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SALUTUTHA ®OTOITPAMETPUJA APXEOJTIOLWWKNX OCTATAKA: AUTUTAJTHO
AEMOHOBAKE HA MPUMEPY NPOJEKTA CUHTUAYHYM3 [

ATICTPAKT: Y paay he 6utu peun o 3A MoaeAOBaby, OAHOCHO O GOTOrpaMeTpuju U te-
HOj TIPVIMEHY U 3Ha4ajy y O4yBamy KYATYPHOT HacAaeha, Kao 1 0 METOAOAOTHjU YIIOTPeO/EHO]
y okBupy npojexta Cuniugynym3A — Auiuitiarna iepcitekiiusa 30upke 3a animiuxy Myseja
ipaga beoipaga. DoTorpameTpuja ce MOXXe IPUMEHNUTH KaKo 32 I0jeATHaYHe IIPeAMETe TaKo
U 3a UMTaBe AOKAaAUTETe, I Ha TAj HAYMH Ce MOYXKe TIOABECTU IOA jeAQH OA HauMHA 3aLITUT-
HJX apXeOAOIIKMX MCTpaKuBamwa. OBa caBpeMeHa TexHMKa oMmoryhaBa ycropaBamwe Impoiie-
ca AeKaAeHLje apXeoAOLIKMX OCTaTaka A0 Te Mepe Aa OHY, Y3 MOMOh TeXHMKA Kao ILITO je
dboTorpamerpuja, 1 Aame MOTy Aa OYAy MCTpaXMBaHU M KOpUIIheHM y HayyHe CBpXe, aAUl Y
aurutaaHom 3A ¢opmarty. TexHoaoruja TakosBaHor Image based modeling-a (IBM) je xpo3
KoMepliMjaAHe U COTBEPCKe OILiMje AOBEAA AO MHOBAaTMBHMX HAaIpeAaKa Kojui KOPUCHUKY
Ipy>Xajy pa3HOBPCHE HauMHe BEPHOT OCAMKaBama peaAHor cBeta. Takobe, momohy pAurnraa-
HOT A€TOHOBama, NMPUCTYI aPXEOAOIIKMM OCTauyuMa 0mo 6u omoryheH Ha OMAO KOM MeCTy
rAe Ma MHTepHeTa. Pe3yATar oBe MeTOAe 61U Tpebaao pa OyAe AUTUTAAHU AETO, TIOTOAQH 3a
Aama UCTpakuBamwa. ¥3 nomoh codprepa, nonyt Agisoft PhotoScan-a, 3atum ¢oro-amapara
u nparehe onpeme, MoXXe ce CTBOPUTM MOAEA KOjU je UCTOBeTaH opuruHaay. Ha Taj HaumH,
MoaeAr 61 61AM AocTynHY BeheM Opojy UCTpaXkuBaya, C TUM LITO OV Ce OPUTMHAA 3aLITUTHIO
op ourrehema 1 pomnapamwa.

KMYYHE PEYUN: Cuniugynym3A, anitiuka, gpoitioipameiipuja, 34 MogeroBarve, guiniiaru-
3ayuja, IBM, cogpitizep, Agisoft PhotoScan

PROTECTIVE PHOTOGRAMMETRY OF ARCHAEOLOGICAL REMAINS:
DIGITAL DEPOSITING ON THE EXAMPLE OF THE SINGIDUNUM3D PROJECT

ABSTRACT: This paper will mainly address photogrammetry, i.e. 3D modeling and its use and
significance in the preservation of cultural heritage, as well as, the methodology used within the
project Singidunum3D — the Digital Perspective of the Belgrade City Museum Antiquity Collection.
Photogrammetry can be used for individual objects, as well as, whole archaeological sites, and in such
manner can be characterized as one of the ways of protective archaeological research. This contemporary
technique would slow down the process of decadence of archaeological remains to that extent that they

would, with the help of techniques such as photogrammetry, still be used for research and scientific

e-mail: djura2707@gmail.com
AyTop 3[] mofena 1 unyctpauuja: hypah V. hypuh
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purposes, but in a digital 3D format. The technology of the so-called Image Based Modeling, through
commercial and software options, lead to innovative prosperity that allowed the user various ways of
depicting the real world. Also, with the help of digital depositing, access to archaeological remains
would be allowed from any place that has internet access. The result of this method should be a digital
depot, suitable for further research. With the help of software, such as Agisoft PhotoScan, subsequently
a camera and additional equipment, it is possible to create a model identical to the original one. In
that way, models would be available to a larger number of researchers, but the original object would be

preserved from damage and decay.

KEYWORDS: Singidunum3D, antiquity, photogrammetry, 3D modeling, digitization, IBM, model, soft-
ware, Agisoft PhotoScan

u xomrjyTtep Koju he, momohy codrpepa, aa

yBOoA

1
; npaBu 3A Moaeae.
ITocToju caraacHoct Mmeby myseaAnyma pasu 3 OA€AE

A Kao npumepu n3yseTHO AOOpe mmpakce
Aa Cy HeU30eXXHU npouecn crapema 1 Mnpo- p p Y AOOP p

Maaamba KyATYPHIX A06apa Koja ce uyBajy y cy npojektu beBana u OacoHa, Koju cy To-
My3ejy, 300r yera je 1 BUXOBO Kopuiihemwe mohy 3A MoaeAa AOOUAN SaHUMSUBE PESYA-

. Tare u pyuKe. beBaH j BOjUIM KOAe-
cBe yerthe orpannyeHo. CTora, y MOCAeADOj are 1 3aKmydKe. bEBAH )€, Ca CBO) Koae

. . rama, TeXHUKY ¢doTorpaMeTpuje MpUMEHNO
AeLeHUj, AUTUTAAM3aLMja KYATYPHUX AO- ’ y ¢ P pwe mp

IIpaBoeh A VYKUX BOjHU
6apa, a MOroToBo M3papa 3/ MopeAa Tpea- 32 IIPAB/>EIHE MOAEAA KEPAMITIK OjHMKA Yy

MeTa U IITaMIIa BeoMa IPeLV3HMUX PelAMKa,
II0CTaje UMIIEPATHB Y MEHAIMEHTY 30MPKU.
Y cBeTCKOj Mpakcu MOCTOje MHOTU IpH-
Mepy uspaae u Kopuithemwa 3A Mopeaa y Ha-
yUHe CBpXe€; YHIBep3UTeT y AeBeHY je pa3B1o
METOAY KOja AO3BOMmaBa Ipouecyupamwe 3A
TEKCTYpPMPaHUX MOAeAd OA BeAMKOr Opoja
CAMKA KAaO jeAMHOT IIPOM3BOAA. 3aMUIIbe-
HO je, Tako, Aa ce mpepAMer dororpaduire
13 pasAMuUTHX yraosa. CBe 1ITO apXxeoA03U
Tpeba Aa ypaae jecTe oa cHuMe poTtorpaduije,
uAM Hu3 ¢ororpaduja, MAM AQ HalpaBe Ta-
KO3BaHe CKPMHILIOTOBE C BUA€O-CHUMKA. To,
y CYLITVHM, MOXE AQ Ce U3BeA€e OP30 1 AaKO.
Jeauna mortpebHa ompema cy ¢oTo-amapar

152

Maysoaejy npBor KMHeckor uapa, u3 Il Bexa
npe H.e. Y May3oAejy ce HaAa3y MPUOAVDKHO
8.000 xepaMUUKMX BOjHMKa 1 0KO 600 pernan-
Ka ¢urypa Komwa HalpaBs>EHUX OA KepaMUKe
IpeMa CTaHAAPAM30BAHMM KaAyIMMa. JeAU-
HO WITO Ce M3AB3aja Ha CcTaTyaMma Cy AULA U
YLIM paTHUKA, KOjUMa Cy TaAallby YMEeTHU-
LV AQBaAU HOTY jeAMHCTBEHOCT! CBAaKOM OA
BYX KaKo Oy ce pa3sAMKOBAAU U TOIITOBAAU
3aceOHo. BeBaH ce ca cBojum KoAerama ¢o-
KYCHpao Ha aHaAusupawe purypa paTHuka,
ocsphyhu ce mpBeHCTBEHO Ha yuIM, aAu U
Ha Aaua u pyke. Kopucrehu xomnaparusiu
TAaKCOHOMETPUjCKM MPUCTYII, YCHEAU Cy Al

