OPTIMIZATION OF GEODETIC NETWORK FOR THE RESTORATION

OF SURVEYING IN CM VOJVODA STEPA

ONTUMU3ALNJA TEOAETCKE MPEXE 3A NOTPEBE OBHOBE
NMPEMEPA Y KATACTAPCKOJ OMNwTHUN BOJBOAA CTENA

Goran Marinkovi¢ !
Tatjana Kuzmic¢ ?
Milan Trifkovic 3

Summary: In the area of Vojvoda
Stepa there is already a network of
points  whose coordinates  were
determined during surveying process.
However, the existing network has
sparse density and, hence, does not
satisfy needs of maintenance and
reconstruction of the survey of the civil
area, as well as the realization of
geodetic and technical works in the
arrangement of the land consolidation.
With regard to the predicted geodetic
works, the realization of new network is
planned which will include certain
number of existing trigonometric and
polygonal points. The main objective of
the project is the realization of the new
reference network in the territory of
cadastral municipality Vojvoda Stepa,
which  will in full satisfy needs of
maintaining and renewing survey and
the needs of cadastre of impartiality.
This network will present basis for all
works carried out in the process of the
land consolidation. In the paper, project
solution of geodetic basis is presented.
Special emphasis is placed on finding
optimal solution, i.e. optimal network
design, with fulfilled conditions related
to the required quality, that is, the
accuracy and reliability of the geodetic
basis.
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Pe3snme: Ha Teputopuju HacerbeHor
Mecta Bojsoga Ctena Beh noctoju
Mpexa reofeTCKUx Tadaka umje cy Ko-
opaouHate ogpeheHe y nocTynky npe-
Mepa. Meflytum, noctojeha mpexa 36or
HelOBOIbHE TYCTMHE, He 3a40BOrbaBa
notpebe ogpxaBara n 06HOBE npeme-
pa rpafeBMHCKOr peoHa, Kao HW MoT-
pebe peanusauuje reoaeTCKO-TEXHUY-
KUX pagoBa Yy MocTynky komacauuje. C
0631poM Ha nnaHupaHe reoeTcke pa-
aoBe, npeasuheHa je peanusauuvja Ho-
Be Mpexe koja he ykrbyuntu ogpehenun
Opoj noctojehux TPUroHOMETPUCKUX U
NOMUroHCKNX Tayaka. Kao rmaBHu umrb
npojekta ce fgeduHuwe peanusauuja
HOBE pedepeHTHE MpexXe Ha TepuTo-
puju oBe KaTacTapcke onwTuHe, koja he
y NOTMYHOCTM 3a40BOSbUTM noTpebe
ogpxkaBaka u o6HOBe npemepa W
KaTacTpa HernoKpeTHOCTW W npencTas-
baTn OCHOBY 3a CBe pafjoBe Koju ce
n3Bode y NoCTynKy komacauumje. Y pagy
je Mpes3eHTOBaHO MpPOJEKTHO peLleHe
reofeTcke OCHOBE Ha TepUTOpUjU KaTa-
ctapcke onwTuHe Bojsoga Ctena, roe
je nocebaH akueHaT CTaBrbeH Ha
npoHanaxewy ONTUMarnHor pellema,
OOHOCHO MpOHamnaxewy OMTUMarHor
An3ajHa Mpexe, ca UCMyHEeHUM YCno-
BMMa KOjU Ce OAHOCE Ha 3axTeBaHu
KBanuTeT, OOHOCHO Ha TayHOCT U
noy3gaHoCT reoeTcke OCHOBE.
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1. INTRODUCTION

Geodetic network is defined as the
geometric configuration (displacement)
of three or more points on the ground
that are linked by geodetic mea-
surements (such as directions, angles,
azimuths, spatial distances) or by
satellite measurements (GPS - Global
Positioning System), or a combination
of both. For the successful execution of
geodetic works of different types, a
geodetic network of high quality is
required, which enables the execution
of works with the appropriate level of
accuracy and within the given
tolerances.

When a geodetic network is being
developed, several general principles
must be taken into account:

« geodetic network of points must
include the area on which it is defined
and meet needs of surveying and
marking;

« the accuracy of the network must be
homogeneous for all parts and it must
meet the accuracy requirements;

« the stabilization of the points must be
carried out in an appropriate manner
with a precise center for centring
instrument and signal or with forced
centring devices;

« when selecting the position of a point,
it must be taken into account whether it
is a location that could impair the
stability of the marker by its
characteristics [1].

The main and basic goal of the
research in this paper is to optimize the
geodetic network, ie, optimization of:
geometry, accuracy, number of
measurements and  accuracy of
measurements of elementary sizes in
the network. In this way, in order to
obtain a suitable geodetic network, it is
determined which instrument, which
method of measurement and under
what conditions of accuracy and

KrbyuHe peuu: ontumusaumja, reopge-
TCKa OCHOBa, KpUTEpWjyM KBanuTeta,
nnaH onaxara

1. yBO[

[eogeTcka mMpexa ce geduHue Kao
reomeTpujcka KoHdurypauuja (pasme-
LWTaj) TPU NN BULLE Tayaka Ha 3EMIbMU,
Koje Cy noBesaHe reofeTCKum mepe-
bMMa (Kao LWTO Cy npaBLW, YrMnoBMW,
a3nMyTK, NPOCTOPHE yAarbEHOCTW) UNn
catenuTckum  Mmepewsuma  (IMC —
rnobanHy MO3NUMOHU CUCTEM), WU
KOMOUWHaLUujom jeaHuMx u gpyrmux. 3a
yCrewHo Wu3BpLlaBake reodeTCKUX
pafioBa pasnuunTux BpcTa notpebHa je
reofeTcka Mpexa BUCOKOr KBanuteTa
Koja omoryhaBa n3Bohewe pagoBa ca
ogroesapajyhium HMBOOM Ta4yHOCTM W Y
OKBUpY 3a4aTux TonepaHuuja.

Kaga ce wuspafyje reogetcka mpexa,
MOpa Ce BOAMTU pavyHa O HEKOMMKO
OnNTMX NpUHUMNa:

e reoeTcka Mpexa Tayaka mopa ga
obyxBaTu nogpydje Ha kome ce
aedvHuLle 1 3a40BOrbM NoTpebe
npemepa n obenexasawa;

e TA4YHOCT Mpexe mopa 6uTn xomoreHa
3a cBe JernoBe 1 a ogroeapa
3axTeBMMa Ta4HOCTY;

e cTabunusauuja Tavaka ce Mmopa
M3BPLUNTK Ha oaroBapajyhu HaumH ca
NPeun3HNUM LIEHTPOM 3a LieHTp1Cake
WHCTPYMEHTA W CUrHana unu ca
ypehajyMa 3a NpUCUIHO LEHTPUCAHSE;

e pu n3bopy nonoxaja Tavyaka mopa
ce BOOUTK padyHa fa nv ce pagu o
nokauujama koje 6u cBojumM
KapakTepucTukama Morne yrposntm
crabunHocT 6enera [1].

