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1 INTRODUCTION

In the Russian Federation, the problem of assessing
the agroecological and economic potential of agricul�
tural lands (ALs) arises when solving issues such as the
cadastral valuation of ALs in order to optimize their
taxation, assess the market value of lands as objects of
economic turnover, assess their investment attractive�
ness as objects of potential development of agricultural
production, etc. In this context, one should emphasize
the problem of returning lands withdrawn from service
in the years of the post�Soviet agricultural crisis, which
is considered, e.g., in [4–5, 11]. In the case under con�
sideration, assessment is a necessary stage of ranking
of lands for their step�by�step remediation.

Under the conditions of undeveloped transport
network and the remoteness of ALs from agricultural
processing points in the vast areas of Siberia and the
Far East, the assessment of the transport accessibility
of these types of lands is one of the key parameters for
solving the considered problems, along with the char�
acteristics of soil fertility, climate, etc. [3–4, 6].

This article considers methods of determining the
transport accessibility of agricultural lands in the
agrarian and agroindustrial landscapes of the agricul�
tural part of Krasnoyarsk krai and the Republic of
Khakassia.

1 This paper uses the materials of the report submitted at the 11th
International Conference “Pattern Recognition and Image
Analysis: New Information Technologies,” Samara, Russia,
September 23–28, 2013.

STATEMENT OF THE PROBLEM

As a rule, the Euclidean metric or the metric of
urban quarters are used for assessing the transport
accessibility of geospatial objects (GSOs) in geo�
graphic information systems [2–3]. The metric of
urban quarters has specific fields of application and
cannot be directly used for the purposes in question.
We apply the Euclidean metric for solving the prob�
lems under consideration. Thus, in work [3], it is used
to calculate the distance from fallow lands to the open
water. However, the direct application of this metric
for solving the problem of assessing the transport
accessibility of agricultural lands may lead to signifi�
cant errors. Results of the cadastral valuation of agri�
cultural lands in the central group of Krasnoyarsk krai
districts in 2013 may serve as an example. According to
them, in some cases, overestimated indicators of the
land cadastral values were obtained due to the topo�
graphic features of the area and road network features
that were not taken into account. This practice even�
tually leads to an artificial high cost prices on agricul�
tural products.

To improve the accuracy of assessments, methods
for determining the transport accessibility of agricul�
tural lands should take into account both topographic
factors and natural and technogenic aspects of the
respective area. The area under consideration is char�
acterized by factors such as underdeveloped transport
system including roads with different types of cover�
age, the presence of wetlands, developed hydrographic
network, wavy landscapes, foothills, and sub�taiga
areas. The presented work proposes using assessments
based on a functional distance model that takes into
account the cost of movement over the rough terrain or
over the road network as opposed to direct movement
or movement with bypass of obstacles that obstruct the
movement.
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Formalization of the Problem

Based on assessment of the transport accessibility
of ALs, we intend to find the integral numerical
parameter that characterizes the degree of complexity
of tangible goods from the respective agricultural con�
tour to a target object for economic business manage�
ment. This assessment is based on analyzing possible
movement routes and the algorithm for the optimal
route search.

The initial data for solving the task are formed
using digital vector topographic base maps. In prac�
tice, these maps can be obtained based on the soil
maps of the Soviet (post�Soviet) period with the topo�
graphic overlay, which were updated according to the
space survey data.

For the convenience of data operation, let us turn
from the vector image to the raster image, where a sep�
arate raster element corresponds to a certain area of
the land surface. In turn, the terrain area is a square
with side d, which is correctly oriented along the coor�
dinate axes. Let us present the search space in the form
of two�dimensional matrix R: M × N. The dimension
of matrix is determined by the size of the analyzed area
and the quality of initial data, which defines the possi�
ble discretization of land surface elements in the
model.

Let us match a mark for each matrix element
according to the object dictionary (AL, forest, road,
ravine, etc.). According to the fraction surface model,
the mark of a raster element determines the numerical
evaluation of difficulty in traversing the respective
area. Another important feature is the mean altitude of
the area above sea level.

