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Abstract: The microscopic image has the characteristics of complex background and overlapping cells. Due to the
technical limitations, traditional image processing methods cannot accurately complete the real-time recognition
task. To address the above-mentioned problems, we propose an automatic detection method for microscopic
images using attention mechanism. This method improves the original DETR architecture by introducing a split-
transform-merge mechanism, which reduces the dimensionality of input features and trains multiple groups of
convolution kernels for feature extraction, thereby effectively improving the model's feature extraction ability for the
targets and increasing the accuracy of model detection rate. The experimental results show that the mAP of the
improved model was 96.3%, which is 10% higher than that of the original model DETR. Meanwhile, the proposed
method has superior detection capabilities for scenarios such as cell overlap, adhesion, and complex background.
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Moreover, the detection time for each leucorrhea image was about 88.8 ms, which can satisfy the requirement of

real-time microscopy examination.

Keywords: microscopic image; attention mechanism; deep learning; vaginitis; automatic detection
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Fig. 3 Microscopic images of the three common pathogenic cells that cause vaginitis.

(a) Mildew; (b) Trichomonas; (c) Clue cell
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Fig. 4 The performance of the original DETR and the improved DETR on validation dataset
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Table 2 The comparison of mAP and AP results of the original model and the proposed model
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Fig. 5 The comparison of PR curves computed from the original model and the improved model.

(a) PR curve of mAP; (b) PR curve of mildew; (c) PR curve of trichomonas; (d) PR curve of clue cell
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Table 3 The comparison of precision and recall results of the original DETR and the proposed improved DETR
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Fig. 6 The detection results of the three common pathogenic cells.

(a) Detection results of mildew; (b) Detection results of trichomonas; (c) Detection results of clue cell
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Fig. 7 Comparison of detection results and attention weights visualization map.
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weights visualization of the improved DETR; (h) Attention weights visualization of the improved DETR on the original image
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An automatic object detection method for
microscopic images based on
attention mechanism

Hao Rugian, Wang Xiangzhou, Zhang Jing, Liu ]uanxiu*, Du Xiaohui, Liu Lin

The detection results of the common pathogenic cells

Overview: The microscopic image has the characteristics of complex background and overlapping cells. The
traditional microscopy examination is performed by experienced doctors, and usually takes long time. Vaginitis is a
common and potentially harmful gynecological disease. It can significantly increase the risk of women being infected
with pelvic inflammatory disease, Human Immunodeficiency Virus (HIV), and premature birth. Routine leucorrhea
examination is a common early screening method for vaginitis, but traditional microscopic examination takes a long
time, and the test results are largely affected by the subjectivity of the doctor. Due to the technical limitations, traditional
image processing methods cannot accurately complete the real-time recognition task. To address the above-mentioned
problems, we propose an automatic object detection method for microscopic images based on attention mechanism and
perform it on the scenario of vaginitis screen. This method can achieve real-time and efficient detection of three
common cells, which are mildews, trichomonas and clue cells. The proposed framework uses DETR architecture based
on the self-attention mechanism for detection. Different from the commonly used object detection deep learning
models, DETR employs Hungarian bipartite match algorithm to assign the prediction and ground truth based on the
least cost, which saves the procedure of generating anchor boxes and region of interest proposal. The self-attention
mechanism is also used in DETR to generate the global connection of the targets and the whole image, which enables the
model to detect the overlapped targets more accurately. In our scenario of microscopic images with complex
background, to achieve better performance in image feature extraction section, we replaced the original CNN backbone
with a CNN architecture with a split-transform-merge mechanism. It reduces the dimensionality of input features and
trains multiple groups of convolution kernels for feature extraction, thereby effectively improving the model's feature
extraction ability for the targets and increasing the accuracy of model detection rate. The experimental results show that
the mAP of the improved model was 96.3%, which is 10% higher than that of the original model DETR. Meanwhile, the
proposed method has superior detection capabilities for scenarios such as cell overlap, adhesion, and complex
background. Moreover, the detection time for each leucorrhea image was about 88.8 ms, which can satisfy the
requirement of real-time detection. Therefore, this model can accurately identify pathogenic microorganisms in real
time and meet the needs of actual clinical use for leucorrhea routine examination. In addition, this method has high
transferability and robustness, which can be quickly migrated to microscopic clinical applications such as routine fecal
microscopy, urine composition analysis, blood routine analysis, etc.

Hao R Q, Wang X Z, Zhang J, et al. An automatic object detection method for microscopic images based on attention
mechanism[J]. Opto-Electron Eng, 2022, 49(3): 210361; DOI: 10.12086/0ee.2022.210361
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