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Objective. Permanent growth of the volume of remote-obtained information about location sets have challenged
tasks for scientists and experts concerning quality of its processing in terms of efficiency, completeness, subject, and
geometrical accuracy. The important precondition for performance of the tasks is to supply reference information for
the images. The information is necessary for performance of a photogrammetric process of geometric correction of
the images and for presentation of the images and geo-information products, made on their base, in the determined
cartographic projection and coordinates. Analysis of current methods in photogrammetry proves substantial prospects
for application of geo-referenced images for the transfer of geodesic information onto new images. In the authors’
interpretation, those geo-referenced images are called “reference images”, because they are pictures of the objects
with an exactly defined geodesic position. One should not associate this notion with a reference point in its classical
meaning. The main goal of the work is to develop a method to get control images of the location and transfer of the
images onto aerial and satellite images. To reach the set goal the authors of the article developed a method to process
an aerial image or a series of aerial images of different scales, which supply an informative source for creation of
control images. It is proposed to test the developed method experimentally, supplying a block of archive aerial images
with reference information. M ethods and findings of the work. According to the set goal, the authors of the article
made analysis of literary sources that describe innovative ways to supply reference information for aerial and satellite
images. The researchers propose to use UAVs, preferably of helicopter type, to get a series of aerial images from
different altitudes over the reference point. Depiction of the reference point (control image) at an image of the largest
scale is appropriately distinguished by the operator or automatically, according to a pre-determined pattern image.
The next step is to make a correlation search of the image of a reference point gradually onto the image of a smaller
scale. Thus, there is a transfer of the position of a reference point onto a geo-referenced image. The method enables
performing geodesic work on the location after the process of main aerial imagey, choosing the position of reference
points according to a configuration of an actual photogrammetric block of aerial images. There is no need of clear
contours on a location. Scientific novelty and practical importance. The research first gives a concrete explanation
of the notion of “control image” for the tasks of geometric correction and geo-referencing of aerial and space images.
The work proposes the method to get a control image from an UAV — aerial image or a series of aerial images of
different scales. Effect of the method is demonstrated on the example of supplying a block of aerial images of a little-
contour location with reference information. Results of approbation of the proposed method secure more efficient
geodesic support for photogrammetric projects by means of refusal from physical layout of the location of an aerial
image.

Key words: geodesic support for aerial-space images, referencing of large-scale aerial images, layout of a
location, GCP (Ground Control Points), CP (Control Points)

Introduction approach to support space and aerial images with

ground reference and control points is the most
often used. On a location, geodesic methods
(mainly by means of GNSS receivers) help to
determine space coordinates of contour or marked
points on the location (in case a geodesic
preparation is made before aerial or space image).
Simultaneously, a traverse sketch (sometimes — a
photo traverse sketch) of the reference point is
developed. After office processing, the operator
visually distinguishes reference points on the

Geometric correction and geo-referencing of
aerial and space images are important parts of the
technological process of getting of the images with
geometrically accurate, correct geo-data, necessary
for implementation of photogrammetric projects.
Brining of a portrait depiction of a location to
geometric parameters, determined by a set
cartographic projection and coordinates, is based on
specification of the elements of exterior orientation
of the images, and it can be done immediately at the

moment of depiction formation (fixing position of a
shooting system in geodesic space by appropriate
devices) or analytically, with application of
reference information (reference points, directions)
[Grussenmeyer and Al  Khalil,  2002].
In topographic-geodesic production, the traditional

images of a photogrammetric block or on a space
image. Such re-identification of the points, on at
least one of the images, is almost the only manual
operation in the technological process. The very
process of points’ identification and pointing of the
measuring cursor on it inevitably incurs mistakes
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and errors. Examples of the scientific works,
devoted to the results of researches concerning
accuracy of identification and pointing of the
measuring cursor on the image of reference and
control points, both marked and contour points of a
location, include the researches by: [Shirokova et
a., 2010; Knizhnikov et al., 1999].

