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Abstract: An automated detection method for microplastic was developed by combining deep learn-
ing object detection and micro—Raman spectroscopy. Microplastics were retained on a metal filter
membrane, and suspected microplastics were identified and captured by an object detection model,
followed by automatic Raman qualitative analysis after coordinate transformation. The results showed
that the trained YOLOv8n—based microplastic object detection model exhibited precision, recall and
mAP@Q. 5 all above 90%, with the mAP@0. 5 : 0. 95 reaching 74%, indicating excellent perfor-
mance in object localization and recognition. The established Raman spectral identification model for
microplastics based on the optimized weight hit quality index (HQI) algorithm achieved 100% classifi-
cation accuracy for seven types of microplastics. Automated detection of microplastic was realized by
integrating the microplastic object detection model and the Raman spectral identification model. The
size detection limit of the method was 100 wm. The spiked recoveries of microplastics in actual water
samples were greater than 90% with relative standard deviations (RSDs) below 10%, demonstrating
satisfactory accuracy and precision. This method could be used for the rapid, automatic and accurate
detection of microplastics in water.
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Fig. 1 Principle and design of this work
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Fig. 2 Precision—Recall(P-R) curves(A) and mAP@Q. 5 : 0. 95 curves(B) of models trained based on YOLOv8n/v8s/v8l
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Table 1 ~ Performance comparison of microplastic object detection models based on YOLOv8n/v8s/v8l

Model version

Metric category Specific metric

YOLOv8n YOLOvS8s YOLOvSI
Performance pa- Precision/% 91.8 92.5 92.7
rameter Recall/% 92.4 90.9 90. 6
mAP@0. 5/% 97.0 95.8 95.7
mAP@Q. 5 : 0. 95/% 74.3 75.2 74.0
Computational Inference speed/(FPS/ms) 50.5 102.6 423.7
efficiency Computational complexity/( 10°XFLOPs ) 8.2 28.6 165.4
Model file size/MB 6.1 21.9 85.6

Number of network layers 129 129 209

Total number of parameters/10° 3.0 11.1 43.6
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Fig. 3 Single—target(A), multi-target(B, C) microplastic image detection results, and filter membrane background image(D)

detection result of the microplastic target detection model based on YOLOv8n
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Fig. 4 PCA analysis results of Raman spectra of 7 microplastics(A); typical Raman spectra of 7 microplastics and HQI weights
corresponding to Raman shifts, where a—g represent the Raman spectra of PVC, PS, PP, PLA, PET, PE and PC, respective-
ly(B); recognition similarity boxplots of two HQI models(C)
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Fig. 5 Accuracy and precision of the method
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Table 2 Determination of actual water samples(n=3)
Sample  Spiked/(items/L) Microplasfic composi-  Average particle size/ : Found/(items/L.) Recovery%  RSD%
tion pm This method Manual method
S1 10 pPVC 300 10. 0+0. 0 10. 0£0. 0 93.3 3.1
PS 250 8.7+0.6 9.3+0.6
S2 5 PLA 300 5.0+0.0 5.0+0.0 91.7 8.3
PC 170 4.3+0.6 4.7£0.6
PS 250 4.3£1.6 4.7£0.6
PP 250 4.7+0. 6 4.7+0. 6
S3 5 PC 170 3.7+0.6 4.0+0.0 93.3 3.1
PLA 250 4.7+0. 6 4.7+0. 6
PS 250 5.0£0.0 5.0+0.0
PET 300 5.3+0.6 5.0+0.0
A the proposed method
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