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ABSTRACT With the rapid development of information technology today, digitalization has become a key
force to promote agricultural modernization. This paper deeply discusses how digitalization provides power
for agricultural modernization, analyzes the application of digitalization technology in agricultural production,
management, marketing and other key links, and puts forward corresponding strategies and suggestions. This
paper first introduces the basic concept of digitalization and the connotation of agricultural modernization,
then analyzes the application status of digitalization technology in the agricultural field, then discusses the
role of digitalization technology in promoting agricultural modernization, and finally puts forward the
strategies and suggestions to promote the development of digitalization enabling agricultural modernization.
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I.INTRODUCTION

As the basic industry of the national economy, the
development level of agriculture is directly related to the
food security of the country and the quality of life of the
people. With the growth of the global population and the
constraints of resources and environment, traditional
agriculture is facing unprecedented challenges. The rise of
digital technology provides new solutions for agricultural
modernization. Through the application of digital
technology, agricultural production efficiency can be
improved, costs can be reduced, market competitiveness of
agricultural products can be enhanced, and sustainable
development can be achieved. Therefore, it is of great
theoretical and practical significance to study how
digitization enables agricultural modernization [1].

Il.Overview of Digitalization and Agricultural
Modernization
2.1 Digital Concept

processing, storage, transmission and application of
these signals through digital technology. In the field of
agriculture, digital technologies such as the Internet, big
data, cloud computing, the Internet of Things, artificial
intelligence, etc. [2-4] are changing the way agriculture is
produced, managed, and marketed. For example, through
the Internet of Things technology, real-time monitoring of
farmland environment can be realized, crop diseases and
market trends can be predicted through big data analysis,

and intelligent identification and diagnosis can be carried
out through artificial intelligence [4-6].
2.2 Connotation of Agricultural Modernization
Agricultural modernization refers to the process of
using modern science and technology and modern
management methods to transform and upgrade traditional
agriculture, achieve large-scale, intensive, standardized, and
intelligent agricultural production, improve agricultural
production efficiency and agricultural product quality, and
achieve sustainable development of agriculture. This
involves not only the transformation of agricultural
production mode but also the optimization of the
agricultural industry chain and the improvement of the
agricultural service system [7]..

lll.The Application Status of Digital Technology in the
Field of Agriculture
3.1 Precision Agriculture

Precision agriculture is an agricultural production
mode based on modern information technology. It uses
advanced scientific and technological means, such as global
positioning system (GPS), geographic information system
(GIS), remote sensing technology, Internet of Things (IoT),
big data, and artificial intelligence, to carry out fine
management of agricultural production process [8, 9]. The
core goal of precision agriculture is to improve agricultural
production efficiency, reduce production costs, reduce
resource waste, and protect the environment. Key features
and applications include:
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a) Data-driven decision-making: help farmers make
more scientific planting decisions by collecting and
analyzing large amounts of agricultural data, including soil
conditions, crop growth, climate data, etc.

b) Variable rate technology: According to the specific
needs of different areas in the field, accurately adjust the
amount of fertilization, sowing, and spraying of pesticides,
which is conducive to improving the utilization efficiency
of pesticides and fertilizers, reducing agricultural costs,
reducing the use of pesticides, reducing pesticide residues
and reducing environmental pollution;

¢) Soil mapping: the use of soil sensors and GIS
technology to create detailed maps of soil composition and
properties that are important for agricultural, environmental,
and scientific research;

d) Crop monitoring: satellite images and cameras
mounted on drones are used to monitor the growth of crops
in real-time, and diseases, pests, and nutritional deficiencies
are discovered and dealt with in time [10].

3.2 Intelligent Agricultural Machinery

By installing digital equipment such as sensors and
controllers, intelligent agricultural machinery can realize
automatic navigation, intelligent operation, and remote
monitoring of agricultural machinery. These devices can
improve operational efficiency, reduce human error, and
improve the safety and reliability of farm machinery. The
key technologies of unmanned agricultural machinery
include:

a) Precision positioning technology: Through high-
precision GPS and Beidou navigation systems, unmanned
agricultural machines can accurately position the field and
achieve accurate operations.

b) Intelligent control system: Through preset programs
and real-time data, automatic control of agricultural
machinery for sowing, fertilization, harvesting, and other
operations greatly improves the efficiency and accuracy of
the operation.

c¢) Image recognition and data processing technology:
Through high-definition cameras and advanced image
processing technology, unmanned agricultural machines
can identify crop conditions, carry out pest monitoring and
precision spraying, and effectively improve crop yield and
quality.

d) Autonomous navigation technology: agricultural
machinery can drive autonomously in complex farmland
environments, avoid obstacles, and realize all-weather
operation [11-13].

