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Abstract: In this study, hyperspectral imaging technology was used to achieve rapid and nondestructive detection of key
quality indicators of kiwifruits, including soluble solids content, pH, firmness, and color e value. A hyperspectral imaging
system was employed to capture hyperspectral images of kiwifruits, and the average spectral reflectance values from
regions of interest were extracted for each sample. Simultaneously, reference values for the quality indicators were
measured according to Chinese national standard methods. The original spectra were preprocessed using four methods:
Second derivative, first derivative, multi-scatter calibration, and standard normal variation (SNV). Based on the full spectra,
partial least-squares regression and principal component regression models were developed to predict kiwifruit quality

indicators, and the optimal spectral preprocessing method was selected. To enhance model efficiency and stability,
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characteristic wavelengths were selected from the full spectra using a successive projections algorithm and competitive

adaptive reweighted sampling (CARS). Multiple linear regression (MLR) and error back-propagation neural network

models were then constructed using these selected characteristic wavelengths. Comparison of established models using the
characteristic wavelengths with those utilizing the full spectra revealed that the SNV-CARS-MLR model had the best
ability to assess kiwifruit quality indicators. Specifically, the prediction correlation coefficients (R,) for soluble solids

content, pH, firmness, and color e value were 0.9552, 0.8870, 0.8799, and 0.9079, respectively. The respective root mean

square errors of the predictions were 0.9088, 0.0715, 2.3746, and 0.0285, and the respective residual predictive deviation
(RPD) values were 3.3800, 2.0349, 2.1350 and 2.2838. All RPD values exceeded two, indicating strong model
performance. Finally, pseudo-colouring was employed to input pixel information from hyperspectral images into the SNV-

CARS-MLR model to visualise the distribution and compare kiwifruits of different quality grades. In conclusion,

hyperspectral imaging technology enables rapid, nondestructive detection of key quality indicators in kiwifruits.
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Table 1 Statistical results of the quality indicators
KIESE BTHIE S
SRS —— — — e
FEAKL Fiexs el SEHE i FEAEL L FEIE NG

SSC(%) 135 7.10~18.70 14.61 3.00 45 7.60~18.60 14.86 3.07
R 120 2.94~3.63 3.26 0.37 40 3.02~3.54 3.25 0.37
T (kg-em ™) 105 0.26~20.11 10.71 5.48 35 0.82~18.98 10.60 5.07
el 90 0.51~0.82 0.66 0.08 30 0.55~0.79 0.69 0.07
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Fig.2 Original spectral and pretreatment spectral reflectance curves for kiwifruit samples
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Table 2  Full wavelengths PLSR prediction models using
different preprocessing methods

KOESE fiHIES

AR PR Hr I

R, RMSEC R, RMSEP RPD
FAGHE 09666 07594 0.9368 1.1055 2.8638
SNV 0.9683 0.7477  0.9486 0.9727 3.1580
SSC MSC 0.9685 0.7433  0.9467 1.0116 3.0514
SD 09811 0.5869  0.9224 1.1214 2.5403
FD 0.9531 0.9082 0.9470 0.9575 3.1163
A6 0.8928  0.0778  0.7907  0.1003  1.5849
SNV 0.8825 0.0830  0.8077 0.0878 1.6573
TR MSC 0.8947 0.0789  0.7970 0.0890 1.6354
SD 0.9457 0.0559  0.7958 0.0976 1.5959
FD 0.9244 0.0665 0.8033 0.1058 1.4399
JEIEEEE 09116 2.2831  0.7168 3.4908 1.3375
SNV 0.9493 1.7155  0.8086 2.9748 1.7055
il MSC 0.9497 1.7084 0.7879 3.1753 1.5981
SD 0.9655 1.4603  0.5663 4.6718 1.0507
FD 0.9291 2.0111  0.7958 3.7512 13713
JEAEJEHE 0.9437  0.0259  0.8141  0.0402  1.6234
SNV 09512  0.0239  0.8244 0.0370 1.7583
¥l MSC 0.9661 0.0200 0.8108 0.0384 1.6924
SD 0.9682 0.0194 0.6454 0.0545 12724
FD 09169 0.0316  0.8143 0.0355 1.7085

£ 3 CRAFTAE )T 20420 K PCR Bl A
Table 3 Full wavelengths PCR prediction models using
different preprocessing methods

