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3D reconstruction of Heritage objects for augmented reality (AR) using Close range

photogrammetry
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Abstract

Antique objects are a cultural heritage that has great importance on education and behaviours
of ancient people. Particularly, antique objects which are kept in a history museum, it is not
easy for seeing from most people. This research aims to reconstruct a 3D model of an antique
object using a close-range photogrammetric technique for the representation in the digital
format of an antique object through Augmented reality (AR) technology. The antique object
used in this study is a pair of Phra Prang’s (pagoda) door panel shown in Phra Buddha Chinnarat
National Museum, Phitsanulok province. The image acquisition used for 3D reconstruction was
taken from iPhone XS max’s camera. The photogrammetric processing for creating 3D model
was performed using Agisoft PhotoScan software. Then, the AR mobile application was built
using Unity and Vuforia software packages and was installed on a smartphone. The results
from the satisfaction assessment of testing AR on a smartphone with thirty people shows that
the overall average of satisfaction score is 4.38 out of 5. Therefore, this research can utilize
close-range photogrammetry for 3D model reconstruction of an antique object that is applied
in digital conservation for ancient artefacts. Moreover, the antiques in the digital form can be

visualized easily and conveniently through AR technology on a smartphone.

Keywords: Cultural heritage/ 3D model reconstruction/ Close-range photogrammetry/

Augmented reality (AR)
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Close range Photogrammetry Augmented Reality (AR)

NTEUIUNITININATEY <A Unity + Vuforia \

aMwanesseslng

U1 Target

MINUNITENATN : b K s 2 |
: Build App

219YAAIUANNTIN ] )
U luimennsimalulagna1uase

=

(o wadiau WulnsAwdidiana
Uszunana — 1

LUUANADIEUAR tepaaaneral e

Tusauing Usziliuanusnala

dl a
NINN 1.2 NTULUIAA



UN 2

NEITHAZIUIBNNYITDY

AINAITNUNIULBNEITHALITUIVYNLAYITDINYINULTBINITAS 1B UUINADIAULA

Tustaring wazn1sadannaiousss Fellilemdasdelull

2.1 nqufiiieadas
2.1.1 Tusauing

Tusraing danuddgduegiBdunislddneisiossuasnginssuvesauluefia
101N uiNaTInLayaIluegvesruluefnlaandwesmariiununeninui Tusiadng
4111304811399319M19UsEIRM ansdug I lnavedauluein (Adnounszdn1sduiing
d‘ < [y LY 2 Y 1 1 = g a oA L4
S uluanednualinys) Wislagiieg 19uAwATasluRuNg a131301E115045198 1L
lusfnlaun dawaniswandbiiiufisauauisanavalulaglunisnds ULUUNTUEE019
wandliiudsnnudedlunquoniiunnsneiy winsensgiuisaventanisinseduiusvesauly
V00 UsN9T UazUBNLHUNIINITAIMIENITANUIALAUANKALEUY tndn (asynsulnednsy

LY, 2516)

2.1.2 nM1sansranlenmaneszezlng (Close-range photogrammetry)

PN [

I v v Y PN 1 1% 1 I [ [ 1 Y )
LUUﬂ’ﬁiﬂ’]fﬂWﬂEJﬂ'TW‘VIiS8353‘1/1']'1\‘1ﬂﬁ@ﬂﬂ?ﬂgﬂagliﬂﬂﬂﬂ‘mﬂ?ﬁﬂ azs9inldunntdn Inenaluag

q

o w

Faluszez 1 99 100 wasduusafnnisidmalulagnisdisrameninluidununsnans

a0 o w

Hesandianldielumsaniuanuasudisas wagdosnisamudiunglunisinsuluddy

J990uarufianianisdiudidanvseiind warn1suszuianin (Image Processing) &

AMUAINLIBE19TIA57 Tneengndasananmaanea (Digital Camera)
2.1.3 huUUINADIAULR

Junsadegunswizegusisuuuaudd Tnonsimungasie) wazioulosqariedunss el
lagunsemudeenis msldmeuiamesaiigunseauiiionavilalagdnludfnielusunsy Tu
aa & - a - - & a
NIUNFUNTITULUUANLINT NIDFUNTITVIAURN 17 FUNTINUTZNDUTUINFUNITUIVIABIALN
Usznauiu minilugunseildauuns viedsieazdoauin Ndndudesiinuagasiieg uas

A1NIAUADYALBINEAIAN ATV Y WU Nsasiwuuiaesaudidmiulundinasdsey



& o o

2 v ) o A P Y] ! A & v
wywd Indudesimuagaluiwiuannlundnnii Weanidunssdeaadeuleaduslun

wazfsweluauidd sunsaildlaiiowinanglaiuwvion viesuamasy vieguvrateinagy

(polygon) wu3essiaq Muduwuuidulase (wire-frame) dmsuguluni waz@svruywe 019l

v
Y

ugUranewiaesluvaniu il JusgivanuaziBunvesnisaiawuudiaes ludagdu s

asuunasauifenviliannslieiennauis iens1ngunsaseauds wu Tlunt
4 1 o 1% a A Yo 1 ¢ = v vy 1 a s

uywd egnalsinnu Teyagunanemaeunladensldauysal JsdedddEnanmeieaeuiiunesun

USuusiadeyanonalignies Bemsdedldinaiunn (@smnsulngdmiuienvy,2555)
2.1.4 wallansdiauanwiEiiauase (AR)

Augmented Reality (AR) 1un1siianinuinadeuveslanialouasauinaiuidiiu
annuwIndenvedlanait dnmsldinaianmaulia saume Wunsuanmalugluvumalulad
Anuasualiowieliiumaluladanuaiuaiiou nsdouuaindsiegusenevliulunaies

d1u SaAvan nLndsLslanuiia U

A 21 dhegenisintauenaiiouate AR (fiunam
https://sites.google.com/site/tchiporkaerm32042103/bth-thi9-thakhwam-rucak-kab-

augmented-reality)



ers to rotate

AN 2.2 AI981INTUNEUBN WAL DUITI AR (ﬁmmw

https://medium.com/@tanat29/hire-augmented-reality-895c1c0bf911)

2.2 uIeNNeITD9
2.2.1 N158519UTANABIFINTRIINAINAAILATNEINRSUNTANNIIAIUSTTU.
(Ugndl FUNTINUN ANY LATETIERLIUaUTANT $nadiy, 2015).

