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SUMMARY 

 
 

Considered Remote Earth Sensing, which makes it possible to obtain data on dangerous, hard-to-reach 

objects and places, and also allows for operational monitoring of large areas of the terrain. The use of 

modern methods of obtaining data from remote sensing of the earth has significantly expanded the 

horizons of using such data, their analysis, interpretation and modelling of a wide range of natural 

processes and human activities. Today, the possibilities of obtaining remote sensing data of the Earth 

by modern methods, both space and UAV, channel combinations, image visualization indices in 

combination with geoinformation technologies solve some scientific, practical and economic 

problems that are already used in industry cadastres. 
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Introduction 

 

Today, one of the most common methods of obtaining information about the environment is 

remote sensing of the Earth (RSE), that is, a method of studying the Earth's surface using a photo, 

video, lidar (scanner) sensing, radio wave methods, etc. Remote sensing provides an opportunity to 

obtain data on dangerous, hard-to-reach objects and places, as well as allows for operational 

monitoring of large areas of the terrain. Currently, this method of obtaining data is more 

confidently replacing the methods of collecting information from the surface of the Earth, while 

guaranteeing the non-interference of man in natural processes on the observed territories or 

objects. The processes of obtaining remote sensing data (RSD) are developing dynamically. It 

affects the improvement of the quality of the received information, its efficiency, availability, 

reliability, and economic feasibility. As far as the above-mentioned advantages are one of the basic 

principles of maintaining any cadastre (land, forest, nature reserve fund, etc.), we are confident to 

assert that the modern capabilities of obtaining remote sensing data are an integral tool for 

maintaining branch cadastres. 

 

Method and Theory 

 

At the first stages of the development of aerospace imaging, the results of the so-called “passive” 

signals were used, that is, the recording of data on the earth's surface through reflected solar 

radiation in the visible light spectrum. In other words, this is an ordinary photograph. Today, along 

with the “passive” receipt of RSD, the “active” method is also developing steadily. That is, active 

devices emit signals to scan the object and space. Afterward, the sensor can detect and measure the 

radiation that is reflected or formed by backscattering for probing. The most common examples of 

active remote sensors are radar and lidar. The use of modern methods of obtaining remote sensing 

data has significantly expanded the horizons of using such data, their analysis, interpretation, and 

modelling of a wide range of natural processes and human activities. 

 

One of the first areas of using active data from satellites was the possibility of creating digital 

terrain and relief models (SRTM, ASTER GDEM). In turn, with a global relief model, it is 

possible to predict, for example, such phenomena as the consequences of global warming, an 

increase in the level of the world ocean, changes in the average annual temperature, etc. 

 

For free access to viewing, analysing, and downloading space observation materials from medium- 

and low-resolution Sentinel-1,2,3, Landsat-8, and MODIS satellites, there are convenient services 

of EO Browser, Planet Explorer, Sentinel Playground (Sentinel Hub), and Copernicus Open 

Access Hub. These portals contain mosaics of the latest space images, allow retrospective viewing 

on a selected date; have several filters regarding the selection of images (territory coverage, 

cloudiness, etc.); allow choosing display channels. 

 

Remote sensing data visualization channels are most widely represented in services where it is 

possible to view the results of Sentinel-1,2,3 satellite images. The main presented channels are as 

follows (What, 2020): 

 

True colour composite uses visible ranges of red, green, and blue (RGB), which allows displaying 

the real natural colours of the earth’s surface; 

 

False colour composite uses at least one invisible wavelength to image the Earth’s surface (for 

example, using near-infrared, red, and green bands). It is most often used to assess the density and 

health of plants since plants mostly reflect infrared and green light and absorb red;  

 

The Normalized Difference Vegetation Index (NDVI) is a simple but effective index for 

quantifying vegetation. In other words, it is an indicator of vegetation health based on how plants 

reflect light at certain wavelengths. Due to its high popularity, demand, and practical effectiveness, 

consider this remote sensing data visualization channel in more detail. Globally, NDVI values 
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range from   -1 to 1. Negative NDVI values (values approaching -1) correspond to water. Values 

close to zero (from -0.1 to 0.1) usually correspond to barren areas of rock, stone, sand, or snow. 

