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Research on Maize Seed Classification Method Based on
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Abstract The quality of maize seeds affects the outcome of planting and harvesting, so seed quality inspection has become very important. Traditional seed quality
detection methods are labor-intensive and time-consuming, whereas seed quality detection using computer vision techniques is efficient and accurate. In this study,
we conducted migration learning training in AlexNet, VGGI1 and ShuffleNetV2 network models respectively, and found that ShuffleNetV2 has a high accuracy rate
for maize seed classification and recognition by comparing various metrics. In this study, the features of the seed images were extracted through image pre-processing
methods, and then the AlexNet, VGGI1 and ShuffleNetV2 models were used for training and classification respectively. A total of 2 081 seed images containing four
varieties were used for training and testing. The experimental results showed that ShuffleNetV2 could efficiently distinguish different varieties of maize seeds with the
highest classification accuracy of 100% , where the parameter size of the model was at 20. 65 MB and the response time for a single image was at 0.45 s. Therefore,
the method is of high practicality and extension value.
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Maize seeds are an indispensable means of production in
today’s society. China is also a large population and has a high de-
mand for food. The classification and identification of maize varie-
ties will not only help farmers to better select varieties and opti-
mize agricultural production, but also to achieve food safety and
quality control. Research into maize quality classification is there-
fore particularly important. In recent years, computer vision and
machine learning techniques have become increasingly sophisticat-
ed. The classification methods of crop varieties have also transi-
tioned from traditional manual classification methods to computer
vision related methods. Lyu et al. " proposed a fine-grained im-
age classification method based on ResNet network for accurate
classification of maize seeds, which enabled the accuracy of the
network model to be maintained at 92%. Shi et al. ' trained the
model parameters by improving the VGG network by adding a
CBAM-Inception structure inside it, and finally achieved a model
accuracy of 96% . Wang et al. ' conducted experiments using the
improved InceptionV3 model and compared the results with tradi-
tional machine learning algorithms to achieve an accuracy of
94.39% . Dai et al. "* proposed a residual network-based recogni-
tion model for grapevine leaf disease identification, and the accu-
racy of the model for disease identification was 98.02% by com-
parison tests. In summary, for most models the average level of
accuracy remains around 90% , while the model parameters are
large and the recognition time is slow. For the embedded end of
the application, what is needed is a model with fast detection
speed and high model accuracy. The use of traditional convolu-
tional neural networks to identify maize varieties requires a lot of

time and low accuracy, and does not correspond well to the actual
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situation. Therefore, in this study, AlexNet, VGGI1 and Shuffle-
NetV2 network models were compared to produce a ShuffleNetV2-

based maize variety classification method.

Materials and Methods

Data sources and processing
Test materials The data set samples for this study were collect-
ed at Bayi University of Agriculture and Conservation in Hei-
longjiang. Samples were taken from the seeds of Changtian 100,
sweet glutinous yellow maize, Tianfei and Xiaojinhuang, where
the background was chosen to be mainly dark. The equipment
light sources were sampled during the day and at night. The distri-

bution of data is shown in Table 1.

Table 1 Data distribution map

Species Number of samples
Changtian 100 594
Sweet glutinous yellow maize 434
Tianfei 495
Xiaojinhuang 558
Total 2 081

Image pre-processing Image pre-processing operations refer to
the process of processing and cleaning raw data prior to modeling.
In all of the experiments in this study prior to the start of training,
the data were processed through following steps: normalisation op-
erations to eliminate differences in brightness between images, re-
sizing the images to unify them in subsequent processing, and ad-
justing the brightness and contrast of the images as a way to im-
prove visualisation and feature differentiability”’.

It was aimed to obtain the best pre-processing effect and to
obtain a network model with high robustness and accuracy.
Identification methods
AlexNet network AlexNet is the first deep neural network
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model to be successfully trained on a large-scale dataset'®’. Tts de-
sign contains multiple convolutional and fully connected layers.
One of the activation functions inside AlexNet mainly uses the Re-
LU activation function, which can accelerate the convergence of
the model during training and reduce the problem of gradient dis-
appearance. Dropout regularization is used, dropping a random
portion of neurons between the fully connected layers to reduce the
complexity of the neural network and improve generalisation. The
network will be used as a comparison model.

