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Introduction: As practice shows, the accuracy of determining the coordinates of objects is influenced by many factors
associated with the presence of errors in measuring the angular coordinates of the optical system, the distance to the object and
the presence of an inhomogeneous terrain. Purpose: Improving the accuracy of determining the geographic coordinates of ground
objects from an unmanned aerial vehicle. Results: A method and an algorithm for determining geographic coordinates based on
the use of a digital terrain model and optimization methods have been developed. The accuracy of calculating the coordinates
of the object is increased by minimizing the error in measuring the declination angle, azimuth to the target and slant range.
To confirm the analytical calculations, a field experiment was carried out with a car on the ground. At a considerable distance, at
which the slant range was 900 m, several data freeze frames were taken. As a result of calculations, the geographical coordinates
of the car were obtained in two ways (traditional and developed). Ultimately, the accuracy of calculating coordinates using the
developed method is 4.8 times higher. Practical relevance: The method and algorithms for information processing proposed in the
work will make it possible to create a number of hardware and software solutions for guidance and target designation systems.
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Introduction

Robotics and unmanned aircraft are current-
ly some of the most promising areas of research.
Unmanned aerial vehicles (UAVs) have become
widespread in both the civilian and military seg-
ments and perform an increasing range of tasks,
which include the following: monitoring the envi-
ronment and ground objects, extinguishing fires,
video filming, delivery of goods, organizing sports,
competitions, etc. [1, 2]. One of the determining
factors in the development of unmanned aviation
is the growing role of UAVs in organizing aerial
reconnaissance and striking targets in conditions
of local conflicts and potential conflicts of a global
scale in the future [3, 4].

Analysis of the experience of the combat use of
UAV groups in military conflicts of recent years, in
particular, in Syria, Libya and Nagorno-Karabakh
in the period 2018-2020 revealed some of the short-
comings of optoelectronic systems (OES). One of the
disadvantages of such systems, operating on the ba-
sis of inertial sensors, is a large error in determin-
ing the coordinates of the location of ground objects
for issuing target indications for their destruction,

due to the error in determining the angles of dec-
lination and azimuth. This disadvantage is asso-
ciated with the presence of instrumental errors of
inertial sensors, the accuracy of their installation
in the block of sensing elements and the quality of
setting the initial coordinates of the strapdown in-
ertial navigation system (SINS). The main types of
error manifestation, which are an additive compo-
nent of measurement errors: change in the position
of zero signals; emission of random components;
conversion errors of scale factors [5, 6]. The mul-
tiplicative component is the scale factor error and
manifests itself in the nonlinearity of the trans-
formation of physical measurements into output
parameters. In this case, the presence of random
noise is always observed in the output signals of the
sensors [5]. Thus, a constant increase in the total
error is achieved during a prolonged UAV flight,
which directly affects the calculation of the hori-
zontal distance to a ground object, especially at
large distances (over 5 km) and at large elevation
angles. Another drawback that affects the accuracy
of determining geographic coordinates is the error
in measuring the slant range to a ground object by
a laser rangefinder at large distances.
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There are a sufficient number of methods and
methods for determining the coordinates of ground
objects from UAVs, but not all of them meet the
safety requirements for their use in the conditions
of enemy air defense.

1. With the help of digital image processing and
a number of auxiliary systems, including satellite
radio navigation and inertial [7]. The disadvantage
of this method is the need for shooting in nadir and
the impossibility of using it at night.

2. Using an OES with a digital image process-
ing unit installed on board an unmanned aerial
vehicle [8, 9]. The author of these works uses ideal
azimuth and elevation angles as initial data with-
out taking into account the instrumental error in
their measurements, which leads to inaccuracies in
calculating the geographic coordinates of ground
objects, especially at large distances relative to the
UAV. Also, the disadvantage of this approach is the
impossibility of taking into account the errors in
determining the satellite coordinates of the UAV
associated with the shift in the coordinates of the
satellite or the clock of the receiver and the satellite
[10, 11].

3. With the use of active and passive radars, the
disadvantages of which are the cumbersomeness of
the equipment, high cost, limitation in terms of tar-
gets and visibility [12-15].

4. Based on the use of laser radiation energy in
conjunction with SINS and satellite radio naviga-
tion system. The disadvantage of this method is the
low degree of sampling in the construction of the
terrain and, accordingly, the drift of inertial sen-
sors.

