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Abstract

Purpose: With the development of unmanned aircraft technology raises the problem of creation systems of
aerial data analysis to increase efficiency and reduce the cost of monitoring areas based on operational data
and building automated systems of farm management combined with precision farming techniques. Methods:
The review of the current state of agriculture and the development of unmanned aircrafi, the use of
information technologies in Ukraine compared to more developed countries made. The modern approach to
imaging and conducted own research of the possibilities of image processing system based on cluster
analysis. Results: Shown that the level of integration of information technology in Ukraine is quite low, in
contrast to other developed countries, where there is active development of geographic information systems,
including for agricultural purposes. Unmanned aerial vehicles developed in Ukraine, as evidenced by the
development of the legal sphere and the presentation of definition of the category. Image processing based
on cluster analysis provides data suitable for further analysis and give an idea of the structure of the area,
the presence of abnormalities and the general condition of farmland. Discussion: Cluster analysis of digital
images of agricultural areas is a promising area of further research that could be the basis for building
complex decision support systems for the development of precision farming including in Ukraine and
increase the efficiency of farming, as well as an additional tool for determining the state of the areas for
evaluation and prognostication.
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1. Introduction active development of unmanned aircraft and the

With development and decreasing cost of unmanned low level of integration of information technology in

aircraft, effective aerial photography usage problem 'Ukrai.nfz, eSpeCi?HY with  the background of
for security, surveillance, control took place. _precision farming devglopmer}t bgsed on
Cluster analysis is one of the most studied information technology integration in other

examples of image processing tasks used in data developed countries such as the US Japan, China,

processing, as well as in “Data Mining” [1]. With ~ Germany, etc. [2].

clustering general classes revealed in arrays of data. An  example of the cluster analysis
The trait of the majority of cluster analysis methods ~implementation in agriculture is modules for digital
is a large number of variables setting method flow. images analysis for farmland images for the
This is the reason of the complexity of adapting geographic information systems, as described in [3]
approaches for specific areas of development and 0 perform analysis of the territories general state, to
that is why this research took place. This is about identify deviations, crop damage, inconsistencies,

creating systems capable of operating in certain
conditions, to solve specific problems, and give best
results without burdening interface and complexity.
The relevance for decision support systems
development for agriculture caused primarily by the

characteristics of soil and forecasting, decision-
making. The results of this analysis may have a key
role in creating an automated support system for
agriculture that will increase its efficiency through
better control of the territories.
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Today Ukraine have a low level of information
technologies integration to agriculture such as GIS.
Possible causes of this situation considered in more
detail in [3]. It can be expensive solutions, user
demands etc. A partial solution might be to develop
own systems, with an intuitive interface and
powerful features that will be available for
agronomists to understand the expediency of new
technologies integration.

Problem with cultivated and agricultural areas
digital images is the need to consider the specifics
and peculiarities of cultures and its external
manifestations typical violations to form features set
cluster analysis require solving the tasks. This may
be the detection of violations of Culture;
dehydration; lack of nutrients in the soil; the density
of vegetation; the presence of excess crops (weed
etc.); crop forecasting, spread of the disease, etc.

2. The modern trends and approaches in precise
farming and digital image analysis

Law development is indicator of the widespread use
of unmanned aerial vehicles (UAVs). Legal status of
the UAV recently defined in the legislation of
Ukraine, thus unmanned aircraft - aircraft intended
for the flight without a pilot on board, which flight
management and control carried out through a
special control station located outside the aircraft
[4].

One example of the UAVs use is a complex
monitoring system facility of OAO "Gazprom" [5],
which rely on the system the following tasks:
industrial and environmental monitoring,
geophysical surveys, mapping, security, search and
rescue, ice reconnaissance, and more. In monitoring
tasks for civilian use not always real time
information processing needed, thus data delivery to
the station, where processing will take place is
sufficient. Results can be reported to appropriate
services if needed.

