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PE3IOME

MonorpauyHusAT TpyA HpeAcTaBs Bb3MOKHOCTUTE HAa ChbBPEMEHHAaTa BB3JyIIHA U 3€MHa
¢doTorpaMeTpus 1 J1a3epHOTO CKaHUpaHE 3a FeHepHpaHe Ha YMCICHU MOJEIIH, KOUTO Ce U3I0JI3Bar 3a
pelaBaHeTO Ha Pa3jMyYHU 33/a4d B OTKPUTHS W TOA3eMHHUs j00uB. Te3m momenu cimyxar 3a
[0JlyyaBaHe HE CaMO Ha KOJIMYECTBEHM, HO M Ha KAaYeCTBEHU JAaHHU M OCHUTYpsBaT IbJIHA U
HEemnpeKbCHAaTa MH(POpPMAIUS 3a H3CIEABAHUTE OOCKTH W TNPOTHUYALIM MPONECH NPU MHHHOTO
IIPOU3BOJICTBO.

Bw3nymmara m 3emHara ¢ororpaMeTpusi A0OMBAaT HOBO HM3MEpPEHHE Clel] TOsBaTa Ha
uGpPOBUTE KaMEPU U Bb3AYIIHUTE JeTaTenHu anapatu. L{udposara o6paboTka Ha n300pakeHus ce
M3BBPIIBA 32 MMO-KPATKO BPEME B CPABHEHHUE C aHAJIOTOBUTE N300paKEHUS, KAaTO OCUTYPsIBa BUCOKA
TOYHOCT M 3ala3BaHe Ha KauyecTBaTa Ha H300pakeHUEeTo Oe3 IpoMsiHa BBB BpeMeTo, T.e. 0e3
nepopMupaHe U cTapeeHe Ha CHUMKHTE. ToBa Haslara OypHOTO pa3BUTHE Ha U poBaTa Bb3AylIHA U
3eMHa (poTorpameTpusi, KOUTO HaMHPAT CBOETO MPUIIOKEHNUE U B MUHHOTO JieJio. B oTnennure riasu
Ha MOHOrpadusTa ca NpeICcTaBeH! NPUHLUIIUTE Ha KOUTO ce Oa3upa chbBpeMeHara (OTorpaMeTpHsl.
OOBpHaTO € rosIMO BHUMaHUE HA U3II0JI3BaHATA arnaparypa U mapameTpure, OT KOUTO 3aBUCH €JHO
3aCHEMaHe, Thi KaTo T€ OMpPENENT 10 roJiiMa CTENEeH KaueCTBOTO Ha MOJMy4YeHUTE U300pakeHus. A
MMEHHO TO OKa3Ba OrPOMHO 3HadeHue Nnpu (GoTorpamerpuuHa oOpaboTKa Ha JaHHUTE, Taka 4ye Ja
MOJKE J]a ce FreHepupa TOUEH U JeTaiJieH MOJIeN Ha u3cieiBaHus OOEKT WM Ha0Jt0/1aBaHO SIBJICHUE.
CrnenaHO BHUMaHME € OTJIEJIEHO Ha MPUJIOKEHUETO Ha 3eMHATa U Bb3JlylIHaTa (hoTorpamerpus B
MapKIIaiJIepcTBOTO M T€0JOroNpoyuBaTeSHUTE Hayku. M3nmokeHuTe mnpuMepu JIE€MOHCTPUPAT
BB3MOXXHOCTUTE HAa T€3U METOJU U OHAIJIEASBAT MPUIOKHUTE UM HAIIPABJIEHUS B MUHHOTO JIENO.

B oTnenna rnasa ca pasriieaHu Bb3MOXKHOCTUTE Ha JIa3€pHOTO cKaHHpaHe. To3u ChbBpEMEH MOIX0/
B CbyeTaHue ¢ (OTOrpaMeTpUYHO 3aCHEMaHEe pasrpbllla HOBU BB3MOXKHOCTH 3a T'€HEpHUpaHE U
KaueCTBEHO MPE/ICTaBsHE Ha PEaTMCTUYHN MOJIEIIH.

MoHorpaguuHHAT TPy MOKE JIa C€ U3I0JI3Ba OT CTYIEHTH CIIELUAIHOCT ,,MapKIaiaepcTBo
U reojie3usi’’ MpHu yCBOSBAaHE HAa MaTepHalia 1o JUCUUIIMHUTE 3aHMMaBally ce ¢ dororpameTpus u
JIMCTaHIIMOHHU METOJH, a UMEHHO: ,,OCHOBU Ha (oTorpamerpusiTa’’, ,,AHAIUTHYHA U LU(pPOBa
dororpamerpust’’,  ,biuskoo6xBatHa  Qororpamerpuss 3a  CHENMATHU  HPUIIOKEHUS
,»JJACTAaHIIMOHHU METO/IH 3a Fe0Ie3MUECKU U MapKIaiaepcku uamMepBanus’’ . Kuurara moxe na 0b11e
M0JIE3HA M Ha CHELMAJIUCTH, CIY>KUTEIH U YIPaBICHCKHUS ChCTaB Ha BCAKO MUHHO IpPEIIpUSTHE,
KaKTO M Ha JIpYT KPbI' XOpa MPOsBSIBALY UHTEPEC KbM T€3U 00JIaCTH.



ABSTRACT

In this monograph are presented the possibilities of the modern aerial and terrestrial photogrammetry
and laser scanning to generate digital models, which are used to solve various problems in open pit
and underground mining. These models serve to obtain not only quantitative but also qualitative data
and provide complete and continuous information about the studied objects and ongoing processes in
mining.

The aerial and terrestrial photogrammetry went to a higher level after the invention of digital cameras
and aerial aircraft. Digital image processing is performed for a shorter time compared to analog one
and at the same time it provides high accuracy and image quality preservation without change over
time, ie. without deformation and aging of the photos. This led to the rapid development of the digital
aerial and terrestrial photogrammetry, which are also used in mining. The based principles of the
modern photogrammetry are presented in the different chapters of the monograph. Besides that a
special attention is given to the used devices and parameters on which each shotting depends. These
features almost completely determine the quality of the obtained images.

Exactly the hight quality is very important for photogrammetric data processing, so that an accurate
and detailed model of the studied object can be generated or observed phenomenon. The application
of terrestrial and aerial photogrammetry in mine surveying and geological science take a special place
in this book. The presented examples demonstrate the possibilities of these methods and how they are
used in mining. The laser scanning abilities are discussed in a separate chapter. This modern approach
in combination with photogrammetric shooting develops new opportunities for generating and
presenting realistic models of hight quality.

The monographic can be used by students in the program - "Mine Surveying and Geodesy". The
material can help them in mastering disciplines dealing with Photogrammetry and Remote sensing,
namely: "Fundamentals of Photogrammetry”, "Analytical and Digital Photogrammetry", "Close-
range Photogrammetry for special applications”, "Remote sensing for geodetic and mine surveying
measurements"”. Moreover specialists, employees, and management of each mining company, as well
as other groups of people interested in these areas, can derive benefit from this scientific work.
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PE3IOME

I/ISB'BpHIeHO € CpaBHCHHUMC Ha pas3IM4YHU MCETOJU 3a HHTCpIpCTAllMd Ha MHOT'OKaHAJIHU
I/I306pa)KCHI/I$I CbC CPCIHO U BHUCOKO Pa3pCHICHUC 3a OLCHKA HA TUIIA U CbCTOSIHUCTO Ha ITOYBHTC.
HpOBe,ZIeHI/I ca TCPCHHU IMOYBCHU H3CJICABAHHUA 3a ONPCACIIAHC HAa MOYBCHUTC XAPAKTCPUCTUKH U
MECTa Ha HpO6OB3€MaHC 3a ILC(I)I/IHI/IpaHC Ha €TaJIOHHH 00JIacTU Ipu 1rmpoucaypa 3a KJ'IaCI/I(bI/IKaI_[I/I}I B



PCKUM Ha 06yquI/Ie. HpezmonceHH ca MCTOAU 3a YCTAHOBABAHC MW ONLCHKA Ha ACTpadallMOHHU
NPOLECH TIPU TOYBUTE, KOUTO CE€ OCHOBABAT HA aHAINW3 HA BPEMEBH CEPHUH OT H300paKeHHS,
CHOTBETCTBAILM T10 BpeMe Ha MpoOboHabupaHusTa.

