I' 7HAYYHA IIYBJIUKALUSA B U3JAHUSA, KOUTO CA PEOEPUPAHU U
NHAEKCUPAHU B CBETOBHOM3BECTHU BA3U JAHHU C HAYYHA
NHOOPMALIUA

I' 7.1 Stereva, K., Terrestrial laser scanning — a still neglected reality in the process
of creating and maintenance of cadastral maps - 20th International Scientific
Multidisciplinary Conference on Earth and Planetary Sciences SGEM?2020, Albena,
Bulgaria, Vol. 20, p. 109-115, ISBN: 978-619-7603-07-1, ISSN: 1314-2704, DOI:
10.5593/sgem2020/2.2/s09.014,https://www.proquest.com/openview/b4bb9b7873f20eec0c52
dbef3c7a3293/1?pg-origsite=gscholar&cbl=1536338

ABSTRACT

The main, officially regulated, stages of creating and maintenance of a cadastral map are
presented. Accentuation is placed on the technology, used for measurement of cadastral objects
during the last recent decades. A comparison between the technological potential of Terrestrial
Laser Scanning - technology and the legally approved technologies is done. Practical experiments
for determining of the applicability of the Terrestrial Laser Scanning — technology for the purposes
of the cadaster are implemented. Surveys of identical real objects by reflectorless total station and
mobile laser scanner are realized. A detail analysis of the accuracy, the detaility and the economic
effectivity of the two technologies has done. The results from the analysis are demonstrating the
indisputable priority of the laser technology. The idea about the validation of this technology as a
basic technology during the creation of 3D — cadastre geometry in the near future is initiated.

Keywords: Laser scanning, cadaster, geodetic technologies

[IpencraBeHu ca OCHOBHUTE, O(UIMAIHO pPErVIAMEHTHUPAHHU, €Talu IpPU Ch3JIaBaHETO U
NOJIbPKAHETO HA €1HA KaJacTpajHa KapTa. AKLIEHTUPAHO € BbpPXY HAJOXKWINTE CE IIpe3
NOCJIETHUTE JIECETUJIETHsl TEXHOJIOTUM 3a 3aCHeMaHe Ha OOeKTH Ha KagacTbpa. OmucaHu ca
BB3MOkHOCTUTE, KouTo npeniara TLS (Terrestrial Laser Scanning) - TexHonorusta, oT rieaHa
TOYKa Ha HEiHaTa MPUJIOKUMOCT 3a LIEJIUTE Ha KagacTbpa. HampaBeHa € cbhIoOCTaBKa MEXAY
TE€XHOJOTMYHUTE BB3MOKHOCTH Ha TLS-TeXHONOrusTa 1 HOPMAaTUBHO YTBBP/ICHUTE TEXHOJIOTUN
IIPU CH3ABAHETO U MOIbPKAHETO Ha KaJAacTPaJIHU KapTH U KaJlaCTpajiHU peructpu. M3pbepiienu
ca 3aCHeMaHUs Ha WICHTUYHU PEaTHU O0EKTH, MOCPEICTBOM Oe3pedaeKTOpHa TOTaHa CTaHIUS
U MoOWJIeH ja3epeH ckeHep. HampaBeH e mojapoOeH aHanu3 Ha TOYHOCTTA, JeTailliHocTTa U
UKOHOMHYECKaTa €(EeKTHBHOCT Ha JBET€ TEXHOJIOTMH. Pe3ynaratuTe OT aHaimm3a JO0Ka3Bar
0€3CIOPHOTO MPETUMCTBO Ha Ja3epHaTa TEXHOJIOT s, KAKTO M TOBA, Y€ OTIOBaps Ha CTaHapTa Ha
M3MCKBaHaTa TOYHOCT. MHuIMupaHa e uiesTa 3a yTBbp)KIaBaHE Ha Ta3M TEXHOJOTHUS Karo
OCHOBHA IIPU Ch3/1aBaHeTO Ha 3D — reomeTpusTa Ha KajacTbpa B OJIM3KO ObJele.



I' 7.2 Gospodinov, S., Stereva, K., Determining of areas on the territory of R Bulgaria
with a low intensity of the recent vertical movements of the Earth’s crust - 20th
International Scientific Multidisciplinary Conference on Earth and Planetary Sciences
SGEMZ2020, Albena, Bulgaria, Vol. 21, p. 45-52, ISBN: 978-619-7603-07-1, ISSN: 1314-
2704, DOI: 10.5593/sgem?2020/2.2/s09.014,
https://www.sgem.org/index.php/elibrary?view=publication&task=show&id=7045

ABSTRACT

Often, during the analysis of the Recent vertical motions of the Earth’s crust, it’s operating
by the knots of the benchmarks in networks with different range. Usually, various models of a
dynamic behavior of the benchmarks are postulating. But there isn’t a model, which is not devoid
with indefinable in translation. The problem with indefinable is corresponding with the problem
for a choice of a fundamental (“immovable”) benchmark. For an “immovable” benchmark could
be chosen an arbitrary benchmark in the network. It is necessary a preliminary geological and
seismological information about the region. And even in the presence of a similar information, it
is impossible we know with confidence if a benchmark has changed its position during the
investigated period. At the same time, for a stable and correct adjustment of the levelling network
IS necessary at least one of the benchmarks to be accepted as basic, which in the case means —
relatively stable. A possible decision, in this context, is to be detected “relatively stable”, from a
geodynamic point of view, areas on the territory of RBulgaria. With that end in view, the results
from fully completed, for the present, three cycles of measurements between the benchmarks in
the State levelling network- I class are analyzed. The accent at the time of the analysis is based on
the variations of the height-differences between the identical benchmarks in the network,
determined on the base of the measurements during the different cycles. There is made a
suggestion the executed approach of investigation to become a basis about a well-grounded choice
of a main (“initial”’) benchmark and for a new entirely readjusting of the network in each different
cycle.