1Y v

miAfeiiaueiinniudeyadwiuisanmstausssilulssmalnefiannsofusosld
lusduuureawuudaeeduila §I9gladneyr 5o8nTENNTUIMIIA0 LAy WI¥T1OUTUNS
iesnnuszmalnedusanmsinusssafidusodls (Tangible cultural heritage) wWu Tusiauing
videlunaniusneg lnefiinguszasduasismadndunusaiuluisenduasssuuda dalai
A4 e msuaavans wazdsanunsaltaulagangunitgeninisnianisan lawd MICMAC
CVMS (Clustering Views for Multi-views Stereo) , Bundler, Agisoft, Pix4D, Acute3D n15¥119714

Ulagldndnn1siuguven1sasiwuuingss3 Iadmiusunmmvaienin 31nn1slenaedava

'
1 =

SurenAnIT MICMAC n153UaYniaenAdeasiu N153UAIRNTNNAEAARDITUULANTNALADS
18 lngldi5ves SIFT msuSuuianuiaiiguiagnisndiwmisguninuailuduneugaving s

N1SAMIUMLUUTIA0Y 3TAVDIUTUNMNUA VUTIUFIUYBINI5Y1 Dense matching

Region of Interest
by users

Reference image Dense matching




AN 2.3 1591 Dense matching 3MNANEALABILE MEIRINHIUNITAIUIUAUALIYBIFUAN

(U393l uazAny 2015),

MnmsFlunIaaearadisuuuTIaes 3 87 MnusanmeTmusIHTLAED iR
2l UNTUMNUMIUAT TIUIY 2 Fu fo T0ENTTNVISUINIIGDY Uae W3EIIYRUIUNINIINAFOU
nsl¥nurensdnsszuuiln MICMAC iieafauuudiass 3 GRangunimmaneyusesfang1
Tnafiiuszansamidielddmiunistaueriudonien 16 wu Gulesd wenansdafiand a4 us

mndesnsiteyaluiieldiludeyadiadedmsunisysusdonnsuinludedinisfnuids

Qadld ¥

ﬂizmumﬂumaa%”mLLU‘Uf\TmaqmmuwmmmgﬂmmLLaJusiwgwial‘U ANSIAALIVIAUR

(Geometry measurement) 1ngn39311QUIONITET 199N MUV 1N TRIINUNTAIMUY

q

aa Yy a o

Active Léliu 3D laser scanner aqﬂﬁﬂquﬁqL%ULﬁa&LmﬁﬂJW%QLLUUﬁqaaﬂﬁ"mNma’N@\i ﬁ'ﬂﬂ%Uﬂ’]ﬁ
= ~ ~ Y} % ° aa av v
\Wisuifleuiieondnsaaugnead (Accuracy rate) Teuuudiaeandii Aldarnnsuszuana

AUFDNAWITTEUULUA

2.2.2 msldmatagunuingaruifivaznisimwuradmsuinalunisuanua

¥
= Y

38azIdAUNNUHIVaINNSARaUBaunsaifner Funazauuda. (USTmil Wawgwad,2561).

[
a | ¥

Adeflazilunmsiienisnsdafvdeyaaufifdivaunuiuesamdnnienisaing

'
aaa o

wuudnassauifanamaielavssenaldnunisyinlunaguiiandduiulndneudilned

nszvIUNsiesduveingandiluiaintunaiuantls (Re-topology) wagnisvitiuiadmiu

QQd'd ¥ v

NUAIENTZUIUNTAITEaLBeavaringiikanulauilaingauianiseadunas (Baking) wialy

1%
o

v a o, a Y v = ] a a ¢ v ¢
IWWUNU‘;U@Q ANAINANULTUDIY LwaimﬂiqﬂagL@U@@W\?ﬂ VOIAULLASNIEWUN 'JG]Q‘UigﬁflﬂGU@Q

9

v ]

N A 19 g o o o Ao % d' v v aa
JMUIYU 'f]LW@IVﬂWiLﬂU%@Ha@Ji@ﬂVIWQ?WUﬁﬁi@JWNﬂ?WNQﬂW@Q LW@I%LUU%WUT@&J&ﬂ?mWN?@ﬂ

Ya v

yaTusssstufanIsnsysssenuey weiiensiiauedudenans wu uled ifeiing
MeuRuNIIIuLaEasiufiiioivdeyaiilelddeyaudildimaiananutngdae
Photogrammetry tileflazainaingamdfaingunm lasnsienguamitaieldseuingan
vhanldlusunsuiineuonly lnonszuiunisveslusunsuiildadreingarudfdaeinaia
Photogrammetry léiln Align Images ﬁﬂgﬂmwﬁiﬁmﬁﬂmiﬁﬁmmﬁ’]LLWIJQBuild Dense Cloud
nsihamildandeusnunaiiaduge Vertex Color, Build Mesh 115 1U2049109A Dense
Cloud, Build Texture ﬂizmumsﬁwmmﬁmmﬁuﬁamﬂmwmﬂﬁiéf (oﬁ’amwﬁ 2.4) NSTUIUNIT
afedinganuiifniumaila Photogrammetry Tnsisedunau Re-topology LARIYaYAYRIEY

