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Abstract

In recent times there have been many changes on Earth, which have appeared after anthropogenic impact. Finding solu-
tions to problems in the environment requires studying the problems quickly, make proper conclusions and creating safe
and useful measures. Humanity has always had an effect on the environment. There can be many changes on the Earth be-
cause of direct and indirect effects of humans on nature. Determining these changes at the right time and organizing meas-
urements of them requires the creation of quick analysing methods. This development has improved specialists’ interest for
remote sensing (RS) imagery. Moreover, in accordance with analysis of literature sources, agriculture, irrigation and ecolo-
gy have the most demand for RS imagery. This article is about using geographic information system (GIS) and RS technol-
ogies in cadastre and urban construction branches. This article covers a newly created automated method for the calculation
of artificial surface area based on satellite images. Accuracy of the analysis is verified according to the field experiments.
Accuracy of analysis is 95%. According to the analysis from 1972 to 2019 artificial area enlargement is 13.44%. This
method is very simple and easy to use. Using this data, the analysis method can decrease economical costs for field

measures. Using this method and these tools in branches also allows for greater efficiency in time and resources.
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INTRODUCTION

The change in the land cover happens very quickly.
The most important problem of specialists is how to de-
termine these changes in a time effective manner [CHEN et
al. 2012].

Learning of these wide changes, analysing each com-
ponent and determining its effectible radius are the main
problems of ecology. Remote sensing (RS) technologies,
which were created in the 20th century, are very important
solution in solving these problems [GINIYATULLINA et al.
2015]. Remote sensing technologies include land surface
analysis and the environment sensing at a distance, theo-
ries, instruments, methods and interpterion by a means
which helps to collect, re-use and create new information

[ARIFIANOV et al. 2019a; BRIGANTE, RADICIONINI 2014].
This is done by taking images of land by active or passive
sensors that are placed on board of planes or satellites.

Active sensors take images by spreading rays and cap-
turing the rays’ reflections from different objects and sur-
faces of the Earth. However, passive sensors are based on
the rule that different objects absorb the sun’s rays by dif-
ferent amounts. Because of these features of objects, at this
time there is a possibility of learning land cover and events
happening on the Earth by different spectral bands
[BRIGANTE, RADICIONINI 2014]. Development and mod-
ernization of RS are working on these demands. Research-
ers in this sphere divided the RS development period into
four stages [BALAWEJDER, NOGA 2016; BIEDA et al. 2020;
NAVULUR et al. 2013].
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1. Resolution. In this stage, spectral, spatial and temporal
resolutions improved. There are super spectral satellites
with 0.5 m spatial resolutions.

2. Accuracy and precision. In this stage, positional accu-
racy errors of satellites decreased from 23 to 3 m.

3. Speed. In this stage, the speed of data delivery is highly
improved; modern satellites send the image to the user
in an hour after taking images.

4. Analytics. In this stage a database is created.

The creation of the Landsat program in 1970 and the
launch of the Landsat satellite were the start of the satellite
remote sensing period. It was a medium resolution of satel-
lite imagery. The launch of IKONOS (1-m pixel resolu-
tion) satellite in the 1990s, and afterward launches of
SPOT-5, IRS, Quick Bird and OrbView-3 satellites were
the basis of a high-resolution satellite imagery period.
Nowadays, there are nearly 15 high-start satellites in the
sky [NAVULUR 2006]. They are widely used in observing
land surface, environmental protection and ecologic moni-
toring. Using this program, it is possible to observe ecolog-
ic processes like anthropogenic effects, the covering condi-
tion of land surface, natural resources, natural and ecologi-
cal processes on a large scale [GINIYATULLINA et al. 2015].

According to Impactmin [2010] and GINIYATULLINA
et al. [2015] using RS in ecology helps us to solve the
aformaentioned difficulties and requirements, presented in
a traditional ecologic analysing method.

Now it is possible to study different processes and nat-
ural objects on a large scale. As RS develops, it now gives
the opportunity to take data on a global, regional and local
scale.

It is possible to analyse the duration and repetition
prostheses for a long period (Because satellites send imag-
es from one point in a certain period. For instance, Landsat
arrives at the same point every 16 days and sends the im-
age of the same area. According to scientists [CAPOLUPO et
al. 2020; Impactmin 2010] they concluded that it is possi-
ble to observe the development period of any natural object
or process gradually because of these features of the satel-
lite.)

It prevents increasing the range of errors in the analy-
sis, as different climates do not have effect on satellites.

It is possible to analyse the same data in different
ways.

RS is used widely in forest and agriculture branches,
ecology and in other branches because of its efficiency,
being cheap (some satellite data are free), with a feature
like this it is possible to take images of large areas. Ac-
cording to RS users’ demands, dates should have the fol-
lowing features [NAVULUR et al. 2013]: small size, trust-
worthiness, cheap, modern and in an available format.

