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The architecture and the main characteristics of an information system are presented in article,
they allow to solve a complex of the problems connected with estimation of a condition of
agricultural lands on the basis of processing of spatial data. The system is based on the ontology
of estimation of agroeconomic capacity of lands developed by authors.
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Kniouesvie cnosa: apxumexkmypa MHd?OpMaUMOHHOL? cucmemnsl, OHmMOJNOCUA OYEHKU 3emellb,
()ucmanuuom-toe 30H0up06aHue S’e/wm, naxommuvle 3emjiu, MyabmuKpumepuaibHas OyeHKa 3emelb,
npocmpaHcmeeHHble OaHHvle.

Introduction

Land evaluation problem is solved in a wide range of practical applications. It affects the areas
of human knowledge such as: ecology, economics, landscape science, soil science, crop and others.
Review of the literature [1-8] showed high variability of solved problems in this context.

All existing tasks can be divided into two classes: static and dynamic evaluation. In the first
case, the goal is to provide an integrated assessment of the current state of the land based on field
measurements, knowledge of the history of its use, the state of its infrastructure and other relevant
factors. Depending on the peculiarities of the task, the result of solving it may be assessment of the
market or cadastral value, assigning quality score, rank in the system of comparative land analysis, etc.
In the second case, the goal is to obtain private rapid assessment of the vegetative cover condition or
the progress of agro-technical measures. This need arises in the monitoring tasks, the results are used
to make management decisions, monitor the effectiveness of measures, budget spending, prediction of
crop yields, generation of reports, etc.

Agricultural lands as the object of the study are characterized as a complex, multi-factor
object. Their condition depends on climatic factors, the characteristics of the soil and vegetative
cover, infrastructure peculiarities, geospatial characteristics of the analyzed sections of the earth’s
surface, etc. In the scientific literature there are a lot of overlapping systems of land parameters
classification essential for evaluation. Considered, reliable estimates are based on the knowledge
of experts in various fields: geobotany, economy, ecology, agriculture, resulting in a complicated
and costly process of decision-making support. In order to outline the experts’ knowledge and
present it in a formalized manner available for use, it is necessary to use the methods and means of
getting, presenting, structuring and using the knowledge. The basis for a consistent presentation
of information received from different sources is an ontological approach. In this paper, we
consider the geoinformation system of evaluation based on the system of ordering the knowledge
of agricultural lands as the object of evaluation in the form of ontology which is invariant to the

specific task.

The model of an agrarian land resource

Approaches to the construction of the ontology of evaluation of the land agro-economic potential
have been developed in the works [8, 9, 10]. When building the ontology, the object of evaluation is
understood as a spatially localized area of the earth’s surface, which is involved in the agricultural
production.

The ontology of evaluation is assumed by the four parameters
0=<K, T E, M>, )

where K — is the taxonomy of land indicators, T — is a set of tasks being solved, E — is a set of metrics
of indicators’ estimation, M — is a set of primary metrics that allow to calculate the numerical value of

the indicator in physical terms.
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The considered ontological model is based on the taxonomy K for evaluation of the agro-economic

potential of lands given in Formula 2.
K=<N, R>, @

where N = {n;} is a set of taxonomic classes — indicators of the assessed object, RC{NxN} is the relation
of the N order. The taxonomic tree root vertex corresponds to the desired integral characteristics of
the object being assessed. In this version of taxonomy, the classification upper level sets six classes of
indicators comprehensively describing the subject area.

Further, the descending construction of the taxonomy forms subtrees of different depths. Their
verteces can be classified as follows: abstract verteces; attributed verteces.

To measure the natural parameters the ontology uses primary metrics given in (1) by the variety
M. A specific metric mi € M is a functional property put in correspondence to the relative node nj € N,
for which the interval of acceptable values and the measurement unit are determined.

For the signification based on measurements the ontology has a lot of metrics of evaluation E,, c E,
also set in the form of functional properties ¢j € Em compared to the node nj. For ej a functional
relationship is determined which allows to calculate a numerical estimate of the property n; based on
the value of the primary metric mj. The resulting combination <n;,m;,e> € N XMxE,, sets the instance
of the corresponding ternary relation that uniquely identifies the attribution rules on the basis of the
measurement.