Starting from the late 1990s, with introduction
of the methods of computer processing of images
into photogrammetric technologies, a set of new
analytical methods of exterior orientation of aerial
space images was developed. Application of such
data, as digital images of reference points
(physically, before shooting of the marked
contours, or chosen on natural or artificia ones),
3D models of separate objects of the location,
digital topographic plans and maps, and digital
orthophotos in the function of reference
information is a particularity of the methods. Some
methods of geo-referencing, which use typical sets
of geo-data, such as digital topographic maps,
orthophotos, and Digital terrain models (DTM),
were studied within the OEEPE project «Automatic
Orientation of Aerid Images on Database
Information» by the European organization for
experimental photogrammetric research. Results of
the project are presented in the work [Hohle, 1998;
Labe and Ellenbeck, 1996; OEEPE Seminar
Report, 1999]. The work [Jdryczka, 2000] gives
results of determination of the elements of exterior
orientation of aerial images according to the sets of
vector cartographic information (linear and point
objects). A high quality attainment of the problem
solution is secured at medium scales of shooting
and requires an appropriate reliable and actual
database of topographic images. The method,
presented in the work [Hohle, 1999], proposes to
use an orthophoto as reference information. It is the
source for pattern images of reference points of the
location for their visual comparison with the points
of new aerial images. Implementation of such an
approach using an orthophoto requires an available
DTM of the adequate accuracy for interpolation of
the altitudes of reference points, chosen on the
orthophoto. Development of the method by means
of substitution of the manual choice of reference
and control points at an image with an automatic
procedure of correlation search is described in the
works [Potackova, 2004 and 2005]. Paszotta
[Paszotta, 1999] proposes to determine the elements
of exterior orientation by minimization of the
degree  of similarity  between  archive
(geo-referenced ones of appropriate accuracy) and
new orthophotos (approximately geo-referenced
ones). Shan (1999) and Hohle (1998) automatically

compared an archive ortho image with new images,
and specification of the elements of exterior
orientation was made by means of recovery of the
set of projecting beams under the determined space
coordinates of reliably distinguished points of the
orthophoto. The authors propose to make a reverse
photogrammetric intersection for exterior orientation
of each image separately. It supplies the opportunity
to refuse aerid triangulation or simplify their
performance [Shan, 1999 and 2001; Paszotta, 1999].
The work [Jaw and Wu, 2004] proposes application
of so-called “control patches’. Essentialy, they are
fragments of archive agria images with reference
points, located in the center of such fragment.
Comparison of new aerial images with the archive
images is made by an auto-correlator. Approbation
of the method grounds its efficiency under
conditions of keeping to substantial restrictions, i.e.
small changes on the location between the dates of
imagey, brining of new and archive images to a
common scale, and rather accurately setting of initial
parameters of space orientation. A number of
successful comparisons of new images, acquired
with an interval of 2 years (gsd = 25 cm and gsd =
= 7.5 cm) fluctuated from 19 % to 67 %. Elements of
exterior orientation of images are iteratively
specified. The reached accuracy of determination of
linear elements of orientation constitutes 1 m, while
corner elements are 1 minute, which is a rather
approximate result. Under the condition of a unified
scale of images, accuracy of comparison of the
corresponding points is estimated by the authors as
0,6-0,8 pixel. There is awell-known method of geo-
referencing of aerial space images with application
of large-scale horizontal images, obtained from
telescopic tripods and bars [Berveglieri and
Tommaselli, 2014].

The method expects application of wide-angle
cameras of “fish eye” type, which are set on vertical
bars and supply taking of the image of a reference
point and adjacent location from the position of
4.5 min height. Geometric resolution of the images
is substantially higher than the accuracy of
determination of reference points coordinates
(noting that it is extra information, which does not
contribute to the total efficiency of the method), and
the very images have substantia geometric
distortions. It is a complicated task to eliminate the
distortions and it requires a previous laboratory
examination of the cameras according to a specific
procedure. The next step requires transformation of
the images to secure their correspondence to
geometric and radiometric parameters of aeria
images and stereo identification of the images of
reference points with aerial images. The method
supplies good results on well-textured contour-rich
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locations. In the authors' opinion, difference of the
conditions in which the images of reference points
and aerial images are taken, as well as additional
procedures of geometric and radiometric correction
of images, make the described method complicated
to implement, and the obtained results for poor-
contour locations unreliable ones. The work
[Nekrasov, 2008] grounds that application of GPS-
points for immediate orientation of space images is
impossible without loss of their accuracy, because
the accuracy of GPS-point identification cannot
substantialy differ from its spatial resolution. To
improve the accuracy of exterior orientation of space
images of medium resolution it is proposed to use
the methods, according to which, at the first stage,
GPS-points are distinguished as of high resolution
images (taken, for example, by a KBP-1000 camera
with 2 m resolution on the ground, images of Ikonos
satellite with 1 meter resolution, and QuickBird with
0,6 meter resolution). At the next stage, the point is
transferred onto an overlapping pair of images with
medium resolution and exterior orientation is
performed. The vivid drawback of this method is
that it requires purchase of both high and medium
resolution images. However, the former are needed
only for geo-referencing and can hardly be used in
subject processing of space images. There is still a
discussion concerning the issue of comparison of the
images, which have different geometry and character
of image deformation due to the impact of
topography of the location and angle of shooting
systems, and difference of radiometric parameters.
The author informs that accuracy after exterior
orientation of images of high resolution makes
0,5-15 pixe, that constitutes 1-3 meter for
KBP-1000 images, and 0,5-1,5 pixel — for lkonos
images. Similar conclusions about accuracy of geo-
referenced space images are made by the authors of
thearticle [Mdller et ., 2010].

