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Abstract. The paper introduces the classiÞca on of modern urbaniza on research 

tools and scien Þc research methods. Urbaniza on is a prominent Þeld of mul disciplinary 

study that describes the popula on dynamics, land use changes, land cover and green 

areas, tra c and architectural city planning and many others. The paper deals with issues 

of research classiÞca on, what are the main subÞeld of urbaniza on research and which 

scien Þc methods can be used in each of them. This paper explores the main urbaniza on 

research tools, such as computa onal, map and informa on and smart city toolsets.   Key 

component of any of the above-men oned tools is data. We classiÞed data by its applica on 

and research subÞeld that it is used at. 

Economics study is at the heart of any modern urban scien Þc work. City budget, cost of 

living in the city, employment data and land prices are among the most widely used Þelds of 

research in this area.  The paper highlights that city growth and development, Urbaniza on 

pa erns, and spa al planning and distribu on are prominent subÞelds of urbaniza on 

economics research. The ar cle purpose is to address the challenges any new researcher 

encounters is lack of extensive overview and classiÞca on of available tools.

Keywords: urbaniza on, computer vision, neural networks, predic on, visualiza on, 

land cover, GIS, real estate, system modeling, big data. 
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Topicality. 

E ective and practical scientiÞc 

work requires under anding of underly-

ing mechanics and knowledge not only 

of the Þeld of udy but of set of tools 

that can be used for such work. Study 

of urbanization and its subÞelds is a 

complex task. Urban udies include, 

among many other such areas as real 

e ate, land use, governmental policies, 

and municipal governance regulations, 

geographical information, and social 

udies. Besides su ainable develop-

ment, concept of green cities and e ec-

tive natural resources use planning have 

gained attention during the pa  decade 

and are at focus of many of the modern 

researchers. Meanwhile the current ate 

of urbanization research has presented a 

new challenges and research opportu-

nity to work on. It became evident that 

to proceed in their udies researchers 

in this Þeld need to e ablish a new set 

of tools and methods. The advancement 

in computer science and current ate 

of computational capabilities allow for 

real time sy em modeling and geospa-
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tial data visualization in 3D.  In addition 

to this, article presents the urbanization 

scientiÞc methodology research pro-

cess. This process can serve as founda-

tion for future scientiÞc e orts and work 

in urbanization and adjacent Þelds.

Analysis of recent research
 and publications. 

Urbanization research Þeld is rela-

tively new area of udy. Larger portion 

of exi ing research is multidisciplinary 

and cross Þeld udy, with economy, so-

ciology and ecology being core Þelds. 

While more of modern research papers 

have narrow focus on certain subÞelds, 

such as GIS, spatial development, city 

management or real e ate market anal-

ysis. Author notes the lack of compre-

hensive quality information that pro-

vides deep analysis and presentation 

of urbanization as andalone scientiÞc 

Þeld, which it undoubtedly is. Process 

of urbanization cannot be explored and 

udied without Þr  e ablishing set of 

tools and scientiÞc methods that are 

speciÞc to this Þeld. Author acknowl-

edges scientiÞc discoveries and consid-

erable progress in the Þeld of computer 

sciences. Computer science can serve 

as rong scientiÞc tools foundation for 

modern urban udies. Without a doubt 

tools such as computer vision that en-

able us to e ectively analyze and classi-

fy spatial data or advancement in area of 

machine learning, that allows for robu  

real e ate prediction models or real city 

models built using 3D modeling plat-

forms, provide a rong argument for 

their use by urban researchers. 

The aim of the udy. Therefore, the 

aim of this research work is to present 

the modern robu  set of scientiÞc re-

search tools in the Þeld of urbanization 

research and udy. Author plan to pres-

ent the li  of computational and infor-

mation sy em research tools that will 

enable e ective research process. Be-

sides, in this research paper we outline 

and analyze subÞelds of urbanization.  

Materials and methods 
of research. 

In this paper we covered a great deal 

of scientiÞc papers and information 

both on urbanization and computer sci-

ence areas [1,2, 3]. We used qualitative 

method to e ablish the urbanization 

in context of a broad research Þeld. 

Quantitative method helped us outline 

the main chart and data used in major-

ity of urban economy articles, which is 

bid rent curve and is widely used for 

land price modeling and prediction. 

