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Abstract 
Developing Internet of Things (IoT) technology has revealed the concept of smart city. IoT is a data network that 
objects communicate with each other through certain protocols without human intervention. Smart city is defined as a 
city that uses internet and communication technologies to make critical infrastructure components and services more 
conscious, interactive and efficient. Smart Cities Wheel, proposed by Cohen in 2012, is the method submitted by 
European Union. According to Cohen's methodology, the smart city model consists of six main characteristics. These 
characteristics are "smart economy, smart people, smart living, smart mobility, smart environment and smart 
governance". It is aimed to transform the collected spatial and related data into real-time intelligent information by 
revealing the concept of big data. The next step is to integrate these data into 3D Geographic Information Systems. 
These data must be modelled and visualized in 3D geovirtual environments. In this study and future studies, problems 
related to visualization have been identified as “determining supplies and demands of a smart city”, “geospatial big 
data generalization” and “smart city visualization from a cartographic point of view”. These main problems 
encountered on the way to building a smart city will be examined. 
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INTRODUCTION 

Considering the general situation of the world we live in and the conditions of this age, the crowded world population is 
an increasing source of problems. Increasing needs with the population led to the emergence of large cities over the 
years by directing people to live together. Continuous migration waves of the rural areas towards the cities, have caused 
uncontrolled increases in the population of the cities. This situation causes the existing urban systems to be insufficient 
in time and inadequate response to all areas of urban life within the framework of supply-demand balance. 

All these negativities have led people to various searches. Undoubtedly, the greatest guide in this research and studies 
conducted is the technology that is always in the process of dynamic development and progress. The technology, which 
is developing and offering new opportunities, has started to be used as an effective solution tool for the solution of the 
intense confusion within the urban structure and as a result, the concept of “smart cities” has been brought to the 
agenda. 

Making cities smarter, in other words, facilitating human life at the highest possible level, is possible by combining the 
technological systems with certain scales in the city. However, before that, the problems that cause blockages in urban 
life should be determined and analyzed from a wide perspective. Thanks to the detailed evaluations at different scales, 
the key concepts to be determined and the rational relationship networks to be established between them, it is of great 
importance to establish a conceptual operation chart of the concept of smart cities. 

Within the scope of this study, the urban problems mentioned in the literature and the basic smart city components that 
reflect the starting points of these problems have been taken into consideration, a base for different solution scenarios 
has been established. Accordingly, it is aimed to prepare a conceptual infrastructure suitable for smart cities discipline 
and open for development. Based on the assumption that the concept of smart city is multidimensional, the main 
categories and subtitles in the literature have been created and possible complex relationships have been established. 
The problem of visualization is considered with the assumption that all data / information of the big data system created 
by this structure is collected, processed and its complex structure is solved. 
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SMART CITY INFRASTRUCTURE 

According to the researches, 55% of the global population lived in urban areas in 2018. According to United Nations 
Department of Economic and Social Affairs (UN DESA), this rate is expected to increase to 68% in 2050 (United 
Nations, 2018). Therefore, it has become more important to manage existing resources to meet the growing needs of 
overcrowded urban population and ensure the sustainability of resources. Developments in technologies such as 
Information and Communication Technologies (ICT), Internet of Things, big data analytics, data mining, text mining, 
artificial intelligence, machine learning and data fusion also lead to developments in the concept of smart city. There are 
several research institutes and laboratories that are working to develop smart city applications worldwide, such as 
Massachusetts Institute of Technology (MIT) Senseable Lab, MIT City Science Lab and Future Cities Laboratory (ETH 
- Eidgenössische Technische Hochschule Zurich). Smart cities use data from a wide variety of sources. Sensor data such 
as temperature, air quality, pressure and sound; social media data such as Twitter, Facebook, LinkedIn and the data 
coming from the personal devices (mobile phones, wearables and tablets) of users in the smart city can be counted. 
Considering the smart city ideal theory, it is necessary to approach cities with a comprehensive perspective by 
considering the needs in all areas. In Figure 1, subheadings related to the concept of smart city, relevant links and the 
complexity are shown. 

