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Project objectives ,

1. Development of the state-of-art additive microfabrication platform for achieving breakthroughs in high throughput, high

resolution and high surface quality layer-by-layer fabrication of photonic components for bio-sensing applications

2. Develop and validate a novel type of fully integrated and 3D-printed lab-on-chip platform for SERS based bio-

identification of hemoglobin variants for the diagnosis of diabetes

3. Establish multi-photon polymerization manufacturing and Raman spectroscopy-based bio-sensing capabilities at Yerevan
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Bacterial identification in SERS-integrated microfluidics using CNN-driven
2D classification of 1D spectra
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ARTICLEINFO ABSTRACT

Keywords: Bacterial sensing involves complex and variable samples that require advanced handling and analytical methods.
SERS To address these challenges, machine learning—especially deep learning—and SERS-based microfluidies have
Surface-enhanced Raman spectroscopy chown great promise. While previcus studies have majorly focused on 1D epectral classification, the use of 2D

1D+-t0-20 transformation
Spectral clasification
Convolutional neural necworks
SERS-Integrated micrafluidies
Bacterial claszification

representations of SERS spectra has not yet been explored, particularly for on-chip bacterial identification. In this
work, we introduce a novel framework that combines SERS-enabled nuerofluidies with optimized 2D convolu-
tional neural networks (2D-CNNz) for bacterial classification. SERS integration inside mierofluidic chips was
achieved through direct laser writing, enabling custom active areas and efficient on-chip measurements. We
syetematically evaluated nine distinet 1D-to-2D spectral transformations, with spectrogram and continuous
wavelet transform yielding test accuracies of 99 % and 97 %, respectively, on controlled datasets. Using transfer
learning, we achieved 100 % accuracy on the on-chip dataset, demonstrating the model’s adaptability to new
data. In contrast, other transformations, like pairwise distance and autocorrelation, performed below 93 96,
indicating their limited ability to capture subtle spectral features. This frameweork offers high sample control,
parallelization, and the potential for expanding the bacteria database, making it ideal for low-data-volume zit-
uvations such as rare infections. Further development and testing across strains, environments, and practeal
challenges can further improve our approach’s reliability for real-world diagnostics.




The workflow of the CNN-Driven 2D Classification of 1D bacterial spectra ,
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SERS spectra measurement 1n the sealed multi-well platform

b)

Figure SL The sealed multi-well platform for hourdong SERS measurements without losing focus. a) Assembled
platform. b) placement of the commercial SERS substrates in the platform’s wells.
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Figure S3. SERS spectra measured in the sealed multi-well platform.



Schematic representation of SERS substrate integration and chip assembly
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___________ 2D Representations:
1. Spectrogram via Short-Time Fourier Transform

. g . . . 2. Pairwise-Distance Plot or Recurrence Plot
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4. Continuous Wavelet Transform
5. Synchronous Correlation
6.Gramian Angular Field (GAF)
7. Markov Transition Field
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Fluoerescence through complex scattering media
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Microfabrication setup
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Applications of microfabrication setup
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Ablation study (microscope Ablation study (KLA : . .
image) D500 profilometer data) 2pp study, line width is

2.47um.

Z scan image of ablated substrate with Leica confocal microscope
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