'
a a o 4

WUUaUIANgNUINLARIUENENAD Web Browser wananildailldndesndviasiniuwenings

'
=

MICMA n13duggaiiaenndesiu nsdudanniniaenadesiuuugninainesle lngldisves



SIFT LLazmﬁU%’ULLf"Tm'mﬁmLﬁauLLazmime‘hLmu'waagﬂmw Wi lAlaaakuuINaeIa Ul La"
Yo luealuninldndu sketchfab.com a1ntudsvinnisinlanvesluinandesnisiuilalddy
Vuledfilaviinisesnwuuiasimuiduun tisineunsteyasieazideniag In1sney

WUUEDUANNAN LTI e UssiiunnaInvesingatudanasisainnisidinaila

Photogrammetry wagn1sviniiuiidmsuing

(1) n3 Align Images (2) M3 Build Dense Cloud

(3) M3 Build Mesh (4) N3 Build Texture

AMA 2.4 nszUINNIazingaudifsemalin Photogrammetry (USToutl fidwgnad,2561).

o«

¥
A a o (%

PnMsldmalinawnuingaiudiiuaznsviiuisdmsunalunisianmaseazideauy

WurveInnsAaddaunsdifinwdunarayuay irliAsuuanislunsiauningaiudiiie

[

wanswavuivlediannnslémaia Photogrammetry Baidunisthguniwanevesingdidesnis
Sruaunnaaduingaudianasuaulndneugs mntulddnisadsingauifdmsun
mu‘jimﬂmiﬁaﬂﬁuﬁaﬂﬂisuauﬂﬂi Re-Topology Wag Baking Map L‘ﬁaﬁﬁ 181 Texture Usekan
#1979 19U Normal Mapping, Specular Mapping, Diffuse Mapping \Jugfu mﬁﬁ’uf@qﬁmﬁaﬁd
Fruaulndnoudn telianinsalanmasivagidande Yosimaniinldegrsgniesmsamuing

9399 YU Web Browser

2.2.3 walulagauasuaiaineanisdauansniasdelng. (2070 Innwags,

waUsElw anszandu, dews widygmiaoed ,2562).

luszmdalveiinisyadunuiaiosdislunadadundngiunisdusaniniinuainig

Usgiemans uardadunsanvesnaniyaat iwseshelunaiignrusiuludnuanduiifisioe

[ '
a a =

UAUTAMNLUTITUIE BNNUATOIRBTUR 9 Nurnndanansnisiuiutes n1sdauansly

wsAauainlawadeuanslugnszanvindu alduaula fideilaygaduluinsldmalulagaiy



o o

A3UASUUNNYB N LT IR LER AT BN e TneFer 1 unsEoa1uTRe1un S LEUVIN LA

1%
Ay dAAav

Aufianely wazanuaulanazdafuanudineiueseiglne lnesnuideliiingusvasdiite

panuuuwardniidenlimaluladniuasuasunie Augmented Reality (AR) Fadumnalulad
UnsnauNauszInglanialouass (Virtual World) 1ndulanueaaiuass (Real World) Tng
1 ¢ A 1 I 1 1% aa 4 & ¢ P Y =

HugUnIallousalssianenag LU naedRdnea aursnilunsogunsaldus tielviiu
amiaiieu fsandunislaenisiusiusindayasin a1 enans wasdeduduseulall wWiewm
v & a o 4' v ° o v o = Y o aa
Poyaiugu etuasesiielng dmiuldlunsdaineiesielngsenuilugduuuingauiia

=2 ad L S a a U Y < o A ° U o d' ¥ a & [
LL@Bﬁﬂ‘Iﬁﬂ’)ﬁﬂWi’fﬂﬂ‘V}'}LVIﬂIuIaEJﬂ’NlI‘Ui\‘iLﬁiﬂﬁ’miﬂl%mumjL“U’e)llﬁ’]%i‘tluﬂLﬂi@\m’]EJ‘VILUU’JG]Qﬁ’m

17 Taunsawansnasenunlarunsdonisdoaulidlaelolusunsuasil Autodesk Maya,

=

Adobe Photoshop, Adobe Illustrator , Unity/Vuforia l8vinn1sduwuuingauidfsunsuaies

%

felnendd Fellnnsvinkuudauaiuianaainnsiamaluladainuasaasuniudeisdeanuin
ilanuiianelasienisviinTestiguudeniideauiln mnailateyasuaridunreuaIeie
P v o a o a a )

fianuianudilaingivAauzinseddae

NaN1sANEIRsMsUIWmAlLlaE AU BES UL lluNsIRLan AT a8 lnelae Ty

= o & aa )l d' &/ Yy Y] A Y Y =2 v A v
A991NNUIADHUUA ll’]L‘lJ‘UﬁEJL‘W@ﬁi’]ﬂﬂ?ﬂﬂﬁﬂl‘ﬂi%ﬂUuﬂﬂaWﬂﬂL‘W’eﬂ‘wL‘ZJ’WENV’TJ’]&J?LU’EJW]ULL&%

Y

Aegeanuaulalagnisiiaueisnisdnnanaasasgmemalulagainuasuesy Tudiuveswu

Y

anvasnisiiaueauisaliiudenasisanuaulaliiunguuanailulifuin Tudiuves

& a ° ) vy & o v ! Y] v aa
Lu@‘V]']LLagi']EJaSLE]SﬂﬁqﬁiUﬂq{LﬁﬂJaﬂqjaﬂ?ﬁll']ﬁﬂﬁﬁ’]\‘iﬂ'ﬂllLTWiQLLﬂuﬂﬂﬁm'ﬂﬂIu53@U'ﬂ@

