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Abstract: With the continuous advancement of agricultural Internet of Things (IoT) technologies, real-time
monitoring of agricultural environments has become increasingly significant. This monitoring provides valu-
able information on pest and disease occurrences and corresponding ecological conditions. However, as the
agricultural environments have extensive coverage, the number of monitoring IoT devices and the volume of
information will rapidly increase. This leads to a surge in network traffic and computing demands. To address
this issue, this article proposes an agricultural environmental monitoring IoT system that utilizes edge
computing and deep learning technologies. It combines the Long-Range Wide Area Network (LoRaWAN) for
long-range transmission with pest recognition and counting modules. By offloading workloads traditionally
processed in the cloud to edge nodes, the proposed system effectively reduces transmission and cloud com-
puting pressures for the agricultural monitoring IoT. Simulation experiments demonstrate stable LoRaWAN
protocol-based data transmission at the edge, with an overall packet loss rate of less than 5%, meeting the
transmission quality requirements. Moreover, this article investigates a pest recognition and counting method
based on deep learning technology. Pest images, captured by monitoring nodes, are recognized and counted
online using the TensorFlow framework. Experimental results indicate an accuracy of 89% in pest recognition.
By digitally transmitting pest image recognition results to the cloud, the proposed system significantly alle-
viates transmission and cloud computing pressures for the monitoring IoT.

Keywords: agricultural environmental monitoring, deep learning, edge computing, Internet of Things, online
monitoring

1 Introduction

Agricultural environmental monitoring plays a crucial role in modern agricultural practices [1]. With the
continuous increase in global food demand and the growing awareness of environmental sustainability,
monitoring the agricultural environment has become imperative. The monitoring process involves the

Mo Dong: School of Medical Imaging, Mudanjiang Medical University, Mudanjiang 157000, Heilongjiang, China; College of Biological and
Agricultural Engineering, Jilin University, Changchun 130022, Jilin, China, e-mail: dongmo@mdjmu.edu.cn
Haiye Yu: College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, Jilin, China, e-mail: haiye@jlu.edu.cn
Zhipeng Sun: Nanchang Automotive Institution of Intelligence & New Energy, Nanchang, 330052 Jiangxi, China,
e-mail: sunzhipeng15@163.com
Lei Zhang: College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, Jilin, China, e-mail: z_lei@jlu.edu.cn
Yuanyuan Sui: College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, Jilin, China,
e-mail: suiyuan@jlu.edu.cn



* Corresponding author: Ruohan Zhao, Department of Scientific Research, Mudanjiang Medical University, Mudanjiang 157000,
Heilongjiang, China, e-mail: Ruohan_Zhao@outlook.com

Journal of Intelligent Systems 2024; 33: 20230114

Open Access. © 2024 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0
International License.

https://doi.org/10.1515/jisys-2023-0114
mailto:dongmo@mdjmu.edu.cn
mailto:haiye@jlu.edu.cn
mailto:sunzhipeng15@163.com
mailto:z_lei@jlu.edu.cn
mailto:suiyuan@jlu.edu.cn
mailto:Ruohan_Zhao@outlook.com


systematic collection, analysis, and interpretation of data related to various environmental factors such as soil
quality, water availability, air quality, and climatic conditions. By monitoring these parameters, farmers,
policymakers, and researchers gain valuable insights into the health and productivity of agricultural ecosys-
tems. This information enables the identification of potential risks, the optimization of resource allocation, and
the implementation of targeted interventions for sustainable agricultural production. Furthermore, agricul-
tural environmental monitoring serves as a scientific basis for evidence-based decision-making, policy for-
mulation, and the implementation of effective agricultural practices. Ultimately, by promoting environmental
stewardship and optimizing production processes, agricultural environmental monitoring contributes to the
achievement of food security, environmental resilience, and the long-term viability of agricultural systems.

The Internet of Things (IoT) refers to the network of physical objects embedded with sensors, software,
and other technologies to enable the objects to connect and exchange data over the internet. IoT has emerged
as a transformative technology paradigm that connects billions of physical devices and objects to the internet,
enabling real-time data collection, analysis, and decision-making in various domains. In recent years, IoT has
been increasingly applied in the agricultural sector for smart farming and environmental monitoring [1]. It
offers new opportunities and advantages for agricultural environmental monitoring. The integration of emer-
ging technologies such as sensors and decision support systems has facilitated real-time monitoring of agri-
cultural environments, providing essential information on water and fertilizer utilization efficiency, as well as
pest and disease occurrence.

