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Summary: The occurrence of a
landslide is a natural disaster.
Therefore, there is a need to monitor
landslides. A proposal of a landslide
monitoring project will be elaborated. At
the very beginning, a reader will get
acquainted with the terminology itself
and the reasons why landslide
monitoring is important, as well as the
history and evolution of landslide
monitoring systems. Then, in the
theoretical part, the main theoretical
foundations for the creation of such
systems will be described and the
selected instruments, sensors and
software solutions that can be used for
such a project will be briefly described.
One of the main components of such a
system is a control network for
monitoring the landslides, where the
basic elements that make up a project of
a control network for monitoring will be
presented, namely a shape of the
network, criteria for the creation and
quality of the geodetic network, the
number and arrangement of points in the
network, methods for leveling and

UDK: 528.3:624.131.542
DOI: 10.14415/JFCE-887
CC-BY-SA 4.0 license

Pe3uwme: MojaBa Knuauwrta
npeacraBrba NpUpPOAHY — Henorogy.
Camum TuMm, ponasn go notpebe
npahewa knuaMwrta. O6paguhe ce
jedaH npegnor npojekta MOHWUTOPUHra
KnuauwTa. Ha camom noyeTky yvTanal,
he ce  ynosHaTu ca camom
TEPMWHOIIOMMjOM 1 pasno3vma 3aLlTo je
OUTaH MOHWUTOPUWHI KNU3MLITA, Kao Wu
UCTOpUjOM M eBonyuujoM cuctema 3a
MOHWUTOPUHI  KnavwTta. 3atum Y
Teopujckom geny onucahe ce rnaeHe
Teopujcke OCHOBE 3a M3pagy OBaKBUX
CUCTEMA M yKpaTko onucatu nsabpaHe
WHCTPYMEHTE, CeH30pe M codTBepcka
pelleka Koja ce MOry KOpuUCTUTU 3a
oBakaB jefjaH npojekaT. Kao jeaHa op
rMaBHMX KOMMOHETU OBaKBOI cUcCTeMa
jecte reogeTcka Mpexa 3a MOHUTOPUHT
knusmwTta, roe he ce npukasatm
OCHOBHV €MneMEeHTU KOju 4YvHe jedaH
npojekat  reopeTcke Mpexe  3a
MOHUTOPUHF, @ TO Ccy O0OnuK Mpexe,
KpuTepujymun 3a wuspagy U kBanuTeT
reogetcke Mpexe, 6poj m pacnopen
Tayaka y Mpexu, MeToe 3a uspaBHahe
N MPeTXodHy OLEeHy TayHOCTU MpeXxe,
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preliminary assessment of network
accuracy, working principles  of
accelerometers based on MEMS
technology, a total station and a control
center. A proposal for a system for
landslides monitoring at the exit portals
of the tunnel in Cortanovci, section Stara
Pazova - Novi Sad of the high-speed
railway was presented, where a control
monitoring network would be designed
for the needs of such a project. An
observation plan and a preliminary
estimation of accuracy were proposed,
as well as the choice of types of markers
for fixing those points in the field.
Observation plans for the zero and
control epochs are described and
shown, as well as the results of the
previous accuracy estimation. The types
of instruments and sensors to be used
are listed and described. The conclusion
will show that the development of
technologies allows us to do monitoring
projects that meet the required accuracy
criteria with less resources.

Keywords:  Landslide,
MEMS - accelerometers.

Monitoring,

1. INTRODUCTION

In the field of engineering geodesy,
monitoring the behavior of the terrain is
only one of the areas that geodesy as a
science deals with. With the advent of
new technologies, we have long since
moved into a new technological era
characterized by the emergence of new
technologies for data acquisition: Global
Navigation Satellite Systems (GNSS),
motorized total stations, modern
geotechnical sensors, scanners, as well
as advances in the field of
communications, primarily  wireless.
New technologies for the collection and
processing of data in digital form have
conditioned the development of new
systems that enable rapid collection and
processing of data from the field, which
has contributed to a new approach being

NPpUHUMNW paja akuenepomeTtapa Ha
b6asnpaHux Ha MEMC TexHonoruju,
TOTarHe CTaHULe N KOHTPOSHOT LieHTpa.
lMpukasaH je npeanor cucrtema 3a
npahewe KU3MWITA Ha U3MNa3HUM
noptanuma TyHemna y YopTaHoBumMma,
Ha geny 6p3e npyre Ctapa [NasoBa —
Hosu Cap, roe 6u 3a notpebe Taksor
jeaHor npojekta 6Guna npojekToBaHa
reogeTcka Mpexa 3a  MOHUTOPWHI.
MpeonoxeH je nnaH onaxaka U
npeTxogHa oOueHa TayHOCTW, Kao MU
n3bop BpcTta Genera kojum 6u ce Te
Tauyke cTabunusoBane Ha TepeHy.
OnwncaH je n nNpukasaH nnaH onaxama
3a HyNTy W KOHTPOSMHE enoxe, Kao u
pesynTtatu NpeTxoAHe oueHe TavyHOCTH.
HaBegeHn u onvcaHu cy M TUMNOBM
WHCTpyMeHaTa n ceH3opa koju Tpeba ga
ce kopucTe. 3akrbyyak he nokasatu ga
pa3Boj TexHornoruja omoryhasa ga caga
ca Mahe cpefcTaBa MOXEMO ypaguTh
npojekte MOHUTOPUHra Koju
3a40BOSbaBajy TpaXeHe Kputepujyme
Ta4yHOCTM.

KmbyuHe peuu: Knusunwre,
MoHuTopuHr, MEMS — akuenepomeTpu.

1. yBOA

Y obnactn wuHxewepcke reogesuje,
npahewe noHatluaka TepeHa
npeacrtaerba camo jegHy of obnactu
KOjoM ce reogesuja kao Hayka 6asu. Ca
nojaBoM HOBMX TexHomnorwja, Beh
OL@aBHO Ce MPELUO y HOBY TEXHOMOLLKY
epy KOjy KapaKkTepully nojaBa HOBUX
TEXHOMorja 3a akBM3uLMjy nogartaka:
rmobanHn caTenuTCKM CUCTEMU 3a

NO3NLNOHNPaH-E (GNSS),
MOTOpM30OBaHe  TOTanHe  CTaHuue,
MOLEPHN reoTEXHUYKN ceH3opu,

CKeHepW, Kao W Hanpedak Ha norby
KOMyHUKauuja, npe cBera OGexuyHux.
Hose TexHonoruvje 3a cakyrnrbawe U
obpagy nogaTaka y gurutanHom obnuky
Cy ycrnoBure pa3Boj HOBUX CUCTEMaA Koju
omoryhaBajy 6p30 npukynrbawe U
obpagy nopgataka ca TepeHa, LWTO je
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applied to this area. It meant permanent
monitoring of the terrain and facilities
with an accuracy that met the requested
requirements. In addition to accuracy,
such systems had to meet other
requirements: configurability,
modularity, availability, robustness, etc.
Terrain monitoring in areas where there
are landslides will be processed.
Monitoring terrain positions is one of the
basic tasks encountered in geodetic
practice. Solutions for these types of
works belong to the field of deformation
analysis, which involves periodic
measurements and comparison of the
results. For a long time, the
characteristics of both geodetic and
geotechnical instrumentation were such
that it took a certain amount of time to
perform measurements and process
data, which made it impossible to carry
out realtime and near-real-time
monitoring. With the development of
instrumentation and communication
technologies, the time required for data
acquisition and processing has been
drastically reduced. The application of
automatic shape recognition methods
within  sensor technology enabled
automatic measurement (without the
presence of an operator), while wireless
communication technologies enabled
placement of measuring instruments in
convenient locations without restrictions
in terms of communication availability.
Also, increase in computer processing
power ensured fast enough processing
and representation of results. The main
part refers to analysis of existing
technologies that are applied in the field

of terrain monitoring - landslides,
periodic measurements and real-time
measurements. This includes

appropriate sensors, primarily geodetic
and geotechnical, monitoring methods,
applied communication technologies. As
part of the practical part, the proposal of
the methodology of the system for
monitoring landslides in real time in the
area of landslides near the exit portals of
the railway tunnels in Cortanovci will be
presented.

JonpuHeno ga ce Ha oBy obnacT noyHe
npumerwsusatn HoB npuctyn. OH je
nogpasymeBao nepmMaHeHTHo npahewe
TepeHa n objekaTta ca TayHowhy Koja je
3340BOSbaBana MnocTaBrfbeHe 3axTeBe.
Mopen TayHOCTW, OBaKBM CUCTEMMU CYy
Mopanu WUCNyHUTU W Apyre 3axTese:
KOHpurypabunHocr, MoAynapHoCT,
OOCTYMNHOCT, poByCHOCT, UTA.

