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Summary: At this time, the methods of
surveying details by unmanned aerial
vehicles and LiDAR (Light Detection
and Ranging) systems have become
equal to classical geodetic methods,
especially when surveying larger areas
in a very short period of time with great
precision. One of the most important
applications of the above systems is the
calculation of material stock quantities.
It is quite certain that these methods
represent the future in  modern
geodesy. Unmanned aerial vehicles
and LiDAR systems with various types
of sensors are currently available on
the market, which justify their use in
geodetic works with their quality and
relatively low price.  With the
development of new methods,
mathematical models and software
solutions, modern photogrammetry
makes maximum use of new
technology with the help of which it is
possible to perform measurements with
centimeter precision and accuracy.
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Pe3nme: Y oBOM TpeHyTKy MeToae
CHMMawa  geTtarba 6ecnunoTHUM
BasgyxonnoBHum n  LIDAR  (Light
Detection and Ranging) cuctemuma
nocrane cy paBHOMPaBHE KNAaCU4HWUM
reogeTckum Metogama, nocebHo Kkof
cHumarwa Behux nospwwmHa y Beoma
KpaTKOM BPEMEHCKOM nepuogy ca
Benukom npeuusHowhy. JegHa opf
HajouTHWjNX npvMmeHa Hanpe[,
HaBefgeHUX cucTema je mnpopadyH
KonuymHa 3anuxa matepuvjana. Cacsum
je M3BECHO na oBe meToae
npeacTasrbajy 6yayhHocT y
caBpeMeHoj reogesuvju. Ha tpxuwty cy
TPEHYTHO AOCTYMHM 6ecnmnoTHn
Basgyxonnosn u LIDAR cuctemn ca
pasHMM BpcTama CeH30pa KOju CBOjUM
KBanmMTeTOM W penaTMBHO  HWCKOM
LeHOM onpasgaBajy cBoje kopuwhere
y TeodeTckum pajoBuma. Y3 pasBoj
HOBMX MeTOAa, MaTemaTudkux mogena
N copTBEPCKUX pellera CaBpeMeHa
doTorpameTpuja MakCMManHoO KOpUCTH
HOBY TexHonorujy y3 nomoh koje je

moryhe  wm3BpwMTM  Meperwa  ca
LeHTMmeTapckoM  npeumsHowhy  un
TayHowhy.

KrbyyHe peum: TOTanHa craHuua,
¢oTtorpameTpuja, LIDAR, 3anpemuHa.

! Bojan Kosti¢, dipl. inZ. geodez., University of Novi Sad, Faculty of Civil Engineering Subotica, Kozaracka
2a, Subotica, Serbia, tel: +381 24 554 300, e — mail: kostic.bojan@gmail.com

| BBOPHUK PALOBA TPABEBUHCKOI ®AKYJTTETA 40 (2021) | “



1. INTRODUCTION

This scientific paper gives a brief
overview of the development of a 3D
model of the stockpile by the polar,
photogrammetric and LiDAR methods,
measuring its volume and comparing
the obtained data. It is necessary to
measure the volume of the stockpile of
crushed stone aggregate fraction 11-16
mm on the asphalt plant of the
company VOJPUT DOO from Subotica
and compare the obtained data.

2. THEORETICAL FOUNDATIONS

2.1 Calculation of volumes from digital
terrain model

The expansion of information
technologies has led to the
development of a large number of
software packages for 3D design,
modeling and integration of spatial
data. By applying them, the volumes
can be determined very easily. These
programs enable the creation of digital
terrain models in the form of grid
(Figure 1) and TIN (Triangulated
Irregular Network). The TIN algorithm is
based on Delaunay triangulation. The
surface of the terrain is represented by
spatial triangles whose vertices are
collected during the geodetic survey of
the terrain. In addition to points,
structural lines, isohypses and objects
whose position is defined in space can
be used.

1. yBO[

OBaj pag gaje kpaTtak nperneg uspage
3D wmopgena [genoHuwje  nonapHoM,
doTorpameTpumjcKkom " LiDAR
METOLOM, MepeHe 3anpeMuHe ucTe 1
nopehewe [obunjeHnx nogaraka.
MoTpebHO je u3BpWUTM  Mepere
3anpemmHe  genoHvje  ApobrbeHor
KameHor arperata gpakumje 11-16 mm
Ha acdanTtHoj 6Ga3n npenyseha
BOJNYT OO0 wu3 Cybotuue u
ynopeautu nobujeHe nogatke.

2. TEOPWUJCKE OCHOBE

2.1 PayyHam-e 3arnpemMuHa u3
OueumarnHoe modesna mepeHa

EkcnaHanja NHOPMaLMOHUX
TexHornornja pgosena je [o pasBoja
Benukor 6poja nporpamckux naketa 3a
3D npojektoBake, Mogenupawe W
WHTErpauujy npoCTOpHUX nojaTtaka.
MpumeHom unCTUX MoOry ce Beoma
jeaHocTaBHO oapeanTn  3anpemMuHe.
Osu nporpamn omoryhaBajy kpeuparwe
AVrMTanHux Mopena TepeHa y dopmu
rovga (cnvka 1) u TIN-a (Triangulated
Irregular Network unu Mpexa
HenpaBUIHUX TpOyrnosa). TIN
anoroputaM je 6asvpaH Ha [lenoHeoBoj
Tpuanrynaumju. [loBpw TepeHa ce

npeacTaBrba NPOCTOPHUM
TPOYrmoBMMA Yuja Cy TeMeHa Tauke
NpUKyNIbyHe  MPUIMKOM  reofeTCcKor

CHMMarba TepeHa. lNopen Tavaka mory
Ce KOPWUCTUTW CTPYKTYpHe MuHuje,
nsoxmnce n 06jeKTU 4Ynju je nonoxaj
aedurHucaH y npocropy.
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Cnuka 1 — 'pug meTopa padyHawa 3anpemuHe nomohy avrutanHor mogerna TepeHa
Figure 1 — Grid volume calculation method using a digital terrain model

For the purposes of determining
volumes, in software packages, two
digital terrain models (DTM) are
required, base and new layer, which
must be positioned one above the
other. By overlapping the two DTMs,
terrain changes can be easily observed.
(3]

A large number of methods for
determining volumes are based on the
calculation of volumes by adding
individual volumes of prisms which are
obtained as geometric figures with the
base of a square, rectangle or triangle.
The two most well-known methods are
the grid method and the combined
method (Figure 2).
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3a noTtpebe ogpehunBara 3anpemuHa, y
NporpamMcknMm naketTuma, HeonxogHa cy
ABa avrutanHa mogerna tepeHa (OMT),
06a3HO 1 HOBO CTake, Koju Mopajy buTtn
No3uLMOHNPaHN jedaH u3Hag Apyror.
Mpeknanawem paBa [OMT Beoma
jeAHOCTaBHO Ce MOry YOuuUTM MpPOMEHe
TepeHa. [3]