Improving the accuracy of determining geo-
graphic coordinates can be achieved in the follow-
ing ways.

1. The use of expensive high-precision SINS, sat-
ellite navigation systems with differential modes,
entailing the development of new high-grade opto-
electronic systems. In turn, the development of new
systems intended for installation on UAVs involves
taking into account a number of restrictions on the
mass of the payload, dimensions, etc.

2. Using additional information about the ter-
rain (digital elevation model) to refine the coor-
dinates issued by the module for calculating geo-
graphic coordinates and motion parameters of the
captured object.

Formulation of the problem

It is required to determine the geographic co-
ordinates of a moving ground object using an OES
installed on a UAV (helicopter or aircraft type).
The UAV must be in the air at an altitude and dis-
tance from the object, which ensures the correct

operation of the OES measuring instruments in ac-
cordance with their technical characteristics. The
ground object should be located in the line of sight
of a day or night camera and not be overlapped by
other objects. Meteorological conditions in the OES
coverage area contribute to the maximum visibility
range of a ground object.

A UAV with an OES must include the following
necessary equipment: a gyro-stabilized platform;
day camera; infrared night camera (wavelength
from 7 to 14 um); laser rangefinder; GLONASS or
GPS receiver; onboard computer.

Requirements for OES: viewing angle: 360 de-
grees; the presence of digital image stabilization;
a gyro-stabilized system based on a gyroscope and
an accelerometer of medium accuracy based on mi-
croelectromechanical systems (MEMS) with active
stabilization to provide a clear image from cameras
in motion and during vibrations; the presence of a
three-axis magnetic declination sensor; laser ra-
diation wavelength: 0.9 um; the wavelength of the
received electromagnetic radiation by the infrared
camera: 7-14 pm; the wavelength of the received
electromagnetic radiation by the day camera: 0.5—
0.9 ym; an adjusted system of day and night camer-
as and a laser rangefinder.

Determining the coordinates of moving ground
objects from photographs obtained by a day or night
camera with a UAV involves the solution of three
particular problems:

1) tracking a ground object by video sequence to
determine its center of coordinates in the image co-
ordinate system;

2) development of an automatic tracking system
based on a gyro-stabilized platform;

3) development of a method for determining ge-
ographic coordinates based on a digital elevation
model (DEM).

Let’s consider options for solving these prob-
lems.

Algorithm for tracking video sequence

Before tracking an object, it must be detected.
Such localization of a ground object can be automat-
ic or manual. Machine learning algorithms based on
Convolutional Neural Networks (CNN) can be used
for automatic localization. The process of automat-
ic localization in this case can be conditionally di-
vided into several parts: selection of the most ef-
fective neural network model; creation of a special
data structure; preparation of a training sample;
training the model. To work with regional convolu-
tional neural networks, you can use the open source
TensorFlow machine learning computer library
from Google, where the OpenCYV library takes over
the main work of capturing images from a camera
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and digital processing. To solve the problem of lo-
calizing ground objects in the image with simulta-
neous classification, the following CNN topologies
can be used: R-CNN, Fast R-CNN, Faster R-CNN,
YOLO, SSD, FPN, and RetinaNet [16]. To increase
the number of classified objects, the neural network
is retrained on the basis of one of the above mod-
els. Variants of learning algorithms are described
in [17, 18]. The result of applying the Faster R-CNN
model after the training process on a series of aerial
photographs of aircraft and helicopters is shown in
Fig. 1.

The bottom line is pretty good. However, in ad-
dition to expensive and energy-consuming equip-
ment, neural network approaches have the follow-
ing serious disadvantages regarding the UAV pow-
er supply system.

1. Even on modern video cards it is difficult to
achieve high performance from networks. For com-
parison, the YoloV3 classifier network with a rela-
tively simple architecture can produce an image in
50 ms [19].

2. The object of interest may not be included in
the nomenclature of the neural network classifi-
er. It must be retrained on new datasets (dataset),
which leads to a decrease in efficiency in decision
making.

Due to the fact that the result of the operation of
the neural network is not always stable, the object
of interest, including when it has a complex shape,
may be missed in some frames at different shoot-
ing angles. This situation can lead to failures in the
system of automatic guidance of the optical axis of
the OES camera to a ground object to determine its
coordinates. For more stable tracking of a ground
object, it is necessary to use other algorithms called

optical trackers — ASEF (Average of Synthetic
Exact Filters) and MOSSE (Minimum Output Sum
of Squared Error), and to search and classify ob-
jects in the image, a neural network.

