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METHOD OF CONTROL POINTS COLLECTION
FOR GEOREFERENCING AERIAL IMAGES

Aim. Determination of the elements of external spatial orientation of the surveying systems at the
moment of image acquisition is the fundamental task in photogrammetry. Principally, this problem is solved in
two ways. The first way is direct positioning and measuring directions of the camera optical axis in the geodetic
space with the help of GNSS/INS equipment. The second way is the analytical solution of the problem using a
set of reference information (often such information is a set of ground control points whose geodetic positions
are known with sufficient accuracy and which are reliably recognised on aerial images of the photogrammetric
block). The authors consider the task of providing reference and control information using the second approach.
This approach has a number of advantages in terms of reliability and accuracy of determining the unknown
image exterior orientation parameters. It is proposed to obtain additional images of ground control points by the
method of their auxiliary aerial photography using an unmanned aerial vehicle (UAV) on a larger scale
compared to the scale of the images of the photogrammetric block. The aim of the presented work is the
implementation of the method of creating reference points and experimental confirmation of its effectiveness for
photogrammetric processing. Methods and results. For the entire realization of the potential of the analytical
way to determine the elements of external orientation of images, it is necessary to have a certain number of
ground control points (GCP) and to keep the defined scheme of their location on the photogrammetric block.
Authors use UAV aerial images of the terrain as the main source of input data. They are obtained separately
from the block of aerial survey, have a better geometric resolution and clearly depict the control reference
points. Application of such auxiliary images gives the possibility of automated transferring the position of
ground control point into images of the main photogrammetric block. In our interpretation, these images of
ground control points and their surroundings on the ground are called "control reference images". The basis of
the work is to develop a method for obtaining the auxiliary control reference images and transferring the
position of GCP depicted on them into aerial or space images of terrain by means of computer stereo matching.
To achieve this goal, we have developed a processing method to create control reference images of aerial
images or a series of auxiliary multi-scale aerial images obtained by a drone from different heights above the
reference point. The operator identifies and measures the GCP once on the auxiliary aerial image of the highest
resolution. Then there is an automatic stereo matching of the control reference image in the whole series of
auxiliary images in succession with a decrease in the resolution, and, ultimately, directly with the aerial images
of the photogrammetric block. At this stage, there is no recognition/cursor targeting by the human operator, and
therefore there are no discrepancies, errors or mistakes related to it. In addition, if you apply a fairly large size
of control reference images, the proposed method can be used on the low-texture terrain. Therefore in many
cases it is possible to do without the physical marking of points measured by the GNSS method. And this is a
way to simplify and reduce the cost of photogrammetric technology. The action of the developed method has
been verified experimentally to provide the control reference information of the block of archival aerial images
of the low-texture terrain. The results of the experimental approbation of the proposed method give grounds to
assert that the method allows performing geodetic reference of photogrammetric projects more efficiently due to
the refusal to mark the area physically before the aerial survey. The proposed method can also be used to obtain
the information for checking the quality of photogrammetric survey to provide check points. The authors argue
that it is economically feasible to use such additional equipment,as UAV of semi-professional class, to obtain
control reference images. Scientific novelty and practical relevance. For the first time, the study presented the
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results of approbation of the “control reference image” method with obtaining stereo pairs of aerial images with

vertical placement of the base. It also examined the properties of such stereo pairs of aerial images to obtain

images of reference points. The paper showed the effectiveness of including reference images in the main block
of the digital aerial triangulation network created on UAV’s images.

Key words: geodetic referencing aerospace surveys, referencing large-scale aerial images, matching, GCP

(ground control points); CP (check points).

Introduction

The development of digital photogrammetric
technologies demonstrates the expansion of
methods of obtaining and applying reference
information. It is necessary for fixing images in
the geodetic space and, ultimately, for the results of
their photogrammetric processing. In addition to
GCP, other elements are used as reference infor-
mation. First of all, we are talking about the centers
of projections, the spatial coordinates of which are
determined by satellite methods during the aerial
survey and the navigation angles of the images,
which are measured by inertial navigation systems
[Kolb, 2000]. Linear and angular measurements in
the area, depicted in aerial images, have become
much less widespread as reference information.
Techniques for handling such information are
well known in analytical photogrammetry and at
the present stage are implemented in the processing
of blocks of digital aerial images obtained from
UAVs [Gerke, & Przybilla, 2016; Stocker, et al.,
2019; Wiacek, & Pyka, 2019]. We should separately
acknowledge the study of hardware and software
implementations of such surveys with different
configurations of reference data [Przybilla, et al.,
2019; Peppa, et al., 2019; Kotov, 2018].

