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Introduction
There are multiple approaches available for identifying and quantifying the number of microplastic (MP) particles
present in environmental samples. Fluorescent staining and imaging of MP particles is one method that is easy to
implement and offers high potential for rapid screening of large numbers of samples. However, manually analysing
filters with stained MP is not only a tedious and time-consuming task, but it can be very inaccurate and suffers with
reproducibility issues, we aim to solve these issues using state-of-art deep learning techniques.

Materials & Methods

Results

The MP imaging rig is comprised of a macro lens
attached to a 54-megapixel camera, which is mounted
on a computer controlled desktop-sized CNC
(Computer Numerical Control) machine. This setup
automatically images the entire 41-mm diameter filter
with 10 photographs at a resolution of approximately 2
µm per pixel. The lens includes an orange filter (529
nm wavelength) while the imaging stage is illuminated
with two blue/green light sources with a peak
wavelength of 475 nm. For image processing we have
developed an algorithm based on deep learning to
automatically identify the stained MP. The algorithm
consists of a custom Fully Convolutional Network
(FCN, Fig. 1) architecture for particle segmentation
and can automatically adapt to image input sizes of
128x128 pixels and above.

When processing full size images (> 128 pixels), the
network will automatically scale to create a output
image containing the segmentation values for the
detected MPs. By thresholding this output image, we
can filter the detected MP particles on confidence from
the neural net (Fig. 2).
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Figure 2. Image from the imaging equipment (left) and the neural net
output (right) showing the detected MPs (white).

Using techniques such as Topological Structural
Analysis (Suzuki, 1985) and ellipse fitting, we can
acquire metrics like area, length and width for all
detected particles. This algorithm can process ten
partial images representing the total area of a single
filter in less than one minute. When testing this system
in a ongoing EU Joint Research Centre interlaboratory
comparison test, we scored in the middle of the
expected range.
Figure 1. illustrates the neural net architecture used in this method,
the network consists of only convolution and max pool layers.

The output is a binary soft mask of size N-128xM-128
of a NxM input image, where the pixel values in the
output mask can be any value between zero to one,
depending on the confidence of the MP detections.
Using a FCN architecture simplifies the training set
since the adaptive input size makes it possible to train on
a set of small images of 128x128 pixels, with the
annotation value being either 1 (MP) or 0 (background)
per image.

Conclusion
The system is comprised of cheap of the shelf
hardware compared to more advanced systems,
combined with fast image acquisition and processing
the system offers consistent and accurate results for
rapid screening of MP extracted from environmental
samples, which is also time and cost effective
compared to manual analysis.
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