@)
ons

\A

iy, g
|
VHTIWAL REALILY

[ TT‘P T
ls1=1 mummuunmrmum

3

-
-
YTILANEHD LAUTRANV

-

ded by

A
opean UniOn “W




Kaan ERARSLAN VI RTWAUGMENTED REALITY & GAMIF

] woyadwoee! f UWoBUWqGWURWo WET RqY! WRULWY9 6 RIJ'n Wn W9 KC
ucGet WAW T WNet ¢l FaWowoY2Wl wWAWf Oqull RY! W? 13t RNU
7RI RUHRW7 ¢t f O LBHG LEONVEE + qWET RqRY U Wwn WW W

f E7 A A BIfARH

WWHRYG! | RNG q
7elWllft Rqec Hf OW! ¢! f OWéet tfWEWI T200Woe¢! f UN2Rk UJWe
uc! Uct WNBt qI RGGUT WUWcecafUqrf W ¢GidecacAAWRARUL
N6 IUW RNEqlgYWGe ARt 6 W6 R WHYYt WAHGYUNY Wa VY WE 1
HcOUWOYquUWADW 6YsUWs Raé6VYe qllgsé WW Yel #HIAW WIGI YI e
GUI GRtt RYUIO

EJI T2R0Woc¢! f UN2RWo WEWNI T2WUWAzHAGRt 6RUN
NTI t R W T1 Wt WowNRel ¢3! W TT1 Wt aWuf Afdc! W~¢bIC
Ul Ratll q@ll Vd A= = W<e¢ Ut ¢! ¢o u A
NDGUInYUWo WA YUIDaWMPNOOTETPTEP

s JAalWsssO0t Wl 22130 ¢! RUW2RIOHY @

1IJ0 ¢ RiiSaNlHz@ Sy 8 BAYSOAXAYLIAf dO2Y

7¢ttf WAWIRG o WAl RUqRUNWAWE Yiie 1
EUI qR3t ¢ Wo WATMYR3IHC qUI W Ya Ll


mailto:seruvenyayinevi@gmail.com

Kaan ERARSLAN VI RTWAUGMENTED REALITY & GAMIF

VI RTUUAUGMENTED RE&ALI TY
GAMI FI CATI ON

Wi tMh ni ng Appl i cati on

Al WwiHWuce UWEA AE

LI LLY LU LR L 6L LU L L L
Al YngOIG ¢ towi ¢ 6 A¢

K¢tahya Dumdhupémnaid ty
Faculty of Engi ne
2025

Co-funded by yv's

the European Union ‘W'

SERUVEN

YAYINEVI



Kaan ERARSLAN VI RTWAUGMENTED REALITY & GAMIF

Table of Contents

A B E [ 0 E s e e e, s
HE UY s 0107000000t e e e T
NiED NAg§?O9Nf§ UWN®WeEANEG?xwWAE xf Now .2.Y~f[f9
1.2.Virtual REAILY (VR)....eeeiiiiiiiiiiie e eeiiies ottt es oo e e e e s s s e e e e s s annneee 2aannnes 9
1.2.Augmented REAlItY (AR).....cciiiiiiee it cereee et e es ceaeeeee e e e s e e —————— 10
1.3.Gamification and SErioUS GAMES .........ccoiuiiiiiiiiiiiiies e arreee e 11
1.4.Virtual -Augmented Reality and Gamification in MiniNg ............ccoceoeeiiiiiines viiveeeennnns 11
zwow ~f[f9 Nfg§ W ?2WEEAf 8QEU]..~EW2EE&ENZA~E N
P R 1T a1 - VI @) o =T o £ U 12
2.1.1.Gaming Fiction and DESIQN ......cccciuuiiiiiiiiiieiiieeees ciiciiiirirrr e e e e ae e e e e e cvaneerrereeeees 12
2.1.2.DESIGN OF SCENES ....oiiiiiiitiiiie ettt bttt e et e e s hbere e e s s s e e e e s annreeeeas 13
2. 1.3 UL EIBMENES....ciiiiiiiiiiie ettt ettt e e bbe e e e e e et e e e e s s e e e e hrreeeens 13
P 0 Yo o1 @ To [T T U U 14
2.2. Gamification on Windows and Android PIatforms .........ccccccceiiiiiiniies cvveeniieeeiieenn 15
2.2.1.Gamification for Open Pit Mining Machines ............cccccceiiiiiiiiees v 16
2.2.2.Gamification for Occupational Health and Safety ..........ccccocoveiiiiiiiies v 22
2.2.3.Gamification for Ore Mining on Mobile DEVICES ..........ccccuviieeiiiiiiiiies veiiieeeeeeee 26
2.2.3.Some Other Examples of Gamification in MiniNg .........cccceeevieiiieiiees cevciiiiineeen, 39
oA W AAxf9 Nf§ WifNcWw§o Ox.OEWAOEENLWL..LLDONf NoO
3.1.0pening the ProjeCt iN UNILY .......c.eeeiieiiiiiiiiiie i e ceeeeessineeeeeesannes 44
3.2.Creating the Starting SCENE .........cooiiiii s e s —eeeeae e e 50
3.3.VR Movement (LOCOMOLION) ......cociiiiiiiiiii it ceeeeee e e e e e e e e ee e ssiarrrrees ceeeeeeeeeeseaaaananes 60
3.4.Creating a Teleportation Field 0N @ RUQ..........oeviiiiiiiiiiiciit e e 64
3.5.Reticle Settings for Teleportation ... e e e 66
3.6.Grabbable ODJECIS ... e e e 68
3.7.Adding a Grabbable ODJECL...........coii it e e —————— 70
3.8.Adding an Object with a Handle ............ccccooiiiiiiiiii e e, 74
3.9.Continuous Movement on Scene with Controller (JOYSHCK) ......cccvveveeiiiiiiiiieeiin e, 77
3.10.Unity Oculus Quest Application in MINING .......ccueviieiiiiiiiiieis e 78
Nwg x §x E EW=W AAxf 9 Nf§ Wi.f.Necl=ANu.Wf. .. UO=f No
4. 1.Preparatory WOTK .......ooi e ittt e e abeeeee e s ssbae e e e e s s sabneeaes areees 82
4.2. Preliminary PreparationS ..........cc.eeeieoiiiiiiiieins ceeieee et ee e e s siieeee e e eeeeeesaninneeeessnnnnens 83
O N =T =T [0 1] = 83



