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Abstract. Unmanned aerial vehicles (UAVs) are one of the types of platforms of surveying equipment in Earth
remote sensing. The use of UAVs is effective in comparison with the use of manned aircraft when urgent updates of
digital maps are needed, as well as monitoring of the occurring changes in small areas dispersed in space. In these
cases, the use of manned aircraft will lead to unjustified costs, which is inexpedient from the economic point of view.
In addition, the lack of favorable weather conditions often leads to a disruption in the performance of aerial
photographs in the planned time, when the Aerial Survey is most effective and expedient. The use of only ground
surveys also leads to an increase in the cost of work, and in some cases to the inability to conduct them (lack of
access to protected territory, private property, etc.). In these conditions, the use of a remote-controlled aerial model,
equipped with the necessary surveying and control equipment, which is easily delivered to the object of the survey,
makes it possible to carry out aerial surveying quickly even in the absence of stable weather conditions necessary for
the performance of traditional Aerial Survey. For the UAV application, a short-term "window" of good weather is
sufficient. In addition, the possibility Aerial Survey of from low altitudes allows it to be carried out at low continuous
clouds. The use of a UAV is effective when surveying linear objects, inventorying and cadastre of properties, as well
as for obtaining operational information in emergency situations.
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Currently, there are several types of a flight program and calculation of the
remotely controlled UAVs capable of photo centers coordinates, and then
carrying digital cameras. The resulting entering them into the on-board
digital images are used for computer program;
photogrammetric processing when
creating and updating cartographic e aerial survey;
products, as well as for obtaining a variety
of thematic information. At the Department e image referencing;
of Aerial Photogeodesy of the State
University of Land Use Planning, a e orthorectification (output products -
technology for creating cartographic orthophotomaps);
material using UAV has been developed
and is constantly improving.  The e field interpretation of properties;
technology includes the following steps:

e the formation of a photographic * vectorization Of. dlg.ltal
. " orthophotomaps according to field
complex with a description of the . .
interpretation;

technical requirements of each module,
the technical preparation of the

complex; e obtaining vector plans;

e geometric accuracy of evaluation of the

° reparator work for surveying,
brep y ying output products.

including  calculations of aerial

photography parameters to obtain the The  technology  of  creating
requ1r.ed accuracy of the cartographic cartographic  products from images
material being created, development of obtained with UAV is similar to traditional.
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However, there are a number of
peculiarities due to the specificity of
obtaining images. UAV is designed to
perform aerial survey work on local areas
of the terrain from heights of 200-1000 m
in a radius of 10 km or more from a mobile
control point. The flight control of the UAV
is carried out in manual mode by the pilot-
operator, located on the control point (the
car with the equipment). The position of
the UAV is assessed visually on the monitor
screen, displaying the video image
broadcast from the UAV by the traffic
camera in real time. The monitor also
shows telemetry data (altitude, speed and
battery status), as well as UAV position on
the digital map.

Of particular note are the problems of
photogrammetric processing of images
obtained by digital cameras from the UAV.

From the standpoint of the
correctness of photogrammetric
processing, special requirements arise for
the surveying equipment and the aerial
survey as well.

semi-professional or consumer digital
cameras are used as a filming equipment.
The cost of such digital cameras is much
lower than the cost of used aerial cameras.

The choice of a digital camera used
for surveying with a UAV must be
determined by the following.

The image properties of the camera
are characterized by two main parameters:
geometric resolution and motion blur.
Geometric resolution (pixel size) in
professional digital cameras, as a rule, is 3-
10 microns, which provides sufficient
accuracy of measuring coordinates when
photogrammetric processing of images.

Image motion blur caused by linear
and angular movements of the UAV are
eliminated by short exposure time.
Therefore, the camera should have the
maximum possible short exposures. When
aerial surveying with UAVs of aircraft type,
having a cruising speed of 80-120 km / h,
the image blur will not exceed the
permissible value of 0.02 mm. When using
helicopter-type devices, as a carrier of
cameras, which fly at low speed, the image

blur is practically eliminated. The
measurement properties of the digital
image are characterized by the magnitude
of the residual distortion. The effect of
distortion is eliminated by a special
program for converting a digital image
according to the camera calibration.

