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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.






KEYWORDS

Game development
Board game

Interface design

3D production pipeline

Unity3D.

PALAVRAGHAVE

Desenvolvimento de jogos
Jogo de tabuleiro

Desenho de interfaces
Processo deroducéo de 3D

Unity3D






ACKNOWLEDGEMENTS

Firstly, I would like to thank and acknowledge my paremis brotherswvho, are very important to me
and always believed in me. Without them and their support on all levels | would not be here today.

I would also like to thank Jo&o Serina for always believing in me, for his patience and for helping me
in everything | neededven ifsometimesd did not know that heeded help

To my supervisors, Professor Sergi Bermudez i Badia and Professor Eduardo Leopoldo Fermé, | would
like to thank for all the time they dedicated to this project, even during their holidays and, for always
being ready and eager to help.

I would like to thak Yuri Almeida because without him this project would not exist and for his patience
and time when planning parts dbth our projects.

Furthermore, | would like to thank Juan Ponte for his assistance in improving the quality of the 3D
renders and for makg my days better with his, often, obscure humor.

Finally, | would like to thank all my friendslativesand former professorthat alwaysbelievedin me
and supported mehroughout this journey



Vi



CONTENTS

N [ 011 oo [0 Tox 1o T o PO PP PP PP PPPPPR 1
1.1 Motivation and ODJECTIVES.........uuiiieiiiiiiiie et e e e e s e e e e 1
1.2 ProjeCt DIVISION.......cciiii e e e e e e e e e e e e e e e e e e e e e e e 1

2 SHALE OF tNE AL ...t 3
2.1 Game MdUSEY EVOIULION. ...t e 3

2.1.1  The Evolution of Strategy games and the Rise of MQBAS............cccccooiviiiinnnenn. 6
2.2 GAME INTEITACES. ... et e e e e e e s e e e 8
221 Evoltion of game INtErfaCES..........uuuiiiiiiiiiiiiiieeeeeeee e 9
222 How information is displayed in Other Games.............ccccccvvvvniininiiiniinieeeeeeeee, 11
2.3 Texturing and TeXtUIre MaPS.........oicuuurriieeeie it e e et e e e e s e e e e s anrrr e e e e e e aanes 14
P2 R R o [0 g 1Y = T o L= PSP PPPPP PP 14
2.3.2  TranSEIENCY MBS .. .uuuuuruurierreeeieeiitierrettettaaeaaaaaaaaaaaaaaasaasaaaaaaannnenrerrrerreeneeeeees 14
2.3.3 0] g T Y = o TSP 15
2.3.4  SPECUIAI MAPS........cco i i e e e e e e e e e e e e e e e e e e e e e e e e e e e e a e 16
2.3.5 LIGNE MBS, ..t e s e e 16
2.3.6  CreatiNg TEXIUMNES.......uuiiieiieeiiiiiietee e e e et e e e e e e s e e e e e e s s nbb e e e e e e e s anbbrneeeeeeaann 17
2.4  Standard UV Projections vS UV Mapping............cooooii it ieiicciicnnvvievveee e 18
2.5  Animation Approaches IN GameES.......c.cvvviiiiiiiiii e 19
2.6 Game Asset CreatianStandard Game Industry pipeline.................ccoeeiieeiiiiccccnnnn 20
2.6.1  Creating the CONCEPL......uuiiiieeiiiiei et e e s e s aeeeas 20
2.6.2  Creating the MOGEL..........oooiiiiiiiiiie e 21
263  al LAY T K8t Q8o 23
2.6.4  AdAING TEXIUIES....ciii it e e e e e e e e e e e e e aaaaaaaaaas 23
2.6.5  ANIMALING ..ottt e e e eas 24
2.7 SOMMWAIE TOOIS......eeeiiiieiiieei it e e e s s r e e e e e e aanes 25
2.7.1 3D Modeling, Rigging and Animatn@Ds Max vs Maya LT vs Blender.............. 26
2.7.2 3D Sculpting ZBrush vs MUdbOX.............cccooiiiiiiiiiii e 28
2.7.3  Texturing 3D ObjectsZBrush vs Photoshop............ccccccciiiiiiiniiiiiiiiiiieeeeeeeeeee, 30
2.7.4  Popular Game EnginedJnreal Engine 4 vs CryEngine 3 vs Bbit§..................... 32

3 TRE BOAIT GaIME.....uiiiiiieeiiiiiiee ettt e e et e e e e e et e e e e e e e s bbb e e e e e e e aanreeees 35

4 Game Story DEVEIOPIMENL.........oviiiiieiiiieee e e e e e e e e e 37
41 DFYSQa ! YAGSNES. Ly R {02 NE .o, 37
4.2  Game World Where the Game Takes PIacCe...........ccooiiiiiiiiiiiiiec e 38

Vil



4.3 (O g = 1= Toa (] g O F= 13T =TT 38

4.4  Game Clans and itS ABSINELICS. ......ccoiiiiiiii e 40
4.4.1  Clan Creation PrOCESS........cocuiiiiiiiiieiiiiii ettt 41
4.4.2  Clan AESTNELICS........oiiiiiiiiic e 41

45 DIFYS / KINFOGSNEQ 0F.OLANRAzy . R..LY.R..L.SALASGEAOA
GAME INEEITACE. ....cei e et e e e e e e e e s e n b n e e e e e e e 45

5.1  Game INErface REQUIFEMENTS ... ..cccciiiiiiiiiiiiirieriieee e e e e e e e e e e e e e e e e e e e 45

5.2 IMBINUL .. 45
5.2.1 Login and Main IMENLL........ccoiiii i e e e e e e e e e e e e e e e e e e e e e e 47
5.2.2  PlaYieuiieeieiieeeeeeeeeee oot AB
320 T 1o OO 50
5.2.4  PrOfilB. ..o e 51
B5.2.5 SEHINGS. i i e e e e e e e e e e e 52

5.3 Development of the Hgame INTErface..........cccccciiiiiiiiiiiee e 53
5.3.1 HEero INfOrmation B .............oveiiiiiiiiee e 54
5.3.2  TargetS WINOUOW ... .ceiiieiiiiiiiiie ettt e e e et e e e e e e s eas 55
5.3.3 Party and Team Information...............cooooiiiiiiciiieer e 56
5.3.4  ACHONS HiSOIY.. ...ttt e e e e e e e e e e e e e e e e e e s e e e s e e e s s e nannnes 57
5.3.5 Element Power System and INfOrMatiQn............oocuvviiiiieiiniiiiiiieeee e 57
5.3.6  GAIME TIMEIS..ciiiiiiiiiiiiii ettt e e e s et e e e e e e e e e e e e e e nnnnees 58
5.3.7  Spatial Interface EIEMENLS...........coiiiiiiiiiiiiiece e h9

5.4 Implementation of the menus INterface................ooooo i 60
5.4.1 GUI Data StIUCKUIE ...t e e e e e e e e e e e e e e 61
5.4.2 XML integratiorg Multi language and Art SYStem..........cc.uvvvveeeriiiiiieeeee e 61
5.4.3 XML Integratiorng TOORIP SYSEM......ccccuiiiiiiiiiiiiiiee e 63

5.5 Implementation of the lrgame INterface.........cccvuveeiieeiiiiiiiiiie e, 63

5.6  Usertest, MenUS INTEIACE...........ooevvviiiiieiieeeee et eenanann ) 64
5.6.1 O L] N TS A = 1 o PN 66
5.6.2 ReSUILS; First INTEractioN.........coooiiiiiiiiiei e eeerre e e e e eeeeaeand 66
5.6.3  Analysis and IMProVEMENTS.........ccuuuiiiiieeiiiii e 67
5.6.4  ResUlts SECONT IEIratiON.........oiuiiiieiie it 72
3D Assets Creation Pipeligé&rom Concept Art to Unity3D...........ccccvvvvviiieiierieniienieenenne A5

6.1 Creating the DasSe MESNES.........cooiiiiiii e 76

6.2  From the Basic model to The High polygon Madel............cccccoeiiiiiiiiiieen. 1.7
6.2.1  Additional Techniques Used in Zbrush.............ccoooiiiiiiiiieeeeeee e 80

6.3  Retopology From the High to the Low Polygon Model..................oooi i 83

viii



6.4  Unrapping ProcessMaking @ PUZZIE............uueiiiiiiiiiiiiiiee e 85

6.5 Baking TexturesMaking the Low Polygon Model Look Great..........c.cccoovvvvveeeeennnns 86
6.6  Texturing the Model FOr UNILY.........ccccuuuiiiiiiiiiiiiiieeiieeeeee e e e 87
6.7 Rigging and SKiNNING PrOCESS.....cciiiiiiiiiiie e 89
6.8  Animation Pipeling From 3Ds Max TO UNILY..........cuuriieiiiiiiiieieeeee e 90
681 / KF NI OG0 SNIA..£.ALISE AN .S e 90
6.8.2  OtNEI ASSELS....eiiiiiiiii ettt 92
6.8.3 Mechanics Integration wWith ANIMALIONS..........cccuvviiiiiiiiiiiiieireerr e e e aeeens 93
6.8.4  Independent Testing ENVIFONMENL...........uviiiiiiieiiiiiiiiiiieeeeeeeee e, 95
6.9  Unity WOl Cre@tiOon.........uviiiiiiie et e s e e e e 96
[©70] (o1 (1 ][] o H TP PP ETPP PRI 99
RETEIEINCES. ... 101
F Y o] 01T 10 [ (== PR 111
12 20 R €7 N |V I TP PPUPPPPPPPRRTPIN 111
9.2 GamME REQUINEIMENTS ....ceiiiiiiiiiiiie e e ettt e e e e r e e e s st e e e e e s s snnnreeeeas 114
9.21 Functional REQUINEMENIS..........uuiiiiiiiiiiiiiee e 114
9.2.2 Non-Functional reqUIrEMENES........ceviviiiiiiiee e 115
9.23 GAME ADIITIES ...t 115
9.2.4  Game EIEMENt POWELS ........uuiiiiiiiiiiiiiee ettt 118
1S IR T G T 0 T (0] 1Y TR TTPPPRPRT 122
0.3.1  GAIME EASSES....cciiiiiiiiei it e e e 122
0.3.2  CIANIS. ittt e et 124
0.3.3  ClaNS AESTNELICS.......eeiiiiiiii i 125
S O 4 - T = od (=] £ PP PP POPPPPPPPPN 128
9.4  Interface IMPIeMENTALION..........oiiiiiiiiiiii e 133
9.4.1 MeNUSNAVIQAtION TrEE.....civiiiieiiieiiee e 133
9.4.2  INtEITACE ICONS. ...ciiiiiie ittt e e e e 134
9.4.3  USEI tESES GUITR.......eeeiiiiiiie ettt ne e 134
9.44 Game Dedication QUESHIONAIIE............ceeeeeeeei e 135
9.4.5 User tests; First Iteration RESUILS...........ccooiiiiiiiiiiiin e eeeeens 138
9.4.6 User tests; Second iteration reSUIS.........oooveveiiiiieiei e 139
1S IR TG | B TP PRPPUPPP 140
9.5.1 Bake Textureg Render SettingsS..........cuuuiiiiiiiiieiiiiiiiee e 140
9.5.2  Character Creation @VOIULIONL..........couiiiiiiiiiee et 140
9.5.3  Weapon Creation EVOIULION. ............uiiiiiiiiiiiece i 142






LIST OFIGURES

Figure 1ct N2 2S00 Qa 3IFYS RSOSt2LIYSYyld NBaLRyaAoAtAGASSE
developing théboard game (GGP); Green represents the scope of the DAP; Blue represents the scope
Lo ) T 1

Figure 2¢c DLt Qa I NXikidn {(vi@ (regriigents Rhke responsibilities of the MTP while solid
INBSYy NBLINBaSyida (kKkS..5l.t.Q4a..NBAaLRYy.AAOLALANLRSED ®

Figure X (A) Colossal Cave Adventure screen; (B) Donkey Kong [7]; (C) Q*bert in the arcadé [8].

Figure 4¢ (A) Legend of Zelda 1986 [1(B) Metroid [12]........cuuvirriimiiiiiiiiieiiierieeeieeeeeeeeeee e, 4
Figure & (A) Wolfenstein 3D [13] (B) Doom [14]; (C) Quake | .[15].....cccoiiiiiiiiiiiiiiiiiiieeeeene 5
Figure 6¢ Evolution of Zelda through the years [11]..........oooooiiiiiiie e 6

Figure 7¢ (A) Empire game screen [19]; (B) Civilization V gameplay [20]; (C) XCom gamepla§ [21].
Figure8 ¢ (A) Dune Il gameplay [22]; (B) StarCraft 1 gameplay; (C) Warcraft 1 gameplay....... 7
Figure o (A) Warcraft Il map editor; (BJOBA map explanation.............cccccccuvvvivvveerieeeeeeeeeeennn. 8

Figure 10¢ (A) Diegetic interface example! aal aaAy Qa / NBSSR SldgdekcQa OAa
interface - DOTA 2; (C) Spatial interfag®/orld of Warcaft Scrolling Combat Text; (D) Meta interface
¢ Blood Spatter in Call Of DULY [B9].......ccooiiiiiiiirrre e s e e e e e e e e e e e e e e e e e e e e e e e eaenns 9

Figure 11¢ (A) Everquest Interface; (B)oNd of Warcraft interface; (C) Wolfenstein3D interface; (D)
Counter Strike: GO interface; (E) Warcratt Il interface; (F) Heroes of the Storm interface....10

Figure 12; (A) Might & Magic game grid; (B) XCom movement phase.grid.................c.ocueuee. 11

Figure 13 (A) Tower with emmunitions in Heroes of the Storm; (B) Enemies represented as 3D objects
and with information as spatial interface; (C) Units selected in Warcraft 3 showing their health at the

bottom; (D) Water drops in Magicka 2 representing the element affecting theepla................. 12

Figure 14 (A) Score and Floating Messages on Heroes of the Storm; (B) Floating combat text on League
of Legends; (atch history on Hearthstone; (D) Target system in XCom.2............ccccvveeeeenn. 13

Figure 15¢(A) Hero information panel; (B) and (C) Game Shop; Af@ésfrom Heroes of the storm
................................................................................................................................................ 13

Figure 16; (A) Alpha Map; (B) Color Map; (C) Grass model in the game engine.................... 14

Figure 17 (A) Bump and normal Map aspects [59] and their texture detail differences a 3D cube [59]
(B) Bump Map in use [54]; (C) NOrmal MapISB............oouuiiiiieiiiiiiieee e e e 15

Figure 18; (A) Object Space Normals; (B) Tangent Space Normals [61]; (C) Displacement Ni@p [62].
Figure 19 Shield model in the game engine wiight reflecting on the metal material [145]......16

Figure 2Q; (A) Model without and with occlusion maps; (B) Occlusion Map exa@®p]e(C) Emissive
map example; (D) Model with emissive map applied in the game engine.[66]....................... 17

Figure 21 (A) Tree wireframemthe game engine; (B) Color and alpha textures; (C) Final Tree on the
game engine; (D) Example of each projection.............cooiiiiiiiciiiieeeeeeee e 18

Figure2Z 6! 0 a2 RSt Q& dzy ¢ NI LJ YI L) O02f 2NBRT...4..0.19 AYAT I N

Xi


file:///D:/MEOCloud/As%20nossas%20coisas/Tese%20da%20taty/Project%20Documentation%20v17.docx%23_Toc478823506

Figure 23; Game asset creation standard pipeline...........ccoooooiiiiiiiiiieeeeeeee e 20

Figure 24; Concept Art of a Persian Warrior from Art Bully Productions [81].............ccccvvvnees 21
Figure 25¢ (A) Base Mesh example; (B) Difference between quads, tris @uhs [85]; (C) Mesh
subdivision phases iN ZBrUSh [86].........cuviiiiiieiiii e 22
Figure 26 Tips to get good topology while modeling characters [87]..........ccoocciiivveiiniiinnn. 23

Figure 27¢ How using Normal and Occlusion Maps can give a lot of detail on the final low polygon

Figure 28 (A) An example of a standard skeleton (downward arrows show where additional bones
can be added); (B) and (C) Skinning Envelopes and how they should have their weights.[925

Figure 29¢ (A) Autodesk 3DsMax 2016 interface; (B) Autodesk Maya Lite interface; (C) Blender

11T o 7= Lo =TT P PP PPPR TR PPPPR 26
Figure 30; (A) Maxbone, biped and CAT in 3DsMax; (B) HumanIK in Maya; (C) Armature in Blender.
................................................................................................................................................ 27
Figure 31 (A) Skinning in 3DsMax; (B) Skinning in Maya; (C) Skinning in Blender............... 27
Figure32¢ (A) Zbrush 4R7 Interface; (B) Autodesk Mudbox 2016...............ccccceeeeiiiiiiiiniinn, 29
Figure 33; (A) Zbrush Zremesher [110]; (B) Mudbox texture lajEts]...........cccccvvvvvvivvveeeeennen. 30
Figure 34; Different color Maps for the same mModel.............cccoiiiiiiiiiiiiiiiieee 31
Figure 35 (A) Unity3D cube properties; (B) UE4 cube properties [11.7])-.......ccccccovviiiivienneennnns 32
Figure 36 (A) Adam made in Unity3D 5 [118]; (B) Crysis3 made on CE 5 [121]; (C) Doom 2016 made
ON UEZ [122]e ettt n et n s en e, 33

FigureJco! 0 . 21 NR 3IIFYSQa YILT 6.0 . 5AFFSNBY.0.3KSEI 32y
Figure38&co! 0 | SN2Qa o62FNR aKSSGT o60.0 9ftSYSyid O2YoAyl
Element power card eXPIaiNeQ............oooiiiieiiiiiii e 36

Figure 3 Game World Assets explained................ooo i 38

Figure 40¢ Assassins world and weapon inspiration: (A) Aztec ruins; (B) Indiana Jones and the
9YLISNRBNRa ¢2Y06 T 6/0 ¢2Y wlkARSNY ! YRSNB2NIR M H

level [37]; (E) Assassins weapon iNSPIration.............oooooiiiiiiiieeiicicccirevver e reeeree e e e e e eee e 39
Figure 41c Head accessory that represents each Clan..............cccccvvviiiiiiiiiiiiiiieccccceecceeeeee 42
Figure 42; The Karim Clan, where the character Malik comes fram..............ccccccccvvvvinnnnnee. 43
Figure 43 Malik concept inSpIration and StOMY.........ccccuuuuiriiiiiiiiiriiieeeeer e e e e e e e e aee e e e e e e e e 44
Figure 44 First sketch of the menu navigation screens depicting their interaction................. 46

Figure 45 Menus navigation treg small version (for a full view of the tree check annex 9.4.146

Figure 46¢ (A) Warframe login screen; (B) First digital prototype of the login screen; (C) Final login
Yo (<< o PP PPTT PP OPPPROY 47

Figure 47 (A) Smite main menu; (B) Magicka: Wizard Wars main Menu; (C) First Iteration of the main
YSydzQa LJ LISNJ LINR G2 08.LIST...050.. . CAY.LL...DLY.S...a88y dzd

Figure 48; (A) XCom2 team screen; (B) Paper prototype of the team screen; (C) Final team4Screen.