OCHOBHM M nNpUMapHU UWb UCTpa-
XvBaka y OBOM pajy je Aa ce u3spLun
onTMMM3aLmja reogeTcke Mpexe, Tj.
oTMMM3auuvja: reomeTpuje, TayHOCTH,
Opoja Mepewa M TayHOCTU Mepena
enemMeHTapHNX BenuynHa y mpexu. Ha
Taj HauvH yTBphyje ce KojuM WHCTpYy-
MEHTOM W MeTogama Mepewa U Mnop
KOjUM yCrnoBMMa Ta4yHOCTU U yCroBUMa
npu mepery, Tpeba n3sBpINT Mepera
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surveying, measurements of ele-
mentary sizes in the network of
selected geometry should be

performed. Such a network will enable
the execution of geodetic works with
adequate accuracy where the
measurements will be within the
tolerance limits [2].

2. OPTIMIZATION OF GEODETIC
NETWORKS

Optimization is a science that aims to
determine the "best" solutions to certain
mathematical problems. The word
"optimum" is synonymous with the word
"best", which can mean "maximum" or
"minimum” depending on the particular
case. Optimization is based on different
areas of mathematics. It is important to
note that optimization techniques are
mainly used for decision making. For
example, the optimization technique
can be used to select the instruments to
be used and the local points to be
captured when estimating unknown
parameters with defined quality [3].

2.1. Classification of methods of
optimization

Optimization of designing geodetic
networks is classified in different rows -
Table 1, in relation to the constant
parameters of functional and stochastic
model, indirect adjustment by the least
squares method. Which optimization
method will be applied depends on the
type and purpose of the network.

eneMeHTapH1UX BeNnyMHa y Mpexu usa-
OpaHe reomeTpuje, a y unrby gobujara
reogetcke Mpexe opgrosapajyher kea-
nuteta. TakBa mpexa he omoryhutn
M3BplUEHE reofdeTckux pagosa ca
ogroeapajyhom TayHownhy, roe he ce
Mepewa HanasitTu y  rpaHuuama
003BOSbeHNX TonepaHuuja [2].

2. ONTUMMU3ALMNJA TEOOETCKUX
MPEXA

OnTuMmmnsaumja je Hayka 4uvju je unrib aa
opgpeaon "Hajborba" pelwera 3a u3Be-
cHe mateMaTuyke npobneme. Pey "or-
mumym" je CMHOHMM 3a ped "Hajborba”,
Koja MOXe Aa 3Haun "Makcumym" vnu
"MUHUMYM" 'y 3aBUCHOCTU O KOHK-
peTtHor cny4yaja. OnTuMmusaumja je 3ac-
HOBaHa Ha pasnuuuTuMm obnactuma
MaTtemaTuke. BaxHo je nmpumetutn pa
Cy TEeXHUKe OonTMMu3aumje YrrnaBHOM
KopuwheHe 3a goHowewe oanyka. Ha
npumep, TEXHUKA ONTUMU3aUuje MOXe
Ja ce KopucTu 3a opabup MHCTpy-
MeHaTa Koju he ce Kopuctutn U
TNOKanHUx Tadaka koje he ce cHumatw,
npu NpoLeHn Hemno3HaTux napameTtapa
ca geduHncaHmm kBanuTteTom [3].

2.1. Mopena meToaa onTuMuUsauumje

Ontumusaumja npojektoBarwa reogeT-
CKMX Mpexa ce Knacudukyje yHyTap
pasnuuuTnx pegosa — Tabena 1, nTo y
OOHOCY Ha KOHCTaHTHe napameTpe
YHKLUMOHAMHOr N CTOXacTU4Kor Mogde-
na, nocpefgHor nspasHawa No MeToam
HajMarwbux kBagpaTta. Koja he ce me-
Toda onTumm3auuje NPUMEHUTH 3aBuCK
o[ BpCTe U HAMeHe MpeXxe.

Tabena 1 — Knacudukauuja metoga ontummnsaumje reogeTckmx mpexa [4]
Table 1 - Classification of methods of optimization of geodetic network [4]

. KoHCTaHTHMK HenosHnaTtu
Mpojekat Pelwwere npobnema
napameTpu napameTpu
0. peqg A %, Qg gatym
1. peqg P, Qg A an3ajH
2. pea A, Qg P TayHoCT
3. peq 2 A, P noborblUake KBanuTeTa
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The zero order design implies deter-
mining optimal network date when a
network design is known, i.e. for
planned measurements in a network
where the design matrix A is known and
the accuracy of measured values P, a
coffactor matrix of unknown parameters
Q4 or a vector of unknown parameters
% is determined. Determining the
optimum date depends on the type and
purpose of the network.

The first order design leads to defining
the optimal design of the geodetic
network. It involves solving the problem
of determining the optimal positions of
the network points, as well as the
optimal observation plan. For this
purpose, LSM - the Least Squares
Method is often applied.

The second order design leads to
solving optimal weights or accuracy of
the planned measurements in the
network, for the known network design
and the created criteria matrix. These
data are of great importance for the
selection of optimal measurement
methods and measuring instruments.
The third order design implies optimal
improvement of the existing networks in
terms of design and accuracy, optimal
weights of planned measurements in
geodetic networks are determined with
additional design in relation to the
design of the existing network. The
most commonly used is the
densification of the network with
additional observations or additional
points in parts of a small accuracy or
reliability [5].

In general, the optimal geodetic net-
work has high precision and reliability
and is designed in accordance with
economic conditions [6].

3. QUALITY OF GEODETIC
NETWORK

When designing a geodetic network,
network quality criteria must be defined
(Figure 1). The quality of the geodetic
network is characterized by precision,

Mpojekat 0. pega nogpasymeBa ofpe-
AuBare onTumanHor gatyma Mpexe
YKOITMKO je MO3HaT Am3ajH Mpexe, Tj. 3a
nnaHnpaHa Mepewa Yy Mpexu rae je
no3HaTa MaTpuua amsajHa A u TayHocT
MepeHux BenuunHa P, opgpehyje ce
maTpuua kocakTopa Heno3HaTux napa-
meTapa Qg WnNM BEKTOpP HenosHaTux
napameTtapa X. OppehuBamwe onTu-
ManHor gaTtyma 3aBMCUM Of, BpCTE U
HamMeHe Mpexe.

Mpojekat 1. pepa BoauM ka pedu-
HuCakby ONTMMAanHor [AusajHa reo-
JeTcke Mpexe. YKrbyyyje ce peluasa-
ke npobnema ogpehuBarwa onTuman-
HMX Mo3uuMja Tayaka Mpexe, Kao U
ONTMMAarHor nraHa onaxara. Y oBome
uurby ce yYecto npumerbyje MHK —
MeTOo[, HajMakMX KBagpaTa.