The weak point of digital (not
photogrammetric) cameras is the small
size of the matrix - 1/3 ....5 / 3 inches. The
small size of the matrix leads to an increase
in the number of images, which will further
increase the volume of field and in-house
work.

In addition, the small format of the
matrix corresponds to a small aerial photo
base (B), that leads to a not better
surveying index K = B / H (H is the height
of the survey). The surveying index
determines the accuracy of the digital
elevation model. The optimum value is K =
0.7-1.0. Therefore, the coefficient K must
be adjusted by the height of the survey. In
this case, the camera should be oriented so
that the long side of the matrix is directed
in the direction of the flight strip. In
addition, for correct photogrammetric
processing of images, the camera should be
calibrated, i.e. the interior orientation
parameters and the values of lens
distortion must be determined with high
accuracy.

The article presents the results of
experimental studies on the effectiveness
of UAV applications for creating
orthophotomaps used for monitoring land
in urban areas.

Aerial survey of the urban area was
carried out with the UAV "Ptero". The 1
km? survey site is an open flat area,
partially built up by multi-storey buildings.

The survey was done by a semi-
professional calibrated digital camera
Canon EOS5D. The camera is installed in
the lower part of the fuselage of the UAV.
Images were saved in a removable memory
module (flash drive) and upon completion
of the flight they were imported into the
computer for analysis, viewing and
preliminary processing.
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The shutter response frequency (the
exposure interval) was calculated taking
into account the following parameters:

o the specified UAV speed;
e the required overlap of images;

e altitude above the ground;

e the opening angle.

Investigation of the geometric
properties of images obtained with
UAVs in this experiment

Initial data

The format of the frame is 36x24 mm
(4368x 2912 pixels)
Survey Options:

e Focal length 30.87 mm (3746
pixels)

e Average flying height above

ground 200 meters

Figure 1. The image obtained from the UAV

The flight control of the UAV was
performed remotely from a portable base
station via a telemetry channel. The
memory of the autopilot contains
information about the direction of the
flight strips and the photo centers
coordinates.

Figure 1 shows the image obtained
from a UAV on an urban area.

Determining of the tilt angle of the image

The tilt angles of the image are
unknown , as a rule, or Kknown
approximately. In our studies, as a result of
the development of phototriangulation, the
values of the direction cosines were
obtained at the DPW "Talca".

Further, for the selected images, the
rotation parameters of EO are calculated
for the selected images according to the
formulas (1)
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bl
K=arctg —
b (1)

where a - the longitudinal tilt angle of the
image; w - the transverse tilt angle of the
image; k - the swing angle of the image; a3z,
b1, bz, bs, c3 - the direction cosines.

The following limiting values of the
rotation parameters of EO are obtained

a, degrees | w,degrees | o, degrees

15,6 '6;2 '81'5

To determine the total tilt angle of the
image op from the known rotation
parameters of EO, the author L.A. Gavrilova
derived the formula (2).

cos' a+cos’ w

cosa, =
2cosa*cosw )

The maximum tilt angle ap of the
image was 16.4 ° in this experiment.

On the basis of the obtained tilt
angles ap, the geometric properties of the
image are analyzed according to the known
photogrammetry formulas.

Determination of the difference in
the scale of the image due to its tilt angle

With these parameters of survey, the
scale difference is 1: m = 1: 6500 in the
central part of the image, at the edges of
the image 1: m min = 1: 8400; 1: m max =
1: 5900; The relative multiscale is 38%.

The determination of the
displacement of the image points caused by
its tilt angles ap

The maximum displacement for a
point located on the principle line and as
far from the isocenter is 2, 8 mm in the
scale of the image.

Determination of foreshortening of
directions on an off-nadir image

The maximum foreshortening of the
direction to the points located in the
corners of the working area of the image is
5.9°.

