls behindhere, sincethe only possibility is to create a skeleton from scrattle, armature, which
works aghe MAX bones featurallowing the integration of motion capture lat@figure30- C)[101].

Figure30¢ (A) Maxbone, biped and CAT in 3DsMax; (B) HumanlIK in Maya; (C) Armature in Blender

As for skinning tool8dsMax has two modifiers, Physique and Skin. Physique is a very old modifier,
created when the first biped plugin was created and has not been updated for several versions. The
Skin modifier has surpassed Physique in how easy it is to useythieerof additional functionalities

andin its reliability. Currently, nearly everyone skinning a character will use the Skin modifier in 3ds
Max (Figure31 - A) [103]. Mayaand Blende have similar tool$or the Skin modifier, name8&mooth
Bind(Figure31 - B)and Skin modifier respective{ffigure31 - C) In the end, the three tools work in

the same way, the borsapply weights to the meslfil05].

Figure31¢ (A) Skinning in 3DsMax; (B) Skinning in Maya; (C) Skinning in Blender
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Although 3ds Max is a good tool for animation and rigging, Maya is the tool of choibe$erspecific
functionalities. Still, any animation can be accomplished on either software. Maya will still be more
powerful when it comes to animation and rigging since it provides a superior amount of tools including
MEL and Python scripting which wilbke these functionalities even more customizajdl@2]. Since

2014 it has been evolving armtinging with it great reopology tools and a faster workfloyL01].
MayaQ strengths are in its scripting lgnages, rigging and animation tools, while its weakness@s lie
the lack of polygon work creation workflow due toliteited Ul and repeated creation of-ijons.

Being a free software, th8lendercommunity has grown and there is a considerable amount of
information and support about this software on the internet. Blender is amalhe tool, it can be

used to model, animate, sculpt, rig and even create a game because it has a rudimentary ga@e eng
on it[102]. However, since it has every single functionality, it lacks a bit on evegytbespite this,

its modeling workflow outshines both 3ds Max and Maya. As for animating and rigging, Blender has a
bit more depth than 3ds Mawhen working with keyframes

Table 1 compares and ranks the three software packages through their characteristics and
functionalities from 1 (very bad) to 5 (very go@dnsidering the information gathered on them

Tablel ¢ Comparisorbetween the three most popular software for modeling, animating and riggifig very bad; 5 very good)

Software/Functionality 3ds Max2016 Maya2016 Blender2.77

Ease of use
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be required to learn how to use 3ds Max dueto ch&d (G KS Yl adSNRa O2dz2NESa |
software takes its time, 3ds Max 2016 was used for modeling, animating and rigging.

2.7.2 3D SCULPTINZBRUH VS MUDBOX

oR& alEQ& Y2RStAy3 OFLIOAfAGASE OFly 2yféorR2 a2 )
or objects, 3ds Max is a good choice, on the other hand, when creating detailed characters with details

such as cloth stiches or skin imperfections, 3ds Max starts to fall apart. To accomplish this, it is better

to use a Sculpting software that can h&madvorking with millions of polygons at a time without

running out of memoryThe most popular are ZBruBbm Pixologi¢68] and Mudboxfrom Autodesk

[106]. Both work on Windows and OSX.
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Zbrush is a very powerful tool but it has a very complex interfaigure32). After getting used to it,

it is easy to get lost in the vast amount of brushes available (both inside the program and created by

the community), offering the look and feel of creating alreaulpture.The pen pressuréis a system

that imitates a fountain pen, more pressure is translated into a wider and deepenloré&® perfectly

both in sculpting and painting and being able to create custom bruatidsa new layer of creativity

that Mudbox does not allow. In Zbrush, when the topology of the mesh is modifiedhenit hasto

many polygons 0@ dzaAy3d %oNHZAKQa %»wSYSaKSNI FSIGdz2NB Al .
mesh Thisredueesthe number ofpolygonsand makeghem all ofthe same size, allowing the mesh

to have a perfect topologyasshownin Figure33 [107]. This process vasthjecreaseshe amount of

time spent on fixing modeling issues.

Even though ZBrush does not belong to Autodesk, they have created a [hagin thatconnects
Autodeskprograms to it, allowing the modeler to save a file inside ZBrush and refreshing that same
file in 3ds Max, for example. The only down side of ZBrush is that there is no student or free version,
there is only a 9@lay trial version available.

One of themost important parts of the sculpting pipeline it to create a low definition model with
optimized topology. This new topology will be used as the final mesh inside the game and this process
is known as ré¢opology. Both ZBrush and Mudbox have methods thaiport this featurg107].

Since Mudbox belongs to Autodesk, it has a very similar interface to 3d¢Hidaxe32). There is no
need for any plugin to integrate with the other Autodesk applications but unfortunately, it does not
allow creating a base mesh from scratch. Anothewdside is the lack of support for different pen
pressure tablets, as it only supports Wacom tabJéG8].

! ==l l*<kmz=ROne
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=
Figure32¢ (A) Zbrush 4R7 Interface; (B) Autodesk Mudbox 2016

Mudbox really shines is in its texture painting features. It supports the creation of different layers for
different texture maps where each map is assigned to a material and each one canuitipke layers
blended together, like in Photoshaphich can be seen iRigure33. Since it is based on layers, it is
possible to see the effects afaps like emissive and specular in real time. Another big advantage is
being able to use textures that do not depend of the model resolution, like in ZBrush, where a low
resolution texture will be resized to paint a high definition sculpt, distorting éx¢ure imagg109].
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Figure33¢ (A) Zbrush Zremeshe110];, (B)Mudbox texture layerqd111].

