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3D-model reconstruction of Buddha image using Close-range photogrammetry
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Abstract

In the present, there are increasingly many threats that have an impact on
antique objects, such as natural disasters, human activities. Therefore, the conservation
of ancient artefacts is importantly indispensable, especially the Buddha images.
However, in casting the Buddha statues, the size and proportion are directly measured
using @ measuring tape that can cause its damage. This research aims to reconstruct a
3D-model of Buddha image using close-range photogrammetric technique from the
imagery in order to study and analysis of the proportions for conservation. Surveying
and image data were collected by a laser scanner and a DSLR camera. The imagery was
processed by Agisoft Metashape software to generate a 3D-model in the form of point
cloud. Next, the analysis of the proportions of Buddha image was performed by Cloud
Compare software. Then, a 2D outline of the Buddha image was created. In this
research, there are three the study cases: 1) a 5-inch replica of Phra Phuttha Chinnarat,
2) The replica of Phra Phuttha Chinnarat at Wat Kung Waree, and 3) Luang Phor
Thongdum at Wat Ratchaburana. Regarding the results of the accuracy assessment from
last experimental study (Luang Phor Thongdum), the value of errors for the width of
sitting is 0.85 meters, and the value of errors for the height of Buddha image is 0.24
meters. Therefore, this research can offer the 3D-model reconstruction and 2D-outline
of the Buddha image for casting Buddha statues. Also, this approach can employ easily,

quickly the indirect measurement not to damage the Buddha image
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a v = g . < [ dy 1% a
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2.3 NEISHATIIUIVLNNYIVDS

2N 2. 4 Wawwasinanlsd
AN 2. 5 naod DSLR

19743881504 Single Camera Photogrammetry for Reverse Engineering and
Fabrication of Ancient and Modern Artifacts (Kaufman, J. et al,2015) lﬁ’eﬁma%umauﬂﬁ
NFE1EAMUATNTINHRULUUNITAT I UUTIA0EINER vasinglusia lnensldnisseda
szerlnddaenineana(Close-rang Photogrammetry) Indiaauanunsalunisiivdeyalises
mﬁLaL%i‘mmuﬁﬁmmLLﬂuﬁwqﬁiﬁmLLwa Ifesunefslymilintu wu nsnsefvesuas
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Clay Head

— -
. W4 »
AN 2. 8 MILAIUUADIUN IILRUAITALAN

(Kaufman, J. et al, 2015)

\
5. 4
2N 2. 7 Mmsmeamlagiinismivanwaseuenwazliain

(Kaufman, J. et al, 2015)

MM 2. 6 nau Point Cloud lafsemsuaziUSeuifisulumaiuingiunuy

(Kaufman, J. et al, 2015)
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2. 9147981583 Reconstruction of 3D Models of Cast Sculptures using Close-rang
Photogrammetry (Santosi, Z. et al, 2015) lqeSurefameaiianisanenmdugn o fuszles
wnuabnulunisussunanalinadnslunisadawuudnaes 3 86 lafun Tunsiiudeya

amanevesingnfivunlg uaslaiuziie19nANURUILLLLIITNSTIRAENS

3. uideiSes Photogrammetry applied to problematic artefacts (Nicolae, C. et
al,2014) aznandfenisuszendbdlnilaunsununiseusnwinglusanuinglusa 3 aia 1)
fugeu 2) suiiuusoud 3) mienwsdia Inefsuduuseudiiiniunivhannesdunyd T
nshenimiiy nagldiaulnanlsd HameslumsdsmuguuBinnuasiinnnsenuiuiatig
ARnfundas DSLR

2N 2. 9 (@3N RS ULN@I RS UTNTULSEUD (B)MUUIIABINNUIENSIRINNNTHATIETALALS
VYRIANULUURA (OaghUUTIRDINUAT

(Nicolae, C. et al,2014)

4.971473981599 MODELLING THE APPEARANCE OF HERITAGE METALLIC SURFACES.
(MacDonald, L., 2014) l@assuuudnaes 3 iaduinglusianfenszidl Courtauld w9 il
Snwafnfiduam waziisnms 235 fe 1)sawesaunu 2) nmsseiaszeslndmeninde 33
LsnaesaLnY Wesaniavesnszivhananlansdu ldawnseaunusedunseils 1
vunl#38n1sseinfonimans wsziflessinnstiieieanwesilisiadoutnsge nsins
AIUATNAIENRDITALES
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A 2. 11 nswdviriagyinannidu AN 2. 10 HANLATDIFLAY

