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Summary: in contemporary geodetic
works, data obtained by different
measurement technologies are often
utilized. The numerous research of
photogrammetric method accuracy
implicates a need for further research. In
this paper the authors have presented
results of the performed research of
coordinates accuracy obtained by aero
photogrammetric method based on a
case study of the industrial zone in
PoZega. A sample for the research was
a difference of coordinates obtained by
the aero photogrammetric and GNSS
methods of 30 ground control points.
The research was performed by
statistical methods which are commonly
utilized in geodesy. Obtained results
justified this research even performed
on the relatively small size of samples.
Obtained accuracy is of the centimetre
order which could be considered as a
very good result related to research in
contemporary literature.
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Pe3ume: y caBpeMeHWM reofeTCKum
pagoBuMa 4ecTa je ynotpeba nogaTtaka
[obujeHnx  pasnMunMTMM  reodeTCKUM
TexHornorvjama. bpojHa wucTpaxuBama
TayHOCTM (hOTOrpameTpujckux MeToaa
ykasyjy Ha notpeby Aa ce oBoj obnactu
noceBeTn naxwa. Y 0BOM pagy ayTopu
Cy Mpukasanu pesynrare ucTpaxveama
Ta4yHOCTH KoopauHaTta nobunjeHnx
aepocpboTorpaMeTpmjckoM MEeTOAOM Ha
npumepy mMepena y obnactn
WHOyCTpUjcke  30He Yy Moxern.
WcTpaxuBaykn y3opak npeactaBrbane
Cy pasnuke KoopauHaTa [JobujeHe
aepocboTtorpameTpujckom  u  HCC
MeToaoMm Ha 30 KOHTPONHMX Tadaka.
WcTpaxunBame je M3BpLUEHO NPUMEHOM
CTaTUCTUYKNX meToaa Koje ce
CTaHOapOHO KopucTe Yy  reopesuju.
OobujeHn pesyntatm  ykasyjy Ha
onpaBAaHOCT OBaKBUX MUCTpaxvBaka U
Ha penatMBHO Manum  y3opuuma.
[obujeHa TayHOCT je pefa BenuyuHe
jedHor LueHTMMeTpa WTo Cce MOoXe
cmaTpaTtu Beoma 4obpumM pesyntaTtom y
OOHOCY Ha UCTpaxuBaha npukasaHa y
CaBpeMEHOj nuTepaTypu.
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1. INTRODUCTION

Contemporary geodetic works, to a
greater extent, are based on the
requirements of other engineering
domains that they should be interpreted
in form of point clouds, with many details
and a satisfactory level of accuracy.
These requirements are  mostly
impossible to be fulfilled with utilization
of only one geodetic method but, in order
to reach those goals, it is necessary to
combine more geodetic methods by
utilizing different geodetic technologies.
According to [1] contemporary
automated photogrammetry is based on
the four innovations:

- a cost-free increase of overlap
between images when sensing
digitally,

- improved radiometry,

- multi-view matching, and

- a Graphics Processing Unit
(GPL), making complex
algorithms for image matching
very practical.

Besides those improvements of
photogrammetry, it still lacks from
connections of the point cloud with
certain coordinate system (nevertheless
a local coordinate system or any other)
without a coordinate transformation
based on common points. During
analysis of photogrammetric accuracy, it
is necessary to take into analysis the
errors and their sources [2] of the
photogrammetric method.