In the game industry, nearly all companies use a mix of ZBrush and Mtadbexable to create their
high detail models. There are even some that only use ZBrush, since it allows everything Mudbox does
except for the high quality texture maps07].

Based on the information reviewed previouslable2 compares and ranks the two software packages
through their characteristics and functionalities from 1 (very bad) to 5 (very good).

Table2 - Comparison between the two most popular software for sculptifg- very bad; 5 very good)

Software/Functionality ZBrushiR7 Mudbox2016
Ease of use 2 4
Base Mesh Creation 5 N/A
Sculpting 5 3
Texture Painting 4 5
Retopology 4 4
Peripherals Support 5 2
Available Information 5 4
CrossPlatform 5 5
Price 1 5
Total 36 32

Since there was no previous knowledge in either software and that the pen pressure features on
Mudbox did not work withthe drawing tablet being used, Zbrush4R7 satectedto createall the
high detail models.

2.7.3 TEXTURING 3D OBJEGEBRUSH VS PHOTQ@®%H

Since Mudbox was discarded due to the fact that it did not support the drawing tablet (ssed
section abovefor more information), only ZBrush and Adobe Photosli6p] will be compared
regarding tkeir painting features.

Models have many sides and the computer does not have the knowledge to correctly add a 2D texture
to it, it is important to create a UV Map for each model (for further information cheskturing
section)[112]. That is the reason for adding Photoshop to this comparison.
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Photoshop is an image processing software. Among many other things it allows the user to create high
detailed textures from scratch. The fact that it supports layers, considerably improves the workflow,

as it allows the use of clipping masks that ensure tmdy the desired areas can be manipulated. One
application of this is to create muitiolored models This provides a quick and easy way to modify
and/or update texture maps. This is also useful to create the sapaelwith different color schemes

whichis very popular in videogamets,0dza i 2 YAT S ' yR I RR (KS Iabdele SNDa
(Figure34).

Figure34 ¢ Different color Maps for the same model

On Zbrush it is possible to paint directly on the 3D model. This is also possible on Photoshop but it is
much less intuitive and requires an additional software pack, Adobe Photoshop Essentials. This is very
usefulas the artists can see their end product in real time while they work on the textures. However,
the lack oftexture layers, considerably hinders the ability to maintain or modify textures once they
are finalized. To perform this task, the artist is reqdite have additional third party programs. The

lack oftexture layers, also forces the artist to fragment their work into several files as they cannot
create different texture maps in a single file (diffuse, specular, emissive, among others).

Consideringlte previous experience with Adobe Photoshop and that a student license account was
available, Photoshop wa®lectedfor this part of the production pipelinén Table3 the two previous
software packagesre compared and rankeftom 1 (very bad) to 5 (very goodpnsidering the
information gathered

Table3 - Comparison between the two most popular software packages for textgr(t - very bad; 5 very good)

Software/Functionality ZBrusR7 PhotoshopCS6
Ease of use 2 4
Use ofTextureLayers N/A 5
3D Model Visualization 5 3
Ease of modification 5
Price 1 5
Total 10 22
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2.7.4 POPULAR GAME ENGIMESNREAL ENGINE 8 VRYENGINE 3 VS UNID %

One of the most important things to consider while developting DAPwas which game engine to
use. The most famous are Unreal Engine 4 (JH&), CryENGINE V (CE3)4]and Unity3D 5 (Unity)
[3]. At the end of this sectio;able4 compiles and compares the features of each gamgiree and

awards each one a score according to the neede®@DAP

Since none of these game engines had been previously used in other courses or projects, ease of use
was one of the main selection criteria. In this aspect, Unity shines the brightesttsvithsy to use
interface, well documented API and many official courses and tutorials available for free. Unity also
has an easy to use drag and drop system to create the game intdfab¢ Despite the usability
improvements that came witlJE4, it still falls behind when compared tdnity [116], [117] CB/ is

an advanced game engine recommended for users that are already experienced dthgaime
engines. It has very steep learning curve making it amreasonable choice as a first game engine
[115]. While all of these game engines support the same features, one of thedif&rences is that

while inUE4 andCE/ the user has instant access to all the properties of an asset, in Unity the asset
only has the necessary properties to use it as is and all the other properties can be added as is shown
in Figure35[117]. When compared to UnityJE4 andCE/ also fall behind on their documentation.

Figure35¢ (A) Unity3D cube properties(B) UE4 cube propertiefl17].

Until the release of Unity 5, graphic fidelity was one of the main strengtliseodther two engines

Although Unity is still behind, its current version can compete head on with the other two engines. To
demonstrate how far UnityShasc@® G KS ! yAide GSIY odaAtd | akK2NI ¢
showcase the power of Unity B18]. In Figure36 it is possible to see the quality that each game

engine can achieve. Considering how powerful UE4 and CE5 are, it is no surprise that their editor also
requires far more resources than Un[y19]. While Unity is the current standard for 2ibd small 3D

games such as mobile and indie games, UE4 and CES5 are still the standard for large open worlds and
triple A quality gamegl15], [120]
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Figure36 ¢ (A) Adam made in Unity3D §118]; (B)Crysis3 made on CHB1];, (C)Doom 2016 made on UH422].