Xii


file:///D:/MEOCloud/As%20nossas%20coisas/Tese%20da%20taty/Project%20Documentation%20v17.docx%23_Toc478823530

Figure 49 (A) Heroes of the Storm Hero selection screen; (B) Final hero selection screen; (C) Heroes
2F GKS {G2NY FOAfAGASE LI.Y.SI.T..05.0..CAY.LL..80SNR QA |

Figure5¢c 6! 0 [ S 3dzS 2F [ S3ISYyRa LGSY &aSia.aONBEyT o6.0
Figure 51¢ (A) Magicka: Wizard Wars Game Modes screen; (B) Final game modes.screen.50

Figure 52; (A) Heroes of the Storm Shop Menu; (B) Final game shop screen....................... 50

Figure 53; (A) Heroes of the Storm Shop specific item screen; (B) Game shop specific herdbdcreen.

Figure 54; (A) Smite profile summary; (B) Game final profile summary screen; (C) Heroes of the Storm
profile hero list screen; (D) Game final profile hero list screen.............c.ooo e 51

Figure55¢6! 0 { YAGS YIFIGOK KAaG2NEBE &AONBSYT o0.0 DFYSQa

2F GKS {G2NXY T @FGFNItAad aoONBSYy.T..05.0..DLYR0A TFTAYI
Figure56c6!' 0 al 3AO01lFY 2ATFNR 2FN&BR aSGdAy3a..aA6NBSYyT o
Figure 56! 0 [/ AGAE AT I GA2Yy + KSf LISNIL.AQNBSY.T..0.53 DI YSQ

Figure 58&; First paper prototype of the Hgame SCreen...........oooviiiiiiie i 53
Figure 5 Brief eplanation of the IRgame SCreen...........ccoviiiiiiiii i 54
Figure6@ 6! 0 520FH | SNRB . FNJT 6.0 | SINIKadz2y Stosy R { dzN.
with a brief explanation of eaCh COMPONENL............oooiiiiiiiiiiiie e 55

Figure 61¢ (A) Heroes of the storm when a hero gains an ability]r@ame screen showing a hero
gaining an ability; (C) XCom when a unit uses an ability; {2nhe screen of a hero using an ability.

................................................................................................................................................ 55
Figure 62; Brief explanation of the Targets Panel for the ability selected.............cccvvveveeeeeen. 56
Figure 63; (A)¢ Dota2 party portraits;B) Hearthstone mana bar/gems; (C)3ame team resources
bar; (D) InGame team hero iNfOrmMation.............cooiciii e K7
Figure 64 Game history panedhowing the last ability used............cccccuiiiiiiiiiiiii 57

Figure 6% (A) Hearthstone gameplay screen showing the cards of both teams (one team afpthe t
and another at the bottom); (B) Element Power Activated; (C) Element Power Menu; (D) Element
powers owned by the enemy team; (E) Wind element power won (F) Fire element power used (particle
L1110 | 0= Tod 24 T 58

Figure 6&; (A) Heroes of the Storm resurrection timer; (B) Hearthstone turn timer; (C) Element power

use timer; (D) Hero turn timer bar at the bottom of thero bar...............cccccoiiiiiiiiiieiiieieee, 59
Figure6! 0 -/ 2Y Y2@SYSyd 3INART 6.0 al Ll INAR akKz2gAy3
red second phase)C) Map showing all possible movements for the hero (yellow first phase, red
aSO02yR LKIFaSOT 650 ¢2¢SNDRa o5 Ay 3AFYS Y2RSt gAll

IES NEAITN DK ... . eaaaaaaeas 59
Figure 686! 0 aSydz a0SyS KASNI NOKET 6.0 a*/ LALISEtAYS
................................................................................................................................................ 61

Figure 69 Both dummy implementations, which were implemented in the DAP, are represented in
ANBSYy® . fdzS NBLINBaSyda GKS AYyUuSNFIOSA..Ly& 6KAGS

Xiii



Figure 70; (A) Xml base structure; (B) Ability constructor which fills in all of the static variables from

XMI; (C) XMl @bility STTUCTUI ... it a e e e 62
Figure 71 Pipeline showing how the GUI knows what color to show for each element......... 62
Figure 72; Pipeline of how the GUI knows when to show a tooltip and what to show an.it....63
Figure 73; (A) Unity3d Irgame hierarchy; (B) MonoHero script with a reference to everything about
A NEIO N ThE QAME....ceeeeeeeeee e e e e e e e aaaaaaaed 64
Figure 74 Part Of @ task 10G......uuuuiiieiieeiieeeeeeee e 65
Figure 75 From Casual to Core: A Statistical Mechanism for Studying Gamer DedicBedinition
of each score Vs pPOSSIBECALEgOMES. .. .u i 65
Figure 76; User tests: laptop and keyboard Setup...........ooooiiiiiiieiiniiiiieeee e 66
Figure 77 Evolution of the Polarity Colors GlBefore (A) and After (B).....uvvvveeeeveeeiiiiiieennna.l 67
Figure 78&; Evolution of the GUI for creating a new prasBefore (A) and After (B).........ccoe...... 68
Figure 79 Preset eror NOLfICALION . ........cuii e e e 68
Figure 8Q@; Evolution of the GUI to activate PresetBefore (A) and After (B).........ooccvvvveeeeennne 69

Figure 8! 002 dzy i Qa I @I GIFNJ gAGK dzZaASNYIFYS | yR .OGUNNBY i
Figure 82; Evolution of the GUI to go back to the Team from the ShBpfore (A) and After (B)69
Figue 8¢9 @2f dziA2y 2F (KEKESRRDILINREAAE SO GDABSYS6! 0T

() 1RO 70
Figure 84 Relabelingf the top menu button, BeforePlay (A) and Aftegt Home (B)................... 70
Figure 85 Evolution of the position of the Game Settings tbuton the GUL, Before (A) and After
(B ettt ettt ettt e ettt en e, 71
Figure 86 Evolution of the Hero information scregrBefore (A) and After (B).........ccccvvvvvvnneee. 12
Figure 8% 9 @2 f dziA 2y 2 F ( K §Befdle WpadiAfter @)...Y....A.QNE.S.y..73
Figure 88; 3D Asset Creation PIPEIINE... ... 75
Figure 8 (A) Malik Image Planes in PNOtOSNOP............uuviiiiiiiiieecce e 75

Figure 9Q; (A) Starting point of the base meshe; (B) Final female and male base meshes....76

Figure9kco! v al f A1 Qa G2NHR2 ONBFGSR dzaAy3d SR3IS Y2RSt A

base mesh before goingto ZDrUS ... 77

Figure 92; (A) Leg muscles being created in Zbrush; (B) Finger nails; (C) Toe nails; (D) Final mesh with
T EST o[PS 78
Figure9xo! 0 al f A1 Q& Ol LIS 6NRy3a YSaK RAGAAAZ2YT 6.0 a
................................................................................................................................................ 79

Figure 940! 0 %O NHzaK Laa ONHzZAK F2NJ a0NFXLBAT o6.0 alfAilc
Zbrush Stich brush anh@ll rESUIL............cooooiiiiii e eeeeans 79
Figure9x 6! 0 al £t A1 Qa ol yRIF3Sa a0dz LGSR AYy %oNHzZAKT 6.
C)Maliikad GG2NE2 | NY¥2N y2AaS. . 0SELdNSE. . Ly.R.TAYI80 Y2RSt

XV


file:///D:/MEOCloud/As%20nossas%20coisas/Tese%20da%20taty/Project%20Documentation%20v17.docx%23_Toc478823562
file:///D:/MEOCloud/As%20nossas%20coisas/Tese%20da%20taty/Project%20Documentation%20v17.docx%23_Toc478823562

Figure 96c6 ! 0 / NBI GAyYy 3 YdzZ £ Q& K22 RASE TR Yo NI OrS NIl T6 /00
chainmail using the MiCromesh fRALULE............cooiiiiiiiiiiee e 81

Figure 97 (A) IMM Brush used together with the pinchbrusd® I G SR [ A LILJIQa KIF ANJ 6.
ONHzAK 61+ a& dzaSR G2 ONBIGS t2LISNRa 6SFNR FyR KAa
fIDEIMESI TENAEN ... e e e e e aaeees 82

Figure 9&; (A) Tower model with cracks using specific Crack brushes; (B) Low and high poly models of

0KS aid2yS KIFIYyRT 6/ 0 DK2NI Qa aKASfR..ANLK..8dzia ONE
Figure 9%c 6! 0 al f A1 Q&4 Y2RSt SELX 2RSRT 6.0 alfAlQa Of
F2f RAT 6/ 0 ¢26SNDa tf2¢ LIfe YeRbi.. y20..4.d84I2 NIAY:
Figure 10,6 ! 0 DK2NJ Q& FIF 0SS G2LRt238T 6.0 9EGNI f 22L&
(0] 6 0] (o0 V20T PP PPRPPPRPPPN 85

Figure 106! 0 al f A1 Q& dzy g NI LJ YFLIT 6.0 alfAj].QaselizNB2 |
Figure1020! 0 al f A1 Qa4 KAIK LIRfe3d2y Y2RStf onn aiftfAzy
adding both baked textures (4505 POIYGONS)........c.uuvriiieiiiiiiieiee e 87

Figure 103; (A) 3DsMax baked Normal Map creating artifacts in the model; (B) Inverted Normal Map
LT I U] = Uod £ EEPR 87

Figure 104 Model texture evolution (A) Baked Diffuse Map; (B) Painted Diffuse Map; (C) Occlusion
MAP; (D) NOIMAI MAP-....ceeiiiiiiiei e e e e s e e e e s s e s 88

Figure 105 (A) Options when creating Specular Map on Photoshop; (B) Specular map and texture
applied to model; (C) Tower stonaithout and with the Emissive map applied; (D) Smoothness levels
of the Unity standard Shader [L4G].........ccoouiiiiiiiiiioiiiiie e 88

Figure 106&; (A) 3DsMax Iped hierarchy; (B) Final biped position before applying the Skin Modifier;

6/ 0 !'YAYIFLGA2Y aiuNBaa GSald G 2rigiekstreeNAMBIT.S.R...MK I NI OG S
Figure 10¢o! 0 . ALISR fF&@SNHE FLIJX ASR (2 KFyRa o2 K2fR
6/ 0 'yAle FYAYFGA2Yy 2LWGA2yAT 050 altAalQa Of2GK C

................................................................................................................................................ 91

Figure 108; Malik model creation @VOIULION.............coiiiiiiiiie e 92

Figure 109 (A) Tower mesh broken into 12 parts and its animation states; (B) 3DsMax MassFx
MOAITIET SEIHINGS. ...t e e ettt e e e e e e e e e bbb e e e e e e e e b e e e e e e e e e nnnees 93

Figure 11@; Animator state machine for the character Malik...............ccccooiiiiiiiiiiiiieeeeceeeeee, Q4

Figure 11X Pipeline of how ambility is performed behind the game............cccooiiiiiiinniinnn. 95

Figure 112; Unity3d game scene environment for testing animatians.............cccccvveeeeniivnnenn. 96

Figure 1136 ! 0 DI YSQa GSNNI AY LI AYOGAYy3a aGFNIAYy3I LRAYyGS
its assets during thdevelopmENT PrOCESS..........ooiiiiiii e e e e e e e e e e e 97

Figure 1146 ! 0 DI YSQ&a GSNN}IAY GAGK fAIKGAY3I YIFLI 6F 1SF
Gan6Qa FAYLFf GSNNILAY.LYR.AGLA.LAASLAD......... 98

Figure 115 Wizard world and weapon inspiration: (A) Crystal caves; (B) Dalaran [43jy¢@) €ave
cities; (D) Surammar city [43]; (E) Wizard weapon inspirations..............ccccceeeeee e eeececcenes 122

XV



Figure 116 Pathfinders world and weapon inspiran: (A) Cog Wheel cities; (B) Bioshock [128]; (C)

Steampunk inspired cities; (D) Dishonored 2 [129]; (E) Pathfinder weapon inspirations......122

Figure 117 Mender world and weapon inspiration: (A) and (B) Maleficent forest (representing both

dead and alive worlds); (C) Forbidden forest from Harry Potter; (D) Mirkwood forest from Lord of the

Rings; (E) Mender Weap@mBPIratiONS. ...........iieiiiiiiiiiiieeieee e e eeeeees 123

Figure 118 Guardian world and weapon inspiration: (A) Jurassic park dinosaurs; (B) Minas Tirith from

Lord ofthe Rings; (C) and (D) Cities/castle on top of mountains; (E) Guardian weapon inspirations.

.............................................................................................................................................. 123

Figure 119 The Mingzhi Clan, lvere the character Wang comes from..........ccccccccceveeeeeennl. 125

Figure 120 The Voorvaders Clan, where the character Loper comes fram...............ccccuueeeee 125

Figure 121 The Hungrakkur Clan, where the character Lipp comes from..............cccvvvvveeeeee. 126

Figure 122 The Deshmor Clan, where the character Kulla comes from.............................. 126

Figure 123 The Imandari Clan, where the character Ghora comes fram.................cccvveeeee. 127

Figure 124 Lipp concept inspiration and SIONY...........oooiieiiiiiiiiiiiiieiiiiieeeeer e e e e e ee e e e e e aaa s 128

Figure 125; Loper concept iINSPIration and StOLY...........ccccuriuriiiimiiiriieiieereeeeeeeeeeeeeeeeeeeeeeeeee e 129

Figure 126 Wang concept inspiration and StONY...........cccooooiiii i ccccicccre e 130

Figure 127 Ghora concept inSpiration and STOLY..........ccuurrrieeeriiiiriiiee e e 131

Figure 128 Kulla concept inSpiration and STOLYe...........uuueeiiiiiirieeee e e e e 132

Figure 129 Full MENUS NAVIQATION TrEE.......ccciiiiiiiiiie e ettt e e 133

Figure 13! f f KSNR Q& [oAftAde AO2ya ONBIUIGSRKkSRAGSR Ay
.............................................................................................................................................. 134

Figure 13Xk Render settings to be able to bake the occlusion map............cccccceiviiiiiiiieens 140

Figure 132; Ghora model Cration @VOIULION.............ooiiiiiiiiie e 140

Figure 133; Kulla model creation eVOIULION..............ooiiiiiiiiiiiei e 140

Figure 134; Lipp model creation @VOIULION...........cvviiiiiiiiiiiiiieeceeceeeeeeeeee s 141

Figure 13%; Loper model creation eVOIULION.............cccciuiiiiiiiiiiiiiiiieeeeer e e e e e e e e e e e e 141

Figure 13&; Wang model creation eVOIULIOM...........ueieiiieiiieiieeceeeccee e 141
Figure13%al f A1 Q4 RIF33ISNER Y2RSI..ONBL.OA2Y..S.A20400A2Yy ®
Figure 138 DK 2 NI Q4 & KA St R | y Roldion2. NR...Y.2. RS{..QNB14PA 2y S
Figure 13 Y dzf f  Qa 026 Y2RS{..ONBL.0A2.Y..S@21.dzi.AA42D

Figure 14&[ A LJLJIQ& &G FF Y2 RSE..ONBL.G.A.2Y.. 802 dziA®RY ®
Figure 14 [ 2 LISND& Ftl al Y2RS6..ONBL.GA2Y..S5.02f. dzi42 Yy O
Figure 1422 | y3Qa OKFAya Y2RSE.ONBL.G.A2Y..S5@2(.dzi4B2 y ®

XVi


file:///D:/MEOCloud/As%20nossas%20coisas/Tese%20da%20taty/Project%20Documentation%20v17.docx%23_Toc478823611
file:///D:/MEOCloud/As%20nossas%20coisas/Tese%20da%20taty/Project%20Documentation%20v17.docx%23_Toc478823612
file:///D:/MEOCloud/As%20nossas%20coisas/Tese%20da%20taty/Project%20Documentation%20v17.docx%23_Toc478823613
file:///D:/MEOCloud/As%20nossas%20coisas/Tese%20da%20taty/Project%20Documentation%20v17.docx%23_Toc478823614
file:///D:/MEOCloud/As%20nossas%20coisas/Tese%20da%20taty/Project%20Documentation%20v17.docx%23_Toc478823615

ACRONMS

CEX, Cry Engine 5

DAP¢ Design and Aesthetics Project
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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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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).
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Figurel5¢(A) Hero information panel; (B) and (C) Game Shop; All images from Heroes of the storm
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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].
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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
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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

47



wS3FNRfSaa 2F 6KSNB (GKS LXIF&8SNJ Aa AyaiARS GKS YS
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

PROFILE
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PROFILE

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 z

L F@SNAR Oly OfAO] YR (GKS& | ®BureBilb RANBOGSR G2 @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.
Game History ' Team Score I

Team Party — e S R ""I > .

Element Zone

e

Selected Hero Information

[Element Power Menu

Figure58 ¢ First paper prototype of the irgame screen
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There waso navigation tree since there was only a single screen with a lot of information about the
OdzNNBy G adrasS 2F GKS 3FrYSod ! f GK2dAK AG Aa | aAy3
screen and so, it was also divided into sistbegories to ase and speed up the implementation
LINEPOS&daad ! aARS FNRBY G(G(KS 2LJiA2ya YSydzz 6KAOK gl &
screen needs to display information on: the currently selected hero (Hero Information Bar), ability

and/or element being usedqTargets Window), both teams (Player and Enemy Party) and their
AYF2NXYIEGA2Y 6¢SEY tlFyStftox 3IIYS KAald2NBS StSYSyi
messages and error systems and, game tingergure59). In addition to all this, there were still the

spatial interface elements such as, floating health bars and combat text for each hero and tower, the

map feedback and all the particle effed¢tsmt were used to provide feedback to the player on what

had just happenedt K NR dz3 K2 dzi G KS 3l YSZ> 020K LI I &@SNa Oy |
information related to each team except which specific element powers they own.

