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Deep Neural Network Technology for
Analyzing PDA Colorimetric Transition Sensors in Pathogen Detection

Junhyeon Jeon™, Huisoo Jang ', Mingyeong Shin",
Tae-Joon Jeon™ " and Sun Min Kim'

Abstract In this study, we propose a novel approach for rapid and accurate pathogen detection by
integrating Polydiacetylene (PDA) hydrogel sensors with advanced deep learning algorithms and
visualization techniques. PDA hydrogel sensors exhibit a color transition in the presence of pathogens,
enabling straightforward and quick pathogen detection. We developed a reliable pathogen detection
system that combines deep neural network algorithms with color quantification technology for
image-based analysis. This image-based system retains the ease of pathogen detection offered by PDA
sensors while deriving quantified color standards to overcome the limitations of human visual
assessment, enhancing reliability. This advancement contributes to public health and the development
and application of pathogen detection technology.
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PDA-alginate
hydrogel bead

Metabolite release
during bacterial growth

Incubation PDA-alginate
hydrogel bead with bacteria
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o Bacteria
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Fig. 1. (A) Schematic illustration of the PDA
hydrogel sensor fabrication (B) Pathogen detection
mechanism in PDA hydrogel sensors
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Fig. 2. Colorimetric transition tendency of PDA
hydrogel sensors over time and pathogen concentration.
A positive control is the original pathogen culture,
and a negative control is a sample that does not

contain the pathogen.
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Fig. 3. Training curves for segmentation model

Table 1. Finalized training parameters

Parameter Value
Iearlnnli':igalrate %104
Learning rate 0
drop ratio
Lderaor;i:geriroa;e 50 epoch
Adaptive momentum estimation(ADAM)
Optimizer B+ B2 c
0.9 0.999 1102
Mini-batch 8

0.9
0.8
0.7
0.6
% 0.5

0.3
0.2
0.1

0.5 0.6 0.7 0.8 0.9 1
1OU** Threshold

* Average precision
** Intersection over union

Fig. 4. Average precision graph for evaluating the
performance of sensor segmentation model
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Fig. 5. (A) Sensor segmentation process in the
fine-tuned SOLOV2 algorithm (B) The process of
quantizing color data from output masks
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Fig. 6. RCS changes over time and pathogen
concentration, and pathogen detection threshold
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