1 LucVan Gool et al, “The Murale Project: Image-based
3D Modeling for Archaeology’, u Proceedings of the
VAST2000 Euroconference, ed. Franco Niccolucci (Ox-
ford: Archeopress, 2002), 56.
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Cnuka 1. MepmepHa rnaga (36vpka 3a aHTviky, MIB)
Figure 1 Marble head (Antiquity collection, BCM)

pasABOje HEKOAMKO CTMAOBA U Bapujaluja y
cTBapamwy. Ha ocHOBY ryctux obaaka Tava-
Ka, yrBpheHa je pa3sAnka y oOAAMKaMa yuujy
paTHuKa. MeToaa ce 3acHMBaAa Ha IpeETIIO-
CTaBKaMa M3 PEaAHOr JKMBOTQ, IIpU YeMy je
610 moTpebaH eKCIepT 3a pa3asHaBatbe MU-
HUMAaAHUX Pa3AMKa y IpeACTaBaMa YIIUjy U
avua. YTBpheHo je Aa, Mako MMa HEKOAMKO
npeoBAabyjyhux obarka, mocroje mase Ba-

pyYjaLyje U HUjeAaH Map YIIMjy Ha paTHULIU-
Ma HMje UCTU. AOKa3aHO je Ad je TOTPOLIEeHO
BeoMa MHOI'O pecypca Kako OM ce UMUTHpa-
Aa mpaBa Bojcka. OACOH je Iak, ca CBOjUM
KOAeraMa, KOPUCTVO MOAEAOBAK€ 32 U3PaAAY
MPaKCTOPUjCKUX cekupa. 3A MopeAe cy Ipe-
OauyaM y popmare moropHe 3a 3/ mramma-
ye 1 MIPAaBUAMU CY mbuxoBe pernanke. OACOHOB
TUM je II0Ka3ao AQ 3A MOAEA OALITAMIIaH Ha
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Cnuka 2. Onrosapajyhv GoTo-CTYAMO Ca OCBET/bEHEM
Figure 2 Convenient photo studio with lighting

HITAaMIIQ4y MMa UCTE OAAMKE M CBOjCTBA Kao
OpUIMHaA, a KOjU je TOTpebaH CIelyjau-
CTMMa 3a IIpoy4yaBame HeKor npeamera. Ose
cTypauje Aokasdyjy noreHuujas IBM u 3A mo-
AeAOBamba Kao KOPMCHUX aAaTKu y Mop¢o-
AOILIKVM ¥ TAKCOHOMCKVM aHaAM3aMa IIpeA-
MeTa, aAu U Aa 3A MOAEAM IITaMITaHM Ha
OCHOBY AUTMTAAHUX MOA€AQ, Y3 Kopuiihere
IBM MeTopa, a He AacepCKOI CKeHUpama,
MOT'Y AQ TTIOCAY>Ke KaO0 OpUI'MHAAN.”

Y CpbOuju, jepaH op MpojekaTa 4uju ce
ayTOpU Ha AUTMTAAaH HauuH OaBe apxeo-
AokoM bamrtuHoM je Cuniugyuym3A — Au-
umarHa tepciekitiusa 30upke 3a aMiiu-
ky MI'b. llum je pa ce 3alITUTU KYATYPHO
HacAaebe, oMoryhu mweroBo AyrorpajHo 4y-

2 BrandonR.Olson,“The Things We Can Do With Pictures:
Image-Based Modelling and Archaeology’, u Mobiliz-
ing the Past for a Digital Future: The Potential of Digital
Archaeology, ed. Averett Erin Walcek, Gordon Jody
Michael and Derek B. Counts (Grand Forks: The Digital
Press at the University of North Dakota, 2016), 240-241.
Y parwem TekcTy (Olson, “The Things We Can Do”).
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Bambe, AONyHU rnoctojeha Mysejcka rpaba u
ImpoMoBuille U MmoBeha AOCTYIHOCT KYATYp-
Hor Hacaeba. Crparteryja je pa ce upeHTHU-
KOBaHa 30MpKa eKCIIOHATa 13 AETIO3UTOPUjy-
Ma Myseja npeHece y AUTUTAAHU 3aIUC, Y
KBAaAUTETY KOjU, Y3 dyBaibe U Ipe3eHTalujy,
AO3BO/ABa M HAyYHY aHAAU3Y AUTUTAAU3O-
BaHor npepMeTa. OVMHAAHM TPOU3BOA AUTU-
TaAusaluje Tpeba Aa omoryhu u mraMmmnamwe
TaYHMX ,3aMeHCKMX" 3/ MoaeAa y KBaAUTET-
HUM U UBPCTUM MaTepujaAlMa, 3a IPUAUKe
y KOjuMa je Ba)KHO AONYCTUTU HeIloCpeAaH
NPUCTYIl PETKOj U APAarolLeHoj KOAeKLUju,
HITO je y KOHBEHLIMIOHAAHMM YCAOBMMA He3a-
mucauBo.’ [Ipojexar jour yBex Tpaje, 1 MOAe-
AV V1 IOAQLIM jOII YBEK HUCY 00jaBreHH, a Cy
y paAy IpukasaHe camo papHe ¢oTorpaduje
U MOAGAIL.

OOTOIPAOUCAE

ITocToju HekoAMKO AeduHUIIMja TepMu-
Ha ,MakpodoTtorpaduja“. Cmarpa ce Aa je TO
dotorpaducamwe u3 HemocpepaHe OAU3KHE,
Hajyenrhe MaAuX IpeApMeTa, Kapd je BeAu-
4YyHA IpeaMeTa Ha Qororpaduju McTa MAU
Beha Hero y mpaBoM XMBOTY (Mako je ma-
Kpodortorpaducamwe, TEXHUYKY, YMETHOCT
MpaBsea BeoMa BeAUKuX doTorpaduja).
ITocTOju HEKOAMKO HauMHa AQ C€ TO IOCTHUI-
He. JeAaH 0A 1BUX je Kopuihewe 00jeKTUBa,
LITO je, Y HeKy PYKY, 4 HajCKYIl/be jep ce LieHa
OBMIX ONITUYKMX CpeAcTaBa Kpehe y 1mmpokom
pacnony. IlpoaykeHa 11eB, OAHOCHO LieB Koja
ce cTaBda Ha 00jeKTuB, je jepTHMja BapujaH-

3 Bugw: http//www.europeanheritagedays.com/
Story/9b256/Singidunum-3D-%E2%80%93-
The-Digital-Perspective-of-the-Belgrade-City-
Museum%E2%80%99s-Antiquity-Collection
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Ta 0A MakpoobjektuBa.! Aybuna moma je
jeAaH oA OMTHHMjUX HapameTapa y Makpogo-
tTorpaducamwy.’ Mehytum, nocroju u Heko-
AVIKO HEAOCTATaKa OBe METOAE jep je AyOuHa
M0/da 3HATHO CMAabeHa, OCBETMAEIbe je Mambe
YKOAMKO Ce 00jEeKTHB yAamaBa OA IPeAMeTa.
KBaaurer ¢dotorpaduje nma Hajpehu yru-
11aj Ha KBaAuTeT puHaaHOr 3A MoaeAa. 3aTo
Cy HajBaXHMjU U300p apeKBaTHE OIpeMe U
IEeHO MOoAelIaBambe.®
3a npojexar CuriugyHym3/ je opAydeHO
A Ce Kao METOA CKeHupama npumenu IBM
(Image Based Method), xoju omoryhasa Bu-
COKY IpeL3HOCT MoAeAa Y GopMU KOjy je
moryhe nopeanty, 6e3 rybuTka y KBaAUTETY,
C APYTMM MCTPaXKMBauMMa MAM 3aMHTEPECO-
BaHMM CTPaHaMa.
Ormnpema kopuitheHa 3a norpebe Ilpoje-
KTa je caepeha:
- aurutaAHu ¢oto-amapar (MuHuMyM 10
MeTanMKCeAa MOXKePHO),
- 00jekTUB (pasHM — y 3aBUCHOCTU OA TOTa
wrra ce pororpaduiie),
- TPUIIOA CTATUB,
- ¢poro-cTyano (oaromapajyhu, ¢ yHyrpa-
IIIbVIM OCBETAHEHEM),
- pacBera (AEA ocBeTmeme yHyTap CTY-
AMja ¥ MaKpoOAMUiL),
- KapTa 3a Kopekuujy 60ja 1 pa3MepHIK,
- KBaAUTETaH pauyHap, 6asupan Ha CUDA
TexHoAOruju (ca BeO-cajra Agisoft mo-
KeMO BUAETU MUHUMAaAHY KoHurypa-

4 Dubravko Gajski, Mateo Gasparovi¢ and Ana Solter,
"Applications of Macro Photogrammetry in Archaeo-
logy’, u The International Archives of the Photogramm-
etry, Remote Sensing and Spatial Information Sciences,
Volume XLI-B5, 2016, XXIIIISPRS Congress (Prague, July
12-19,2016), 263. Y narbem TekcTy (Gajski, Gasparovic
and Solter, "Applications of Macro Photogrammetry”).

5 lbid, 264.