Another key research output is impor-

tance of udying the point(s) of market 

equilibrium when modeling land use 

prediction. Author employed scientiÞc 

ab raction, sy em modeling, and theo-

retical generalization to build a concept 

of Urbanization research cycle as an it-

erative cyclical process. 

Research results 
and their discussion.  

Urbanization is a multidimensional 

and complex Þeld of scientiÞc udy. It 

exi s at intersection of many Þelds of 

udy such as economics, ecology, so-

ciology, urban and city planning, law, 

and regulations [4]. In pa  decades, 

many researchers focused their e orts 

on economics, with focus on real e ate 

and property analysis, Þnancial model-

ing, and prediction modeling. With cur-

rent ate of urbanization expansion, it is 

no longer e ective to limit the scope of 

urban research work. In ead, these chal-

lenges provide tremendous opportunity 
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for new shift in udies of urban process, 

it is subÞelds and adjacent Þelds. Urban-

ization cannot ju  be classiÞed as subar-

ea of microeconomics udy. It is evident 

that urban process has impact on ecolo-

gy situation, on local and national eco-

nomic development, Þnancial markets 

and both national and international laws 

and regulations that govern the modern 

city. In this paper we present tools and 

methods that can be used by di erent 

researchers coming from di erent areas 

of scientiÞc udy. The current ate of 

urbanization research Þeld and its con-

nection to exi ing major scientiÞc areas 

are presented in Figure 1. 

There are four major Þelds of re-

search that enable us to udy urban-

ization process. They are ecology, eco-

nomics, city planning and laws. Each 

of these four Þelds has many layers and 

sub Þelds. In Figure 1 we highlighted 

those Þelds that are directly connected 

with urbanization process.  Some Þelds, 

such as su ainability or urban infra-

ructure or city budget are connected 

to other Þelds of udy and form the 

basis of what is now classiÞed as mul-

tidisciplinary research. This fact alone 

can serve as major evidence to prove 

that urban udies Þeld is multidisci-

plinary area and require background, 

knowledge, and experience in adjacent 

research areas.

  Table 1 provides extensive over-

view of fourteen major urbanization 

research subÞelds. They are grouped by 

main Þeld of scientiÞc research, ecol-

ogy, sociology, economics, city plan-

ning, Computational and information 

sy ems, Law, and regulations. Struc-

ture Þeld denotes core areas of potential 

research work. It should be noted that 

some Þelds share similar or same ruc-

ture, such as Land use and resources 

management. Methods Þeld represent 

li  of scientiÞc research methods that 

can be used to udy speciÞc subÞeld. 

Fig.1 Urbanization Þelds of research [1,4]



42  № 4’2020

,    

Table 1. Overview of urbanization research subÞelds* 

SubÞeld Field(s) of research Structure Methods

1 Urban ecology Ecology
Policies

Resources
Sy em outcomes 

Analysis and hypothesis
Legal research

2 Green city Ecology

Buildings
Energy 

Environment
Land use 

Wa e management

Analysis and hypothesis
Legal research

Qualitative
Quantitative

Sy em modeling

3
Population, 
dynamics, 
and health

Ecology
Sociology

-
Qualitative
Quantitative

Sy em modeling

4
City 
growth and 
development

Economics
Urban development 

Analysis and hypothesis
Quantitative

Sy em modeling

5
Urbanization 
patterns

Economics
City planning

-
Qualitative
Quantitative

Sy em modeling

6
Spatial 
planning 
and di ribution

Ecology
Economics

City planning
Land cover

Qualitative
Quantitative

Sy em modeling

7
Real e ate 
market

Economics
City planning

Law and regulations

Market analysis 
Price modeling 

Supply and demand 
foreca  

Quantitative
Sy em modeling

8
Urban planning 
and monitoring 

City planning
Law and regulations

-
Legal research

Qualitative

9 Smart city

City planning
Law and regulations
Computational and 
information sy ems

City governance
City data modeling 
Predictive modeling 

Legal research
Qualitative
Quantitative

Sy em modeling

10
Urban 
Modeling

City planning
Law and regulations
Computational and 
information sy ems

-
Qualitative
Quantitative

Sy em modeling

11
Land 
Development

City planning
Law and regulations

City visualization
Predictive scenarios 

Legal research
Qualitative

Sy em modeling

12
Land-use and 
infra ructure 
planning

City planning
Land use regulations

GIS modeling 

Legal research
Qualitative

Sy em modeling

13
Environmental 
monitoring 
and acts 

Ecology
Law and regulations

-
Legal research
Quantitative

Sy em modeling

14
Urban planning 
law

Law and regulations -
Analysis and hypothesis

Legal research
Qualitative

* prepared based on personal research data, UN report, Britannica and Stati a services [1, 2, 3, 4]
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Important part of any modern re-

