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Abstract 

This paper presents a simulation system for tsunami evacuation using virtual reality technology. 
The system can be classified into two parts: simulation part and visualization part. For the 
simulation part, the simulation of tsunami wave considering the collapse of building is carried by 
the Boussinesq equation using finite element method. Then the simulation of evacuation based on 
multi-agent model is performed. For the visualization part, the simulation results are visualized by 
the stereoscopic view using virtual reality technology. The present system is applied to the 
evacuation analysis by the tsunami waves at studied area is shown to be a useful tool to investigate 
the damage of building and human being by tsunami waves. 

Keywords: Virtual Reality, Evacuation analysis, Multi-Agent, Tsunami Simulation  

Introduction 

A number of tsunami disasters occur annually in various part of the world. In order to estimate the 
extent of a disaster quantitatively, it is necessary to estimate the behavior of natural phenomena 
which causes the natural disaster. There have been presented a number of numerical methods to 
evaluate the damage by the tsunami waves, such as the methods based on the finite difference 
method, finite volume method and finite element method, The finite element method is one of the 
powerful tool to investigate the damage by tsunami wave since the finite element method can treat 
the arbitrary land and building shape.  
 
Recently, the numerical evacuation analysis is becoming popular to estimate the extent of the 
damage of human being. In the evacuation analysis, it is very important to evaluate the evacuation 
behavior of the human being in the time during the disaster accurately. The evacuation behavior is 
strongly related to the circumstance, age and sex of the refugees. The multi-agent model is one of 
the techniques which can evaluate the evacuation behavior accurately (Uno and Kashiyama (2008)).  
 
This paper presents a simulation system for Tsunami evacuation using virtual reality technology. 
The present system can be classified into two parts: simulation part and visualization part. For the 
simulation part, the simulation of tsunami wave considering the collapse of building is carried by 
the Boussinesq equation using finite element method (Tonegawa and Kashiyama (2009)). Then the 
simulation of tsunami evacuation based on multi-agent model. For the visualization part, the 
simulation results are visualized by the stereoscopic view using virtual reality technology. From this, 
users can understand the simulation results easily. Also, as the view from the refugee’s eye can be 
created in the VR space, the user can understand the feeling of refugee easily. The present system is 
applied to the evacuation analysis by the tsunami waves at studied area is shown to be a useful tool 
to investigate the damage of building and human being by tsunami waves. 

Tsunami Numerical Simulation 

Governing Equation 

The Boussinesq equation is employed for the governing equation in order to consider the effect of 
the wave and dispersion. The governing equations can be described as:  
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