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Abstract

With the rapid development of agricultural intelligence and automation technology, accurate recognition
of jasmine flower opening degree based on computer vision has become a key link to optimize the tea
production process and improve product quality. However, the morphological characteristics of jasmine
flowers in the opening stage (closed, half-open, and fully open) have subtle differences and are subject to the
interference of complex lighting conditions, dense distribution of buds, and dynamic production environment,
so the traditional manual detection methods have problems such as low efficiency, high subjectivity, and high
misjudgment rate. To this end, this study proposes an improved deep learning model, which combines the bi-
level routing attention mechanism (BRA), generalized feature pyramid network (GFPN) and multi-scale
detection head optimization strategy, to construct a set of highly efficient and robust jasmine openness
recognition system, and complete the deployment validation in real industrial scenarios. The main work of
this thesis is as follows:

(1) The research firstly constructs a highly generalized jasmine image dataset (5000 images, 22000
samples), covering four opening stages and multi-dimensional variables (light intensity, shooting angle, bud
density). The image quality was enhanced by adaptive histogram equalization (CLAHE) with Gaussian
filtering, and a stratified sampling strategy was used to divide the training, validation and test sets (8:1:1).
Based on the YOLOvS8-seg framework, the BRA module is introduced to dynamically allocate spatial and
channel feature weights to strengthen key discriminative features such as petal edge curvature and pistil
visibility; the GFPN network is designed to achieve multi-path cross-scale feature fusion to improve the
model's adaptability to dense occlusion and small target detection; the fourth detection head is added to
extend the feature map resolution and optimize the localization accuracy of very small targets.

(2) In this thesis, we conduct ablation experiments and comparison experiments on the model on the
constructed dataset, and the experimental results show that the average accuracy of BGF-YOLO on the test
set (MAP@0.5) reaches 0.82, which is a 2% improvement over the baseline model, in which the
misclassification rate of the micro-open and half-open phases is reduced from 10% to 5%. In the simulated
dense scenario, the leakage and misclassification rates are reduced to 2% and 3%, respectively. The heat map
visualization analysis shows that the model's attention is significantly focused on the openness discrimination
regions such as petal opening angle and stamen exposure, which verifies the effectiveness of the feature
extraction mechanism.

(3) In order to verify the industrial applicability of the system, this study was completed in the actual
production deployment in Guangxi Hengxian Jasmine Tea Factory. The hardware system integrates a high-
resolution industrial camera (MER2-503-36U3C), a tunable light source and an embedded industrial control

device, and the software system realizes real-time detection (response time < 0.8 s) through dynamic



resolution adjustment and multi-thread optimization. Under complex lighting (natural light, strong backlight),
dense bud distribution (200-300 buds/m*) and conveyor belt speed fluctuation scenarios, the average
detection accuracy of the system (mAP@0.5) is 0.82. It can reduce labor costs and improve detection
efficiency.

Translated with DeepL.com (free version)The jasmine openness recognition model based on improved
YOLOv8-seg and its supporting system proposed in this study provide technical support for the intelligence
and standardization of jasmine tea production, and at the same time provide a methodological reference for

fine-grained target recognition and real-time detection tasks in agricultural scenarios.
Keywords: Tea production; deep learning; jasmine; curing; recognition system
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