2.2.4 Single camera photogrammetry for reverse engineering and

fabrication of ancient and modern artifacts. (Kaufman et al, 2015).
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Clay Head

A 2.5 Indoor Open Room Setup (Kaufman et al, 2015).
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2.2.5. Crowdsource and web-published videos for 3D documentation of

cultural heritage objects. (Alsadik, B. 2016).
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Al 2.7 Proposed methodology (Alsadik et al, 2016).
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O Door2 Single Image Active Sep 22, 2020 23:48

Single Image Active Sep 22, 2020 17:11

AWM 3.24 AUATNYBININ Target
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7 dladnlnannniasaseuses vinnisaniudlnanlalas aan Download Database >

Unity Editor > Download sadnag

Download Database

2 of 2 active targets will be downloaded

Name:
testbell

Select a development platform:

O Android Studio, Xcode or Visual Stu@)

@ Unity Editor

Cancel Download

Al 3.25 115 Download Target

8. LARNNAALNU 9INTUNA save

'3

3.5 N58519 AR vulnsdnsidatanqeldsunsu Unity
Lanulvaalusunsy Unity audsaniuuu luniseneiasstidenlainesadu 2018.4.8f1

nsaanauluan Unity Installer wag Unity Editor 64-bit

Downloads (Win) -

Unity Installer

Unity Editor 64-bit

Al 3.26 Msanatilnaalusunsy Unity

2. 158 lusATulg Unity Installer * Iﬁﬂﬁﬂgﬂﬁ android build support way

Vuforia 31ntunm Next dalUaudnsaasaseusas
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3 ludruwes Unity Tranilvandsaniud

https://drive.google.com/file/d/1Fu6gPc-y3PhOQ1KOLppdwNcNeGoW68Mwm/view

INUUINSHART 2 TNAFan 1IN

€€ UnitySetup-Android-Support-for-Editor-...
0 UnitySetup-Vuforia-AR-Support-for-Edit...

AWl 3.27 NM5AAGe Unity android wae Unity Vuforia

4. leRnnadsaanumssuiosnal vinnsWalusunsy Unity Jusn

Al 3.28 WalUswnsy Unity

“ dmsupundalidamedouldonu Wawmsidounowdildnunou fasusng  nih

ANPININAIUANS

5.28U5N9An I saluadnluil Projects 91NN mAasdl Projects agudd Tindnil New

Woas1e Projects Tnaidnass


https://drive.google.com/file/d/1Fu6qPc-y3PhQ1KQLppdwNcNeGoW68Mwm/view

<0 Unity 2018.3.6¢1

Projects

On Disk

In the Cloud

Learn

AppAR
Path: D:\3_2 - Teacher\thesis\UNITY | Unity version: 2018.3.6 | senanuchhhhh

[ open ./j:. My Account

2T 3.29 A15E39 Projects

' [V
I v A
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6. pan New 9zUsnuinil enslio Projects uazidananAulasauds aanyl Create Project

Toiae

€ Unity 2018.3.6f1

Projects

Learn

+] New —'ﬁOpen

[V
Y

7% Projects

New Unity Project 3D

a aA'I cu &
D:\3_2 - Teacher\thesis\UNITY /— annlnamasanLnu

senan

uchhhhh v (\IION ‘;. Enable Unity Analytics (?)

R

|_/1\_| My Account

m‘wﬁl 3.30 n13 Create Project
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7. UalUsingu Unity 3nudn siolUin1s@sen Settings man File > Build settings

Al 3.31 TUswnsy Unity

€0 Unity 2018.3.6f1 Personal - SampleScene.unity - Test AR - PC, Mac & Linux Standalone <DX11> - x
File Edit Assets GameObject Component Window Help

A4 | < [ 5] [scenter | @Local |

m&mﬁ F_M_H—-_mm_nq

wazAANgNi Development

Build vielupdnyl Pla ‘*—: tings 22 U310 guUIA1F1 UL TuN Ikadngndl Vuforia
Augmented Reality 9unau tform 1unsasaiasaseuion

AW 3.32 n3Raen Settings

o
= =T} A A (¥4

< Unity 2018.3.6f1 Personal - SampleScene.unity - Test AR - PC, Mac & Linux Standalone <DX11> - X
File Edit Assets GameOhiert Camnanen # Windmw  Heln

