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Abstract

Aiming at the problems that the systematic offset of spectra from different producing areas leads to
serious attenuation of the cross-producing area generalization performance of the model in apple
soluble solids content (SSC) detection by near-infrared spectroscopy, and the traditional unsupervised
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model transfer methods have insufficient calibration accuracy and are prone to over-calibration,
this paper carries out research on label-free cross-producing area quality detection of apples based
on Unsupervised Calibration Transfer via Representation Learning (uCTRL). This method maps the
spectra of source domain and target domain to a shared feature subspace by learning a linear filter
projection matrix, minimizes the spectral distribution difference between producing areas on the
premise of maximally retaining the effective features for SSC prediction, and realizes cross-domain
model calibration under unsupervised conditions. Verification was carried out with 192 Red Fuji
apple samples from Pinggu of Beijing and Aksu of Xinjiang as objects. The results show that after
calibration by uCTRL, the maximum reduction of the model’s bidirectional cross-producing area
prediction RMSEP reaches 62.90%, and the highest RPD is increased to 2.3432, which meets the
requirements of quantitative detection. Its performance is significantly better than that of classical
methods such as uDOP and di-PLS without over-calibration risk, which provides a reliable technical
scheme for on-site large-scale label-free detection of apple quality.
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Figure 1. (a) Appearance and actual measurement state of H100C portable near-infrared spectromete; (b) Appearance of PAL-
1 digital display refractometer
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Figure 2. Schematic diagram of experimental apple samples and sampling point division
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Figure 3. (a) Apples from Pinggu, Beijing; (b) Apples from Aksu, Xinjiang
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Table 1. Comparison of data results for different unsupervised model transfer methods

# 1. TRITHERBER G ANBIRE R

b= iy BRI
G/ S Algorithm
RMSEP RPD RMSEP RPD
P4 None 0.2777 2.6014 0.5544 1.3031
P4 uCTRL 0.2777 2.6014 0.3083 2.3432
B ey uDOP 0.2777 2.6014 0.9551 0.7564
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L AR TS 77 g YRS, JOAR L S R (1 AR A B4 R TR SRR v % B A P T B R R
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I RMSEP [%% 0.6348°Brix, 5¢IEHER P 62.90%, RPD $&7+% 1.9229, sl T H R E &k,
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Figure 4. Spatial distribution of principal component scores of apple spectra from different producing areas
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Figure 5. Comparison of average spectral correction effects
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