Scientists are mapping, modelling, analysing monitor-
ing and predicting the different infections and viruses be-
tween human and animals and their spreading conditions
by RS imagery. In some cases, determining the of spread
of some of these diseases, RS is playing a major role [MA-
CHAULT et al. 2011]. The main reason of it is the wide de-
velopment of RS imagery and the creation of different RS
analysing programmes [AYRES-SAMPAIO et al. 2012;
BEKHIRA et al. 2019; MACHAULT et al. 2011].

The nature-protection branch is becoming more and
more interested in remote satellite sensing. RS is used suc-
cessfully in mining areas [Impactmin 2010]. RS helps us to
realize that the changes in nature are greater as the popula-
tion increases. We can determine the changes of forest and
urban areas by RS. Nowadays, scientists use RS widely in
determining the changes happening in nature. These anal-
yses are called change detection analyses. RAMOELO and
CHo [2014] and Xu et al. [2014 analysed the death of bi-
omass in arid areas by RS, here they have used high-
resolution Landsat images for large areas. RS technologies
have also developed so that satellites in space with 50 sm
spatial resolution can send data back to Earth about the
land surface [BRIGANTE, RADICIONINI 2014]. These tech-
nologies are used widely in measurements like monitoring
forests on a large scale, learning about and preventing huge
natural disasters and their resulting consequences. In addi-
tion, it is possible to use RS imagery and analysing pro-
grams in urban areas’ land-cover extraction analysis, as
well as predict and study the development and effects on
nature of townships [DINKA, CHAKA 2019; RONCZYK,
WOJTASZEK-LEVENTE 2012; TOGAEV et al. 2020].

RS is the most important resource for creating a GIS
database of the environment and it started to be used wide-
ly in water branches. Especially in integrated water man-
agement [ARIFJIANOV et al. 2019b].

MATERIALS AND METHODS

The research area of the thesis is Syr Darya province.
Syr Darya is one of the regions of Uzbekistan, which was
established on 16 February 1963. The Syr Darya area is
located in the East of the country, on the left riverbank of
Syr Darya River, on the output of the Fergana valleys. Lat-
itude is 40°30'42"N, longitude is 69°00'38"E [TUKHLIEV,
KREMENSOVA 2007; Uzkommunkhizmat 2010].

Data collection. For the analysis used Landsat long-
term data. Landsat images were downloaded from
glovis.usgs.gov. The parameters of Landsat satellite that
were used in the analyses are the following:

— WRS-2 Part = 154;

— WRS-2 Row = 32;

— WRS-2 Part is equal to 166 only in Landsat 1-3MSS
satellite.

Analyse step. Shape and compactness’ homogeneity is
of high quality: channel borders are clear, and wide arid
areas are divided into huge segments, water, ground, and
vegetation are also separated accurately. In Table 1 you
will see optimal variants of all chosen and compared SP
shape and compactness. To sum up, the following parame-
ters are considered as the most suitable segmentation pa-
rameters for Landsat satellite images of Syr Darya region
(Tab. 1).

Classification. Classification in eCognition has been
carried out with the help of an assign class algorithm. Ben-
efits of this algorithm are mentioned above in our review.
In this classification the scientists have used clarifying in-
dices and indices for defining the image layer value. In this
process, the objects in the Landsat images are allocated to
the following classes:
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Table 1. Used segment parameters for Landsat images
Satellite Image Scale Compact-
Image layers layer Shape
name 4 parameter ness
weight
L1-1972 |green, red 1
NIR, NIR2 2 10 0.01 09
L8-2019 | pan, coastal 3
blue, green, red 1 300 050 01
NIR, SWIR, 2
SWIR2

Source: own elaboration.

— water bodies and irrigation sets,
— Vegetated area,
— non-vegetated area,
— desert,
— aquatic vegetation,
— artificial area,
Short description of all classes is given in the Table 2.

Table 2. Short description of classes

Objects included in Short description
Class name classes about extraction Colour
rivers, canals, lakes, NIR, NDV.VI and
Water NDVI indices have
- ponds and other ob- S blue
objects iects with water possibilities to ex-
) tract it
Non- areas with no vegeta-
vegetated tion deserts ploughed | low value of NDVI | yellow
area area and others
areas covered with
Vegetated Vegetation agricultural high value of NDVI | light-green
area fiends, gardens, pas-
ture and other areas
vegetation which extracted from vege-
Aquatic grows in water objects | tated area according
: - g - dark-green
vegetation | (rice and vegetation in | to high value of
collectors and canals) | brightness
extracted from non-
Desert desert zones vegetated areaac- | red
cording to their area
extracted according
e - .| to high value of
Artificial buildings, roads, min- L .
area erals, salty area standard deviation | pink
of blue and coastal
bands

Explanations: NIR = near-infrared, NDWI = normalized difference water
index, NDVI = normalized difference vegetation index.
Source: own elaboration.

In this analyse we used photographs, GPS, and GIS
data of the region in visual classification.

