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Abstract: In recent years, with the continuous development of agricultural technology,
potato bud recognition technology has attracted more and more attention. Potato bud
recognition is the key to the automatic cutting of potato seed tubers, which has a significant
impact on the quality and yield of potatoes. Therefore, bud recognition technology is of
great significance for the management and decision-making of agricultural production. At
present, research on potato bud recognition mainly focuses on morphological methods,
computer vision, and deep learning. Among them, morphological methods are mainly based
on the theory of mathematical morphology, through the extraction and processing of
morphological features of the bud eye to achieve recognition; Computer vision methods
mainly use techniques such as image processing and feature extraction to achieve eye bud
recognition; The deep learning method is mainly based on neural network models and
achieves automatic recognition of eye buds through training with a large amount of data.
In recent years, with the development of deep learning technology, potato bud recognition
methods based on convolutional neural networks have become a research hotspot. By
constructing a convolutional neural network model and using data enhancement, transfer
learning and other methods, researchers have achieved a relatively significant recognition
effect, but for potato bud eyes with attachments or mechanical damage on the surface, the
recognition effect is general. Therefore, this article aims to review the current research
progress of potato bud recognition, and seek a more efficient, accurate, and robust bud
recognition technology that can provide better decision support for agricultural production,
thereby improving the yield and quality of potatoes, reducing manual operation time and
cost, and improving production efficiency and economic benefits.

1. Introduction

Potatoes are an important global food crop widely cultivated for food and feed production. The
quality of potato seeds is crucial for obtaining high-yield and high-quality potato crops. The quality
of potato seed potatoes mainly depends on the number and quality of sprouts in the seed potatoes.
Therefore, potato bud eye recognition, as an important agricultural image recognition task, has
attracted widespread research interest. The traditional method of eye bud recognition mainly relies
on manual operation, which is not only inefficient but also prone to errors. With the development of
computer vision and deep learning technology, the automatic recognition technology of potato sprouts
has gradually become a research hotspot. This article will introduce the research progress and
application status of potato bud recognition technology. Firstly, we will briefly introduce the
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morphological features of potato sprouts and traditional sprout recognition methods. Then we will
explore in detail the application of computer vision and deep learning technology in potato bud
recognition, with a focus on introducing the bud recognition method based on convolutional neural
networks.[1] Finally, we will prospect the future development of this technology and explore its
application prospects in agricultural production.

2. Morphological Characteristics of Potato Eyes and Traditional Eyes Recognition Methods

Potato sprouts are small protrusions on the surface of potatoes, with morphological characteristics
including size, shape, color, etc. Usually, the size of the bud eye is about 2-4 millimeters, appearing
in a conical or hemispherical shape, and the color is often light purple or light green. The number and
position of bud eyes have an important influence in potato quality and yield, so the accurate counting
and positioning of bud eyes are crucial for agricultural production. The traditional potato bud
recognition method mainly relies on manual operation, using tools such as a microscope or
magnifying glass to observe and count the bud. This method requires professional personnel to
operate, which is inefficient and prone to errors. In order to improve the efficiency and accuracy of
eye bud recognition, researchers have gradually introduced machine learning technology. Among
them, the potato bud recognition method based on image processing is one of the traditional automatic
recognition methods [2]. This method involves preprocessing, segmentation, feature extraction, and
other steps on the image, followed by the use of classification algorithms for judgment and counting
[3]. For example, image processing techniques can be used to perform binarization, filtering, edge
detection, and other operations on potato sprout images, and then morphological operations and
feature extraction algorithms can be used to detect sprouts [4]. Finally, machine learning based
classifiers such as support vector machines, decision trees, etc. can be used to classify eye buds.
However, this method requires a large amount of manual feature extraction and classifier design,
making it difficult to adapt to changes in different potato varieties and growth environments.
Although these traditional methods are simple and easy to implement, their performance is limited
by image quality, diversity of eye morphology, and environmental factors such as lighting and noise.
Therefore, with the development of artificial intelligence, deep learning technology has begun to be
applied to potato bud eye recognition [5].

3. Application of Computer Vision and Deep Learning Technology in Potato Eye Recognition

The application of computer vision technology in potato bud eye recognition includes the use of
pixel based machine learning algorithms, such as random forest, AdaBoost, etc., to classify bud eyes
directly from the pixel level. In addition, some feature extraction methods based on feature learning,
such as principal component analysis (PCA), Local binary patterns (LBP), directional gradient
histogram (HOG) and other feature extraction methods, have also been applied to the identification
of potato bud eyes [6]. These feature learning methods can automatically extract effective features
from images, reduce the subjectivity of manually designed features, and to some extent improve the
accuracy of recognition. Deep learning techniques, especially convolutional neural networks (CNN),
have achieved significant results in potato bud eye recognition. Convolutional neural networks (CNN)
are a deep learning model for image processing and recognition [7]. It usually includes multiple
convolutional and pooling layers, which can perform multiple convolutional and pooling operations
on the input image to extract high-level features. In potato eye recognition, CNN can learn features
such as texture, shape, and position of the eye.[8] Generally speaking, a potato bud recognition
method based on convolutional neural networks includes the following steps:

(1) Data collection: Collect potato bud eye images and annotate them.