6 Ibid, 263.

Cnuika 3. Mprmep aobpe doTorpaduje 13 ceta HakoH
obpage
Figure 3 An example of a good photo from the set after
processing

uujy 3a pauyHap: CPU: Quad-core Intel
Core i7 CPU, Socket LGA 1150 or 1155,
Motherboard: Any LGA 1150 or 1155
model with 4 DDR3 slots and at least 1
PCI Express x16 slot, RAM: DDR3-1600,
4 x4 GB (16 GB total) or 4 x 8 GB (32 GB
total), GPU: Nvidia GeForce GTX 980 or
GeForce GTX 1080).

Opabpanu npeameTu cy ¢pororpaducanu
y GoTo-cTyAMjy HaMermeHOM 3a Te HoTpebe.
HaxoH opabupa npeaMera, IPUCTYIIA Ce aK-
BU3MLIMjJ TIOAATAKa Y BUAY CAMKama 1o Beh
yTBpbeHuM npaBuauma u metopama. [Tocroje
ABE MeTOAE: METOA 00MAacKa OKO IpeAaMeTa
u MeTop potupajyhe mopasore. Merop ob6u-
AaCKa OKO NpeAMeTa Ce CacTOjy U3 KpeTamwa
¢dotorpada oxo npeamera, npu yemy ¢oro-
rpad mpaTu rope HaBeAeHa MpaBMAQ, U OBa
MeTOAA Ce OOMYHO KOPUCTU KaAa ce TIPeAMeT
CAMKa Hamony. Mertop poTupajyhe mopaore
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Cnuka 4. Mpumepu potorpaducarba npeameta. (Stuhec and Zachar, "Digital Photogrammetry”, 44)
Figure 4 Examples of taking photos of the object

ce CacToju OA CAMKama C jepHe Mo3uuuje, C
¢dboTo-anaparom npuuspirheHNM Ha CTATUB.
Y HalleM cAyu4ajy je opabpaHa Kao HajIOrOA-
HUja jep ce cAMKarmbe 00aBmda y 3aTBOPEHO]
IPOCTOPUjY, C MAAO INIPUPOAHE CBETAOCTH,
Te je ocBeTmere y BUAY AEA cBetara u 6Au-
11a IOTPEOHO paAM KBAaAUTETHUjUX U AeTalo-
Hujux ¢pororpaduja. [IpepMer je mocTaBreH
Ha HeKYy BpcTy potupajyhe mopaore (y cayyajy
npojexkta Cuniugynym 34, To je potupajyhu
OKPYTAM TOCAY)XaBHMK), Koja UMa obeAexe-
He MO3M1Mje, M Ha Taj HauMH ce okpehe 3a 360
crerneHu Kako 6u ce pororpaducao us cBux
yraosa. Ilosuumja ¢oro-amapara ce Takobe
Memwa CaMO IO BUCMHCKMM IIapaMeTpuma.
Hajuenrhe je To moapusame u ciymrame cTa-
TUBA. Y 0BOj METOAY OCBETAEHE je OUTHO jep
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ce oHa Hajuerrhe KOpUCTH Y IpocTOpUjama y
KOjMMa ce He MOYKe KPY>KUTM OKO IpeameTa.’
Tpu raaBHe cTaBKe MOTpebOHe Kako Owu
HacTaAa pobpa ¢potorpaduja 3a norpebde po-
TOrpamMeTpuje Cy:
- BUAHO IIO/€,
- OIITPUHA,
- excrosuyuja.®
Kaxko 6u ce ycnenrHo Harpasuo 3A MoaeA
nomohy codTBepa 3a pororpamerpujy, Mo-
pajy ce momroBaTy oApeheHa npaBuaa:

7 Miroslav Vukovi¢, “Fotogrametrijski 3D modeli u arhe-
ologiji’, List studenata Geodetskog fakulteta Sveucilista
u Zagrebu (2015): 44-45. Y pareem TekcTy (Vukovic,
“Fotogrametrijski 3D modeli”).

8 Geodetic services Inc. Basics of Photogrammetry.
https://www.geodetic.com/basics-of-photogramme-
try/, 4.
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Cnuka 5. MocT-npolecyrparse 3/ Mofena 1 Npasrbetbe aHUMaLmje
Figure 5 Post-processing of the 3D model and making an animation

- cBaka ¢otorpaduja ce MOpa CHUMUTHU C
pasAMyYKTe MO3MULMje jep, aKO ce CHUMeE ca
ucte, Moxxe Aoohn Ao mpobaema y mopa-
BHabY;

- Buile ¢oTorpaduja He MOpa HYXHO Al
3Hauu u 6omu Mopea, Beh je BaxHuje pa
dotorpaduje OyAy KBaAUTETHE U AQ Majy
MOAQTKe NMOTpeOHe 32 IPaBoEHE MOAEAR;
- cHUMMDeHe poTorpaduje 6u Tpebaro pa ce
npeKAanajy, MMHUMYM 60% mpekaanama
je moTpebHO, AOK je 80% ONTMMaAHO;

- ,IIpaBUAO Opoja Tpu“ obaBesyje A2 OAAN-
Ka IpeaMeTa Koja ce pororpaduiie dOype
BMAMVBA HAa Makap Tpu ¢doTorpaduje y
HU3Y;

- opujeHTauuja je Takobe 3HauyajHa MpwU
CHMMamy ceToBa Qororpaduja, u He cMe
IIYHO AQ Bapupa;

- KBaauter ¢oTorpaduje je jako O6UTHa
CTaBKa U IPENOPYYSUBO je AQ Ce CeT
dororpaduja CHUMM C UCTUM TOAeIIA-

BambJIMa; Y IPOTMBHOM CAEAM AYT TIpOLIeC
»€KBMAM3aLMje“ VAU yjeAHadaBamba CBUX
¢dotorpaduja. Pesoayuuja, y cymtuHy,
HUje TOAMKO Ba)KHa IpM CHUMamwy ¢o-
Torpaduja, aAM OHa MMa YTUIIj Ha KBa-
AVTET NpOoLieCyuparma 0AATaKa;

- OCBeTHeHe je OMTHA CTaBKa NPU CHU-
Mawy ¢poTorpaduja jep MUMa BEAUKU YTU-
11aj Ha KacHuje moparke.’

Kao mro je Beh peueHo, xBaaurter ¢o-
Torpaduja je BaykaH jep MMa BEAMKM YTULQj
Ha KacHMje MopeAoBame. CHumamwe RAW
¢dajaroBa je moxkesHO HaclpaM cHuMamwa JPG
¢dajaoBa jep, MaKo 3ay3uMajy Buille MEMOPUje,
CaApJKe BUILIe TIoAQTaKa KOjU ce KacHuje YIo-

9  Seta Stuhec and Jan Zachar, “Digital Photogrammetry”,
u 3D Digital Recording of Archaeological, Architectural
and Artistic Heritage, CONPRA Series, Vol. |, ed. Jan Zach-
ar, Milan Hormédk and Predrag Novakovic (Ljubljana: Lju-
bljana University Press, Faculty of Arts, 2017), 42-43.
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Cnwika 6. Monoxajv ca Kojux je npeameT doTorpaducaH 3a 3/ Mmoaen mepmepHe rnase

Figure 6 Positions from which the object was photographed for the marble head's 3D model

TpebmaBajy npu npoiecyupamy.'® OmrpuHa
dotorpaduja je butHa 1 oTBOp OAeHpe OU
TpebaAao Aa Oyae MOAelIeH Ha 5.6 MAM Bullle,
aAu OM IIPEBMCOKe BPEAHOCTM MOTA€ AQ AO-
BEAY AO BMCOKOI IIpeAaMara CBETAOCTU U
BHUIIle HEM3OLITpeHUX AeAoBa ¢dororpaduje,
Ia je MO>Ke/HA ONMPE3HOCT C OBUM BPEAHO-
ctuma. Hucke ISO BpeaHocTu Ha dpoTto-ana-
pary cy Takobhe noxxemHe, Kao 1 AOOPO OcCBe-
T/o€He caMor npeamera.'!

10 Ibid., 45.
11 Ibid., 45-46.
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METOZl ®OTOIrPAMETPUJE
QororpaMeTpyja je TeXHMUKA Mepema
TPOAMMEH3MOHAAHUX KOOPAMHATA Y3 IIO-
Moh dortorpaduja Kao raaBHUX MOCPEAHUKA
3a Meperwe. OCHOBHU IPUHLMII KOjU Ce KO-
puctu y GpoTOorpaMeTpuju je TpUaHTyAaLMja.
Kapa cHumamo c¢otorpaduje us HajMmarme
ABa YrAa, TaKo3BaHe AMHMje BMAQ Ce pas-
BUjajy 0p objexkTrBa ¢oTO-amapara A0 Ta-
yKe Ha MpeAMeTy. Te AuHMje, MAU 3paLy, ce
MaTeMaTU4Ky MpenAuhy Kako 61U cTBOpUAE
TPOAVIMEH3VMOHAaAHE KOOPAVHATE >KedbeHMX
npeaMera. TpuaHryaanuja je takobe mpuH-
LIVIIT KOjU Ce KOPUCTY KOA TEOAOAUTA 32 Me-



SAIITUTHA ®OTOIPAMETPHUJA APXEOAOIIKMNX OCTATAKA...

