
International Journal of Trend in Scientific Research and Development (IJTSRD) 	
Volume 9 Issue 6, Nov-Dec 2025 Available Online: www.ijtsrd.com e-ISSN: 2456 – 6470	

	

@ IJTSRD   |   Unique Paper ID – IJTSRD98709   |   Volume – 9   |   Issue – 6   |   Nov-Dec 2025 Page 9 

An Intelligent Detection and Identification System for 
Crop Pests and Diseases Based on YOLOv8 

Chen Yuxuan, Liu Fangbin, Gao Jian 

School of Systems Science and Statistics, Beijing Wuzi University, Beijing China 
	

ABSTRACT 
Addressing the limitations of traditional manual detection for crop 
pests and diseases, such as its subjectivity and low efficiency, this 
study designs and implements an intelligent detection and 
identification system based on the YOLOv8 algorithm to enhance the 
automation and accuracy of field diagnosis. The system adopts a 
modular architecture, encompassing input/output, data preprocessing, 
model training and optimization, pest/disease identification and 
localization, and a user interface module. The data preprocessing 
module generates high-quality training sets through image annotation 
and data augmentation, laying the foundation for model performance. 
The model training module incorporates various optimization 
strategies to enhance detection capabilities. The identification module 
can output the category, confidence, and location information of pests 
and diseases in real-time. Experimental results demonstrate that the 
system performs excellently in multi-class pest and disease 
identification tasks, exhibiting high reliability and strong practical 
utility. It provides technical support for agricultural pest and disease 
control and holds broad prospects for widespread adoption. 
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1. INTRODUCTION 
1.1. Research Background and Significance 
Crop diseases and pests pose a serious threat to 
agricultural production. Traditional manual detection 
methods are inefficient and highly subjective, making 
it difficult to meet the demands of modern 
agriculture. Deep learning-based object detection 
algorithms offer a new solution: among them, the 
YOLOv8 algorithm, with its powerful feature 
extraction and rapid detection capabilities, has been 
successfully applied to scenarios such as lightweight 
detection of wheat diseases and identification of small 
pests through improvements, demonstrating its 
effectiveness[1]. 
 Building an intelligent detection system based on 
YOLOv8 enables real-time monitoring of crop 
growth and early warning of diseases and pests, 
providing data support for farmers' prevention and 
control efforts as well as scientific research. This 
holds significant value for enhancing agricultural 
productivity and ensuring food security, with broad 
application prospects in the process of agricultural 
modernization[2].  

 
1.2. Research Methodology and Innovations 
This study builds an efficient and accurate intelligent 
detection and identification system for crop diseases 
and pests based on the YOLOv8 object detection 
algorithm. Considering the characteristics of disease 
and pest images, the model underwent parameter 
tuning and structural optimization, including 
adjustments to hyperparameters such as learning rate 
and batch size, to enhance detection performance.  
In terms of methodological innovation, a data 
augmentation-based training strategy was proposed to 
improve the model's generalization ability through 
image transformations. Additionally, transfer learning 
was employed to leverage pre-trained model 
parameters, accelerating convergence and enhancing 
recognition accuracy. The system also features an 
intuitive and user-friendly interface, allowing users to 
upload images or videos and receive real-time 
identification results, thereby lowering the barrier to 
usage. 
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2. Related Theories 
2.1. Overview of Object Detection Algorithms 
Object detection is a core task in computer vision, 
aimed at identifying and locating target objects within 
images. With technological advancements, deep 
learning-based methods have gradually replaced 
traditional approaches, among which the YOLO 
series algorithms have garnered significant attention 
for their efficiency and real-time performance[3].  
YOLOv8 enhances detection accuracy while 
maintaining real-time capabilities by improving 
network architecture, optimizing loss functions, and 
adopting multi-scale prediction strategies. In the field 
of crop pest and disease detection, this algorithm 
enables rapid and precise identification of pest and 
disease targets, providing effective technical support 
for agricultural production.  
Through continuous optimization, YOLOv8 holds 
broad application prospects in agriculture, promising 
to deliver more efficient solutions for pest and disease 
control[4]. 
2.2. Applications of Deep Learning in Object 

Detection  
Deep learning-based object detection algorithms are 
mainly divided into two categories: region proposal-
based methods (such as the R-CNN series) and 
regression-based methods (such as the YOLO series). 
The former generates candidate regions before 
classification, achieving high accuracy but at a slower 

speed; the latter transforms detection into a regression 
problem, outputting results in a single forward pass, 
balancing both speed and precision. 
YOLOv8 optimizes network architecture and training 
strategies, achieving real-time detection while 
maintaining high accuracy, demonstrating significant 
advantages in tasks such as crop pest and disease 
recognition. With continuous algorithm optimization 
and increasing computational power, regression-
based methods have become the mainstream in object 
detection, showing broad application prospects in 
fields like agricultural automation inspection. 
2.3. YOLOv8 Algorithm Principles 
The YOLOv8 algorithm is based on a convolutional 
neural network architecture and achieves efficient 
object detection through an end-to-end regression 
strategy. Its core technical advantages are reflected in 
three aspects: first, the adoption of the CSPNet 
structure optimizes gradient backflow and reduces 
computational redundancy, significantly improving 
feature extraction efficiency; second, multi-scale 
feature fusion is achieved through PANet path 
aggregation, effectively enhancing the detection 
capability for objects of different sizes; finally, the 
introduction of Mosaic data augmentation technology 
improves the model's generalization performance 
through composite image training. As shown in the 
figure below, the construction of the convolutional 
neural network is explained. 