(MacDonald, L.,2014) (MacDonald, L.,2014)

A 2. 12 msangnning

2N 2. 13 Haansluwa 3 4R
(MacDonald, L.,2014)

(MacDonald, L.,2014)

A 2. 14 waansivinisgudnlualngs

—
A 2. 15 msansudenlu VisualSFM 4839m (MacDonald, L.,2014)

AU

(MacDonald, L.,2014)
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nsUsuAInaes agUsenauluiig 3 d@undng Ae Aperture, ISO, Speed Shutter

O Aperture 130 35UlAT 33ULANTOgTaud [Wufimusluaadunnuie
oy Waneidnunn [Wauaufdindes

0 150 vide Analluas i fimuanszdualrenasinnsEuTes
wua A N13ReAn IS0 g9 vhlvieueeindeswesnailtouasnniy

O Shutter Speed 3o Athdnmes tu mneds steznaitanedvondes

\Uneanivesulaidiindusuiwesluiinaeauazaign1m auAunsagnIm



20

niauedeubmls Fedeiludnuiisludadendnlunmsamuauisnauasuay
anuazaeInIay Weowawdumehuaudidindsindes gadamesazilu

UseaUa-Unionuuasasidumesieludugumassunin

fkuanWhiavikAuiBuisassunmMwadaoa
A 1S0 Agodu:rikidursashaoiiaounaodu

" A
v
* @& '

nawioL Dwoun
1ISO200 1SO400 150800

A

APERTURE

mKuouumssuna\)ua\Jlaua
SSUIla\)nﬂiﬂ\)UUn'\TKUSUWﬂJUO\)IIH\)I’\W'\UU'V\UU

‘ 2 ¥ a N, AV,
OQOQUOY

fr2 /4 /5.6 /8 f/11 /16

meluoams  nawAukSofda

1S03200 1S06400

SHUTTER SPEED

MKuas:g:naNSIAUIED
s:gzpaRuudurilkiavAiiuuIngvdu

QUG ]

1/1000s 1/500 s 1/250sec 1100 sec

2 3. 5 ANuFURUSTENING 3 U9y

(https://dozzdiy.com/amudunus-3-tadelun1ssulas-the-exposure-triangle/)



21

NSAAUATUIANIATIEI
N159AATUANLINBUBNTUIANINTIEIY UBNUUIA A¥INNAVIVILA 8 0 UAIZIUE

furiaunazld 4 6 Mnduvihnisiavunusiaseitoanduiin

AN 3. 6 NTINYIAAIVALUNTN

A 3. 8 NANTTINYAAIUANNTIN

AN 3. 7 NMSINTTLLNNRUALIAT

AIUINATUANNTN



22
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sunaud 1 N133A3893UNM Align photo

fio MsdaiFeaguam uazthyefuileuiu( Tie Point ) vasnusiazamiiesnas ady
wuusans Tneviin1s Workflow > Align Photo > 1danailsftuniornuasBundidesnis
> OK

InFganmMATldIumAeNiunnan

had Untitled® — Agisoft Metashape Professional \d Align Photos Pt
File Edit Wiew Workflow Model Photo C
) . ¥ General
LR 2 % addPhotos.
Acaurocy:
Workspace g Add Folder...
g H a, Generic preselection
& ‘I Align Photos.— Reference preselection

T Workspace (1¢ Build Dense Cloud.-.
>l Chunk1(5  mild Mesh

Reset current alignment

Build Texture.., ¥ Advanced
Build Tiled Model... Key point limit:
Build DEM... Tie point limit:
Build Orthomosaic.. e . Apply masks to: None .
Align Chunks... [] Adaptive camera model fitting
Merge Chunks...

[ o | cancel

Batch Process..