3.3 Agricultural Internet of Things

The agricultural Internet of Things aims to realize real-
time monitoring and control of the agricultural production
environment through sensors, wireless communication, and
other technologies and improve the intelligent level of
agricultural production [14,15]. The Internet of Things
technology can monitor environmental factors such as soil
moisture, temperature, and light to provide a scientific basis
for agricultural production. It is an emerging technology
that promotes the intelligent development of modern
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agriculture and has been widely used in every link of
agricultural production [16]. Its core includes:

a) Information perception: New  perception
technologies such as spectroscopy, spectral imaging, and
machine vision provide new ideas for achieving fast, real-
time, and lossless perception.

b) Information transmission: New technologies such as
5G are combined with multi-source information fusion,
artificial intelligence, blockchain, edge computing, and
other information processing technologies to make
information transmission and processing faster, safer, and
more reliable[17,18].

¢) System application: In-depth analysis of agricultural
Internet of Things technology from the four core levels of
perception, transmission, processing, and application to
explore the frontier trend of future research [2-4].

3.4 Big Data and Cloud Computing

Big data and cloud computing technology can help
agricultural managers analyze and process massive
agricultural data and provide a scientific basis for
agricultural production decisions. Through big data analysis,
crop diseases, market trends, etc., can be predicted to
provide guidance for agricultural production. The details
include:

a) Data system: Agricultural big data is a system that
collects, identifies, and identifies data in an open system
and Dbuilds databases to combine and optimize
multidimensional and massive data through parameters,
models, and algorithms.

b) Decision support: provide the basis for production
operations and business decisions and realize partial
automatic control and operation [5-8].

3.5 Artificial Intelligence

The application of artificial intelligence technology in
the field of agriculture includes intelligent identification,
intelligent diagnosis, intelligent prediction, etc., which can
improve the intelligent level of agricultural production. The
application of example intelligent technology in the
agricultural field includes intelligent identification,
intelligent diagnosis, intelligent prediction, etc., which can
improve the intelligent level of agricultural production.
Specific applications are:

a) Intelligent recognition: Al can be used to identify
crop diseases, predict crop yields, optimize planting
strategies, etc.

b) Improved decision-making level: The development
of artificial intelligence, such as Alpha Go, has improved
the decision-making level of Al and injected a strong shot
into the development of digital agriculture.

IV. The Theoretical and Practical Basis of Agricultural
Digitalization

In the field of agricultural digitization, the type,
structure, and quality of multi-modal data have a multi-
dimensional and multi-breadth impact on information
processing. Information perception, circulation, and
aggregation are the basic tasks of smart agriculture. With
the development of Internet of Things technology,
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agricultural systems have established more data acquisition
methods, including soil moisture sensors, weather stations,
drone images, and so on. This isomerized, multi-modal, and
diversified information (such as sensor data, image data,
text data, etc.) has been produced in large quantities and
continues to accumulate. Therefore, it is urgent to
systematically integrate new agricultural data by
establishing a more robust corpus. Aiming at multi-
heterogeneous, multi-modal, and diversified data, this paper
studies the data security storage, processing, and distributed
learning technology of new agricultural systems [15,16].
4.1. Multi-Modal Data Distributed Preprocessing
Algorithm

In order to process and analyze agricultural data from
different sources and types, a multi-modal data distributed
preprocessing algorithm is developed. These algorithms are
capable of processing large data sets, extracting critical
information, and supporting subsequent data analysis and
decision-making[19].
4.2. Adaptive Multimodal Data Processing Model
Architecture

Multi-modal agricultural data processing is an
adaptive multi-modal data processing model architecture
based on unified feature coding, which aims to establish a
method that can flexibly process and correlate data from the
security and scheduling fields of multi-modal new
agricultural systems[20]. This model architecture uses a
frozen encoder that can spontaneously form multi-modal
perception without any paired multi-modal training data. In
particular, raw agricultural data from various modes are
mapped to a shared token space, allowing subsequent
encoders with fixed parameters to extract high-level
semantic features of the input data [21].
4.3. Construction of a Corpus of New Agricultural
System Security and Scheduling