Benukn 6poj metopa 3a oppehuBare
3anpemmnHa 6asvpa ce Ha padyHawy
3anpemuHa cabuparem nojeaAnHayYHnX
3anpemuHa npusMu Koje ce [obwujajy
Kao reomeTpujcke cdurype ca oCHOBOM
KBaZpa, NpaBoyraoHWka Wnu Tpoyrna.
[Be HajnosHaTvje meTode cy rpug
mMeToda u kombrMHoBaHa MeToga (cnvka
2).
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Cnuka 2 — 'pua 1 kombrHoBaHa MeTofa padyHarsa 3anpemuHe
Figure 2 — Grid and combined volume calculation method
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2.2 Calculation of volumes from the
digital terrain model

Volume is calculated with DTM. Before
calculating the volume, it is necessary
to generate a point cloud and DTM. A
network of squares representing pixels
is projected over the DTM (Figure 3).
The distance of two consecutive pixel
centers measured on the ground is
represented by the GSD (Ground
Sampling Distance). The higher the
value of GSD, the lower the spatial
resolution, ie. details are less visible [3].
GSD is calculated based on:

- flight altitude / distance of the drone
from the terrain or object;

- Camera specifications: image widths,
sensor widths and focal lengths.

2.2 PayyHam-e 3anpemMuHa u3
duaumarnHoa modena mepeHa

3anpemuHa ce padyHa ca OMT. lpe
payyHaka 3arnpeMuvHe HeOonxoaHo je
reHepucatn obnak Tadaka u OMT.
Mpeko OMT npojekTyje ce Mpexa
KBagpaTa Koju npefacTaBerbajy nukcene
(cnuka 3). Pactojane gBa ysactonHa
LeHTpa nuKkcena MepeHa Ha Tny
npeactasrba GSD (Ground Sampling
Distance). LUTo je Beha BpegHocTt GSD-
a To je Mara NpoCcTopHa pesonyuuja Tj.
aetarbu cy marbe Buarousu [3).

GSD ce payyHa Ha OCHOBY:

- BMCWHe neTalygarbeHocTu ApoHa of
TepeHa nnu 06jekTa;

- cneumdukauvje Kamepe: LUMPUHE
CrnvKe, LUMPUHE ceH3opa W okanHe

OYXVHe.

Cnuka 3 — Mpexa kBagpaTa npeko AMT
Figure 3 — A network of squares over a digital terrain model

For each cell and network, the volume
(V;) is calculated:

3a cBaky henvjy i Mpexe, 3anpemunHa
(V;) pauyHa ce:

Vi=L;-W; H;
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where is:

L;= cell length, W;= cell width, H;= cell
height.

The length (L;) and width (W;) of the
cell are equal to the GSD. Height (H;) is
calculated:

where is: Zr;= height of each cell in the
center of the same, Zz;= height of the
base of each cell in the center of the
same.

Therefore, the volume V; of the cell
(Figure 4) is given by the following
formula:

roe je:

L;= pyxuHa henuje, W;=
henvje, H;= BucuHa henuije.
OyxwuHa (L;) v wupuHa (W;) henuvje cy
jenHakn GSD-y. BucuHa (H;) padyHa
ce:

LWpuHa

Hy =Zp; — Zp;

roe je: Zp;= BUCUHa cBake henuvje y
LEeHTpy uCTe, Zp;= BUCMHA base cBake
henuje y LueHTpy ucTe.

Mpema TOMe, 3anpemuHa V; henuje
(Cnvka 4) je pata cnepehom
dopmyrom:

Vi = GSD - GSD - (ZTi - ZBi)

Cnuka 4 — 3anpemuHa jegHe henuje
Figure 4 — The volume of one cell

)

@)

| 3BOPHUK PAOBA TPABEBNHCKOI ®AKYJNTTETA 40 (2021) |



2.3 Calculation of volumes from digital
terrain model

Measurement (surveying) of details
means the collection of field data for
points for which the detail is
geometrically determined, in order to
create a plan or map of the surveyed
detail. This data defines the position of
the detailed points or details that are
the subject of the survey. The method
of collecting field data is called the
method of surveying details or land
surveys.

There are graphic and numerical
surveying methods. Numerical methods
ensure greater accuracy of the
surveyed detail, and graphic methods
are much more efficient and therefore
more rational.

Numerical surveying methods got this
name because they provide numerical
data for each detailed point. Based on
this data, an appropriate scale plan can
be made. If the plan is larger, the
accuracy of the surveyed detail should
be higher and vice versa. Figure 5
shows the division of geodetic survey
methods.

2.3 PayyHam-e 3arnpemuHa us
duaumarnHoa modena mepeHa

Mon mepewem (cHMMakem) feTarba
noapasymeBa ce NpVKynibake
TEPEHCKMX NoJaTaka 3a Tayke Kojuma je
reoMeTpujckn ogpeheH getarb, y unrby
u3page nnaHa unu kKapte CHUMIbeHor
getarmba. OBu  nopgaun geduHULY
nonoxaj getarbHUX Tayaka OfHOCHO
Jetarba Koju je npeameT npemepa.
HauuH NpuKynrbaka TEPEHCKMX
nogaTaka HasuBa Ce METOo[ CHUMaha
JeTarba unu npemepa 3emrbuilTa.

MMocToje rpacdudke ©N  Hymepudke
mMeTofe cHuUmawa. Hymepuyke metone
ocurypaBajy Behy TayHOCT CHUMIbEHOT

getarba, a rpadudke Cy 3HaTHO
edukacHuje " caMmmm MM
pauunoHarnHuje.

Hymepuuke metode cHuMara fobune
Cy OBaj Ha3uB MO TOME LUTO Ce KOA WX
3a CBaKy [feTarbHy Tadky Jobujajy
HyMepuykn nogaun. Ha ocHoBy OBMX
nogataka Moxe ce WU3paguTv nnaH y
ogrosapajyhoj pasmepu. Ako je nnaH
KpynHuje pasmepe, TayHoCT
CHUMIbEHOr geTarba Tpeba 6utn Beha
n obpHyTOo. Ha cnuum 5 npukasaHa je
nopena MeToAa reo4eTCKor CHUMaka.

MeTtoge cHumamba

Surveying method

Fpadpmuka metopna
Graphic method

Feoperckm cto

Geodetic table

DoTorpamerpujcka/LiDAR
meTona

Photogrammetry/LiDAR
method

Hymepuuka metoga
Numerical method

MeToaa caTenMTCKe
reopesuje (GNSS)

Satellite geodesy
method

O[)TO[OHBJ'IHE meToaa

Orthogonal method

Monapua metoaa

Polar method

Cnuka 5 — MeTtoge cHumarsa y reoaesujm [4]
Figure 5 — Surveying methods in geodesy [4]
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Geodetic table and orthogonal method
have not been used in data collection in
geodesy for a long time. The division of
geodetic survey methods can be
divided into direct and indirect.

