
                                  VOL. 16, NO. 7, APRIL 2021                                                                                                                 ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2021 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                802 

METHOD FOR REPRESENTING SPATIAL INFORMATION 
OF TOPOLOGICAL RELATIONS BASED ON A  

MULTIDIMENSIONAL DATA MODEL 
 
Tetyana Honcharenko1, Galyna Ryzhakova2, Yevhenii Borodavka3, Dmytro Ryzhakov2, Volodymyr Savenko4  

and Oleksandr Polosenko5 
1Department of Information Technologies of Design and Applied Mathematics, Kyiv National University of Construction and 

Architecture, Ukraine 
2Department of Management in Construction, Kyiv National University of Construction and Architecture, Ukraine  

3Department of Information Technologies of Design and Applied Mathematics, Kyiv National University of Construction and  

Architecture, Ukraine 
4Academician of the Ukrainian Academy of Sciences and the Academy of Civil Engineering of Ukraine, Kyiv National University of 

Construction and Architecture, Ukraine 
5Corresponding Member of the Association of Builders of Ukraine, Kyiv National University of Construction and Architecture, Ukraine 

E-Mail: iust511@ukr.net 

 
ABSTRACT 

The article discusses the problem that arises during the creation and processing of data containing spatial 

information, and describes the spatial-logical and topological relations between data elements when solving tasks of 

general planning. The use of topological rules makes it possible to improve the quality of the information available in the 

database and control it throughout the life cycle of the territory for construction, which largely ensures a reduction in the 

number of errors, the relevance and consistency of spatial information. It is proposed to use a multidimensional data model 

for storing spatial information about inter-object topological relations to solve the problem under consideration. Each 

matrix multidimensional data model (MDM) is the tuple of the set of objectives for which a specific spatial relation is 

determined. The study of this approach was carried out on test and real master plans of residential buildings. The 

advantages of using the method are obvious when solving problems of horizontal and vertical planning of a building area. 

Once formed and saved topological matrices between the elements of the general plan are saved in the database of the 

construction project, can be used to develop options for the layout of the situational plan of the construction site and are 

used at the operation stage. The complexity of the method at the initial stage and the high need for RAM indicate the need 

to use OLAP technology. 

 
Keywords: multidimensional data model, spatial information, topological relations, topological matrices, master plan, general planning, 

OLAP. 

 

1. INTRODUCTION 

General plan (master plan) is a project document 

on the basis of which planning, development, 

reconstruction and other types of urban development of 

territories are carried out. The main task of general 

planning is to place the constituent elements of the general 

plan of a certain functional purpose on the territory 

allocated for construction. 

There is a need for reliable and up-to-date data on 

existing and projected objects on the territory allocated for 

construction, as well as advanced information technologies 

for the accumulation, processing and presentation of 

spatial information when solving problems of general 

planning. It is necessary that spatial information is located 

on the master plan according to certain topological and 

spatial-logical rules when design a construction site. 

Solution automated control of the placement of the spatial 

information requires new theoretical approaches to the 

description of topological relations between objects on 

master plan. 

Authors' works [1-5] analyze methods for 

calculating topological relations which show the mutual 

influence of spatial objects by means of a coordinate 

component. This approach is unacceptable due to 

computational difficulties and the fact that multi-scale and 

thematic maps of the same area are often not comparable 

with each other. There may be several maps for the same 

area. They can be of different years and sizes. Depending 

on the type of survey and the year, these maps have some 

discrepancy regarding features. The processing of such 

cartographic information is inconvenient and difficult. 

In the work [6], the authors provide the 

justification and development of a mathematical model for 

presenting data on spatially distributed objects of regional 

infrastructure, which provides an assessment of the mutual 

influence and dynamics of objects in the spatial domain. 

The articles [8, 9] give a detailed review of the 

approach to the formation of a system of topological 

relations in GIS is based on the use of the theory of binary 

inter-object relations and specialized processing methods.  

The articles [10] and [11] are devoted to the 

creation of geographic information systems based on the 

analysis of attributive and coordinate information. At the 

same time, the issues of organizing information support 

for decision-making, based on the analysis of the mutual 

influence of objects, have not been studied enough. 

The authors of the works [12-14] formalize a 

mathematical model for representing data on spatially 

distributed objects, an object of which is a set-theoretic 

description of the processes of processing heterogeneous 
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data on geo objects, which provides an assessment of the 

mutual influence and dynamics of the behaviour of objects 

by analyzing their topological and geometric 

characteristics. 

