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Fig. 1 Hyperspectral image collection
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Fig. 3 Segmentation diagram

(a): Segmentation of region of interest and background region; (b): Spectra of region of interest and background region; (c¢): Mask
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Table 1 Two classification results of grafted survival seedlings and non-viable seedlings

on the same day based on SVM constructed by different pretreatments

N P/%
RH ¥ SG FD SD MSC SNV SG-SD SNV-SD SNV-SG-SD

1 99.11 99.11 99. 33 99. 33 99. 33 99. 33 99. 33 99. 05 99. 33
2 98. 82 98. 82 99.76 99. 76 99. 29 99.76 99. 56 100. 00 100. 00
3 96. 73 97.01 98. 63 99. 23 98. 09 99.18 99. 25 99.18 99. 87
4 98. 11 98.11 97. 64 99. 05 98.02 98. 85 98. 86 99.02 99. 58
5 97. 34 97.58 99. 03 99. 15 98. 55 99. 03 99. 08 99. 03 100. 00
6 96. 54 96. 04 98. 36 98. 85 98.15 98. 36 97. 98 99. 38 99. 69
7 97. 85 97. 62 99. 64 99. 81 99. 04 99. 25 99. 86 99. 76 100. 00

AR T7 5 18 AT A [ TR0 1 R W AR A 0 o 2R
TTWESE . P4 SNV-SG-SD i ab M U5 i, M L A wA S

SR WORE L SR A T S AR R L A R T R A AR
RN 2 s . W RAR S HAT W], A48 Day i A=



WSS - R G IR AR A BTG 5 R 2 000 23 2 A 2221

{1,2}, B={3,4,5},C={6,7}), D={3,4,5, 6, 7}3/x,
BARER, #AE Day B — A58, W IR 7EFT &7 5
B4 T M AR R AT 4025, KRN AB, M A 4
Aok —K, BEATEE— KT 4%, AR,
SEIRUNZE 2 TR - 10 A A 00 o8 A B2 TS 1 RS 1~2
K.3~5 KM 6~7 RZAHRMEHBAHEZR, g5 1~
2 KA HER R ARG (90. 17 %0) » 3t B A 4 400 01 5 I 85 422 4535
HHEREE, HBGHEERNENE; H3~5 REWMELT
MW A 97.68%), WA A Y NGEALGHEHE
ZARWBE, RIEW RS, 5 6~7 K Rt —L 42
Tk E 99.15% . B MG EMEINGE RS 0B &

A . BUGEEEORA . P AT A S B e B 1 TR
AWM I~7TdNEESREHT NS —h—m =D B, B3 X
2R ZE S,

TE 0 91 PN TS B B AE AN TR) 2K 9 23 Sl ff 2 1Yy
REGEE) 970 LA By s 1~2 R R T4 3 Ka
fi . BEWITE@EHM . FIEWRIZEAE W, HRERE
WA, MEE 3 KIGHEEMREE 1~2 Kpgt—XK, B3 X
e — RUERH RN 99. 500 LA b BEBIEIE § IR e g AR IR
B R . RO T A R B R R . kAT R S
AR RS AW 1~7 d N RET 2858
P B . 53 K2 W W2 S .

F2 ETSNV-SG-SD i EHME SVM AR RGENEE/FENEE_SXER
Table 2 Two classification results of survival/non-viable seedlings grafted on different days using
SVM constructed based on SNV-SG-SD pretreatment

. P/%
A B C A-B A-C B-C A-D
5 2 TS P 90. 17 97.68 99. 15 99. 33 99. 65 99. 23 —
I el LY T 97.03 — — 99. 76 — — — 99. 95
2.2 ﬁﬁE iE'L Eﬁ ?EEX 10— First calibration object
2.2.1 CARS-SPA ;a*_% ®m  Selected variables
DLALA I 1T d IR B 0 L - 0] @
M FRAE IR BEBRBOCA B, i T CARS 83 5 85 I i R % 3h 22 _
S R AT R A% e B IR AR B B . Sl SPA BEVE fﬁ 0.6
CARS FFAE SIS 10 F5AE VL B 17 W . B0 & 4 TR g
BB ISR, 4G ORI CARS 3% 5 6 19 i BOSK % 041
1E 560~900 nm i1 Bl N &4, Hd 560~692 F1 731~900
nm ZbFE AL, Zid CARS §iik 5 Al 15 5 66 AFRAE P EL . 0.2
i ] SPA Bk CARS ReAiF i B i 47 B 4E T 42 B, 40 ! . | . .
e e PN 500 600 700 800 900
& 4 (h) I 7 o i 6 B R AR 5 B BN 66 [ 31 32, e AE U B Wavelength/nm
Jﬁﬁi? 582~685 %ﬂ 730~900 nm, Lot — First calibration object
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CARS-SPA 8% B RE i — 2 ] L i 8 CARS B3k 42 L 0.81
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Fr e b X 9 38 SO R B A BT R E T, 25 REH. & ; ; ; - ;
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Fig. 4 CARS-SPA algorithm
(a): Feature band extracted by CARS algorithm;
(b): Feature band extracted by CARS-SPA algorithm
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Fig. 5 The choice of grafting difference information
(a): Average spectra of grafted survival and non-viable seedlings on
the 7th day; (b): Average absorption spectra of grafted survival and
non-viable seedlings on the 7th day; (c¢): Location of the extracted