Advances in computer image processing allowed
for the active development of the methods of
images application that have a geodetic reference
or include spatial objects with known coordinates
as reference information. Especially, it refers to
such two relatively new areas, as the large-scale
aerial survey from UAV and space imaging of
ultra-high spatial resolution. Most of these
methods suggest using archival orthophotos,
aerial triangulation data from previously performed
images and digital plans and maps as reference
images [Fedotkin, 2000; Method of identification
of control points..., 2019]. There are very few
developments of this kind for aerial photography
from UAV. Among the recent work, we can note
the paper [Hamidi, & Samadzadegan, 2015], in

which the authors consider a previously created 3D
model of the area as a variant of the reference
information.

In the article [Kolb, 2018], we performed an
overview of current research in this area. Our
research focuses on a ground control point as the
basic carrier of reference information. And the
reference image is considered only as a dataset
necessary for the application of automatic (or
automated) methods of reliable recognition of a
point in other images. This approach can be
rationalized by the following fact [Kolb, 2000;
Stocker, & all, 2019].When performing aerial
triangulation, the optimal number and quality of
ground control points largely compensates for a
number of the shortcomings of surveying para-
meters. Such shortcomings include suboptimal
image overlap (especially inter-route overlap), lack
or inability to use frame routes and other con-
ditions. Finally, the ability to adjust data by
supplementing existing photogrammetric images
with new reference information is a significant
advantage in obtaining the main purpose of photo-
grammetric processing. As follows from [Wim van
Wegen], the purpose is to create an accurate model
of the object or area.

Aim

In [Kolb, 2018], we formulated the idea of the
reference image as a carrier of video information
intended for the recognition of the GCP in the
automated photogrammetric system. Its essence is
obtaining aerial images or a series of aerial images
of different scales by additional aerial photography
from a quadcopter directly above the GCP on the
terrain. As a reference image, we consider the
image of a terrain point formed according to a
well-known mathematical model, the spatial
position of which in geodetic space is set with an
accuracy sufficient to perform photogrammetric
image processing [Kolb, 2018]. The images
obtained in such a way are used for reliable and
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geometrically accurate recognition of the GCP in
aerial images of the largest scale. They are also used
for the automatic transfering of this information to the
images of the main block of aerial photography
or to a space image. The purpose of this article
is to verify the fundamental possibility and
analyze the effectiveness of the use of images of
ground control points obtained from the UAV
surveys as reference images of the area. The geodetic
coordinates of GCP are known (for example,
determined by GNSS survey methods).

Methods and results

Photogrammetric methods of aerial trian-
gulation development, creation of orthophotos,
digital object models and other products involve
the creation of a dense or sparse network of ground
control points (GCP) and check points (CP).

Most existing technologies for creating
networks of ground control points and checkpoints
include field work on marking these points on the
ground and conducting geodetic works in order to
obtain their spatial geodetic coordinates. Quite often,
clear terrain structures recognized in aerial images are
chosen as ground control points [Dorozhynskyy,
2002].

These technologies have certain disadvantages,
which include:

e ambiguity of point recognition in aerial
images;

e the complexity of automating photogram-
metric measurements of GCP/CP in many
images; the errors of the first recognition will
be repeated during the computer matching
operations;

e it is almost impossible in practice to transfer
the position of the ground control point to the
photogrammetric project without losing the
accuracy of their geodetic coordinates.

To eliminate these shortcomings, we proposed
to conduct additional UAV surveying and obtain
images whose scale is larger than the scale of the
main (aero or space survey). UAV surveying

takes place directly above the reference point to
obtain a series of aerial images from different
heights, i.e. with a vertical base of surveying.

Let us consider the case when it is necessary to
transfer the position of the GCP depicted in the
images of UAV-surveying to aerial images which
were obtained before its marking. In this case, the
GCP point is virtual and cannot be visually identified
in aerial images. To determine the position of such
a virtual GCP point in aerial image we propose an
approach based on the well-known photogrammetry
properties of central projection and on the
application of methods for matching special points
in images.

The image of the ground control point (we will
call it the reference image obtained after marking
the point on the ground and determining its spatial
geodetic coordinates) will be placed in the image
plane in a position close to zone with minimum
deformation under the conditions of obtaining the
image [Dorozhinskyy, 2015, p. 21]. The property
of this point is that the angles with the vertex in it
in the image of the central projection are not
deformed and nearly correspond to the actual
angles on the ground and on the orthophoto.