During the process of decision making
about utilization of the photogrammetric
method, the crucial factor is assessment
of its accuracy which could be reached
by performing it in practical use [3].
According to [4], photogrammetry and
laser scanning are complementary
geodetic methods, but also the

KmbyyHe peun: HopmanHa pacnopena,
Tectnpawe xunotesa, Kopenauuja,
MHCC, AepodoTorpameTpuja,
TepecTpuyke reoeTcke meToae

1. yBOA

CaBpemMeHn reogeTckum pagoBu Yy cee
Behoj Mepu 3acHMBajy ce Ha 3axTeBy
OpYrMx MHXEHEepCKNxX CcTpyka fa ce
reonpocTopHuM nojauu npegajy vy
obnuky obnaka Tayaka, ca LUTO BuLIE
OOCTYNHWX AeTarba u ca ogrosapajyhum
HMBOOM TavHocTM. OBW 3axTeBu ce
Hajuyewhe He Mory oOCTBapuTM camo
npuMeHoOM jeHe reofeTcke metoae Beh
je, 3a nocTusake 3axTeBaHUX LUUIbEBa,
notpebHo KOMBUHOBaTH BULLE
reogeTckux Metoda y3 kopuwhere
pasnMunTUX reodeTCKUX TexHomoruja.
lMpema [1] caBpemeHa ayTomaTusoBaHa

doTtorpameTpuja 6asvpaHa je Ha
4yeTUpW UHoBaLuje:
- becnnatHom npeknanawy

avrutanHunx dotorpaduvja,

- yHanpeheHoj paguomeTpuju,

- nopehewy Ha OCHOBY BULIE
Tayaka nocmaTpara un

- rpaduykoj npoLecopcKoj
jeouHuum 7 CINOXEHUM
anroputTMMMa Koju Cy YYUHWIU
nopehewe doTtorpaduja Bpro
NPaKTUYHUM.

Mehytum, cBa oBa YyHanpehewa
doTorpameTpuje 1 garbe He omoryhyjy
npeunsHo noBeanBame obnaka Tavaka y
UUIbHM KoopAauHaTHU cuctem (Bro oH
nokanHu unu Heku apyru) 6es Herose
TpaHcdopmaumje Ha OCHOBY
3ajeQHUYKMX Tavaka. [lpu TOome ce
MOpajy umaTtn y BUZOy W FpeLlke Kao u
HbMXOBM  WM3BOPU  MPUCYTHE  KOA,
doTorpameTpujcke meToae Mepekra [2].
Mpu ognyunBawy o  kopuwhemwy
cdoTorpameTpujcke MeToAe NpPecyaHy
ynory Tpeba ga uma npoueHa HeHe
TAYHOCTM KOja Ce MOXe OCTBaputu Yy
npakTu4Hum npumeHama [3]. MNMpema [4],
doTorpameTpuja " nacepcko
CKeHupahe cy KOMMNreMeHTapHe
reogeTcke meTofe, anu ce TepeHcka 1
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photogrammetry and measurement in
field are inseparable geodetic activities.
Regardless of all improvements of
photogrammetric technology and
methods they are still the issue of further
research from the aspect of their
accuracy [5].

Research presented in [6] showed that
analysis of coordinate accuracy
obtained by the aero photogrammetry
method and compared with 21 ground
control points, whose coordinates were
determined by RTK GNSS belonging to
the interval 4-6 cm in horizontal sense
while the accuracy in vertical sense was
inside the interval of 5-6 cm.

In [7], research of a points cloud was
performed for building 3D model of an
object by using the laser scanner and
close range photogrammetry and by
using 20 control points. In that research
the known distances and angles were
utilized for comparison and results point
out that hybrid approach increases the
accuracy of distance and angles
determination. In paper [8] is stated that
“The use of photogrammetry as a
measurement technique for different
purposes is a very effective, fast, cheap
and safe method, especially it has the
ability to survey and observe targets
without physical contact.”

In the paper [9] the analysis of accuracy
of a digital elevation model obtained by
low-cost Unmanned Aerial Vehicle
(UAV) is performed. For accuracy
testing, 237 points were used and only 3
points failed the accuracy of the detailed
points.

In the paper [10], achieved accuracies of
21 mm, 25 mm and 96 mm in direction
of axes X, Y and Z, respectively, are
obtained by a simplified structure-from-
motion photogrammetry approach in
order to perform analysis of urban
development.