1 pix

Cnwka 7. Kannbpauuja dotorpaduja 3a 311 mogen mepmepHe rnase
Figure 7 Photo calibration for the marble head

pewe KoopanHaTa. Potorpaducame onucyje
npuHyuie KopuitheHe y ¢otorpaMmerpuju, a
MeTPOAOTMja TEeXHMKe 3a CTBapaibe TPOAU-
MEH3MOHAAHUX KOOpPAMHATa Kopuirhemem
ABOAVIMEH3MOHAAHUX poTorpaduja.'?
PexoHcTpykumja opurmHaaHux 34 Mo-
AeAa mpepMeTa Ha ocHOBY 2A dotorpaduja
KOje Cy CHMM/AEHe Ca PasAMYUTUX MO3MLMja
je TeMa O KOjoj ce AOCTa AMCKYTYje Ha MOsy
doTorpamerpuje. ¥ npakcy, 3A MoAeAr MOTY
BU3YEAHO AQ OCAMKaBajy MHPpopMmaiuje o

CBOjCTBMMA TIOBPILMHE, IITO AOBOAU AO edu-

12 Geodetic services Inc. Basics of Photogrammetry. https://
www.geodetic.com/basics-of-photogrammetry, 4.

KaCHOCTHU Y UCTPa>KMBaby IPEAMETA Ha OCHO-
By HampaBmeHUXx mopera. CaMo IpeLysHO
MepeHM 3/ mopaLy NpeAMeTa MOTy Aa ce
KOPICTe 32 INpaBMm>EHE TPOAVMEH3VMOHAAHEe
CTPYKType MoAeAa. TpeHyTHO ce 3a moTpebe
npaBnema 3/ MoAeAd KOPUCTE YTAABHOM Aa-
CepCKM CKeHEPH, aAV KOHCTAHTaH Pa3Boj TeX-
HOAOTHje AUTUTAaAHUX POTO-arnapaTa U KOM-
IjyTepa 3HATHO je MoBehao KBaAUTET U HUBO
pesoaynuuje dpotorpaduja. AurntaaHum ¢o-
TO-alaparuMa ce, U3 PasAUYUTUX MO3ULIMjA
Ul YTAOBQ, IpepAMeTU doTorpaduily 1 Ha Taj
HauMH ce IpaBe ceToBu ¢oTorpaduja Koju
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ce KOpUCTe 32 PeKOHCTPYKLYjY U NIpaBoetbe
TPOAMMEH3MOHAAHUX MOAEAA TpeaMeTa. '

Y mpouecyupamwy AUrMTaAHMX (oOTOrpa-
duja, 3A MoaeA ce pEKOHCTPYUILY Ha OCHO-
BY IPOCTOPHMX IOAaTaka o IpepMery. Tu
noaaly ce A0OMjajy Ha OCHOBY jeAHE UAU
Buie pororpaduja,'* a Mory ce rpynucaTtu y
yeTUpH KaTreropuje:

reOMeTPUjCKU TI0AALIM KOjU Ce TUIY IIPO-

CTOPHOT TMOAO’aja U 00AMKA IIPEAMETa,

M KaO TaKBM Cy HajOMTHMja KaTeropuja y

dbororpamerpuju;

- (GUBNYKY TTOAALIM Ce OAHOCE Ha eHeprujy
3payvema, AY>KMHY TaAaca ¥ IIoAapu3aLyjy;
CeMaHTUYKY [TI0AALIM CY TOBE3aHM Ca 3Ha-
yereM CAMKe, hororpaduje u Hajuemrhe
ce A0OUjajy MHTEpIIpeTHpatbeM;
BPEMEHCKM II0AALY Cy MOBE3aHU C IIPO-
MEHOM IIpeAMeTa y HeKOM BPeMeHCKOM
IeproAy, U A0OuMjajy ce ymopebuBamwem
dororpaduja Koje cy cHUMaHe y pasau-
YUTUM TpeHyuuma.'

Y apXeoAOWIKMM UCTpPaKMBawmUMa, 3A
MOAEAOBae HUje HOBUHA jep Cy pyuHU 3A
CKEeHEepU U APYT'e TEXHMKE MOAEAOBaba, MaAa
CKyIle U 3aXTeBajy AOCTa IIpaKce U TepeH-
CKOT' MCKYCTBa, Beh Heko BpeMe Aeo apxe-
oaoruje. ApxeoAoryja je, Kao HaykKa Koja ce
6aBu mpoiAouihy mocMaTpameM MaTepujaa-
He KYAType, AMCLMIIAMHA KOja Ce 3aCHMBA
Ha MpOy4yaBawy IPEAMETA, IMOKPETHUX MU
HerokpeTHuX. MoryhHocT aa ce Hampasu

13 Xiu quan Li et al, “Construction and Accuracy Test
of a 3D Model of Non-Metric Camera Images Using
Agisoft PhotoScan’, u Procedia Environmental Sciences
36, ed. Lai Poh-Chin, Low Chien-Tat, Wong Paulina PY
(Amsterdam, Netherlands: Elsevier, 2016), 184 — 185.

14 Ibid,, 185.

15 Toni Schenk, Introduction to Photogrammetry (Colum-
bus: Department of Civil and Environmental Engineer-
ing and Geodetic Science, The Ohio State University,
2005), 4.
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peaaucTuyaH 3/ MoAeA IpepMeTa OTBOPU-
Aa je HOBa Toma aHaamse apredakata.'’® ITo
jeAHO] oA AebumHuuyja, dpoTorpamerpuja je
HayKa IIpey3)Mama peAeBaHTHUX MHOp-
Malyja O CBOjCTBMMA IOBpPUIMHE IIPEAMETA,
0e3 QU3NMYKOr KOHTAKTa C HUM, U Mepemba
M UHTepmpertauuje TUX wuHOopMauuja.t’
QoTtorpameTpuja AOCTa 3aBUCU OA pasBoja
KOMIIjYTePCKMX TEXHOAOIMja M €AeKTPOHM-
Ke. YImoTpeba KOMIjyTepa MMa BEAUKU YTU-
1aj Ha ¢ororpameTrpujy u 360r Tora je oBa
AVICLMIIAVHA Y KOHCTaHTHOM pa3Bojy.'® Kop
apredakara, 3/ MoaeAOBatbe AO3BOMSABA pe-
MPOAYKLIVjy TaQUHMX AMTMTAAHVX/(UUYKNX
pernAuKa cBaxor npeamera.’’

ApxeoAolIKa AOKyMeHTaLyja, Kao jepAHa
0A HajBOKHUjMX chepa apXeOAOIIKKX UCTpa-
JKMBamwa, AUPEKTHO yTU4Ye Ha MHTepIpeTa-
L1jy UCTOpHje U WbeHMuX ocTaraka. Ilpumena
MOAEAOBamba apPXEOAOIIKMX OCTaTaKa IpeA-
CTaB/»a BEAMKM NIOMaK Y MCTPOKMUBabMMa U,
300r CBOje IIMPOKe NpUMeHe, Op30 IMOCTaje
CTAaHAApPA Y apX€OAOIMjU He CaMO y AOKY-
MEHTOBalbY apXEOAOLIKOI MaTepujara Beh u
Yy BEeHMM MCTPaXMBamblMMa U VICKOIaBaby-
Ma.* Ocum pecraypauuje U Basopusalyje,
3/ MoaeAM ce 4eCTO KOpPUCTe U Kao BUPTY-
eAHU apTedaKTy y AUTUTAaAHUM OMOAMOTEKa-

Ma. IbuMa ce MOXXe MpUCTYNUTYU C OMAO KOT

16 Olson,“The Things We Can Do’ 240.

17 Toni Schenk, Introduction to Photogrammetry (Colum-
bus: Department of Civil and Environmental Engineer-
ing and Geodetic Science, The Ohio State University,
2005), 3.

18 Ibid, 1.

19 Nenad N. Tasi¢, “About Digital Field Documentation’,
u Virtual Reconstructions and Computer Visualisations
in Archaeological Practice, CONPRA Series, Vol. IV, ed.
Nenad Tasi¢, Predrag Novakovi¢ and Milan Horfak
(Ljubljana: Ljubljana University Press, Faculty of Arts,
2017), 23.

