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Abstract

With the widespread application of edge computing and deep learning, their potential in the field of
smart agriculture is gradually emerging. As a key component in the irrigation system, the quality inspection
of the chip dripper is of great significance to improving the accuracy of agricultural irrigation. However, due
to the limited computing resources of edge devices, traditional deep learning models are difficult to directly
apply to such scenarios. To address this problem, this thesis, based on the edge computing hardware
framework, has improved the YOLOvVS model by lightweighting and optimizing the accuracy of the chip
dripper detection task, and completed the system deployment and testing on the actual edge device. The main
research contents of this thesis are as follows:

(1) Research on lightweight design of chip dripper detection algorithm model. In order to reduce
the computational complexity of the YOLOvV8 model, this thesis first replaces the backbone network with the
StarNet network and optimizes the Bottleneck structure in the C2f module to the StarBlock module, thereby
significantly reducing the number of parameters and computation of the model. In addition, the detection
head part is designed with parameter reuse to further reduce resource requirements by reducing redundant
parameters. Compared with the original YOLOVS model, the floating point calculation amount is reduced by
27.6% and the number of parameters is reduced by 45.3%. The above optimization strategy enables the
improved model to have good lightweight characteristics while meeting the computing power of edge
devices, providing a feasible solution for resource-constrained real-time detection tasks.

(2) Research on lightweight model algorithm optimization. The TA attention mechanism is
introduced to enhance the feature extraction ability of the model and improve the detection accuracy of key
parts of the chip dripper. At the same time, the WIoU V3 loss function is used instead of the traditional loss
function to improve the regression effect of the model on small and complex targets. Through experimental
verification, the average precision mean is improved by 5.1% compared with the original lightweight model,
so that the model achieves a good balance between accuracy and efficiency.

(3) Research on the deployment of the intelligent edge detection platform for chip drippers. This
thesis uses the RK3588 edge computing platform to convert and deploy the improved YOLOv8 model across
frameworks. The specific process includes converting the PyTorch model into ONNX format, and then
optimizing the RKNN tool to generate a model file adapted to RK3588. The average loading time of the
improved model on the RK3588 edge device is 7.9 seconds shorter than that of the original YOLOv8 model,
and the average inference time is shortened by 2.4 seconds. The edge detection platform designed in this
thesis can not only detect the sheet dripper in real time, but also has the advantage of low latency, which fully
verifies the feasibility and application value of this method in the agricultural equipment production scenario.

Key words: edge computing; target detection; YOLOvVS; RK3588
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