Obpaguhe ce npahewe TepeHa Ha
nogpydjyma Ha kKojuma ce Hanase
knu3nwTa. 3agaum npahewa nosvumja
TepeHa cnapajy y jedaH o4 OCHOBHUX
3afjaTaka koju ce cpehy y reogeTckoj
npakcu. Pelera 3a oBe BpcTe pagosa
Hanase ce y domeHy AedopmaunoHe
aHanuse Koja nogpasymesa
NepuoaMyHO  BpLUEHE Mepewa U
nopehere pesyntarta. Kapakrepucruke
Kako reofeTcke, Tako U reoTexHW4ke
WHCTpYMEeHTauuje cy [ayro BpemMeHa
6une Takse, Aa je 3a nssohere Mepera
n obpagy nopataka 6Gwuno notpebHo
oapeheHo Bpeme LITO je
oHemoryhaBano cnpoBohewe npahewa
y peanHom BpemeHy 1 6nmcko peanHom
BpemeHy. Pa3Bojem UWHCTpymeHaTa u
KOMYHUKaLMOHNX TEeXHOororvja, Bpeme
notpebHo 3a akBu3vuvjy u obpagy
nogataka ce APacTUyHO CMakbuIo.
MpumeHa meToaa ayTomarckor
npenosHasata obnMka Yy  OKBUPY
CeH3opcke TexHororvje omoryhuna je
ayTomaTcko u3Bohewe Mepera (6e3
npucycTBa oneparepa), 40K Cy 0exmnyHe
KOMYHUKaLMOHe TexHonoruje
omoryhune  noctaBrfbake  MEPHUX
WHCTpyMeHaTa Ha norogHe nokauuje
6e3 orpaHnyersa y cMucny AoCTyNHOCTH
KoMmyHukaumja. Takohe, nosehawe
npouecopcke mohu padyHapa
06e36eanno je AOBOSBHO 6p3y 06paay 1
penpeseHTauvjy pesyntata. [naBHu
[eo ce ogHocK Ha aHanuay nocrtojehux
TexHorornja Koje ce npumewyjy Yy
obnacTu npaheta TepeHa — KNMU3NULWTA,
NepvoanYyHNM MepeHMmMa U MepereM y
peanHoM BpemeHy. To  ykibyuyje
ogrosapajyhe ceHsope, npe cBera
reogeTcke W reoTexHudke, MeToae
npahewa, npumewnsaHe
KOMYHWKaunoHe TexHomnorunje. Y oksupy
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2. THEORETICAL BASIS

2.1. Landslide
systems

monitoring

Geodetic works for the monitoring
system - landslide monitoring comprise
the following basic works:

e designing a geodetic network for
monitoring,

e choice of instruments  for
measurement and activation, and

e control unit for monitoring.

Each of the mentioned works has its own
separate entities that depend on the
type of landslide monitoring, the
required accuracy, as well as the
financial aspect of the project.

The development of technologies gives
rise to the possibility of developing a
system for monitoring landslides that
allows monitoring to be carried out with
great accuracy, very quickly and with a
small number of personnel required to
work on such projects.

2.2. Designing a geodetic network
for monitoring landslides

During the geodetic works that include
monitoring, it is very important to
correctly choose the geodetic network
from which measurements will be made
in the field, and in the later phase control
and monitoring of objects of interest,
wheather the are bridges, dams or
landslides. Before any geodetic
measurement, it is necessary to get
acquianted in detail with the area of the

npakTu4Hor aena obpaauhe ce npeanor
mMeTogonorvje paga cuctema  3a
npahewe knuManwTa y  pearHom
BPEMEHY Ha MNoApydjy KnuauwTta Kopg
N3nasHux noprtana KEeNesHNYKnX
TyHena y YopTtaHoBuMMa.

2. TEOPUJCKE OCHOBE

21. Cwucrtemnm 3a
KNnMn3nuTa

npaheme

leopgeTckn pagoBM kof cucTema 3a
npahere — MOHUTOPUHT KMU3ULLITA YnHE
cnegehe OCHOBHE KOMMOHEHTE:!

® [pOjeKTOBaHEe reofeTcke Mpexe 3a
MOHMWTOPMWHT,

e 1300p MHCTpPyMeHaTa 3a Mepene 1
akTuBauujy un

e KOHTpOInHa
MOHWUTOPWUHT.

jeanHuua 3a

CBaka of HaBefeHUX KOMMOHEHTU UMa
1 cBOje nocebHe LienvHe Koje 3aBuce of
BpCTE MOHMWTOPUHra KNuauwTa,
TpaXkeHe Ta4yHOCTU, Kao U PUHAHCKjCKoT
acnekTa npojekra.

PasBojem TexHomorwja jaBmba ce
mMoryhHOCT  pasBoja cuctema  3a
npahewe knuauwTa koju omoryhasajy
[a ce MOHUTOPWHT U3BPLUN Ca BENMKOM
TayHowhy, Beoma 6p30 M ca manum
6pojem notpebHor ocobrba 3a pag Ha
TaKBWMM NpojekTMma.

2.2. [lpojektoBake reopeTcke
Mpexe 3a npahewe KNu3nwTa

Mpunukom reogeTcknx pagoBa  Koju
obyxBaTajy MOHWUTOPWHI BPJIO je OuTaH
npaeunaH m3bop reogeTcke Mpexe ca
Koje he ce BpLUMTU Mepera Ha TepPeHy,
a y KacHwujoj chasun KoHTpona v npahexe
obGjekaTa oa nHTepeca, 6uno MocToea,
OpaHa nnu knuauwTa. Mpe 6uno KakBmx
reogeTckux Mepewa, HEeONxOoA4HOo je
JeTarbHO ce ynosHaTu ca noapydjem
KknuauwTta Koje ce npatu. [MpojekTHUM
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landslide that is being monitored. With
the project assignment, an investor
expresses intentions regarding the
landslide, provides necessary data
about it (size, shape, characteristics), as
well as the most important limitations
and all other data that are important for
the development of the project. In the
field, it is necessary to determine
whether geodetic foundations already
exist, as well as their physical condition,
the arrangement and position of existing
buildings and their mutual connection,
the possibility of access to points,
various movement bans and all other
relevant facts. The number of
instruments and people who will be
involved in geodetic work also dictates
the duration of the field work [1]. In
addition, it is necessary to collect all
geodetic bases for designing with all
graphic and numerical content.

Grid shape

The shape of the geodetic network
adapts to the object and terrain
configuration. A lot of specificities must
be considered, which the shape of the
network should satisfy. The geodetic
network consists of a series of points of
the same order that are connected to
each other in figures [2].

The forms of the geodetic networks in
engineering can also be observed from
the point of view of the characteristics of
the object. Monitoring and building
tunnels are characterized by a fact that
an above ground and underground
network must be maintained. The
overhead grid is usually shaped like
chains of triangles or quadrangles.
Nowadays, it can be developed using
GNSS technology, so one quadrangle
can be projected at the entrance and exit
[14]. Underground networks in the past
were usually developed in the form of
dead-ended polygonal traverses, but
this is no longer done due to extremely
low reliability. Today, underground
networks are developed in the form of
chains of triangles or double polygonal

3aaTKOM MHBECTUTOpP u3paxasa CBoOje
Hamepe y Be3uW ca Knu3uwTtem, Aaje
Heonxo4He nogaTke o0 heMy (BenuyunHa,
obnuk,  KapakTepucTuke), Kao U
HajBaxHWja orpaHuyerwa u cBe Apyre
nogaTtke Koju cy of 3Hadaja 3a u3pagy
npojekta. Ha TepeHy je notpebHo
yTBpAMTH Aa nu Beh nocToje reogetcke
OCHOBE, Kao U HUXOBO (PU3NYKO CTakbe,
pacrnopes W nonoxaj noctojehmx
objekata U1  HuxoBy  MehycobHy
nose3aHoCcT,  MoryhHoCT  mpuctyna
Taykama, pasHMM 3abpaHama KpeTawa
MW CBUM  OCTanuM  perieBaHTHUM
YnweHnuama. bpoj uHcTpymeHata u
mwyon Koy he OuTM  yKIbydeHu |y
reogeTcke pagose Takohe Ham aukTupa
Tpajawe TepeHckux paposa [1]. Ocum
Tora, MoTpebHO da ce npukyne cee
reofeTcke noanore 3a NpojekToBawe ca
LIeNOKYMHUM rpaddmMyknuM 1 HyMEpPUYKUM
cagpxajem.

06nuKk mpexe

O6nuk reogetcke mpexe npunarohasa
ce objekTy n KoHUrypaumjyu tepena.
Mopa ce BOAUTM padvyHa O HK3Y
cneundumyHocT KojumMa ce Tpeba
yAoBOSbUTU 06MMK Mpexe. eopeTcka
MpexKa ce cacToju O HU3a Tayaka uctor
peda koje cy MefycobHO cnojeHe y
durype [2].

O6nuun reofeTcKux Mpexa y
WHXEHEepPCTBY Ce MOry nocMaTpaT u ca
CTaHOBMLUTA KapakTepucTuka objekra.
Koa moHuTOpuHra v mnsrpagmwe TyHena
je kKapakTepuCT1YHO Aa ce Mopa BoAUTU
Hag3emMHa W Mog3emMHa  Mpexa.
HapsemHa mpexa je obuyHo o6nuka
naHaua Tpoyrnosa unm 4eTBOpPOYIIoBa.
Y paHalke BpeMe MoXe ce passujaTu
npumeHom GNSS TtexHonoruje, na ce
mory npojekTosaTn no jenaH
YeTBOpPOYrao Ha ynasy v usnasy [14].
MoasemHe Mpexe y NpoLnocTy 06UYHO
Cy pasBujaHe Yy OOMMKY MOMMIOHCKMX
BMakoBa, 1 TO Crenux, anu To ce BuLie
He pagn 36or u3yseTHO Mane
noysgaHoctn. [laHac ce noasemHe
Mpexe pasBujajy y obnuky naHaua
Tpoyrnoea unm OBOCTPYKUX
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traverses [3]. Leveling (1D) networks are
designed in the form of inserted leveling
traverses that must rely on state network
benchmarks, and points of the basic 2D
network are usually used for the points
of the 1D network near the object [4][5].

Eligibility criteria

The criteria for the design of the project
are defined based on the project task
and requirements defined based on the
well-known rules on the quality criteria of
the geodetic network. Quality criteria are
defined by the designer in accordance
with the principles of the profession.
Based on the task, the standard
deviation of the position of the grid points
is determined. The positional error
should be negligible compared to the
error of the works carried out from that
network. The engineer also usually
defines the following criteria: the
network must be homogeneous-
isotropic, the local measure of internal
reliability must be greater than the given
value (for a 2D network it is 0,3, and for
a 1D network 0,2) and that the marginal
value of the gross error that is data-
snooping the test can "reliably" detect
findings in the range of five times to
seven times the standard of
measurement for a particular
measurement.