The purpose of establishing the corpus of safe
operation of agricultural systems is to meet the need for the
safe and stable operation of a new agricultural system
network. The corpus is mainly composed of a data
collection layer, processing layer, storage layer, protection
layer, and analysis layer. The data collection layer
comprehensively collects and collates agricultural system
data to ensure the quality of data information network
security processing. The data processing layer adaptively
pretreats, cleans, integrates, and enhances the
heterogeneous agricultural data with a variety of
methods[22]. The data storage layer ensures that all data is
securely stored in the corpus of the secure operation of the
new agricultural system network, avoiding the risk of data
loss and leakage.
4.4. Distributed Computing Learning Technology Based
on Federated Learning

The data of the new agricultural system has the
characteristics of spanning multiple scattered devices, large
and diversified data, strong data correlation, and high
availability and security requirements. Federated learning
can solve the problem of data dispersion by sharing model
parameters among multiple data owners. Therefore, a high-
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performance distributed federated optimization algorithm is
proposed[23,24].
4.5. Vertical Domain Large Language Model
Construction Technology

Based on self-directed fine-tuning technology, external
input enhancement technology, and prompt word
technology, the vertical domain construction of a large
language model is realized. Through the self-guidance
technology, the task is generated by the pre-trained
language model variant, and the generated data is used to
adjust the instruction so as to improve the instruction
compliance ability of the language model.
4.6. Construction Technology of Knowledge and
Knowledge Graph for Safety and Scheduling of New
Agricultural System

This paper aims to accurately characterize the problem
of knowledge correlation and fault events in the safety and
scheduling of new agricultural systems, accurately grasp
the correlation between various factors, and clearly describe
the evolution law of fault events by constructing knowledge
and reason maps so as to provide help for subsequent
intelligent decision-making.
4.7. Intelligent Decision Chain Analysis

Because large models can produce hallucinations
during cognitive reasoning, and the reasoning process is a
black box, their interpretability is always weak, and the
reliability and security of reasoning cannot be guaranteed.
Therefore, the external security and scheduling domain
knowledge and reasoning map of new agricultural systems
are introduced into the big-model reasoning to accurately
drive the relevant decision chain in the big-model mining
domain map, realize the intelligent decision of security
perception and scheduling of new agricultural systems,
make the reasoning process traceable, and effectively
alleviate the illusion problem of the big model [25].

V. The Role of Digital Technology in Promoting
Agricultural Modernization
5.1. Improve Agricultural Production Efficiency

Through precision agriculture technologies, such as
Global Positioning systems (GPS), geographic information
systems (GIS), and remote sensing, digital technologies can
precisely control crop planting and fertilization and
improve crop yields. The application of Internet of Things
technology has significantly improved the level of
intelligence, information, and automation of agricultural
production, and agricultural production means are
developing towards modernization. In addition, big data,
the Internet of Things, blockchain, and other technologies
can carry out large-scale land remediation and
transformation work, promote the construction of high-
standard farmland, strengthen the construction of water
conservancy and hydropower, and enhance the ability of
agriculture to resist natural risks [26].
5.2. Reduce Agricultural Production Costs

The application of precision agriculture and intelligent
agricultural machinery has reduced the use of fertilizers and
pesticides and reduced agricultural production costs. Digital
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technology reduces labor costs, improves work efficiency,
and reduces human error through automation and
intelligence. For example, technologies such as intelligent
oxygenation and precise feedfeeding can reduce resource
waste.[27,28]
5.3. Improve the Quality of Agricultural Products

Digital technology can monitor the growing
environment and growth conditions of agricultural products
in real-time, find and deal with problems in time, and
improve the quality of agricultural products. The Internet of
Things technology can monitor environmental factors such
as soil moisture, temperature, and light to provide a
scientific basis for agricultural production and ensure that
crops grow in the best environment.
5.4. Enhance Market Competitiveness of Agricultural
Products

Digital technology helps agricultural products achieve
precision marketing and improve market competitiveness.
Big data analytics can understand market needs and
optimize product positioning and marketing strategies.
Digital technology uses big data, the Internet, and e-
commerce platforms to achieve zero-distance docking
between agricultural consumers and producers and
accelerate the production of agricultural products with
market demand and local advantages.
5.5. Achieve Sustainable Agricultural Development

Digital technology helps to realize the rational use of
agricultural resources and environmental protection, as well
as the sustainable development of agriculture. Precision
agriculture technology reduces the use of fertilizers and
pesticides, reducing the impact on the environment. The
application of agricultural Internet of Things technology
will transform the traditional means of fertilizer and drug
application, improve the vital signs of plant growth, the
accuracy of disease and pest information, effectively reduce
the application amount of pesticides and fertilizers, and
ensure the green and safe of agricultural products and the
environment.