The authors of [15-18] examine methods and 

algorithms for obtaining and processing object-oriented 

attributive information, a feature of which is the 

integration of heterogeneous data from distributed 

systems, which allow to adequately describing a spatially 

distributed object due to binary topological relations. 

The articles [19-21] are devoted to an approach to 

the application of topological relations in the group spatial 

analysis of cartographic objects. These authors propose 

new algorithms for processing spatial information, 

differing in that the external topology of the object is used 

as the initial data. 

This research discusses the problem that arises 

during the creation and processing of data containing 

spatial information, and describes the spatial-logical and 

topological relations between data elements when solving 

tasks of general planning. 

 

2. MAIN RESEARCH 

The conducted researches in this sphere have 

established that the information processing for creating a 

model of the territory for general planning should be 

presented in the form of the scheme given in figure 1. The 

general data environment for solving general planning 

problems is formed on the basis of integrated processing 

of spatial and attributive information of the construction 

site and adjacent areas on the basis of the application of 

OLAP (OnLine Analytical Processing) technology. 

 

 
 

Figure-1. Information processing for creating a model of the territory for general planning. 

 

The basis for the effectiveness of the information 

system for automating the process of general planning of 

the territory allocated for the construction of an object is 

topological relations, which make it possible to structure 

spatially distributed data. Definition of topological rules 

between existing and planned objects allows for horizontal 

and vertical design of the land plot of the construction site 

in an optimal way. Find a location for each spatial object 

of general planning using graphic objects presented on the 

map in vector form. On the basis of spatial relations, it is 

possible to form conditions for the correspondence of one 

object or group of objects to a certain set of rules. 

The use of topological rules allows you to 

improve the quality of the information available in the 

database and control it throughout the entire life cycle of 

the territory, which largely ensures the reduction in the 

number of errors, the relevance and consistency of spatial 

information. 

The essence of the approach is to use a 

multidimensional data model to store spatial information 

about inter-object topological relationships. Each of the 

multidimensional data models of the matrices is a tuple on 

a set representing features for which a specific spatial 

relationship is defined. 
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In fact, a cube is formed with layers represented 

in the form of topological two-dimensional arrays shown 

in Figure-1. Matrix elements are binary values that 

indicate the presence or absence of one of the relationships 

between the objects, defined by the ordinal numbers of the 

column and row. 

 

 
 

Figure-2. Multidimensional data model for storing spatial 

information about topological relations. 

 

The representation of matrices in the form of 

cube layers enables the use of OLAP technology. In this 

case, a cube that can be stored on a dedicated server is a 

repository of certain facts about inter-object topological 

relationships. Each fact is assigned a unique combination 

of dimension elements, which determines the presence or 

absence of topology. 

The main problem in organizing spatial queries is 

the high complexity of the formation of topological 

matrices at the initial stage. 

To reduce labour intensity, it is proposed to use 

the possibility of specifying the layers of the topographic 

plan (map) on which spatial objects of a certain type are 

located. Thus, a significant reduction in the amount of 

RAM and the time spent on data processing will be 

achieved due to the following factors: 

 

-  concretizing the class of objects subject to 

information processing of data; 

-  use of matrices containing inter-object 

topological relations and stored in RAM, while 

the matrix scanning will be carried out at high 

speed. 

 

For a specific class of objects, a binary structure 

of relations is set, therefore, binary comparison operations 

are laid in the basis of a spatial query. 

Traditionally, spatial objects are described in the 

form of vector geometric primitives of point, linear and 

polygonal types [3, 6, 11]. These spatial elements are 

called base elements. 

As shown in work [4], depending on the set of 

entities involved in spatial interaction, three classes of 

topological relations can be distinguished: intra-object, 

inter-object and conceptual. 

Each class defines a large group of topological 

relationships that reflect elements of an interior or exterior 

topology. These classes can overlap and complement each 

other. 

For the efficient operation of spatial information 

processing tools for solving the general planning problem, 

it is necessary to find a balanced scheme for determining 

the topological relations. Thus, the above classes can be 

characterized as follows: 

 

a) intra-object are topological relations that determine 

the integrity of an object as a set of elementary 

geometric parts and a semantic context, the 

components of a topological relation are geometric 

primitives that make up an object; 

b) conceptual are topological relations that establish the 

most general rules for the location of objects 

belonging to different classes; 

c) inter-object are topological relationships established 

between a pair of objects. 