The tendencies in this domain of
research as well as presented papers
indicate the significance of accuracy
analysis of photogrammetry and
possibilities of contemporary digital
photogrammetry for different practical

doTorpameTpujcka Mepera u garoe He
MOry pasgBajatv kaga je noTpebHo
yKknanawe Yy UWIBbHU  KOOPAMHATHU
cuctem. bes ob3vpa Ha @ cBa
yHanpenewa doTorpamMeTpujcKnx
MeToAa, OHe W Jarbe npeacTaBrbajy
npegMmeT UCTpaxuBaka Yy norrnegy
TayHocTH [5].

Y wucTtpaxuBawy [6], u3BplIEeHa je

aHanusa TA4yHOCTK KoopauHaTta
pobujeHnx  aepodpoTorpameTpujckum
CH/MateM  TepeHa U HUXOBUM

nopefheweM ca 21 KOHTPONTHOM TaykoM
Ha TepeHy u4wje cy KoopauHaTte
ogpeheHe RTK GNSS wmeTogom.
[obujeHn pesyntaTti ykasyjy Ha Ta4HOCT
4-6 cm y XOpM3OHTanHoMm u 5-6 cm y
BEPTMKANHOM CMUCIY.

Y pagy [7] u3BpLUEHO je UCTpaxmBare
xnbpugHmux  obnaka Tavaka 3a
dopmuparwse 31 wmogena objekaTa
kopuwheHweM rnacepckor cKeHepa U
6rnckmx oTOrpaMeTpujckUX CHUMaka
y3 kopuwhere 20 KOHTPOMHUX Tayaka.
Y oBOM wucTpaxueawy kopuwheHe cy
nosHate [JdyXvHe W YrnoBu paau
nopehewa wu pesyntatu ykasyjy na
xnbpugHu npuctyn nosehasa TavHoOCT
ogpehuBatrsa yrrnoea v ayxuHa. Y pagy
[8] usHock ce cTtaB Aa je kopuwhere
doTorpameTpuje, Kao MepHe TEXHUKE 3a
pasnuuute HameHe, edekTuBaH, 6p3,
jedTMH n curypaH meTod, HapounTo
kaga Tpeba ocmartpatm o06jekte 0e3
dusnykor koHtakta. Y pagy [9]
M3BpLUEHA je aHanu3a TayHOCTU
avrutanHor moaena BuUcMHa AobujeHor
jedTMHMM BecnunoTHMM neTenuuama.
3a Tectupamwe je kopuwheHo 237
Tayaka npu 4emy camo 3 Tauke Hucy
UCMyHWNe 3axTeBe TayHoCcTU. Y pagy
[10] nocturHyta je TayHOCT peda
BernuymHe 21 mm, 25 mm un 96 mm y
npasuy X, Y u Z oce pecrneKkTMBHO
Kopuwherem nojegHoCTaBbEHOr
npucTyna 3a npahewe ypbaHor pa3soja.
HaBepeHn papoBu ykasyjy Ha 3Hauyaj
aHanu3e Ta4yHoCTM POTOrpameTpUjCKMX
CHUMakKa M Ha MOryhHocTK koje npyxa
caBpemeHa avrutanHa
doTorpameTpuja 3a pasnuunte
npaktuyHe npumeHe. OBa uumkeHMLA
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purposes. This fact has been motivated
the authors to contribute with this
research to the domain of contemporary
tendencies in the field of aero
photogrammetry applications. The case
study is based on the data obtained from
the concrete project.

In this paper, the differences of
coordinates obtained by utilization of
photogrammetric method related to
coordinates measured in field on the
base of system AGROS (Active
Geodetic Reference Frame of Serbia)
are investigated. The research
encompasses the hypotheses about
normality of distribution, hypotheses
about the gross errors and hypotheses
about significance of correlation
coefficients of investigated coordinate
differences. The results are obtained on
the base of geodetic measurements
performed in Pozega for the purpose of
surveying an area planned for building
an industrial zone.