search work is tools that are used to udy 

certain area or subÞeld. Table 2 resents 

results of our work on li  of mo  widely 

used urbanization research tools. In this 

paper we note seven major tools type and 

provide their classiÞcation - computa-

tional sy em, information sy em, gen-

eral city data, GIS and maps, o cial doc-

umentation, smart city tools, tools, and 

equipment. Information that is presented 

in Table 2 is divided into Þve section. 

There are three important sections that 

we should note – tool component, tool 

data types and Þeld of application. Com-

ponents section present empirical sub 

areas that can be used for speciÞc udy, 

while data Þeld denotes major data type 

that is used by this tool, to help make an 

opinion on which tool to use for speciÞc 

research work. In application section we 

present li  of research subÞelds that this 

tool can be used in.  

Three major types of data are used 

in urbanization research – numerical 

data (Þnancial, di ance, ati ical etc.), 

Geographic data and information (incl. 

maps and digital visualization of cit-

ies), text information (city plan, laws, 

and municipal acts etc.). It should be 

noted that one of the newer subÞelds of 

research is Smart City. Smart City re-

search requires researcher to work and 

analyze tremendous amounts of various 

types of data. We should note that de-

tailed examination and presentation of 

Smart City subÞeld falls outside of the 

scope of current research work and will 

be published as separate research work 

in future. 

Table 2. Urbanization research tools classiÞcation* 

Tool Components Data Application

1
Computational 
sy em 

Data mining
Machine 
learning 

Computer Vision

Digital Images
Numerical data

Data analysis
Image processing
Prediction sy ems

2
Information 
sy em

Big Data
Data visualization

3D objects data
Digital Images
Numerical data

3D Modeling
Data processing, orage, 

and analysis

3 General city data
Real e ate 

City ati ics
Stati ical data
Land use data

Economic modeling
Environmental planning

4 GIS and maps
Aerial map

Cada ral map
Satellite map

Geographic data 
and information

Data analysis
General modeling and 

planning 
Surveying

5
O cial 
documentation 

Agreements
Law

Planning
Regulations

Reports

Text and general 
information

General economic, 
ecology and city planning 

related 

6 Smart city tools
City management sys.

Monitoring data
Numerical data

City governance
City surveillance

7
Tools and 
Equipment

3D/LiDAR scanners
Land Surveying

UAVs

Digital images
Sensors data

City planning
Con ruction

Land use planning

* prepared based on personal research data, UN report, and Britannica services [3, 4, 5]
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Computer science tools and methods 

are widely used in all major Þelds of sci-

entiÞc research, Urbanization being one 

of them. Table 3 provides li  of major 

computational and information sy em 

analysis tools that can be employed by 

scienti  working on urban research Þeld. 

Table 3 is as extension of Table 2 and 

focuses speciÞcally on computer set of 

tools. There are Þve sections in Table 

3, computer science tool, tool category, 

data types that are used withing this tool 

context, output results of using this tool 

and urbanization subÞeld that this tool is 

mo  extensible used in (refer to Table 1). 

Author provides a concept of Ur-

banization research cycle in Figure 2. 

This concept is based on scientiÞc re-

search method and is a result of previ-

ous research work on urbanization. This 

cycle consi s of twelve ages, each of 

them is separate research phase. New 

research work arts with problem deÞ-

nition, outlining of subÞeld of research 

and scope of research work, next ep is 

search for information within the scope 

of research work. The research infor-

mation that has been gathered need to 

be udied, grouped, and classiÞed. Af-

ter information has been grouped and 

udied, research should form an initial 

set of hypotheses based on which he 

will later build a scientiÞc model.  Sci-

entiÞc model is an iterative four eps 

sub-cycle within main research cycle. It 

arts with initial model, then research-

er picks a set of tools within context 

of this model, using e ablished set of 

tools he conducts a set of one or multi-

ple experiments using the data that has 

is an output of information processed 

and grouped before. After the experi-

Table 3. Modern computational and information sy em analysis tools classiÞcation* 