['eHepupannuTe MOYBEHM KapTH ca mHoaxoidmy 3a BkmouBaHe B [MC 3a nemute Ha
YCTOMYHMBOTO 3€MEIOI3BAHETO.

Knrouopu AyMHU: HUHTCPHOpPETAlMA HAa MHOI'OKaHaJIHH I/I306pa)KCHI/I$I, IMOYBCHU JACTpadalluOHHHA
Impouecu, npociacaaBaHe Ha IPOMCHHU, BPEMEBHU CEPHUU OT I/1306pa}KeHI/I$I

ABSTRACT

Different methods for interpretation of multi-band images with medium and high resolution are
compared for the purposes of soil types’ determination and their status estimation. Field
investigations are provided in order to determine the soil characteristics and sampling sites for
defining the training areas in the supervised classification procedure. There are proposed methods for
detection of soil degradation processes, based on multi-time images analyses and time corresponding
assessment of soil characteristics.

The produced digital soil maps are suitable for incorporation in GIS for the purposes of the sustainable
land management.

Keywords: multiband image interpretation, soil degradation processes, change detection, multi-time
images
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PE3IOME

BB3MoxkHOCTHTE HA CHBpEMEHHATa 3€MHAa W BB3AYIIHA (OTOrpaMeTpHsi MO3BOJISABAT /1a CE
MOJIyYM aKTyallHa WHGpOpMAIus BbB BpB3Ka C pa3paboTBaHE HA OTKPHUTH PYJAHHIH W TIO-TOYHO
MOHHUTOPHHI Ha MUHHU JCHHOCTH, U3YUCICHUS Ha 00eMH, IMJIaHHpaHEe, B3€MaHE Ha PEIICHUS U
MPEJICTAaBsSIHE Ha TPEIJIOKEHUS 3a PEKYITHBAIMs, a ChII0 Taka W TEHEpHpaHE Ha JaHHU 32
WH(OPMALIMOHHUTE CUCTEMH HAa MUHHOJIOOMBHHMTE KOMIAHWU. TEXHOIOTHUYHUTE BBH3MOKHOCTH Ha
udpoBara GoTorpaMeTpus MO3BOJISABAT CH3/IaBAHETO HAa aKTyaJIHU MU(DPOBU MOJETH Ha TEKyIIaTa
cuTyanusi U peneda mMpu HATUYMETO HAa U300paKEHHsI C BHCOKa pa3[eluTelHa CIOCOOHOCT. 3a
MOJTy4aBaHETO Ha JOO0Bp KpacH MPOIYKT ca HYXHH MOJCPHU XapAyepHH CHCTEMH H J00pH
copTyepHH pelieHHs, KOUTO Ja OCUTypsBar Obp3a oO0paboTka Ha ToleMuTe Mo-00eM
(dboTorpameTpudHM JaHHHU. BhIipeku, ue n300pakeHusTa ca ¢ BUCOKA pa3/IeTuTETHA CTOCOOHOCT Ha-
CBILIECTBEHU ca MPOOJIEMHUTE CBHP3aHU C aHAIM3a M TSIXHATa WHTepIperanus. B gHemHo Bpeme
TEXHUYECKHUIT HaNpeIbK B 00JacTTa HAa KOMITIOTHPHUTE TEXHOJOTHH € OTPOMEH, HO BCE OIIe
YOBEUIKUAT (PAKTOp € OT BaXKHO 3HAYEHHE MpU (POPMHUPAHETO M MHTEpIpeTanusiTa Ha Uu(POBHUTE
MOJIEJIN Ha OOEKTHTE.



B pabotara e npeicTaBeH e1MH MMOAX0/] 32 OI[EHKa Ha TOYHOCTTA Ha U3UUCIIeHUuTe o0emHu. Toii
ce OCHOBaBa Ha U3I10JI3BaHETO HA KapTUPAHE, PEAIU3UPaHO OT OIIEpaTOp ¥ MOAEN Ha TEPEHA, TIOTY4YEH
Yype3 aBTOMATHUYHO (OpMHUpAHE OT CTEPEeOU300paKEHHUs 32 y4acTbK, OOXBalllalll TEPUTOPHATA HA
OTKpUTHS PYAHUK ,,Acapen—Mener*. N3ciaeaBaHeTo JaBa Bb3MOKHOCT Jla C€ OICHM MOJydeHaTa
TOYHOCT B JIBaTa pekuMa Ha paboTa, KaKTo H JIa e aHAJTU3UPaT MPoOIeMHUTE 10 BpeMe Ha pabOTHHSA
IpoIieC, U MOXKE Jla Ce M3I0JI3Ba KaTO OCHOBA 33 ObJCIM U3CIIEBaHMs, CBBP3aHU C U3UUCIIIBaHE HA
o0emMH, TeKyI KOHTPOJI Ha JOOUBA, IUIAHUPAHE U APYTH TEKYIIW MUHHH 33a4u.

ABSTRACT

The possibilities of the contemporary terrestrial and aerial photogrammetry enable to be obtained
actual information about elaboration of open-pit mines and precise monitoring of the mining activities
calculation of volumes, planning, taking decisions and presentation of proposals for recultivation and
generation of data for the information systems of the mining companies as well. The technological
possibilities of the digital photogrammetry enable to be created digital models of the actual situation
and the relief with high resolution. To be obtained a better end product, a modern hardware systems
and good software decisions are necessary which provide fast processing of big number of
photogrammetric data. Although the images are with high resolution, the problems of the analysis
and their interpretation are the most essential. Nowadays, the technical progress of computer
technologies is enormous, but the human factor is still important in creating and interpretation of the
digital models of the sites.

The work presents an approach for assessment of the accuracy of calculated volumes. It is based on
the mapping, carried out by an operator and terrain model, obtained by automatic creation of stereo
images of the section, which includes the territory of the open-pit mine "Asarel -Medet". The study
allows to be assessed the obtained accuracy in the both modes, as well as to analyse the problems
during the working process. It can be used for future studies related to the calculation of volumes,
current control of the production, planning and other current tasks.
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PE3IOME

N3cnenBanero npencraBs €AMH MOAXOJ 3a Ch3JaBaHE HAa TEMaTH4HA KapTa HA OTKPUT PYAHUK,
U3MON3BAalKU CHUCTEMAa 3a JUCTAHLMOHHM W3cieqBaHus. Peanusanusara Ha IpoLiecUTE Ha
MHTEpIIpEeTalMs U CerMeHTalMs Ha IU(poBU N300pakeHNs € U3BBPIUICHO B IpOrpamMHara cpejia Ha
ERDAS Imagine. IIpu npoueaypa Ha kiacudukanus B pexuM Ha oOyueHue Oe3 yduren ce
MoJiyyaBa HHJEKCHO H300pakeHHe chAbpKamo 18 cnekTtpanHu kinaca. Cnex mocnensaiia
¢unTpanus ca TEHEpPUpPAHU IIOJUTOHHM, KOUTO CBHOTBETCTBAT HA DA3JIMYHUTE THUIIOBE 3E€MHA
MOKpHBKa. 3a oopMsiHETO HA KapTarta ca usnois3Banu [ IC — kaprorpadupammm QyHKIUH.

KittouoBm nymu: TeMaTudHo KapTorpadupane, kinacudukamnus 0e3 yuuTes, OTKPUT PYIHUK



ABSTRACT

The research introduces an approach for generating thematic map of an open pit mine, using system
for remote sensing. Processes of interpretation and segmentation of digital images are executed in
the programming framework: Erdas Imagine. A procedure of unsupervised classification is
performed and as a result an index image is generated, which contains 18 spectral classes. After
subsequent filtration is completed, the framework generates polygons that match to different types
of land cover. Map design is created by usage of GIS mapping functions.

