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Carrots Grading with Image Processing and Neural Network
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ABSTRACT

Image processing techniques and artificial neural network were used in this study to
establish a grading system for carrots. At first, the boundary pixels of the carrot image were
located using the crack-following method, and the major axis was obtained using the Hotelling
transform. Then, the shape descriptors-the symmetry ratio,the diameter difference, the
curvature, and the compactness were extracted based on the relative position between the
major axis and image boundary. The green area of the root-shoulder portion, used as the color
descriptor, was calculated by utilizing the chromaticity diagram. A three-layer back-
propagation artificial neural network was utilized to simulate human grading operations. The
shape and color descriptors were used as the input parameters of this neural network.In order
to find the best model for grading, the type and number of the input parameters, the number of
the nodes of the hidden layer were changed during the training process. The grading accuracy

of the best model was 81 9¢ compared with human grading results.
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37 0.0102 5.85 1.312 2.113 0.0633 0.1498 34.8 8.21 4
38 0.206 4.05 1.458 2.260 0.0566 0.1566 29.1 9.29 4k
39 0.0324 5.094 1.358 2.286 0.0804 0.2177 34.1 8.89 +&
40 0.0386 3.975 1.432 2.571 0.0556 0.1662 31.1 8.62 4§
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41 0.1952 5.002 1.678 2.678 0.1 0.3382 42.5 6.68 R
42 0.2493 11.41 1.617 3.213 0.0876 0.2265 30.5 8.51 R
43 0.1151 10.1 1.230 1.990 0.1288 0.4941 42.4 8.7 R
44 0.0873 6.887 1.398 2.557 0.1081 0.2843 30.7 8.57 R
45 0.0383 5.921 1.458 2.331 0.0884 0.4379 33.1 9.73 R
46 0.0628 6.895 1.967 3.681 0.1364 0.3131 35.3 8.44 R
47 0.0987 8.324 1.234 2.013 0.1122 0.2258 32.6 9.38 R
48 0.0391 9.153 1.389 2.261 0.102 0.3696 29.5 9.23 R
49 0.1904 6.077 1.681 3.042 0.1239 0.4739 23.3 10.9 R
50 0.0853 16.15 2.312 4.368 0.1151 0.4571 36.3 11.9 R
51 0.0443 7.281 1.730 3.132 0.112 0.3856 29.5 9.31 R
52 0.1694 10.47 1.557 2.847 0.109 0.2599 36.8 9.69 R
53 0.0571 9.502 1.126 2.100 0.1075 0.4129 28.4 9.81 R
54 0.4577 13.84 2.420 4.711 0.1696 1.0496 26.8 12.2 R
55 0.0326 9.171 1.625 2.913 0.1551 0.4116 31.6 7.28 R
56 0.0561 4.376 2.130 3.351 0.1095 0.3005 28.8 10.6 R
57 0.0652 7.586 1.576 2.762 0.1164 0.3351 30.3 8.89 R
58 0.085 7.562 1.529 2.560 0.1131 0.3982 42.5 8.15 R
59 0.2155 9.747 1.164 1.918 0.102 0.2119 32.1 8.27 R
60 0.1852 7.173 2.037 3.361 0.1843 0.6227 36.5 7.94 R
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#x4 0.0471 3.754 1.7943 3.2817 0.0665 0.2198 34.2 8.84 4%
& 0.0036 0.762 0.8782 1.5058 0.0271 0.0831 22.59 6.3 #
#m4  0.021 1.9017 1.2454 2.0425 0.0504 0.1449 28.52 7.885 4}
#2x 0.0126 0.7291 0.2305 0.4273 0.0118 0.0324 3.294 0.805 #
Axa 0.3309 5.85 2.2281 3.6548 0.1128 0.3393 47.65 9.29 4%
a4 0.0008 1.704 0.9963 1.8471 0.0359 0.1049 24.75 6.63 4
#ma 0.1521 3.1732 1.4649 2.5324 0.0641 0.1765 31.59 8.095 4k
mage 0.1129 1.3007 0.3095 0.5545 0.0173 0.0599 4.94 0.681 #&
ax4 0.4577 16.15 2.42 4.7113 0.1843 1.0496 42.51 12.2 R
a4 0.0326 4.376 1.1263 1.9183 0.0876 0.2119 23.31 6.68 R
#u4 0.1265 8.6314 1.6428 2.8894 0.1191 0.4004 32.97 9.209 R
#sse 0.1029 2.8743 0.3683 0.757 0.0251 0.1844 5.272 1.404 R
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ta®EA(A)  -0038 0150 -0.117
ta % A (B) 0.278 0.447 0.323

1.000
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