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Abstract
In cartography, the term “Big Data” (BD) has been started to use in the last decade. The recent development of GIS
and web technologies have expanded and empowered cartography by providing actual, steadily growing and complex
data and information, increasing the spatial and thematic accuracy of the contemporary maps. The primary purpose of
the cartographic approach is to maximize the value of a user-oriented map rendering of the web map content. Based on
this approach and taking into account the technological advances, the authors describe which part of BD can be
utilized for new mapping products and services. A conceptual framework encompassed several stages of multi-source
data handling, separate stages of data management and data analytics, as well as data transformations from the real
world into the map is described following the web-map creation process. The potential to use commercial web GIS
platforms and free and open-source software solutions for Web mapping (WM) are discussed. The challenges that faced
the modern cartography for creating better and cheaper cartographical multi-dimensional and multi-layered map
products for less time on different map scales are shortly outlined. Some examples of good and imperfect web map
productions are shown in the context of BD visualization. Existing obstacles in the automatisation process of map
production, more in-depth understanding of the visualized map content adding Virtual Reality / Augmented Reality (VR
/ AR), usage of cloud technologies and supercomputers with software platforms for map creation are also recognized.
Keywords: cartography, map design, Big Data, geovisualization, GIS Web mapping

INTRODUCTION
Cartographic science and practice provide opportunities for learning, making and using maps across a wide range of
human activities. From many centuries the cartography spreads information about the ambient world to the map users
starting from simple graphics, made on the walls and grounds, going through the traditional paper map and attaining to
the modern interactive 2D/3D/4D cartographic representation. Modern cartography gains the advancement of
Information and Communication Technologies (ICT). It combines interdisciplinary achievements of mathematics,
statistics, data acquisition, data mining, and programming to extract insights and information, which are represented in
interactive and innovative methods. It has led to the creation of numerous digital tools and techniques that enhance the
accuracy and temporal resolution of traditional maps.
Nowadays, cartography exploits the potential of Geographic Information System (GIS) and web technologies as
advanced tools for the map-making. GIS has reached a new level; they become mobile and massive, and thus accessible
to more users and not only professionals. In this respect, the Web mapping (WM) and GIS technology and applications,
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considered as an integral part of modern cartography, can help to deal with “Big Data” issue. BD is a term that can
mean almost anything, with an emphasis on the trend of large-scale data storage and processing (Jurney, 2015).
Availability of high-throughput data collection technologies, such as remote sensing, mobile devices, and diversity of
sensor networks contribute to rapidly growing of data sets becoming BD pervasive in all research fields. Big data is a
term meaning large amounts of geospatial data that can be georeferenced and used for flexible solutions, allowing their
processing, analysis and visualization on the map.
Recent trends of transition from paper maps to electronic and the emergence of web map services impose new
challenges in front of modern cartography to utilize ICT achievements and meet requirements of map users. Against the
backdrop of massive and widespread information-gathering tools, modern cartography is becoming extremely
attractive. The new era of Big Data, the GIS and Web mapping products and services includes cartographers, ICT
professionals, developers and providers of GIS / Web geospatial data and software platforms, international
standardization organizations, the private sector, politicians, governments and geo-communities. Sometimes it is
difficult to draw the line where the sphere of ICT end and cartography begins. Many IT professionals are taking on the
role of cartographers. Modern cartography is becoming increasingly important and has gained much interest from
expert and novice map users. WM gives opportunities to professional cartographers to represent the information coming
from BD resources (Poorthuis, 2018) and to reach to different kinds of users: from young kids to older people; from the
tourist to decision making’ professionals. Cloud computing, in computer science, is a model for providing ubiquitous
and convenient network access on-demand to a collective pool, configurable computing resources (for example, data
networks, servers, storage devices, applications and services - both together and separately). Supported by the emerging
needs and principles for interoperability of geospatial data, standardization and pragmatism in visualization, many open
platforms for the development of WEB GIS-mapping products and services are emerging. The continuous technological
progress and the development of modern science allow innovations and automation of cartographic processes. Cloud
technologies are a new stage in the web-cartography.
Modern cartography has not a limitation to provide intelligent solutions for maps’ creation using big data from different
devises and for the needs of different users. In this context, the International Cartographic Association (ICA,
https://icaci.org/) established the Commission on ubiquitous mapping, based on real-world map interaction and ICTbased context-aware mapping services. Robinson et al. (2017) created a research agenda for making maps from BD
after a long discussion of four Commissions members of ICA. It is focused on big data volume, velocity, variety and
veracity. Other commissions such as Generalization and Multiple Representation and Geospatial Analysis and
Modeling focus their research and practical experience on the multi-scale issues and automated map generalization,
spatial analysis and data mining with strong links to geovisualisation and visual analytics
(https://icaci.org/commissions/).
This paper aims to present in general the cartographic approach for a Web mapping design using multi-sources
Geospatial Big Data (GBD). The basic elements of map content are briefly described, such as the perception of
geospatial abstractions, map scale, symbol system, generalization, map design and use of a portion of BD for GIS / GIS
Web mapping purposes. The potential to use commercial web GIS platforms and free and open-source software
solutions (FOSS) for Web mapping is shortly outlined. Recent international efforts of the Standards Development
Organisations to develop standards and unification of GBD for mapping purposes is considered. Contemporary GIS and
WM platforms significantly improve BD visualization, but, in some cases, map-makers cannot represent properly the
main cartographic content that the users can perceive the map. A few examples of good and imperfect web-map
productions in a combination of advanced visualization tools are shown to demonstrate the potential of WM using BD.
Based on literature review, a conceptual framework that encompasses several stages of data acquisition, data extraction,
cleaning and annotation, data integration and aggregation, data transformation, data modelling and analysis,
interpretation, and visualization is presented. Finally, the process of mapping automation, a deeper understanding of the
visual content of the map with the addition of VR / AR, the use of cloud technologies and supercomputers with software
mapping platforms are also discussed in the context of the further development and modernization of the map
production.