Keywords: thematic mapping, unsupervised classification, open pit mine
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PE3IOME

IIponiecuTe Ha IUIaHUpaHEe, NPOEKTHPAHE M MOHUTOPUHI HAa MUHHOAOOMBHATa AEWHOCT B €IMH
PYIHUK HM3MCKBAaT HAJMYMETO Ha U(POB MOJENT HAa KOTJIOBaHAa HAa pyJHUKA U Ha NpUJIeKalaTa
TEPUTOpHS, KOSTO BKIIOYBA HACHUIIMIIA, XBOCTOXPAaHWIMIIA, HH(QpacTpykTypa, crpaia u
ChOPBHKEHUS, CBBP3aHU C IpepaboTkaTra Ha MUHHOJOOMBHUS MaTtepuai. Lludposara poTorpamerpus
M03BOJIsIBA Jla Cce IeHepupa MapKiuaiinepcka u tomnorpadceka uHpoOpMalMs B KpaTKU CPOKOBE, C
HY)XKHAaTa TOYHOCT M JETalIHOCT. Te3u BB3MOXKHOCTUTE Ha mudpoBata (GoTorpamerpus s MpaBu
MOJIXOASII M HA/IeXK/I€H METO/I IIPU PEIIaBaHeTO Ha pa3IMYHM MapKIIaiiiepcKku 3a1auu.
Hacrosmoro u3cinensaHe H3Moji3Ba BB3AYIIHM CHUMKH, OOXBallallld TEPUTOPHUSATA HA OTKPUT
pyaHuk "Acapen Menetr", OoT KOMTO € TeHepupaH LH(POB MOJEN Ha CUTyalUsITa M TepeHa.
AHanusupaHu ca OCOOEHOCTMTE TpU MHTEIPUPAHETO Ha JAHHU OT KapTorpadcku u
(doTorpamMeTpuYHH U3TOYHUIIM, KOUTO Ca U3IOJI3BAHHU 32 TeHEPUPAHETO Ha COOpEH IJIaH Ha pyIHUKA.
ObnacTuTe Ha MPUIOKEHHE Ha U3pabOTeHUs COOPEH IJIaH Ha pyJIHUKA BKIIIOUBAT IOKYMEHTHpaHE
Ha PYAHMKA, HETOBOTO Pa3BUTHE BbB BPEMETO, IJIAHMPAHETO Ha ObJCIIM JEHHOCTH, KOHTPOJ Ha
o0ema Ha JOOUTHS MaTepual, KaKTO M KaueCTBEH aHAJIU3 Ha XapaKTepUCTHKUTE Ha JoOMBaHATa
cypoBuHa. Pa3rienano e pemaBaHeTo Ha IpoOjaeMHUTe, CBbP3aHU C UHTETPUPAHETO HAa €CTECTBEHUS
TEpEeH U TepeHaTa MOBbPXHUHA MOJyYeHa B pE3yJITaT Ha MJIaHUPaHU MapKIIaiIepCKu I€HHOCTH.
[TpeuiaranusAT MOAXO/ € MOAXOIAIL 32 U3Pa0OTBAHETO HA PA3IUYHU KapTOrpadcku MpoayKTH U IO-
CTeIMaIHO Ha COOpEH IJIaH Ha pYJAHUKA, a HApe]l C TOBA Ch3/JaBaHETO Ha IIU(PPOBH MOIENH HA perneda
Y Ha BUJIUMaTa MOBbPXHOCT, IM(POBU TEMAaTUYHH KapTH Ha TEPEHHATa OKPUBKA 3a TEPUTOPUATA HA
OTKPUTH PYIHUIIH.

KitouoBm mymu: Bp31yiiHa pororpameTpus, HUGpoB Mojen Ha noBspxHocTTa (DSM), cbopen mian

ABSTRACT

The processes of planning, design and observation of mining activities in mines require the
availability of digital model of mine pit and the of adjacent territory, which include dumps, tailing,
infrastructure, buildings and installation which are bounded with mine extractive material. Digital



photogrammetry allow the generation of mine surveying and topographic information in short time
period, with required accuracy and detail. These possibilities of digital photogrammetry makes it an
appropriate and reliable approach for solving the different mine surveying tasks. The present
investigation uses the aerial images, which cover the territory of open pit mine “Asarel Medet”, from
which the digital model of territory and terrain is produced. There are analyzed the particularities of
data fusion from cartographic and photogrammetric sources, that are used for generation of assembly
map of mine. The application fields of produced assembly map include the documenting of mine, its
time development, the planning of future activities, the monitoring of obtained mine material and also
the estimation of quality of mine row material. There is discussed the solving of problems connected
with integration of natural terrain with surface created as result of the planned mine surveying
activities. The applied approach is suitable for creation of different cartographic products and
especially the assembly map of open pit, the digital elevation models and digital surface models and
digital maps of land cover for territory of open pit mines.

Keywords: Aerial photogrammetry, Digital Surface model (DSM), General plan
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PE3IOME

B n3cnenBaneTo ca nmpeacraBeHu OCHOBHHUTE (POTOrpaMeTpryHH MPOIIECH IIPY 3aCHEMaHe Ha Kapuepa
¢ OE3MUIIOTHO JIETATEIHO CPEACTBO, 3all0YBAMKU OT MpeaBapUTENHATa MOATOTOBKA M CTUTAMKHU 10
reHEpUpaHEeTO Ha LU(PPOB MOJAEI HA TEpPEeHAa W TOJydaBaHETO Ha OpPTOGOTO H300paKEeHHE.
[Tonyyenute pe3ysiTatu NOTBbPAKAABAT ChILIECTBYBAIIUTE OT CKOPO TEHICHIIMH 32 U3MO0JI3BAaHETO HA
OC3MWIOTHUTE JICTATSIIHA CPEICTBA B MUHHOTO JEJIO M TO-KOHKPETHO TPU OTKPHUTHS JOOWB 32
pelaBaHe Ha pa3IMYHU MO XapakTep 3adaud. MOHUTOPUHI HA MUHHU JIEWHOCTH, U3UYUCICHUS Ha
o0emu, IaHUpaHEe, TEHEpUPaHEe Ha JaHHU 3a WH(GOPMAIIMOHHUTE CHUCTEMH Ha MHUHHOJOOMBHHUTE
KOMIIAaHUM, MOHHUTOPHHI Ha pPACTHTETHOCTTa M IIOYBHTE, NpOCieqsBaHe ePEeKTUBHOCTTa U
MECTOMOJIOKEHUETO HAa MUHHOTO 000pY/IBaHEe ca caMO €Ha MaJIKa 4acT OT mpuioxeHusTa Ha bJIA.
[IpenuMcTBaTa Ha Ta3u QoTOrpaMeTpuyHa TEXHOJOTHS ca CBbP3aHU HE CaMoO C MOBHIIABAHETO Ha
e(heKTUBHOCTTA M HAMAJIIBAHETO HA Pa3XOoJUTE MpU JOO0MBA HA MOJIE3HU U3KOMAEMH, HO CHIIO TakKa
U C OCUTYpPSIBAHETO Ha BHCOKa 0€30MacTHOCT Ha TpyAa.