Determination of foreshortening of
areas on an off-nadir image

For f = 30.87 mm; H = 200 m; ap =
16.4° at the edge of the photo on the
principal line, the relative foreshortening
of areas is = 7%.

Displacement of the image points due
to the combined effect of the terrain and
the tilt angle

For points on the earth's surface with
a height difference up to 15 meters,
displacement on the off-nadir images is 4
mm.

For multi-storey buildings (height 60
m), the displacement of the roof points
relative to the base was 7.5 mm.

Features of the geometry of the
images caused concern in the loss of
accuracy in  the  photogrammetric
processing of images.

In order to test the possibility of
orthorectification of images for the
creation of an orthophoto, experimental
studies were performed. The creation of
the orthophoto was carried out at two
digital photogrammetric workstations -
«Talca» and «Photomod». The technology
of orthophotomap creation was carried out
according to the traditional scheme. The
total accuracy of the full range of work was
evaluated based on the final result.

To assess the accuracy of the
orthophotomap within its limits, 30
uniformly located control points were
chosen.

The geodetic coordinates of the
control points were obtained on site by
GPS-equipment and an electronic total
station with an accuracy of 1 mm.
Differences in the geodetic and
photogrammetric coordinates of the
control points are used to determine the
RMSE of photogrammetric transformations
when an orthophotomap is created.

The root mean square error of the
planned position of the orthophoto points
was 0.37 m.
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Mxy=0.37m

The accuracy of the created
orthophotomap meets the requirements of
the normative documents, the RMSE for
determining the coordinates of the control
points does not exceed in plan 0.3 mm for
the scale of the created orthophoto 1: 2000.

Analysis of the technology of creating
orthophotos from images obtained from
UAV determined the advantages and
disadvantages associated with the features
of the production of such aerial
photography.

The main advantages of survey with
UAVs before classical aerial survey are:

e compactness and removable modules;

¢ the possibility of starting and landing in
a limited area;

¢ no need for special airfields;

e the possibility of low-altitude aerial
survey (below the cloud boundary);

¢ simplified scheme for obtaining permits
for flights;

e mobility and efficiency in operation;
e noiselessness;
¢ ease of maintenance;

e saving material and time, etc.

Survey with UAVs is particularly
effective when you need to take photos of
small areas with a small height.

Essential disadvantages
UAVs in aerial survey are:

of using

o the images have large tilt angles, which
cause the appearance of "dead zones"
in areas with high-rise buildings, as
well as significant scales of images that
complicate their stereo-
photogrammetric processing;

e vibration caused by aerodynamic
characteristics of UAV and flight
conditions, reduce the visual
properties of the images. As a result of
the experimental work, the following
features of the images of urban areas
obtained from UAYV, their geometric
and visual properties,
photogrammetric processing:

e significant tilt angles of the images lead
to a decrease in the longitudinal and
transverse overlap of stereopairs. As a
result, there are difficulties in the
relative orientation of the images
during the selection of tie points;

e shadows falling from high buildings,
greatly complicate the finding of
photogrammetric points;

o the images show significant
displacement of the images of the roofs
(so-called "blockages") of multi-storey
buildings from the point of nadir,
resulting in the formation of geometric
shadows ("dead zones"). This feature
of the images determines the selection
of working areas on the images for the
subsequent exclusion of "dead zones";

o the difference in scale within the image
leads to local disturbances of the
stereo model, which makes it difficult
to construct digital terrain models in a
stereophotogrammetric way. This, in
turn, causes difficulties in the
orthorectification of images of urban
areas.

In the following experiment, a version
of orthophotomapography based on UAV
images using exterion  orientation
elements, determined in flight (without
image georeferencing), and the possibility
of using them for monitoring of properties
was considered.

In the experiment we used images
obtained from UAV Irkut-10 on the
territory of Dmitrovsky District, Moscow
Region. The aerial survey was performed in
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a scale of 1: 32 000 by a digital calibrated
SIGMA-DP2S camera with a focal length of
24.2 mm.

