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Fig.1 Schematic diagram of Carya cathayensis near—infrared spectroscopy detection device
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Table 1 Carya cathayensis physical parameters
S b R Elg A& /mm % £ /mm
HogE] 1.69~4.92 15.7~21.4 17.5~25.8
¥ {E 2.87 17.6 22.3

b 5 530~800 nm i 4 I FEAE 7E 550 55 14 k%
W 23 BI67F 590 nm K 780 nm ZEA74b , I 2
WRER Y, IEH LA Mk A W B B O o T4 A
LAZAk (R P E OIS AR RS R B
TLADK G BRI 5 B R A2 it 2 O vk A T 43
Brab 38 DUERBCH ik 22 S A5 8, o7 Ll Ak
2SR AL AN R 1 S AR R 2
(L AR 2T AN TG A E, R PRI 26 B 2 SRR
43T 2T A1 WY B (L LU ARG 4 1 AR s
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Al - Sl

2t
Absorbance
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Fig.2 Near—infrared spectra of Carya cathayensis in the wave length range of 200-1 100 nm
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Table 2 Principal component contribution rates

of Carya cathayensis spectra

E RS FERRE% Rk /%
1 84.08 84.08
2 12.21 96.30
3 2.65 98.94
4 0.87 99.82
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(14 2 T B AT R AR AR, B T A AR
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Table 3 Classification model results of Carya cathayensis with empty bud under different preprocessing

and modeling methods (Detection device 1)

] HBEE w4
ARk KFHA i AL 22 : ‘
R R REME B HFAm EEHF
LDA 645 £ 0.8333 0.9567 0.9446 0.6667 0.9653 0.9321
645 A —1f 0.8667 0.9314 0.9251 0.7222 0.9583 0.9321
645  FAY 0.8333 0.9531 0.9414 0.6667 0.9653 0.9321
645  RZALE 0.8333 0.9567 0.9446 0.6667 0.9653 0.9321
645  SGF#E 0.8000 0.9567 0.9414 0.6667 0.9653 0.9321
645  —HFd 0.8333 0.9603 0.9479 0.6667 0.9653 0.9321
645  —Hr¥H 0.8333 0.9567 0.9446 0.6667 0.9722 0.9383
645  AHEESTELH 0.8333 0.9386 0.9283 0.7222 0.9583 0.9321
645  HAAHRE 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
QDA 645 £ 0.8667 0.9278 0.9218 0.7222 0.9514 0.9259
645  Ja—f 0.9333 0.8809 0.8860 0.7778 0.9236 0.9012
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(8% 3)
% IEE EILES
#EEFx EEHA R AL 2 ‘ ‘
B M HF B AE A BB 4T B IE A
645 A 0.8667 0.9278 0.9218 0.7222 0.9375 0.9136
645 K ZAE 0.8667 0.9278 0.9218 0.7222 0.9444 0.9198
645 SG F & 0.8667 0.9278 0.9218 0.7222 0.9514 0.9259
645 — B33 0.8667 0.9314 0.9251 0.7222 0.9375 0.9136
645 = F K 0.8333 0.9350 0.9251 0.7778 0.9514 0.9321
645 WEESEFEH 0.9000 0.9134 0.9121 0.7778 0.9514 0.9321
645 % AR E 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
MDA 645 x 0.9000 0.8628 0.8664 0.7778 0.9028 0.8889
645 Ja —4k 0.9333 0.8628 0.8697 0.7778 0.8889 0.8765
645 A 0.9000 0.8520 0.8567 0.7778 0.8889 0.8765
645 A ERIE 0.9000 0.8592 0.8664 0.7778 0.9028 0.8889
645  SG R 0.9000 0.8592 0.8632 0.7778 0.9028 0.8889
645 —F-F 4 0.9000 0.8628 0.8664 0.7778 0.8958 0.8827
645 — Bk 0.9000 0.8556 0.8599 0.7778 0.8958 0.8827
645 HEEATETEH 0.9000 0.8556 0.8599 0.8333 0.9097 0.9012
645 % TSR IE 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

R4 TEFABMBEAETLUZRZENSLERER (KLUEE 2)
Table 4 Classification model results of Carya cathayensis with empty bud under different preprocessing

and modeling methods (Detection device 2)