However, despite the advancements in IoT, the field of agricultural environmental monitoring still faces
several challenges. First, due to the typically large cultivation areas of agricultural fields, there are demanding
requirements placed on IoT systems concerning coverage, node density, transmission reliability, network
deployment convenience, power consumption, and network lifespan [2]. Meeting these requirements remains
a significant challenge.

Second, the widespread adoption of IoT in agricultural monitoring has led to an exponential growth in the
number of monitoring endpoints and data volume. This, in turn, puts immense strain on traditional cloud
server architectures, leading to increased network traffic and computational burdens [3,4].

Lastly, in the context of pest monitoring in agricultural fields, the transmission of pest image data con-
sumes a considerable amount of network resources, thereby reducing the efficiency of pest early warning and
overall effectiveness of the agricultural environmental monitoring IoT.

Therefore, this study aims to address practical situations and key issues in agricultural environmental
monitoring. We propose an intelligent IoT system for agricultural environmental monitoring that incorporates
technologies such as IoT, edge computing, and deep learning, while also providing wide coverage and low
power consumption. The main contributions of this work are summarized as follows:
(1) We thoroughly investigate the functional architecture of IoT based on edge computing technology. By

integrating LoRa WAN networks, online pest recognition and counting algorithms, and other essential
functionalities into embedded systems at the edge, we establish an integrated edge computing model
specifically tailored for agricultural production sites.

(2) We conduct simulations and experiments to evaluate IoT transmission protocols for monitoring purposes.
Specifically, we validate the performance of a low-power and long-distance transmission protocol and
explore the heterogeneous fusion of high-definition image transmission with low-power wide area net-
works. The NS3 software is employed for simulating data transmission among the monitoring nodes.

(3) Furthermore, we delve into the study of AI algorithms for pest recognition in farmland. Through the
application of automated image preprocessing techniques to the collected pest images, we propose an
online pest recognition and counting method that leverages the TensorFlow framework. This approach
enables real-time recognition and counting of pest images uploaded by monitoring nodes.

2 Related work

In the realm of agriculture, the implementation of an Agricultural IoT network enables the acquisition of
information pertaining to agricultural systems. By facilitating efficient information transmission and intelli-
gent data processing, this network realizes the scientific management of the agricultural production process.
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The utilization of edge computing technology aims to enhance the overall efficacy and performance of IoT
systems while minimizing the volume of data that requires transmission to the cloud for processing, analysis,
and storage. In comparison to traditional cloud computing, the cloud-edge integration model of edge com-
puting exhibits closer proximity to data sources, significantly reduces data processing latency, and effectively
alleviates computational burdens on the cloud.

This article summarizes applications of the edge computing technology in recent years and analyzes their
advantages as shown in Table 1.

Numerous studies have demonstrated the enhanced utilization of computing resources through edge
computing, resulting in improved efficiency of cloud resource allocation [13–15]. However, challenges persist
in attaining an optimal equilibrium between low power consumption, minimal latency, cost-effectiveness, and
security within edge computing technology. Merely employing edge computing in agricultural monitoring IoT
encounters limitations, necessitating the integration of appropriate network transmission modes to achieve
energy efficiency, affordability, and high efficacy in large-scale farmland monitoring.

Research on intelligent recognition through computer vision mainly adopts the following approaches:
traditional digital image processing, support vector machines, and artificial intelligence neural networks. In
recent years, the integration of image processing and artificial intelligence has achieved qualitative break-
throughs compared to traditional manual detection and recognition methods for pest recognition. Currently,
many scholars have achieved results in agricultural pest recognition. Habib et al. used neural networks to
classify pests in cotton planting. They extracted pest features and achieved over 90% accuracy except for one
pest [16]. Solis et al. identified a single greenhouse pest using area, eccentricity and solidity. They proposed a
loss algorithm and gave thresholds [17]. Ebrahimi et al. used SVM to identify trips using saturation, hue, and
axis ratios as features. The error rate was less than 2.25% [18]. Yaakob et al. used neural networks to identify
nearly 20 pests with over 90% accuracy [19]. With the advancement of artificial intelligence, the application of
image deep learning technology has become increasingly widespread [20–22]. However, such applications
require highly advanced hardware support.