Let us conventionally divide the sections of the ter�
rain that slow down the movement and increase time
for reaching the set point compared to the surface
without resistance into three types, i.e., absolute barri�
ers, meaning areas that stop or deflect movement,
including rocks, lakes, and rivers; relative barriers,
meaning objects that involve high costs to traverse,
such as ravines, railway lines, and highways; and con�
ventional barriers, meaning objects traversed without
significant difficulties, such as hills and lowlands.

The route is defined as a route laid from point A
with coordinates (xA and yA) to point B with coordi�
nates (xB and yB), where (xA and yA) and (xB and yB) are
the coordinates of the initial and finishing points.
Points A and B for the matrix will correspond to ele�
ments rxy and rkl, respectively, and x, k ∈ [1..N] and y,
l ∈ [1..M]. Movement is possible both along the coor�
dinate axes and in the diagonal direction. Assume that

costs are  times higher in the diagonal movement
than in the movement along axes. In the case of trans�
fer from one raster element to an adjacent one, we
assume that the transfer is made from the center of the
first element to the center of the other one. The costs

2

of the transfer are the mean value of costs of the move�
ment along two adjacent elements z12 = (z1 + z2)/2.

Route costs are determined by the sum of expenses
on all transfers between the points of the route [Q] =

, where N is the number of points of the

route.
To make the search algorithm work in the matrix

under consideration, one should make correlations in
the graph representation, according to which each ele�
ment of the matrix is correlated with the respective
graph junction, and its arcs form the ratio of adjacency
8 between the adjacent elements of the matrix. To
accelerate the operation of the algorithm, junctions
that are absolute are removed. Simultaneously, incom�
ing arcs are also removed. This makes it possible to sig�
nificantly reduce the number of roads to be investi�
gated. In addition, rules based on the distance norm
are applied during the search to remove roads with an
a priori overestimated length.

Dijkstra’s algorithm was used as a search algorithm
[7]. The physical significance of assessing the move�
ment cost is to estimate time spent on the movement.
The movement cost is calculated by the formula

(1)

where le is the movement distance and v1 and v2 are
the estimates of speed with which the vehicle moves
over the respective types of terrain taking into account
possible altitude differences.

TECHNIQUE DESCRIPTION

Let us consider the sequential scheme of imple�
mentation of the technique.

1. Collection of Initial Data

According to [1], the collection of geospatial
objects (GSOs) is divided into two substages, 1.1 and
1.2.

1.1. Preparation of vector cartographic documents.
The initial cartographic material (topographic maps)
are selected for the analyzed area. If there are no elec�
tronic maps, a series of measures on selection, digiti�
zation, geographical reference, and vectorization of
hard copy map objects is performed. Mapinfo data
formats are used.

1.2. Collection and preprocessing of satellite images
with a medium spatial resolution for the analyzed area.
This stage includes the use of archival image and cur�
rent observation data that are publicly available
(Landsat 5 and Landsat 7).

1.2.2. Updating geospatial information according
to the results of interpretation of satellite images.
Depending on the availability/absence of up�to�date
data on target objects (ALs including their typifica�
tion, hydrographic network elements, electric lines,
and human settlements), certain vector layers are

zi i 1+,i 1=
N 1–
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updated. The technique described in [4] is used to sep�
arate fallow lands.

1.2.3. The transformation of data into a form that is
convenient for manipulating. A set of digital matrices
is formed according to the number of estimated agri�
cultural contours. Each GIS matrices has a rectangu�
lar test area that corresponds to it with sides that are
parallel to the north–south and east–west directions,
and the respective contour within this area. A separate
matrix is constructed so that the distance from the
westernmost, northernmost, easternmost, and south�
ernmost contour point to the respective rectangle side
is equal to distance L (empirical constant determined
on the terrain). One of the predetermined types of
geospatial objects is established for each correspond�
ing matrix element (pixel). The dimension of the
matrix is determined by the size of the estimated con�
tour, parameter L, and the scale of the initial map.

