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Abstract

This paper is devoted to the description of preliminary results of solving two problems
related to the problem of accurate unmanned aerial vehicle (UAV) landing. The first task
is to develop a methodology for rational choice of the landing platform image, which
ensures the best recognition by an UAV from any angle and a reasonable observation
distance. The second task is to develop a procedure for a sequential analysis of the
current situation, forthcoming of the UAV to the platform and accurate landing. To solve
these problems, it is proposed to use the previously developed intelligent processing
methods based on the using of the structural properties of an image. In particular, the
technique is applied using the Weibull distribution model for the gradient magnitude of
an image and its components. Numerical results are presented that show the prospects of
the proposed procedures and the directions for improving the developed techniques.

Keywords: UAV, Landing, platform, image structural properties, similarity
measure, image orientation.

1. Introduction

Currently, small unmanned aerial vehicles (UAVs) are widely used in solving many tasks: search,
rescue, environmental monitoring, surveillance, inspection, etc. With the help of UAVs, it is easy
to access almost any environment. As it is well known, for UAV navigation systems of global
positioning GPS or GLONASS and other technical and communication means are widely used.
One of the main problems in the development of effective systems using UAVs is to
ensure accurate automatic landing of an unmanned aerial vehicle on a specific landing platform.
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However, it is generally accepted that the use of a global positioning system GPS or GLONASS
does not provide the required landing accuracy, especially during the last stage of landing.
Therefore, in order to solve this problem, it is inevitable to involve artificial intelligence methods
based on modern computer vision systems and mathematical image processing. Therefore,
studies of the possibilities of autonomous navigation of UAVs using the above mentioned
methods are intensively carried out both in Russia [1] and abroad [2].

The solution of the problem of precise landing under consideration, in turn, consists of
several independent tasks based on the rational use of various intelligent image processing
methods with or without the use of information from GPS. So, in [3], it was proposed to use
infrared cameras, an algorithm for recognizing infrared landmarks was built and tested at the
stand. In [4], an algorithm is proposed for extracting the runway boundary lines using the Hough
transform and estimating the position, lateral offset of UAV with respect to the runway center
line. In [5], a solution for high-precision landing based on the use of ArUco markers is presented.
In the proposed solution, a UAV equipped with a low-cost camera is able to detect ArUco
markers sized 56 x 56 cm from an altitude of up to 30 m. In the review work [6], a comparative
analysis of a number of UAV landing methods with or without GPS was carried out.

However, these and many other similar works do not consider in sufficient detail the influence of
interfering factors on the accuracy of landing. Therefore, it becomes relevant to use methods that
are sufficiently stable against such factors.

In this paper, we consider only two problems that inevitably arise in the development of
any autonomous UAV landing system based on the use of video material. The first task is to
develop a methodology for the rational choice of an image of the landing platform, which
provides better recognition by a UAV from any angle and a reasonable distance of observation
by the aircraft. The second task is more complex and consists in developing a procedure for
sequential analysis of the situation when approaching the platform and final landing.

This work is devoted to the description of the preliminary results of solving these problems
using the previously developed intellectual methods based on the use of the structural properties
of the image.

2. Processing Technique

The processing technique is based on the use of a Weibull distribution model for the magnitude
of the image gradient. The method for estimating model parameters 5 > 0 (shape parameter)

and A >0 (scale parameter) and their use in image processing tasks is described in [7-13]. Let us
recall the working formulas proposed for estimating the proximity of two images and the angle
of the orientation of the image. Thus, the formula for estimating the proximity of two images has
the form

W2 - min(nl’n2)min()\l’)\2) , 0<W2 Sl, (1)
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and the estimation of the angle of an image orientation is based on the formula as follows:
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where 4,, W,, 0,, 0, are the means and standard deviations of the gradient components

(G,,G,),and p,, is the correlation coefficient between the components. All these values are
estimated from the set of gradient components calculated using the Sobel operator.
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3. Methodology for Selecting Pictures for the Landing Platform

As noted above, as a basis for the implementation of this group of problems, it is advisable to use
artificial intelligence methods based on the modern intellectual methods of mathematical image
processing. The main obstacle for the successful solution of the problems under consideration is
the variability (non-repeatability) of the content of the frames of the video sequence captured by
the UAV camera during flight, which arises due to the change in the angle and coordinates of the
UAYV at each moment of time, the influence of numerous interferences and distorting factors
imposed on the image of the scene being shot, etc. Therefore, the paper proposes to use the
methods described in the previous paragraph of this paper, which have certain properties of
stability with respect to these factors.

