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Abstract: Near-infrared (NIR) spectroscopy is susceptible to interference from outliers in quantita-
tive analysis. Since NIR spectra are formed by the superposition of absorption peaks from hydrogen-
containing groups, traditional methods analyze the entire spectrum as a whole, relying solely on
global features. This makes it difficult to detect subtle outlier features within specific peaks, and the
use of fixed thresholds lacks adaptability. To address this, this paper proposed an outlier detection
strategy based on Gaussian mixture decomposition. Specifically, a Gaussian mixture model was es-
tablished within key absorption peak regions to resolve overlapping spectral peaks using multiple
Gaussian components. A normal range was then constructed for the amplitude of each component
based on the interquartile range criterion, and samples exceeding this range were identified as outli-
ers. The proposed method was applied to the prediction of total sugar concentration in the raw-materi-
al mixture of citric acid fermentation. The results showed that the method cauld effectively identify
both artificially introduced and naturally occurring spectral outliers. Compared with the original spec-
tra, the PLS model built after removing the outliers achieves a 34. 69% reduction in RMSE and a
26. 28% increase in the coefficient of determination. By analyzing the compositional structure of ab-
sorption peaks, this method enables adaptive detection of local outlier features, providing a struc-
tured and highly interpretable approach for enhancing NIR spectral data quality.
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Table 1 Parameters of artificially generated outliers
Sample index Band index Comp index Outlier type Outlier magnitude
8 0 0 Peak shift Shifted left by 2 sampling points
13 0 1 Peak shift Shifted right by 5 sampling points
25 1 2 Width change Decreased by 5%
36 1 3 Width change Increased by 20%
42 2 4 Amplitude change Increased by 5%
50 2 5 Amplitude change Decreased by 20%
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left: Gaussian component selection results; right: Corresponding fitting results
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Fig. 10 Spectra of citric acid fermentation broth after
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Table 3 Performance comparison of different outlier detection methods

Outlier detection method  Number of anomalous samples Number of remaining samples RMSE R’
Original 0 123 0.5763 0.661 1
MD 5 118 0.464 1 0.7759
Cook’s D 4 119 0.4839 0.750 8
MCCV 11 112 0.3929 0.808 3
iForest 7 116 0.4780 0.766 6
GMM 7 116 0.376 4 0.834 8
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Fig. 11 Prediction results of PLS models using different outlier detection methods

A: original; B: MD; C: Cook’s D; D: MCCV; E:

iForest; F: GMM
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