 

Figure 1.  Subheadings and relevant links related to the concept of Smart City (Winkowska et al., 2019) 

Smart Cities Wheel (SCW), proposed by Cohen in 2012, consists of six main characteristics: “smart economy, smart 
people, smart living, smart mobility, smart environment and smart governance” (Cohen, 2012). There are studies 
examining the subcomponents related to these components and smart city examples all over the World (Basturk, 2019; 
Lau et al., 2019). However, since smart city theory has a very complex structure and requires working from different 
disciplines, new main components expressing the semantic integrity of smart cities have come to the fore over time. In 
Figure 2, these main components and their subcomponents have been developed on a conceptual scheme and their 
relationships with each other couldn’t not been fully completed. It will be investigated in the future with the proposed 
multidisciplinary advisory board. In recent years, all the studies about smart cities have been examined and the smart 
city components specified in the conceptual scheme prepared within the scope of this study have been revealed. 
Disaster and emergency management, smart urban and rural area management, smart industry, smart infrastructure have 
been added to Cohen’s Wheel as main components. Although some researchers in the literature examine smart energy 
as another main component, in this study, it is investigated as a subcomponent of smart environment. Also, Information 
and Communication Technologies is considered as a research topic under the smart city concept. Whether “robotic 
map” may be considered in this context or not is still being discussed. In the coming years, with developing technology 
and services and according to what the proposed advisory board said (and mentioned below), this scheme will need to 
be constantly updated.  
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Figure 2. Smart City Components and (Partial) Relations 
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Considering the basic requirements of the city life with a complicated structure and the sensitive elements waiting to be 
solved, the main and sub components of the smart city scheme presented in this study were evaluated in necessary 
integrity. However, the creation of meaningful relationships between these components by cartographers and surveyors 
was another problem. Figure 2 shows the smart city characteristics and their interrelationships and common areas with 
each other. Moreover, even these relations, which are tried to be established for problems related to only health and 
tourism issues, have uncovered a very complex structure. In order to contribute to the constructive steps towards the 
future shedding light on the serious problems of urban life, the concept of the smart city and its relations should also be 
addressed with visualization issues. 

CARTOGRAPHIC VISUALIZATION ISSUES FOR BIG DATA 

Cartography is the science, technique and art that researches the design (data/information collection, 
classification/categorization, modelling, generalization, symbolization, updating), production (printing, distribution, 
sharing environment -paper, screen, mobile phone, Web- etc.), use and user of all kinds of maps. 

Science examines the relations between phenomena and objects, whereas art deals with objects in their relations with 
human (may lack of objective reality) using semantic, structural and psychological methods. Science and art 
comprehend both human and real world together. Aesthetic; in art and reality, is the science of the beautiful (beau). It is 
the science of artistic assimilation of aesthetic reality. Aesthetic, supports the objective properties of beauty, similarities 
in beauty and reality, and their perception by human beings. Beautiful is a basic category of the aesthetics. Beautiful 
forms are order, ratio, clarity. The goal in the beautiful is to reach reality (Ziss, 1977). 

Map is an abstracted representation of the earth's reality, defined by symbols. Map is a symbolized representation of the 
earth's reality. However, it is not reality itself. It is a symbolized model of reality. Aesthetically, it is impossible to reach 
the reality. Efforts are always towards this direction. Technological developments are used in line with this objective. 

The reality of the earth is distorted by cartographers and map makers, therefore there is no true map (Hardy, 1940; 
Ormeling, 2014). Generalization (simplification, exaggeration, elimination, amalgamation, aggregation, displacement), 
projection (compare merkator/winkel tripel projection, both depict the World), contour line/shading method (to increase 
the perception of the 3rd dimension) cause distortions. Here, the distortions caused by geodetic measurements on the 
earth have been neglected from the beginning. In addition to this situation, the map maker who creates maps and does 
not worry about visualization may create false information/perception due to “undemocratized distortions” (Ormeling, 
2014; Field, 2020). For this reason, cartographers should design the cartographic truths with new technology. 

Map design depends on the purpose, the collected data, information communication/sharing concern and visualization 
criteria (Howard et al., 2008; Kraak & Ormeling, 2011). 

