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Abstract: The cross-sensitivity of materials in low-selective sensor arrays, namely e-noses and e-
tongues, results in a convoluted sensor array response, which renders traditional analytical methods
for data processing ineffective. Machine learning approaches can help discover the latent information
in such data, and various data processing methods, including unsupervised and supervised tech-
niques, have been proposed to calibrate those devices. In this study, we demonstrate HyperTaste
Lab—a notebook with a machine learning pipeline for potentiometric sensor arrays. The ability of the
notebook to process raw data produced by model sensor arrays comprising cross-sensitive and/or
ion-selective electrodes is demonstrated for the characterization of drinking water and consumer
beverages. We describe the modular data processing and machine learning framework that can be
applied by sensor researchers to accommodate different signal modalities and perform various down-
stream tasks, such as the verification of a product’s originality, the estimation of ion concentrations,
and the quantitative prediction of sensory descriptors.
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1. Introduction

Chemical sensors based on arrays of low-selective and highly sensitive sensors, such
as electronic noses (e-noses) and electronic tongues (e-tongues), have shown potential to
be used for fast and untargeted chemical analyses of multi-component media [1]. A key
element that enables the practical use of those devices is often the analysis and interpretation
of their combinatorial responses due to the inherent cross-sensitivity expressed by the array
of sensing materials. Data analysis pipelines have been proposed to enable the processing
of raw signals and transformations and the extraction of signal characteristic features [2].
Pattern recognition methods and machine learning approaches can then be leveraged to
calibrate the sensor array and conduct a qualitative or quantitative analysis. However,
setting up a complete pipeline for data processing can be extremely time-consuming and
could prevent sensor experts from obtaining quick feedback on the quality of their own
sensor hardware or on the possibility to leverage the sensor array for target use cases. In the
present study, we provide a Jupyter Notebook [3] that allows for the automated processing
of sensor array responses, including comprehensive data exploration as well as training,
testing, and exports to appropriate formats of both classification and regression machine
learning models.

2. Materials and Methods

An automated pipeline was built to process time series data recorded from an inte-
grated array of potentiometric polymeric sensors [4,5] and packaged in a Jupyter Notebook
(Supplementary Material). The main sections are shown in Figure 1 and include the following:
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1. Loading data from a CSV file and splitting them into TXT files containing voltage
data per sample;

The visualization of raw time series potentiometric data per sample;

Feature extraction [4,5] to reduce data dimensionality and batch effect correction;

A Principal Component Analysis (PCA) for data exploration and unsupervised analysis;
Supervised learning for classification and regression machine learning models;

The visualization of multi-output regression model predictions in radar charts;

The export of trained models along with model metadata in ONNX format.
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Figure 1. Machine learning pipeline for processing sensor array data in HyperTaste Lab.

The pipeline was applied to tests with drinking water for the estimation of Ca®*,
Mg?*, and Na* concentrations as well as to coffee samples for the prediction of product
originality and sensory profiles. Our framework makes use of common Python libraries,
including scikit-learn and onnxruntime, for model training and export. The functionalities
are integrated in the new Python package hypertaste.

3. Discussion

Establishing automated pipelines for sensor array data processing can accelerate
sensor research. The present work provides an example framework that can be generalized
to other transduction mechanisms, signal modalities, and target tasks. Furthermore, it
makes machine learning techniques accessible to scientists for the initial exploration of
novel approaches to enable the interpretation of complex sensor responses. Combining the
ease of use of notebooks with common practices in sensor data processing results in a tool
that speeds up end-to-end sensor development and testing.

Supplementary Materials: HyperTaste Lab is available to try online at http:/ /ibm.biz/hypertaste-lab
(accessed on 1 September 2023).
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