20 Vukovi¢, “Fotogrametrijski 3D modeli”: 44.
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Cnwika 8. Mpuimep potorpaduje
npe obpage

Figure 8 An example of a photo
before processing

MecTa Ha CBeTYy Ha KOMe IIOCTOj/ MHTEePHET, U
3aTo Cy MPUCTYIAYHYj1 32 UCTPaKMBama 6e3
MPOCTOPHUX M BPEMEHCKMX OrpaHnyera.”
ITpaBmete purntaaHux 3A mMopeaa ¢ do-
torpaduja kopuithewem pororpamerpujcke
uau Image based modeling meTope je peaa-
TUBHO CKOPO II0YEAO AA Ce KOPUCTU Kao Mpu-
MerbeHaMeToAay chepuapxeoaoruje. IBM 3 A
TeXHOAOIUja ce pasBuja op noyerka 2000-ux
roprHa; Ha npumep, EPOCH je 2003. ropune
OKYIIMO HEKOAMKO €BPOIICKMX MHCTUTYLVja
KYATYpe KaKo 01 ce o0omIIaAy KBAAUTET U
edeKTUBHOCT ynoTpebe nHdpopMaLyja u Au-
TUTAAHVX TEXHOAOTIVja Y MpOy4YaBamwy KyA-
TypHOT HacAeba. Y okBupYy TOr IpojekTa u 3a
norpebe IBM-a, y Bearuju je HanpaBmen 3A

21 Gajski, Gasparovi¢ and Solter, “Applications of Macro
Photogrammetry’, 263.

Cnwka 9. Mpumep dpoTorpaduje ca pazmepHUKOM
HakoH obpage
Figure 9 An example of a photo with a scale
after processing

CepBUC 3a PEKOHCTPYKLHjY, KOju je Tpebaro
Aa Oyae kopuitheH 3a KyATYpHO HacAebe,
HazBaH ARC 3D. ITopa okpumem oBor mpoje-
KTa je HampaBmeH U nporpam Mesh-Lab, 3a
npouecyrpamwe 1 ypebusamwe 3A mMpexe Ta-
yaka.”> AaHac mocrtoju AocTa codrTBepa 3a
npaBmeme 3\ MOAEAR, aAU CY Y apXEOAOTHjI,
cyaehn mo HaBoAMMa y AmTepaTypu, Haj-
yemwhe npumewusauu 123DCatch Autodesk
u Agisoft PhotoScan, xoju he 6utu xopuinhex
3a CBpXe OBOT papa u npojekra. TexHoaoruja

22 MMpsu je 6o 3D MURALE npojekar, Koju je pa3suo
codTBEp 33 apxeosollke CBpxe, ynoTpebrbasajyhu,
Kao TecT, CTyaunjy ciyyaja ApesHor rpaga Caranacocay
Typckoj; Paulo Bernardes et al., “Image-based 3D Mod-
elling in Archaeology: Application and Evaluation’, u
WSCG 2014 22nd International Conference in Central Eu-
rope on Computer Graphics, Visualization and Computer
Vision, ed. Vaclav Skala (Plsen: University of West Bohe-
mia, 2014), 160.
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IBM je omoryheHa 3a pocTa KoMepLMjaa-
HUX U cobTBepCcKUX omuuja, aau ce Agisoft
PhotoScan mokasao ¥ y4BPCTHO Kao BeoMa
KopucTtaH codTBep 360r Aakor xopuiihemwa
Y KBaAUTETHUX PpuHaAHUX npousBoaa.” Kao
10y3AaHa MeTOAQ TpUKyNnmawa 3A mHbpop-
Manuja, Beh je mosHat 3A cKeHep, aAM 3HA4aj
u npuMeHa ¢oTorpamMeTpuje pacte U3 AaHa
Y AQH, U NIPEACTaBAda HajOOLY aATEPHATUBHY
METOAY AUTMTAAM3ALVje APXEOAOIIKMX ap-
Tedakara ynpaBo 300r TAUHOCTU U BUCOKOT
HUBOA AeTama. [Topany ce mMpuUKyImajy Beo-
Ma 6p30, 1a apXEOAOILIKY TIPEAMET HIje AYTO
VI3AOKEH HENOTPeOHUM CIIOASHUM YCAOBMU-
ma. IBM pekoHcTpyKuuja ce, MehyTum, Huje
rokasaaa Kao A0Opa y HeCTPYKTYpPUpaHUM,
MPOBUAHUM U pedAeKTUBHUM MOBPIIMHAMA,
na je Kopuihermwe cCKeHepa MITAK jOI YBEK He-
OIIXOAHO 32 HeKe IpepAMeTe. Maau npepMe-
T, OHU OA CaMO HEKOAMKO LIeHTMMeTapa, Ma
4aK M Mamy, He MOTy OMTU CKEHUPaHU jep ce
He MOXXe AOCTUhM AOBOMHA TAYHOCT, Ma 3A
MOA€EA He MOKe OUTH BepaH opuruHaay. IBM
PEKOHCTPYKIIMja MMa ITOTEHIIMjaAa 32 OBAKBe
BpCTe MopeAoBamwa. ApredakT ce portorpa-
¢uire nomohy MakpoornpeMe 1 Ha Taj HAYUH
ce mpeBasnAase IpobAeMH Koju OU MOTAU AQ
CTBOpe rpelIKe pu MoAeAoBamwy.” TTocToju
HEKOAMKO IPUCTYIA, KA0 IITO Cy ymorpeba
dororpaduja Kao TaKBUX MAU, HA MPUMEP,
Hu3a Qororpaduja Koje ce Mmory aobutu ca
BUAEO-CHMMAKA MpeameTa.®

23 Olson, “The Things We Can Do’, 237-239.

24 Gajski, Gasparovi¢ and Solter, “Applications of Macro
Photogrammetry’, 263.

25 Marc Pollefeys et al., “Image-based 3D Acquistion of
Archaeological Heritage and Applications’, u Proceed-
ings of the 2001 Conference on Virtual Reality, Archeol-
ogy, and Cultural Heritage (Glyfada, Greece, November
28-30,2001), 255.
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Aururasusanyja apxeoAOLIKKX IpeAMeTa
je BeoMa Ba)kHa, OMAO Aa Ccy Oome OouyBaHU
VAV Cy AOMMDVBY, KPXKU U AertoHoBaHu. KBa-
AUTeTaH 3\ MOA€EA ce YBEK MO>Ke KOPUCTUTY
Y MCTpa)KUBawbMMa, Ha U3A0XKOaMa, IIpe3eH-
TalyjaMa, Ia Yak U y AUTUTaAHUM AelloyMa
HarpaBmeHUM y Te cspxe. To je, 3ampaso,
HajOUTHUje KOA TpeaAMeTa KOju Cy CKAOHU
NIpoMaAamwy, I1a je BAXKHO AQ Ce OUYBajy y OpU-
TMHAaAHOM CTalby Ha CBaKy MOryhy HauuH.
JeaaH op THX HauMHa je ympaBo 3A mMoaeao-
Bambe U AuUrUTaAM3anyja mpowaoctu. Ilpe-
KAoI poTorpaduja ynorpebmseHnx 3a u3pasy
MOA€A2 TIPeAMeTa je BeoMa 3HavajaH U 00uy-
HO ce ¢oTorpaducarme BpIIM OKO IpeAMeTa
U TIpaBM Ce HeKa BPCTa HEBUAMMUBE KYIIOAE
dororpaduja, Koja ce MOCAe MOXKe KBaAU-
TeTHO uckopuctutu. KBaaurer je BaxaH
MOAjJEAHAKO KAO M KBAHTUTET. YIOTpeboMm
HEYTPaAHMUX MTOAAOTa, KOje HeMajy UCTY 00jy
Kao U caM IIPeAMET, CMambyje ce BpeMe IIOo-
TpeOHO 3a mpouecyupawe ¢oTorpaduja, a
KopuiurheweM ckara U MapKepa y copTBepy
A GU3UYKY, IPEAMET MOXKE AQ Ce MOoCMa-
Tpa U3 pasAMYUTUX YTAOBa, Mepy, obpabyje,
IpU YeMy He Mopa Aa Oyae GU3NYKK NTPUCY-
taH. [lpn ¢ororpaducamy, BeAMKa MHaKmba
Mopa Aa Ce IIOCBETU OCBETHEHOCTU CaMOT
npepMeTta. CjajHe MOBPILVHE M OHE KOje OA-
Oujajy CBETAOCT, Ha TpUMEp IMPEAMETH OA
CTaKAa, MOTYy Ad CTBOpe HU3 IpobaeMa 3a
codTBep, KOjU X HE MO>KE MPENO3HATU Kao
TauKe MOAOOHE 32 MOAeAOBamwe. AUTVTaAHe
PEKOHCTPyKLMje NpeAMeTa Ce MOTy KOpU-
CTUTU Y AOKYMEHTALIVjCKe, aAU U TIPe3€eHTa-
LIMjCKe CBPXe, I1a Ce Ha jeAHOCTABHUjY HauMH
MoCeTHOoLMMA ITPMKa3yje MPOIIAOCT Ha eKpa-
Hy KoMIjyTepa.®