These two algorithms have a lot in common.
They differ only in the method of filter averaging
and in that MOSSE creates better filters than ASEF
[19].

The general view of the MOSSE filter is repre-
sented by the expression:

A%

A,
W, ==L, 1
i =g, @
where

P ",
A;=m) G,OF" +(1-1)A;_g;
p=1

P 0
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Here A, and B, are filter components; F? OFP" —
the energy spectrum of the rectangle from the p-th
image; G, — frequency matrix of the desired ideal
response; N — learning rate during tracking; P —
number of transformations.

Filter (1) is elementwise multiplied by the fre-
quency matrix F, obtained from the next frame and
preprocessed. Preprocessing includes non-linear
transformation of image pixels (logarithm), which
will bring too light and too dark areas to the aver-
age. View normalization will work best here:

I =sign(I1-127)[I-127]. )

B Fig. 1. The result of the detection and classification of objects in the photograph
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Next, you need to apply the expression:
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You can also use a 2D Henning window to
smoothly zero out the pixel values at the edges of
the image. After receiving Wiﬁ the response is cal-
culated in the frequency domain:

Geony =FOW". @)

Then the inverse Fourier transform is applied to
it to transform it into the spatial domain and the
coordinates of the maximum in the resulting G,
matrix are found. The coordinates found indicate
the new position of the object. The object being
tracked may disappear from the frame or be covered
by another object. To identify such situations, it is
necessary to analyze in more detail the response
received from the last frame. To do this, find the
maximum g, .. of the matrix G, then the 11 x 11
square is excluded from the center of this matrix,
and the mathematical expectation 1 and the stand-
ard deviation o are calculated from the remain-
ing elements. Calculate the Peak to Sidelobe Ratio
(PSR) using the formula

PSR — Smax “HG (5)
SG

and, if this value is above a certain threshold, then
the object is considered detected. The value of this
threshold for stable detection is 20 or more. In Fig. 2
shows the data on the frame refresh rate (frames per
second) for various filter sizes, due to the increase
in the computational load on the on-board computer
processor. The software implementation of the
presented optical tracker MOSSE is presented in
[20]. Application of this approach allows obtaining
initial data that can be interpreted into control
signals of an automatic control system (ACS) by a

1200

Frames per second
600 900

16x16  32x32 64x64 128x128 256%x256
Size filter, pix

B Fig. 2. Frame refresh rate (fps) for different filter
sizes

gyro-stabilized UAV platform for aligning the line
of sight of the optical system with the direction to
the tracked ground object.

Automatic tracking system based on a gyro-
stabilized platform

The alignment of the line of sight of the OES
camera is carried out by changing two angular co-
ordinates — pitch and yaw. On board the UAV, as
a rule, there is already a gyro-stabilized platform
with a controller. The controller is a computer with
many digital inputs and outputs for external con-
trol, reading signals from inertial sensors, issu-
ing control signals for brushless motors, current
state and operating mode. We will consider the im-
plementation of the control method using the ex-
ample of the BaseCam SimpleBGC 32-bit controller
with an open programming interface for building
external control modules. For data exchange, the
controller provides control and serial interfaces —
UART and I2C, as well as digital outputs, work-
ing on receiving a pulse-width modulation (PWM)
signal to control the angular coordinates of the
platform. To organize platform control in order
to align the line of sight with the direction to the
captured ground object, it is necessary to send a
PWM signal to the corresponding inputs of the
RC_PITCH and RC_YAW controller. To generate
control signals, a Raspberry Pi-based calculator
is required. The general diagram of an automatic
object tracking device, which includes a three-ax-
is gyro-stabilized platform with a control con-
troller, a video camera (thermal imager), a laser
rangefinder, and a Raspberry Pi platform for im-
age processing and generation of control signals,
is shown in Fig. 3.

The signals from the calculator are directly pro-
portional to the deviation of the center of the object
from the center of the frame and represent two sig-
nals of misalignment in the x and y coordinates.
The frame center coordinates are the reference sig-
nal. To compensate for mismatch signals, a device
and a tracking-type automatic control system have
been developed, the functional diagram of which is
shown in Fig. 4 and 5.