The division of topological relations into classes 

will be carried out in accordance with the set of objects 

participating in the relation. To form topological matrices, 

it is sufficient to define the inter-object topology. In this 

regard, let us single out the following types of interо-

object topological relations: isolation, intersection, 

nesting, neighbourhood, proximity, remoteness. However, 

speaking about inter-object topology, it is necessary to 

note the factor of influence on it of internal relations 

between the constituent parts of a spatial object (Figure-3). 
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Figure-3. Types of topological relations. 

 

In fact, every established inter-object topological 

relationship is based on the definition of the relationship of 

basic elements - points, lines, polygons. The importance of 

these relationships can be illustrated by the following 

example. Determination of the permissible distance 

between the "Building" object and the "Passage" object is 

advisable to set only for the outer contours of the 

"Building" object. This will reduce the calculation time 

and further verification of the general layout model. When 

analyzing any relationship other than isolation, the 

fulfilment of the rule for one of the components (in this 

case, the outer contour) means that it is also true for the 

object as a whole. 

Let there be a collection of objects: 

 

O = {Оi}, i=1...n, 

 

where n is the number of objects, as well as the set of 

formed selection rules R 

 

R = {Rj}, j=1...m, 

 

where m is the number of rules. 

The essence of the method for sampling objects is 

to check the set O for the correspondence of its elements 

to the relations of the set R. 

The method is based on the preliminary 

formation of six matrices by the number of basic inter-

object topological relations. Rows and columns of 

matrices correspond to identifiers of features, at the 

intersection of which there is a binary element indicating 

the presence or absence of a topological relationship.  

It is advisable to present the method as a 

sequence of performing the following steps: 

 

a) The user specifies spatial objects for modeling 

the general layout of the territory for development and a 

measure of proximity for calculations. 

b) The set O is processed according to the 

following rule: 

 

M [i, j, k] = R(Oi, Oj)k, Rk ϵ R, ∀ Oi, Oj ϵ O, 

 

where i, j, k are serial numbers of a row, a column of a 

three-dimensional data model, corresponding to spatial 

objects and a topological rule; M is topological matrix; R 

is topological relation; the indices "style", "layer" reflect 

the properties of the spatial object, which determine its 

relation to the style and the display layer, respectively. 

c) Simple (one topological relation) or complex 

(combination of topological relations) rules are formed, 

which determine the relative position of the objects of the 

general plan. 

d) Placement is carried out by processing the 

topological matrix, for which its own list S of 

corresponding objects is formed, i.e. for each i-th object, 

others (with numbers j) are determined that are with it in 

any spatial relation: 

 

Si ← Get ID (i, j), if M [i, j, k] = 1 & i ≠ j ∀ i, j ϵ (1...n), 

 

where Get ID is an operator for determining the identifier 

of an object by its number in the matrix. 

For a complex (composite) rule, the formed lists 

S are combined in accordance with the arrangement of the 

rules (conjunction, disjunction, negation): 

 

S = S1 (&/ || /¬)… S2 … Si … SР, 

 

where p is the number of simple rules in a complex one. 
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e) The result of the layout S is presented to the 

user in the form of a variant of the general plan. 

Figure-4 shows multidimensional data model for 

topological relations. 

 

 
 

Figure-4. Multidimensional data model for topological 

relations. 

 

The following steps are taken to optimize the 

method: 

a) when defining the relations "neighborhood", 

"isolation", "proximity and remoteness", 

"intersection", it is possible to reduce the 

computational costs by at least two times; when 

forming a matrix, you can fill only half of it, since 

when these rules are fulfilled for one object of a pair, 

they are also fulfilled for the other; in addition, the 

following optimization can be carried out: if the 

“neighborhood” or “intersection” relations are 

defined, then the “isolation / proximity / remoteness” 

relations for the same objects are not fulfilled and 

they do not need to be determined, and vice versa; 

relations “neighborhood” and “intersection” are also 

mutually exclusive for a pair of objects; 

b) when determining the "nesting" relationship, some 

reduction in computational costs is possible due to the 

exclusion of repeated checks for nesting for a pair of 

objects, as well as if all the other previously 

calculated relationships are not met; 

c) analysis of the “isolation” relationship is possible not 

element-by-element, but by columns due to the 

exclusiveness of this rule: if there is not a single 

binary element with the value “0” in the row 

corresponding to the cartographic object, then the 

object is isolated. 