1.2.4. The parameters of the operation of the route
search algorithm are set in the dialog with the user
(represented by an expert in assessing agricultural
lands). Types of friction surfaces and the respective
weight coefficients are determined. In addition,
parameters for the task of assessing the transport
accessibility are specified. Thus, for facilities of types,
such as human settlement and ALs, we may choose the
facility coordinates which the search should be started
from. The variants are the geometric center, the near�
est point, or a point chosen by the user. Parameters
provided by the algorithm are determined. Thus, for
single�type GSOs, we may calculate the distance to
the nearest GSO or the collection of distances to all
GSOs of this type.

1.2.5. Using Dijkstra’s algorithm, a route is calcu�
lated for all target GSO pairs within the above�formed
constraints.

1.2.6. The user is given a visual route pattern (for
visual estimation and control) and the collection of
calculation results, which are exported into the MS
Excel spreadsheet format for further analysis.

APPROBATION

The software that provides and implements the
technique [8–9] was developed using open software
development technologies. This is based on the fol�
lowing set of open�source projects and technologies:
GDAL open�source library (preparation of geodata
for publication), GeoServer open source java project
(control of the web�publication of cartographic infor�
mation), and open source javascript project OpenLay�
ers (user’s cartographic web interface).

The technique was tested on solving the task of
making recommendations on the conversion of fal�
low lands in Mansk raion of Krasnoyarsk krai into
agricultural use. Fallow lands with a total area of 31
154 ha (plow�land covered with hayfields (14 354
ha) and with forest (16 800 ha)) were identified.

1

2

Assessments of transport accessibility were obtained
for each of the identified agricultural contours with
respect to such objects as human settlements, elec�
tric lines, and roads.

Currently, the following stage of the technique
approbation is being carried out in the area of
Sukhobuzimskii raion in Krasnoyarsk krai, which
serves as one of the elements of the system of the inte�
grated evaluation of agricultural lands, which is being
created in Krasnoyarsk krai.

CONCLUSIONS

A technique for assessing the transport accessibility
of agricultural lands based on using geospatial infor�
mation has been developed. This technique applies the
model of obstacles, that has been developed for the
conditions of sub�taiga landscapes in the south of
Krasnoyarsk krai. It has been tested on solving the
problems of remediation of fallow lands in Mansk
raion of Krasnoyarsk krai [10]; at the present time, the
test site is expanded by the lands of Sukhobuzimsk
raion of the krai. The technique can be modified for
application under the conditions of agrarian and
agroindustrial landscapes in other areas through the
adaptation of the model of obstacles with respect to
mesorelief features and anthropogenic factors of a spe�
cific terrain.

ACKNOWLEDGEMENTS

This work was supported by a grant from the Rus�
sian Foundation for Basic Research (project no. 13�
07�98005)

REFERENCES

1. S. E. Perfil’ev, Y. A. Maglinets, G. M. Tsibul’skii,
E. A. Mal’tsev, A. A. Latyntsev, and K. V. Shatrova,
“Intelligent geoinformation technology for agroeco�
logical mapping,” Pattern Recogn. Image Anal. 23 (4),
528–535 (2013).

2. Software complex Ocean Geoinformation System.
http://ocean.abviz.ru/. Assessed 23.01.2013.

3. A. G. Terekhov, I. S. Vitkovskaya, M. Zh. Bartaleva,
and L. F. Spivak, “Principles of agriculture landscape
zoning for North Kazakhstan croplands according to
LANDSA and MODIS data,” in Proc. 7th All�Russian
Open Year Conf. “Modern Problems of Earth Distant
Probing from the Space” (Space Research Institute
RAS, Moscow, Nov. 16–20, 2009), pp. 292–304.