The research studies the method of automatic
withdrawal of reference and control points from the
existing ortho-transformed images with a higher
resolution (control images). Efficiency of the method
is demonstrated in processing of a large number of
space images SPOT 4, SPOT 5, IRS-P6, ALOS.
Relative and absolute geometric accuracy of geo-
referencing constitutes approximately half of one
pixel size. In the later edition of the work, the
authors used panchromatic and multispectral images
of a very high resolution GeoEye-1 ta QuickBird
[Muller et a., 2012]. The authors stress that relative,
as well as absolute accuracy of geo-referenced space
scanned images of high resolution stay within the
range of 0.5-1.0 pixel of income image (linear
RMSE). Under conditions of anthropogenic

landscapes of Europe, a larger part of the stages
(95-100 %) can be processed automatically. The
available interval of time between taking of pattern
and geo-referenced images is from five to seven
years. For the regions of ill-defined texture, the
method does not supply appropriate results. The
authors of the research [Liu and Chen, 2009]
propose to use the method of stereo identification of
“apoint of the image — to the point of geo-referenced
image” for the ortho-transformation of Formosat
Space images.

The same idea makes basis for the approach,
which is described in [Ma and all 2017]. Orientation
of a space image is made according to another image
that was earlier registered in geodesic space. In such
case, ground control points are not used. Application
of the existing oriented images for performance of a
second photogrammetric project improves efficiency
of production of geo-spatia products. M. Hamidi
and F. Samadzadegan [Hamidi and Samadzadegan,
2015] used referenced images and DTM for
orientation of the images from a UAV. However,
their method expects application of the images with
worse resolution characteristics than the referenced
aerial images in the function of control images.
Consequently, accuracy of the geo-referencing is not
high. The works [Tang et al., 2016] and [Li and all,
2002] aso present mathematic models for
photogrammetric processing of stereo images, taken
by the systems of satellite images of high resolution.
Mathematical modeling makes base for anaysis of
the impact of the number of control points, their
spatial distribution, and errors of measuring of the
images concerning accuracy of a photogrammetric
model of the location. The work concludes that
accuracy of determination of ground coordinates
under a complete support with control points from 2
to 3 m can be reached by means of space images
with aresolution of 1 m and from 5 to 12 m without
control points. Automatic method of exterior
orientation of images is grounded on application of
3D digitd models of spatial objects as reference
information and on the basis of comparison of
contour structure [Blokhinov and Gorbachev, 2011].
The authors describes the rules to determine loca
particularities of one-dimensional presentation of
contours. Measuring procedures are invariant to
mutual turn of aerial images.