Kaan ERARSLAN VI RTWAUGMENTED REALITY & GAMIF

4.2.2.Installing Visual STUIO: ........uuiiiiiiiiiiiiieee s e eeieeeee e e e e aaa e 83
4.2.3.Microsoft Mixed Reality Toolkit (MRTK) Installation ...............ccccceiiiiiiiins eveeeeeennn, 85
4.3.Developing a Hololens Project with MRTK in UNity ........ccovvviieeeiiiiiiiiiis eveeeieeeeeeeeee, 88
4.4.Some Hololens 2 Applications in MINING ........occuiiiieiiiiiiieeees e o 119
Pio~ ] EWN A] ENW f Nc wé O §Af W .AWIE..].f....EINf==llc § x §
5.1.Deployment OVEI Wi -Fi.......ccciiiiiiiiiiiec s e a e e ceesrnr e e e eaaaas 144
5.2.Deployment with Type -C USB Cable...........cooooiiiiiiiiit e e 149
5.3.Profile WaIMING ...t et eee e s s e e e s e e e e s eeeenanns 150
5.4.Hand Controls (Hand INtEractionS) ...........coeeiiiiiiiiiiiiiis ceeeeiiiiiee e en eeeenanes 152
5.5.Hololens 2 Application in Mineral Processing DeVIiCeS ......ccovvvvevieviieeeeiiiiins cvvvveneen, 153
>ow 0] ~E NE?2WAE xf NowWwi f Nc W..AW[.80..2. NINPMWE ] f
6.1.AR Foundation Application with Mining Machine ...........ccccoiiiiiiiiiniiit eeriiiieeeees 166
THowf ~ 1 EWN A] ENW AAxf 9 Nf §..Wi.f.Nc . ALNST® 2?2 Nf
7.1.Basic Image Target Implementation with AR Foundation ...........cccccoeeiviieiniien eeennns 174

yiowd f NowaAwf NEA 9oONf § LWNS.8x.uf. . NLWé.A L= NI f E-~

8.1.Unity XR Interaction Toolkit Mechanism Application in Mining  ........ccccccceeeeeeinininn, 206

oowd f NownAwf NEA 9Nf§ WNS.8x.uf.NWi.f.Nc.  HNMUNE-~A
9.1.Mining Applications with XR Interaction Toolkit VR Template .................ccccccvvvnnns .. 242

NMooW AWwW788uWNEENW AAxf9 Nfs..Wi.f.Neld. =MW 2L
10.2.AR ENQINE Preparation...........oocuuiiiiiiiiiiiies aeiiiiiee e eiieee e e ssiiiees aasinnreeeessnnneeeeeessanes 246
10.2.Project Development BASICS ...........cccccciiiiiiiiiiiies ceeeeeeeeieiiinirrerreereeees ceeeeeseaannnnnes 247
10.3.Project DEVEIOPMENL ........cooiiiiiiiii it e ccrres eeeeeeee e e e s eeeararrrrreaes 248
10.4.ARBo00k Test Application in MiNING .......ccoouiiiiriiiiiiiies oo ceaeees 268

NN~ EN g WE Mk ? u Weé E W] fElNie OVNIER RN .0~ Ax.EEZ TN

11.1.EXamples Of USE IN MINES........uuiiiiiiiiiiiiiieccceees ittt e e e vtrvrreeeeaeaaaaeaaens 283
TF T XT 8] A AL Qs et e s =dO0
I = N <70 W 2RO OMIM