In direct methods, both the instrument

and the observer are located on the
Earth's  surface. These include
orthogonal, polar, terrestrial laser
scanning and the GNSS (Global
Navigation Satellite System) method.
In indirect methods, the measurement
is performed from the air or from space.
These include aerial photogrammetry,
radar imaging, laser scanning from
airplanes or helicopters, satellite
imagery methods, and more. [4].

2.4 Polar method surveying

The polar method belongs to the so-
called classical methods of surveying
the terrain. It is characterized by high
accuracy of certain coordinates and a
good description of the characteristics
of the captured objects. This method is
also called tachymetry due to the fast
data collection.

The polar method collects elements for
calculating the coordinates of points,
such as the measured angle between
one in the space defined line and the
direction to the point whose coordinates
are determined and the measured
lengths from the vertex of the measured
angle to the same point.

The basic principle of operation is
based on measuring three elements:
horizontal angle, vertical angle and
oblique length. All other sizes are
derived from these.

The polar surveying station can be a
point of geodetic basis or a freely
chosen, temporarily marked and
determined point.

Measurement (surveying) of details by
the polar method is performed by a total
station. A total station is an optical
instrument commonly used in  civil
engineering and geodesy. A total

eogeTcku CTO M opToroHanHa metoaa
Ce O[laBHO He KOpWUCTEe Y MpUKYNIibaky
nogartaka y reogesuju. Nogena metona

reogeTckor CHMMaka MOXe ce
N3BPLUNTU n Ha HenocpeaHe n
nocpegHe.

Kog HenmocpegHux wmeTtoga ce U
WHCTPYMEHT UM oOnaxady Hanase Ha
nospwuHn  3emrbe. OBpge cnagajy
opTOroHanHa, nonapHa, TepecTUyKo
nacepcko ckeHuparwe n GNSS (Global
Navigation Satellite System) meTopaa.
Kog nocpegHux metoga mnpemep ce
M3BOAM U3 Basgyxa WM U3 CBEMMpA.
OBpae cnapajy aepodoTorpameTpujcko,
pagapcko CHUMake, nacepcko
CKEeHMpame n3 aBWOHa unu
Xenukontepa, MmeToga CaTenuTCKMX
CHUmaka utg. [4].

2.4 [MonapHa memoda cHUMaHa

MonapHa meToaa nNpunaga Tako3BaHUM
KNnacuyHUm mMeTogama CHUMaHa
TepeHa. Opnukyje ce  BUCOKOM
TavyHowhy oppeheHux koopauHata wu
pobpum  onvcom KapakTepuctuka
CHUMIbeHnx objekata. OBa meToaa ce
36or Op3or npukynrbawa nopaTaka
Has3uBa jol U TaxmMmeTpuja.

MonapHoM MeToOOM MpUKyNibajy ce
enemMeHT! 3a padyHare koopauHaTa
Tayaka, Kao LWTO Cy M3MEpPEeHu Yyrao
namehy jeaHe y npoctopy AeduHncaHe
npaBe W npaBuUa Ha Tayky uumje ce
koopavHate ogpeflyjy u u3mepeHe
OYXVHE of, TeMeHa M3MepeHor yrna go
ncTe Tauke.

OCHOBHYV MpUHLMN pafa 3acHWBa ce Ha
Mepewy TpU erieMeHTa: XOpPU30HTamnu
yrao, BepTMKamnHu yrao u Koca AyxuHa.
Cse ocTane Benu4yuHe Cy u3BedeHe u3
OBUX.

Cranvua 3a CcHMMawe nonapHoM
METOLAOM MOXe OUTK Tadka reofeTtcke
ocHoBe unu cnobogHo wu3abpaHa,
npvBpemeHo obenexeHa u oppeheHa
Tauka.

Mepemne (cHMMamse) aetara
nonapHoOM MeToAO0M BPLUN CE TOTarHOM
CTaHULIOM. TotanHa cTaHuua je
ONTUYKN WHCTPYMEHT KOju ce O0BW4YHO
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station is a combination of a digital
theodolite, an electronic distance
measuring device and a
microprocessor with a memory unit.
The original name for an instrument of
this type was an electronic tachometer.
The latest generations of total stations
combine high-speed surveying, imaging
and 3D scanning into one precise and
reliable instrument.

2.5 Photogrammetry method surveying

Photogrammetry is a science that deals
with obtaining reliable information about
the properties of physical objects and
surfaces without direct contact with the
object of measurement and
interpretation of the obtained data. [2].
Obtaining information  about the
measured objects is done with sensors
that register electromagnetic radiation,
most often in the form of a photograph,
but other types of sensors can also be
used, such as a laser.

The results of photogrammetric
measurements can be used to measure
the exact shape, position, size of the
measured object, as well as to measure
the length, angles, volume and other
physical properties of the object being
measured. It is possible to interpret the
obtained measurement results or to
analyze the qualitative characteristics of
the object of measurement.

Currently, photogrammetry is widely
used in the production of orthophotos
and digital elevation models used in
geographic information systems. In
engineering geodesy, digital height
models are used to create terrain
profiles.

Engineering photogrammetry deals with
shooting at distances from a few tens of
meters to several hundred meters with
accuracy from a few centimeters to a
few millimeters. It can be terrestrial or
the surveying can be performed by
drones. It is also called short-subject
photogrammetry. It is used in

KopucTu y rpaheBnHapcTBy "
reogesvju. ToTanHa cCcTaHuua je
KomMbuHaumMja auruTanHor TteogonuTa,
ernekTpoHckor ypehaja 3a Mepewe
yAarbeHoCcTM W MuKponpoLecopa ca
MEMOpPUJCKOM  jeAnHMLOM. [1pBOOUTHM
Ha3uB 3a MHCTPYMEHT OBe BpCTe OM1o je
€neKkTpoHCKM TaxomeTap. HajHosuje
reHepauuje TOTanHmx cTaHuua
KOMOUHYjy CHMMahe, cnukawe n 3D
CkeHupamwe Benuke 6panHe y jepaH
npeuunsaH 1 noysgaH MHCTPYMEHT.

2.5 ®omozpamempujcka memoda
CHUMaH-a

doTorpameTpuja je Hayka koja ce 6aBu
npubasrbabemM noysaaHux
UHdOpMaLuja 0 CBOjCTBUMA (PU3NYKMX
objekata 1 noepwwmn 6e3 HenocpegHor
KOHTaKkTa ca npegMeToM Mepewa U
WHTepnpeTaunjom gobujeHux nogartaka.

121.

