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Table 1 Physical parameters of experimental egg species
T EYESHL bie= | TEME itz
Physical parameters of eggs Range Mean Standard deviation
B 39.09~52.37 4231 1.59
Horizontal diameter/mm e : ’

WPz

Vertical diameter/mm 30.06~63.12 54.37 2.34
i

Weight/g 44.67~7091  54.03 5.22
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JE Lampshade
Embryo cgg % g g
=
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a. A A b. 3k

a. Cross-sectional view b. Three-dimensional view

A1 EEARRAERETEA
Fig.1 Schematic diagram of embryo image acquisition device
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Fig.2 Comparison of images of dead egg, unfertilized egg, and
live egg
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b. Image rotation
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Table 2 Experimental dataset

E-EITE SIS 4 W TokeE SEREE
Dataset Total Live egg (LE) Unfertilized egg (UE) Dead egg (DE)
UlIES S
Traini 738 309 115 314
raining set
|55 :
%ﬁ% 492 21 80 191
est set

c. R
c. Brightness adjustment  d. Image cropping
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Fig.3 Data augmentation for dead embryo and unfertilized egg
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Table 3 Experimental results comparison of different network models
e " \ TR 1 ‘ EHE | Tz
o o — A TORESE KRR e
Experiment number Model Precision P/% Recall R/% v.can average nierence time oat operation
precision mAPs.45/% per image/ms per second FLOPs/G

1 YOLOV8 97.2 97.9 95.4 22.8 257.8

2 Faster-RCNN(resnet50) 96.5 99.6 91.2 15.6 214.7

3 Faster-RCNN(vgg) 97.2 99.6 90.6 13.4 187.6

4 YOLOv6 98.0 97.9 95.6 52.9 610.7

5 YOLOv8 _SDE 99.2 98.2 96.9 8.9 101.9

x4 HRRIELEERITEL
Table 4 Comparison of results from ablation experiments
ot . SEEIHE RESE \ e SR
;1 3 ;2 3 ki o S Ion
RS AR *WJ = AP Mean average Rk ﬁkif!ﬁ ] Float operation
. Precision Recall . Inference time
Experiment number Model Pl% RI% precision er image/ms per second
° ° mMAPs05/% perimag FLOPs/G

1 YOLOvS8 97.2 97.9 95.4 22.8 257.8
2 YOLOvV8_ShuffleNetv2 97.0 97.7 94.7 7.2 94.2
3 YOLOv8_DSConv 99.2 98.3 96.7 29.7 320.1
4 YOLOv8 _EIOU 99.1 98.1 96.6 22.1 257.8
5 YOLOvS_ShuffleNetv2_EIOU 98.2 98.0 95.6 7.1 94.2
6 YOLOv8 DSConv_EIOU 99.2 98.3 97.1 29.6 320.1
7 YOLOv8_SDE 99.2 98.2 96.9 8.9 101.9
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Fig.10 Heatmap visualization analysis of the feature
extraction stage
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Visual detection method for vaccine embryo vitality based on YOLOVS

CAI Jianrong , ZHU Wenhui , QIAO Yu , LI Qiyang , LIANG Xiaoxiang , YANG Xiaonan , PAN Bingke
(School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212000, China)

Abstract: Detecting embryo viability is essential to the quality and safety of vaccine production, especially in large-scale
manufacturing. Rapid and accurate detection of embryo viability can improve the production efficiency for the final quality of
vaccines. Traditional machine vision detection can rely heavily on the complex algorithms of feature extraction, most of which
are often designed for specific scenarios. However, the detection accuracy and stability are also sensitive to the image quality
and environmental conditions, such as lighting, background, or temperature. Additionally, the applicability of traditional
detection has been limited to fault tolerance in different environments, when dealing with noise or abnormal conditions. To
address these challenges, this study aims to detect the vaccine embryo viability using an improved YOLOvVS model. Several
innovations were incorporated to enhance efficiency, accuracy, and adaptability. A specialized system of image acquisition was
developed to capture the high-quality images of embryos incubated for 10 to 11 days. The consistent dataset was obtained in
the varying environmental conditions. The dataset was then expanded using geometric transformations, color adjustments, and
image enhancement. As such, the robustness of the model increased to handle the diverse image conditions. In terms of model
improvements, ShuffleNetV2 was used to replace the YOLOvVS backbone. Computational complexity was significantly reduced
to maintain high accuracy, indicating more suitable for deployment on embedded devices where computational power was
limited. The overall efficiency of the model was enhanced to support its application in large-scale industrial environments.
Additionally, a dynamic snake convolutional layer was added to the neck of the YOLOv8 model. This layer was used to
adaptively focus on the elongated and curved structures in embryos, in order to capture the geometric features of tubular
structures. The precision of detection was improved to more accurately assess the physiological state of the embryos.
Furthermore, the EloU (Embedding Intersection over Union) loss function was introduced to more effectively detect the
boundary box alignment and shape similarity, compared with the traditional IOU. EloU improved the accuracy of boundary
box positioning, while reducing the errors related to the complex shapes of embryos, thereby enhancing the reliability of the
model in real-world applications. Experimental results confirmed that the superior performance of the improved YOLOVS
model was achieved to detect embryo viability. There was a precision of 99.2%, a recall of 98.2%, and a mean average
precision (mAP50-95) of 96.9%, with increases of 2, 0.3, and 1.5 percentage points, respectively, compared with the original
YOLOvV8 model. Additionally, the computational complexity and inference time were reduced by 60.9% and 60.5%,
respectively. The improved model was highly suited for the large-scale detection of embryos. The finding can also provide an
efficient, non-destructive approach for the rapid detection of the vaccine embryo viability.
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