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SELECTION OF "WINDOW" SIZES WHEN CALCULATING FRACTAL
DIMENSIONS OF AGRICULTURAL LAND SPACE IMAGES

Abstract. The quality of crop condition assessment can be influenced by the parameters of the method used to
determine fractal dimensions, in particular the size of the "window". The subject of the study is to assess the impact
of the size of the "window" on the values of fractal dimensions of satellite images. The object of the study is satellite
images of agricultural crops at different stages of vegetation taken by the Sentinel-2 satellite. The aim is to assess the
impact of the "window" size on the values of fractal dimensions of satellite images of agricultural land and to select
the "window" size for studying the condition of agricultural crops. The following results were obtained. The influence
of the size of the "window" involved in the construction of the field of fractal dimensions on the minimum, maximum,
and average values of fractal dimensions in satellite images of agricultural land was investigated. It was found that
throughout the entire growing season for a field sown with corn, as the size of the "window" increases, the minimum
fractal dimensions increase, while the average and maximum fractal dimensions decrease. At the same time, in the
first half of the growing season, the differences in minimum fractal dimensions with small "window" sizes (up to 24
x 24 pixels) are the largest compared to the differences in maximum and average fractal dimensions. Conclusions.
The conducted research allows us to develop recommendations for choosing the size of the "window" and the type of
fractal dimension for analyzing satellite images of agricultural land. Thus, to assess the condition of agricultural crops,
it is advisable to use the minimum fractal dimensions found in images that have the greatest differences at different
stages of vegetation. To ensure a compromise between the speed of image processing and the quality of crop condition
assessment, it is advisable to choose small "sliding window" sizes (up to 16x16 pixels).
Keywords: crop condition assessment; satellite images; fractal dimension; selection of "window" sizes.

Introduction

Remote sensing (RS) data are currently widely used to assess the condition of agricultural
land [1]. The dynamics of agricultural work require agricultural producers to quickly assess the
results and quality of their work. These tasks are solved by the widespread use of space-based RSE
tools, which allow for regular monitoring of agricultural land [2]. The speed of obtaining RSI data
from large areas (with a frequency of 1 to 8 days) and the clarity of the results during their
processing (with spatial resolution from 250 to 10 meters) allows specialists to quickly respond to
changes in the condition of agricultural land [3]. Recently, there has been a trend towards
increasing access to remote sensing data. Users can obtain satellite images of the areas under study
from the Terra, Aqua, Landsat 8, and Sentinel-2 remote sensing satellites free of charge (they are
freely available) via the Internet. For example, there is an up-to-date and constantly updated
database of satellite images from the Sentinel-2 satellite [4], which allows them to be used for
various tasks, including assessing the condition of agricultural land.

Many methods for assessing the condition of agricultural land and crops are based on the use
of the normalized difference vegetation index (NDVI). The paper [5] presents the results of studies
of changes in the NDVI index of multi-temporal satellite images of agricultural land. It should be
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noted that data from the near-infrared and red channels of Earth observation satellites are used to
calculate the NDVI index, which complicates the acquisition and processing of the source image.

To increase the informativeness of satellite images when monitoring various surfaces, in
particular the Earth's surface, methods of fractal image analysis are used [6, 7]. The possibility of
applying fractal analysis of Sentinel-2 satellite images to assess the condition of agricultural crops
at different stages of vegetation is shown in [8, 9]. In [8], fields sown with corn
are analyzed, and in [9], fields sown with buckwheat, wheat, sunflower, and barley are analyzed.
In this case, space images in one wavelength range are used. However, these works do not consider
the influence of the "window" size on the values of fractal dimensions in satellite images of
agricultural land. In this regard, it is advisable to consider the possibility of selecting the size of
the "window" to be used when calculating the fractal dimensions of satellite images of agricultural
land.

The aim of the article: to evaluate the influence of the "window" size on the values of fractal
dimensions of satellite images of agricultural land and the choice of "window" size for studying
the state of agricultural crops.