The study [6] analyze existing approaches to
solving problems using digital image processing in
the context of agriculture. Remote sensing (RS) is
widely used in agriculture for different purposes.
Satellite data used to determine characteristics,
evaluate geo-biophysical properties of the earth's
surface. Spatial, spectral and time-dependent data
used with analytical methods using digital image
processing, data mixing from different sources.
These RS provide information on groundwater,
which helps in irrigation, flood management, and
make it possible to monitor the environment and

natural disasters, assess effects, and more. With
pattern recognition, acreage potential evaluated and
region inventory studied. Optical and microwave
data used for the classification of sowing. Cultures
discriminated using visual or digital interpretation of
data, and so on. Using digital image processing the
next problems is solving, including the identification
of weeds approaches with borders identification,
color analysis, classification based on wavelet and
fuzzy sets, sorting and grading of fruits and food,
and so on. The authors conclude about the prospects
of this area, especially in relation to approaches by
analyzing the color component images, including
methods of classification and cluster analysis.

Also in [7] analyzed the capabilities of digital
processing and stated that the spectral characteristics
of vegetation depends on the health of the
vegetation, the internal structure of leaf chlorophyll
content, water and so on. These spectral properties
are expressed in the form of vegetation index VNIR
(visible and near infrared (Fig. 1)). In this case
satellite data were examined, and therefore, a more
general analysis using multiple spectral bands and
their combination with determining optimal for
imaging vegetation take place.
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Fig. 1 Detailed description vegetative spectrum

In earlier work [8], the problem of image analysis studied
with the three steps script: image enhancement,
segmentation, measurements. The main purpose of the
study was to determine the number and area of clusters
present in the image data using smoothing and cluster
analysis methods on the points set.

In Kansas Unmanned Systems Conference in
2013 raised the issue of the growing demand for post
processing system of the UAVs data of territory in
the context of agriculture. In [9] the researchers
concluded the following about the traditional
sampling and remote sensing using UAVs: the
traditional collection of samples characterized by
high costs and long delays, uncertain local risks
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while RS UAV - a complete virtual analysis of the
entire surface with high efficiency and high spatial
and temporal resolution.

Special attention demands the development of
precision farming \ agriculture, which based on the
idea of the existence of irregularities within the same
field. Based on the collected data optimum sowing
density evaluated, fertilizers and plant protection
products rules calculated, yield production
forecasted and financial planning settled. There is a
need to take into account the peculiarities of soil and
climatic conditions. According to [10] Precision
Agriculture rapid growth predicted in early 2000,
but there is a problem of developing decision
support systems for the implementation of this
technology. There is a lack of quality assessment
methods and efficiency of recognition. Not taken
into account the change in time or only once a year
score is used or only part of the assessment areas.
The reason is the high cost of sampling and analysis.
Therefore, a cheaper area monitoring using UAVs
can solve some of these problems.

Cluster analysis is a research tool in the study of
patterns, clustering, decision-making, machine
learning, documents search, image segmentation and
pattern recognition [11]. Solving the problem of
determination of the types of structures available in
the image often leads into the conditions of small
amounts of priori data, but decision-making system
should produce a minimum number of assumptions.
Under these restrictions cluster methodology is
suited to the study of the relationships between data
elements to assess their structure.

3. The main objectives

The main objective of this study is to search for
applications of cluster analysis to solve the problems
of improving the efficiency of agriculture through
the development of information technologies and
automation processes to save time and money.

So, let us have digital images, aerial photography
data, which shows plots of the crop area, with some
signs of deviation from normal culture development.

It is necessary to use methods of cluster analysis
to identify the damaged areas and those that do not
meet certain quality criteria.

4. Cluster analysis application in agriculture
Problem for clustering are as follows. There are
sample research objectss = {0(1) ,...,O(N)} that

formed in result of the selection of some members of
the population€2. It is necessary to form K =2

classes (groups of objects). Each object of the
population described by a set of variables X ..., X, .

The set X ={X,,..,X,} may include different

types of variables (quantitative and qualitative,
nominal, Boolean, order).

A typical clustering algorithm includes the
following steps:

* presenting samples (can include the definition,
selection and feature extraction);

* Determination of distance, proximity samples
corresponding to the type of data;

* clustering, or grouping;

* abstracting data, if necessary;

» Assessment results, if necessary.

Based on software «Elfintesty [12] the use of
cluster analysis to digital photos of the planted areas
is studied.