Thematic maps used to be printed and distributed colourful/black and white on general topographic maps that were 
previously printed in gray/colorless for cost reasons. They used to be multi-purpose maps (complex maps - not only a 
single topic), and there was an end product. Nowadays, with disappearing such a cost and the emergence of “carto-
democracy” term, GIS analysts produce intermediate products, maps, analysis results, and single theme that they share 
their information for each other. In other words, instead of a complex (interrelated/multi-purpose) map, a single-theme 
(intermediate product) map is produced. With the same approach, mobile maps are generally designed as maps with 
limited inquiries on a single subject. Since analysis algorithms are developed, multi-decision systems and their relative 
complex maps can be produced. Meanwhile, cartographers deal with cartographic problems such as 
multipurpose/multiscale databases (multiple representation databases - MRDB), LOD (level of detail), and their 
presentations (Clarke, et al., 2019; Robinson et al., 2017; Roth et al., 2017). 2, 3, 4 Dimensional maps can be produced. 
Maps were used to represented manually and shades were used to display of heights. Map presentation concept has 
changed with developing science and technology, and now we make maps in 3D. Paper maps are replaced by screen 
and mobile phone maps. You can navigate, fly by or fly through it. You can automatically measure and calculate over 
it. Maps make you decide. Even, maps make you turn your way with ads into crazy shopping. Maps can show features 
which are invisible and maps can make us predict. Nowadays, robot has entered among map users. 

Map presentation has still developing, but, it is not possible to auto-cartographic generalization based on scale and 
purpose for all earth objects and relations (Robinson et al., 2017; Roth et al., 2017). Machines still cannot put into 
practice the human-cartograph approach. The reason is that there is no aesthetic concern in automation or it cannot be 
put into practice. The robotic map does not need generalization/aesthetics. Robotic maps should be discussed as the 
subject of another study.  
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Nowadays, maps will come in our lives more than previously with the increasing needs of all living creatures. 
Cartographers will conduct new researches to increase human perception. Researches on the perception and cognition 
of digital maps should be added to the studies that were made for classical maps a long ago (Keskin et al., 2019; 
Robinson et al., 2017; Roth et al., 2017). 

Cartographic traditional and conventional principles are still valid and applied. Map design is the application of 
visualization criteria depending on the purpose, data collected, information communication, sharing concern. 
Cartographic (spatial) visualization that develops besides scientific visualization thinks who, what, to whom, where, in 
what way, how to present. Cartographers are concerned about the purpose, scale, resolution, accuracy, quality, user 
level, the environment in which it is used, mapping methods, markings, static/dynamic information communication, 
cognition, and colourful/colourless presentation of a map. Cartographer evaluates the user according to age, gender, 
culture, physical limitations, professionalism, education and purpose, so he/she designs maps according to these 
objectives. Therefore, the design varies from user to user. Perception, cognition, culture and practical conditions are 
generally considered in interactive today's maps. Instead of a detailed user group, the general user is determined. This, 
in the new case, causes a different complexity in the stage of evaluating big data and presenting complex and dynamic 
knowledge. Therefore, cartographers will think again to solve presentation problems, especially because of the small 
size of the presentation medium. They should work multidisciplinary to better understand the presentations and 
effective use of interactive maps. 

Technological developments such as visual analytics, artificial neural networks, data mining, simulation, machine 
learning, deep learning; computer calculations such as cluster and parallel computing, cloud computing, quantum 
computing; new platforms such as developing new visual methods and the partnership between artist and scientists 
contribute has been created. Artistic methods and techniques for geospatial big data will be improved through the 
creation of libraries to use in big data presentations, development of the artistic rendering system, artistic generation and 
dynamic link to conventional big data presentations (Robinson et al., 2017). 

However, today, map users are also considered or even targeted as map makers producing map data. The new map 
reader/user will support their perceptual, cognitive and practical suggestions and experiences with interactive maps and 
visuals will be developed using real-time interaction and usability engineering with psychology and geography (Roth et 
al., 2017). Can Robot be both user and map maker at this stage? Cartographic expert systems should be prepared in 
order to carry out these situations and the help for new map maker. Then the production of wrong maps (Field, 2020) 
with carto-democracy will be replaced by the production of more accurate, easy and fast-to-understand maps. 

New paradigm with new calculation techniques is the transfer of interdisciplinary knowledge with geo-spatial big data 
(huge data, various data, fast, dynamic, uncertainty problem etc.), complex spatial data and unstructured data. Using 
some technologies such as computer science, human–computer interaction (HCI), game design, virtual reality, 
information visualization, data mining, visual arts and etc., data collection, modeling and mapping operations, that is 
presentation, scale (abstraction, resolution, multiple scale, statistical analyzing), visual analytics, user/usability 
(cognitive testing) are practiced as the main concepts (Robinson et al., 2017; Roth et al., 2017). 