GEOSPATIAL BIG DATA AND CARTOGRAPHY
The concept of BD refers to the collection, analysis, storage, processing, visualizing, etc. of significant amounts of
heterogeneous data from multiple sources (Filchev et al. 2020). Usually, data sets are complex with different formats
and have spatial and temporal attributes. BD includes types of structured, semi-structured and unstructured data
(Bandrova et al., 2014). Any scientist dealing with huge data sets can define the term BD and usually reflects in its
definition specific aspects of the subject field. In the field of geosciences, several definitions can be found in the
scientific literature. Snijders et al. (2012) define BD as a data set which cannot be captured, stored, manipulated without
the existing software. Kalema and Busobozi (2020) define BD, including structured and unstructured data with
exponential growth. Everts (2016) takes attention to the size of BD, which in 2012 volume from several dozen terabytes
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goes to many Exabyte in 2016. Dedić and Stanier (2017) include semi-structured, in addition to structured and
unstructured data. A new definition came from De Mauro et al. (2016) which seas: “Big Data is the Information asset
characterized by such a High Volume, Velocity and Variety to require specific technology and analytical methods for
its transformation into value”. Even more, Robinson et al. (2017) think that the definition of BD is nebulous. During the
last decade definition of BD with the number of V’s have increased continuously starting with 4 Vs, 10 Vs and even
presented it with 42 V’s like the ultimate answer (Shafer, 2017).
From the cartographic point of view, BD are considered as a mix of structured, semi-structured and unstructured
geodata. At the 27th International Cartographic Conference in Rio de Janeiro, Brazil in 2015, the President of the
International Cartographic Association, Georg Gartner, announced the trend of using “big data” in map-making
technologies. The big challenges for geosciences, and in particular for cartography is to except richness of content of
the continuously growing BD flow and followed processes of data preparation, extraction, cleaning, integration,
aggregation, analysis, and presentation. Accuracy, dimensionality, quality and interactivity are also particularly
important for the needs of cartographic products in addition to the four main properties of BD such as volume, variety,
speed and reliability.
• Accuracy means the degree of correct information and data which can be projected or referred to a coordinate
system used for map projection;
• Dimensionality means a measure of spatial, time and characteristics extent of the information represented to
the map. These BD characteristics allow the creation of 2D, 3D, 4D to multi-dimensional map;
• Quality means a high value of the collected data and information that is displayed on the map;
• Interactivity means the level of the computer respond to the user’s input (Wang et al., 2018).
In the past, the collection of primary information for creating cartographic products has taken a long time and was
costly. Now all stages in the collection and preparation of source data are carried out at a high technological level and
take not so much time. Today, everyone can become a participant in the geodata collection. With technological
advancements related to the processing and visualization of geospatial data, the map becomes an interface between the
user and the data. Several years ago, GIS technologies had not enough capacity to manage and process BD because of
variety in terms of formats, increasingly big amount of volume and complexity of knowledge (Wang et al., 2018).
Today professional cartographers face the challenges to finding a way to deal with GBD (see, e.g. Filchev et al., 2020).
These include the collection, manipulation and visualization of large-scale geoinformation for different users and
purposes with a multidisciplinary approach.

