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Selection of hyperspectral characteristic wavelength and construction of

prediction model for cucumber hardness and moisture
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Abstract: In order to achieve fast and accurate detection of cu-
cumber freshness by hyperspectral technology. taking the hard-
ness and rate of water loss as the quality index, the hyperspectral
imaging technology was used to test the cucumber with different
storage dates in the same batch. Firstly, Savitzky-Golar method,
multivariate scattering correction (MSC) and standard normal
variable transformation (SNV) were used to preprocess the col-
lected hyperspectral data of cucumber, and the pretreatment re-

sults were compared to determine that the Savitzky-Golar method
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was more effective. Then, competitive adaptive reweighted sam-
pling (CARS), partial least squares (PLS) and successive projec-
tions algorithm (SPA) were used to select the hyperspectral
characteristic wavelengths, and 25, 13 and 20 characteristic
wavelengths were selected for the hardness index, respectively.
20, 16, and 20 characteristic wavelengths were selected for the
index of water loss rate, respectively. Finally, the BP neural net-
work was used to distinguish the cucumber hardness and water
loss rate based of the characteristic wavelengths. The results
showed that the BP neural network combined with SPA method
had the best discrimination effects, and the accuracy of the train-
ing set and the test set for hardness discrimination were 95.24 %
and 91.67% , respectively. The accuracy of training set and test
set for rate of water loss were 97.78 % and 95.00% , respectively.
hyperspectral;  hardness;  water loss
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Figure 1 Hyperspectral imaging system
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Table 1 Hardness value of cucumber
WK/ d REEEY(E/ g AIEHE /g b2/ g
1 872.49 841.99~903.10 18.24
3 877.68 839.43~897.45 19.57
5 780.62 759.74~808.12 15.16
7 725.34 697.30~750.13 20.38
9 669.48 647.51~703.03 20.36
11 677.20 660.33~705.92 15.91
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Table 2 Water loss rate of cucumber
e 38 R %/ d KAKZ/ % e 9 R %/ d KAkE/ %
1 0.33 7 3.87
3 2.06 9 4.70
5 2.95 11 5.67
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Figure 2 The original spectrum of cucumber

R3 TR ER BP SER
Table 3 BP analysis results of 3 preprocessing methods
Tl b 2 (U3 KK
Tr R? RMSE R? RMSE
SG 0.82 0.03 0.84 0.39
SNV 0.71 0.05 0.80 0.43
MSC 0.77 0.06 0.75 0.63
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Figure 3 Spectrogram of cucumber after SG
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Figure 4 Characteristic wavelength extraction by CARS
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Figure 5 Characteristic wavelength extraction by PLS
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Figure 6 Characteristic wavelength extraction by SPA
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Table 4 The characteristic wavelength extraction results
AL A AR PR TR IOy v FEAE I K /nm
429.34,429.85,430.36,446.23,446.74,463.13,463.64,464.16,464.67,503.61,504.12,505.15,
CARS(25) 520.01,520.52,521.03,521.54,522.06,542.04,542.56,543.07,562.54,563.05,563.57,564.08,
876.47
i i s 449.30,467.74,481.57,553.83,590.20,599.93,627.57,647.52,682.26,711.85,754.61,774.92,
PLS(13)
824.05
SPA 386.89,392.51,406.31,417.06,425.76.,434.97,449.82,473.38,483.11,495.41,517.96,557.93,
SPA(20)
626.55,651.61,672.05,686.35,694.51,707.77,739.35,874.96
388.93,403.25,420.64,421.15,432.41,447.77,471.33,643.94,644.45,657.23.678.18,810.40,
CARS(20)
811.91,825.57,827.08,827.59,828.60,830.62,831.12,876.47
422.69,452.38,465.18,482.09,495.41,516.42,522.06,542.56,550.76,571.76,580.47,590.20,
Jok# PLS(16)
596.86,636.78,651.10,689.41
SPA 386.89,388.42,396.09,416.03,424.73,436.50,452.89,468.77.,481.57,497.97,513.34,537.94,
PA(20)
625.53,650.59,673.07,685.33,696.55,711.85,746.47,876.47
F 5 YHMEHKT BPNN H B EEME
Table 5 BPNN discrimination accuracy rate based on the characteristic wavelengths %
CARS PLS SPA
HALE  — - ; o N o
I Ef S WA EME  UIgGEEMmE WHAEEME  NIGEERE W4 IEfR
i i 83.81 78.89 87.14 75.56 95.24 91.67
oK # 86.19 84.44 84.29 70.00 97.78 95.00
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Table 6 Discriminant analysis results of BPNN model

