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Abstract

Modern technologies enable the prediction of events, mitigation of risks, and prevention of threat. Agent
modeling is one method for simulating emergency situations and human behavior during them. An
identified research gap in scientific research is the lack of effective methods to convert BIM data for agent
simulation in NetLogo. Thus, the purpose of the study was to develop and test a method for converting
BIM data into a format supported by NetLogo and to create a simulation model depicting the course of a
fire and the evacuation of people. A simulation model was created, and ten simulations were carried out,
obtaining data on the number of evacuated people, casualties and the percentage of areas occupied by the
fire. The results show the applicability of the proposed approach in fire safety analyses. The model can be
extended to include additional elements, such as psychophysical factors of agents, properties of building
materials or the effect of smoke on visibility. The research and development work carried out can be used
to develop existing BIM applications or to create new plugins. Future digital twins must be able to perform
such analyses, without which it is difficult to expect the ambitious goals of the circular economy to be met.
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1. Introduction

BIM (Building Information Modeling) is increasingly being used in risk analysis [1-2]. It is used as a
risk management tool in the development process [3] and is also used to generate basic data and act as a
platform for BIM-based tools to perform further risk analysis [4]. The issue of simulating crisis situations and
human behavior during them is increasingly being addressed in scientific literature [5]. Simulations are created
using various methods, one of which is Agent-Based Modeling (ABM) [6]. The idea behind agent-based
modeling is to use so-called agents, a virtual environment, and agent-agent and agent-environment
relationships to model various phenomena and processes occurring in space under study. Agents are
autonomous units or objects with specific properties, activities and goals. The environment, in turn, constitutes
the space in which agents interact. The environment can be geometric, networked or drawn from data relating
to reality [ 7]. ABM was used to generate emergency scenarios using lightweight BIM data, standard emergency
plan documents, and virtual emergency scenario data [8]. Another application of ABM was to simulate
passengers and trains as agents with complex behaviors in a limited space. This method allows for a
comprehensive assessment of congestion, noise, and air quality to determine the quality of services in different
spaces. In addition, the results of the study show that situations are visualized in different ways, which
facilitates decision-making regarding spatial planning [9]. However, research focusing on emergency
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evacuation to improve safety is still rare. Existing studies concern, for example analysis of fire assembly points
[10].

Two types of software are commonly used for evacuation simulation and disaster prevention: commercial
software (e.g., STEPS, Pathfinder) and open-source software (e.g., NetLogo, Repast) [11]. The BIM models
used in the simulations provide a representation of the building geometry and provide non-graphical
information [12], such as the properties of building materials [13]. In the NetLogo environment, it is not
possible to directly import BIM models [14], and the issue of BIM data conversion for agent-based simulations
in NetLogo remains almost untouched in the available literature [15]. Thus, a research gap was identified, and
to fill it, an experiment was undertaken involving the translation of data along the BIM-GIS-NetLogo line. The
purpose of this publication was to present a new approach to converting BIM data for use in NetLogo and to
build a fire simulation model illustrating the capabilities of the proposed method.

2. Materials and Methods

Autodesk Revit 2025.2 software was used to build the BIM model. Autodesk Revit is one of two popular
BIM tools [16]. For the purposes of the publication, a room model with a partition wall inside the building was
created (Figure 1). The model includes external walls, door and window openings, and a partition wall.

Fig. 1. 3D view and ground floor of the BIM model. Source: own elaboration

BIM typically uses a specific software ecosystem and requires expertise in conversion, translation, and
programming [17]. In scientific literature, this is referred to as tools ecology [18]. The fire and human
evacuation simulation model was developed in the NetLogo 6.4.0 environment. The program does not support
files in non-text format, excluding some extensions. Instead, the application allows loading GIS (Geographic
Information System) data, which allows the use of raster data in ESRI ASCII Grid (.asc, .grd) format and
vector data in Shapefile (.shp) or GeoJSON (.geojson) format.