Low positive values represent shrubs and grasslands (approximately from 0.2 to 0.4), while high 

values indicate temperate and tropical forests (values close to 1). If focusing on the NDVI values 

within one field, at the beginning of the season you can understand how the plant overwintered: if 

the index is below 0.15, the plants have most likely died, as a rule, arable land has the same index 

value; 0.15-0.2 is also a rather low indicator, which, as a rule, shows that the plants have entered 

overwintering in the early phenological phase, before tillering; 0.2-0.3 is a relatively good 

indicator. Probably, the plants have managed to enter the phase of tillering and are restoring 

vegetation; 0.3-0.5 is a good indicator. However, it should be considered that high NDVI values 

may indicate that the plants went into overwintering at a late stage of development. If the satellite 

image was obtained before the restoration of vegetation, it will be necessary to analyse the 

condition of the site once again after the beginning of the period of growth and development of 

plants; >0.5 is an abnormal indicator after overwintering. It is better to self-administer this area in 

the field. In the middle of the season, the NDVI index allows understanding of how the plants are 

developing within the field. If the index values are medium and high (0.5-0.85), then, most likely, 

everything is fine in the area. If the index is low, it seems that the plants lack something, for 

example, moisture or nutrients (fertilizers). It is better to self-administer such an area and carry out 

the necessary agrotechnical measures. 

 

According to the NDVI index, as a rule, maps for differentiated application of mineral fertilizers 

are created, and zones of the high, medium, and low vegetation are distinguished, which makes it 

possible to predict the yield of each field. At the end of the season, the NDVI index can be used to 

determine which fields are ready for harvesting – the lower the index, the closer the field is to 

maturity. The optimal value of the index, in this case, is below 0.25. One of the significant 

advantages of the NDVI index is the high resolution of the images if data from the Sentinel-2 

satellite are used. In this case, channels with a resolution of 10 meters are used to calculate the 

NDVI index – that is, 1 pixel is 10 by 10 meters. Indices that use additional light channels (mostly 

extreme red) have a resolution of 20 meters – that is, 1 pixel is 20 by 20 meters.  

 

Concurrently, there are also disadvantages of this index – when a certain threshold of plant 

development is reached, the index loses its sensitivity. In other words, if the plant is developing 

very actively, the NDVI cannot distinguish an abnormally green plant from a “normal” green one. 

Besides, as with all other indices, the accuracy of the data depends on weather conditions. Thus, if 

clouds hang over a field for a long time, the satellite image will be inaccurate. Therefore, to solve 

some tasks, for example, to recognize crops, radar imaging of the Sentinel-1 satellite is used.      

 

Normalized Difference Moisture Index (NDMI) is used to determine moisture content in vegetation 

and drought monitoring. The range of NDMI values is from -1 to 1. Negative NDMI values 

(values approaching -1) correspond to infertile soil. Values near zero (from -0.2 to 0.4) usually 

correspond to water stress. High positive values represent high shelter without water stress 

(approximately 0.4 to 1). 

 

Normalized Difference Water Index (NDWI) is used to differentiate water from land. The 

normalized difference water index is the most appropriate for mapping a water body. The value of 

water bodies is more than 0.5. Vegetation has smaller values. Plant elements have positive values 

from zero to 0.2. 

 

Normalized Difference Snow Index (NDSI) can be used to distinguish clouds from snow cover as 

snow absorbs short-wave infrared light but reflects visible light, while cloud generally reflects 

both wavelengths. The snow cover is indicated in bright blue. 

 

False Colour Urban composite is used for clearer visualization of urban areas. Vegetation is 

visible in shades of green, and urbanized areas are represented in white, gray, or purple colours. 

Soils, sands, and rocks are indicated in different colours. Snow and ice appear as dark blue, and 
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water as black or blue. Flooded areas are very dark blue and almost black. The composite is useful 

for detecting wildfires because they appear in shades of red and yellow. 

 

Highlight Optimized Natural Colour. This script aims to display the Earth’s surface in beautiful 

natural colour images. It uses selection optimization to avoid burnt pixels and even out the 

exposure. That is a kind of “artistic” channel (What, Earth, 2020, 2021). 