© EIREIIc -

IW— O Inspector
CT— 1
v € sampleScene

T

Cd

o e
Androi

[ splash Image

[ Other Settings

| Publishing settings

71| ¥iaomi mi Game Center XR Settings
Virtual Reality Suppo rtd|;|




10.ndUa9 Unity 1ala License udvinn1sau Mane camera 991
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) Unity 2012.3.6f1 - SampleScene.unity - Test AR - PC, Mac & Linux Standalone <DX11> - X
File Edit Assets GameObject Component Window Help
S [ ;[ Bl [G ] [scenter | @Local | (> 1 [ [ @collab - | [ e | [Account - | [rayers - | [Layout - |
hy #Scene | € Game | i Asset Store +=| ® Inspector | &=
|| cresms -| AT Free Aspact Maximizs On Play |Mute Audio | Stats | Gizmos |~ & [Fem Cammera O static ~
A\
<0 SampleScene Tag | MainCamera #] Layer [Default £
. Directional Light Copy ¥ .~ Transform @ 5 =
Do Position x[0 ¥ z[-10
Rotation x[0 o z[o
Rename Scale x[1 ¥ z[1
Duplicate V¢ ¥ camera @ = %
h Delete Clear Flags Skybox +
Background v
Create Empty Culling Mask [ Everything +]
3D Object Projection [Perspective ™
2D Object Field of View —_——————[50 |
Effects Physical Camera -
Light Clipping Planes Near 0.3
s Far 1000
udio Viewport Rect %0 vo
Video w1 H1
& Project | ] Consele ul &) Depth 1
|| create - Vuforia Engine > | 4% | * Rendering Path Use Graphics Settings §
¥ /Favorites  Asset Camera Target Texture None (Render Texture) o
A1) GG occlusion Culling £
Allow HDR ]
Allow MSAA
Allow Dynamic Resolutic_|
R S
g;“““m“ Seeies cenes Target Display [ Display 1 ¢]
cenes
b G Packages (@ ¥ Audio Listener @ =
[ Add Component ]
——
LY bbo omablo 2o it fortha \ifosia © " tha o tlinad ik cticla bal
\
a
NN 3.33 N198U Mane camera
! v
I \'L = J 5 1 U
11.aolUursy GameObject > Vuforia Enging > AR Camera 91nUUT8N1UIMport
U 1
Y
q Unity 2018.3.6f1 - SampleScene.unity - Test AR - PC, Mac & Linux Standalone® <DX11> - X
File Edit Assets GameObject Component Window Help
(O ENS ]| Cretetmpy CurleShifteN > 1 p (& collab - | [ ] [Account_~ | [Layers ] | Layou -]
“= Hierarchy Create Empty Child AlteShifteN - £ e [ SiAsser Store o= © Inspector | Fios
| create -| oAl 3D Object ree Aspect Maximize On Play | Mute Audio | Stats | Gizmas -
v € samplescen 2D Object
_ Directional
Effects
Light
Audio
Video
ul

Display 1

Vuforia Engine AR Camera !
N meras rendering
Camera
Image
Center On Children Mutti Image
o — Cylindrical Image
Clear Parent Cloud Image
Model Targets
Set as first sibling Cirle=
Camera Image
cere 3D Scan
ey Move To View e Al
o Move To Vie Ctrl+Alt+F S
Create Align With View Ctrl+Shift+F & Iy
E . g Ground Plane
Align View to Selected
Toggle Active State < Shift+ A CA65
Resources Scenes
Packages
——
| OTf vou wantto enable ARCore sunpart for the Vuforia Enagin. ase follow the steps gutlined in the library article below

mwﬁ 3.34 N1 Add AR Camera
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[

12,1419 Import Lﬁ%ﬂ%ﬂiﬁﬂg%ﬁﬂ@hﬂﬁdum Adn Open Vuforia Enging Configuration

NNIBNUITIRN (AW1EB) ¥1IN19274 License 91 copy snnauntiniasiy

@ Inspector | o - © Inspector |
@ [ARCamera [ Static = VufariaConfiguration
Tag | Untagged 4| Layer | Default |
¥ .~ Transform @ 5 % ¥ Global
Position X0 Yo Z0 Vuforia Version 8.0.10
Rotation

ks
o
=
o
&
=)

A new Vufaria Engine version is available: 8.1,10 ‘

Scale X1 Y1 Z1 Upgrade to 8.1,10 for improvements to Hololens Model Target
tracking stability,
@ = # ) )
v Mcamera - Lo Download Vuforia Engine 8.1.10
Clear Flags | Solid Colar 3
Learn Mare
Backgraund —— Leam More
Culling Mask Everything + _ We strongly recommend developers to encrypt their key for
Q) enhanced security. For more information refer to the article
Projection | Perspective o belaw,
Field of View 60 Open Library Article
Physical Camera - App License Key AT7IUAR/////AAABmMeqihNnHZk0stc00g
) NmEQYsw3jka/lijérad gHKai5GaW21Zpx
Clipping Planes MNear ‘0.05 | HoT3TWMSaGIEAR L AldOialallm3l TR |
Far_ 2000 | [ Add License

Viewport Rect X N
W1 H 1 Delayed Initialization []

Camera Device Mode | MODE_DEFAULT

Depth 1 |
. = = Max Simultaneous Tran|1 |
Rendering Path | Use Graphics Semings n
Max Simultaneous Tranll |
Target Texture |None (Render Texture) | [o] .
k X Load Object Targets or[_|
Occlusion Culling ¥
Allow HDR - @ Frant camera support is deprecated and will be removed in a
*# future Vuforia Engine release,
Allow MSAA I
Allow Dynamic Resolut[ | Camera Direction | CAMERA_DEFAULT 4]
@gﬂudin Listener 3%, Mirror Video Backgrou| DEFAULT :
Ys ¥ Vuforia Behaviour (Script) b ¥ Digital Eyewear
Download new Vuforia Engine version: 8.1.10 Device Type [Handheld i
World Center Mode | DEVICE & ¥ Databases
[ Open Vuforia Engine configuration | No Databases found. [ Add Database
¥ o Bﬂefault Initialization Errn.r.H.am?Ier (Scr [ 5 ¥ Video Background
crint DiefayltTnitializatinnErrarHandlar 6

AT 335 M1 Add License

13 funeusenInIsnm Taget W Tngluadnii GameObject > Vuforia Enging >

Image

+# Scene € Game (i Asset Store =

Shaded =120 4 | ad T Gizmas v | (arAll

AN 3.36 NMFUNTININ Taget
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14 FupeusolidwuUaesaudanlaainlusunsu Agisoft photoscan 1111 WAy
w5l lannnawesndaiulednagiidnu anduedndiluilnamesluna vinnisaindn

Tleglunseu Image Target (nsoUd)

4 Unity 2018.3.6f1 Personal - SampleScene.unity - testbell - Android* <DX11 on DX3 GPU> - X
File Edit Assets GameObject Component Window Help

