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(ENR) to address the issues of high cost and lengthy processing times associated with traditional detection methods,
as well as the reliance on manual operation and insufficient identification accuracy of existing digital immunoassay
technologies. Methods Based on automated imaging equipment and deep learning algorithms, a digital
immunoassay system using polystyrene microspheres as signal carriers was constructed, combining immunoreaction
and magnetic separation technologies to achieve quantitative detection. The system integrated a high-precision
automated microdisplacement platform, adopted the Faster-RCNN algorithm to achieve rapid recognition of
microspheres, and introduced the NAFNet image enhancement algorithm to improve the imaging quality. Results The
platform was capable of achieving high sensitivity detection of ENR (limit of detection 19.35 pg/ml, linear range
0.5-100.0 ng/mL), with test recoveries ranging from 104%-111%, and had made significant breakthroughs in
detection efficiency, automation and anti-interference capability. Conclusion The study develops a deep
learning-based automated immunoassay platform capable of stable image acquisition and accurate recognition of
microspheres. The deep learning algorithm provides accurate and reliable counting, and the immunoassay system

establishes features a wide linear range, low detection limit and high sensitivity. It performs well in the detection of

milk samples and is suitable for the rapid automated detection of enrofloxacin in food.
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Fig.1 Schematic illustration of immunosensor for detection of enrofloxacin in milk samples
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Fig.2 Mechanical structure of automated imaging equipment
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Fig.5 SEM image of the immune complex
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Fig.6  Standard curves for ENR detection (A), linear range for detection of ENR (B) and specificity assay for ENR detection (C) (n=3)
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