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Introduction

A number of areas of human activity needs the estimation of soil disruption.
In many cases, such estimation can be carried out very efficiently by remote
sensing methods. For example, in this area for nearly a century there have been a
fruitful cooperation between the representatives of such quite different profes-
sions, as archaeologists and military personnel [1]. One of the factors currently
determining an important role of the spectral brightness of the Earth's surface is
use of chlorophyll and other pigments measurements of ground vegetation for
remote determination of abnormality of the soil cover.

The vegetation may play the role of both unmasking (e.g., due to its different
development at walls and ramparts of medieval castles) and masking (as in
dense crops of cultivated plants) factors alike. The character of quasi-periodic
variations in spectral brightness caused by human factors for cultivated plants
may be an unmasking factor [2].

In some cases [3], one can use not spectral, but colorimetric parameters ob-
tained by computer processing the digital photography taken in the RGB color
model. For these instances, it's possible to use the digital photography from un-
manned aerial vehicles (UAVS). Information arrays of an actual material ob-
tained in this way may be a little incomplete and, in some cases, may not contain
the right sequence of phases in the quasi-periodic cycle of colorimetric parame-
ters of vegetation. That can be caused by nonflying weather, poor visibility and
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SO on.

Traditional processing of the data related with remote sensing of the Earth
for solving similar problems assumes long-term observations [2] and cannot al-
ways be applied for quick decision-making or under conditions of insufficient
information.

In the paper we suggest a solution based on the use of dynamical models of
special kind (Discrete Models of Dynamic Systems, DMDS), and the infor-
mation technology developed at V.N. Karazin Kharkiv National University and
National University of Radio Electronics. The models allowed us to describe a
dynamics of systems at the different levels of organization of life [4, 5, 6, 7, 8]
and can reveal the structure of intra-system relationships on the base of the in-
teractions (+,-) (-,-), (+,0), (-,0), (0,0), known in theoretical biology and ecology.
The structure' identification procedure involves use of observations data of a real
natural system.

For clearness, the structure of relationships can be represented both as a ma-
trix or a signed graph; an idealized trajectory of the system (ITS) is calculated
with use of the structure and reflects the cyclical nature of the dynamics (in ac-
tual practice the nature is often quasi-cyclical).

For building the ITS with use of the DMDS, it is not necessary to have a se-
ries of observations during the period compatible with the cycle of the system
[4]. The ITS can be obtained for data of simultaneous observations of a set of
instances having the same dynamics (since, the same ITSs), but which are at dif-
ferent phases of the trajectories.

The crops of cultivated plants is a case to which an approach described
above can be applied. The phases of the cycle of plant growth for neighbor areas
may be slightly different due to a small, but always existing diversity in varying
supply conditions, light, moisture, planting density, quality of the ploughing and
sowing material etc.

For earlier studied living systems [4, 5, 6, 7, 8], the cyclicity (quasi-cyclicity)
of their parameters was essentially caused by the presence of the relationship
(+,-) in the structure.

We can advance a working hypothesis consistent with available literature on
the subject [2, 3]. The differences in the nature of quasi-cyclic vegetation, allow-
ing us to detect remotely the terrain areas with different kinds of the soil disrupt-
ed by a human, are caused by the relationship (+, -) between colorimetric pa-
rameters associated with the content of chlorophyll and other pigments.

This paper aims to model the relationships' structure between pigments for
the crops of cultivated plants that reveals the soil cover's disruption.

Brief description of the dynamic model

We briefly describe here the discrete dynamical models used in the research.
Full description can be found, for example, in [7, 8].

Assume that some natural system consists of N components to be denoted
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by A, A, ..., Ay. The quantity of each component takes K discrete values de-
noted be 1,2,...,K that is the initial series of natural numbers. The system de-
velops in discrete time denoted by t =0,1,.... The value of each component A
in the moment t denoted by A (t), and the state of the system at this moment —
(A, A (D),.... Ay (D)) -
The trajectory of the system is a matrix
A A®Q) AR
A0) AL AR O
AvO) AV AV
Since the number of states is finite, the minor presenting the cycle of the sys-

tem dynamics can be extracted from (1). There exist such natural numbers s and
T | that the minor

A(s) A(s+1) ... A(s+T-1)

| A(S) Ap(s+D) .. A(s+T )

M (2)

Ay(s) Ay(s+1) ... Ay(s+T -1)
fully describes the dynamics of the system (after t =s+ T —1 the trajectory re-
peats periodically).