Supervised classification has been done. For the land
surface classification, we have used the “Rule-based data
classification” method. Classification assigns class and
merge region of eCognition have been used mainly. The
merge region algorithm is an additional algorithm working
on the basis of data inserted data by the user [ARIFJANOV
et al. 2019b; NAVULUR 2006].

At the beginning of the analysis, the most acceptable
combination of layers was selected by trying combinations
of images in eCognition. The acceptable combination is the
one in which the types of objects and their borders are
clearly seen (Fig. 1).

* oo o5 1 - B 4

Fig. 1. Selection of the most acceptable combination
in eCognition; source: result of analysis of Landsat images

RESULTS

Analysis of Landsat primarily included the data for the
years 1972 (L1) and 2019 (L8). The changes of land cover
in the territory of the region have been analysed. Accord-
ing to the analysis changes of land surface occurred as fol-
lows (Figs. 2, 3).

Looking at Figure 2, we can see that most of the region
consists of desert area. The aquatic vegetation class in par-
ticular consists of weeds on the coast of rivers and water
objects. Low image resolution and fewer varieties of bands
classification especially were conducted by creating and
using NDVI and NDWI indices. Due to the absence of the
blue band and the impossibility of visual observation of the
analysis, an urban area was created according to GIS in-
formation of Land cadaster in ArcGIS (Fig. 2). There we
included an urban area shape file to eCognition as a the-
matic layer and gave a high value in segmentation and in
classification in order to create an algorithm according to
this thematic layer.

In this map we can see that artificial areas have in-
creased considerably, and water objects are built and desert
areas slightly increased. The aquatic vegetation area is
mainly consisting of rice fields (Fig. 3).

The aforementioned classes above have many more
mistakes compared to other classes in the determination of
artificial area. The reason for this is the sanitation and salt
on the surface of the land; it causes division of these terri-
tories into an artificial area class. If we carefully observe
the map, we can see the artificial area in the desert territo-
ry. This is a clear example for the previous case, men-
tioned above.

If we estimate these figures visually, we can see that
desert areas decreased, and agriculture lands increased dur-
ing the period 1972-2019. Analysis in 2019 showed the
smallest desert area.

The whole area of the province is 426.6 ha and areas
of classification in percentages is as shown in Figure 4.
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Fig. 2. The classification map of Syr Darya region for 1972;
Landsat 1 MSS (30 Sept. 1972); source: own study

Results of classification (1972)  Artificial
_— area
Non- _Water
- 3%
vegetated 2%
area L _Aquatic
% vegetation
3%

Legend

- Artificial area

- Aquatic vegetation

- Desert

- No data
Nonvegetated area

Vegetated area

Fig. 3. The vegetation map of Syr Darya region for 2019;
Landsat OLI TIRS (27 Jul. 2019); source: own study

Non- Results of classification (2019) __-Avrtificial
vegetated _— area
area - 17%
6%
Desert_—
0,
% ~_Water
2%
“_Aquatic
vegetation
6%

Fig. 4. Land use changes in percentages; source: own study

According to the Figure 4 the urban area increased
13.44 compared with 1972 data. This increase influenced
by the decreasing natural area.

Accuracy assessment of classification. Accuracy as-
sessment has been conducted for these maps. Accuracy
assessment for every map has been conducted according to
GPS points, photos, rotation map, GIS map and visual re-
search.

In accordance with the statistical and comparison
analysis, the average produced accuracy had a very high
value of 90-95%, but in Thematic Mapper (TM) images
classification it had decreased. This is because in the clas-
sification of these images, we have created more classes, in
contrast with the images mentioned above. Furthermore,
we have found a number of mistakes in the classification
of the artificial area; these two reasons have influenced the
accuracy of the results. But the growth of the resolution of
OLI (Operational Land Imager) and the quantity of bands
have influenced the accuracy of results, in the result of

which this index has reached 95%. In other words, we have
received better results by creating the map for the Republic
of Uzbekistan by using object-based image analysis
(OBIA) method instead of the traditional pixel-based im-
age, analyse and middle resolution images. In its turn, we
have had the opportunity to extract more classes during
analysis.

CONCLUSIONS

This article describes using GIS and RS analysis pro-
grams to ensure accurate and fast information is provided
to the construction and cadastre organisations. By using
these programs and data we have created a map of con-
struction development from 1972 to 2019, an overview of
long-term land use in the region.

According to the analysis in last 50 years the urban
development growth has been 14% and it predicts contin-
ued enlargement in the future. The advantage of this meth-
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od is that it is easy to use and can save the expense of trav-
elling and measuring costs for cadastre activities. Analysis
brought some general results.

Object-based image analysis (OBIA) is the most relia-
ble and advanced method for analysing remote sensing
(RS) images, it gives the possibility of analysing even low-
resolution images.

Regarding the many yearly analyses of Landsat data it
was identified that, province desert area had been de-
creased and presently it is increasing. It has been proposed
to research these reasons. Natural fenlands and virgin lands
have been assimilated.

GIS information of the region needs to be renewed.
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