In summary, the authors note that all described
methods do not exclude distinguishing and manual
measuring of the points on images carried out by an
operator. Accuracy of determination of orientation
elements mainly depends on the quality of the
initial cartographic material. However, it not
aways can be associated with a new performed
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shooting neither by geometric accuracy (application
of instrumentally measured points, lines, and sites
on alocation by means of geodesic methods) nor by
spectral portrait (in case of application of archive
orthophotoplans and orthophotos). It is necessary to
perform the procedure of radiometric improvement
of the images (transfer of a color image into a grey
one, change of its contrast and brightness) and their
geometric correction (brining to the defined
resolution, orientation in space). All the procedures
are complicated and do not always supply the
expected result. The defined circumstances of
preparation of the initial information and referenced
images are specific for different shooting systems.
Images of the objects on topographic plans and
images are not always geometrically similar to their
images on referenced images that is well observed
at large scale image. The described methods supply
more reliable results within the range of medium
scale images (smaller than 1:10,000). Large-scale
images have substantial peculiarities and
restrictions in application of the mentioned
methods. Thus, the authors of the article consider
that there is an urgent need to correct the described
methods of application of reference information
because of wide-spreading of new means of ground
surface image for all types of shooting systems
carriers ranging from space satellitesto UAVs.

Cartographic models (including DTM) used as
reference information, are mainly the generalized
versions of a real terrain image. Thus, there is a
great future for the methods which apply control
images. The authors stress again that the images are
pictures of the objects with known geo-referencing
under the condition that such data are correctly
obtained and have appropriate radiometric and
geometric characteristics.

Objective

The main objective of the work is to develop
a method to get control images and transfer the
images onto aerial or space images of the
location. To reach the set goal, it is necessary to
perform:

+ development of the notion of a “control
image” as an instrument to transfer geodesic
information onto images or onto a photogrammetric
block of images;

+« development of the method to get an aerial
images or a series of aerial images of different
scales, which make base for creation of a control
image;

< experimental testing of the effect of the
developed method concerning supply of the block

of archive aerid reference

information.

images with

M ethods and results of the work

Considering the fact that the notion of
a “control image’ is not yet a common one in
photogrammetry, the authors of the work give its
definition in the article. A control image is an
image of a location object, created by means of a
common mathematic model. Space location of the
object is determined in geodesic space with the
accuracy, sufficient for performance of the
procedures of photogrammetric processing of the
images. A control image is a means to transfer
geodesic information onto an image or
a photogrammetric block of images. It is clear that
depicting properties of a control image should be
sufficient for a precise identification of the location
object, which has a defined geodesic certificate.

Basing on the above-presented information, the
research outlines the condition, required for getting
and application of control images in
a photogrammetric process.

1) Image of a reference object should be
created with preservation of geometric similarity to
itsimage at referenced aerial or space images.

2) Different scales of images (reference and
referenced ones) and their mutual space orientation
should be determined considering the conditions of
organization of the process of visual or automatic
stereo identification. Practicaly, the important
parameter is presented by a coefficient of relation
of atopographic excess of a stage to the altitude of
the image over the stage. The parameter influences
the possibility of a correct application of an affine
model of the camera in spite of a more general
projecting transformation.

3) Size of the control image should be
sufficient for a reliable stereo identification. Since
their number for a photogrammetric block is small,
consumption of time for comparison of the images
are not of special practical importance.

4) A reference point at a low-contour location
can be determined not necessarily on the contour,
and its description and method of choice can
consider quality of topologic features of the
location, i.e. “in a cross section, on an imaginary
crossing, on a prolongation of a line to the
imaginary crossing, equally-spaced”.

5) Basing of the common concept of control
images application, in practice, it is capable to
develop a set of different-scale control images of
one object on a location. The process of transfer
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of reference information will be performed
gradually from a control image with the largest
scale of depiction to control images of smaller
scale and, finaly, to the images of
a photogrammetric block.

Thus, generally, a control image is a fragment
of images, created around a pixel, which contains
depiction of areference point. Image of a reference
point can be easily developed for marks, i.e. pre-
developed distinguishing signs, which are
physically placed on a location before shooting
[Dorozhynskyy and Tukaj, 2009]. However,
application of marks encounters some expenses and
complexities in their production, placing on
a location (assembling before shooting and
dismantlement after shooting), and transportation.
Image of a contour reference point of alocation can
be created by application of any cheaper method of
aerial image, i.e. to get the image from a small
UAV of ahelicopter type. Nevertheless, one should
note that choice of alocation point as a candidate to
be applied as a reference or control point in
photogrammetric process can be formalized
(mathematical argumentation), basing not only on
personal experience of a performer of geodesic
preparation of a location, but by applying
calculations of the autocorrelation function for
estimation of the image of any point on a location.
An example of application of the correlation
function for estimation of a point at images (and the
around created image) as a candidate for correlation
search is presented in the work. [Potackova
MATLAB...]. Uniqueness of the control image and
its optimal size for a correlation search are defined
by estimating of correlation surface. A standard
deviation of the values of grey ot and entropy Hr
supplies estimation of the contrast and amount of
radiometric information in the image.