Consider the typical structure that can occur on
aerial photography data fields, cultivated areas,
forest areas etc. (Fig. 2).

i)

Fig. 2 Typical textures for RS of agricultural crops

For the most adequate analysis, it is necessary to
determine the vector of features for the submitted
samples. Pixel by pixel analysis, when the sample is
a pixel intensity values, usually gives insignificant
results because each separated pixel cannot represent
the texture. There are two approaches to image
analysis. The first - the most detailed, but extremely
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difficult due computational complexity - a pixel by
pixel analysis when sample an array of pixels around
(Fig. 3a) where the pixels 1, 2, 3, ..., 9 are used to
form feature vector pixel at number 5).

b)
Fig. 3. Features sets building approaches

The second approach described in [13]. The
image divided into some segments (Fig. 3 B), which
used to form feature vectors, so the number of
samples is less than the number of pixels. After
analysis on a new set of samples, approximation
used with results to get an estimated value in every
pixel.

The following image properties can be used to
build the feature vector: the expectation of intensity
values for the three components (if RGB - red, green
and blue); distribution of intensity wvalues, ie,
standard deviation and other statistical parameters of
any population. RGB is not the best color scheme
for cluster analysis, since three components
describes the colors content ratio. More information
is stored in color schemes like YUV [14], where the
components represent brightness and color

component separately, thus allowing distinguishing
darkened areas and different color areas.

In constructing this vector of features, there is a
problem of data normalization, assessing the impact
of each feature on cluster analysis. As example, the
use of mathematical expectation, standard deviation
and more. The impact on the difference between
textures based on quantitative differences of
expectation or deviation is difficult to estimate
objectively. During the study concluded that more
efficiently will be independent analysis of each
feature and the next mixing of the results for a single
decision about clusters rather than building mixed
feature. After analysis of each feature, the result is a
new vector of normalized features.

Different approaches and methods of cluster
analysis used to solve the problems of interpreting
digital images. For example, in Fig. 4 shows an
image on the crop with dehydration vegetation in
section 1 and section 2.

Fig. 4 Crop photo example with problems in 1 and 2 areas

In this case, samples of an array of pixels
represented by intensities from 0 to 255. As a
measure of the distance simple metric used - the
absolute value of the difference of intensities. Using
a simple per pixel clustering method [11] we can
build original form [13], for easy visual analysis
(Fig. 5), which shows two main areas: 1 - dry area, 2
- fertile area. In this case, the type of zones defined
by visual analysis.

To gather more information, more sophisticated
methods used, such as ISODATA [15]. In the same
example, we can get 4 area (Fig. 6), which can be
roughly characterized as follows: 1 - critical
dehydrated; 2 - dehydrated; 3 - normal; 4 - saturated.

In this case the relative dehydration value for
areas received. When working with a certain type of
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tasks to specific areas, crops, etc., evaluation criteria
generated in process, followed by a determination of
the absolute values of "normal", "critical" and other
estimates of the analysis.

Fig. 5 Simple clustering result to reveal dehydrated area 1

Fig. 6. ISODATA clustering result with 4 detected areas

Another task is to determine impurities in the
homogeneous culture, such as weed, various
diseases of trees and vegetation, crops or unplanned
development (Fig. 7). In this case, to obtain better
results primary image processing take place, in order
to highlight differences and get rid of noise, provide
color correction. Results of cluster analysis (Fig. 8)
reveal two different textures. In this case, texture
that is typical for this area should be set, so the
system can signal the spread of other, understanding
that the identified is typical.

Fig. 7 Image of forest with two types of trees

Fig. 8. Clustering results separating two trees types

5. Conclusions

Thus, there is interest in exploring the capabilities of
digital image processing and analysis, including
cluster analysis, especially considering the
development and distribution of UAVs and use the
RS.

Cluster analysis is capable to give meaningful
results, but requires knowledge of the features of the
phenomenon for the selection of feature vectors and
can be self-sufficient. However, this is high-quality
tool, a part of the information system that can carry
out pre-processing, and even learning, since clusters
analysis can't give the full information but only a
part of it, that can be used to interpret for the end
user.

Using the capabilities of cluster analysis, together
with a powerful apparatus of primary image
processing [12] and integration with GIS we may
create a system that is capable to assess the state of
the territory, detect various kinds of deviations to
prevent accidents and timely response to water
shortages, certain micronutrients lack based on aerial
photography, which will greatly facilitate the task of
farming, reducing risks related to oversight. Always
be aware of the current state-controlled territories. In
future work we can apply the results to the map,
using the GIS layers that supported in most of these
systems [3], specify definitions for such zones and
be able to determine the automated data types.

