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Abstract. More than 1,000 satellites are launched into space, and they
differ in their functions, rotation orbits, resolution, and other
properties. Scientists divide the satellites into low-resolution, medium-
resolution, high-resolution, and very high-resolution satellites by their
properties. Now, the biggest challenge facing scientists is to use some
of these different resolution images in their field. To get the expected
result, it is very important to analyze the image that needs an which
gives more accurate results. Therefore, the main attention of this article
is aimed to find the answer to these problems. In this article 3 satellite
images which have different resolution are analyzed. The possibility of
middle-resolution images of MODIS, high-resolution images of
Landsat, and very high-resolution images of WorldView-2 (WV-2)
satellites using GIS are analyzed. A research area was the Syrdarya
region, and downloaded different images of satellites of this area and
compared with using e Cognition. According to the results, a more
accurate satellite image for irrigation sets information is WorldView-2
images. In comparison analysis, it shows more accurate properties than
other satellite images. As irrigation sets are small objects for the
analysis, very high spatial resolution satellite images are important.
Water discharge and surface change happen very fast; thus, it requires
daily monitoring of the condition. And in this case, the temporal
resolution of the MODIS and Landsat is 16 day, and it is a too long
period.

1 Introduction

During the last 20 years, satellites were launched into the sky. Those satellites were
sending information about the Earth with different possibilities and properties. The
main problem of the branches now is to find satellite information that gives more
accurate results in analysis and financially accessible. Moreover, during the literature
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review, we have discovered the following benefits of using each satellite. The benefits
of using MODIS images [5]:

» MODIS Terra scanner has NDVI layers, which save time in calculations and
increase the accuracy of them;

» MODIS Terra scanner is the only satellite that has been importing images to Earth
incessantly since 2000. Other existing satellites sometimes deviated from the schedule
due to technical disrepairs and other reasons, and other satellites have been launched
just in recent years. The other remaining satellites have low resolution images. Change
of vegetation layer occurs in a short period, and its data should be collected incessantly,
and MODIS is a perfect satellite for it [28];

» Images of MODIS have been used widely by the scientists of Uzbekistan;

» MODIS images are easily accessible;

» MODIS takes large scale images that cover wide areas (250 m/pixel), and it allows
making analyses on large scales;

» Agricultural fields are large, and the low resolution of MODIS helps to merge them
into 1 or several pixels. As a result, 1 pixel includes NDVI information on one type of
vegetation field approximately; thus, the work will be simplified [7].

Advantage of using Landsat long term images:

> Landsat satellites have been supplying scientists with images since 1970. Data
collected from the 70s onwards give us a chance to analyse the land cover changes that
have occurred in the study area during a long period [25];

» Landsat 8 satellite was launched in 2013, and it is a new data source for RS
specialists [9];

» It is the first-ever satellite with high resolution and multi bands, and it eases LC
analysis;

» These images are easily accessible;

» Satellite sensors resolution is higher in comparison with other free satellite images.
Advantage of using WV-2 satellite data for water objects and irrigation sets extraction
analysis:

» WV2 is a very high resolution satellite image, and it is possible to see even the
smallest water sets (with Sm width). The size of the panchromatic band is 0.5 m, and it
gives the possibility to analyse very small objects (>0.5m) [13];

» Those images have shown very good results for the classification of small objects as
buildings, water sets and agricultural fields [1, 11,12];

» Its hyperspectral satellite, multi MS1, MS2, and PAN bands increase the
classification possibilities during analysis;

» With the help of WV2 image layers, about 40 indexes were created, and more than
10 of them are NDWI indexes [18].

The advantages of WV2 bands for land classification and especially for water object
classifications (to analyse their width, length, blur, depth, and determining the amount
of sediment in it) are given in detail on the website digitalglobe.com and in the articles
of Tarantino [26], Pueto et al. [22], Elshaarawy et al. [11]. New bands of WV?2 satellite
(especially Coastal and NIR2) are now widely used in water objects extraction.

In addition, it is possible to create different indexes using these satellite image
layers. In different years by different scientists, different indexes for analysing land and
water objects were created [12, 19, 20, 21, 27]. Those indexes increase the accuracy of
the results [16]. The possibility of using these indexes for Landsat image analyses is one
of the advantages of the Landsat images using. In the Landsat and WV-2 image
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analysis, some of these indexes will be used. David de la Fuente created 34 indexes
using WV-2 data [10].