under characteristic wavelength

FRAE %K i i KAKR
T Ik R? RMSE R? RMSE
CARS 0.82 0.38 0.85 0.38
PLS 0.80 0.39 0.73 0.60
SPA 0.84 0.32 0.88 0.36
6 A
e S ER A
£ 5t o W&
E
R =
w44
e
&3
E
)
1 . . . .
0 10 20 30 40 50 60
HIREW S
Test set

(b) XA

B 7 DBPNN & ZAZA ) 4 A e 25 R

Figure 7 Verification results of predicted and expected hardness based on BPNN model
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Figure 8 Verification results of predicted and expected water loss rate based on BPNN model

6
B} o I !L
£ —— TR T F
£ \
K = I J)
3 1
@% -
é 2 Fw J)
1 | . . . . )
50 100 150 200 250
Il 254k
Train set
(a) YL
6"

Sy H‘
£ | o B !
1l

e i !
RE H l
RE 3 J
2 sﬂ'
1 G n n n n n n n y
0 20 40 60 80 100 120 140 160 180
PIE RS
Train set
(a) NZRtE
3 &

w

T30 3 X A6 o D' 1 504 ) T 4k B % R AL 08 1K A
PRI, S 57 B 2R K A TN A A . SR Savitzky-
Golar % | 2 TOHIUT A2 TE AR E IE 2548 4 A8 e 3 b 5 25 X
TR OGS SR B AT A B B T A B fF B A BP M &
W 245 T A D, 45 SR 2% W] Savitzky-Golar 3 T 4b B 5 1) 5
TE Savitzky-Golar 2 FiAL HUEEA 1, SR T 58 4 1 38 1y 7
IR i foe /D T30 B S A R Bk 3 R Uy IR HEAT HRAL
P ACHR B H T 5 AE Y IC . 1l 57 BP i 28 ) 2% 41 Syl 4 7R

2= AR i B K 43 R A7 B0 L 3@ 53 % 900~1 700 nm
T B P P9 I SRR AE D TR S 57 1) i 3 /N TR K 43 T A5
R R R A AH DG R BORN 4 O AR 22 43 I Dl 0.86 A 0.111,
S Hp i B4R B R R TR AR AE U K T S Y T A
RN i B 5 b AR AE D K 3 R 3 T R R K R
Y2555 AR 240 3 95.24 %, 97.78 %, I 3% 45 v W 2 43
SR 91.67%,95.00 % , I &5 5 AH 4 T 42 I 4 T0I0ORS E
KRR .

WFFE T — 5 itk ke A [ 502 B 8 A 2k 7 R 3 ) 4B AF
1 S I 4 4 22 3 Ak Fi AR B0 AE Y L KR AR I SR IO



&M | Vol.37, No.2

TEAT) SRR AR S 0 O B A R (BT A B TR A S0 A AT

EAYiEI R

5% 3k

L] skfRfe, 2L, BB, B0 i R FORTE R B Bt 5 %
A TCARR I o B R i A LT L O ak AE OB s s
2014, 34(10) . 2 743-2 751.

[2] fEEME, N7 SORK, BboME L, 45 1o 2 3 21 A B8 05 1k 4
B iy W& sz g2 L)), Ok 2% 50635 40 B, 2007, 27 (5):
911-915.

(3] SeBmg, BT i, HSmith. . 3w ot ik w4 mn i o
TS 3 U L], 6 3% 2% 56 % 4 #r . 2010, 30(5) .
1 357-1 361.

L4 #hEGZR, T, FH 4. 5. 3T RG A #0 #R et i &
AR B AT T 1], RHEBFTE . 2008(7) . 87-89.