Mpojekat 2. pega Boau ka peluaBaky
ONTUMAsnHWX TEeXWHa WM TayHOCTU
NnaHnpaHux Mepeka y Mpexu, 1 1o 3a
NMo3HaTU [AOM3ajH Mpexe W KpeupaHy
kputepujym matpuuy. OBu nogaum cy
Of, BEnuKe BaXHOCTWM 3a u3bop onTu-
ManHux MeToda Mepewa WU WHCTPY-
MeHaTa 3a MepeHse.

Mpojekat 3. pega nogpasymeBa ONTU-
MarnHo nobosbliake NocTojehnx mpexa
y CMUCMy Oum3ajHa M TadyHoCTW, oape-
fyjy ce onTuManHe TeXuHe nnaHupa-
HUX Mepewa Yy reodeTckuMm Mpexama
ca [JoOaTHUM [u3ajHOM Y OAHOCY Ha
Omn3ajH noctojehe mpexe. Hajuyewhe ce
BpwK nporywhaBake Mpexe AopaT-
HAM  onaxawuma wunu  JodaTHUM
Taykama y [JernoBuMa mare TayHOCTU
unu noysgaHocTy [5].

leHepanHo, onTumManHa reogeTcka
Mpexa WMa BWCOKY MPEeLn3HOCT U
noy3gaHocT 1 Av3ajHupaHa je y cknagy
ca eKOHOMCKUM ycroBuma [6].

3. KBAJIUTET FrEOOETCKE MPEXE

Kapga ce Bpwwu npojektoBakwe reoget-
cke Mpexe, Mopajy ce aeduHucatm
Kputepujymmn ksanuteTta mpexe (Cnvka
1). KBanuteT reogetcke Mpexe je
oKapakTepucaH npeuusHowhy, noysaa-
HOWwhy ¥ HOBYAHMM  TPOLLKOBUMA.

| JOURNAL OF FACULTY OF CIVIL ENGINEERING 33 (2018) |



reliability and monetary costs.
Repeatability is another criterion for
quality control, which is mainly
considered for satellite positioning
methods [7]. The accuracy criterion
most often refers to the accuracy of
points and functions and defines the
global and local accuracy criteria.
Reliability is most often related to
internal and external. There are also
global and local reliability criteria. The
sensitivity criteria are related to network
design [8].

Keanuter |

[MoHOBMBEUBOCT je jolw jeaaH KpuTepujym
KOHTpOne KBanuTeTa Koju ce yrrnaBHOM
pasmatpa Koa MeToda caTenuTcKor
no3nuuoHupama [7]. Kputepujym
Ta4yHoCTM ce Hajyewhe opgHocu Ha
TaYyHOCT Tayaka W  yHKUMja u
AeduHuwy ce rrnobanHn 1 foKanHu
KpuTepujymm TadyHoctu. MoysgaHocT ce
Hajuewhe OAHOCKM Ha YHyTpalky U
cnorbawky. Takohe noctoje rnobanHu
N TNOKanHW KpUTepujymyn Moy3aaHoCTy.
KpuTepunjymm oceTrbMBOCTM Cy Be3aHu
3a gu3ajH mpexe [8].

=<
e
T

e

Cnwuka 1 — AHanusa kBanuteTa reo,u,eTcmx Mpexa
Figure 1 - Quality analysis of geodetic networks

Estimates of accuracy and reliability are
based on the Least Squares Method
and mathematical models of indirect
adjustment.

3.1. Apriori accuracy analysis

The procedure of the apriori accuracy
analysis is described in [9]. The
accuracy of measured values, unknown
parameters, position accuracy of the
points and parameters of the error
ellipses are explained in [9] and [10].
The accuracy of the geodetic network
depends on:

e geometry of the network;

e accuracy of measured quantities;

» the accuracy of the given sizes.

On the basis of the apriori analysis of
accuracy, it is possible to choose

OueHe Ta4yHOCTN M noysgaHocTn cy
3acHoBaHe Ha Metogm HajMaH:IAX KBa-
gpata “ MaremMatTudkmm  mMopgenuma
nocpegHor n3pasHaHa.

3.1. NMpeTxoaHa aHanM3a Ta4HOCTU

MocTynak npeTxoAgHe aHanu3e TayHo-
CTu je onucaH y [9]. Ta4HOCT MepeHnx
BEMMYMHA, HEeno3HaTuxX napametapa,
nonoxajHa Ta4yHOCT Tadaka W napa-
MEeTpU enunce rpeluaka cy onucaHu y
[9] n [10].

TayvHOCT reofeTcke Mpexe 3aBucu o4;
® reomeTpuje Mpexe;

e TA4yHOCTW MEPEHMX BENMUYMHA;

e TAYHOCTM AaTWX BENMNYMHA.

Ha ocHoBy npeTxodHe aHanuse Tauy-
HOCTM ce BpwM u3bop ogrosapajyher
MHCTpyMEHTa M MeTode paga, kao u
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appropriate instrument and working
method, as well as various other factors
in order to achieve the desired
accuracy.

After the accuracy analysis, it is
necessary to compare the obtained
accuracy with the defined accuracy in
the project task. If the accuracy
obtained from the apriori analysis of the
accuracy is identical or better than the
accuracy defined by the project task
then it can be expected that after the
realization of the project, the network
will be of adequate quality. Otherwise,
changes to the network design, planned
measurements or their accuracy are
necessary. After the changes are made
in the design phase it is necessary to
re-perform the apriori analysis of the
accuracy. The procedure is repeated
until the requirements of the project
task are fulfilled.

3.2. Apriori reliability analysis of
geodetic networks

In the design phase, an analysis of the
apriori reliability of geodetic networks is
also performed. Apriori analysis of
reliability is explained in [9].

The reliability criteria for geodetic
networks are: the homogeneity of the
network (each point has the same
accuracy - the error ellipses are of the
same size and the same orientation)
and isotropy of the network - all points
have the same parameters of the error
ellipses that tend to have geometry of
the circle. External reliability deals with
the influence of undetected outliers on
the final results obtained after
adjusttment of geodetic networks
(coordinates of points, adjusted values,
functions whose arguments are
unknown sizes).

The theory of internal reliability studies
the possibility of eliminating outliers
from the results of measured values in
the process of adjusting geodetic
networks in order to ensure their
quality.

