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Development of Classification System for Thermal Comfort

Behavior of Pigs by Image Processing and Neural Network
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ABSTRACT

The environmental contro! based on interactive thermoregulatory behavior for swine production has many
advantages over the conventional temperature-based control methods. Therefore, this study was conducted to:
compare various feature selection methods using postural images of growing pigs under various environmental
conditions. A color CCD camera was used to capture the behavioral images which were then modified to binary
images. The binary images were processed by thresholding, edge detection, and thinning techniques to separate the
pigs from their background. Following feature were used for the input patterns to the neural network ; D perimeter,
@ area, (3 Fourier coefficients(5 %X 5), @ combination of (D + @), ® combination of (I + @), ® combination
of (@ + @), and @O combination of (D + @ + @). Using the above each input_pattern, the neural network could
classify training images with the success rates of 96%, 96%, 96%, 100%, 100%, 96%, 100%, and testing images
with those of 88%, 86%, 93%, 96%, 91%, 90%, 98%, respectively. Thus, the combination of perimeter, area and
Fourier coefficients of the thinning images as neural network features gave the best performance (98%) in the
behavioral classification. :
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Fig. 1 Behaviors of pigs under the different environmental conditions.
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Fig. 2 Algorithm for classifying the pig’s behavior by image processing and neural network.
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Table 1 Means of major environmentat fac-
tors under three environmental condi-

tions

ltem Cold Comfor- | Too
table wrm

Air temperature(C) 14.9 21.6 247

Floor temperature(C) 13.9 19.2 235

Air velocity(m/s) 0.12 0.16 0.19

Relative humidity(%) | 46.3 51.0 66.6

CO,(ppm) 1999 1,001 742

3.8 4

NH;(ppm)

3.3
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{a] cold

[b] comfortable

[c] too warm

Fig. 3 Processed binary images of pigs under three environmental conditions.
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Fig. 4 Pig’s images processed using shrink and noise removing under three environmental

conditions.
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Table 2 Fourier coefficients, areas, and perimeters calculated from binary images

Environmental conditions Fourier coefficients(5 X 5) Area Perimeter

2,521 1,556 255 493 29
556 259 208 348 102

Cold 1,680 1,079 392 181 70 3,582 333
' 780 353 274 531 202
472 304 356 94 115
3,094 959 585 48 193
373 522 128 548 47

Comfortable 1,794 630 119 61 177 4,849 455
632 828 314 703 100
126 4 226 116 113
3921 1413 573 1916 756
526 234 286 261 351

Too warm 886 34 352 668 253 5,702 770
297 105 139 452 205
1,086 732 106 380 684

Table 3 Means and standard deviation of the feature characteristics extracted from pig’s

images under three environmental conditions

Item Cold Comfortable Too warm
Total number of sample 30 30 30
Mean 3,756 4,697 5,484
Perimeter
s.d. 674 764 694
Mean 330 504 634
Area .
sd. 38 155 111
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Table 4 Classification efficiency of neural network using different feature characteristics

Jtem No. of training | No. of testing Training Testing
data data data (%) dada (%)
. 29/30 53/60
P
erimeter 30 60 ( 96%) (88%)
29/30 52/60
Ar
ea 30 60 ( 96%) (86%)
. . 29/30 56/60
Fourier coefficients 30 60 ( 96%) (93%)
. 30/30 58/60
Ar
Area and perlmgter 30 60 (100%) (96%)
. . . 30/30 55/60
P
erimeter and Fourier coefficients 30 60 (100%) 91%)
. . 29/30 54/60
Area and Fourier coefficients 30 60 ( 96%) (90%)
. . . 30/30 59/60
Perimeter, area, and Fourier coefficients 30 60 (100%) (98%)
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