The task here is to reliably detect and recognize the landing platform, on which a certain
image is applied, which stands out quite clearly against the background of the surrounding space.
At the same time, from the point of view of recognition and noise immunity, the content and
structure of this image are very important, therefore, in order to select a suitable landing platform
for a UAV, it is necessary to perform a certain study of its types and structure.

The proposed technique is based on the Weibullian model of the gradient magnitude and
uses a statistical estimate of the distribution parameters and image orientation angle from the
corresponding empirical distribution. For brevity, we will omit the details described in sufficient
detail in the cited publications.

Application of the proposed technique to various types of images used in the available
literature on UAVs made it possible to focus on images containing the simplest elements of the
same type. To illustrate the calculation results, we give an example. Table 1 lists three sample
landing platform images and our proposed custom structure sample. The foreshortening of these
images was transformed in an imaginary situation of observation by a UAV camera at different
angles by means of modeling, performing image rotations by 10, 20 and 30 degrees, as well as
changing its width to 75% of its original size. The images obtained in this way were compared
for similarity with the original using the measure W2,

Table 1. Results of the samples testing for using on the landing platform.

1 2 3 4
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10-75 0.58 0.96 0.71 0.88
20-75 0.37 0.66 0.45 0.85
30-75 0.28 0.50 0.33 0.72

The results of the analysis of the data in Table 1 show that image 4 has the greatest resistance to
changing the angle, and image 2 takes the second place. However, we prefer image 4, since it has
a clearly expressed and confidently estimated dominant direction, which is very important when
the correction algorithm works for the movement of the UAV at searching the landing platform
and approaching it.

Thus, the proposed procedure can be used as a tool for the rational choice of the landing
platform image.
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4. Algorithm for the Search of the Landing Platform and for UAV Landing

The most important operation of the system is the search of a landing platform and ensuring a
sufficiently accurate and smooth landing of the UAV on this platform to perform the envisaged
work on recharging its batteries. In this case, it is assumed that the UAV has reached a zone of
terrain, in which the image of the platform is available from a certain angle and distance, using
standard navigation or other equipment. Further actions to search for a platform are carried out
using exclusively information delivered by UAV on-board equipment.
The tasks to be solved when searching for a platform and managing the landing process
are as follows.
* Pre-processing of the image in the frame of the video sequence, by definition,
required parameters, filtering, etc.;
* Establishment of the fact of presence and the selection of the corresponding area of
the platform image on the current frame of the video sequence;
* Recognition and selection of the image of the platform image from the selected area,
evaluation of its parameters;
* Elaboration of a solution for adjusting the UAV's course to forthcoming to the

S
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Fig. 1. An example of a platform image (a) and the selected segment which is similar to the platform
image (b).

il

Here's an example to illustrate the current step of the above procedure. Figure la shows an
example of a platform image plotted on a terrain scene. Fig. 2a shows the next frame of the video
sequence containing the image of the platform captured from a certain angle. The procedure for
finding a scene area similar to the pattern shown in Fig. la is performed by calculating its
proximity to the image selected using the sliding window procedure (see also [10]). The found
area, most similar to the sample, is shown in Fig. 1b (marked in a colored box). Note that the
proximity of these images is PSNR = 8.12 dB (negligible, which is to be expected from the root-
mean-square measure), and W? = 0.7 (quite acceptable!). As calculations by the method [13]
show, the orientation angle of the found area is -39.5°. This result gives grounds to develop a
command to turn the UAV to the left by + 39.5° and change the flight altitude by a certain
amount, approaching the platform.
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a. Next frame in the video b. Found segment
Fig. 2. Searching and finding the area of the image that is most similar to the platform.

An example of the image that will be available to the UAV in the new position is shown
in Fig. 3. It is clear that the new section of the platform with a new perspective will be more
similar to the “reference” image of the platform (W2 = 0.8). After that, the procedure is repeated
until the UAV "sits" on the platform.

Fig. 3. Image of a new scene after turning and changing the UAV flight altitude.

The described experiments and the given numerical results show the prospects of the
proposed procedures and reveal the directions for improving the developed methods.

