Srpsko geoloSko drustvo

Zbornik apstrakata
XVIII Kongres geologa Srbije

»)

18 KOHIPEC
FEONOrA CPBUJE

Book of abstracts
of the XVIII Serbian Geological Congress

GEOLOGIJA RESAVA PROBLEME
GEOLOGY SOLVES THE PROBLEMS

Divc¢ibare, 01-04. jun 2022.



XV Kongres geologa Srbije: Zbornik apstrakata

(Nacionalni kongres sa medunarodnim uc¢e$¢em)

XVI1I1 Serbian Geological Congress: Book of abstracts
(National Congress with International Participation)

Divcibare, 01-04.06.2022.

Organizator / Organised by
Srpsko geolosko drustvo / Serbian Geological Society

Suorganizator / Co-organised by
Univerzitet u Beogradu — Rudarsko-geoloski fakultet /
University of Belgrade, Faculty of Mining and Geology

Za izdavaca / For the Publisher
Vladimir Simi¢
Predsednik Srpskog geoloskog drustva / President of the Serbian Geological Society

Glavni urednik / Editor-in-chief
Bojan Kosti¢

Uredivacki odbor / Editorial Board
Danica Srec¢kovi¢-Batocanin, Nevenka Peri¢, Dragoljub Baji¢

Tehnic¢ka priprema / Technical Preparation
Bojan Kosti¢, Zoran Miladinovi¢, Ana Zekovi¢, Marija Petrovic¢

Izdavac / Publisher
Srpsko geolosko drustvo / Serbian Geological Society
Kamenicka 6, P.Box 227, 11001, Belgrade, Serbia
http//:www.sgd.rs; e-mail: office@sgd.rs

ISBN-978-86-86053-23-7

Napomena: Autori su odgovorni za sadrzaj i kvalitet svojih saopstenja
Note: The authors are responsible for the content and quality of their contributions


mailto:office@sgd.rs

Organizacioni odbor / Organizing Committee

Vladimir Simi¢ (predsednik), Danica Srec¢kovi¢-Batoc¢anin (potpredsednik), Dragoljub Baji¢ (sekretar),
Zoran Miladinovié¢ (sekretar), Nevenka Peri¢, Nenad Marié, Predrag Cviji¢, Danijela Bozi¢, Sonja
Pokanovi¢, Bojan Kosti¢, Nikoleta Aleksi¢, Stefan Petrovi¢, Nemanja Krstekani¢, Maja Male§, Marija
Vuleti¢, Natalija Batocanin

Naucéni odbor / Scientific Committee

Vladimir Simi¢, Danica Sre¢kovi¢ Batoéanin, Nevenka Peri¢, Dragana Zivoti¢, Rade Jelenkovié,
Aleksandar Kosti¢, Uros Puri¢, Milo§ Marjanovi¢, Alena Zdravkovié¢, Suzana Eri¢, Meri Gani¢, Uros$
Stojadinovi¢, Katarina Bogiéevié, Dejan Prelevié, Jana Strbacki, Vesna Risti¢-Vakanjac, Dusan
Polom¢i¢, Vesna Cvetkov, Nevena Andri¢-Tomasevi¢, Spomenko Mihajlovi¢, Aleksandra Maran-
Stevanovié, Darko Spahi¢, Slobodan Radusinovié, Lidija Galovié, Kristina Sari¢, Vesna Matovi¢

Volonteri studenti / Students volunteers

Marija Petrovi¢, Filip Arnaut

Sponzori / Sponsors

Ministarstvo prosvete, nauke i tehnoloSkog razvoja
Univerzitet u Beogradu — Rudarsko-geoloski fakultet
"Jelen Do" Lime & Aggregates - Carmeuse Group
Rudarski institut d.o.o. Beograd
IBIS-INZENJERING d.o.0. Banja Luka
Geoing Group
GeoProspect d.o.o.