If after the apriori analysis, poor

pasHux gpyrux dakropa y uurby noc-
TM3aka >XerbeHe TayHocTu. [locne
aHanu3e Ta4yHOCTM HEOMXO4HO je ymno-
peautn [obujeHy TayHOCT ca fe-
PUHNCAHOM TaYHOCTM Yy MPOjEKTHOM
3apaTky. Ako je gobujeHa TayHOCT w3
npeTxogHe aHanu3e TayHOCTW MOEHTU-
YyHa wunnm Gorba of TavHocTu Aedu-
HMCaHe MPOjeKTHUM 3aJaTKoOM oHAa ce
Moxe odekMBaTM pa he U HakoH
peanu3auuje npojekta mpexa 6utu
agekBaTHor keanuteta. Y CynpoTHOM,
HEeOnxoA4He Cy U3MeHe y Au3ajHy Mpe-
Xe, MNNaHvpaHuM MepewunMa  Unu
HMXOBOj Ta4yHOCTU. HakoH m3BpLUEHMX
M3MeHa y @asu npojekToBawa Heon-
XOAHO je MOHOBO YPaguTW MPETXOA4HY
aHanuay TadHocTu. MNocTynak ce noHa-
Blba CBe [OK 3axTeBU W3 MNPOjEeKTHOr
3agatka He Oyay ucnyHeHu.

3.2. NMpeTxoaHa aHanusa
noy3aaHoOCTU reofeTCKUX Mpexa

MocTynak npeTxoAgHe aHanu3e TayHo-
CTU je onucaH y Y asu npojektoBana
ce Takohe BpLIKM aHanu3a npeTxogHe
noy3aaHoCTV reodeTCKUX Mpexa.
MpeTxogHa aHanu3a Noy3gaHoCTU reo-
OETCKMX Mpexa je onucaHa y [9].
Kputepunjymmn noysgaHocTu reodeTcKkux
Mpexa Cy: XOMOreHOCT Mpexe (cBaka
Tayka wMMa nodjeAHaKky TayHoCT -
enwvnce rpeLuaka UcTe BennyMHe u ncte
OPUjEeHTUCAHOCTUN) 1 U30TPOMNMja Mpexe
— CBe Tayke uMajy ncTe napameTtpe
enuncy rpeLuaka Koje Texe Kpyry.
Cnorbawra noysgaHocT ce 6aBu yTu-
LajeM HeOTKpMBEHMX rpybux rpeluaka
Ha KoHayHe pesynTaTte JobujeHe nocne
u3paBHawa reodeTckux Mpexa (koop-
AVHaTe Tayaka, u3paBHaTe BpedHOCTH,
dyHKUMje uUnju Ccy aprymeHTu Heno-
3HaTe BENuYnHe).

Teopwuja yHyTpallke noy3naHoCcTy npo-
y4yaBa MOryhHOCT envmMuHaumje rpyoux
rpewaka u3 pesyntata MepeHux Be-
nMYMHa y npouecy u3paBHawa reo-
OEeTCKMX Mpexa kako 6u ce obe3beamo
HNXOB KBanuTeT.

AKO ce HaKOH npeTxogHe aHanuse Jo-
6uje cnaba noysgaHoCT, oHAa je Heon-
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reliability is obtained, then it is
necessary to add new measurements
of the sizes and in this way increase the
number of excessively measured
guantities. The best effect is achieved
by closing geometric figures in the
geodetic network: a triangle, a
rectangle, or a polygon.

4. THE PROJECT OF THE
GEODETIC REFERENCE
NETWORK IN CM VOJVODA
STEPA

In the paper, the solution for the needs
of the realization of the geodetic
network in the territory of the CM
Vojvoda Stepa is given. The conceptual
design is realized on the basis of the
defined project task. Large-scale maps
(1: 5000, 1:10 000, 1:25 000) are
needed for its creation, as well as
situational plans of smaller scale. What
scale will be used for design depends
on the situation in the field and the size
of the area of interest. This project must
contain solutions in terms of the size of
the area of interest, volume of works,
accuracy criteria and method of
recording. This phase of the project
serves as a basis for detailed
elaboration in the next phase, ie. for the
realization of the main project.

Cadastre Municipality of Vojvoda Stepa
is located in the Central Banat District,
in the municipality of Nova Crnja. The
area of CM is 4632ha, while the area of
the construction zone is about 268 ha.
There is already a network of points in
the territory of the settlement, whose
coordinates are determined by the
classical methods. However, the
existing network that has been
designed and stabilized for the needs of
the national surveying and creating land
cadastre has been established in
limited conditions of accuracy and
reliability. It was established to move
from descriptive system of records to
numerical, graphic and descriptive data,
entered and recorded in the cadastral

XO[HO Jo4aTu HoBa Mepera BenuynHa
1 Ha Taj Ha4nH noBehaTtun 6poj cyBULLHO
MepeHux BenuuunHa. Hajoorsu edpekart
ce TnocTmxe 3aTBapakeM reomeT-
pujcknx dourypa y reodetckoj Mpexu:
Tpoyrao, YeTBOPOYrao Unwv NonuroH.

4. TPOJEKAT rEOOETCKE
PE®EPEHTHE MPEXE Y KO
BOJBO[MOA CTENA

Y pagy je gaTo peluewe npojekta 3a
notpebe  peanusauuje reogeTcke
Mpexe Ha Teputopuju KO Bojsoaa
Crena. VpejHn npojekat ce peanusyje
Ha ocHoBYy yTBpfeHor npojekTHor
3agatka. 3a HweroBy u3pagy cCy
notpebHe KapTe KpynHWX pasmepa
(1:5000, 1:10 000, 1:25 000), kao u
CUTyauMOHN nnaHoBu CUTHUjUX
pasmepa. Koja pasmepa he ce
KOPUCTUTU 3a NpOjeKTOBae 3aBUCU Of,
cuTyauuje Ha TepeHy W Benu4yuHe
nogpydja og uHtepeca. OBaj npojekat
MOpa [a CafpXWu pellera y CMUchy
BEMMYMHE nogpydja oA UMHTepeca,
obuma pagoBa, kpUTepujyma TauyHOCTU
n MeTtoge cHumawa. OBa (asa
npojekTa CryXu Kao OCHoBa 3a
JeTaroHy paspagy y HapeaHoj dasu, Tj.
3a peanusauujy rnaBHor npojexTa.