Number and arrangement of points

The number and arrangement of the
points depend on the characteristics of
the object, the characteristics of the
terrain and the requirements related to
the number and arrangement of
characteristic points on the object, which
are marked or whose position is
controlled during geometry control, as
well as defined criteria. When planning
the layout of points in the network, the
following requirements should be
considered:

MOSUIOHCKNX BMnakosa [3].
HuesenmaHcke (1D) mpexe npojekTyjy ce
y BuAYy YMETHYTUX HUBENMaHCKUX
BflaKkoBa KOju Ce Mopajy ocnakwaTu Ha
penepe gpxaBHe Mpexe, a 3a Tadke 1D
mMpexe y bnmanHm objekta obuyHO ce
Kopucte Tadke OcHoBHe 2D mpexe

[4][5]-
Kputepujymun

Kputepujymmn 3a wuspagy npojekta
AeduHMWY ce Ha OCHOBY MpPOjeKTHOr
3agaTka 1 3axTeBa Koju ce AedVHuLLY
Ha ocHoBy A06po Mo3HaTUX npasuna o
KpuTepujymuma Keanuteta reogeTtcke
Mpexe. Kputepujyme KBanuTeTa
AeduHuie npojekTaHT y ckragy ca
npuHUMnuMma cTpyke. Ha  ocHosy
3apjatka ogpeflyje ce craHgapgHo
ofcTynawe Morfoxaja Tavaka Mpexe.
MonoxajHa rpewka Tpeba pa je
3aHeMap/bvBa Yy OOHOCY Ha [PeLuKy
pajoBa Koju ce M3BOA4e Ca Te Mpexe.
MpojekTaHT jow geduHuwe yobuyajeHo
cnepehe kputepujyme: mpexa mopa aa
j€ XOMOreHo-M30TponHa, nokanHa mepa
YHyTpalwme noysgaHoctu Tpeba na je
Beha op 3apate BpegHoctu (3a 2D
mpexy je 03, a 1D 0,2) u pa
MapruHanHa BpegHocT rpybe rpeluke
Koja ce data-snooping TecTom Moxe
"CUrypHO" OTKPUTU Hamnasn y nHtepsany
o net nyTa OO cedam nyTa cTaHAapAa
MepeHa 3a MojeAMHO MepeH-e.

Bpoj n pacnopepn Tavyaka

Bbpoj u pacnopen Tauyaka 3aBuce of
KapakTepucTuka objekTa,
KapakTepucTvka TepeHa W 3axTeBa
Be3aHMx 3a Opoj u pacnopen
KapaKTepUCTUYHUX Tayaka Ha objekTy,
Koje ce obenexaBajy Unu Yunju Nornoxaj
Ce KOHTpONnuLle MNPUIMKOM KOHTpoOse
reomeTpuje, kao W AedUHUCAHUX
KpuTtepujyma. [Mpunukom nnaHupara
pacrnopega Tadaka y Mpexu Tpeba
BOAWTM padyHa o cneaehum 3axTeBuma:
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e each grid point should be viewed
from at least two neighboring grid
points,

e each point of the object must be
surveyed from a minimum of two grid
points,

e the points of the basic network are
placed on stable ground,

e the points of the basic network must
always be accessible, and it must be
ensured that they are not destroyed
during the exploitation of the
monitored landslide,

e highly accurate point surveying is
performed from a minimum of three
basic grid points.

Adjustment of geodetic grids - by the
Least Squares Method (LSM)

For the purposes of leveling geodetic
networks by LSM, the Gauss-Markov
model (GMM) is used, which represents
a linear or linearized mathematical
model, which refers to the functional and
stochastic part and defines the relations
between realized observations and
unknown parameters of the geodetic
networks. Evaluation of functional
parameters in linear or linearized
measurement models is performed
using LSM [6]. GMM is a mathematical
model that consists of a functional and a
stochastic part. The functional part
should be linear or linearizable. The
functional model establishes a
connection between measured
quantities and unknown parameters [6].

Materialization of the network

This phase of geodetic network
establishment includes terrain
reconnaissance, point stabilization and
field measurement. These procedures

e CBaka Tauyka mpexe Tpeba pa ce
Jorrnega ca MMHUMYM OBe cyceaHe
Tayke Mpexe,

e cBaka Tayka objekta Mopa ce
CHUMWUTU HajMake ca [Be Tauke
Mpexe,

e  Tauyke OCHOBHE MpeXe MoCTaBrbajy
ce Ha cTabunHOM TepeHy,

e  Tauyke OCHOBHE Mpexe Mopajy yBek
6utm pgoctynHe wn  Mopa ce
06e36eantn ga He Gyay yHULITEHE
TOKOM ekcnnoaTauuje npaheHor
KNU3uLita n

e BMCOKO Ta4yHO CHMUMaHe Tadaka
M3BOOM CE Ca MUHMMYM TPU Tayke
OCHOBHE MpeXxe.

M3paBHata reodeTCKUX Mpexa -
MeToAOoM Hajmawux kBapgpata (MHK)

3a notpebe wu3paBHakba reogeTCKuX
mpexa no MHK kopuctn ce Tlayc-
MapkoerbeB  mogen  (TMM)  «koju
npencrasrba nHeapaH unm
nYHeapu3oBaH MaTeMaTWyku Mopen,
KOju ce OAHOCUM Ha (YHKUMOHAaNHU U

CTOXaCTU4KN aeo n ,EI,GCbI/IHVILIJe
penauuje na3mehy peanv3oBaHux
onaxara M HenosHaTUX napameTtapa
reogeTckunx Mpexa. OLI,GH:VIBaH:e
hYHKLMOHAMHMX napameTapa y
NUHeapHUM  UNM  NMHeapusoBaHUM
mMogenMma Mepehsa, BpLLK

kopuwhewem MHK [6]. TMM je
MaTemMaTUyKM MOAES KOju ce cacToju o,
beHKLI,VIOHaJ'IHOF N CTOXacTu4Kor aena.
dyHuMoHanHM pgeo Tpeba pa e
NWHeapaH wWnu ga ce  MOXe
nvHeapusoBaTu. yHKUMOHANHN Moaen
ycrnoctaBrba Be3y Wu3MeRy MepeHux
BEMUYMHA W Hemno3HaTWX napameTapa

(6].

MaTtepujanusaumja mpexe

OBa (pasa ycnocTaBrbatsa reogercke
MpeXe  YyKIbyuyyje peKorHocumparbe
TepeHa, cTabunusauuvjy Tadaka u
Mepere Ha TepeHy. OBM MoCTynuu cy
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are different for a horizontal, vertical or
spatial geodetic network.

2.3. MEMS accelerometers

MEMS  accelerometers are used
wherever there is a need to measure
linear motion. In addition to linear
movement, the strength of linear impact
or vibration can be measured, but
without a fixed reference. They measure
the linear acceleration of whatever they
are attached to.

An accelerometer based on MEMS
technology measures acceleration by
measuring the change in capacitance.
Its microstructure is shown in Figure 1. It
has a mass attached to a spring that is
constrained to move along one direction
and a fixed outer plate. When
acceleration is applied towards a certain
direction, the mass will move and the
capacitance between the plate and the
mass will change. This change in
capacity will be measured, processed
and will correspond to a certain
acceleration value [7].

pasnuMunTK 3a XOPU3OHTAsHY, BUCUHCKY
WM NPOCTOPHY re0AEeTCKY MPEXY.

2.3. MEMC akuenepomeTtpu

MEMC akuenepomeTpu ce Kopucte
cByda rae noctoju notpeba 3a mepene
nnHeapHor kpeTawa. OcuMm nnHeapHor
KpeTatba MOXe Ce MepuTu jaumHa
nuUHapHor ypapa unu Bubpauuja, anu
06e3 dukcHe pedepeHue. OHuM mepe
nuHeapHo ybp3samwe 6uno yera 3a wTa
Cy Be3aHw.

AkuenepomeTap HanpaskeH Ha 6asn
MEMC TexHonornje mepu ybp3awe
MepeweM MpOMeHe Yy KanauuTerty.
HberoBa MMKPO CTPYKTypa je npukasaHa
Ha Cnuum 1. Uma macy npuuspiheny
Ha omnpyry Koja je orpaHudeHa ga ce
kpehe gyx jegHor npasua n dukcupaHe
cnorbHe nnoye. Kaga ce npuMeHu
ybp3ane y ogpehieHom cmepy, maca he
ce nomeputu u npomeHuhe ce
kanauuTeT nsmehy nnoyve n mace. Oa
npomeHa y kanauuTeTy he ce mepuTy,
obpanmeatn n ogrosapahe oppeheHoj
BpeaHOCTU yop3amsa [7].

MEMS Accelerometer

S

Cnuka 1. — lpuHyun pada MEMS akuenepomempa [15]
Figure 1. — The working principle of the MEMS accelerometer [15]

2.4, Total stations

During geodetic measurements of any
kind, the most used instrument is a total
station, a device intended for measuring

2.4. ToTanHe cTaHuue

Mpunukom reogeTckux Mepewa Ouno
Koje BpCcTe, MHCTPYMEHT KOju Ce HajBuLle
KOPUWCTU jecTe TOTasnHa ctaHuua, ypehaj
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lengths, horizontal and vertical angles
[8]. When monitoring landslides, a
device is needed to measure angles and
lengths, therefore a total station is the
best choice, because it represents the
best ratio of work speed and accuracy.