VI. Strategies and Suggestions for Digitalized
Agricultural Modernization
5.1. Strengthen Digital infrastructure

Strengthen the construction of network infrastructure
in rural areas and improve the penetration rate and
application level of digital technology. Improve network
coverage in rural areas, reduce the cost of network use, and
ensure that farmers can easily use digital technology [29-
32].
5.2]. Cultivate Digital Agricultural Talents

Strengthen the training of agricultural science and
technology personnel, improve their digital technology
level, and cultivate a group of digital agricultural talents
who understand technology and can manage. This is
achieved through the establishment of agricultural
technology training centers that offer both online and
offline training courses.
5.3. Promote the Deep Integration of Digital Technology
and Agriculture
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Encourage  cooperation  between  agricultural
enterprises and technology companies, and promote the
deep integration of digital technology with agricultural
production, management, marketing, and other links.
Establish a cooperation platform and provide technical and
financial support.

5.4. Strengthen Policy Support for Digital Agriculture

The government should introduce relevant policies to
support the development of digital agriculture and provide
policy guarantee for agricultural modernization. Provide tax
incentives, financial subsidies, technical research,
development support and other policies.

5.5. Increase Farmers' Digital Awareness

Promote farmers' awareness and acceptance of digital
technology through publicity and education and encourage
them to actively adopt digital technology. Organize training,
lectures, demonstration projects, and other ways to achieve.

VIl. Conclusion

Digital technology provides new impetus and direction
for agricultural modernization. The empowerment of digital
technology can improve agricultural production efficiency,
reduce costs, improve the quality of agricultural products,
enhance market competitiveness, and achieve sustainable
development. Therefore, we should strengthen the
construction of digital infrastructure, train digital
agricultural talents, and promote the deep integration of
digital technology and agriculture.



Digital science

Paper number: 3006-0753 Online number: 3006-2942

REFERENCES

(1]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

Department of State. Notice of The State Council on Issuing the 14th
Five-Year Plan for Promoting Agricultural and Rural Modernization
[EB/OL]. (2024-11-15)[2024-11-15].
https://www.moa.gov.cn/ztzl/zhnyzxd/zcfg/zybs/zyzc/202411/t20241
115 6466364.htm

SGOUROPOULOU C, KOUTOUMANOS A. Building metadata
architectures: A case for e-research[J]. International journal of
metadata semantics & ontologies, 2014, 9(4): 275-288.

AYDIN S, AYDIN M N. Semantic and syntactic interoperability for
agricultural open-data platforms in the context of IoT using crop
specific trait ontologies[J]. Applied ENCES, 2020, 10(13): 1-27.
WISNUBHADRA 1, ADITHAMA S P, BAHARIN S S K, et al.
Agriculture spatiotemporal business intelligence using open data
integration [C]//2019 international seminar on research of
information technology and intelligent systems(ISRITTI), 2019.
ZHANG M, LI Z, LI F. Discussion on key technologies in forestry
fundamental scientific information cloud service platform[C]//Green
computing & communications, IEEE, 2013.

MARTIN C, CADIOU C, EMMANUELLE JANNES -OBER. Data
management: New tools, new organization, and new skills in a
French research institute[J]. LIBER quarterly, 2017, 27(1): 73-88.
ENAYAT, RAJABIL SALVADOR, et al. A linked and open dataset
from a network of learning repositories on organic agriculture [J].
British journal of educational technology, 2015.

FERRAG M A, SHU L, YANG X, et al. Security and privacy for
green IoT -Based agriculture: Review, blockchain solutions, and
challenges[J]. IEEE access, 2020, 99.

He Lingyu. Research on integration of agricultural information
resources based on linked data [D]. Wuhan: Central China Normal
University, 2014.

Wang Jian, Huang Zhaoguang. Research on architecture and method
of massive agricultural science data storage system [J]. Guangdong
Agricultural Sciences, 2015, 42(2): 152-156. (in Chinese)

Lu Lina, Wang Ping, Yu Xiao. Research on the construction of
agricultural science data supervision platform [J]. Library and
Information Work, 2017, 61(10): 68-73. (in Chinese)

Zhao Ruixue, Li Jiao, Zhang Jie, et al. Research on construction of
multi-scenario agricultural professional knowledge service system [J].
Journal of Library and Information Technology for Agriculture, 2020,
32(1): 4-11. (in Chinese)

Room Dawn. Revo Apos releases Smart Agriculture Solutions [J].
Agricultural Machinery Market, 2016 (11): 54.

Application practice analysis of Internet of Things technology in
modern agriculture at home and abroad [J]. Jiangsu Agricultural
Sciences, 2016, 44(4): 412 -- 414.