A 3. 12 Meidennsuszaianaves Align Photo

AW 3. 11 pwnsuszanana Align Photo Tunsaiusutdu Highest
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YuRaUN 2 NMSAMUAINT1IBIYUIA (Add Maker)

¥

& ° Y agyve A A A o P & = o
L‘Uuﬂ']ﬁﬂ']‘ﬁu@‘ﬂqﬁaqﬂaﬂi‘ﬁﬂ‘U‘W‘uw 'Vﬁ@')mq LW@U@ﬂ'J']LUU‘Q@ILWEJ?WUI‘UW@W?J"‘]ﬂ'TW

o

laaitlafmun > adnvd1 > Add Maker vinlviasununlanvun Felunuddeilldimungs
anLn 8 90

[
L ]

P& Add Marker

Place Marker
Clear Markers

Set Drawing Plane

Capture View

NN 3. 13 ﬂﬁiﬁ?ﬁuﬂﬁ;ﬂﬂ’lUﬂNﬂ’]‘W

AN 3. 14 NANTIINIAATUANNIN



UADUY 3 NISANMUAYUIA (Scale Bar)
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Tngazlun N MNSUAIUTTUUD9DY
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Cancel
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Tunaudi 4 N1583193AAUNUIMLY (Point cloud)

Build Dense Cloud fia nstiiud1uauan tite point Wnndunouasiluadsiiuin
Tnssheaudsuiudosvhmssmaudnsiilismnuduminm  Gwsdedens
thansuifisufugaiiidumiafenty  nessthdwiinaauuuiaesdivi - Toe
1#84997n Align photo W@59udn 23 Save unew U7 File > save as >1dan7inaLiu > save
9 ntiu Tl Work flow > Build Dense Cloud > OK

L test.psx* — Agisoft Metashape Professional .
.4 Build Dense Cloud x
File Edit View Workflow Model Photo €
[ 2 % AddPhotos.. v General

Reference & Add Folder...
I_-J Lﬁ I.mI 4 Align Photos Qua“w: |Uﬂra hlgh v|
Cameras |  Build Dense Clowd.. | o

. - W Advance
[ 4 psc 7712 Build Mesh...
U ﬂ psc_rrs Bule Texure. Depth filtering: |Moderate - |
[ =] psc_7714 Build Tiled Model... J
[ 14 psc_7715 Build DEM... Reuse depth maps

|4| psc_7718 ] i
E j DSC_7717 Aulld Grihomesaic.. Calculate point colors
0= DSC}?H} Align Chunks...
[ =l psc_7719 Merge Chunks... | oK | | Cancel
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AW 3. 17 Ms@enn1UsEuIana Dense Cloud

AN 3. 18 Waaws Point Cloud
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Yumauil 5 N13au Point Cloud lifiasnsaan
U7l Free-Form Selection > Adndnegaudiainaau Point Cloud Tislidasnis(aziiudud
w9y > nAYL Delete

L test.psx* — Agisoft Metashape Professional
File Edit View Workflow Model Photo Ortho Tod
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Workspace {_] Rectangle Selection
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AW 3. 20 wadwsnsau Point Cloud il
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Yunaui 6 NMIATINNURT Mesh
Build Dense Mesh Aan15a519#iuiav0eing a1 9muANNUILILAIN Point Cloud

U7 Workflow > Build Mesh

¥ Agi i .
A test.psx Agisoft Metashape Professional w4 Build Mesh %
File Edit View Workflow Model Photo C
‘O HE O % AddPhotos.. - ¥ General
Workspace ~o Add Folder.. Source data: Dense cloud -
= Bk B C Align Photos... Surface type: |Arb'rtrary (3D) - |
5 Workspace (1 ¢ Build Dense Cloud... "
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es e Ir - B
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Batch Process...

2N 3. 21 M@enn1TUszulana Mesh

NN 3. 22 waansn1suseniana Mesh
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NAAWSNINAN8VRINSAANEIN 1

A 4. 2 Hadwsnmangannagauansnmlasllanlil (@) nisarewuuund (b) nsaewuuldiawnes

Tnanlsd
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2N 4. 3 Nad NS Point Cloud anneaauatennlagldlauln (@) nsenswuuund (b) nsanawuuly

Fawaslnanlsd
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NAadWs Mesh Ua9InsalAnwN 1
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LU UIaNUUY 2 NS ﬂiﬂﬂllﬁ’JUﬂllLLﬁ\‘l LAZNTUATUANLEN

nsadlinruauues (LivsuAindag)