Mpubaerbare WHpopmMaLumja o]
MepeHnM oGjekTuma ce BpLUN
CceHsopuma Koju perucTpyjy

€eneKTpoOMarHeTCKo 3padene, Hajuyewwhe
y Bugy doTorpadmje, ann ce Mory
KOPUCTUTU N Apyre BpCTe CeH3opa Kao
LITO je nacep.

Pesyntatu doTorpameTpujckor
MepeHa MOry Ce KOPUCTUTU 33 MEPEHE
TayHor obnwuka, nomnoxaja, BenuMyMHe
MepeHor o06jekTa, kao M 3a Mepewa
OYXvHe, yrnoBa, 3anpeMuHe 1 Apyrnx
du3nykmx ocobnHa npegmeTa Mepema.
Moryhe je BpwuTM WHTepnpeTauujy
[obujeHnx pesyntaTta mepesa OCHOCHO
aHanuavpaTM KBanutaTMBHE OCOOUHE
npegmeTa Mepema.

TpeHyTHO hoTOrpameTpuja ma BENUKY
npuMeHy y wu3pagu opTtodoTo-a u
AVrMTanHnx Mogerna BUCMHA Koju ce

KopucTe y reorpadckmm
MHOPMaLIMOHMUM cuctemmma. Y
WHXEHepCKoj  reogesvju  auruTanHu

MOJENM BUCKMHA KOPUCTE Ce 3a uspagy
npoduna TepeHa.

UHxenepcka poTorpameTpuja 6aeu ce
CHUMaweM Ha pasgarbMHama o[
HEeKONMKO  feceTMHa  MeTapa [0
HEKONMMKO  CTOTUHA MeTapa ca
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construction, architecture, geodesy, etc.

2.6 Method of surveying by terrestrial
laser scanner — LIDAR

Terrestrial laser scanner - LIDAR is a
remote sensing technology that uses a
laser pulse to collect measurements
that can then be used to create 3D
models and maps of objects and
environments. LiDAR works in a similar
way to radar and sonar, but uses laser
light waves instead of radio or sound
waves. The LIiDAR system calculates
how long it takes for light to "hit" an
object or surface and is reflected back
to the scanner. The distance is then
calculated using the speed of light.
LIDAR systems can emit about
1,000,000 pulses per second. Each of
these measurements can be processed
into a 3D visualization known as a
"point cloud". Laser systems are most
often used for geodetic tasks. When the
sensor data is combined with the
position and orientation obtained from
the integrated GNSS / IMU (Inertial
Navigation System) systems, the result
is a large number of points with known
coordinates (so-called point clouds) that
make an extremely high quality digital
surface model. In addition to this, the
collected three-dimensional data can
also be used for building models,
applications in telecommunications,
forestry (tree canopy modeling),
hydrology, cartography, etc. [1].
High-density data can be collected by
LiDAR surveying (extremely large
number of points per square meter).
The accuracy of laser dots is in the
range (+/-) 3 cm in position and height.
Mobile mapping is the process of
collecting geospatial data from a mobile
vehicle (car, vessel, rail vehicle ...) that

TayHowhy of HEKONUKO LeHTumartapa
00 Hekonuko munumeTapa. Moxe 6uTtu
TepecTuyka WnNM ce CHUMawe MOXe

n3BOANTH 6ecnunoTHum
BasgyxonnoeMMa. HasnBa ce wu
6rnmckonpegmeTHa — hoTorpameTpuja.
Kopuctn ce y  rpaheBuHapcTsy,

apxXuUTEKTYpwW, reoaesujy utg,.

2.6 Memoda CHUMaHa
mepecmpuyKuM nacepckum
ckeHepom — LIDAR

TepecTpuukn nacepckM CKeHep —

LIDAR je TexHonorvja garbMHCKOr
UcTpaxuBamwa Koja KoOpuCTM  Mync
nacepa 3a npuKynrbawe Mepena Koja
ce 3aTMM MOry KOpUCTUTU 3a Kpeupawe
3D mopmenma wu Mana objekata w
okpyxewa. LIDAR pagu Ha cnnyaH
Ha4MH Kao pagap v CoHap, anm KopucTu
CBeTNIOCHe Tanace 13 facepa, ymMecTo
paguo wunu 3By4yHux Tanaca. LiDAR
cMCTeM  u3payyHaBa  KONMKO  je
notpebHo ga ceeTno ,yaapu“y objekar
UNN NOBPLUNHY U pednekTyje ce Ha3ag
Ha CKeHep. YparbeHoOCT ce 3aTuMm
n3payyHasa kopuctehu 6p3nHy
ceetnoctn. LIDAR cuctemu  mory
emutoBatn oko 1.000.000 wmnynca y
cekyHan. CBako o 0BUX Mepera MoXe
ce obpagutn y 3D Busyenusauujy
nosHaty kao ,06nak Tavaka“. Jlacepcku
cuctemn ce Hajyewhe kopucte 3a
reopeTcke 3agaTke. Kaga ce nogaum ca
CeH3opa KOMOWHyjy ca mnos3uuujom wu

opujeHTauumjom nobuvjeHom ca
uHterpucaHmx  GNSS/IMU  (Inertial
Navigation System) cucrema «kao

pesyntat ce pobuja Benukn 6poj
Tayaka ca nosHaTMM KOoOpAvHaTama
(T3B. 0bnak Tayaka) koje YMHe U3y3eTHO
KBanuTeTaH AMrnTanHyu Mogern noBpLUw.
Ocum oBora, NPUKYMIbEHN
TPOAMMEH3NOHANHN nojaun ce Mory
KOPWCTUTU 1 3a n3pagy Moaena 3rpaga,
npuMeHy y  TenekoMyHuKauujama,
lwymapcTBy (Moaenupare  KpoLUhsu
apeeha), xuaponoruju, kaptorpadumju,
uta. [1].

CHumawem  LiDAR-om  wmory ce
NPUKYNMTM nodauu Benuke ryCcTUHE
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are usually equipped with a series of
photographic, radar, laser, LiDAR or an
unlimited number of remote sensing
systems. Such systems consist of an
integrated array of time-synchronized
navigation sensors and surveying
sensors mounted on a mobile platform.
The primary output from such systems
includes GIS (Geographic Information
System) data, digital maps, and
georeferenced images and video.
Mobile mapping systems provide fast,
efficient, economical and complete
collection of geospatial data.

The basic components of the mobile
mapping system are: laser scanner,
digital camera, GNSS antenna and
navigation system, odometer and
inertial measurement device (Figure 6).

(n3ysetHo Benukn 6poj Tavaka no
KBagpaTHOM mMeTpy). TayHocT
nacepckux Tadaka ce kpehe y oncery
(+/-) 3 cm no nonoxajy n BUCMHaMa.