All three game engines have an asset store. This is very useful as the assets in these stores can be used
to significantly reduce the production time of video games. Although all of these online market places
have an extensive catalog, the Unity Asset store is the biggest and usually the most afffitible

Each of these game engines has employed a different monetization strategy. UE4 is free and
develdJSNA KI @S y2 0O2aia dzyf Saa GKS& SINYy Y2NB (KIy
per game at which point, they have to pay a 5% royalty to Epic Games on all of their sources of revenue
[123)0 / 9p st a | yS¢ YAtSadz2yS F2NJ / NBEGS1 O6RSOSt 2L
g Iy G QJ124]fThisyallows everyone to access CE5 without having to invest into a software license

they might not use and the fact that it has no royalties makes it more appealing than UE4. Finally,
Unity3D changed theimonetization strategy but not their plan. The full game engine is still available

for free for yearly revenues of up to 1000USH93c H H @ n)evifile additional functionalities and

services can be purchased using a paid plan. Like CE5, Unity dobsnyet royalties.

When choosing which game dng to use, at the start of the GIBnity was instantly favored since at
that time it was the only game engine which had no costs. Another motivation to choose Unity was
the release of Hearthstone: Heroes ofWiraft by Blizzard Entertainmef2] which was developed

in Unity and shared many mechanics and systeiitls the game developed in the GIPinally, Unity
natively supports seval 3D file formats instead of being restricted to FBX, which greatly improves
the workflow[115].

33



Table4 - Comparison between the three mentioned game engin@s very bad; 5 very good)

Software/Functionality Unreal Engine 4 CryENGINE

Ease of use
3D Programs Integration

Graphics Quality

Asset Store

4
4 4 5
5 5 4
SystenmRequirements 3 3 5
3 2 5
Documentation 3 2 5
4 5 5

Price
Total 26 24 34

With all the information that was reviewed so far, it is possible to understand the importance of
narrative and aesthetics in games, how games display the informatiatheir interface and what
types of prototyping techniques should be used. The game asset creation pipeline for the game
industry, which was reviead, will be used throughout the DABDsMax 2016 will be used for
modeling, animating and rigging, whilerdbh 4R7 will be used for digital sculpting, and Photoshop
CS6 for texturizing. Unity3D will be the game engine used to develop the digital game.
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3 THE BOARD GAME

As mentioned previously, the board game was used as the foundation of the digital game being
developed. The board game is played between two teams, with one to three players. Each team
controls three heroes and their goal is to destroy the enemy towers. Lastly, each team has a pool of
resources shared between all their heroes.

The game takes plade a hexagonal map which does not cover all of the available area. This map is
symmetric and has four towers, two for each tedfiglire37¢A). Therh LJIQ&a GAf S&a | NB y2 i
There are tower area tiles, normal tiles and spawning tifégure37 ¢ B). Each tower is represented

by an object tlat has information about its health, damage and the team to which it belongs.
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Each hero is represented by a token on the map. Alliff@rmation related to it is contained in its

KSNE aKSSid ¢KS KSNR akKSSi KIa GKS KSNRQa ylIl YS:
if the hero has already played, the types of abilities that the hero can unlock (polarities), which unlocks
award resources and which abilities are unlocked, have been used and can still be used. Each hero can
have a maximum of four abilities unlocked at any time, although each hero can choose from a total of
eight abilities. The hero sheet also contains the edafthat empowers the hero and which element

is currently affecting the herd={gure38- A). Hero abilities are divided into three polarities, damage,

utility and ultra. They also have a title, a description, a cost, a minimum and maximum range and, if
they are a cycle, a counter or a normal abilfygQre38- C).

Il SNESaQ StSYSyida 3INIyd |00Saa G2 2yS 2F (GKS FA
corresponding theme and purpose. Each card has a title, a description, to which element it belongs, a
rarity and when it can be used, which affed the card can be kept or ndFigure38 - D). Each team

has an area where they can activate elemental powers, which will affect the map andjdetsoon

it. This can only be done at the beginning of each round. Every time a hero uses an ability, he performs

an elemental combination. At the end of each turn (after a hero has finished playing) elemental
combinations are calculated and these can [esitive, negative or neutral, depending on the

elements combinedKigure38 - B). Positive combinations give the team an element power card,
negativecombinations give the enemy team an element power card and neutral combinations award

each team a card.
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The game takes place over several rounds. A round is completed when all the heroes from both teams
have played. The actions of a herancbe movement, to use abilities and/or to attack towers. An
ability is unlocked each time an enemy hero or tower dies. When heroes die, they can resurrect on
their next turn. Resurrecting uses all of their actions in the current turn, ending it.

After seting up the board, each team chooses the starting ability for their heroes and which element
will empower them. To start the game, the teams flip a coin to choose who goes first. After the coin
toss each team will place its heroes alternatively on the spagvhexes. Once all heroes have been
placed on the map, the team that won the coin toss will begin playing. The order in which heroes play
is not defined and can change between rounds. To remove the first turn advantage, the last team to
play on one rounavill be the first team to play on the following round.

For further information on how to play the board game see its rulebd@b6]. The main difference
between the gane implemented and the board game is that each a player controls a team of three
heroes instead of having each player control a single hero.
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PART II:
GAME DEVELOPMENT






4 GAMESTORYEVELOPMENT

In this section theereation2 ¥ G KS 3 YSQa ol Ol INRdzyR ad2NB gAff
all the characters and clans.

There was no background story on the board game. There were five different classes: Assassins,
Pahfinders, Wizards, Menders and Guardians. Each class had one or two heroes and each hero had
been given a name and a region where they came from in the real warlghmes, it is important to

have stories (reasons) for everything. Why a certain objest®rh the map is just as important as a

OKIF NI OGSNn&a ol O13INRdzyR 2 YI1S GKS LJX I &SN FSSt ¢

A background story for the game had to be created, each hero, class and clan also had to be defined
along with their aesthetics. The2  NR 3+ YSQa YI L) ¢l a 2yfte | asSid 21
background of how the actual playing field was and this also had to be defined.