2. MATERIALS AND METHODS

The data utilized for analysis are
obtained from surveying of industrial
zone area of 113 ha in PoZega. The
approximate coordinates of considered
area are ¢=43°50'N and A=20°03'E.
Figure 1 shows the area where
surveying was performed. For analysis,
30 differences of common points’
coordinates were considered. The
points were determined on the base of
aero photogrammetric photographs and
with a GNSS method based on the
AGROS. Table 1 shows the differences
of points’ coordinates, while Table 2
shows average values and root mean
square errors.

MOTMBMCana je aytope Aa fAajy CBoOj
UCTpaxmneayku OOMpuUHOC y
CaBpeMeHVMM TeHAeHuujama npumeHe
doTtorpameTpujcke metoge. Cryawuja
Ccnyyaja je 3acHoBaHa Ha nogauuma
[06VWjeHNM 13 KOHKPETHOT MpojekTa.

Y oBOM pagy uCTpaxyjy ce pasnuke
koopauHata  gobujeHux  NpMMeHOM
doTorpameTpujcke meToae y OgHOCY Ha
KoopavHate paobujeHe MepeweM Ha
TepeHy y cuctemy AIPOC (AKTMBHM
[eopeTcku PedepeHTHM OkBup
Cpbuje). WcTtpaxusawe obyxsaTa
Xunote3e O HOpPMarnHoOCTW pacnojgene,
xunotese o rpybum rpewkama wu
Xunote3e O 3Ha4yajHOCTM Kopenauwje
nocmaTpaHux pasnuka KoopauHara.
Mopaum cy pobGujeHn Ha OCHOBY
mMepewa wu3BpweHnx y [loxern 3a
notpebe cHUmawa getarba y nogpydjy
nnaHupaHe wusrpagke WUHOYyCTpUjcKe
30HE.

2. MATEPWJAIIU U METOOE

Mopaum kopuwhenn 3a  aHanuay
nobuvjeHn cy un3 pesyntata Mepemwa
noapy.4ja MHaycTpujcke 30He, NOBPLUNHE
113 hay MNoxern. OpujeHTaumoHe WGS
KoopAauHaTe nocMaTpaHor nogpydja cy
@=43°50N un A=20°03'E. Cnwuka 1
npvkasyje 30Hy Yy KOjoj je W3BpLUEHO
Meperwe. 3a aHanuay cy kopuwheHe
koopavHatHe pasnuke 30 3ajegHUYKUX
Tayaka  ogpefleHMx  Ha  OCHOBY
aepodoTorpameTpmjcCKMX CHUMaka W
GNSS wmeTtogom y3  Kopuwhewe
AIr'POC-a. Tabena 1 npuka3syje pasnuvke
KoopavHata gok Tabena 2 npukasyje
cpent-e BpeaHOCTU pasnvka U HMXoBe
cpentse rpeLuke.
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Tabena 1 — Pasnuke koopauHaTa 3ajeQHNYKMX Tavaka
Table 1 — The differences of common points’ coordinates

Point/ AX AY AZ Total/YxymHo
Tayka [cm] [cm] [cm] [cm]
GCP5 0,16 -1,00 -0,11 1,02
GCP7 0,63 -0,01 0,41 0,75
GCP9 0,48 0,70 0,02 0,85
GCP10 -0,35 -0,02 0,16 0,38
GCP11 -0,24 -1,41 0,50 1,51
GCP12 -0,51 0,76 0,38 0,99
GCP14 -0,14 -0,06 -0,67 0,69
GCP17 -0,56 1,49 -0,62 1,71
GCP19 -0,88 0,90 0,80 1,49
GCP20 -0,21 -0,64 -0,36 0,77
GCP22 0,05 0,88 -0,24 0,91
GCP25 -0,12 0,30 -0,28 0,43
GCP26 0,27 0,46 -0,09 0,54
GCP27 -2,09 -4,76 2,82 5,91
GCP28 0,92 -1,00 -0,79 1,57
GCP29 0,30 1,17 0,16 1,22
GCP31 1,06 -0,95 -0,30 1,46
GCP34 0,39 0,45 0,26 0,65
GCP36 -1,87 0,82 0,21 2,06
GCP37 0,61 -0,16 0,14 0,64
GCP39 1,14 -1,08 -0,07 1,57
GCP40 0,72 -0,88 -0,11 1,14
GCP41 -1,44 0,56 0,34 1,58
GCP42 -1,33 1,18 1,08 2,09
GCP43 2,61 -1,60 -2,28 3,82
GCP46 -1,20 -0,16 0,42 1,28
GCP48 -1,00 -0,17 1,04 1,46
GCP50 -0,24 -0,18 0,59 0,66
GCP52 1,17 -1,34 -1,08 2,09
GCP54 -0,45 0,76 -0,67 1,11
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Cnuka 1 — OkBupHM Nonoxaj nogpyyja koje Tpedba cCHUMUTH
Figure 1 — The approximate position of surveying zone