Characteristics of agricultural land satellite images

To study the effect of the "window™ size on the fractal dimensions of satellite images
of agricultural land, we will use Sentinel-2 satellite images, which are freely available on the
Internet [4]. During the fractal analysis, satellite images in the near-infrared range (Sentinel-2
satellite channel b8) will be used. Channel b8, with a wavelength of 832 nm, allows us to obtain
satellite images that capture the reflection of solar radiation from vegetation.

For further assessment of the condition of agricultural land and crops, a database of satellite
images of the land of the Vilkhuvatskaya village council of the Chutivsky district of the Poltava
region was created, most of which is cultivated by the private agricultural enterprise
"Druzhba" [8]. The satellite images were obtained throughout 2018, and the images have
a spatial resolution of 10 meters. A field sown with corn was selected for further study.

Fig. 1 shows elements of images of a field sown with corn, cut out from the main (large)
satellite images, as of:

04.06.2018 (a), 14.06.2018 (b); 16.06.2018 (c), 21.06.2018 (d); 26.06.2018 (e);
29.06.2018 (f); 29.07.2018 (g); 05.08.2018 (h); 08.08.2018 (i); 10.08.2018 (j);
18.08.2018 (k); 23.08.2018 (l); 25.08.2018 (m).

Visual analysis of the elements of the satellite images in Fig. 1 showed that they differ in the degree
of gray color (gray gradation), but the differences are not significant. Thus, in the initial phases of
vegetation (early June to June 26, 2018), darker shades of gray are observed, as shown in Fig. 1, a—d. At
the end of June (June 29, 2018), in July (July 29, 2018), and at the beginning of August
(until August 18, 2018), lighter shades of gray gradations are observed (see Fig. 1, e—j), and at the end
of August (in the final stages of vegetation), the shades of gray become darker again (see Fig. 1, k—-m).

It should also be noted that the satellite images reveal some features of the structure of the
field under study, which is planted with corn. Thus, all satellite images show the results of field
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cultivation in the form of stripes with slight differences in gray gradations. This slight layering
spreads from the upper left corners to the lower right corners of all images.

In addition, a small light area is observed in the lower left corner of the satellite images, which
is especially evident in the final stages of vegetation (see Fig. 1, i-m). Most likely, this anomalous
area is due to the negative impact of weather conditions.

. f .
i j k |

m

Fig. 1. Elements of space images (channel b8) of corn fields as of: June 4, 2018 (a), June 14, 2018 (b);
16.06.2018 (c), 21.06.2018 (d); 26.06.2018 (e); 29.06.2018 (f); 29.07.2018 (g); 05.08.2018 (h); 08.08.2018
(i); 10.08.2018 (j); 18.08.2018 (k); 23.08.2018 (1); 25.08.2018 (m)




318

Aemomamu3zoeani cucmemu ynpasiinua ma npunaou asmomamuxu. 2025. Ne 4 (187)

The satellite images also show that the presence of clouds causes a change in gray gradations
(a light shade appears in Fig. 1, a), and in the presence of cloud shadows, a dark shade appears.

Thus, using only visual analysis of satellite images, it is only possible to qualitatively assess
changes in the condition of agricultural crops, evaluate the uniformity of crops, and the progress
of field work. However, it is practically impossible to quantitatively assess the condition
of agricultural crops at different stages of vegetation based on the results of visual analysis.

Let us process the satellite images of a field sown with corn, discussed above, using fractal
analysis and consider the influence of the "window" size on the values of fractal dimensions.

Selecting the size of the ""'window" when calculating the fractal dimensions of
agricultural land satellite images

The information carrier in the Sentinel-2 satellite image (channel b8) is light waves in the near-
infrared range, formed by the reflection of solar radiation depending on the characteristics of the
underlying surface. The light wave carries information about the object due to the fact that its various
parameters change depending on the nature of the points on the underlying surface (relief). The result
is a heterogeneous matrix of values of the intensity of solar radiation reflection from the Earth's
surface. The size of the matrix is equal to the size of the satellite image.

During the fractal analysis of space (digital) images, the fractal dimensions are first calculated
(the order of their determination is described in [10]), and then the field of fractal dimensions is
constructed (the process of its construction is described in [7]).