ABSTRACT

The study presents the main photogrammetric processes in the shooting of an open pit with unmanned
aircraft (drone), starting from the preliminary training and going to the generation of digital terrain
model and obtaining an orthophoto image. The results confirm the existing trends in the recently use
of drones in mining and in particular — in the open pit mining, for solving of various tasks. Monitoring
of mining activities, calculations of volumes, planning, generating data for information systems of
mining companies, monitoring of vegetation and soil, tracking effectiveness and location of mining
equipment — these are only a small fraction of the applications of drones. The advantages of this
photogrammetric technology are related besides with the improving efficiency and reducing the costs
of mining, also with a high occupational safety.
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PE3IOME

[Ipe3 mocneqHUTE TOAWHHE YCHBBPIICHCTBAHETO Ha IU(POBUTE anmapaTy, HOCUTEINTE Ha CHUMAayHa
TEXHHUKa U cOPTyepHUTE MPOAYKTH 32 00pabOTKa Ha JaHHH Ca MPEANOCTABKUTE, KOUTO JaJj0Xa HOB
TJIaChK 3a pa3BHTHE Ha BB3AyImHaTa (otorpamerpus. LludpoBure nzoOpaxkeHUs, MOIYy4EHU OT
0e3MUIOTHH JICTATEHU amapaTtd, oO0padOTeHH C MOAXOsml codTyep Morar ga ce M3MOoJ3BaT 3a
Ch3JlaBaHE Ha TOYHH OPTO(OTOIIAHOBE W YMCICHH MOJEIM Ha TEpeHa INpPH TojsiMa 4acT OT
uHkeHepHuTe npoektd. OcBeH 3a M3paboTBaHE HA €QPOMAIla0HU IUTAHOBE M KapTH, TE3U
TEXHOJOTMU ca TNPWIOKHMU M TIpPU pEIIaBaHETO Ha 33/1a4d, CBBP3aHU ChC CH3/IaBAHETO Ha
KaJacTpaJIHU KapTH, CIICHUAIN3UPAHH KapTH 32 YCTPOWCTBCHO IUTAHUPAHE U JIPYTH LESITH.

Llen Ha HaCTOAIIETO NPOYYBAHE € aHAIN3 HAa Bb3MOXKHOCTUTE HA OC3MHIJIOTHHUTE JICTATSIIHH alapaTu
3a M3BBPIIBAHE HA T€OJE3WYECKH JCHHOCTH. 3a IEeTNTE Ha aHaju3a € M3BBPIICHO 3aCHEMaHe Ha
00eKTa ¢ XEKCaKoITep W M3MEPBaHUs ¢ TOTanHa cTaHius. Kato kpailHU MPOIyKTH ca TeHepUpaHu
quciieH Mojen U optodoro m3obpaxkenue. [lomydenure naHHM ca 00OOIIEHW W aHATM3UPAHH.
[IpencTaBenu ca M3BOIM 32 MPHIOKUMOCTTA Ha TEXHOJIOTHUATA B IPAKTUKATA.

ABSTRACT

In the recent years, the improvement of the digital cameras, unmanned aerial vehicles and software
for data processing are preconditions that gave new impulse to the development of aerial
photogrammetry. Digital images obtained from unmanned aerial vehicles processed with appropriate
software can be used to create accurate orthophoto maps and digital terrain models in the majority of
engineering projects. In addition to producing large-scale plans and maps, these technologies are also
applicable to solving problems related to the creation of cadastral maps, specialized maps for spatial
planning and other purposes. The aim of the present study is the analyses of possibilities of UAV ‘s
to perform geodetic activities. For the purposes of the analysis it was made shooting of the object
with hexakopter and measurement with total station. As final products there are generated digital
model and orthophoto image. The resulting data are summarized and analysed. The conclusions for
the applicability of the technology in practice are presented.

Crarus Ne 2.8.

B.I'ocnonnHoBa, Xunepcnekrpajanu uzodpaxenus. Cu. ,,['eonorus u Munepansu pecypeu”, Ne 1-
2,2017, ctp. 4-10, ISSN:1310-2265.

V. Gospodinova, Hyperspectral images, Geologia i Mineralni Resursi, S., 1-2, 2017, pp.4-10,
ISSN:1310-2265.



PE3IOME

Pa3BuTHeTo Ha TEXHOJNOTMHTE M TIOSBaTa Ha BB3AYIIHUTE XUIEPCIEKTPAIHU CHUCTEMH ca
MPEANOCTaBKY, KOUTO 1€ YTBBPIAAT XUNEPCHEKTPAIHUTE JHUCTAHIIMOHHU W3CIICBAHUS, KAaTO
pa3BUBAILIO CE€ HANpPaBJICHHE OT AUCTAHLMOHHUTE HU3CIeABaHMS. XUIEPCIEKTPATHUTE N300pakeHU
HaMHpaT TOJSAMO NPUIOKEHHE B OOJACTH KAaTO YMPABICHUETO HAa PECYPCH, CEJICKO CTOIAHCTBO,
MIPOyYBaHE Ha IOJIE3HU M3KOMaeMH WU MOHUTOPUHT Ha OKojiHAaTa cpena. CTaTusiTa MpeacTaBs €IHO
CBOCOOpPA3HO M3JI0KEHHE Ha XMIIEPCHEKTPAIHUTE AUCTAHLMOHHM M3CJIEIBAHUS - €CTECTBOTO Ha
JAHHHUTE, METOJU 3a TSAXHAaTa 00paboTKa M MHTEpIpeTalus, MPUIOKEHHUETO UM B MHUHHOTO JEJO,
KOETO OM MOrJio Ja TMOMOTHE 3a e(EeKTHBHOTO MM H3IOJ3BaHE M Jia pPa3TbpHE MO-TOJEMH
BB3MOKHOCTHU 32 MUHHHUTE CHEI[UAIINCTH.

ABSTRACT

The development of technology and the emergence of air hyperspectral systems are prerequisites that
will validate hyperspectral remote sensing as an evolving trend in remote sensing. Hyperspectral
imaging is applied on a larger scale in areas such as resource management, agriculture, exploration
of minerals and environmental monitoring. The article presents a peculiar exhibit of hyperspectral
remote sensing studies-nature of the data, methods of processing and interpretation, application in
mining, which could help its effectively use and develop greater opportunities for mining specialists.
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PE3IOME

CraTusTa npeacTaBs ChIIHOCTTA, OCOOCHOCTUTE U MPUIIOKEHUETO Ha 00EKTHO-0a3upaHUTe aHAIN3U
3a pellaBaHeTO Ha MHKEHEPHHU 337a4i OT Pa3JIM4HO €CTECTBO M 00pabOTKaTa Ha reoNpOCTPAaHCTBEHU
JaHHU. Pa3BUTHETO HA T€3U METOIH 3a aHAJIU3 IPOU3THYAT IIPEAY BCUUYKO OT HYK/1aTa J1a CE U3I10JI3Ba
Ba)KHaTa CEMaHTUYHA HH(OpMalMs, HeoO0X0IuMa 32 UHTEPIIPETUPAHETO HA N300pakeHUsI, KOSTO HE
ce MpeJCTaBs Ype3 eIMHUYHU MHUKCEIH, a M0-CKOPO KaTo OTIENTHO 000COO0EHH OOEKTH M B3aUMHU
Bpb3kH. M30poeHn ca moaxoasiiuTe MNPUIIOKEHHWsS Ha Ta3u METOJMKa 3a KilacuuIMpaHE Ha
pas3IUYHU €CTECTBEHH U U3KYCTBEHU O0EKTH, KOUTO Ca MPUCBHIIH 32 OTKPUTHUS 100UB.

ABSTRACT

The article presents essence, characteristics and applications of object-based analysis for solving
engineering tasks of different nature and processing of geospatial data. The development of these
methods of analysis derive primarily from the need to use the important semantic information. It is
necessary to interpret the images that are not represented by single pixels, but rather as separated
objects and their mutual relationships. There are enumerated suitable applications for classifying the
various natural and artificial objects that inherent in open pits.
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PE3IOME

OOGexTHO-0a3Mpanara Ki1acu(UKaIys € MOIIEH U I'bBKaB HHCTPYMEHT 32 00padOTBaHE Ha pa3inyeH
tun  u3o0pakeHus. OCHOBEH eTalm NpU TO3M TPOLEC € CEerMeHTauusATa Ha HW300paKeHHS.
[TapameTpuTe 3a cerMEHTaNMs 3aBUCAT OT THIIA HA aHATTM3UPAHOTO N300paKEHHE U OKA3BaT BIMSHHE
BBPXY Ka4eCTBOTO Ha MPOJYKTa M TOUHOCTTA HA pe3ynTaTture. [ eHepupaHeTo Ha eTHOPOJHH 00CKTH
€ BaKHA CTHIIKA OT 00pabOTKaTa, YMATO LIEJI € CETMEHTHpPAHe HAa M300paKEHHETO Bh3 OCHOBA HA
CIIEKTpaJIHA U KOHTEKCTyaTHa HH(POpMaIus ¢ mapamMeTpu KaTo MamadeH KoeuIuenT, uBst, Gopma,
IJaJKOCT M KOMIAKTHOCT. M300pbT Ha Te3W mapaMeTpy 3aBUCH OT BHJAAa Ha OOCKTHTE B
obpaboTrBanara cueHa. OGEKTHTE U cpelaTa Ha OTKPUTUTE PYAHUIM UMAT CHEIHU(PUYHN CBOMCTBA,
NOpagy KOETO HOAXOJSIIMAT M300p Ha MapaMeTpH € BaKEH 3a IOJIy4aBaHETO Ha JIOCTOBEpHA
KIacudukanus.

