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It has been established that the processing of Earth remote sensing data is a process of performing
operations on space images, which includes their correction, transformation, improvement,
deciphering and visualization. The main stages of space image data processing include preliminary
and thematic processing, where the first one is the correction and improvement of the satellite image.
The study presents the method of processing the channels of the Sentinel-1 radar satellite image in the
SNAP program. Pre-processing of Earth remote sensing data includes geometric, radiometric,
atmospheric correction of the image, geographic reference of the image from the EO Browser
resource, received from the artificial satellite Sentinel-1, for the period from March 29 to September
30, 2023 for the Zhovtanetska territorial community Lviv region. After processing the satellite
images, temporal statistics were calculated, determining the mean, minimum and maximum values, as
well as the standard deviation. An RGB image was created for the purpose of assessing the territory of
the Zhovtanetska territorial community of the Lviv region in order to decipher the cultivation of
agricultural crops, which makes it possible to obtain up-to-date information about the structure and
condition of agricultural lands.

Keywords: satellite images, Remote sensing of the Earth, SNAP program, Sentinel-1, agricultural
crops
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Introduction

Earth remote sensing data processing is the process of performing operations on space images,
including their correction, transformation, improvement, decoding and visualization. The main stages
of space image data processing include preliminary and thematic processing, where the first one is the
correction and improvement of the satellite image (Stupen R. and al., 2021). However, some methods
of improving images, which include filtering or changing the contrast of the image, lead to a change
in the spectral characteristics of the image (Kasim M. & Yasenev S., 2012). Because of this, the
research presents a method of processing a time series of space images, which is based on the analysis
of the values of the spectral brightness of pixels with the aim of presenting a different time analysis of
the cultivation of agricultural crops on the territory of the community.

Method and Theory

Remote sensing data of the Earth contain a number of random, systematic and systematic distortions
associated with the influence of the atmosphere, the curvature of the Earth and the movement of the
camera relative to its surface at the time of shooting, the physical characteristics of the sensors and
communication channels used, which was investigated in the works of Tarariko O ., Syrotenko O.,
llyenko T., Kuchmy T. (2019), Babichuk S., Tomchenko O. and Pikul, S. (2024), Zatserkovnoho V.,
Babii V. and Skorobagatko A. (2020). Their research reflects the results of determining the state of
crops, conditions of moisture supply, as well as forecasting the impact of climate change on the
productivity and gross harvest of agricultural crops using satellite data using geoinformation
programs.

Results

The sequence of the space image processing procedure involves:
1. determination of informative spectral channels of satellite images;
2. image correction (spectral, geometric, radiometric);
3. masking of clouds and lost data in images in specified channels, atmospheric correction;
4. determination of local spectral features of the surface, visual decoding;
5. semi-automatic or automatic decryption;
6. clarification of decryption results considering local features, as well as application of complex
decryption rules;
7. assessment of decoding accuracy;
8. obtaining research results (Dovgyi S. and al., 2019).

Pre-processing of Earth remote sensing data includes geometric, radiometric, atmospheric image
correction, georeferencing of images from the Sentinel Hub EO Browser (2024) resource, received
from the artificial satellite Sentinel-1, which has a synthetic aperture radar (SAR) at frequencies C - of
the C-SAR range with the level of processing and product type Level-1 GRD for the period from
March 29 to September 30, 2023 for the territory of the Zhovtanetska territorial community of the
Lviv region. Open the result in the SNAP program (Fig. 1). In processing, SNAP (2024) offers the
option to remove thermal noise from Sentinel-1 images. In addition, the orbit state vectors provided in
the product metadata are generally not precise and can be balanced using the precision orbit files
available from SNAP, which provide accurate information about the position and velocity of the
artificial Earth satellite. On the basis of this information, the data on the direction vector and the speed
of its movement are updated, which involves the execution of the main stages of satellite image
processing.

Terrain correction modifies the original image by correcting geometric distortions using a DEM
digital terrain model to create a map product. Orthophoto transformation transforms the image from
inclined geometry, or ground range into the map coordinate system (Luis V., 2016). In the SNAP
program, by default, the SRTM 3Sec height matrix is used for relief correction, where the distance
between pixels is 90 m.
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It is also possible to select a height matrix with a higher resolution - SRTM 1Sec HGT with a pixel
step of 30 m, when the SNAP program automatically determines the necessary tiles for the height
matrix and will automatically download them from Internet servers.

