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The article developed an algorithm that allows analyzing nd-objects at different time intervals
and at different scales. The algorithm of analysis of spatial scenes allows you to see the
topological relationship between objects. Unlike geometric, topological characteristics do not
depend on the location of objects. The algorithm is based on computer topology methods using
the Cech complex. As a result of the implementation of the algorithm, barcodes of spatial objects
are cited and analyzed.
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Introduction

Currently, the construction of geographic information systems (GIS) is increasingly used
vector maps. The main parts that make up the vector model are geometric objects, attributes, and
topological characteristics.

The following algorithms and methods are widely used for solving problems of analyzing
changes in spatial objects:

1. An algorithm for processing spatial data based on a shiarlet transform. The shiarlet
transform is a data transform that includes a shift and a parallel transfer operator. This wavelet
transform has a parallel transfer in time, and also scales in frequency. In addition, it includes the
directional characteristic with the shift operation in addition.

In the diagnosis of complex geoecological objects and systems for identifying singularities
(curvilinear features), as well as in assessing the territorial risks of natural and man-made nature,
this type of data conversion will allow to obtain a new geometric interpretation in the processing
of space-time series and images. Thus, the shear transformation takes into account the properties
of the medium under study, but the mathematical apparatus for analyzing complex spatial data
is the same for different models. Shiarlet-transformation is well applicable for fixing the
regularity of the image in complex environments, takes into account the scale, space and
direction [1].

2. A method based on the relationship of adjacency and inclusion between areas defined
by sets of contours. The method retrieves the features of the landscape and stores them in the
tree of features, providing a description of the landscape at several levels of detail.

This method can be applied to the generalization of the contour map and analysis of the
terrain. To do this, select the most relevant functions in accordance with the purpose of the map.
Contouring lines are important for determining morphological features on the map and
quantitatively display the relief. Contour trees are used to represent the spatial relationships
between the contours. It helps in analyzing the landscape. However, since the functions indicated
on the map by sets of contours are characterized by local relations between them and relations
with other elements at different levels of representation, automatic analysis is still limited [2].

The main disadvantage of these algorithms is their dependence on the geometric
characteristics, including the coordinates of objects. This significantly increases the running time
of the algorithm, as well as the amount of data that needs to be stored.

The actual task both at the world and at the Russian level is the analysis of data on maps
with different scales and the analysis of tracking the evolution of objects in time [3—7]. In this
paper, the analysis of nD objects will be made on the basis of their topological features that
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reflect the overall structure of the object. Data that is stored and processed in a single
n - dimensional space is called nD objects. These objects are based on n-dimensional simplexes.
Formulation of the problem

The paper sets the task of implementing an algorithm for analyzing spatial scenes in n-
dimensional space. This algorithm should analyze spatial data at different scales and at different
time intervals. The main advantage of the algorithm is to work with a group of spatial objects as
a whole, which will allow to:

1. Use the topological characteristics of the object.

2. Analyze a group of objects, regardless of scale.

Development of an algorithm for analyzing spatial scenes with nD objects in geographic
information systems

In our work, the Cech complex is used to search for differences in spatial objects. This is
the theory of algebraic topology, which is based on the properties of topological spaces. This
algorithm is useful in case of detection of changes in spatial objects. In algebraic topology and
analysis of topological data, the Cech complex is an abstract simplicial complex constructed
from a cloud of points in any topological space designed to capture topological information about
circles around points or the distribution from which it was made [8, 9].

On the basis of this simplicial complex, a Barcode B is constructed, containing the
topological characteristics of the object.

The main feature of the algorithm is that the Barcode is built not for a single object, but
for the whole group. This allows you to significantly reduce the time to access objects and get a
general description of a group of objects. It also allows you to store information for objects at
different scales.

Let's assume that X, X,,..., X, are the spatial objects consisting of sequences of points (

n - the number of objects).
Then B(X, X,,... X,)={(x;,1;)}, where (i=12,..,m) is the Barcode of a group of

objects, which is a set of topological characteristics. In the work, as a topological characteristic,
holes are used that are formed during the formation of a simplicial complex. At the same time

X; - the coordinate of the beginning of the life of the hole, |; - the lifetime of the hole, m - the

number of holes.

Based on the Barcodes, nD objects are analyzed on the vector maps shown in figure 1 (a,
b, ¢) and the result of this analysis is displayed in the form of Barcode charts in figure 1
(d, e, 1).

The Barcode analysis is performed by overlaying them on each other and finding their
differences. Using this algorithm, it can be understood that the Barcode is built on the basis of
similar groups of objects, and also to analyze how many objects were changed.

