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ALGORITHMS FOR FINDING NON-INTERSECTING ROADS ON iMAGES

Abstract. Research relevance The use of GPS for UAVs to determine their current coordinates (navigation) leads to a
number of problems. The development and improvement of the autonomous navigation method without the use of GPS is an
actual issue, and this issue is considered in the article. The subject of study in the article is the issue of UAVs navigation
based on video images. The purpose of work to develop an algorithm for autonomous navigation of UAVs that requires less
resources. The following tasks are solved in the article: software modules are developed based on image processing
algorithms; suitable model for invariant identification of curves was studied and applied. The following results were
obtained: an algorithm was developed for the invariant identification of winding roads (curves) without intersections from
different angles; developed software modules have been tested in the Republic of Azerbaijan on the basis of a map of the
region called "Agsu Pass". Conclusions: the application of the method proposed in the article will enable rotation-invariant
autonomous navigation of UAVs using less resources.
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Introduction

The widespread use of unmanned aerial vehicles
(UAVSs) in modern times, both military and civilian, raises
a number of issues. One such issue is the problem of
locating, tracking and managing UAVs. These devices
have different navigation methods. The following are
some of the different navigation methods tested for UAVs.

One of the main approaches for navigating UAVs is
the application of GPS technology. GPS - a global
positioning system that operates continuously and
transmits electromagnetic signals from position, speed
and altitude meters to certain receivers. These signals
allow you to determine the location of objects on the
ground, the coordinates of the device with high accuracy.
This technology, which is applied to the UAV,
determines the location of the device and regulates its
movement [1]. In [2], without human intervention, the
UAV receives the current coordinates from the GPS
receiver via a Bluetooth connection with the navigator
computer. With this point, the optimal trajectory is drawn
to the next destination. During the flight, the navigator
computer provides information on which direction and
how far to turn. This information is used in the control
system of UAV engines.

To date, UAV navigation methods have been
proposed in three main categories:

1) inertia navigation;

2) satellite navigation;

3) vision-based navigation. Visual-based navigation
from these methods provides richer information about the
earth's surface and objects than others [3].

It is possible to navigate the UAV with GPS when
flying in the open air, at an altitude without any obstacles.
However, at lower altitudes, where obstacles may be
present, this approach is not appropriate. [4] proposed
optical stream navigation for autonomous movement of
UAVs in such zones.

Problem statement

The main disadvantage of the widely used GPS
method is that the operation of the UAV is completely
dependent on GPS. Where there is no GPS, there are
obstacles to the movement and control of these devices.
For this reason, a GPS-independent control system is
required for UAVSs to be able to move autonomously.

Various methods have been proposed to regulate
the autonomous movement of UAVs without the use of
GPS. Some of the methods are shown in the
introduction. One such method is video-based
navigation. The main approach in this method is to
determine the location of the objects based on the
objects observed by the device and their coordinates.
Observed facilities include important infrastructure
such as power plants and roads. UAV recognizes these
objects and determines its current coordinates and
location based on their coordinates. The images and
coordinates of the objects to be solved must be known
in advance. This data is processed and placed in the
database. The image obtained by UAV is also
processed. The results obtained are compared with the
data in the database to determine which of these objects
corresponds to the database. The location of the device
is determined by the coordinates of the image object.

Problem solving

Important infrastructure as reference objects is used
to determine the location of the UAV. Roads were taken
as such infrastructure in the study. Thus, the UAV must
take a view of the earth's surface while driving without
GPS and determine its approximate location relative to
the road in the image. In this study, only non-separable,
non-intersecting roads were considered.

In order to solve the problem, images of all the
roads that the UAV can observe must first be obtained in
advance. Certain features are determined by processing
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these images. For winding, non-separable roads, such key
features are considered to be the turning points of the
roads. These features - the coordinates of the turning
points are placed in the database as a factor indicating the
appropriate path.

The proposed method for solving the problem is to
compare the turning points of the road imagined during
the flight with the turning points of the known roads. The
UAV captures video of the earth's surface during
movement. The obtained images are processed, ways are
found. The turning points of the road are determined,
compared with the coordinates placed in the database,
and the appropriate one is selected.

With the application of this method, UAV can provide
autonomous traffic on roads without GPS. However, there
are a number of problems here. During the research, it was
found that UAV can capture video in different forms: at
different distances, at different angles, in different directions
and scales. In this case, it is known that the road image of
the UAV will be processed differently from the road image
in the database and different features will be obtained. As a
result, although both images represent the same path, they
will not match or will match with another image in the
database. The problem of invariance was considered to
solve this problem.