The methods of computer comparison (matching)
of the corresponding points (Fig. 1) determined the
special points (according to the brightness features)
in the reference image and in the aerial image, on
which the position of the virtual ground control
point is supposed to be defined, In terms of
photogrammetry, these points are related to both
images, and their number is different for different
types of landscapes and computer matching
techniques. The ground control point in the
general case is not special in this sense and cannot
be automatically matched. Its position can be
obtained by calculation.

One of the ways to solve the problem is
to apply the solution of the inverse angular
intersection known in geodesy. This way is
suitable when the image, which has to be
referenced, is tilted.
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Fig. 1. Position of ground control point and special points
on reference image (left) and aerial image which has to be referenced (right)
Suppose we have three tie points A, B, C App =0p, + By Ope =0y, + By )

whose coordinates on the image, which has to be
referenced respectively are: (X, V), (X5 V3), (Xg
Y0)). Let’s denote the ground control point by the
letter P; one of the tie points, the direction of which
from the point P is close to the abscissa (X) by the
letter B; the tie point to the left of point B (if
viewed from point P) by the letter A; the third tie
point by the letter C; the central angles from the
point P to the tie points the letterf. The order of
calculations is as follows [Selikhanovych, 1981,
p. 398]:

— calculate the directional angle ap4 of the side

PA according to the formula:

(YB _YA)Ctgﬂl +(YA _YC)Ctgﬂz +(XC _XB) (1)
(XB _XA)Ctgﬁl +(XA _XC)Ctgﬁz _(YC _YB)
— calculate the directional angles app of the side

PB and apc of the side PC according to the
formula:

tano,, =

— calculate the coordinates of virtual GCP P on
the image, which has to be referenced:
(XA _Xc)tanal _(YA _YC)
tano, —tana, 5

Y, —Y. =(X, - X, )tana,... (3)

In the general case, the referenced aerial image

is oblique (i.e. there are perspective deformations,

and therefore deformed directions) and the virtual

reference point in such an image is not at the focal

X,—X, =

point. In this case, the use of inverse angular
intersection is not justified.

Considering that the image deformations in the
referenced aerial image is nonlinear, it is advisable
to use a system of equations of third-order
polynomials for transformation using » tie points
with coordinates (x, ). One tie point allows you to
make two equations of the form:

2 2 2 2 3
xt=aotaix —a2y tasx tasxy tasy +aex +arx Yy —agx Y taygy

V,=botbix —byy +bsxt+baxy +hsy +bex> +brxty —bgx ¥ by’ @)

For n tie points (#>9) we will make a system of
equations, from the solution of which we can
determine the coefficients of the polynomial a, b.
Then, by equation (4) we will find the coordinates
of the virtual ground control point on the referenced
aerial image. In the case of using a larger number
of tie points, we apply the method of least squares,
i.e. the solution is obtained from a system of
normal equations.

There are many important caveats when using
terrain points as ground control points. In particular,

this relates to areas with high buildings. In the work
[Kolb, 2019], we propose a posteriori assessment
of the quality of the ground control network by
creating a map of high objects off terrain. The
method of creating such a map involves the
correlation of two orthotransformed images without
using a sliding window. According to our research,
the number of points with a negative correlation of
two orthotransformed images is significantly higher
for images of areas with high terrain objects. The
general picture of the density of points with a
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negative comparison result throughout the study is
presented in the form of a map of high terrain
objects. Such a map can be formed as a set of
polygonal objects that outline areas with a high

o
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density of obtained points with a negative correlation.
It gives the possibility to estimate the location
ground control and check points relative to these
polygonal objects (Fig. 2).

Fig. 2. Example of automatic selection of area on the map,

where the location of ground control and check points is undesirable

To provide the recognition of the ground
control point with the highest accuracy, we plan to
use a drone to obtain one or more images above the
ground control or check point from different
heights. The number of these images and their
spatial resolution is determined from the possibility
of reliable software identification of the corresponding
points. The invariant (non-sensitive to large-scale
distortion) point descriptors are used for the most
common method of identifying the corresponding
image points of stereo pairs in photogrammetric
software Semi Global Mathcing . The recognition
of the ground control point in the image of the
highest resolution is performed by the operator.
And then the automatic alternate software
identification of the corresponding points of
different-scale images with subpixel accuracy is
performed.

