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ERROR ESTIMATION OF DEM OF ORTHOTRANSFORMATION OF AERIAL
IMAGES OBTAINED FROM UAVS ON THE MOUNTAINOUS LOCAL SITE
IN THE VILLAGE SHIDNYTSYA

The aim of the work is to estimate the error of the ortho rectification of aerial images obtained by unmanned
aerial vehicle for a mountain site in the village Shidnytsya with the help of additional grid of points obtained by
GNSS-survey. The task is to analyse the difference between the heights of the points obtained using two methods:
using the map of heights from the UAV survey and using data of GNSS-survey and then to estimate the difference
between the real coordinates of the ground control points with their coordinates on the orthophoto plan. The method.
It is proposed to use the method of ortho rectification of aerial images obtained by UAV on mountainous terrain for
determination of the real value of height error. A local test site with size approximately 70x60 meters was created on
the hill in the village Shidnytsya, The site is part of terrain covered by a general aerial survey of the village. On this
site an additional GNSS-survey was implemented and a grid of points with measured coordinates was generated with
step one meter. Processing of the obtained ortho image height map based on the data of the aerial survey of the entire
Shidnytsya and the results of GNSS-survey was realized in the software of ArcGIS. Layer of points of the local test
site was overlaid on the aerial image and then this data were compared with the coordinates of the same points
obtained from the map of heights. Results. Comparing the height values of 87 points on the test site to the height
values of the same points obtained from the map of heights created on the basis of aerial survey implemented by
unmanned aerial vehicle, it was determined that the height values of the points are not very different. The root mean
square error is 0.39 m. Scientific novelty. The method of comparing the values of terrain point heights obtained using
different technologies for determination of the value of the error of ortho rectification of aerial images obtained by
UAV on mountainous local site near the village Shidnytsya is proposed. Practical significance. The obtained results
of error values of aerial images ortho rectification show that ortho rectification of aerial images of some mountainous
areas obtained using the UAV is in the zone of tolerance.
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Introduction is the real local DEM built by survey from DEM
created using a height
photography? As it is known, the scale of
orthophoto plan depends on focal distance and
flight height of UAV. According to these data of
our survey it is possible to create orthophoto plan

at scale 1:2000. But what is influence of large

matrix of aerial

In the modern world, ultra-light unmanned
aerial vehicles (UAVs), different in type, size, and
installed equipment, are being used increasingly to
solve civil problems of monitoring the territory
from the air, in cartography and aerial photography
for creation of topographic maps. Unmanned aerial

vehicles allow specialists to create orthophotos,
matrixes of terrain heights and individual objects in
the shortest possible time. Cartography requires the
most accurate data and high-quality images that
UAVs receive thanks to improved target load on
the electromagnetic suspension with stable
installation of cameras, regardless of wind gusts
and other influencing factors. But how different is
the real accuracy of the spatial coordinates of a
certain local area in mountainous territory, which is
part of a common orthophoto plan? How different

height differences in mountain terrain when rather
small flight height (500 m)? We will try to find the
answers to these questions.

Many scientists from Ukraine and abroad deal
with researched topic. In Ukraine there is known
the works related with accuracy estimation
of orthophoto plans created by UAV-survey data
of the following scientists. Hlotov V. M., Tserkle-
vych A. L., Kolisnichenko V. B., Prokharchuk O. V.,
Galetsky V. and others [Vovk, et al., 2015;
Galetsky, 2012]. The similar to our researches
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methodology in their works are described by
foreign scientists P. Barry, R. Coakley, J. Gon-
calves, R. Henrikues, Chris Cryderman, S. Bill
Mah, Aaron Shufletoski and others [Cryderman, et
al., 2014; Barba, 2019; Agiiera-Vega, et al., 2017;
James, et al., 2017; Goncalves, & Henrikues, 2015;
Barry, & Coakley, 2013].

As distinct from the works of above mentioned
scientists, our researches are implemented on the
site on which there is no control point included in
the general rectification of orthophoto plan.
Referencing of the researched site with the
orthophoto plan is implemented using possibilities
of geoinformation analysis.

About the area of research.

Skhidnytsya (Ukrainian: Cxigamms, Polish: Sch
odnica) is anurban-type settlement in Lviv
Oblast, Western Ukraine. The distance to the
regional center of Lvivis 102 kilometres (63 mi),
to the Boryslav— 14 kilometers (8.7 mi) and to
the Drohobych is 25 kilometers (16 mi).

The town is part of Boryslav Municipality, and
represented by local Skhidnytska settlement coun-
cil with a population of 2.255 (2016 est.) (Fig. 1).

Skhidnytsya is located at an altitude of 600 m
(2.000 ft) — 900 meters (3.000 ft) above sea level.
The mountains around the town reach a height of
823 m (2.700 ft).