Karactapcka onwTtuHa Bojsoga Crena
ce Hanasm y CpegrwebaHaTckom
oKpyry, y okBupy onwTuHe Hoea Lipksa.
MospwwuHa KO unsHocu 4632ha, gok je
noepwmHa rpaheBnHCKOr peoHa OKO
268 ha. Ha Teputopuju Hacerba Beh
NnocToju Mpexa Tayaka uuje cy
KoopavHate ogpeheHe  KrnacuyHWM
MeTodama. MehyTtum, noctojeha mpexa
KOja je npojekToBaHa u ctabununsoBaHa
3a noTpebGe [pXaBHOr mnpemepa Wu
n3pagy Karactpa 3emrbuwta  je
ycrnocTaBrbaHa y OrpaHu4eHuM YCro-
BMMa TayHOCTM W MOY3OaHOCTW.
YcnocTtaBrbaHa je aa 6u ce npewrno ca
OMMCHOr  cucTemMa eBuaeHuunje Ha
Hymepuuke, rpaduyke U  OMUCHe
nogatke, yHeTe W eBUOEHTUpaHe Y
KaTactapcku onepaTt. M3paBHara no-
TNIUTOHCKUX BnakoBa Cy BpLUeHa Mo-
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manual. The adjustment of the
polygonal string was carried out
individually and independently, based
on the observed directions and the
measured lengths between the polygon
points in the string. Due to the way in
which they were performed, these
measurements ~ were limited in
accuracy, so that even the resulting
adjusted coordinates had a limited
accuracy [11]. Considering the needs of
the settlement, the realization of a new
network that will include a number of
existing  trigonometric  points s
scehudeled. Trigonometric points are
identified on the 1: 25000 scale maps
and later need to be detected on the
ground. Also, in the field it is necessary
to check that there is no threat to the
stability of these points. If the markers
are not moved, points can be used in
the future.

4.1. Documentation used for project
development

The following documentation was used
for the development of the project:
existing topographic bases; existing
orthophoto plans and elaboration of the
existing geodetic networks in CM
Vojvoda Stepa.

4.2. Preparation work

At this stage, the collection of existing
topographic bases and data on existing
geodetic networks in the territory of
Vojvoda Stepa was performed. After
that, a visual inspection of the area and
the detection of points of the existing
network was performed.

4.3. Recognizing the geodetic
network

Recognizing the polygon network
implies determining the locations on the
field where the polygon points will be
placed. Of course, before this
procedure, on the field, the points of the
existing network must be identified and

jeOMHa4YHO M HE3aBMCHO, Ha OCHOBY
onaxkaHux npaBaua 1 MepeHux AyXuHa
uamefly  NOMWroHCcKkUX  Tayaka Yy
BnakoBuma. Ta Mepewa cy, 36or
HayMHa Ha Koju cy usBofeHa, orpa-
HWYeHe TayHoOCTW, Tako Aa Ccy u
KOHa4yHo AobujeHe n3paBHaTe KOOPAU-
HaTe umane orpaHuyeHy TayHocT [11].
Ca o063vpom Ha noTpebGe Hacerba,
npeasuheHa je peanusauvja HoBe
Mpexe koja he ykbyuntn oppeheHu
6poj nocTtojehnx TPUroOHOMETPUJCKMX
Tayaka. TpuroHomeTpujcke Tayke cy
naeHTudukoBaHe Ha kapTama pasmepe
1:25000 n kacHuje wnx je noTpebHo
OTKPUTW Ha TepeHy. Takohe, Ha TepeHy
je noTpebHO NpoBepuTN Aa HWje AoLUNo
[0 yrpoxaBara CTabunHocTn 0BMX
Tavaka. Ako Oenere Hucy nomepeHe,
Tayke ce MOry KOpUCTUTU Yy Jarbem

paay.

4.1. fokymeHTaumja kopuwheHa 3a
u3pagy npojekra

3a wu3pagy npojekta je kopuwheHa
cnegeha pgokymeHTauuja: noctojehe
Tonorpadpcke  nmognore;  noctojehu
opTochoTO nNnaHoBM w  enabopatu
nocrtojehe reopetcke ocHoBe y KO
Bojsoga Ctena.

4.2. MpunpeMHn pagoBu

Y 0B0Oj hasu je n3BpLUEHO NPUKyNIbawe
noctojehmx TonorpadpckMx nogrora u
nogaraka o noctojehum reogeTckum
Mpexama Ha Teputopuju KO Bojsoaa
Crena. HakoH Tora je u3BpLIEH
BU3YyENnHW Mperneq nogpydja v OTKpu-
Bake Tayaka nocrojehe mpexe.

4.3. PekorHocuupamwe reogetcke
Mpexe

PekorHocumpare MNOMUroHcKke Mpexe
nogpasymeBa ogpehuBawe MecTa Ha
TepeHy Ha kojuma he ce nocTaBuTU
nonuroHcke tadke. HapasHo, npe oBor
nocTynka Ha TepeHy ce Mopajy
npoHahu u curHanucatu Tayke MocTo-
jehe mpexe. W3bop nonoxaja HOBUX
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signalized. The choice of the position of
the new points is made on the map of
scale 1:25 000, taking into account the
following:

« the polygon point must respond to its
purpose;

* point markers must be protected from
destruction or damage;

» the maximum distance between the
points is 500m;

« the adjacent points need to be
observable and at least two adjacent
points must be observed from each
point to connect the recording to the
network;

« dots must enable optimum surface
surveying.

It is necessary that the points of the
polygon network be selected
appropriately in order to achieve the
quality, economy and accuracy of all
future geodetic works. Also, the
network must be associated with an
appropriate number of known points
that are evenly distributed. For each
stabilized point, a description of the
position entered in the Trigonometric
Form TO no. 27 [12].

4.4. Concept of reference network

The newly designed network has the
following characteristics:

» covers the area of the construction
zone of CM Vojvoda  Stepa;
* is developed as a 1st order polygon
network;

* 9 points of the basic network (marked
with 339, 498, 525, 495, 334, 499, 521,
522, 335) and 27 points of the
construction zone of the settlement
(numbered from 1 to 27) are included in
the new network;

* planned measured sizes in the
network are lengths and directions;

* measurements in the network are
adjusted by the least squares method;
* an apriori accuracy estimate was
made based on the data of the
observation plan and the approximate
coordinates of the points.

Tayaka je W3BpLUEH Ha KapTu pasmepe
1:25 000 1 npu TomMe ce BOAMIO payyHa
o cnepehewm:

e NMOMMroHcka Tayka Mopa Aa oAroesopa
CBOjOj HAMEHW;

¢ Genere Tayaka mopajy 6uTtn
3awTtuheHe oA yHULITEHa UNn
owtehema;

® MakcMMarsiHo pacTojake uamehy
Tayaka je 500m;

e CyceQiHe Tayke ce MOpajy gornegatm
1 Cca CBake Tayke ce Mopajy gorneaatum
6apem ABe cycefHe Tayke pagu
rnoBes3vBaka CHYUMaka ca MPEXomM;

e Tayke mMopajy omoryhutu cHumMare
onTMmarHe noBpLUMHE.

HeonxogHo je ga Tayke MOMUrOHCKe
mMpexe Oyaoy wusabpaHe Ha ogro-
Bapajyhn HauvMH kako 6w ce nocturao
KBanNuTeT, €KOHOMWYHOCT U TayHOCT
cBux Oyayhux reogeTcknx papgosa.
Takohe, mpexa mopa O6uTn noBesaHa
ca ogroeapajyhum 6pojem  pgaTtmx
Tayaka Koje Cy paBHOMEPHO pacro-
peheHe. 3a cBaky cTabunmsoBaHy
Tayky ce y3mMa Onuc nonoxaja koju je
ynucaH y TpuroHomeTpujcku obGpa3sall
TO 6p. 27 [12].