Keywords: Geodynamic, Recent movements of the Earth's crust, height-differences

YecTo, nmpu aHanu3a Ha ChbBpEMEHHUTE BEPTUKAIIHU JIBUKEHUS HA 3eMHATa KOpa, ce 00paBu
C KOTHUTE Ha penepuTe OT pa3IuvHM M0 00XBaT HUBeNayHu Mpexu. [locTynupar ce pazHooOpa3Hu
MOJIeJIM Ha IMHAMUYHO MOBeAeHHe Ha penepute. HUTO enuH OT Te3u Mojaenu odade He € JUIIeH
OT HEOMPEAENEHOCT B TpaHcIalus. BeIpockT ¢ HeolpeaeneHoCTTa KOPECTIOHUpa ¢ mpodiiemMa 3a
n300p HA OCHOBEH (,,HEMOJBIDKEH ) penep. 3a ,,HEeMOABIKEH perep He Moxke na Obae u3dpaH
IIPOU3BOJIEH perep oT Mpekata. HeoOxonuma e mpeaBapuTenHa, MHOTOTOJUIIIHA, T€OJI0KKA U
Cen3MoJIokKa mHopMarnus 3a paiioHa. M mopu mpu Hamuyue Ha MonoOHa mH(opmalus, He €
BB3MOXKHO JIa C€ 3Ha€ ChC CUTYPHOCT JIaJii €IMH Periep € MPOMEHUIT O3ULMATA CH 32 U3CIIeABAHUS
nepuo. ChIIEeBPEMEHHO, 3a €HO YCTOMYMBO M KOPEKTHO M3paBHEHUE HA HUBEJIAYHATA MpEXa €
HEO0OXOUMO TOHE €IMH OT permepuTe Jna ObJe MpUeT 32 OCHOBEH, KOETO B CIIydas O3HayaBa
OTHOCHUTEIHO cTabuieH. EqHo Bb3MOXKHO pellieHue, B CiIy4as, € 1a 0b/ie MOThPCeHa € Bhb3MOKHOCT
3a JIOKaIU3UpaHe Ha ,,0THOCUTEIHO CTaOWIHM', OT Te0IMHaMUYHA TJe/IHAa TOYKA, y49acThIH OT
TepuTopusta Ha Phbarapus. 3a nenta ca aHaJllu3UpaHy pe3yJATaTUTE OT U3LSIIO 3aBBPIIECHUTE, 10
cera, TpU ITUKBJIA OT U3MEPBAHUS MKy penepuTe ot J[bpkaBHaTa HUBEIaYHa Mpexa — | kiac.
AKIIEHTBT IpU aHAJIK3a € TOCTABeH BbPXY U3MEHEHUATA Ha MPEBUIIICHUITA MEXYy UICHTUYHHUTE
pernepu OoT MpekaTa, KOHCTaTUpaHU Ha 0a3aTa Ha U3MEpPBaHUATA B OTAEIHUTE UKIU. HanpaBeHo


https://www.sgem.org/index.php/elibrary?view=publication&task=show&id=7045

€ MPEeAIOKEHNE PUIIOKCHUAT MOXO0/ HA U3CIIEABAHE J]a CTaHE OCHOBA 3a €IMH apryMEHTHpaH
1300p Ha OCHOBEH (,,U3XO0/IEH ) pernep 1 HOBO, ISUIOCTHO, IPEN3paBHEHUE HA HUBEJIAYHATAa MPEXkKa
3a BCEKH OTAEJICH IIUKBIL.

I' 7.3 Stereva, K., Influence of the temperature extension of the staffs on the results of
precise levelling measurements - 20th International Scientific Multidisciplinary Conference
on Earth and Planetary Sciences SGEM2020, Albena, Bulgaria, Vol. 22, p. 63-69, ISBN:
978-619-7603-07-1, ISSN: 1314-2704, DOI: 10.5593/sgem2020/2.2/509.014
https://www.proquest.com/openview/

b72aae540delfb6741602b744f1a6d1b/1?pg-origsite=gscholar&cbl=1536338

ABSTRACT

The influence of the temperature fluctuations on the staffs for precise levelling are
investigated. The investigations are realized on a real levelling line in the State levelling network
of RBulgaria. There is analyzed the influence of the temperature extension of the staffs on the
whole height difference between the outlying benchmarks of the line and on the three intermediate
sections: with representative low temperatures; with a various, from topographic point of view,
terrain and with a sharply temperature changing. For the calculation of the temperature corrections
a calibration- table about the relevant class of staffs is used. The necessity about accounting of
the temperature extension of the staffs during the preliminary processing of the precise levelling
measurements is well-founded.