Poland

@ Lviv

o SE2udrytsy

Ivano-Frankivs'ka
district

Fig. 1. The area of research on the map

The urban settlement Skhidnytsya was first
mentioned in the documents of the 15th century
(http://www.shidnitca.com). Skhidnytsya is known
for its mineral water deposits. Today there are 38
sources and 17 wells with different chemical
composition of mineral water.

The research area is located on a mountain in
the western part of Skhidnytsya. The site is “open”
(non-afforested) and has an area of 0.9 ha. At the
top of the site there are two cell towers. The height
difference of the area is 25 meters (Fig. 2).

Aim

The aim of the work is to estimate the error of
the ortho transformation of aerial images obtained
by unmanned aerial vehicle for a mountain site in
the village Shidnytsya with the help of an
additional grid of points obtained by GNSS-survey.
Using obtained data to propose the scale of
orthophoto plan which can be created considering
the estimation of heights of independent research
site.

Fig. 2. The local research site

The task is to analyse the difference between
the heights of the points obtained two ways: using
the map of heights from the UAV survey and using
data of GNSS-survey, and then to estimate the
difference between the real coordinates of the
ground control points with their coordinates on the
orthophoto plan.

Methodology

For realization of the stated tasks the workflow
there was proposed and was implemented step by
step (Fig. 5).

The aerial survey was conducted in 2018 by
professor Hlotov V.M. together with the
specialists of the Ukrainian firm Abris DG at the
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time of student practice. UAV Arrow was used
and the height of the survey was 500 m (Hlotov,
at al.,, 2017). As a result, 400 images were
obtained that were processed in Agisoft
PhotoScan software and referenced on 94 ground
control points, obtained by GNSS (Fig. 3). The
final result was the orthophoto map of the
territory and the map of heights. It should be
emphasized that 94 ground control points were
used to create an orthophoto map of the whole
Skhidnytsia, and not just our experimental site,
which is described in more detail below.

Fig. 3. The process of creation of orthophoto
plan in Agisoft PhotoScan environment

During GNSS survey the coordinates of the
points were determined in real time (RTK) by dual-

frequency GNSS receivers Trimble R7, Leica
GX1230GG, and South S82-2013. The survey was
carried out from the GeoTerrace Reference Station
Network (CORS), owned by the Institute of
Geodesy of Lviv Polytechnic National University.
(Fig. 4). Reference stations SKOL, SAMB, and
STRY located on the distances 25 km, 34 km and 36
km respectively were the closest to the research site.

Fig. 4. The process of obtaining
the coordinate of ground control
points by GNSS method

Analysis of input daia and research area

Implementation of aerial survey
and creation of ortho photoplan

Implementation GNSS survey
of territory of researches

Data transformation and reducing to unified coordinate system

Creation of the map of heights using data of aerial survey and comparison with data of GNSS-survey

Creation of DEM using data of aerial survey and data of GNSS-survey

Analysis of differenées of points heights of
research area and forming conclusions

Fig. 5. Technological scheme of error estimation
of orthorectification of aerial images

The input data for the research were the matrix of
relief heights formed from orthophoto plan [Turner, et al.,
2014; Zeitler, W., et al., 2002; Rau, et al., 2002; Saadatse-
resht, et al., 2015] creation and catalogue of ground cont-
rol points on the territory of the research site (Fig. 6, 7).

Check points, numbering 87, were obtained
by the GNSS survey only for research site and
are totally independent and were not used for
ortho rectification and creation of the map of
the heights.
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Fig. 6. Orthophoto map of mountain part of Skhidnytsya
created in 2018 by data of aerial survey using UAV
Arrow developed by Ukrainian company Abris DG.

Height of survey is 500 m
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Fig. 7. Check points network of research area with the table
of spatial coordinates obtained by GNSS-survey

Fig. 8 shows applied check points obtained by
the GNSS method on the fragment of the
orthophoto plan of the research site.

Since the study area is completely covered with
grass and shrub vegetation and does not contain any
clear contours to identify the points obtained by
GNSS survey, there is a problem of possible displace-
ment in their plane coordinates [Zhang, et al., 2017].

In order to eliminate these displacements,
it was decided to use the method proposed by

Kolb I. Z. in his paper [Kolb, et al., 2013]. The idea
is to create maps of flow lines using DEMs created
in ArcGIS software by two methods. These maps
were necessary to reference the digital elevation
model created on the aerial survey data with digital
elevation model obtained on additional check
points of GNSS survey for research site since it
was mentioned early that there was no ground
control points on the site when aerial survey was
implemented.
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Fig. 8. Orthophoto map of mountain part of Skhidnytsya
created in 2018 overlapped with check point network
obtained by GNSS-survey (all data are referenced to the
coordinate system WGS84 and the Baltic Heights)

Based on these maps the same points of line
branching are recognized and data referencing is
implemented repeatedly (Fig. 9, 10).