Despite all the possibilities used to capture and measure big data, cartographers aim to think, discuss and develop on 
visualizing this information for users in the coming days. Robinson, et al. (2017) emphasized that there is no ideal 
solution yet. The map definition has not changed yet and it has own rules, conventions, and traditions. A “good map” 
design can be made if user demands and needs will be determined or already determined. However, nowadays, real-
time dynamic data and constantly changing information should be updated and returned to the user as a service, and 
new criteria to be produced that are known as cartographically to be handled in the cycle should be developed. 

The map is a simplified, abstracted version of complex earth reality. The cartographer should also direct and inform the 
user in this direction. If left on its own, the user wants to see many details together, but he/she may not be able to 
determine the query order, detail and abstraction level in order to prevent confusion. What the user demand will be, the 
easiest way for reaching this demand, the scenarios set up, after that the user can be directed by taking advantage of the 
cartographic cinema animation technical possibilities and use of dashboard besides the cartographic visualization 
possibilities of such scenarios (Robinson et al., 2017).   

How to evaluate various, multiple, variable and continuous big data from social media, how much information to 
visualize and how to transform it into knowledge is a problem. This problem is also important for the fast and clear use 
of such data/information in the smart city system. 
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SMART CITY VISUALIZATION PROBLEMS 

In this age, the supply and demands change very rapidly with the developing technology. The concept of the smart city, 
shown in Figure 2 and established in the first section, should be considered in a multidisciplinary working way, 
relationships between the categories and components that will improve further, the main categories and components 
should be updated, developed, and the visualization problem -besides the existing solutions- should be considered. 

Starting from the fact that the concept of smart city integrated with all these categories, it is necessary to have 
associations of main categories and subcomponents instead of individual scenarios. In this study, even when only two of 
the possible scenarios were tried to be established, it was observed that the event was confusing and cannot be solved 
only by cartographers and geodesists (surveyors). Geometric, statistical and semantic information with social content 
produced for smart cities should be evaluated in terms of visualization in the design of maps with multiple scales and 
resolutions of social statistics, generalization for cartographic abstraction, simplification, classification and 
symbolization. 

According to the data type (point, line, area, volumetric and temporal) of the common information coming from the 
main categories and subcomponents in smart cities, the presentation should be selected, suggested and created depend 
on the user characteristics and demands with the help of an expert system. When this system is created; for point 
information; dot map, picture symbol map, graduated symbol map, reference or topographic map, for line information; 
network map, flow map, isopleth map, reference map, for areal information; choropleth map, chorochromatic map / area 
qualitative map, dasymetric map, hypsometric map, isoline map, stepped statistical surface map, reference map, for 
volumetric information; realistic perspective, simulated hill shading, griddet fishnet, stepped surface map, isopleth map, 
hypsometric map, image or ortophoto map, for time information; multiple views and animated maps can be used 
(Clarke, 2011; Kraak & Ormeling, 2011). There are also common characteristics in the map elements to be used. Expert 
systems, which take into account the design criteria outlined above, should be developed under the consultancy of a 
"City Science Board" to be established on a city basis. The City Science Board should include different kind of 
engineering disciplines, healthcare professionals, psychologists, lawyers, historians, geographers, geologists, 
sociologists, information scientists, financiers, educators, linguists, artists, as well as trained cartographers. 
Cartographers should take part in this committee where supply and demands are determined and they should always 
focus on information visualization and communication. Otherwise, cartographers should warn map makers especially 
about the issues outlined below. 

Cartographers use functions, rules, and traditional methods for visualization. Simplification algorithms used for 
generalization are examples of these functions. While using the hill shading method from the northwest to represent the 
topography, the use of graduated (proportional) symbols to represent quantitative attribute data can be indicated as 
examples. On the other hand, to provide an analogy between the symbol and the object it represents, representing the 
object in its natural colors is just one of the rules applied by cartographers to produce more understandable maps (water 
with blue, mountains with brown). However, the use of all this information cannot be sufficient to achieve the desired 
result as “good map” unless it is known how to harmonize the maps to be produced, taking into account the scale, aim 
and user characteristics (Kraak & Ormeling, 2011). 