Game History

Team Information (Resources, Score and Towers)

l : . e 3/5 | Other Team Owned

= Element Powers

Team Part : SR K e
Y: ey Wl SREY, ~‘ CNE MO L

’

Figure59 ¢ Brief explanation of the Ingame Screen

5.3.1 HERO INFORMATION BAR

¢tKS KSNR AYyF2NXIGA2Y O0FNJ akz2ga ff (GKS ySOSaal NE
state at any time. In games, such as MOBAs, a player only controls onesbehat information is

always visibléFigure60 - A). In the game being developed however, a player controls three heroes

and, needstobeable®® K+ y3S 06SisSSy (GKSY® ! aAy3a ah.!a D! LQA
g a ONBIFIGISR 2y GKS o02G02Y 2F (GKS aONBSy GKFG KI 2
active abilities and their states (used, cycle is on/off, not unlocked), buffslabuffs, element power
AYF2NNYIEGAZ2Y YR Ada O2Y0AYlIGA2yas KSNRQA LRf I NR(
state (has played, is dead, can pléyigure60 - C) Every time a player chooses one of their heroes,

0KS o0F N A& dzLlJRFGSR ¢gA0K (GKS aSftSOGSR KSNRQa AyT¥
ySOSaalNeE (2 oS lofS G2 adGFINI FyR SyR SIOK KSN2
showth & GKS KSNR OFykOlyy2( adl NI (KS (FiguesOfg. aAYAf |
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[Hero Actions J

[Pm“a't ] [Abiliﬁes ]
Hete 5'6"'.'““ A [Hero Polarities J
Combinations

Figure60 ¢ (A) Dota2 Hero Bar(B)Hearthstone end turn Button(C)D I YSQa KSNR o6F NJ AYLX SYSydldAazy éAGK |
component

[Buffs and Debuffsj

Heroes can unlock or change abilities as the team progresses in the game. The closest implementation
of this system can be found on Heroes of the Storm when a hero gains a ne\(Figue¢61 ¢ AThe

same method was used to implement this system on the game being devel@jigare61 ¢ B) When

a payer selects an ability, it becomes highlighted similarly to what happens in ¥Ggune61 - C)

This opens the ability information window (Targ##ndow) (Figure61- D).

Figure61 ¢ (A) Heroes of the storm when a hero gains an ability; (Bp&me screen showing a hero gaining an ability; (C) XCom when a
unit uses an ability; (D) hyame screen of a hero using an ability

5.3.2 TARGET®/INDOW

As mentioned before, the system that allowsetuse of abilities in a turn based game is slightly
different from real time games. In this game, there are abilities and element powers that target/affect
heroes, towers and even tiles on the map (hexes). Everything must be done in a certain order to
prevent confusion to the player but, at the same time, to provide all the necessary information.
Although XCom has a good targeting system GUI, it was not enough for what this game required. In
0KS 3IYS 0SAy3a RS@OSt2LISRI i Kwhitlsshdwa information dERS G Q &

&\

55



ability such as then name, icon, description, when it can be used, range, cost and type. If there are any
targets that the player can choose, they are highlighted on the map so the player knows what are their
choices. AstheJt @ SNJ FAffta Ay GKS GINBSGA o0& Of AO1TAYy3 2y
the player can then use the ability or element powfigure6?2).

= “‘ y p - \". e s "

l"
h.AW

Figure62 ¢ Brief explanation of the Targets Panel for the ability selected

5.3.3 PARTY AND TEAM INRORION

¢CSEY AYF2NNIGA2Y Ay ah.!a A& akKz2gy | a avlktt L}2NI
score displayed on a score board with the number of kills, assists and deaths. This approach was not
sufficient to display all the information required byet board gaméFigure63 - A). On this case, only

GKS GSIY KIFR NBaz2dsNOSa AyaiaSIR 2F SFOK KSNBX ah
(Figure63¢Band¢GLY GKS 3AFYS 6SAy3a RSGSt2LISRE SF OK L3 NI
(dead, has played), buffs and debuffs, element pdwerA 1a O2YOoAY Il GA2y&a FyR | f
abilities. The information regarding the abilities can be toggled to free up screen $pguoe63- D).

Like heroes, towers also have a portrait to display their current game state (dead or alive) and their
current health points. In addition to being able to target each hero or tower by clicking on their 3D

object, it is also possible to target them bicking on their portrait.
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Figure63 ¢ (A) ¢ Dota2 party portraits; (B) Hearthstone mana bar/gems; (C}Game team resources bar; (D)-Bame team hero
information.

5.3.4 ACTIONSIISTORY

As previously mentioned, thectionshistory is a very important aspect of turn based games. This was

Fy AYUGSNFI OS NBLAdZANBYSyd F2NJ dKS 3FYS 60SAy3a AYL
I3FYS KAadG2NER D!L® ¢KS LI IF@SNRa FOUA2ydesandl G ySS
elemental powers. In addition to their icons, both the caster (hero or team) and the targets are shown,
Ff2y3 6A0GK yed KSFfGK Y2RAFAOIFIGA2Y ORFYIF3IS 2NJ KS
are also showitFigure64).

Figure64 ¢ Game history panel showing the last ability used

5.3.5 ELEMENT POWER SYSARY INFORMATION

A large amount of informatiomust be displayed to provide feedback on the use of elemental powers.
Both teams can hold a certain amount of elemental powers which on the board game translated to
elemental cards. It is also possible to draw cards and use themp.digital card game, shicas
Hearthstone and Magic: The Gathering Onl[ib@4] can be used as a good starting point for the GUI
since they all play with cards and this specific sysgeemainly a card gam&igure65- A).
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In the game being developed, the player can only see their cards and only knows how many cards of

each elementhe other team hagFigure65-D). ¢ KA & A& aK2gy VYSIFN G§KS GSIY
player wins an elemental power, a big screen is shown adltiitional information on that specific

elemental powel(Figure65 - E) When the enemy team gains an elemental power, the player can see
asmallbubb S 3I2Ay3 Ayid2 GKS GSIFYQa LI NIeo

Players also needed feedback when they use a card inside the game, so particle effects were created
to represent the use of each elemental pow@igure65 - F) Fire and water are represented by a
stream/spray of themed particles, earth is represented by an earth meteor, wind is represented by
tornados and lightning is represented by a cloud of lightning.

The player haslso a small menu that shows all the elemental cards that they currently have. It is
possible to go through these by selecting each elemental bulffiure65 - C) There was an

additional interface requirement that the game had to accommodate, the elemental activation zone.

At the start of each round, players can activate elemental powers that will last the entire round. These

will then be displayed i OK G Sl YQa 9fSYSyill f (FgxebSB). 2y (G KSANI 3

5
o 2 S 4 \
e
y Q V10 L iy
Heroes from this team can't be targeted by abilities | \
from the opposing team while standing in their 3
‘own Objective Zone, h
mentZone
/ \
\Q\ ==L )i
;, 8 S
/ )

\\.
/'

Figure65 ¢ (A) Hearthstonegameplay screen showing the cards of both teams (one team at the top and another at the bottom); (B)
Element Power Activated; (C) Element Power Menu; (D) Element powers owned by the enemy team; (E) Wind element power won (F)
Fire element power used (partie feedbach.

5.3.6 GAME TIMERS

Many games have timer bars, not just turn based ones. For example, MOBAs, have a resurrection
timer that starts when the hero dies and lasts until they can spawn again while, turn based games
often have turn timers to display homuch time a player has left to perform all their actions during

that turn (Figure66 ¢ A and B)

For the game being implemented, apart from a turn timer, an elemental zone activation timer and an
ability counter timer were required. All bars work the same way, they start as a full horizontal bar and
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decrease size as time goes on. For the latter tws baentioned, an additional panel was added from
where the player could choose the elemental powers or ability counters t¢rigare66 ¢ C and D)

IVATE ELEMENT EFFECT TIMER

679

Figure66 ¢ (A) Heroes of the Storm resurrection timer; (B) Hearthstone turn timer; (C) Element power use timer; (D) Hero turn timer bar
at the bottom of the hero bar

5.3.7 SPATIAL INTERFACEMEENTS

As in most games, there are also some spatial interface elements in this game. Every hero and tower
have a health bar associated to their 3D model, like in most RPG games. There are also particles
associated with some of the map objects to provide feedbatklifferent states. For example, the

hero that is currently playing has a small orange circle beneath its feet with particles around it and, as
the player uses the hex grid, different hex states are shown, such as the movement path and all

possibleheror 2 dSYSy G ax AAYAEFNI G2 -/2YQa Y208SYSyid LKI

Figure67¢! 0 -/ 2Y Y2@SYSyid ANART 6.0 al Ll INAR &K2gAy3d KSNRQ& Y20SYSyi
all possible movements foti KS KSNR o6& Stf2¢ FANRG LKF&ESTE NBR aSO2yR LKFaSuT 650
3D in game model with its health bar.
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5.4 IMPLEMENTATION OFEHMENUS INTERFACE

Unity allows scripting in three different languages, Boo (similgsytbion), Unityscript and C&he
game in the GlRas developed in C#.

In Unity, scenes contain the objects inside the game, from menus to individual game levels. Every
object inside a Unity scene is considered a GameObject. These objects can have cosposents

that add additional properties to them. Scripts are classes in C# and by deriving the class from
MonoBehaviour, it is possible to add it to an object. Every time a script with the MonoBehaviour
derivation is added to an object, Unity considiéras another component of that GameObject. These
objects can also be converted into prefabs which, act as templates that can be cloned to new objects
with the same components and properties.

Unity also allows the user to add Interfaces to a GameObjedoras as, they also derive from
MonoBehaviour class. Interfaces will work as they normally do in C# coding.

As mentioned previously, the interface was implemented early in the game development cycle. To
design the GUI, the first step was to define how many scenes were required. The game was divided

into three different scenes: Login, Menus anegeme. Later, m@ scenes were added such as the
LINSf2FR a0SyS GKIFIG A& dzAaSR +a | LXFOS K2t RSNJ F2N
which was used ithe MTP[2].

{dzo&aSljdsSyidfes G(KS D!LQ&a KASNINOKe Ay !'yide gl a
defined previously as aating point (play, shop, profile and setting$jiqure68 - A). Every time
REYFYAO AYTF2NXNIGAZ2Y 62dz R 0SS NBmu®rk @S &b préparedNB T I 0
to receive as many prefabs as required without having to prepare it in the code every time. This was

done to ensure that there was no need to create each GUI asset from scratch in the code.

Using this hierarchy, a Model View Cotigo (MVC) pattern was used to separate different game
responsibilities. The Model is where the Data structures are, the view is formed by the interface input
detection, rendering and actual interface layout and, the controller is an intermediary between t

Y2 RSt IyR GKS @ASg GKIFG KF&a ff GKS t23A0 Gz
implementation, the Models were the data structures of the game, which were first created with only

GKS AYT2NXIO0A2Yy FT2NJ 0KS 3 thaNeTQ[A] tobe able tb goiRain@BNS  dzLJR |
AYF2NXYIEOGA2Y Ay GKS RFEGFOolFaSe ¢KS @AaSga o6SNB (KS
classes associated to each category along with their controllers.

For example, in the Play category, there is a Hero information screen, where all lzeeobksted.

When the player chooses one hero, all the information is updated on that screen because there is a
controller (PlayGuiController.cs) which controls and decides what to show to the player and an
interactor (PlayGuilnteractor.cs) which is asate to each Play screen button that detects the

LX F @ SNR& OK2AO0S |yRzZ |fSNIa (GKS O2y(iNRf {f@NJ a2 ol
example the player decides to change the current team composition then, the controller has to
communi@te to the model so it can be updated and then communicate back to the view that there is

new information to displayFigure68 - B).
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VQ MenuScene
¥ Canvas

» TopBar
» Play
» Shop
» LeaderBoard
» Chat
» Friends
BlackSecrn
¥ Overlay
» WelcomePanel
» Helper
¥ Profile
» GameModes
P CreateNewPreset
P SystemSettings

P> Messages
P Options
¥ InitialLoadingScreen CONTROLLER AL
» FloatingToolTi : S 5 Controller gets CONTROLLER
9 P Interactor receives Receives information 2 : -] =
TaskNumber 5 5 5 information from the Updates the view

player click of the specific click

Model

» LookingForGameMessage

Figure68¢ (A)Menu scene hierarchy; (B) + / LA LISt Ay S Ay G(KS AYLX SYSyidlidAazy 2F (KS 3 YvYSQa

5.4.1 GUIDATA STRUCTURE

When the interface was implemented, the database structure and implementation were still under
development on theMTP[2]. To be able to fully test the fctionalities implemented, data was
required. A database was created using only dummy information to fill in the data for the Models and
to be able to see that information in the GUI.

Since all the development was done before having the real datab& &t D! L Qa RI G & (i NHzC
already created, an Interface was created to be used as template for the other database
implementations used ithe MTP[2]. This way, when the real database was complete, there was no

ySSR (2 OKIy3dS GKS D! LQ&a AYLX SYSywiahdiiste @nlydhe y OS A i
data inside of these was coming from a different datab@sgure69).

Interface
IDBUpdater.cs

Figure69- Both dummy implementationswhich were implemented in the DARare represented in green. Blue represents the interfaces
and white represents the ¢ tsi@plementation.

Dummy
Implementation

Dummy
Implementation

DbLoaderDummy.cs

Interface
IDBLoader.cs
‘ [MySQL Implementation

DbLoaderMySQL.cs

DbLoaderDummy.cs

MySQL Implementation

DbUpdaterMySQL.cs

Every GUI item was required to have a code name, which was assigned through a component added
in Unity3D (CodeName.cs). This code name was comparable to an id in a database, but it was used to
identify every item of the GUI which, coulten be identified by the controller. This component along

with XML was the core of the interface. This was due to the fact that a major part of the features
implemented relied on them such as, the tooltips, multiple languages and the icon systems.

5.4.2 XMLINTEGRATIONMULTILANGUAGE AND ART BEg

Due to the type of systems required to implement the interface, most of the implementation was
done relying on XML. XML is simple and, each tag can have unlimited attributes. This is useful to store
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a large amounof information without losing its conteXtL35]. A multiple language system was also
implemented using XML. The XML data was stored in diftddectionaries at the startup of the game

and then using the interface managers together with the codename information, each button, input

box and text field were filled with the information from the XML file and shown on the interface. When
aplayerchnaB Sa GKS 31 YSQa Il y3dzZ 3Ss GKS 3I+rYS ySSRa (2
specific XML data with the correct languggegure70- A).

XML was also used to map the interface icons. Instead of changing an icon every time the interface
evolved or new icons were createdy XML icon list was created. Usitige same approach as the

Ydzt GALIX S €1 y3dzZ 3S aeaidsSyz || 5A0GA2Y I NE &aG2NBR |
Unity3D. Data structures, such as the Ability Core, which held all the static information of an ability in

G§KS 3 YS Kihfetmafide Stored @rigl yat@h@ start of the game, Unity would show the proper
AO2ya FOO2NRAY3 (2 GKS AYyTF2NXI (AEFEgureXO¢YBan&k@E - a[ FA

< oc> Description = _xml.XmlAbilitiesInfolList[CodeName.ToString()][(int)XmlNodesAbilities.Description];
psInfo> TooltipsInf j Icon = _resources.Icons[_xml.XmlIconList[CodeName.ToString()][(int)xXml ons.Icon]]
Name = _xml.XmlAbilitiesInfoList[CodeName.ToString()][(int)XmlNodesAbi ies.Name];
IE1l t
IconHover = _resources.Icons[_xml.XmlIconList[CodeName.ToString()][(int)xXmlNodesIcons.Icon]];
xt axt>
DescriptionChoices = new List<string>();
Inputs>...</Input if (NumberOfChoices == 1) return;
Weapons>. . Weapons var choices = _xml.XmlAbilitiesInfolList[CodeName.ToString()][(int)XmlNodesAbilities.DescriptionChoices];

DescriptionChoices = choices.Split(";").Tolist();

. H .
Abilities>...</Abilities)) <kulla3>

<Name>Kulla 3</Name>
<Description>Choose one: &#xA;» Deals 1 damage to targets around a tile &#xA;e Places two traps on the map</Description>
<DescriptionChoices>Kulla shoots an explosive trap that immediately deals 1 damage to all characters around the target til

triggered. These traps can not be placed on tiles next to or with a character on them. </DescriptionChoices>
</kulla3>

Figure70¢ (A) Xml base structure; (B) Ability constructor which fills in all of the static variables from xml; (C) Xml ability steuctur

' NI YIFylF3aSNAR ¢oSNB faz2 ONBFIGSR® ¢KSAS 4SNB NBaLk
F2y O adefsSaz Ay 20KSNI g2NR&aX GKS AYGSNFIFOSQa Al
0dzi 2y YIylF3aSN 6KAOKZI ¢ | uiton &raup /sthndaxd faatre Buy'Had @ Qa
FRRAGAZ2YIFE AYTF2NXIGA2Y &dzOK & G4KS -a[ RFGF YR
many art managers, an Interface was created (IArtButtons.cs) which was used to communicate with

the button manager so tht it knew which art manager it should communicate wi#igure71).