REE SRS
ARFE T FHA A 2 ‘ ‘
B 4 BOEH R BN  RiaE B IE Ay
LDA 645 x 0.8000 0.9567 0.9414 0.6111 0.9653 0.9259
645 2 —4e 0.8333 0.9531 0.9414 0.6667 0.9444 0.9136
645 A 0.8000 0.9567 0.9414 0.6111 0.9653 0.9259
645 A& aE 0.8000 0.9567 0.9414 0.6111 0.9653 0.9259
645 SG -F & 0.8000 0.9567 0.9414 0.6111 0.9653 0.9259
645 —H-F 3 0.8333 0.9567 0.9446 0.6111 0.9653 0.9259
645 ZHFH 0.8333 0.9567 0.9446 0.5556 0.9653 0.9198
645 MEESTEEHR 0.8333 0.9495 0.9381 0.6667 0.9444 0.9136
645 % AR IE 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
QDA 645 x 0.8000 0.9350 0.9218 0.6667 0.9514 0.9198
645 2 —4e 0.8667 0.9386 0.9316 0.6111 0.9306 0.8951
645 A 0.8000 0.9386 0.9251 0.6111 0.9514 0.9136
645 A EARIE 0.7667 0.9350 0.9186 0.6667 0.9514 0.9198
645 SG -+ iF 0.8000 0.9350 0.9218 0.6667 0.9514 0.9198
645 — M5 & 0.8333 0.9350 0.9251 0.6111 0.9375 0.9012
645 =B 0.8333 0.9531 0.9414 0.6111 0.9375 0.9012
645 AAEESTFEHR 0.8667 0.9458 0.9349 0.6667 0.9306 0.9012

645 % AR E 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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(&% 4)
s (R S SRS
EHF R ETEHE K TRAL 2R : - : »
AL B BEME MAR KRR BESAE
MDA 645 & 0.9000 0.8700 0.8730 0.6667 0.9167 0.8889
645 Ja—4k 0.9000 0.8303 0.8371 0.7778 0.8958 0.8827
645 AL H 0.9000 0.8665 0.8697 0.6667 0.9028 0.8765
645 A& AE 0.8333 0.8592 0.8567 0.6667 0.8889 0.8642
645 SG -+ iF 0.8667 0.8700 0.8697 0.6667 0.9167 0.8889
645 — 35 0.9000 0.8664 0.8697 0.7778 0.8681 0.8580
645 =B 0.8667 0.9458 0.9381 0.7222 0.8958 0.8765
645 EESEETEHR 0.9000 0.8484 0.8534 0.7778 0.9028 0.8889
645 % SR E 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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Fig.4 Near—infrared spectra of Carya cathayensis after MSC pretreatment in wave length range of 530-1 100 nm
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Fig.5 CARS variable screening process of spectra after MSC preprocessing

T M HE WAL FOGRE , R CARS Jr ik 7EAH R 2
BT #EATAR RLOR AL, Ay AR 1S 27,13,27,27,48,
54,43 F1 24 MRIEPE K AS

2t CARS B i ik 5, R H LDA QDA Fl
MDA J7 i 43 51l 4 57 25 46 L IE # LLAZBk 1) 0 28
ROLZE R WLER 5, AT Al B SR H
CARS i 1 1) 48 1E I 4 38 57 11 40 2B AR 114 A 2 450
AT BRI A U 2D, 45 B 43 A A5E A ) e A

P N R G Y S N S N s
PE AT WL, CARS J5 32 AT LL# A A 4% Hb i 29 118 25 4
IR RE R AR i, 5 2 R A R A 45
2 8l ,MSC —-CARS -LDA .MSC —CARS —-MDA Al
MSC-CARS-QDA A il 550 25 R el , HAr 5
M BB R IR R R 1, U AT DAAR B R )
eI 2

®5 ETCARSHUERKHLERZENSERBER (RMKE1)
Table 5 Classification model results of Carya cathayensis with empty bud

based on CARS sensitive wavelengths (Detection device 1)