In IoT applications, both deep learning and image processing technologies usually occur on high-perfor-
mance cloud servers. This requires high image quality and requires transmitting these images back to the
cloud for processing. This directly reduces the efficiency of real-time pest early warning and the overall
effectiveness of IoT monitoring.

Table 1: Review of edge computing applications in literature

Literature Application scenarios Advantage

Security Low cost Low latency

[5] Leverage lightweight virtualization, Information-Centric Networking √

[6] An edge computing platform that can coordinate with each computing resources
of device, edge node, and cloud

√ √

[7] Detection of industrial thermal anomaly √

[8] A solution that allows connecting local IoT end nodes to a LoRaWAN gateway
without the need for internet access

√

[9] A provisioning mechanism to deploy a “smart warehouse” IoT application
according to utility computing platforms

√

[10] Networked control of industrial robots √

[11] An edge computing platform that can coordinate with each computing resources
of device, edge node, and cloud

√ √

[12] Application of machine learning in industry √ √
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3 Agricultural environmental monitoring IoT architecture

3.1 Overall design of IoT

The agricultural environmental monitoring IoT architecture proposed in this study introduces an edge com-
puting layer situated between the end devices and cloud servers. This layer plays a crucial role in enhancing
system performance by offering communication and data processing capabilities. As depicted in Figure 1, this
architecture showcases remarkable performance in terms of low latency and reliability. The edge computing
layer is further divided into the data, virtualization, and functional layers, each serving specific purposes
within the system.

3.1.1 Data layer

The data layer of the proposed architecture provides support for multiple hardware interfaces and bus
protocols. Specialized development has been undertaken to cater to the requirements of Long-Range Wide
Area Network (LoRaWAN) protocols. Communication modules relevant to these communication protocols are
installed within this layer. With the Linux system’s multi-threading mechanism ensuring its functionality, the
underlying driver programs can be simultaneously invoked to receive data in real time. This capability
enables the provision of data sources to support edge computing within the system.

3.1.2 Virtualization layer

By leveraging virtualization technology, resources are allocated in a separate manner to facilitate the inde-
pendent operation of various services. In this article, Docker container functions under the Linux system are
employed to achieve effective isolation between different functional services. Additionally, a virtual network is

Figure 1: Architecture of edge computing layer.
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implemented to offer data access services for these containers, consequently enhancing both the resource
utilization efficiency and compatibility of the edge computing end.

3.1.3 Functional layer

The management of each independent service enables the realization of certain cloud functions at the edge
end. These functions encompass pest recognition using deep learning technology and the implementation of a
LoRaWAN server. Simultaneously, the functional layer has the capability to retain interface services, allowing
for the integration of user-customized development functions in the future.

3.2 IoT main functional modules

3.2.1 LoRaWAN server module

The IoT transport layer, as designed in this study, incorporates the utilization of the LoRaWAN protocol. The
LoRa technology, with its distinctive advantage in transmission distance, enables terminal nodes equipped
with the LoRaWAN protocol to directly transmit data to gateways without the need for intermediate links. This
not only ensures the required transmission distance but also maintains the desired data transmission quality.
Figure 2 depicts the topology diagram of the agricultural environmental monitoring IoT network.

The LoRaWAN server is usually installed in the cloud. The cloud is connected to the site through wireless
internet, so the communication process is greatly affected by the network quality of the site. And frequent
communication between gateways and servers will also lead to excessive consumption of bandwidth
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Figure 2: Schematic diagram of agricultural environmental monitoring IoT network topology.
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resources, resulting in signal transmission and receiving delay at terminals. The IoT structure designed in this
article installs the LoRaWAN server at the edge computing end, which has the following advantages:

(1) Reducing network load for data transmission to the cloud.
(2) Decreasing dependence on cloud computing.
(3) Improving data interaction speed.
In the agricultural field, the LoRaWAN server module is encapsulated into an independent container,

allowing it to run completely on the embedded platform carried by the edge computing end. When the area of
the agricultural field is large, multiple embedded platforms can be used to achieve multi-network collabora-
tion and further increase the transmission range.

