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Abstract

To address the challenges of small object detection, complex illumination interference, and limited
computing power of edge devices in the task of missing seedling detection for tomato plug seedlings in
greenhouses, this thesis proposes a lightweight missing seedling detection method based on edge computing.
Using 24-cell local images as the basic detection unit, a full-process study encompassing dataset construction,
model optimization, pruning compression, and edge deployment was conducted to achieve accurate
identification and real-time detecting of missing cells. The main research contents and conclusions are as
follows:

(1) Construction of a tomato plug seedling missing seedling dataset. Aiming at the natural light
environment of greenhouses, images of plug seedlings were collected under various lighting conditions
including low, medium, and strong light. The rows and columns of the plug tray were precisely located using
the projection method. A sliding window strategy was employed to crop the complete 72-cell images into
6,300 local images of 24 cells, followed by single-class annotation for missing cells. Statistical analysis
shows that the pixel ratio of missing targets in the local images is less than 3%, with an aspect ratio
concentrated between 0.9 and 1.1. The dataset has a balanced distribution of lighting scenes, providing a
solid data foundation for model training.

(2) Construction and validation of the YOLO-SFEP missing seedling detection model. Using YOLOv8n
as the baseline, a Small Object Improvement Network (SOIN) was proposed to enhance the detailed feature
extraction capability for missing cells. An Efficient Multi-scale Attention mechanism (EMA) was introduced
to suppress illumination interference. A lightweight module (CFNB) was constructed using the FasterNet
Block to reduce model complexity. The PloU loss function was adopted to optimize regression accuracy.
Experimental results on the self-built dataset show that the YOLO-SFEP model achieves a precision of 96.7%,
a recall of 98.8%, and a mean Average Precision (mAP50) of 97.9%. Furthermore, it demonstrates strong
robustness under low, medium, and strong light conditions, with an average mAP50 of 97.9%, verifying its
adaptability to complex greenhouse lighting environments.

(3) Multi-strategy fusion pruning and model lightweighting. To adapt to the computational constraints
of edge devices, a Slim-L1-LAMP multi-granularity fusion pruning scheme was proposed to systematically
remove redundancy at the channel, filter, and weight levels in stages. At a 55% pruning ratio, the model's
parameters were reduced to 1.89 M (a 27.9% reduction), computational load to 3.5 G (a 59.8% reduction),
and model size to 3.8 MB, while maintaining an mAP50 of 97.9%, achieving a balance between high
precision and lightweight design.

(4) Edge system deployment and performance testing. The pruned model was deployed on a Raspberry

Pi 5 platform. A real-time detection system was built through model conversion and integration with the



NCNN inference engine. Test results show that the system achieves a single-frame inference rate of 16.2 FPS
and an end-to-end latency of 68.1 ms, meeting real-time requirements. The replicated accuracy test yields an
mAPS50 of 96.3%, with a precision loss controlled within 2%. During 30 minutes of continuous operation,
the system maintains stable CPU usage between 50% and 60%, memory usage of 1.1 GB, and power
consumption of 5~7 W. It also maintains stable detection performance under different lighting conditions

(mAP50 = 95.1%), validating the system's reliability and practicality in real production environments.

Key words: missing seedling detection; tomato plug seedlings; YOLO-SFEP; model pruning; edge
computing; Raspberry Pi 5
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