) % EE R 4&
AT % e K, TR AL 2 - -
B R B BREAE BBRK BHFr BEHE
CARS-LDA 27 x 0.8000 0.9458 0.9316 0.6667 0.9583 0.9259
13 )2 —4 0.8000 0.9278 0.9153 0.7222 0.9375 0.9136
27 F ALY 0.8000 0.9531 0.9381 0.6667 0.9583 0.9259
27 A &R E 0.8333 0.9567 0.9446 0.6667 0.9722 0.9383
48 SG - # 0.8000 0.9530 0.9381 0.6667 0.9653 0.9321
54 — & 0.8333 0.9603 0.9479 0.6667 0.9722 0.9383
43 N4 0.8333 0.9639 0.9511 0.6111 0.9722 0.9321
24 HEESTZLH 0.8333 0.9567 0.9446 0.7222 0.9444 0.9198
34 % AR IE 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
CARS-QDA 29 x 0.8667 0.9278 0.9218 0.7778 0.9444 0.9259
13 )2 —4 0.8333 0.9206 0.9121 0.7222 0.9306 0.9074
27 H ALY 0.8667 0.9278 0.9218 0.7778 0.9514 0.9321
27 A &R E 0.8667 0.9314 0.9251 0.7222 0.9444 0.9198
48 SG - # 0.8667 0.9278 0.9218 0.7778 0.9583 0.9383
54 — & 0.8667 0.9350 0.9283 0.7222 0.9444 0.9198
43 N 0.8333 0.9278 0.9186 0.7222 0.9583 0.9321
24 HEESTZLH 0.8333 0.9242 0.9153 0.8333 0.9444 0.9321
34 % AR E 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
CARS-MDA 29 x 0.9000 0.8339 0.8404 0.7778 0.8819 0.8704
13 Ja—4e 0.9333 0.8339 0.8436 0.8333 0.8681 0.8642
27 F ALY 0.9333 0.8592 0.8664 0.7778 0.8958 0.8827
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) REE Fom 4
BT E R RH AT : :
OB Hrr BREHAE MR HFRH BREARE

27 &K E 0.9000  0.8484  0.8534  0.8333  0.8889  0.8889
48 SG F i 0.8667  0.8556  0.8567  0.7778  0.9028  0.8889
54 — B $ 4 0.9000  0.8520  0.8567  0.7778  0.8889  0.8765
43 B 0.9000  0.8484  0.8534  0.7778 09306  0.9136
24 FEESEZEH 0.9000  0.8303  0.8371  0.8333  0.8889  0.8827
34 % THAHR E 1.0000  1.0000  1.0000  1.0000  1.0000  1.0000
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Rapid Identification of Empty Bud Carya cathayensis Based on Near—infrared Spectroscopy

Yu Chuze, Weng Dingkang, Cao Shuosen, Sun Tong
(College of Optical, Mechanical and Electrical Engineering, Zhejiang A & F University, Hangzhou 311300)

Abstract Empty bud Carya cathayensis refer to Carya cathayensis with no seed kernels or stunted development, which
will seriously affect the product quality of Carya cathayensis. To achieve rapid and non-destructive identification of empty
bud Carya cathayensises, two NIR detection devices were used to collect spectra of shelled Carya cathayensises samples
in the wavelength range of 200-1 160 nm. Eight different preprocessing methods wers used for spectral preprocessing,
and competitive adaptive reweighted sampling (CARS) was used to select the sensitive wave length variables of empty
bud Carya cathayensises. Finally, linear discriminant analysis (LDA), quadratic discriminant analysis (QDA), and maha-
lanobis discriminant analysis (MDA) were applied to establish the classification models of empty bud and normal Carya
cathayensises. The results showed that the performance of the classification models of empty bud Carya cathayensis estab-
lished using detection device 1 were better than that of the detection device 2. The classification models established after
multivariate scattering correction (MSC) pretreatment showed the best recognition results. The specificity, sensitivity and
correctness of LDA, QDA, and MDA models were all 1, which were better than the classification models established by
other preprocessing methods. After CARS variable screening, the number of spectral variables used for modeling was sig-
nificantly reduced, effectively simplifying the classification model. However, the model performance was still on par with
that of the full-band model. This paper provides a feasible method for the rapid nondestructive identification of empty
bud Carya cathayensis by near—infrared spectroscopy combined with chemometric methods.

Keywords Carya cathayensis; near—infrared spectroscopy; empty bud; competitive adaptive reweighted sampling