3.2.2 Pest recognition and counting module

The advancement of computer technology has greatly accelerated the development of image recognition
technology. In the realm of agriculture, the process of pest image recognition involves multiple research steps,
including pest image acquisition, preprocessing, feature extraction, and recognition/counting. To accomplish
this, the module leverages the TensorFlow framework and the Python language to implement pest recognition
and counting algorithms.

The images of pests used in our pest recognition module are obtained from the pest monitoring module.
An RGB camera is employed to capture images at regular intervals of every half an hour. These images
undergo various image processing techniques and recognition algorithms for further analysis and identifica-
tion of pests. This information is crucial for real-time monitoring and transmission of pest situation data to the
cloud.

4 Experimental results and performance evaluation

4.1 Stability experiment of IoT data transmission

Before deploying IoT on a large scale in agricultural fields, it is necessary to verify whether the data transmis-
sion quality and coverage range of the IoT can meet the actual requirements. NS3 is a discrete-event-driven
open-source network simulation software used for simulating computer networks and wireless communica-
tion networks. It can simulate various types and scales of network structures in the real world on a single
computer. The NS3 network simulation system allows for parameter settings of network nodes, network
protocols, propagation loss models, gateways, and servers. By simulating and evaluating the agricultural
environmental monitoring IoT system, it can be determined whether the system can meet the actual
requirements.

In this simulation experiment, five common intervals for sending agricultural environmental monitoring
data were selected for simulation (60, 120, 200, 400, and 600 s). In the field of communications, it is generally
considered that the communication quality is good when the packet loss rate is less than 5%. Considering the
possibility of a large agricultural field area, the simulation was performed for the following two scenarios:
(1) Data monitoring with multiple monitoring nodes

A single gateway was used, and the range of data monitoring points was from 1 to 500.
(2) Data monitoring with multiple LoRaWAN gateways.

1, 2, 4, and 8 gateways were used, with each gateway configured with a fixed number of 100 monitoring
nodes.

The data transmission modes were categorized into unacknowledged (without ACK) and acknowledged
modes (with ACK). The experimental results are as follows.
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4.1.1 Data transmission of multiple monitoring nodes

(1) Relationship between data transmission interval and packet loss rate
In this experiment, we selected a single gateway and fixed the number of monitoring nodes at 200. We

chose the data transmission intervals to be 60, 120, 200, 400, and 600 s, respectively. Under the five conditions,
we sent the data in unacknowledged and acknowledged modes, respectively. The relationship between data
transmission interval and packet loss rate is shown in Figure 3.

(2) Relationship between the number of monitoring nodes and packet loss rate
In this experiment, we selected a single gateway and fixed the data transmission interval at 200 s. Figure 4

shows the relationship between the number of monitoring nodes (1–500) and the packet loss rate of the
transmitted data.

Figure 3: Relationship between data transmission interval and packet loss rate.

Figure 4: Relationship between the number of monitoring nodes and packet loss rate under a single gateway.
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By establishing a three-dimensional model of the number of monitoring nodes, data transmission interval,
and packet loss rate, it can be seen that as the number of detection nodes increases and the transmission
interval decreases, the packet loss rate does show an upward trend. However, when the transmission interval
is 60 seconds and the number of monitoring nodes is 1,000, the total packet loss rate is still less than 5%, as
demonstrated in Figure 5.

4.1.2 Multi-gateway data monitoring

(1) Relationship between the number of monitoring nodes and packet loss rate
In this experiment, we selected 1, 2, 4, and 8 gateways, with 1–500 monitoring nodes for each gateway. The

data transmission interval was fixed at 200 s. The data transmission modes were with and without ACK,
respectively. Figure 6 shows the relationship between data transmission interval and packet loss rate.

Figure 5: Relationship between the number of monitoring nodes, transmission interval, and packet loss rate under a single gateway.