4.4. KoHuenT pecdepeHTHe Mpexe

HosonpojekToBaHa Mpexa nma
cnepehe KapakTepucTuke:

¢ MOKpuBa nogpydje rpaheBnHcKor
peoHa KO Bojesoaga Ctena;

e pa3BujeHa je Kao MNONUroHcka Mpexa
1. pena;

e Yy MpeXYy je yKrbyyeHo 9 Tavaka
OCHOBHe Mpexe (obenexeHux ca 339,
498, 525, 495, 334, 499, 521, 522, 335)
n 27 Tavaka rpahjeBuHcKor peoHa
Hacerba (HymepucaHux og 1 go 27);

e NflaHMpaHe MepeHe BeNuUuHe y
MPEXM CYy OY>KUHE 1 NpaBLK;

e Mepera y Mpexu ce uspaBHaBajy no
MEeTOAU HajMakUX KBaapaTa;

e IPETX0JHA OLleHa Ta4HOCTU
M3BpLLEHA je Ha OCHOBY NnogaTaka
nnaHa onaxara v NpUGNKHUX
KoopAvHaTa Tadaka.
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Figure 2 shows the disposition of the
points of the new polygon network of
the construction zone of the Vojvoda
Stepa cadastre municipality.

Ha Cnuum 2 npukasaHa je gucnosuumja
Tavaka HoBEe MOSIMFOHCKE Mpexe rpa-
fReBuHCKOr peoHa kaTacTapcke on-
wTuHe Bojsoga Crena.

Cnuka 2 — Ckuua nonuroHcke mpexe rpafheBuHckor peoHa KO Bojsoga Ctena
Figure 2 - Sketch of the polygon network of the construction zone in CM Vojvoda Stepa

4.5. Choice of measuring method

The network project defines a obser-
vation plan, measurement method,
instruments and criteria, ie standard
deviations. In accordance with these
parameters, height and position
measurements are performed in the
network. Altitude measurements are
realized through trigonometric and
geometric leveling. Positioning measur-
ements include measurement of:

« horizontal directions;

« oblique lengths;

« vertical angles.

On the basis of positional measure-
ements, the elements necessary for
determining the coordinates of the
points in the horizontal plane are
defined. Within this project, the use of
total stations with declared accuracy of
angular measurement and lengths is
required:

4.5. U36op MeTOAE MepeHa

Y npojekty mpexe ce aeduHuULLIE MnaH
onaxara, MeToh Mepewa, MHCTpyMe-
HTW M KPUTEPUWjyMU, OOHOCHO CTaHaap-
OHa ofcTynawa. Y cknagy ca OBUM
napameTpMma Ce BpLUE BWCMHCKa U
nonoxajHa Mepewa y Mpexu. Bucuu-
cka Mepewa ce peanusyjy Kpo3 Tpuro-
HOMETPUJCKU N TFEeOMETPUJCKA HUBEN-
maH. lNonoxajHa mepewa nogpasyme-
Bajy Mepeme:

© XOPW3OHTanNHWX Npaeaua;

® KOCKX OYXMHa;

® BEPTMKaIHUX yrnoea.

Ha ocHOBY nonoxajHux Mepewa ce
AedUHUWY eneMeHTM noTpebHM 3a
opgpehuBare KoopavMHaTa Tavaka Yy
XOPWU3OHTanHoj paBHW. Y OKBUpY OBOT
npojekta, notpebHa je ynoTpeba
TOTanHUX CTaHuua ca AeknapucaHoMm
TayHowhy Mepera yrnosa n gyxwvHa:
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GP — 5!/

op = 5mm + 5 ppm

4.6. Data processing and defined
criteria for the quality of the
geodetic 2D network

The adjustment of the measurement
results is done using the least squares
method, according to the functional
model of indirect adjustment. Before
adjustment, the functions of the
bindings of the measured sizes and the
derivation of the correction equations
for directions and lengths are formed.
Based on the obtained coefficients, the
design matrix A and the matrix P are
formed.

For the purpose of designing the
geodetic 2D network of the construction
zone, the following criteria of quality
were set in the main project:

« the ratio of large and small semi-axis
of the error ellipse should be in the
range of values, which are defined as
the given criterion:

-
IN
wl>

» the obtained positioning accuracy of
the polygon points, from the apriori
analysis must be consistent with the
accuracy defined as the given criterion:

OpoL <15mm

¢ the standard deviations of the
measured values must be within the
range of values that are defined as the
default criterion:

o, <5"
op < 5mm + 5 ppm

@)
)

4.6. O6bpapa nogartaka u
AedMrHUCAHN KpUTEPUjyMmn
KBanuTeTa reopeTtcke 2[] mpexe

M3paBHate pesyntata Mepewa ce
BpLUM MO METOAM HajMakMX KBaapara,
npema yHKLUMOHANHOM Mogeny noc-
peqHor wmspaBHawa. [pe u3paBHaba
ce opMupajy dyHKuMje Be3a MepeHmnx
BENUYMHa M M3BOAE jeOHauvHe non-
paBaka 3a npaBue W AyxuHe. Ha
OCHOBY Ao0ujeHux KkoedmumjeHaTa,
dopmupa ce wmatpuua gmsajHa A u
maTtpuua TexuHa P.

3a notpebe npojekToBaka reogeTcke
21 wmpexe rpaheBunHCKOr peoHa, Yy
rMaBHOM MPOjeKTy MOCTaBIfbEHU CYy
cnepehu Kputepunjymmn kBanuteTa:

e OZIHOC BENUKe 1 Marne nosnyoce
enunce rpeluaka Tpeba ga ce Hanasu y
oncery Bpe4HOCTHU, Koje Cy
AeduHncaHe Kao 3agatn Kputepujym:

IN
N

@)

e nobuvjeHa nonoxajHa Ta4yHoCT
MOSINFOHCKMX Tavaka, U3 NpeTxogHe
aHanuse mopa 6uTu carnacHa ca
TayHowWwhy Koja je oedmHUcaHa kao
3aJaTv KpUTepujym:

(4)

e CTaHOapAHe Aesuvjaunje MepeHnx
BENUYMHa MOpajy ce Hanasutu y
orncery BpeaHOCTH, Koje cy
AedurHMCcCaHe Kao 3a4atn KpuTepujyMm:

(5)
(6)
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« the obtained internal and external
reliability coefficients must be within the
range of values defined as the set
criteria and recommended for the
design of geodetic networks:

02<r

4.7. Project solution — the first
variant

Apriori analysis of the reliability and
accuracy of points and functions in the
geodetic network has been carried out
with  the following characteristics:
* the total number of measured sizes is
130, of which 50 are lengths and 80
directions;

