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INTRODUCTION

Electrification in agriculture is an effective way for China to build modern agriculture, and it brings
significant environmental and economic benefits (Fu and Yang, 2022). With the increasingly obvious
trend of cross-integration of energy internet and modern agriculture, the park-level agricultural
energy internet (AEI) has become one of the trends in the development of smart agriculture. AEI is a
new concept that has originated from Energy Internet to realize renewable-energy-based
electrification goals in rural energy systems. On the physical side, AEI is a multienergy system
integrating heating, gas, and power networks. On the information side, AEI requires the public
sharing of agricultural information and energy information to the control center of agricultural
energy systems. AEI supports the development of new energy industries, empowers modern
agriculture, and is a new driving force for rural revitalization (Fu et al., 2021a). The distribution
system adopts standardized communication to collect voltage, current, fault, and power quality data
and conduct real-time safety analysis in intelligent management and control systems (Song et al.,
2013). The operation and management of the existing facility agricultural environment monitoring
system and the agricultural energy supply system are independent of each other. They are operated
and managed by different companies. There is a lack of linkage mechanism and unified control. It is
difficult to prevent and control the linkage risks between agricultural production and energy systems,
and it is impossible to cope with the demand for power outages in rural greenhouses and the
overloading of agricultural energy loads. It brings dual challenges to the implementation of AEI
applications. The intelligent early warning of AEI is the premise of safe agricultural production and
the safe operation of agricultural energy supply systems. This research has theoretical guiding
significance for protecting facility plants from cold weather and agricultural drought. The existing
intelligent early warning methods mainly include the multisource data fusion technology and the
security risk assessment and prediction method. In terms of multisource data fusion technology, it is
an effective tool for greenhouse environment monitoring, positioning, and navigation to optimize
calculation to improve accuracy in agriculture, and it is introduced into load forecasting, fault
diagnosis, etc., in the energy system. Mancipe et al. proposed a data fusion strategy to predict
environmental variables in precision agriculture (Mancipe-Castro and Gutiérrez-Carvajal, 2022).
Erfani et al. fused robot sensor data based on Dempster–Shafer evidence theory and Kalman filtering
to achieve optimal localization estimation in unstable agricultural environments (Erfani et al., 2019).
Jiang et al. combined the long short-term memory and convolutional neural network to form a
hybrid multitask framework for short-term prediction of household energy consumption (Jiang
et al., 2021). Jiao et al. proposed a transmission line fault location model on the basis of fuzzy
multisensor data fusion to improve the fault location accuracy (Jiao and Wu, 2018). Security risk
assessment is necessary to detect the growth status and predict the environmental parameters in
agriculture. Security risk assessment is often used to evaluate the security of power supply in real-
time and predict the power generation and energy consumption in energy systems. Xu et al. proposed
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a multiclassification model on the basis of support vector
machines and artificial neural networks to warn an occurrence
of frost disasters (Xu et al., 2021). Yang et al. proposed a hybrid
wind speed prediction method based on data-processing

strategies, which makes full use of artificial intelligence
algorithms (Yang and Wang, 2018). Larsen et al. developed a
comprehensive and flexible framework to assess power supply
security (Larsen et al., 2017). Garshasbi et al. predicted the hourly

FIGURE 1 | Intelligent early warning of AI-powered AEI.
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energy consumption and power generation of net-zero energy
buildings using a hybrid genetic algorithm and the Monte Carlo
method (Garshasbi et al., 2016). However, most of the current
research on agricultural systems and energy systems is limited to
its respective field, and there is almost no research on the park-
level AEI. It is urgent to deepen the research on the theory and
method of intelligent early warnings of AEI. The main purpose of
this research is to ensure the safe operation of the park-level AEI
via cross-integrating agricultural science, information science,
and electricity science, and we explore a way of comprehensive
utilization of energy data and agricultural data. It can realize
double early warnings of agricultural ecology environment and
energy systems, and then the safe operation of the park-level AEI
can be guaranteed.

TECHNOLOGY METHODOLOGIES

This section includes two parts. First, the concept of the intelligent
early warning of the park-level AEI is proposed in section 2.1.
Second, the key technologies are analyzed in section 2.2.

Concept
To realize the intelligent early warning of agricultural ecology
environment and energy systems, AEI is used as the research
object. The risk information in the measurement data of
agricultural environmental sensors and energy meters is fully
mined, and information science theories, such as information
conservation, multisource heterogeneous data fusion, model and
data fusion drive, and the association rule mining algorithm (Fu
et al., 2021b), are adopted. The schematic diagram of the
intelligent early warning of the park-level AEI is shown in
Figure 1. It can monitor the whole of greenhouse
environmental parameters, crop physiological states, state
variables, and energy supply margins of park-level energy
systems based on environmental sensors, energy meters,
cameras, and other equipment, combined with agricultural
energy security indicators. To realize the early warning of AEI,
the dynamic planting conditions of facility agriculture, the
observation data of greenhouse microclimate, and the
measurement data of park-level energy systems are obtained in
real-time, relying on environmental sensors and energy meters
based on JavaEE technology framework, service-oriented
architecture cloud service, and artificial intelligence (AI)
technologies. Knowledge of the safe operation of facility
agriculture and energy systems is summarized through
calculating and studying big data of facility agriculture and
park-level energy systems. Expert knowledge rules related to
multiple factors such as crops, environment, and energy are
developed and constructed. In addition, knowledge rules
suitable for the safe operation of facility agriculture and park-
level energy systems can be quickly found by data matching. The
distributed energy and agricultural equipment is controlled by the
AI scheduling software in the park-level AEI. The control of
agricultural load requires synergistic consideration of the safety
and economic requirements of both agricultural ecology
environment and energy systems.