 
Figure 1 The Structure of a Convolutional Neural Network 

In terms of training strategy, the algorithm combines the GIoU loss function with cross-entropy loss to optimize 
bounding box regression and classification accuracy. The architecture exhibits excellent scalability and can be 
adapted to specific scenarios such as agricultural pest and disease detection by adjusting input sizes, anchor 
parameters, etc., providing technical support for real-time and precise identification.  
Through the aforementioned technological innovations, YOLOv8 achieves high-precision detection while 
maintaining real-time performance, offering core algorithmic support for the intelligentization of agricultural 
production. 
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3. Design of Intelligent Detection and Identification System for Crop Diseases and Pests 
3.1. Overall system architecture design 
The Intelligent Crop Pest and Disease Detection System adopts a modular architecture, designed to build an 
efficient, stable, and user-friendly automated identification platform. Its core workflow begins with the input-
output module, which serves as the user interaction interface, responsible for receiving image/video data and 
clearly presenting the final identification results.  
Subsequently, the data preprocessing module cleans and enhances the raw images through operations such as 
lighting correction, noise reduction, and data augmentation to improve image quality, laying the foundation for 
accurate identification. The preprocessed data is then fed into the model training and optimization module, 
which utilizes the YOLOv8 algorithm for model training and continuously optimizes recognition performance 
by adjusting parameters and structures, ensuring high accuracy in practical applications. The following diagram 
illustrates the model training process of this project. 

 
Figure 2 Training Model Process 

Finally, the pest and disease identification and 
localization module loads the optimized model to 
perform real-time analysis and inference on the input 
images. It can not only quickly identify the type of 
pest or disease but also precisely pinpoint its location. 
The entire process is integrated through an intuitive 
user interface module, providing users with a one-
stop service from data upload to result viewing. This 
architecture, through the efficient collaboration of its 
modules, achieves rapid and accurate intelligent 
detection of crop pests and diseases. 
3.2. Data Preprocessing Module 
In the intelligent detection and identification system 
for crop diseases and pests, the data preprocessing 
module serves as the cornerstone for ensuring model 
performance. Its core tasks involve improving data 
quality and quantity through image annotation and 
data augmentation.  
Image annotation requires professionals to manually 
and precisely label diseases and pests in images, 
creating high-quality annotated datasets. To ensure 
accuracy, a method combining independent 
annotations by multiple individuals with subsequent 
verification can be adopted to minimize human errors, 
providing reliable supervised information for model 
learning.  
Data augmentation aims to address the scarcity of 
real-world data. By applying geometric 
transformations (such as rotation and flipping) and 
photometric transformations (such as adjusting 
brightness and contrast) to images, the diversity of the 
dataset can be effectively expanded, significantly 
enhancing the model's generalization ability under 
different shooting conditions. Additionally, 
introducing noise to simulate real-world disturbances 

like insufficient lighting or device shaking can further 
improve the model's robustness in complex real-
world environments.  
In summary, meticulous data preprocessing lays a 
high-quality and diverse data foundation for 
subsequent model training, serving as a critical 
prerequisite for the system to achieve high-precision 
identification. 
3.3. Model Training and Optimization Module 
In the intelligent crop pest and disease detection and 
recognition system, the model training and 
optimization module is the core for enhancing model 
performance. This module systematically trains and 
fine-tunes the YOLOv8 model based on pre-
processed high-quality datasets.  
The process begins with data loading and model 
initialization. Subsequently, the training process 
iteratively adjusts model parameters through forward 
propagation, loss calculation, and backward 
propagation to minimize prediction errors.  
To achieve superior performance, the module 
employs several key optimization strategies: 
dynamically adjusting the learning rate to balance 
convergence speed and training stability; applying 
regularization methods to prevent overfitting and 
enhance model generalization; and utilizing data 
augmentation techniques to improve the model's 
adaptability to diverse scenarios.  
Ultimately, this module outputs a fully trained and 
optimized YOLOv8 model, equipping it with high-
precision recognition capabilities and rapid response 
speed, thereby providing reliable support for practical 
applications. 
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3.4. Pest and Disease Identification and 
Localization Module 