As an example of practical implementation
of the described approach, we present the
results of processing two series of three aerial

images each, obtained from heights of 50 m,
100 m, and 150 m above the points of the terrain,
where the spatial coordinates were determined
by GPS method. Manual identification was
performed by the operator only on images
obtained from a height of 50 m. The Pix4D
software was used for experiment matching
(Fig. 3).

We conducted research on the formation of a
dense cloud of points for low-texture terrain. To
solve this problem, we used stereo pairs composed
of aerial images of different scales. This feature can
be interesting when we need to densify existing
point clouds to reproduce more detailed terrain and
object models. Of course, we should take into
account the fact that the density of the point cloud
required for high-quality 3D modeling differs
significantly for different objects. To study the
effectiveness of this approach experimentally, we
obtained the block of aerial images by UAV from a
height of 200 m. In this block, we included an
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additional aerial photograph obtained from a height  floodplain. Software PhotoModeler Premium
of 75 m for more reliable modeling of a part of the  (https://www.photomodeler.com/products/premium
area with low texture — meadow in the river /) was used (Fig. 4).

Properties

|~ Selection

| ATP 310 (Automatic Tie Point)
3
3
ell: 0.01031
Theoretical Error S(, 0.002,0.001,0.016
Maxinal Orthogonal Ray Distanc -0.001, -0.003, -0.000
Computed Position []: 671123.194, 5455485.277, 584.771

B pixdDenterprise - vertikall

# el 0.007447
0.002,0.001, 0,006
0.001,0.002, 0.000
671135675, 5455475.355, 555,657

Fig. 3. Examples of implementation of automatic identification
of points on different-scale aerial photographs
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Fig. 4. Example of including an additional aerial image
in larger scale in an existing block of basic aerial images

As seen in the figure, the method of dense
stereo reconstruction SFM, which in our case
is implemented in the software PhotoModeler
Premium, fully accomplishes the task. The
additional aerial image was successfully included
in the network of basic scale images and was
also used in the process of dense computer stereo
reconstruction.

Scientific novelty and practical relevance

The results of approbation of the “control
reference image” method with obtaining stereo
pairs of aerial images with vertical placement of
the base are presented for the first time. We studied
the properties of such stereo pairs of aerial images
to obtain images of reference points. The research
proved the effectiveness of including reference
images in the main block of the digital aerial
triangulation network created on UAV’s images.

The publication is funded by the Polish National
Agency for Academic Exchange under the
International Academic Partnerships Programme
“Organization of the 9th
International Scientific and Technical Conference

from the project

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

Conclusions

High accuracy of implementation of photo-
grammetric projects for various purposes (topographic,
engineering, etc.) can be ensured by using high-
quality networks of ground control and check
points. The analysis of the factors that influenced
the accuracy of photogrammetric constructions
is performed in the work and the following
recommendations are formulated:

1. The application of the method of creating
and using a “virtual reference point” allows
automatic performing its high-quality recognition
and inclusion in the photogrammetric block for
further high-precision processing.

2. The use of correlation in two adjacent
aerial images allows you to identify areas with high
objects, where the choice of reference images is
difficult or undesirable.

3. For reference provision of low-texture
areas (e.g. meadow), we suggest using drones to
obtain additional images of different scales, and
then move the position of the GCP from a large
scale to a smaller one, applying semi-automatic
procedure. This action is carried out without
complications and additional settings by modern
photogrammetric software packages. This method
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can be helpful to avoid marking points procedure
before aerial survey and will be useful if there is a
need for additional GCP after implementation of
survey when the marking is impossible.

The prospect of future research is elaboration
of the methods of transmission of reference ground
control information into different acrospace images
and determination of accuracy parameters of different
methods.
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METOJ OTPUMAHHSI OTTOPHUX TOYOK J1J151 TEOMETPUYHOI KOPEKIIIT
AEPO TA KOCMIYHUX 3HIMKIB MICHEBOCTI