In Fig. 4 introduced the following designations:
x,(t), y,(t) — reference signal, respectively, in the
coordinates x and y; x,,(%), y,,(t) — the current sig-
nal, respectively, along the x and y coordinates;
CorDevl, CorDev2 — sequential correcting device,
respectively, along the coordinates x (diagram
Fig. 5, a)and y (diagram Fig. 5, b); CtrlDev — control
device for converting a PWM signal into voltage;
Amp — amplifying device; ExDevl, ExDev2 — ac-
tuators (platform motors); CtrlObj — control object
(platform with a video camera or thermal imager);
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B Fig. 3. Diagram of the automatic tracking system of
the object and the controller of the gyro-stabilized plat-
form

tion to the object. This is how the correct reading of
the initial data is achieved for the implementation
of the algorithm for determining the coordinates
of ground objects from the UAV using the video
stream.

Method for determining geographic
coordinates based on digital elevation model

The solution to the third particular problem is
based on the use of DEMs obtained using the meth-
ods of classical digital photogrammetry in conjunc-
tion with computer vision algorithms. For this, the
advanced Agisoft Metashape software was used.
Its advantage is that machine learning technolo-
gies are used in the analysis and post-processing,
which leads to an increase in the accuracy of the re-
sults obtained. With the help of Metashape, during
image processing, images are converted into dense
point clouds, and a digital elevation model is built
only from those points of a dense cloud that are
classified as points of the earth’s relief. A terrain

CompDev is a computing device that issues control
signals to the controller of the gyro platform [21].
The purpose of tracking is the most accurate and
fast alignment of the line of sight of the camera and
the beam of the laser rangefinder with the direc-

model can be created in the form of an triangular
irregular network, in the form of a digital eleva-
tion model (DEM), and also as a set of contour lines
(isohypsum) records with the required elevation of
the relief section. The terrain model in the form of
a triangular irregular network has higher resolu-
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B Fig. 4. Functional diagram of the developed tracking type ACS
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B Fig.5. Functional diagrams of correcting devices based on the PID controller: a — coordinate x; b — coordinate y
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tion in areas where the surface is extremely irreg-
ular, and lower resolution in areas with a uniform
surface. DEM accuracy can reach 16 cm at a scale
of 1:500. The DEM interval (grid step) can reach
0.003 arc seconds (0.1 m), depending on the techni-
cal characteristics of the camera, shooting altitude,
weather conditions, etc. A terrain model in the form
of a DEM is presented in the following formats:
GeoTIFF, Arc / Info ASCII Grid (ASC), Band inter-
lieved (BIL), XYZ or as tiles in the Sputnik KMZ
format. The DEM format is accepted by all modern
programming languages, including Python. On the
Internet, you can find services that allow you to get
DEM in one click (for example, Open Aerial Map.
https://map.openaerialmap.org/). Fig. 6 is an illus-
tration of this method.

Geographic coordinates are calculated by solv-
ing a multiparameter optimization problem based
on an optimization algorithm that minimizes the
functional of the residual, which is the square of
the difference between the height of the object, cal-
culated by the goniometric-rangefinder method £,
and the height of the object from the DEM A*:

he(a, d) =R (xg + Ly, Yo + Ly)

(o, B, d):min ) (6)
L, =d-sin(a)-sin(P);
L, = d-sin(a)-cos(B); ™

h. = hg —d-cos(a). (8)

In expression (6): o, f — current angles of sight and
azimuth to the ground object, obtained from the
controller of the UAV’s gyro-stabilized platform;
d — slant range to a ground object, measured by
a laser rangefinder; L is the horizontal range to a
ground object; x,, y,, b, — geographic coordinates
of the UAV location (latitude, longitude, altitude)
obtained using a GLONASS or GPS receiver.

The accuracy of calculating the coordinates of
the object is increased by minimizing the error in
measuring the angle o, azimuth to the ground ob-
ject B and slant range d. In accordance with ana-
lytical calculations, the error in determining the
coordinates of a ground object by the traditional
method is within the red zone. The error in deter-
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B Fig. 6. 1Illustration of a method for determining the coordinates of ground objects
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B Fig.9. General view of the ECO and its block diagram
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mining the coordinates by the developed method
lies at the intersection of the red zone with the
horizontal surface. The dynamic values of the an-
alytically calculated error in measuring the hori-
zontal range, depending on the angle of sight of the
OES and the height of the UAV, are shown in Fig. 7.

