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Optimization research on non-destructive detection model of VVaccinium spp.
sugar content based on hyperspectral imaging technology

GUO Xin-Yue', CHEN Guo-Liang®, ZHU Liang-Kuan'", LIU Da-Yang’, SUN Xiao-Xiong'

(1. College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China; 2. College of
Computer and Control Engineering, Northeast Forestry University, Harbin 150040, China)

ABSTRACT: Objective To optimize a non-destructive detection model for predicting Vaccinium spp. sugar content
using hyperspectral imaging technology. Methods The L25 variety of blueberries from Dandong was selected as the
subject, and hyperspectral imaging technology was acquired in the wavelength range of 900—1700 nm. The average
spectrum of the region of interest was calculated as the raw data. The 3 kinds of preprocessing methods, including multiple

scatter correction (MSC), standard normal variate (SNV) and Savitzky-Golay (SG), were applied to improve the spectral
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data quality. Non-destructive sugar content prediction models were established using partial least squares regression

(PLSR), back propagation neural network (BPNN), and support vector regression (SVR) based on the full-wavelength

data after preprocessing. Results The experimental results demonstrated that the PLSR model, with MSC and SNV

preprocessing, exhibited the best performance, achieving root mean square error of prediction (RMSEP) values of 0.3586

and 0.3599, respectively. Conclusion This study provides an optimized non-destructive detection model for Vaccinium

spp. sugar content, offering effective technical support for rapid and accurate sugar content prediction with significant

practical potential.

KEY WORDS: Vaccinium spp. sugar content; non-destructive detection; hyperspectral imaging technology; machine learning
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WG R A H S22 SPECIM 2 Bl & 1 6% pi %
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(Spectral Imaging Lid, Finland), & 1 s,
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Fig.1 Hyperspectral imaging systems
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Fig.2 Acquisition process of Vaccinium spp.
hyperspectral information
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Table 1 Results of sample division

MASE FEARGE  I/ME% KM% TH(E% bRz

gt 225 7.9 17.05  11.78+1.76 1.76
ilES 75 8.3 1655  11.39+1.72 1.72
SRR 300 7.9 17.05 11.68+1.75 1.75
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i AF # (standard normal variate, SNV) . Savitzky-Golay
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Fig.3 Raw spectral curves of Vaccinium spp. samples
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Fig.4 Spectral curves after MSC treatment
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Fig.6 Spectral curves after SG treatment
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PLSRIVE—Fifrif A FACFR s 2 . 22 T L2 vk ) R
BmEE Tk, B4A T 54 Hr (principal component
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2R BT A, T R R (Y pR A Sigmoid
PRER, DA AR ARk MR A RE ) o BN SRl R e,
23189y 0.01, NZRRECH 100 ¥k, RIARAE 250 8013k
FasE T RE

SVRPOUE—FHIETF SVM BEAY [l 9 /0 Hr 7 i, e
FE TR AERRIE 23 [A) HR S B4 2R ALtk sR UL & o SVR il
5| AAZ PR BOKE 1k i A S5 30 v A 2 [, 7925 [ v f 7
— X2 HAT A5 LB (1 R pR gk, DT R DRIIE A 70 43 %
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e NVEEAR | AR £ T IR M ) T L B
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(OYFIEZRESEL N y)o B SEALE R, SRR A3
A ERRNZALRE F1, AT S B ) WA A 19 o 8 T

K MSC. SNV, SG 3 Fpiiabse ik, 4357
MSC-PLSR . MSC-BPNN . MSC-SVR . SNV-PLSR .
SNV-BPNN, SNV-SVR . SG-PLSR., SG-BPNN, SG-SVR 9
Fofr [l YA Y
2.3.1 PLSR #4554

Xof T i S 43 53 R FH 22 T 4 3 5 9k R A T AL B,
R P KS YL TREA T 43, - PLSR 7 4 A b 3 A%
T, BT RREI AP PLSR AT X 14 Rp b () 301
ZERLINE 2 FiR .