Figure 6: Relationship between the number of monitoring nodes and packet loss rate under multi-gateway.
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(2) Data transmission pressure test of multiple gateways
As can be seen from Figure 7, the increase in the number of gateways does lead to a decrease in the

stability of data transmission. However, the stability of data transmission remains at a very high level (packet
loss rate <5%). To further verify the stability of data transmission using multiple gateways, we maintained
eight gateways and continued to increase the number of monitoring nodes for each gateway, fixing the
transmission interval of the experiment at 60 s. The results are shown in Figure 7.

4.1.3 Discussion on the experimental results of IoT transmission

Based on the conducted LoRaWAN network simulation experiments, the following conclusions can be drawn.
When utilizing a single gateway, the packet loss rate gradually decreases as the data transmission interval

increases, regardless of whether the transmission mode includes acknowledgment (ACK) or not. The packet
loss rate remains below 5%, aligning with expectations. Therefore, for agricultural environmental monitoring
tasks with a single gateway, the requirements can be adequately fulfilled as long as the number of monitoring
nodes remains within 500, and the data transmission interval does not exceed 60 s.

When employingmultiple gateways, as long as the number ofmonitoring nodes assigned to each gateway remains
below 500, it does not impede transmission quality (overall packet loss rate <5%). Only when there are eight gateways
and the number of monitoring nodes exceeds 600 for each gateway, the packet loss rate may slightly exceed 5%.

From the analysis above, it can be concluded that deploying the LoRaWAN server at the edge computing
end effectively expands the monitoring area of agricultural environments while ensuring satisfactory data
transmission quality. And there is limited research on utilizing edge computing technology with a LoRaWAN
server in large-scale agricultural field monitoring. The results obtained from this simulation study provide
empirical data support for the future implementation of multi-gateway systems for extensive environmental
monitoring in agricultural fields.

4.2 Pest recognition and counting experiment

In this article, a combination of traditional image processing and deep learning methods is used for farmland
pest monitoring. The specific steps and processes are shown in Figure 8.

Figure 7: Relationship between the number of monitoring nodes and packet loss rate under eight gateways.
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This article mainly uses the following two image preprocessing methods: image enhancement and image
segmentation. After the image enters the pest recognition module, it needs to go through three stages: image
preprocessing, TensorFlow-based image recognition, and image counting, to realize all the functions of the
pest recognition module.

4.2.1 Pest image acquisition

The pest images employed in this research were derived from the periodic automated capturing of RGB images
at designated pest monitoring sites. These images belong to the category of controlled imagery acquired
through trapping methodologies and were procured within a stable environmental context, as illustrated in
Figure 9. The image files maintain the JPG format.
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Figure 8: Basic flowchart of pest image recognition and counting.

Figure 9: Pest monitoring device and captured images.
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4.2.2 Pest image preprocessing methods

Images captured in farmland are often affected by various natural conditions, such as varying light intensity,
adverse weather conditions (rain or snow), and high wind speed. These factors can significantly impact image
quality, subsequently affecting pest counting and recognition accuracy. Therefore, it is crucial to apply basic
image preprocessing techniques to mitigate the influence of these factors. The main preprocessing steps are as
follows:
(1) Image enhancement

To improve the quality of pest images, an image enhancement technique is employed. The grayscale
histogram is a simple yet effective method for assessing image quality. In this study, the histogram
equalization algorithm is utilized to process pest images, enhancing their overall contrast and improving
visual clarity.

(2) Image segmentation
After noise reduction, pest images should only contain relevant background and foreground informa-

tion. Image segmentation is employed to separate these regions for further classification processing.
Threshold segmentation is a widely used technique that leverages the grayscale differences between the
target object and the background. The Otsu method, known for its automatic and unsupervised threshold
selection capabilities, is employed in this study. By calculating the zeroth and first-order cumulative
moments of the grayscale histogram, a threshold is determined to separate the target object and back-
ground effectively. Following segmentation, irrelevant information, such as background noise, is removed
from the pest images.