Kadnsnwalevansaiine 2 (wuulialuauues)

AN 4. 9 NAANSNINE18INNAABUABAIN (@) MsanewuuUn® (b) Msanewuuldiawasinanlsd



Nadns Point Cloud vasnsaifinuii 2 (wuuliAruauwes)

2N 4. 10 Waans Point Cloud annmnagausngnIn (@) nmsanewuulnd (b) Msanawuuldiames

Twanlsd

HaAWS Mesh wasnsaifinuni 2 (wuulsinauauuas)

AN 4. 11 Hadws Mesh ANAFBUANEATN (@) NSaekuuUn® (b) Msanewuuldfawmasinanlssd
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nsalAIUALLEY (USuAnans)

HaaWENNENY nsalRnenT 2 (iso : 100, f-stop : 5, speed shutter : 1/20 sec)

2N 4. 12 gadnsnwengannagaudnanw (a) nsanawuulng (b) nsaneuuuldiamesinanled

NAANS Point Cloud waensdiAnend 2 (iso : 100, f-stop : 5, speed shutter : 1/20 sec)

2 4. 13 Haans Point Cloud 3nnyadauangnn (a) nsaeiuuunid (b) nsaneswuuliiatnes

Twanlsd
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HAaNS Mesh vasnsalanend 2 (iso : 100, f-stop : 5, speed shutter : 1/20 sec)

AN 4. 14 Haans Mesh a1nna@auaen I (a) Msanswuuund (b) Msanewuuldiawasinanlsd

agUna1nnsAnwlunsdld wudn dhnisdigamlufiuililedildansisaniuam
USueuupauas msLﬁaﬂlifﬂamaﬁwaﬂis&mmimhaiﬁmaé’wéﬂuaﬂLLUUﬁTﬁaaqﬁsﬁu WNS1EY e
AIUANUSUIUTBILAIINNEUBNVRINITANELA uinIsdanUsuAINdDIeIvalidinade
NAENSIDIUUT IR
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nIRiANEI 3 : WIzUNSFUNAIWaNaA o InT1TYTAUE

nsflAUANLAI(USUAINGDY Anua iso : 200, f-stop : 4, speed shutter : 1/50 sec)

HASNENNEN8YDINTAIRNYT 3 (Fvium iso : 200, f-stop : 4, speed shutter : 1/50

sec)

AN 4. 15 HASNSAINEEANNAFBUAIEAN (a) N15aewuuUni (b) nsanewuuldnawnasinailsd

NAAWS point cloud VadNsRANEIT 3 (iU iso : 200, f-stop : 4, speed shutter :
1/50 sec)

AN 4. 16 WaaNS Point Cloud 3nneadauagn I (a) nisanawuuund (b) nsanewuuldiawmas

Twanlsd



HAaNS Mesh wasnsaiAnendi 3 (Fwua iso : 200, f-stop : 4, speed shutter : 1/50

sec)

AN 4. 17 HaaNS Mesh nTa@auagnIn (a) n1sanawkuuund (b) nsanekuuldiawmasinanlsd
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niﬂjﬂ’mﬂmtm(ﬂ%’umnﬁm Avua (iso : 400, f-stop : 4, speed shutter : 1/50 sec)

HAANENNEN8VRINTAIRNENT 3 (Fviua iso : 400, f-stop : 4, speed shutter : 1/50

sec)

AN 4. 18 HASNSAINAEINNAFBUAIEAN (@) N15aewuuUlni (b) nsanewuuldnawmasinailss

NaaNWs Point Cloud ﬂlaﬂniiﬁﬁﬂwﬂ‘ﬁ 3 (NN iso : 400, f-stop : 4, speed shutter :
1/50 sec)

2 4. 19 Waaws Point Cloud 3nnmadau (a) nsanewuuund (b) nmsanewuuldiawmasinanlssd
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HAaNS Mesh vasnsaianenfi 3 (Rmum iso : 400, f-stop : 4, speed shutter : 1/50

sec)