For attribution on the basis of aggregation the ontology has a lot of evaluation metrics E, c E;
E=E, UE,; E,NE,=0. The specific metric ¢; is described by:

1) functional property relating e; to the evaluated property n;;

2) weighted tree of aggregation with depth 1 with the root vertex e; and a set of vertices — evaluation
metrics that are incident to the elements of the subset X of the set of attributed verteces Y of the top
n; in the taxonomy of evaluation. The weights of the tree arc characterize the degree of influence of
assessment of the relevant subsidiary top on the evaluation of the root vertex;

3) calculation procedure that allows to calculate the evaluation e; for the property nj on the basis of
aggregation of evaluation values for the nodes x; € X and weights of the aggregation tree arcs.

The ontology components considered above give basis for constructing the evaluation tasks
solution system. The tasks being solved t; determine the set T of the tasks given in the taxonomy. The

structure of describing a certain task t; is determined as follows (Formula 3):
ti = <Ki3 Eia M>s (3)

where K; — K is a subgraph of the taxonomy corresponding to the task being solved, M; — M is a set of

primary metrics relevant to the task of evaluation, E; — is a set of evaluation metrics.

System architecture

All three categories of users — experts, GIS-specialists, and managers (decision-makers, DMs) —
are engaged in operation of the system.

Experts’ role in the system is as follows:

1) Initial input of data, ensuring the system integrity, ontology development and verification;

2) Formation of task solution schemes.
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DM area of competence — stating the evaluation task and analysis of task solution results.

The task of a GIS-specialist includes automated selection and processing of data and making it
easily comprehensible by a DM.

Let’s review the functions of the main system components (Fig. 1).

Knowledge database. The main units used for information storage in a database are ontology
versions and task solution schemes. The knowledge database management system performs the
functions of ensuring integrity of storage units, management of versions and revisions, editing and
copying of components. It also supports the mechanists of creating and editing of tree lists and frames
that correspond to tree nodes with account of node specialization as described above.

Spatial database (SD) includes vector layers that contain spatial coordinates of analyzed polygons
representing agricultural lands, raster layers that represent the results of GPS survey of analyzed area,
as well as the necessary attributive data associated with polygons. SD is related with the knowledge

database, each attribute has a link to the relevant taxonomic vertices of agricultural land parameters.
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Fig. 1. The system architecture
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Knowledge database editor provides an expert in charge of ontology tools for creating and
editing a taxonomic version. A user can associate each taxonomic vertex with primary metrics and
evaluation metrics, as well as assign computation procedures required for calculations.

Task solution scheme editor (TSS editor) allows an expert in charge of task representation
to create and maintain TSP within a specified ontology version, as well as perform migration of the
task description into revised ontology versions. TSP customization includes a dialogue procedure of
creating a subtree of initial taxonomy; each TSP vertex is created as a copy of the relevant initial
taxonomy vertex and can be edited, for instance, to specify computation procedures. TSP editor
functions also include arrangement of liaison for generation and approval of expert evaluations. Such
liaison is described below.

A procedure of describing computation correlations for evaluation metrics arises when creating
and modifying ontologies and TSPs. The procedure is based on using formula editor that is used as a
procedure called by knowledge database editor and TSP editor. Beside basic mathematical operations,
the formula generator provides a feature of generating tabulated functions.

Geospatial data (GSD) editor serves for preparation and operations with geospatial description
of the copy of the task being solved.

When creating a blank copy of the task being solved, TSP unloading module generates a vector
layer template with a predefined set of attributes assigned within the task solution scheme that is
placed in the GSD database. Then the layer is filled with data on spatial coordinates of the object being
evaluated, a vector projection of data onto the analyzed area is generated that contains an array of
objects being evaluated in the form of geospatial objects.

Data import-export module interrelates with an automated agricultural monitoring system [11]
and other external systems that allows obtaining data based on processing and analysis of aerospace
image, ground measurements, data from meteostations and other sources, as well as exporting data
into outside systems.

Calculation of intermediary and final evaluations is done by evaluation calculation module.
Evaluation visualization is performed via DM interface that allows forming spatial data representation
in the form of vector layers with calculated attributes, as well as displaying data in tabular form or by

business graphics means.

Task Solution Scheme of the lands assessment

The ontology discussed above acts as reference data required to solve the land evaluation
task. Forming and maintaining the ontology in a consistent state can be regarded as a preliminary
stage providing operation to solve this task. Factographic information is represented by a set of
vector and raster layers in shape-format. The goal of evaluation is formed in the dialogue with the
end user.