26 Vukovi¢, "Fotogrametrijski 3D modeli”: 45.
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Cnuka 10. Optodoto 3[1 mofiena cBeTurbke (361pKa 3a aHTuky, MI'B)
Figure 10 Ortho-photo of the lamp’s 3D model (Antiquity Collection, BCM)

[ToueBmin o0p Koaekuuje dQotorpaduja
nau Husa Qororpaduja ca BUAEO-CHUMKA,
IIPBM KOpPaK Ce CacToju OA MoBe3uBamwa ¢o-
tTorpaduja jeaAHe 3a Apyry. To Huje HuMaAro
AaK KOpaK jep Mopa Aa ce cTBopu oapeheH
0poj oarosapajyhux u npexaamnajyhux raua-
Ka KaKo O ce 0CTBapuAa reoMeTpujcKa Be3a
usmeby ¢otorpaduja. C 063upom Ha TO pAQ
HIICY CBe TI0AjeAHAaKO oAroBapajyhe 3a Moae-
AOBame, MOpa Aa Ce HalpaBy M3060p Tayaka
ca OAAMKaMa Koje Cy NMOAOOHe 3a cIiajambe.
Taxo ce MoyKe HaIIpaBUT reOMeTPHjCcKa Be3a
usMmeby Tauaka u pororpaduja. Mehytum, y
HU3Yy oAromapajyhmx Tavaka c gotorpaduja
MOXe Ad OyAe M HEKVMX Koje HIUCY HapOUUTO

A0DOpe 3a MOAeAOBatbe, ITa ce MOpPa HalpaBU-
TU MCIPAaBHA CEAEKLMja, a OCTATaK MOXe Ad
KOPMCTM HAaKOH M3paAe MOAEAQ, 32 HeroBy
AOAQTHY TIpepaAy.”’

VIHTepaKTMBHO KOTHUTMBHO MCKYCTBO 3A
rpaduKe y KOMIIjyTePCKOj TEXHOAOTUjJ MO>KE
AQ ce TIOA@AU Y ABe IpyIle: MaCMBHO U aKTUB-
HO. Y NIPBOM CAY4ajy, YTAABHOM C€ OAHOCH Ha
alAMKalyje Koje ce TUYY UCTpaKMBamwa VAU
Ipoy4yaBama, IPM 4YeMy je NpuMapHa IOT-
peba AOKyMeHTalMja MOAATaKa, Ha NpUMep

27 Marc Pollefeys et al., “Image-based 3D Acquistion of
Archaeological Heritage and Applications’, u Proceed-
ings of the 2001 Conference on Virtual Reality, Archeol-
ogy, and Cultural Heritage (Glyfada, Greece, November
28-30,2001), 255.
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Cnuka 11. Tpouecymparbe 3/ moaena
Figure 11 3D model processing

MPUAMKOM apPXEOAOLIKMX MCKOIaBama MAU
npahewa aerpapauuje. Y ApPyroMm cayuajy,
MHTEpaKlyja C BUPTYEAHO HaIPaBso>EHOM
peaaHouhy ce Aame eKCIIAOATHUIIE TIPYU II0-
OomiIaBamy apxXeoAoLIKOr Hacaeha mberoBum
CTBapamweM y BUPTYEAHVM MY3€jMMa, a KOjU-
Ma MO’Ke Ad Ce IPUCTYIU ITyTeM AUTMTAAHUX
MeaMja MAM MHTepHeTa. Hamepa je oururaa-
Ha Bep3uja MpaBor My3eja, aAu U OAMIKA CTy-
AMja CAyYaja apXeOAOIIKOr AOKaAuTeTa. ™
ITpaBmewe 3A Mopera, OAHOCHO Ipolec
CTBapama je y CYIITVHM BeoMa KOpUCTaH jep
ce MOXKe IIPMMEHUTHU Ha OTOBO CBE, OA ap-
XEOAOIIKNX IIPEAMETA, COHAM, IIPEKO apXu-
TEeKType, Mla A0 UMTaBUX AOKaAuTeTa. HakoH

28 Nenad N. Tasi¢, “Introduction to Virtual Reconstruc-
tions", u Virtual Reconstructions and Computer Visualisa-
tions in Archaeological Practice, CONPRA Series, Vol. IV,
ed. Nenad Tasi¢, Predrag Novakovi¢ and Milan Hornak
(Ljubljana: Ljubljana University Press, Faculty of Arts,
2017), 21.
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cHuMamwa ¢ortorpaduja moTpeOHMUX 3a U3pa-
Ay MOAEAQ, KOje NPUKa3yjy LieAy MOBPIIVHY
OHOTa ILITO )XEAMMO AQ HAIlPaBUMO, OHe Ce
4yBajy 3a Aame Kopuihere. YKOAKKO ce paau
O apPXEOAOIIKOM AOKAAUTETY MAM HEKOM He-
MIOKPETHOM KYATYPHOM AOOpY, Tauke Cy re-
opedepeHLMpaHe 1 HA OCHOBY TOr'a MOXE Ce
MPaBUTU MOAEA KOj/l OATOBapa 1 IPOCTOPHUM
oaArKaMa. HakoH yHoulema y nporpam Koju
cTBapa LeAnHy npopehennx tauaxa, npaBu ce
obaak ryctux tavyaka (dense point cloud) xoje
porpaM Kao MCTe IpernosHaje ¢ ¢ororpa-
¢duja. Mebytum, TO je caMo CKymMHa Tayaka
KOje MOpajy Aa ce Aopajse Kako b1 moaea 610
peaAuCTUyYaH U Kako 61 ce A00MO KBaAuTe-
TaH uHAAHM TIpoM3BOA. Beauka je pasan-
ka u3meby Tor obaaka Tayaka u (yHAAHOT
npousBoaa. OBa mpBa ABa KOpaka, C IyCTUM
u mpopebeHrM Taukama MoOAeAa, 3ampaBo
MIPEACTABAAjY CAMO HeroB CKEAET U MOKa3yjy
II03HATe TayKe OKO Kojux he mporpam u Kom-
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Cnwika 12. Mpouec 3[1 moaenosarsa y Agisoft PhotoScan codteepy, dense point cloud
Figure 12 3D modeling process in the Agisoft PhotoScan software, dense point cloud

njyrep Mohu Aa HampaBe reoMeTpUjCKU 3/
MoaeA. HarmocaeTky, moBesyjy ce Tauke ¢ ¢o-
tTorpaduja U NMpocTopHe MHpOpMaLMje KaKko
01 ce HampaBMAA PeaAMCTUYHA TeKCTypa 3A
MOAEAQ KOjU >)KeAVMO KaO KOHAUHY IIPOM3BOA,.
3a mpouecyupaH 3/ MOAeA MOCTOjY HEKOAU-
KO BapMjaHTU eKCIOPTa, OAHOCHO HEKOAMKO
¢dbopmara. HajkopucHuje 3a apXeoAOLIKe MOT-
pebe cy 3D PDF, GeoTIFF u Wavefront OB]J.
TauHoCT (popMaTMpaHOr MOAEAA 3aBUCU OA
HEKOAMKO CTaBKM, Kao LITO Cy KBAaAUTET (o-
torpaduja, cneumdukalyje MoAeAd, TOAe-
maBawa coprBepa utp. CTyauje cy noxkasae
I'pelKy op caMo 1-3 c¢m 3a npeaeae op 700
m?u ucrop, 1 cm 3a ipeaeAe Matbe oA 25 m?,
IITO 3HAYM AQ je IpellKa MOAEAQ apXeOAO-
IIKMX apTedakaTa MUHMMAaAHA U HETPUMeT-
Ha. Ilpouecyupame MopeAaa MOXKe TpajaTu
HEKOAMKO CaTU MAM AQHA, y 3aBMCHOCTU OA
BEAUUVHE VAM IIOBPIIMHE IIpeAMETa VAU
IpeAeAa Koju ce mpasy, 6poja ¢potorpaduja,

CcopTBEPCKUX TOAEIIaBaba U  crenuduka-
11ja, OAHOCHO TeppOpMaHCU KOMIjyTepa
KOj1 MOA€A TipoLiecyupa.”’