"N

Fig. 9. Map of the flow lines of the
research area created on aerial survey data

Fig. 10. Map of the flow lines of the
research area created on GNSS survey data

Unfortunately, the terrain of the research site is
descending, but quite simple. Therefore, after the

construction of the flow lines, there were only three
suitable points for data matching. But after
referencing, the displacements of the points of one
model relatively to the other were not significant
(up to 0.34 m). This indicates that availability only
these three points is sufficient.

After such elimination of plane coordinate
displacements we have drawn the check points
obtained by GNSS method onto the DSM created
from the results of aerial survey. (Fig. 11). Then
the differences of height values of check points
were preliminary calculated [Barazzetti, et al.,
2010; Tarolli, 2014; Chen, et al., 2014].
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Fig. 11. Map of surface heights created from the results
of aerial survey with drawn check points of GNSS-
survey in the research area

Based on the digital surface model, it is
determined that the heights of the check points in
the research area obtained by GNSS-survey vary
from the heights obtained by aerial survey within
the range 0.11-1.28 m (Fig. 12). This can be
explained by the height of the grass cover and
shrubs in the research area.

The figure shows the plane coordinates of
points — X, ¥; the heights of these points obtained
by GNSS survey and from the map of surface
heights constructed by aerial photographs; A, m are
the difference of the heights of the points obtained
by GNSS survey and from the map of surface
heights in meters; A A is the value of A, m squared.

Results

Using special filters of the software Agisoft
PhotoScan the grass and shrub vegetation was
eliminated and DEM created.
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Accuracy and density of DEM nodes should
provide the determination of the height of the
elementary sections of the digital transformed
image with error not more than 0.4 mm in the scale
of the plan [Parfenova, 2006].

Since the orthophoto plan is created in the scale
1:2000 then:

m=0.4 mmxM =0.04x2000=80 cm=0.8 m.
According to the formula of Gauss mean

square, the error of differences in the point heights
was calculated:

mzﬂfmz,/@=039 m.
n 87

Therefore, the root mean square error for the
height of the DEM calculated using 87 check
points of the local test area is 0.39 m, which
satisfies the condition of 0.8 m (Fig. 13).
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Fig. 12. Summary table of spatial coordinates of 87
check points of research area obtained from data of
aerial and GNSS surveys with calculated height
differences (for DSM)

As we can see from Fig. 13, even after applying
filters for elimination of the vegetation from the
height map, the differences of the point heights still
have many, although not large, but negative values.
Probably this indicates that the software filters still
skip some of the vegetation on the DEM. But
considering the small value of these differences, it
will not have a strong impact on the results.

Based on the calculated root-mean-square
errors of height differences it is possible to create
orthophoto plan at the scale 1:2000 with contour
section 2 m.
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Fig. 13. Summary table of spatial coordinates
of 87 check points in the research area obtained
from data of aerial and GNSS surveys with calculated
height differences (for DEM)

Fig. 14-16 show DEMs of the researched site
created on the data of two methods and variograms
of height indexes of these DEMs for comparison.

With the variograms (Fig. 15-16) it is possible to
see clearly the deviations of the same control points,
obtained by the two methods described above.

Fig. 14. Created DEMs on the data
of aerial and GNSS surveys
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Fig. 15. Variogram of height points of GNSS survey
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Fig. 16. Variogram of height
points of aerial survey

Scientific novelty
and practical significance

The method of comparing of the values of
terrain point heights obtained using different
technologies for determination of the value of the
error of ortho rectification of aerial images
obtained by UAV on the mountainous local site of
the village Shidnytsya is proposed.

The obtained results of error values of aerial
ortho that ortho
rectification of aerial of researched

images rectification show
images
mountainous area obtained using the UAV is in the

zone of tolerance.

Publication is funded by the Polish National
Agency for Academic Exchange under the
International Academic Partnerships Programme
“Organization of the Y9th

International Scientific and Technical Conference

from the projec.
entitled Environmental Engineering, Photogram-
metry, Geoinformatics — Modern Technologies and
Development Perspectives”.

Conclusions

Comparing the heights of 87 check points on
the slope of the mountain in Skhidnytsya, obtained
by GNSS survey with altitudes of the same points
obtained from the map of surface heights created
on the basis of UAV aerial survey data, it is

determined that the heights of the points are very
different within the range from 0, 11 m to 1.28 m.
This is due to the presence of grass and shrubs on
the test area. The mean square error of the
deviations is 0.74 m.