MobunHo wmanupawe je npouec
NpVKynrbakba reocrnpocTopHUX noaartaka
n3 mobwunHor Bosuna (aytomobwun,
NMoBWMO, LUMHCKO BO3UNO ...) Koja cy
obunyHo onpemrbeHa HU30M
doTorpadpCckmx, pagapckux, nacepckumx,
LIDAR wnu HeorpaHuyeHor 6poja
cucTemMa [arbUHCKOr  UCTpaKuBaksa.
TakBn cuctemm ce cacToje of

WHTErpucaHor HM3a BPEMEHCKU
CYHXPOHU30BaHUX HaBUraLMoHMX
ceH3opa M CeH3opa  CHMMaha
NOCTaBIbEHUX Ha MOGBUITHO]
nnatgopmu. [lNMpumapHun um3nas u3

TakBMx  cuctema  ykibydyje TTUC
(Feorpadckn NHdopmaumonn Cuctem)
nogatke, avrutanHe marne n
reopedepeHLMpaHe Cruke 1 BUAEO.
Cuctemn 3a MOGUNHO Manupawe
06e36ehyjy 6p30, edmkacHo,
€KOHOMWYHO U KOMMNIETHO MPUKyIbake
reonpocTOpHMX nogaraka.

OcHoBHe KOMMOHEHTE cuctema
MOOUNHOr Manvpaka Cy: nacepcKku
ckeHep, pagurntanHa kamepa, GNSS
aHTeHa W HaBUrauuMoHW  CUCTEM,
ogometap u ypehaj uHepuwmjanHux
Mepena (crnvka 6).
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o
360" nacepcku CKeHep
CaKyn/ba sMwWwe oa 1 muanoH
Ta4aKa y CeRyHan

360 laser scanner\

,EerHTanHa Hamepa
NPasy CNHKe BMCOKe
pezonyuuje
Digital camera

GNSS satellite system
FHCC HaBuraumoHun cuctem

MHCC aHTeHa

/ GNSS
antenna

Cnuka 6 — KomnoHeHTe cuctema MobunHor Mmanupama [7]
Figure 6 — Mobile mapping system components [7]

3. MEASUREMENT OF STONE
AGGREGATE STOCKPILE
VOLUME

The measurement of the volume of the
landfill of crushed stone aggregate of
eruptive origin, fraction of 11-16 mm
(Figure 7), was performed on the
asphalt plant of the company VOJPUT
DOO from Subotica, Cantavirski put bb.

OpomeTap
Odometer
3. MEPEHE 3ANPEMUHE
OENOHWUJE KAMEHOI
ATPETATA
Mepene 3anpemMuHe genoHuje
Apob6rbeHor KameHor arperata

epynTuBHOr nopekna, dgpakumje og 11-
16 mm (cnvka 7), u3BpLEHO je Ha
accanTtHoj 6asu npepyseha BOJIMYT
OO0 wu3 Cy6otuue, YaHTaBupckn nyT
60.
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Cnuka 7 — [lenoHuja apobreeHor kameHor arperata 11-16 mm
Figure 7 — Stockpile of crushed stone aggregate 11-16 mm

Based on warehouse documentation - Ha ocHoBy marauuHcke OOKyMeHTauuje
item card, on 13.10.2021. year (the day — kapTuue apTukna, gaHa 13.10.2021.
when the stockpile was measured), the roguHe (naH kapa je BpLUEHO
stocks of crushed fractionated stone Mepehe OeNoHWje) 3annxe ApobrbeHor
aggregate 11-16 mm amount to dpakuMoHNCaHOr KaMeHor arperaTa
1,121.08 t (Figure 8). 11-16 mm un3Hoce 1.121,08 t (cnuka 8).
KARTICA ARTIKLA
voIPU
Materijal: 513101 AGREGAT 11-16 MM LJUBOVIJA JM Ot
Skladiste 0130 AB SUBOTICA Podskladiste 01 OSNOVNI MATERIJAL
Datum Dokument Broj | Otpremnica| RN Ulaz Izlaz Stanje
11.10.2021 | PM PRIMKA 3812 6227 29360 0.000 1,083.600
11.10.2021 | PM PRIMKA 3813 6224 29.480 0.000 l-lﬂl
13.10.2021 | OP | OTPREMNICA PRODAJA 17 0.000 2.000 1,121.080
MATERIJALA
OP | OTPREMNICA PRODAJAl 18 | | | 0.000 | 3.000 | 1,118.080 |
MATERIJALA
Zhir: [ 10,734.280 | 9616200 | 1,118.080 |
VZ 041

Cnuka 8 — Kaptuua apTukna 3a apobreeHu kamexu arperaT 11-16 mm
Figure 8 — Item card for crushed stone aggregate 11-16 mm
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3.1 Setting control points

Before starting to survey the stockpile,
it is necessary to set control points on
the surface of the terrain with known
coordinates (Ground Control Point -
GCP). Control points are used for all
three surveying methods. A minimum of
3 control points must be set. By
increasing the number of control points,
we improve the accuracy of the final
results. Their coordinates are obtained
by traditional geodetic survey methods.
Control points are used to georeference
the project and reduce error.

6 control points were set up (Figure 9)
in the vicinity of the landfill.
Measurement of WGS / UTM (World
Geodetic System / Universal
Transverse Mercator) coordinates in
the 34N zone was performed with a
HiTarget V200 GNSS device in 30
epochs. It took 15 minutes to physically
set, measure and transform the
coordinates of the above control points.

3.1 lNocmasrbare
mayaka

KOHMPOJIHUX

Mpe nodeTka cHUMawa [AenoHuje
Heonxodo je MOCTaBUTU KOHTPONHEe
Tayke Ha MOBPLWMHW TepeHa ca
nosHatum  koopguHatama  (Ground
Control Point — GCP). KoHTtponHe
Tayke KOpuCTe 3a CBe Tpu MeToae
cHumatrba. [loTpebHO je nocTaBuTU
MUHUMYM 3 KOHTPOMHE  Tauke.
MoBehawem Gpoja KOHTPOMHUX Tayaka
noborbwaBamMo  TAYHOCT  KOHAYHMX
pesyntata. HbuxoBe koopauHate ce
pobwjajy TpagnUMOHaNHUM reogeTCckum
mMeTodama CHuMana. KoHTponHe Tauke
ce KopucTe 3a reopedepeHuupare
npojeKkTa N CMakEeHe rpeLuke.
MocTaBrbeHo je 6 KOHTPOMHUX Tayaka
(cnuka 9) y OKOMWMHM  OEenoHuje.
Mepewe WGS / UTM (World Geodetic
System /  Univesal Transverse
Mercator) koopgmHata y 30HM 34N
u3spweHo je HiTarget V200 GNSS
ypehajem y 30 enoxa. 3a dusmiko
noctaBrbame, MepeHe "
TpaHcdhopMaumjy KoopauHaTta Harnpes
HaBeAEeHNX KOHTPONHMX Tavaka 6uno je
notpebHo 15 muHyTa.

