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Electrochemical sensing has become an increasingly attractive approach for rapid, low‑cost chemical analysis, particularly in settings where traditional laboratory methods are too slow or impractical1. Among these techniques, cyclic voltammetry (CV) offers a compact and information‑rich signal that can be used to distinguish between chemical substances. Recent advances in machine learning have further strengthened this direction by enabling pattern recognition directly from voltammetric data – including approaches that apply deep‑learning‑based computer vision.2 However, most existing CV‑based classification systems are trained on a fixed set of substances and cannot adapt when new analytes appear3. This lack of flexibility limits their usefulness in real‑world scenarios, where the chemical landscape is dynamic and new target substances—especially harmful or illicit ones—may need to be incorporated quickly without retraining entire models from scratch. In this work, we demonstrate the combination of high-throughput CV measurements performed in a microfluidic system with a continual‑learning framework designed to overcome the fixed set of trained substances limitation. We investigate how simulated and experimental voltammograms can be used to build models that not only discriminate between substances that appeared in the original training set but also learn new substances incrementally while retaining performance on previously learned ones. Situated at the intersection of electrochemical sensing, computational modelling, and flow‑system engineering, this project aims to lay the groundwork for adaptive detection platforms capable of evolving alongside emerging analytical challenges.






References

[1] Saputra, H.A. Electrochemical sensors: basic principles, engineering, and state of the art. Monatsh Chem 154, 1083–1100 (2023). https://doi.org/10.1007/s00706-023-03113-z
[2] Electrochemical Mechanistic Analysis from Cyclic Voltammograms Based on Deep Learning. Benjamin B. Hoar, Weitong Zhang, Shuangning Xu, Rana Deeba, Cyrille Costentin, Quanquan Gu, and Chong Liu. ACS Measurement Science Au 2022 2 (6), 595-604. DOI: 10.1021/acsmeasuresciau.2c00045
[3] Lu, T.; Al-Hamry, A.; Hao, J.; Liu, Y.; Qu, Y.; Kanoun, O. Machine Learning-Based Multi-Level Fusion Framework for a Hybrid Voltammetric and Impedimetric Metal Ions Electronic Tongue. Chemosensors 2022, 10, 474. https://doi.org/10.3390/chemosensors10110474





The research was funded by the National Science Centre, NCN, Poland: project Sonata BIS 13: “Unlocking the potential of ion-transfer voltammetry based electronic tongues for date-rape drug detection in real samples” 2023/50/E/ST4/00639 project.