*2 ETFEMAETET PLSR BE X EEHEE WML R
Table 2 Prediction results of Vaccinium spp. sugar content based
on PLSR model under different pretreatment methods

EES T
R.  RMSEV R, RMSEP RPD
MSC 0992 02094 0978 03586 491
PLSR SNV 0992 02087 0978 03599 488
SG 0973 04005 0972 04173 411

MR AR

SR ZE LRI, AR R R WAL PR 35 R 8 PLSR #5
RITIPEREAEAE ] 25 . Horh MSC fiALFR T () PLSR
AR, R=0.992, R,=0.978, RPD=4.91, ZLI
REVHE RO TN A e L T R o SNV IRz, HABRI MRS
i MSC, RPD=4.88, W&fikF MSC, {HABEBMTE, alfER
MSC M#53E 7% 1M SG 7k T BRI BEAE X 45 55, RPD
fE4 4.11, BIRIEA RAFATINAER ), {HEEARS B Bt
—%&, REMME K, &L, #id MSC HighH#l 5 PLSR ##
T8, AT DA Sk A 1% JADUAGH I B L T 0 B AR 4R B
R HF.

2.3.2 BPNN #&4t5 547

XF JE UG 6 3 43 501 R 22 Fh 1AL By 3 i AT AL B
RH KS B TR R 4, 35T BPNN a7 i &8 B2 T
B, ST AR AL FE vk BPNN AR TR X 15 A W 132 A1) 790
MEERINFE 3 FiR.

#3 ETFAEMAIESZET BPNN RE X IEESHEENFUNLE R

Table 3 Prediction results of Vaccinium spp. sugar content based
on BPNN model under different pretreatment methods

PEES RERIES
R, RMSEV R, RMSEP RPD
MSC 0975 04290 0945 0.5871 299
BPNN SNV 0971 04197 0963 04829  3.64
SG 0964 04618 0922 06611 259

jE Ly R st

SR LE SRR, SNV TiAbBE T A HE A BPNN AR 5 A5
iV T AR R, R=0.971, R,=0.963, RPD=3.64, HA
A v (R TN A B2 RO T5 1) 22 B 43 BT BE T - MSC FAb LS &
BPNN H70 () 11 BERE 7#h— 55, RPD=2.99 {42175 Fl AR
#E, {H155 SNV AL, RMSEP W5, AR FERIML. SG
TiAbPEAY RO B 22, RPD (AN Ny 2.59, BAYHIGE 71—,
RMSEP #54 0.6611, FRIMBRIGREHA, (06E T Xk
BEELREAR I 5 .
2.3.3 SVR ## 5 54

X T 3 43 3 ) 22 R 190 Ak 3 9 R AT TAL B
RH KS SR TREARR] 4y, JETF SVR HES7 1 AR A BE T 458
T, RET ORI TAL PR 5 12 SVR AT X 1% AR 10 T 25
FUNZ 4 FR,
#4 ETFEFLESET SVR HE S IEEHEE TS

Table 4 Prediction results of \Vaccinium spp. sugar content based
on SVR model under different pretreatment methods

YIZRSE SilES
R. RMSEV R, RMSEP RPD
MSC 0937  0.6324  0.952  0.5998 2.93
SVR SNV 0937  0.6294 0953  0.5892 2.99
SG 0.819 1.0357  0.740 12112 1.41

jE Ly R st

S EE IR, SNV HikhFEZE A SVR BERTE I AE b
JEH b PR, R=0.937, R,=0.953, RPD=2.99, H.fj
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J1o SVR FIEHS, SVR FEATA HUALEL) % F W R A R,
B, RMSEP # K, RPD A ik 2| [ 41 N B8 /1 (RPD<3),
h T R ATZ AGRR ), WASE T LLZR I U b X 3 5 P
o BN ERE, JFXT AT TANRE L. SRk, T
Kennard-Stone (KS)HiE#ATHEAL Sy, SRHT MSC #47
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18

o HdER
16l — WA
14}

12

T/ %

10F

RPD=4.91

6 8 10 12 14 16 18
WA/ %
[El7  MSC-PLSRA R i 42 Fim 4t Sk el

Fig.7 Scatter plot of the prediction results for the
MSC-PLSR model prediction set
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Fig.8 Scatter plot of the prediction results for the Lexi variety
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