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Based upon a comprehensive review of literature sources it seemed reasonable to show that the today’s level of technical development and its
simplicity allow considering pilotless aircrafts as a reliable tool for operative monitoring of soils and crops on fields and areas of small farms.
The possible use of the imagery obtained by pilotless aircrafts is predetermined by a type of survey apparatus to a considerable extent. At present, the miniature survey apparatus permits to obtain images, the spectral resolution of which may be compatible with those obtained by satellites. Today, the images of pilotless aircrafts are used to give a visual
assessment of any object to be surveyed. However, there are publications
devoted to computer analysis of images obtained for agricultural purposes. The experience is becoming common to use the data of pilotless
aircrafts and their computer analysis for creating digital models of the
field relief, monitoring over the soil erodibility and operative valuation
of the state of agricultural crops. Being compared with satellite imagery,
the data of pilotless aircrafts have a number of advantages in aerial surveying. The shortcoming consists only in insufficient miniaturization of
surveying apparatus and impossible monitoring of large areas.
Keywords: pilotless aircrafts, remote sensing techniques, soil interpretation, state of crops.

One of the trends in the Program of fundamental investigations
adopted by the V.V. Dokuchaev Soil Science Institute and Russian Institute of Agricultural Microbiology and included into a set of programs
approved by the Presidium of Russian Academy of Sciences (decision
No. 10115-54 on February 03, 2015) is the elaboration of methods for
digital remote inventory and monitoring of the arable soils and lands in
Russia.
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The use of remote sensing techniques for inventory and monitoring of soils and lands in the country has a long history. 90 years ago it
began with pioneering work of several researchers engaged in using the
data of aerial survey for purposes of agriculture [11, 16, 18]. Later on,
the satellite information has been used [1, 2, 9, 17, 14, 15, 19]. At the
current stage of the development the attempts are made to implement the
automated interpretation of the obtained data [8, 6, 10, 12, 13,]. Over this
period a great experience has being gained in sounding of soils and crops
with the help of the materials obtained by remote sensing techniques. In
comparison to the terrestrial survey, the advantage of remote methods is
beyond doubt now.
Although the task related to elaborating the automated systems of
monitoring over soils and crops by satellite survey is of great practical
importance it has been so far solved incompletely. This is explained by
a level of technical development, high expenses as well as the effect of
clouds on remote data to obtain them in the moment when they are urgently required.
By today, the pilotless aircrafts are widely adopted in different
spheres of national economy including the agriculture. Their use is cheap
to a considerable extent and technically modified to give a visual assessment of any observation object. This is testified by publications devoted
to the possible computer analysis of imaginary obtained by pilotless aircrafts [4, 20–23].
One of the prospecting trends in using the pilotless aircrafts is constructing digital models of relief to evaluate the land suitability, planning
of the land use and modeling of processes causing the changes in soils
and their functions.
Fig. 1 demonstrates an example of 3D imagination of the territory
surveyed by the pilotless aircraft near Volos town in Greece.
The main problem of using these data for the computer analysis
of relief consists in that the survey by pilotless aircrafts allows creating
the digital model of the territory but not the relief. All the terrestrial objects such as trees, buildings, embankments, etc. in this model hamper
the angles calculation of slope inclination and exposition. There are no
efficient methods to avoid the influence of these objects in order to create
a digital model of relief. It is worthy of note that this problem cannot be
arisen in case of obtaining the data about relief within the fields occupied
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Fig. 1. 3D-imagination of the territory obtained by data of the pilotless aircraft
in the region of Volos town in Greece.