As the core of the system, the pest and disease 
identification and localization module is based on the 
pre-trained YOLOv8 model, capable of quickly 
analyzing input images and outputting the category, 
location, and confidence level of pests and diseases[5]. 
This module utilizes a deep learning network for 
feature extraction, simultaneously accomplishing 
object classification and position regression. The 
identified results are clearly displayed through the 
interface and support export, providing immediate 
and reliable technical support for agricultural 
decision-making. 
4. Experiments and Analysis 
4.1. Experimental Environment and Dataset 
To ensure the reproducibility of the experiments, this 
study was conducted in a Python environment and 
utilized the key software packages listed in the table 
below. The deep learning framework used was 
PyTorch 1.9.0, complemented by corresponding 
computer vision libraries (such as OpenCV and 
torchvision) and image processing libraries (such as 
Pillow and scikit-image).  
The experiments employed an open-source database 
from the internet as the benchmark dataset. This 
dataset contains a large number of image samples, 
and their file attributes along with some image 
thumbnails are displayed below, providing a data 
foundation for subsequent model training and 
evaluation. 
4.2. Experimental methods and procedures 
This experiment systematically evaluates an 
intelligent crop pest and disease detection system 
based on YOLOv8. First, images from open-source 
datasets underwent cleaning, size normalization, and 
data augmentation techniques such as rotation and 
color transformation. Subsequently, the preprocessed 
data was used to train the YOLOv8 model, employing 
learning rate decay and L2 regularization strategies to 
enhance accuracy and prevent overfitting. Next, the 
model's performance was comprehensively assessed 
on an independent test set using metrics such as 
accuracy, recall, F1 score, and mAP. Finally, through 
in-depth analysis of false positives and false 
negatives, improvement directions were identified, 
and the trained model was deployed to the system. 
The system features a user-friendly interface, 
allowing for easy image uploads and real-time 
detection results, providing a practical tool for 
agricultural production. 
4.3. Experimental details and results 
In the experiment, we followed standard deep 
learning procedures, clearly defining model 

parameters, learning rate, optimizer, training epochs, 
and batch size, while monitoring through loss 
functions and performance metrics to ensure training 
effectiveness. The results demonstrate that the system 
achieves both high accuracy and efficiency in pest 
and disease recognition tasks, showing promising 
application potential. In the future, we will continue 
to optimize the algorithm to enhance the system's 
stability and generalization capability, better serving 
agricultural production. The figure below displays 
sample images from the model training phase. 

 
Figure 3 Training images under different rounds 
Overall, through rigorous experimental design and in-
depth result analysis, we have fully validated the 
performance of the YOLOv8-based intelligent crop 
pest and disease detection system. The experimental 
results demonstrate that our system achieves high 
accuracy and efficiency in identifying various crop 
pests and diseases, holding great potential to provide 
robust technical support for agricultural production. 
In future work, we will continue to optimize the 
model algorithms to enhance the system's stability 
and generalization capabilities, better meeting the 
demands of practical applications. 
4.4. Experimental analysis 
After a series of experimental validations, our 
YOLOv8-based intelligent crop pest and disease 
detection system has demonstrated satisfactory 
performance. During the comprehensive testing 
process, we selected three images that best represent 
the system's high-level detection accuracy and 
outstanding real-time response capabilities. 

 
Figure 4 Standardized confusion matrix 
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Figure 5 F1 curve 

 
Figure 6 PR Curve 

The system has demonstrated outstanding 
performance during testing. It boasts high detection 
accuracy, capable of precisely identifying the types 
and locations of pests and diseases; strong real-time 
performance, enabling rapid recognition; and 
excellent robustness, allowing it to adapt to complex 
environmental changes such as lighting and 
background.  
However, there is still room for improvement in 
detecting small or occluded targets. Future efforts will 
focus on optimizing the model structure to further 
enhance its performance in complex scenarios. 
Overall, the system holds significant practical value 
and application potential, promising to provide robust 
technical support for agricultural production. 
5. Conclusions and Prospects 
5.1. Research findings 
This study successfully developed an intelligent crop 
pest and disease detection system based on the 
YOLOv8 object detection algorithm. Through 
extensive experimental validation, the system has 
demonstrated outstanding detection accuracy, capable 
of precisely identifying various pest and disease 
targets in images and accurately locating them. In 
terms of real-time performance, the system can 
rapidly process input image or video data and 
promptly provide users with identification results. 
Additionally, the system exhibits excellent robustness 
and generalization capabilities, maintaining stable 
recognition performance under varying lighting 
conditions, complex backgrounds, and diverse crop 
types. These superior performances make the system 
an effective tool for pest and disease control in 
agricultural production. In the future, we will 

continue to optimize the algorithm's performance to 
maximize its value in the field of smart agriculture. 
5.2. Research limitations and future prospects 
Although this study has made significant progress, 
there is still room for improvement in the system's 
performance when detecting small or occluded 
targets. Future plans include optimizing the model's 
feature extraction capabilities by introducing 
advanced techniques such as multi-scale feature 
fusion and attention mechanisms[6]. Additionally, user 
experience experts will be invited to optimize the 
interactive interface to enhance operational 
convenience. Furthermore, efforts will continue to 
expand the variety of crop disease and pest data, 
broadening the system's recognition scope by 
increasing training samples and model fine-tuning. 
We are committed to continuous improvement, 
aiming to develop the system into a more powerful, 
user-friendly, and widely applicable intelligent 
agricultural tool, providing stronger technical support 
for pest and disease control. 
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