-| HERO ELEMENT @ | HERO ELEMENTC ‘

Mouse Over an Element button

Mouse over ButtonManager IArtButton
button OnMouseOver Highlight

Figure71 ¢ Pipeline showing how the GUI knows whatloo to show for each element

ArtButtonElements

Highlight

This system was very helpful in streamlining the interface implementation since, any new interface

items created only required a size, position and the corresponding scripts. Then, at run time the item

would be modified in tB code making its style match the other items. This also provided the ability to
OKIy3aS (KS O2t2NJ LI fttSd 2F GKS D!L o0& aAvyLie OKI
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5.4.3 XML INTEGRATIGNTOOLTIP SYSTEM

hyS 2F (GKS 32Ff&a 2F (KS guickya@aaintedmitiieihter@&e, agd & (2
to accomplish this a tooltip system was implemented. This system consisted of two components,
TooltipManager.cs and Tooltiplnitializer.cs. The former was added to any interface item that had to

have atooltipandi KS f F GSNJ 61 & I RRSR (2 (GKS {(22f04AL) 2062S0
/| 2RSYIYSE GKS ¢22f ¢ALllalyl3ISN®»Oa Aa Kegur&2id2 FALf

Dnabdaorb

| Awwz 5000 J¢

Avatar [
Click to visit your profile! \

Mouse Over Tooltip . Gel 4
Ul object Yes—» Minaeor g information
J 8 from XML
G

Figure72 ¢ Pipeline of how the GUI knows when to show a tooltip and what to show an it

5.5 IMPLEMENTATION OFEHINGAME INTERFACE

Using the same approach as in the implementation of the methes,MVC pattern was used to

separate different game responsibilities. As mentioned before, there was only one screen in this part.
However, since the number of functionalities had increased, the different parts of the screen
mentioned above had a differemontroller and interactor each, following the same reasoning as in

GKS YSydzaQ AYLXSYSyidlidA2yd 1 2gSHSNE Sl OK &aSOGA2
example, the party controller script (PartyPortraitGuiController.cs) is responsible falgiog and

dzLRF GAy3d GKS KSNBQa AYF2NNIGA2Y Ay Ada LI NGe& L)
party portrait, the interactor (partyPortraitGuilnteractor.cs) handles the click and communicates with

its controller which takes care tie rest.

There is a global script that initializes everything related to the GUI, 3D models and map colors
(Gamelnitializer.cs). This can be considered as a game loader that instructs all the controllers to
initialize their responsibilities. This cont®INE (G KSy L} LJz | §Sa | yAteQa K
information about both players and their team heroes in the gdRigure73- A). This hierarchys the

core of the game and from there, any game state information can be obtained. This can range from

0KS KSNRQa LRaAdAzy 2y GKS YIFLI G2 Fyeé OdNNByid S
represented in the game by the class Monohero.cs, wiichd | NBFSNBy OS G2 GK
information (maximum health points, base tower damage, name, polarity sequence, list of abilities
(HeroCore.cs)) and to the instance of the specific hero (IngameHero.cs) which has information on the
current state of thatero at all times (current health, unblocked abilities, current hex). The Monohero

class also has a reference to its party portrait controller, its 3D model in the game, its animation and
particle controllers and, all the other elements that are relatedathero in the gamé@igure73- B).
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Figure73¢ (A) Unity3d Ingame hierarchy; (B) MonoHero script withraference to everything about a hero in the game

PyAle R2S&a y20 adzLIll2 NI Ydz G6A GKNBFR LINRBOS&aaAy3dax
LI NI &a 2F GKS 3FIFYS>Y !'yideQa O2NRdziAyS aeadsSy 41 a
allocate additional resources every time the coroutine yields or resumes, making it very useful as long

as the developer limits the number of coroutines while the game is rurfaidg].

PyAlGe ftft2ga GKS ONBFriAz2zy 2F 0dzaidi2Y SRAG2NA BKAC
editors were developed to impment all the timers and, the bars for resources and health. This

allowed the use of a simple Observer design pattern where every time the bar value was changed, the

bar size and color were updated to reflect this change. In the future, these customsechto be used

in any other games created in Unity simply by adding the class to the proper Unity project.

5.6 USER TESTMENUS INTERFACE

User tests were performed on the Menus Scene of the game. These were used to assess the usability
and satisfaction withthe prototyped interface. Using the navigation trénex9.4.1), a list of tasks

was created to ensure that all the different menus were expldfeablel?2). From this list of tasks, a

user test guide was created to guarantee that all tests were consiaamniex9.4.2).

To be able to know if the user was performing the tasks properly, a Task Log script was created. This
script saved every mouse click to a line in an excel file. Eadhdihthe task number, the time, the
button/blank click and the X and Y coordinates of the mouse posik@ule74). The script made it
possibletogai KNR dzZ3 K SIF OK (Gl a1 Fa GKS GSad LINRPINBaaSR o
and end. With this information, it was then possible to calculate the time between clicks, the time it

took to perform each task, number of clicks for each task amhethe number of wrong clicks since

the buttons that had to or could be pressed to be able to perform a certain task were known. This Task

[23 AONALIG OFy o6S dzaSR Ay (GKS FdzidzZNB 2y | RRAUGAZY
beabletoO2f ft SOG GKS alYS AYyF2NNIGA2Y aAyOS AG sl a Yl
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Tablel12c List of tasks used in the user test

Task Task Brief Description

number

Change your resolution to 1920x1080 and mute the volume

Filter the heroes by only showing assassins

Check the abilities of one of the assassin heroes

Buy an assassin hero

Buy 2 other heroes

Check the helper

Create a preset for one of your heroeadd 4 different abilities, a weapon and a skin
Change your avatar picture

Check the hero you creadghe preset to

=Y
o

Create a new preset and Activate it

=
=

Delete the first preset

[ERN
N

Go to the shop and see which heroes are still available for sell

=
w

Get your hero team ready and give edwro a different element

[EEN
N

Play a games.Al

StatTester42 - 13-04-2016 09:48:21

TASKN  TIME TIMEMINS BTN TAG CURRENT HERO MOUSEX MOUSEY

Task 1 09:48:54 a1 258 Min 0:00:02 9:43:54
Task 1 1,640503 00:00:02 WelcomeSkipTutorial Untagged no hero 0 104 Max 0:00:37 9:49:34
Task 1 11,20935 00:00:11 SystemSettingsBtn Untagged wang -665 355 Task1l ExecutionTime 00:02 0:00:40
Task 1 22,79578 00:00:23 OptionsVideoBtn Untagged wang 31 144 MissCliques o

Task 1 25,72565 00:00:26 OptionsVideoBtn Untagged wang 2 73 CliquesTl 3

Task 1 27,08881 00:00:27 OptionsVideoBtn Untagged wang -26 26 wrongclicks o

Task 1 30,80817 00:00:31 AudioBtn systemMenu wang -318 137

Task 1 32,79175 00:00:33 AudioBtn systemMenu wang -83 98 0:00:10 9:50:06
Task 1 36,15021 00:00:37 OptionsAccept Untagged wang -34 -191 0:00:35 9:50:41
Task 1 09:49:34 -36 -180 00:10 0:00:35

Figure74 ¢ Part of a task log

A game dedication questionnaire was created based on the wdekrafst AdamgL37]and was used

to define the game dedication level of each tester. This would later make it possible to assess if the
number of errors was due to the interface or due to the lack of experience on this type of games. This
guestionnaire uses the familiar Like

scale with five levels (X strongly
disagree, 5¢ strongly agree). To
calculate the game dedication, the
Factors of Classification and
associated weightingable were used

Hardcore together with the answers from each

Ultra hardeore - ‘obsessive user. The gamededication score was
calculated using the formula:

T

populabion | 17itea casual/non gamer

Casual

Transitional/moderate

@WaVQQ Q(I)Q)O—QE—E—BB e—&- where

<30 3045 4655 5670 >70 Seore/100

Figure75 - From Casual to Core: A Statistical Mechanism for Studying G n = 15 (number of questions), w =
Dedicationg Definition of each score vs possible 5 categories.
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gSAAKG YR a I' GKS dzaSNDa laycarding MBlyure78-Krbm Gabuall &6 | &
to Core: A Statistical Mechanism for Studying Gamer Dedicafefinition of each score vs possible
5 categories The higher the score the more hardcore/dedicated a player is.

A User interaction satisfaction questionnaire was also used bas¢il3@hdevelopmentto help to
find additional problems on the interface. This questionnaire also uses Likert scale with ten levels and
was only considered as a qualitative evaluation.

5.6.1 USERIEST SETUP

Before starting the tests, a pilot test was performed to find any bugs on the Task log script and to
make sure that the test guide could be followed. A final test was then performed by an experienced
player as part of the pilot test (this playenly participated on this internal test). During this pilot test,

a complete log of every task and the time it took to perform it was recorded. This time was then used
as a as comparison for each iteration.

Since there was no art developed at the time aadnake sure that all the testers were familiar with

GKS 3IFrYSQa KSNRBSaz (2 SI OKTwKienNBnswera@perbimgddythd t 21 S
game interface. Both iterations had the participation of eight different users. For each test, an
additional keyboard was used to change between tasks so there would be no interference in the user
experience while testinFigure76) and every test wasecorded with the consent of who was testing

Figure76 ¢ Usertests: laptopand keyboard Setup

5.6.2 RESULTSFIRST INFACTION

The first iteration of the interface was the one that generated the most changes to the inteffaioie.

13 shows the game dedication questionnaire results for this iteratiablel4 and Tablel5 show

the results of the first round of user tests for the number of clicks and time to complete the tasks
respectively.To review the individual tasks please refefMable12.
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Tablel3¢ Game dedicatior{GD)questionnaire results for each User who tesi¢he interface on the firstiteration. Formore information
on the analysis checkigure75

Week 1 | uUser1 User2 User3 User4 UserS User6 User7 User8 Average
GD % 62,6 86 81,6 76,2 75,2 83,2 57,2 76,95
Table14 ¢ Number of Clicks per task the first iteration. The fist row represents the tas Aumber, the second row represents the

number of minimum dicks needed to perform the tasknd the third row represents the mediamumber of clicks that users performed
to complete each task

Task Number 1 2 3 4 5 § 7 8 9 10 11 12 13 14
Number ofminimum clicks 8 1 2 3 9 2 17 5 3 15 3 2 4 2
VEGERRA e e el & oElieinsls 85 1.0 20 35 100 20 195 40 20 165 3.0 15 6.0 20

Tablel5- Time takenby usersto complete each task (seconyls the first iteration. The frst row represents the task numbethe scond
row represents the minimum timerequiredto perform the taskand the third row represents tle median timeusers took to perform each
task

Task number 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Minimum time to perform a task 9 2 3 2 8 3 12 5 3 11 4 2 5 2
Median time to perform the task 34 8 11 7 23 8 47 8 7 31 6 11 26 5

Despite having high game dedication scores, users still took a long time when performing each task.
This lead to the conclusion thparts of theinterfacewere not intuitive. The feedback provided was
extremely valuable and led to improvemenmttfthe interface on every task.

5.6.3 ANALYSIS AND IMPRONENTS

To create presets, the player needed to choose an ability for each of the four ability slots. At the time,
the different polarities were only represented by their icons. When testing, players did not know how
each ability would fit into each polarity slot and this lead to ambiguity. As the game development
progressed, polarities are now also represented by colors and this was also adopted on the preset
creation process.

For each ability, a colored border waR® SR ¢AGK (GKS alyS O02t2NJ a (K
images and their respective colors were added to each abilityFiptre77.

Figure77 ¢ Evolution of the Polarity Colors GtBefore (A) and After (B)

When players hovered over any preset item, they would not receive any feedback from this action or
what kind of tasks they could perform once there. Tpiiave feedback, the unselected slots are now
greyed out. If users mouse over these, they will become blue as if they were selected. Some of the
testers did not know that they should name their preset which meant that the input field should be
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highlightedfurther. To improve this, a label was also added near the input field. Every time a preset
item is filled, it turns blue to show the difference between the items missing and the ones already
chosenFigure78.

Figure78 ¢ Evolution of the GUI for creating a new presgBefore (A) and After (B)

When a preset was saved with errors, a generic error message would apfoFaring the player that
something was missing. Players would immediately dismiss it and just press ok to try to save it again.
Now, after pressing ok there is a red border around the part of the preset that is missing, to inform
the user of what is wron{Figure79).

Create new Preset

Slot 1 Slot 2

G

Skin

Figure79¢ Preset error notification

It is expected that even if players do not read the error, theyneill be able to know what is missing
to complete the new preset.

To activate a preset, the player needed to click it and a blue background would appear, showing them
that it was activated. The preset would also have the same behavior when the mouse boiveed

over it. It took some users a considerable amount time between creating the preset and understanding
how to activate itfTablel6.

Tablel6- Time it took to activate the preset after creating it on task 10

User 1 time| User 2 time| User 3 time| User 4 time| User 5time | User 6 time| User 7 time | User 8 time
03 03 03 06

The feedback gathered, was that there should be some kind of checkbox or way to toggle and
activate/deactivate the preset. There is now a way to toggle each preset that shows if it is active or
not. The mouse hover continues to exist, but only to assistglayer while scrolling through their
preset list(Figure80).
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Figure80 ¢ Evolution of the GUI to activate Prets ¢ Before (A) and After (B)
It is expected that during the next test phase, players will instantly know how to activate their presets.

Some of the players clicked the money bag near the account information when asked to go to the
shop(Figure81). This was taken into account and now there is a link there that will lead the player to
the same place as the Shop menu button.

Money Bag

Tester

Figure8lc¢! OO02dzy i Qa | @F GFNJ 6AGK dzaSNYIFYS | yR .OdzNNByid 3J2fR o6Yz2ySe o613 KI
Players knew how to go to the shop, but when asked to go back to their team, none of them knew
what to do. They tried to click everywhere onheO NBE Sy gA G K2dzi (y2é6Ay3a GKI G
lead them to where they wanted to go. This in turn, led to a large number of excessive clicks during
this task(Tablel7).
Tablel7 - Number of clicks that each user performed that were not meaningful (required) to complete task 12

User 1 N| User 2 N|User 3 N|User 4 N| User 5N| User 6 N| User 7 N| User 8N

Clicks Clicks Clicks Clicks Clicks Clicks Clicks Clicks

0 3 2 32 17 0 0
This behavior was not expected, since many MOBAs have this type of menu navigation and that is the
NBI 42y 0SKAYR (GKA& AYLIX SYSyillldAazyo | ASNARSa 2F

most suitable name to lead the player to their team stilen and, the shop had no button to go back.
Since in each main menu, there is a button on the bottom of the screen that took the player
somewhere in the game, it was decided that on the shop there would be one as well, taking the player
to the home menyFigure82).

Pikatchu Pikatchu

Figure82 ¢ Evolution of the GUI to go back to the Team from the Shppefore (A) and After (B)

It is expected that players will now know how to go back to their team from the Shop screen.
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to change it there. At that time, the only way to clggnit was to go to the team and choose the hero

St SYSylid GKSNBE® tfFr&8SNBE LINPJARSR a2YS F¥SSRol O1 o
screen or in the profile. Taking this into account, an element choice menu was added to each hero on

their information page of the profil¢Figure83).

3 LEVEL

3 LEVEL

Figure83c9 @2 f dzi A2y 27F (i KSCKISNRIGA LINRBEFRX (SHPOERNSGE). LIME FA( S a0ONBSY 6

l'a YSYi(iA2ySR LINB@A2dzatesr GKS WtftleQ odzilizy 41 a
they would immediately go play a game instead of going to their team selection. The menu name was
NBY I YSR (2 ni§thepMy@chis tednt sBldction pagiéguresd).

A [svor PLAY LEADERBOARD B HOME

Figure84 - Relabeling of the top menu button, BeforePlay(A) and After¢ Home (B)

In this test phase, some users took some time to find the settings button. They would look at the four
corners of the screen trying to find the button, looking first to the top right corner and then, looking
counter clockwise tohe other corners. Some users even missed the button that was near the chat on
the bottom right corneTablel8).

Table18- Time each player took to find the settings button after clicking the start tutorial button on task 1 (seconds)

User 1 User 2 User 3 User 4 User User 6 User 7 User 8
time time time time 5time time time time

16 09 11 13 04 02

Some players asked for the button to be moved to the top right corner and made bigger. After some
consideration, it was decided that the button would not be moved to the top right corner, since it
might mislead players into thinking that it was a buttorr faccount settings since, the account
information/profile is already on the top right corner. The button was enlarged and moved to the top
left corner along with the helper button as, everyone that tested the interface said they knew where
the helper button was because they immediately saw it when they found the settings b(Rigre

85).
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Welcome to Game of Pawns Alpha!

Figure85 - Evolution of the position of the Game Settings button on the GiBefore (A) and After (B)

It is expected that in the next testing phase, players will find the settings button much faster.

While performing task 3, users took some time to find where liero abilities were. Some of them
were misled and believed that the polarity sequence on the information tab were the hero abilities
(Teble 19).

Table 19¢ Time it took to find the abilities button on Task 3 (in seconds)

User 1 User 2 User 3 User 4 User User 6 User 7 User 8
time time time time 5time time time time
09 05 06 16 23 03 08

There were a few of problems hetbat needed to be addressed. First, if players thought that
polarities were abilities, either these concepts were not being properly explained or maybe, since it is
a new concept, players did not yet fully understand it. Another possibility is that theriyol
information screen was occupying so much space that it led the user to think that they were the
abilities. Some users also said that the buttons should be on the top or bottom of that left screen and
not so close to the border since, they would easiliss them while searching for the abilities button
(Figure86).
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[l Bulbasaur resembles a small, squatting dinosaur
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its back that is able to shoot seeds out of. It also
has large red eyes and has very sharp teeth, ity

HERO ADDITIONAL INFORMATION
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Hero Background

Bulbasaur resembles a small, squatting dinosaur that
walks on four legs and has a large bulb on its back that is
able to shoot seeds out of. It also has large red eyes and
has very sharp teeth, Its skin is a light turquese color
with dark green spots. It has three claws on all its four

Figure86 - Evolution of the Hero information screeq Before (A) and After (B)

All the buttons are now placed at the top of the screen and the polarity sequence is occupying less
space. This makes it appear less important but still relevant. It is expectedldyatrp will be faster

G2 FAYR GKSANI KSNR FoAftAGASE odzi Ffazzx GKFG (K
sequence and its abilities.