* the total number of unknowns is 82;
* number of degrees of freedom is 48.
Table 2 gives data on the quality of the
2D network, the estimation of the
accuracy of the coordinates of the
newly projected points and the ratio of
the semi-axises of the standard error
ellipses. The display shows the
characteristic values of the parameters
- minimum, maximum and mean
values.

o 06UjeHN koedprLMjeHTN YHYTpaLlhe
1 cnorballke NoysfgaHocTu Mopajy ce
HanasuTtu y oncery BpeaHoOCTU Koje cy
AedurH1caHe kao 3a4aTu Kputepujym un
Koje ce npenopydyjy Ko npojekToBara
reogeTCKUX Mpexa:

L<1

1 —

(@)

4.7. NMpojeKkTHO peluewe — nNpBa
BapujaHTa

MpeTxogHa aHanusa noy3gaHocTU U
TayHOCTM Tayaka W yHkumja vy
recdeTckoj Mpexu Wu3BplieHa je ca
cnegehum kapakTepucTukama:

e ykynaH Opoj MepeHux BenuuuHa je
130, og yera 50 gyxuHa n 80 npaBua;

¢ ykynaH 6poj HenosHaTux je 82;

e 6poj cTeneHu crobopae je 48.

Y Tabenn 2 patm cy nogaum o
kBanuTeTy 2[] Mpexe, oLeHa Ta4yHOCTK
KoopAMHaTa HOBOMPOjEKTOBaHMUX Tava-
Ka W opgHoC nomnyoca CcTaHaapaoHuX
enuncn rpewaka. fat je npwukas
KapaKTepUCTUYHUX BPEeOHOCTU napame-
Tapa — MVHMMAarnHa, MakcumanHa wu
cpenHa BPeOHOCT.

Tabena 2 - Nogaum o KBanMTETY M TAYHOCTU NOMUIOHCKe Mpexe rpafheBuHckor peoHa KO
Bojsoga Ctena (npBa BapujaHTa)
Table 2 - Data on the quality and accuracy of the polygon network of the construction
zone in CM Vojvoda Stepa (first variant)

MUHMMYM | MakCcMMyM | cpeguHa
Ri (npaBuwm) 0,15 0,67 0,36
Ri (ayxuHe) 0,15 1 0,38
al (npaBum) 2,86 4,60 3,96
ol (ayxuHe) 0 8,84 5,77
ay 4,20 8,90 6,73
ox 4,70 10 7,63
apol 6,80 13,40 10,20
A/B 1,10 1,70 1,29
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After the analysis of the results is
performed, it can be concluded that the
proposed first variant satisfies the first,
second and third criteria, and does not
satisfy the fourth, which means it can
not be accepted.

4.8. Project solution — the second
variant

Apriori analysis of the reliability and
accuracy of points and functions in the
geodetic network has been carried out
with the following characteristics:

« the total number of measured sizes is
142, of which 50 are lengths and 92
directions;

» the total number of unknowns is 82;
 the number of degrees of freedom is
60.

Table 3 gives data on the quality of the
2D network, the estimation of the
accuracy of the coordinates of the
newly projected points and the ratio of
semi-axises of the standard error
ellipses. The display shows the chara-
cteristic values of the parameters -
minimum, maximum and mean values.

Tabena 3 - Nogauu o KBaNUTETY U Ta4HOCTK NOMMUIOHCKE Mpexe rpaheBuHckor peoHa KO

HakoH u3BplueHe aHanu3e [obujeHux
pesyntata MOXe Ce 3akibyyuTu pJda
npeanoxeHa npea BapuvjaHTa 3ago-
BorbaBa npeu, Apyrn  un  Tpehn
KpUTepujym, a He 3a[oBOrbaBa YeTBp-
™M, WTO 3Ha4YM fa He Moxe 6uTn
npuxsaheHa.

4.8. NpojekTHO peluewe — apyra
BapujaHTa

MpeTxogHa aHanusa noy3gaHocTn u
TA4YHOCTM Tayaka M (yHKUMja y reo-
0EeTCKOj MpeXu u3BplieHa je ca
cnepehum KapakTepucTkama:

e ykynaH Opoj MepeHMx BenuuMHa je
142, op vera 50 gyxmHa n 92 npaBua;

¢ ykynaH 6poj Heno3HaTux je 82;

¢ 6poj cteneHu cnobopae je 60.

Y Tabenn 3 patm cy nogaum o
kBanuteTy 2[] mpexe, oLeHa Ta4yHOCTK
KOOpAMHaTa HOBOMPOjEKTOBaHMX Taya-
Ka M ofHOC nornyoca CTaHOapAHWX
enuncn  rpewaka. [[at je npukas
KapakTepucTMyHMX BpegHOCTM napa-
MeTapa — MUHMMAarnHa, MakcMMarnHa u
cpefdHa BPEeAHOCT.

Bojsoga Ctena (apyra BapujaHTa)
Table 3 - Data on the quality and accuracy of the polygon network of the construction
zone in CM Vojvoda Stepa (second variant)

MWHMMYM | Makcvmym | cpeguvHa
Ri (npaBuwm) 0,19 0,68 0,42
Ri (gyxwuHe) 0,18 1 0,43
al (npaBum) 2,82 4,50 3,78
ol (gyxuHe) 0 8,36 5,51
oy 4,10 8,20 6,12
ox 4,60 9,80 7,01
opol 6,40 12,20 9,33
A/B 1,10 1,90 1,33

| 35BOPHVK PALOBA TrPABEBMHCKOIr ®AKYNITETA 33 (2018) |



After the analysis of the results is
performed, it can be concluded that the
proposed second variant satisfies the
first, second and third criteria, and does
not satisfy the fourth, which means it
can not be accepted.

4.9. Project solution — the third
variant

Apriori analysis of the reliability and
accuracy of points and functions in the
geodetic network has been carried out
with the following characteristics:
* the total number of measured sizes is
160, of which 50 sre lengths and 110
directions;

» the total number of unknowns is 82;
 the number of degrees of freedom is
78.

Table 4 gives data on the quality of the
2D network, the estimation of the
accuracy of the coordinates of the
newly projected points and the ratio of
semi-axises of the standard error
elipses. The display shows the
characteristic values of the parameters
- minimum, maximum and mean
values.

HakoH u3BplueHe aHanu3e [obujeHux
pesyntata MOXe Ce 3akibyyuTu pJda
npeanoxeHa Apyra BapujaHTa 3agoBo-
rbaea npBsu, apyru u Tpehn kputepujym,
a He 3a[0BOSbaBa YeTBPTYH, LUTO 3HAYU
Aa He moxe 6utn npmxsahexa.