Kaan ERARSLAN VI RTWAIGMENTED REALITY & GAMIF
AAE[] 9E

6RI qacalWe U7 WeeBEUEUDAUGWE ULRENRacalWal ¢UtnYl G¢qRY
RUQWI ¢ HQRYUSAWE WqUHSEOY I YNRHEC O WJ 18 d GE T IR & il 6 1R (L & & |
6¢ U7 AWRY W6 WG Wt WUqée qRYUWYn W 131 RY e {URE | INUIAE | | ReValRE:
I ROS6WaS6RI WHYUqUUqAWqSE JWAY Yt b1 WqYGRAT Wel WKW 38102 ¢
cCHCEIT DORAWIT Rt HRGUI RU VA W R W aqit RAANAUIIE Ui (AU HRRIJIDAHLTEA LW
FHRIODOHEDE Qwe 0T wul eAecqRYUE O Wt #RIWOHIL 1O

i RgS6WRat Wecl T s¢l WWeUT Wt Yngscecl WWRUNI ¢t ql eHagel JALW
TU2VGYCGWAYqéWet Welwt qée U7 ¢adYOWWswal we O Wet We WHY O G
HYGGI Rt JT WYNWeEl qRIHERE G WRUOqIJ G WREARIDTH IISALLT I3 GALLmGiHIEH o)
2Rt ecciWHYG G2 URARECqRYUWWGWAWUqt WOWEéRI gqeaciWeUl WeeNn
qUAGUYIYNRACIWT RANWUI RYOW e OT WUWs WhWeqel W WqVLWHe
] caGR3AHCqRYUAWYUWq6 WWYq6 IHMWEE URAIWWERIWH U6E IR HIR G UK
Gel qRAzGcl ! WnYIl WIT eH#ecqVY!l t gWect WIT erHecqRYUCTLWACE qldl

N6 Rt WAYYt WGI Wt 30qt AW¢ qWé WHe+ RAELWT U Yes20n3d 100daud TOLW I LY ¢ iR
¢cUT WNeGR3IACqRY U W 2 3G H0RE eRoRSYRI WHan6YRIWL n 1 ¢ G s YI t ALl 5 ¢
Gl Ynit t RYU¢GRW RY AIRGE @REIRMH @ER YV OIIT 13+ RNDUC q T Wet We Wt G

Ot RU rOUdRAIIEHIIR G 13102 132 130 Y Glild GoploREHR RERIY UWT 132 DG Y @I+ We |
Hg qUGW2Rt 2¢cllWllt eGEYIl qWaVYWaqlerH6Wnea Ul ¢calg@q @izt UOYs
CGGURACqRYUWI W2WaYGaWUqWeE GGl YEHG6WE Al GHec qllt Ale
Ct WaB@ellls He G2t WA 2 134 dId+-ERoLMAY iic YRERITE R@=a) It Wn | Y& Wa ¢ Ue n
b 2 H6QUERRIR H | YL im ILLR-AUTdtH D We q R4 RAIIT 1O

f UWl¢ GGURHCE qRY B LK E Rt & THn6 660 Midy ! LE (34 VRISOMALNHINET I Ws ¢+ Wi |
2t RURRIF B WAIR fnaync O LWERYd GRRYILUS | vHaL

[2l q6 I Yl DAWGRURUNDW #IU¢!I RYY W 3aVYUt ql ¢ qlWé Ys Waq ¢
HYURI DqUWGI Yntt RYU¢cOWEGGURACqRYUY IOWEqal RIJF Wel 1
t 2GGYIl qWacecqll ReGt WnVYI WAHY 6 WY GUUILLIERR R WD wmmiwe 2 R RiDd
N6 Rt Wt gqel ! AWl Wt RNDUUT Ws Raé We WHIJI q¢ ROWE UYs 4137 NIJWHEC
OURq! WIUNRUIJIWE el UYITYae A dlRay d0MRYALI AURIR Wi A 1IGa W Uq W EUNR
GGi RHC qRY Uddllilh Yuc tH+uR BR DiMlq 6 D WU0aAIH It + ¢ ! WHe HE NI Ye Ul

qaqGt aoossstot Ul 220! ¢! RUND2RIOHY G ol WA YU O Ec ! n¢
JC B2 VG YAEFONB @RI SGi RACHRVBRIUN Xt ¢! ncxNO=ZYxxfitt AHS |

— IOz

—

Ws Rt Wt e HAEWH t WaVYWgsWIWeHET DARARC UL AWl 13t D¢l #E61I1 + L
Rt #et t DT WRUWq6 WWAHY YTt 1O

—_—

| Ynto? | lOWuc ¢ UWEI ¢1 +t deU

Tagcé! cW?adteGf Ucl WOUR2UJI T Rq!
cHzOq! WYnWEUNRUWIWI RUN

M= P

ln— < >»


https://www.seruvenyayinevi.com/Webkontrol/SayfaYonetimi/Dosyalar/introduction-to-unity-a-realtime-development-engine-with-applications-for-mining_sayfa_g328_LXskPcw5.pdf
https://www.seruvenyayinevi.com/Webkontrol/SayfaYonetimi/Dosyalar/introduction-to-unity-a-realtime-development-engine-with-applications-for-mining_sayfa_g328_LXskPcw5.pdf