5.6.4 RESULTSSECOND ITERATION

While in the first iterationnearly allthe users were ultrédhardcore players, ére the users are still
hardcore but almost moderate playersable20). On the second iterationplayers completd each
taskwith more clicks than on the first iteratioflable21) but, in some tasks they took lesisne (

Table22). The main factor that contributed to these resultss the level of game dedication these

users hadDespite being accurate, these were not very helpful since most users got a high score from

their dedicdion to other genres of game#nother reason for this wathat the users were more
AYGSNBAGSR Ay NBIFRAY3 | 02dzi (K SsfasCatiyauldl o A f A (A S5

Table 20 - Game dedication (GD) questionnaire gelts for each User who testkthe interface on theseconditeration. For more
information on the analysis checkigure75

Week 2 | Userl User2 User3 User4 User5 User6 User7 User8
GD % 49 59,8 68,2 67,4 87,2 56 65,4 75,2

66,025

Table21 - Number of Clicks per task the second iteration.The frst row represents the task numberthe scond row represents the
number of minimum dicks needed to perform the task and thénird row represents the mediamumber of clicks that users performed
to complete each task

Task Nimber 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Number of Minimum Clicks 8 1 2 3 9 2 17 5 3 15 3 2 4 2
ELGERUInlo Mo Nl CRolgfelgnlel 9 1 2 3 105 2 19 4 3 16 3 15 10 2
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Table22 ¢ Timerequiredto complete each task (minutes : seconds) in the second iteratibhe frst row represents the task number, the
second row represents the minimumirne it took to perform the task and the hird row represents the median timeusers took to
complete each tak

Task number 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Minimum time to 0:09 0:02 0:03 0:02 0:08 0:03 0:12 0:05 0:03 0:11 0:04 0:02 0:05 0:02
perform a task
Median time to 0:28 0:10 0:06 0:06 0:25 0:08 1:04 0:14 0:07 0:31 0:05 0:05 0:28 0:10
perform the task

Intasks 2, 4,5, 8, 9, 11, 12 and 14 the GUI did not change from the first iteration to the second. Any
changes to the number of wrong clicks or the time it took to complete these tasks cannot be used to
draw any conclusions. In task 1, task 3 and tableiyeen the two iterations, the settings button, the
KSNRQA FToAfAGASE odzid2y YR (KS KSfL) odzidizy KIR
to complete all tasks on the second iteration.

In task 7, between the two iterations, both thegset error feedback and the connection between
abilities and they polarities were improved. Regardless of these changes, it took more time to perform
this task. It is believed that this happened for two different reasons. First, players still need help to
know what to do which can be solved by adding a tooltip to each polarity slot, that explains to the
player that they should click the button to choose an ability. Players were also interested in reading
what each ability did which can be confirmed in theorded videos. In task 10, along with the changes
mentioned above, the preset activation method was also changed but the performance remained the
same in both iterations. Some players tried to activate the preset by clicking on it. Perchance it is
better to have both options, clicking anywhere on the preset or on the small lamp on the side of the
preset to activate it.

In task 13 every tester knew exactly how to leave the shop. This was no longer a problem. Almost
SOSNE 2y S dza SR (i K Sttoraf the/sSreen. dJdfrtinatefy, thelsecdn @art @ the

GFral RAR y20 NdHzy a2 4Stftod ¢g2 2dz0 2F (GKS SAIKG
element. They went through the team selection page and did not know or realize that coulgechan

the elements there. Although it took more time for the testers to perform the task, there were
significantly less wrong clicks. It lead to the conclusion that the elements on the 'team selection' were

not drawing enough attention. A title was addedtbh &K KSNR Qa St SYSyid OK2AO0S
where players have to change the eleme(fgure87).

& ?
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User tests were vital to the development of the interface and greatly helped to improve it. Even users
that were not familiar with this type of games, were capable of providing valuabldbed that
translated into interface usability improvements. In the future, further user tests should be conducted
with players experienced in this genre to fully validate the layout and navigation of the interface.
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6 3D ASSETS CREATIORERINE FROMCONCEPT ART TO UNDY

Before starting the creation of any 3D asset, a production pipeline was established based on the
pipelines used in the game industry. This pipeline was followed during theigtiod of all 3D assets
of the DARFigure88).

- Draw image
Concept planes
A E

/\

y

High Resolution Model

.: A

ZBrusi’

Texture

Texturing projection Unwrap Re-topology

Figure88 ¢ 3D Asset creation pipeline

The process to create any asset starts with its concept. Therefore, for each model dreatedvas

first a concept design from various inspirations. From pencil to Photoshop, each concept was
developed while keeping in mind what material, type of surface and color each piece of the model had
to be made of. Once the concept was complete (clseckion4 for more information on the concept
development), front, back and side views were created to serve as guidelines during the creation of
the 3D modelgFigure89).
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Figure89¢ (A) Malik Image Planes in Photoshop
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Considering that, more than half of the process wgasilar regardless of the type of asset being
modeled (character or environment/weapon asset), the differences in each step will be described in
RSGIAET Ay GKS O2 NhBoa.LR2YRAY3A LINRPOS&AaQ &adz

6.1 CREATING THE BASESMES

For each game asset, a base mesh wr@ated in 3DsMax. This mesh would provide the basic topology
for the high polygon model and the only precaution to take at this point was to make sure that there
were no triangles or Ngons. As previously mentioned in the state of the art, this malassible to

fully divide the mesh for the next steps of the pipeline. To ensure that there were no triangles of Ngons
on the models, a 3DsMax plugin named MNprad selector was usdd39]. After choosing a mesh and
using the option to count the number of Ngons, this plugin would then count and highlight them in
the mesh.

Since there would be four male and two female characters, a basic body mesh was first created. This
meshwas important to define the basic anatomy such as: arm length, base bone structure, the
OKIF NI O SNNna KSAIKG YR olarad FLFEOALFE TFSIF GdzNBa & dz
important to have all of these base meshes inpo$e or with tke arms open in a 45 degree angle so

that in the future sections the model was easier to work with. These body meshes saved time when
creating each character since there was no need to create six different bodies, instead there was only
one male and one feale basg(Figure90). In the following steps, when higher detail was required,
unique features could be added to each character, giving them different traits and personalities. Both
body meshes were modeled from a cube using the front, back and side concepts as guides. While
modeling, a Symmetry modifier was used. This modifier allows the modeler to create only half of the
body while 3DsMax creates the other half as a mirror image, considerably improving the workflow.
Once both base meshes were completed, the development df eharacter began. This process was
very similar between the six characters, with only small changes to the way some parts were modeled
or to the base mesh used (male/female).

Figure90¢ (A) Starting point of the baseneshe; (B) Final female and male base meshes

' TOSNIKIF@GAY3 | 61aA0 o02Reé YSakKx (GKS OKFNIOGSNAQ
over a surface to create a new mesh. This process is called edge modeling, which in 3DsMax can be
achievedbydza Ay3 (GKS FNBST2NY Y2RStAy3d (G22fad azad 27
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this process with the body mesh as the surf@eigure91-A). 2 NJ SEIl YLIX S al ft A1 Qa Of
arm bandages were created by using this process while, his pants, turban and boots were created

from cylinders with an edit poly modifigFigure91 - B). When all the base clothes were created,

characters were at the same stage as the other game assets in 3DsMax and could now be exported as

.obj files with the Zbrush preset. Later they would be imported into Zbrush to add further detail.

aaaaaaa

Figure91¢o! 0 al £ A1 Qa (2NH2 ONBIGSR dz&aAy3d SR3IS Y2RStAyYy3 gAlGRrushkS o6+ as v
6.2 FROM THE BASIC MOOELTHE HIGH POLYGON MEDLD

This section explains in detail how the Malik character model was created #ineas the most
complex to model. The evolution of all other assets can be seen cartfiexes 4.5).

To create the high polygon models, Zbrush 4R7 was used. Before going into detail about sculpting in
it, there are some important base brushes and tools to be dmmed. Firstly, the Clay brush will make

it possible to add/remove volume to a mesh in small amounts at a time. On the other hand, the
ClayBuild brush will add/remove volume as long as it is pressed which, is very useful when creating
muscles if there isambrush alpha selected. However, when adding smaller details like carvings, the
DamStandard or the Slash3 brush should be used. To redefine facial features the Standard brush is a
good choice. Using all these brushes while using the Smooth brush wilgpieddresults. Yet, the

most useful brushes are the move and move elastic brushes as they allow the modeler to move the
mesh and extend it. These brushes combined with the ZRemesher tool will make it possible stretch
any mesh and it will remain with a goddpology for further division. Another valuable tool is the
masking brush that allows panting (masking) mesh zones which will then ignore any sculpting. This is
very useful when adding small details but only in certain parts of the meshte \éfhating tle assets

for the DAR all meshes started with a single division and as additional detail was required, additional
divisions were added. A mesh was never divided if, the specific detail being added could be added
without increasing the polygon count ajditional divisions would require more computing resources

for Zbrush.

Since it was the first character to be created, the male base mesh had no muscles or facial features.
This first steps were to define his muscles and base bone structure such asette mnes and
forehead size. As mentioned previously, the ClayBuild brush is a good tool to create muscles combined
with the Smooth brusliFigure92 ¢ Aand D. Another important detail was his fingernails which were

all created based on the approach of Willyam Bradbfr]. This technique consists in masking each
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fingernal, creating a polygroup for each mask and then moving eachgrolyp slightly into the finger
creating the illusion of a fingerndfFigure92 ¢ Band Q.

Figure92 ¢ (A) Leg muscles being created in Zbrush; (B) Finger nails; (C) Toe nails; (D) Final mesh with. muscles

hyOS a4l GAaFASR gAGK GKS RSGFIAf&a 2F GKS o0l asS YvYSa
mesh detailed in Zbrush first passed through the Zremesher tool to create equally sized polygon
Y2RSfa yR aAYLX ATFe (KS washefirstthihgtdbe md@ed. airgthe al £ A
Clay and ClayBuild brushes together with the Move brush, folds were created to give it an organic

look. The cloak was the next object to be detailed. In the beginning, it was divided in two separate
meshes, theart covered his shoulders and face and the rest of the cloak. Unfortunately, when two
separate meshes are modeled together as if they were a single mesh in Zbrush, the vertices will not

be welded, making it difficult to keep the two meshes togetliigure 93 - A). Considering this,

another single mesh base cloak was created in 3DsMax. The details to the cloak, pants and the pieces

of clothhanging frt¥ al £ A1 Qa LI ydia 6SNB RRSR o0& ONBIGAy3
movement and realism. These folds were all created using two brushes, the Standard brush to add the

F2t RAaQ @2fdzyYS FyR GKSy GKS t Ay OKiI AOONTZ KA BCAKRISE  (0KNG
area to its cente(Figure93 - B).

To create the boots and chest details, the inflate deformation option was used. Ehisery useful

tool when used together with the masking brush. For example, by masking part of his boot and then
inverting the mask, only that part of the boot will be editable. Then, using the inflate option, the
editable part of the mesh will inflate acating to the chosen axis. This is similar to extrude by local
normals in 3DsMax and Maygigure93 ¢ C)
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Zbrush has a feature which allows a user to create different meshes and add them as parts of a brush.
¢tKSaS IINB (y2¢6y la LyaSNIl aSakK o6LaQadv 2N LyaSNI
open source libraries on the interngt41] and it is also possible create one very easily in the brush

G622t 6AYyR2¢6d ! ff (GKS FAYyS RSiGIAf&a 2F GKS aArAE OKI
creatinganev® Yy S® C2NJ SEI YL S al fA1Q&8 OKS&l(FidgugRr o022 0a
CAVY KA& RFIISNB KI@S 3ISYa 2y GKSANI INARLIA DO [ ALILIQ.
are very easy to use. When drawing on a surface, it immediately starts adding a seapgbsssithe

line is drawn(Figure94-B).! y2 i KSNJ SEI YLX S 2F |y La dzaSR 6l & (K
Using only an alpha image of a stwith the standard brush it was possible draw on the surface of his

pants and create a realistic cloth sedRigure94 - C)

Figure94¢ (A)%0 NHza K Laa ONHza K F2NJ aGNFLJAT 6.0 alfAalQa (G2NAR2 FyR 06220 aiN
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used. This technique consists in using the SliceCurve brush to slice a cylinder splitting it in different
poly-groups. On this case an extract of his arm and torso were used as the base. When satisfied with

the number of slices, a group split is performed which will create a@oibfor each group. As a last

step, the thickness is increased using panel loopksraany small cylinders that resemble bandages or

straps have been created. After performing this technique two or three times with different sliced

groups, folds and smaller details were added to create a realist(kigare95s - A).

¢2 ONBIGS alfAalQa RSOFAT SR Yi8Fdndrdving2oyush tekhnigua Y A £ | N
was used. Iithis case, only the first three steps were used. Using the Standard brush and an alpha
image together with the DragRect stroke option on, the alpha image was carved on the surface. It is
important to note that to prevent the engraving from passing throigfK S 2 § KSNJ 8 A RSX (i K¢
YIa1Q 2LWA2y KIFIR G2 0S (Rguzbef-BR 2FF Ay (GKS 0NHzAKS3H

¢2 RR GKS TFAYIlf R Sdsthdlinen drdeather téxtuesaad skirf iBpérfe&idns & dzO K
the NoiseMaker tool was used. This tool uses a seamless texture as a pattern as if it was sculpted on

the mesh. Firstly, for each mesh that would have a noise texture, an automatic UV map was.created
Then, the mesh was divided several times depending on the level of detail being added with more
detail requiring more divisions. When pleased with the noise scale and irregularities, these were
applied to the mesh so they became permanent as part ofvite & K Q &(FidRir89% +C).

Figure95¢ (A)al t A1 Qa ok yRIF3Sa &O0dzZ LGSR0 NNA RONBAGII BYR BAAYVRA] QNBY¥&RETE a2y
texture and final model

SAFFSNBY (G OKIF NI OGSNRa DRARuged thé samel teflimiquegiepfalNad baiha S G &
above and in the following section.

6.2.1 ADDITIONAL TECHNIGBUEED INBRUSH

In addition to the methods mentioned before, there are others that are extremely useful and were

used as other models were created.

{2YS LI NILHa 2F GKS OKIFINIOGSNARQ Of20KSa 6SNBE ONBI
02R@&I &dzOK dié and ves{Eighré9& A). TKi®vas done by masking what was going to be
extracted, inverting the mask and then extracting it with a thickness of 0. Then, to add thickness the
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panel loops option was used with a thickness of 1. This created an interior and exterior mesh where

the exra detail could be added. As mentioned before, clothe stiches are a good way to add additional
RSGIAET G2 GKS OKIFNIXOGSNRa Ot2dKSa FyR I 60AG 2F N
can be used to create clothe borders as showRigure96 - B.

¢t2 ONBIGS DK2NI Qa8 OKIAYYIFIAfTZ GKS aAONRYSaK iG22¢
polygon of a mesh with equally sized polygons with another seamless mesh. The seamless mesh used
2y GKAa OFasS gl a 2 yFyuréddc Qiwhish, akbdednyrévioasty Madeldd iny | &
3DsMax. If the polygons are well distributed inside the mesh, the combination of all the links will form

a pattern giving the mesh a realistic feeling and look.

Figure96co! 0 / NBFGAy3a YdzZ 1 Qa K22RAS FTNRY | YIFalT 6.0 NBFIftAaGAO RSGI )
feature.

Three different techniques were used to create hair/fur. For long sculpted hair, a brush was used from

0 KS %06 NHza K QE44]0ThHeSate arf illusioNDf KBI hair, the Pinch brush was used in the

bottom tip of the hair and the DamStandard brush was then used to create the illusion of more hair
(Figure97-A).¢ 2 ONBI S GKS YSyQa QmSH MR yl WEB I (RES I T dZNIER ydzN]
and DamStandard brushes was used. The ClayBuild was used to add volume and shape creating some
W+ Q AKILISa F2ft26Ay3a GKS RANBOGAZ2Y 2F (GKS 0S|I NR
volume and the Datandard brush was used to add some depth. Volume and detail kept being added

until achieving the desired resulFigure97 - B). To create realistic dir, Zbrush has a tool named

Fibermesh which grows hair on the selected surface after choosing the hair mesh. It is also possible to
comb the hair or even create curls using the groom brush set. This tool is very useful to create realistic

fur for charactdNBA | YR FYyAYIlI f&ax aiAyoOS Al OFly GKSYy 0SS dzi¢
RSFTAYAGA2Y Y2RStao Ly GKAa OFaS:E FTAOSNNVSAK g4I &
(Figure97 - C).
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{AYyO0S (KS 3FrYSQa ¢2NIR ¢6la IyOASyd FyR &az2ys
added to the world assets. To create cracks, a set of TerraCracks brushes wdfetdsddhese used

alpha maps like theechnique used to engrave detailed images. With the base model sculpted, cracks
6SNBE (KSY | RRSR a4 aS8SSy FAGZ |y (Bgure9g-lAToXredel vy o
erosion on rocks, like the ones on the hand monument, the noisemaker technigue mentioned before
was used. However, this time its plugin (noisePlug) was also used, using the granite option with a small

[ AL
0SFNR YR KA& fA2y Fdz2NT 6/ 0 9@2fdziAzy 2F f2LISNR& A2y KSFR FyR TFA\

LJk

S

noise scalgFigure98-B). CdzNJi KSNXY2NB> (2 FFRR RSF¥F2NXIF A2y G2

brush was used. This brush can be used in rounded edges to polishdteating a feeling of old age
and creating hard edges.

{2YS Sl LkRya fa2 ySSRSR G2 t221 dzaSR FyR ¢2NYy

many scratches and cuts on and around it. The scratches were made with the same technique and the
samebrushes used as to make cracks. On the other hand, the cuts were made using the Clip Curve
ONHzAK® ! FGUSNI OK223Ay 3 gKSNB (2 adlk NI OdzidAy3
the mesh(Figure98 - C).
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Figure98¢ (A)¢ 2 s SNJ Y2 RSt gAGK ONI Ol& dzaAy3d aLISOAFAO / NI Ol oO6NH&AKSAT o.0 [
with cuts created by using the Clip Curve brush

Although there are still many tools unexplored in Zbrush, all the techniques explained above are
sufficient to replicate all the characters, weaparsd world assets created in the DAP

6.3 RETOPOLOGY¥ROM TH HIGHTO THE LOW POLYGRQDEL

Now that the high polygon model was created and finalized, it was time to make it a viable game asset.
¢2 | OKAS@S (KA aZ-tod hebdedito b® deSiMdted W ZbRuShita¥éduca tiedonumber

of polygons without losingdetail. A 20% decimation reduction parameter was used as long as the sub
tool in question did not have any noise on it. In that case, the parameter had to be higher, around 50%
so it would not lose the finer details. After this, all the gabls had to be=xported as .obj files. When
importing them back to 3DsMax, where thetapology process would take place, it was important to
optimize each object using the Optimize Modifier. These two steps are performed to make sure that
the high detailed mesh willat crash 3DsMax when imported since, this program does not handle
millions of polygons well.

Now, depending on the type of model being created, it is possible to use the previously created base
meshes as a low polygon mesh and save time on thepelogy process or to create a new mesh

from scratch. Examples of models that can use the first option are objects that had independent
meshes both as a base mesh and as a high definition one but also shared a similar silhouette such as:
rocks, small buildings dnstatues. In these cases, there is no need for additional steps and the re
topology process is concluded.