BASIC ELEMENTS OF MAP CONTENT
The dimensionality of the map poses a new challenge for map-makers to represent spatial information in the 3D, 4D
virtual world, and to include the time and animations as a modern way of representation in GIS web map applications.
The new areas in the development of modern cartography show that the map is not just a flat representation of the real
environment. In the BD era, the definition of the map must retain the basic features of the map that distinguish it from
other earth images and representations. Therefore, here a definition is suggested, which states: “the map is a
mathematically defined multi-scaled, multi-layers geolocated, generalized drawing, representing the earth (or other
planets) surface, objects and phenomena by symbol system.” Additional drawing, images, audio, video, animation, and
other attributes, giving quantitative, qualitative or other information, could be geolocated and attached to the main map
content. The main elements of the map, whose presence or absence improves or degrades the quality of the cartographic
product are discussed below.
•

Perception of geospatial abstractions

Abstraction is a basic process preceding the creation of any cartographic product, through which geographical spatial
objects or phenomena considered as geospatial data and geoinformation are depicted on the map. Different level of
abstractions may distinguish: conceptual, geometric, semantic, graphic, visual, and cognitive. A specific problem is the
degree of abstraction with changing the scales of maps when the same content is visualized. For example, if different
aspects of the abstraction are ignored, it may be difficult to perceive the map content when navigating through the web
geoportals changing its scale.
•

Map design

The art is a term that still exists in some map definitions and more often in the description of cartography. Map design
does not concern only “art” as a part of cartography but also some cartographical aspects and rules of map-making. In
ancient ages, most of the maps have been collected as art products. In traditional cartography, the map design still
exists. With the widely available and easy-to-manage GIS, many maps have emerged, most of which are drawings or
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graphics rather than maps. Maps should attract user attention, and they should like them, and not only provide a
possibility to read and understand. In this case, the maps will become more and more popular to any type of users.
Vozenilek (2019) describes map design as an aggregation of thought processes, which includes three phases: map
proposal, drafting and compilation. Colours and labelling are essential elements in the map design, and they are chosen
during the process of map creation. RGB (red, green, blue) colour system is better to use when web maps are created on
the base of BD. There is a need to keep principles of association in the object context, i.e. appropriately chosen symbol.
Map texts are essential to be readable, and they have to be appropriately placed on the map according to the
cartographical rules and norms.
•

Multi-scale map

Every map has to have a clearly defined scale/s, which is/are shown, and users can make the necessary measurements.
The scale means a relation between any line on the map and its real size on the earth surface. It can be represented on a
map by three different ways: bar-scale or graphical, verbal and representative fraction. Jiang speaks about the smallest
and the largest scale in the context of scaling hierarchy (Jiang, 2018). This is adopted in web map platforms where users
can use differently scaled maps in the same territory (Vozenilek, 2019). It means that the map is a multi-scaled. Degree
of resolution is defined as a scale in the cartographical context of BD (Robinson et al., 2017). The same approach is
used for web mapping, e.g. changing of the scale means changing the degree of resolution and the level of details. It can
be represented in different dimensional map representation: 2D, 2.5D, 3D, 4D, etc.
•

Generalization

The BD era provokes the rising of map-making from professional cartographers and the need for developing BD
generalization rules. BD and the expanding demand for new maps for a variety of devices means the development of the
generalization of datasets and as well integration of skills (Yao et al., 2017). Cartographic generalization always exists
as it depends on the purpose of the map representation. The generalization is a process of deliberately transforming
existing geospatial data and information or their symbolization into a more abstract representation. Another aspect of
generalization is dimensionality, which is a measure of spatial, temporal and characteristics extent of the information
represented on the map. Each map should be generalized as many times as the number of specified scales in which to
produce.
•

Symbol system

To make maps using BD sources does not mean that cartographers will not use cartographical symbol systems. In many
GIS applications and web map platform, examples with and without symbol system can be found (see Fig. 1 without a
legend, Fig. 2 with a legend). The symbol system is the language of the map, and it is needed to perceive by the map’s
content from the users. The user can understand the information presented very quickly and in the right way, having the
ability to read the map, analyze and make decisions on a topic, such as crisis management in emergencies (Konecny,
2005, Klimczak, 2016; Dobrinkova et al., 2016, Zhang et al., 2017; Kuka, 2018). The symbol system should be well
defined and to give the necessary qualitative and quantitative information about objects and phenomena depicted on the
map. In the case of BD representation on a web map, the visualization should be done in a separate window, easily
accessed for the users.