There are many methods for calculating fractal dimensions, but in practice, the covering
method [10] is most often used for analyzing digital images. This method provides the calculation
of the Hausdorff—Bezikovich dimension, which is described by the expression:

. logN(s)
D =lim log(1/¢)’ @)

where ¢ —the length of the cube's side (the maximum length is equal to the size of the "window")
covering the three-dimensional representation of the digital image; N (g) — the number of cubes
covering the three-dimensional representation of the image.

As can be seen from expression (1), it is not possible to directly calculate the fractal dimension
of a space image using this formula. The fractal dimension can be determined as follows.

At the beginning of the application of the covering method, a cube is created with a side length
equal to ¢ pixels, and this cube covers the three-dimensional representation of the space image (set
I). Next, the number of cubes with a side length of ¢ pixels covering the entire space image (set I)
is calculated N(g). Then, N(¢) is determined for several other values of the cube
side &. Such values of the cube sides can be, for example, &2 = €1/2, &3 = €1/4, &4 = €1/8, etc. In this
way, the set of values N(e) is determined. Depending on the structure of the space image,
the number of values may vary. At the final stage, a graph of the dependence of log N(e)
on log 1/e is constructed and its linear approximation is performed. The least squares method is
most often used for approximation, which allows the calculation process to be automated.
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After constructing the approximated straight line, the tangent of its slope angle is determined.
This value will be the fractal dimension D of the space image.

To construct the field of fractal dimensions, the space image is scanned using a "window" of
size nxm pixels, which is moved in steps of s (the "window" is "sliding” if s = 1, and
"jumping” if s > 1) [7]. At each step of the "window" movement, the numerical value of the fractal
dimension is calculated and recorded in the matrix D. This matrix is called the "field of fractal
dimensions". In this work, fractal dimension fields are constructed for elements of space images
with dimensions of 56x56 pixels, and the dimensions of the "sliding window" nxm vary.

In [9], the state of agricultural crops was assessed using the minimum, maximum, and average
values of fractal dimensions present in the satellite image, and it was determined that they are the
most informative, but no comparative analysis was performed.

Let us consider the influence of the “window” size on the value of these fractal dimensions in
satellite images of a field sown with corn. The numerical values of the minimum, maximum, and
average values of fractal dimensions for different “window” sizes are given in Table 1.

Table 1. Minimum, maximum, and average values of fractal dimensions of space images of
a field sown with corn at different "window" sizes

Size of the "window" in pixels

Date 4x4 8x8 16 x 16

Dmin Dmax Dav Dmin Dmax Dav Dmin Dmax Dav
04.06.18 | 2,882 2,991 2,964 2,884 2,984 2,961 2,906 2,976 2,954
14.06.18 | 2,923 2,993 2,970 2,939 2,989 2,968 2,951 2,981 2,967
16.06.18 | 2,927 2,993 2,968 2,942 2,985 2,966 2,947 2,980 2,966
21.06.18 | 2,927 2,995 2,971 2,935 2,987 2,969 2,940 2,982 2,967
26.06.18 | 2,936 2,993 2,974 2,944 2,987 2,973 2,947 2,983 2,970
29.06.18 | 2,932 2,994 2,972 2,938 2,990 2,971 2,942 2,984 2,970
29.07.18 | 2,950 2,995 2,981 2,960 2,990 | 2,979 2,967 2,987 2,979
05.08.18 | 2,913 2,992 2,967 2,931 2,994 2,965 2,940 2,976 2,965
08.08.18 | 2,904 2,991 2,964 2,925 2,985 2,962 2,936 2,978 2,962
10.08.18 | 2,875 2,985 2,948 2,893 2,972 2,946 2,903 2,967 2,944
18.08.18 | 2,860 2,991 2,953 2,882 2,978 | 2,949 2,900 2,967 2,946
23.08.18 | 2,844 2,986 2,948 2,860 2,976 2,943 2,881 2,964 2,937
25.08.18 | 2,814 2,986 2,944 2,837 2,978 2,938 2,863 2,961 2,929
24 x 24 32 x 32 48 x 48
04.06.18 | 2,920 2,972 2,947 2,932 2,948 2,940 2,942 2,943 2,943
14.06.18 | 2,959 2,975 2,966 2,960 2,973 | 2,965 2,964 2,966 2,965
16.06.18 | 2,958 2,977 2,966 2,959 2,972 2,964 2,964 2,965 2,965
21.06.18 | 2,956 2,979 2,966 2,957 2,975 2,963 2,961 2,962 2,962
26.06.18 | 2,958 2,980 2,969 2,958 2,978 2,966 2,966 2,968 2,967
29.06.18 | 2,956 2,983 2,969 2,962 2,977 2,967 2,966 2,968 2,967
29.07.18 | 2,966 2,986 2,980 2,969 2,984 | 2,980 2,974 2,977 2,975
05.08.18 | 2,947 2,976 2,967 2,951 2,975 2,966 2,955 2,957 2,956
08.08.18 | 2,944 2,973 2,963 2,948 2,970 2,962 2,952 2,955 2,953
10.08.18 | 2,913 2,959 2,942 2,920 2,953 2,939 2,927 2,930 2,928
18.08.18 | 2,911 2,961 2,946 2,919 2,959 2,944 2,926 2,929 2,927
23.08.18 | 2,894 2,957 2,935 2,902 2,948 2,931 2,911 2,914 2,912
25.08.18 | 2,878 2,954 2,926 2,888 2,941 2,922 2,898 2,901 2,899
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In [8], it was shown that throughout the entire vegetation period, the average values of fractal
dimensions first increase and then decrease to minimum values. The same pattern of change is
observed for NDVI indices. Table 1 shows that the minimum and maximum fractal dimensions
undergo the same changes.