[IpencraBenu ca pe3ynTatu OT KIacH(pHUKAIUATA HA Pa3INYHI THIIOBE O0CKTH, TAKMBA KaTO CThIIAJIA,
TpaHIIeH, CrPajan, 0OCITYKBAIU IBTHIA, OCHOBHHU IIBTHINA ¥ MPUJICKAIIN TOPH B OKOJHOCTHTE HA
OTKPHT PYIHHK, PA3MOJI0KEH B IUIAHMHCKA 00JIacT.

ABSTRACT

Object-based classification is powerful and flexible tool for processing of different type of images.
The stage of this process is segmentation of processed image. Segmentation parameters depend on
the type of the analysed image and influence the product quality and the accuracy of the results. The
generation of homogeneous objects is an important step of the processing which purpose is
segmenting of image based on the spectral and the contextual information using parameters such as
scale, colour, shape, smoothness and compactness. The choice of these parameters is dependent on
the type of the objects in processed scene. Objects and environment of open pit mines have specific
properties, therefore the appropriate selection of parameters is important for obtaining the authentic
classification.

There are presented the results of classification of different type of objects like benches, trenches,
buildings, service roads, main roads and forests surrounding open pit mine situated at mountain area.
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PE3IOME

Peanusupano e 3acHemane Ha (pacajgaTa Ha crpagara KbM Karezapa ,,Ouskynrypa u cnopt Ha MI'Y
,,CB. MBan Puicku‘ upe3 moOwmiieH tenedoH, Tun cMapTdoH c onepauuonHa cucremMa Android.
OcHoBHaTa 1en Oemie fa ce Ch3AaAe MOjeN, a cbhilo M oprodoromitaH. DoTorpaMerpuyHara
00paboTKa Ha CHUMKHTE € U3BBPIICHA B MpOrpaMHaTa cpeia Ha pyckusat copryep Agisoft Photo
Scan. [TonydeHuTe pe3ynTaTu ca aHAIU3UPAHU.

KitouoBn aymu: Onm3kooOxBaTHa (oTorpamerpusi, 1mudpoBa ¢GoTorpaMeTpus, HUCKO CTpyBallld
(oTorpaMeTpuYHN TEXHUKU



ABSTRACT

The facade of the building of the Department of Physical Culture and Sports at the University of
Mining and Geology "St. Ivan Rilski" was captured with a mobile phone (a smasrtphone using the
Android OS). The main aim of the study was to create a model and also an orthophotoplan. The
photos were photogrammetrically processed with the Russian software Agisoft Photo Scan. The
results obtained were analyzed.

Keywords: close-range photogrammetry, digital photogrammetry, low-cost photogrammetric
techniques
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PE3IOME

Knacudukanusara Ha mudpoBu m300pakeHHs € MOIICH U I'bBKAaB HMHCTPYMEHT 3a 00paboTKa,
MHTEpIIpEeTalMs M aHAIM3 Ha pa3JIMYHU TUIOBE HM300paKeHMs M TPEICTaBiIsABa IpOLEC Ha
rpynupaHe Ha MUKCEIH B KpaeH Opoil MHAMBUAYaTHU KJIacoBe WK Kateropuu. [1pu To3u mporec ce
U3II0JI3Ba HE CaMO CIEKTpalHaTa, HO U MPOCTPaHCTBEHATa M KOHTEKCTyallHaTa HH(OpMaIHsL.

B HacTOAIUMAT €KCHepUMEHT ca pealu3upaHu MHKCeNHO-0a3upaHa M O00EKTHO-Oa3upaHa
KJacu(UKanus Ha pa3InyHy TUIIOBE 0OEKTH, TAKMUBA KAaTO CThIIaja, TPAHILIEH, CIPaau, 00CTyKBalll
IBTUIIA, OCHOBHU IIBTHUIIA U MPHJICKAIIH TOPU B OKOJTHOCTUTE HA OTKPHUT PYAHHK, PA3IOJIOKEH B
r1aHuHcKa obsact. [lomyyeHuTe pe3yaTaTu ca HHTEPIPETUPAHU U aHATTU3UpaHu. TakbB THI JaHHU
HaMHpaT MPHJIOKEHHE B MHOTO 00JIACTH, CBBP3aHU ¢ MUHHHUS JOOUB: KapTorpadupaHe Ha OTKPUTH
PYIHMIIM, IPOYYBAHE HA MOJIE3HU U3KOMIAeMH, OIIpeIeIsiHE Ha KOHTYpa Ha Py/AHUKA, INIaHUpaHe Ha
OBICIIETO Pa3BUTHE W MPOCIEsIBAaHE HA MUHHUTE NEHHOCTH, pa3lO3HAaBaHE HAa XUIPOTEPMATHH
IIPOMEHU B CKaJIM U aHAJU3UpaHE HAa TEKTOHMKATa Ha HaXOJMWIIATa, KaKTO U C PEKyITHBALlUs Ha
00e3J1eceHN TEPUTOPUH U PA3ITUYHU BHIOBE EKOJIOTUIHH aHAITU3H.

KitouoBu nymu: nukcenHo-0asupaHa kiaacu@ukanusi, o0eKTHO-0a3upaHa KiacuuKaius, OTKPUT
PYIHUK

ABSTRACT

Digital Image Classification is a powerful and flexible tool for processing, interpreting and analyzing
of different types of images. It is a process of grouping pixels in a finite number of individual classes
or categories. This process uses not only the spectral but also the spatial and contextual information.
In the present experiment a pixel-based and object-based classification of different types of objects
such as benches, trenches, buildings, service roads, roads and forests surrounding open pit mine
situated at mountain area are realized. The results obtained are interpreted and analyzed. This type of



data could find application in many areas, which are related to open — cast mining: open pit mine
mapping, mineral exploration, determining the contour of the mine, planning the future development
and tracking of mining activities, the recognition of hydrothermal rock changes and analysis of field
tectonics as well as reclamation of deforested areas and various types of environmental analyses.

Keywords: pixel-based classification, object-based classification, open pit mine
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PE3IOME

CratusiTa u3nara ChbIHOCTTa U OCOOGHOCTUTE HA TOIUTMHHUTE U300paKEHUs, METOJIUTE 3a TSIXHATA
00paboTKa U MHTEPIPETALNS U MPUIIOKEHUETO UM B MUHHOI00MBHATA IeHOCT. To3u cBoeoOpa3eH
MHCTPYMEHT MOXE Jla C€ M3I0JI3Ba 3a OINpEeIeNsiHE ChCTaBa Ha CKAIUTE, NMPU IMPOYUYBAHETO Ha
MOJIC3HUTE W3KOMAaeMU W TPUPOJHUTE OOraTcTBa, OTKPUBAHE HA caMmoO3alajBalld CE BBIJIHUIIA,
3apakJlaHe Ha CBIIAYMINA, pa3KpHBaHEe HA 30HU C MOBUIIECH CKaJeH HATHUCK, U 00JacTH B KOUTO Ce
Ha0Ir0/1aBa MPOCMYKBaHE Ha BOJIa B TMOJ3EMHHU PYAHHIIM, TIPEAOTBPATABAHE HA aBapuU C MUHHO
o0opy/BaHe, MOHUTOPUHT, aHAJIN3W B 00JacTTa Ha €KOJOTUsATa M Jpyrd. ToBa HampaBieHHE OT
JTUCTAaHIIMOHHUTE U3CJIEIBaHNUS OCUTypsABa 0€3011aCHOCT, ChKpalllaBa pabOTHHUS MPOILIEC U IPEAOCTaBS
MO-TOJIEMH BB3MOXXHOCTH HA MUHHUTE CHEIIUAIHNCTH.

