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INTRODUCTION

The new conceptual intelligent robot developed by 
us could make digs or furrows and pick up the snails in 
paddy field and replaced the work executed by farmers.  
On the development of a robot, which is operating in 
artificial ecosystem of agricultural production, it is nec-
essary to understand and develop a model for agricultural 
ecosystem.  The robot must be able to decide how much 
snails should be removed taking in account productivity 
of the paddy and the conservation of the agricultural eco-
system by the modeling and after that, the mathematical 
model for agricultural ecosystem will be set up into the 
robot memory.

The intelligent robot controls the population or 
number of golden apple snail in paddy to improve the 
productivity of the paddy and conserve the agricultural 
ecosystem.  The understanding of the ecosystem of the 
paddy field is necessary to make the robot and the pred-
ator (snail) – prey (rice and weeds) model should be 
introduced to the robot.  Luna et al. (2008) reported the 
predator – prey model of Lotka–Volterra equation.  We 
modified and improved this Lotka–Volterra equation to 
make a more realistic model for agricultural ecosystem.

The speed of snails is also a very important parame-
ter to construct the predator – prey model because it con-
sists of the parameters of the previous predator (snail) – 
prey (rice and weeds) model.  In this research, a Simulink 
model was designed to calculate the speed of two snails 
simultaneously and automatically from AVI (Audio Video 
Interleave) files recorded in the paddy field.

IMPROVEMENT OF PREDATOR–PREY MODEL

The Lotka–Volterra model predicts interactions 
between two species in an ecosystem, a predator and a 
prey.  The predator in the rice production ecosystem is 
described as a snail whereas prey describes a rice or weed 
in our case.  The model is as follows:

          = cpSN – mS    (1)

          = rN – cNS    (2)

Where N: total density or biomass of superior plants (rice 
plants and weeds), S: density of snails, r: intrinsic rate of 
superior plants, c: capture efficiency, p: predators effi-
ciency at turning food into offspring (conversion effi-
ciency), m: mortality rate of snails.

The equation 1 includes the product of the number 
of predators and the predator mortality rate (m) to 
describe the rate of decrease of the predator population 
with respect to time (t).  In the presence of prey, how-
ever, this decline is opposed by the predator birth rate.  
The first term cpSN indicates random encounters of pred-
ators and victims and is determined by the consumption 
rate (cSN, which is the capture efficiency multiplied by 
the product of the number of predators times the number 
of prey) and by the predator’s ability to turn food into off-
spring (p).

In the presence of predators, however, the prey pop-
ulation is prevented from increasing exponentially.  The 
term for consumption rate from above (cSN) describes 
prey mortality, and the population dynamics of the prey 
can be described by the equation (2).

We introduced the equations of Holling Type II 
(Holling, 1959) to the Lotka–Volterra predator–prey 
model (equations 1 and 2) and divided the parameter of 
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capture efficiency to two factors: activity rate of snails and 
cropping rate; therefore the addition of the new parame-
ter represented by activity rate of snails and cropping rate 
improve the fitting of the prediction equation to the agri-
cultural production ecosystem.  The population dynamics 
of agricultural production ecosystem is described by the 
following equation:

         =                   – mS   (3)

         = rN (1 –          ) –    (4)

a (m2) = β( m/day) × v (m/day)  (5)

v = f (T),  v = f (l)    (6)

Where N: total density or biomass of superior plants (rice 
plants and weeds), S: density of snails, r: intrinsic rate of 
superior plants, K: carrying capacity of superior plants, 
a: activity rate of snails d: cropping rate, p: predators 
efficiency at turning food into offspring (conversion effi-
ciency), m: mortality rate of snails, β: proportionality 
factor, v: speed of snails, T: temperature of the water in 
paddy field, l: water depth of paddy field.

The first term at the bottom of the equation 3 and 
the second term at the bottom of the equation 4, (h) 
describes the time required by predator for handling, kill-
ing and devouring its prey before it can search for 
another.  This is called the “handling time” of the preda-
tor.  The increase of the predator population and decrease 
of the prey population are opposed by this handling time.  
The equation 5 describes the capture efficiency as two 
new parameters: activity rate and cropping rate.  Activity 
rate of the snails is proportional to their speed and the 
snail’s speed is described as the function of temperature 
and water depth of paddy field (equation 6).

MATERIALS AND METHODS

The travel speed of the snail was analyzed using 
MATLAB, Simulink, their Toolboxes and Blocksets.  A 
video was filmed of the moving snails by a Field Server 
in the paddy field (Figure 1).  A Field Server was used for 
recording three frames in jpg format per second.  From 
these pictures, AVI files were created by MATLAB. 