Cartographic visualization basically depends on the scale of the map, its purpose, and the characteristics of the map's 
display medium. Due to the spatial database content, aim of the map, “generalization” appears to be a problem in 
visualization because of working with different scales. On the other hand, the thematic or topographic use of spatial 
data also changes its design. Presentation of the qualitative and quantitative characteristics of the data is another 
important design problem. In addition, the quality and consistency of data from different sources appears to be a major 
problem during data acquisition and map compilation (Robinson et al., 2017; Roth et al., 2017; Ulugtekin & Dogru, 
2007). 

Dynamic generalization of geospatial big data is necessary for visual analysis to be more understandable, readable and 
legible. The basic features of geospatial big data will affect the level of geometric and semantic generalization. Classical 
generalization rules are also valid for generalization of geospatial big data. In addition, the change of data from discrete 
elements to continuous phenomena and temporal changes should be taken into account. Generalization for big 
geospatial data is executed according to three situations. These are the situations that the data is quantitative, qualitative 
or continuous. Choropleth or proportional symbol maps are used for quantitative data whether absolute or relative. 
Robinson et al., (2017) propose the development of computer calculations for generalization of quantitative data. 
Smoothed surface is used for continuous phenomena. At this point, rendering becomes a challenge according to the 
level of generalization. If the data is qualitative, the information is discrete. Here, depending on whether the data is 
associative or dissociative, two situations occur that the data can be grouped or not. While even classical generalization 
has not been fully automated yet, generalization of dynamic geospatial big data is currently only a theory.  
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Attribute characteristic of the data is qualitative, quantitative and ordinal. Hierarchical sorting method is used for 
ordinal data. While qualitative data are classified at nominal scale, quantitative data are classified at interval and ratio 
scale (Kraak & Ormeling, 2011). In addition to these characteristics of the attribute data in map design, being 
continuous, discontinuous, absolute, relative affects the choice of symbols. These rules, known very well by 
cartographers, are often misapplied by GIS analysts. 

Maps contain points, lines, area symbols and texts. Symbols are designed using visual graphic variables which are 
shape, size, orientation, texture, color, value, location. Each visual graphic variable has a different feature for effectively 
transmitting the spatial information and is often used for creating (small) screen map or classical map design in different 
combinations. Using an optimized number of colors in a map makes the map more understandable by establishing a 
bridge between map details and real objects using the natural colors of real objects. Contrast is also important because 
all information has a different significance on a map, so the objects should be visualized according to their level of 
importance, and that affects the choice of colors. Text is one of the most important elements of a map, which makes the 
map more understandable, readable and legible. However, there are several rules and traditional methods for using text 
on maps. For example, the difference between natural and artificial objects is distinguished by using italic characters for 
natural ones. Also, since the background color of the map is mixed with the foreground colors of the text, the readability 
and legibility of the map is increased by placing a shadow around the text (Dogru & Ulugtekin, 2006; Ulugtekin, & 
Dogru, 2007; Ulugtekin et al., 2008). 

The cartographic theory and rules mentioned above are very well known by trained cartographers. However, since the 
new map makers lack of this visualization concern and information, they provide the knowledge they produce with 
great effort with a false and/or hard-to-read map. Changing map usage and map data today makes it compulsory to work 
with us (cartographers), related spatial disciplines and technology manufacturers. For this reason, it will be possible to 
reach the complex “smart city” concept accepted by the authors and will be possible to serve the user. 

RESULTS 

Maps are prepared for the use of map users in order to increase the cognition of the spatial information provided. For 
this reason, map producers have to produce their maps by applying the cartographic design criteria effectively in order 
to provide more readable and easy understandable maps that enable the spatial and related information to be combined 
completely in the mapping process. These maps can then be used efficiently to support spatial smart city activities in 
decision making process and use. 

Maps are used as communication tools to determine spatial relations. Unfortunately, since the majority of available 
softwares do not contain cartographic expert systems, maps produced by the map maker that does not have cartographic 
information cannot communicate properly with the user because they are not as efficient, readable and understandable 
as those produced by cartographers. However, the accuracy, readability and understandability of these maps are 
controversial issues. 

Cartographic strategy in smart cities should be dynamic and data driven mapping in communication with other 
disciplines, developing the basic principles of design with new presentation possibilities (touch, gesture, voice 
interfaces), producing aesthetic and effective maps and/or improving the map maker productions. Researchers continue 
their research in this context. 
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