 

 

3. RESULTS AND DISCUSSIONS 

The proposed method for processing topological 

relations is based on the organization of matrix storage of 

topological information, when matrices are layers that 

form a cube representing a multidimensional data model. 

Matrices are stored in RAM, which speeds up the search 

for information in them. 

Matrix elements are binary values indicating the 

presence of “1” or the absence of “0” of one of the 

relations between objects, defined by the ordinal numbers 

of the column and row. 

A binary relationship structure is specified for a 

particular feature class, since binary comparison 

operations are the basis for topological relationships. The 

study of this method was carried out on test and real 

master plans of residential buildings, the main difference 

between them lies in the diversity of both objects and 

topological relations between them. 

At first, the work of individual computational 

topological procedures was studied - options for the layout 

of objects of the general plan - according to simple 

topological rules, since this allows you to identify the most 

time-consuming stages of the method for those cases when 

a complex rule is set. As can be seen from the graphs, the 

increase in the complexity of execution is almost linear, 

with the exception of verification by matrices, which is 

due to the lack of diversity in the test master plan.  

Figure-5 shows diagram of results of method 

application for processing simple topological relations. 

Figure-6 shows diagram of results of method application 

for processing complex topological relations. 

 

 
 

Figure-5. Method application diagram for processing 

simple topological relations. 
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Figure-6. Method application diagram for processing 

complex topological relations. 

 

Figure-7 shows graphical representation of the 

method based on topology and database. 

 

 
 

Figure-7. Graphical representation of the method based on 

topology and database 

 

The results of the study of the method are 

presented in Figure-8, which shows a graph of its work 

with a conventional sample (curve 1) and with a sample 

based on matrices (curve 2). Let us estimate the need of 

the algorithm in RAM: for a well-detailed general plan of 

an average quarter of Kiev, the number of objects can 

reach 1000, respectively, the volume of one matrix will be 

1000⋅1000 bytes or ~ 0.95 GB, and for all matrices - 

0.91⋅5 = 4,75 GB. The number of objects in the master 

plan may differ depending on the current display scale and 

active layers, but the general trend, expressed in an 

exponential increase in memory load with an increase in 

the number of objects, remains unchanged. 

 
 

Figure-8. Method esearch results. 

 

The information model of general planning data 

assumes such an organization of data about objects, which 

could provide easy access to a complex of attributive 

information, as well as a visual modification of the 

information structure of spatial information. Ease of 

access to information allows you to quickly move from 

information on an object to its graphic image and vice 

versa. Thus, the important investigated aspects of the 

method are efficiency when accessing database records 

and performing calculations when solving general 

planning problems. 

In the study of the selection characteristics for the 

database and for the master plan, based on topological 

matrices, the real master plan of the residential area was 

used. As can be seen from the results of the study, 

selection according to the database is linear, according to 

matrices is exponential, the maximum acceleration 

achieved due to topological selection is ~ 35%. As a result 

of the study, the advantages of using the method of 

verifying topological relations for processing spatial 

information in conjunction with the implementation of a 

unified information data model for solving problems of 

general planning were revealed. 

 

4. CONCLUSIONS 

The advantages of using the method are obvious 

when solving problems of horizontal and vertical planning 

of a building area. Once formed and saved topological 

matrices between the elements of the general plan are 

saved in the database of the construction project, they can 

be used to work out options for the layout of the 

situational plan of the construction site and then at the 

stage of operation of the real estate object. Despite the 

optimality of the calculation topological procedures, the 

initial stage of the formation of matrices of topological 

relations is laborious, which is confirmed by the parabolic 

dependence of the operating time on the number of 

objects. The complexity of the method at the initial stage 

and the high demand for RAM indicate the need for a 
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technology similar to OLAP. This technology is capable of 

providing the following benefits when using it: 

 

a) the user himself performs the detailing of the matrices 

of topological relations, choosing the classes of 

objects of interest to him, which will form the final 

layers of the cube; 

b) facts (inter-object topological relations) represented 

by a multidimensional data model are easily 

processed by both simple and complex rules based on 

binary comparison operations; 

c) Given the multidimensional layered representation of 

topological information, we can talk about the 

possibility of parallelizing the processing of spatial 

data. 
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