(3) Morphological processing
Residual branches, insect fragments, and other noise artifacts may still be present in the images even

after the above processing steps. To mitigate their impact on pest counting and recognition, morphological
processing techniques are applied in the designed pest recognition module of this study. Morphological
operations can reduce the loss of information caused by image transformations and further refine the
noise reduction after segmentation. Through experimentation with various combinations of erosion,
dilation, opening, and closing operations, an optimized morphological processing method is selected.
Specifically, an opening operation followed by a closing operation is performed. Morphological processing
effectively eliminates remaining noise in the image and fills small holes, ensuring that the image quality
meets the requirements for subsequent pest recognition and counting.
By implementing these image preprocessing methods, the presented approach aims to improve the quality

of pest images captured in farmland, mitigating the impact of various natural factors. These preprocessing
steps play a vital role in enhancing the accuracy and reliability of pest counting and recognition algorithms.

4.2.3 Pest image tagging and information extraction

After noise reduction, background information removal, and morphological processing, the image has met the
conditions for image tagging. According to the principle of connected domain tagging, the original pest image
information is tagged in order, and the tagged small image blocks are regenerated into new images. These
images can be sent to the model established by TensorFlow in order for subsequent recognition processing in
numerical order. The original pest image is shown in Figure 10a, and the tagged pest image is shown in
Figure 10b.

In the subsequent pest recognition processing under the TensorFlow framework, using the sticky board
images taken by the original device directly will cause inconsistent image sizes, leading to lower recognition
accuracy. After tagging, recognition information extraction, splitting, and synthesis, the images are uniformly
auto-cropped to 500 × 500 pixels, which ensures improved recognition accuracy.

Research on agricultural environmental monitoring IoT  11



4.2.4 Pest image recognition and counting based on TensorFlow

TensorFlow is a powerful open-source software library for deep neural networks developed by the Google
Brain team and first released in November 2015 under the Apache 2.x license. TensorFlow has good encapsula-
tion of convolutional neural networks (CNN) mentioned in the previous section, so that developers can simply
and quickly convert the designed neural network into programs for research and testing.

4.2.4.1 Pest image dataset
There are many common pests in farmland. For convenience of experiment, images of planthopper, the main
pest in the growth process of crops (rice) in farmland, are selected as the dataset. Planthopper is temporarily
selected as the recognition sample, but the corresponding algorithms are retained for other pests such as borer
and nematode. More than 3,000 images are used for training and more than 1,000 images are used for testing
in this paper. Irrelevant images are manually filtered out.

4.2.4.2 CNN
Establishing a CNN is the main process for image recognition. Since the pest image recognition module is
executed at the edge computing device to further save resources while maintaining high recognition accuracy,
an 11-layer small CNN is built for recognition in this experiment. The main structure of CNNmodel includes the
input layer, convolutional layer, pooling layer, fully connected layer, and softmax layer.

The specific establishment methods of each layer of the network model are as follows:
(1) Input layer: 500 × 500-pixel pest images after preprocessing
(2) Convolutional layer: A total of eight layers, mainly pooling layers
(3) Fully connected layer: Fully connected 4,096 outputs.
(4) Output layer: Two output nodes, with brown planthopper pest and other as recognition objects. The output

results here are only used in the experiment, and other pest recognition functions will be added in
subsequent development.

4.2.4.3 Model parameters and model training
In the model testing phase, the number of iterations is set to 3, the number of batches read is set to 20. The
learning rates are selected as 0.1, 0.05, and 0.01, respectively. The results are shown in Figure 11a. To further

Figure 10: Labeling of pest image.
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verify the impact of four activation functions, including ReLU, ELU, tanh, and sigmoid, on the recognition
accuracy of the established neural network, we conducted actual tests on the aforementioned activation
functions and obtained the results as shown in Figure 11b.

4.2.4.4 Evaluation of model accuracy and experimental results
To assess the performance of our model, various accuracy metrics were utilized. These metrics include
confusion matrix, precision, recall, F1-score, area under the curve (AUC), and overall accuracy.

In our experiments, to demonstrate the effectiveness of the CNN EvtestNet established in this study, we
conducted a comparative analysis with commonly used typical models. Our model achieved the following
results: precision of 0.9059, recall of 0.9844, F1-score of 0.9436, AUC of 0.9601, and overall accuracy of 0.8940.
As shown in Figure 12.