To obtain data from the BIM model in Shapefile format, a two-step conversion was used (Figure 2).
ESRI ArcGIS Pro 3.1.1 software was used to convert the data from Drawing Exchange Format (.dxf) to
Shapefile format. The final product of the conversions were 2 files containing geometric representation of wall
outlines and doorways. The developed algorithm created the walls and doors of the room based on the received
Shapefiles (Figure 3).

Fig. 2. Diagram showing data conversion, source: own development. Source: own elaboration
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Fig. 3. Room created in NetLogo. Source: own elaboration

Initialization of the model results in the creation of the simulation environment, thus the room is created,
people (agents) appear, and the location of the fire is defined. Calling the repetitive "go" command results in
the start of the simulation, the fire begins to spread, and the people head toward the exit. In each iteration, the
status of the people is verified; the final boundary conditions of the simulation are the statuses: all people have
left the building or no one alive remains in the building. When either of these is met, the simulation ends,

regardless of the status of the fire (Figure 4).
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Fig. 4. Block diagram of the simulation model operation. Source: own elaboration.

The model assumes the appearance of a fire source anywhere in the room. The fire spread method assigns
a risk status to all fields adjacent to the fire source. Then, in each iteration of the simulation, there is a 15%
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chance of fire spreading from a field with fire status, to a field with risk status (Figure 5). The percentage
chance of fire spread is a parameter and can be freely modified from the simulation observer. This provides a
wide range of possibilities for using the tool to create different scenarios, depending on the building materials
used, interior design, or the function and layout of rooms in the building.

risk risk risk
15% | 15% | 15%
risk
15%

risk
15%

risk risk risk
15% | 15% | 15%

Fig. 5. Fire spread diagram. Source: own elaboration

Each time the model is called, people are randomly placed in its space. When a fire breaks out, their goal
becomes evacuation from the room, interpreted as reaching the outer door. People in the lower part of the room,
initially have to go through the inner door, which becomes their intermediate goal (Figure 6). The goal is thus
dependent on the location of the person in the two-dimensional simulation space, his x and y coordinates.
Considering the third dimension in CDF (Computational Fluid Dynamics) software, it is also possible to
propose a numerical simulation of evacuation in smoke conditions, using the smoke distribution obtained from
three-dimensional CFD [19].

Fig. 6. Marking of evacuation targets, A - external doors, B - internal doors. Source: own elaboration

The developed simulation model is a sophisticated method for analyzing complex fire scenarios based
on the probability of spreading hazards. Based on the input parameters, the variables included in the
simulations include, among others, the number of people, the probability of individual objects igniting, the
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speed of movement of agents, the level of panic, the availability of alternative escape routes, the agents'
familiarity with the area, and the density of smoke limiting visibility and affecting the dynamics of movement.

3. Results

The simulation model created was run ten times, each time creating an environment that differed in the
distribution of people and the location of the fire outbreak. Initially, there were 20 people in the room (Figure
7). Both the number of iterations and the number, behavior, and distribution of people at each stage can be
modified.
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Fig. 7. Initial phases of 10 consecutive simulations. Source: own elaboration

On average, 16 evacuated the building, and 4 people died. In 3 cases, all people managed to leave the
building, even though the fire then occupied an average of 42.18% of the room area. In the worst case, No. 8,
12 people died, the site of the fire outbreak was near the gathering of people, on the way towards the exit
(Table 1). It should be emphasized here that the behavior of agents can be defined, as it will depend on the
nature of the work in the building, the purpose or length of stay.

Table 1. Simulation results

No evacuated people dead people % of building on fire

1 20 0 46.65%
2 14 6 70.34%
320 0 27.27%
4 15 5 39.12%
5 13 7 40.04%
6 17 3 47.38%
7 18 2 26.45%
8 8 12 34.8%

9 10 10 35.72%
10 20 0 52.62%

The spreading fire, symbolized by the red fields, occupies an increasing area of the room. As soon as the
fire occupies the field where a person resides, a symbolic death occurs (Figure 8).
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Fig. 8. Results of an example simulation. Source: own elaboration

The interior space of buildings is becoming increasingly complex and dynamic, making it difficult for
internal staff to find their way around the layout of rooms for evacuation purposes. Emergency evacuation
simulations can also be analyzed based on the information exchange mechanism to examine the impact of
relevant information exchange factors on emergency evacuation in rooms. The results of previous studies show
that even incomplete information exchange between evacuees can improve evacuation navigation, and the
overall effectiveness of evacuation is better even if not all evacuees shared information [20].

