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 Background: Extracellular vesicles (EVs) are produced by almost all known organisms and 

released or secreted from cells. EVs particles are lipid-based particles with size ranging from 30 to 1000 

nm. Transmission Electron Microscopy (TEM) is the most convenient method for imaging of EVs. The 

size measurement of the EVs on the TEM images can be automated and accelerated using convolutional 

neural networks (CNN). Our approach is to use a CNN that transforms a TEM image to a probabilistic 

map that indicates where extracellular vesicles particles are located. Our method is based on supervised 

learning that requires both the input images and their corresponding annotations.  

 Methods: We used EVs isolated from ascitic fluids from ovarian cancer patients by 

ultracentrifugation. The TEM images were obtained using negative staining. The software development 

included four steps: data augmentation and marking datasets using VGG Image Annotator (VIA) software 

(Oxford, England); neural network education; particle detection and features extractions. Mask R-CNN 

was chosen as the core CNN for object detection and instance segmentation using Keras and TensorFlow. 

 Results: Mask RCNN Neural Network was educated using more than 2000 particles. The EVs 

were counted, and their size was measured (area, effective diameter, square). We added the option of 

manual checking the results. After processing, the software calculates the key parameters of each EV and 

provides the results as a table for further statistical analysis. 

 Conclusion: Our approach helps to analyze each TEM image of vesicles approximately 10 times 

faster than by handpicking of single EVs. Since the CNN method is highly flexible, similar convolutional 

networks could be adapted to detect other particles by learning from annotated datasets. 
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