Based on the graphs in figure 1 (d, e, f), we can conclude that the structure of objects is
similar to Barcode, but there are also changes that allow you to visually determine the differences
between objects.

y <
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d) €) f)
Figure 1. Source objects and the corresponding Barcode: a-c) - Objects changed in time;
d-f) - Barcodes of objects modified in time

Conducting an experiment

1. Analysis of Barcodes of groups of objects at different scales.

Consider the change of Barcodes of groups of objects on a real example. In figure 2 (a, ¢)
the set of objects and their Barcode are displayed, respectively, on a scale of 1:50, and in figure 2
(b, d), a group of objects is shown on a scale of 1:20. Performance of the experiment.

napk 30-netus
Mobeabl

c) d)

Figure 2. A group of objects and their corresponding barcodes: a-b) Objects on two
different scales; c-d) - Barcodes of objects on two scales

In figure 2 (b), an object is highlighted in red, which has become visible on a 1:20 scale.
After analyzing the Barcodes of figure 2 (c-d), it can be concluded that the Bar Codes have a slight
difference that indicates the presence of an object on a different scale.

2. Analysis of Barcodes of groups of objects at different time intervals

To carry out this experiment in the environment of GIS INGEO, a group of objects was
restored from the tablets of the city of Murom for 1990. For 2018, information about this area was
taken from Yandex maps. Comparisons of these groups of objects and their Barcodes are shown
in figure 3.
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Figure 3. The group of objects and their Barcodes: a-b) - Objects that change over time;
c-d) - Barcodes of objects at different time intervals

Figure 3 (a, b) shows minor differences in the form of small parts (entrances, extensions,
etc.), although the buildings themselves are identical. The bar codes of these groups of objects
in figure 3 (c, d) reflect the differences in the maps in the upper part of the graphs, and in the
lower part it is clear that the houses themselves remained unchanged.

Discussion of the results and conclusion

The article developed an algorithm for analyzing spatial scenes at different scales and at
different time intervals. Algorithms analogs from foreign literature are analyzed, as well as test
and real experiments of the algorithm are carried out.

Analysis of time evolution will be useful in construction in the design of buildings,
utilities, agriculture. It allows you to calculate the labor costs for building new areas, tracking
the modification of buildings in time and planning their construction.
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Geoinformasiya sistemlarinda nD-obyektlarinin makan sshnalarinin analizi algoritmi
Mogaloado nD obyektlorini miixtalif zaman kasiminds vo miixtalif miqyaslarda analiz etmays
imkan veran alqoritm iglonmisdir. Mokan sshnolorinin analizi alqoritmi obyektlor arasinda
topologiya slagesini gérmays imkan verir. Hondasi xarakteristikalardan forgli olaraq, topoloji
xarakteristika obyektlorin yerlogsmasindon asili deyil. Alqgoritmin osasin1 Cex kompleksindon
istifads ilo kompiiter topologiyast metodlar togkil edir. Alqoritmin reallagdirilmasmin noticasi
kimi mokan obyektlorinin Barkodu verilir vo onlarin analizi hoyata kegirilir.
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AJITOPUTM aHAJIHM3a TPOCTPAHCTBEHHBIX cHeH ND-00beKTOB B reouH(popManMOHHBIX
cucreMax

B cratbe pazpabortan anropuT™m, KOTOPBIM MO3BOJISIET aHAIM3UPOBaTh ND OOBEKTHI B pazHbIC
MPOMEXYTKH BPEMEHHU U Ha pa3HbIX MaciiTabax. AITOPUTM aHadn3a MPOCTPAHCTBEHHBIX CIIEH
MO3BOJIACT YBUACTDH TOIMMOJIOTHYCCKYIO CBA3b MCKIY o0pexTaMu. B oTiune ot TrCOMECTPHUICCKHUX,
TOIMOJIOTHYECKHUE XAPAKTCPUCTUKH HEC 3aBUCAT OT PACIIOJIOKCHUSA 00BEKTOB. OCHOBy aJiroputMma
COCTABIJISIIOT METOJIbl KOMIIBIOTEPHOM TOMOJIOTMM C MCIOJIb30BaHMEM KoMmiuiekca Yexa. B
KauecTBE pe3yibTaTa pEeAIM3alldHd aJIrOpUTMa NPUBOAATCS bapKoabl NPOCTPAHCTBEHHBIX
OOBEKTOB ¥ MPOU3BOJIUTCS MX aHAIIU3.

Knrwouegvle  cnosa:  knaccugukayus — npoCMpaHCmMEEHHbIX — 00bEKmos,  MONON02Us,
eeoungopmamuka, bapxoo.

Www.jpit.az 13


mailto:3yurko02@mail.ru