However, if the model had more than one mesh then there was a last step before starting-the re
G2LRf238 LINRPOSaasz G2 WSThidscBnRE Qongist & créating & keyfignied 32 v
with all the objects selected on frame 0. Then, on frame 1, objects that make sense to be grouped are
positioned around the screen at different X positiqgyure99 ¢ A). Everything that will become a

single mesh with welded vertices should be positioned together for example: pants and belt, a chunk

2T NRO1a 2NJ I OKI NI O S nidigareatet i©®gingd to/de aniriatad] then itiF¥F § K S
also important to group objects that need to have their vertices welded when doing ttepadogy.

This will make it so that when bending the model, the two objects will become one and bend together
instead2 ¥ AYRAGARdAzZF f & @GAGK OGKSANI GSNIAOSE Ay RAFT
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complete, a new mesh surface was created based on the high polygon model. This process is known
as retopology.

The edge modeling approach was used to createhal re-topologized models. With an offset
0SG6SSY nonp FYR nédém YR (GKS KAIK LRfea2y Y2RSt
start the process.

Two important things to consider when doingtapology: make sure that the low polygon modeish

the same silhouette as the high one and add more polygons if additional detail is required. It is not
necessary to create detail for every fold and crack but, it is important to create the support for extra
polygons when there will be a big differenae volume between the low and high ploy detailed
Y2RSt&d C2NJ SEFYLX ST altAlQa Ot2F1 KFa Ylye F2ftR
from the low polygon modefFigure99¢B).1 2 6 SHSNE (G KS 3 YSQa (26SNAE 6SI
small details but, the low polygon model did not support any of these. Yet, the towers still had a very

good look in the engFigure99 ¢ C)

Figure99¢(A)a l f A1 Qa4 Y2RSf SELX 2RSRT Gupportirmk X AR QBRZ 08 22y T2HRARBI G/ Y2RSE6 SND
AdzLILR2 NI AY 3 KAIK LIfedz2y Y2RStQa RSGFAC

An additional concern was if the model was going to be rigged afterwards. If the model would only
have its position or rotation animated the topology was lessaaitsince, on this kind of assets the
base mesh is usually used as thed@solution model. The most important aspect is for them to have
the same silhouette.

However, if the model was going to be rigged, such as a character, extra considerationsealtiitg) cr

its topology were required. The face should have enough polygons to support the high poly model
bone structure as shown iRigure100- A. Theface was modeled by starting at the eyes, creating a
loop around them and trying to keep the same number of polygons on the top and bottom (1). After
approximately three loops, the eyes were complete. Then, a bigger loop was created starting on top
of the eyebrows and going around the eyes and passing through the nose, similar to a carnival mask
(2). This was followed by drawing another loop from the top of the nose around the cheekbones to
the bottom of the chin, adding small loops inside until reachirggrttouth (3). Body joints like elbows,

the back of the knee, fingers, wrists and arm pits should be done with extra loops. A loop was added
for each side on joints that would be bending and a single loop on the inside of the bent zone as shown
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in Figurel00- B. A better reference of how the base topology of a character was once complete can
be seen irFigure100- C Once the final model had achieved a satisfactory level of quality, smoothing
groups were set up on all the hard edges, providing additional support for details during the next step

Figurel0OC(A)DK2 N} Qa FIF OS Gz2LRf238T 6.0 9EGNI 2211 F2NI 6SYyRAy3I FN¥a | yF
6.4 UNRAPPINBROCESSMAKING A PUZZLE

When satisfied with the lowesolution model, the first step was teset the XForm in 3DsMax, where
all the process was performed. This is vital in order to reset any odd scales or rotations in the objects
to prevent errors on the unwrapped maps.

After collapsing the stack, the unwrapping process could begin takingagtount two vital rules;

firstly a seam was always added to a hard edge to avoid having strange black lines in the normal maps
when baking textures and secondly, seams should not be added to parts of the model where they will
be visible at all times.

Unfortunately, seams are sometimes visible, even if barely, when the viewer is close enough. This was
counteracted by adding seams bellow the armpits, between the fingers and when there was a change
in material or color.

After dividing the model into severabd Ya s AG gt a GAYS (2 ONBIFGS (K

al L) ga ONBFGSR F2NJ SIOK LkRfedaz2y aStSOdAzy |yR I
being performed the selections outside the map were spread. Once complete, all the elenerats

rea Ol £t SR | YR (KS adseidbledRig@e2016A3 Atlthis painRall @efhents had the

same scale but, this was not intended. The goal was for the most important parts of the meshes to
KIS Y2NB RSOIFAT I A0S NDEF NIND (03 NMIpa ¢ KISOIEF 2 INBNE A K:
to become bigge(Figurel01- B). By doing this, it was important to keep in mind that as much epac

as possible should be saved by rotating and filing every single space with parts of the mesh.
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Magping Options _Daplay View_

Figurel01¢6 ! 0 al £ A1 Q& dzy ¢ NI LdrmdrlidedTifiecdin thie uravkap hap Qa 2 NA 2

This was a lengthy and arduous process. However, since these maps were going to be used in the next
step, to bake the high model details into this model, any mistakes made during the unwrapping
process would be costly when texturing the model in the end.

6.5 BAKING TEXTUREMAKING THE LOW POIONGMODEL LOCBREAT

After having the model unwrapped, it was time to create the illusion of detail on the low polygon
model. This process was done using 3DsMax. These files were created considering that if additional
detail was added to the high polygon model, all that had to be done was to bake new texture maps
and the additional detail would added to the low polygon model.

Before starting this process, it was important to paint every high detailed mesh that hadediffer

materials with different colors to be able to easily distinguish between them when baking the Diffuse

al L !'aAy3d GKS WwSYyRSNI G2 ¢SEGdNBQ FSI GdzNB Ay o065
a Projection Modifier was added to the model anddte it possible to choose which objects the detall

was being projected from. The Projection cage was reset and pushed accordingly until all of the high
L2fe3az2y Y2RSt ¢+ a AYyaARS AdGd . SF2NB oF(1Ay3a GKS
paddng of 12 was required for baking high resolution textures (2048x2048) and the existing mapping
channels were used. Diffuse, Normal and Lighting maps were chosen as output maps

In order to render the lightning map correctly, a Skylight was added to #mees@ts position was not
important) and some of the render settings were changed (for more information chigckel31)
Finally, the detailed map®ald be rendered. This was done to all the mesh groups that were exploded
which, provided all the important details to the low polygon modégurel02shows the differences
between the high and low poly meshes.
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Figurel02¢ (A0 al f A1 Qa KAIK Llfed2y Y2RSt onn aAfftAizy LRt&3I2ya0T 6.0
polygons)

6.6 TEXTURINGHE MODEEOR UNITY

Unity3D has buiin shaders that can be used to render any game asset. One of the best is the Standard
Shader which, allows adding different texture slots and parameters to a single material. Furthermore,
the Standard Shader has anvaiced lightning model called Physically Based Shadding (PBS) which
essentially simulates interactions between materials and lights, mimicking r§bdis}. As a good
practice, only one material should used for each mesh inside Unity, so it was decided that all the
textures would be done accordingly to how the Standard Shader works in Unity3D.

Depending on the game asset, several texture maps were created: Diffuse, Specular, Emission and the
two maps already baked in the previous section, Normal and Occlusion maps. As for the process used
to create the actual textures, it will be brietixplained above for each map.

The Normal map required additional attention, to invert its green channel in Photoshop. The reason
for this was that 3DsMax and Unity differ on their axis orientation and when projecting textures in
3DsMax the greenfannel in the Normal Map (Y axis) was pointing on the opposite direction creating

al t7

FNIATEOGE 6KSY FRRAY3I figurdld®. ! yAG2805Q8 b2NXIf alL

Figure103¢ (A) 3DsMax baked Normal Map creating artifacts in the model; (B) Inverted Normal Map fixed artifacts

By previously baking the Diffuse Map, it was possible to have the different parts of the mesh organized
by differert colors. Then, in Photoshop the Select by color range feature was used to create masks for
the different parts. To add additional details such as shadows, the occlusion map was used as a
multiplied layer on top of all the other layers. Some parts still bt have sufficient detail, such as

GKS OKI NI OGSNRa FTI 0SS GSEGIINE a23 FdzNIKSNI RSO A€

GSNBE a2YSGAYSA YAaaAy3d FNBY »%ONMzZAKQA Y2RSt:xX a
were added asm@madditional overlay layer below the occlusion map la¥égurel04).

87

dzO



Figure104 ¢ Model texture evolution- (A) Baked Diffuse Map; (B) Painted Diffuse Map; (C) Occlusion map; (D) Normal Map

The specular map, was always created after having the Diffuse map since, it was created on top of it.
All the parts that would have reflectiongere selected and a mask was created increasing its curve
values along with an alpha channel of it. For all the other parts, a mask was created and the Hue was
changed to180(Figurel05- A). In unity3D, to control which parts have reflections and which do not,

a smoothness parameter is used which is controlled by the alpha channel of the texture. Since this
channel had already been created, all therrained was to define from white to dark grey which parts
would shine more (white) and which would not (dark gréyiyure105- B). Then, inside Uny3D the
parameters were adjusted accordingRigurel05- D).

The process to create the Emissive map is very similar to the Specular map. Thehalptel was

used to determine which places would emit light and which would not (white equals full emission).
Then, with a copy of the diffuse map but with more saturated colors, the color map was defined. In
the game, this maps is used on stones aroundchdawer, defining its defense zor{€igurel05- C).

Figure105¢ (A) Options when creating Specular Map on Photoshop; (B) Specular map and texture applied to model; (C) Tower stones
without and with the Emissive map applied; (D) Smoothness levels of the Unity standard sHadéi.
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way could have been used to achieve the same or even better textures to then integrate with
'yAdleos5Qa {0 yRINR { KI RSNW®

6.7 RIGGINGANDSKINNIN®ROCESS

This was the lengthiest process in the entire 3D pipeline. Previous projects, provided key insight on
what should not be done but, the experience in rigging and skinning a character was still reduced.
3DsMax was the tool of choice for this part of the m@ss. This process was only performed for
characters since any other animations in the other game assets were based on physics and did not
NBIjdZANS Fye o02ySad 2KSy OKz22aAy3d 06S0Gi6SSy 6ALISR |
chosen for two reasns: firstly, there was previous experience with it and secondly, while researching

about which was better, there were many complains of 3DsMax users about CAT related crashes.

Unity3D has very specific rules about the skeldi8] that should be used. It should only contain two
spine bones, one neck bone, a minimum of fifteen bofie$7] and it only supports rotation
animations (bones are not allowed to change their local position). On top of this, Unity3D does not
support bone twists which, are used to prevent skin deformations on wrists and knees when they are
in a forced twist setup.

Unity only supports manually specifying muscle twists. This prevents many animations from working
properly since, in redlfe humans can twist their wrists. This leads to the loss of information since

motion capture files often have this type of informati. A last thing to consider when creating the
a1StStzy G2 62N)] 6AGK !'yAde gla GKS ¢gle (GKFG GK
KF@gS (G2 0SS GKS Ne2G StSYSyid 2F GKS a1StSiz2yQa KA
pelvisshould not be triangulated and as mentioned previously, the second spine join has to be the

parent of the neck bondgFigurel06- A).

To start the rigging process, a biped was created with the previously mentioned settings, five fingers

with three joints each and additional bones to serve as weapon placeholders. After positioning the

LISt gAa Ay GKS YARRE S LASIR QiaK SO 20/KS aNJ oOSINSINIL 32 &LAS(E ACPAYASSR
0KS OKIF NI Ol SNIEiguré18G: B).{ IA¥ OlF92 A& N&fAS 2T G KS ndokel NI OG ST
with physics and, since Unity3D allows choosing which vertices are fixed and which can move, it was
decided it would be best to divide the meshes into smaller parts to be able to paint/select the correct
BSNIAOSad al f Al Qa OrkeldiNdredtipsdtdlBis cibak dhe Rdces bfRIGHhankifgl 2 G
from his pants and the rest of his body. To all three meshes a Skin modifier was added but, only the
bones that made sense were added to the bone list. This modifier automates the skinningsproces
initially and, if the bones were placed properly during the rigging process, each bone will have the
weights equally and properly distributed. It was only required to skin half of the model since, the
skinning modifier allows mirroring the weights to tle¢her side of the body if the characters are
symmetrical.

For a more efficient workflow, a simple animation was created to evaluate which parts of the skinning
needed more work and which were already complete. This animation consisted in doing stiess tes
to the rig, like bending the wrists, knees, shoulders, rotating the spine and opening thEiggse

106- C)in order to find any anomalies an them.
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For the first character created, a full rigging setup was done using the 3DsMax Skin modifier along

gAGK GKS O0OALISR® Ly Fy FGdSYLWG G2 RSONSBrggesS GKS

combined with its 3Dsmax script was ug@igure106 - D) [148]. These did not create a perfectly

animated model but, they did satiene at the start of the process where each bone had to be skinned

G2 GKS Y2RSftQa YSaKd hyOS (GKS a{iAyyAay3a LINRBOSaa
2

s
OALISR YR AYONBYSyGltte SRAG IYyR NBFTAYS (GKS Y2RSE

AUTO-RIGGER

Figurel06¢ (A)3DsMax biped hierarchyB)Final biped position before applying the Skin Modifier; (C) Animation streess to the rigged
character; (1 a A E | Y-fgQet scleatfiug].

6.8 ANIMATIONPIPELINE FROM3DS MAXTOUNITY

Both characters and other assets were animated in 3DsMax. Motion Capture animations were used
FTNRY aAcE!l Y2 (148]toFaNiBae edctchaxaktéd®

6.8.1 CHARACTER{ tLtO9[ LDbO9

Mixamo makes it possible to export all the chosen animations with Mecanim rig support, as a .bvh file.

All the animations were then processed by a basic biped and converted to .bip files so they could be
usedontheDKI NI OG SNNa o60ALISRa ¢AGK2dzi t2aAy3 GKSANI aAl
was theoretically already completed, sometimes some vertices still needed to be refined. Thus, all the
animations belonging to the character were imported one by and refined.

Any animations that made the character change its position were locked in place (using 3DsMax
WAYtflFIOSQ O0ALISR FSIGd2NBO® ¢KAA ¢2ddZ R 06S dzaSR f I i
the characters had accessories on their handd, mome needed to have their hands closed, biped

layers were used to add those additional keyframes. This consists in adding another layer of
animations on top of the animation. For example, having base animations with their hands opened,

an additional lagr is added where the hands are closed on the first keyframe, creating an animation

that combines the whole base animation with clogethds Figurel07- A). Layers were also used to
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fix anomalies in the motion capture animation, since the skeleton being used did not have the same
number of bones as the one from motion capture.

¢2 AYLINROS (GKS 62Ny} Ft26> | FSg 2F NHA Sa 6SN
lye FyAYlLGAz2ya a Iy oFoE FAES yIFYSR WOKLI NI
animation, another mesh was exported and a .max file crkafEhis time, the options export
animations and animation baked were both checked and the files were named
WOKIF NI OGSNDLIFYSYX! YyAYL GA2Y K7y & Jor soine reagoh additobal I ROA &
animations were requited to fix any skinning problems, they could alvayied in that file. Then,

0KS &a1AyyAy3a Sy@gSt215a 02dA R 0S SELRNISR (2 GKS
being exported and R Ay ! yAGe@o0o5 Ia GKS FTYAYFGA2yQa (I NE
WOKIF NI OGSNDbIYSX! YAYFGA2Y Dbl YSQ dEighelOT B)Shus, arg S OK I N
changes on that model would affect all animations. It was also the only file had to be edited to make
changes to the whole character. All animations inside Unity had to have their root transforms locked

unless they were jump animationshere the Y axis had to be unlockg@tgurelQ7- C).
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Since Unity3D has a great physics engine, all cloth simulations were done using tHedGiptiment

GKSNB® alftAlQa Oft2F1 FYyR DK2NI}Qad OKFIAYYFAf FY2y:
the character moves they have a new animation. This cloth component is divided into two important

LI NI ayYy GSNIAOSEAQ RA ahicbllidédsS The fifsR takelSinfoSadcolintdfh@wmudhy R Of
a vertice can distance itself from the initial mesh position and how much it can penetrate the other

LI NI a 2F GKS YSaKod ¢KS aSO02yRXI RSTAySa ki OK O2f
has a collider on both arms so it does not clip into them while Malik is m@viggre107 - D).
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This set of rules substantially improved the workflowce, any changes to an animation could be

done in that specific file without changing anything in the base character model making this process
much faster and less error prone.

Due to the time it took to create each character and integrate it with Umifythe six characters
developed, only three were completely implemented. The remaining characters (Lipp, Loper and
Wang) were only developed up to the digital sculpting step of the 3D pipéfigare88). Since the
game was only a prove of concept, three characters were sufficient to play and learn what steps had
to be followed to fully integrate them in Unity3D. The fourth character in the game, lhipp,
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R2gyf 2 RSR TNRBY a[AdB]land anfegrated NS Snity30\ sb MIcoN[B support the
currently implemented game mechanics.

The progress in the creation of Malik is showirrigure108 below. The development of all the other
characters can be seen in anr@%.2

Figure108¢ Malik model creation evolution

6.8.2 OTHER ASSETS

Ly GKS 3IYSs 2yS 2F GKS IyAYLFLGSR aasSia 0SaARSa
destruction animatiorto provide additional feedback to the player that the tower has been killed.
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This animation consists in breaking the tower into twelve different pieces and making it look like it
was destroyed. To achieve this, a 3DsMax plugin was used, Fracture \[2d4®}pj150]which allows
choosing in how many parts a mesh will be broken into and then breaks it into smaller njégjuze

109 - A). By breaking the tower in twelve parts and adding a MassFx Modifier to all of them it was
possible to apply physics to theffaigurel09- B). The last step was to bake the animation and export
the model as an .fbx file to be used later in Unity.

Figurel09¢ (A) Tower mesh broken into 12 parts and its animation states; (B) 3DsMax MassFx modifier settings

6.8.3 MECHANICS INTEGRAYMWITH ANIMATIONS

lff GKS oAfAleQa the BITPR] Qhk @ the regSildBentOidiEne DARES tah v

integrate each ability, elemental power and game mechanib thieir corresponding animations and

visual feedback. For example, every time a hero is healed, healing particles appear, giving the player
visual feedback. On the other hand, every time a hero takes damage, a hit animation is called.
However, this needsotbe synchronized with the visual feedback from the GUI (floating text) and the
RAFFSNEBY(l KSNRQA FoAftAGASEAD® GGl O1AYy3a 6AGK || &g
attack animations, all that has to be done is to synchronize the atddk& | G GF O1 F YA Yl (A ;
GFrNBSGQa G 1S REYEFEIS FYAYFHGA2Y® hy GKS 20KSNJ KIy
time it takes for a particle to collide with its target since, it depends on the distance between the target

and the attackerConsidering this, a small animation system was implemented, already allowing for

its future expansion but also making it independent of the hero currently performing the animation.