ABSTRACT

The paper presents the essence and characteristics of the thermal images, the methods for their
processing and interpretation and their application in mining. This type of tool can be used to
determine rock composition, exploration of minerals and natural resources, self-ignition coal’s
detection, landslides formation, detection of high-stress and water — seeping areas in underground
mines, accidents prevention with mining vehicles, monitoring, analyzes in ecology, and more. This
direction in remote sensing provides safety, greater opportunities for mining professionals and
shortens the workflow.
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PE3IOME

CraTusTa MPEACTaBs ChIICCTBYBAIIUTE (POTOrPAMETPUYHN METOIM M CPEACTBA 3a 3aCHEMaHEe Ha
rajepud ¥ TEXHUTE €JeMEHTH (CTCHM Ha W3pabOTKH, MO, TaBaH, KPbCTOBE, KaMepH, HHUIIIH,
XapaKTepHU CEYEHHUs W JIp.) B IOJ3EMHU PYIHUIM B MHUHAJIOTO M JHec. OT M3MOJ3BAHETO Ha
doTorpameTpruveH METO/T Ha 3aCHEMaHe Ype3 KbCoOa3uCHa CTEPEOCHUMKA, CBETIIMHHU CCUCHHS UITH
npuiiarase Ha oTomaIeKoOMepHUst METO 10 ChBpeMeHHuTe nudpoBu Goroamaparu u codhryepu 3a
00paboTka Ha JaHHU. OOBPHATO € MO-TOJIIMO BHUMAaHUE Ha CBBPEMEHHUTE METOIH 32 MOJICIIUPAHE
B MOJI3€MEH PYJHHMK M Ha 0a3a Ha W3JI0)KEHHTE METOJHMKH € MpE/IoKeHa Ujes 3a 3aCHEMaHe Ha
rajepyuu B MOJ3EMCH PYIHHK.

KitouoBn gymu: 6muskoobxBatHa (ororpamerpusi, uudpona (GoTorpaMerpusi, HUICKO CTPyBAIIH
(doTorpaMeTpUYHU TEXHUKH, TIOJI3EMEH PYIHUK

ABSTRACT

The paper presents the existing photogrammetric methods and means, which are used to capture
exavations and their elements (walls, floor, ceiling, crosses, chambers, niches, characteristic
sections, etc.) in underground mines in the past and today. It starts with examining the usage of a
photogrammetric method of capturing through stereoscopy photographs, light sections or the
application of a method with a phototelemeter and continues to modern digital cameras and data
processing software. The main focus is on the modern methods of modeling in the underground
mine and based on the presented methodologies it is proposed another idea how to capture galleries.

Key words: close - range photogrammetry, digital photogrammetry, low cost photogrammetric
techniques, underground mine.
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PE3IOME

HampaBen ¢ onmuT 3a ycTaHOBSBaHE HAa METOJHMKA Ha 3acCHEMaHE Ha CTCHH W MPOCTPAHCTBA, MPHU
YCIIOBUSI HAMOJO00SBAIN YCIOBUATA B TOJ3eMEH pyAHHK. M3momsBan e mudpoB dotoamapar, a
naHHuTe ca obpadborenu c mporpama AgisoftPhotoScan. [lomyduenute pesynraTu mokassar, 4e



METOAMKAaTa MOXE Ja C€ H3IOJI3Ba 332 TeHEpUpaHe Ha IU(PPOBH MOBBPXHUHH U MOJAETH, KOHTO
HaMUPAT IPWIOKECHUE IIPY PEIIABAHETO HA Pa3JINYHU MAPKIIANAEPCKU 3aJa4H.

KirouoBu aymu: mudposa GororpameTpusi, 61u3k000xBaTHa (HOTOrpaMeTpus, MOI3EMEH PYIHHK,
U3YUCIIABAHE HA 00eMU

ABSTRACT

An attempt has been made to establish a method of capturing walls and spaces under conditions
similar to those in an underground mine. A digital camera was used in the study and the data was
processed with AgisoftPhotoScan. The results obtained show that the methodology can be used to
generate digital surface areas and models. They find application in solving various mine surveing
tasks.

Key words: digital photogrammetry, close-range photogrammetry, underground mine, volume
calculation
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PE3IOME

[IpoBeneHo e m3cnenBaHe, CBbP3aHO ¢ (POTOrpaMETPUUHO 3aCHEMaHEe B MOJ3EMEH pyIHUK ,.Epma
peka” 3a 10OMB Ha 0JIOBO - ITMHKOBA pya. LlenTa e na ce uzcnenBar Bb3MOKHOCTUTE 3a TeHEpUpaHE
Ha IUQPPOB MOJEN HAa YacT OT TrajiepHs, KOWTO MOXe Ja MOCITYXH 3a pPElIaBaHEeTO Ha Pa3IudHH
MapKmaiaepcku 3amaud. M3mon3BaHO € W3KYCTBEHO OCBeTNIeHHe H 1u(poB (oToamapar.
[TonydenuTe pe3yiaTaTuTe ca aHaTU3UPaHH.

KitouoBu nymu: moazeMeH pyaHUK, OMM3Ko0OXBaTHA (oTorpamerpusi, dyucieH (IudpoB) MOJIEN,
W3YUCIIABAHE HA 00eM



ABSTRACT

A study was conducted that presents a photogrammetric capture in "Erma reka" underground mine
for lead - zinc ore. The aim of the study is to explore the possibilities for generating a digital model
of section of the horizontal drift that can serve to solve various mine surveying tasks. Artificial
lighting and a digital camera were used. The results obtained are analyzed.

Key words: underground mine, close-range photogrammetry, digital model, volume calculation
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B. T'ocrionuuoBa, P. Mopnanosa, Iudposo MoaennpaHe Ha MOBBPXHUHH, TIOAXOIAIIO 32 IEIHTE Ha
obOyuenue 1o ¢potorpamerpusi, MexxayHapogHa HaydHa kKoHpepernnus Ha MI'Y ,,Cs. Ban Pumncku®,
19 oxromBpu 2018, Codus, Coopuuk ¢ nokiaau, Tom.61, gact IV, XyMaHuTapHu U CTONAHCKU
Hayku, 2018, ctp.60-64, ISSN:2535-1206

PE3IOME

Peann3upano e u3cnenBaHe, KOETO MPEACTaBs €IMH ChbBPEMEH METO]l 32 TeHepUpaHe Ha YUCIIEH
mozen. Cratusita € CBbp3aHa C Y4YeOHMAT MpoLEC IO IUCHUIIIMHUTE C HaIpaBJIeHHE
®otorpamerpus. LlenTa e To3u MeToA Aa Obe BKIIOYEH B ydyeOHaTa IporpaMa, Taka ye CTyJACHTUTE
Jla Cce 3all03HasAT CbhC CpEACTBaTA M HAUYMHUTE 3a Cbh3JaBaHE Ha LU(PPOBU IMOBBPXHUHU U
IIPAKTUYECKH J]a peau3upaT TaKHUBa.

KitouoBn nymu: 61m3koo0xBaTHa Gororpamerpus, udposa poTorpamerpusi, o0ydeHue

ABSTRACT

A study was conducted that presents a contemporary method for generating a digital model. The
article is related to the educational process in the courses of study in the field of Photogrammetry.
The aim of the article is to include this method in the curriculum, so that students could become
familiar whith the means and ways of creating digital surfaces, as well as to practically implement
such means and ways.

