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Research on the identification of mildew maize kernels using spectral

variables and color features of hyperspectral images
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Abstract: Objective: To identify mildew maize kernels accurately.
Methods: A novel method to identify mildew maize kernels using
spectral variables and color characteristics of hyperspectral
images. Firstly, image segmentation, spectral variables and color
features extraction were carried out on maize kernel images.
Then, color features of maize kernel images were utilized to

generate color histograms. Additionally, spectral variables and
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color histogram features were combined into a feature set.
Finally. the distance functions were used to analyze the features
in this feature set to identify mildew maize kernels. Results: For
the proposed method, the maximum average identification
deviation and accuracy for the mildew maize kernels were 1.12
and 97.59% . respectively. Compared with the method based on
extreme learning

hyperspectral images + random frog -+

machine, the method using hyperspectral images + colony
optimization + BP neural network, and the method based on
hyperspectral images + sparse auto-encoders + convolutional
neural network, the identification accuracies of mildew maize
kernels were significantly improved by the proposed method.
Conclusion: The developed method can accurately identify
whether the corn grain samples are mildew and the mildew degree
of the maize kernel samples.

maize kernels; mildew; identification method;
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Hyperspectral image acquisition system
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Table 1 Maize kernel categories and their
mildew percentage

S i Sl e Bl e

Gy % Gy % /%
0 0 211 11 2% 22 50
%1 1 %12 12 % 23 55
%2 2 %13 13 % 24 60
%3 3 P 14 % 25 65
X4 4 %15 15 % 26 70
x5 5 %16 20 % 27 75
%6 6 %17 25 % 28 80
%7 7 %18 30 % 29 85
%8 8 219 35 % 30 90
%9 9 % 20 40 % 31 95
10 10 %21 45 % 32 100
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Figure 2

mildew and with four typical mildew degrees
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Table 2 The identification effects of the proposed