2.5. Control center

The control unit represents the main
center where data is collected that are
measured on the ground during geodetic
works on landslide monitoring [9]. This
system consists of hardware - a
computer and a software part that is a
program for collecting and analyzing and
displaying the collected data. One of the
software tools for this purpose is Leica
GeoMos [10].

2.6. The task and objectives of the
monitoring project

Monitoring is based on the need to
monitor an active landslide using
modern technologies and sensors
based on MEMS technology -
accelerometers, as an activation sensor
element. The research part describes
the design of a special purpose geodetic
network for monitoring landslides, as
well as the selection of places for
activation monitoring element.

3. RESULTS AND DISCUSSION

The proposal for a modern concept of
landslide monitoring is based on the
need to monitor an active landslide in the
area of the cadastral municipality of
Cortanovci, more specifically at the exit
portals of the newly built tunnels for
railway traffic. The set accuracy criteria
that the future geodetic monitoring
network should meet are as follows:

HaMeHeH mMepery AyXuHa,
XOPWU3OHTamNHWX U BEPTUKaNHWUX Yrrosa
[8]. MpwnMKOM MOHUTOPWHra KNM3uLwTa
notpebaH je ypehaj kojum he ce meputu
YrroBW 1 AyXnHe, caMuM TUM ToTanHa
cTaHuua je Hajoorbm ns3bop, 3aTto WTO
oHa npeActaeB/ba Hajborsum  ogHoc
Op3unHe paga v Ta4HOCTU.

2.5. KoHTponHu ueHTap

KoHTponHa jeguHuua npeacTasrba
rMaBHW  LUeHTap rge ce  BplM
NpUKynibare noaartaka Koju ce mepe Ha
TepeHy MpWIMKOM reodeTCKUX papoBsa
Ha MoHuTOopuHry knuauwTta [9]. OBaj
cUCTEM Cce cacToju oA xapgsepa —
padyyHapa u codpTBepckor gena Koju
npeacTaerba Nporpam 3a cakynrbame 1
aHanmMdy W npuKas  MNpUKYNIbeHWX
nogataka. JegaH o4 CcoOTBEPCKMX
anaTta 3a OBy HaMeHy jecTe u Leica
GeoMos [10].

2.6. 3apatak ¥ uwbeBM u3page
npojeKTa MOHMTOPUHra

MOHUWTOPWHT je 3aCHOBaH je Ha NoTpebu
npahexa aKTUBHOr Knuauwta
ynoTpebom caBpeMeHuX TexHosnoruja un
CeH3opa 3aCHOBaHUX Ha TEXHOMOoruju
MEMC - akuenepomeTapa, Kao
aKTMBAaUMOHOI CEeH30pCKor eriemMeHTa. Y
UCTPaXMBa4KoM [Oefnly OnucaHo je
npojeKkToBake reogeTcke mMpexe
nocebHe HameHe 3a  npahewe
KnuM3uwTa, kao 1 opabup mecta 3a
aKTMBaUMOHe enemeHTe npahemsa.

3. PE3YNTATU U OUCKYCUJA

Mpepnor caBpeMeHor KOHUenTa
npahewa KNU3MWTa 3aCHOBaH je Ha
notpebu npaherwa akTMBHOr KNM3MLITa
Ha pPEeOoHy KaTacTapcke OnwTuHe
YopTaHoBUW, TayHuje Ha un3nasHuMm
noptanuma HosouarpaheHux TyHena 3a
»KENe3HNYKn caobpahaj. 3apgatun
KpuTepujymmn TavHocTM Koje Oyayha
reogeTcka mpexa MOHMTOpuHra Tpeba
Ja 3agoBosbu cy cnegehu:
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The network at epoch zero (Epoch 0)
must be optimized with the following
criteria:
e Positional accuracy: 5 mm
e Homogeneity (ratio of minor to
major semi-axis of absolute
error ellipse): 1:2 or better.
Network in other measurement epochs:
e Positional accuracy: 10 mm.
e Homogeneity: 1:2 or better.

3.1. Basic information about the
project

During the  reconstruction  and
construction of the high-speed railway
on the section from Stara Pazova to Novi
Sad, near the town of Cortanovci, on the
part of the railway where the
construction of two tunnels is planned, at
the exit portals, during geological tests
before the construction of the tunnels
themselves, it was determined that there
is an active landslide at the specified
location (Figure 2).

Cnuka 2. Aepo cHumak rnodpy4uja Kknuauwma y YopmaHosyuma

Mpexa y HynToj enoxu (Enoxa 0) mopa
OutM ontumMmsoBaHa ca cnegehum
KpuTepujymmma:
e [lonoxajHa Ta4yHOCT: 5 mm
e  XoMmoreHocT (ogHoc Mmane wu
BENMKE MOoNnyoce arnconyTHe
enunce rpeLuaka): 1:2 vnmn
borba.
Mpexa y octanum enoxama mepema:
e [lonoxajHa TayHocT: 10 mm.
e  XomoreHocT: 1:2 unu 6orba.

3.1. OcHOBHM Nogauu o NpojeKkTy

Mpunukom pekoHCTpyKuMje 1 n3rpagwe
Op3e enesHn4ke npyre Ha AeOHULN Of
Crtape [lMasoBe go Hoeor Capga, kog
mecTa YopTaHoBUK, Ha deny npyre rae
je npojekToBaHa nsrpagha Asa TyHena,
Ha w3nNasHMM nopTanMma, NpPUINKOM
reosIoLKNX UCNUTUBaHa Npe n3rpagke
camnx TyHena yTBpheHO je Oa Ha
HaBedeHoj nokauuju NoCTOjM aKTUBHO
knuanwTe (Cnwvka 2.).

£ |

Figure 2. Aerial view of the landslide area in Cortanovci
U3sop/Source: https://geosrbija.rs
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After the rehabilitation of the landslide
and completion of the tunnel, we will
process the monitoring system of the
given landslide.

The following topics will be covered:

e selection of geodetic networks,
previous assessment of accuracy,

e total stations for measuring lengths
and angles,

e MEMS accelerometers (as an
activation element of the tracking
system), and

e control center for monitoring landslide
movement.

Monitoring is based on the need to

monitor an active landslide using

modern technologies and sensors
based on MEMS technology -
accelerometers as an activation sensor

element. It will be done by designing a

special-purpose geodetic network for

monitoring landslides, as well as by
choosing a place for the activation
elements of the monitoring.

According to the criteria, the optimal

observation plan, the number of

measurements and the instruments with
which the measurements will be
performed (both for the epoch zero and
for the other epochs) should be
selected. Special attention should be
paid to the criterion of economy of
works. When designing, one should also
choose instruments that will allow the
required accuracy to be achieved.
Therefore, when calculating the
previous assessment of the accuracy of
the proposed network and the adopted
observation plan, we must use a total
station that would meet the required
conditions for measuring angles.
Therefore, the Leica TS13 can be used
for the total station, which enables
measurements with higher accuracy
than required. The activation sensor
based on MEMS technology, which
should be used due to its accessibility
and simplicity of implementation, is the

MBG-200 three-axis MEMS gyroscope -

trigger, and the Leica GeoMos -

software package will be used for the

HakoH ypaheHe caHauuje knusuwTa 1
3aBpweTka  TyHena,  obpaguhemo
CMCTEM MOHUTOPWHIa AaTor KNnsuwTa.
O6paguhe ce cnegehe Teme:
e 1n3bop reodeTcKkmx
npeTxogHa oLeHa TayHoCTH,
e TOTanHe CTaHMUe 3a Mepewe
AyXWHa v yrnoea,
 MEMC akuenepomMeTpum (kao
aKTMBaLMOHN eneMeHT cucTema
npahewa) n
e KOHTPOMHM UeHTap 3a npahewe
nomMepana KnuauLiTa.
MoHuTOpWHr je 3acHoBaH Ha noTpebu
npahewa aKTUBHOT KnuauwTa
ynotpebom caBpemeHux TexHomorvja u
CeH3opa 3aCHOBAHUX Ha TEeXHOMoruju
MEMC -  akuenepomeTapa Kkao
aKTVBaLMOHOI CEH30PCKOT ernemMeHTa.
Oppagwnhe ce NpojeKToBakEM
reogeTcke Mpexe nocebHe HameHe 3a
npahewe KknNuauwTa, kao u ogabupom
MecTa 3a akTMBauuoHe ernleMeHTe
npaheta.
CxogHo KpuTepujymmma, Tpeba
ofabpaTtv onTMManHW MnaH onaxawa,
6poj Mepera 1 MHCTPYMEHTE Kojuma he
mMepere 61Ty BpLueHo (1 3a HyNTy u 3a
octane enoxe). [NocebHo Tpeba BoanTH
payyHa O KpUTEpUjyMy €KOHOMUYHOCTM
paposa.
Mpunukom npojekToBama, Tpeba
nzabpatm u UHCTpymMeHTe Koju he
omoryhuTv fga ce ocTBape TpaxeHe
TayHocTM. Camum  TUM, MPWUIIMKOM
payyHaka npeTxogHe OLeHe TayHOCTU
npeasnioXeHe Mpexe 1 yCBOjeHOr nnaHa
onaxara, 3a MepeHe yrnosa mMopamo
KOPUCTUTU TOTanmHy CTaHuuy Koja 6w
ucnywasana TpaxeHe ycnose. 3a
TOTanHy CTaHULy MOXe Ce KOPUCTUTU
Leica TS13 koja omoryhaBa mepera
Behe  TayHoOCTM 04  TpaXeHux.
AKTMBaLMOHM ceH3op Ha 6a3um MEMC
TexHororuje koje 6u Tpebarno KopucTuTH
30or  cBoje NPUCTYNAa4YHOCTU "
jeQHOCTaBHOCTW UMMNeMeHTauuje je
MBI-200 tpoocHn MEMC xwupockon —
TpuUrep, a 3a KOHTPOSMHY  jeAuHULYy
kopuctuhe ce Leica GeoMos -
codbTBEPCKM NakeT, koju je 306or cBoje

Mpexa,
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control unit, which due to its prevalence
and open software configuration is
suitable for this type of monitoring. The
network and the types of sensors to be
used will be covered in more detail
below. Two types of markers are used
for the network points from which the
monitoring will be done, a concrete
column with a plate for forced centering
and a column of type Al.