Keywords: the influence of temperature expansion, precise leveling

W3cnensaHo e BAMSHMETO Ha TemIepaTypHuTe (DIyKTyallud BbpXY JaTUTE 3a Mpelu3Ha
HuBenauus. M3ciensanusaTa ca pealu3supaHd BbpPXy peajHa HMBEJIayHa JIMHUA OT J[bpkaBHaTa
HUBeJIauHa Mpexa Ha Pbearapus. AHanusupaHo € BIUSHUETO HA TEMIIEPATYPHOTO pa3LIMpEHUE
Ha JIATUTE, BbPXY OOIIOTO MPEBUILIEHUE MEX1y KpallHUTE perepy B X0Jla U BbPXY IIPEBUILICHUSTA
B TPU MEXJAMHHU YYacTbhKa: C XapaKTepHU HUCKU TEMIIEpaTypPHH CTOMHOCTH; C pa3HOOOpa3eH, BbB
BHCOUYMHHO OTHOIIIEHUE, TEPEH U C PA3KO M3MEHEHUE Ha TemIepaTypaTa. 3a MU3UHMCICHHETO Ha
TEeMIIepaTypHUTE KOPEKLUH € U3MO0/I3BaHa KaluOpalMOHHA TaOaula 3a ChbOTBETHUS KJIAC JIATH.
ObocHoBaHa € HEOOXOAMMOCTTAa OT OTYMTAHE Ha TEMIEpPAaTypHOTO pa3lIMpEHUE Ha JaTUTE B
npolieca Ha IpeaBapuTesHaTa 00paboTka Ha MPEU3HUTE HUBEJAUHU U3MEPBaHMUSL.

I' 7.4 Stereva, K., Detection and measurement of cracks in rock massifs by means of
ground laser scanning - 6th World Multidisciplinary Earth Sciences Symposium - WMESS
2020, Prague, Czech Republic, Vol. 609, p. 12041, 10P Publishing: doi:10.1088/1755-
1315/609/1/012041, 10OP Conf. Series: Earth and Environmental Science 609 (2020) 012041,
https://iopscience.iop.org/article/10.1088/1755-1315/609/1/012041/meta

Abstract. The analysis of the cracking of the rock massifs is an important stage in the
process of their characterization, as this largely determines their mechanical behavior. This is the
main reason the mining engineers, who are angaged with the analysis of rock massifs, to require a
most detailed and reliable study of the cracks that have arisen in them.


https://www.proquest.com/openview/
https://iopscience.iop.org/

Metric characteristics, such as the direction and angle of collapse of the cracks, roughness
and average distances between the individual cracks, are extremely important for the study of the
structural disturbance of the massif. In the process of the metrics forming of these characteristics,
a few of methods of measurement and graphical representation, different in nature and
technological features, have become necessary.

Through these traditional methods, it is very often not possible to obtain adequate
quantitative data for the complete geomechanical characteristics of the rock mass and for the
analysis of the mechanisms for its instability.

Here, the effectiveness of the ground laser scanning in the study of the structural disturbance
(direction and angle of decay of the cracks) and the area cracking coefficient of the rock mass has
been experimentally proved.

Through this technology the research of the structural disturbance of the rock massifs
acquires new quantitative and qualitative dimensions. On the basis of an extremely detailed 3D
model, even of hard-to-reach sections of the rock massif, a realistic clustering of cracks and
prerequisites for adequate determination of the area cracking coefficient of the massif are created.
Moreover, ground-based laser scanning data are an indisputable source of valuable information
about rock surface roughness.

For an object of the experiment, was selected part of a rock massif, which has well-
developed, clearly visible cracks. The scan was performed, using a ground-based laser scanner
“Scan Station 2” of the company “Leica”.

AHanu3bT HA HAIyKBAaHETO HAa CKAJTHUTE MAacCUBU € BaXKEH €Tam OT Ipoleca Ha TAXHOTO
XapakTepU3upaHe, Thil KaTO TOBA JI0 TOJIIMA CTENEH ONpeAelis TAXHOTO MEXaHUYHO MOBEJICHUE.
ToBa € OCHOBHaTa MPUYMHA MUHHUTE MHXEHEPH, KOUTO C€ 3aHMMAaBaT C aHaJIU3a Ha CKAJHUTE
MacHBH, J1a U3UCKBAT Hal-MTOIPOOHO M HAJICHKTHO U3CIIEIBAHE HA Bb3HUKHAJIHUTE B TSAX ITyKHATHUHHU.

MeTpuyHUTEe XapaKTepUCTUKH, KaTO MOCOKaTa M BI'hbja Ha CPyTBaHE Ha MyKHATUHUTE,
rpanaBoCTTa U CPEIHUTE PA3CTOSIHUS MEXKAY OTJCIIHUTE MYKHATUHH, Ca U3KIIFOUUTEIHO BaXKHU 3a
U3CJIeIBAaHETO Ha CTPYKTYPHOTO HapyllleHHe Ha MacuBa. B mporeca Ha popMupaHe Ha MeTpUKaTa
Ha TE3M XapaKTEePUCTUKH CE€ HAJO0XKHUXa HIKOJIKO Pa3IM4YHU MO XapakTep M TEXHOJIOTMYHU
XapaKTepUCTHKU METO/M 3a U3MEpPBaHE U TpadUUYHO IPECTaBsSHE.