4. Discussion
The resulting simulation model makes it possible to analyze various fire scenarios, depending on the
number of people, their location in the building, the location of the fire outbreak or the rate of fire spread.

Further work and analysis could focus on expanding the model with elements that enrich its performance
(Table 2).

Table 2. Possible directions for expanding the model, source: own development based on Sun & Turkan, 2020.
Source: own elaboration.

Lp. Category Elements of

. Reaction ti i f hysical
Psychophysical factors eaction time, resistance to stress, speed of movement, physica

! condition
2 Fire behavior Physical and chemical properties of the combustion process
. Improved movement model, taking into account visibility and
3 Moving
other obstacles
4 Properties of materials Flammability classes of building materials
5 Additional factors Spread of smoke, reduced visibility
6 Extl'ngulshmg agents and Location of sprinklers, fire extinguishers, hydrants
equipment
7 BIM model elements Windows, furniture
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Properly streamlined, the model could assist in planning evacuation activities, such as delineating escape routes
and door placement. The model could also be used in creating fire safety manuals. BIM can support fire safety
management in buildings, and a holistic BIM model should consist of four modules: evacuation assessment,
escape route planning, safety education, and equipment maintenance [21]. The construction industry is
considered the fourth most dangerous industry in terms of fatalities. On construction sites, assessing evacuation
risks in emergency situations is also a difficult task due to their constantly changing nature [22]. Therefore,
such analyses should be carried out during the design, implementation, and operation phases. Therefore, such
analyses should be carried out at the design, implementation, and operation stages. Throughout the life cycle
of a building, CDE (Common Data Environment) information systems are used to support the exchange and
verification of information [23]. Such platforms should also allow for a range of analyses and simulations to
be carried out, such as evacuation simulations.

Fire modeling is a common practice in building fire safety analysis, but it is costly. The growing use of Al
software such as Intelligent Fire Engineering Tool (IFETool) can speed up fire safety analysis and quickly
identify design limitations [24]. In recent years, the implementation of digital twin (DT) has gained significant
attention across various industries. However, the fire safety management (FSM) sector has been relatively slow
to adopt this technology compared to other major industries. The main barriers to DT implementation in FSM
include a lack of knowledge about DT, initial costs, user acceptance, system integration difficulties, training
costs, lack of expertise, development complexity, data management difficulties, and lack of trust in data
security [25].

5. Conclusions

To date, literature has lacked an effective way to integrate BIM and NetLogo. The proposed approach
fills this research gap by developing a data conversion method that streamlines the integration of BIM and
agent-based modeling technologies, which in the long run allows simulation tools to be applied at various
stages of building operation, from the design phase, through the construction phase, to operation. Consideration
of the issues raised in the discussion can significantly contribute to improving fire safety in buildings. The
presented algorithm can be further developed. BIM integrates with other technologies towards the idea of
Digital Twin. Without its achievement, it is difficult to imagine the ambitious goals of the circular economy
being met. The methodology developed along the BIM-GIS-NetLogo line can be used in digital tools for
designers and property managers. More and more applications enable evacuation simulations, and further
research and development will support the development of these products. The growing trend of integrating
artificial intelligence with BIM points to the automation, minimization, or elimination of manual work
currently performed by humans. Machines will play an increasingly important role in shaping the idea of digital
twins.

Data Availability Statement: The research data can be downloaded at:
https://github.com/Macios04/NetLogo/tree/b30ac267¢8ef492966bcb492e8afa6a00b00070d/BIM-NetLogo
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Appendix A
Figure Al. Algorithm code integrating data.
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