A prototype of the proposed method is known
for analogue images, when an operator transferred a
position of control points from an image to an
image manually [Shkurchenko, 2004;
Boshnyakovich and Glebovskiy, 1963]. The
method, described in the article, opens a new way
to a more efficient geodesic support, particularly
for alow-contour territory. Moreover, the proposed
approach does not require placing of the points
immediately on the contour of alocation, i.e. on the
boundary, which separates objects with different
brightness. We use the fact that such differences of
brightness are always present in some surrounding
of a landscape around the point. The fragment of
a landscape forms a unique image of each point of
the location.

The proposed principle of geodesic support
for a photogrammetric block of aerial images is
illustrated by the Fig. 1.

The procedure of gradual comparison (or
identification) of two images (in the present case —
the image of a control point g(x, y) with a set of
images fi(x,y) of aerial or space images is well-
developed in digital photogrammetry and secures a
high (subpixel) geometric accuracy. To prove the
fact, the authors give examples of application of
control images to supply control points for a
photogrammetric block of aerial images from a
UAV.

Example 1. There is atopographic aerial image
of rural area, made by a UAV of plane type.
Resolution of the images is gsd = 0,075 m/pix, the
average dtitude of shooting over the location is
H =200 m. A part of the location in the middle of
the block of aerial images has insufficient texture
parameters for automatic distinguishing of
a sufficient number of linking points between the
images. The location is expectedly the weakest one
in the photogrammetric net.

After the main aerial image on the location, the
authors marked a reference point with a carton
rectangle (4x6 cm), which contrasted to the color of
the underlying surface. Space coordinates of the
point are measured with a GPS receiver of geodesic
class in RTK-regime. Over the reference point, the
researchers produced a series of three different-
scale aerial images, i.e. at atitudes of 50, 100,
150 m respectively, by means of a UAV of a
helicopter type (Fig. 2).

On the images of the largest scale, the operator
identified a new reference point. On the other
images, its position was determined by
autocorrelator in Pix4D program. Thus, the existing
block of aerial images is supplemented with new
reference  information,  which  substantially
improves the accuracy of photogrammetric
processes performance. The new supplementary
aerial images can serve only in obtaining a control
image or can be included into a block of aeria
images.

Example 2. Condition of aerial images were
identical to the ones described in the example 1.
There was a swamp meadow in the central part of
the surveyed location andthe territory was of low
contrast. The principal aerial image was taken at the
altitude of 200 m. The only supplementary aerial
images, which included a control image, was taken
at the atitude of 75 m (Fig. 3).
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Fig. 1. Scheme of the proposed method to compose control images

/
Fragment of a landscape,
which creates the image of a
control point

Control point

Fig. 2. Principle of supplementing a block of aerial images
with new images, presenting the image of a reference point

Fig. 3. Aerial photos of the low textured area. Left: H= 75 m; Right: H= 200 m

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua
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In the example, scales of the images of the
reference point at principal and supplementary
images differ 2.7 times. The reference point was
not marked on the terrain. The point was chosen at
a rather low-observable micro-contour, which was
well visible only in the supplementary images.

Photogrammetric measuring and transfer of the
reference point's image onto aerial images were
performed by means of autocorrelator of Fotomod
software. Results of a successful identification at a
threshold value of 0,92 correlation coefficient are
demonstrated by the Fig. 4.

Fig. 4. Result of the transfer of the image of a reference point
by an autocorrelator from a control image onto an aerial image

The carried experiments demonstrate
efficiency of the proposed technology. Application
of additional equipment in the form of an UAV is
not the principal problem of economic and
organizational character for the proposed method.
An UAV of semipro type (“Fanthom-3") costs
1,000 USD. Considering a multiple use of the
UAV, expenses for its purchase and employment
are commensurable with the costs of production,
shipping, and placing of the marks on alocation in
the projects, which are made by a small enterprise
during a year. Flying of light drones does not
require specific professional skills. In Ukraine the
administrative permissions for light copters are not
needed even for flights within settlements
(arestriction isin cities and of military objects).

