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ABSTRACT &

Inappropriate application of chemical fertilizers for crop production provides unsafeyfood source for
consumers. As one of the case, nitrogen fertilizer results in nitrate accumulation in tomato*fruit. In the present
research, estimation of accumulated nitrate in tomato by computer vision was studled Experlments were
conducted in completely randomized design at four nitrogen levels of 400, 800, 1200 ) and 1600 kg.ha™. Fifty
samples were randomly selected from each treatment to prepare images. Samplés Were sliced with the same
thickness and their images were prepared. Then, the nitrates of the same samplés were measured in laboratory.
Color features associated with the surface and slices and non-color features including white surface area
(WSA), total slice surface area (TSA) and the ratio of white surface area to total slice surface area (WSA/TSA)
were extracted. The results showed that increasing in nitrogen |eVeIs increased nitrate concentration in
tomatoes. Statistical analysis signify correlation between color content of the slices, and the WSA and
WSAJ/TSA with nitrate content. For prediction of tomato nltrate tontent, extracted features were used for
establishing a regression model. In addition, same data were.applied for training neural network. Several
hidden layers with different topologies and transform functions were built and it was found that the MLP model
with the structure of 9-12-11-1 was the best network (MSE: 0.036). Final models were verified by 60 extra
samples. Neural network model with mean relativé&error (MRE) of 9.5 percent could estimate the nitrate
contents more precise than regression model withal$ percent MRE.

Keywords: Image processing, Machine.vision, Neural network, Nitrate, Regression, Tomato.
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6 Lack of fit

1 Mean bias error (MBE)

2 Index of agreement (d)

3 Mean relative error (MRE)
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Table 1. Effect of nitrogen levels on samples nitrate contents (percent) N

Source of Variations df. SS MS F X’

Nitrogen 3 85.1 28.4 85.2 **

Error 196 65.3 0.3 xS

Total 199 150.3 N
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Table 2. Mean comparison of nitrate contents

Nitrogen level (kg/ha) Nitrate content (%)
400 1.6£0.4°€
800 2.740.7 v
1200 2.8+0.7 b
1600 13.3+0.5
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Table 3. Mean comparison for extracted color components from tomatoes’ surface and slices

Nitrogen level Slices Surface
8. (oha) R G B R G B
400 193.0£2.32 93.7£6.3 ¢ 67.5£3.94d 216.8+7.2a 19.0+5.4 2 24.7+£7.2 3
800 185.2+2.0b 101/0+7.6 b 73.6+6.8 ¢ 216.8+7.2 2 19.445.1a 23.0+7.22
1200 176.5+3.5¢ 103.1+8.4 b 75.9£5.2 b 216.7+29a 19.1+4.6 2 23.0£5.0 2
1600 166+4.2 d 106.5+6.8 2 82.1+5.7 2 216.3%5.22 18.0+5.12  23.6x6.62
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Table 4. Correlation coefficients between nitrate content and color components

Slices Surface N
R G B R G B
0.79 0.77 -0.75 -0.058 -0.063 -0.065 \\\
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Table 6. Statistics of different neural network topologies
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