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Optimal position for suger content detection of Yongquan honey or-

anges based on hyperspectral imaging technology

LI Bin, WAN Xia, LIU Ai-lun, ZOU Ji-ping, LU Ying-jun, YAO Chi, LIU Yan-de’
(Intelligent Electromechanical Equipment Innovation Research Institute, East China Jiaotong University,
National and Local Joint Engineering Research Center of Fruit Intelligent Photoelectric
Detection Technology and Equipment, Nanchang 330013, China)
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Abstract: The objective of this study is to explore the optimal detection location and the best prediction
model of the suger level of Yongquan honey oranges, which can provide a theoretical basis for the brix meas-
urement and classification of honey oranges. With the wavelength range of 390.2-981.3 nm hyperspectral
imaging system was used to study the best position for detecting the sugar content of Yongquan honey or-

anges, and the spectral information of the calyx, fruit stem, equator and global of Yongquan honey oranges
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were combined with their sugar content of corresponding parts to establish its prediction model. The original
spectra from the different locations were pre-processed by Standard Normal Variance (SNV) transformation,
Multiple Scattering Correction (MSC), baseline calibration (Baseline) and SG smoothing, respectively, and
the Partial Least Squares Regression (PLSR) and Least Squares Support Vector Machine (LSSVM) models
were established based on the pre-processed spectral data. The best pre-processing methods for different parts
of the honey oranges were found, and the optimal spectral data obtained by the best pre-processing methods
were conducted to identify characteristic wavelengths using the Competitive Adaptive Re-weighting
Sampling algorithm (CARS) and Uninformative Variable Elimination (UVE). Finally, the PLSR and LSS-
VM models were established and compared based on the selected spectral data. The results show that the
global MSC-CARS-LSSVM model demonstrates the most accurate prediction performance, with a correla-
tion coefficient of Rp=0.955 and an RMSEP value of 0.395. Alternatively, the SNV-PLSR model of the
equatorial location of honey oranges was found to be the next more effective, with a correlation coefficient of
Rp=0.936, and an RMSEP value of 0.37. The correlation coefficients of the two prediction models are simil-
ar, the equatorial location can be used as the optimal position for measuring the sugar content of honey or-
anges. This study demonstrates that the prediction models based on different parts of the orange have differ-
ent effects. Identifying the optimal position and prediction model can provide a theoretical basis for classify-

ing oranges for sugar content testing.
Key words: Yongquan honey orange; hyperspectral; sugar content; partial least-squares regression; least-

squares support vector machine
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Fig. 1 Images of different parts of Yongquan honey or-

anges
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Tab.1 Statistical analysis of the sugar content of dif-

ferent parts of Yongquan honey orange

i 120 19.8 10.8 152 1.39
2 120 17.9 10.1 14.2 1.52
FRi& 120 18.2 11.3 14.5 1.37
2J5) 120 17.8 11.2 14.6 1.34
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Tab.2 Comparison of PLSR models for detecting the
sugar content of Yongquan honey orange based
on different pretreatments
i T £

Rc RMSEC/°Brix Rp RMSEP/°Brix

TR FAL T 1

Raw 0.946 0.384 0.893 0.457

SNV 0.847 0.58 0.806 0.688
AR MSC 0.832 0.622 0.766 0.564
Baseline  0.921 0.409 0.890 0.518

SG 0.932 0.427 0.898 0.436

Raw 0.949 0.428 0.859 0.587

SNV 0.902 0.593 0.882 0.669
Mg MSC 0.889 0.599 0.864 0.587
Baseline  0.931 0.498 0.913 0.468

SG 0.943 0.455 0.868 0.569

Raw 0.932 0.471 0.861 0.553

SNV 0.946 0.408 0.936 0.370
DI IEL A MSC 0.960 0.365 0.878 0.458
Baseline  0.964 0.349 0.933 0.384

SG 0.924 0.497 0.861 0.555

Raw 0.971 0.305 0.920 0.388
SNV 0.945 0.403 0.901 0.435

i

ARy MSC 0.953 0.374 0.934 0.435

o

Baseline  0.926 0.469 0.855 0.495

SG 0.927 0.476 0.923 0.384

HH & 2 AN, X T AR A A B A R 30, SG-
PLSR 158 2 1 I 25 S ¥ A, AR Rp oy 0.898,
RMSEP 4 0.436 °Brix, X T 5 25 3 47 #5 74 Sk
T, T I & SR B 4 ) L A JE Baseline-PLSR 5
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Tab.3 Comparison of LSSVM models for detecting the
sugar content of Yongquan honey orange based

on different pretreatments

s A e
Rc RMSECPBrix R, RMSEP/“Brix

Raw  0.921 0.470 0.860 0.513
SNV 0938 0.383 0.789 0.700

JEURER MSC 0959 0323 0.788 0.539
Baseline 0.942 0360 0.869 0.585
SG  0.923 0.459 0.876 0.477
Raw 0979 0.286 0.782 0.750
SNV 0.908 0.594 0.834 0.710

H2EREE MSC 0.955 0.404 0.884 0.596
Baseline 0.924 0.527 0.642 0.854
SG 0953 0.419 0.827 0.650
Raw  0.965 0355 0.829 0.594

SNV 0.954 0.388 0.906 0.405

FEER MSC 0973 0.315 0.827 0.530
Baseline 0.979 0.281 0.867 0.544
SG  0.956 0.388 0.845 0.575
Raw  0.962 0.355 0.892 0.443
SNV 0972 0.296 0.897 0.456
AR MSC 0980 0.253 0.946 0.400
Baseline 0.973 0.293 0.811 0.590
SG  0.961 0.356 0.909 0.414

S N N N0 e W 2 Vs A o N Y AV
Jry LSSVM THNAS HY () i 25 S e 3 frzs . m
& 3 AL X TS AL AL, 7EH LSSVM BLAY
H, 2 SG TAb S R S, H Rp o 0.876,
RMSEP “# 0.477 °Brix; X T 245 2L A A ALK
Ui, 28 MSC FALFH Y LSSVM #5% 74 757 0] 58k S e
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