() [ BN EE] [center] Slocal | (> [0 [p] [ @collab + | [ | [Account - | [Layers « | [Layout - |
= Hierarchy @-=| HScene | € Game {5 Asset Store ~=| @ Inspector | =
| Greate -| (&ZAT - £ - izmos -

¥ €} samplescene* =
. Main Camera
., Directional Light
—mm__l

. ImageTarget

& Project | [l Console a-
| crese.<| 5 |&]%[*
¥ 1 Favorites 4 Assets » Editor > Wuforia > ImageTargetTextures > testbell > Cleanl
©1 Al Materials
©\ Al Models
©\ All Prefabs

v & Assets
v & Editor
¥ & vuforia
¥ 5 ImageTargetTextures
v & testbell

Tile_1_0 il

e 1_1 Tile_2_0

5
= | ——

C)If you mant to enable ARCore support for the Vufaria Engine, please follow the steps outlined in the library article below.

a' o v ° Aa
AN 3.37 ATUIVLUUIADIATUUG

15.5hnsusurnavedlumalyaugaiuiianes tngldnsesdiowmaiil

(O [ SEAE @] 91nnawitinasudu Taget wazuiruuszgiouiosuda

[ scene | € Game . 1 :
| Shaded Y | | Gizmos ~| (@rAll

AA 3.38 nsusurunnveslieg



33

3.6 113 Build App @1%5u Android

1. \Un project Tulusunsy Unity 91nduadn Edit > Preferences
2. Azigantianaufann 1 copy asdauasluld viinisna Download
WAZNITAAAY

JDK': https://www.oracle.com/java/technologies/javase-jdk8-downloads.html

SDK https://developer.android.com/studio

g G
AUEVS JNT1INBIABULIAIT
AN 3.39 A5 Download JDK, SDK

Copyright by Naresuan University
All rights reserved


https://www.oracle.com/java/technologies/javase-jdk8-downloads.html
https://developer.android.com/studio

34

3. JDK panluanmunInguas Watasauavinnsandslmseusos

Q. Ask "Financials” Try Oracle Cloud Free Tier

Solaris SPARC 64-bit 1223 MB al
LY, Jdk-8u251-solaris-sparcv9-demos.tar.Z

Solaris SPARC 64-bit 8.46 MB Al
LY, jdk-8u251-solaris-sparcv9-demos.tar.gz

Solaris x64 12.22 MB al
LY, jdk-8u251-solaris-x64-demos.tar.Z

Solaris x64 8.41MB il
LY, idk-8u251-solaris-x64-demos.tar.gz

Windows x86 5726 MB il
LY, 1dk-8u251-windows-i586-demos.zip

Windows x64 57.28 MB al
LY, dk-8u251-windows-x64-demos.zip

mwﬁ 3.40 715 Download JDK

4. SDK aanaulvanlaas Wstasauaivinnisandddiiseusas

deve[opers Platform Android Studio Google Play Jetpack Kotlin Docs News Q Aumn ey - e

Android Studio

DOWNLOAD WHAT'S NEW USER GUIDE PREVIEW

Join us for #Android11: The Beta Launch Show on June 3!

N
android studio

Android Studio provides the fastest tools for building apps on every type of Android device

DOWNLOAD ANDROID STUDIO

3.6.3 for Windows 64-bit (756 MB)

mwﬁ 3.41 n13 Download SDK
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(%

5. ¥1n15A110lnan Android tools windows : @uAIRTLALAY  LIBLASALAVIINITAAAT

Tmseusay

https://mega.nz/file/KbBRIK6A#I2xdfsR7 pr7zllutstleefX64tBABmOu9dTRE5GImpo

I wd G Google WD (4)YouTube 0 nwmefuxivin @ GoogleMaps @ GeographidUTMC.. @ wemsabrwssuen.. @ h| @@ Savens b
@  MEGAfor Business B> user v 0] [ Search User
Organize v Mew folder
o ‘- nil = —
Quick Music Moxshare  OneDrive  OS3D_port  Pictures
* seeess able x64
Android_tools_r25.2.5-windows.zip| 0 D=ktep ¢ —
¥ Downloac# ;|
292.6MB / 292.6 MB . '
Documer # Saved Searches UNITY Videos VirtualBo:
[=] Pictures # Games VMs
o e B
v Completed B 30 Objects

android-nd  0S3D_port
I Desktop kerlBb-win  ablextd
dows-x26_6

Documents

KX Collapse

What is MEGA? Platforms + Business

P« e rolders - |

) Unity 2012.3.6f1 Personal - SampleScene.unity - testbell - Android* <DX11 on DX9 GPU>
Edit Assets GameObject Component Window Help
New Scene Ctrl+N

Open Scene Ctrl+0 #t Scer Build Settings

| © Inspector |
Save Ctrlss E —
Save As... CtrleShiftsS 0

New Project...
Open Project...
Save Project

Build And Run

Exit

A & Linux Standalone E

8 Project |ME] |y tvos

T e 5 2 |[0) ¥0xOne

Pra PS4

um
Rl Universal Windows Platform

e
E WebGL

.F Facebook

Al 3.43 M3Rarney Build App


https://mega.nz/file/KbBRiK6A#I2xdfsR7pr7zIIutstleefX64tB4Bm0u9dTR65Gfmpo
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7. Junousialundny Player Setting azUsinguiinaneilduwn adn lcon lildlenauue

Umﬂﬁuﬂamﬂ%a\‘mmsgﬂ Vuforia Augmented Reality

® Inspector

@ Playersettings

|| Settings for Android

Icon I

Resolution and Presentation

Publishing Settings

XR Settings
Virtual Reality Supported []

]

|

I\
Other Settings ] !

]

ore su orte
Vuforia Augmented Realit ¥

W"-
| "n\/.a,

,J

.“.

