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Context 

Bacterial contamination of food products represents an ongoing public health hazard, results in a 
massive waste of food and costs hundreds of millions of francs to food companies every year. 

At the heart of it is the fact that current bacterial detection and identification methods used in the 
food industry (and many other industries) are slow and can require up to a week to provide results. 

At the Laboratory of Quantum and Nano-Optics (LQNO), we are looking to build the next generation 
of bacterial sensing technology, using Raman spectroscopy and its variants, combined with a solid 
understanding of biochemistry, microfluidics know-how and powerful machine learning techniques. 

The project is extremely interdisciplinary and gives students the opportunity to familiarize 
themselves with a wide range of technologies, as well as gain experience in translating basic sciences 
to applied research. 

Project overview 

The working principle of our method is illustrated in Figure 1. In order to detect and identify 
bacterial cells, their “chemical fingerprint” is acquired through Surface-Enhanced Raman 
Spectroscopy and run through a machine learning algorithm to determine the specific strain under 
observation. Available methods for this kind of application include PCA, LDA, Neural Networks, etc. 

The goal of the project will be to test different machine learning approaches, particularly neural 
networks-based techniques, to classify bacterial cells using their Raman scattering spectra. 

 

Figure 1. Current process flow: a liquid sample containing bacteria is enriched with gold nanoparticles and immobilized in a 
microfluidic chip. Then, the spectral signature of the bacteria-gold complexes is acquired and analysed with machine 
learning to identify the strain of bacteria. 

What the student will do 

Throughout the project, the student will use pre-processing and machine learning methods in 
Python to work with large amounts of spectral data and classify them. They will be training and 
testing models and evaluating their effectiveness at classifying bacterial strains through a variety of 
metrics. Depending on the progress of the project, opportunities for publications might arise, which 
the student will be encouraged to participate in if they wish. 

 



 

Who we are looking for 

We are looking for students from any degree with previous experience in Python coding and 
machine learning applications. That experience need not be extensive, so long as the student is 
willing and interested to learn. Most importantly, we are looking for students who are motivated 
and able to work autonomously. 

Interested? Get in touch to apply or learn more -> marwan.elchazli@epfl.ch  
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