Figure 11: Recognition accuracy. (a) Recognition accuracy under different learning rates. (b) Recognition accuracy under different
activation functions.
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Figure 12: Evaluation metrics of EvtestNet. (a) Results of precision, recall and F1-score. (b) Result of Confusion matrix. (c) Recognition
accuracy under different network models.
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4.2.4.5 Pest image-counting experimental results
According to the pest-counting process designed in this article, we conducted actual pest-counting experiments
and compared with manual counting (10 pest images randomly selected). The results are shown in Table 2,
indicating a high counting accuracy.

4.2.5 Discussion on the experimental results of pest image recognition and counting

The experimental results obtained from the pest image recognition and counting experiments indicate an
accuracy rate of approximately 90% for pest identification and an accuracy exceeding 90% for pest
counting. From a purely data-driven perspective, the accuracy of pest identification may not be remark-
able, given the current rapid advancements in neural network technology. However, the small-scale CNN
developed in this study significantly conserves resources on edge devices compared to complex deep
neural networks and resource-intensive image recognition techniques. This provides ample assurance for
large-scale agricultural field monitoring. Moreover, by leveraging edge computing, which processes high-
quality images locally without the need for transmitting large image data back to the cloud, valuable
resources are conserved, effectively meeting the requirements for dynamic pest monitoring in agricul-
tural fields.

5 Conclusion and prospects

5.1 Conclusion

This article introduces a proposed design for an IoT architecture specifically tailored for agricultural environ-
mental monitoring. The architecture seamlessly integrates the LoRaWAN module with the pest recognition
and counting module, establishing a framework at the edge computing end. By optimizing computing
resources, this architecture enables real-time processing of data uploaded by online terminals. To assess
the overall network transmission quality, the NS3 software is employed to simulate the deployment of mon-
itoring nodes in agricultural environments. The experimental results demonstrate the stability of data trans-
mission from environmental monitoring nodes using the LoRaWAN transmission protocol, regardless of the
utilization of multiple gateways or monitoring nodes. The observed overall packet loss rate remains below 5%,
meeting the required standard for transmission quality. As a result, this architecture effectively meets the
demands of large-scale monitoring IoT applications in agricultural fields.

Table 2: Accuracy between automatic counting and manual counting

Number Automatic recognition module
counting results

Manual counting results Accuracy
(%)

1 28 30 93.3
2 29 32 90.6
3 16 16 100
4 21 22 95.5
5 11 11 100
6 18 20 90.0
7 26 29 89.7
8 16 16 100.0
9 30 33 90.9
10 20 22 90.9
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Additionally, this article establishes an 11-layer small CNN model on the TensorFlow platform framework.
The pest sample images are trained through the image recognition process to conduct comprehensive model
testing. Different learning rates, activation functions, and network models are tested to evaluate the recogni-
tion accuracy. The final results indicate that the designed model achieves 89.4% accuracy in recognizing
agricultural pests, adequately fulfilling the requirements for pest warnings in agricultural environments.

5.2 Limitations and future prospects

This article has conducted research on the key technologies of agricultural environmental monitoring IoT and has
achieved preliminary research results. However, there are still some areas that require further improvement.

In terms of pest recognition, the research in this article focuses on a limited number of pest species. It
explores the transplantation of lightweight image neural networks to the edge and successfully achieves pest
recognition.

The designed edge computing IoT system in this article only simulates the transmission data using
simulation software. Therefore, it is crucial to conduct stability testing of IoT transmission in real agricultural
environments.

In the future, the following areas will be further investigated:
(1) Continuation of research on the impact of low power wide area network protocols on network transmis-

sion quality. This includes exploring the relationship between other LoRaWAN protocol parameters, such
as adaptive data rate-related algorithms, and network transmission quality. It will be necessary to conduct
practical testing in actual agricultural environments.

(2) Conducting research on grid monitoring of pest conditions in large agricultural areas. This involves
expanding the range of identifiable targets based on existing pest recognition equipment and algorithms.
Additionally, studying the grid monitoring system for large-scale regional pest conditions will be explored.
For pest conditions in different regions, the application of technologies such as artificial intelligence to
predict the occurrence path of agricultural pests can provide advance warning to relevant areas.
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