Raster Optical Radar
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Fiéuﬁln:ém 1 Window of downloaded Sentinel-1 satellite imag;es for the Zhovtanetska territorial
community of the Lviv region during March 29 - September 30, 2023 from the EO Browser resource
in the SNAP program.

To work properly with satellite images, they must first be calibrated. Radiometric calibration converts
the backscatter intensity received by the sensor to a normalized radar scattering area (Sigma0) as a
calibrated measure that considers the global angle of incidence of the image and other specific
characteristics of the sensor (Prasul Y. & Kopanishina K., 2009). This makes radar images obtained
on different dates, using different sensors, or shooting geometry comparable.

After processing the Sentinel-1 satellite images for the Zhovtanetska territorial community of the Lviv
region over eight dates from March to September 2023, a single multi-time stack of images was
created, where each of the pre-processed images displays the calibrated backscatter intensity (Sigma0)
in the VH polarization, geocoded and projected in the WGS84 coordinate system (Fig. 2).
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Figure 2 The rZéuIt of creating a single mkulyti-tirr;e ;tack of gentinel-l msatellite images for the
Zhovtanetska territorial community of the Lviv region during March 29 - September 30, 2023 in the
SNAP program.

Next, in order to analyses the state of agricultural land in the territory of the Zhovtanetska territorial
community of the Lviv region, we calculate time (temporal) statistics for the multi-time stack (Fig. 2),
determining the average, minimum and maximum values for it, as well as the standard deviation
through the use of the Radar tool — Coregistration — Stack Tools — Stack Averaging, saving them
as separate channels in the SNAP program (Fig. 3). This will allow one new band to be calculated as a
statistical representation of the entire input stack for the study object.
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Figure 3 The result of creating a multi-time stack with time statisticsmzabéfage, minimuerh, maximum
value and standard deviation) for Sentinel-1 satellite images on the territory of the Zhovtanetska
territorial community of the Lviv region during March 29 - September 30, 2023 in the SNAP program.

As a result, temporal statistics will become part of the stack, where they can be used to visualize and
classify crop production (Stupen R. and al., 2022). Thus, after processing the satellite images for the
Zhovtanetska territorial community of the Lviv region in the SNAP program, open the RGB image
window, where it is possible to configure the method of its creation by choosing different
combinations of bands for red - as the average value of time statistics, green - as the maximum and
blue areas of the spectrum - as a standard deviation, by scaling them (Fig. 4).
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Figure 4 Visualization of the Zhovtanetska territorial comm‘aririﬁty of the Lviv region usir;g the RGB
Image tool in the SNAP program.
In Fig. 5 shows the result of deciphering the cultivation of such agricultural crops as wheat, corn, soybean,
sunflower and rapeseed in the form of creating a layer of vector data, which allows analyzing the condition
of agricultural lands of the Zhovtanetska territorial community of the Lviv region.
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Figure 5 The result of deciphering the cultivation of agrichEzJ‘rL;i crof)mswgrmlwthe territory of the
Zhovtanetska territorial community of the Lviv region in the SNAP program.

The cultivated areas in the Sentinel-1 space image are shown in yellow, as well as its light and dark
shades, indicating a separate type of agricultural crops. From fig. 5, it can be seen that a darker yellow
shade of color represents the fields of corn and sunflower, yellow — wheat, light yellow — soy and
rapeseed. Shades of dark yellow characterize the high content of chlorophyll in plants, which means a
high level of vegetation, and black - on the contrary, its absence, which could be caused by the lack of
vegetation on the land plot (Stupen M. and al., 2020).
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Conclusions

The selection of satellite data processing methods depends primarily on their nature, the purpose of
processing, knowledge of the territory represented on the image, and preparedness, in particular,
previous experience in image improvement. At the core of the process of improving Earth remote
sensing materials, there are three main directions of image correction, which include geometric,
radiometric and color transformations. The proposed method of processing Sentinel-1 satellite images
for the analysis of the cultivation of agricultural crops makes it possible to obtain up-to-date
information about the structure and condition of agricultural lands. The results of deciphering satellite
images can be used to increase yields, optimize agrotechnical measures, considering data on terrain,
climatic conditions and soil type in order to better plan crops, irrigation and fertilization.
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