Cnuka 9 — Jlokauuje KOHTPOMHUX Tavaka ‘
Figure 9 — Locations of control points
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3.2 Stockpile surveying by polar
method — total station

The surveying of the stockpile by the
polar method was performed by the
total station Ruide RIS with the
associated equipment.

It is the most modern (and at the same
time the strongest model of the
mentioned manufacturer) device with
an accuracy of measuring angles of 2 7,
measuring with a laser up to 1000 m
without a prism with an accuracy of
2 mm + 2 ppm. Before starting the
surveying, it is necessary to set the
total station with some of the
coordinates of the control points.
Surveying of detailed points by the
polar method lasted 2 h and 25 min. A
total of 268 points of the stockpile and
55 points of the surrounding terrain
were collected. Data import and
processing was performed in the
Autodesk Civil 3D software package.
After the import of detailed points, the
creation of a digital terrain model was
started with the help of the TIN network
(Figure 10).

3.2 CHumame OernoHuje ronapHom

memodom - momariHom
cmaHuuyom
CHumane AenoHunje nonapHom
METOLOM  M3BPLUEHO je TOoTalHOM
ctanvuom Ruide RIS ca npunagajyhom
onpemom.
Pagn ce o HajmogepHujem (1 yjeaHo
Hajjavem mogeny HaBezeHor
npoussohaya) ypehajy ca TauHowhy
Mepewa yrnosa o 2 ”, MeperweM

nacepom go 1000 m 6e3 npuame ca
TayHowhy og 2 mm + 2 ppm. [pe
noyetka CHumawa noTpebHo je
ceToBaTW TOTalHy CTaHWLYy Ca HEKUM
0, KOOpAMHaTa KOHTPOMHWX Tavaka.
CHumare geTtaroHux Tadaka nonapHoM
MeTogom Tpajano je 2 h n 25 min.
YKynHO je npukynibeHo 268 Tavaka
came pfenoHuje n 55 Tayaka OKorHor
TepeHa. YBo3 u obpaga nopaTaka
M3BpLIEH je Yy CcoMTBEPCKOM nNakeTy
Autodesk Civil 3D.

HakoH yBO3a pgeTarbHUX  Tavaka
NPUCTYNWIO Ce Kpeupawy AWrntanHor
mogena TepeHa y3 nomoh TIN mpexe
(cnwuka 10).

Cnuka 10 — OQurntanHn mogen tepeHa — TIN mpexa
Figure 10 — Digital terrain model - TIN network

By overlapping the two digital models,
the terrain model and the stockpiile
model, a stockpile volume of 718,76 m3
was obtained (Figure 11).

Mpeknanakwem ABa gurutTanHa Moaena,
MoZena TepeHa W moaena [AenoHuje,
nobuja ce 3anpemuHa fgenoHuje of
718,76 m® (cnuvka 11).
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= CEXCE A
Name B Mid-Ordinate .. Cut Factor Fill Factor Style
- [7] Deponija 11-16 TS 1.000 1.000 Contours 2... (' 626.99 018 718.96

2d Area(sq.m) Cut(adjusted)(Cu. ... Fill(adjusted)(Cu. ... pueblsiladiugtad)(C

l T18.76<Fill> l

Cnwuka 11 —3anpeMuHa genoHuvje gobujeHa CHUMaHbEM I'IOJ'IaipHOM MeToaoM
Figure 11 — Stockpile volume obtained by polar method
3.3 Surveying  of

stockpile  with 3.3 CHumar-e deroHuje 6ecrnunomHum

unmanned aircraft - 8a30yx0r1/1080M -
photogrammetry gomoepamempuja
The planning of the aerial shooting lMnanupawe Mucuje cHUMawa U3

mission by drone was done via an

Android mobile phone and the
"Pix4Dcapture" application. The
application supports well-known

manufacturers of unmanned aerial
aircrafs - DJI and PARROT with all
models that are in their product range.
Stockpile surveying was done with
Double grid mission - it allows us to
capture images from multiple sides with
the overlap required for optimal
processing. This mission is
recommended for closer flying objects
in order to capture more vertical details.
It is suitable for obtaining 3D models
(point cloud) and terrain with higher
altitude fluctuation. [5]

The size of the shooting area of
100x100 m, the percentage of
overlapping photos, the camera angle,
the flight altitude of 40 m and the speed
of the unmanned aircraft were defined.
Based on the set parameters, the flight
lasted 7 minutes, with which 108
photographs were collected.

The processing of the collected data
was performed in  Pix4Dmapper
professional photogrammetry software
that uses photographs to generate point
clouds, digital surface and terrain
models, orthomosaics and texture
models. It is most often used by
geospatial professionals such as
surveyors and civil engineers.

After processing the photos, creating a
3D model of the landfill, a network of

Basgyxa 6ecnunoTHMM Ba3gyXomnyoBOM
n3BpLueHo je nytem Android mobunHor
TenedoHa 7] annukauuje
,Pix4Dcapture®. Annukauvja nogpxasa
nosHaTvje npoussofave GecnunNoTHUX
netenuua — DJI n PARROT ca cBum
MoJ€eNnMMa Koju ce Hanase y HMXOBOM
acoptumaHy npousBoga. CHumare
AenoHunje mnsspLueHo je ca Double grid
mission — omoryhasa Ham ga ce crnuvke
CHMMajy ca BuWe CTpaHa Y3
npeknanawe noTpebHO 3a onTumarnHy
obpagy. OBa mucuja ce npenopyuyyje 3a
Onmxe netewe 06jekTMMa kako 6u ce
CHUMUIO BULLE BEpTUKaNHWX AeTarba.
MorogHa je 3a pgobujawe 3D mopena
(obnak Tavaka) u TepeH ca Behom
BUCUHCKOM chnyKkTyauumjom. [5]
OeduvHucana je BenuumHa obGnactu
cHumawa o 100x100 m, npoueHaT
npeknanara doTorpadmja, yrao
Kamepe, BucMHa neta og 40 m wu
Op3vHa ©GecnunoTHOr Ba3aAyxOMnsoBa.
Ha ocHoBYy noctaBrbeHux napameTapa
net je Tpajao 7 min ca Kkojum je
npukynrbeHo 108 coTorpacdpuja.

O6papa NPUKYNIbEHNX nogaraka
n3spLueHa je y Pix4Dmapper
npodecnoHanHomM copTBepy 3a
doTorpameTpujy Koju KopucTun

doTorpachmje 3a reHepucarwe obnaka
Tayaka, gurutanHux Mogena nospLuvMHe
N TepeHa, OpTOMO3auka U TEKCTYPHUX
mMoaena. Hajuewnhe ra Kopucte
reonpoCcTOpHU NpodecnoHanuu nonyT
reogeta u rpaheBMHCKUX UHXeEHEepaA.
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triangles and choosing the landfill
boundary, ie. defining the base of the
stockpile, the calculation of the volume
of the stockpile was started. In this
process, about 2,000,000 3D points
were obtained.

