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Abstract

Coarse cereals hold significant market potential due to their rich variety and comprehensive nutri-
tional value. To help consumers assess product quality, support market regulation, and address the
limitations of equipment in agricultural settings, this paper presents a grain classification and
counting system based on a YOLO model, which only requires a mobile phone camera for data
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collection. To address challenges in coarse cereal recognition, such as small and densely packed
particles, high inter-class visual similarity, and complex background interference, this study em-
ploys targeted data augmentation, optimizes the weights of classification and localization losses,
introduces Test Time Augmentation (TTA), and applies differentiated post-processing strategies.
Experimental results show that the improved model achieves high classification accuracy and
counting stability for 8 out of 10 coarse cereal types, with recognition accuracy exceeding 85% for
most grains. The mean absolute error of the enhanced model is reduced from 1.130 to 0.880, and
the mean relative error decreases from 3.5% to 2.9%. The robustness and practicality of the system
are further validated through confusion matrices, performance curves, comparative experiments,
repeatability tests, and error analysis, demonstrating its effectiveness for rapid composition iden-
tification and accurate counting of mixed grains.
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Figure 1. YOLOv11 network architecture diagram
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Figure 2. FPN structure diagram
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Figure 3. Training set samples
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Figure 4. Enhanced data samples (First Round)
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Figure 5. YOLO internal data transformations
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Figure 6. Model training and validation curves
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Figure 7. Normalized confusion matrix
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Figure 8. Comprehensive performance evaluation curves for each grain class
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