Fig. 1 Web map without a legend

Fig. 2 Web map with a legend

(Source: https://news.google.com/covid19/ map?hl=enUS&gl=US&ceid=US:en)

(Source: https://www.healthmap.org/covid-19/)

WEB GIS PLATFORMS AND BIG DATA STANDARDS
Software platform for GIS Web mapping using Big Data
Nowadays, a multidisciplinary approach should apply to exploit the BD availability and to find appropriate software for
their managing and processing. Although some authors declare that current GIS is still used for the needs of
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conventional cartography (Bandrova et al. 2019), the recent technological advancements provide methods and tools to
create multi-dimensional web maps dealing with BD. Cartography uses different software systems and platforms to
capture, analyze, manipulate and visualize geodata. Map-makers apply conventional cartographic methods and GIS to
produce 2D maps and atlases. The same principle is used to address the challenges of utilizing BD: GIS in combination
with programming applying artificial intelligence methods in a cloud environment.
Over the last few years, in addition to commercial Web GIS platforms (Fu and Sun, 2010), free and open-source
software solutions (FOSS) provide great opportunities to exploit the potential of GBD. These solutions allow creating a
web map or a 3D scene using website visualization libraries such as Leaflet, Modest Maps and Polymaps. Free GIS
mapping software contains various useful options for creating interactive web maps that can define map content,
customize interactive and visual features, and maintain an opportunity for internet browsers or mobile applications.
Some of them have well-prepared documentation, making it an excellent choice for beginners, and there are several
community-contributed examples out there on the Internet for when you get stuck, as well as many cases on the project
homepage.
In recent years, GIS has developed significantly, using multi-dimensional analysis tools and web servers. Geospatial
technologies have applied GBD for enhanced analysis in many environments and social-economic fields, e.g. climate
modelling and analysis, disaster recovery and response, location analytics, retail and e-commerce, banking, health
insurance, disease surveillance, etc. GIS web technologies have provided sophisticated cartographic tools for
developing applications using unstructured and structured geodata. Most of the web map platforms enable using
advanced numerical algorithms and artificial intelligence methods to analyze information into a GIS environment, to
model the processes visualized, and predicting different parameters in real-time depicted on overlaid map layers. Often,
WM platforms provide additional access to reports, respond to user queries, and provide analyses and forecasts of
processes or phenomena displayed on web maps. Kim (2018) declares that the mapping technologies expect BD and
especially those that keeping dynamic updates of the data. In (Jiang, 2018) a cloud-terminal integrated GIS platform
architecture for spatiotemporal BD, which contains large-scale virtual storage, distributed computational framework,
cloud computing and integration, stream data processing, 3D and virtual reality is proposed. This multi-type platform
makes it possible to use spatio-temporal big data, enhancing the analysis and visualization in various information
systems in real-time. Cartographers need such advanced technologies and tools for map applications not only to update
existing classic maps but also to make cartographic products more detailed, reliable and informative for map users,
including capabilities to perform real-time analyses and prognoses.
Cartographers can use web map platforms or build a similar one by their sources. One of the most robust and wellknown web map platforms is Excel E-Maps 2.0. A good practice to use Google Maps web platform comes from
BigDataEarth; a company specialized in making hazard, exposure and risk layers, creating maps and reports for
Australia and the US (https://www.bigdataearth.com/). Thanks to the Street View mode, street images and virtually
walk through many cities of the world can view using Google mobile maps. Besides, the application can determine the
coordinates of the user using the base stations of cellular operators, as well as using the GPS module built into the cell
phone.
ESRI, as one of the leading GIS companies, declares that it can manipulate with BD providing integration of the sensor
data, cloud services, robust data management and analytic capabilities (Gutierrez, 2016). Working with ESRI products, any
organization can capture the power of real-time data and put it to work. ESRI actively promotes modern mapping
technology in the ArcGIS software products known to all cartographers. For the unprepared user, ArcGIS offers
possibilities for the automated design of data based on an analysis of their type and the underlying cartographic material
used. ArcGIS as a platform makes geospatial functionality available in any application, any device, anywhere and anytime.
Another world-famous Web mapping platforms are OpenStreetMap, HERE maps, Wikimapia. Although these
platforms offer cloud-based map services and provide millions of users with geographic information, criticism of them
comes from their cartographically oriented products. Skopeliti and Stamou (2019) encourage all these well-known
platforms to improve cartographic representation in the context of map projections and the datum, including legend,
multiple map views in the same window, scale, generalization, font lettering, colours, map design, etc.
Veenendaal et al. (2017) show the developments of WM from the static online map to the highly interactive, multisourced WM services that have been moved to cloud computing platforms. They found three essential elements implied
in WM: geodata and their visualization (maps), geospatial software and the WWW The challenges for cartographers are
connected to the new technologies and cartographic principles needed to effectively WM design.
We have a significant amount of bad and good examples of WM. Bad ones are usually available when no cartographic
principles are applied to the large amount of data collected from remote sensing platforms, sensors, surveying methods,
mobile companies, volunteer information, and more. Deogawanka (2014) shows that traditional GIS is often insufficient
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for meaningful interpretation of BD in real-time. She explains that general intelligence had failed to trace Osama bin
Laden (see Fig. 3). Not a lot of information can be found and used by the map on this figure.
The result is different when the author of the map uses cartographical types of visualization. Mapping tornado migration
and using BD, Nelson (2018) uses impressionistic choropleth, weighted mean centre movement diagram and multiple
small types of multi-dimensional representation of the phenomena. Even receiving enough good results, the 12 locations
of tornadoes for every month could be improved with map graticule visualization.

