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Abstract. This research paper describes a simulation
model that was implemented as an evacuation efficiency
evaluation software tool. Currently, according to experts,
evaluation of the evacuation schemes in Latvia is done
based on field experiments. This has been shown to
result in an inefficient allocation of human resources and
interruption of the study process at school. Consequent-
ly, a simulation model for a school's evaluation was re-
quired that does not rely on field experimentation. Using
(a) the data provided by the school's administration and
(b) simulation modelling methodology, a decision sup-
port system for an evaluation of an evacuation process
was developed and tested. This system supplies the
school's administration with information about the prob-
lem areas in the current evacuation process. The simula-
tion process results are analyzed in a data collection
environment (graphs, diagrams, tables etc.) that was
developed using the JAVA programming language. The
hypothesis of a successful simulation model was tested
applying the Mann-Whitney test and found to be credi-
ble. Based on the findings, a number of recommenda-
tions were developed for increasing the efficiency of the
evacuation process in buildings sharing the layout of the
school tested here. With necessary adjustments, the
developed simulation model can be recommended for
evaluating evacuation schemes in buildings with similar
layouts, and possibly for implementation beyond Latvia.

Introduction

As a result of significant developments in computer
science it has become easier to solve complex tasks,
especially ones that require considerable time and fi-
nancial investment. Among the most popular such de-
velopments is simulation modelling (SM).

Modelling means to replace the original object of re-
search with a defined image or other object (model),
studying the attributes of the original. The model is then
deployed in experiments in the place of the original,
delivering data about the research object [1]. The simu-
lation modelling method is considered one of the most
efficient methods in the study of complex systems,
because “SM enables experimentation with real or ap-
plied systems, in instances when the real object is una-
vailable or its use is not desired” [2]. With the help of
the agent based modelling (ABM) method, simulation
modelling agents are able to independently evaluate
situations, make decisions and act based on them ac-
cording to the system settings [3].

In this instance, a simulation model was implement-
ed as an evacuation process efficiency evaluation soft-
ware tool. According to experts, the evaluation of the
evacuation schemes in Latvia currently relies on field
experiments. This includes the hospital, kindergarten,
and school evacuation systems and leads to inefficient
allocation of human resources and finances. Conse-
quently, this scientific work attempted to solve the task
of developing a decision making system serving as a
simulation model of a school’s evacuation. Its main
function is to evaluate the efficiency of the evacuation
process without interrupting the study process. This
scientific work serves as a school-university partnership
example. This partnership enables one to find a future
university degree track and opens opportunities for
scientific research already at the high school level.

1 Methodological Foundation of
the Scientific Research Work

The theoretical section of this scientific research work
includes an introduction to simulation modelling with
an emphasis on agent based simulation (ABM); a com-
parison of various computer based simulation modelling
systems; an overview of pertinent literature and sources;
an overview of simulation modelling methodology; an
analysis of AnyLogic simulation software.



Kucerenko et al.

A Simulation Model of a School's Evacuation

ABM is defined as follows: “Agent is an entity with
an autonomous behaviour, able to make decisions based
on given parameters, interact with the surrounding envi-
ronment, and adapt to the changes therein” [4].

The following entities can act as agents: transport,
devices, non-material objects, organizations and people
(for example: children, students, teachers). The task of
ABM simulation consists of: (a) defining the parameters
of agents and the environment and (b) studying the
agents’ behaviour in various environments and interac-
tion scenarios. By situating various agents in a defined
space and within the corresponding interaction parame-
ters, it is possible to predict the behaviour of the entire
system [5].

As is known, the field of simulation modelling em-
ploys the following software (to name a few): GPSS,
SYMULA, Arena, AutoMod, Enterprise Dynamics,
FlexSim (in discrete event simulation); Net Logo,
Swarm, Repast, ASCAPE, Extend (in agent based simu-
lation); VenSim, PowerSim, AnyLogic, iSink (in system
dynamic simulation). AnyLogic software, however, is
applicable in all three types of simulation [6]. Based on
a comparison of these simulation modelling systems it
was concluded that the AnyLogic system offered the
widest range of functions. Consequently, AnyLogic SM
system was selected for the development of the simula-
tion model in this scientific work.

2 Development of a Simulation
Model

Based on the AnyLogic methodology, a simulation
model was created for a school’s evacuation. The mod-
el’s development consisted of eight stages: designing
the system structure with the help of the Pedestrian
library; classifying the active objects; entering the
standard block parameters; entering the additional pa-
rameters; designing the animation; calibrating the mod-
el; validating the model; experimental approbation of
the finished model. The following data was supplied by
the school’s administration in order to make a validation
of the model: school layout, evacuation schemes, num-
ber of students in each classroom, number of school
staff, and evacuation times over three years of fire drills.

The development began with selecting an appropri-
ate scale for an authentic reflection of the school’s lay-
out.

The AnyLogic agents were created along with algo-
rithms of their behaviour (movement, decisions etc.) in
emergency situations. A schematic algorithm was creat-
ed connecting the evacuation paths for students with
school emergency exits. The following standard block
parameters were entered: Ped Source, Ped Go To, Ped
Change Ground, Ped Group Assemble, Camera. Addi-
tional parameters included histograms timing the evacu-
ation process, as well as a Java function (Last Exit)
taking and depicting the time of the last agent’s exit.
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Figure 1. Simulation model activity histogram.

The 2D and 3D animation featured a special 3D log and
a Camera object showing a fixed layout sector. A spe-
cial program interface was created for expedited switch-
ing between floors, histograms and 3D model anima-
tion. Pedestrian library images were used to designate
various members of the school personnel.
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Figure 2. Simulation model animation in 2D.

A statistical hypothesis test was implemented applying
the Mann-Whitney test. It confirmed the main hypothe-
sis: data discrepancy between the model-based test and
real data is not significant. The following Mann-
Whitney U test was used:

NN+1
U= NM+¥ —ZRcmk(x,-)
Xy

As a result, the simulation model (SM) was found to be
credible.
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3 Conclusion

This scientific research work contains a simulation
model for a school's evaluation that does not rely on
field experimentation. The pertinent theory is studied
and the existing approaches to simulation modelling
(based on the ABM method) are surveyed. Various sim-
ulation software systems are compared and AnyLogic
methodology is studied closely. Employing the
AnyLogic system, in the practical section of the re-
search work a decision support system is produced
evaluating the efficiency of a school’s evacuation and
informing the school’s administration about the problem
areas in the evacuation process.

The model’s flexibility and credibility allows for its
easy adaptation not only in buildings with similar lay-
outs in Latvia (for example: schools or kindergartens),
but also abroad. The development’s authors are open to
partnership, plan to further optimize the model, and can
offer recommendations and instructions for the model’s
implementation. This material reflects the scientific
research work of M. Savrasov (Dr. Sc. Ing., Assistant
professor), N. Kucerenko (Mag. Paed.), V. Zemlanikins
(Tech. consultant).
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