WV-2 data was used by Leonhard and Ferre [15] for extracting water objects; B. M.
G. Ribeiro [23], Chen et al. [8], Rizvi and Mohan [24], Kokje and Gao [14], Khin et al.
[13] and other scientists used it to create land cover maps, Naif Muidh Alsubaie [1] for
bathymetry, Khin [13] for urban drainage system modeling. Nouri et al. created the
NDVI index using WV 2 images [18]. Scientific research using WV-2 images gave
positive results. Indeed, WV-2 is a hyperspectral satellite; these properties make it very
useful to observe the processes and changes on land cover in the water sector and the
environment [16].

Field data experiments were used as very important data for validation of all image
results. Besides the advantages of using all this data, it also has some limits. Knowing
and taking into account these limits helps us to organise analysis correctly.

As MODIS images are of low resolution, it is impossible to use them for high
accuracy analysis. It influences its accuracy (Figure 1).
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Fig. 1. Spatial resolution of different satellite images (1 is WorldView2 satellite image NDVI
value (12.09.2012); 2 is Landsat OLI TIRS satellite image NDVI value (10.09.2013); 3 is MODIS
TERRA satellite image NDVI value (13.09.2012))
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For this reason, it is not usable for detailed classification of the land surface, water
lines, urban areas and other classifications which require high quality.

Landsat Long term data is the most suitable dataset for long time land surface
change. But it also has some limits. Because of some technical problems, sometimes
Landsat satellites did not send information. And clouds also highly affects their images.
That is why more images are not usable, and the classification of objects smaller than 30
m shows few results in these images [6].

WV2 images are very important and provide many relevant data for all image
analysis. VHR of these images can increase the quality and possibilities of all analysis.
But usage of these images globally has not developed because of their costs. Square of
satellite image capturing is very little for global analysis. To do a global analysis, we
need 100 s of this image. That is why scientists use this data more often for correlation
or creating general methods. That is why it has not been used for regional and global
analysis.

A basic issue of RS imagery starts with the appearance of VHR imagery and flying
high resolution satellites to space. The problem was to analyse them with high accuracy.
By this period, middle and low resolution images were analysed with the PBIA method.
This analysis was realized according to the DN value of every pixel.

The high cost of RS images is another problem.

The analysis problem consists of joining the outer objects without data to segment
objects in MODIS imagery analysis. Because of this problem, we have to segment
images into pixel levels. After this, we can reach the classification of data objects into
separate groups. The results show that it is impossible to segment them in the highest
SP because we do not have separate data of the areas beforehand.

Another issue concerning MODIS images in OBIA analysis is creating homogeny
objects. Because spatial resolution of MODIS images are very low and do not save its
accuracy. Furthermore, there is no possibility of visual observations in homogeny
segmentation.

There appeared some difficulties in realizing the OBIA visual classification of
Landsat 1 and 3 satellite images. The first reason for this is the poor spatial resolution
(80m pixel). The second reason is fewer layers of bands; those images consist of only
NIR, Green and Red bands. The existing two NIR bands give the opportunity to
increase the accuracy of images and create the indexes in different ways (NDVI,
NDWI...). But the absence of a Blue band destroys the opportunity of identifying the
visual appearance of images. Because Blue, Green and Red bands combination gives us
visual appearance. Furthermore, poor resolution of images brings difficulties in
identifying the borders of objects and evaluating segment results. It is better to use
indexes in Landsat 1-3 images analysis [2,3,4].

By the Landsat 1 and 3 satellites, it was impossible to classify artificial area. The
reason for this is the low spatial and spectral resolution. However, in separating
artificial areas in Landsat 5-7-8, we faced a lot of other problems. This was the building
of roofs in the Sirdarya region, consisting of mud, cement, and slate. These roofs’ DN
value in different bands is absolutely similar to the spectral indicators of cultivated
mineral and salinize soil. The DN indicators are similar to all spectral diapason. For this
reason, in most cases, it is observed that "Open grount" was classified as "Artificial
area" and vice versa.