Tabena 2 — Cpeghe BpeQHOCTM pasnvka KoopanHaTta U cpefHe rpeLuke
Table 2 — The averages of coordinate differences and root mean square errors

AX AY AZ Total/YkynHo
[ecm] [em] [em] [cm]
X -0.07 -0.17 0.06 141
mx 1.00 1.22 0.85 1.09
The basic groups of hypotheses which OcHoBHe rpyne xwunotesa Koje ce

will be utilized for sample of data
analysis are:
- hypotheses about normality of
coordinate differences distribution,
- hypotheses about gross errors of
coordinate differences, and
- hypotheses about significance of
correlation betwen coordinate
differences.
All hypotheses were tested according to
models which could be found in [6].

2.1. Hypotheses about normal
distribution of coordinate
differences

Hypotheses about normality distribution
of coordinate differences are formulated
as follows:

Ho: coordinate differences are normally
distributed

Ha: coordinate differences are not
normally distributed

These hypotheses were tested by the
Shapiro-Wilk test.

KOpMCTe 3a aHanuay ysopka rnoaaTaka
cy:
- xunoTese o HOPManHoCTK
pacrnofiene pasnuka KoopauHara,
- xunoTese o rpybum rpetukama y
pasnukama koopauHaTta u

- XunoTese o 3HayvajHoCTH
Kopernauuwje wusmelly  pasnuka
KoopauHara.

CBe xunote3e TecTupajy ce Mo
mMozenmma koju ce mory Hahwu y [6].

2.1. XunoTe3e 0 HOpMasrIHOCTU
pacnogene KOOpAWHaATHUX pa3nuka

XunoTese o0 HOpMarHoOCTU pacnogene
pasnuka KkoopauHata opMyIiMcaHe cy
Ha cnepehun HaunH:

Ho: pasnuke koopauHaTta cy HOpMasHo
pacnopeheHe

Ha: pasnuke koopauHata He npaTte
HopMarnHy pacnogeny

OBe xunoTese TecTupajy ce nomohy
TecT ctatuctmke 3a Wanupo-Bunk tect
(Shapiro-Wilk).
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2.2. Hypotheses about existence of
gross errors into the sample of
coordinate differences

The hypotheses about normality
distribution of the coordinate differences
are formulated as follows:

Ho: the sample of coordinate differences
contains gross errors

Ha: the sample of coordinate differences
does not contain gross errors

The hypotheses about existence of the
gross errors were tested by the test
statistics (1). Even though the sample is
relatively small, the condition for the
normal distribution is used for the
significance level of a=0,05 given by the
formula (2).