To confirm the analytical calculations, an exper-
iment was carried out with a car on the ground. At a
considerable distance, at which the slant range was
900 m, several data freeze frames were taken. As a
result of calculations, the geographical coordinates
of the car were obtained in two ways (traditional —
red circles and developed — blue circles, Fig. 8).

Ultimately, the accuracy of calculating coor-
dinates by the developed method was increased by
4.8 times. A general view of the OES installed on a
drone-type UAV and its block diagram implement-
ing this method is shown in Fig. 9.

Conclusion

Thus, an algorithm and a method for determin-
ing the geographic coordinates of ground objects
based on the OES installed on board the UAV have
been developed. This makes it possible to more effi-
ciently and accurately calculate the coordinates of
any ground object visible in the visible and infra-
red ranges of the electromagnetic spectrum from
the UAV in a time mode close to real. The method is
based on an innovative approach to using the DEM
obtained using the methods of classical digital pho-
togrammetry in conjunction with modern comput-
er vision algorithms. The degree of discreteness of
the DEM, which is achieved by the quality of pho-
tographs, the resolution of the camera, the height
of the survey, and computational costs, will have a
direct impact on the estimation of the calculation

of the coordinates of a ground object. The results of
the experiment show that the accuracy of calculat-
ing the coordinates by the developed method can be
increased by 4.8 times in comparison with the tra-
ditional goniometric-rangefinder method.
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Cmoco6 u AJITOPUTM oIlpeaeIeHu A reorpa(buqecmlx KOOpAUHAT HA3€eMHBIX 00'bEKTOB C 0€CIIUTIOTHOIO JIETATEeJIHLHOTO
amnmnapara

A. B. Ilapdupses?, Kauz. TexH. HAYK, JOIeHT, orcid.org/0000-0003-4112-896X

O. B. [IapdupbeBa?, HaUaJILHUK OTAeIeHUA yueGHoi1 Ja6opaTopuu, orcid.org/0000-0001-7097-8897

A. B. [lymxun®%, ToKTOp TexH. HAyK, AomeHT, orcid.org/0000-0002-8078-8971, a_dushkin@mail.ru

2BoeHHBIN yueOHO-HAayUHEIH ITeHTP BoeHHO-BO3AYyIIHEIX cusl « BoeHHO-BO3AyIITHAA akajgeMusd UM. mpodeccopa

H. E. JKykoBckoro u IO. A. 'arapuna», Crapeix BosbilieBuKoB yi., 54a, Bopone:x, 394064, P®

SHammoHa bHBIH HCCIef0BATEILCKIH YHIBEPCUTET « MOCKOBCKUI HHCTUTYT 3JIeKTPOHHOM TeXHUKU» , [IlokuHa 1., 1,
MockBa, 3enenorpan, 124498, P