¢KS FANRG adSLI ga RSTAYAY3I (KS 3IIYSQa dzy A BSNES:
clan and consquently each hero came from. This was followed by defining the world where the game
took place, what existed there and why.

41 D! a9Qf{ ! bL+SH@RY9 ! b5

A brainstorm was made in order to define why and where the battle would take place. Then, a story
wascré 0 SR dza Ay 3 ( K36]aK Sfolirdatidn, Both dablgalSté action to the completion
of the adventure.

There are two main galaxies, Red and Blue. From time to time (ardund5n @ S+ NREO (G KS 3 €
touch each other and it is possible, during a small window of time, to travel between the two galaxies.

The people from the Red galaxy are technologically supéri@ inhabitants of the Blue galaxy have

the same level oknowledge that existed in the real world between the"land 16" centuries and

KIS y2 ARSI G(KFd GKS wSR 3rtlEeé SEAaGad 2KSy (K
travel to the Blue galaxy and attack its planets to harvest their nesgmwhich they need to maintain

their life. When they attack the planets, they kilearly everyone and leave them in ruins. This is a

cycle that happens every B0 years. On one of those cycles, Lenam, was the scout on the mission

from Red galaxy anle was the first to arrive to Theris. He had some problems landing and crashed

his ship. A woman comes to his aid and eventually they fall in love. Lenam is now faced with a terrible
choice, he either does what he was ordered to do or he protects his l@ream chose to protect his

f20S YR KSNJ g2NI R dzaAy3a OGKS f1ad 2F KAA& &aKALIQaA
the ships from the Red galaxy attack. The people of the Red galaxy leave a trail of devastation in their
wake. Every planetxcept for Theris is devastated and in ruins. Lenam decides that he does not want
FTdzidNB 3ISYSNIGA2ya (2 068 Ay KENNQA 6Lé yR RSOA
Theris to find each of its clans and to recruit their best warriors.dJgia last of his magic, he opens

portals to other planets and sends the chosen warriors of each class to train there. On these planets

the warriors can hone and master their skills so that on the next cycle they are able to defend against

the people of he Red galaxy.

¢KS Y2aid NBESOrydG FalLlsSota F2N) G6KS RAIAGEE 3AFYSQa
they fight each other. The most important planets on the Blue galaxy are Theris and Intheris, where
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the game takes place. Theris is the gawhere all the heroes were born and where their cliine.
LYGKSNRE A&a gKSNB (GKS 3JIFYSQa FTAIKG KIFLIISya aAyof
The world of Intheris will be explained in further detail on the next section.

4.2 GAME WORD- WHERE THE GAME TAREBCE

¢KS 02FNR 3JIIFYS KIR I ftNBFERe RSTFAYSR G(GKS YILIQa KSi
0S o0dAfiGd ¢2 dzy RSNAGFYR gKé GKS 3IFYSQa 62NI R KI
and what events shaped d@ver the years. This planet has countless trees and green plains. Many

battles were fought throughout the years and countless civilizations have come and gone. Like the
people of Red Galaxy, there was once a time when people of the Blue galaxy couldl atraf
yIEGdaNBEQa StSySyda G GKS alyS GAYSo® 'a GAYS ¢Syl
of the Blue galaxy have lost their connection to the elements and can only ask for the help from one
element at a time.

Regarding the requirementor the map, in addition to the hexagonal grid layout, the only other
requirement was to create place where the heroes could go when they are defeated in battle since
they are only trainingFigure39 provides a detailed explanation of every important monument (3D
asset)onthdinal3 | YSQa YI LJ®

So far only the game world has been described but the heroes and their clans have also been
mentioned. The following sections will go into further detail on how each part of their story and
concepts were created.

Offering Hand Elemental Statue

A way to honor the elements.
Every time a game ends, a
wave of fire comes out and
shows the victory/defeat

N screen

A way to honor and commune with the
elements to be able to use their help. Inside
the game, every time a team gains an

element power, the element statue imbues

the player with its power.
Orange Team towers

The Three : & B y & k- | Place where the heroes are
; teleported to when they are

il Symbolize one of the many
wars that took place in this
region.

defeated in battle.
Also where they all start the
game before spawning.

Figure39 ¢ Game World Assets explained

4.3 CHARACTERLASSES

As previously mentioned, there are figharacterclasses on the board game. The assassin class which
can only attack at melee range but are normally know in other games for their ability to manipulate
and deceive. The Pathfinders are very good at incapacitating their enemies, only have ranged attacks
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and are very limited in melee range. Wizards on the other hand control magic and are very powerful
but also very fragile. Menders also use magic but they use it to manipulate life. While some heal their
allies, others specialize in stealing health from tlegiemies. Guardians are on the front lines. With

their enormous shields, they are there to protect their allies and take all the incoming group damage.

Defining the classes alone was not enough for the digital game. These required a background story
and adesign concept. For each class, a world concept was developed and their colors were defined.
The inspirations that should hesedwhen creating new characters of a certain class were also set.
Each class was assigned a weapon style, so that inside the amould be possible to easily
distinguish between the five class€Bable5). The weapon style was also based on hbwe world

where they trained vas and how each class is already seen in other games. For example, a wizard is
known for having a staff or@ne-handedsword, but never a shield. The assassin class, to which Malik
and Wang both belong, will be explained in detail while further infornratia the remaining classes

can be seen iannex9.3.1

The world where the assassins travelled to improve their skills is filled with ruins Wwmehbeen

taken over by nature. There is a lot of green from large trees and vines covering the stone ruins. It is

a lonely world and its biggest threat is how hard it is to get around on it. This world was envisioned

using concepts from the Aztec ruinsdiana Jones and the Tomb Rider worlds but also the levels of

a4l aaArya / NBSR w (Figuredo). Bayttie agddssins, smal Buthskagp ard N@adyNJ
weapons were chosen, such as daggers or chains with sharp edges. These needed to be small since
assassins are going to be jumping around walls and using vines to go from one place to another in
orderto sove KS 62 NI RQa GNRARAYSyaAzylf Ll i1ftSad !'a adzC
weapons(Figure40- B).

