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Near Infrared Spectroscopy Transfer Based on Deep Autoencoder
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Abstract  The establishment of a near-infrared spectroscopy multivariate calibration model relies on calibration samples.
However, changes in the near-infrared spectroscopy measurement environment can cause differences between the spectra easily.
In order to reduce the consumption of rebuilding calibration model on offset spectrum, this paper proposes a nonlinear spectral
transfer method based on deep autoencoder (DAE), which can realize the spectral transfer in an end-to-end way. This method
compensates for the poor performance of existing linear spectral transfer methods in the face of nonlinear offset spectra.
Moreover, this method can realize the transfer between raw spectra without data process and feature extraction operations. In
the paper, we propose an error function penalty term based on the conditional probability distribution and parameter maximum
likelihood method, and combine it to the gradient back-propagation algorithm to optimize the parameters of DAE. In order to
verify the effectiveness of the method, we perform the proposed method on tablet dataset and corn dataset, which are both public
near-infrared spectral datasets. First, we divide the two datasets into the calibration set, validation set, and prediction set using
Kennard-Stone (KS) method respectively. Then, we design a network structure that conforms to the spectral sample dimension
of the dataset. Finally, samples in calibration set are input to the DAE, and the network parameters are iteratively optimized by
the proposed error function and back-propagation algorithm. After the transfer model is established, we compare it with the spa-
tial transformation (SST) and piecewise direct standardization (PDS), both of them are classical linear transfer algorithm. The
transferred spectrum obtained by these three algorithms are respectively inputted into the established multivariate calibration
model, and we can find that the root means square error of prediction (RMSEP) of the proposed method averagely improves
5.7% and 10.1% than SST and PDS respectively, which can be demonstrated that the spectral samples transferred by the non-

linear deep autoencoder are highly efficient and useful.
Keywords Near infrared spectroscopy; Model transfer; Multivariate calibration; Deep auto-encoder
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