As can be seen from the data in Table 1, throughout the entire vegetation period for a field
sown with corn, as the size of the "window" increases, the minimum fractal dimensions increase,
while the average and maximum fractal dimensions decrease. At the same time, in the initial and
final phases of vegetation, the increase (decrease) in fractal dimensions is greater than in the
middle phase of vegetation.

For example, the minimum fractal dimensions increase by an average of 0.010 until June 16,
2018, by 0.005 from June 16, 2018, to July 29, 2018, and by 0.020 after July 29, 2018.
For average and maximum fractal dimensions, approximately the same decrease in values is
observed for the specified dates.

Table 1 also shows that the maximum fractal dimensions for small "window" sizes remain
virtually unchanged (change in the third decimal place for "window" of 4 x 4 and 8 x 8 pixels)
throughout the entire vegetation period, for larger "window" sizes, differences in maximum fractal
dimensions are observed in the second decimal place. The opposite trend is observed for minimum
fractal dimensions. For small window sizes, the values of the minimum fractal dimensions change
in the second decimal place throughout the entire vegetation period, and for large window sizes,
they change in the third decimal place.

Changes in average fractal dimensions depend to a lesser extent on the size of the "window"
throughout the entire vegetation period, and differences for all "window" sizes are manifested in
the second decimal place. At the same time, for small sizes of space images, for example, such as
56 x 56 pixels, it is advisable to select a "window" with a size of 4 x 4 pixels and a movement step
equal to one, i.e., to select a "sliding window". Choosing a "window" of this size also allows you
to more confidently identify anomalous areas in the images.

Let's consider how much the minimum, maximum, and average fractal dimensions change
when the "window" size increases. Fig. 2 shows graphs of changes in these fractal dimensions
between two dates: between 04.06.2018 and 29.07.2018 (a), between 29.07.2018
and 25.08.2018 (b), i.e., in the first and second half of the growing season.

In Fig. 2, the dimensions of the "window" are plotted on the x-axis, so w = 4 = 4 x 4,
w=8=8x8,w=16 =16 x 16, etc., and the y-axis shows the difference between the minimum
(dashed line), maximum (dotted line), and average (solid line) fractal dimensions (AD).

As can be seen in Fig. 2, a, in the first half of the growing season, the differences between the
minimum  fractal dimensions (dashed line) are the largest compared to the
differences between the maximum (dotted line) and average (solid line) fractal dimensions.
With larger "window" sizes, these differences in fractal dimensions do not differ, i.e., they have
the same value.