AN 4. 20 Haans Mesh annagau (o) nMsanasuuunid () nsanewuuliiawmasinanlsd

suulatmailaanmslildflawmes fuRifaasuBeusnnndy wafildainnnsty
Tlawes wanziuasavosdlaviangasesdnsznanaian MiresAnssanuasiuilngseuiln
a9 eldarslelawmasinanlsd wamastaualaulnluusnalagsausiuiunisusSuAILaswDa
NRDINILAN
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grgendnuseuiieuiunsinanuuuitaesandiainnisdisiameninaiesseglng doe

1Usunsu Cloud Compare

1594 . 1 m’mqLﬁaummqqﬁﬂmﬂmﬁm‘%qﬁ’ui’mmﬂLLUUﬁTﬂaad
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Error (m) 0.86 0.86 0.85 0.81
Mean (m) 0.72
RMSE (m) 0.85

PNNATNINTUTEUMBUIINFTAANUYNA Bl UM MINANYDIDIANTE AT

LALASALNUAULUUIIADIENTRANUIT A Mean Wiy 0.72 1A wazA1 RMSE winfdu 0.85

bUAT

F9971NN15UTEEUANUYNA DI UKLINTNANLAYAIINES AEWUT NadnsAATAIY

gnFotveIkuUTIRRIEudRegluTsiuwnT WasInmelaymvesitunlunisaenmuay i

Tinmilalianusaduiinesinsznnsiulaasuaiu Inemigusiamihdnuas i ve e

e IO [t PR R T T N T T S S N GGV




unil 5

a3Una afuTena wazdaiauatue

NRANTANYILNLITeH ausaasunan1side efuTerataauawuy wazdym
wargUassn Tellsneazidendail

5.1 @3UNaNI5AIY

Mndeanauidneinglusial uenandesssuvALds msinvuislagnsaiier
uuudIaesesAnsE NIy 019azasunIdseliuATRgld iieUndestunisgndetiens
Antu Tuiligtudnsiaruaunmnevaieds wiisnsfeiasseddndmaninais anunsald
U9 59790 Ineuaunsaldld andeganiwaisainnded DSLR wazn1saruAudade
uassngg s Usudndos siunas Aawmesinatlse Teulnl snvhuuusiaasanuiifves Agisoft
Metashape uiog1slafinuanuusius ilddduagfunm uwas yulunisaisnin 910013
U3z UANLNABIYRIHARNSWUUTIa 0 a NN AV INTENNTTUNANN N BIAT WU A
AnuAALARBUAMTUALN T TEIAY 0.85 1es LagArnERaALRdeuA MR

999RIANTEYINNY 0.48 WIS

Faifu NT2UAUNITINTUIALAL AT IEVARE 1uVBINTENNSIU dmSunundeuas
$ra0s0sdnsznmsgy (etesfunisdrsadeiiioniseyind fnglusaiididgymnis
Usgifenans Sadlanuddgdusgnauin nsasisuuuinasmssnmsguaeisnisseinee
ameneseeglng awnsaiundssendldlunisaiuuuinassaudfivasiuulageseaedlin
yosnsywnssy wlelddmsunisndenszimsgy lnaidumsialngdenstneine sia1gnuaz

< = i 4 = Yo Y g
PRI %Qlﬂﬁi’]\‘iﬁ?’mLﬁUWWBIMﬂUWULLUUEJﬂWJEJ

5.2 aiUs18wNA

91n91u398999 Kaufman, J. et al (2015) Bsil33nnsiindnendaiu Tnonnslduda
foyauuuassaufiivesnuided foyaarldinanmsld madienin nduihdeyadils
ihluadauuusassingluguuuvandii snddeildnges DSLR lunisifudeya uarldus
Andos Tflawmesinailsd el uazarnifletaslunisusnirgfuiunds weidunsuiulge

ANONYADUATIILUUINABIAUTIR



43

dnnsdiaanaaeeiueuIfeves Nicolae, C. et al. (2014) L309n15AIUANKAS Nl
WMHgd1mSTUN1Sda1599 N1sasvieunasuuIngdu ieazunld n1sussananalazaing
HuRanliwiug Fnldiawmesinanlsdfinndes Usuaindes iauduaslauli nsldiawmes