Upes Te3n TpaguIIMOHHNA METOAU MHOI'O YECTO HE € BB3MOJKHO JIa CE MOJIy4aT aJcKBaTHU
KOJIMUECTBEHU JIaHHU 32 MBJIHUTE TEOMEXaHUYHU XapaKTePUCTUKU Ha CKalTHATa Maca | 3a aHaJIH3
Ha MEXaHU3MHTE 33 HEeHHATa HeCTaOMITHOCT.

Tyk eKkcrepruMeHTaTHO € J0Ka3aHa epeKTUBHOCTTA HAa 3€MHOTO JIa3ePHO CKAaHUPAHE MPHU
U3CJe/IBaHe Ha CTPYKTYPHOTO CMYyIIeHHME (IIOCOKAa M BI'bJ Ha pa3lajlaHe Ha MyKHaTHUHUTE) U
Koe(uIIMeHTa Ha IUIONU] Ha HAallyKBaHE Ha CKaJlHaTa Maca.

Upes Ta3u TEXHOJIOTUS M3CIEABAHETO HA CTPYKTYPHOTO HapyIIEHHE Ha CKAJIHUTE MacHBH
npunoOrBa HOBM KOJMYECTBEHHM M KadyecTBeHM H3MepeHus. Ha 0Oazara Ha U3KIIIOUMTEITHO
nerainedn 3D monen, AOpYM U HAa TPYAHOJOCTBIIHM YYacTbIM OT CKaJHUS MAacHUB, C€ Cbh3JaBa
pPEANMCTUYHO CTpPYNBaHE HA IyKHATMHU M TPEANOCTAaBKM 3a aJIeKBAaTHO OMpENesHE Ha
Koe(UIIMeHTa Ha TUIONI HA HamyKBaHe Ha MacuBa. OCBEH TOBa JaHHUTE OT HA3eMHOTO JAa3epHO
CKaHUpaHe ca Oe3CmopeH HM3TOYHUK Ha IIeHHa WHopMalus 3a TpamaBoCcTTa Ha CKallHaTa
MOBBPXHOCT.



3a 00eKT Ha eKCIepUMEHTa € U30paHa 4acT OT CKaJIeH MacHUB, KOMUTO MMa JI00pe pa3BHUTH,
SICHO BUIUMHU NTyKHaTHHUA. CKaHUPAHETO € M3BBPIICHO C MOMOINTA Ha HA3eMEH JIa3epeH CKEHep
“Scan Station 2” Ha pupma “Leica”.

I' 7.5 Stereva, K., Postolovski, A., Gospodinov, S., Control, in the process of the
building construction, by means of stationary terrestrial laser scanning - 6th World
Multidisciplinary Earth Sciences Symposium - WMESS 2020, Prague, Czech Republic,
Vol. 610, p. 12042, IOP Publishing: doi:10.1088/1755-1315/609/1/012041, IOP Conf. Series:
Earth and Environmental Science 609 (2020) 012041,
https://iopscience.iop.org/article/10.1088/1755-1315/609/1/012042/meta

Abstract. This study will give a contemporary method for Quality Assurance or as-build
during the construction of a building in Sofia, R. Bulgaria by using High Definition Survey (HDS)
or more known as terrestrial Laser Scanning.

Analyses were done on concrete casted elements (Floors, Ceiling Slabs and Columns) for
the first eight floors which were already constructed during the time of field measurements. As a
reference - data are obtained from the original design in native AutoCAD format, while field data
were acquired by using 3D laser Scanners and they are represented in a form of Point Cloud. All
data (design and measured) are acquired in local coordinate system and were later georeferenced
in to the already established object coordinate system. The study will show the workflow for data
preparation, post processing, and the results from 3D Inspection and Analyses. All tasks were
implemented by two survey crews within 10 working days (four days for field work and 6 days
for post processing analyses and reporting).

During the laser scanning a total of 3 679 440 634 points were surveyed form 368 stations.
After the post processing the number of points was reduced to 2 515 520 148 with relative accuracy
after registration of individual scan worlds of +/- 3-4 mm. The accuracy for the data transformation
in to the object coordinate system is +/- 7.5 mm. In order to have better data visibility and
understanding of the deformations and displacements casted concrete elements were inspected
separately floor by floor where ceiling and floor slabs were inspected in 1D (Z direction) while
columns were inspected in 2D - (XY) inspection for the position. Thus some will say that the
results are within accuracy limits of the classical measuring techniques we should not forget the
fact that the percentage of inspected elements/surfaces is more than 95%.