Fig. 3. A bad example of using BD for WM representation (Source: www.gislounge.com/empowering-gis-big-data/)
The Australian government provides a free online map-based tool through the portal https://nationalmap.gov.au/),
which allows access to different spatial data from the government agencies. “NationalMap” refers to the data servers of
the data contributors, directly taking that data and presenting it overlaid over a map. This web-map tool is one of the
good examples of cartographic visualization of BD (see Fig. 4).

Fig. 4. An example of a well-designed geoportal using BD with WM representation (Source:
https://nationalmap.gov.au/about.html)

Developing Big Data standards
Among the cartographic society, there are not so many examples for evaluation of map products and Web mapping
services. In some cases, the mass-produced cartographic products not always are with the necessary qualities. In one
case, the Bulgarian Cartographic Association in 2017 adopted general rules for the issue of a quality certificate for a
cartographic product, by which its qualities are evaluated by professional cartographers (https://cartographygis.com/en/). The leading indicators for evaluation include:
•

Proper design of the basic elements of the map;

•

Correctly set of map projection and correct determination of its parameters according to the Bulgarian
laws and regulations in the field of cartography and the scientific principles of cartographic design;

•

Correctly defined and marked the map scale;
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•

Visualization and inscription of geographic coordinates and or rectangular grid;

•

Properly generalization of the map content depending on its scale and theme;

•

Correct depiction of the hydrographic elements in respect to graphics, colours and inscriptions;

•

Properly depiction of linear, area and point objects in the map and legend;

•

The inscriptions (layout and fonts) should be designed according to cartographic design rules;

•

Colour layout in associative correspondence with the depicted objects and phenomena;

•

Conformity of the legend with the depicted objects and phenomena;

•

Design of the cartographic product according to the user needs.