by annual agricultural crops or the meadow vegetation. The information
on relief in the edges of the field under crop can be affected by natural
vegetation or buildings adjacent to this field. The construction of digital
relief models is possible only for separate fields. Theoretically the use of
data obtained by pilotless aircrafts has to cut down expenses and laborconsuming character of this process as compared to the geodesic survey,
but there are no publications devoted to this problem.
The other important trend in using the data of pilotless aircrafts is
the monitoring of the crop state. The high spatial resolution of data and
the possible survey in the given time allow assessing the state of crops
(a great amount of weeds, injury by insects and deceases, the state after
winter, stages of phonological development, etc.) and to give a quantita-
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tive assessment of crops suffered from several events and their geography (Fig. 2). This information is important both for land owners and the
insurance companies, thus permitting to assess the suffered damage.
The most important stage is the geographical position of the obtained images and the correction of geometry and coloring hue. As a rule,
these procedures lead infrequently to distortion of initial images but their
quality has an influence on the further applied analysis. An example is
presented in Fig. 3 illustrating the results of automated classification of
images obtained by the pilotless aircraft with the view of assessing the
projecting cover of crops and a share of the bare soil surface (about 63%)
at the territory of Tula region. The obtained results were based upon the
analysis of the imagination obtained by a colored camera, than it was
imported into GIS ILWIS and transformed in the local geographical projection. After that three canals were distinguished in the imagination
(red, green and blue) to determine the classes of the exposed soil surface
and that occupied by the vegetation. The imagination obtained by special
cameras in pilotless aircrafts can be more informative. For instance,
there are portative cameras permitting to obtain the imagination in canals
identical to Landsat satellite or in 12 different canals of surveying in visual and infrared diapasons (the imagination in Fig.1 was obtained by
surveying in infrared diapason) as well as multispectral cameras Tetracam for pilotless aircrafts (http://www.tetracam.com).
The use of data obtained by pilotless aircrafts is promising for
monitoring of some soil properties and the soil degradation degree in
particular as well as for the assessment of soil fertility parameters on
several fields. By analogy with satellite methods a role of vegetation can
be used as an indicator of the soil state and properties [7]. The most prospecting is the elaboration of approaches to detection of soil properties
according to the state of their exposed surface.
At the present time, the solution of this problem is limited by technical impossibility to construct tiny cameras for obtaining the images in
narrow spectral diapasons. As soon as the problem will be solved it will
be feasible to apply the experience gained in using the aerospace data in
this sphere of science.
Based upon the data of standard pilotless aircrafts it seems reasonable to solve some problems of mapping, monitoring and assessment of
changes in soil functions.
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Fig. 2. Sites of the field under winter rye destroyed by field mouses (it is shown
by arrows) in the image obtained by the pilotless aircraft (Plavsk, Tula region).

As compared to satellite technologies for surveying definite fields
the approaches to use pilotless aircrafts are especially important because
they permit to obtain the imagination in any day when the soil surface is
open for observation. Fig. 4 presents an example of using the data obtained by the pilotless aircraft for mapping of eroded soils at the territory
of experimental station of the V.V. Dokuchaev Soil Science Institute in
Tula region.
When analyzing automatically the imagination, it seemed possible
to use the procedures and approaches identical to those applied in processing of satellite data. The quality of results depends on the precise
geographical position and removal of geometrical distortion in the imagination.
The results presented in Fig. 4 were obtained in the course of analyzing the imagination by the colored camera, imported into GIS ILWIS
and transformed in the local geographical projection. Then the imagination was divided into three canals (red, green and blue) to distinguish the
classes of the exposed soil surface and that covered by vegetation.
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Fig. 3. The imagination of the field under winter rye obtained by the
pilotless aircraft divided into two classes (green color into the parts) and
the bare soil surface (brown color).
А

В

Fig. 4. An example of the automated identification of strongly eroded soils (red
color in the parts В) in the imagination obtained by a colored camera of the
pilotless aircraft.
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The sites of the exposed soil surface were classified once more to
identify the class of strongly eroded soils. Under use were picksels and
the information on the erodibility degree of soils obtained in field observations.
The examples given above show that the data obtained by pilotless
aircrafts may be considered as a cheap and operative alternative of the
satellite information on the mapping and monitoring over soils and crops
at a level of fields. There are technical problems in the further development of these methods: elaboration of multi-canal portative cameras and
modification of approaches to geometrical correction of imaginations.
The methods for detection of separate soil properties and parameters of
the soil fertility in particular need to be further studied as well. Just this
task was formulated in the Program of fundamental investigations approved by the Presidium of Russian Academy of Sciences in 2015.
Acknowledgment. The studies of monitoring over the soil erosion have been carried out at the financial support of Russian Scientific
Foundation (grant 15-16-30007).
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