Kaan ERARSLAN VI RTWAUGMENTED REALITY & GAMIF

Ht UYs Gl nWauaq
220WqYWq6 URI WAYUql RA2qRYUt We UT Wt 2 GGY!l quWRUWq 6

El ¢t @BMPRA x N =& BNIMMM Y iEYTTY D1 ¢ G6 RAWT UqldNIl ¢ qRY UL
] WYt #RIUDUABUY WET edec qRYU WA YITWHRURUNDWbc YOY] E~b W

El ¢t @ddtt(zmpcnpnytkgrnllg! WNI ¢ RURUNWs R 6 WAILE O WF Gal
HENAWRY T B8Hq

T IWY+FGI 3ttt WYel WNI ¢qRael UIO

9YUt RTWI RUNWa6cqWUaslWs YI t WRUWaq6 WWHYYt WRt Wa6
HYUql RHz qRY Ut WY n WG Y A A0 Rt A4L@ G A G 10 oy a4 1l elic 19 I eud 1
q 68k Y G ¢ GUOIIRM @b it 2 GGY! qRUN

NMNMYE=ENABA E~BEEMBP=7 clli~ ¢t qldl WAL Y pt RWGRIORULL E
EURNDRUWIYI RUNWe UT Wf UUY2¢é qR2 10UWAENY g | AI@ILM TID @ W+ 13

uTqcliPleditie GF Ucl W OUR2JI t+ Ra! WERRIND Ui RE HILEAVR RE Rt
GEAYlI ¢qVYl ! Wne¢MRURMROWW I RGAWBEHWW NI ¢ RURUNWRLU
NIJHAEGS UY ap¥ AR IJIARIBPMEIEY T 1 H q


https://erasmus-plus.ec.europa.eu/projects/search/details/2022-1-PL01-KA220-VET

Kaan ERARSLAN VI RTWAUGMENTED REALITY & GAMIF

NiEd NAg§? 09
] ~f[f oW

Nf § WNEJWeE ANNE? IMKAE xf No W
Nf §

Virtual Reality (VR) andAugmented Reality (AR) studies have opened a new page in practices
with technology-human interaction, especially education, and took its place in digital
transformation processes. The relatively older history of playback or software callederious
gaming is also an important component of this process.

These application areas, which have hardware and software components, bring together experts
working in different disciplines. The stagesas shown below,in the development of an application
can be generalized as a scenario built into need, graphic designs and coding thatlizes this.

Scenario

im
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c -
2 c
7)) n
— >
O m
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[
(@)
S 2
© a
> >
(e —
(D) c

Determination of a

G

Workflow through the applications

In addition to graphic design software in the components, engines such adnity and Unreal,
which will be brought together and converted into interactive scenes, are needed fMRand AR,
programming information and of course technological devices. The hardware section includes
not only computers but also title sets, and wearable technologies

Graphics Design | | VR/AR ENGINE Code Development

« MINING SOFTWARE « UNITY « MS VR TOOLKIT oCi+ VR HEAD SET

« AUTOCAD « UNREAL ENGINE  VUFORIA oCit «SMART GLASS

« BLENDER « ARFOUNDATION o Python « PHOTOGRAMMETRIC
« MAYA « ARCORE CAMERA & DRONE
«3D STUDIO MAX o ARKIT

« CINEMA 4D

« PHOTOSHOP

«PIX4D

o LIDAR

« MESHROOM
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Components of an application development

An application whose elements areassembled andcompleted can be used on various platforms.
Computer (EXB, Web HTML), Mobile Devices APK, IPA, VR headings and holographic devices
are some of these platforms.

2PGOY! AUqOAT ¢ q
3D Model/Scene

’ Mobile Devices —

Phone, Tablet
Mobile Devices — . .
Mobile Devices -
Phone, Tablet ’ I

’ PC-Based

’ PC-Based

Smart Glasses
(MSHololens

’ Web-Based

’ VWeb-Based

eadsets (Oculus
HTC, etc)

Types ofDeployment Platforms and Devices

NIBNRO g2 ¢ BWIEABC 0 Raq!

Virtual reality headsets are a technological stage that provides insulation from the environment
and brings great innovation in visualization. This technology, which offers higavel visual
performance, has been one of the most preferred platforms for the concept of gamification

These devices with contrdlers and embedded cameras also include harddisk drive with a certain
capacity. Peripheral devices, called VRheadsets, are produced by strong brands such as Meta,
HTC, Sony, Samsung, etc. Image renewal times (frequency) are vhigh, and the feeling of reality
is unbelievably impressive.

