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Knowledge of the applicability domain (AD) of regression models based on 
artificial neural networks (ANNs) is a requisite for applying ANNs in routine analyses 
using spectroscopic data. The AD limits can be defined from different metrics that 
condition the confidence of the predictions of the established regression model. 

In multivariate regression methods such as the Partial Least Squares (PLS) 
calibration, the applicability limits are commonly based on Hotelling T2 and Q statistics 
[1,2]. These limits allow the detection of samples that are rare compared to those used 
to establish the model. Other limits based on criteria such as ASTM’s RMSSR (Root Mean 
Square Spectral Residuals) and NND (Nearest Neighbor Distance) [3] have also been 
used to flag spectra outside the established limits as discordant spectra. Although 
measures based on the similarity among spectra apply to all types of models, those that 
consider the specific form of the model, such as Hotelling’s T2 and Q statistics, are 
preferred, since they are related to how the spectrum is being used by the model. A 
similar system for defining the limits of applicability of multivariate regression based on 
ANNs has not been reported yet. This work proposes a methodology to establish the 
limits of applicability of regression neural networks and shows its implementation for 
the prediction of a diesel property using infrared spectra. 

A test set was created by randomly selecting samples from a data set of 2172 diesel 
samples. The rest of the samples were split into training and validation sets using the 
Kennard-Stone algorithm. A feed-forward neural network (FFNN) was trained to predict 
the density of the diesel samples from their infrared spectra. The activations of the 
hidden layer of the FFNN were used to train a decoder network to reconstruct the 
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training spectra. The squared Mahalanobis distance (MD2) of the hidden layer activations 
and the spectral residuals (Q residuals) from the decoder network were used to define 
the applicability limits of the calibration model. The FFNN model provided a high 
determination coefficient between real and predicted density values (R2 = 0.99), with 
low prediction errors (RMSEP = 0.72 kg/m3) comparable to other reported results [4-6]. 
The warning limits for the MD2 and Q residuals were decided from the empirical 
cumulative distribution function of both metrics. These warning limits define the 
applicability domain of the FFNN regression model. Beyond these limits, the spectrum of 
a new sample is flagged as atypical. 
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