3.2. Special purpose geodetic grid

Before starting any works, data related
to the given area are collected. Geodetic
bases and geological maps of the terrain
were obtained from the project for the
construction of the tunnel, then a tour of
the terrain is carried out in order to select
places suitable for placing network
points. Due to the lack of a geodetic
base on the given terrain, in order to
solve the given problem, the design of
the local geodetic network for special
purposes must be approached first.
After the preparatory actions, the
optimal appearance of the network is
reached (Figure 3). As can be seen in
Figure 3, points S1, S2, S3, and S4
show pillars standing on stable ground,
blue lines show the directions that can
be seen, points T mark the place where
activation elements - triggers are placed,
while points 1-7 show operating points
on the sliding area.

pacnpocTpawkeHocT 1M OTBOpeHe
codpTBEpCKE KOH(UIypauyje norogaH 3a
0Baj TUN MOHMTOpPUHra. Mpexa v Tunosu
ceHsopa koje Tpeba KopuCTUTU
obpaguhe ce getaroHuje y HacTasky. 3a
Tayke Mpexe ca Koje he ce paguTtu
MOHWUTOPUHI KOpUCTe Cce JABa Tuna
benera, 6eToHCckM cTY6 ca Nno4ynyom 3a
NPUHYOHO UeHTpucake 1 cTyb Tuna A1,

3.2. Teopetrcka wMpexa mnoce6GHe
HameHe

Mpe noyeTka GMNO KOjUX pazfoBa BPLLM
ce nMpukynibake nojataka BesaHux 3a
parto nogpydje. 'eogetcke nognore u
reorioLLKe KapTe TepeHa JobujeHe cy n3
npojekTa 3a nsrpagky TyHena, 3aTum ce
pagn obunasak TepeHa pagu ogabupa
MecTa norogHux 3a nocTaBrbake
Tayaka Mpexe. 30or HenocTojaka
reoqeTcke OCHOBE Ha JaTOM TEPEHy, 3a
pellaBane 3agartor npobnema mopa ce
NpUCTYNUTH npBo NnpojeKkToBaky
rnokanHe reofeTcke Mpexe nocebHe
HameHe. HakoH M3BPLUEHUX
NpUNPeMHUX pagwu gonasu ce Ao
onTumanHor usrnega mpexe (Crivka 3.)
Kao wTto ce moxe Bnaetn Ha Cnuum 3.
Tadykama S1, S2, S3, S4 cy npukasaHu
cTyboBM KOjU CTOje Ha cTabunHom
TepeHy, nnaBMM  NUHWjama  cy
npuKasaHu npaBLM KOju ce gorneaajy,
Taykama T O3Ha4YeHO MecTo rae cy
NOCTaBIbEHN aKTUBALIMOHWN ENEMEHTN —
Tpurepwu, 4ok cy Taukama 1-7 npukasaHe
pagHe Tauke Ha KN3HOM noapyujy.
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Cnuka 3. - paghuyku npukas Mpexe -

Figure 3. - Graphical representation of the network
U3esop/Source: https://geosrbija.rs

The choice of the position of the points
on the field was conditioned by the field
itself, and the directions that can be
seen. The terrain is quite covered with
vegetation, which limits the perception of
grid points. During the actual
stabilization of grid points for points S1,
S2, S3, S4, the type of markers that
provide the highest level of stability
should be used, as well as that tiles for
forced centering can be placed on them,
so that robotic total stations can be
placed on them. At points S1, S2 in the
network exploitation phase, there will be
robotic total stations that will be able to
automatically perform measurements in
case of landslide activation. For points
1-7, type Al markings should be used,
which represent an excellent
compromise between the quality of the
network, price and speed of work. Type
Al markers are much easier to stabilize
than concrete columns, but due to the
need to center the instruments on them,
they carry a centering error that reduces
the quality of measurements from such
points. During network exploitation,
prisms will be placed at points 1-7.

M36op nonoxaja Tayaka Ha TepeHy 6mo
je ycnoBrbeH camvM TEPEHOM, MU
npaBuMMa Koju ce Mory pornegaTtu.
TepeH je MOMPUNNYHO  MOKPUBEH
BereTauujoM LUTO OrpaHnyaBa onaxare
Tayaka Mpexe. [lpunukom came
cTabunumsaumje Tadyaka Mpexe 3a Tauke
S1, S2, S3 u S4 Tpeba kopucTUTK TUN
6enera koje omoryhasajy Hajsehu HUBO
cTabunHocTK, Kao 1 aa ce Ha kKX Mory
NoCTaBMTM NMoYMUe 3a MPUCUITHO
ueHTpucame, fa 6u ce Ha ucte morne
noctaBuTM  pobOTM30OBaHe TOTanHe
cTaHuue. Ha tadykama S1 n S2 y dasn
ekcnnoatauuje Mpexe Hanasuhe ce
poboTn3oBaHe TOTarnHe cTaHuLe Koje he
y cnyyajy aktuBauuvje knuauwTta mohwu
ayToMaTcKv Aa BpLue Mepehsa. 3a Tauke
1-7 tpeba kopuctutn Genere tuna A1
Koje npeacTaerbajy oAnuyaH
KOMNpoMUC M3MeRy KBanuTeTa Mpexe,
ueHe n bp3nHe pagosa. benere Tnna A1
Cy MHOro nakwe 3a crabunusauujy og
6eToHCKkMX cTy6oBa, anu 36or notpebe
LeHTpucawa WMHCTpymMeHaTa Ha huma
HOCe rpeLuKy LieHTpucama Koja cmamyje
KBanuTeT Mepera Ca TaKBMX Tadaka.
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Mpunukom ekcnnoartauunje Mpexe Ha
Taykama 1-7 6uhe noctasrbaHe npusme.

TL10%a 90 NPHCILTHO LEHTPHCAIE

— Beronckn ety6

Tasumre

Tun Al

Wfﬁ%ﬁ - ) bomna
E Tpecek A-A

A

a ’ b

Cnuka 4. a) bemoHAku cmy®6 ca nno4yuyom 3a rnpuHyoHo yeHmpucare 6) Cmy6 muna A1
Figure 4.a) Concrete pillar with plate for forced centering b) Type A1l pillar

Tabena 1. - lMpubnuxHe koopduHame
Table 1. - Approximate coordinates

Bpoj Tauke Y [m] X [m]
S1(101) 7423095,65 5002587,62
S2(102) 7422775,58 5002703,12
S3(103) 7422731,29 5002559,97
S4(104) 7423017,59 5002432,72

1 7423097,61 5002688,44
2 7422945,90 5002736,89
3 7422808,37 5002789,25
4 7422960,58 5002807,36
5 7423057,48 5002777,02
6 7422834,31 5002897,41
7 7422966,45 5002871,96

In Figure 4. a), there is a picture of a
concrete column with a plate for forced
centering that meets the required
requirements of this project for points
S1, S2, S3, and S4, in Figure 4. b), Al
type mark is shown which should be
used for points 1-7.

Ha Cnuum 4. a), Hanasu ce cnuka
OeToHckor ctyba ca nnoyvsuoMm 3a
NPUHYOHO LeHTpucame Koju
3a[0BOSfbaBa TpaXeHe 3axTeBe OBOr
npojekta 3a Ttayke S1, S2, S3, S4, Ha
Cnnum 4. — 6, je npukasaHa Genera
Tvna A1 koja Tpeba ga ce kopuctu 3a
Tayke 1-7.
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For the purposes of monitoring, an
observation plan for the epoch zero and
control epochs must be made, but
before that, we must define the
approximate coordinates of the network
points (Table 1)

Defect of a geodetic network

Defect of a geodetic network (d) is the
minimum  number of parameters
required to define the network by
position, that is, to define the coordinate
system in which the grid is located. The
number of parameters needed to define
the grid per position depends on the type
of measured quantities. Therefore, the
grid type in this case is a 2D grid, and
the measured quantities are angles and
lengths, resulting in a network defect of
d=3.

Geodetic grid datum

When defining a datum of the network in
this project proposal, as stated
previously, there is no geodetic basis,
and the classic datum will not be used.
In the epoch zero, the minimum trace is
used at all points - the way of defining
the datum that is most often applied in
engineering. The datum defined in this
way has the least influence on the
positional accuracy of the points in the
network. With the minimal trace, there
are no constants, that is, there are no
given points. The advantage of the
minimum trace is that the coordinate
origin is located at the center of gravity
of the network, and errors propagate
further from the center of gravity
according to the Gaussian Error
Propagation Law. In the control epochs,
the minimal trace over the part of the
network is used, which is used most
often in the deformation analysis. The
minimum trace is made over that part of
the points that were previously
determined to be stable, which in this
project proposal are points S1, S2, S3,

3a noTtpebe MOHUTOpPUHra Mopajy ce
ypaguTh nnaH onaxawa 3a Hynty wu
KOHTpONHe enoxe, a npe Tora
AeduHucatm npubnukHe KoopauHaTte
Tavaka mpexe (Tabena 1).