If this happened in PBIA, it would be impossible to escape because of the same
pixel values of different objects. But, in OBIA, it is possible to separate them and
implement them in various procedures. The algorithm of "Select samples" in the panel
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of classification will help it. With the help of this algorithm, it is possible to classify
them separately and analyse them by the method of "Sample information".

The most common issue in the classification of VHR images to OBIA is separately
segmenting water and aquatic vegetation. Their DN is very similar, and the location of
water plants in water brings some difficulties in segmentation. Therefore, segmentation
parameters are evaluated close to the minimum. It is impossible to segment small canals
from water plants. For this reason, the smallest water objects usually join the vegetation
area during the classification [4].

The second problem is the classification of asphalt roads and water objects because
of their similar DN value. The feeding canals from rivers and their mud consistence is
the reason for this. It damages the accuracy of results.

2 Materials and Methods

Remote sensing consists of four resolutions, and satellite images differ according to
these resolutions [17]:

— spatial,

— spectral,

— radiometric,

— temporal.

We evaluated images according to those four elements using different satellite data.
We discussed the pros and cons. It is very important to choose the proper one from
those resolutions to increase the quality and speed of analysis.

Spatial resolution. The wrap ability of a land surface to one pixel of satellite
sensors is called spatial resolution. In some cases, the spatial resolution depends on the
orbit where it is flying.

Nowadays, much attention is paid to increasing the spatial resolution of satellite
sensors. Because improving the spatial resolutions will increase the quality of images.
Here are given examples about our used satellite sensors” resolutions (Table 1) [17]:

Table 1. Spatial resolution of used satellites

Satellite Spatial Resolution

MODIS 250 m

Landsat Multispector 30 m, Panchromatic 15 m
WorldView2 Multispector 2 m, Panchromatic 0.5 m

As the spatial resolution of satellites develops, the quality of images is better
(Navulur, 2006). It is obvious from the images that the smallest part of the image
contains pixels, the higher the quality of the image, it allows learning it in details (Fig.
1).

If we look at Figure 1, all were taken from one territory but different satellites. On
the first image, WV2 NDVI spatial resolution is 2m; we can see water objects, different
plants, settlements and even decorative gardens. The second image is Landsat NDVI; its
spatial resolution is 30 m. Here we can see objects that are higher than 30 meters, large
fields, pools but here; we cannot observe settlements and small water branches. The
third image is MODIS NDVT; its spatial resolution consists of 250 m. Here we can see
only differences of pixels, nothing else.
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However, we should keep in mind that improving satellites' spatial resolution may
decrease in their trapeze size (Figure 2).

Fig. 2. Difference trapeze of image camera of Landsat and WV2 scanner.

The above mentioned in Fig. 2 is demonstrated WV2 image shooting trapeze and
Landsat trapeze. Thus, we need several hundreds of trapeze images from the WV2
satellite for Landsat trapeze area research for our analysis. So, one MODIS scanner
trapeze equals the sum of hundreds of Landsat trapezes.

For this reason, no matter how good WV2 satellite images spatial resolutions are, it
is not possible to do RS analysis for large areas. Because one needs to buy a lot of
trapeze images, so it may bring big financial expenses for practical investigations.
Researchers usually buy WV2 images of a small territory to prevent this problem and
use them for other lower resolution images analysis validation.

According to spatial resolution, WV2 satellite sensor opportunities are found as the
clearest. But their small trapeze and high cost restrict its wide usage. For this reason, it
is better to use WV2 satellite images in validation, and it is recommended to implement
other cheap satellite images. However, their capture is a little smaller in comparison to
the first one.

The spectral resolution is a feature of the sensor that takes images in different
wavelengths of the specter. Nowadays, scientists use multi-spectral, super spectral and
hyperspectral sensor satellite images in modern remote sensing based on this feature. As
we know, different objects reflect rays differently in different wavelengths. Therefore,
to determine any feature of an object, it is necessary to learn its different ray —reflecting
feature in different specter lengths. For example, to use an image as a backdrop in GIS,
it is enough to have its image taken in specter 3 bands: Green, Blue, and Red (RGB).
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But, if we want to obtain more data from it, for example, to express impervious
surfaces, vegetation classification and other dates, we should use the near infrared band
(NIR) as well as the above-mentioned bands [17].

