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Abstract: More and more cities are incorporating smart elements for their better 

management, increased service quality and resource optimization. A digital twin is suitable 

for creating the concept of a smart city. Smart cities, digital twins and agent-based simulations 

are mutually intertwined research fields. It is an accurate simulation of a real entity, thanks 

to which it is possible to explore and predict various situations and respond better to them. 

The usage of GIS data is important part of the process of development of realistic spatial 

simulations. GIS data is the essential source of parameters of the environment surrounding 

agents. This paper summarizes the usability of GIS data in agent-based simulations in the 

development of digital twins of smart cities. Sample traffic model in NetLogo was designed 

to demonstrate this approach. 
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1. Introduction 

A smart city is where the combination of modern information technology and IoT results 

in better governance, quality of service, security, and reduced management and resource 

costs (Kumar et al., 2020). According (Nam & Pardo, 2011), there are numerous objectives of 

smart cities such as improving convenience, preserving energy, improving water quality and 

air quality, recovering from disasters or collecting data for better decision making. Four major 

contributes of smart cities are sustainability, urbanization, quality of life and smartness (Khan 

et al., 2022). Recent reviews show that the research of smart city models and methodologies 

grows significantly, see Myeong et al. (2022), Winkowska et al. (2019). 

The digital twin is the most accurate virtual copy of a real entity. It helps to understand, 

explore and predict the behavior of real subjects. Digital twin simulations exist in parallel with 

real entities (Grieves & Vickers, 2017) in our case smart cities. Other areas where digital twins 

can be used are engineering, robotics or healthcare (Barricelli et al., 2019; Boje et al., 2020). 

Agent-based simulation is the methodology successfully applicable in creation of digital 

twins (Clemen et al., 2021; Mykoniatis & Harris, 2021). 

The aim of the paper is to show how it is possible to use existing geographical data for 

agent-based simulations. The first part of the paper describes GIS data and how to obtain them 

for the purpose of the realistic traffic simulation in NetLogo. The extraction of parameters of 

the urban environment from GIS data is explained, maps from OpenStreetMap serve as a 

source of data for our sample model. It is also explained how to modify the data in relation to 
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subsequent simulation scenarios. The sample model of traffic in urban area is presented to 

demonstrate the approach. 

2. Methodology 

Agent-based simulations are composed of agents and environment. Agent-based models 

of cities were summarized by (Crooks et al., 2021). Important trends are the development of 

large-scale simulations (see e.g., Santana et al. (2018), Manzoor et al. (2021), Huang et al. (2022)) 

and real-time GIS applications (Li et al., 2020). 

Realistic simulation requires a precise specification of the environment, especially if it 

asked to be even an exact copy of the original (digital twin in this case). If the simulation is 

about a representation of building interior, it is possible to use BIM data to create 

environment (Kořínek et al., 2021). On the contrary for geographical area, importing data 

from Geographic Information Systems (GIS) is the most efficient method. 

Geographic Information Systems are used for storing and visualizing data related to a 

specific place on Earth at a specific time. The two main representation methods are raster and 

vector representation of spatial entities and their relations. Both types of representation can 

be applied for visualization of the space. Vectors are used to display the elements, raster 

image data is preferred to visualize the background of the scene (Decker, 2001). 

A raster representation is focused on the detailed display of the area using images and 

photographs. The basic building blocks are pixels that are arranged in a 2D grid. The pixel is 

represented by the color as in the photo and can be extended by other parameters. The raster 

representation does not have to be used only to display a photograph of the area, but, for 

example, to display temperature, population density or elevation. The raster representation 

is used to represent continuous space. It is easier to use raster representation for 

computational operations, but at the same time it is not as accurate when the scale changes. 

A vector representation focuses on specific elements from the area, such as buildings, 

roads, rivers, etc. Because the vector representation shows the elements as separate objects, it 

is easier to work with and edit other parameters that are hidden under these objects and do 

not need to be displayed. These components are represented by three basic geometric 

elements (points, polygons, curves) which can change their purpose depending on the level 

of detail required: 

• The representation of points may vary depending on the scale of the display area or the 

way the data is used. The point can represent a city or a building or even the entrance of 

the building. See Figure 1, for example of the point outside the polygon area: here the 

point is the center of the object. 

• Polygons are used to represent object, e.g., buildings. Furthermore, it is possible to use 

polygons to display areas, similarly to raster representation, but with a discrete space (i.e., 

having precise dimensions and boundaries of objects). 

• Curves consist of connections of two or more points and are used to represent roads, 

rivers, or the boundaries of areas, but in this case, it is only an edge, not the space inside 

(polygons are used for this). 



Some tools can also work with another formats like 3D representations of buildings or 

terrain. This can be especially useful for various visualizations. 

There are numerous freely available sources of GIS data such as ArcGIS HUB 

(ArcGIS HUB, 2022), Natural Earth Data (Natural Earth, 2022), Google Maps (Google, 2022b) 

Google Earth (Google, 2022a) etc. 

The source of GIS data for this article is OpenStreetMap (OpenStreetMap, 2022), which 

is an ODbL-licensed project focusing on creating and sharing geographic data around the 

world. It works on the principle of Wikipedia, where users contribute, edit and use all 

available data, including the access to the history of edits. When viewing maps on the web, 

it is possible to immediately see a preview of the GIS parameters added to objects (Figure 2). 