VODAVODA
Knjaz Milo§

Kompanija Simex



18t Serbian Geological Congress "Geology solves the problems", Divcibare, June 01s:-04th 2022,

18. Kongres geologa Srbije "Geologija reSava probleme", Div¢ibare, 01-04 jun 2022. Zbornik apstrakata

5 PRIMENA STRUCTURE FROM MOTION TEHNIKE ZA
INZENJERSKOGEOLOSKO KARTIRANJE PODZEMNIH PROSTORIJA
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Kljuéne reci: fotogrametrija, tunel, 3D model, oblak tacaka

Pocetkom 2020. godine za potrebe rekonstrukcije i adaptacije tunela izvrSena su
inzenjerskogeoloska istrazivanja koja su obuhvatila detaljno inZenjerskogeolosko rekognosciranje i
kartiranje glavnog tunelskog hodnika i svih podzemnih prostorija kao i geofizicko profiliranje. Rad
prikazuje moguénost primene tehnike generisanja modela objekta na osnovu snimaka dobijenih
kamerom pri kretanju oko objekta (engl. Structure from motion - SfM) za 3D rekonstrukciju jedne
podzemne prostorije tunela ,,Cajkino brdo* u Vrnjadkoj Banji za potrebe inZenjerskogeoloskog
kartiranja i parametrizacije.

SfM predstavlja fotogrametrijsku tehniku odredivanja 3D strukture objekta, pozicija i orijentacija
kamere iz sekvenci dve ili viSe dvodimenzionalnih slika istog objekta, ali iz razli¢itih polozaja kamere
(pasivnog senzora). Za razliku od klasi¢ne fotogrametrije gde je neophodno poznavanje spoljasnjih i
unutrasnih parametara snimaka, SfM proces 3D rekonstrukcije okruZenja je priliéno automatizovan i
laksi jer je najceS¢e samo potrebno napraviti dovoljan broj fotografija sacinjenih istim senzorom sa
razlicitih poloZaja. Snimanje se odvija u vidljivom delu spektra i princip 3D rekonstrukcije okruzenja je
analogan ljudskom vidu, koji na sli¢an nacin formira 3D sliku. Primena SfM tehnike u podzemnim
prostorijama je kompleksna usled izostanka prirodnog osvetljenja, nemogucnosti GPS pozicioniranja
senzora i ogranicenog prostora, koji su kljuéni za njihovu uspes$nu primenu i kvalitetne rezultate 3D
rekonstrukcije. Dodatni problem predstavljaju senke, koje mogu otezati kvalitetno automatsko
povezivanje snimaka, a koje se formiraju primenom vestackih izvora osvetljavanja da bi se formirao
snimak u vidljivom delu spektra. Kod fotogrametrijske rekonstrukcije modela objekta bitno je i da
povrsina objekta bude matirana, tj. bez sjajnih reflektuju¢ih povrsina kakve su najcesce povrsine stena
u tunelima.

Tokom istrazivanja izvrSeno je ogledno fotogrametrijsko snimanje odabrane prostorije i obrada
dobijenih snimaka primenom SfM tehnike. Snimanje je izvr$eno koris¢enjem mobilnog telefona Huawei
P10 Pro i Xiaomi Mija 360° sferne kamere. Snimanje mobilnim telefonom je vrseno ,,iz ruke* i sa
,,visine o€iju posmatra¢a‘ tako da se ostvari najvec¢i moguéi preklop izmedu snimaka. Snimanje sfernom
kamerom je izvr§eno uz pomo¢ stativa, postavljanjem sferne kamere u pravilnom mreznom rasporedu
na tri razlicite visine.

