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Abstract:  To solve the problems such as time-

consuming and labor-intensive of manual measurement for

Yo7 H 5 :2024-04-03
ESTE. 05 0 RRE I 40 H (32371993 ) ; %2048 T 4 BR85S soybean pod phenotypic parameters in traditional soybean
FFE I H (202204606020026 . 2023006020057 ) ; 284 seed evaluation processes, as well as the large quantity de-

BERRH R R BE 50 | o U H ( 2022AH040125. mand for manual data annotation, weak environmental ad-
2023AH040135) aptation and high computational costs in existing automated
VEER Y B (2003-) , 5, ek A AR BFSE 7 1 S WL measurement methods, an automated measurement method
MAEFIRRE 2 . (E-mail ) wukanglei272@ gmail.com for pod key phenotypic parameters which was mainly fo-

EIEE % 0, (E-mail) raoyuan@ ahau.edu.cn cused on pod length and width measuring was proposed in
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this study, based on virtual dataset generation and rotated object detection analysis. An improved pod detection model
(CSL-YOLOv7-tiny) was proposed by the method based on YOLOv7-tiny. The Circular Smooth Label was introduced to en-
able the model to obtain the capability for rotated object detection, and to improve the quality of detecting elongated pod tar-
gets in a disorganized arrangement. To avoid manual annotation of training data, virtual image generation method was used
to get virtual pod dataset as well as virtual coin and pod mixture dataset containing annotation information. Transfer learning
strategy was employed to transfer the model from the virtual pod dataset to the virtual coin and pod mixture dataset, which
accumulated the model’ s ability in pod features extracting. A post-processing method based on K-means clustering was de-
signed to analyze the detected rotated bounding boxes, and obtained pod length and width, which reduced measurement er-
rors caused by shooting environmental differences. Experimental results showed that under the condition of no training data
annotation, CSL-YOLOv7-tiny trained by virtual images obtained the optimal mAP 5, and mAP 5. s for coin and pod tar-
gets detection, which were 99.3% and 78.0%, respectively. The model size and inference time were only 12.92 MB and
12. 5 ms respectively, and the determination coefficients (R*) for pod length and width measurement reached 0.94 and 0.86
respectively, with only 0.42 mm and 0.02 mm differences compared with actual measurements. Furthermore, by compara-
tive analysis of the proposed method, the advantages in model training, lightweight deployment and adaptation to different
breeding environments were validated. The research results can provide reference for development of automated and intelli-

gent measurement system of soybean pod phenotypic parameter and can support the acceleration of high-quality and high-

yield soybean breeding.
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Fig.1 Examples of various collected images
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Table 1 Statistics of data collection
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Fig.2 Procedure of generating virtual images
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Fig.3 Examples of generated virtual images
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Fig.5 Measurement process of pod width and length based on K-means clustering
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Table 3 Comparison results of different models on virtual pod dataset
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Table 4 Comparison results of different training methods on virtu-

al coin and pod mixture dataset
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Fig.7 Detection results of models trained with different training methods
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Fig.9 Comparison results of different measurement methods in three typical seed measurement environments
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