As a model is intended for description of the dynamics of systems based on
interactions adopted in biology and ecology, the important issue is the relation
between the inter-component relationships and the dynamics. Here we introduce
the concept of a relationship between the pair of the components A n A;. The

relationship between the A and A; is called a couple (@,w,), where
o €{-,0,+}, @, e{-,0,+}. It is also assumed that for i = j the only possible
relationships are symmetrical, i.e. (—,—), (0,0), and (+,+).

The meaning of relationship (e, ®,) is expressed by the following rule.

If there exists the relationship (e, @,) between the components A u A;,
this implies:
1. If o ={-}, large values of the component A; decrease the values of the A.
2. If @ ={0}, the component A; does not affect the value of the A .
3. If &y ={+}, large values of the A; increase values of the A.

It is assumed, that relationships are antisymmetric in the following sense. If
there is the relationship (e, @,) between the components A, A;, the relation-

ship between the A; and A will be (a,@)).
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Two types of dynamics on the base of the system of relationships were sug-
gested. One type uses the weight functions (the additive model), the second —
the principles of the law of von Liebig (the law of limiting factor).

The following fundamental result was proved for the dynamic of the system.
Let the dynamics of the system is completely described by the minor (2). Sup-
pose that we cannot observe the dynamics at each moments, i. e. at the moments
of continuous series s,s+1,...,5+ o, where o is natural. But we have the table

of observations

C11 C12 C1B
- | C C C
M = 21 ?2 2B ’
CNl CN2 cee CNB
obtained by equiprobable choice of columns from (2) (B columns were cho-
sen).
Let
1 onp ... ony L p2 - P
I 1 ... ~ 1 ...
p= 2 T N g b PN
Nt Mz o 1 Pni PNz e L

are to be correlation matrices (Pearson or Spearman) of rows of M u M re-

spectively. Then P — P in probability if B — oo (it is assumed entry-wise con-
vergence here).

This fundamental result is a basis for the identification of the models by
observations data. If we have the table of observations M , the relationships and
initial conditions of the model should be chosen from condition

N-1 N
D(P.P)=Y Y (r;—py)> —min,
j=1j=i+1
where the minimum is taken over all initial conditions and all admissible rela-
tionships.
Materials and Methods

For modeling the structure of relationships between the pigments we used
the measure of proximity based on the Spearman correlation, the Liebig's type of
dynamics and three levels of component values (K = 3).

The test satellite images of agro-landscapes were taken as initial data and
processed with use of Image Processing Toolbox of MATLAB. The essence of
Image processing was calculation of color composites from three spectral chan-
nels of the RGB color model.

This method is based on a property of eye retina to form a signal of any color
by three types of receptors (coni) responsible for color vision.
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A part of coni of the retina captures the long-wave part of the visible spec-
trum (red), second part — medium-wave (green) and third part — short-wave
part (blue). Therefore, any visible color retrieves from different combinations of
three long-wave, medium-wave and short-wave visible spectra or, equivalently,
three colors: red, green, and blue. Combining color from the components "R",
"G", "B", it's possible to obtain the image that represents the situation at the
ground.

The model was built in the following way. Preliminary, we specified so
called reference plot as a plowed chernozemic soil, not covered with vegetation.
For this plot, we calculated RGB component values of its image. Next, the RGB
component values R, G, B and the sum G + R for the plots with vegetation were
taken and divided by the corresponding values (R, G, B, G + R) of the reference
plot and quotients were taken as the components of the dynamical model. The
values of the components calculated in such a way were obtained for four fields,
from each of which 12 plots of the size of 10 x 10 m allocated in large squares
of 50 x 50 m were taken (to be explained later). It is conceivable that
colorimetric parameters under consideration for large squares have the same
cycle, but for separate plots 10 x 10 m they may be at different phases the cycle.