With Unity, applications prepared for these platforms can be installed. It is possible to usAR
Foundation or Vuforia as AR (Augmented Reality)engine. In addition, virtualheadsets are used
with smartphone Cardboard Headset or Harddisk with control unitdike Meta Oculus, HTV Vive
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Oculus Quest 3, Cardboard and HTC Vive VR Headsets
NOZ 0 1IJ RGIETRIR & b

Augmented reality can be said to have the most innovativgualification among other visualization
technologies. In principle, while it is possible to enter the space designed with virtual reality,
virtual designs in augmented reality come from the screen into the living space. The
headsets/smartglassesdeveloped for this purpose carry a screen in transparent glasses. Designs
such asvirtual keyboards, 3D models, control panels, menus can be controlled manually and
even access to various devicedoy means of WiFi, Blootooth In addition to AR headlines with
expensive devices, tlere are also economic solutions such as smartphones and tablets.

HoloLens 2, the most advanced of these technological devices called Smafblass, belongs to
Microsoft. Apple also produced a similar product called Vision Pr
[/

~RHAI Yt YnqlWec YOGYGWUt W=ZWEGCE!I qnact i
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Gamification is to ensure that a certain information or skill is applied in a scene developed
according to the scenario developed by the field specialist. Here, a serious issue is made in game
format and attractiveness. It can also be defined as the devefament of digital education
material. The aim is to construct a permanent and efficient training that minimizes the distraction,
the highest focus on the issue.

The most important difference between serious or learningbased gaming and games in the
entertainment sector is that the developed games are serious, scientific and educational
purposes. Various interactive simulations on the subject have been integratedith rewards and
punishment elements.

NIBTROma W JUqUl WAJcORq! WeUT W] ¢caR3IHEC qRYU

In general, earth sciences, in particular miningthe most advanced technological developments
are followed and used. With this character, software such as innovative and ugto -date
mathematics, optimization, planning, and programmingsystems are the fastest adaptation of all
kinds of mechanical, electronic and integrated systems that can be used in underground and
open pit mines andquarries.

Virtual-augmented reality and gamification applications have been involved in mining since it was
first developed. Especially in basic vocationakraining, practices are developed on occupational
health and safety issues.

The applications developed in mining which is in the very dangerous profession class allow
various scenarios and exercises in virtual environments. In this respect, it creates a very wide
experience platform.LU

Ht OYs a7 NG IWUq
This chapter has been prepared with the support of th8TRIM- Safety Training with Real

Immersivity for Mining- CBHE2022-101083272 funded by the Erasmus+ PrograniCapacity
Building for Higher Education through theEuropean Commission
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Which Scenario you want to go to?

Scenario First Aid Plan for Fire

Conveyor Belt Electric Shock

Excavation Line Construction Site
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In this gamification example, let's develop a simple occupational safety project in an
underground mine gallery, utilizing the basic approach and codes in Section 2.2.1. The example
was developed with the potential to form a basis for much more advanced g@ications.

First, the subject, purpose, scope, scenario, and materials sections were created.

Subject: FRtype gamification of occupational safety measures to be taken at the entrance to an
underground mine gallery.

Objective : Develop a basiclevel gamification for a brief awareness and training session on
occupational safety in mining, which is classified as highly hazardous.

Scope: Wearing protective equipment in an underground rail gallery. Responding to a small fire.
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Scenario-Pseudocode:
i. The scene should include an underground mine gallery with wagons.

ii. A warning sign regarding personal protective equipment, including a hard hat, reinforced
protective boots, a yellow vest, safety glasses, and gloves, should be displayed at the entrance.

iii. A fire extinguisher and warning sign should be present.

iv. No entry is permitted without wearing protective equipment.

v. Each piece of equipment must be worth 10 points.

vi. Movement must be achieved using th&V, A, S, O andarrow keys.
vii. A light must illuminate the gallery from the helmet.

viii. There must be an educational video panel next to it, accompanied by a multiplehoice
guestion. A correct answer must earn 10 points.

ix. There is a small fire in the pipes a short distance away. A simple fire can be created with the
Particle System .

X. The fire must be extinguished by grabbing the fire extinguisher.

Material -model: The gallery is fromSketchfab, and the protective equipment is provided by
Sketchfab 's free resources

Loire Dessin Patrimoine 3D. https://sketchfab.com/3d -models/coal -mine-gallery-2cc9dfc11fe243039f9900f0c31414ae

For the scenario above, daJnity 2022.3.14project called ISGMinelwas created.

The gallery, personal protective equipment, warning panel, fire extinguisherRarticle System
were placed on the mini fire scene.

l11
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The animation was added to protective equipment to rotate 360 degrees in the air. A score
notification text was created usingUl Text

Point O

A short film about toxic gases was placed on a panel in the gallery, along with a question about
the film's message. Below the question were fouchoice answers: A, B, C, and D.

atis the message of the video?

A) Hazardous gas awareness
B) Green mining

C)Work with pairs
D) Mining is dangerous

l11
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A simple fire with Particle System was placed on the pipe inside the gallery and a fire
extinguisher was placed next to it.