Figure 40 ¢ Assassins world and weapon inspiratiod:! 0 ! T §SO NHZAYAT 6.0 LYRAFYlF w2ySa FyR (K
Underworld [127]T 650 ! aal 44 AQAaQa& NIVRINS RzZRTEEPAdkdgsms Widsh@hSnspirations
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Table5 ¢ Game Classes Process

Weapon Style  World inspirations World colors Concept
Inspiration
Assassin | Small bladed Aztec and stone ruins, natur Brown, green anc! aal aaAyC
weapons growing inside buildings stone grey [37],Indiana Jnes,

Tomb raidef127]

Pathfinder | Bow, crossbow, Steampunk, victorian eré Rust brown and Bioshock [128],

gun technology metallic grey dishanored 2[129],
Steampunk
game/worlds
Wizard Staves Floating towers/buildings, Purple, blue, beige = Dalaran (WoWw)
magic, pointy buildings [43], sky cities, ell
small houses, big towers cities, crystal cities

Mender Alchemy flasks Life round edges and lively Life: Green, strong Twisting nether
(different colors | forest colors; legion (WoW)[43],

for different Death dark forest with Death: Dark, grey, Forbidden  forest

types of . (harry potter),
menders spiked edges black, dark purple Mirkwood  forest
(death/life) (LotR), maleficent
forest (both life and
death)
Guardian = Big Shields Mountains  with  some Brown, green, stone Jurassic Park, Mina
valleys, snow on top of th¢ dark grey, white Tirith (LotR)

mountains, Castl on top of
mountains, desert anc
barren ground

4.4 GAME CLANSND ITS AESTHETICS

As mentioned before, the only thing that had been defined on the board game was each of the
OKIF NI OGSNRna ylIYSa IyR gKAOK NBIA2Y (GKSe& 6SNB TNI
language also had to be defined along with, their colors anchatiss(Table6).

Table6c. 2+ NR 3 YSQa fNBIFRe SEA&GSYd oF Ol INBdzy R

/ KN OG SNna Spoken Language
Malik Assassin Arabia Arabic

Ghora Guardian India Hindu

Lipp Wizard Estonia Old Norse

Kulla Pathfinder Albania Albanian

Wang Assassin China Chinese

Loper Mender Africa Africans/Zulu
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4.4.1 CLAN CREATION PRCEES

C2NJ 0KA& LI NI AYyF2NX¥IFGA2Y FNRY GKS 62FNR 3FYS ¢
some decisions, and research was performed on each country/region in order to find what existed

there at the time where the game takes place. A table waated(Table7) with the ethnicities, traits,

beliefs and most commonly known values of each clan. Each clan was given a name according to the
lastcd dzYy 2F (GKA& GFrofSsy WeNIAGAZ 0SEASTFa YR Yzal
Translate and some other dictionaries like Old Norse Dictioji&@] to translate these words to the

spoken language previously defined for each clan.

Table8a K264 G(KAE LINRPOS&E F2NJ al f A arRex0-Dable2g s (KS 2 (K¢

Table7 ¢ Clan definition procesgnd product

Malik Arab people Religious, lonely, generous, honored

Ghora Indianpeople (Sikh) Equality, sacrifice, humility, generous, honest

Lipp Vikings Brave, courageous, strong, ancestors

Kulla Albanian people Free people, heroic, resilient, martyrs

Wang Chinese Monks QlSCllene, many people, strategists, technologicatlyanced,
virtuous

Loper Zulu Value life, ancestors, animal force, animal spirit, community

Table8ct 23 aA 0t S y I YS &findFchoide imboldA | Q& Of | y

[ £ yQa [/ Traits, beliefs and mostly knowr Translated Traits, beliefs and mostly know

values values
Malik Religious Almutadiinin
Lonely Wahidané (reads Whahoieda), muta Wahid
Generous SakhiKarim
Honored Sharaf, fakharr

4.4.2 CLAN AESTHETICS

The aesthetics for each clan were also created. These were defined using colors based on their region,
known traditions and other games that had characters that shared the same story or inspiration, such

as the Zulu tribes from Civilizationf20]F Y R [ 2 LISNR& Of I y o CKSANI a1Ay O
ethnicity and their heights werdefined using dist of average human height worldwid&31]. For

inspirational purposes, a concept inspiration was created as well. All of these can be Sksvieth

For the digital game, it was decided that there would also be a way to easily distinguish which
characters were from the same clan. It was defined that characters from the same clan would all share

a head accessory which can be seeffigure4l. ¢ KA & | O0Saa2NeE gl a ONBFGISR
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seen onFigure42 and all the other clans concepts can be seeraonex0.

