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Abstract 
Multi-scale web mapping is one of the priorities of the cartographic industry. The basis of cartographic visualization is 
interactive multi-scale maps, in which the display of objects varies depending on the scale, while topological and 
meaningful connections between objects must be retained. Coordinated and correct selection of objects at different 
scale levels of the map is provided by previously developed technology and created GIS modules. The article discusses 
the features of using the PostgreSQL DBMS for storing and visualizing spatial data at different scale levels, defines the 
main stages of database creation. The proposed organization of spatial databases ensures the efficiency of creating 
multi-scale web maps, making changes to the map, interactive user interaction with records in the database, the ability 
to build thematic and general geographic maps. Approbation of the proposed approaches and solutions was carried out 
when creating multi-scale interactive maps for the regions of the Russian Federation.  
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INTRODUCTION 

Currently, multi-scale web mapping is one of the priorities of the cartographic industry. Geoportal solutions are actively 
used in the visualization of spatial data, atlas information systems, GIS atlases are being introduced, multifunctional 
cartographic web resources are being developed. A significant number of articles are devoted to the creation and design 
of multi-scale maps, from which works can be distinguished [1,2,3,4]. 

An important step in creating interactive multi-scale maps, in which the display of objects varies depending on the 
scale, is not only the correct selection of objects, but also ensuring the storage and visualization of the results of the 
selection of objects at different scale levels. To do this, it is necessary to develop the principles of organizing a spatial 
database and a methodology for automated creation of multi-scale web maps. It should be borne in mind that the 
development of topologically consistent content at different scale levels is a rather time-consuming process and it is 
advisable to use the functionality and additional software modules of geoinformation systems to perform it. 
Visualization of the content of scale levels is proposed to be performed in the form of web maps, while the process of 
both loading vector information into a spatial database and creating web maps should be performed promptly and do not 
require additional actions. 

SOLUTIONS FOR AUTOMATED CREATION OF MULTI-SCALE WEB MAPS 

For the automated creation of multiscale web maps, a method is proposed (Figure 1). 

Formation of a cartographic database 

To automate the process of creating multi-scale interactive web maps, it is proposed to use a cartographic database as a 
data source, which is a set of layers (hydrography, settlements, communication routes and borders) containing metric 
and semantic information. It is advisable to form a cartographic database on the territory of the Russian Federation 
based on the use of a Unified electronic cartographic basis 1:100 000, 1:1 000 000, 1:2 500 000. Previously developed 
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methods and technologies [5,6], as well as GIS software modules created, allow you to create derivative digital 
cartographic bases for a user-defined territory at any scale and cartographic projection. At the same time, a consistent 
selection of objects and optimal graphic load is ensured, depending on the symbols used. The main stages of creating 
derived cartographic bases are: calculation of thresholds for the selection of objects (rivers, roads, settlements); 
automatic formation of tables for the selection of objects; interactive selection of objects, placement of names on the 
map. 

 

Figure 1. Method for automated creation of multi-scale web maps using PostgreSQL DBMS 

This approach is important in multi-scale mapping, where two basic principles of the process of forming a large-scale 
series of electronic maps can be applied:  

1. The preservation of continuity from the already existing large-scale series of traditional general geographic 
maps. 

2. The formation of a series based on the principle of twofold reduction. It should also be noted that web maps 
use not a scale, but a level of detail (from 1 to 20). 
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Cartographic web services use the normal equiangular cylindrical Mercator projection (EPSG:3395, EPSG:3857). In 
this case, the main scale exactly corresponds to its level of detail only at and near the equator, and in the north and south 
directions from the equator, there is an increase in the private scale. For example, at latitude 60 degrees level #9 of 
detail corresponds to level #10 at the equator. 

Table 1 shows the contents of the zoom levels of a multiscale map. The correspondence of the scales to the zoom levels 
of the web map (for central Russia), the source data used in the creation of derivative digital cartographic bases, 
cartographic generalization methods are indicated. 

Table 1. Contents of the zoom levels of a multiscale map  

Zoom level Map scale Source data Methods of cartographic generalization 
13 1:100 000 Unified electronic 

cartographic basis 
1:100 000 

 

Full data set 

12 1:200 000 Geometric generalization,  
selection by threshold values of graphic load. 

11 1:400 000 Geometric generalization,  
selection by threshold values of graphic load. 

10 1:800 000 

Geometric generalization,  
selection by threshold values of graphic load,  

exclusion of some object classes 
Unified electronic 
cartographic basis 

1:1 000 000 

Generalization quality control,  
selection of objects required for display on the map. 

9 1:1 600 000 Geometric generalization,  
selection by threshold values of graphic load. 

8 1:3 200 000 Unified electronic 
cartographic basis 

1:2 500 000 

Minor generalization: selection by threshold values of 
graphics load. 

7 1:6 400 000 Geometric generalization,  
selection by threshold values of graphic load. 

 

Development of a PostgreSQL spatial database for the territory of mapping 

It is proposed to develop a remote spatial database on the territory of mapping in PostgreSQL [7]. PostgreSQL is an 
object-relational database management system with open source and a free license, so that any user can use it for free, 
modify and distribute it for any purpose [7]. The main language for working with this system is the SQL programming 
language, which is designed for writing functions, queries and data processing rules. Today, PostgreSQL is a worthy 
alternative to most commercial products, providing a wide range of tools for working with spatial data, and in terms of 
price/functionality, it is the undisputed world leader. In addition, developers pay a lot of attention to the development of 
the product and constantly update it, adding new features. 

Creating a spatial database in PostgreSQL consists of several stages: creating a database host (owner); initializing the 
connection; forming a user and setting access parameters; adapting the database to use spatial information by installing 
the PostGIS extension [8]. 

The filling of the PostgreSQL database with cartographic information takes place in the geoinformation system in 
which the layers of the cartographic database are stored. So in QGIS, initialization of a remote connection to the 
database occurs using the PostGIS tool, files are downloaded using the database manager. In GIS MapInfo Professional, 
connection to the created database is made using the installed psqlODBC driver, which is a software interface designed 
to receive and send information to the database. Data is imported into the PostgreSQL database in MapInfo Professional 
using the built-in MapInfo EasyLoader program. You can also use the PostGIS Bundle software to download data in 
shape format. Depending on the selected software, there are some features of data import. 

Development of a multi-scale web map 

To create a multi-scale general geographic web map, the following are used: Leaflet js library for displaying 
cartographic information in the user's browser, https protocol for data transmission, php server programming language, 
a file server for storing tile layers and a PostgreeSQL database with the PostGIS spatial extension for storing vector data 
[9]. To standardize the process of creating a map, the structure of its file system was developed (Figure 2). 
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Figure 2. Multiscale Web Map File System 

CONCLUSIONS 

The proposed organization of spatial databases will ensure the efficiency of creating multi-scale web maps, making 
changes to the map, interactive user interaction with records in the database, the ability to build thematic and general 
geographic maps. This method of creating multiscale maps does not require much time to change the source data, for 
example, the geometry of the object or its attribute information. To do this, you just need to add or change an object in 
the database, and not do it at every scale level. Using the principles of constructing multiscale maps based on databases 
allows, depending on the purpose of the projected map, to provide the user with the ability to edit records in the 
database by working directly with the map. For example, when creating an information map that displays information 
about any work being carried out in real time, it is possible to add an element to the map in which the user can specify 
the stage of these works. 
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