 

Many other channels and indexes analyse readings of air and surface temperatures, indicate heat 

points on the earth’s surface for fire analysis, etc. 

 

It is worth noting that today, the use of remote sensing data, thanks to a wide range of 

visualization channels, has gone far beyond the scope of its main assignments – military 

intelligence and cartographic. The most common areas of use of RSD are: 

- development and updating of cartographic materials; 

- land inventory; 

- monitoring the condition of crops; 

- precision farming; 

- monitoring of emergencies (fires, oil spills, emissions of harmful substances); 

- inventory and assessment of forest condition; 

- a wide range of tasks in the field of environmental protection (oceanographic studies, 

glaciers, seasonal piles of vegetation remain); 

- modelling of negative natural and man-made phenomena and their preventions; 

- recording of the negative consequences of the military aggression of the Russian 

Federation on the territory of Ukraine (UAV, Achasov, 2016, 2021) 

 

The global use of space images solves the tasks of many spheres of economic activity and industry 

cadastres. However, to focus attention on specific areas, the use of data obtained from satellites is 

less effective and expedient. Therefore, specialized unmanned aerial vehicles equipped with the 

necessary cameras, sensors, detection devices, and precise navigation systems are often used to 

locate the solution to the tasks.   

 

Examples 

 

As an example of the use of Earth remote sensing data by GIS means, the process of monitoring the 

state of forest resources, namely, recording the areas of continuous felling for a certain period, can be 

cited. To perform the given task, you can use both online GIS services (ArcGIS Online) and desktop 

versions (ArcMap, QGIS, etc.). The latter are more stable and have extended functionality, but there 

is often a need to pre-load space images on a physical medium, online versions allow working without 

being tied to a workplace and store all working sets on servers. As my own experience has shown, it is 

more convenient to perform technical work online, and the analytical stage using the more advanced 

functionality of desktop versions of the software. 

 

We used Sentinel-2 images to perform the task. For the convenience of working with pictures, we 

determined the tile where the object was located. A “tile” in cartographic services is one of the many 

images into which the map is divided. The tiles are displayed next to each other, creating the 

impression of one large picture. Each tile has its defined nomenclature. The convenience of working 

with tiles is, first of all, that it simplifies the search for the necessary images for a certain area, using 

various display filters, and also simplifies the work of some automated operations for comparing 

images from different periods. After choosing the necessary tile, you need to determine the dates – the 

period in which certain changes are monitored. As practice shows, for visual deciphering and 

detection of continuous felling over a long period (several years), it is better to use images of one 

season, usually, August, when forest resources have the most saturated, not bright colour, clearly 

stand out against the background of other vegetation. It is in August, that the least cloudiness is 

observed, which limits the visibility of objects in the visible range of colours. In Figure 1 we have two 

space pictures: a) dated August 6, 2016; dated August 15, 2021. Moreover, when forming a working 
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set of layers, it is important to add auxiliary layers for the so-called orientation and clarifications of 

the territory. These are, as a rule, such maps as Open Street Map, World Topographic Map, satellite 

services ESRI World Imagery, Google, Bing, etc. These layers are exclusively informative for solving 

ambiguous issues that cannot be determined by deciphering using working images. 

 

 
Figure 1 Fragments of space pictures of Sentinel-2 

 

In Figure 1, we observe changes in a part of the forest massif over a certain period. New areas of 

continuous felling – vectorized (highlighted with green polygons). As a rule, the above-mentioned 

True colour composite is used to perform the given task, but very often it is necessary to resort to the 

use of other indices, for example, the moisture index in forests in swampy areas, when it is necessary 

to determine whether it is felling or a change in the colour of the swamp, when dry stands are 

detected, etc; the Normalized Difference Snow Index is often used to detect felling in the winter. 

 

As the Sentinel-2 images for each full tile are updated once every 5 days, it is possible to conduct 

remote monitoring of the state of forest resources with high efficiency to track the authorization and 

rationality of the exploitation of forest resources. 

 

Conclusions 

 

Capabilities of obtaining remote sensing data of the Earth by modern methods, both space and UAV, 

combinations of channels, and image visualization indexes in combination with geo-information 

technologies solve some scientific, practical, and economic problems that are already being used in 

the management of industry cadastres. 
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