Table9 ¢ Clan Aesthetics Definition

Clan Clothes Colors Average Heights Concept Inspiration

Male Female

Malik - Karim Beige, blue and brown 1,70m | - Arabian Warriors
Ghora- Immandari Red and blue 1,64m - Sikh warriors
Lipp- Hungrakur | Brown, white and dark orange 1,70m - Vikings
Kulla- Deshmor Brown, green and gold - 1,61m  Albania traditional vests
Wang- Mingzhi Gray, beige and dark grey (leathe ~1,67m | - Shaolin warriors
Loper- Voorvaders | Yellowstraw, dark brown, brown ~1,68m - Zulu warriors
Karim S Imandari Voorvaders
Arabic Turban \ Sikh Turban Dead Lion Head

[ |

Mingzhi Hungrakkur Deshmor
Chinese Hat Half Shaved head Albanian Hood
with tatoos

Figure41 ¢ Head accessory that represents each clan
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Figure42 ¢ The Karim Clan, where the character Malik comes from
4.5 GAME CHARACTEBACKGROUNABND AESTHETICS

As mentioned previously, the names of the six existing characters, their class and the mechanics of
their abilities were obtained from the board game. For each character, a small story of how they
became who they are in the game and how they arrived tbdris was defined. Their school of magic,

GKS AYALANI GA2Yy F2NJ GKSANI Sl LRya 2F @aRrWMDOS I yR
Sirce in the board game each hero had eight abilities and only their mechanics were described, it was
also vital to establish a fantasy for each ability in order to properly animate it inside the game.

Tablel0¢D I YS OK |absthadias Fdead creation

Character Weapon School of Magic t I NJi A Of S Some Accessories

Name Inspiration language

Malik Arabian Daggers  N/A Poison & smoke Balloon pants made of linen;

(green/gray) arm bandages

Ghora Sikh swords & N/A Sikhbracelet; Sikh symbol i
shields his clothes

Lipp Wooden staves anc Evocation & Arcane Magic Drinking horn; warm clothes
magic crystals Conjuration (purple) made of animal pelts

Kulla Mechanical bow N/A Leaves (green)  Green hoodie; clothes witt

dirt;
Wang Chains N/A Incense (white)  Socks and shoes like shao

monks; orange robe;

Loper Alchemy flasks Necromancy & Death and Blood Zulu arm and ankle/leg band:
Transmutation  Magic (black/red) naked body with white
tattoos on one side;

After defining eactOK I NI OG0 SNNRa O2y OSLJiz GKSANI O2y OSLI
clothing, its colors and materials tse later on the 3D pipeline.

Pl
w»
QX
>

¢KS o0FO13INRBdzyR aiG2NE YR (GKS TFlryidlae F2N SI OK
establish@ @ al ft A1 Qa 02y OSLII RHaredIHollowed by hishékgiodh§sforyo St 2 ¢
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and the fantasy of his abilities. The concept design for the othercfiagacters, background stories
and ability fantasy can be seen on thenex9.3.4

\_

a | f Backyeound Story:

Gal fAl o+ a | GHisKaily waskiledl and He hgsa to Gvengestitem by killing everyone

NEBalLRyairoftSed ! FGSNI Syl OdAy3a KAaa NB@Sy3aSs [ KS
assassination trials he arrived at the Intheris arena. He uses two Arabian Daggematiaethan
the other. Like other assassins, he learned to brew poisons from some exquisite herbs. He now uses
his knowledge to make his daggers even deadlier. One of the skills learned while being a thieflvas the
FoAfAGe (G2 LAOILRO]SH®DE
alfA1Qa FoAfAGASAY
1 Malikl - Malik can hide in the shadows. By throwing a smoke bomb on the ground Malik
disappears, making him almost invisible in game. When leaving the shadows, Malik sneaks
behind his target and attacks them in the back
1 Malik2- Malik attacks with his @min weapon, if he does not know how to hide in the shadows
he also attacks with his secondary weapon.
1 Malik3¢ Malik attacks once or twice, depending if he had to move to reach his target or not.
1 Malik4 ¢ Malik Pickpockets the target. / Malik creates iampenetrable smoke cloud around
him making him immune to abilities.
1 Malik5¢ Malik throws a rock to set off a trap. / Malik wraps one of his bandages around his
arm, healing his wounds.
1 Malik6¢ Malik creates a thick smoke cloud, which protects everyanoeind him from abilities
but also prevents them from using abilities.
1 MalikUlg Malik attacks his target with both weapons. If anyone is around him, Malik will steal
their weapons for a moment and attack the target with all of the stolen weapons.
1 MalikU2 ¢ Malik poisons and sharpens his daggers, making them glow green. When attacking

his target, Malik attacks with both weapons at the same time.

Figure43 - Malik concept inspirationand story.
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5 GAME INTERFACE

This section will explain how the game interface was developed, implemented and tested.

To easily implement the game user interface (GUI), the work load was divided into two parts, the first

before starting a game (menus) and the second inside the gargafe). The menus consist of the

part of the game where the player is not yet playing. Players can choose their team, change their

F & GFNE OKSO] 6KAOK KSNRBSa GKS& 24y FYyR GKSANI A
change the game settings amvite friends to play among other things. Thegame consists of the

playing field, with the hex grid map where the heroes play against each other and all the current match
information that is displayed such as: health bars, timers, important messages, aad any other

relevant information.

The menus section was implemented first sindaity3D had not been mastered at that time. This
part was considered easier to start off since, it was mostly navigation between panels instead of
complex game mechanissich as timers and health bars.

5.1 GAME INTERFACE REREMENTS

PAAY3a GKS 62FNR 3AFYS (2 FAYR GKS 3IIFYSQa AydaSNFI
implement the game on the computer were raised. There are some requirements that cannot be
raised from the board game alone, but from the way the game was idealized in the first place.

In this type of games, players have an account with all of their information, from statistics to their
unlocked heroes, this is known as their profile. It is asmmon to purchase and customize heroes

and all of their information can be accessed before entering a game. Players are also able to prepare
their team before joining a new game.

The list containing both functional and néunctional requirements can be veewed in the Annef.2.