The total volume of the stockpile of the
eruptive stone aggregate of the fraction
11-16  mm, calculated by the
photogrammetric method, is 738,62 m3
+ 11,93 m3 (Figure 12).

[_] Volume 1

Terrain 3D Area:
Cut Volume:

Fill Volume:
Total Volume:

669.64 m"
738592 £1153 m°

73862 £11.93

HakoH obpape doTorpadumja,
kpevpatba 3D wmopgena genoHuje,
Mpexe TpoyrnoBa u usbopa rpaHuue
aenoHuje Tj. aeduHucamna 6ase/ocHoBe
OenoHuje MpUCTYNUIIo Ce padyHaky
3anpeMuvHe npeameTHe penoduje. Y
OoBOM npouecy pobujeHo je oko
2.000.000 3D Tavaka.

YKkynHa 3anpemuHa Aenoxvje
epynTUBHOr KameHor arperata
dppakumje  11-16  mm, cMuMIbeHa

poTOrpaMeTpUjCKOM METOZOM, M3HOCU
738,62 m® £+ 11,93 m3 (cnuka 12) .

3 [

Help

Cnuka 12 — 3anpemuHa genoHuvje gobuvjeHa cHUMarweM hoTorpameTpujCKoM METOA0M
Figure 12 — Stockpile volume obtained by photogrammetric method

3.4 Surveying of the stockpile with lidar
system

Point cloud generation was performed
by Teledyne Optech Maverick mobile
LiDAR system. The portable and
lightweight (under 9 kg) system is
mounted on the roof of the passenger
vehicle (Figure 13). It consists of a 360°
high-resolution camera, a high-
resolution LiDAR and an integrated
position and orientation system. It
collects up to 700,000 dots per second
and captures high resolution images
using 6 high quality 5 Mpix sensors.

3.4 CHumambe
cucmemom

deroHuje lidar

eHepucamwe obnaka Tayaka U3BpLUEHO
je Teledyne Optech Maverick
MOBUMHUM LiDAR  cuctemom.
MpeHocaH u nak (ncnog 9 kg) cmuctem
MOHTMPaH je Ha KpOB MyTHUYKOT BO3una
(cnuka 13). Cactoju ce u3 360° kamepe
BUcoke pesonyuuvje, LiDAR-a Bucoke
pesonyuuje U UHTerpucaHor cucutema
3a no3uumjy n opujeHtauujy. MNpukynba
0o 700.000 Tayaka y CeKyHOM U CHUMA
CrnviKe y BUCOKOj pesonyuuju kopuctehnm
6 BMCOKO KBanmMTETHUX CEH30pa oA no 5
Mpix.
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Cnuka 13 — MobunHu LiDAR cuctem
Figure 13 — Mobile LiDAR system

After surveying the stockpile in the field,
it is necessary to process the obtained
data. The first step is the processing of
trajectories and data from the
measuring system. The specified data
is processed in the Novatel Intertial
Explorer software tool. The software
maximizes the performance of GNSS /
INS hardware by providing quality
speed and position data. The next step
is to generate point clouds and LAS
(LASer format) files, cloud coloring and
point quality analysis in the Teledyne
Optech LMS Pro software package. As
a final result, over 9,000,000 3D points
were obtained.

In order for the data obtained in the
LAS file to be used to calculate the
volume in the Autodesk Civil 3D
software, it is necessary to convert
them to the native format of Autodesk,
ie. RCS (Random Control Scene)
format. Autodesk ReCap Pro software
is required for this step (Figure 14).

HakoH cHumawa AenoHuje Ha TepeHy
notpebHo je obpagutn pobujeHe
nogatke. [lpBu kopak je obpaga
TpajekTopyja u nogaTtaka M3 MepHOr
cuctema. Hasepenn nogaum  ce
obpahyjy y codTBepckoM anarty
Novatel Intertial Explorer. CodTBep
MakcMmMuampa nepdopmaHce
GNSS/INS xapgsepa 06e36ehyjyhu
KBanuteTHe nogaTke O Op3vHW U
nonoxajy. Cnepehun Kopak  je
reHepucarwe obrnaka Tayaka u LAS
(LASer dopmaT) dajna, 6Gojere
obnaka n aHanusa kBanuteTa Tadaka y
codpTBepckom nakety Teledyne Optech
LMS Pro. Kao «kpajwu pesyntar
pobujeHo je npeko 9.000.000 3D
Tavaka.

Oa ©u ce nogaum pobujeHn y LAS
dajny MOrnn NCKOPUCTUTH 3a
padyHare 3anpemuHe y Autodesk Civil
3D codTBEpy, HEONXogHO WUx je
KOHBEPTOBATU y HaTMBHM cbopmart
Autodesk-a Tj. RCS (Random Control
Scene) dopmaTt. 3a Taj kopak
HeonxodaH je Autodesk ReCap Pro
codbtBep (cnuka 14) .

| 3BOPHUK PAOBA TPABEBNHCKOI ®AKYJNTTETA 40 (2021) | n



Cnuka 14 — KoHBepTtoBamne y codptBepckom anaty Autodesk ReCap Pro
Figure 14 — Convert in Autodesk ReCap Pro software

In the point cloud, places can be seen,
painted black, which due to the specific
and irregular shape of the material
inside the landfill could not be surveyed
with mobile LiDAR. Point interpolation
is performed at these locations.

After generating the RCS file, it was
imported into Autodesk Civil 3D to
generate a digital terrain model with a
TIN network. Using a digital model of
the terrain obtained by surveying by the
polar method, two digital models were
overlapped and the volume of the
stockpile was calculated. A volume of
752,12 m® was obtained (Figure 15).

& XCE A

Y obnaky Tayaka MOry ce YyouuTu
MecTa, obojeHa ca upHoM 6ojom, Koja
36or cneunMduyHOr M HenpaBWUITHOM
obnvka matepujana yHyTap AenoHuje
HUcy morna ouTn CHUMIbEHa
Mo6unHum LiDAR-om. Ha Tum mectnma
BpLUM Ce MHTepnonauuja Tavaka.

HakoH reHepucawa RCS dajna nctu
je yBexeH y Autodesk Civl 3D kako 6u
ce reHepucao pgurutanHu  mopen
TepeHa ca TIN mpexom. Kopuctehu

aurMTanHm  mogen TepeHa [[obujeH
CHUMaHEM nonapHom METOAO0M
M3BPpLIEHO je  Mnpeknanawe  ABa
avrutanHa mogerna M padvyHawe
3anpemuHe  genonuwje. [obuja ce

3anpemuHa og 752,12 m3 (cnmka 15).