AVEANT UNIINYIABULTATT
Copyright by Naresuan University
All rights reserved
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® Inspector

© Inspector
| icon

s #
Settings for Android

Resolution and Presentation

fize i Splash Image

Virtual Reality Splash Ime

Resolution and Presentation
Start in fullscreen mode W

Render outside safe area [ | |Select|
Preserve Framebuffer Alp[ | Splash Screen
Resolution Scaling Show Splash Screen 4
Resolution Scaling Mode
Blit Type Always + Splash Style Light an Dark :
Supported Aspect Ratio Animation Dolly i
Aspect Ratio Mode Mative Aspect Ratio $ Logos*
Orientation Show Unity Logo J
Default Orientation* Auta Rotation = Draw Mode Unity Logo Below i
Allowed Orientations for Auto Rotation L.ogns
" List is Empty

Portrait I~ Ib

Portrait Upside Down  [of

Landscape Right 4

Landscape Left v

Splash Screen Duration: 2 [+ -]

Use 32-bit Display Buffer!W
Disable Depth and Stencil[_] Background*
Show Loading Indicator | Don't Show 4 Overlay Opacity

—— )
Background Color G 7
* Shared setting between multiple platforms,

Background Image

Splash Image

Alternate Portrait Image* Mane
(Sprite)

Publishing Settings

|
| Other Settings
|
|

¥R Settings

NN 3.45 MAUASIEAZLDYN

o

9.1tIANYINN592Y Package Name &udugndfgsodssy

@ Inspector
Splash Image

Other Settings

Rendering

Color Space*
Auto Graphics API ”4

Multithreaded Rendering* o

Static Batching 4

Dynamic Batching | =

GPU Skinning* 4

Graphics Jobs (Experimer[ |
Lightmap Streaming Enab o

Streaming priorty [0 ]
Protect Graphics Memory [ |
Enable Frame Timing Stat[ ]

Vulkan Settings
SRGBE Write Mode* [l

Identification

Package Name com.siripern.bell
WVersion* 01
Bundle Version Code i

Minimum API Level Edrmd 7.1 'Mougat' (API|#
Target API Level Automatic (highest installe ¢

Configuration

Scripting Runtime Verslunm
Scripting Backend
Api Compatibility Level*
C++ Compiler Configurat| Release &
Mute Other Audio Sources| |
Disable HW Statistics® [ ]
Target Architectures

ARMvT 4 \'?

AWl 3.46 N1358Y Package Name



38

10.uagmelurinnsAtmun Key store mnlidlvingss Key store annamauaslaasig

BUUS08LAR

® Inspector

[ LT ]

| splash image |

[ Other Settings ]

Publishing Settings
Keystore

¥ Use Existing Keystore [ |Create a new keystore

mamnu to select keystore

Keystore password

Confirm keystore nissnnl:l

Enter password,

Key
Alias (Unsigned (#ebug) _¢]
Password I

Build
Custom GI’QE Template ]

(=]

User Proguard File

Minify
Release Oome 3]
Debug Oome 3]

Split Application Binary [
[m]

Use legacy SDK tools

| XR Settings

I ||+f'_|.ll

o } I = I
Woad A 6] &)
AN 3.47 NSAIUR

& PC, Mac & Linux Standalone -

Android

B, o
@1y tvos
fz‘ Xbox One

=ra PS4

.- . "
] Universal Windows Platform

.F Facebook

A7l 3.48 1135 Build App
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=Y

12.99%8lvd uagdniiv e Build w@Saudlranunsafnasing apk aslulnsdnsidletiolsiae

Name Date modified Type

| | beln
| ] bell2
Q testhell

Nox.apk
Maox.apk

Unity package file

'
(Y

AN 3.49 N39S wasRImAY

3.7 maUszidiuanuianela
HavesUIdeiiagyinnisussillunisuansnannaiiouaswwalusuingigniauaniniely

WASAUNADLMIYF NTENNTTUTIY el uuUsEiliuaufianals 911U 30 A lnedlinaagy

[

T 3 dhu adl
druil 1 Foyavhluvesimeudunual
1) e
2) 91¢
3) SEAUNTANE
4) 913N
dudl 2 Uszidupufionela

AUl 3 ToLauBLUZDUY
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uni 4

NanN15938
AsA iUl Wunisad1wuudnass wazn1sasisauaswaliou AR nan1sieeandu
5 YUADUAIL

1. Yoyanneng

2. MIAUTIUTINTOYE

3. NUITUANA

4. NMIAS AN UELDU AR

5. MsUsziiuANUianela

4.1 Yayannene

4.1.1 AUV IUUTEANTEUI A LAgAMMLUIRIIMNA 154 AW

—— S N v
n -'l u

IMG_6151 IMG_6152 IMG_6153 IMG_6154 IMG_6155 IMG_6156

IMG_6161 IMG_6162 IMG_6163 IMG_6164 IMG_6165 IMG_6166

IMG_6171 IMG_6172 IMG_6173 IMG_6174 IMG_6175 IMG_6176

AN 4.1 FIDYININANEY
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4.2 MsUszurananaelusunsu Agisoft PhotoScan

[

JuppuNMsUsTINaNadzilagmety 4 Yunau fall

P o

4.2.1 Align photo fia N159ATEagUNN wazigavimileuru (Tie Point) ¥es

nMnLAazAWaLas 1 duluuT1aes

AT 6.2 uadniuesnns Alien photo

4.2.2 Build Dense Cloud Aa n13tidawIugn tie point tvisnnTunauaziily

A519 NuURn

A 4.3 nadwsue3nis Build Dense Cloud
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4.2.3 Build Mesh T7unausa31nN1585719 Dense Cloud aztdun1sasianuig