C 0031poM Ha TO A2 BepOBAaTHO HMKaAA
HeheMo MMaTu AOBOAHO MOAATAKA AQ PEKOH-
CTPYMILEMO MPOLIAOCT Ha MPABU HAYMH, Tpe-
6aro OM aHAAU3MPATU U YHANIPEAUTU YUTaB
AUTUTAAHM MHTEPIIPETALMjCKA LIMKAYC, OA
IIPBOT AO TIOCAEAbEr KOpaka, Kako 01 ce Ao-
OMAa 1ITO jacHMja CAMKA U MHTepIIpeTalyja
MpomAoCTu.*

29 Olson,"The Things We Can Do’, 237-239.

30 Nenad N. Tasi¢, “Introduction to Virtual Reconstruc-
tions”, u Virtual Reconstructions and Computer Visualisa-
tions in Archaeological Practice, CONPRA Series, Vol. IV,
ed. Nenad Tasi¢, Predrag Novakovic¢ and Milan Hornak
(Ljubljana: Ljubljana University Press, Faculty of Arts,
2017),18.
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Cnwka 13. Tpouecynparbe dotorpaduja y Agisoft PhotoScan codraepy, y npoliecy v3page 3/l mogena
Figure 13 Photo processing in Agisoft PhotoScan software, in the process of making a 3D model

COOTBEP

Y cryauju cayyaja Cuniugynym34, opa-
Opane oTorpaduje moropHe 3a Aane mnpotie-
cyupame cy oTnpemane y Agisoft PhotoScan
coTBep U MPUCTYIIMAO Ce HUXOBOj 00pasu
yHyTap nporpama. O6paaa 1 mmpolecyupatbe
AOOMjeHNX ToAaTaKa Ce BpIle IO YHAIIpeA
npepaoapehbeHuM noaemaBamwuma y codrse-
py. Hajnmpe ce papau mopaBHame ¢ororpa-
¢duja, 1 300r TOra je BaXKHO Aa ce OAMCKe
dororpaduje nmpekaanajy xkako 6u codpraep
MIPEN03Ha0 Y YCIIEIIHO YPaAUO MPUIIPEMY 3a
3/ moperoBamwe. HakoH mopaBHama, PBO ce
npasu 3/ MoaeA ¢ rpybum oOpucuMa mpea-
MeTa, a 3aTUM COPTBEp MOXe Ad HAIpaBy
AETaSHUUI MOAEA, C TEOMETPUjCKUM OAAU-
KaMa U peTamuMa npepmeta. Ha kpajy ce 3A
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MOAEA €KCIIOpTyje Y popMaTy MOTOAHOM 3a
pAame Kopuirhewe 1 OTIpeMare y alAMKa-
uje 1 Beb-naaTdhopme npepoppebere 3a oBe
BpcTe popMaTa 4 MoAaTaKa.

Agisoft PhotoScan je copTBep HanpaBmeH
oA cTpaHe KoMmmaHuje Agisoft us Pycuje. To
je HampeaHMu codTBep 3a 3/ MoaeroBambe,
Koju uspabyje MmopeAe Ha OcHOBY dororpa-
¢duja 1 KopucTH HampepHy 3/ TEXHOAOTUjy
PEKOHCTPYKLUje, KOja MOXKe AQ Mpoliecyupa
¢doTorpaduje kako MaAKX IPEAMETA, C MAAO
dororpaduja, TaKo U BEAUKUX, Ca AOCTA MO-
AaTaka, a Koje Cy, peLi¥IMO, CHUMaHe y3 IoMoh
OecriAOTHe AeTeanLie. MOXXe Aa ce KOPUCTHU
3a mpotuecyupawe cepuje dororpaduja, ako
01 ce HampaBMAM BMCOKOKBAAUTETHA AUIM-
TaAHa opTo-¢doTo Mana (DOM) n pAururasxu
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Svetiljka 7 Lamp

- Frpdunusio L]

Cnwika 14. 311 mopen Ha Sketchfab-u, npodun: https://sketchfab.com/Singidunum3D/models
Figure 14 3D model uploaded to Sketchfab, profile: https://sketchfab.com/Singidunum3D/models

MoaeA eaeBanyje (DEM), Ha OCHOBY Kojux

MOXe Aa C€ M3paA U MOAEA. OBu MOAEAN

MOTY AQ C€ KOPUCTE Y pa3ANINTUM obaacTu-

Ma, Kao IITO Cy 3alITUTAa KYATYPHUX A00apa,

VHAYCTpPMja, apXeoAoruja, 610AOr1ja, MEAU-

LIMHa, T1a YaK U Y BojHe cBpxe.*!

ITpeanoctu Agisoft PhotoScan codtBepa:

- ayTOMAaTCKM MOXe Aa Hampasu 3A Moaea,

0e3 IocTaBMdakba BPpEAHOCTN U KOHTPOA-
HHMX TadaKa, M BeoOMa je IIOr0AQH 3a KO-

puitheme;

- ¢oTorpaduje mory Aa Oyay CHUMaHe U3

Xiu quan Li et al, “Construction and Accuracy Test
of a 3D Model of Non-Metric Camera Images Using
Agisoft PhotoScan’, u Procedia Environmental Sciences
36, ed. Lai Poh-Chin, Low Chien-Tat, Wong Paulina PY
(Amsterdam, Netherlands: Elsevier, 2016), 186.

011A0 KOje IO3MLMje Y yTAOBA, Ca CAMO jeA-
HUM TIPEAYCAOBOM, OAHOCHO A2 ITOCTOje
oaroBapajyhe tauke usmeby ABe canyne
dororpaduje mpepmMera;

- HacmpaMm Kopuinhermba AacepcKor CKeHe-

pa, oBa MeTOAA je BeoMa KOpMCHa 1 jed-

TUHMja.

Matne Agisoft PhotoScan codrepa:

- 3a mpouecyupamwe ¢ororpaduja u mnpa-

B/oelbe MOAEAA Y OBOM CO(TBEPY, OTpe-
0aH je KOMIjyTep C BUCOKUM CIleLipuKa-

uyjama;

- BpeMe HOTpe6HO Aa C€ HallpaBM MOAEA

3aBuUCK 0A Opoja dororpaduja u Apyrux
napaMeTapa, kao mro cy PAM memopuja,
rpaduuka KapTa, IpoLecop Koju KOMIIjy-
Tep MOCeAyje;
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MIPELM3HOCT OBE METOAE U AdMbe€ je Mamwa
OA AACepCKOI CKeHepa, Koju je U Aame
HEOIIXOAAH YKOAMKO je TOoTpebOaH BUCOK
HVBO IMPeLV3HOCTU.*

C TeXHOAOIIKe TauyKe TAEAMINTA, Op>Ku
npoiecopy, Behu KamauuteT Memopuje
u jaue rpa¢uuke KapTuile he yopsatu Bpe-
Me Ipoliecyupama MoAeAa y OyayhHocTm.
Oa aetiembpa 2010. ropuHe, Kapa je Agisoft
PhotoScan niymiteH y paa, 3a wera je obaBme-
Ho 45 axxypupamwa. Heka cy 6uaa jeaHoCTaB-
He TIONPaBKe Ipellaka, AOK Cy Apyra 3Haunaa
HOBe aAarKe ¥ nobolimamwe nephopMaHCul.
BeposarHo he pohy n A0 mobomiama, 0A-
HOCHO IIpOMeHe y KopalyMa IOTPeOHUM 3a
IpaBMo>ebe MOAEAQ, jep Ce U3 AQHA Y AQH II0-
BehaBa Op3MHa KOjoM ce pa3Buja TEXHOAO-
ruja, Koja ocTaje 1 CBe HampeAHunja. >

3AKJbYYAK

Vaeja pururasusaunyje je Aa ce Hampase
KOII/je BepHE OpPUTMHAAY, Koje 61 Ouae Ao-
crynHe Behem Opojy ucTpakuBaya y HayuHe
CBpXe€, aAU U LIMPOj jaBHOCTU Y LiUdy 0bpa-
30Bamba, aAlM U PA3OHOAE. JeAMHA pasAMKa
nsmehy xomepuujaaHor 3A MoaeAoBama U
HAY4HOI, KOjU >KEAMMO AQ MHTErPULIEMO Yy
Hallly METOAOAOIMjY MCTPaK/UBama U O4y-
Bama, CaCTOjU Ce Y TOMe IITO OM apXeoA03U
Ha Taj HAYMH MOTAU AQ CIIpede Ipolapame U
YHMILITaBalbe apXEOAOIIKMX OCTaTaka, KaKo
MOKPETHUX TAaKO U HEeMOKPeTHUX. YKOAMKO
01 ce KOPUCTMO CaAQLIBY Y YHAIIPEANO Ha-
yuH 3/ MOAeAOBamwa, KYATYpHO Hacaebe Ou
MOTAO AYTO AQ Ce cadyBa, 3a morpebe u 6Oy-
Ayhux mcrpaxkupavya. Kao HajBaxHuju ¢ax-
TOP apXeOAOILIKe HayKe, KyATypHO HacAehe he

32 Ibid, 186.
33 Olson, “The Things We Can Do’, 244-245.
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Ha HEKV HauMH npoHahu nyt Ao ouyBama 1o-
Mohy TeXHOAOIHMje He3aMMCAMBE 32 MPOIIAA
U AQBHA BpPEMEHA, aAUl OIET OCMUILLEHE AQ
HaM Ta AQBHa BpeMeHa MPUOAVDKY, YaK 1 Oe3
KOHTAaKTa C BbUM.

