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Fig. 1 Structure of DarkNet53 feature extraction network (plot with NN-SVG™*)

Res: residual, Conv: convolution, BN: batch normalization.
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Fig. 2 Structure of cross—region residual connetcions
Res: residual, ConvDs: convolution downsample, BN: batch

normalization.
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Fig.3 Structure of attention selection

Avgpool:  average  pooling, Maxpool: maximum  pooling,

Conv: convolution.
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Fig. 6 Curves of loss (a) and mAP value (b) of the convolution neural network
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Graphical abstract

Abstract Objective The scale of microalgae farming industry is huge. During farming, it is easy for
microalgae to be affected by miscellaneous bacteria and other contaminants. Because of that, periodic test is
necessary to ensure the growth of microalgae. Present microscopy imaging and spectral analysis methods have

higher requirements for experiment personnel, equipment and sites, for which it is unable to achieve real-time
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portable detection. For the purpose of real-time portable microalgae detection, a real-time microalgae detection
system of low detection requirement and fast detection speed is needed. Methods This study has developed a
microalgae detection system based on deep learning. A microscopy imaging device based on bright field was
constructed. With imaged captured from the device, a neural network based on YOLOv3 was trained and
deployed on microcomputer, thus realizing real-time portable microalgae detection. This study has also improved
the feature extraction network by introducing cross-region residual connection and attention mechanism and
replacing optimizer with Adam optimizer using multistage and multimethod strategy. Results = With cross-region
residual connection, the mAP value reached 0.92. Compared with manual result, the detection error was 2.47%.
Conclusion The system could achieve real-time portable microalgae detection and provide relatively accurate

detection result, so it can be applied to periodic test in microalgae farming.
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