2.3. Hypotheses about significance
of correlation between coordinate
differences

The hypotheses about correlation
between coordinate differences are
formulated as follows:

Ho: coordinate differences are correlated
Ha: coordinate differences are not
correlated

The hypotheses about correlation were
tested on the base of the test statistics
given by formula (3) while criterion of
significance is given by the formula (4)
where:

- r: Pearson’s correlation coefficient

- K., empirical covariation and
- n: sample size (n = 30)

t

2.2. XunoTtese 0 nocTojaky rpyomx
rpelsaka KOopAuMHaTHUX pasnuka

XunoTese o rpybum rpelukama pasnvka
KoopauHata OopMynMcaHe Ccy Ha
cnegehun HaYnH:

Ho: pasnuke koopauHaTa cagpxe rpybe
rpeLuke

Ha: pasnuke koopauHata He cagpxe
rpybe rpetuke

Xunotese o rpybum rpelwkama ce
TecTupajy Ha OCHOBY TeCT cTaTUCTuKe
(1). Nako je y3sopak manu Kopuctu ce
yCrnoB HOpMarnHe pacnogefie 3a HMBO
3HavajHocTn a=0,05 aat dopmynom (1)
n KpuTEpujym aat bopmynom (2).

2.3. XunoTe3e 0 KOpesiMcaHoCTU
KOOpPAWHATHUX pa3nuka

Xunotese 0O KOpenucaHoCTW pasnuka
KoopauHata opMynuMcaHe Ccy Ha
cnenehu HauuH:

Ho: pasnuke koopauHaTa cy kopenucaHe

Ha: pasnuke KoopAaunHaTta HUCY
KopernuncaHe
Xunotese o KOpesrimcaHoCTu

KOOpAMHATHUX pasnuvka ce TecTupajy Ha
ocHoBy TecT cTtatuctuke (3), AOK je
KpUTEPMjyM 3a 3HaA4YajHOCT Kopenvauuje
pat y cdopmynm (4) ca cnegehum
3HaYeH-eM O3Haka:

-1 MupcoHoB koeduumjeHT
Kopenauuje
- Kyy: emnupujckn  koeduuujeHT

KoBapwvjauuje n
- n: 6poj enemeHaTa y y30pky (n =

30)
=2 .N(0,1) )
]
d =196 *0g, )
_ Kxy
r= oxoy (3)
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r=>r’ =

where:

- d: sample which is tested

- 04: standard deviation of sample

- N(0,1): standardized normal
distribution

- r: Pearson’s correlation
coefficient

- r*: the critical value of correlation
coefficient significance

- K, ,: empirical covariation
between samples x and y

- 0, standard of sample x and

- o, standard of sample .

3. RESULTS AND DISCUSSION

The results of hypotheses about
distribution normality are given in Table
3. After analysis of distribution normality
and removing some outliers, the
hypotheses about  the normal
distribution of coordinate differences are
accepted for each coordinate difference.

3 *

1-12
- @
roe je:

- d: y3opak Koju ce Tectupa,

- 04: CTaHgapg ca KojuM je y3opak
oapeheH,

- N(0,1): ctaHgapam3oBaHa
HopmarnHa pacnogena,

- r: INnpcoHoB KoeduLmjeHT
Kopenauuje,

- r*: rpaHM4Ha BpPeaHOCT 3a
3Ha4ajHOCT KoeduumjeHTa
Kopenauuje,

- K, ,: emnupujcka koBapujaumja
y3opaka x u y,

- 0,: CTaHOapA ca Kojum je
oapefeHa BenuunHa x u

- 0y! CTaHdapp ca KojuMm je
oppeheHa BenuuuHa y.

3. PE3YJNTATU U OUCKYCUJA

Pesyntatn TecTupawa xunotesa o
HOpMaInHoCTU pacnogene
KOOpAMHATHUX pasnuka fdatm cy y
Tabenu 3. Mocne aHanuae
HOpMasiHOCTU pacnogene
KoopAMHaTHUX pasnuka u onbauuBara
pe3yntata ca BeNWUKMM oAcCTynakwnma
npuxeaheHe cy Xunotese O HOPMAsIHOj
pacnoaeny KoopAMHATHUX pasnuvka.