A Map Review Form was published in Cartography and Geoinformation Journal, Croatia. The form intended to
determine whether a map qualifies for a certificate of the Croatian Cartographic Society. The questionnaire consists of
24 questions, starting with “Does the map title correspond to its content?” and ending with “Are map aesthetics
adequate?”. A reviewer may also consider other map elements, if they are present, including titles and designations of
neighbouring sheets, object index (list), additional diagrams and graphs, multilingualism, inserted map, extended map,
etc. If the map is a digital product, one needs to consider eight other details, e.g. “What file format (pdf, tiff, jpeg, bmp,
gif, ...) is the map in?” and “Is it possible to interact with the map?”. A reviewer may also consider additional elements,
if they are present, such as a dynamic map, animation, sound and other multimedia capabilities. At the end of the form,
a reviewer states the final opinion and recommendation, which may include steps necessary for the map to be certified
or perhaps published in the Cartography and Geoinformation journal (Frangeš, 2016).
Publishers of maps, atlases or other cartographic products, receiving such a certificate, will avoid potential errors and
inaccuracies and will provide users with properly presented cartographic information (Bandrova et al., 2019). The “Big
data” sharply raise the question of their standardization and unification, especially for mapping purposes. If they are
delivered in formats that do not coincide with each other, then it turns out that the process of creating maps will not
accelerate, but slow down. On August 19th 2017, the Big Data Value Forum (EBDVF) has an official liaison with ISO
IEC JTC1 WG9 Big Data Standards group now merging into the newly established JTC 1/SC 42, Artificial Intelligence,
which are tasked with developing the Big Data Reference Architecture for ISO. In 2019 ISO published document
ISO/IEC 20546:2019 (2019), which provides a terminological foundation for Big Data-related standards. It is a conceptual
overview of the field of BD, its relationship to other technical areas and the concepts ascribed to BD.
When dealing with practical issues related to environmental management decisions, the OGS standards had some
limitations for producing high-quality cartographic representations and opportunities for visualization of spatial
information. In the framework of two major European projects, namely ORCHESTRA (Open Architecture and Spatial
Data Infrastructure for Risk Management) and SANY (Sensors Anywhere), appropriate solutions for cartographic
visualizations based on open standards have been created (Iosifescu-Enescu et al., 2010). Within the SANY project, the
interoperability of in situ sensors and sensor networks is subject to monitoring the dynamic nature of spatial information
and its presentation in the form of maps. The cartographic extensions for the Symbology Encoding (SE) standards allow
the expression of cartographic rules with spatial operators and advanced filtering of layer masking functions, the
flexible symbolization of points and patterns and gradients for all spatial characteristics. Also, there are opportunities
for creating thematic maps with extensions for intuitive choropleth and generating different types of diagrams.

A CONCEPTUAL FRAMEWORK USING GEOSPATIAL BIG DATA FOR WEB-MAPPING
In the era of BD, the map created by traditional cartographic methods was transformed into computationally based
means of map production. Several aspects depending on the type of GBD and information characteristics should
account in web-map creation, such as multi-dimensionality, generalization, scale, and formats of data transformations
from the real world into the map. Considering different types of BD, the structured data have a high level of accuracy
and correctness. It has a high level of organization, usually in databases, making it predictable, easy to organize and
very easily searchable using basic algorithms. A massive array of data of various types of devices and sources such
social networks, mobile phones, etc. that can interact with each other via wireless communication protocols as well as
those with Internet access capabilities are collected for map-making tasks. It has been claimed that 95% of big data are
unstructured. They are not organized in any discernable manner and have no associated data model. Unstructured data
are uncertain, often provided by different map users or volunteers in very diverse formats and methods. Semi-structured
data lies somewhere between the two types. This data is not conforming to the structure associated with typical
relational databases. But, it may have different attributes associated with it, such as metadata, which allows elements
contained to be addressed.
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For each stage of processing and management of the three types of GBD, it is necessary to apply a systematic
cartographic approach and design of optimal algorithms to derive maximum value from them. The goal of GBD
management is to ensure a high level of data quality and accessibility to cartographic products. The process of working
with GBD can be divided into several stages such as data collection and recording, data extraction, cleaning and
annotation, data integration and aggregation, data transformation, data modelling and analysis, interpretation and
visualization. Each of those phases can again categorize into two sub-phases as data management phase and analytics
phase. Data management involves techniques, tools and technologies that support the data management to capture and
store data and to do the changes and take it for the analysis phase. Analytic methods are used to analyze and extract
value from GBD for web-mapping. For example, an entire architectural framework that includes the development of
theoretical, mathematical, artificial intelligence, statistical methods for analysis, modelling, interpretation and
visualization into cloud Web GIS environment is presented in (Jiang, 2018) and BD visualization is considered by
Poorthuis (2018).
5. Steps for Web map creation
The separate stage is considered as two sub-phases of data management and data analytics. Depending on multidimensionality, generalization, scale, and formats of data transformations from the real world into the map, different
type of GBD and information characteristics are analyzed during the web-map creation process.
Diversity of modern cartographic methods for map creation as a model of abstraction of reality depicted in a suitable
scale and directed to user needs are available. Current trends of improving Web mapping include several directions of
development: automation of data manages processes; automation of computing and construction the mathematical base
of the map; advancing techniques for compilation and preparing map originals for publication. A framework of
operational steps that utilize GBD to create web maps by modern GIS tools combined with intelligent processing
methods is briefly outlined (see Fig. 5), that includes:
•