At the first stage, it is necessary to define a task. The task is defined in the dialogue with the end
user. As an example, you can specify the task as “To assess the potential effectiveness of the land
use for the production of grain crops”; “To carry out the ranking of fallow lands from the standpoint
of expediency of their remediation”. The purpose is expanded by the indication of geographical
coordinates of the research object, the layer of agricultural lands to be assessed and additional attribute

information is loaded.
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At the second stage the calculating procedure of the assessment is developed. In accordance with
the basic procedure, assessment of agricultural lands equals the linear combination of the values of

indicators being evaluated in accordance with Formula.

O(agriculturallands) = Zn:ki * f.(agriculturallands) , 4
i=1
where f; is the value of the i-th indicator, £; is the value of weight coefficient of this indicator, n is the
amount of indicators used in the assessment.

The purpose of this stage is to develop the sequence of indicators F ={fi}, relevant to the goal of
evaluation, as well as to determine the calculation method for each fieF. The stage is carried out in the
dialogue between the user-expert and the system. Then, the indicators measurement scales (primary
metrics) are determined, the metrics of the measurement result assessment is set and the calculating
procedure for the conversion of the primary metrics to the metrics of evaluation is determined. The
scale of measurement of the primary metrics is determined by the physical parameters of the measured
value. For the metrics of evaluation scale intervals are used.

Results of the task solution will be shown to the person who making decisions in the form of the
atlas of agricultural lands (Fig. 2).

At the third stage, the expert committee is formed. The committee members are selected out of
the most authoritative experts in the subject area. The elements of the “snowball” method were used to
create the expert committee for the development of scoring. The coefficient of concordance was used
to measure the closeness of the connection between groups of factors being ranked.

At the fourth stage, the system of indicators formed earlier was ranked using the methods of

expert estimates. In order to collect the opinions of experts the author's questionnaire was developed.

Fig. 2. The Sample of the Atlas of the lands assessment results
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The expert survey is carried out in one round by a one-time filling out of the questionnaire. Experts are
invited to determine the importance of specific factors.

The experts assess the significance of versions using a ranking procedure.

At the fifth stage of the method, the consistency of experts’ opinions is assessed in accordance

with Formula 5.

W= % . )
2 3

—m-(n” —n

B ( )
The importance of the concordance coefficient is assessed by Pearson criterion according to

Formula 6.

D 6)

—mn(n+1)

12

At the sixth stage, the primary metrics and metrics of evaluation are calculated and the results
of calculation of the primary metrics’ fields are collected. These results are presented to the experts
for evaluation according to the binary scale “Acceptable\Unacceptable”. If the percentage of negative
evaluations is more than 10 %, then the return to the 4th stage is done for re-adjustment of the weight
coefficients.

At the seventh stage, the scheme for solving the task is generated and saved to form the version
of the knowledge base.

The eighth and final stage includes the necessary calculations; the solution of the task is generated
in the form of an atlas of agricultural lands, as well as in the form of tables and diagrams.

The atlas shows the land subject to evaluation. Colour codes denote the value in points that

increases as the final evaluation increases.

Conclusion

At the present moment a working prototype of the system has been developed. The software tool
for the system is free software Protégé 3.5, Quantum GIS 1.8, as well as author’s software written
in language C# implemented on the basis of the programming package Microsoft Visual Studio
2013. This system is based on a constantly updated and adjustable knowledge base about agricultural
lands as complex, multi-factor objects. The mechanism to specify and expand the knowledge base
is provided through the version control system. The developed system complements the agricultural
monitoring automated system previously developed by the team, allowing to generate and store a
library of schemes for solving agricultural lands evaluation tasks, including the ability of dynamical
monitoring of their change during the vegetation season and support of management decision-making.
The schemes for solving the tasks are generated on the basis of expert assessments and, after check-
out on the significant amount of experimental data; they can be used as an objective tool by scaling
to other areas that have a similar set of climatic conditions. Thus, the four-level view of information
is supported: 1) the system of knowledge describing the subject area of agricultural lands assessment;
2) the scheme of the task describing the specific formulation of the task and containing declarative and
procedural means to solve it; 3) the copy of the task to be solved, which is localized in the field; 4) the

solution of the task localized in time.
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The system presented in the work is currently being pilot tested on solving the tasks of agricultural
lands evaluation in the Sukhobuzimsky District of the Krasnoyarsk Territory on behalf of the district

administration and economic entities.
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