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Abstract: A non-destructive detection method to identify damage caused by Conopomorpha sinensis in litchi fruit was
examined with the help of multiple spectral techniques. The visible/near-infrared spectra, hyperspectral images, and X-ray

imaging data of litchi were collected. Multiplicative scatter correction and standard normal variate transform were adopted
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to preprocess the spectra. Subsequently, characteristic wavelengths were obtained from the spectra using the successive

projections algorithm (SPA). After that, partial least squares regression (PLSR) and support vector regression (SVR) were

performed on the three spectral methods individually and the proposed multi-spectral fusion method. The results suggest

that when one single method is used for detection, the MSC+SPA+SVR model established based on the visible/near-infrared

spectra of litchi gives the best results. The performance indicators of the training set are R°=0.84 and RMSE=0.20, while

those of the test set are R’=0.79 and RMSE=0.23. SVR modeling results of different combinations of spectral techniques

demonstrate that combining visible/near-infrared spectra with X-ray imaging data provides optimal detection results.

The performance indicators of the training set are R*=0.90 and RMSE=0.15, and those of the test set equal R°=0.84 and

RMSE=0.19, with a detection accuracy of 95.00%. Therefore, multi-spectral fusion of visible/near-infrared spectra and X-ray

imaging data enables better detection results for damage caused by Conopomorpha sinensis in litchi fruit. These findings give

insights to future research on the development of related equipment.

Key words: visible/near-infrared spectroscopy; litchi; hyperspectral imaging; multi-spectral fusion

IR B AN A KR, T R T
%o WHEEBEMFE, PR e ES
Fg—, ikt (Conopomorpha sinensis) &7 k%
AR E—F R, FEDY) R L AR E O
H, 7S (B R R A 95% LA P AR
5 U0 R 2 0T 75 5 PN A A A, 7 B R 4 A SR
0. FH—MIEH. BHE. PR 0 55 A A i
For il 77 vk 0k B SR AT A B, WA 55— A BE R el
e, HoAHEZEE .

HAr, AW/ Eash e, mokil g™, X
St 2R A P E AP i SR TR R REAR I O THT R
HEAEH . AT /T AME ] 5FE AR T AR R
ik, BREUECN 2 T A0 RIS B, B R
T A RIER . R RVE TR AL SS T R  BORT i S
WA REKZHEE. LOFSEMPUEILEE
FRBUR B, 75 i e &y S 1 R A 2 A
RA WL B TR, B NRIE, mliE =il
FSAR 52 AR SR B B SR 35 B A 3% fe DA mT i 3R IZ 1
FRAEDY, iR E W N IR, SRS 0%
02 FE PG, X B AR AR AT DL % 375 7 5 R S
IREUH N RS RRAE, 1B % ARk . (H TN
FREERCNEIALN ZE S, Ll 7k ftA—Eid
FH T AT IURE AR

AL, ABFFEIET AL /IR A ERE . mERE AR
BEAR X PERBIGHEARTERE T 7 b i G R
K6, 53 i A RS A AT ok, 7]
T 15 A W7 1055 o o e i AR A o T PR —
TES 2R BRE XTGBT H A R b
L/t malllf R N ISR STl | St S d s Y
I KBNS Tl e s he it 2%

1 MR5REE
L1 A B2

AT T B AR, AT T A Ak
DX 355 1 el SR 4 7 B R 52 60 A, BLE R 274N, B
BUR 33 4> 2R Bl L6 AT 7 BT W / 2L A
Jeil RO RRIR . X RIS BoREE, BEJE AL
BT ML B A B SR B O o

1.2 RHARNF & w7

1.2.1 T AR RiE R T 6 49452

P B = i3 A O BB iRA R 7L St 1 04
W-F-&, HFE Ocean Optics QE pro A L / T £L 41
A PR BIE I 400~1 100 nm), £ Ocean /A ] ;
ANIE NI T E B — H 10 W K& b —
B ENL. S RENR, AR /I 24
W RESHOE N . BN IA] 2 000 ms s 42
WO £F B0 B8 7 B A PR S S mm ;5B SRR EE B
5mm; FHARM A ST RO B,
WL RO FHEL HAO. LR TH—-EE
k.
122 ZAERGELTHNT 6 6952

KA S5 = B s e 1 ROg TG BAs
V&, BHE: FX17E &t il s A C B e H
400~1 000 nm, YGif 73 #¥ 2 8 nm), 2F = Specim
AF; BOEDHEIEEN. —EH 8 HS0W
] 2 KT R S5 S R £ 3 ' B 2H Bl ) R BH R Gt DA S —
BIFE L. m G B R T EAL B
Spectronon Pro A, K = G G A &% FFA 15 min J5