So developing software to analyze data from the
UAV aerial photography is a promising research
area. Especially due to the presence of growing
interest in precision farming and finding the most
effective ways of farming, increasing the need to
increase food supply and distribution using
economical, compact unmanned aircraft that can
provide the necessary data for similar systems.
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HanionansHuii aBianiiinuii yHiBepcuret, npoctt. Kocmonasta Komaposa, 1 Kuis, Ykpaina, 03680

E-mail: glukozavr.91@gmail.com

Mera:

3 pO3BUTKOM Oe3miIOTHOI aBialliifHOI TEXHIKM IIOCTa€ 3ajada CTBOPEHHS CHCTEM aHaNi3y JaHUX

aepo(oTo3OMKH 15 30UTbILIEHHS] €)EKTUBHOCTI Ta 3MEHIIIEHHS BAPTOCTI MOHITOPUHTY TEPUTOPiit HA OCHOBI 00pOOKH
OIIepaTHBHUX JaHUX Ta MOOYIOBH aBTOMATH30BAHUX CHUCTEM YIIPaBJIIHHS FOCIOJAPCTBOM B CIOIYYEHHI 3 METOJUKAMHU
TouHOro (hepmepcTBa. MeToau: 3po0IeHO OIJIsI CYyYaCHOTO CTaHy CLIbCHKOI'O TOCIOapCTBA Ta PO3BUTKY O€3MiTOTHOT
aBlaTexHIKW, BUKOPUCTAaHHs iHpOpMaLiiHUX TEXHOJIOTi B YKpaiHi y MOpIBHAHHI 3 OUIBLI PO3BUHYTUMH KpaiHamu.
PosrisiHyTO CyuacHi miaxoan 10 oOpoOkH 300pakeHHs Ta MPOBEIEHO BIACHE JOCIIHKEHHS PO MOXIIMBOCTI 00poOKH
300paXeHb Ha OCHOBI amapary kjacrepHoro aHaiizy. PesyapraTn: IlokasaHo, mo piBeHb iHTerpamii iHpopMaiiHIx
TEXHOJIOTiM B YKpaiHi IOCUTh HU3BKHH, Ha MPOTHBAry iHIIMM PO3BHHYTHM KpaiHam, J¢ #Jae akTUBHMH PO3BUTOK
reoiHpOpMaiiHIX CUCTEM, B TOMY YHUCIIi IJIS arpOIIPOMICIIOBHX IIiJiei. be3minoTHi miTanbHi anapaTu po3BUBAIOTHECS B
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VYkpaiHi, mpo 10 CBIAYUTH PO3BUTOK IOPHAMYHOI cdepu Ta chOopMysILOBAaHO BH3HAueHHsS JaHoi kareropii. OOpoOka
300pakeHb Ha OCHOBI KJIACTEPHOTO aHANi3y Aa€ JaHi IO MiAXOIATh I MOJANBIIOTO aHATI3Y 1 MAl0Th YSBJICHHS MPO
CTPYKTYpPY TEPHUTOpPili, HASBHICTh BiAXWJICHH Ta 3arajbHUN CTaH MOCiBHUX Iuiom. O6rosopenns: KiacrepHuit anami3
mUppoBUX 300paKEHb arpoONpPOMHCIOBUX TEPUTOPIH € TEepCHEKTHBHUM HANpPSIMOM JOCHIIKEHb, M0 MOXe OyTh
OCHOBOIO JUIS OOYOBHU CKJIAJJHUX CHCTEM IiATPHMKH NPUIHATTS PillleHb ISl PO3BUTKY TOYHOrO (hepMepcTBa B TOMY
gpcai B YKpaiHi Ta 30UIpIICHHA €(EeKTHBHOCTI BEICHHS TOCHOJApCTBA, a TaKOX SK JOAATKOBHHM I1HCTPYMEHT
BHU3HAYCHHS CTaHy TEPUTOPIH IS OLIHKH 1 IPOTHO3YBaHHS.