Scientific novelty and practical importance

The research first gives a definition of the
notion of a “control image’ for the tasks of
geometric correction and geo-referencing of aerial
and space images. The work proposes the method
to get aerial images and a series of different-scale

aerial images by means of an UAV and the images
are the source for the creation of a control image.
Success of the method is demonstrated with the
example of the supply of reference information for
the blocks of aerial shooting of low-contour
locations. Results of approbation of the proposed
method argue the possibilities of more efficient
performance  of geodesic  support for
photogrammetric projects by means of refusal from
physical layout of alocation before an aerial image.

Conclusions

Flexibility of the proposed technology is
revealed in a greater number of variants concerning
the choice of reference information and
performance of additional images in case of the

necessity to improve conditions of
photogrammetric ~ procedures.  An  operator

distinguishes a point only once. It can be done
immediately during the field performance of
geodesic support for a block of aerial images or by
referencing space images. During office processing,
in most cases it is possible to avoid pointing of the
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cursor and the related divergences, faults, and
errors. The mentioned method can aso be applied
to low-contour locations in case of a great number
of pattern-images. Thus, in many cases, physical
layout of points is useless. That is the way to a
more efficient photogrammetric technology.

A prospect of future research isto determine the
methods of transfer of reference information onto
various aerial and space images and define
accuracy parameters of different methods.
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3ABE3IEYEHHA ®OTOT'PAMMETPNYHUX ITPOEKTIB OITOPHOIO IHOOPMAILIETO,
OTPUMAHOIO 3 BEJINKOMACIITABHUX AEPO3HIMKIB