VGGI11 network VGGI11 is a convolutional neural network mod-
el with a depth of 11 layers. VGG was proposed by the Computer
Vision Group at the University of Oxford and uses a very small
convolutional kernel of 3 # 3 and a deep network structure to
achieve good image classification results. The input to the VGG11
model is a color image of size 224 * 244. This network model was

used as a comparison model in this experiment.
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Fig. 1 Accuracy and confusion matrix

Migration learning and model training
Transfer learning

model to the target domain task to be determined, so as to speed

Migration learning will apply the trained

up and improve the training effect of the target domain task. The
main idea is to transfer the parameters of the source domain to the
target domain. The knowledge already learned in the source do-
main is used to help the learning task to be achieved'”'. When tra-
ditional deep learning and machine learning deal with tasks such as
data distribution, dimensionality, and model output changes, the
model is less flexible and the results are not good enough, and the
use of transfer learning can just solve these problems. In this ex-
periment , transfer learning was used for training on VGGI11, Alex-
Net, and ShuffleNetV2 network models to effectively solve prob-
lems such as insufficient data, insufficient computing resources,
and poor model effects.

Model training In this study, four varieties of corn seeds were

ShuffleNetV2 network ShuffleNetV2 is a lightweight convolu-
tional neural network, which is mainly designed to solve the limi-
tations of the size of the model and the amount of calculation en-
countered in real-time image processing on mobile devices and ac-
cess devices. The main features and innovations of ShuffleNetV2
are channel integration, grouped convolution, and pointwise con-
volution. Channel integration facilitates the transfer flow and dis-
semination of information by putting the input feature maps into in-
tegral groups and rearranging along the channel dimension. The
group product groups the product operation into smaller convolu-
tion kernels, and the product kernel in each group is only multi-
plied with the input feature map in the same group to reduce the a-
mount of calculation and model parameters. Point-by-point convo-
lution uses a 1x1 convolution kernel to convolve the feature map
for feature fusion and dimensionality reduction in the channel di-
mension. Fig. 1 is a network structure diagram of ShuffleNetV2.
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classified and identified, and 1 875 images were input into the
convolutional neural network for training. The convolutional neural
network structure mentioned above was used in the training
process. The SGD optimizer was used during training, where the
learning rate was set to 0.000 3, the momentum value was set to
0.9, and the batch size was set to 32. The loss function used the
cross-entropy loss function. The accuracy of the network model
reached the highest value after 35 iterations and tended to be
stable.

Results and Analysis

In this study, 2 081 data were divided into training and test
sets under the same experimental conditions, where the training
and test sets occupied 1 875, 206 respectively. In this study,
AlexNet, VGG11 and ShuffleNetV2 models were compared in the

experiment. From Table 2, it could be obtained that the accuracy
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of VGGI11 and ShuffliNetV2 models remained at 100% , and the
accuracy of AlexNet model was 97.08% . Comparing the parametric
size of the network models, we could conclude that the Shuffle-
NetV2 model was 20.65 MB, which was 3 percentage points more
accurate than AlexNet. Comparing the single run time, we could
see that the ShuffleNetV2 model was 0.453 s, which was 0.8 and
1.6 s faster than AlexNet and VGG11 respectively. The compari-
son showed that the ShuffleNetV2 model outperformed other two
models in terms of accuracy, number of parameters and size, thus
better demonstrating the superiority of the ShuffleNetV2 model in
classifying maize varieties. The ShuffleNetV2 model is also more
suitable for deployment on embedded platforms due to its fast sin-
gle-sheet response speed and the number of model parameters.

Table 2 Test results

Accuracy Operation Size Single sheet
Model .
% volume //flops MB response time /s
AlexNet 97.08 200 377 536.0  217.52 1.299 7
VGGI11 100.0 7 605 060 608.0  491.27 2.057 4
ShuffleNetV2 100.0 163 901 780.0 20. 65 0.453 5

The analysis of the confusion matrix shown in Fig. 1 effectively
demonstrates the superiority of ShuffleNetV2 on this maize dataset.

Discussion

The ShuffleNetV2 model was analyzed by comparing the re-
sults with the VGG11 and AlexNet models. The model not only
outperformed the VGG11 and AlexNet models in terms of accura-
cy, but also in terms of speed and model size. By taking photo-
graphs of maize varieties and feeding them into the network model,

a high accuracy rate could be achieved in a short time.

Conclusions
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In this study, we performed convolutional operations on maize
seeds through convolutional neural networks to extract image fea-
tures. By comparing the experimental results, it was found that the
ShuffleNetV2 model had a higher classification accuracy while still
maintaining a greater advantage in recognition speed and number of
model parameters.
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