Keywords: BIM, 3D Inspection, Laser Scanning, Point Cloud, As-Build, Surveying,
Deformations, Position Displacements

Ta3u cratusi ommcBa CHBPEMEHEH METO]l 33 OCHUTypsSBaHE Ha KAa4yeCTBOTO IO BpeMe Ha
cTpouTencTBO Ha crpana B rp. Codus, P. bearapus, upes3 usnonssane Ha High Definition Survey
(HDS) unu nmo-u3BecTHO KaTo Ha3eMHO J1a3epHO CKaHUpaHe.

W3BbpIiIeHN ca aHAIN31 HAa OCHOBHHM KOHCTPYKTHBHU €JIEMEHTH OT eHa crpajna (nodosu
U MaeaHHu NAOYU, KOJOHU U Opy2u) 3a TBPBUTE OCEM €Taxka, M3TPaJeHu MO0 BpeMe Ha
U3MEPBaHUSATA.

Pedbepentnutre obGektu ce pepunmpar kato 3D wmpexm um ca Ha Oaszara Ha
MpeaBapUTEIIHO MPEa0CTaBeHU MpoeKkTHU nanHu. C Ta3u nponeaypa ce popmupa "uneanen"


https://iopscience.iop.org/article/10.1088/1755-1315/609/1/

WJIM Taka Hape4eH HOMHHaJEH 00€KT, KOUTO MO-KbCHO CE€ M3MO0JI3Ba KaTo 0a3a 3a cpaBHEHHE
C TaHHUTE OT pealHuTe M3MepBaHus. PedepeHTHHTE NaHHU W JaHHUTE OT U3MEPBAHUATA,
nojydeHu noj ¢opmara Ha ,,00J1aK OT TOYKU, C€ BBBEXKIAT B KOOPJUHATHATA CHCTEMa Ha
o0exTa, KaTo ce Hu3MoJi3Ba TpaHCOpMalMOHHATAa MaTpHIla, IMOJydYeHa B Ipoleca Ha
reopedepupasne.

[TocraBeHuTe 3a1a4u ca U3II'BJIHEHU OT /IBa €Kuna, B paMmkute Ha 10 pabotHu n1uu (4 paboTHU
JTHY 32 U3BBPILBAHE HA U3MEPBaHUs U 6 paOOTHU JHHU 3a MOCJIEABAIIN aHATHU3H).

ITo Bpeme Ha ja3epHOTO CKaHUpaHe ca u3MepeHu odmo 3 679 440 634 Touku ot 368
craniuu. B pesynrar Ha mocneasamia oOpaboTka OpoAT HA TOYKHTE € pemyrupaH g0 2 515
520 148, ¢ Tounoct ot +/- 3-4 mm. IIpoBepkaTa Ha MU3MEPEHHUTE NAHHU U aAHAIU3UTE HA
nedopmanusara (omrioHeHuemo om npoexkma) ce U3BHPIIBAT 332 BCIKO HUBO Ha Crpajara,
MOOTJENHO 3a 1M0J1a, TaBaHa U KoJioHUTe. llocpencTtBoM mogo0eH TMOAXOX ce€  Ch3JaaBa
»LYeemua kapma*, WIOCTpUpallla MUHUMAJIHOTO U MAaKCUMaJIHOTO OTKJIOHEHUE, IPH 3a/1a/1eH
MUHHMAaJIeH KPUTEPHil.

Bcuuku nanHu OT M3MepBaHUATA U pe3yiATaTUTE OT mocieiBaiiara oopaboTka TpsOBa
na ca 2-3 I'bTU MO-TOYHH OT HEOOXOAUMHUS TOJEPAHC, CHIIIACHO HOPMATUBHUTE U3UCKBAHUS
3a crpajgata. ToBa rapaHTupa ONpeAesSHETO Ha OTKJIOHEHMSITa C BHCOKA CTAaTHCTHYECKa
JIOCTOBEPHOCT.

I' 7.6 Shtereva, K., Shaytura, S.V., Using the terrestrial laser scanning technology for
detection of cracks in rock massifs - Slavic forum, Materials of the 5-th International
Scientific and Practical Conference, Integration, Analytics and Geoinformation Services, (5
th january 2021, Burgas, Bulgaria), p. 241-247, Ne 1 (31), YJIK 004, BBK 22.18, C47,
Nmnakr-paxrop B PUHIL: 1,397, DOI pas mzpareancrs: +7 (495) 544-2494 no6. 7,
https://www.elibrary.ru/item.asp?id=44687849

Through these traditional methods, it is very often not possible to obtain adequate
quantitative data for the complete geomechanical characteristics of the rock mass and for the
analysis of the mechanisms for its instability. Here, the effectiveness of the ground laser scanning
in the study of the structural disturbance (direction and angle of decay of the cracks) and the area
cracking coefficient of the rock mass has been experimentally proved.

Through this technology the research of the structural disturbance of the rock massifs
acquires new guantitative and qualitative dimensions. On the basis of an extremely detailed 3D
model, even of hard-to-reach sections of the rock massif, a realistic clustering of cracks and
prerequisites for adequate determination of the area cracking coefficient of the massif are created.
Moreover, ground-based laser scanning data are an indisputable source of valuable information
about rock surface roughness. For an object of the experiment, was selected part of a rock massif,
which has welldeveloped, clearly visible cracks. The scan was performed, using a ground-based
laser scanner “Scan Station 2” of the company “Leica”.