Key words: close-range photogrammetry, digital photogrammetry, education
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PE3IOME

W3BbpiieHo e 3acHeMaHe ¢ ApoH, 000pyIBaH C MYJITHCIIEKTpaIHa Kamepa, Ha CMECeHa UIJIOJIMCTHA
U IIUPOKOJUCTHA TOpa, pa3MlojokeHa ceBeposamagHo oT rpan Kamodep. 3acHemanero e
peanu3upaHo B JIBE MOCIIEOBATEIIHU TOJIMHH C 11 UACHTU(UIIMPAHE W HAOIIOICHHE Ha 30HH ChC
3apa3eHy U YHHUILOKEHH UTJIOINCTHH IbpBeTa oT OpbMOap koposia. ToBa nscnenBane 1eMOHCTPUPA,
4e MPaBUIHO 000PYABaHUTE OS3MUIOTHH JICTATEITHH arlapaTH MPECTaBIsBaT J00pa alTepHATHBA 32
JMCTAaHIIMOHHO HAOJIO/IEHHE B pallOHU C MaJIKa IUIOI B CPAaBHEHHE C KOHBEHIIMOHATHUTE BH3AYILIHU
METO/H, KaTO BB3AYIIHO 3aCHEMaHE C MUIOTHPYEMHU JICTATEITHU allapaTy ¥ CaTeITUTHH U3CIICIBAHMSL.
Pesynrature mokasBar, 4e MYJITHCIEKTPAIHUTE M300paKeHUs, MOJYYCHH OT 3acHEMaHe C
Oe3MUJIOTEH JIeTAaTENICH amapar, MOXKe Jla C€ W3IOJ3BaT 3a paHHO OTKPHBAHE W OYEpPTaBaHE Ha
3apa3eHuTe 30HH. TOBa IIe MO3BOJM MpPEANPHUEMaHETO HA HABPEMEHHH NPEBAHTHBHU MEPKHU 3a
OrpaHUYaBaHE U CIIMMUHHUPAHE HA HAIIAJCHUATA OT BPEIUTEIH.

KirouoBu AyMU: Oe3NMMIIOTEH JIeTaTeleH ariapar, (bOTOFpaMeTpI/Iﬂ, BCreTalliOHEH WHJICKC,
MOHUTOPHHT

ABSTRACT

Two mapping surveys over a mixed coniferous and deciduous forest northwest of Kalofer, Bulgaria
were conducted one year apart using a drone equipped with a multispectral camera. The main aim
was to identify and monitor areas infested and damaged by bark beetle. This report demonstrates that,
for small areas, properly equipped unmanned aerial vehicles are an economically viable alternative
to more conventional remote sensing methods such as manned airborne surveys and satellite imagery.
The results also show that UAV- based multispectral imaging may be used for early detection and
precise delineation of infested zones. This can help in taking timely preventive measures for limiting
the aerial extent of the infestations and eliminating them.

Key words: UAV, Photogrammetry, Vegetation index, Forest Disturbance, Monitoring
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PE3IOME

Cratusra pasriexaa Bb3MOXKHOCTUTE Ha IIU(poBaTta (poTorpamMeTpus U o-KOHKPETHO Ch3/1aBaHETO
Ha yucieHu (UM(pPoBU) MOJENN HAa MOBHPXHUHHU B MOA3EMHUS JN0OMB. B Hes ca mpencraBeHu
IIPWIOKEHUATA HA TE3M MOJENIM 3a pellaBaHe Ha pa3jIW4HU 3a7add, CBBP3aHU C TEOJIO0KKO
KapTorpadupase, HaOJIIOJeHUE, TOKYMEHTUpaHEe Ha MpoOJeMH B CKaJHAaTa MEXaHWKa U JAPYTH.
Pasrnenanu ca npeauMcTBara Ha NpeUI0KEHATa METOIUKA.

KitouoBn nymu: 61m3koo0xBaTHa POTOrpamMeTpusi, YUCIEH MOJIET, IPUIIOKHH HAIIPABICHUS,
moa3eMeH 100UB

ABSTRACT

The paper discusses the possibilities of digital photogrammetry and more specifically the generation
of digital surface models in the underground mining. It presents the applications of the
photogrammetric models for solving various problems related to geological mapping, observation,
inspection, documentation rock mechanics problems and others. The advantages of the proposed
methodology are examined.



Key words: close - range photogrammetry, digital model, application’s areas, underground mining

Crarusa Ne 2.20.

B. 'ocnogunosa, P. ﬁopﬂaHOBa, A. Kannunapos, BereranimoHHUTE MHIEKCH KaTO CPEJCTBO 3a
MOHHUTOPHHT Ha OOCKTH B OJIM30CT IO OTKPUTH PYIHUIM, MexayHapoaHa HaydHa KOH(GEPECHIIUS Ha
MI'V ,,Cs. UBan Puncku®, 18 okromBpu 2019, Codusi, CoopHuK ¢ moknaau, ToM.62, Ne 2, JloOus u
npepaboTka Ha MUHepaiaHu cypoBuHH, 2019, cTp.34-40, ISSN:2682-9525.

V.Gospodinova, R.Yordanova, A.Kandilarov, Vegetation indices as a means of monitoring of
objects in the region of open pit mines, International scientific conference of UMG ,,St. lvan
Rilski”, 18 October 2019, Sofia, Journal of Mining and Geological Sciences, vol.62, Ne 2, 2019, pp.
34-40, ISSN: 2682-9525(print).

PE3IOME

Cratusita IpeacTaBsi ChIIHOCTTa, OCOOEHOCTUTE U MPHJIOKEHUETO Ha BEreTallMOHHUTE UHJEKCH 3a
M3BBPIIBAHE HA aHAJU3 U OLICHKA Ha CbCTOSIHUETO HA PACTUTEIHOCTTA. MI3BBpIIEHU ca 3aCHEMaHUs
c 0e3nmmwiIOTHa JeTaTelHAa CHCTeMa C ONTHYHA M MYJITHCIEKTpalHa KaMepa Ha TOPCKH U
CEJICKOCTOINAHCKHU Tuioni. CTPYKTYpUpaHH ca MPEeIUMCTBaTa MU HEJOCTATHIIMTE Ha W3CIEBaHATa
METOJIMKAa U ca M30pOCHH OCHOBHU NPUJIOKEHUS, CBHP3aHU C HAOIIOJEHHETO Ha TaKWBa IUIOIIH.
[IpennoxkeHaTa MeTOAMKA IE MOMOTHE 3a OTKPHUBAaHE Ha NPHYMHATA/MTE 32 BH3HUKBAHE Ha
HapylIeHUs B OKOJHATa cpela M 3a pelllaBaHe Ha Pa3IMYHU Ka3yCHu OOBBP3aHU C EKOJOTMYHU
po0JIeMH B MUHHUS JIOOHB.

Karouosu AyMHU: BEreTalMOHHU UHACKCHU, OTKPUT PYJAHUK, MOHUTOPHUHT

ABSTRACT

The article discusses the essence, characteristics and applications of vegetation indices in analysing
and assessing the state of vegetation. Photographs of forest and agricultural areas were taken by an
unmanned aerial system equipped with an optical and multi-spectral camera. The advantages and
disadvantages of the methods under consideration have been structured and the main applications
related to the monitoring of such areas have been listed. The proposed method will help establish
the reason/s of for the occurrence of environmental disturbances. They will also help solve various
cases associated with ecological problems in mining.

Keywords: vegetation indexes, open pit mine, monitoring
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PE3IOME

VYCBBBPIICHCTBAHETO HA amaparypara 3a 3acHEMaHe W Pa3BUTHETO HAa NU(POBUTE METOIU 32
00paboTka Ha U300paXKeHHUs JI0Be/Ie 10 MpUilaraHeTo Ha uudposaTa GOTOrpaMeTpus B MOJI3EMHUS
no6uB. Bece moBede mpoyuyBaHUs ca HACOUYSHH KBbM Ch3/IaBaHE HA YHCICHH MOJETH KOETO € eHa OT
Hail-BaXHUTE JEHHOCTH B MHUHHOTO JENO, ThH KaTro upe3 TAX Ce peliaBaT MapKIIaijepcku U
TeOJIOKKH 3amaun. [IpeacraBeHO € M3cieBaHe CBBP3aHO C Oposi Ha M3IOJI3BAHUTE ONOPHH TOUYKU



IpU Ch3ZaBaHe Ha uucieH ¢ororpamerpudeH monen. [lomydeHure pe3ynraTH ca OHArJIEAeHU U
aHaJIM3UPaHU.

