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5T 2 S 1 Bt b A% AR R T I IR A Y AR Ak R
#, % GUEmDZ. GUEmRSS, GUEnDZ, GUEnRSS,
GDEnDZ Il GDEnRSS 4 43 51l i 5 £ A 1F 30 4b 31 DL 3 B O
TP X B SR PRGSO R RO A A A o 2% I A
A o TR RO R IEBAL P 365 nm T %R
AR BCHE B RE A KR HE 25 (6 0. 7E 405~ 780 nm i [ 4 .
GUEmDZ Rt A b7 #E 228 GUEmMRSS KEA A7 1 25, 78 850~
970 nm G Bl N » GUEmMDZ Fl GUEmMRSS #f 75 47 1 25 L A A
Wl s 7£ 405~970 nm Ju[E N, GUEnDZ M A7 iff 2 5 i 55
GUEnRSS HEAFRAE 2 /N5 7E 405~970 nm JEH K, Bk K
690 nm JIT X R 1) A o 22 18 85 Oy He Ok A At I X N Y
GDEnDZ kE A 47 1 22 %8¢ GDEnRSS i RE A bRt 22/, BL R %K
PRI, SRS TR EORA TR 22 5, I B R
IR A P75 ARG B KD T IR 1) 22 06335 B8040 A S5 AR 6T 55 /0N T X
TR ARG EORFh 7 IR 1) 2 6 3% B A2 A W 85 o3 — T
R SR TR KA EFLI 25 5 7ER TS LRI N HUR
LR AP IR 2L 0 22 6 1% B A8 S A X A R T % BE ZH AR
KA IR FL 0 22 0 1 B A8 S A XN

X 3 DR ES R TR AT AN - R AR E AL R
EAR, EARMMEBRL, ZUEARSHSEH TS, 1B
BE. BMEAGF MERNAFE, XERORAAEY ¥
REMEZEEFEEZ —, SR SBEOREAZE, RETIHE
A — EE R AR, AR RS A AR MR T A e b
AR T A B A TR 4 A5 T T 9 25 AR BN,
S VR XoF B2 S A et B R A o 25 v T AR AL T
JVR L 1Y =2 B B A3 LAV Y S I S 2R . AR S04 IR
55 3 B A0 AR K 7 R 3L v 3 43 2 2 ) T Ak 2 g
Wi 2t 2 AR B B RIE A Ak = 4



5093

ik 5oL

2699

Absorbance/a.u.
Absorbance/a.u.

Absorbance/a.u.

400 400

800 900

500 600 700 800 900 500 600 700 800 900 400 500 600 700
Wavelength/nm Wavelength/nm Wavelength/nm

80 80 80 —
H 2] R
o o o
2 2 2
3 g 3
§40 § 40 § 40
o =] -0
2 2 z
20 T 20

400 500 600 700 800 900 400 500 600 700 800 900 400 500 600 700 800 900

Wavelength/nm

Wavelength/nm

Wavelength/nm

B3 \BEXRMFEAE
(al): GUEmDZ; (a2): GUEmRSS; (b1): GUEnDZ; (b2): GUEnRSS; (c1): GDEnDZ; (c2): GDEnRSS

Fig. 3 'The multi-spectra of waxy corn seeds
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Fig. 5 The scatter plots of the first 3 principal components of PLS-DA models of the multi-spectra of waxy corn seeds

(a): GUEm; (b): GUEN; (¢): GDEn; (d): GUEm-GUEn; O:

control group; /\: heat-damaged group
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Table 1 The accuracy of PLS-DA for heat-damaged

kernels of Jingkonuo 2000 corn seeds

BeiE 5l S R

- B R RUR A
e i o

WA EFE  EWE EE ERR

%% % %

GUEm 5 98.0 100. 0 90. 0 98.0

GUEn 4 100. 0 98.0 100. 0 98.0

GDEn 4 96. 0 98.0 92.0 98.0

GUEm-GUEn 7 100. 0 100. 0 100. 0 98.0
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Fig. 6 The NIR spectra of waxy corn seeds
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Fig. 8 The scatter plots of the first 3 principal components of PLS-DA models of the NIR spectra of waxy corn seeds
(a): GUS; (b): GDS; (¢): GUS-GDS; O: control group; /\: heat-damaged group
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Non-Destructive Identification of the Heat-Damaged Kernels of Waxy
Corn Seeds Based on Near-Ultraviolet-Visible-Shortwave and
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Abstract In this research, took the waxy corn seed “Jingkenuo 2000” as an example to research the identification of the the
heat-damaged kernels of waxy corn seeds quickly and non-destructively and explore the effect of heat damage on waxy corn
seeds. The multi-spectral imaging data of the control group and heat-damaged group were collected by Videometer near-
ultraviolet-visible-short-wave near-infrared multi-spectral imager with embryo facing up and embryo facing down respectively.
The single-point multi-spectral data from the embryo with embryo facing up, endosperm with embryo facing up and down were
extracted respectively, while the multi-spectral data from the embryo and endosperm with embryo facing up were fused
primarily. The standard deviations of all spectral variables were calculated after the baseline preprocessing to the multi-spectral
data to analyse the effect of heat damage on waxy corm seeds according to the change of standard deviation of the data. Based on
the multi-spectral data, the non-destructive identification models of the heat-damaged waxy corn seeds were developed by partial
least square - discriminant analysis (PLS-DA) algorithm, which was compared with the models developed based on near-infrared
spectra data. The result indicated that heat damage results in different effects on embryo and endosperm, however, the multi-
spectral data and near-infrared data show the same trend of change. Based on the multi-spectral data, the identification models of
the heat-damaged kernels of waxy corn seeds are developed. In the 3D scatter score plots of each model’s first three principal
components, the samples of the control group and the heat-damaged group show a certain separation trend. The accuracy of
calibration data is between 96% and 100% , while the accuracy of cross-validation data is between 92% and 100%. The model
developed by the fusion data of embryo and endosperm spectra with embryo facing up is of a higher accuracy, of which, the
accuracy of calibration data is 100 %, and that of cross-validation data are between 98% and 100%. In contrast, the PLS-DA
models of the heat-damaged waxy corn seeds are developed by near-infrared spectra data. In the 3D scatter score plots of the first
three principal components of the models developed by the data of embryo facing up, embryo facing down, and the fusion of the
two, the samples of the control group and the heat-damaged group show a good separation trend of which, the accuracy of the
calibration and cross-validation are all 100 %. This research demonstrated that it is of good feasibility to identify the heat-
damaged kernels of waxy corn seeds by near-ultraviolet-visible-short-wave near-infrared multi-spectral imaging technology rapidly
and non-destructively. The standard deviation data of the multi-spectral variables are consistent with those of near-infrared
spectral data. The calibration model by the fusion data of embryo and endosperm is of a higher accuracy for the multi-spectral

data.
Keywords Multi-spectral imaging; Data fusion; Near-infrared spectroscopy; Heat-damaged kernel; Waxy corn seed
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