Name B Mid-Ordinate Cut Factor Fill Factor

Style

2d Arealsqm)  Cut(adjusted)(Cu. ... Fill adjusted)(Cu

- 11-16 LiDAR 1.000 1.000

Contours 2... (5 108718 5.20

. Met(adjusted)(Cu
'752.1z< FiH>1

757.33

Cnuka 15 — 3anpemuHa genoxuvje gobuvjeHa cHumarem LiDAR metogom
Figure 15 — Stockpile volume obtained by LiDAR method
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3.5 Comparasion and analysis of
obtained data

After processing the data obtained by
surverying by polar, photogrammetric
and LiDAR methods, the following
comparative data were obtained:

3.5 Ynopehusame u
dobujeHux noGamaka

aHarnusa

HakoH o6page nopaTtaka pobwjeHux
CH/MaHEM nonapHom,
doTorpameTpujckom n LIDAR meTtogom
powno ce po cnegehux ynopegHux

nogaTaka:

W $oTorpameTpUjcKa meToaa
P?‘.otog;'an'\metry method

LiDAR meTona
LIDAR method

W [MonapHa meToda
Polar method

YryrtHO A R T AR AT AR AR
Total OO AR RO RO ORI ORI

O6paga
ﬂoginva [T R R AR CERRRLTCERRLEACEROECE IO
Data processing (i

MpuKyn/bare

nogartaka
Data collecting

(1w
R R OO REEE AR R R

MNopgewasarbe |
(I

onpeme
Equipment [N
adjustment

0 20 40 60 80 100 120 140 160 180

Cnuka 16 — Bpeme HeonxoAHo 3a Npukynibake 1 obpagy nogataka (y MUHyTMMA)
Figure 16 — Time required to collect and process data (in minutes)

Tabena 1— Pesyntatu mepera 3anpemunHe genoHuje
Tabela 1 — Stockpile volume measurement results

3anpemuHCKa Maca y KibHr.
MeToga cHumarea | 3anpemuna | 30ujenom ctawsy | TemuHa | CTabe Pasnuka Paznuka
Surveying method | Volume | Bulkdensityinthe | weight | Stock | Difference | Difference
(m?) compacted state (t) balance (t) (%)
{t/m?) (t)

Monapna

P 718,76 1,54 1.106,89 -14,19 -1,27%
Polar
DoTOrpameTpHjcKa

pameTpu] 738,62 1,54 1.137,47 | 1.121,08 | 16,39 1,46%
Photogrammetry
LiDAR 752,12 1,54 1.158,26 37,18 3,32%

| BBOPHUK PALOBA TPABEBUHCKOI ®AKYJTTETA 40 (2021) |



4. RESULTS AND DISCUSSION

Based on the obtained results of
stockpile volume measurement and
time for data collection and processing,
we can unequivocally come to the
conclusion that in this particular case
the photogrammetric method is superior
to the other two methods. Fast
equipment setup, fast surveying of
large areas, relatively short data
processing time (directly depends on
the quality of computer hardware) and
very accurate results make this method
indispensable when surveying
stockpiles volumes. The mobile LiDAR
method in this case showed certain
shortcomings that affected the final
result of the stockpile volume. Namely,
due to the very geometrically irregular
shape, the laser beams could not reach
every part of the stockpile. This caused
the appearance of shadows,
inaccessible parts of the stockpile on
the laser, which had to be interpolated,
and by that process the geometric
structure of the stockpile and its volume
changed. This can be overcome by the
ALS (Airborne Laser Scanning)
method, ie. aerial LiDAR surveying.

If all asphalt plant stone aggregate
stockpiles were measured, the order of
the methods would be significantly
different. During the time spent in
collecting detailed points by the polar
method of one stockpile,
photogrammetric and LiDAR method, it
is possible to survey the entire surface
of the asphalt plant (more than 30
stockpiles). Obtaining final results in a
very short period of time quickly and
with significantly reduced costs is the
biggest advantage of the above
systems.

4. PE3YNTATU U OUCKYCUJA

Ha ocHoBy pobujeHnx pesynTata
Mepera  3anpeMuHe  JernoHuje U1
BpeMeHa 3a Mnpukynrbawe u obpagy
nogataka MOXEMO HeOBOCMMUCIEHO
[ohu [0 3akrbydka [a je Y KOHKPETHOM
cny4yajy doTtorpameTpujcka MeToaa
cynepuopHuWja y ogHOCY Ha npeocTane
ase metoge. bp3o nopewasane
onpeme, 0Op30 CHUMaE BENUKUX
noBpLUMHA, PenaTtuBHO KpaTKO Bpeme
3a 06pany nopartaka (QUPEKTHO 3aBucu
o[, KBanuTeTa xapABepa Kommjytepa) u
BeOMa TayHuM pe3yntaTm YMHE OBY
MEeTOLy He3aMeHIbUBY KO CHUMaha
3anpemuHa genoxuvja. MobunHa LiDAR
MeToda je Y KOHKPETHOM  cryvyajy
nokasana oppeheHe HegocTaTke Koju
Cy yTMUanuM Ha Kpajwu pesynTart
3anpemuHe penoxuvje. Hauwme, 36or
BEeOMa T[EeOMETPUjCKM  HemnpaBuIHOr
obnuka nacepcku 3pauyM HWUCY MOrnu
JonpeTtu Ao cBakor fgena genoHuje. To
je npoy3pokoBano MnojaBy CEHKM, Ha
nacepy HEeOCTYMHUM nenosuma
OenoHuje, Koje cy Mmopane ©6uTtu
WHTEpronoBaHe 1M camum  TUM
npoLecoM Mewa ce TreomeTpujcka
CTPYyKTypa AenoHuje " HeHa
sanpemuHa. OBO ce Moxe npeBasvhu
ALS  (Airborne Laser Scanning)
MeToaom Tj. cHuMawe LiDAR-om wu3
Basgyxa.

Ykonuko ©u npegmeT Mepewa 6une
CcBe [EroHvje KameHor arperata Ha
accnatHoj 6a3n, pegocnes metoaa 6m
ce 3HaTHO pa3nukoBao. 3a Bpeme
NPOBEAEHO Yy NMpUKyNibakwy AeTarbHuUX
Tayaka MonapHOM METOAOM jefHe
AenoHuje, oTorpameTpujckom "
LiDAR wmetogom je moryhe CHUMUTK
yntaBy noBpWUHY acdantHe 6Gase
(Buwe op 30 penonwuja). LOobujare
Kpajibux pesyntata y Beoma KpaTKoM
BpemMeHckoMm pa3gobrby 6p3o u ca
3Ha4yajHO  CMakEeHMM  TPOLLKOBUMA
Hajseha je npegHocT Hanpeg,
HaBedeHUX cucrema.
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