A capsule was added to the scene foFP-type (first person)gamification, and the Main Camera
was connected to it. A spotlight was also connected to the camera, which was used for ambient
illumination in the dark.

After the physical infrastructure was completed, C# script files were created for the player,
camera, and game controls, as in the previous study. These files are virtually identical to those in
the previous application. Only to determine the correct quedbn selection, the CorrectAnswer
tag was added to answer choice? and reflected in the code.

After connecting the codes to the player and camera, movements and functions were checked in
Play Mode.

=P
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The fire extinguishing process was also tested.

After the game fulfilled its designated functions, the foundation for a more diverse and multi
scene structure with more defined tasks was created.

On theBuild Settings (Profiles )>Windows, Mac, and Linux platforms, an EXEfile was deployed
after adjusting the Player Settings.

ZIJAKR I AHCcqRYUWN Yl W8I DW~RURUNWYUW~YAHRGIIW? 132 Rt

In this section, an example of mineral processing has been prepared for smartphones and
tablets. Android was used as the operating system, and an APK file was generated. However, IPA
output can also be generated on Mac computers after installing the Appl¥Code package.

Topic: TP third person) mobile gamification in a primary and secondary stone crushing and
classification plant

Objective: Develop an application for Android devices using a stone crushing circuit and plant
example in the gamification field.

Scope: Introduce the devices used in the primary and secondary stone crushing, screening, and
classification cycles at the plant, and pose questions to the students about the plant.

Scenario- Pseudocode:

i. Use a plant model with a dump truck platform, jaw crusher, and impact crusher elements, and
classifying screens.

ii. Place an information board about the plant.
iii. Add scoring information usingUl Text

iv. Place a multiplechoice question about the plant on the truck platform. Award points for
correct answers.

v. Generate anAndroid APKfile using a virtualjoystick .

>
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In this study, new projects named MiningMobile were created with Unity versior)22.3LTSand
Unity 6000.0LTS To illustrate the shader issue and its solution, the same project was developed
for both versions. The Unity TechnologieStarter Assets Third Person package was imported
from the Asset Store into 2022.3LTSproject.

Starter Assets - ThirdPerson |
Updates in new CharacterController
package

@ ;
(&) unity Technologies * kv (321) | @ (14871)

FREE

5974 views in the past week

I -

o KErarslan

%k k Kk afew secondsago
Pioneer

The pioneer of assets in this category. With its ready-
to-use scene and interchangeable armature, it's a

License agreement Non standard EULA
File size 69.9 MB
Latest version 11.6
Latest release date Sep 11, 2024

Package Content Releases Reviews Publisher info @ Asset Quality OnginaliUnity verslon’ 2020.3.0
Support

At this stage,Install/Upgrade approval was given.

~ Starter Assets - ThirdPerson | Updates in new Character..

The restart request was also approved, allowing the project to be closed and reopened with its
own settings.

l11
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er Assets - ThirdPerson | Updates in new Character... | Import | | Re-Download

eptember 11, 20:

ThirdPers

Waning

This project is using the new input system package but
the native platform backends for the new input system
are not enabled in the player settings. This means that
e input from native devices wil come through.

Do you want to enable the backends? Deing so wil
START™ the editor.

Yes No
mated using a Humanoid rig

ph for URP/HDRP)

After the restart, theThird Person Starter assets were reimported in the Package Manager > My
Assets section. Accepting the Install/Upgrade prompt quickly navigated to thémport window.
After clicking Import , the downloaded asset was placed in theé\ssets section as StarterAssets .

TheAssets > StarterAssets > ThirdPersonController > Scenes > Playground scene was opened
by double-clicking. Pink textures may appear due to shader incompatibility.

File Edt Assets GameObject Component Senvices Jobs Tutorisl Window Help

Go toWindow>Rendering>Render PipeLine Converter to open the relevant settings window.
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OUNE = WINGOWe, Tsc, LI -

File Edit Assets GameObject Component Services Jobs Tutorial Window Help

Panels >

Next Window Ctrl+Tab
Previous Window Ctrl+Shift+Tab

Layouts >

Unity Version Control

DO

Search >

Asset Store

Package Manager

Text >
TextMeshPro

General

Rendering Lighting Ctrk+g

Animation Light Explorer
Audio Probe Volume Settings (Experimentsl)
E

S Render Pipeline Converter
Analysis

Occlusion Culling

After selecting all four boxes, pressing the Initialize and Convert button solved the URP shader
problem.

Asset Management
0
Ul Toolkit

S

Visual Scripting

der Pipeline Converter

Built-in to URP

0/0 selected

r Pipeline asse
from builtin renderer.

s Material Upgrade 0/0 selected
- Pending Initialization 0- 0l 0D O

Thi ] i m ilt=i r Pipeli i wverter wo default pre-
built are supplied by Un

~ Animation Clip Converter 0/0 selected
Pending Initialization 0- 04k O 0

This converter Il animation « that they rence the correc

| Readonly Material Converter 0/0 selected
Pending Initialization 0- 04k O 0

als to URP readonly mat 5. This will create tempaorarily a .in

Init

Initialize Ar

The scene is complete with textures.