Merta. [locriiine 3pocranHsi 00’ €MiB JUCTAaHLIHHO OTpuMyBaHOI iH(opMalii Mpo MICIEBICTh CTaBUTH IEpe[
HAYKOBIISIMH Ta MPAKTHKAMH CKJIAJHI 3aBJaHHS IIOJIO SKICHOTO i ONpAIlOBaHHS Yy CEHCI ONEPaTHBHOCTI, TIOBHOTH,
TEMAaTHYHOI Ta TEOMETPUYHOI TOUHOCTI. BaxIMBOIO IIepeIyMOBOIO BUKOHAHHS IIMX 3aBJIaHb € 3a0e3Me4eHHs 3HIMKIB
omopHoIo iH(popMartiero. BoHa HeoOXigHa IIsi BUKOHAHHS (DOTOTPaMMETPUIHOTO IMPOIECY TCOMETPUYHOI KOPEKITil
300pakeHb Ta MPEICTABICHHS X 300pa)KeHb 1 CTBOPEHUX HA IX OCHOBI reoiH(popMamifHuX MPOAYKTIB Y BU3HAUCHI I
KapTorpadiuHiif mpoekmii Ta crucTeMi KOOpauHAT. AHAJi3 HasBHUX Yy Cy4acHil (oTorpaMMeTpii METOAIB BKa3zye Ha
3HAYHI MEPCIEKTHBH 3aCTOCYBAHHS TEOTPHB’ A3aHUX 300pa’keHb I MEPEeHECeHHs reoqe3ndHoi iHpopmarii Ha HOBI
3HIMKH. Y HalloMy TPakTyBaHHI Ili T€ONPHB’ si3aHi 300pa)KeHHsS] HA3MBAIOTH “ ONMOPHi 06pa3mu”, 60 1e 300paXKeHHs
00’ €KTIB, Te0Ie3NYHE MOJIOKEHHS SKUX YiTKO BU3HaueHe. He ciiJi 0OTOTOKHIOBATH 1€ MOHSTTS 3 ONOPHOIO TOYKOIO 3
il knacuuHUM Bu3Ha4deHHSM. OCHOBHOIO METOIO POOOTH € PO3pOOJICHHsI CHOCO0Y OTPUMaHHs OMOPHHX 00pasiB i
MEPEHECCHHST IUX 00pa3iB Ha aepo- ab0 KOCMIiYHI 3HIMKH MICIEBOCTi. J[JIsl NOCSATHEHHS IMOCTaBICHOI METH MU
pO3po0mIIK COCiO OMpalfoBaHHs aepo3HIMKa YM cepii pi3HOMAcIITaOHUX ACpPO3HIMKIB, SKUiA/sAKi € iHhOopMaliHHUM
JOKEPEIIOM UL CTBOPEHHS OMmopHUX 00pasiB. IlepeBipuTu 1i0 po3poOICHOro crocody s 3a0e3rneucHHs OJ0Ka
apxiBHUX aepo(OTO3HIMKIB OIMOPHOO iH(POPMAIII€I0 TPOIIOHYETHCS CKCIIEPIMEHTATFHO. MeTOoAUKA Ta pe3yJabTaTH
po6oTu. BiqnoBigHO 10 TOCTaBICHOT METH BUKOHAHO aHANI3 JITEPaTypHUX JPKEPE, sIKi OMHICYIOTh HOBITHI CIIOCOOM
3a0e3neueHHs OMOPHOI0 iH(OpPMAIIi€I0 aepo- Ta KOCMIYHUX 3HIMKIB. Mu mpomnoHyemo BukopucToByBaTH BILJIA,
HalKparie BEepTOJITHOTO THITYy, Ui OTPUMAHHA cepil aepo3HIMKIB 3 PI3HUX BHCOT HAX ONOPHOIO TOYKOIO.
300paskeHHsT OMOpPHOI TOUYKM (OMOpHHIT 00pa3) Ha 3HIMKY HalHOiNBIIOro MacmTaby HaJiifHO PO3Mi3HAIOTHCS
ormeparopoM abo0 aBTOMATHYHO 3a ii Hamepen C(HOPMOBAHMM ETAJOHHUM 300pakeHHsIM. Jlaimi BHKOHY€ThCS
KOPEJSIIHHUE MOmyK 00pa3y OMOPHOI TOYKH IOCITIJIOBHO Ha 300pa)KCHHsS MEHIIOro Maciirtady. Takum 4uHOM
BiZIOYBAETHCSl TEPEHECEHHs MOJ0KEHHS OIMOPHOI TOYKM Ha 3HIMOK, HIo mijuisirae reonpus ssui. Crnocib mae
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MOJKJIMBICTh BUKOHYBATH T'€OJIC3UYHI POOOTH Ha MICIICBOCTI MICIS MPOIECY OCHOBHOTO acpo3HIMaHHS, BUOMPAIOUN
MTOJIO’KEHHST OTIOPHUX TOYOK BiAIOBITHO 10 KOH(QIrypamii peansHOro (hoTorpaMMeTpudHOro O10Ka aepo3HiMKiB. He
000B'I3KOBUM € HAABHICTh UITKHX KOHTYpiB Ha MiciieBocTi. HaykoBa HOBM3HA Ta NMPAKTUYHA 3HAYYUIICTH.
Briepmie KOHKpPETH30BaHO 3MICT MTOHATTS “ OTIOPHUI 00pa3” s 3a7ad reOMETPHYHOI KOPEKIlii Ta TeONpUB’ I3yBaHHS
aepo- Ta KOCMIYHHMX 3HIMKIB. 3alpONOHOBAHO Croci0 oTpumaHHs onopHoro odpasy 3 bITJIA-aepo3nimka abo cepil
pi3HOMacIiTabHUX aepo3HiMKiB. Jlito crmoco0y TNpOJEMOHCTPOBAHO Ha IpHKIaAi 3a0e3MEYeHHS OIMOPHOI0
iHpopMaliero OJOKIB aepo3HIMKIB MaJIOKOHTYpHOI MicrieBocTi. PesynbraTi anpo0ailii 3alpornoHOBAaHOTO CHOCOOY
JIAl0Th 3MOry e(eKTHBHIIIE BHKOHYBaTH T€0Jie3MYHE 3a0e3neyeHHs (OTOrpaMMETPUYHUX MPOEKTIB 3a PaxyHOK
BIZIMOBH Bijl (DI3MYHOTO MapKyBaHHS MICIIEBOCTI IE€PE/ aepO3HIMAHHSIM.

Kniouosi  cnosa: rteone3nune 3a0e3nEUYEHHS ACPOKOCMIYHMX —3HIMaHb, IIPHB’SI3Ka BEIMKOMACIITaOHHUX
aepo3HiMKiB, MapkyBaHHs MmicieBocti, GCP (Ground Control Points) — nasemni Touku npus’sizku; CP (Control
Points) — KOHTPOJIbHI TOYKH.
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