Results

On the base of simulation with use of images of maize crop (Fig. 1) taken
from the satellite Quick Bird (resolution about 1 m/pixel), the signed graphs
demonstrating the structure of the relationships between the colorimetric param-
eters were obtained.

The above mentioned large
squares of 50 x 50 m were select-
ed according to the following
principle: first square was taken
from immediate neighborhood (10
- 50 m) of recultivated area of a
former gas-oil well, the second is
situated at large distance (500 -
1000 m) from the well on a virgin
soil. Denote these squares as the
near field (NF) and the far field
(FF).

For four images 8 signed
graphs were built, 4 graphs for
: o gy ‘ NFs and 4 graphs for FFs (Fig. 2).

Fig. 1. Satellite image of the test area. On the figure the rectangles corre-
Recultivated (red square on the right) and not- spond to the system components,
recultivated areas (green square on the top left).  the arrows reflect relationships

between components: solid arrow means negative influence, dashed arrow —

Bicnuk Hayionanvnozo mexniunozo ynieepcumemy Yxpainu «KIII»
Cepia — Padiomexnixa. Padioanapamooyoyeannsa. — 2016. — Ne64 105



TenexkomyHnikauii, padioiokauyis, padionagizayia ma eJ1eKmpoaxyCmuKa

positive. The graphs for the same field are allocated side by side horizontally:
NFs — on the left, FFs — on the right.

E

~
~

~
L)

—
¢ m————

5

=i,
b
“
‘
“~

R+G

—
DR
L4
.
’
’
’
¢
B

5]

;
EN

A
+
9]

—
P R——
L4
s
’
L4
’
¢
[

e

;
EX

u«---

Fig. 2 Signed graphs constructed for various reclaimed and
remediated sites crop cultivation.

positive impact of R on G.

In the graphs for the 4th NF and the other three FFs, there doesn't exist feed-
back of type (+, -) between G and R. Besides, any pair of graphs for the NF and
FF of the same image doesn't have a CWD of the same type coinciding on both
the FF and NF. Also, there are no similar types of relationships between R and

G.

Conclusions

The results obtained for cultivated plants developing in similar conditions
show an appropriateness of use of the DMDS maodel, relatively simple and inex-
pensive methods of digital photography, and promising application of the effects
described above for development of new methods for remote assessment of hu-

The paths weaken-
ing the  deviation
(PWD), that work ac-
cording to a feedback
mechanism of the type
(+, -) between the com-
ponents R and G, are
present in four graphs
both for FFs and for
NFs.

Additionally, such
CWDs with the positive
impact of G on R and
the negative impact of
R on G are present in 3
of 4 graphs for NFs and
absent in the graphs for
FFs. These CWDs re-
flect the relationships
between chlorophyll
and the yellow and or-
ange plant pigments
often observed in the
period of growth and
development of crops.

One of the graphs
for the FFs has a CWD
with the negative im-
pact of G on R and the

Bicnuxk Hayionanvnozo mexniunozo ynieepcumemy Yxpainu «KIID»

106

Cepin — Paodiomexnika. Padioanapamooyoysanns. — 2016. — Ne64



TenexkomyHnikauii, padioiokauyisn, padionagizayia ma e1eKmpoaxyCmuKa

man influence on a soil cover. The methods use remote detection of changes in
the structure of relationships between pigments of cultivated plants unmasking
the tracks of human influence.

In order to identify the structure of relationships between colorimetric pa-
rameters, there is no need for long-term remote sensing of test sites and receiv-
ing the data arrays like in time series analysis. The case study shows that for
identification the differences between the NF and FF one digital satellite image-
ry is sufficient. Information on the structure of the relationships was identified
by splitting an image and applying the identification in framework of the DMDS
model.