285




MR B

Modern Food Science and Technology

2025, Vol.41, No.1

AT HH B AR K S N R A ER R L B
W, AR Rt 22 YR TS 56 i 5 e A P e SR
LS5 SRR 45 mm, BEYGES (RN
64.742 ms, MWiHE KN 15 Hz, HHEE A 800 pps,
BN 75 B 0 G 3 N 200 15 R <200 15 K. R
WAOTURER, 2% AR 120 4% 120
B3R R 25 5 52 31 7 4 7 i Rk o ) X380
B, SERSRTHEAT B AR EN,
123 XMELFHR T & 9452

SR FH S50 = H A X SR R AG T I &,
£ RAYON4343 B X 5 28k A R 2% (I 2R 95

ARV G AT s S X SR o 1) s
fEik7 DL SN — & &it 2 IR IEEie e X 4
28 AR REE IR S0 kV. 192 uA WK X 265,
LA RN 2.72 m/s, T X L IE T H 15
B 2.8 s SRR, BB #8509 3 000 Bz >3 000
Bz AR E AT e, BN TR b
X FE kA BGRESR SR, R
Hormt,
13 #AESGEHE

R BRFEARTY S g A 2w, Lk
550 O 1 A R A AR AR BRI R, A SR A
% Jt # 9 &% 1E (Multiplicative Scatter Correction,
MSCO!" F b 1 1F ) 4% 4 (Standard Normal Variate
Transform, SNV KA [ 6 1 S04k 2047 T4k 3 LA
THBRMEFE o A TR AT A O K SR L LA AR
TR S F AR, R ESB L (Successive
Projections Algorithm, SPAD!BEAT4FAEFEHL ; K H
PCA W15 HI Wi 7 A B 50 AR B 70 2R3,
S FIER 3 o M R R AR OSB3R R,
J& PR AE 5 B 1 6 1 s R A O B /) — 3fe Jm] A
(Partial Least Squares Regression, PLSRO"® 1 37
] &[] 4 (Support Vector Regression, SVRO! 43I
SR SN AT @EBOR . 2k 2 0k,
INZIRERZ LS EIE R EREN T KR EL
FRIAZ PR B R B A% ) FE AR eR B, I ZRERAE SLBRIE
PSR RILHAT S S, TS 7 i/ R )
WEETIZH C NS E ¢ MME. TTHRME R E
FIHHER S A o 0 R 1o G &% SR FH {8 5 s
BRAE 2 [ () U RAL R, 7% % (Root Mean
Square Error, RMSE) F/RPVRIIEWI R £ R, BT

286

PLSR H1 SVR (1) &5 S % th v /N4, i1t PLSR 5
SVR [ IERf 215, 2% A B 708 PLSR 5
SVR &5 Fidar AT DU & ILNHUE, /NF25TF 0 Hirth
NEH, KFET 1 AFHP, MSC. SNV, SPA
J PCA H 9% i Matlab R2020a % £ Sz B, PLSR.
SVR B H#44 The Unscrambler X 10.4 523 .

2 HERS59
2.1 F WA LT AN OB TE X 2 R b e A
2.1.1 TR LT AT BRI AL 32

a —GHRE
1.00F g
T T 51 1
0.75 PR S S ob
= 050]
%)
025}
000} =~
300 400 500 600 700 800 900 100011001200
WK /nm
b 1oL — FEmE
0.8 L —— HHRR
CI —TERT
0.6 B R
M 041
jlfR_' 02+
%
0.0}
-02} 7
-0.4 %Sﬁ
0800 400 500 600 700 800 900 100011001200
WK /nm
C 08 —— R
B G A\ /N
— T SRS A\ /A
0.6} 3\
SRS A A
% 04} 4 ) /A
nr f
8§ ozl
0.0}
-02} I

300 400 500 600 700 800 900 1000 11001200
P /nm
B 1 ZB AT /IR LTS i
Fig.1 Litchi fruit’s visible/near infrared spectrum data
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Table 1 Performance of visible/near-infrared spectral prediction models based on different preprocessing methods and modeling methods
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SNV+SPA+PLSR 0.23 0.79 85.00 025 073 85.00
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MSC+SPA+PLSR 0.19 0.86 90.00 0.21 0.80 88.33
MSC+SPA+SVR 0.20 0.84 91.67 023 079 90.00
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Table 2 Performance of hyperspectral spectral prediction models based on different preprocessing methods and modeling methods
b MK E
T R AT ik
RMSE R EHE/Y%  RMSE R SEFE Y
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Table 3 Performance of X-ray grayscale value data prediction models based on different modeling methods
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Table 4 Effect of different detection methods fusion on the detection of infected or noninfected litchi fruit
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