Mera. B ¢ororpammerpii pyHIaMEHTaNIBHOIO 33/1a4€l0 € BU3HAYCHHS €JIEMEHTIB 30BHILIHOTO HMPOCTOPOBOTO
OpIEHTYBaHHS 3HIMAIBHUX CHCTEM HA MOMEHT OTPHMaHHS HUMH 300paxkeHb. [IpHHIMIOBO 118 3aa4a BUPILIYETHCS
nBoMa nurixamu. [lepmuil nuisix — npsiMe MO3WIIIOHYBAHHS Ta BUMIPIOBaHHAM HAalpsIMKIB OPI€HTYBAaHHS ONTHYHOI
oci KaMep B TeoJe3udHOMY npocTopi 3 gonomororo GPS/INS anaparypu. pyruit nuisix — aHamiTHYHE BHpPILICHHS
3amadi 3 JOMOMOror Habopy omopHol iHdopwMmarlli (HaiuacTinie Takow iH(OpMAIli€l0 € Habip OMOPHHX TOYOK,
reo/Ie3UYHE TOJIOKEHHS SKHX BiZIOME 3 JIOCTATHHOI TOYHICTIO 1 SIKI HAaXiHHO 3YMTYIOThCS Ha aeposHiMKax (oro-
TPaMMETPUYHOTO OJIOKY). ABTOPH PO3TILNAIOTH 3aBJaHHS 3a0€3MECYCHHS OMOPHOK0 i KOHTPOJBHOIO iH(QOpMALiero
came JPyroro MmIxony, SKHH Mae psija mepeBar MIoA0 HAJIHHOCTI Ta TOYHOCTI BH3HAYCHHS IIyKaHUX MapaMmeTpiB
opieHTyBaHHA 3HIMKIiB. OTpuUMyBaTH 300pa)KCHHS ONOPHHUX TOYOK IIPOMIOHYETHCA 3a METOIOM JOJATKOBOTO iX
aepo3HimManHs 3 moromoroio BIIJIA B 6impmmomMy MacmTali MOPIBHSHO 13 MacmITabOM 3HIMKIB ()OTOTPaMMETPHUIHOTO
6moky. MeTolo mpezcTaBiieHOI poOOTH € peali3aiis METOJy CTBOPEHHsS ONOPHHMX TOYOK Ta EKCIEepPHMEHTAJIbHE
HIiATBEP/KEHHsI HOro e(eKTHBHOCTI Uil (POTOrpaMMETPUYHKX ONpaloBaHb. MeToAHKa Ta pe3yabTaTH POOOTH.
Jlis moBHOI peaizaliii HOTeHIIaTy aHAJITUYHOTO IIISIXY BU3HAYCHHS €IEMEHTIB 30BHIIIHBOTO OPi€EHTYBAaHHS 3HIMKIB
HeoOXi/THa HasIBHICTH MEBHOI KUIBKOCTI ONMOPHUX TOYOK Ta JOTPUMAHHS BH3HAYEHOI CXEMHM iXHBOTO PO3MILICHHS B
OXOIUICHHI ()OTOrpaMMETPUYHOTO OJIOKY 3HIMKIB 4M KOCMIYHOTO 3HIMKa. SIK Jpkepeno onopHoi iHpopMaii aBTopu
BHOKPEMJIIOIOTh a€pPO3HIMKHM MICIIEBOCTi, AKi OTpPHMaHI aBTOHOMHO BiJ OCHOBHOTO 3HIMaHHA (HAmpHKIam, 3
KB3/IDOKOIITEpPA), MAIOTh Kpallle TI'eOMETPUYHE PO3PI3HEHHS 1 Ha SKUX 300paKeHO OINOpHI TOYKH. 3 TaKHX
JONOMDKHHMX 3HIMKIB € MOJKJIMBICTH aBTOMAaTH30BAHOTO MEPEHECEHHS 300paKeHb ONOPHUX TOYOK Ha 3HIMKH
OCHOBHOTO (hOTOTPaMMETPHUYHOTO ONOKy. Y HalmIOMy TpakTyBaHHI Ii 300pakeHHS ONOPHUX TOYOK Ta IXHBOTO
OTOYEHHS Ha MICIEBOCTI HAa3MBAaIOTh ‘“OMOpHI 00pasu”. OCHOBOIO POOOTH € po3poONIeHHS croco0y OTpUMaHHS
OmopHUX 00pa3iB 3 JONMOMIKHHAX aepO3HIMKIB i MEPEHECEHHs IMX 00pa3iB HA OCHOBHI aepo- a00 KOCMiYHI 3HIMKH
MICIIEBOCTi 3aco0aMM KOMII‘FOTEPHOTO CTEPEOOTOTOKHEHHS. J[Is1 HOCSATHEHHS IOCTaBIEHOI METH MH PO3pOOHIHN