Tnedilufidvesnnluwuuingsd

AN 4.4 wadnsveens Build Mesh

4.2.4 Build Texture iudvesnmualalunuudiass 3 45 irliwuuidnassi

AN ALIULALIAINUALLDEATDIALANNINTU

ANA 4.5 NaANSYIN1S Build Texture
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4.3 NANTISLENY AR UUNaND

MINT 4.6 Fvg1amaluladialioudsa AR

4.4 uan1sUsziivaUNIwela

¥
av Al

TnganAdeilavinisUsadiunsuansmanmiaieuasavedunningigniauanniely

TRSAUNADUUMINIR WIENNTUT1Y Arguuulsziliumfianela 91w 30 Au Tngilnaagy

[

Tu 3 du dail
4.4.1 Jayanaluvasgnauduniual

1) e wuadu 2 ngu Al 1) ndl 16 aw 2) e 14 AU

moy

[ il

AWM 4.7 Yayalne
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2) 919 wiaurrengdu 5 923 fsil 1) fiindn 20 T Sruwau 5 Au 2) 20-30 T S

10 A 3) 31-40 T $712U 6 AU 4) 41-50 T $117U 3 A uag 5) 51 JTulU §1uau 6 Au

<@
v

mwm 48 ﬂamamama

m i1 20§
m 2030 T
m 3140 T
w4150 T

m 51 Yl

f | C
'

%

¢ U

\ J |
v

d O ! L

3) iuﬂ‘Uﬂﬁiﬁm&ﬂ LL‘U\??%@Uﬂ'ﬁﬂﬂ‘UWLUU 4 ﬂall el 1) fnndssuAnuIneulaie
a o

U 2 AU 2) auﬂsmmmamaumw ’\J’]‘N’J‘N 2 AY 3) ‘UiﬁJi‘U']G]i mmu 22 AU WAz 4) ﬁ\‘lﬂ’)']

USyey w3 917U 4 ﬂu

m fnidiseufnemeulay
m sylygvialauwin
CRIELTLITE

v =
C e LRI LR

a Y o =
AN 4.9 UDYATLAUNITANYN

[

4) o1%n uvsnguendnlu 5 nqu Asil 1) 98n/dnfnwr J1uau 13 au 2) 41519013
U 4 au 3) WiinuYessy $TIamRY 91U 4 AU 4) gnd1e 91U 2 AU 5) §INadILm

I 6 AU WA 4) DU 9 U 1 AU
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AN 4.10 Yoyan1 TN

4.4.2. wan1sUseiuaunNInela

de/in@nw

a

4151mn13
Winauwasds §5iamna

Y
A4

]

CEROG PRI
=
au 9

45

NELENuTIVIN 30 au naazuuuIzkUnduidaing 4 Inefinvuuusiundevesniny

NN lAMINUAYNAY 4.38 AASLULLAY 5 AZLUY AI9157997 1

A15197 1 Nan1sUsERUANRINDla

Usziauauisnala AZILU AzLULTINE e
\aae NINTFIU

1. AUMNLELYBIVUINL UV BIETULR 4.33 0.71
2. ANNASNUVDILUUINADIFINLA 4.67 0.61
3. ANHANYITHATUNIUUAZNITHANTI8ALLBYA 4.27 0.91
$9 ) VYDILUUTIADIE LA

4. pumngauvasaunsallunissuty 4.07 0.74
5. AnuazaInlunsiEay 4.10 0.76
6. annsaiisussglalunisviondion 4.47 0.68
7. anunsanlusispanluauayinYumas 4.77 0.50
Tusnaingla

AYLULTIAAY 4.38 0.74
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4.5 YaLEUBLUY

1) Wanwnslusknsulrdanuad e sungeaau
2) agnnlilgaruiu 10S e
3) L‘ﬂumﬂsgmﬂiﬂagﬁLﬁﬂﬂiﬂ&%iﬂﬁﬂ’mmiﬂﬁ’mL%WIQﬁUUi%%W%UL%’]ﬁQIWN’]EJ

4) psiuseadundiuanineduuuuazgugld

a

5) \hidsiifuusgloviungiauladnulunaaaulunaing Weldldvlnd
6) aueldnmanuiiuvesduraiagiu Welvidunimaunun

7) SvaziduadalauaIgiy een i lugLnssoon

8) WiAuN1sUsEduTLS Tiussrauldnsrutemnenisldoau

9) mstnausasranuy dlvldlumsauladuin
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unil 5
dsduazanusiena

[y

NHANITANYNTLLTEI NMTasiuuaesuiinveslumaingdmsunnuasuailou (AR) e

[

nsd1sIImenmaeszeslng ansaussginguszasAlacall

5.1 @3UNanI5IY
lunuddeiilauseyndldnisdrsnasenmasssetlnasmenaaslnsdnideda iPhone
XS max 11l H a5 1L UUTIe @ INTR 1IMAUNITHIBNTN I19YAAIVANNIN waziiuTayanIn
VRIUNUUTEANNTEUTNA TUARTAUNANTUUNINR NIENN5TUTIY Tandaiivailan 2ndui
Y | Ay v . ~ o I ° aa
Toyan1nareNlauUszaianalusuns Agisoft PhotoScan wegsalunuudnaesauilia uay
NAdNSUDLUUTIAsEINTRf TN EasBunvesaglnguuUsEaNTEUT9AlARE

IoLAU

'
aad

NRINUUTIUUDTIa9E1NLA N LAN1E519N NAINS 1Ladou AR Arewanas Unity
way Vuforia Atiiunslae ¥Ldn Target Utdanuvdnaesaudfuiuussnninssusiea
Faguwuulivinzauuay Build app Wieasisauasaaiiou AR Mndususunmmalulagaiiy
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