Tool Category Data Type Output
Urbanization 

subÞeld

1 3D visualization
Modeling

Presentation
Geographical

Images

Digital 
model

City plan 

Green city
Spatial planning 
and di ribution

2 Computer Vision
Modeling

Presentation 
Images

Digital data
Map data

Urban planning 
and monitoring

3
Digital recording 
devices

Modeling
Technical sy em

Digital data
Indicators 
Misc. data

Smart city
Urban ecology

4 GIS
Modeling

Presentation
Geographical

Images
Map data
City plan

Land Development
Land-use and 
infra ructure 

planning

5
Information 
sy ems

Decision
Modeling

Presentation 
Planning

Financial
Stati ical

Information

Smart city
Population, 

dynamics, and 
health

6 Machine learning 
Decision
Modeling
Planning

Numerical 
ScientiÞcal 

Information Real e ate market

7
Prediction 
sy ems

Modeling
Planning

Numerical
Financial
Stati ical

Information Smart city

* prepared based on personal research data and Britannica [3, 5, 6] 
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ment has been conducted the scienti  

te  the results and compares them to 

his initial hypothesis and analyses it 

based on exi ing set of information. If 

the results prove on par with hypoth-

esis the research work can proceed to 

next ep. Otherwise, the model cycle 

has to be repeated with new set of in-

put parameters or with di erent set of 

tools, until the results are satisfactory. 

Once the hypothesis has been con-

Þrmed or validated the research model 

output data is gathered and the results 

are formatted to be presented to the 

research community. It is important to 

note the importance of two la  eps in 

the cycle – output analysis and research 

model presentation. They are the main 

result of conducted research work and 

denotes the materials that are presented 

to scientiÞc community later.  

Economics research Þeld is major 

part of urban udies. There are many 

tools and methods that are available 

for researcher working in Þeld of urban 

economics. One of the mo  commonly 

used and e ective tools is bid rent curve 

and gradient (Figure 3). It is used to an-

alyze the land or real e ate rent price 

for various purposes (commercial use, 

indu rial use, or residential use) and 

map the points of market equilibrium. 

Also, it shows what is the optimal (Þ-

nance related) di ance from the central 

business di rict to the planed con ruc-

tion site. In such model’s city is divided 

into four major zones, central business 

di rict, that is also part of inner-city 

ring area, middle ring, and outer ring 

area. Computational and information 

sy ems tools are used to build similar 

curves. Quality of information is one 

g y p [ ]

Fig.2 Urbanization research cycle concept [6]
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of key determining factors when plot-

ting rent curves and gradient. Machine 

learning in ruments (software) can be 

employed to make a future predations or 

work with large amounts of input data 

to purpose optimal rent models. 

One of modern and prominent Þelds 

of udy is 3D modeling and visualization 

(Figure 4). Geographical data and infor-

mation are sued to visualize the city and 

land cover in virtual 3D environment. 

Such models can be both atic and dy-

namic. In later case, researcher have abil-

ity to set parameters and te  the models 

in real time with visualization of research 

output information. This set of powerful 

tools require greater computational re-

sources and skills to be tuned and set up. 

Fig.3 Economic research bid rent curve and gradient [6]

Fig.4 Geospatial data visualization in 3D for city processes modeling 

in Unreal Engine 4 
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Conclusions and prospects. 

Urban research requires for research-

er to Þr  deÞne the problem and then 

analyze the data available, to build an 

e ective model. As a rule, the data that 

is required in any new research are mul-

tidimensional and comes from various 

sources, usually not directed corelated, 

such as Þnancial data, digital images, 

and land use regulations. Nowadays 

any new researcher has more tools and 

information at their disposal then those 

two or three decades ago. Information 

and computational sy ems form the 

basic set of tools of modern urban re-

searcher. However, both require data to 

be inputted Þr  and parameters to be set 

for modeling purposes. Larger quanti-

ties of such data that are used in urban-

ization research modeling are either of 

numerical or geographical type, while 

some research e orts require both. In 

this work we provided a deÞnition and 

classiÞcation of four core urbanization 

Þelds – economics, ecology, city plan-

ning; law and regulations.  Based on this 

classiÞcation and udy of research tools 

we presented a cyclical twelve ages 

urbanization research cycle concept. In 

future we plan to present a comprehen-

sive research framework that relies on 

presented computational and informa-

tion sy em analysis tools. 
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