Each character in the game has a different 3D prefab. When loading the, gaBD prefab for each

KSNR Aad AyadlydArGSR YR NBFSNBYOSR Ay Ala azy:
animator, a character animation controller script and a particle controller script. The Animator is a
standard component from Unity whi¢ allows a user to create a state machine with all the animations

that a character can perform using simple parameters to control the transitions between states.

al ft A1 Qa FdzZ f | yAYIl (2 NouelilbdiiSA Ok OKA vyl dal fy BF 1atStS yii |
animators. All character animators were created keeping in mind future animation expansions. Taking

this into account, every animationate has an index and the current default is zero. If a new animation

pack is added, a new index can be added and depending on the index, different animations will be
played. The animator is also prepared to support the addition of new abilities to angatbasince,

each ability animation state has the ability number as a transition parameter.
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Figure110¢ Animator state machine for the character Malik

Since Unity3D allows the use of Interfaces, an interface was createdSiN&y OS | I SY SNR O
animation controller. All animators are equal, varying only on the animations that each one loads.

9 OK KSNRBQa 3IFYS OlAzya &adzOK Fax e¢lft1Ay3az Niz/y
animations, are then managed Hhyis$ controller. For all the necessary game mechanics, particles were

also added which are controlled by this script as well. Each ability has its own particle systems which
FNB (KSy OFftSR o6& S@Syida 2y (GKS HefAYFGA2Yy 2NJ 08

C2NJ SEFYLX S G(KS LXIFeSNJ RSOARSa (G2 dzasS | &aAayLx s
ability involves choosing a hex and jumping to it. When Ghora arrives at his destination, he damages

all the heroes around him. There is no way of kimayif the hero has already arrived at his destination
gAGK2dz dzaAy3 | O2NRBdziAyS FyR OKSO{1Ay3a SOSNE TNI
(Figurelll).
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Figurelllgq Pipeline of how an ability is performed behind the game

¢KS alFyYS [LIWNRBFOK GKIG gFa dzaSR Ay GKS Ay dS3aNI i
gAGK GKS 3FYSQa (andelémehtdl poBersGivayonns: f LIS G &

6.8.4 INDEPENDENT TESTENNG/IRONMENT

To improve the implementation workflow and, to create game components that were independent

from the game logic implementation, a helper panel was created. This panel relied on assigméng ga

Fdzy OliA2y It AGASEAa G2 + &aAy3atS odzid2yed ! FSé SEI YL
health, moving a hero to any tile on the map and unlocking more abilities. This would then be used to
GSad SHOK 2F (KS 3l Y S &of hav|nd theTyamé @gic\bahyhd it vihichl Bad NI 3 |
later implemented orthe MTP[2]. As the game was developed and the networking components were

added, many of these buttons were then changedhe MTH2] to work onthe network as well.

An additional sukstate machine was added to all character animation controllers talie to test all

animations in an independent scene to improve the workflow and particle creation. This scene
605/ KI N} OGiSNE &40SyS Ay !yAaGe LINB2SOGULOL KFa | odzii
can be used to implement game sound effeats additional particle system§&igurell?).
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Figurel12¢ Unity3d game scene environment for testing animatians
6.9 UNITYWORLD CREATION

Unity allows the user to create world terrains which can be painted like in a 3D painting software.
Additionally, it allows the user to paint terrain assets (add detailed meshes) such as grass, rocks and
Unity trees.

Starting from a terraimplane in Unity, height was added and subtracted to simulate mountains and a

small lake. Using seamless textures together with their normal maps and with the hex grid (created in

the MTP2)F & + 3JdzZARSE Ay S (GKS 31 YSQa GB@UNIIRAITRMNI Ay 4|
GKS 62NIR FaasSia 6SNB aasSyoftSR FYyR IRRSR (2 (K
meshes feature was compelling, it used an extremely high amount of processor anc:$aRttes.

To overcome this, every single grass, flower, mushroom, rock and tree were added by hand but, all

the instances count as a single object. Regardless if there are 10 or 100 clones of the same grass model,
Unity only uses the resources to rendere model instead of those 10 or 100. Besides having to add

each mesh manually, the only other downside of not using the detailed mesh feature is that the
GSNNI AyQa gAYyR aedaiusSy Olyyz2i §S5)vwaLaddediB thefghssd ¢ 2 2
models so the wind and bouncing effects could be controlled.

Unity also allows the creation trees. Instead of having to create the 3D models in another 3D program,
the user can decide o many branches, sub branches and leaves are in each tree and then give it a
log and leave textur@igurel13- B). All the trees in the game wereeated using this metho(Figure

113- B) and all the textures were from the work afUnity assepublishernamed Shapefl52]. For

the world creation, some models were taken from the Unity store. All bush models, terrain paint
textures and small grass models were obtained from the woughueg153].
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process

Visual effects are an important part of the game because they define part of the aesthetics. This was
R2yS Ay (KA& 3JIFHYS o0& dzaAy3d !'yArideQa LI NIAOES aeal
but after some experimentation, the ascan create any type of spell or effect. It is important to note

that if this system is being used for spells and attacks, it is vital to turn off both shadow casting and
shadow receiving features so that it does not consume a lot of computer resouregsplaying the

game. Fothe DAR a pack of particles created By Salvati[154] was bought from the Unity asset

a02NB Ay 2NRSNJ G2 020K fSINYy K2g LI NIAOEtSa 62N
and textures.

As mentioned previously, for each elemental power used/gained (water, fire, earth, lightning and
wind) requied some sort of feedback in the GUI. A particle system was created that was then called
as a character or tower was directly affected by that power. For example, every time a hero is hit by a
fire or water elemental power, a geyser/stream of fire or watés that hero. Every time a hero is hit

by an earth or lightning elemental power, a rock falls on their head or the hero is hit by a cloud of
lightning respectively. Finally, if a hero or tower is hit by a wind elemental power, a tornado hits or
takes itinto the air (depending if it is healing or giving movement).

To be able to run the game in computers that do not have the most powerful hardware in the market,
FRRAGAZ2YIE FOGGSYGA2Y 6l ad LIAR G2 yAadGeQght.tAIKGA
Every single 3D object that has a mesh renderer activated needs to have its casting shadows option

on. To minimize the use of resources required to run the game all the static objects such as rocks,
flowers, trees and statues have their light maps ddhk-igure114 ¢ A and B. This allows Unity to

previously create lightmaps of the terrain and the objects on it. This way, there is no need to render
these shadows in real time, making the game a lot less demanding, resource wise. The only downside
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resolution terrain will need more RAM to pbake the texures. Assets such as characters and towers

still need to be dynamic objects, since their shadows need to move and disappear as they move or

die. An additional advantage is the fact that, any player that has ajledity computer, can still see

mostofttS I+ YSQad &AKI R2g&0AXYDESK KBEE WPENHBe LINET2NE ONS

Figurell4c/ &aK2ga (GKS TFTAYyLl f f 2theposidn ofialkKiGe assetsy tBgther (i S NN
with all the baked light maps.

Figure114¢(A)DI YSQ& GSNNI AYy @A GK fAIKGAYI YIFELI 6F1SRT 6.0 DFYSQa GSNNI Ay
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7 CONCLUSION

Thisreport describes the successfaiplementtion ofa proof of concepfor a video game based on
a board game. Howeveit, was extremely ambitious and ideally would require at least two other
students to fully develop it.

Throughouthe DARresearch was conducted to find how informatie displayed in other games and

to know how to represent the requirements provided by the board game. Knowing and understanding
the standard game industry pipeline to produce game assets was a priority tblbdcaachieve a
high-quality standard. This pipeline is mostly the same between game studios but varies considerably
in the software tools used which, were analyzed and compared considering the requirements and
constraints othe GGP

The DARPvas also relsl2 y aA 6f S F2NJ ONBFGAy3 YR AYLI SYSyi(GAay3
includes both elements before the play session (menus) and the play session itgglm@). Its
implementation was prepared to support multiple languagekich, would ease the loalization

process. User tests were performed for the menus interfatdée, monitoring the performance of

users. This information was used to guide the improvements of the interface.

The narrative of the game wathen establishedand the aesthetics of thevorld and its characters
were defined. Using thee aesthetics as a foundation, the asset creation pipeline was applied to
LINE RdzOS Fff GKS 3IIFYSQa o5 02yiSyild oKAOKI ol a G(GKE

¢2 O02YLX SGS GKS 3laytiexantert pradtic8dyytifeiGIRwaspgrindically
combined with theMTP,

One of the main hurdles of th@IPwas how the development pipeline walanned and executed on

both the MTP and the DARlow that theGIPhas been concludedt is clear that the implementation

of the interface should have been carried out at a later stage of the development. It should have
happened once all the data structures and the data base implementation had been concluded, instead
of while they were sti being developed. This slowed down the overall progrestkeMTP and the
DAPbecause part of the development hadte redone or reviewed since it was not prepared for the

full integration ofthe MTP and the DAP

Despite all of this, th&IPwas succesful and, served as a great learning opportunity on both personal
and professional levels. The fact that most of the references were directly from the game industry
served to provide a unique perspective but also, firsthand experience that is applicadreaywplying

for a job in the video game industry.

The next steps in the development of this game will be to implement a higher fidelity version of the
interface, to implement the sound effects, ambient sounds and music of the game and to conclude
the integation of the characters into the game engine.

Through this project it is possible to get a glimpse into the development of a videogame. &his is
complexprocesghat requires many fields of knowledge. It alstmowedhow much had been learnt in

the yearsspent studying Computer Engineering at the University of Madeira and how some courses
provided the knowledge of where to start the development of each part of the game.
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9 APPENDIXES

9.1 GANTT
Table23¢ GANTT table
Task Name Duration  Start Finish Predecessors Resource
Names
Navegacao de Menus com cliente ligado ao | 165 days| Mon Fri
servidor 05/10/15 20/05/16
Estrutura de Dados 130 days| Mon Fri
05/10/15 01/04/16
Criagao do UML conceptual de classes 130 days| Mon Fri
05/10/15 01/04/16
ED GUI 100 days| Mon Fri Tatiana &
05/10/15 19/02/16 Yuri
ED InGame 15 days | Mon Fri Tatiana;Yuri
29/02/16 18/03/16
Habilidades 30 days | Mon Fri Yuri
15/02/16 25/03/16
Elements ED 5 days Mon Fri Yuri
28/03/16 01/04/16
Base de dados 110 days| Mon Fri
19/10/15 18/03/16
Criacao diagram ER 15 days | Mon Fri Tatiana;Yuri
19/10/15 06/11/15
Ligacdo da base de dados ao Unity 5 days Mon Fri Yuri
23/11/15 27/11/15
Estruturacéo das conexdes as bases de| 45 days | Mon Fri 10;9 Tatiana;Yuri
dados (abstragdes) 30/11/15 29/01/16
Implementacgéo base de dados (Selects)| 30days | Mon Fri
04/01/16 12/02/16
Copia local da base de dados 30 days | Mon Fri Yuri
04/01/16 12/02/16
Player 30 days | Mon Fri Tatiana;Yuri
04/01/16 12/02/16
Implementacgédo base de dados (Inserts € 10 days | Mon Fri Yuri
Updates) 07/03/16 18/03/16
GUI 165 days| Mon Fri
05/10/15 20/05/16
Navegacao 130 days| Mon Fri
05/10/15 01/04/16
Arvore de menus 25 days | Mon Fri Tatiana
05/10/15 06/11/15
Conceito GUI 40 days | Mon Fri 18 Tatiana
09/11/15 01/01/16
Log de Tarefas 15 days | Mon Fri Tatiana
02/11/15 20/11/15
Guido 5 days Mon Fri Tatiana
14/03/16 18/03/16
Testes Utilizadores 9 days Tue Fri 26;20;21 Tatiana
22/03/16 01/04/16
Implementagéo 45 days | Mon Fri
08/02/16 08/04/16
XML linguagens + tooltip 10 days | Mon Fri Tatiana
08/02/16 19/02/16
Login 5 days Mon Fri Tatiana
07/03/16 11/03/16
Menus 20 days | Mon Fri 4:18;24 Tatiana
22/02/16 18/03/16
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InGame

Criar hierarquia Unity

GUI Logica de Jogo

Loading

Networking

Networking- criagdo da estrutura para
utilizar frameworks de networking (abstragées

Networking- InGame / Logica de Jogo

Networking- Lobby

Networking- Chat

Arte do GUI

Desenhar icones

Conceito e arte final do GUI

Protétipo jogavel v1 Milestone

Mapa do jogo com pegas

Mapa do jogo com pecas

Construgdo do mapa igual ao boardgame

Contrucdo Mapa com editor (inclui
visualizacao e objetivos do mapa)

Navegacdo no mapa

A*

Protétipo jogavel networking + Gui + DB +
mapa

Ldgica de jogo

Combinagdes de Elementos

Executar elementos (efeitos)

Executar Abilidades

Ciclo de Jogo

Interacdo entre pecas e mapa

Implementacéo

GUI

Art

Art - Mundo

Art - Herois

25 days | Mon Fri
07/03/16 08/04/16

5 days Mon Fri Tatiana
07/03/16 11/03/16

15 days | Mon Fri 5 Tatiana
21/03/16 08/04/16

15 days | Mon Fri Tatiana &
14/03/16 01/04/16 Yuri

145 days| Mon Fri
02/11/15 20/05/16

25 days | Mon Fri Yuri
02/11/15 04/12/15

25 days | Mon Fri 32 Yuri
18/04/16 20/05/16

5 days Mon Fri 32 Yuri
02/05/16 06/05/16

5 days Mon Fri 32 Yuri
02/05/16 06/05/16

50 days | Mon Fri
09/05/16 15/07/16

10 days | Mon Fri Tatiana
04/07/16 15/07/16

10 days | Mon Fri 17,23 Tatiana
04/07/16 15/07/16

0 days Mon Mon
09/05/16 09/05/16

50 days | Mon Mon
04/04/16 13/06/16

50 days | Mon Fri
04/04/16 10/06/16

10 days | Mon Fri Yuri
04/04/16 15/04/16

10 days | Mon Fri Yuri
04/04/16 15/04/16

15 days | Mon Fri
23/05/16 10/06/16

15 days | Mon Fri 42 Yuri
23/05/16 10/06/16

0 days Mon Mon
13/06/16 13/06/16

30 days | Mon Fri
25/04/16 03/06/16

5days Mon Fri Yuri
25/04/16 29/04/16

5 days Mon Fri 7;48 Yuri
02/05/16 06/05/16

5 days Mon Fri 6 Yuri
09/05/16 13/05/16

5 days Mon Fri Yuri
16/05/16 20/05/16

10 days | Mon Fri 42
23/05/16 03/06/16

10 days | Mon Fri Yuri
23/05/16 03/06/16

10 days | Mon Fri Tatiana
23/05/16 03/06/16

6 days Mon Mon
11/04/16 18/04/16

3 days Mon Wed Tatiana
11/04/16 13/04/16

3 days Thu Mon Tatiana
14/04/16 18/04/16
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Projecto completefalta 3D e IA
3D

Modelagéo

Texturizacdo

Rigging

Animacéo
Particulas de tudo
Playtesting 1
Inteligencia artificial

Play

Basic Strategy

Outras coisas
Projeto completo Milestone
Escrita da TeseTati

Escrita da Tes€Yuri

Tese concluida

0 days Mon Mon
06/06/16 06/06/16

59 days | Tue Fri
19/04/16 08/07/16

29 days | Tue Fri 57 Tatiana
19/04/16 27/05/16

5 days Mon Fri 60 Tatiana
30/05/16 03/06/16

10 days | Mon Fri 61 Tatiana
06/06/16 17/06/16

15 days | Mon Fri 62 Tatiana
20/06/16 08/07/16

10 days | Mon Fri 27;59 Tatiana
11/07/16 22/07/16

5 days Mon Fri 58 Yuri;Tatiana
13/06/16 17/06/16

30 days | Mon Fri Yuri
13/06/16 22/07/16

0 days Fri Fri
22/07/16 22/07/16

15 days | Mon Fri 64;59;36 Tatiana
25/07/16 12/08/16

20 days | Mon Fri Yuri
25/07/16 19/08/16
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9.2 GAME REQUIREMENTS

9.2.1 FUNCTIONAL REQUIREBNIE
9.2.1.1 MENUS
1. The player shall be able to create an account.
2. The player shall be able to check its profile information.
3. The player shall be able to buy new heroes in the game.
4. ¢KS L)X FeSN) aklrff oS lotS G2 asSsS SIkOK KSNRQa |
5. ¢KS LXIF&SN akKlkfft 0SS FofS G2 asSS SIOK KSNBQa |
6. The player shall be able tveate new hero presets.
7. ¢KS LX &SN akKkfft 0SS FofS G2 aSS SIOK KSNRQa |
8. The player shall be able to activate a preset.
9. The player shall be able to edit a preset.
10. The player shall be able to choose the team they want to play with.
11. The player shall be able to check its current account currency.
12.¢KS LX @SN akKrft oS oftS (2 asSSsS GKS 3IIFrySqa ail
13. The player shall be able to check its account statistics.
14.¢ KS LX F@SNJ akKlff 068 FofS G2 OKFy3daS GKS 3IIYSQ:
15.Thepl&@ SNJ aKl tf o6S FofS G2 OKIy3aS G4KS 3AFYSQa a2z«
16. The player shall be able to exit the game at any time.
9.2.1.2 IN-GAME
17.¢KS LX F&8SN) akKltt oS FoftS G2 aSS 020K GSlIvyaQ |
18.¢ KS L F@SNJ akKlff 0S5 rbledtSinfaration ® e GURadl &y timS. Ya Q
19.¢KS LX @SN akKltt oS FLoftS G2 aSS 020K GSlIvyaQ :
20. The player shall be able to know which team is playing at any time.
21. The player shall be able to know which team belongs to them ilGideat any time.
22. The player shall be able to see the last five actions in the game at any time.
23.¢KS L) I @SN aklF-fttf oS lofS G2 asSS |4 GKS 3l YSQ:
24.¢KS LX &SN akKkfft 0SS FofS (2 aSS G#f. adl Gddza 2°
25.¢KS LJ I @SNJ akKlF-ff oS lofS G2 aSS (GKS KSNRBRQa I ¢
26.¢ KS LJXIF&8SNJakKlrftt oS oftS G2 aSS GKS StSYSyda
any time.
27. The player shall be able to see the healthof b0tB YA Q KSNRBS& Ay GKS D! L
28.¢ KS LXI&8SNJ akKrft oS +totS G2 aSS (GKS | OGAQDIGSH
the GUI at any time.
20.¢KS L F@SNJ akl-ftf oS lotS (2 asSS Ay GKS D!L o
any time.
30. Theplayer shall be able to know which hero is currently playing at any time.
31. The player shall be able to see each owned element power stored.
32.¢KS LJ I @8SNJ aK2dz R 6S Fo6fS (2 &aSS Ada KSNRQa |
33. The player shallbe abletoseerBor A Y F2NX I GA 2y | o62dzi GKSANI KSNP
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34,
35,
36.
37.
38,
39,
40.
41.
42.
43.
44,
45,
46.
47.

