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An image processing analysis was done to observe and measure the activity of snails by trough the cal-
culating of speed of them using the AVI (Audio Video Interleave) files. The speed we obtained using the
mode we constructed is highly consistent with real speed observed. This method could be useful to deter-
mine the parameters of Holling equation such as predation rate and predation coefficient of the snails to

rice plants.

INTRODUCTION

The intelligent robot controls the number of golden
apple snail to fit the rice production ecosystem. The
understanding of the ecosystem of the paddy field is nec-
essary to make the robot and the predator—prey model
should be introduced to the robot. The speed of snails is
inevitable to construct the model of predator (snail) —
prey (rice and weeds) using Holling equation and param-
eters: predation rate and predation coefficient. In this
research we constructed the Simulink model to calculate
the speed of the snails automatically from movie of AVI
files recorded in the laboratory and paddy field.

MATERIALS AND METHODS

1. Speed of the snails

The travel speed of the snail was calculated using
Matlab, Simulink, their toolboxes and Blocksets. A video
was taken of the moving snails by a Field Server both in
the laboratory (Fig. 1) and paddy field (Fig. 2). A meas-
uring tape was attached on the wall of the bath for cal-
culating the traveled distance of the snail.

The camera used was from a Field Server, which
records three frames in jpg format per second. From
those pictures the AVI files were created by using of
Matlab. The Simulink model which was thought and con-
structed for calculating speed of snails is shown in Fig. 3.
This model imported the AVI files of the snail movement
in the laboratory and in the paddy field. The Subsystem
block has the same blocks as are shown in Fig. 4.

After extracting a snail in the Subsystem block such
was introduced in a previous researching (Luna et al.,
2009e) the Blob Analysis block and Draw Markers block
were attached. Blob Analysis block calculates statistics
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Fig. 1. Sequence of four frames of the movie of a snail traveling
inside of the water of the bath of the laboratory for 25 sec-
onds.
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Fig. 2. Sequence of four frames of the
movie of some snails moving in
paddy for 19 seconds on the crop
season of 2008. The speed of the
upper snail in the pictures was
calculated.
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Fig. 3. Simulink model to segmenting one snail and calculating
the speed of it from the AVI files of Fig. 2.

Fig. 4. The subsytem of the Simulink model of Fig. 3.

for labeled regions in a binary image and returns some
quantities, such as the centroids, as values that represent
spatial coordinate locations (Mathworks, 2008).

Display block connected to the Blob Analysis block
in this model. The Draw Markers block can draw multiple
circles, x-marks, plus 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 was sent to Matlab workspace
through the To Workspace block.

In the case of the movie in the laboratory (Fig. 1)
the distance of two centroids with that of the measured
in the AVI file were compared and found one pixel corre-
sponds to about 0.43 mm. The video camera of the Field
Server was set 1400 mm above ground and snails were
2450 mm far from the Field Server. In this case, tilted
angle of de camera was 26 degree to the ground. The
distance was calculated using equation as follows.

s g [ _(U2-yD¥043)° Y
D=\/ ((22-21)*0.43) +( sin{7 (90-6)/180} ) M

Where

D =traveled distance by the snail in paddy or laboratory
6 = tilt angle of the camera, in this case 26°

2, : abscissa of the centroid 1

x, : abscissa of the centroid 2

Y, : ordinate of the centroid 2

Y, : ordinate of the centroid 2

For the case of the movie in the paddy (Fig. 2) the
target was the snail located in the upper side of two
snails in the movie and it was calculated the speed of it.
We compared the distance of two centroids with that of
the measured in the AVI file and found one pixel corre-
sponds to about 1.43 mm. The video camera of the Field
Server tilted with an angle of about 26 degree to the
ground. The distance was calculated using the equation
1. After that, the speed of the snail was calculated in each
case using the distance calculated by equation 1 and
time given by Field Server which recorded the movie.
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RESULTS AND DISCUSSION

Four frames were obtained with the centroids
marked as plus of moving snails from the first AVI file in
the laboratory (Fig. 5a) and second AVI files in paddy
(Fig. 6). The centroid coordinates of four frames in the
first and second AVI files are shown in Fig. 6 b and Fig.
7b.
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Table 1. Traveled distance and speed of snail in laboratory on

tests during 2008
Time interval Traveled distance Speed of snail
(s) (mm) (mm/s)
0~5 9.99 1.99
5~12 3.89 0.49
12~25 14.1 1.18
Total 27.98 1.11

Table 2. Traveled distance and speed of snail in paddy field on
crop season of 2008

Time interval Traveled distance Speed
(s) (mm) (mm/s)
0~7 14.3 2.04
7~12 24.3 4.87
12~19 15.1 2.16
Total 53.7 2.83
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Fig. 5. Centroid of snails marked by blue plus signs in four frames
of the first AVI file of Fig. 1(a) and coordinates of the cen-
troids of the four frames (b).

The coordinates of centroid are automatically
exported to the Matlab workspace through the To
Workspace block and we can be able to calculate the
speed of the snail by via m file program and export those
data to an Excel file.

The data of speed of snail calculated by the Simulink
model and the m—files in laboratory and paddy are shown
on Table 1 and Table 2 respectively. The speed of the
snail depends on the temperature and depth water (Luna
et al., 2009d) as well as eating needs by snail.

The actual speed was also compared with the speed
of Table 1 which we got from our Simulink model. The
actual speed observed was 1.12 mm/s and the speed cal-
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Fig. 6. Centroid of snails marked by blues plus signs in four
frames of the second created AVI file of Fig. 2(a) and coor-
dinates of the centroids of the four frames (b).

of the speed using image processing is highly consistent
with reality.

CONCLUSION

The speed of snails calculated by our model was
found consistent with their real travel speed. Anytime
we can calculate the speed of snail through the video
camera of the Field Server by using the model we con-
structed this time and the activity of the snails can be
estimated by its travel speed in the paddy using the AVI
files image processing. On the other hand, in the future
research the parameters of Holling equation (p: preda-
tion rate of superior plants by snails and a: predation rate
coefficient, which is the search rate or attack efficiency
of snails.) could be found using the techniques applied
in this paper to know the speed of snail.
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