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Spectroscopy and Spectral Analysis
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Fig. 1 Imaging system schematic diagram of hyperspectral
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Table 1  Reference values of TVB-N content (mg N/100 g)
measured by a traditional method
TVB-N Calibration Prediction
Minimum 7.84 8.01
Maximum 16. 49 15. 98
Mean 12.42 12.13
Standard deviation 5.42 5.28
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Fig. 2 The reflectance spectra of salmon fish fillets
at different TVB-N values
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Table 2 Prediction results of LS-SVM and PLS

based on full spectral parameters

Model  Number of LV Calibration Prediction
type  wavelength " R! RMSEC/% Rp RMSEP/%
LS-SVM 167 / 0.919 2.292 0.918 2.312
PLS 167 10 0. 905 2.742 0.907 2.751
Note: LVs: Latent variables
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Fig. 3 Predicted and measured TVB-N values for both the PLS
(a) and LS-SVM (b) models under the whole spectral

wavelengths range
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Table 3 Effective wavelengths selected by SPA
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Table 4 SPA-LS-SVM and SPA-PLS models for predicting
TVB-N in salmon fillets by using the only 8 impor-
tant wavelengths

Model Number of Calibration Prediction
type wavelength R RMSEC/% R: RMSEP/%
SPA-LS-SVM 8 / 0. 904 2.802 0.903 2.761
SPA-PLS 8 5 0.903 2.794 0.901 2.801

Note: LLVs: Latent variables
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Application of Hyperspectral Image to Detect the Content of Total
Nitrogen in Fish Meat Volatile Base

ZOU Jin-ping' , ZHANG Shuai’* , DONG Wen-tao*, ZHANG Hai-liang**
1. Jiangxi Biotech Vocational College, Nanchang 330013, China
2. School of Electrical and Automation Engineering, East China JiaoTong University, Nanchang 330013, China

Abstract For fish products, the study of freshness has always been an important topic. Among them, the total volatile base
nitrogen (TVB-N) is an important indicator. This indicator has been listed in China food hygiene standards. Generally, under
low temperature conditions, when the amount of volatile base nitrogen in fish reaches 30 mg/100 g, it is considered a sign of
meat deterioration. Traditional physical detection methods cannot achieve quantitative detection, andchemical testing methods are
time-consuming and require professionals to perform destructive testing. In order to overcome the shortcomings of traditional
spectral detection techniques that can not detect and analyze external space properties, this paper uses a wavelength range of
900~1 700 nm. Hyperspectral imaging technology combined with stoichiometry that has achieved the detection of TVB-N con-
tent in salmon. First, the fresh salmon bought from the market is divided into back and abdomen, and the back and abdomen are
divided into 10 equal parts, each salmon is made into 20 samples. a total of 100 samples, 75 of which are used for calibration set,
and 25 samples are used for prediction set, then use the hyperspectral imaging system to collect the spectral data of the salmon
fish sample, next determine the content of salmon TVB-N by distillation, and establish its physical and chemical value samples,
after that use the least square support vector machine (LS-SVM) and partial least squares (PLS) model performs salmon TVB-N
modeling analysis on 100 sample spectral full wavelength data. The prediction coefficient of determination (R*) of the LS-SVM
model and the PLS model are 0. 918 and 0. 907, respectively, and the root mean square error (RMSEP) of the prediction is
2.312% and 2.751%, respectively. In order to further improve the computational efficiency and optimize the model, 8
characteristic wavelengths (956, 1 013, 1 152, 1 210, 1286, 1301, 1397, 1 464 nm) are extracted from the full spectrum data
using the successive projections algorithm (SPA). For the LS-SVM and SPA-PLS models, the model prediction coefficient of
determination (R?) is 0. 903 and 0. 901, and the RMSEP is 2. 761% and 2. 801% , respectively. The results of the SPA-LS-SVM
model are better than those of the SPA-PL. Finally, the SPA-LS-SVM model was selected as the most suitable TVB-N
prediction model due to its reliability and effectiveness. Based on image processing programming technology, each pixel in the
hyperspectral image was converted into a corresponding TVB-N value and used different colors to indicate the visual distribution
of the TVB-N content of salmon meat, which can vividly express the distribution of TVB-N content of salmon. Experiments
show that hyperspectral imaging technology can be used to predict the content of salmon TVB-N, which lays the foundation for

the automatic processing and classification of aquatic products. Fisheries can benefit from hyperspectral technology.

Keywords Hyperspectral imaging; Salmon fish; TVB-N; Partial least square (PLS); Least square support vector machine

(LS-SVM) ; Visualizing; Successive projections algorithm (SPA)
(Received Aug. 7, 2020; accepted Dec. 1, 2020)

* Corresponding author