(5] AT, 4B/NBE, ARSC, S o 6k R B A f I 3¢ it
Feifg SR CD ). SBHAEE L 2011, 39(2) . 243-247.

[6] B, BXHaEH . R yiR, % BT mob s EAR 05% F 50 b
30N N R v S i BE TR LT OLs 2 5ok
Sy, 2017, 37(6): 1 861-1 865.

L7 /e, B, Eaf. mans g HoR e R B 5% 4 e it
AU T R L. £ A 8 4 0 & A I A= 4l 2017, 8(12):
4 594-4 601.

(8] . JE T T S AR 7 % i S i i1t B I 5 A5 Bk 2 i B i 32
BRERIM AT [D]. Josh . TR, 2019 11-18.

Lo 4l/Ne, BRIEM . A H 55, 5. J T4 ohm ek BR i 8
JRIE R S e A L) ], Rl LA ~F iR . 2012, 43(5):
152-156.

[10] NIE Li-xing, DAI Zhong, MA Shuang-cheng. Enhanced ac-

curacy of near-infrared spectroscopy for traditional chinese

SimimsE B ASMEESRIEFERKEESTNUERGE

medicine with competitive adaptive reweighted sampling[J].
Analytical Letters, 2016, 49(14): 2 259-2 267.

(1] Ak, 5kR, FT5, 5. Rtk BURE G L8 % S Ik
TEAGUAG D R A Bk LT ). v I R B AR 2 4, 2019, 40 (4D
71-77.

[12] Eiede, tmEE, K, 55, 584 M B b 0 AL i Rl
O R B0 R IBURE IE S KA I 3B i i BB (. Db
5963407, 2017, 37(7) . 2 115-2 119.

[13] BF, BEEF, f5, & ELRPIEAEHKN pHET
BRI g R L) ], el TR 24, 2010, 26 ) 1)
379-383.

[14] SUN Ye, XIAO Hui, TU Si-cong, et al. Detecting decayed
peach using a rotating hyperspectral imaging testbed[ ] ].
LWT-Food Science and Technology, 2018, 87. 326-332.

(157 S, 408, X, 4. HF 56 BUg 5 oR fd 8: 4%
A A AR R ARG S T ] B MR, 2014, 35
(8): 57-61.

[16] s, B, mmil, 4. 5T R gsARs 4 SPA
I GA S E §F £k A B SR LT ] 6k 2 5otk 4
#Hr. 2019, 39(8): 2 608-2 613.

L17] AT X0k, 45/, 45, B AR S A3 41 41 O 1% Fi b 22
ZIPE R A LT ] R HLBE A% 4. 2009, 40 (B ) 1)
109-112.

[18] 2=, 1Rt . BT HLET S S 5312 09 F 70 A0 44 JoT ) A 74
L5 40T . BP & W 4 SRR e i LS LSTM BEBI[] .
BTG R . 2019(4) ; 23-33.

[19] Z=0h, s fe, BYMES . 55, 2T BP & 45 i A 48 21 (5
WM. MLGTHEAR . 2019, 47(3): 68-T1.

[20] Z= b, faf il XUSEH, 46, T @ ik BURE A 1 /N HTUK
SRFEAGINLT ). LA S OB TR, 2014, 43(7) . 2 393-2 397.

=EH

FERMmBERARES 2021 EFEERELRIEAAT

AR [ R U 8 T 56 F 2 UM Bk 2021 4F Fp [ R 27 e A e I TR B g i o A A 388 ) O B3 9 e A1
(202132 ) 25K . [E £ B2 PR 22 2 L4085 0 SOHLA L B fi 2 A A S il 2 e R AT 2021 AR B L4 1 AR
LA T R R PR AN D PRI R P 4 i v R B e A e N 4 44 CHE Ik 1R 2

P
P 44 5 T AR A K ) Ll B S
1 Erfh 5 Hh I A 2R A SR BT P L/ AT AE i G LRI
2 A 5 P AL R AR R B
3 il 5 2 5 RPN LGS B
4 8 987 3 /3 WL A Al B2 B e

CE U http: //news.foodmate.net)

151