(2) Data preprocessing: Pre processing the collected images, such as image denoising and image
enhancement.

(3) Feature extraction: Use convolutional neural networks to extract image features.
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(4) Classifier training: Use the extracted features to train the classifier model and classify the eyes
and non-eyes.

(5) Model evaluation: Use a test dataset to evaluate the model and calculate indicators such as
accuracy, recall, and F1 value.

(6) Model optimization: Based on the evaluation results of the model, adjust the model parameters
and network structure to improve the performance of the model.

The CNN model has strong generalization ability and can be recognized under different potato
varieties and imaging conditions [9]. Currently, deep learning based object detection algorithms
applied to potato bud eye recognition include Faster RCNN, YOLOv3, etc. [10].

4. Future prospects of potato bud eye recognition technology

In the future, with the continuous development of artificial intelligence technology and the
continuous expansion of application scenarios, potato bud eye recognition technology will also be
further improved and developed.

Firstly, potato bud eye recognition technology will become more widespread and widely applied.
Due to its ability to greatly improve the detection efficiency and accuracy of potato sprouts, reduce
the workload of manual detection, and improve production efficiency and quality, this technology
will be widely applied in fields such as agriculture and food processing in the future. Secondly, potato
bud eye recognition technology will be more intelligent and automated [11]. In the future, more
advanced deep learning technologies and algorithms may be adopted, such as visual attention
mechanisms based on Transformer architecture, to further improve recognition accuracy and
processing efficiency. At the same time, it may also be combined with other sensors or devices, such
as LIDAR or infrared cameras, to obtain more comprehensive potato quality information. Finally,
potato eye recognition technology may also be combined with technologies such as the Internet of
Things and blockchain to achieve full chain traceability and data sharing, thereby providing
consumers with safer and more reliable food security. This will help further promote the development
of intelligent agriculture and sustainable development, achieving comprehensive improvements in
food safety, quality, and traceability.

In addition, there are some possible development directions of potato bud eye identification
technology in the future: (1) For a variety of different types of bud eye recognition. Current potato
bud eye recognition technology is mainly used for potato bud eye detection, but it may be extended
to identify other types of bud eye in the future. This will help to further improve the utility and
universality of the identification. (2) Fusion sensor and data analysis. In the future, potato bud eye
recognition technology can be combined with other sensor technologies (such as air temperature,
humidity, soil pH, etc.) to achieve comprehensive agricultural management and intelligent decision-
making through data analysis and machine learning technologies. (3) Realize automatic picking. In
addition to the identification and cutting of the potato bud eye, this technology can also be combined
with the automatic picking technology to realize an intelligent potato picking system. This will help
to improve productivity and reduce labor costs. (4) Expand to the detection of other crops. Target
detection technology based on Faster-RCNN can not only be applied to the identification of potato
bud eyes, but also extend to the detection of other crops, such as fruits, vegetables, grains, etc. This
will bring more opportunities and possibilities for agricultural production. In short, in the future, the
potato bud eye recognition technology will continue to develop and improve, to bring more intelligent,
efficient and sustainable solutions for agricultural production.

In addition, the future development of potato bud eye identification technology may also be
affected by the following factors: (1) Data privacy and security protection. As the application of
potato bud eye recognition technology becomes more and more widely, the related data acquisition
and processing will become more and more important. Therefore, how to protect the data privacy and
security of farmers, producers, consumers and other parties will be one of the important
considerations for the future development of the technology. (2) Environmental protection and
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sustainable development. The application of potato bud eye recognition technology requires
considering not only economic benefits and production efficiency, but also environmental protection
and sustainable development factors. Therefore, the future development of the technology may
require more focus on green, low-carbon and environmentally friendly technology solutions and
solutions. (3) Legal and policy regulation. The future development of potato bud eye recognition
technology may also face legal and policy regulatory challenges. For example, the standards and
norms of the technology, patent and intellectual property protection, industrial policy and regulation,
all need to be further studied and solved. In short, the future development of potato bud eye
recognition technology will be affected by a variety of factors, which need to comprehensively
consider the technology, economy, environment, legal and other factors, in order to achieve
sustainable development and wide application.

5. Conclusion

In summary, the research progress of potato bud recognition technology is very rapid. Traditional
eye recognition methods have problems such as low efficiency and large errors, while potato eye
recognition methods based on computer vision and deep learning technology have advantages such
as speed, accuracy, automation, and have broad application prospects. Although the existing potato
bud recognition technology has high accuracy and stability, it still faces some challenges and
challenges. For example, different varieties of potatoes have different bud morphology, and how to
adapt to different bud morphology and improve recognition accuracy is a problem that needs further
research. In addition, how to cope with factors such as light and noise in different growth
environments is also a current challenge that needs to be addressed.

In future research, we can further explore deep learning models for potato eye recognition
technology, design more efficient and accurate network structures, and improve the accuracy and
speed of eye recognition. At the same time, we can explore the integration with other technologies,
such as robotics and precision agriculture, to achieve more efficient and intelligent agricultural
production. These studies are expected to promote the further development and application of potato
bud recognition technology.
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