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Abstract 
 

Cellular automata is the model applied in very complicated situations and complex problems. It involves the Introduction of voronoi 

diagram in tsunami wave propagation with the help of a fast-marching method to find the spread of the tsunami waves in the coastal regions. 

In this study we have modelled and predicted the tsunami wave propagation using the finite difference method. This analytical method 

gives the horizontal and vertical layers of the wave run up and enables the calculation of reaching time. 
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1. Introduction 

Tsunami waves are caused by the movement of the earth plates un-

der the ocean. They create enormous disaster for people who lives 

near the sea shores. The prediction of tsunami waves is not accurate. 

Calculation of the level of impact of alert for tsunami under the 

earth is based on the dimensions of previously occurred earth-

quakes. Sometimes the Tsunami alerts fail due to wrong prediction. 

The study of tsunami wave simulation and modeling of wave prop-

agation enables accurate prediction of tsunami wave occurrence. 

The wave propagation is based on many constraints like depth of 

the ocean, bathymetry, distribution of energy from the waves, wind 

direction, etc., Many models have been developed to predict the 

time that the tsunami waves reach the coastal regions, along with 

the calculation of the height of the waves. 

 Cellular automata is a mathematical model used in many complex 

systems and solves complex problems in a systematic and iterative 

manner, using cell based modeling for all the dimensional matrices. 

Every matrix stores the details and cells are determined by the be-

haviour of cells nearer to them. Each cell communicates with others 

without any organised administration of cells. Cellular automata is 

applied in many fields like robotics, physics, natural sciences, etc. 

The modeling of tsunami wave propagation uses cellular automata 

in all dimensions of the space [3]. The two-dimensional cellular au-

tomata give the propagation of the waves in the surface of the 

oceans. The hexagonal cellular automata model for wave estab-

lishes a detailed structure of waves under homogenous and non-ho-

mogeneous conditions [5].  

2. Analytic model 

The Voronoi diagram is the graphical method which is based on the 

distance between points. Plane stretch gives an option method for 

making calculation for the voronoi diagram of n points in the plane 

for bounded time and direct space. The entire space is partitioned 

into groups of voronoi areas spatial object by the voronoi model. 

This Model shows the expansion of the regions around the objects 

into a common region connected to the unique point for every par-

titioned area. In a well-defined Space S, distance is considered as 

function T. Let I be the collection of basis for the region i∈ I. Ai be 

the subset in the defined space S. The voronoi partition Ti related to 

the Ai  is the collection of points whose spread is not more than 

spread of other section Aj , where the j is different index from 'i'.  

 

Ti = {k ∈ S| d(k, Aj) ≥ d(k, Ai)forall different i ∈ I}  

 

 Weighted Voronoi Diagram in Wave Propagation 

 The space is a finite dimensional space which contains many infi-

nite points (spread). The points over the region are unique in the 

voronoi cells. The region is considered as a convex plane polygon. 

The wave spread region in the ocean is considered as the finite di-

mensional space. the weighted voronoi cell is executed for the 

three-dimensional space [17]. Weight is assigned for the depth of 

the water in the tsunami wave. The crystal voronoi diagram is im-

plemented for the increase of wave height the growth based on the 

speed of the wave. The weight (the depth of the water level) for 

every spread (point) Mi is defined as 

 

Ti = {k ∈ S| d(k, Aj)/Mj ≥ d(k, Ai)/Miforall different i ∈ I}  

 

Tsunami waves occur from various sources they interact and pro-

duce a new wave propagation. This wave propagation is patterned 

in voronoi diagram [8]. At the time 't', the pattern can be identified, 

and the boundary is fixed with a common point. The speed of the 

wave propagation is fixed as constant for some ∆t. Every wave 

from the source wave is identified with a distance Ti for the time t. 

From the weighted voronoi diagram, equidistant pair of waves has 

been found with respect to the source wave. 

http://creativecommons.org/licenses/by/3.0/
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Fig. 1: The Sample Voronoi Diagram for the Wave Propagation in the 

Ocean. 

 

Wave propagation in the sea region is partitioned as voronoi cells 

based on Cellular automata methodology [7]. Propagation for each 

wave is associated with the relevant region featured by the distance 

from the common point. 

 

 
Fig. 2: The Common Axis between the Two-Wave Spread by Voronoi Di-

agram. 

 

Every region in the voronoi diagram for wave spread is linked with 

the Cellular automata as for individual cells. Each cell has wind, 

speed of wave, the density and depth.  

