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Fig.1 Sweet corn seeds for testing
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A: %A 0 d Aging for zero day; B: %4k 3 d Aging for three days; C: %4k 6 d Aging for six days.
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Fig.2 Corn seeds at various vitality levels
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Fig.3 Seeds covered with wet sand
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Table 1 Statistics of seed vigor index of sweet maize

sk VIvME/ VURKE/ VIFYE, ERE
WE/d REAREE ((gokD)/ ((gokn)/  ((gkD)/  HU/%
Aging  Sample  (d-¥k)) (d-#k)) (d-#k))  Coeffi-
treatment size Minimum  Maximum Average  cient of
time VI VI VI variation

0 347 0.20 127.85 38.14 17.74

3 320 0.00 42.37 9.05 26.15

6 345 0.00 3.81 0.58 33.71
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Fig.4 Region of interest selection
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Fig.6 Scatter plots of the three principal components
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Fig.8 Schematic diagram of false color image synthesis
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Fig.9 False color image synthesis process
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Fig.10 LBP feature map of corn seeds
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Table 2 Accuracy of spectral feature

prediction classification %
SVM #% e e/ e
SEiA)| i MR =
o KR A . ”m&*ﬂfJ:’SL 1Jl|Tzc4€(fEf?fﬁ x mJ;ﬂ:«ﬁ%ﬁfﬁ?
> 18 a est
Model Input of model ype o ¢ ecision raining esting
tree/SVM accuracy accuracy
kernel function
4 B Gini 83.7 754
Full band Entropy 84.2 76.8
Gini 88.2 82.3
DT PCA
Entropy 86.7 79.8
) Gini 87.7 82.8
SPA
Entropy 83.3 78.8
Sl B Linear 94.1 92.1
Full band RBF 86.9 83.6
inea 94.6 92.5
SVM PCA Linear )4.6 92.5
RBF 86.5 83.2
Linear 88.4 85.8
SPA
RBF 88.6 85.7
R3 MAFLERNSRERE
Table 3 Accuracy of fusion feature
prediction classification %

YERRIES
Training accuracy

SRR RS

7% Model .
Testing accuracy

SVM 100.0 93.1
RF 97.4 92.3
XGBoost 97.4 92.3

93.1% o AW 5T 8 2 > 4510 BT 26 80 4 0 43 2 1k i
AU SVM B[R] B, SVM 5 Y [ % 755 2 B 4 Hi
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Table 4 Network performance comparison

B Model SR /M BHUH(GFLOPs) Yt/ % TR =/ %
) Params Computational operations Training accuracy Testing accuracy
ResNet18 11.18 1.82 99.77 99.50
MobileNetV2 2.23 0.32 100 99.50
DenseNet121 6.96 2.88 99.07 99.25
EfficientNeth0 5.29 0.02 90.70 87.28
EfficientNeth2 7.71 0.02 99.30 98.00
- B
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Spectral detection of maize seed vigor based on machine
learning and deep learning

DING Ziyu, YUE Xuejun,ZENG Fanguo, SHI Haowen, PENG Wen, XIAO Jiayi

College of Electronic Engineering (College of Artificial Intelligence) ,
South China Agricultural University, Guangzhou 510642, China

Abstract A three-vigor gradient classification model for maize seeds was constructed using machine
learning and deep learning algorithms along with hyperspectral imaging technology to solve the problems of
time-consuming and seed damage in the traditional method for detecting seed vigor and to realize the rapid ,
non-destructive detection of maize seed vigor. 1 012 maize seeds were divided into three vigor gradient sam-
ples by artificial aging. The hyperspectral noise was removed with convolution smoothing (SG) and multi-
variate scattering correction (MSC) after collecting the hyperspectral data of maize seeds. Principal compo-
nent analysis (PCA) and continuous projection algorithm (CPA) were used for dimensionality reduction of
spectral feature, respectively. Three bands including 1 156 nm, 1 191 nm, and 1 463 nm were extracted
from the reduced dimensionality band to synthesize a false color image. The texture features of region of in-
terest (ROI) were extracted using local binary mode (LLBP) and fused with pure spectral features. Ma-
chine learning models including decision tree (DT ) and support vector machine (SVM) models construct-
ed based on pure spectral features and the random forest (RF), SVM and extreme gradient lifting tree
(XGBoost) models constructed based on fused features were established. Maize seed vigor was predicted
by inputting the false color images into five deep learning models including ResNet18, MobileNetV2,
DenseNet121, EfficientbO, and Efficientb2. The results showed that the PCA-SVM model performed best
for pure spectral features, with a test set accuracy of 92.5% in terms of machine learning methods. The
SVM model performed best for fusion features, with a test set accuracy of 93.1%. In terms of deep learn-
ing methods, the lightweight MobileNet achieved the highest test set accuracy of 99.5%. The classification
activation mapping method based on interpretable gradient indicated that the classification network focused
on the bottom or basal region of maize seeds. It will provide some references for the nondestructive detec-
tion of maize seed vigor in terms of data sources, deep neural network visual interpretation and machine
learning, and deep learning performance analysis.

Keywords maize; seed vigor detection; nondestructive detection; machine learning; deep learning;

hyperspectral ; graph fusion
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