It should be noted that as the "window" size increases, the differences in minimum fractal
dimensions decrease, while the differences in maximum and average dimensions increase.
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Fig. 2, b shows that in the second half of the growing season, the nature of changes in the
minimum (dashed line), maximum (dotted line), and average (solid line) fractal dimensions is
practically the same as in the first half of the growing season.
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Fig. 2. Dependence of the differences between the minimum, maximum, and average fractal dimensions in
a space image of a field sown with kukuaudza on the size of the "window": between
June 4, 2018, and July 29, 2018 (a), between July 29, 2018, and August 25, 2018 (b)

A slight difference is that these differences in fractal dimensions become the same at
a "window" size of 48 x 48 pixels.

Thus, the studies conducted allow us to develop recommendations for selecting the size of the
"window" and the type of fractal dimension for analyzing satellite images of agricultural land. So,
to assess the condition of agricultural crops, it is advisable to use the minimum fractal dimensions
found in images that have the greatest differences at different stages of vegetation. It is advisable
to select window sizes up to 24 x 24 pixels.

It should also be noted that the use of large windows leads to an increase in the calculation
time of fractal dimensions within the window, which in turn leads to an increase in the time
required to construct the fractal dimension field. Therefore, to ensure a compromise between the
speed of image processing and the quality of agricultural land assessment, it is advisable to choose
small "sliding window" sizes (up to 16x16 pixels).

Conclusions

The dynamics of agricultural work requires agricultural producers to quickly assess their
results and the quality of their work. These tasks are solved through the widespread use of RS
space tools, which allow for regular monitoring of agricultural land.

To increase the informativeness of satellite images during the monitoring of various surfaces,
in particular the Earth's surface, methods of fractal image analysis are used, which involve the
construction of their fractal dimension fields. In this case, satellite images in a single wavelength
range are used.

The influence of the size of the "window" involved in the construction of the field of fractal
dimensions on the minimum, maximum, and average values of fractal dimensions in satellite
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images of agricultural land has been studied. It has been established that throughout the entire
vegetation period for a field sown with corn, as the size of the "window" increases, the minimum
fractal dimensions increase, while the average and maximum fractal dimensions decrease. At the
same time, in the first half of the growing season, the differences in minimum fractal dimensions
with small "window" sizes (up to 24 x 24 pixels) are the largest compared to the differences in
maximum and average fractal dimensions.

The studies conducted allow us to develop recommendations for selecting the size of the "window"
and the type of fractal dimension for analyzing satellite images of agricultural land. Thus, to assess the
condition of agricultural crops, it is advisable to use the minimum fractal dimensions found in images
that have the greatest differences at different stages of vegetation. To ensure a compromise between the
speed of image processing and the quality of crop condition assessment, it is advisable to choose small
"sliding window" sizes (up to 16x16 pixels).

In further research, it is advisable to evaluate the possibility of using fractal analysis to determine
the size of field areas where agricultural work is carried out using "windows" of different sizes.
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Mamenko Pycnan ExyapnoBud — IOKTOp TEXHIYHUX Hayk, npodecop, IHCTUTYT pamiodi3uku Ta
enektponiku iM. O. SI. YcukoBa HAH VYkpainu, ctapmuii HayKOBHUH CHIBPOOITHUK BiIITy AMCTaHLIKHOTO
30HAyBaHHs 3emuti, XapkiB, YKpaiHa.

Mapwmko Makcum B’siuecnaBoBuy — HamioHanbHUIT aepoKoCMivuHWE yHiBepcHUTeT "XapKiBChKHMA
aBlamifHUM iHCTUTYT", acUCTEHT Kadeapu reoiHGopManifHIX TEXHOJIOT1H Ta KOCMIYHOTO MOHITOPHUHTY 3eMi,
XapkiB, YkpaiHa.