The images were attached to the
.KLM format, in order to be displayed in the
Google Earth program, as well as the
exterion orientation elements defined in
the flight.

PHOTOMOD 6 Lite was used for
photogrammetric processing of images for
the purpose of orthomosaic plotting. Lite
version of the program can handle a
relatively small number of images (no
more than 40). Therefore, images were
initially selected for small groups of one or
more land plots. The main criterion for
selection was the availability of
information on land plots on the Public
Cadastral Map: cadastral number, area.

Information about the terrain is also
needed for creating an orthophoto. For the
construction of a regular DEM, the grid
spacing was calculated by the formula 3
derived by L.A. Gavrilova.

_ V2X8p X f XMy,
rmXtgv

L (3)
where 6y - is the permissible displacement
for the relief on the created plan (0, 3 mm),
f - is the focal length of the camera (24.2
mm), M - is the denominator of the scale of
the created plan (M = 5000), r, - is the
maximum distance from the nadir point
(12,43 mm), tgv - is the maximum slope in
the treated area (tgv = 0.20).

Some settlements (5) of the
Dmitrovsky district were selected for
formation orthophoto mosaic.

Land plots were found in the
automated information system "Unified
state property register ". Coordinates of the
turning points (in the coordinate system of
the MSC-50) of the selected land plots were
obtained from the "Unified state property
register ".

In the course of photogrammetric
processing an orthophoto mosaic (Figure
3) of scale 1: 5000 was obtained (the
merging of orthophotos was performed in

the program PHOTOMOD 6 Lite
GeoMosaic)&

The service GIS component Maplnfo
is used in the Unified state property
register to display the graphic cadastral
information and its processing. Therefore,
to obtain the coordinates of the turning
points of the boundaries of the land plots,
the orthophotomaps obtained were saved
in the "MaplnfoTable" format. The
processing was done in the MapInfo demo.
The total number of images in the
processing is 94, orthorectificated images
are 45.

For the turning points of the
boundaries of the land plots,
measurements of the coordinates on the
orthophoto are made and an accuracy
estimate is made in comparison with the
data from the Unified state property
register.

The root-mean-square error of the
planned position of the turning points of
the boundaries of the land parcels is
calculated by the Gauss formula:

[A]?

m= _|—. (4)

n

And m was 1.8 m in our experiment.

The results of the assessment of the
accuracy of the coordinates of the turning
points of the boundaries of land plots make
it possible to assert that the obtained
orthophotomaps can be used for the
purposes of monitoring land parcels
classified as:

e to agricultural lands (with the
exception of land parcels classified as
agricultural land and provided for
personal subsidiary, summer cottage,
truck farming, gardening, individual
urban or individual housing
construction);

e to the lands of the forest fund,
e to the lands of the water fund,

e to the reserve lands.
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Figure 3. Orthomosaic:
A - orthophoto image, constructed in the program PHOTOMOD 6 Lite GeoMosaic;
B - location of ortho images in the Google Earth program

In conclusion, it should be noted:

expediency, profitability and use of
unmanned aerial vehicles for the
aerial survey in the management of
cadastre and monitoring of properties;

the need for precompute calculations
of the parameters of aerial
photography taking into account the
technical characteristics of the aircraft
and the camera;

further photogrammetric processing
and interpretation of images to create
orthophotomaps and other
cartographic products of the specified
accuracy requires qualified training of

specialists in the field of aerial
photography, photogrammetry and
interpretation.
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MOHMTOPHHI OBbLEKTOB HEABWRUMOCTH N0 MATEPHANIAM,
NONYYEHHLIM C BECTIMNOTHLIX NETATENbHLIX ANNAPATOB