Hedekt mpexe

Hedekt mpexe (d) je MMHMManaH 6poj
napameTtapa notpebHux ga ce Mpexa
JedvHuwe no nonoxajy, ogHOCHO, Aa
ce geduHMLIe KOOpAWHATHU CUCTEM Y
KoMe ce Mpexa Hanasu. bpoj
napameTapa noTpebHnx 3a
feduHnucare Mpexe no nonoxajy
3aBMCK Of, BPCTE MEPEHMX BenuyuHa.
Tun wmpexe y oBom cnydajy je 2D
Mpexa, a MepeHe BenuyvHe Cy yrnosu
W OyXKWHe, WITO AOBOAM OO Tora Aa je
nedekt mpexe d=3.

[atym reogeTtcke mpexe

Koo pedwmHucawa patyma mpexe y
OBOM Mpeanory npojekra, kao LWTo je
NPeTXoAHO KOHCTaToBaHO, HE MNOCTOoju
reofeTcka OCHOBa U KnacuyaH aaTym ce
Hehe KopuCTUTU. Y HYNTOj enoxu
KOPUCTWU Ce MWHUManaH Tpar Ha CBUM
Taykama — Ha4MH geduHncara gatyma
KOju Cce Yy WHXeHepcTBy Hajuewhe
npumeryje. OBako AedwuHUcaH AaTym
UMa HajMawM yTuuaj Ha MonoxajHy
TayHocT Tavaka y wmpexun. Kop
MUHMManNHOr Tpara HemMa KOHCTaHTH,
OOHOCHO, Hema  paTux  Tadvaka.
[MpeaHOCT MMHMMAnNHOT Tpara je WwTo ce
KoOpAvMHaTHM  MoyeTak Hanasu y
TEXWLWTY Mpexe, a rpelke ce parbe
wmpe M3 TexuwTa cxogHo [faycoBom
3aKOHY npeHoca rpeLuaka. Y
KOHTPONHMM  ernoxamMa Kopuctm ce
MUHMManaH Tpar Ha geny mpexe, Koju
ce KopucTu Hajuelwhe y aecbopmaumnoHoj
aHanuan. MuHnumanaH Tpar ce pagu Ha
OHOM [eny Tavaka 3a Koje je NPeTxoaHo
yTBpHEeHo ga cy ctabunHe, WTO Ccy Yy
OBOM Mnpeasiory npojekra tadke S1, S2,
S3 n S4. Baxe nctn ycrnosu kao 1 3a
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and S4. The same conditions apply as
for the minimum trace on all points, with
the difference that the conditions apply
to a part of the points that define the
date.

Design optimization

In the first-order design optimization, for
the known accuracy of planned
measurements defined in the form of the
weight matrix P and for the defined
accuracy of unknown parameters, it is
necessary to determine the optimal
design, that is, the optimal measurement
plan in the geodetic network. And in
order to find the optimal design, various
optimization methods are applied: LSM,
methods of linear and non-linear
mathematical programming, dynamic
programming, gradient method, etc.
Optimizing the design determines, the
optimal point positions of the geodetic
network and the optimal measurement
plan in it are determined [11]. These
estimates are based on LSM and
mathematical models  of  direct
adjustment. On the basis of these
mathematical models, design
optimization problems are solved within
the previous analysis of accuracy and
reliability of geodetic grids. Unlike other
methods, the previous analysis has its
broadest application in the design of
geodetic networks, because it is based
on well-known mathematical models
and on well-developed computer
support [11].

Java 3D Graticule (JAG3D)

A software solution based on the JAG3D
software package Java 3D Graticule
(JAG3D) can be used during the previous
accuracy estimation. It is an open-source
program for leveling geodetic networks
and deformation analysis. It has a simple
interface and is easy to use. it allows
determination of 1D, 2D, and 3D

MUHMManaH Tpar Ha CBUM Tadkama, ca
pasnuKoM fa ce ycroBu OJHOCe Ha Jeo
Tavaka Kojuma ce geduHule gaTym.

OnTtumusaumja gusajHa

Y ontumun3aumju gu3ajHa npeor peaa, 3a
no3HaTy Ta4yHOCT NIaHMpaHux Mepena
AedurHncaHy y obnuky MaTpuue TexuHa
P wn 3a pgedwuHucaHy  TavHocT
Herno3HaTux napameTapa HeONnXO4HO je
oapeaunT! onTUMarnHu Au3ajH OAHOCHO,
onTYMAaIHW NnaH Mepewa y reofeTcKoj
MpeXu. Y  umrby  m3Hanaxewa
onTUManHor Am3ajHa npuMeryjy ce

pasnuuute  MeTode  onTumwusauuje:
MHK, meToae NuHeapHor ]
HennHeapHor MaTeMaTuyKor
nporpamupamsa, JNHaAMUYKO

nporpamuparse, rpagujeHTHn MeToq
uta. OnTumusaumjom amsajHa ogpehyjy
ce onTMmanHe nosvuuje  Tavaka
reofeTcke Mpexe n OonTUManHu nnaH
mepewa y wOj [11]. Ose oueHe
3acHoBaHe cy Ha MHK n matemaTtuikum
mMofenumMa nocpegHor uspasHawa. Ha
OCHOBY OBWX MaTemaTuikMx mogena
pewasajy ce npobnemu onTumMusaumje
An3ajHa y OKBMPY NpPEeTxodHe aHanuse
TA4YHOCTM W MOY3O4aHOCTU reodeTCKNX
mpexa. 3a pas3nuky o Apyrux meTtoaa,
npeTxogHa aHanuMsa uMa Hajwumpy
NMPUMEHY Yy MNpPOjeKTOBaky reofAeTCKMX
Mpexa, jep Ce 3acHMBa Ha [006po
no3HaTUM MatemMaTu4kuM Modenuma u
Ha [obpo pasBWjeHOj pavyHapCKoj
nogpLuum [11].

Java 3D Graticule (JAG3D)

Mpunukom NpeTxofHe OLeHe Ta4yHOCTU
MOXe Ce KOpPWUCTUTU  COhTBEPCKO
pelewe Ha 6a3n JAG3D codTBepckor
naketa Java 3D Graticule (JAG3D). OH
je open-source nNporpam 3a U3paBHaHbe
reogeTckux mpexa v gedopMauuoHy
aHanusy. Mima jegHoctaBaH vHTepdejc
W jegHoCTaBaH je 3a ynotpeby. Y wemy
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coordinates, orientation and scale of the
networks, accuracy and reliability of the
networks, coefficient of refraction, etc.
[12]. The leveling is done according to the
classic GMM of LSM, it is possible to form
a functional and stochastic model for the
purpose of leveling and the a-priori
estimation of accuracy and reliability [13].

3.3. Zero epoch observation plan

After the selected layout of the grid, a
plan for observing points in the zero and
control epochs is made. In the zero
epoch, the stations from which
observations will be made are as
follows: S1, S2, from which all grid points
will be observed, from points S2, S3,
only points numbered S will be
observed, and from points 1-7, points S1
will be observed , S2. During
observations, the total station in the zero
epoch is placed on all points of the
polygon and observations are made, as
we stated in the previous part of the text,
and on that occasion, there will be
prisms placed on the observed points of
the polygon.

je moryhe oppegutu: 1D, 2D n 3D
KoopavHaTte, opujeHTauujy u pasmepy
Mpexa, Ta4YHOCT U MOoy3AaHOCT Mpexa,
koedumumjeHT pedpakumje wuth. [12].
M3paBHaBawe ce  Bpwu  npema
knacuyHom MM MHK T1j, ™moryhe je
dopmmpar-e dYHKLMOHaHor "
CTOXacTMUYKOr Mofena paav nspaBHama
W NpeTxogHe oOueHe TavyHOCTM U
noysgaHocT [13].

3.3. NnaH onaxaka HynTa enoxa

HakoH nsabpaHor nsrnega mpexe, paau
Ce nnaH onaxara Tadaka y Hyntoj u
KOHTPONHMM ernoxama. Y HymnToj enoxu
cTaHuue ca kojux he ce BpwUTK
onaxane cy criegehe: ca S1 n S2, ca
kojux he ©OuTM onaxaHe cBe Tauke
Mpexe, ca Tadaka S2 wu S3, 6uhe
onaxaHe camo Tayke ca HymepauujoM
S, a ca Tavyaka 1-7 6uhe onaxaHe Tadke
S1 n S2. MNpunukom onaxaka, ToTanHa
CTaHuua y HynToj enoxu nocTaBrba ce
Ha CBe Tayke NONMUroHa K pagum ce
onaxara, kao LWTO CMO HaBenu Yy
NPeTXogHOM fJeny Tekcta UM TOM
NPUIMKOM Ha OMaXaHUm Tadkama
nonuroHa Hanasuwhe ce NOCTaBIbEHE
npuame.

Tabena 2. — CmaHOapOHO odcmyrnare KoopOuHama U rorioxaja madaka — Hynma ernoxa

Table 2. — Standard deviation of coordinates and position of points — zero epoch
Bpoj Tauke oy[mm)] ox[mm] or[mm]
S1(101) 0,5 0,6 0,8
S2(102) 0,5 0,6 0,7
S3(103) 0,8 11 14
S4(104) 0,9 11 14
1 0,8 1,2 14
2 1,2 0,9 15
3 0,9 11 15
4 1,3 11 1,7
5 1,2 1,2 1,7
6 1,3 1,2 1,8
7 1,4 1,2 19
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S1(101)

Cnuka 5. - [naH onaxarba - Hynma enoxa
Figure 5. - Observation plan - zero epoch

During these works, it is necessary to
provide at least one total station and two
prisms. When performing the a-priori
accuracy estimation, the datum of the
geodetic network was determined by the
minimum trace at all points. After the a-
priori estimation of accuracy and
checking of the observation plan in
Figure 5 we have shown a graphical
observation plan for epoch zero.
Coordinate standards from the a-priori
accuracy estimation (Table 2) range
within intervals:

e o0y €[0,5mm—1,4mm]

e o0y €[0,6 mm— 1,2 mm].
According to the obtained results, it can
be seen that the achieved accuracy is
higher than required by the project task.
The elements of the absolute error
ellipses are shown in Table 3, while
Figure 6 shows graphically the error
ellipses for the epoch zero.