The player shall be able to see more information about their owned element powers.

¢KS LJXIFe@SNJ akKlrtt o6S FoftS (2 dzaS I KSNRQa | 0Af
The player shall be able to use an owned element power.

The player shall be able to attack a tower.

The player shall be able to unlock new abilities.

¢KS LXFeSNJ akKlff o668 FotS G2 FTAf

(@]}

|
¢CKS LXFe@SN akKkrft o6S oftS (2 FA{t FoAfAGEQa K
The player shall be able to fill elementpé NRa KSNR GF NBSGa®
¢KS LX @SN akKlff oS otS (2 FAtt StSYSyil LRos:
¢KS LXIFe@SNJ akKlrtt o6S ofS (2 FTAtt StSYSyld LRég:

The player shall be able to see a timer to use a counter ability.

The player shall be able to see a¢inio activate an element.

The player shall be able to see a turn timer.

The player shall be able to resurrect a hero by choosing an available hexagon on the map.

48. The player shall be able to spawn a hero by choosing an available hexagon on the map.
49. The payer shall be able to move a hero by choosing an available hexagon on the map.
50. The player shall be able to see the available movements on the map.
9.2.2 NONFUNCTIONAREQUIREMENTS
1. The game shall have a scalable interface.
2. The game shall have menus that aesg to navigate.
3. The game shall have muléinguage support incorporated.
4. The game shall be able to run on computers with older hardware.
5. The game shall be able to give visual feedback to both teams of any action performed by a
player.
6. The GUI shall be abto fully integrate the game mechanics.
9.2.3 GAME ABILITIES

Table24¢! £ f Il Y&@ds I 6Af Al @

CodeName Name Description Range Cost Cycle
Ghoral Ghora 1 Ghora deals 1 damage and an additional 1 damage for every 2 health lesta 1 1RC
1
Ghora2 Ghora 2 Ghora deals 1 damage and an additional 1 damage for every 3 health he 1 1RC
2 currently has.
Ghora3 Ghora 3 Ghora jumps up to 3 tiles and deals 1 damage to all enemies around the lan - 1RC
3 tile.
Ghora4 Ghora 4 Redirects to Ghora an ability that would affect a friendly character next to hir 1 1RC | x
4
Ghora5 Ghora 5 [COUNTER] - 1RC
5 Ghora reflects the damage of an ability targeting him. Every other effect is
canceled.
Ghora6 Ghora 6 Ghora deals 2 damage &l enemies and 2 healing to all allies within 1 tile. - 1RC

6

115



GhoraUl
7

Ghorau2
8

KULLA

Kullal
9

Kulla2
10

Kulla3
11

Kulla4
12

Kulla5
13

Kullaé
14

Kullaul
15

Kullau2
16

LIPP

Lippl
17

Lipp2
18

Lipp3
19

Lipp4
20
Lipp5
21

Lipp6
22

LippU1l
29

Ghora Ul

Ghora becomes immortal. Damage from abilities or ultras that would kill him
drains resources instead of health.

2RC

Ghora U2

[COUNTER]
Ghora takes the damaghat would hit an ally and heals them by half the
damage that Ghora takes.

1to4

2RC

Kulla 1

Kulla deals 2 damage and if the target dies, all characters of the same team
within 1 tile will take 1 damage

2t03

1IRC

Kulla 2

[COUNTER]
Kulla cancels the next damaging ability that would hit her

1RC

Kulla 3

Choose one:
Kulla shoots an explosive trap that immediately deals 1 damage to all charaf
around the target tile.

Kulla arms 2 traps on the map that deal@mage once triggered. These traps
can not be placed on tiles next to or with a character on them.

2to3

1RC

Kulla 4

Kulla deals 2 damage and moves the target 1 tile closer to her.

1RC

Kulla 5

Kulla rolls over 2 tiles arapplies her element to all characters on the tiles
around her landing.

1RC

Kulla 6

Kulla deals 1 damage to the target. If there is another character of the same
team next to the target, Kulla can incapacitate it for one turn

2t03

1IRC

Kulla Ul

Kulla deals 3 damage. Spending 1 additional resource will increase the rang
this ability by 1 tile, up to a maximum of 3

2t03

2RC

Kulla U2

Kulla deals 3 damage to the target closest to her and 2 damage to the targe]
furthest from her.

2t03

2RC

Lipp 1

[COUNTER]
Lipp cancels an ability targeting her or an ally. If Lipp is the target of the abili
she deals 1 damage to the attacker.

1]-

1RC

Lipp 2

Choose one:
Lipp switches placesith her target and then pushes every character within a
tile radius by 2 tiles

Lipp switches places with her target and then pulls every character within a |
radius by 2 tiles

1to2

1RC

Lipp 3

Lipp deals 3 damage to the target. If ttaeget dies, Lipp deals an additional 2
damage to another target of the same team within 2 tiles.

1to 2

1RC

Lipp 4

Lipp deals 1 damage to the target. If the target dies, Lipp deals an additiona
damage to another target of the same teanithin 2 tiles.

1to2

1RC

Lipp 5

Lipp deals 2 damage to the target and an additional 2 damage to another tai
of the same team within 2 tiles.

1to 2

1RC

Lipp 6

Once activated, every time Lipp takes damage, the attacker tallasage in
addition to the damage dealt to Lipp. Spends 1 resource for each damage
returned.

1RC

Lipp Ul

Lipp reverses the state of all her abilities. Used abilities become unused ang
unused abilities become used.

2RC
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Lippu2
23

LOPER

Loperl
30

Loper2
31

Loper3
32

Loper4
33

LoperS
34

Loper6
35

Loperul
36

Loperu2
37

MALIK

Malikl
38

Malik2
39

Malik3
40

Malik4
41

Malik5
42

Malik6
43

MalikU1
44

Maliku2
45

Lipp U2 Copies an Ultra from the target. Lipp may copy another ultra to change the | 1to5 | 2RC
currently active ultra
Ghora: GhoraU124 {7}
Kulla: KullaU225 {16}
Loper: LoperU226 {37}
Malik: MalikU2- 27 {45}
Wang: WangU128 {52}

Loper 1 [ 2LISNJ SEOKFy3Sa KAaa KSIHfGK gAGK (K 1to2 | 1IRC
the target can exceed their own maximum health.

Loper 2 [COUNTER] 1to5 | 1RC
Loper can sacrifice himself and die instead of an ally within range. Theagly s
FfA@PS 6AGK [2LISNHEA OdNNByid KSFftiKd

Loper 3 Loper deals 2 damage and is healed for 2 health. 1to2 | 1RC

Loper 4 Loper deals 2 damage and if the target dies, Loper caonsef its abilities. 1to2 | 1RC

Loper 5 Loper transfers 1 health from all heroes 2 hexes away from the target to the| 1t0o2 | 1RC
target.

Loper 6 The damage taken by an ally character in a tile next to Loper is equality 0 1RC
distributed between the two. Damage is rounded down.

Loper U1 | Loper resurrects an ally and places them on a tile next to him.; Loper resurre¢ - 2RC
an ally and places them on a tile next to him. Loper sacrifices 4 health instez
paying resources.

Loper U2 | Lopper resurrects an ally under his control for 1 turn. The ally will resurrect ¢ - 2RC
tile next to Lopper and for each resource they would spend, Lopper takes 1
damage instead. The ability will wear off if Lopp@uld be killedby this
damage.

Malik 1 Malik hides in the shadows and can't use Damage Abilities while hidden. Mg -/ 1 1RC
can only be targeted by element powers and Utility abilities cost 1 more
resource.
When Malik leaves the shadows, he dealmavoidable damage to his target.

Malik 2 Malik deals 2 Damage. If he doesn't have Malik 1, he deals 1 additional dan| 1 1RC

Malik 3 Malik can move 1 tile to reach the target and deals 1 damage. Malik deals 2| 1t02 | 1RC
damageif he doesn't need to move

Malik 4 Choose one: 1 1RC
Malik picks the target's pockets and places one of their damage abilities on
cooldown.;
Malik protects himself from an ability during the enemy turn.

Malik 5 Chooseone: 1 1RC
Malik removes a trap within range.;
Restore 1 health point to Malik.

Malik 6 Malik creates a smoke cloud around him that prevents all characters from ug - 1RC
or being targeted by abilities.

Malik U1 | Malik deals 3lamage and an additional 1 damage for each character within 2 1 2RC
tiles of him.

Malik U2 | Malik prepares to instantly kill an opponent, immediately ending his turn. Du| 1 1RC

the next turn, Malik can instantly kill any target within range. Bibigity will
reset automatically even if no target is killed.

2RC
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Wang1l Wang 1 Wang deals 2 damage on 3 tiles around to him. 1 1RC
46
Wang2 Wang 2 Wang uses his chains to deal 1 damage and moves the target up to 2 tiles. | 2to 3 | 1RC
47
Wang3 Wang 3 Wang deals 2 damage and if the targets dies, Wang is healed by 2. 1 1RC
48
Wang4 Wang 4 Wang moves to the closest tile next to the target and deals 2 damage. If the| 2 1RC
49 another target of the same team within 2 tiles of the fitdfang will move to the
closest tile next them and deal 1 damage.
Wang5 Wang 5 [COUNTER] 1to2 | 1RC
52 Wang redirects the damage from an ability that would hit him to another targ
All secondary effects are canceled.
Wang6 Wang 6 Wangchanges the position of two characters. Both characters must be withit 1to2 | 1RC
51 Wang's range.
Wangu1l Wang Ul | Wang deals 2 damage and an additional 2 damage if the target has less tha] 1 2RC
52 of its maximum health
Wangu2 Wang U2 | Wangcreates a clone of himself. Wang and the clone move separately buts| 1to 3 | 2RC | X
53 abilities and their cooldowns. As soon as the clone takes damage it disappe!
9.2.4 GAME ELEMENT POWERS
Table25¢! € £ Il YSQa St SYSyid LI2sSN O NRa
Nome Description Time to Use
F1 | Deal 1 damage to the last character of the opposing team that played and 1 damage to Instant
another one.
F2 Deal 1 damage to the last character of the opposing team that played and 2 damage to Instant
another one.
F3 | Deal 1 damage to the last character of the opposing team that played and 3 damage to Instant
another one.
F4 | Deal 1 damage for each utility ability the character currently playing has. Deals at least 1 Instant
damage.
F5 | Deal 3 damage plus, 2 for eadharacter of the same team in an adjacent tile to the target. Instant
F6 | Choose one: Instant
Draw a Water elemental power
Draw a Lightning elemental power
Deal 1 damage to a character.
F7 | Choose one: Instant
Draw a Wind elemental power.
Draw an Earth elemental power.
Deal 1 damage to a character.
F8 Deal 1 damage to a character for each character controlling Fire in the game. Deals at le Instant
damage.
F9 | Choose one: Instant

Restore 1 resource for each damage ability your team has used.
Deal 1 damage to a character.
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F10
F11

Al
A2
A3

A4

A5

A6

A7

A8

A9

A10
All

V1

V2

V3
V4

V5

V6

Deal 1 damage plus, 1 for each additional ability the opposing team has unlocked. Instant

Deal 1 damage to all characters of the opposing te2eals 1 more if one of your bases has Instant

been destroyed.

WATER

Heal 1 health to the last character of your team that played and 1 health to another one. Instant

Heal 1 health to the last character of your team that played and 2 heakindther one. Instant

Heal 1 health to the last character of your team that played and 3 health to another one. Instant

Heal 1 health for each damage ability the character currently playing has. Heals for at leg Instant

health.

Heal 3 healttplus, 1 health for each character of the same team in an adjacent tile to the Instant

target.

Choose one: Instant

Draw a Fire elemental power.

Draw a Wind elemental power.

Heal 1 Health to a character.

Choose one: Instant

Draw a Lightning elemental power

Draw an Earth elemental power

Heal 1 health to a character.

Heal 1 health to a character for each character controlling Water in the game. Heals for ¢ Instant

least 1 health.

Heal 1 health to altharacters of your team for each ability of the opponent team has and 2 Instant

health for each unlocked ultra

Heal 1 health plus, 1 health for each additional ability the opposing team has unlocked Instant

Heal 1 health to all characters of ydeam. Heal 1 more health to each character if one of Instant

your bases has been destroyed.

WIND

Heroes from the opposing team that are inside the Base area of this team will suffer dam|  Element

equal to the Base's damage. At the start of the round evernp from the opposing team is Zone

moved outside of the Base area and if, they reenter it during this round they will take dan

equal to the Base's Damage.

Heroes from the opposing team are moved outside of this team's Base areas gnéshesl Save for

away by 1 + Base's damage tiles. later

You can move 2 heroes for up to 3 tiles each. Instant

After being damaged by an ability, a hero can move as many tiles as the damage taken Element
Zone

Choose one: Instant

Draw a Water elementadower.

Draw an Earth elemental power.

Heal a Base by 1 health.

Move 1 of your team's heroes by up to 3 tiles.

Choose one: Instant

Draw a Lightning elemental power.
Draw a Fire elemental power.
Heal a Base by 1 health.

Move 1 of your team's herodsy up to 3 tiles.
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V7

V8

V9

V10

V11

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

R1

R2

R3

R4

Choose one: Instant

Move 1 of your team's heroes up to 3 tiles for each hero that controls Wind in the game.

Heal a Base by 1 health for each hero that controls Wind in the game.

During this round, heroes from th@pposing team can't stay inside this team's Base areas Elemen

while those Bases are alive. However, they can use these areas to move. If any heroes r Zone

inside the area after their movement, they will be moved to the closest tile outside the of

area.

The hero playing can move up to 6 tiles during its first movement phase, instead of 3. Save for
later

Heroes from this team can't be targeted by abilities from the opposing team while standin ~ Element

their own Base area. Zone

Moveone hero up to 12 tiles. If you choose to move a hero from the opposing team, they|  Save for

must be moved to the center of the map. You can move 1 additional hero if one of your B later

has been destroyed.

EARTH

The heroes from the team that us#iss power deal 1 more damage to Bases but, also take| Element

more damage. Zone

Deal 2 damage to a Base if there are two heroes from your team inside that Base area. Save for
later

Choose one: Save for

After killing a Base, fully heal the hero that killed it. later

One of your heroes takes no damage when attacking a Base.

When attacking a Base, you can deal 2 more damage to it. Save for
later

Choose one: Instant

Draw a Lightning elemental power.

Draw a Wind elemental power.

Deal 1 damage to a Base if your team has at least 1 hero inside its area.

Choose one: Instant

Draw a Water elemental power.

Draw a Fire elemental power.

Deal 1 damage to a Base if yaeam has at least 1 hero inside its area.

If the hero playing is inside an opposing Base area, he can deal 1 more damage for each ~ Save for

controlling Earth in the game. later

If the hero currently playing attacks a Base, they @alll 1 more damage and take 1 less Save for

damage. later

During 1 round, the heroes from your team are immune to Base damage. Element
Zone

If your heroes are inside the opposing Base area, they can't be targeted by enemy abilitie ~ Element
Zone

The hero currently playing can teleport to a Base area and deal 1 damage to it. Save for
later

LIGHTNING

You can use an ability for free, without paying any cost or activating its cooldown. Save for
later

Inverts the effect of the abilitpeing played. Healing now damages and damage now heals  Save for
later

Steals an elemental power from the opposing team. Save for
later

Reduces the cost of one ultra by 2 resources. Save for
later
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R5

R6

R7

R8

R9

R10

R11

Forces the opposing team to swap the lastocked ability of the targeted hero. Instant

During one round both teams can't use more abilities than the team that has the least abi  Element
Zone

Choose one: Instant

Draw an Earth elemental power

Draw a Fire elemental power

Deal 1 damage to a Hero

Store and use it when inside a Base area to deal 1 extra damage.

Choose one: Instant

Draw a Water elemental power

Draw a Wind elemental power

Heal 1 health to a Hero

Move a Hero up to 3 hexes.

Choose one: Instant

Deal 1 damage to a character and to a Base.

Heal 1 health to a character and to a Base.

Increases the cost of the opposing team's abilities by 1 Resource. If you have unlocked lI¢  Element

abilities than the opposing team, the cost is increased hyote resource. Zone

Unlocks 1 ability for every 3 abilities the opposing team has. Instant
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9.3 GAME STORY

9.3.1 GAME CLASSES

Figure115- Wizard world and weapon inspiration: (A) Crystal caves; (B) Dald#&j; (C) Crystal cave cities; (D) Surammar £i8]; (E)
Wizard weapon inspirations

Figure116 - Pathfinders world and weapon inspiration: (A) Cog Wheel cities; (B) BiosH&2B]; (C) Steampunk inspired cities; (D)
Dishonored 2129]; (E) Pathfinder weapon inspitions.
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(5]

Figurel17- Mender world and weapon inspiration: (A) and (B) Maleficent forest (representing both dead and alive worlds); (C) Forbidden
forest from Harry Potter; (D) Mirkwood forest from Lord dfie Rings; (E) Mender weapon inspirations

=

(o]

Figure118 - Guardian world and weapon inspiration: (A) Jurassic park dinosaurs; (B) Minas Tirith from Lord of the Rings; (C) and (D)
Cities/castle on top ofmountains; (E) Guardian weapon inspirations
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