After filtering of the map of surface heights, the
DEM was obtained. The mean square error of
height difference was 0.39m, which satisfies the
condition no more than 0.8m. Based on the
obtained results, we can conclude that the created
DEM is appropriate for eliminating the error for
relief during transformation of images and creation
of an orthophoto plan at the scale 1:2000.
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BU3HAUYEHHA ITOXUBKMY IMP OPTOTPAHC®OPMYBAHHA AEPO3HIMKIB,
OTPUMAHUX I3 BITJIA HA TTPCBKY JIOKAJIBHY YACTUHU CMT. CXIJIHULA

Mera po0OOTH — OLIHUTH BETUYMHY IOXHOKH OPTOTPaHC(OPMYBaHHS aepO3HIMKIB MO BHCOTi, OTPUMAaHHX 3
0e3MiJIOTHOrO JITAJLHOTO amapary Ha TipChbKy MIISHKY cMT. CXiTHHUIM 32 JOMOMOTOI0 JTOJAaTKOBOI CITKH TOYOK
I'HCC-3HimManHs. 3aBgaHHS poOOTH — NpOaHalli3yBaTH Pi3HMII BUCOT TOYOK, OTPUMAHUX 3 JOTIOMOT'O0 KapTH BHCOT
13 BIUIA i gaanx 'HCC-3HiManHA. OUiHUTH PO3XOHKEHHS pealbHIX KOOPIMHAT OTIOPHUX TOYOK 3 X KOOpIUHATAMH
Ha oprodoromaani. Meroauka. 3anpornoHOBaHO METOJWKY BH3HAUCHHS peajbHOI BEIMYMHM BHCOTHOI MOXHOKH
oproTpanchopMyBaHHS aepo3HiMKiB, oTpuManux i3 BIIJIA Ha ripcbky MicueBicTb. CTBOPEHO JOKAJIbHUN TECTOBUN
MaiitaHuuk Ha ropi B cMmT. CxigHuus po3mipom mpubmuzHo 70x60 MeTpiB, IO BXOAWTH Yy CTBOpPEHE 3arajbHe
aeposHimMaHHs. TyT BukoHaHO noxatkoBe 'HCC-3HIMaHHS i CTBOPEHO MEpEXy TOUOK 13 KOOpAWHATAMHU Yepe3 KOXKEH
MeTp. OTpumanuii oproTpaHcHhOPMOBAHHI 3HIMOK 3 KapTOK BHCOT 3a JAaHHMH aepo3HiMaHHs Bciel CximHuii i
pesynbratramu 'HCC-3HiManHs yepe3 koxHi 50 MeTpiB Bimkpuro B mporpamHoMy 3abesmnedeHHi ArcGIS. Ha
AepO3HIMOK HAaHECEHO IIap TOYOK JIOKAIBHOI TUISTHKHY 1 MOPIBHAHO 3 KOOPAWHATUMH THX CAMHUX TOYOK, OTPUMAaHUX i3
kapTtH BucoT. Peyabrarn. [TopiBHIOIOUN BHCOTHI MOKa3HUKU 87 TOYOK HA CXMJIi TOPH B ¢MT. CXiZHUIISL, OTpUMaHi 3a

noromoroto 'HCC-3HiMaHHS, 3 BACOTHUMU MOKa3HUKAMH THX CaMHUX TOYOK, B3STHX 13 KapTH BUCOT, CTBOPEHOI 3a
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JAaHUMH aepo3HIMaHHs 3 OE3IJIOTHOTO JITAJIBHOTO amapara, BU3HAYCHO, IO BHCOTHI NMOKAa3HUKH TOYOK HE JYKE
BinpizHA0TECA. CepenHs KBajpaTHyHa moxuoOka ctaHoBUTH 0,39 M. HaykoBa HOBHM3HA. 3apoOlIOHOBAHO METOJUKY
MOPIBHSHHSA BHCOTHHX ITOKa3HUKIB TOYOK MICIEBOCTI, OTPUMAHHMX PI3HUMHM METOAAaMH ISl BU3HAYCHHS BEIMYMHU
MOXUOKH OpTOTpaHCHOPMYBaHHS aepo3HiIMKiB, oTpuMaHuX 3 BIIJIA Ha TipchKy JOKalbHY AUISHKY CMT. CXigHHIIA.
MpakTuusa 3Hauymicrs. OTpUMaHi pe3ynbTaTH BEIMYMHU IOXHOKH OpPTOTPaHC(HOPMYBAHHS aepO3HIMKIB,
OTPHMAaHUX 3 OE3MUIOTHUX JIITAIBHUX alapaTiB HAa OKpPeMY TipChbKy YacTHHY cMT. CXiZHHUII, BKa3ylOTh Ha Te, IO
OpTOTpaHC(HOPMYBAHHS acPO3HIMKIB OKpEeMUX Tipchkux Tepuropiil 3 BITJIA € B 30Hi IOITyCKy.
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