For any point K in the wave spread in co-ordinate plane (x', y') then 

we get an equation. Let w =
M1

M2
. given that M1 > M2 , where 

M1 and M2 are two weights at the spread A1 and A2. 

 

(x′ −
x

(w2−1)
)

2
+ y′2 −

w2

(w2−1)2 x2 = 0  

 

The above equation represents the circle generated by the points 

A1 and A2 with constant ratio w. 

 

 
Fig. 3: The Two-Point Wave Spread by Voronoi Diagram. 

3. Fast marching method 

Fast marching method approaches the tsunami wave propagation in 

the ocean with stationary and steady conditions. The region is con-

sidered as the grid point. For every point the wave crosses the time 

t has been recorded for every grid points Ts =
{t1(x, y), t2(x, y), t3(x, y), . . } w.r.to the coordinate points (x, y). Ts 

is time function which represents the time of wave crossing the 

points (x, y) for every primary grid regions. The time function Ts 

looks like an irregular cone for every wave propagation surface. 

Time function identifies the wave front positions every time. The 

consolidated time function gives the level set considered as height. 

 

 
Fig. 4: The Wave Propagation over the Grid Regions. 

 

The function is constructed for various levels of the wave propaga-

tion surface. The steady wave propagation speed can be calculated 

with respect to the front moving time point function. Consider the 

non-linear differential equation for the wave propagation model. 

 

 
Fig. 5: Wave Front Moving Time Point Function in (X, Y) Plane. 

 

Let Λ be the region with boundaries in the defined plane R3. The 

function which has real values is considered as η(x, y) > 0 for any 

(x, y) in Λ. Another function δ(x, y) is also defined under the region 

Ω. 

The non-linear differential equation is |∇2α(x, y)| = η(x, y) with 

the condition α(x, y) = δ(x, y)  in the region Ω . The values of 

η(x, y) and δ(x, y) are defined to find the α(x, y). The inverse of 

η(x, y) represent the velocity of the tsunami wave propagation and 

initially δ(x, y) as zero. 

 The solution of α(x, y) represents the time taken to reach the region 

nearer for every point (x, y) in Λ . Using the finite difference 

method, the time function can be found for every region by the col-

lection of values at the different points  

αt,i,j = α(dt, idx, jdy)  
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 idx, jdy and dt are the increment of the (x, y) and time t. Other 

technique is applied to find αt,i,j by step by step method with ana-

lysing the points nearer to the region. 

4. Numerical approximation 

Consider the grid values of the region Λ. 

 

sup(Tt,i,j
−xαt,i,j − Tt,i,j

+xαt,i,j, 0)
2

+ sup (Tt,i,j
−y

αt,i,j − Tt,i,j
+y

αt,i,j, 0)
2

=

ηt,i,j  

 

αx(xtij) = Tt,i,j
−xαt,i,j = −

αt+1,i+1,j−αt,i,j

λ
  

 

αx(xtij) = Tt,i,j
+xαt,i,j = −

αt+1,i+1,j−αt,i,j

λ
  

 

αy(xtij) = Tt,i,j
−y

αt,i,j = −
αt+1,i,j+1−αt,i,j

λ
  

 

αy(xtij) = Tt,i,j
+y

αt,i,j = −
αt+1,i,j+1−αt,i,j

λ
  

 

Its shown that when αN = inf(αt,i−1,j , αt,i+1,j)  , αM =

inf(αt,i,j−1 , αt,i,j+1) and |αN − αM| ≤ ληt,i,j 

 

αt,i,j =
αN+αM

2
+

1

2
((αN + αM)2 − 2 (αN

2 + αM
2 − (ληt,i,j)

2
))

1/2

  

 

The time wave function can be calculated, and the results are shown 

for different regions. Wave propagation generation is identified 

from the results and reaching time for the waves can be calculated 

efficiently. 

5. Conclusion 

This paper presents the tsunami wave propagation in ocean and sea-

shore as identified by the application of applying the concept of vo-

ronoi diagram and cellular automata. First, the partition of the wave 

propagation area in the grid region is shown using weight voronoi 

diagram. Then the wave spread time function is calculated using the 

fast march method and finite difference method. This method ena-

bles the efficient and exact time valued function at the time of tsu-

nami wave on all the region of the ocean. It minimizes the complex-

ity of computation in the wave propagation and provides an effi-

cient analytic model for the tsunami wave propagation.  
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