F If the Universal/lURP template is selected instead of 3D at the start of the project, this
conversion will not benecessary,and the scene will open directly with its blue textures.
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etsGameObject Companent _Services_Jobs_ Tutonal

The scene is ready to play iRlay Mode. TheCineMachine camera provides impressive imaging
capabilities.

To replace the robotic armature, the worker body armature from th€haracters section of Adobe
Mixamo was downloaded for Unity. It was then moved to the Assets section.

OM
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£3 MiXxamo e
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1Y Part of the Adobe Family
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Format

DOWNLOAD SETTINGS

Pose

‘ FBX Binary(.fbx)

V| | T-pose

FBX Binary(.Fbx)
| FBX ASCII(.Fbx)

| FBX For Unity( Fbx)

FBX 7.4(.Fbx)
FBX 6.1(.Fbx)

Collada(.Dae)

To place textures on the character that initially appeared in black and white, theh17 asset was
created by going tolnspector>Materials>Textures>Extract Textures . A new folder named
Texture was created to place the textures. The texture files were extracted into this folder. If there
were any corrections that needed to be made, they were accepted by clickirigix Now.

File Edt Assets Gamebject Component Senvices Jobs Window _Help

ON

F
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After these steps, the Chl7 character became visible with its textures. Another step was to
change thelnspector>Rig>Animation Type>Humanoid and click Apply.

Model Rig Animation Materials

Generic
Mone

Legacy
Generic

Humanoid

In Hierarchy, in PlayerArmature>Inspector>Animator>Avatar section, Ch17_nonPBRAvatar
was selected.

The Ch17 armature from theAssets section was dragged and placed in this area.

o=
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Instead of a robot, the worker character has now taken his place. When tested Rlay mode, he
was seen performing movements within the scene with this new body.

Since there's no keyboard or mouse on the mobile platform at this stage, we've enabled the virtual
joystick feature to replace them.

Under PlayerArmature>Inspector>Mouse Cursor Settings , we unchecked theCursor Locked
and Cursor Input for Look boxes. This effectively disables the mouse.

00



Kaan ERARSLAN VI RTWAUGMENTED REALITY & GAMIF

Since the mouse controls the camera, a virtual joystick was used instead. The inactive
Hierarchy> Ul_Canvas_StarterAssetsinputs_Joysticks was activated by the Inspector. This
enabled virtual Ul elements on stage.

A breakingelimination circuit model from 3DWarehouse was added to theAssets section. This
model was positioned in the scene by deactivating or deleting thEnvironment in the Hierarchy .

Asep W. https://3dwarehouse.sketchup.com/model/7611051a -ed3e-4662-a982-8480aa83810f/Plant-stone -crusher

on
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Finally, an information board was placed on the wall, a question on the truck dumping platform
and aUl Textfor scoring.

Birincil kirici olarak hangisi kullanilir?

A) Geneli B) Merdaneli

ik
c) Darbeli pikce

After completing the physical infrastructure, a C# script was added to simply check the answers
to the questions, as the movements were already provided b$tarter Assets.

When tested, after the explanations on the information panel, the user climbed onto the truck
unloading platform and answered the question there. A correct answer earned 10 points. This
scenario could be expanded with much more machinery, training panelsyr films, and turned into

a small quiz.

The short C# script was connected to the object A containing the correct answer, and other
necessary connection operations were completed. The code file is included at the end of the
topic.

oz
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°
K

e
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Birincil kirici olarak hangisi kullaniir?
A) Geneli B) Merdaneli

C) Darbeli D) Konik

Add Open Scenes

Learn about Unity Build Automation

Switch Platform
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In the Player Settings section, it's necessary to check the compatibility with theCompany and

Product Name fields (DPU and MiningMobilg, and in theOther Settings section, the Package
Name: com.DPU.MiningMobile After connecting to the smartphone, the output was completed
by entering theAPKfile name.

&« > v 4 | B bilgisayar > Yeni Birim (D:) » UNITY » MiningMobile »

Gzenle = Yeni klasor

> Il M_Mine2

> [ MineMod

~ [ MiningMc

Dosya adr: | Mininghobile

Kayit tard: | apk (*.apk)

A Klasorleri Gizle

As a result, it was found that the simulation, as seen in the editor, worked successfully on the
phone.

As stated earlier, the main goal of this book is to provide simple, yet still opetw-development
gamification examples that cover the most basic elements of a serious topic.

