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Spectrometer calibration is a hot topic for PAT industrials and researchers because of
the difficulties and challenges it brings [1]. For industrial applications, a low number of
calibration samples and/or limited variability often compromise the chemometric
calibration model development and hence its performances. Data augmentation is
gaining popularity for overcoming this issue on visible or near-infrared spectrometers,
for instance by using Deep Learning [2], pure components estimation [3] or
interpolation [4].

This work presents a new data augmentation method based on a mechanistic physics-
based approach. The method uses an optics model to simulate realistic synthetic
spectra. Those simulated spectra are then used to augment measured calibration sets.
The study focuses on a data set made out of a small number of samples with a limited
variability. Moreover, we study the extreme case where the independent test data is at

the edge of the variability range.

The data set consists of 55 phantoms samples displaying varying absorption and
scattering properties, inspired by those made by Watté and al. [4]. They were inspected
in reflectance and transmittance mode simultaneously, thanks to a double-integration
sphere and visible spectrometer setup. Synthetic spectra were computed according to
the Kubelka-Munk model [5] with Saunderson correction. Two data augmentation
modes were investigated, namely completion and superposition. The augmented data
sets are compared with a baseline set, in terms of correlation (R?) and prediction (SEP)
accuracy, by training partial least squares (PLS) regression models. This study
investigates the benefits of augmenting the calibration data with synthetic data

generated from various calibration sets.



The proposed method shows encouraging results in the extreme case where the test
data are at the edge of the variability range (extrapolation). The strengths and
weaknesses of the method will be addressed.

This work contributes to the recent trends in development of intelligent instruments for
the PAT industry.
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