The study shows that it is possible to select elementary plots on the image
with a certain type of graphs of relationships. Later, the analysis of the elemen-
tary plots on the image allows us to identify areas having different types of soil
cover's disruption.
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Bucouyvka €. B., Konmkeeuu I'. M., Knouxo T. O., Becnanos FO. I'., Hocosé K. B. /lemac-
KY8AHHA NOPYWIeHb [PYHMOB020 NOKPUBY 34 00NOMO20I0 MOOENI06AHHA OUHAMIKU napa-
mempie nHazemuoi pocarunnocmi. Cmamms npucesdena npooiemamuyi 6Us81eHHs He3HAUHUX
3MIH V Xapakmepi TpYHMOB020 HOKPUBY 3d OOHOMO20I0 OUHAMIYHOI MOOeNi, Wo ONUCYE
83A€MO0II0 KOJIOpuMempuuHux napamempis. Ha naseoenomy npuxnadi yughposozo xocmiuno-
20 3HIMKA OLIAHKU NOBEPXHI NOKA3AHO BUKOPUCIAHHS CUCMEMHUX eheKmie OJisl yinell demac-
KYBAHHS NOPYULEHHSL TDYHMO0B020 NOKPUB).

Knrwowuosi cnosa: oucmanyiiine 30H0Y8AHHS, 0EMACKYBAHHS NOPYUWIEHb [PYHMOBO20 NO-
KpU8y, KoJ10pumempis, OUHAMIYHI CUCEMU.

Buvicoykas E. B., Konmxesuu I'. H., Knouko T. A., becnanos FO. I'., Hocosé K. B. /lemac-
KUPO6KA HApYUWIEHUIl NOY6EeHHO20 NOKPOBA C NOMOWibIO MOOEIUPOSAHUA OUHAMUKU napa-
mMempoe nazemuou pacmumensvuocmu. Cmamos nocesujena npodiemamure bls8Ne sl He-
3HAYUMENbHBIX USMEHEHULl 6 Xapakmepe NOYBEHHO20 NOKPO8Ad C NOMOWbIO OUHAMUYECKOL
MoOdenu, onucslearowell 83aumooeticmaue Koiopumempuveckux napamempos. Ha npuseoen-
HOM npumepe yupposoco KOCMUUeCKo20 CHUMKA YYACMKA NOBEPXHOCMU NOKA3AHO UCNONb30-
ganue cucmemuvix d¢hghekmos 0ns yeneu 0eMacKuposKy Hapyuienue no48eHH020 NOKPO8d.

Knwouesvie cnosa: oucmanyuonHoe 30HOUposanue, 0eMacKUposKa HapyuleHuti no46eH-
HO20 NOKPO8A, KOLOpUMEempUsl, OUHAMUYECKUe CUCeMbl
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Vysotskaya E. V., Zholtkevych G. N., Klochko T. A., Bespalov Yu. G., Nosov K. V. Un-
masking the soil cover's disruption by modeling the dynamics of ground vegetation parame-
ters.

The "Introduction™ describes topicality and importance of revealing the soil cover's dis-
ruption for a wide range of fields. It was shown that spectral brightness and colorimetric pa-
rameters of ground vegetation can be used for this task. However, a traditional scheme of
data processing for remote sensing requires a long-term observations and cannot always be
applied, if quick decision-making is necessary or there is lack of information. Such cases re-
quire the use of special methods, one of which is a dynamic model developed with authors’
participation based on the following basic relationships: (+,-) (-, -) (+, 0), (-, 0) (0,0).

The section "Brief description of a dynamic model™ describes the basic principles of dy-
namic systems used to solve the problem. Using above-mentioned relationships, the dynamics
of a system consisting of several components is constructed and its main properties are listed.
The main feature of this model is that the identification of structure and parameters of the
dynamic system does not required sequential order of observations (as for models based on
time series). This feature of the model enables for identifying the system's parameters of dy-
namics of the natural system to use information from a single picture taken from the space-
craft rather than long-term observations.

The section "Materials and Methods™ describes specific colorimetric parameters used to
analyze the vegetation cover.

The section "obtained results™ contains an example of the model's application to a satel-
lite image for detecting the differences in two sites of a field with vegetation. One site is a
recultivated area near the liquidated gas-oil well, another site is non-recultivated area at a
considerable distance from the well (500-1000 m). The simulation results are described by
eight signed graphs (4 graphs for each sites), whose structure allows to identify the system
differences between the two cases.

The section "Conclusions™” summarizes the results of previous sections. The prospects of
the use of proposed methodology for soil cover's disruption are shown. Advantages of this
methodology over other approaches are highlighted.

Keywords: remote sensing, unmasking soil cover's disruption, colorimetry, dynamical
systems.
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