Gathering structured, semi-structured, unstructured GBD

The first stage of preparatory work includes collecting, systemizing, studying and scientifically collating of BD from
different sources. Depending on the purpose and nature of the map, an appropriate selection of the available BD should be
performed following cartographic principles and methods and keeping the main elements of map content, described before.
•

Classification of structured data

Depending on the map theme and its aim, the process of classification of structured data should be done to achieve clear
differentiation of the objects or phenomena representation. This activity will form the numbers of layers which will be
used in GIS / Web GIS mapping. For straightforward cartographic representation, the hierarchy database storage and
classification are proposed by several authors (Woodsford and Hardy, 1997; Konecny and Bandrova, 2006; Tomaszewski,
2016). Having such classified information, the cartographer could design a particular symbol system for different
cartographical purposes. Example of such type of data classification is done for mapping geo-information for early
warning and crises management activities (Woodsford and Hardy, 1997).
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Fig. 5. A framework of structured, semi-structured and unstructured data in GBD environment and its use for
GIS/Web GIS mapping
•

Semi-structured data validation and generalization

Semi-structured data does not obey the formal structure of data models associated with relational databases (Iosifescu et
al., 2010). This data could gather from qualified specialists or by other human activities. It could be validated by geospecialists and generalized to be mapped according to specific rules (Sester, 2005). A suitable example of a validation
dataset of CORINE land cover is LUCAS (Land Use and Coverage Area frame Survey) (See et al., 2017). Another one
is a framework developed by COBWEB uses automatic validation applications by data quality indicators for metadata
(Meek et al., 2016).
•

Unstructured data generalization and validation

The working process will be the same as with semi-structured; often, it is a lengthy and costly process. The semi- and
unstructured data after generalization and validation could be used as additional information (qualitative and
quantitative) attached to the mapped structured data. Also, the data received from volunteers, or VGI will become
increasingly powerful, may have the highest potential power. Therefore, algorithms must be found for their structuring
and use (Antoniou et al., 2017).
•

Structured Data integration

Today it is essential to solving a problem to integrate spatial data, gathered from different periods, used for various
purposes, came from different sources, different scales, different accuracies, different Datum, different projections
(Ulubay and Altan, 2002). As well the process of graphical data integration (different vector formats, raster and text)
should be well defined by various software applications. The data integrity and its consistency in the process of creating
maps should be preserved.
•

Defining of a mathematical base of the map

Map projection choice is the first step in data visualization. It is an essential process for correct distribution and
minimisation of the map deformations in 2D representations and for achieving measurements possibilities in 3D ones.
Some map makers can say that the map projection is predetermined. If it is not predetermined, it depends on the map
size, the scale, shape and location of the region of interest on the globe. Depending on the purpose, equivalent,
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conformal and compromising projections are used (Klauer, 2000). The correct map projections parameters are the next
important task which will minimize distortions of the represented territory. The selected scale of the map will reflect all
other cartographic tasks such as generalization, symbolization, design and cartographic content.
•

Defining level of details (LoDs) and scales

Determining the number of levels of details and the number of map scale changes will result in a corresponding number
of newly created maps. The higher number of LODs results in better representation of any information on the maps to
achieve maximum utility of depicted content. Another item is the combination of map scale and measuring tool. In this
“scale mode, the scale indicates the correct scale, for example, at the centre of the map. It can be updated with every
pan, zoom or resize operation the user performs, and can further update to compensate for map distortion caused by the
map projection” (Rasmussen, 2009).
•

Structured data generalization = number of LODs

Structured data should generalise so many times as the number of LODs is defined. The projected LODs are
correspondent to the time and cost of the map creation. Some authors determine map generalization as “adapting the
content and the level of detail of a map to suit its scale and purpose” (Jones and Ware, 2005). In Web mapping, every
zoom should have a different level of details and a different scale. Otherwise, an unacceptable effect of overlapping
objects will appear.
•

Determine the map content according to the LODs

The map content should be different at each level of details and more detailed on a larger scale. The visualization of
objects/phenomena should not overlap at any LODs to the varying scale of the maps. The representation of map content
should be understandable and readable to users. There are various definitions of LoDs: City GML standard (Open
Geospatial Consortium, 2012) defines 5 LoDs, NAVTEQ, an American company – 4 LoDs, BLOM (Geomatics
Company from Norway) – also 4 LoDs, Bandrova and Bonchev (2013) defined 6 LoDs. All of them are connected to
3D city models/maps but related to the specific content.
•