KurouoBi ciioBa: acpodoTorpadisi; arponpoMHUCIIOBICTh; KJIACTEPHUI aHai3; 00p0o0OKa 300paKeHb; TPOCTOPOBI HaHi.
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Hcnonb30BaHue KJIACTEPHOI0 AaHAJM3a /sl NOCTPOEHMSI CHCTeMM MNPUHATHSA PHUIIEHMHA VIS CeJbCKOro
X0311iicTBa

HanmonanpHeIl aBHAIIMOHHBIA YHUBEPCHTET, ipoct. Kocmonasta Komaposa, 1, Kues, Ykpauna, 03680

E-mail: glukozavr.91@gmail.com

Heab: C pasBurueM OeCHMIOTHOW aBHATEXHUKU TMOSBISIETCS 33ja4a CO3/aHMs CHCTEM aHalu3a JaHHbBIb
a3po(OTOCHEMKH ISl yBeIM4eHUs DPPEKTUBHOCTH Ta YMEHBIIEHHS CTOMMOCTH MOHMTOPHUHIA TEPPUTOPUI HA OCHOBE
O6pa6OTKI/I OIICPATUBHBIX JAHHBIX U MOCTPOCHHUEC aBTOMATU3UPOBAHHBIX CUCTEM YIIPABJICHUA XO03SMCTBOM B COUETaHUU
¢ Meronukoi TouHoro depmepcrBa. Metoanl: CruenaHo 0030p COBPEMEHHOT'O COCTOSHHS CEIBCKOTO XO3SHCTBA U
pa3BUTUSL OECIMIOTHOW aBHAaTEXHUKH, HMCIOJIb30BaHUS MH(OPMALMOHHBIX TEXHOJOTHMH B YKpaWHE B CpPaBHEHHMHU C
Oosiee pa3BUTHIMU CTpaHaMH. PaccMOTpPEHO COBpPEMEHHBIE MOJXOAbl K 00pa0OTKe H300paKeHU M INPOBEICHO
COOCTBEHHO HCCIIEJOBAaHUE BO3MOXKHOCTEH 00pabOTKM H300paKeHWH Ha OCHOBE ammapaTra KIaCTepHOTO aHAIN3a.
PesyabsTatsi: [TokazaHo, 9TO ypOBEHb HHTETpAIlH HHPOPMAMOHHBIX TEXHOJIOTHUH B YKpaWHe JOCTATOYHO HU3KHM, Ha
MIPOTUBOBEC OoJiee Pa3BUTHIM CTPaHAM, Il UIET aKTUBHOE Pa3BUTHE FE€OMH(OPMAIIOHHBIX CHCTEM, B TOM YHCIIE KA
arpolpOMBIIITIEHHBIX IeJed. becnuinoTHble JeraTtenbHble ammapaTtel pa3BUBAlOTCS B YKpaWHe, [P0  UTO
CBHETEIBCTBYET Pa3BUTHE IOPUANYECKON chepbl M TOT (akT 4To cHOPMYIMPOBAHO OIPESNICHUE TAHHOH KaTerOpHuH.
O0paboTka n300paKeHU Ha OCHOBE KJIACTEPHOIO aHajm3a AaéT JaHHbBIC, YTO MOIXOMAT [UIS AaJbHEUIICro aHaIu3a U
JAIOT TIPEACTABJICHUE O CTPYKTYpPE TEPPUTOPHNA, HAIMYUK OTKIIOHCHHIH M 00Ilee COCTOSHUE IOCEBHBIX ILIOMIAJCH.
Oo6cy:xxnenne: KiacrepHplii aHaiu3 1HMOPOBBIX HW300paXKEHUH arpoONpPOMBIIUICHHBIX TEPPUTOPHUN  SIBISIETCS
TIEPCIIEKTUBHBIM HANpaBJICHUEM Pa3BUTHS, YTO MOXKET OBITh OCHOBOHM JUIS IOCTPOEHHsS OOJee CIIOXKHBIX CHCTEM
TIOJ/ICPXKKH TIPUHATHS PEIICHUH Il Pa3BUTHS TOYHOTO ()epMepcTBa, B TOM YHCIE B YKpauHe M YBEIUYCHHS
3¢ PEKTUBHOCTH BEJICHUS XO3SIHCTBA, a TAK)Ke KaK JIOMOJIHUTEIbHBI HHCTPYMEHT ONPEICIICHHS] COCTOSIHUSI TEPPUTOPHIA
JUISL OLICHOK W TIPOTHO3MPOBAHUSI.

KuarouoBi caoBa: aspodororpadus; arpompOMBIIDICHHOCTh; KIACTepHBIH aHanmm3, 00paboTka W300paKeHHUH;
MIPOCTPAHCTBEHHBIC JAaHHBIE.
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