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Abstract: [Objective] In view of the problem that the existed rapid and non-destructive maize seed
germination rate testing methods are easily affected by the color of seed skin, the photoacoustic spectroscopy
deep scanning technology was proposed to improve the detection accuracy of maize seed germination rate.

[ Method] Six maize cultivar seeds with three different colors were selected and treated using artificial aging
method to obtain eight kinds of maize seeds with different aging time. The photoacoustic spectrum information
with seven different depths was obtained by modulating the spectral frequency. The best scanning frequency and

characteristic spectrum were determined by principal component analysis method. Different modeling
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approaches including partial least squares regression, back propagation neural network, generalized regression

neural network and support vector regression were applied for comparing the prediction accuracy to optimize

maize seed germination rate model. [Result] The best scanning frequency of photoacoustic spectrum was

500 Hz. The prediction model accuracy of support vector regression was the highest, and the correlation

coefficients were all over 0.980 0. The prediction correlation coefficients of germination rates of six maize

cultivar seeds were 0.983 8, 0.984 7, 0.983 6, 0.987 8, 0.983 3 and 0.994 7 respectively, while that of the mixed

six cultivar maize seeds reached 0.942 1. [ Conclusion] Through expanding the spectrum, sound and depth

information, the photoacoustic spectrum depth scanning technology has a good generalization ability, and is

suitable for high-precision germination rate detection of maize with different colors.
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Fig.2 Schematic diagram of photoacoustic spectrum
acquisition experimental device
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Table 1 Germination rates of maize seeds with different
aging times %

ZAURTEd SIS A2 3 4 PRI
Aging time Group 1 Group2 Group3 Group4 Average

0 90.00 88.00 86.00 90.00 88.50
1 84.00 86.00 86.00 88.00 86.00
2 82.00 80.00 84.00 84.00 82.50
3 80.00 78.00 80.00 78.00 79.00
4 76.00 76.00 74.00 74.00 75.00
5 70.00 72.00 68.00 68.00 69.75
6 68.00 66.00 64.00 66.00 66.00
7 60.00 64.00 62.00 64.00 62.50
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Fig. 4 Photoacoustic spectroscopy of maize seeds with
different aging time

‘Jingnian No.1’ maize original image and denoised image at 500 Hz (8 pm)
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Table 2 Photoacoustic spectroscopy modeling results of ‘Jingnian No.1’ with different depths

SR AR ) o 1}”2&’;% Trainin‘g sefn Tﬁ?ﬂﬂ’% Predicti‘on s?tj _
Modulation frequency iﬁ%mﬁ *ﬁa@%%ﬁz BT R %= *ﬁa@%ﬁz BT R %= %ﬂ?mﬁﬂ‘@/mm
(Depth) Modeling method Correla'tlon Root mean Correla'tlon Root mean Scan time
coefficient square error coefficient square error
1000(5.7) PLSR 0.976 2 1.9237 0.8417 52700 5
BP 0.970 4 22166 09177 43537 5
GRNN 09726 27929 0.9325 3.853 8 5
SVR 0.994 7 1.031 4 0.976 9 1.720 7 5
800(6.4) PLSR 0.974 6 1.569 1 0.955 8 3.4957 6
BP 0.984 9 1.544 7 0.9613 3.789 1 6
GRNN 0.990 2 13335 0.962 5 1.790 3 6
SVR 0.997 6 0.6330 0.993 0 0.8753 6
500(8.0) PLSR 0.992 6 1.100 5 0.967 5 1.100 3 8
BP 0.983 9 12310 0.964 8 27428 8
GRNN 0.989 4 13362 0.961 7 23735 8
SVR 0.993 6 0.9719 0.983 6 1.0103 8
400(9.0) PLSR 0.842 2 45509 0.6172 11.604 9 11
BP 0.990 0 1.505 2 0.806 7 38111 11
GRNN 0918 8 3.5812 0.6110 8.3372 11
SVR 0.973 4 0.510 8 0.839 4 4.604 8 11
300(10.4) PLSR 0.989 1 1.2710 0.976 5 2.1156 15
BP 0.987 2 1.636 6 0.964 5 27391 15
GRNN 0.9716 23369 0.940 8 2.657 1 15
SVR 0.994 1 0.975 1 0.980 7 1.761 4 15
200(12.0) PLSR 0.9722 2.002 6 0.903 7 48188 18
BP 0.990 9 13537 0.908 6 0.8120 18
GRNN 0.936 6 0.646 6 0.926 3 0.780 4 18
SVR 0.992 0 1.1650 0.941 1 2.074 4 18
100(18.0) PLSR 0.908 2 3.793 4 0.848 3 4.6977 20
BP 0.988 4 1.600 1 0.9332 3.7519 20
GRNN 0.9270 3.5811 0913 1 3.797 6 20
SVR 0.998 7 0.952 1 0.952 1 2.8855 20
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Table 3 Optimal modeling (SVR modle) results of single cultivar mazie and mixed-cultivar maize

YIZREE Training set

K S A

T £E Prediction set

R FR

Maize cultivar

BTiliR%E MR FRH BT R%E
Correlation coefficient Root mean square error Correlation coefficient Root mean square error
‘HFE808” ‘Jingnuo 808’ 0.997 8 0.576 0 0.983 8 1.9313
‘A’ ‘Yinxiang’ 0.994 2 0.947 5 0.984 7 1.8338
‘5F15 ‘Jingnian No.1’ 0.993 6 0.9719 0.983 6 1.0103
‘BE ‘Suyu’ 0.992 7 1.036 0 0.987 8 1.659 7
‘HIE4S ‘Heinuo No.4’ 0.994 2 0.992 4 0.983 3 1.3472
‘HE6T ‘Heinuo No.6’ 0.997 9 0.567 5 0.994 7 1.053 6
R4 K Mixed maize 0.994 5 0.974 8 0.942 1 1.3878
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Fig. 6 SVR modeling results of single cultivar mazie and mixed-cultivar maize
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