Jumonoe A.H. T'aepunosa JI.A. Kunvyosa E.A.
Kanouoam mexnuyeckux Hayx, Kanouoam mexnuyeckux Hayx,
. . Acnupanm, Kageopa
3asedyrowuii kagheopoti, Kageopa Jloyenm, Kageopa
aspogpomozeodesuu,
aspogpomozeodesuu, aspogpomozeodesuu,
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semaeycmpouicmsy, Mockea, Poccus semaeycmpoticmsy, Mockea, Poccus

Anpec: MockBa, yi, KazakoBa, 4. 15, Tesiedpon: +7(499)2618232, e-mail: wernjer@gmail.com

AnHomayus: B ducmaHyuoHHOM 30HOUPOBAHUU 3eMHOU nosepxHocmu 6Gechu/somHble JemamesbHble
annapamul 84510Mcs1 00HUM U3 8U008 Hocumesel ceémo4Hol annapamypel. [Ipumenerue BIIJIA cmanosumcs
apPexkmusHbIM NO CpPABHEHUW C UCNO/Ib308AHUEM NUJAOMUPYEeMbIX JemameabHblX annapamos hpu
HeobxoduMocmu Cpo4H020 06HOB/AEHUSl INEKMPOHHBIX KAPM, d MAKX’e MOHUMOPUH2A NPOUCX00AWUX U3MEHEHUUl
Ha He60/1bWUX paccpedomoyeHHbIX 8 NPOCMPAHCMEE Meppumopusx. B amux cayuasx npumeHeHue nuaomupyemou
asuayuu 6ydem npusodums K HeonpasdaHHbIM 3ampamam, 4mo Heyeseco06pasHo € 3KOHOMUYECKOU MmOoYKu
3peHusi. Kpome mozo, omcymcmaue 61a20npusimubiX N0200HbIX YCA08ULl HepedKo npusodum K Cpbl8y 8bINOJAHEHUS.
aspogpomoceémouHblx pabom 8 HameueHHble Cpoku, kozda APC Haubosee 3pdekmusHa u yesecoobpasHa.
IIpumeHeHue 00HUX AUWb HA3EMHbBIX MEMO0J08 c60pa UHPOPMAYUU U 8bINOIHEHUE 2e00e3UHeCKUX CoEMOK MAaKHce
gedém k y0oposcaHuio pabom, d 8 HEKOMOPbLIX CAY4ASIX K HEB03MONCHOCMU UX nposedeHust (omcymcmeue docmyna
Ha OXpaHsleMyld meppumopuro, 8 4HdcmHble 61adeHuss u m.n.). B amux yc/a08usix UCN0/b308AHUE 1€2KO
docmasasiemoll kK 06vekmy CcséMku, JUCMAHYUOHHO ynpasasiemoll asuamodeau, 060py0o8aHHOU Heobxodumoll
CBoEMOUHOU U ynpasasiiowell annapamypoll, n0380./1siem onepamusHO 8bINOIHAMb A3p0PHoOMocsEMOYHbIe pabombl
dadce 8 cayvae omcymcmeus ycmou4ugblx N0200HbIX YCA08ULl, HE06X00UMbIX 018 8bINOAHEHUSI MPAOUYUOHHOU
ADC. [las npumenenus BIIJIA docmamouHo kKpamkospemeHHO020 «OKHA» Xopouweli nozodsl. Kpome amoeo,
B03MOJMCHOCMb CBEMKU C MA/AbIX 8bICOM N03680./sem eé nposedeHue npu HU3KOU CNAOWHOU 064A4HOCMU.
Hcnoavzosanue BIIJIA sgppekmusHo npu ceéMKax JAuHelHbIX 06beKkmos, npu uHeeHmapusayuu u kKadacmpe
06eKM08 HedsuicUMoOCcMu, d makice 04151 NoAy4eHuUs onepamusHol UHPOPMaAYyUu npu Ype3sbIMaliHbIX CUMYaAYUSsX.

Kawuesvle caoea: Aspogomocsemka, BIIJIA, ducmanHyuoHHoe 30HOUpOBAHUE, MOHUMOPUHZ 3eMesb,
Mo4HOCMb.
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