Key words: laser scanning, measurement work, accuracy, three-dimensional modeling

Upe3 TpaJUIIMOHHUTE METOAUM MHOI'O YECTO HE € BB3MOXKHO Ja C€ MOoJIydyaT aJeKBAaTHU
KOJTMYECTBEHU JaHHM 3a MTBJIHUTE TEOMEXaHWYHHU XapaKTePUCTUKHU Ha CKaJIHATAa Maca U 3a aHaJIN3
Ha MEXaHU3MUTE 3a HelfHaTa HecTaOMIHOCT. TyK eKCIIepUMEHTANIHO € JoKa3aHa e(peKTUBHOCTTA


https://www.elibrary.ru/item.asp?id=44687849

Ha HA3€MHOTO JIa3epHO CKaHUPaHEe MPU M3CJICIBAHE HA CTPYKTYPHOTO CMYIIeHHE (TOCOKA U BI'bJI
Ha pa3majiaHe Ha MYKHATUHUTE) U KOCPHUIIMEHTA Ha IJION] Ha HAIlyKBaHEe HA CKaJIHATA Maca.

Upe3 Ta3u TEXHOJOTHUS M3CJICIABAHETO HA CTPYKTYPHOTO HAPYIICHUE HA CKAIIHUTE MACHBH
npuao0MBa HOBH KOJMYSCTBEHHM M KauyeCTBEHM u3MepeHus. Ha 0azara Ha H3KIIIOUUTEITHO
netaitien 3D mozen, AOpU M HAa TPYJIHOJIOCTBIIHM y4YacTbLM OT CKaJlHMSI MAcHB, C€ Ch3JaBa
pPEATUCTUYHO CTPYNBaHE Ha IYKHATHHH M MPEANOCTAaBKH 33 aJeKBATHO OINpEIeisHEe Ha
Koe(HUIMeHTa Ha TUTON] Ha HamykBaHe Ha MacuBa. OCBEH TOBA JIAHHUTE OT HA3€MHOTO JIA3E€PHO
CKaHMpaHe ca OE3CMOpeH HW3TOYHUK Ha [EeHHAa HMH(GOpPMAIUs 3a TpamaBoCTTa Ha CKaJHATa
HMOBBPXHOCT. 3a 00EKT Ha €KCIIEpUMEHTa € M30paHa 4acT OT CKaJeH MachB, KOWTO UMa J00pe
Pa3BUTH, AICHO BUAUMHU ITYKHATHHU. CKaHI/IpaHCTO € U3BBPHICHO C IOMOIITAa HAa HAa3€MCH JIa3CPCH
ckeHep “Scan Station 2” Ha ¢upma “Leica”.

I' 7.7 Shtereva, K., Postolovski A., Shaytura S.V., Using mobile laser scanning in road
safety repair and audit - Slavic forum, Materials of the 5-th International Scientific and
Practical Conference, Integration, Analytics and Geoinformation Services, (5 th january

2021, Burgas, Bulgaria), p. 248-257, Ne 2 (31), YAK 004, BBK 22.18, C48, UMmnakT-¢dakTop
B PUHIL: 1,397, DOI nas uznareabcers: +7 (495) 544-2494 noo6. 7

Abstract:

This study will give an explanation of a contemporary method for mass data collection which
will be used for the process of road rehabilitation and road safety audit design by using a mobile
mapping system or more known as Mobile Laser Scanning (MLS).

The example in the study is only a part of the project that consisted of 11 sections with 123
km in length.

The acquired survey data were to be a basis for the design and analyses of the following 8
chapters based on the internationally recognised PIARC methodology:

1. Road function

2. Cross section
Alignment
Intersections
Public and private services. rest areas and public transport
Vulnerable Road Users
Traffic signs, markings and lightings
Road side features and passive safety installations

O N ko

All data (design and measured) were georeferenced in Macedonia State Coordinate system
materialized on the field as a network of points with precisely determined coordinates.

The study will give a brief explanation of the workflows used for data preparation, post
processing, and the results from 3D Modelling and Mapping.

Two survey crews implemented all tasks for the complete project within 40 working days
(15 days for fieldwork and 25 days for post processing analyses and reporting).

The accuracy for the data transformation in to the State coordinate system is +/- 18 mm,
which is in the accuracy range of the RTK GNSS measurements used for determination of the
coordinates of the control points. More accurate results can be achieved by using different
measuring techniques.



As a final product from the MLS georeferenced point clouds were obtained.

Point clouds also contained point colour information, which later helped a lot in
identification of the specific road features and gave a better visualisation of the sections in the
produced models thus lowering the need for additional field visits for the designers.

Later on, specific CAD drawings were produced from the 3D model according to the
designer needs and the design phase requirements. (e.g. Longitudinal and cross sections, horizontal
road markings, traffic signs, utilities, terrain models etc.)

Keywords: Mobile Mapping, 3D modelling, Laser Scanning, Point Cloud, Road safety,

Ta3u cratus onucBa NMPUIOKEHUETO HAa HA3€MHOTO JIA3€pPHO CKAaHMpaHE B Ipoleca Ha
pexabunuTanus Ha TBTUINATA U MPOSKTHpPAaHE HAa OJUT HA MbTHaTa Oe3omacHocT. [laneHusT
npumep, nbTeH ydacTek B P. C.MakenoHus, € caMo 4acT OT IpOeKTa, KOHTo ce cbeTou oT 11
y4acTbKa, ¢ IbKUHA 123 KM.