All of these functionalities must be implemented in the computer game in order to achieve an accurate
representation of tie board game. In addition to these functionalities, others will be required in order

02 AYLNRGS GKS LXFeSNRa ljdatAade 2F tAFS GgKAES LI
to remember every action that has happened.

5.2 MENU

The first step irnthe development of the menus was a brainstorm to identify how the navigation

between each screen was made and where each button would lead the (Eggure 44). By

researching how the most popular games displayed this same information, it was possible to create a
paper prototype of the entire menus interface. This was accomplished with a horizontal prototype
combined with a taskriented strategy. The first stratyy was useful to find issues and lack of
O2yaraidyOe sAlGKAY GKS 3FYS &A0ONBSYQa ylgadatdrzy
used to stress test the interface and ensure once again, that all the interface requirements were met.

It is important to note that this part of the interface was not present on the board game and that it

was created in the way that most fit the game.
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Figure44 ¢ First sketch of the menmavigationscreens depictingheir interaction.

A compéte menu navigation tre@-igure45) was created for the menus of the game. It was based on
both the brainstorming and paper prototypes created prewiyu This was then used to assist in the
design of user tasks to test the interface later in the development process which, can be seen in more

detail in sub sectiotser tests

Pre-game Menus

Game
Options
Menu

Account
Informati
on

Welcome Screen

-

+

/

Figure45 ¢ Menus navigation treeg small version (for a full view of the tree check annéx.1).

After achieving a satisfactory low fidelity prototype, it whgn implemented in Unity3D using its

AYadSNFI OS RS@St 2LIvSyi

TSI ddzNBa o

!y A indde Kuttbas, A Y (i S NF

text boxes, radio buttons and check boxes which, can then be dragged to their position around the

46



canvas. Thimain purpose of thismew prototype was to create an automated navigation system. The

board game did not have any icons aside fromgeand resources. As such, there was a need to
ONBIFIGS AO2ya FT2N) GKS RAFFSNByld Ofl aasSaszs F2N SI Ok
using the Game Icons open source librEr$2] along with Adobe lllustrator and Btoshop @nnex

9.4.2.

/| 2YyaARSNAY3I GKS AYyGSNFIFOS NBljdZANBYSyida FyR GKS
interface was divided into six categories: Login, Play, Shop, Profile, Leaderboard and settings. These

were also sub divided into smaller categories to easeitmglementation procesgTablel1l). The
leaderboard screen was not developed.

Tablell¢ Menus interface divided by sub categories

Login and Play Shop Profile Settings

Main Menu
w ¢SIY w S5AFTFSNw {dzYYI NB w hLIiAZ2Yya
w | SNRQa ' lists w ! GFiFN w £tARS2 &
w | SNRQa t\oo {LISOAF?’w DIFIYS I Slw ! dzRAZ2 &
w DIFYS az2R: w alliOK | .w | St LI

5.2.1 LOGINAND MAIN MENU

This type of games only allows the player to create an account on their website. Considering this, the
login screens only ask for the information required to login. Beleiyure46) ), it is possible to see
the login screen used as inspiration (Warfrajh83]) and the corresponding prototype

Cr—
WARFP A T . o Co—
; : e —

C—

Figure46 ¢ (A) Warframe login screen; (B) First digital prototype of the login screen; (C) Final login screen
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Several games have big cadrbuttons on the top or bottom of the screen that are always displayed.

¢tKA&d RSaA3aly tSIRa (GKS LXFresSNna SesSa (2 GKS LI I @
The same method is used in the interface of keepers of intheris. A big butttmpaf the screen with

a Home title with a small button on each side to be able to go to the shop and check the leaderboard
Sraafted hy o02G6K (G2L) O2NYySNR:> GKS 3IryYyS aSaidiay3a
same GUI design approach as lithg and SMITEigured?).

FGEARE MAGICKS. PLAY ' sore veesacx

START PARTY

Figure47 ¢ (A) Smite main menu; (B) Magicka: Wizard Wars main MenuQ@)NE i LGSNI GA2y 2F GKS Mrahy YSydzQa
Game Menu

5.2.2 PLAY

It is not common for a player to have a team of heroes in this type of games, especially MOBAS, since
each player controls a single hero. Despite this, XCom is a good example of a game where the player
controls a squad. With the lack of resources on hovstiow and edit the current team, a similar
approach was used to show the player their current team composifiagure48). The player can
selecttheili SI'Y I yR OK2 2 @fne&ldmerk KSNR QA AY

HOME

tup - Control 3 Heroes

—|" ELeMENTS @ |—

N IS —| ELEMENTS @

Figure48¢ (A) XCom2 team screen; (Bpperprototype of the team screen; (C) Final team screen
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health points, abilities, difficulty, small background story, available skins, currency cost, and other
information. There is also a place in this section thradves all the heroes inside the game. In some

3 YSa (KS&asS Gé62 aONBSya INB &aSLINIGSR 6KAES Ay
was created using the second approach. On one side, there is a panel with all the available heroes
inside the gamend on the other, all the information of selected hero is displayed. In addition to all

the information mentioned previously, each hero also has a list of Presets and their ability slot
polarities. This interface design was based on the Heroes of the $ienmonselection scree(Figure

49).