GIS data contains a large amount of information of different type. When creating the 

environment for agent-based simulation, it is advisable to use one of the commercial software 

designed for data preparation, e.g. ArcGIS (Esri, 2022). 

 

 

Figure 1. Example of point and polygon representation of the space 

 

Figure 2. OpenStreetMap object with parameters. (https://www.openstreetmap.org) 



Autodesk company offers AutoCad Map 3D (Autodesk, 2021) software which is suitable 

for 3D models or Building Information Model (BIM) data. It is also possible to use freely 

available software, e.g. Grass GIS (Grass GIS, 2022), gvSIG (gvSIG, 2009) or QGIS 

(QGIS, 2022). QGIS was created in 2002, but receives regular updates and is suitable for article 

sample model. 

Finally, the agent-based platform is suitable for development of the smart city 

simulation. The overview of platforms such se NetLogo (NetLogo, 2016), AnyLogic 

(AnyLogic, 2022), Repast (Repast, 2021) and others (Morvaj et al., 2011; Lom & Pribyl, 2021). 

3. Realistic Traffic Simulation 

To demonstrate the applicability of GIS data in realistic agent-based simulation of smart 

cities, a sample model of urban traffic was designed in NetLogo. The model is composed of 

GIS-based environment and agents. The specification of the environment is as follows. 

OpenStreetMap was used to get real world data (maps). Data is stored in OpenStreetMap 

format, which would be converted to one of the GIS formats (University of Delaware, 2022) 

(in article example it will be *.shp format). 

There is no need to download data from OpenStreetMap before, because QGIS, like 

many other software, already has built-in access to maps. Therefore, it is possible to open 

OpenStreetMap directly in the application, select the area and save it. This tool works 

similarly to graphical editors and data are divided into layers. After selecting and confirming 

the area, the previously mentioned geometric objects (polygons, lines and points) can be seen 

on the left side. The layers can be turned on and off as needed. 

To obtain specific elements from OpenStreetMaps, it is recommended to use another 

plugin that uses query data editing. In case of traffic agent-based model, information about 

buildings and routes has to be obtained. In the simulation, it would be required to apply an 

exact representation of the routes where agents move. For our model, a simplified 

representation of the movement along the lines (more precisely, between the endpoints of the 

lines) is sufficient. This decision was made for optimization of the course of the simulation 

using desktop agent-based platform NetLogo. For this reason, node information needs to be 

attached to the data. 

When working with OpenStreetMap objects, QuickOSM plugin is used to create layers 

of objects. The list of objects is written on the OpenStreetMap wiki page under the map 

features tab. Objects are divided here into keys (parent category) and values (sub-categories). 

For example, buildings and roads are required to be specified for the simulation. 

The building layer will be created firstly. Buildings are marked with the keyword 

building. It is also possible to specify a sub-category (e.g. small houses or hotels 

correspondingly to the purpose of the simulation). In article example model, all objects from 

category building are required. Queries can be chained to select multiple categories or 

multiple subcategories. Individual selections can be combined using the logical operators 

and, or. Finally, it is also possible to select in which geographical area the objects are searched. 

After running the query, a new layer with the extracted data is created. Figure 3 shows 

example of buildings extraction. 



Further adjustments are needed for the roads. If roads were exported as they were 

extracted, point information would be missing. Roads would contain endpoints and some 

midpoints, but many would be missing. The simulation would be too simplified. QGIS 

includes many editing tools. One of the geometric tools is the breakpoint extraction tool. This 

creates a new layer with all points. This completes the editing of the roads (Figure 4). Other 

adjustments could follow, such as evenly adding more points along the way or simplifying. 

The path layer together with the newly created point layers can be exported as another file. 

The important thing is that extracted objects retain their parameters. This completes the 

preparation of data that can be used subsequently in simulation tools. 

 

 

Figure 3. Extracted building layer 

 

Figure 4. Extracted roads with generated breaking points 



Now that the data are prepared and it is possible to start creating an agent simulation. 

To create a traffic model, a NetLogo was chosen. As mentioned earlier, agent simulation 

consists of two main parts. The environment was made from prepared GIS data. Lines and 

nodes were created from GIS path data using NetLogo datasets. These objects store all 

parameters from GIS data. Buildings are represented by GIS data without further 

modification. In the next step, agents need to be added. They will move and interact in the 

exact copy of the city thanks to the GIS data. 

 

Figure 5. Traffic model 

 

Figure 6. Extracted data of the area around the castle Oheb. Tourist places (red), parking places (green) 

and camps with wheelchair access (orange). 



Figure 5 shows created traffic model with buildings and roads information extracted 

from GIS data. 

Similarly, there is a simulation of tourist areas with extracted information about tourist 

places (Figure 6). Creating simulations is all the easier, because many important parameters 

are already contained in the data. 

4. Discussion 

The realistic simulations are important tool in smart cities research. The specifications of 

the environment have to build on GIS data. OpenStreetMap and QGIS were successfully 

adopted in sample model of urban area. NetLogo simulation was developed to demonstrate 

the applicability of agent-based approach for development of digital twin of smart city. 

The next research will be focused on refinement of agents´ behavior and extending the 

simulation with smart city elements such as intelligent traffic lights, information systems and 

mobile applications. 
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