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Table 1 Results of background spectrum and sugar modeling of

winter Jujube under different treatment methods

Ab B r rmsec rmsep
Con 0.549 93 2. 40 2.72
MSC 0.814 82 1. 67 2.43
SNV 0.827 29 1. 62 2. 34

Con—+1st 0.853 31 1. 50 2.29

MSCH1st 0. 806 89 1. 70 2.26

SNV -+ 1st 0. 803 86 1.71 2.28

Con-2st 0.723 36 2.00 2.26

MSCH2st 0.751 78 1.92 2.16

SNV —+2st 0.746 10 1.91 2.42
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(a) : Model sample regression; (b): Model sample error
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Table 2 Modeling results of different winter

jujube physicochemical values

HALAE T Ak # 5 2% r rmsec rmsep
Con+1st 0. 853 31 1.50 2.29

T iy SNV 0. 827 29 1.62 2.34
MSC 0.814 82 1.67 2.43

Con 0.741 28 0.551 0. 950

K4y SNV 0.669 93 0. 610 1.10
MSC 0. 664 99 0. 614 1.11

Con+2st 0.985 58 0.227 0. 404

BRI F Con 0.975 40 0. 296 0. 260
Con+1st 0.974 72 0. 300 0.323

Con-2st 0.941 83 2. 84 5.72

RA MSC+1st 0.925 33 3.21 41.33
SNV+1st 0.914 64 3.42 41.35

MSC 2st 0. 960 94 0. 810 1.38

AR SNV +2st 0. 960 42 0. 804 1. 48
Con+2st 0.957 55 0. 860 1.45
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Table 3 Modeling results of different Red grapes

physicochemical values

AL T4k B Ty 9 r rmsec rmsep
Con+2st 0.822 67 0. 460 0. 645

o MSC+1st 0. 818 21 0.465 1. 05
SNV 1st 0.816 46 0. 467 1.02

Con-+1st 0.784 74 0.577 0.955

KAy Con-+2st 0.721 79 0. 644 1.09
MSC 0.616 77 0.733 1.11
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Table 4 Modeling results of different Fragrant Pear

physicochemical values
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Fig. 7 Comparison of inversion results of Roujean model

(a): Winter jujube; (b): Red grapes; (c¢): Fragrant pear
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Table S Comparison of inversion results of roujean model

B A AR [

G5 R? r rmsep %/ % R? r rmsep iR/ % R? r rmsep R/ %
1 0.9688 0.9926 0.0280 4. 41 0.9750 0.9894 0.0316 9.12 0.9815 0.9821 0.041 2 2.92
2 0.9328 0.9897 0.042 8 8. 84 0.9526 0.984 1 0.038 8 9.27 0.756 2 0.986 5 0.076 0 12. 65
3 0.9250 0.9896 0.044 4 7.20 0.8978 0.9884 0.058 2 14.32 0.876 5 0.9574 0.046 9 4.70
4 0.8532 0.9795 0.065 2 9. 89 0.8340 0.9770 0.0737 16. 60 0.746 2 0.967 1 0.0750 11.03
5 0.9584 0.9967 0.0338 7.54 0.918 8 0.966 1 0. 062 0 8. 36 0.8148 0.962 1 0.069 4 10. 57
6 0.9898 0.9966 0.017 1 2. 80 0.9759 0.9887 0.029 2 7.03 0.8929 0.964 5 0.046 9 4. 65
7 0.9716 0.9917 0.027 6 3.92 0.900 0 0.9912 0.0629 14. 31 0.8149 0.9637 0.0667 9.53
8 0.8756 0.9853 0.0597 13.55 0.9710 0.9859 0.033 2 9.13 0.7621 0.9696 0.079 6 12. 88
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Fig. 8 Comparison of inversion results of Walthall model