Mpunukom oBux pagoBa noTpebHo je
06e36eguTM MWHUMYM jegHy ToTarnHy
CTaHuyy w pAse npusme. [lpunukom
padyHahwa NpeTxogHe OLeHe TayHOCTM
AaTym reopetcke Mpexe ogpeheH je
MWHUManHWM TParom Ha CBMM Taykama.
HakoH oppaheHe npeTxogHe oueHe
TA4yHOCTM M NPOBepe NnnaHa onaxawa
Ha Crivum 5 je npukasaH rpaduyku nnaH
onaxara 3a HynTy enoxy. CtaHgapawm
KkoopauHata W©3 nNpeTxogHe oueHe
TayHocTn (Tabena 2) «kpehy ce y
nHTepBanuma:

e oy €[0,5mm—1,4mm]

e 0y €[0,6 mm— 1,2 mm].
Mpema pobujeHnm pesynTatuma MoOXe
ce BMOETM A je MOCTUrHyTa TayHOCT
Beha o[ OHe TpaxeHe MpPOojeKTHUM
3aJaTKoM. EnemeHTM  anconyTHux
enuncK rpellaka npukasaHe cy Yy
Taberm 3, pok cy Ha Cnuum 6
npukasaHe rpaduyku enurce rpeLuaka
3a HyNTY enoxy.
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3.4. Observation plan of the control
epoch

In the controlled epochs, surveying in
the network is done as follows: from
points S1 and S2, all other points of the
network are observed, and at those
points there will be total stations that are
forcibly centered over the points S1 and
S2, and at the other points there will be
prisms. On both pillars there are stations
set to work in "real time" mode for the
duration of the monitoring. When the
accelerometer triggers an alarm, they
are activated and take measurements in
control epochs. When performing the a-
priori accuracy estimation, the datum of
the geodetic network was determined by
the minimum trace on part of the points.
After the previous assessment of
accuracy and checking of the
observation plan in Figure 7, we have a
graphic observation plan for the control
epochs.

S3(103)

3.4. NnaH onaxawa KOHTPOJIHEe
enoxe

Y KOHTPOMOHMM ernoxama CHUMawe Y
MpEeXu pagu ce Ha cnegehu HauuH: ca
Tavyaka S1 1 S2 BpLUKM Ce onaxare CBUX
ocTanMx Tavaka Mpexe M Ha TuUM
Taykama Guhe ToTanHe ctaHuue Koje cy
NPUHYOHO LieHTpUcaHe Ha Taykama S1 1
S2, a Ha ocTanum Tadykama Hanasuhe ce
npusme. Ha oba crtyba cToje ctaHuue
nofelleHe aa page y pexumy real time*
CBe BpeMe Tpajatba MoHuTopuHra. Kaga
akuenepomeTtap akTMBMpa anapMm, OHe
Ce aKTUBMpajy WM M3BpLUE Mepewa Yy
KOHTPOJTHOX enoxu. Mpunukom
payvyHaka NpeTxogHe OueHe TayHOCTH,
JaTym reogeTtcke Mpexe ogpeheH je
MUHMManNHMM TparoM Ha Aeny Tadaka.
HakoH wu3BplIeHe npeTxooHe oueHe
TA4yHOCTM W MPOBEpPE NNaHa onaxawa,
Ha CnuumM 7 vMamo nnaH npukasaH
rpacdovykum  onaxaka 3a KOHTPOIHEe
enoxe.

S4(104)

Cnuka 6. — Enunce epewaka — Hynma ernoxa
Figure 6. — Error ellipses — zero epoch
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Tabena 3.- Enemenmu arnconymHux enuncu epewaka — Hynma ernoxa
Table 3.- Elements of absolute error ellipses - zero epoch

bpoj Tauke A [mm] B [mm] 01°] ['] ["]
S1(101) 15 1,2 30 19 51
S2(102) 14 1,2 5 38 12
S3(103) 29 1,9 15 40 29
S4(104) 2,7 2,0 20 44 40
1 3,0 1,9 170 53 11

2 2,8 2,3 97 02 21

3 31 1,8 29 54 43

4 3,2 2,7 89 53 11

5 3,2 2,7 139 55 36

6 34 29 58 36 46

7 35 3,0 91 15 11

Tabena 4. — CmaHOapOHO odcmynare KoopOuHama U roJsioxaja madyaka — KOHmMpOoJsiHa
enoxa
Table 4. - Standard deviation of coordinates and position of points - control epoch

bpoj Tauke oy[mm)] ox[mm] or[mm]
S1(101) 0,7 0,9 1,2
S2(102) 0,7 0,9 1,1
S3(103) 1,2 1,0 1,6
S4(104) 1,1 1,2 1,6
1 1,2 2,0 2,3
2 1,8 1,6 2,3
3 1,4 1,9 2,3
4 1,9 1,8 2,7
5 1,8 2,0 2,7
6 2,1 2,1 3,0
7 2,2 12,0 3,0

The coordinate standards from the a- CraHgapau koopavHaTa M3 npeTxogHe

priori accuracy estimation (Table 4)
range in intervals:

e oy €[0,7mm— 2,2 mm]

e o0y €[09mm—2,0mm].
According to the obtained results, we
can see that the achieved accuracy is
higher than the required one.

The elements of the absolute error
ellipses are shown in Table 5. while in
Figure 8. shown graphically error
ellipses for epoch zero.

After the a-priori accuracy analysis for
the zero and control epochs, it can be
concluded that the required network
design meets the required accuracy

oueHe TayHocTu (Tabena 4) kpehy ce y
WHTEpBanMma:

e oy €[0,7mm—2,2mm]

e oy €[0,9mm— 2,0 mm].
M3 pobujeHnx pesyntata Moxe ce
BMOeTn Aa je nocturHyta TadHocT Beha
o[ TpaxeHe.
EnemeHTn anconyTHUX enuncu rpeLlaka
npukasaHe cy y Tabenu 5, ook cy Ha
Cnuum 8 npukasaHe rpaduykn enunce
rpelaka 3a KOHTPOITHe ernoxe.
HakoH 3aBplueHe npeTxofgHe aHanuse
TA4YHOCTM 32 HYNTY U KOHTPOSTHY enoxy,
MOXe Ce KOHCTaTtoBaTW [fa TpaKeHu
Ou3ajH Mpexe 3a4oBOrbaBa TpaxeHe
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conditions and we can stabilize it in the yCroBe TayHOCTM M [Aa je MOXemo
field. cTtabunmsoBaTtu Ha TepeHy.

S1(101)

Y s4(104)

Cnuka 7. - [lnaH onaxarba - KOHMPOJIHa enoxa
Figure 7. - Observation plan - control epoch

Tabena 5.- EnemeHmu ancosym-ux enurcu 2pewaka — KOHmpOoJsiHa eroxa
Table 5.- Elements of absolute error ellipses - control epoch

Brojtacke | A[mm] | B[mm] 01°] [] ["]
S1(101) 2,325 1,702 22 02
S2(102) | 2,280 1,634 21 | 10 | 54
S3(103) 2,926 2,534 76 13 53
S4(104) 3,111 2,510 146 59 18

1 4,963 2,855 178 43 22
2 4,304 3,808 88 00 53
3 5,021 2,768 26 30 27
4 4773 4,394 72 14 26
5 5,014 4,199 160 11 14
6 5,624 4,527 48 45 53
7 5,392 4,843 84 59 43
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S3(103)

S4(104)

Cnuka 8. — Enunce epewaka — KOHMpOoJ/Ha ernoxa
Figure 8. — Error ellipses — control epoch

3.5. Application of robotic total
station Leica TS13

When working on any monitoring
project, it is important to choose the
equipment that will enable the required
accuracy to be achieved. In the case of
this proposed landslide monitoring
project in Cortanovci, for the purposes of
surveying angles and lengths, a robotic
total station should be selected that has
the same or better characteristics of the
accuracy of measuring horizontal angles
and lengths than required. When
preparing the report of the a-priori
accuracy analysis, the assumption of
accuracy of angle measurements was
op [l = 2%, and length measurements
with an accuracy better than 2 mm + 2
ppm, which would mean that the
selected total station should have the
same or better characteristics than
those required for the measurements in
network was of satisfactory accuracy.
Guided by the required characteristics,

3.5. MpumeHa po6oTnsoBaHe ToTarnHe
ctaHuua Leica TS13

Mpunukom pagoBa Ha OUNO KakBOM
NpOjeKTy  MOHWTOpWHra, OuTHO je
nsabpaTtu n onpemy koja he omoryhutun
nocTu3awe TpaxeHe TayHocTn. Y
cnydyajy OBOr npepfiora npojekra
MOHWTOPUHra Knuauwta y
YopTaHoBUMMa, 3a NoTpebe cHUMama
yrnoBa W ayxuHa Tpeba opabpatu
poboTn3oBaHy TOTanHy CTaHuly Koja
uma wucte wunu 6orbe KapakTepucte
TAYHOCTM  Mepersa  XOPU3OHTaNHUX
yrnoBa UM OyXKuMHA 04 TpaXKeHuX.

Mpunukom nspane n3BeLuTaja
npeTxogHe aHanuse TayHOCTMH,
npeTnoctaBka  TayHOCTM  Mepeka

yrnosa je op ["] = 2", a Mepere ayxuHa
ca TayHowhy Behom og 2 mm + 2 ppm,
wTo 61 3Ha4uno ga n3abpaHa ToTanHa
cTaHuua Tpeba fa vma kapakTepucTuke
ucte unu 6orbe of TpaxeHux Aa 6u
mMepera y MpEXM 6una
3apoBorbaBajyhe TayHocTu. Bogehu ce
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the proposal for this project is the use of
the robotic total station Leica Viva TS
13.