The Simulink model calculates the coordinates of the 
centroids of the snails and send those data to MATLAB 
Workspace, which is shown in Figure 2.  The Simulink 
model shown in Figure 3 is the subsystem of the previ-
ous model (Figure 2).  This model imports the AVI files 
and extracts only snails from those files of the movie.

Display block is connected to the Blob Analysis block 
in this model.  The Draw Markers block can draw multi-
ple circles, x–marks, positive signs, stars, or squares on 
images by overwriting pixel values.  As a result, the 
shapes are attached on the output image.  The symbols 
of plus sign for representing the coordinates of centroid 
were set up.  Then the coordinates of the centroid of snail 
of each frame in the AVI file were sent to MATLAB 
Workspace through the To Workspace block.

Yamaguchi et al., 2008 could extract one snail in the 
previous paper, we were able to extract all snails in the 
movie by setting wider range of L*a*b* values.  The range 
of L*a*b* values were set at 30 to 76, 123 to 128 and 118 
to 127, respectively.  We compared the distance of two 
centroids with that of the measured in the AVI file and 
found one pixel corresponds to about 1.43mm.  The 
video camera of the Field Server tilted with an angle of 
about 30 degree to the ground.  The distance was calcu-
lated using equation the following equation: 

D =    ((x2 – x1)*0.43)2 + (                           )2

 (7)
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Fig. 1. Sequence of four frames of the movie of two snails moving in paddy 
for 19 seconds on the crop season of 2008.

(y2 – y1)*1.43
cosθ
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Where 
D = traveled distance by the snail in paddy or laboratory
θ= tilt angle of the camera, in this case 30 degrees
x1 : abscissa of the centroid 1
x2 : abscissa of the centroid 2
y1 : ordinate of the centroid 1
y2 : ordinate of the centroid 2
Instantaneous speed of the snails and average speed 

were calculated in each case using the distance obtained 
by equation 7 and time given by Field Server, which 
recorded the movie.

RESULTS

Four frames were obtained with the centroids marked 
as plus signs of moving snails from the AVI files in paddy 
(Figure 1).  The coordinates of centroid of snails are 
shown in Figure 4.

The coordinates of centroid are automatically 
exported to the Matlab workspace through of the To 
Workspace block and we can be able to calculate the 
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Fig. 2. Simulink model to calculate the coordinates of the snails and send those 

data to MATLAB Workspace from the AVI files of Figure 1. 

Fig. 3. The subsystem of the Simulink model of Figure 2. 

Fig. 2. Simulink model to calculate the coordinates of the snails and send those data to MATLAB Workspace 
from the AVI files of Figure 1.
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Fig. 2. Simulink model to calculate the coordinates of the snails and send those 

data to MATLAB Workspace from the AVI files of Figure 1. 

Fig. 3. The subsystem of the Simulink model of Figure 2. 

Fig. 3.  The subsystem of the Simulink model of Figure 2.

Table 1.  Travel distance and speed of snails in the laboratory and 
in the paddy

Time interval
(second)    

Distance
(mm)

Instantaneous speed
(mm/second)

Snail 1
0~5 13.0 1.9
5~12 28.8 5.8

12~25 11.9 1.7

Average Speed 2.8 mm/s

Snail 2
0~5   8.3 1.2

5~12 15.5 3.0
12~25 11.6 1.7

Average Speed 1.9 mm/s
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speed of the snail via m file program and export those 
data to an Excel file. 

The data of speed of two snails calculated by the 
Simulink model and the m–files are shown on Table 1. 

The actual speed of the snail in the laboratory was 
already compared with the speed obtained from Simulink 
model in the previous paper (Yamaguchi et al., 2008) 
and it was found to be highly consistent with real one.  
Therefore it was thought that these data of snails speed 
were also consistent with real one.

CONCLUSION AND DISCUSSION

The more realistic predator (snail) – prey (rice and 
weeds) models were developed.  The speed of all snails 
in the movie recorded by the Field Server can be calcu-
lated by the Simulink model constructed this time and 
therefore the parameters of the predator (snail) – prey 
model (rice and weeds) (equations 3, 4 and 5) such as 
activity rate of snails can be estimated by its travel speed 
in the paddy using the processing of AVI files.  The rela-
tional expression of the speed of snails and temperature 

Fig. 4. Centroids of two snails marked by blues plus signs in four frames of the AVI file of Figure 1 and coordinates of the cen-
troids of two snails.
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or the depth of water will have to be constructed in the 
future to complete the identification of the parameter 
for the predator – prey model and to improve the estima-
tion of the populations of the species involved in produc-
tion ecosystem of paddy.
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