The C# script is given below:

AnswerScript.cs

2t RUDWOURq! EUNRUWIG
2t RUDWOURq! EUNRUIIOOT 6

Ge AGRHWHAGett W Ut s EHI RGqaW~YUY7W6¢c2RYel
K]

Liallelmmg GagRYULW WRat WO nIOWNG WWYHTWUHEqlq6 ¢ qlls R
IWERIHG RAW] ¢ G DEHTWHqWHARY!I | UAq Ut 5131 AcUG6

LLiLAAIL N 0 # didiaa WT Rt GGO! + Wad W #YI 1J
IWERIHG RAWNID+ quwt A#Y1 ONJ+ q6
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LI LU L L L L L
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One of the PC-based and Web-based studies includes a complex consisting of galleries
descending into the underground mine with a vertical shaft and driven horizontally into the ore
body (Erarslan and Ozdemir, 2024).
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In practice, on-field movements were performed using the directional an®, W, E, A, S, [keys,
as used in games. Furthermore, in Unity, it was possible to gain experience within a ramped
underground mine model(Erarslan ve Ozdemir, 2024)
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Below are images of another study that includes the underground mechanized mine and the
collar formed as a result of the caving method, as well as the mechanized syste(&rarslan ve
Ozdemir, 2024)

Models that introduce ore preparation and enrichment systems and allow you to experience them
in detail are also shown below(Erarslan ve Ozdemir, 2024)

MN



Kaan ERARSLAN VI RTWAUGMENTED REALITY & GAMIF

These models can be used independently or within a single ore processing and beneficiation
facility. In-space movements within the applications can be performed using a virtual joystick on
mobile devices such as smartphones and tablets.

Below are shapshots from anmAndroid APK application developed for a quarry and underground
gallery on mobile deviceg(Erarslan ve Ozdemir, 2024)
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https://erasmus-plus.ec.europa.eu/projects/search/details/2022-1-PL01-KA220-VET
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P roje cts Add  ~ New project

Add project from disk

Add remote project

Projects

Installs
NAME MODIFIED EDITOR VERSION

Learn

GVRMine1

) CONNECTED ago 2022.3.1411

Community DAUNITY\GVRMine1
OVR1
DAUNITY\OVR1

CONNECTED ago 2022.3.1411

OVR3
DAUNITY\OVR3

CONNECTED ago 2022.3141

CoalUGMine

ago 2022.314f
DAUNITY\CoalUGMine HOT COMECTED
MRTKOQ2
DAUNITY\MRTKOG2

CONNECTED o 2022.3.1411

MRTKit
DAUNITY\MRTKIt

CONNECTED ] 2022.3.1411
Downloads

BasicSample — o rreeerT

x Jabt W I@AHEAeMYG DWW AWs 6 RASGWs JWT YsUGYeTl U WaqVY
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MLt t ps: / /| ear n. upmriotiyecctom/ t ut ori al / vr
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https://learn.unity.com/tutorial/vr-project-
https://learn.unity.com/tutorial/vr-project-
https://learn.unity.com/tutorial/vr-project-setup?uv=2021.3&pathwayId=627c12d8edbc2a75333b9185&missionId=62554983edbc2a76a27486cb
https://learn.unity.com/tutorial/vr-project-setup?uv=2021.3&pathwayId=627c12d8edbc2a75333b9185&missionId=62554983edbc2a76a27486cb
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® Select a project to open...
v | Bu bilgisayar » Yeni Birim (D:) » UNITY > AOCULUS QUESTZ »

Dizenle = Yeni klasar
E Belgeler Ad - Degistirme tarihi Tir
& Resimler BB Create-with-VR_2021LT5 3.12.2023 18:48 Dosya klasard
@ Miizikler i ovr2 21.01.2024 22:57 Dosya klasard
B Videolar BB VR MINING 21.01.2024 22:46 Dosya klasard
B Geri Daniisim Kutusu 8 VR Room 20.01.2024 12:16 Dosya klasard

=2 G\ 8 VR Room Project Hovl2 e 233 Dosya klasora

B ke ” VR_2021LT5_Full_Template B 225335 Theh, fipsiiarkiasord
BB A EGITIM MATERVALLER] 8 VRBasic 1.01.2024 15:20 Dosya klasard
B8 Porto LTT Nov 2023

8 A OCULUS QUEST2

B¥ Bu bilgisayar
=8 Windows (C:)

=& Yeni Birim (D)

B A5

Klasar: | A OCULUS QUEST 2
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Unity Hub 3.7.0

Projects

Projects

Installs
MODIFIED EDITOR VERSION

Learn

VR Room .
: 28 minutes ago 2021.3.411
SR DAUNITY\A OCULUS QU...  OT CONNECTED 2

GVRMine1

CONNECTED 8 days ago 2022.3.14M1
DAUNITYIGVRMine1

OVR1

CONNECTED 8 days ago 2022.31411
DAUNITY\OVRI

OVR3

CONMECTED 8 days ago 2022.3.1411
DAUNITY\OVR3

CoalUGMine

OT CONNEC 8 days ago 2022.314f1
D:\UNITY\CoalUGMine NOTCONNECTED 9

MRTKOQ2

CONNECTED 21 days ago 2022.3.1411
DAUNITY\MRTKOQ2

Downloads
MRTKit
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