Beegenmue: Kax IIOKa3bIBaeT IPAKTUKA, HA TOUHOCTD ONIPeeIeHU KOOPAUHAT Ha3eMHBIX 00'beKTOB JIeTaTeIbHBIMY allllapaTaMu ¢ II0-
MOIIBIO ONTUYECKUX IPUOGOPOB BIUAET MHOKECTBO (DAKTOPOB, CBA3AHHBIX C IIOTPEITHOCTAMM B U3MEDPEHUU YIJIOBHIX KOOPAMHAT OITH-
YeCKOU CHCTEeMBI, JaJIbLHOCTU L0 00beKTa 1 HaJIN4YueM HeoJHOpoAHOro peiabeda mectHOCcTH. Ilensb: paspaboTka ajropurMa IOBBIIIEHN
9(pPpeKTUBHOCTH ¥ TOUHOCTU OIPELeJeHNUs reorpa)muecKux KOOPAMHAT HA3€MHBIX 00'BEKTOB ¢ OECIMIOTHOIO JIeTATeJILHOTO almapara.
PesyasraThi: pazpaboTaHbl CIIOCO0 M aJITOPUTM OIIPefieIeHNs reorpagruuecKux KOOPAMHAT, OCHOBAHHBIN Ha IPUMEHEHUU IU(POBOI MO-
nIesu pesnbeda MECTHOCTY I METOZOB oNTUMU3anuy. TOUHOCTH pacuera KOOPAUHAT 00BEKTa IIOBHIIIIAETCS 38 CUeT MUHUMUSAIUY OIITNOKY
U3MepeHUs yIJyia CKJIOHEHW, a3UMyTa Ha Ha3eMHBIM 00beKT U HAKJIOHHOM HaJbHOCTU. [[JIsT IOATBEPIKAeHUSA AaHAIUTUIECKUX PACUETOB
IPOBEZEH HATYPHBIIN 9KCIEPUMEHT C aBTOMOOUJIEM Ha MecTHOCTH. Ha 3HAUNTEJILHOM PACCTOSHUM, IPU KOTOPOM HaKJIOHHASA HAJIBHOCTH
cocraBuia 900 M, IpousBeIeHO HECKOIHKO CTOI-KaAPOB JaHHLIX. B pesysibTare pacueToB MOJIyUeHbI TeorpaduiecKue KOOPAUHATEL ABTO-
MOOUMJIA ABYMSA CIIocO0aMu — TPaJUIIMOHHBIM U pa3dpaboTaHHBIM. B KOHEYHOM HTOre TOUHOCTH pacyeTa KOOPAMHAT paspaboTaHHBIM CIIO-
coboM B 4,8 pasa Brire. [IpakTnyecKkas 3HaYUNMOCTb: IPEJIOKEHHBIN B paboTe CIIoco6 U aIropuTMBI 06pab0oTKY MH(POPMAIIUY ITO3BOIAIOT
CO3JATh PAJ anlapaTHHIX U IPOTPAMMHEBIX PeIlleHu s CUCTeM HaBeJeHU U [leJleyKasaHusd.

KaroueBsie cioBa — mudposas o6paboTka n3o0paskeHuil, KoppeadanuonHasa puabsrpanusd, IIAl-peryidarop, ONTHMU3AIMOHHBIN aJI-
TOPUTM, OIITUKO-3JIeKTPOHHAA CHCTEMA.

Ias uutuposanus: Parfiryev A. V., Parfiryeva O. V., Dushkin A. V. Method and algorithm for determining the geographic coordinates
of ground objects from an unmanned aerial vehicle. Hr@opmayuonno-ynpasasouue cucmemst, 2021, Ne 3, c. 19-28. doi:10.31799/1684-
8853-2021-3-19-28

For citation: Parfiryev A. V., Parfiryeva O. V., Dushkin A. V. Method and algorithm for determining the geographic coordinates of
ground objects from an unmanned aerial vehicle. Informatsionno-upravliaiushchie sistemy [Information and Control Systems], 2021,
no. 3, pp. 19-28. doi:10.31799/1684-8853-2021-3-19-28

NAMATKA AN ABTOPOB

ITocmynawwue 8 pedakyuio cmamovu npPoxodam 0613amenvbHoe peyeH3uposarue.

IIpy HAIUUYKWU TOJIOKUTEIBHON PEleH3UU CTaThd PACCMATPUBAETCSA PENAKIIMOHHON KOJLIeru-
eit. IIpuHATasA B IIeUaTh CTAThA HAIPABJISIETCA aBTOPY AJISI COTJIACOBAHUA PESAKTOPCKUX MIPABOK.
ITocJie corsracoBaHus aBTOD IPEICTABJISET B PeIaKI[NI0 OKOHUATEJIbHBIM BAPDUAHT TEKCTA CTAThH.

IIpomenypbl COTJIACOBAHUA TEKCTA CTATBU MOI'YT OCYIIECTBIATHCA KAK HEIOCPEICTBEHHO
B peflaKIINH, Tak U o e-mail (ius.spb@gmail.com).

IIpu OTKJIOHEHWHU CTATBU PEeJAKIIUA IIPEACTABJSET aBTOPY MOTHBMPOBAHHOE 3aKJIOUEHNE
¥ PEIeH3UI0, IPU HeOOXOANMOCTH AOPaboTaTh CTAThI0 — PEIEH3UIO.

Pe@am;uﬂ HYpHAJLA HaAnomuHnaem, ¥no omeemcnmeeHHoCntb
3a 8ocm06epuocmb U MOYHOCNb PEKJAAMHBLX Manmepuajlos Hecym permamoaameﬂu.
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