Each of the roads can be identified as a curve, as the
study considers only non-separable, non-intersecting and
mostly curved roads. There are different methods for
identifying curves: interpolation polynomials, Bezier
curves, etc. However, the B-spline model was chosen to
identify the curves in the study. The main reason for
choosing this method is that the B-spline is resistant to
operations such as rotation and scaling. Application of
the B-spline method provides invariant identification of
curves [5].

Application of b-spline:

n
Q(u) = > RNj (u) - @
i=0

In this equation u is a parameter of the function
representing the curve u=n—-k+2;

n - the number of nodes is determined in Fig. 1;

R (X, Yj) - control points;

N; i (u) - basis function;

k is the number of points on each segment where
the curve is divided. This number satisfies the condition
2<k<n+1.

The basis function Nj (u) is the basic of the

construction of the B-spline. The procedure for setting up
basis functions is given in (2).
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As can be seen from the construction of the base
functions, these functions do not depend on the control

points. The B-spline model is applied to both base images
and road images obtained by the UAV.

Image processing. As mentioned, the placement
of pre-known images in the database means the
identification and placement of certain features from
these images. Comparison between images also means
comparing their respective features. The image is
processed to obtain these features from the images and to
establish a suitable spline. The main objects - roads -
should be identified from the processed images and the
image should be cleaned of "dirty", non-informative data.
Image processing involves a few steps. These steps are
applied to the image of the so-called "Agsu Pass" in
Azerbaijan, taken from the Google Earth platform Fig. 1.
The sequence of these steps is shown below.

Fig. 1. Taken image of "Agsu Pass"

Converting a color image to a grayscale image.
The images are usually rendered in RGB (red, green, blue)
format. Due to the complexity of working with color
images, these images turn into grayscale images. The
transition to a grayscale image is an effective and important
step in terms of speed, ease of coding, etc. in the subsequent
processing stages. The procedure for converting an RGB
image to a grayscale image is given below.

0.3-R+0.59-G+0.11-B. (3)

In this formula, RGB represents the red, green, and
blue color distribution in the image pixel, respectively
[6]. The grayscale image of the captured image is shown
in Fig. 2.

Defining the edges of objects in the image. At this
stage, the Sobel Edge Detection algorithm was applied.
Using this algorithm, unnecessary pixels are thrown out
of the image. Defining the edges of objects in the image
brings the image to the black and white format, and at the
end of the step only black (or white) pixels play an
informative role [7]. The result of applying the algorithm
is shown in Fig. 3.

6



ISSN 2522-9052

CyuacHi inpopmariiini cuctemu. 2023. T. 7, Ne 2

Fig. 2. Grayscale image

Clearing noise pixels from images. The number of
pixels required in the black-and-white image obtained
with the application of Edge Detection algorithms is
slightly reduced. Based on the Connected Component
Label algorithm, other additional pixels in the image are
deleted, and as a result, the image consists mainly of
roads [8]. The result of applying the algorithm is shown
in Fig. 4.

Fig. 3. Binary image Fig. 4. Clean image
Thinning. At the end of the processing, the image
should be in black and white, consisting only of a curve.
Despite the processing of the image, the curve in the final
image may not be of the desired thickness. In the final
stage, the curve in the image - the path should be taken
as a sequence of pixels, not as a set of pixels. The
construction of this sequence is done by checking the
adjacent pixels of each pixel. To build this sequence for
thicker curves is more difficult and impossible . For this
reason, it is necessary to reduce the thickness of the curve

to 1 pixel. The Zhang-suen Thinning algorithm is used
as a thinning algorithm in the research [9]. The essence
of this algorithm is to check the adjacent black pixels of
each black pixel. As a result, the object - the curve in the
image is thinned to 1 pixel, and the number of black
pixels is sharply reduced. Any curve taken in Fig. 4 , the
result after the thinning is shown in Fig. 6.

With the connected component label approach, the
set of black pixels that represent the curve is brought to
the pixel sequence. Properties - turning points are
determined in a certain method from the sequence of
obtained pixels.

Each of these steps is applied to known images and
the image obtained by the UAV. The characteristics of
the known images are placed in the database, and the
characteristics of the image obtained by the UAV are
compared with those in the database. The corresponding
one from the known images is determined. The current
position of the UAV is determined based on the
coordinates and position of this road.