H. Liu, T. Li, F. Jiang, W. Su and Z. Wang. Coverage Optimization
for Large-Scale Mobile Networks With Digital Twin and Multi-
Agent Reinforcement Learning[J]. IEEE Transactions on Wireless
Communications, 2024, 23(12): 18316-18330.

Erickson B, David A W. 2015 precision agricultural services
dealership survey results [R]. West Lafayette: Purdue University,
2015.

H. Xie, H. Liu, H. Chen, et all. Efficient Multi-User Resource
Allocation for Urban Vehicular Edge Computing: A Hybrid
Architecture Matching Approach[J]. IEEE Transactions on Vehicular
Technology, 2024: 1-6.

H. Liu, W. Huang, D. 1. Kim, et all. Towards Efficient Task
Offloading With Dependency Guarantees in Vehicular Edge
Networks Through Distributed Deep Reinforcement Learning[J].
IEEE Transactions on Vehicular Technology, 2024, 73(9): 13665-
13681.

Haoqgiang Liu, Weikang Su, Tong Li, et all. Digital Twin Enhanced
Multi-Agent Reinforcement Learning for Large-Scale Mobile
Network Coverage Optimization[J]. ACM Trans. Knowl. Discov.
Data, 2024, 19(1): 1-23.

Kong Fantao, Zhu Mengshuai, Han Shuqing, et al. Comparative
study on agricultural informatization at home and abroad [J]. World
Agriculture, 2016 (10): 10-18. (in Chinese)

Haoqiang Liu, Zefang Zong, Yong Li, et all. NeuroCrossover: An
intelligent genetic locus selection scheme for genetic algorithm using

Digital science VOLUME 3, 2024

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

reinforcement learning[J]. Applied Soft Computing, 2023, 146:
110680

H. Liu, H. Zhao, J. Wang, et all. LSTM-GAN-AE: A Promising
Approach for Fault Diagnosis in Machine Health Monitoring[J].
IEEE Transactions on Instrumentation and Measurement, 2022, 71:
1-13.

H. Liu, H. Zhao, S. Yuan, et all. An Optimal DAG-LSTSVM
Algorithm Based on Imbalance Factor for Vehicle Fault
Diagnosis[C]. Global Reliability and Prognostics and Health
Management (PHM-Nanjing), Nanjing, China, 2021: 1-6.

H. Liu, H. Zhao, L. Geng, et all. A Distributed Dependency-Aware
Offloading Scheme for Vehicular Edge Computing Based on Policy
Gradient[C]. 2021 8th IEEE International Conference on Cyber
Security and Cloud Computing (CSCloud)/2021 7th IEEE
International Conference on Edge Computing and Scalable Cloud
(EdgeCom), Washington, DC, USA, 2021: 176-181.

Yuan Meng, Chen Zhangquan, Yin Changbin, et al. Management
characteristics and Institutional practice of family farms in Germany:
Perspective of Sustainable Use of cultivated land [J]. World
Agriculture, 2017 (11): 16-20.

Paustian M, Theuvsen L. Adoption of precision agriculture
technologies by German crop farmers [J]. Precision Agriculture,
2017, 18(5): 701-716.

Liu H, Zhao H, Feng W. Filtering-based regularized sparsity variable
step-size matching pursuit and its applications in vehicle health
monitoring[J]. Applied Sciences, 2021, 11(11): 4816.

Liu H, Zhao H, Chen X, et al. An optimized initialization for LDPC
decoding over GF (q) in impulsive noise environments[J]. Plos one,
2021, 16(5): €0250930.

Nagasaka Y, Umeda N, Kanetai Y, et al. Autonomous guidance for
rice transplanting using global positioning and gyroscopes [J].
Computer and Electronics in Agriculture, 2004, 43(3): 223-234.
Gong J, Yu Q, Li T, et al. Scalable digital twin system for mobile
networks with generative ai[C]//Proceedings of the 21st Annual
International Conference on Mobile Systems, Applications and
Services. 2023: 610-611.

Wang Y, Zhao H, Liu H, et al. A dependency-aware offloading
algorithm based on deep reinforcement learning for vehicular
networks[C]//2021 International Conference on Space-Air-Ground
Computing (SAGC). IEEE, 2021: 63-69.

Wang J, Zhao H, Liu H, et al. A distributed vehicle-assisted
computation offloading scheme based on drl in vehicular
networks[C]//2022 22nd IEEE International Symposium on Cluster,
Cloud and Internet Computing (CCGrid). IEEE, 2022: 200-209.