Creation of symbol system

The cartographical principles should be used in symbol system creation. Some authors (Punt et al., 2006) pay attention
to the rule-rich symbolism, the high degree of mapping control, and the dynamic generation of presentation geometry
through geometric effects and marker placement styles. Adherence to all these principles contributes to the clarity of the
presentation, which is essential for modern mapping. The symbols should match the symbols in the legend on the map.
The legend should be easily accessible to the user.
•

Objects and phenomena compositions

Objects and phenomena composition will create the map content and connections between all represented data. They
should be correctly georeferenced, with high accuracy represented and showing the latest received actual data for them.
Very often, F GIS (Floating GIS) projects could be found, which means that some GIS projects have indeed turned into
because of the wrong georeferencing. These should be designed in high accuracy of all topographic and thematic layer
(Misra, 2010).
•

Including semi- and unstructured GBD

Semi- and unstructured datasets will be used to add qualitative and quantitative information to objects and phenomena
represented on the map. This data should be geolocated and georeferenced. It could include video, audio, images, text,
and other data in appropriate formats. Other examples for this topic are web children maps and atlases, as well as
ArcGIS StoryMaps where every map maker could record audio and upload images or videos to her/his map.
•

GIS/Web GIS map visualization

Interactive GIS/Web GIS platforms give to the user so much information that cartographers did not use in the era of the
traditional map-making. The professional GIS / web GIS map visualization will represent the BD and other map content
step by step in an informative, interactive and attractive way using good map design. Existing obstacles in the process
of automating the production of maps for a deeper understanding of the visualized content of the map, adding virtual
reality / augmented reality (VR/AR) can be overcome by using modern GIS web software platforms, cloud technologies
and performing geospatial big data analytics in real-time on supercomputers. With the advent of GPS technology
nowadays, the understanding of users about a map, whose initial thought often leads them to navigation systems, has
changed. For years, mobile navigation maps have greatly facilitated the orientation processes in urban and suburban
environments, and soon the introduction of augmented reality can be seen in applications such as Nearest Tube
(Graham, 2009), Google Street View, and more (Savova-Georgieva, 2018).
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CONCLUSIONS
In the modern world, the ancient cartography becomes one of the most advanced science using the computer science
technologies and big data, coming from remote sensing, GPS, mobile companies, sensors, volunteers and many other
sources. Reducing the cost of launching satellites in orbit together with increased coverage, availability of images, and
better accuracy and frequency of the footage by UAV will significantly improve the quality and efficiency of Web
mapping through automated image recognition.
The challenges of map makers now are to create better and cheaper cartographical products for less and less time. GIS /
Web GIS mapping provides excellent opportunities for practical usage of GBD and its visualization on a very large
scale (even up to 1:1) as well as 3, 4 and multi-dimensional maps, multi-layered maps, animated, with audio and video
presentations. The development of modern cartography is determined by the processes of automatisation of map
production, more profound understanding of the visualized map content adding VR/AR, usage of cloud technologies
and supercomputers with software platforms for map creation. This capability is used to capture, aggregate, classify,
analyze and manipulate GBDs to maximize the useful value and integrate them into state-of-the-art maps based on
cartographic science and experience. The collections of GBD and its storage, broadband internet connectivity, enlarged
computer processing capabilities, and advanced analytical methods assure new possibilities to reuse and combine with
newly generated GBD from different sources in the Web mapping process.
Modern cartography does not have limitations in the context of the creation of dynamic cartographical products using
BD. But there is room for improvement of the mapping capabilities and for solving the problems of modern
cartography. They concern ensuring the relevance and completeness of GBD worldwide and responding to the needs of
users for more up-to-date and complete maps, regularly maintained due to the ever-changing environment. The role of
cartographers is to actively participate in the overall processes of obtaining insightful information from GBD and its
proper integration into automated cartographic production in the Web GIS environment. The efforts of the cartographic
community should be directed on everyday work. Several ICA Commissions have to gather their research in several
directions which will improve cartographical storage, analyses, manipulation and visualization of BD:
• Precise definitions of cartographical terminology should be done to correspond to contemporary science;
• Cartographical principles and indicators should be clearly defined;
• Standards in WM should be created;
• Good practices and examples should be popularized;
• National mapping agencies have to work in the above directions on a national, regional and international
level;
• Joint international and domestic projects should be proposed for achieving the above-pointed tasks.
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