In this case, MODIS scanners” opportunities are not restricted. It takes images in 36
spectra in 0.4 pm to 14.4 pm wavelengths and transfers them to Earth. As mentioned
above, the more bands, the easier it is to identify an object. In this regard, Landsat 8
satellite scanner takes second place. Its spectral image shoots in 10 bands (coastal, blue,
green, red, NIR, SWIR1, SWIR2, Pan, TIR1, TIR2). If we account Cirus identifier of
water atoms as one band, Landsat 8 OLI TIRS band numbers will reach 11 bands
totally. The issue is that the Cirus band does not take images in light wavelength
diapason, but it works according to the light return function of flaying aerosols.

The last place is given to the WV2 satellite. These satellite sensors send us images in
9 spectral wavelengths. These bands are Coastal, Blue, Green, Yellow, Red, RedEdge,
NIR1, NIR2 and Pan.

Regarding this, MODIS satellite scanners are highly evaluated. But because of its
poor spatial resolution, it is not widely used. In our case, MODIS is recommended to
implement for analyzing large territories.

Radiometric resolution refers to the number of divisions of bit depth (for example,
255 for 8-bit, 65,536 for 16-bit, and so on) in data collected by a sensor
(support.esri.com). The radiometric resolution specifies how well the differences in
brightness in an image can be perceived; this is measured through the number of grey
value levels. The maximum number of values is defined by the number of bits (binary
numbers). An 8-bit representation has 256 grey values, a 16 bit (ERS satellites)
representation 65.536 grey values [29].

The advantage of a higher radiometric resolution is rather small - when comparing
LANDSAT-MSS (6 bits) and TM (8 bits), the improvement is in the order of 2-3% [6].

As much raises the radiometric resolution, so big is the difference between black and
white levels. Radiometric resolution of used sensors are the following (Table 2):

Table 2. Radiometric resolution of used sensors

Satellite Radiometric resolution (bits)
MODIS 12
Landsat 8

WwWV2 11

Though MODIS has the highest radiometry, it is less used. This is even though its
resolution is clear, one pixel captures of 250 m area. So, separate images of objects are
not available. In this case, WV2 satellite images are recommended. Because primarily it
shows the borders of the objects clearly and its volume is a little bit less than MODIS'.

In addition to spatial, spectral, and radiometric resolution, the concept of temporal
resolution is also important to consider in a remote sensing system. Thus, the actual
temporal resolution of a sensor depends on various factors, including the satellite/sensor
capabilities, the swath overlap, and latitude [30].

The ability to collect imagery of the same area of the Earth's surface at different
periods is one of the most important elements for applying remote sensing data. Spectral
characteristics of features may change over time, and these changes can be detected by
collecting and comparing multi-temporal imagery. The time factor in imaging is
important when [30]:

— persistent clouds offer limited clear views of the Earth's surface (often in the tropics)
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— short-lived phenomena (floods, oil slicks, etc.) need to be imaged
— multi-temporal comparisons are required (e.g. the spread of a forest disease from
one year to the next)
— the changing appearance of a feature over time can be used to distinguish it from
near-similar features (wheat/maize).

So this resolution is marked by the number of days of the satellite's return. This
helps to thoroughly research different processes in nature and ecological changes.
Regarding this, the satellites are evaluated as follows (Table 3).

Table 3. The temporal resolution of used sensors

Satellite Temporal resolution (days)
MODIS 16
Landsat 16

WV2 1

3 Results and Discussion

The opportunities of the WV2 satellite are greater than those of the rest of the satellites
for water extractions. Irrigation systems are small objects with small size; for this
reason, it is important to choose images taken with very high spatial resolution sensors
(in this case, WV-2 answers all the requirements. Spatial resolution of MODIS is 250-
1000 m/pixel, Landsat 15-30 m/pixel, Worldview-2 is 0,5-5 m/pixel. With the spectral
properties, WV-2 is the best satellite image; it has new spectral diapasons as yellow and
others, which gives the possibility to analyze water objects with high accuracy. With
other properties, WV-2 show its advantage.

4 Conclusions

According to the results, it can be recommended WV-2 to small objects classification.
Multiband of satellites gives the possibility to create different indexes. But about bands,
MODIS is more usable; it has 36 bands. But its spatial resolution is very low.
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