OcHOBHHMTE 11eJIM, KOUTO OMXa MOIJIM J1a ObJIaT MOCTUTHATH MOCPEICTBOM TEXHOJIOTHUATA
MTLS, npuioskeHa 3a 3aCHEMaHe Ha peaJlHu IbTHU y4acTbIH, ca CIACAHUTE:

e Perucrtpanus Ha CbCTOSITHUETO Ha II'bTHATA HACTUIIKA U MPUIIECKALIUTE ChOPBKEHHUS;

e Perucrtpanus Ha CbCTOSIHUETO HA I'bTHATA MApPKUPOBKA;

e Perucrtpamnus Ha quciIoKanusaTa, o0xBaTta u o06eMa Ha IbJIOOYNHHHUTE HAPYIICHUS Ha
I'bTHATA HACTUJIKA;

e KOHTpOJ Mpu U3MBJIHEHUETO HA PEXAOUITUTAIIMOHHUTE ACHHOCTH.

Benuky naHHM (IPOEKTHU M M3MEPEHHU) ca reopedepupaHu B Abp)KaBHaTa KOOPAMHATHA
cuctema Ha MakeoHus, ype3 MaTepruaIu3upaHa Ha TepeHa Mpeka OT TOUKH, C TOYHO OIIPEIEIeHU
KOOpJMHATH.

B cratusita ca omucaHu paOOTHHUTE MpOLIECH, M3MOJA3BAHMU 3a IOJIy4aBaHE Ha JAHHU,
nocJenBaiia 0opadotka u pesynrarure ot 3D Mogenupane.

[TocTaBenute 3aaun ca U3NbJIHEHU B paMmkuTe Ha 40 pabotHu quu (15 aHM 3a pabota Ha
TEpeH U 25 JHU 3a aHAJM3U U OTYETH clies] 00padoTKa), OT /1Ba eKUIa.

3a rapaHTUpaHe Ha MaKCUMaJlHaTa TOYHOCT, KaKTO B IUIAaHOBO TaKa, U BbB BUCOUMHHO
MOJIOKEHHE, Ha 3aCHETUTE y4acThIM € He0OX0JUMO NMOBbPXHUHATA, popMHUpaHa Ha Oa3zaTa
Ha OTPOMHO KOJIMYECTBO MOAPOOHU TOUYKH, a ObAe reopedepupaHa B €JMHHA KOOpAUHATHA
M BUCOYMHHA cHcTeMa. ToBa € MOCTUTHATO 4pe3 ,IPUBBbP3BaHE" Ha TpaeKTOpUATa Ha
CKaHUpallara cUcTeMa KbM TOYKHU OT HpEeJBApUTEIHO MpoydeHa (cvujecmaysawia) Wiu
HOBOM3IpaJieHa reoJie3nuecka Mpexa (noueon), moCpeCTBOM CTAaHIIMOHUPAH Ha TOUKHUTE,
paborei B ctatuueH pexum, GNNS-npuemnux.

Pesynratuusar 3D-moden Ha o06ekTa mo3BONsBA (6e3 HUKAKBLE KOMHPOMUC HO
omHouwleHue Ha mouynocmma) Aa ObJe HM3BIMYAHA pe3yiTaTHaTa WHPOpPMANHUS OTHOCHO
HA/UTb)KHU M Hampe4yHu mnpoduim, nebennHa Ha HACTWIIKATa, KaHABKM, MOJAMNOPHU CTEHH,
I'bTHA MapKUPOBKA U CUTHAIU3ALUs U Jp.



I' 8 HAYYHA IIYBJINKALUA B HEPEOEPUPAHU CIITMCAHUSA C HAYYHO
PELHEH3UPAHE NJIN B PEIAKTUPAHU KOJIEKTUBHU TOMOBE

I' 8.1 llepesa, K., 'ocnoaunos, C., Ctoiines, C., lepopmaniuonen anaau3 Ha
CBJIAYMIIHU MPOLIECH 110 TaHHHU OT reoge3nyecku n3mepsanus - IX Mexxaynapoana
KOH(pepeHIUA 110 reoMexaHuKa, K.K. ""CB. CB. Koncrantun u Esena", rp. Bapua,
Bwarapus, 2020, cTp. 272-285, ISSN: 2535-0854

ABSTRACT

On the base of the results from direct measured distances between points of a geodetic
network, realized on an active landslide’s area, basic components of the deformations of the
terrestrial masses are calculated. A confrontation between separate fields of angular deformations,
surface deformations and shear deformations are calculated. A sequence between the fields of
deformations and the field of the vector moving of discreet points on the landslide massive is fixed.