Na osnovu snimaka dobijenih na ovaj nacin, primenom SfM tehnike generisana su dva razlicita 3D
oblaka tacaka koja su uporedena i na osnovu kojih je izvrSeno inzenjerskogeolosko kartiranje podzemne
prostorije. 3D oblak tacaka je procesiran, ukljuujuci urazmeravanje, orijentaciju, odnosno rotiranje
prostorije u realan polozaj i uklanjanje suvisnih tacaka. Na ovaj nacin, a nakon procesiranja, izvrSeno je
inzenjerskogeolosko kartiranje zidova i svoda podzemne prostorije, odnosno odredivanje indeksa
hrapavosti stenske mase, definisanje strukturnog sklopa tj. utvrdivanje karakteristi¢nih familija pukotina
(manuelno i automatski), izradu karakteristi¢nih profila svetlog otvora i analizu njihove stabilnosti uz
kriticki osvrt.
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APPLICATION OF STRUCTURE FROM MOTION TECHNIQUE FOR
ENGINEERING GEOLOGICAL MAPPING OF UNDERGROUND ROOMS

Uro$ Durié¢!, Nenad Brodi¢!, Zoran Radié¢', Dragana DPuri¢?, Milo§ Marjanovié?
! University of Belgrade, Faculty of Civil engineering, Belgrade, Serbia, 2 University of Belgrade,
Faculty of Mining and Geology, Belgrade, Serbia
E-mail:udjuric@grf.bg.ac.rs

Keywords: photogrammetry, tunnel, 3D model, point cloud

For the "Cajkino brdo" tunnel reconstruction and adaptation, at the beginning of 2020, an
engineering geological investigation was performed. These investigations included detailed engineering
geological reconnaissance and mapping of the main tunnel corridor, all underground rooms and
geophysical profiling as well. The paper presents the possibility of applying the Structure from Motion
(SfM) technique for 3D reconstruction of a selected underground room inside the "Cajkino brdo" tunnel
in Vrnjacka Banja as part of engineering geological mapping and parameterization.

SfM is a photogrammetric technique for determining the 3D structure of an object, the position and
orientation of the camera from sequences of two or more 2D images of the same object, but from
different camera positions (passive sensor). Unlike classical photogrammetry, where the external and
internal parameters of images are known, the SfM process of 3D reconstruction of the environment is
quite automated and easier since it is usually necessary only to take a sufficient number of photos with
the same sensor but from different positions. Imaging takes place in the visible part of the spectrum and
the principle of 3D reconstruction of the environment is analogous to human vision, which similarly
forms a 3D image. The application of SfM technique in underground conditions is complex due to the
lack of natural light, limited space and the inability of GPS positioning, which are crucial for their
successful application and quality results of 3D reconstruction. An additional problem is a shadow,
which can significantly complicate the quality of automatic aligning of images. Shadows appear as a
consequence of the use of artificial lighting, which is necessary to form an image in the visible part of
the spectrum. During the photogrammetric reconstruction of the object model, the surface of the object
must be matte, ie. without glossy reflective surfaces like the surfaces of rocks in tunnels.

During the investigation, experimental photogrammetric imaging of the selected underground room was
performed and the obtained images were processed using the SfM technique. The recording was done
using a Huawei P10 Pro mobile phone camera and a Xiaomi Mija 360 ° spherical camera. Photographing
with a mobile phone was done "from the hand" and from the height of the observer's eyes with acquiring
the greatest possible overlap between images. Spherical camera imaging was performed using a tripod,
placing the spherical camera in the regular grid network layout at three different heights.

Based on the images obtained in this way, two different 3D point clouds were generated using the SfM
technique. The results were compared and based on them, the engineering geological mapping of the
underground room was performed. The 3D point cloud was processed, including scaling, orientation
and rotating the point cloud to a realistic orientation and removing redundant points. In this way, after
processing, the engineering geological mapping of the walls and rooftops of the underground room was
performed. From the point clouds following engineering geological parameters were defined: the
roughness index of surfaces and geological structural setting (characteristic joint families by manual and
automatic mode), the characteristic profiles of the light profile and the analysis of their stability, with a
critical review.
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