Tabena 3 — MNpuxsaheHe xunoTe3e 0 HOPMANHOCTU pacnoferie KOOPAUHATHUX pasnuka
Table 3 — Accepted hypotheses about normality of coordinate differences distribution

Coordinate w Hypothesis
differences/ Value_ of accepted/ Remark / HanomeHa
Pasnuke Shapiro- Xunote3sa
KoopauHaTta Wilk test npuxeaheHa
AX 0,982 Ho Without removing maximal value/
be3 yknawara MakcumanHe BpegHoCcTu
After removing the value Y for GCP27/
AY 0,856 Ho HakoH yknawara BpegHocTh Y 3a
GCP27
After removing the Z value for GCP27/
AZ 0,930 Ho HakoH yknawara BpegHocTh Z 3a
GCP27
After removing the T value for GCP27
T 0.945 Ho 9’ and GCP43/
aKoH yknawana BpegHocTn T 3a
GCP27
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Results of the hypotheses about
existence of gross errors are given in
Table 4.

Pesyntatn Tectupawa xunotesa o
nocTojamwy rpybux rpewaka gatu cy y
Tabenu 4.

Tabena 4 — NpuxBaheHe xMnoTese o0 NocTojaky rpybumx rpeluaka
Table 4 — Accepted hypotheses about existence of gross errors

Point t(X) t(Y) 1(2) t(T)
GCP27 | 2,08 (Ha) | 3,90 (Ha) | 3,33 (Ha) | 5,42 (Ha)
GCP43 | 2,60 (Ha) | 1,31 (Ho) | 2,69 (Ha) | 3,49 (Ha)

The results of testing the hypotheses
about existence of the gross errors
showed that only the coordinate
difference of only two points could be
considered as the gross errors.

The results of correlation testing are
given in Tables 5, 6 and 7. In Table 5 the
values of correlation are given. In Table
6, the critical values of accepting
hypothesis Ho (the correlation coefficient
is significant) are given, and in Table 7,
the accepted hypotheses are given.

Pesyntatu TecTupawa xunotesa o
nocTojamy rpyoumx rpewiaka nokasyjy na
ce KoopauHaTHe pasnuke 3a camo ABe

Tayke  Mory  cmatpatu  rpyoum
rpeLukama.
Pesyntatn TecTupara Kopenauuje

patn cy y Tabenama 5,6 n 7. Y Tabenu
5 pate cy BpegHOCTM Kopenauuvje. Y
Tabenu 6 gate cy KpUTUYHE BPEAHOCTU
3a npuxeaTare xunortese Ho
(koedpmumjeHT Kopenaumje je 3HavajaH)
ny Tabenu 7 npukasaHe cy npuxsaheHe
xunotese.

Tabena 5 — BpegHocTtn koedmumjeHTa kopenauuje
Table 5 — The values of the correlation coefficient

AX AY AZ AT
AX - -0,13 -0,73 -0,17
AY - -0,21 -0,67
AZ - 0,27
AT -

Tabena 6 — KpuTnyHe BpeaHOCTM 3a 3Ha4ajHOCT Kopenauuje
Table 6 — The critical values of correlation significance

AX AY AZ AT
AX - 0,54 0,26 0,53
AY - 0,52 0,30
AZ - 0,51
AT -
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Tabena 7 — lNpuxBaheHe xmnoTe3e 3a 3Ha4ajHOCT kopenauuje
Table 7 — The accepted hypotheses about correlation significance

AX AY AZ AT
AX - Ha Ho Ha
AY - Ha Ho
AZ - Ha
AT -

The results of testing the hypotheses
about correlation showed that the
coordinate  differences could be
considered as correlated in cases rx 7
andray,r, i.e. that the coordinate
differences AX and AZ as well as the
coordinate differences AY and total
differences AT are correlated. The
remaining  combinations  of  the
coordinate differences could not be
treated as correlated. For decision
making about correlation, the criterion
given by formula (4) is utilized.