BUBIP PO3MIPIB "BIKHA" B IPOLLECI PO3PAXYHKY
OPAKTAJIIBHUX POSMIPHOCTEN KOCMIYHHUX 3HIMKIB
CIVIbCBKOTI'OCIIOJAPCBKUX 3EMEJIb

Ha gKicTb OLIiHIOBaHHS CTaHy CUIBCHKOTOCIIONAPCHKUX KYJIBTYP MOXKYTh BIUIMBATH NAapaMETPH METOY BH3HAUCHHS
(pakTanbHUX pO3MipHOCTEH, 30KkpeMa po3mipiB "BikHa". [IpeaMeT mocaiaKeHHsI — OLIHIOBAHHS BIUIUBY PO3MIpiB
"BikHa" Ha BeIMYHHH (HPAKTAIBHUX PO3MIPHOCTEH KOCMIYHUX 3HIMKIB. O0’€KTOM TOCTIIKEHHSI € KOCMIYHI 3HIMKA
cymyTHHKa Sentinel-2 ciTbCHKOTOCTIOAAPCHKUX KYIBTYpP Ha pi3HUX (pa3ax Bererarii. MeTa poOOTH — OLIHUTH BIUIHB
po3mipiB "BikHA" Ha BeMHYMHH (HPAKTATBHUX PO3MIPHOCTEH KOCMIUHUX 3HIMKIB CLTBCHKOTOCIIONAPCHKHX 3EMElb 1
BHOOpY po3MipiB "BikHA" UT aHaJIi3y CTaHy CLIbCHKOTOCIIONAPCHKUX KyIbTyp. JlocaruyTi pe3yasTaTu. JJociipkeHo
BIUIUB pO3MipiB "BikHa", AKe Oepe ydacTs y moOyaoBi 1moist GppakTaJbHUX PO3MIPHOCTEH, Ha BETMYMHN MiHIMAJIbHUX,
MakCHUMaJIBHUX 1 CepelHiX 3HaueHb (pPaKTaJbHUX pO3MIPHOCTEH, IO € Ha KOCMIYHHMX 3HIMKax
CUIBCHKOTOCIIOJIAPCHKUX 3€MEJIb. Y CTaHOBJIEHO, IO BIPOJOBX YChOTO IPOLECY BereTalii Ui IMoisi, 3acisHOro
KyKYpYy/3010, BHACIiIOK 301UIbLICHHS pO3MipiB "BikHa" MiHiIMaibHI (DpakTanbHi PO3MIPHOCTI 30UIBIIYIOTHCS,
a cepelHi # MakCUMaJbHi — 3MEHIIYIOThC. KpiM Toro, y mepiiiii ToJIOBHHI Mepiofy BereTauii pisHUII MiHIMAIbHUX
(hpakTabHUX PO3MIPHOCTEH 32 HE3HAYHUX pO3MipiB "BikHA" (110 24 X 24 mikce:iB) HalOLIbIII, SIKIIO TOPIBHIOBATH 3
PI3HHULIIMH MaKCHMAJBHHUX 1 CepeHiX (pakTaJbHUX po3MipHOCTeHd. BHcHOBKH. Pe3ynbratu HOCHIIKEHHS JA0Th
3MOTy pO3poOMTH peKoMeHAalii moao BuOopy po3MipiB "BikHA" H THITy (hpakTadbHOI PO3MIPHOCTI IS aHAIIZY
KOCMIYHHUX 3HIMKIB CUTBCHKOTOCIIOJAPCHKUX 3eMeib. TaK, s OIiHIOBAaHHSA CTaHy CLIBCHKOTOCIIOIAPCEKUX KYIBTYP
JIOLITPHO BHKOPHCTOBYBAaTH MiHIMalbHI (ppakTambHi pPO3MIPHOCTI, MO € Ha 3HIMKAaxX, SKi MarTh HAWOLTBII
PO30DXKHOCTI Ha pi3HHX eTanax Beretamii. s 3abe3medeHHsT KOMIPOMicy MiK IIBUAKICTIO 0OpOOJICHHS 3HIMKIB Ta
SIKICTIO OIIIHIOBAHHS CTaHY CLTBCHKOTOCIIONAPCHKUX KYIBTYpP AOPEYHO OOMpaTH HEBEIUKI po3MipH "KOB3HOTO BikHA"
(mo 16x16 mikcertiB).

Karo4oBi cioBa: OIHIOBaHHS CTaHy CIIbCHKOTOCIOAAPCHKUX KyJBTYp; KOCMIUHI 3HIMKH; (pakTaibHa
PO3MipHICcTB; BHOIp po3mipiB "BikHa".
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