4. K. V. Shatrova, “The way to intellectualize geo�space
information analysis in problems on fallow lands deci�
phering and quality estimation, ” in Proc. 4th Int. Sci.�
Tech. Conf. Robotics and Artificial Intelligence
(Zheleznogorsk, 2012), pp. 142–145.



PATTERN RECOGNITION AND IMAGE ANALYSIS  Vol. 25  No. 4  2015

ASSESSING THE TRANSPORT ACCESSIBILITY OF AGRICULTURAL LANDS 705

5. Russian Government Decree no. 178 on Federal Target
Program “The Way to Save and Restore Fertility of
Croplands and Agricultural Landscapes as Russian
National Patrimony for 2006–2010 and till 2010”
(March 17, 2011).

6. K. V. Shatrova, Yu. A. Maglinets, M. A. Anik’eva, and
M. G. Gerasimchuk, “Conceptual model of subject
field of agriculture lands estimating by using geo�space
information,” in Proc. 11th Open All�Russian Conf.
“Modern Problems of Earth Distant Probing from Space”
(Space Research Institute RAS, Moscow, 2013), p. 65.

7. N. N. Nilsson, Artificial Intelligence: A New Synthesis
(Morgan Kaufmann, 1998).

8. R. V. Brezhnev, Yu. A. Maglinets, E. A. Mal’tsev,
S. E. Perfil’ev, A. Yu. Sidorov, G. M. Tsibul’skii, and
A. S. Shokol, “Software�technological infrastructure
for information support of territorial control prob�
lems,” Zh. Sibirsk. Federal. Univ. Ser. Tekhn. Tekhnol.
5 (3), 340–352 (2012).

9. Y. A. Maglinets, E. A. Mal’tsev, and G. M. Tsybul’skii,
“Multipurpose geoinformation management system of
Yenisei meridian territories,” Pattern Recogn. Image
Anal. 22 (2), 318–322 (2012).

10. Yu. A. Maglinets, E. A. Mal’tsev, R. V. Brezhnev,
A. S. Sosnin, G. M. Tsybul’skii, and K. V. Shatrova,
“Software�technological infrastructure for presenting
and processing geo�space information of municipal
area,” Sovr. Probl. Distants. Zondir. Zemli Kosmosa 9
(3), 316–323 (2012).

11. S. E. Perfil’ev, G. M. Tsybul’skii, and Yu. A. Maglinets,
“Structure�geo�morphological method for agricultural
landscapes mapping in space industrial�agriculture
monitoring,” Probl. Region. Ekol., No. 4, 152–158
(2011).

Translated by D. Zabolotny

Yurii Anatol’evich Maglinets.
Born 1965. Graduated from Krasno�
yarsk Polytechnic Institute in 1987.
Received candidate’s degree in 1996.
Scientific interests: design and con�
struction of flexible software pro�
grams, analysis and interpretation of
images, information support of the
task of the Earth’s remote sensing
from space. Author of more than 60
papers. Head of the Scientific Uni�
versity Laboratory for the Informa�

tion Support of Space Monitoring at the Institute of Space
and Information Technologies, Siberian Federal University.

Kseniya Vladislavovna Shatrova.
Born 1987. Graduated from the Insti�
tute of Space and Information Tech�
nologies, Siberian Federal University
in 2009. Received candidate’s degree
in 2013. Scientific interests: develop�
ment of methods for processing
Earth’s remote sensing data from
space to solve applied problems in
agriculture. Author of ten papers.

Gennadii Mikhailovich Tsibul’skii.
Born 1947. Graduated from the Kras�
noyarsk Polytechnic Institute in
1973. Received candidate’s degree in
1988 and doctoral degree in 2006.
Scientific interests: multiagent
approach to the construction of com�
plex image processing systems and
intelligent training systems. Author of
more than 90 papers. Director of the
Institute of Space and Information
Technologies, FGAOU VPO Sibe�

rian Federal University, and Head of the Department of
Artificial Intelligent System, city of Krasnoyarsk.

SPELL: 1. javascript, 2. hayfields




