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Study on method of apple grading based on hidden Markov model
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Abstract; In order to adapt to the request of apple grading technolo-
gy, a classification method for apple grading was proposed based on
hidden Markov model (HMM). Three different colors and shapes of
apples were studied. The hexagonal pyramid model (HSV) was ex-
tracted as the color features of the apple, and the Hu invariant mo-
ment was extracted as shape features of the apple. These features of
the apple were coded by Lloyd algorithm, which was used as the in-
putting of HMM. According to the HMM pattern recognition
method, the different colors and shapes of apples were identified and
classified, and then the apple grading was completed. The tests
showed that the apple grading results were correct by the proposed
method.
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Figure 1 The structure diagram of apple grading

based on HMM
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Figure 2 Three different colors and shapes apples
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Table 1 The feature value of three different colors and shapes apples
IR s PRAE
B, H S \% M, M, M; M, M; M M,
1 0.086 7 0.583 6 0.7815 1.159E—03 4.458E—07 7.099E—12 7.066E—12 1.662E—25 —3.091E—17 3.092E—25
2 0.080 8 0.5555 0.761 3 1.195E—03 1.161E—07 8.825E—12 7.923E—12 3.787E—23 2.626E—15 —5.436E—23
He 3 0.080 7 0.466 8 0.861 8 1.026E—03 1.238E—07 6.394E—12 6.453E—12 4.056E—23 2.253E—15 1.127E—23
4 0.0839 0.540 7 0.788 7 1.067E—03 3.980E—07 6.762E—12 6.667TE—12 7.802E—23 1.042E—16 1.654E—24
5 0.127 5 0.447 7 0.794 7 9.611E—04 1.892E—08 4.234E—13 8.539E—13 1.020E—24 —1.990E—17 —9.312E—25
6 0.166 9 0.506 8 0.805 9 9.536E—04 4.480E—09 1.775E—13 7.902E—13 —2.953E—25 3.336E—17 1.887E—26
we 7 0.094 4 0.329 7 0.857 3 7.919E—04 3.957E—09 1.146E—13 4.822E—13 7.579E—24 3.697E—18 1.862E—23
8 0.143 2 0.3122 0.828 7 9.191E—04 3.378E—09 1.540E—13 8.659E—13 5.828E—25 1.342E—16 —8.126E—25
9 0.429 6 0.190 3 0.914 2 7.827TE—04 1.003E—08 6.557E—11 4.340E—12 —2.168E—23 —4.235E—16 7.051E—24
_— 10 0.491 2 0.216 3 0.862 1 8.114E—04 2.231E—08 2.095E—11 4.339E—12 —8.602E—23 —9.587E—16 —2.966E—23
11 0.456 5 0.095 8 0.895 1 7.389E—04 5.382E—09 4.383E—11 1.318E—12 1.934E—24 4.973E—17 2.509E—24
12 0.476 1 0.1357 0.903 2 7.303E—04 4,796 E—08 3.026E—11 2.816E—12 6.406E—23 3.168E—17 —5.148E—24
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Table 2 The feature coding of three different colors and

shapes apples
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6 2 3 2 2 1 1 1
g,
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10 3 1 3 2 2 3 2
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Figure 3 The relationship graph of yellow apple by
HMM training
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Table 3 HMM results
91 B A /ﬁijﬁ%{jg ?iiﬁﬁﬁn Ziib%ﬁn
(% (4% [q %
PRI 3 —6.676 8 —7.8813 —83.990 3
e 3SR AR 4 —5.5789  —7.9752 —84.780 4
SRR LA 7 —6.4517 —5.1625 —81.8783
LR R A 8 —6.5734  —4.6349 —80.964 3
LRI HEA 11 —167.9257 —56.244 4  —9.134 5
STIESRMKREA 12 —201.7605 —61.0793  —8.763 6
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