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Abstract
the research object to study the gradual spectral characteristics of the hidden damage from winter jujube to the microscopic damage on the sur-

(School of Mechanical & Electric Technology, Suzhou Institute of Trade & Commerce, Suzhou,
In order to predict the damage of winter jujube earlier and reduce the storage loss, Shandong Zhanhua winter jujube were taken as

face. Hyperspectral images of each period of each jujube under the same test conditions at various damage periods were collected to obtain 512
hyperspectral component images with wavelengths in the range of 390-1 090 nm, and internal hidden damage was inferred from the surface mi-
cro-damage area of interest and the spectral information of each injury period were obtained. Through three sets of differential spectrum analysis
and cross-validation, 8 wavelengths with large changes were determined, and then 4 wavelengths were determined according to the main com-
ponent changes in winter jujube. Finally, 528.5, 547.4, 573.9, 702.7, 727.2, 755.7, 880.2, 942.6, 982.7, 518.5, 863.0, 973.4 nm 12
wavelengths were selected as the characteristic wavelength of the gradual damage of winter jujube. A partial least squares analysis method was
used to establish a discriminant model, and 83 samples of the prediction set (no damage 27, first stage damage 12, second stage damage 12,
third stage damage 12, fourth stage damage 10, fifth Stage damage 10) for prediction, the detection accuracy was 100%, 58.3%, 66.7%,
83.3%, 100%, 100% , and the overall detection accuracy was 86.7%.
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Fig.1 The damage samples of winter jujubes
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Fig.2 Images of Dongzao in each damage stage and the damaged area of interest

122 AR BRI Ak B ARG AT 2 6 1Y
AR DI, 73S ORI I (ROT) 4 2 I
{H, AR  BE R O (R B, 5 20k i Zeanial 3
B, PR 390~1 090 nm,

=~
=
S
=

1000

RAHE Reflection value

]
390 49 590 690 790 890 990 1 090

&% Wavelength Il nm
B3 5AREBGHE THERBRE 2%
Fig.3 Original spectral curves of five damage stages
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Fig.4 Spectral curve after pretreatment
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Fig.5 Difference spectral curve of the first group
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Fig.6 Difference spectral curve of the second group
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Fig.7 Difference spectral curve of the third group
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Table 1 Cross validation the differential spectrum results of the three

groups
Wk

2= No. Wavelength C 41 412 43
m sroup 1 Group 2 Group 3

1 4873 vV

2 501.0 VvV

3 518.5 Vv

4 528.5 vV Y4

5 537.3 Y

6 547.4 vV vV Vv

7 562.5 Vv

8 566.3 Vv

9 573.9 Vv Vv Vv

10 585.3 vV

11 702.7 vV Y Vv

12 727.2 vV Vv Vv

13 730.5 Y

14 755.7 vV vV

15 759.6 Vv

16 777.8 Y

17 794.8 Y

18 813.1 Y

19 863.0 Vv

20 865.7 vV

21 880.2 Vv vV

2 901.4 vV

23 906.7 Y

24 942.6 vV Vv

25 973.4 Y

26 982.7 V

TEAAG; (A8 ik R v | S A 8 32 8 i Tl A i A
AR BB i TS I B R R R BRI K G
FH2 M K 981,520 nm BT A9 S e T /K S
L BOAE AR 5862 nm FRFUT 4 96 0648 S5 ke T 7 SR PN S TR B 114
2545970 nm R B P W Sz e T K SR P9 S K R AE
AT BRIV R A% T A S 3 A A B R D K S i )
082.7.518.5 nm; /% & 863.0 nm; /K43 973.4 nm,
22 EER 5500 RN 12 MRER K 518.5,
528.5 547.4 ,573.9,702.7 .727.2 .755.7 ,863.0,880.2 ,942. 6 ,
973.4.982.7 nm , F| FJ i 5 /N — 30 53 A1 75 12 L AR Y
FIRIERL . B /A 0 AR TCI A, 1 AR BI &
o, AL RN 8 s, & 8l A, B P R R
1 0.99, 55 KR 2% K 0.012,

(&1 9 izt R A, 45 B R R AL, 45 v e/ — el
AR y=-0.459+5.261x 10" x, +2.495% 10 x,~3.676x 10~
%y~ 7.653%10"x,+1.355% 10 x,—=3.011x 10 *x,~3.639x 10 *x, +



194 B A

2020 £

3.282x10 %, 1.964% 10 x, +3.902%x 10 *x, +9. 186% 10 x,, -
3.612x107* w0 T, 2, 2, ¥y Xy X5 K WXy Ky <Ko Ko K py K
3Rk B K 518.5.528.5 .547.4.573.9 ,702.7 ,727.2 ., 755.7
863.0.880.2.942.6 973.4 .982.7 nm &b 1Y) )2 §HH

1.5

Sope  Offst  RMSE RSquae | -
0999422 0000289 0.012021 0999422
o[ ooursss ostarn_osass : :

(| Gt

0 - i::l"T” i

= RN

FRMUA Predicted value

272 0 02 04 06 08 L0 12
A Actual value

E8 {mE/NhTEEA

Fig.8 Partial least squares regression

0.002

0. 001

%%k Coefficient
=
[ ]
|
[

=0. 001
0
AHOR Coefficient term

B9 MEREN
Fig.9 Model coefficient

12 FHZF ISR A2 5 S T AR R T 20 A7 , L2
AN 10 s SO B /SR RN 2 iR,
P10 AT LA Y, T451 45 4 2 54 4 31 B0 R e, AR AT T A6
B TR ALy FIEIILE O B, 17451 475 4 S 0 1 3
— LU 2E JFRIH AL L T, HEaR 2w, A
BB R S B, R SSOR A 22 , Ui T IR TR R ) 2 A
RIS, (ER ORI A R4 i, PR R A

RHEIE,
L5r
= Lo Fe HJ’“ IFH Wop o ﬁ I’I
&45 ! I !
s 05F
g &
R
2 . g
S' 0
-0.5

10 20 30 40 30 60 70 8 90
FEASH Number of samples | />
E 10 {REhZRERTNER
Fig.10 Prediction results by partial least squares model
3 g
FI s G35 o3 BT BT A A AR 5405 1 G i e P A T
WFIE, 255 i e /N 53 BT 5 TR A AR AT 4328, 45

W,
R2 BERGH/EER

Table 2 Classification results of various types of damage

LA FEAEL FI AL NRIES
Winter jujube Number of Correct number of ~ Correct rate
type samples // > discrimination // > %
Je5 No damage 27 27 100
BB 1 Stage 1 12 7 58.3
BB 2 Stage 2 12 8 66.7
& 3 Stage 3 12 10 83.3
BBt 4 Stage 4 10 10 100
BB 5 Stage 5 10 10 100
£E4 Comprehensive 83 72 86.7
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