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Abstract. In this paper, we describe a cellular automata model for predicting 
biological spatiotemporal dynamics in an imagery data flow. The Bayesian 
probability-based algorithm is used to estimate the algal formation in a two-
dimensional space. The dynamics of the cellular artificial life is described with 
diffusion, transport, collision and deformation. We tested the model with the 
historical data, including parameters, such as time, position and temperature.  

1   Introduction 

Spatiotemporal data are widely used in remote sensing community. The imagery data 
usually contain multi-spectrum information such as visible, infrared, UV, or micro-
wave signals. Scientists need to find out the physical properties behind the data flow 
and predict the future trends such as global warming, flood, harmful algae blooms or 
river plumes. However, in many cases, the inverse physics process is complicated. 
Heuristics has to be used for approximate estimations.  

Cellular Automata (CA) has been used for modeling artificial lives [2-13], as well 
as, at the large scale, urban and economic dynamics [5]. Furthermore, CA has been 
employed in simulating and verifying various types of physical interactions such as 
the expansion patterns of different lattice gases, surface tension of liquids and diffu-
sion-limited aggregation [13]. Although CA’s rules are simple and local, it can simu-
late complex spatiotemporal interactions that are challenging to other computational 
methods. In this paper, we present a two-dimensional cellular artificial life model for 
predicting the spatiotemporal dynamics in an imagery flow. The model consists of a 
set of parameters and rules that control spatiotemporal dynamics in form of a shape, 
such as diffusion, transport, collision. Similar to the conventional cellular automata, 
artificial lives in this model interact with their neighbors individually. However, they 
form a coherent shape as a lump.  

2   Formation of the Artificial Life 

Given historical spatiotemporal data of the location of the alga, it is possible to model 
the formation of the artificial life in a cellular grid. In this model, we consider the 
location of the algae, time and physical parameters, such as temperature and wind. 
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For historical images jI where },...,3,2,1{ ij ∈ , ),( yxjI is a logical ‘1’ if the pixel is 

occupied by algae, and a logical ‘0’ if it’s not occupied by an alga where 
},...,3,2,1{},,...,3,2,1{ byax ∈∈ . The total number of images given is i , the horizon-

tal dimensions of the image is denoted a , and the vertical dimensions of the image is 
denoted b . To predict the location of the algal, evidence such as the time of the year, 
or the surface temperature are given as condition. Let e be the condition given (i.e. 

temperature and/or time) and e
jI be the predicted image given e as condition: 

                )(/)),(()),(|()|),(( ePyxIPyxIePeyxIP jjj ∗=  

                          α≥= )|),(((),( eyxIPyxI j
e
j ,  

whereα  is a threshold for when ),( yxI e
j is inhabited by algae. 

The probabilities under those conditions/evidences, such as time and temperature, 
can be calculated. The Figure 1 shows examples of the estimated target locations. 

 

Fig. 1. a) Probability of location being inhabited by algae using a single input temperature 
=15ºC. b) predicted image of using 15ºC as input 3.=α , c) probability of location being 
inhabited by algae using a single input time = January, d) predicted image of using January as 
input. 

Prediction using one input becomes much more inaccurate during months with 
cold temperature because during certain time of the year no alga is detected when the 
temperature falls below 15ºC. In Figure 1, a) and c) are poor probability models be-
cause of lack of evidences for the Bayesian model to make an accurate prediction; this 
is indicated by the large number of cells in each image with very low probability 
(light colored cells).  

3   Dynamics of the Artificial Life 

The growth diffusion function changes the object shape by a predefined structuring 
element. The dilation or erosion morphology is based on the assumption of a glass-
like surface where no friction exists. They can only deform the outline of a shape 
uniformly based on the population.  It doesn’t reflect the intrinsic or external non-
linear or random factors that contribute to the shape process.  To simulate the non-
uniform shape growth, we investigate the percolation clustering [18-19]. Figure 2 
shows an example of the percolation process started from a given shape. 

Algae’s growths and movements are often affected by environmental factors such as 
external forces: winds and currents, and the presence of obstacles. A collision causes 
deformation. The level of a deformation depends  on the  elasticity  of  an  object.  For a 
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Fig. 2. Diffusion with resistance  

rigid object, it will stop at the collision contact point and keep the same shape. We 
classify objects as rigid, elastic and flexible. Rigid objects don’t deform after the 
impact. Flexible objects, on the other hand, completely deform along the outline of 
the collided hard objects. The two extreme cases are rather easy to describe. Assume 
we have an elastic object and a rigid object, we use the following rules to model the 
deformation: 1) Detect the collision points; 2) Move a portion of the collided cells to 
‘sideways’, the ratio is proportion to the elasticity of the object. The bigger elasticity, 
the more cells move sideways.  3) Continue to deform until the motion stops.  

4   Results 

We verify the algorithm with a case study of predicting the movement of harmful 
algal bloom (HAB) of Karena Brevis. In this case, the HABs are ‘lumps’, rather than 
individual cells. The input data are simulated satellite images and cell counts. The 
predicted results from the model are compared to the actual images under the same 
conditions, such as time and temperature.  The error of the 30 trials is within 5.40%. 
Without using both variables, the error is 8.24%. While using both variables, the error 
is only 4.68%. With increasing amount of evidences, the prediction accuracy in-
creases substantially. 

5   Conclusions 

In this paper, we use the cellular artificial life to anticipate complex spatiotemporal 
phenomena of algal blooms, including formation, diffusion, collision, transport, and 
deformation. By combining the statistical model with cellular automata, we found the 
new approach yields decent accuracy to predict the algal location and the shape dy-
namics.  However, the predictability of the hybrid model depends on the historical 
data and its fitness to its complex environment.    
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