Key Technologies of Intelligent Early
Warning
The realization of intelligent early warnings of AEI relies on
agricultural smart sensors, energy meters, communication
networks, and AI-powered monitoring systems. Agricultural
smart sensors include illuminance sensors, light integrators,
sunshine hour sensors, photosynthetically active radiometers, air
temperature sensors, time–temperature integrators, soil temperature
sensors, humidity sensors, soil moisture meters, carbon dioxide
sensors, atmospheric pressure sensors, wind speed and direction
sensors, cameras, RGB cameras, depth cameras, 3D laser scanners,
imaging spectrometers, and fluorescence imagers. Energy meters
include smartmeters, gasmeters, and calorimeters. Data collected by
agricultural smart sensors are transmitted to the security risk
monitoring system through the 5G wireless communication
network. The system evaluates the environmental safety of facility
agriculture and predicts energy consumption (i.e., load forecasting),
relying on artificial intelligence technology such as statistical
machine learning (Fu, 2022).

By combining agricultural load forecast results and data
collected by energy meters, the security risk monitoring system
can evaluate the security situation of the energy system. First, we
use machine vision to study the data from plant phenotype-
monitoring devices and judge the physiological state of crops.
Second, we use multitask learning algorithms to study the
physiological state of crops and environmental sensor data,
and the energy consumption of facility agriculture can then be
predicted. Finally, we use deep learning algorithms to predict
transformer loads according to history energy meter data and
predict agricultural energy consumption. When the predicted
transformer loads are brought into the distribution network
model for power flow calculation, the security index of the
energy system can be predicted.

Industry has higher requirements for power supply safety than
agriculture and also requires high power quality. A sudden power
outage will result in a large number of waste products in the
factory and cause great economic losses. Dual power supply is
adopted for industrial consumers, and uninterruptible power
supply is also installed to ensure power safety. The growth of
crops is a slow process, so the impact of short-term power outage
is small. However, with the development of agricultural
informatization and the construction of unmanned farms,
agricultural production will realize industrialization. When
power outage occurs, the unmanned farm will be shut down,
resulting in losses far greater than that of agriculture with a low
level of automation and informatization.

DISCUSSION

Differences Between AEI and IoT
The differences between AEI, Internet of Things (IoT) in
agriculture, and IoT in power are concluded as follows. 1) AEI
not only assesses the information on the perception layer of the
agricultural IoT, especially the information related to energy
consumption, but also needs to assess the information on the
perception layer of IoT in power. 2) AEI includes technologies in
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both the physical layer and the information side. The physical
layer realizes the coupling optimization of multienergy and
agricultural production. The information side realizes the
perception and control of the physical environment and can
realize the precise prediction of agricultural power generation and
power consumption so as to accurately control the environmental
factors of facility agriculture. However, IoT in agriculture can
only perform automatic management based on the monitoring of
the crop environment and physiological parameters, ignoring the
possibility of out-of-limit voltage; IoT in power only involves
power science and information science and cannot regulate the
facility agricultural environment.

Bottleneck Analysis of Intelligent Early
Warning
The bottlenecks in the development of intelligent early warnings
of the park-level AEI are concluded as follows. 1) Existing
modeling methods cannot accurately describe the dynamic
relationship between the agriculture ecology environment and
energy systems. The interaction between agricultural and energy
systems is enhanced, and failures can propagate between systems
to form cascading failures. Energy flow and material flow restrict
and transform each other in AEI, and agricultural material and
energy are in a state of circulation. Hence, the high energy
consumption of modern agriculture tests the bearing capacity
of the power grid, and the energy operation status is related to the
normal operation of agricultural equipment. 2) It is difficult to
construct an early warning indicator system for the coordinated
safety of the agricultural ecology environment and energy
systems. The security warning indicators of facility agriculture
should fully consider the differences in crop species,
developmental periods, and corresponding physiological
characteristics. The security warning indicators of the park-
level energy system should fully reflect the environmental
regulation load changes of facility agriculture caused by
physiological differences in crops. In addition, the time scales
are different in generating the security of the agricultural ecology
environment and energy systems. This makes it difficult to
characterize the synergistic security between facility agriculture
and energy systems at the same time. 3) The variability in weather
brings challenges to the security early warning of AEI. The change
in weather directly affects the facility environment, and bad

weather threatens the crop growth environment. In addition,
renewable energy such as photovoltaic power generation is
directly affected by the weather, and power generation
becomes uncertain due to the variability in weather. Therefore,
the weather brings great disturbance to both sides of the source
and load in the agricultural energy system, increasing the
complexity of safety early warnings.

CONCLUSION

AI-powered unmanned farming is an inevitable trend in Chinese
agriculture and an effective way to solve rural pollution and lack
of agricultural labor. AI application in an agriculture energy
system is the core technology of unmanned farm construction,
and intelligent early warnings can assist agricultural production.
Agricultural electrification and informatization have further
promoted the development of the IoT and formed the AEI
based on IoT in agriculture and IoT in power. The
combination of IoT in agriculture and IoT in power
significantly improved the integration of energy data and
agricultural environment monitoring data, based on which
advanced artificial intelligence technology can realize dual
early warnings of agricultural ecology environment and energy
systems to ensure the safe operation of park-level AEI. With the
integration of renewable energy and agriculture, carbon emission
will be further reduced, which also brings higher security risks
than before. It can be concluded that AI warnings of AEI will
become one of the most impactful technologies of agricultural
automation.
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