5. Conclusions

The article briefly describes the preliminary results of solving two problems related to the
problem of accurate UAV landing. The first task is to develop a methodology for the rational
choice of the landing platform image, which ensures the best recognition by an unmanned aerial
vehicle from any angle and a reasonable observation distance. It is shown that from the
recognition point of view and noise immunity it is advisable to use images containing a structure
with the simplest elements of the same type. The second task is to develop a procedure for the
sequential analysis of the current situation, the approach of the UAV to the platform and accurate
landing. The solution of these problems is carried out using a previously developed technique
using the Weibull distribution model for the magnitude of the image gradient and its
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components. Numerical results are presented that show the prospects of the proposed procedures
and the directions for improving the developed techniques.
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znnudp udhpjwé b wbonwynt pnsnn uwpph (UEU) dqgphwn Juypkeph htwn
Juwywsé Eplnt punhpubph jnsdwt twpbwljut wpyniupubph tupugpnipiun:
Upwohti  Jutunhpp  {kpwpbpmd £ Juypkgph  hwppwlh  wwwnltph pwghntug
punpnipjutt wytyhuh dbpngh dowldwtp, np UEU-h Ynnudhg wwywhnyyh npu
jwjuwgny  dwbwshihmpnitp  wwppip wbuwblnibiubphg b jukjudhn
htpunpnipiniiitiphg tjwpwhwubnt nhwpnud: Gplypnpy punhpp Jepupbpnd k
pupwghl  ppufhdwlh  wpymbudtn hwenpyuljut JEpnidmpyutp,  Juypkeph
hwppwlht URU-h dnntgdwup b &oqphin quypkephti: Loywé putunphputph nisdwt
huwdwp wpwowpldty] t Jhpunt) twplhund dbp dpwljuws pwbwlut dkpnnubtpp,
npnip hhdudws i wwwnlbph Junnigjuspwyhtt hwnlnipniuttph ogrnugnpédwt
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Ubpnpupwinipniip:  Fhipyk] B pduyhtt ophtiwfubkp, npntp gnyg Eu wwjhu
wnwowplyws pupwgulupgbiph htpwulwpuwjinipniup b dowldws dkpnnubkph
Juwnwupbjugnpddw ninnnipyniutkpp:

Puiiwh puntp® UEU, qupkep, Juypkeph hwippul, wuwwnltph junniguspuyhl
hwwnlnipnitukp, tdwunipjut swhwthy, wunliph ninnnppduénipyut wulniu:
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AHHOTALUA

CraTbsl TMOCBsIIEHA ONUCAHUIO IPEIBAPUTENIBHBIX PE3YJIbTAaTOB pEIeHHs [BYX 3ajad,
CBSI3aHHBIX C MMPOOJIEMON TOYHOTO MPU3EMIICHHSI OECITMIIOTHOTO JieTaTenbHoro anmnapara (BJIA).
[lepBas 3amaua — pa3paboTka METOAMKM PAIMOHAIBHOIO BbIOOpa M300pa)keHHs MOCaJ0YHON
w1aThopMbl, 00ECIIEYMBAONIETO JIYYIIYI0 y3HABAEMOCTh W3 JIIOOOTO pakypca W pa3syMHOTO
paccrostaust HaOmogenusi BJIA. Bropas 3amaua cocroutr B paspabotke 3ddexTuBHON
MPOIIEeyPHI IOCIIEIOBATENIFHOTO aHaIN3a TeKyIIel cutyanuu, npuommkenns bJIA k miardopme
W TOYHOTO mpu3emiieHHs. [l pemieHus yKa3aHHBIX 3a7ad MpeaiaraeTcs HCIOJIb30BaTh
pa3paboTaHHbIE HaMH paHee WHTEIUICKTYalbHbIE METOAbl 00pabOTKH, OCHOBAaHHBIC Ha
WCTIONIb30BaHUH CTPYKTYPHBIX CBOWMCTB M300pa)keHUs. B 4acTHOCTH, MPUMEHSIETCS METOANKA C
MCTIONIb30BaHMEM MOJIENN pacupeaeicHus BeitOymia 1 MarHuTy sl TpaineHTa n300pakeHus U
ero KOMIOHEHT. [IpuBeneHbI 4YHCIIEHHBIE pe3yJbTAThl, ITOKA3bIBAIOUINE TIEPCIIEKTUBHOCTh
MIPEUIOKEHHBIX POIIEYP W HAIIPABIICHHS COBEPIIEHCTBOBAHMS Pa3pa0OTaHHBIX METOIHK.

Kawuesbie cioBa: BJIA, nmpusemienune, nmocagodynas miatdopma, CTPYKTypHbIE CBOHCTBA
n300pakeHus, Mepa CXOCTBa, IPEUMYIIECTBEHHOE HANPaBICHUE N300paKEHUS