KitouoBu aymu: 6nm3koo0xBaTHa ¢oTtorpamerpus, uudpona (hoTorpaMerpusi, IOJ3eMEH PYIHUK,
OMOPHU U KOHTPOJHU TOUKH.

ABSTRACT

Improvement of the digital cameras and development of the digital image processing methods have
led to the application of digital photogrammetry in underground mining. These days many studies
are focused on the creation of digital models, which is one of the most important activities in
mining. The reason is that a number of mine surveying and geological problems are solved through
the models. A study related to the number of control points used in creating a digital
photogrammetric model is presented in the paper. The obtained results are illustrated and analysed.

Keywords: close-range photogrammetry, digital photogrammetry, underground mine, control and
check points

Hayuynn ny0aukanum (1o rpyna nmoxkasaresu 3)
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PE3IOME

Hacrosmara pa3paboTka ce ¢okycupa BbpXY H3CIEBaHE HAa BH3MOXKHOCTUTE 33 M3BIMYAHE HA
TeMaTU4YHa MHPOPMaLUs B MUHHUS TOOUB, U3IMOM3BallKK CUCTEMA 3a JUCTAHIIMOHHH M3CJIEBaHMUS.
W3pbpmieHa e mporenypa Ha KiIacHpUKAIMsS B PEKAM Ha OOydeHHE Oe3 Yy4WTeNl TPHU KOSATO €
TeHEepUPaHO MHAEKCHO M300paxkeHne ChIbpxkalo 18 crnekrpannu kinaca. Cies KOeTo € IpuiiokeHa
ABYKpaTHa MopdosornyHa (GUITpanus M IOCIEIBAII0 TeHEpHpaHe Ha BEKTOPHO M300paXKeHHe C
nedunupana tonosorus. [Tomyyenara nHpopmanus ciry>ku 3a U3paboTBaHE Ha TEMaTUYHA KapTa Ha
3emHara nokpuska B M 1:10 000.

KitouoBm ymu: TeMaTU9IHO KapTorpadupane, KiacuuKamus, Bb3IylHa GOTOTpaMeTpus,
MUHHEH NOOUB

ABSTRACT

Possibilities of extraction of thematic information in mining using system for remote sensing are
considered. A procedure of unsupervised classification is performed and as a result it is generated
index image, which contains 18 spectral classes. Then, it is applied twice morphological filtration and
subsequent generation of a vector image with a defined topology. The received data is used to produce
land cover's thematic map in scale 1:10000.

Keywords: thematic mapping, classification, aerial photogrammetry, mining
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PE3IOME

B mpomeca Ha paspaboTBaHe Ha €IHO HaXOJWINE HA BBIVIMIIA CE HATPYNBAT 3HAYUTEITHU
KOJINYECTBA JAHHU U Pa3HOOOpA3HU 3HAHUS 32 00CKTa Ha eKcIIoaTanus. Te3u JaHHU U 3HAHHUS MOXKE
Ja HEe ca CTPYKTypHpaHH, HaJISKIHH W/WIK Ja ca MpoTuBopeunBU. Ho 3a mpoBexIaHe Ha Leus
UKBJI OT MUHHHU OIICPAllMH U PA3BUTUCTO HA MPCANIPUATUC 3a IIO6I/IB Ha BbBIJIMIIIA Ca HeO6XOIH/IMI/I
CTPYKTYPUPAHU U HAJCKIHH JAHHU U TIO3HAHUSI 32 00ekTa. LlenTa Ha u3clieIBAaHETO € J1a IPEIOKU
CTPYKTYypHUpPAHU 3HAHWA OTHOCHO IIPpOLE€Ca Ha BHE3AIMHO U3XBBPJIAHC HA I'a3 U BBIUVIMIICH IIpax 4pe3
NpEJCTaBsIHE HAa 3HAHWS 3a MpeJMeTa Ha M3CclelBaHe Mmoja ¢opmara Ha elieMeHTapeH rpad Ha
3HaHueTo. [IpoyuBaHETO ce OCHOBaBa HAa OHTOJIOTHMYECH IIOJXOJ 3a pelllaBaHe Ha BBIpOca 3a
Oe3omnaceH 100MB, a UMEHHO, U3ydaBaHe Ha MpolJeMa ¢ BHE3AIIHUTE EMUCHH HA BBIVIMIIA U Ta3 OT
rJieIHa TOYKA Ha (paKTa, 4e OTACISHETO UM Ce Pa3rIIeka IPE/IU TO Ja € HACTBITUIIO. 3a pellaBaHe Ha
ChIIECTBYBAIUS MPOOJIEM Ce Mpeiara Jia ce Ch3lajie eieMeHTapeH rpad Ha 3HAHHETO, KOMTO Ja
OTUHTA I'COJIOKKATa, XUAPOIrcOoJIOKKaTa, reodmzanaTa, MHWHHAarTa I/IH(i)OpMaLII/Iﬂ 3a 06GKTa, KaKTO "
TCOMEXaHHMYHUTE U T'COJAMHAMHYHUTE MPOIECH, & TaKa ChIIO U (PU3UKOXUMHUUHUTE TEXHOJIOTUYHU
mnmpouecu, MpoTh4dalmlk BHB BBITIMIIHHA IUIACT W HATPYyINAHUA OIIMT W 3HAHWA Ha MHHBOPHUTC,
M3IIOJI3BAKKM METOJIM 33 M3BJIMYAHE HA 3HAHUS OT JaHHH. B pe3yiraT Ha mpoy4YBaHETO MOXKE Jia ce
3aKJIFOYH, Y€ € HEOOXOJMMO Jia ce Ch3/ajie Mpexka OT eJeMEHTAapHU rpady Ha 3HAHUETO M Jia Ce
M3IIOJI3BAT JAPYTH METOJIM 33 U3BJIMYAHE HA 3HAHUS 3a MMOCIE/IBAIl aHAIU3 U MPEIU3UpaHe Ha JaHHU
1 3HAHUS OTHOCHO IpOoLECa Ha BHC3aITHU CMUCHUHN HA I'a30B€ U BBIVIMIICH ITpax.

KittouoBu ymu: BHE3aITHO M3XBBHPJISHE HA a3 U BBIJIUIIEH MIpax, BbIJIMIIA, T'a3, UHTEIUT€HTEH
KOHTpOJI, rpad) Ha 3HAHUETO.

ABSTRACT

In the process of developing a coal deposit, significant amounts of data and extensive knowledge
about the object of operation are accumulated. This data and knowledge may not be structured, not
reliable, contradictory. In turn, for the further conduct of the entire complex of mining operations and
the development of a coal mining enterprise, structured and reliable data and knowledge are needed.
The aim of the study is to propose structuring knowledge about the process of sudden

outbursts of coal and gas by presenting knowledge about the subject of research in the form of an
elementary knowledge graph. The study is based on an ontological approach to solving the issue of
safe mining, namely, to study the problem of sudden emissions of coal and gas from the standpoint
of the fact that the release is considered before it has occurred. To solve the existing problem, it is
proposed to create an elementary knowledge graph that takes into account geological,
hydrogeological, geophysical, mining information about the subsoil use object, as well as
geomechanical and geodynamic processes, and physicochemical mass transfer processes occurring
in the coal seam and the accumulated experience and knowledge of miners using methods Data
mining. As a result of the study, we can conclude that it is necessary to create a network of elementary
knowledge graphs, and use other methods of knowledge extraction. For further analysis and
refinement of data and knowledge about the process of sudden coal and gas emissions.


https://doi.org/10.1051/e3sconf/202019204022

Key words: outburst, coal, gas, intelligent control, knowledge graph.