KRS filIES

AR BUCEr Ik

R, RMSEC R, RMSEP RPD
EAGE 0.8991 12965  0.8698 1.6090 1.9677
SNV 0.9325 1.0804 0.9239 12103 2.5380
SSC MSC 09727 1.0774  0.9241 1.2206 2.5289
SD 0.9528 0.9204 09151 1.1400 2.4988
FD 0.9410 0.90158 0.9468 0.9632 3.0978
FatiE 0.8383  0.0918  0.7788  0.1057  1.5035
SNV 0.8541 0.0918  0.8143 0.0875 1.6624
[izdE MSC 0.8533  0.0921  0.8146 0.0875 1.6623
SD 0.9620 0.0469  0.7036 0.1192 1.3067
FD 0.9644 0.0461  0.7464 0.1215 1.2538
B 09625 1.5078  0.7183  3.6901 12652
SNV 0.9354 1.9302 0.8158 29147 1.7407
T g MSC 0.9487 1.7247  0.7985 3.0929 1.6407
SD 0.9081 23048  0.6493 3.9955 1.2286
FD 0.9229 2.0931 0.8031 3.6632 1.4043
B 09139 00318  0.8164 0.0405 1.6117
SNV 0.9120 0.0317 0.8376 0.0361 1.8012
B 2%eff MSC 0.9324 0.0280 0.8246 0.0378 1.7195
SD 0.9261 0.0291  0.6448 0.0543 1.2773
FD 0.9212  0.0308 0.8078 0.0371 1.6355

XoF T SSC F8Hr, AH Lh 5 4R ' 1% A4 £ 1Y
PLSR & AR, 28 SD Wik )5 @37 #Y SD-PLSR
BEHLRY R, A1 PRD /)N, 1l RMSEP FE K, AR 14
eI RGBS, M Z&id SNV, MSC F1 FD Fisb
JERCRY M RE A G TR sy, P SNV-PLSR # AU M:
BESEAL, HAT B i RPD {E(3.1580) . #E PCR %l
h, L3 FD TAN B S AR AL S B0 T S LA I 5
(R, KTF R, XFT SNV, MSC FI SD il &b 2 J5 2%,

KL E SNV AL PR )5 #5719 SNV-PCR A5 Y HL
AN 9 RPD {B(2.5380) , A% (14 P BEAH X 4%
o E— X% b SNV-PLSR Fil SNV-PCR T il 45
Y, T SSC M EL 4 KAR S SNV-PLSR

XoF 1 PN R FE AR, AH B AR R AR YGRS A 1
PLSR Fi#Y, £85F SNV, MSC FI SD Fi kb F f5 ¢ <7
() PLSR #5281 R Fll RPD 34 K, RMSEP Ui /N, 15
R RER A P s, o SNV-PLSR #E 8 M:fE
. B AH X B K iy RPD {H (1.6573) ; ¥E PCR
AR 2250 SD 1 FD #iALHE /5 @57 /Y PCR L7
%) RPD {HIE /N, AT RE T [ el SNV F
MSC FAbFIf5 2 ~7 (9 PCR B[ RPD 34Kk, 41 41
L BEHE TF, AT F MSC-PCR #: %1, SNV-PCR
PRI RPD AHXT 40, Rl SNV-PCR 574 704
AET{E, H: RPD M 1.6624, #—2E%F 1 SNV-PLSR
1 SNV-PCR Tl AR 7Y, FT30 182 5 de 0 1) 4 U A5
U3y SNV-PCR,

Xob T T A R HE A, AT T ELR S S A # A
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Table 4 Prediction results of MLR and BP models based on the feature wavelengths

B K IE4E T4
S BHE bR T AR Y FRAE AR BO : RRIE AR
R, RMSEC R, RMSEP RPD

CARS 35 0.9631 0.8050 09552 0.9088 3.3800
MLR SPA 39 0.9625 0.8111 0.9548 0.9196 3.3404
SSC CARS 35 0.9555 0.8864 0.9443 1.0001 3.0716
BP SPA 39 0.9453 0.9880 0.9390 1.0506 2.9240
CARS 16 0.8880 0.0877 0.8870 0.0715 2.0349
- MLR SPA 29 0.8690 0.0873 0.8600 0.0816 17828
= ap CARS 16 0.8811 0.0844 0.8329 0.0901 1.6143
SPA 29 0.7951 0.1073 0.7766 0.0934 15581
CARS 26 0.8908 24792 0.8799 23764 2.1350
- MLR SPA 4 0.4165 49612 0.7503 3.4620 1.4655
L ap CARS 2 0.8711 27174 0.8629 2.6879 1.8875
SPA 4 0.5220 46628 0.7015 3.5879 1.4141
CARS 8 0.9729 0.0179 0.9079 0.0285 22838
MLR SPA 19 0.8977 0.0341 0.8420 0.0359 1.8130
B2zl ap CARS 8 0.9415 0.0276 0.8685 0.0341 1.9098
SPA 19 0.9162 0.0312 0.8430 0.0356 1.8269
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