4.9. MNpojekTHo pelierwse — Tpeha
BapujaHTa

MpeTxogHa aHanusa noy3gaHoCcTU U
TayHOCTM Tayaka W  dyHKumja y
recdeTckoj Mpexu Wu3BplIeHa je ca
crnegehum kapakTepuctTukama:

e ykynaH Opoj MepeHux BenuuuHa je
160, og vera 50 gyxuHa n 110 npaBua;
¢ ykynaH 6poj HenosHaTux je 82;

e 6poj cTenenu crnobogze je 78.

Y Tabenn 4 patm cy nogaum o
kBanuteTy 2[] mpexe, oLeHa Ta4yHOCTK
KoopAMHaTa HOBOMPOjEKTOBaHMX Taya-
Ka M OfHOC normyoca CTaHgapaHWX
enuncn rpewaka. fat je npwukas
KapaKTepuUCTUYHUX BPEAHOCTU napame-
Tapa — MUWHMManHa, MakcumanHa wu
cpeAra BpedHOCT.

Tabena 4 - MNogaun o KBaNUTETY M Ta4YHOCTWN NOMUIOHCKe Mpexxe rpafjeBuHckor peoHa KO
Bojsona Ctena (Tpeha BapujaHTa)
Table 4 - Data on the quality and accuracy of the polygon network of the construction
zone in CM Vojvoda Stepa (third variant)

MVHAMYM | Makcumym | cpeguvHa
Ri (npaBuu) 0,20 0,76 0,48
Ri (ayxuHe) 0,20 1 0,49
al (npaBum) 2,47 4,49 3,56
al (gyxuHe) 0 7,47 5,20
oy 4 8,10 5,74
OX 4 9,30 6,37
apol 5,70 11,60 8,64
A/B 1,10 1,70 1,36

After the analysis of the results
obtained, it can be concluded that the
proposed third variant satisfies all four
criteria.

HakoH u3BplueHe aHanu3e [obujeHnx
pesyntata MOXe Ce 3akibyyuTu pJda
npegnoxeHa Ttpeha BapwujaHTa 3ago-
BOrbaBa CBa YeTunpu Kputepujyma.
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5. CONCLUSION

The paper presents the project of the
geodetic network in the territory of the
construction zone in CM Vojvoda
Stepa. The project was presented with
a special emphasis on optimization of
the geodetic network, i.e. the
approximate positions of the network
points and the plan of observation in
the network are defined. Adding new
directions was done until the required
quality criteria were achieved, i.e.
accuracy and reliability. After the third
iteration, a final observation plan was
adopted which satisfies predefined
quality requirements. An accuracy has
been obtained that meets all criteria
relating to the design of the first order
polygonal networks, as can be seen
from the middle errors of determining
the coordinates of the points of the
geodetic network. Based on the results
obtained in this paper, the following can
be stated:

¢ the network is homogeneous. The
relationship between the large and the
small semi-axis of the error ellipse is in
the range of values, which are defined
as the set criteria

(1< £<2).

¢ the network has satisfactory accuracy.
The obtained positional accuracy of the
polygon points obtained from the apriori
analysis agrees with the accuracy
defined as the given criterion (opg, <
15 mm ).

¢ standard deviations of measured
values are in the range of values, which
are defined as the default criterion

(0g <5" and op < 5mm + 5 ppm ).

» the obtained internal and external
reliability coefficients are in the range of
values, defined as the set criteria and
recommended in geodetic network
designs (0,2 <r; < 1).

Based on the implemented first order
optimization of the geodetic network, it
can be concluded that a network
solution has been found that fully meets
criteria of quality that were set and its

5. 3AKIbYYAK

Y pagy je pat npukas npojekTta
reogeTtcke Mpexe Ha  TepuTopuju
rpahesuHckor peoHa KO Bojsopa
Crtena. lNpes3eHTOHaH je npojekaT, ca
nocebHMM akLEeHTOM Ha OnTUMMU3aumju
reogetcke mpexe, Tj. AedUuHMUCaHn cy
NPUGNMXHU NOMNoXaju Tavyaka Mpexe U
nnaH onaxawa Yy Mpexu. BpuieHo je
JofaBake HOBMX MpaBaua, CcBe [AOK
HUCY MOCTUIHYTWM 3axTeBaHW KpuTe-
pujymn KBamuTeTa, Tj. Ta4yHOCTU U
noy3gaHocTw.

HakoH Tpehe wuTepauunje je ycBoOjeH
KOHa4YHM nnaH onaxawa koju 6u
3a00BOSbMO  yHanped — AeduHucaHe
3axTeBe kBanuteta. [lobujeHa je Tau-
HOCT KOja 3aJoBoSfbaBa CBe KpuTe-
pujyme Koju ce ofgHOCe Ha npojek-
TOBak€ MOSMMIOHCKMX Mpexa npBor
peja, WTO Cce BWAM MO CpenHum
rpewkama ogpefhuBawa KoopauHaTta
Tayaka reogeTtcke Mpexe. Ha ocHoBy
pesynTtata koju cy pobujeHn y oBom
pagy, MoXe ce KoHcTaToBaTtu criegehe:
e Mpexa je xomoreHa. OfHoC Benvike u
mare nornyoce enurce rpeLiaka Hanasu
ce y oncery BpeHOCTH, Koje cy
JedurHucaHe kao 3agaTu KpuTepujym
(1< £<2).

e Mpexa je 3agoBorbaBajyhe Ta4HoCTU.
[obwnjeHa nonoxajHa Ta4HOCT
MOSTMIOHCKMX Tayaka, U3 NpeTxogHe
aHanuse je carnacHa ca TayHownhy koja
je AedmHMCcaHa kao 3agaTtu KpuTepujym
(opor, < 15mm).

e CTaHAaApAHe AeBuvjaunje MepeHux
BENUYMHa ce Hanase y oncery
BpPeOHOCTH, Koje cy AedmHncaHe kao
3apgaTtu kputepujym (o, < 5" nop <
5mm + 5 ppm).

o 10OMjeHn KoedurLmjeHTN yHyTpaLlHe
1 crosballkbe Noy34aHoCTy ce Hanase
y orncery BpeAHOCTH, Koje Cy
AeduHncaHe Kao 3agatu KpUtepujym u
Koje ce npenopy4yjy y npojektoBarwnma
reogetckux mpexa (0,2 <r; < 1).

Ha ocHoBy cnpoBefeHe onTvMu3auuje
npBOr pefa reogeTcke Mpexe, Moxe ce
3aKbyunTy Aa je npoHaheHo nNpojekTHO
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future purpose. The network has an pellewe Mpexe Koje y MOTNyHOCTU

optimal design, i.e. the optimal position 3a[0BOfbaBa [MOCTaBIbEHE KpuUTepu-
of the points and the observation plan jyma kBanuteTea u weHe Oyayhe Ha-
in the network are defined. meHe. Mpexa nma onTumanaH Au3ajH,

Tj. geduHMCaH je onTuManaH nosnoxaj
Tayaka 1 nnaH Mepera y Mpexu.
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