(a): Winter jujube; (b): Red grapes; (c¢): Fragrant pear
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Table 6 Comparison of inversion results of Walthall model
PE i A g e
G5 R? r rmsep %/ % R? r rmsep iR/ % R? r rmsep R/ %
1 0.977 6 0.9925 0.024 0 2.62 0.909 2 0.9773 0.056 5 13. 89 0.767 7 0.975 3 0.079 7 7.62
2 0.9127 0.9954 0.047 3 8.92 0.8831 0.9615 0.064 2 10. 94 0.9120 0.9884 0.050 6 3.73
3 0.9315 0.9986 0.042 9 8.51 0.6859 0.9636 0.1052 29.63 0.8494 0.9850 0.067 4 7.89
4 0.964 6 0.9975 0.0309 5.83 0.796 0 0.9576 0.084 7 17. 19 0.7907 0.9708 0.081 3 9.99
5 0.8737 0.9715 0.058 4 8.51 0.7527 0.9497 0.094 8 20. 09 0.889 0 0.9556 0.059 0 6. 76
6 0.9858 0.9929 0.019 6 3. 38 0.964 6 0.988 1 0.035 9 8. 47 0.9130 0.9751 0.052 1 6. 00
7 0.9790 0.996 0 0.023 8 4. 25 0.9115 0.9882 0.0567 14. 41 0.8202 0.9880 0.074 9 10. 67
8 0.9216 0.9902 0.0459 7.52 0.974 6 0.9883 0.0304 8.59 0.7703 0.9230 0.084 6 10. 07
151 @) 151 1) 151 9
10
i
-10
-15 T T T T -15 T T T T - T T T T
900 1100 1300 1500 1700 900 1100 1300 1500 1700 900 1100 1300 1500 1700
Wavelength/nm Wavelength/nm Wavelength/nm
B 9 Roujean KB K EARRBIREILL
(a): &% (b): 404 (o FEL
Fig. 9 Error comparison of different fruits retrieved by Roujean model
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Abstract Hyperspectral nondestructive testing technology is widely used in quantitative nondestructive testing of fruit. In this
paper, the spatial characteristic spectra of jujube, grape and pear are taken as the research objectives, and the influencing factors
and inversion methods of spatial characteristic spectra are explored, which provides a new idea for improving the accuracy of
outdoor fruit nondestructive testing. The spectral library of three kinds of fruits was extracted, and the spatial characteristic
spectra were calculated. The characteristic wavelengths were selected by Mahalanobis distance, concentration residual and
competitive adaptive weight sampling algorithm. Model characteristic spectra of three kinds of fruits after pretreatment with
quality parameters and positional parameters respectively. The modeling results are as follows: In the sugar model, the R of
jujube, grape and pear were 0. 853 3, 0.822 7 and 0. 913 3 respectively; In the water model, the R were 0. 741 3, 0. 784 7 and
0. 891 3 respectively; In the detection angle model. the R were 0. 985 6, 0.992 7 and 0. 974 7 respectively; In the azimuth angle
model, the R were 0.941 8, 0.910 5 and 0. 936 9 respectively; In the phase angle model, the R were 0.960 9, 0.957 0 and
0. 956 3 respectively. In summary. the correlation of different fruit positional models was significantly higher than quality
models. Therefore, the positional factor is the main reason affecting the characteristic spectrum. Therefore, the roujean model
and waltall model are used to invert the characteristic spatial spectrum of different directions. The inversion results are as
follows: roujean model is used when retrieving the spatial characteristic spectra of three kinds of fruits (in the order of jujube,
grape and pear), R* is 0. 934 4, 0.928 1 and 0. 830 6 respectively; R is 0. 990 2, 0. 983 9 and 0. 969 1 respectively; RMSEP is
0.030 9, 0.048 7 and 0. 062 7 respectively; the average model error is 7.27%, 11.02% and 8. 61% respectively. The results
showed that R* was 0. 943 3, 0.859 7, 0.839 0; R was 0.991 8, 0.971 8, 0.970 2; RMSEP was 0.036 6, 0.066 1, 0.068 7;

the average model error was 6.19%, 15.40%, 7.84%. It can be seen that roujean model can well describe the characteristic
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spatial spectrum of jujube and grape, and also can better describe the characteristic spatial spectrum of pear; waltall model can
well describe the characteristic spatial spectrum of jujube, and also can better describe the characteristic spatial spectrum of grape
and pear. In conclusion, roujean model can be used to invert the characteristic spatial spectrum of grape and pear, and waltall
model can be used to invert the characteristic spatial spectrum of jujube to improve the accuracy of outdoor fruit nondestructive

testing.

Keywords Bidirectional reflectivity distribution function; Background spectrum; Roujean model; Walthall model
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