Fig. 5. Any curve taken

Fig. 6. The curve after the thinning

Aspects (opportunities) of practical application

The proposed method can be used as a navigation
method for UAVS. The main essence of this method is
that navigation is based on images. The main advantages
of the method:

1. Having the ability to navigate the device without
depending on GPS,

2. It requires quite a few resources during
navigation.

The main limitations and disadvantages when
applying the method are as follows:

1. The recognition process will not work in
unfavorable weather conditions such as fog, rain, or any
obstruction that restricts vision.
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2. The proposed method can be applied only for
winding roads without intersections.

Discussion of the results

To date, several navigation methods for UAVs have
been reported in the literature. Most of these methods rely
on the use of GPS. However, in environments where the
use of GPS is restricted or there are external interferences
to GPS, problems may arise when applying those
methods. In such cases, it is more efficient to use the
navigation method based on video images. There are also
video-based navigation methods in the literature.

The advantage of the video-based navigation
method proposed in the article over other video-based
methods is that it requires less resources. Carrying out
extensive processing on the images has significantly

reduced the number of points that play a role in the end.
This has led to the requirement of less time and memory.

Conclusions

The article develops a method of navigating objects
encountered in video images to ensure the autonomous
movement of the UAV without the use of GPS. Non-
separable, non-intersecting highways are taken as
reference objects to determine the location of the UAV.
This method was tested in the Republic of Azerbaijan on
the basis of a picture taken of the region called "Agsu
Pass". The proposed method can be used to ensure the
autonomous movement and control of UAV in places
where there are restrictions on the use of GPS. The
application of the method is possible both in military
zones and in other areas.
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AJITOPUTMH MONIYKY HemepeciuHuX J0pir Ha 300paKeHHIX
V. M. l'oromiosa

AHoTanisi. [locmipkeHHS] TPHCBSUEHE PO3IJILy MHUTaHb 3a0€3NEYEeHHsS aBTOHOMHOTO pPyXy O€3MiIOTHHUX JHTAIBHUX
amapaTiB. AKTyalbHicTh qocaimxkenns. Buxopucranus GPS ms BITJIA mist Bu3Ha4YeHHs 1X MOTOYHHX KOOpPAMHAT (HaBiraris)
HPHU3BOAUTE 110 Py npobiem. Pozpobka Ta BIOCKOHANIEHHS METOAY aBTOHOMHOT HaBiraii 6e3 Bukopucranus GPS e akryansHoio
poOIEeMOr0, 1 Il MUTaHHs PO3TIIacThes B cTaTTi. [lpenMeTom aociiaKkeHHs1 B cTarTi € nmutaHHs Hagiranii BIIJIA Ha ocHOBI
Bifie0300paxkeHs. MeTo10 po6oTH € po3poOKa alropuTMy aBTOHOMHOI Hapiramii BITJIA, mio BuMarae MeHIINX pecypciB. Y cTaTTi
BUPIIIYIOTHCS HACTYMHI 3aBJaHHA: PO3pOOJIEHO MPOrpaMHi MOJIYJ Ha OCHOBI alrOPUTMIB 0OpOOKH 300pakeHb; BUBYEHA Ta
3aCTOCOBaHa BiAMOBiHA MOJIENb iHBapiaHTHOI igeHTH(iKanii kpuBuX. OTpHMaHO HACTYNHI pe3yabTaTH. Po3pobieHo anroputm
iHBapiaHTHOI ineHTH(IiKalii 3BUBUCTHX JOpIir (KpHMBHX) Oe3 mepeTwHiB 3 pi3HUX KyTiB. Anroput™ Zhang-Suen Thinning 6yB
3aCTOCOBAaHHMM JUIsl 3MCHILICHHS TOBIIMHM KPUBHX Ha 300pakeHHsX n0 1 mikcens. Po3poOieni mporpaMHi Momyini mpoinuii
BUMpOOyBaHHsI B A3sepbaiipkancekiii PecnyOotili Ha OCHOBI KapTu perioHy Mif Ha3BOIO «ArCychKHil mepeBai». BucHOBKH:
3aCTOCYBaHHsI 3aIIPOIIOHOBAHOTO B CTATTi METOAY JA03BOJIUTD 3AIHCHIOBATH POTALliiHO-IHBapiaHTHY aBTOHOMHY Hasiraiiro BITJIA
3 MEHIINMH PeCypcaMu.

KawuoBi caoBa: riobaigpHa cucTeMa MO3UIIOHYBaHHS; OC3MINOTHUII JTanpHUil amapar; HaBirailis; aBTOHOMHUIA;
HEe3MiHHUH; BiJIe0; TOPOTH, 0 HE IePETUHAIOTHCSL.
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