3.6. Placement of sensors and a
control center

After implementation and installation of
the network in the field, the rest of the
monitoring work can be started, which is
related to installation of two activation
elements - triggers that are used to
detect the movement - the initiation of
landslides. For this purpose, we use two
MBG-200 three-axis MEMS gyroscopes
which are able to detect movement in
three axes. The sensors should be
placed in a metal pipe of a suitable
diameter at a depth of one meter in the
ground to avoid accidental activation of
the sensors. The sensor itself must be
calibrated and the appropriate sensitivity
parameters of the sensor itself must be
entered, due to the close proximity of the
railway, test tests should be done to
remove unwanted activations due to
vibrations  from the railway or
mechanical damage to the protective
tube, so that the device registers only
movements that correspond to starting
landslides. In addition to calibration, it is
also necessary to survey a position of
the trigger itself from the monitoring
network, so that the exact position of the
trigger could be determined. The control
unit consists of one computer connected
to the triggers and two robotic total
stations TS 13. It uses the Leica
GeoMos software for monitoring a given
landslide, which provides natifications in
case of landslide activation, so that the
movement of the landslide can be
recorded in time from the established
network. The control unit itself can be
installed directly on the ground near the
landslide, or the entire system can be
connected via a telecommunications
network to send data to another location
where the control unit would be located.
All  system components can be

TpaXXeHUM KapakTtepucTukama npegnor
3a oOBaj npojekat jecte ynoTtpeba
pob6oTmn3oBaHe ToTanHe cTaHuue Leica
Viva TS 13.

3.6. MocTaBrawe
KOHTPOJIHOT LieHTpa

CeH30pa n

HakoH obaBrbeHe peanusauuje u
nocTaBrbakba Mpexe Ha TepeHy, Moxe
ce MpUCTYNUTU WM OCTaTKy pajoBa Ha
MOHWUTOPUHIY KOjU Ce OfHOCKM Ha
nocTaBrbake aBa aKTMBauuoHa
enemMeHTa — Tpurepa Koju cnyxe 3a
OeTeKunjy nomMepawa — MOKpeTawa
KnuauwTa. Y oBy CBpXY KOPUCTUMO ABa
MBG-200 TtpoocHa MEMS xupockona
Koju cy y moryhHOCTM fJa [peTvekTyjy
nomepawe y Tpu oce. CeHsope Tpeba
nocTaBuTh y MeTanHy ueB
ogrosapajyher npomepa Ha aybuHu of
jenoHor meTpa y 3emrby fia 6u ce nsberna
cnyyajHa akTuMBauuwja ceHsopa. Cam
CEeH30p ce Mopa kanubpucatu n Mopajy
ce yHeTu opgroeapajyhun napametpu
OCETI/bMBOCTM CaMor ceH3opa. 36or
HernocpegHe 6nusmHe npyre Tpeba
ypagutn npobHe TectoBe ga 6u ce
YKIOHMIE HEXerbeHe akTuBaLumje ycnes
Bubpauunja op cTpaHe npyre wnu
MeXaHU4YKMX owwTehewa Ha 3aLITUTHO]
ueBu, ga 6u ypehaj pernctposao camo
nomepama koja oarosapajy nokpetamy
KnuauwiTa. Mopen Kanvbpauwije,
NnoTpebHO je N CHUMWUTK nonoxaj camor
Tpurepa ca Mpexe 3a npahete, oa ce
Morna ogpeavTy TadHa no3vuuja
Tpurepa. KOHTpOMHy jeauHuLy 4YvHK
jenaH padyHap noeesaH ca Tpurepvma u
nBe poboTM3oBaHe TOTanHe CTaHuue
TS 13. OH «kopuctn Leica GeoMos
copTBep 3a npahewe gator kAMsuwTa
Koju paje obaBewTewa Yy cnyyajy
akTuBauuje KnM3nwTa, na ou
GrnaroBpeMeHO ca MoCTaBIbLEHE MpeXe
OUNO CHUMILEHO MOMEpaHEe KNU3ULLITA.
Cama KOHTpOMHa jeavHuLa MoOXe ce
WHCTanupaTy [AWMPEKTHO Ha TEepeHy Yy
6NM3NHU KNU3UWITA WM LEO CUCTEM
nosesaTn MyTeM TenekoMyHUKaLuoHe
MpelKe Aa NnoaaTke Larbe Ha Heky apyry
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connected to the control unit in two
ways, wired or wireless.

4. CONCLUSION

During the preparation of the proposal
for the monitoring project on the tunnel
in Cortanovci, a simple set of systems
for monitoring landslides was proposed,
as well as a proposal for the layout of the
network from which the monitoring
would be carried out during operation by
choosing the optimal layout of the
network and the observation plan, as
well as the selection of appropriate
equipment for work, the required level of
measurement accuracy for landslide
monitoring was  achieved.  The
characteristic of every good monitoring
project is an excellent balance between
the costs of work and the accuracy that
should be achieved, in order to fulfill all
the conditions set by the project with as
few points, measurements and sensors
as possible. The main parts that affect
the project are the network from which
the monitoring is done and the sensors
that are used. When choosing the shape
of the network, the observation plan and
calculating the previous accuracy rating
of the network, it can be seen that the
proposed network shape, the
observation plan and the given accuracy
parameters of the instrument with which
the measurements are made, enable
measurements that meet the required
criteria in this project proposal with their
accuracy. As can be seen from the
results, the expected measurement
accuracies are better than the required
ones. If instruments with not fulfilled
required characteristics are used, in this
project proposal we may end up in a
situation where despite a good
observation plan, the measurements in
the network will not be within the limits of
the required accuracies. We can check

nokauujy Ha kojoj 6u ce Hanasuna
KOHTponHa jeguHuua. CeBe KOMMNOHeHTe
cMCTEMa MOXEeMO Cca KOHTPONHOM
jeovHMLOM noBe3aT Ha ABa HauvHa,
XUYaHUM MNyTeMm, Unm npeko BexuyHe
Be3e.

4. 3AKIbYYAK

Mpunukom u3page npeanora npojekta
MOHMWTOPUWHra Ha TyHeny y
YopTaHoBUMMA, NPeanoxeH je jedaH
jeoHocTaBaH ckyn cuctema 3a npahewe
KnM3uwTa, Kao W npeanor uarnega
Mpexe ca koje 61 ce paguo MOHUTOPUHT
Ny camom pagy usbopom ontumanHor
usrnega mMpexe n nnaHa onaxara, kao
n n3dopom ogrosapajyhe onpeme 3a
pad, NOCTUMHYT je TpaXeHu CTeneH
TA4YHOCTM Mepewa 3a MOHUTOPUHT
knuamwTta. Opnuka cBakor pgo6por
npojekTa MOHWUTOPWHra jecte oanuyaH
6anaHc wu3mely TpolwkoBa paga u
Ta4yHOCTM Koja Tpeba aa ce nocTurHe, aa
6K ce ca WITO Mawe Tavaka, Mepera n
CeH3opa MCMyHWNM  CBU  MPOjEKTOM
3agatn ycrnoeu. MaBHWM OenoBu Koju
YyTWUYYy Ha NpojekaT jecy Mpexa ca Koje ce
BPLUM MOHUTOPWUHI M CEH30pPMU KOju ce
kopucte. Mpunukom ogabupa obnuka
Mpexe, NnnaHa onaxara U padyHara
NpeTxogHe OueHe TayHOCTU Mpexe,
BMAW Ce Aa NpeasiokeH obnuk mpexe,
nnaH onaxawa W 3agaTv napameTpu
TA4YHOCTM MHCTPYMEHTa ca Kojuma ce
Bpwe Mepewa, omoryhasajy Mepera
Koja cBojom TaudHowhy 3agoBorbaBajy
TpaXkeHe KpuTepujyme y OBOM npeasiory
npojekta. Kao wrto ce u3 pesyntarta
MOXe BWOETU, OYEKUBaAHE Ta4yHOCTU
Mepera cy 6orbe of TpaxeHunx. Ako bu
Ce KOPWUCTUIIN WHCTPYMEHTM KOjU He
oprosapajy TpaXKeHUM
KapakTepuctukama, Moxemo pohu y
cuTyauujy ga, n nopeg pobpor nnaHa
onaxara, Mepera y Mpexu He byay y
rpaHuLama TpaxeHux TadHocTn. Cee
OBO MOXEMO MNpPOBEPUTU MPETXOLHOM
OLEHOM Ta4yHOCTM npe
MaTtepuvjanusaumje Mpexe Ha TepeHy.
Kao wto ce wmMoxe BuaeTtn, passoj
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all this with a a-priori estimation of the
accuracy before materializing the
network in the field. As can be seen, the
development of technologies in the field
of monitoring has made it possible to
carry out work with increasing accuracy,
and at the same time much faster and
easier than in the past, opening up a lot
of opportunities for even greater
progress. Since the processing power of
measuring devices and sensors is
constantly increasing, and new
production processes enable lighter,
smaller and more powerful sensors with
an increasing degree of automation, a
decreasing number of people will be
needed in geodesy, but with increasing
knowledge in the field of sensors,
robotics, programming and designing
entire  recording and  monitoring
systems. The aforementioned landslide
monitoring project proposal in the future
can be done with a smaller number of
points, with greater accuracy, while
spending less time in the field, thus the
costs of creating such monitoring
systems will be lower, which will make
such and similar systems as possible
more, all with the aim of increasing the
safety of citizens from the danger of
landslide  activation and ground
movement that can cause damage to
objects of interest, in this case
movement or damage to the high-speed
railway, which could endanger the lives
of passengers.
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