CHOOSE YOUR HERO

Figure49¢ (A) Heroes of the Storm Hero selection screen; (B) Final hero selection sdi@ghteroes of the Storm abilities panel; (D) Final
KSNRQa FoAfAGASE LI ySt

¢t2 KStLI ySg LI I &S NBE-gdm¢ pragress,ach Herd hak A [Btdf pleetstBeS 4 Q Ay
player can use/add. Each preset is made up by fours abilities (based on the ability slots available to
GKFG KSNROZ | 6SILRY &a1Ay YR I KSNRBQ&a O2f 2NJ LI} f
type of games but, MOBAs are known f@rd progression through item acquisition/upgrade during

a match. Using this mechanic, although different from thé Y $résits, a player can create item

aSia T2N) SFOK KSNR:I a2 (GKS alyYS AyGaSNFIFOS RSaady
I 322R SEFYLX S 2F GKA& Aad RSaA3Iy FLIWNRIFOK 2F [ SI
using the same ide@rigures0).

49



. PRESETS @ u

jber OP Ownage build! x

HEDNos 6
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Players can choose between different game modes when they want to play a game. These game
modes are presented to the player in several wagsn& games have a game mode selection screen
which is the last step before going into a match. Other games allow the player to choose the game
mode and then let them navigate throughout the game menus until it finds a match to join. This
second option is uslly used when several players are required for each team to create a game.
Considering that the game being developed only needs two players to start a match, the first approach
was chosen. Its design was based on the game interface of Magicka Wizaravhitdrshas three
choicesPractice mode, versus and cust@higure51).

SELECT A GAME MODE

PRACTICE COOPERATIVE VERSUS CUSTOM

Al o

Play versus other random players.

Figure51¢ (A) Magicka: Wizard Wars Game Modes screen; (B) fgaale modes screen

5.2.3 SHOP

Since many gamédsave an ingame shophat allows playerso buy game itens, a shop menu was also
created.Like game interfaces, shop interfaces are similar to each otheimntitie same game genre.

¢KS 3AFYSQa &aK2L) ¢l a AYaLANBR o6& (GKS ah.! &dzm3Syl
shop(Figure52).

Figure52 ¢ (A) Heroes of the Storm Shop Menu; (B) Final game shop screen
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When buying an item, especially a hero, a lot of information needs to be displayed. Heroes of the
Storm is again a solid example on how this informationbmdisplayed. Its interfacesdign concepts

were used in the DAFEach hero has information about its abilities, background story and currency
cost as shown ifigure53.

Abilities

ay

Figure53¢ (A) Heroes of the Storm Shop specific item screen; (B) Game shop specific hero .screen

Vs

o

5.2.4 PROFILE

The profile is a common piece of information in any game. Players enjoy havingdt@imtprogress
statistics and all other information in a single place. MOBAs in general show this information very well
(Figure54). They have a talwith statistics and recently played heroes, a tab with information on all
the heroes in the game and another tab with information about every match the player has played
(Figure55¢ A and B)

NI EMITE 72 ./
e - = i s Eames & s -
o

PROFILE
4 LEVEL 5000120000 25%
——

Wins 184 Abandon40  Losses 35
MOST SUCESSFUL HEROES

PROFILE

Hero Collection B e

& f ! M

N 1E\ N s\

Figure54 ¢ (A) Smiteprofile summary; (B) Game final profile summary screen; (C) Heroes of the Storm profile hero list screen; (D) Game
final profile hero list screen
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can change between avatars that they have unlaofggure55- C and D
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Figure55¢6 ! 0 { YAGS YIFIGOK KAalG2NER aONBSYyT 6.0 DIFYSQa FAYLFE LINRPFAES YI G
DIFYSQa FAYyLFf I @FdFNftA&aG aONBSy

5.2.5 SETTINGS

Like in all other games, a game settings panel is required. In general, all gapiag iiin the same

way and, the only deviation is in the amount of settings provided. On the audio panel, the volume can

be changed and all the audio channels can be turned off and on. The video settings panel is where all

the game quality settings carebadjusted and the resolution can also be chan@edure56). In
FRRAGAZ2Y S fyzald Ftf 3IrySa |faz2 I frhg2anhdladgubge.SNE G 2
IntheDAR. I £ f GKS 3IYSQa AYyuGSNFIOS 41a RSaA3aySR |yR
the settings mentioned above. This was one of the screens that was not implemented in the final
version of the game since, this wapr@of of concept of the board game.

SYSTEM SETTINGS

Figure56¢ (A) Magicka2 AT F NR 2 I NA aSdidAy3a aONBSYyT 6.0 DIYSQa FAylt aSididAiay3a
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Players also enjoy it when the game explains everything through tooltips and helpers. The Civilization
series is known for its civilopedia menu, which works as @ame encyclopedia. Although the game

being developed is much smaller, it still has a &mount of complex information. A similar system

g1 a ONBFGSR YR YIYSR WYSSLRLISRAIFIQ® ¢ KNPR dzIK 2 dzi

A ¥ 4 A x z

LXF&aSNE OFy OftAO0] FyR (GKSe | @WBueblB RANBOGSR (2 (K

N

GOPOPEDIA

Figure57¢o! 0 / AGAT AT I GA2Yy + KStLISNI.AONBSYT 6.0 DIYSQ& FAylf KStLISNI aON
5.3 DEVELOPMENT OF TNESAME INTERFACE

A brainstorming session was also done for thgame portion of the game interface. This helped to
RSOARS GKAOK LlaAiilArzya oSNB YvYzald adadlroftS F2NJ
prototype was created to verify if all the game elements rieggh were being displayed but also to
experiment with different layouts. These prototypes were created using the same approaches as the
aSydz AaONBSyaQ LINRG2GeLISasy oe dzaAy3d (GKS LINBOA2dza
information (Figure58). The only difference between the creation of the two prototypes was that for

this part of the interface, the board game already providetha&lrequirements. It was simply a matter

of finding the best way to position and display information to ensure that players felt that the interface

was familiar.

Figure58 ¢ First paper prototype of the irgame screen
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