Keywords: landslide, deformations, geodetic measurements

Ha Gasata Ha pe3ynaTatute OT AMPEKTHO HM3MEPEHH PA3CTOSIHUS MEXKIY TOYKH OT
reoJie3nyecka Mpexa, peaju3vpaHd Ha TEpUTOpHUSATAa HAa aKTUBHO CBJAYUILE, C€ HM3YMUCIABAT
OCHOBHHM KOMITOHEHTH Ha AedopmanuuTe Ha 3eMHHTE MacH. M34mcieHn ca KOMIIOHEHTHTE Ha
Hojerara Ha bIVIOBUTE JAedopMaluy, IUIOLHUTE AedopMaluu U 1eOpMaLUUTE HA Cpsi3BaHE.
duxcupaHa € ChIVIACYBAaHOCTTAa MEXJy MojeraTa Ha jAedopManuuTe M BEKTOPHOTO IOJIE Ha
IpEeMECTBaHE Ha JUCKPETHU TOUKU OT CBIAYMIIIHUS MACHB.

I' 8.2 lllepeBa, K., 'ocnogunos, C., Bbakanos, H., lunamuunara ¢ga3a na
reoe3usiTa — IMHAMMKA HA CpelaTa Wi JMHAMHUKa HA mucjeHeTo - VII Haunonaana
HAY4YHO-TeXHHYeCKa KOH(]epeHus ¢ Me:KIyHapoaHo yyactue, 2020, ctp. 107-112, ISSN:
1314-7056

ABSTRACT

A short analysis and a generalized classification of the geodynamic processes and
phenomenons is done. The place of the geodesy in the complex of geodynamic investigations is
well-founded. The premises, determining the “dynamic phase” in the progress of the geodesy are
indicated. It’s accepted on the challenges in front of the “dynamic” geodesy. The specific
requirements to the geodetic methods and methods for mathematical processing of the results from
geodynamic geodetic measurements are defined.

Keywords: geodesy, geodynamic, tectonic, Earth’s deformations
HanpaBeH € KpaTbK aHaJIu3 " 06061]_[6Ha KJ'IaCI/I(bI/II(aL[I/I}I Ha r€OJUHAMHUYHUTEC IIPOLECHU U

SBJICHHS. MSICTOTO Ha T€0Je3UsiTa B KOMIUIEKCA OT T€OJMHAMUYHU M3CIIC/IBAHKS € OCHOBATEITHO.
[Tocouenu ca mpeanoCTaBKUTE, ONPEAEIISIIY ,, JUHAMUYHATa (a3a” B pa3BUTUETO Ha M€OE3UATA.



Hedbunupanu ca crnenupuIHUTE HM3UCKBAHUS KBbM TEOAC3UYECKUTE METOAM W METOIUTE 3a
MaTemaruuecka o0paboTKa Ha pe3ylTaTuTe OT T€OAMHAMUYHUTE Te€0IE3UYECKU U3MEPBaHUSI.

I' 8.3 lllepeBa, K., 'ocnonnuos, C., Ch3naBane Ha nu¢poB MoJe]1 HA NOBbLPXHUHATA
Ha KBa3Ureoua 3a JOKaJHu TepuTopum - XVI MexaynapoaHa koHdepeHuusi 10 OTKPUT U

MO/JBO/IeH 100UB HA MOJIe3HM U3KonaeMu, K.K. ""CB. CB. Koncrantun u Esnena', rp. Bapua,
Bbuarapus, 2021, ctp. 219-224, ISSN: 1314-6467

ABSTRACT:

The significance of the quasigeoid, as a reference surface in the system “normal heights” is
emphasized. The accent is raised on the GPS-levelling, as a ground geometrical method for
creation of a mathematical model of the quasigeoid. The main steps, determined the application of
geodetic methods for collection of empiric information about the surface of the quasigeoid are in
details presented. The surface is concerned to a concrete, limited as a territory region. An
estimation of the accuracy of the quasigeoid’s model, from a point of view about it’s application
in the geodetic practice is done.

Keywords: Quasigeoid, normal heights, geodetic height, height’s anomaly, GPS-levelling

[ToguepraBa ce 3Ha4YEHNETO HA KBa3UI€OUa, KaTo pehepeHTHA NOBBPXHUHA 3a CHCTEMATa
,»HOPMAaJIHH BHCOYMHH . AKIIEHTHT € TIOCTaBeH BHPXY Bb3MOxHOocTHTE Ha GPS-HuBenupanero,
KaTO Ha3eMEeH I'e€OMETPHYEH METO]l 3a Ch3JlaBaHe Ha MAaTeMaTHYeCKH MOJEN Ha KBa3UTE€OHJa.
[ToapoOHO ca npencTaBeHH OCHOBHUTE CTHIIKH, 00YCIOBUIIN MPUIIOKEHUETO Ha T€0/1e3UYECKUTE
METOAM 3a CbhbOMpaHe Ha EeMIUpHUYHA HHPOpPMalUs 3a IOBBPXHOCTTA Ha KBa3UI'€OHJA.
[ToBppxHUHATA ce OTHACs 3a JOKajHa, KaTo TepUTOpuaneH oOxBaT, Teputopus. HampaBeHa e
OIICHKa Ha TOYHOCTTa Ha MOJEJa Ha KBa3WIeouJa, OT IVIEJHA TOYKAa HAa NMPHJIOKEHHETO My B
reoie3nuecKaTa MpaKkTHUKa.