InanlsgastiganUSuaIuanad

5.3 Jaiaunue
- asziimsiialel Wit liAnmREiunganIuguAI NeuiuTeyanInay

- asidtuleldiiianasiiudeyavatgquuasyduliiianisdeuiiu tien1sasng

wWUUINARI b RZREATU

5.4 dgyvuazauassa
& o 2 v
1. Wunlundsinudaya
NuaTelAnwluiuiway waslianlueirs SseinAensdsna vsenisiiudeya vin

Tinaiudeyalideiies

A% 5. 1 NUSOUBIANSY



44

2. NIATUANLENDIANTEUAAIINADY
\{HosanseuesAnsriiasainavasnlan wasatgasudsiiesAinliaNaing
59U 0IANTEUUna

A 5. 2 wasanaUasatan

5. 3 gapuaun il



AVANS UNIINYNAUULTATS
Copyright by Naresuan University

All rights reserved



46

UTTUIUNTH

Tnsansansunsulne dmsuienivu InensessUssaidlunssumaunanseidnegim,
(2562).n3gNns3UU99. Fuawlle dunaw 12, 2562, 310

http://kanchanapisek.or.th/kp6/sub/other sub.php?file=contactus/contactus.
html.

lassmsansnsalnedmsuiensu. (2555). arsmnsalnedmiviennvus :
wotiludu. 36, 253.

85¢ adiAye9na, (2550). nsuszgndldnmangmsainialduarlunuimnssulasaing
Alternative : Digital photogrammetry application for structural engineering
(Doctoral dissertation, 1% 3Ne1aeNALLLAENTEIBUNAITUYI).

Kaufman, J., Rennie, A. E., & Clement, M. (2015). Single camera photogrammetry for
reverse engineering and fabrication of ancient and modern artifacts. Procedia
CIRP, 36, 223-229.

Santosi, Z., Sokac, M., Korolija-Crkvenjakov, D., Kosec, B., Sokovi¢, M., & Budak, |.
(2015). Reconstruction of 3D models of cast sculptures using close-range
photogrammetry. Metalurgija, 54(4), 695-698.

Nicolae, C., Nocerino, E., Menna, F., & Remondino, F. (2014). Photogrammetry applied
to problematic artefacts. The International Archives of Photogrammetry,
Remote Sensing and Spatial Information Sciences, 40(5), 451.

MacDonald, L., Hindmarch, J., Robson, S., & Terras, M. (2014). MODELLING THE
APPEARANCE OF HERITAGE METALLIC SURFACES. International Archives of the

Photogrammetry, Remote Sensing & Spatial Information Sciences, 45.


http://kanchanapisek.or.th/kp6/sub/other_sub.php?file=contactus/contactus.html
http://kanchanapisek.or.th/kp6/sub/other_sub.php?file=contactus/contactus.html

AVANS UNIINYNAUULTATS
Copyright by Naresuan University

All rights reserved



) N A
NITONEATNNATUANHIN 3

48



Usedagide
o - Foana 917 @ddieng
W weu U ida 8 manAw 2540
foglagiiu 397/59 vigl 10 diualdanse duneiiles

49

[

Fandaiuadlan 65000

Us2ann1sAne

W.A.2559 - Yagtu  InermansUudia (Qieans)
UWVINYIAYULTAIS
.7.2555 — 2558 seaudsENAnYY (nd-Amin)

lsassuiivalaniingiay

W.¢1.2547 — 2552 SEAUUITEOUANY
lsasguayuIaivaglan
Aenssuiidsoy

1. WhsumseusuidsufdRnieiade “asiunuiigiusema” Suil 23 Aueneu 2560
ANEINYASANERS V1TNEINTEIINYIALAEAWIAdeM

2. uilanisussoreade “wurlifutazmaluladlunisiunuiatelnl” fuil 20
wgAdneu 2561 1oy Anatlug Ussiasgysuena usem letea 911 Aus
INEASAEANS NINNTEITUALAYAILINE BN

3. 1A%9n15 eusHNguNIeeAANInundenIngwarn1siddoyanniieulunis
Anesianinetnia Yudl 10 nsngIAY 2562 uniinedeusms Taensugniouine,
Faydniwaglan

4. fhhdesanned anzinuasmans vinenssTIIvAkaraunaden UssdiUnsin
2559

5. fhduite anzinunsmans nineInssssuvAkazdannden UszdUnnsAnu

2561-2562