method on maize kernel categories

| L1 B BC Hi KL g

J WEAR/ 2 2E WERR/ Y% 2 MERRR/ Y h2E
0 100.00 0.16 100.00 0.14 100.00 0.16
1 100.00 0.27 100.00 0.30 100.00 0.26
2 100.00 0.48 100.00 0.32 100.00 0.51
3 100.00 0.70 100.00 0.50 100.00 0.73
4 90.12 2.46 100.00 0.73 90.18 2.35
5 87.25  3.14 95.30  1.72 87.18  3.00
6 88.36  2.08 88.79 1.61 86.82  2.33
7 93.44 2.00 95.54 1.50 93.81 1.80
8 98.45  0.75 98.82  0.84 98.15  0.69
9 97.81 1.82 97.61 1.73 97.80 1.80
10 98.14  0.68 97.75  0.74 97.81  0.67
11 93.16  1.55 92.56 1.70 93.17  1.52
12 83.15  2.75 84.83  2.45 83.17  2.72
13 95.15 1.23 96.32 1.22 93.16 1.31
14 97.62  0.95 97.82  0.76 97.83  1.00
15 99.20  1.66 96.61 1.60 98.61  1.63
16 96.18  1.16 90.60  0.88 97.80  1.15
17 94.83 0.78 96.80 0.69 99.59 0.56
18 96.82  0.47 96.31 0.50 97.20  0.48
19 99.80  0.50 98.18  0.68 99.81  0.49
20 96.33  1.92 96.59 1.95 95.32  2.09
21 100.00 1.00 100.00 0.90 100.00 0.93
22 100.00 1.32 100.00 1.27 100.00 1.32
23 100.00 0.71 100.00 0.69 100.00 0.72
24 100.00  1.65  100.00  1.45 100.00  1.55
25 100.00 1.01 100.00 0.88 100.00 0.91
26 100.00 0.50 100.00 0.45 100.00 0.46
27 100.00 0.98 100.00 1.12 100.00 0.94
28 100.00 0.30 100.00 0.54 100.00 0.45
29 100.00 0.61 100.00 0.60 100.00 0.61
30 100.00 0.60 100.00 0.54 100.00 0.62
31 100.00 0.49 100.00 0.70 100.00 0.53
32 100.00 0.22 100.00 0.11 100.00 0.18
¥ 9715 112 97.59 096 97.19 111
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Table 3 The identification effects of the proposed
method on maize kernel super-categories
L1 BB BC ¥ & KL Ji 7
TOMERnE/ % % MEEIR/Y % MEER/ Y% e
0 95.52 1.44 97.61 0.85 95.15 1.33
1 94.68 1.53 94.65 1.58 94.24 1.63
2 99.53 0.76 98.92 0.79 99.76 0.74
¥ 9658 124 97.06 1.0l 96.38  1.23
F4 EAXETEMERUEER S EHEARNEE
EEWMAENERFRERIRAIBER
Table 4  The identification effects of the method using
the feature set composed of the spectral
variables and image texture histogram features
on maize kernel categories
25 L1 B BC M KL %
WER/ % W2E R/ Y M HERR/ Y W2E
0 100.00 0.18 100.00 0.15 100.00 0.18
1 100.00 1.68 100.00 1.85 100.00 1.65
2 100.00 0.78 100.00 0.92 100.00 0.78
3 100.00 0.60 100.00 0.70 100.00 0.59
4 89.95 2.65 100.00 0.76 90.05 2.47
5 87.03 3.22 95.11 1.98 86.94 3.18
6 86.81 1.35 84.32 2.90 86.80 1.35
7 87.32 1.59 77.58 2.49 87.31 1.57
8 87.58 1.43 73.31 2.47 87.31 1.49
9 54.30 6.63 52.13 5.40 55.32 6.45
10 59.18 6.50 61.14 4.96 58.83 6.54
11 60.60 4.71 60.81 4.37 60.32 4.67
12 77.59 1.50 69.31 1.98 77.58 1.50
13 71.17 3.67 56.33 3.66 71.14 3.63
14 59.61 3.51 58.13 3.20 59.81 3.51
15 54.18 3.02 62.57 2.81 54.15 3.05
16 45.16 2.66 48.82 2.70 45.18 2.65
17 56.61 3.25 57.81 2.85 56.82 3.24
18 74.18 2.45 63.58 2.98 74.33 2.42
19 48.18 4.82 39.82 6.07 48.18 .85
20 86.32 4.80 94.57 4.55 85.16 4.88
21 88.30 3.34 87.58 3.26 88.16 3.33
22 86.59 3.75 92.30 3.41 85.81 3.81
23 71.32 4.60 85.58 3.10 71.15 4.62
24 88.32 2.81 94.11 2.38 88.32 2.80
25 79.81 4.99 93.11 3.25 79.33 5.05
26 87.82 3.85 89.31 3.76 87.32 3.94
27 97.32 3.03 99.10 2.05 97.30 3.05
28 88.81 4.27 92.31 4.30 88.32 4.33
29 93.33 2.68 94.14 2.58 93.30 2.65
30 91.17 3.01 91.80 3.05 91.31 3.01
31 84.59 6.05 88.15 5.60 84.59 6.05
32 86.61 5.18 83.31 6.21 86.31 5.18
S 7969 3.29 8019 3.1 79.59  3.29

FE HEETEXERGALETENHAEBENETEXRFRIRG
x5 EAXETEMEGYUEE S EFEASNEFE
EEMFENERFUBEBITIHR
Table 5 The identification effects of the method using

the feature set composed of the spectral
variables and image texture histogram features

on maize kernel super-categories
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Figure 4 Color histograms of maize kernel images
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Figure 5 Texture histograms of maize kernel images
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Table 6 Comparisons of the identification accuracies of
the proposed method and the method reported
in literatures [18], [26] and [27] for maize
kernel super-categories %
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Table 7 Comparisons of the identification accuracies of
the proposed method and the method reported
in literatures [187], [26] and [27] for maize
kernel super-categories in the test groups %

Jir$2 07 12 Scik[18] SCiik[26]  SCHR[27]
L1¥E® BCHE® KL#E®E Ik ik Ttk
0 95.18 97.42 95.01 93.85 94.66 93.05
1 94.35 94.37 94.06 91.92 92.43 91.58
2 99.24 98.81 99.42 95.73 95.17 95.32
FHy 9625 9687  96.16  93.83 9409 93.32
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