YMmecTo 3aKmyuka, Tpeba ucrtahu pa 'y po-
TOrPaMeTPUjCKOM CHUMAlby U MOAEAOBAIbY
K/Yy4YHY YAOTY MMa YIpaBdalbe IMOAALMMA,
0A UXOBe HabaBKe, MPOLIECYMpPaba, AAMHU-
HUCTpalyje, aHaAu3Mpama 1, Ha Kpajy, mpe-
seHTauyje. C yHanpebuBamwem poro-anapara
HACTajy ¥ MHOTOOPOjHU pasAamuuTu ypebaju
C pasHUM TeOMETPUYKUM, CIHEKTPAAHUM U
PaAMOMETPUjCKUM Pe30AYLIMjaMa, BUAEO-Ka-
Mepe, AaCepCKU CKEHePU, CEH30PU UTA,., KOju
ce KOpUCTe y CBpXe (POTOrpaMeTpujCcKuX Me-
Topaa. HekoAMKo acrmekara je AOBEAO AO HO-
BMX HauMHa NpubOaBmama IMOAATaKa: jeAHO-
ctaBHO (dororpaducamwe, moryhHoct 6psor
npolecyupamwa ¢otorpaduja u norpeba 3a
ManupamweM TeKcType. Vako ce Tpapuiyo-
HaAHa QororpameTpuja 3acHUBaAa Ha ¢o-
Torpaducamwy U NMpPOLECYUpPaby LITO Maker
Opoja CAMKa, AQHAC Ce TO 3HATHO IPOMEHMU-
AO, OAHOCHO IIOCTAAO je CYLITa CyIPOTHOCT,
IIpU YEMY je TIO)KepHO UMATH LITO Buile do-
Torpaduja, ca 1TO BUIIE PASAUIUTUX TIO3U-
1j1ja, KaKo O ce AOOMO peaAnCTHYaH Kpajbu
MpOU3BOA, 0AHOCHO 3A Moaea. IToBehane
neppopMaHce KOMIjyTepa U AOCTYIIHOCT
codTBepa MOTPEOHOr 3a MOAEAOBambE AO-
3BOMaBajy Op)ke IMpoliecyuparbe MoAaTaKa
" HOBe BpCTe mpousBoaa. Takobe, ournraa-
Ha pororpamerpuja je omoryhuaa cmameme
LleHa papd OBMX CUCTeMa, OAHOCHO codTBe-
pa. Mebytum, ayTomMaTrcko mnpolecyrpame
jol yBeK Hyje AOBONSHO MCTPaXKEHO U II0-
OomIaHo jep je 1 pame noTpebHa Beha popa-
A2 MOA€eAQ HEKOH 3aBPILIETKA IbVIXOBE M3PaAe.
Kopuithete pAemoHOBaHUX AUTMTAAHUX MO-
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A€AQ 33 QHAAN3Y, Y QpXCOAOIMjU je HAIIPABUAO
BEAVKHU TIOMaK y MCTPaKMBamwy. 3aTo je Ba-
KHO YCIIOCTaBUTM HauuHe Kopuirhemwa OBUX
MOAEAa CBYAQ TA€ MMa MHTepHeTa, OAHOCHO
OCTBapUTHU NPUCTYI AUTUTAAHUM 3alKCUMA
3a Aame xopumheme. Hekapa cy pesyaratu
NpUKa3MBaHU Kao rpaduuke meme y popmu
Aucta n tabeaa. AaHac cy mpousBoAu 3A
AUTMTaAM3alMje CTaHAApAM30BaHM mHomohy
BeAUKOT 6poja codTBepa HalpaBAEHUX Y Te
cepxe. [AaBHM mapameTpu 3a NpHUKasMBambe
3A Moaeaa cy MoryhHocT aHaAuse y peaa-

HOM BpeMeHY, KBAAUTET PEHAEPA M BEAUYMHA
cera mopaTaka. Takobe, ocuM obuuHe mpe-
3eHTallljje HAIpaBMA>EHMX MOAEAQ, TEXHUKe
BUPTYEAHE PEAAHOCTH, CUMYAALMje Y aHMMa-
LiMje Cy BeoMa KOPMCHe Yy TIPUKa3uBamby KyA-
TypHOTr Hacaeba.*

QacCUMHAHTHO je KOAMKO MHOIO YOBEK
MOXX€ A2 MOCTUTHE, LITO apXeOAO3M M MC-
TOpUYapK Haj0ome 3Hajy Mo ocTaluMa Mpo-
IIAOCTH, ¥ KOAMKO je MaAO MOTPeOHO Aa TO
MOCTUTHYTO OCTaHe cayyBaHO Oyayhum Ha-
paiTajuMa 3a AUBAoEHe.

34 Armin Gruen, “Virtual Archaeology — new methods
of image-based 3D modeling’, u New Technologies for
Archaeology: Multidisciplinary Investigations in Palpa
and Nasca, ed. Marcus Reindel and Glinther A. Wagner
(Berlin, Heidelberg: Springer, 2009), 2-4.
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PROTECTIVE PHOTOGRAMMETRY OF ARCHAEOLOGICAL REMAINS:
DIGITAL DEPOSITING ON THE EXAMPLE OF THE SINGIDUNUM3D PROJECT

SUMMARY

Different methods of preserving archaeological remains are present in science today.
Conservation and protective archaeological research are techniques that are being used
for a long time now and they became a crucial component of every serious archaeological
project. However, as technology progresses and keeps up with the digital millennium, ways of
preserving cultural heritage are also progressing, among other things. Information Technology
is the main source that, today, allows us to tackle the tooth of time, which stands in the way of
preserving history and remains of the past. With the help of software, equipment and methods
that are more and more present in the whole world, we can do things that were unimaginable
just a couple of years ago and conserve objects in the spirit of the past times. By creating a
digital depot, we provide a way of preserving such items, in a way that they would be deposited
in the form of a digital record. They would be also saved from further decay and kept for the
possibility of performing research, on that digital record, instead of the original object.

Photogrammetry, i.e. Image Based Modeling (IBM) is one of the ways we can do something
like this. With the help of object’s photos, 3D models can be made as digital records, as an
almost identical copy of the original. Singidunum3D is a project that is trying to tackle this
issue, by digitizing and depositing 3D models of the Antiquity Collection of the Belgrade
City Museum, which can later be used for different purposes, among other things, for
future generations’ further research. The decadence of archaeological remains, after they are
excavated, is inevitable, so it is desirable to have a way of preventing this in the future.

Depicting the real world is something that is today enabled with the development of
cameras and computer technology and digital depositing would, in this manner, allow the
user access to information from any place on Earth, which has internet access. The result of
this technique could be a digital depot, which would actually have the function as any other
depot, but in a slightly different and technologically advanced form.

Agisoft PhotoScan is used in the Singidunum3D project and as such, represents the software
of the Antiquity Collection’s preservation. The software as it is, with the help of a camera, a
computer and additional equipment can give us what is necessary for achieving the idea of the
whole project. Designed to depict the real world with the help of photography, it serves for
different purposes, in archaeology, as well as, other fields. With rules and settings suitable for
this purpose, it provides countless possibilities. Photography, as one of the vital components
of this method and software, also has its rules and laws which must be obeyed in order to
execute the idea and to do so in the best possible manner.

The whole set of this idea is to reproduce copies that resemble the original, which would
be available to a large number of researchers for the purposes of scientific studies, but also
to the general public that could use them in educational but also leisure purposes. The only
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difference between the commercial and scientific 3D modeling, which we are trying to involve
into our methodology and conservation research, is that archaeologists could, in this way,
stop the decay and destruction of archaeological remains, movable and immovable ones. If we
use the current methods and improve them, cultural heritage could be preserved on further
paths and for the needs of future researchers. As the most important factor of archaeology,
cultural heritage will, in a way, find the means to be preserved with the help of technology
unimaginable for the past and ancient times, but again designed to bring those times closer
to us, even without contact with the heritage itself. It is fascinating how much a human can
achieve, which archaeologists and historians know best by the remnants of the past, and how
little it takes for the achieved to stay preserved for the future generations to admire.
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