4. CONCLUSION

In this research, the statistical
hypotheses were tested about normality
of distribution, existence of the gross
errors and correlation in the sample of
the coordinate differences of the points’
coordinate obtained by two different
methods (photogrammetric and GNSS
method based on the AGROS).
Obtained accuracy was in the range of
centimetres proving the high quality of
the measurement  results and
concordance of two surveying methods.
This research showed that, on the small
samples, it is possible to perform
analysis of empirical data and determine
the deviations of the coordinate
differences i.e. the points into the model
which significantly deviate from the
model. Concordance of the hypothesis
about normality of the distribution and
existence of the gross errors in the
sample of the coordinate differences
made possible to recognize the points

Pesyntatu TecTupawa xunoTtesa o
KopernucaHocTu nokasyjy pga ce
KoopauHaTHe pasnuke Mory cMaTtpaTtu
KOpEernucaHum y Ccrny4ajeBuMa rayaz U
Tayar, OOHOCHO, [a Cy KopernucaHe
KoopAnHaTHe pasnunke AX n AZ kao n ga
nocToju Kopenauuja namehy
KoopauHaTHe pasnuke AY W yKynHe
pasnuke AT. Octane koopauHaTHe
pasnvke ce He MoOry cmaTpaTtu
KopenucaHnM. 3a AOHOLLOEH-€E oA TyKa O
KopenucaHocTtn kopuwheH je
KpuTepujym aat dopmynom (4).

4. 3AKIbYYAK

Y O0OBOM WuCTpaxuBawy W3BPLUEHO je
CTaTUCTUYKO TecTupare Xxunotesa o
HOpManHoOCTU pacnogene, nocTojamwy
rpyoux rpewaka wu Koperauuju Ha
Y30pPKy pasnvka koopauHaTta JobunjeHnx
NpMMEHOM [Be pasnuuuTe MeToae
(aepodhoTorpameTtpujckom  n  GNSS
metogom 6asupaHom Ha AIPOC-y).
[obujeHa je TayHOCT pefa BenuyuHe
LeHTMMeTapa LITO je Mokasano BWCOK
HVMBO KBanuteTa U3BpLUEHUX Mepera U
carmacHocT  pesyntata  gobujeHux
ABema MeTogamMa mepetsa.

VicTpaxumBatrbe je nokasano ga ce n Ha
Manum  y3opuuMma  MOXe  BPLUMTK
aHanusa eMnuMpujckux nogaTtaka u
yTBPOUTU OACTYNawe KOOPAUHATHUX
pasnuka, OAHOCHO, Tayaka y mogeny
Koje 3HayajHO oAcTynajy o mogena.
CarnacHocT xunoTesa O HOPMarHocTu
pacnogene u noctojaka  rpybux
rpewaka KOOpPAMHATHUX pasnuka
omoryhune cy ga ce tadke GCP27 u
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GCP27 and GCP43 as a potentially not
enough good determined and to avoid
utilize them into the transformation
model. A relatively small sample does
not allow acceptance of final
conclusions about correlation of the
coordinate differences but it could point
to the directions of further investigation
thorough the enlargement of the sample.
Relative simplicity of the performed
model of statistical hypotheses testing
also points out its practical benefits.

GCP43 npenosHajy kao noTeHUujanHo
HedoBOIrbHO A06po oapeheHe u kao
TakBe He KkopucTe Yy wMmogeny 3a
TpaHcdopmaumjy. PenatMBHo manmu
y30paKk He [03BO/baBa [OHOLUEHE
KOHaYHMX 3akrbyyaka O Kopenaumju
KOOpAMHATHUX pasnuMka W YKYMHUX
oacTynawa anu ykasyje Ha npasue
Jarbux uctpaxveamwa Kpo3 nosehare
obuma y30pka. PenatuBHa
jeOHOCTaBHOCT  Mogena TecTupaka
CTaTUCTUYKMX XUMoTe3a Yykasyje Ha

MOFyﬁy NPakTn4Hy KOPUCT OO HaBeeHOor
npucrtyna.
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