croci6 ompamroBaHHSA A CTBOPCHHS OINOPHUX OOpasiB aepo3HiMKa 4Yd cepii JOMOMDKHHX pPi3HOMACIITaOHHUX
AepO3HIMKIB, OTPUMaHUX JAPOHOM 3 PI3HMX BHCOT HaJ OMOPHOIO Toukoio. Omneparop Omi3HAE TOUKY OAMH pa3 Ha
JIOTIOMIDXXKHOMY ~ a€pO3HIMKY HaWBHIOTO po3pisHeHHs. Jlami BinOyBaeThcs aBTOMAaTHYHE CTEPEOOTOTOKHEHHS
omopHoro obpa3y Ha BCiii cepil MOMOMDKHUX 3HIMKIB TIOCTIJIOBHO i3 3MEHIIEHHSM PO3PI3HEHHS 1 B KIHIIEBOMY
pe3ynbpTati — Oe3mocepeIHhO Ha aepo3HiMKax (oTorpammerpuyHoro 610ky. Hiskux omisHaBaHb/HaBEICHb Kypcopa
OTIepPaTOPOM-JTFOIMHOIO 1 TOB’SI3aHUX 3 HUMH pPO30DKHOCTEH, MpOoMaxiB i MOMHIJIOK He BimOyBaeTbes. Kpim Toro,
BKa3aHUH METOJl MPHU 3aCTOCYBAaHHI JOCTATHHO BEJIMKOT'O0 PO3Mipy OOpa3iB-eTalOHIB MOXHA 3aCTOCOBYBaTH Ha
MAJIOKOHTYPHIH MICIIEBOCTi i TOMY MOKHA OOIMTHCH B 0aratbox BHIagkax 0e3 (pi3MIHOTO MapKyBaHHS TOYOK. A Iie
IUISX IO CHPOIICHHS 1 31emeBieHHs (QoTorpamMmerpudHoi TexHoiorii. Jlifo po3pobieHoro cmocoly mepeBipeHo
eKCIIEPUMEHTAJILHO ISl 3a0e3MeueHHs ONOpHO iH(opMaliero 00Ky apXiBHUX aepo(OTO3HIMKIB MaIOKOHTYPHOT
MicieBocTi. PesynmbTat jocnmigHoi ampoOarrii 3ampONOHOBAaHOTO CMOCOO0Y JAalOTh TMiJACTaBU CTBEPIXKYBATH, IO
3aIpOIIOHOBAaHUN CIOCi0 Jae 3MOTry eQeKTHBHINIE BHKOHYBAaTH T'€OJe3MYHE 3a0e3nedeHHs (HOTOrpaMMETPHYHHX
NPOEKTIB 32 PaxyHOK BIJIMOBM Bil (pi3MYHOrO0 MapKyBaHHS MICLUEBOCTI Mepell aepO3HIMaHHSIM. 3alpOIIOHOBAHUM
CIOCOOOM MOYKHA CKOPHCTATHUCh TaKOX JUIsl OTPUMAaHHS KOHTPOJIbHOI iH(opMaiii Ui mepeBipkd sKOcTi (oTo-
TrpaMMETPUYHOTO 3HIMaHHS. ABTOPH CTBEPKYIOTh, IO 3aCTOCYBAaHHS A0JaTKoBoro obmamHaHHs — BITJIA HamiB-
npodeciifHoro Kiacy Uisi OTPUMAaHHS OMOPHHX 00pa3iB € eKOHOMiuHO oOrpyHTroBaHnM. HaykoBa HOBH3HaA Ta
NpaKkTHYHA 3HAYyUIicTh. Briepiie BHKIAAeHO pe3yibTaTH anpodarii MeToqy «OHmOpHOro oOpasy» 3 OTPUMAaHHIM
cTepeonap aepo3HIMKIB 3 BEPTUKAIBLHUM DPO3MIIIEHHSAM 0a3ucy 3HIMaHHs. BUKOHaHE MOCIHiIKEHHS BIACTHUBOCTEH
TaKUX CTEpeornap aepo3HIMKIB JUIsl OTPUMaHHS 300paKeHb ONOPHUX TOUYOK. [TokazaHO Ji€BiCTh BKIIIOYEHHS OMOPHUX
00pa3iB B OCHOBHHUIT 0710k Mepexki nudpoBoi GoroTpianrynsiuii st 3HIMKIB, oTpuManux 3 BITJIA.

Kmouoei cnosa: reone3nune 3abe3leueHHs aepOKOCMIUHUX 3HIMaHb, NPUB’s3Ka BEIUKOMACIITA0OHUX aepo-
3HIMKiB, MapKyBaHHs MicuieBocTi, GCP (Ground Control Points) — HazemHi Touku mpus’si3ku; CP (Control Points) —
KOHTPOJIbHI TOUKH
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