feature wavelengths using DIS-CARS-SPA algorithm
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Table 3 Fourteen classification results of grafted survival/non-viable seedlings by SVM
based on feature extraction after SNV-SG-SD preprocessing
i AR Ak 2R FRIE 3R AL Gy R R AL I B B P/%
1~7 d R 37 SNV-SG-SD CARS-SPA SVM(RBF) 32 96. 26
1~7 d MR G %N SNV-SG-SD DIS-CARS-SPA SVM(RBF) 26 96. 85
1~7 d FR I SNV-SG-SD — SVM(RBF) 150 93.48
x4 ETARARUEEN SYM RS HIEE
Table 4 Parameter selection of SVM model based on different optimization algorithms
i A A i 4b 3 FRAE $2 K Gy R A A SVM £ % P/%
1~7 d R I3 7 SNV-SG-SD DIS-CARS-SPA GS-SVM(RBF) ¢c=1000, g=1 000 96. 85
1~7 d S RG SNV-SG-SD DIS-CARS-SPA PSO-SVM(RBF) ¢c=1 000, g=10 87. 89
1~7 d #f NI 4E1 SNV-SG-SD DIS-CARS-SPA QPSO-SVM(RBF) c=1 000, g=100 92.62
1~7 d # R SNV-SG-SD DIS-CARS-SPA GA-SVM(RBF) ¢c=100, g=10 75. 32
1~7 d F I 37 SNV-SG-SD DIS-CARS-SPA QGA-SVM(RBF) ¢=100, g=100 85. 27
x5 ETAEZEEA SVM ERSHEZF
Table 5 Parameter selection of SVM model based on different kernel functions
AL il 3 HEIE B 43 F BB P/%
I~7 d FHRE 2 SNV-SG-SD DIS-CARS-SPA GS-SVM RBF 96. 85
1~7 d #f NI E1 SNV-SG-SD DIS-CARS-SPA GS-SVM LINEAR 61.33
1~7 d #3207 SNV-SG-SD DIS-CARS-SPA GS-SVM POLY 76. 95
1~7 d # R SNV-SG-SD DIS-CARS-SPA GS-SVM SIGMOID 50. 36
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Abstract The purpose of grafting is to improve the ability of plants to resist soil-borne diseases and abiotic stresses. The early
detection of the grafting healing state of melon is an important demand for the current industrial development of nursery plants.
Based on the standard normal variable transformation savitzky Golay smoothing second derivative (SNV-SG-SD) preprocessing,
this paper proposes a competitive adaptive reweighting (DIS-CARS-SPA) feature extraction algorithm fusing grafting difference
information. Establishes a radial basis function support vector machine (GS-RBF-SVM) classification model based on grid
optimization, The early classification detection of melon grafting healing state based on hyperspectral imaging was realized.
Firstly, hyperspectral images of grafted survival seedlings and non-survival seedlings with pumpkin as rootstock and melon as
scion were collected within 1 ~ 7 days of the healing period. Nine spectral preprocessing methods, two feature extraction
algorithms and five optimization algorithms, and four kernel function support vector machine (SVM) classification models were
used for analysis. The results show that the best is SNV-SG-SD spectral preprocessing, DIS-CARS-SPA feature extraction and
GS-RBF-SVM classification model. Further analysis using the model shows that the classification accuracy of different types of
binary classification on the same day can reach more than 99% on any day within 1~7 days of the healing period. More than
90.17% of the grafted seedlings survived on different days; More than 97.03% of the grafted non-survival seedlings could be
classified on different days. On different days and types of 14 classifications, it can reach 96.85% , which is 0. 59% higher than
the cars-spa feature extraction method without fusion of grafting difference information and 3.37% higher than the method
without only preprocessing feature extraction. The results show that the proposed method can not only realize the two
classifications of grafted survival seedlings and non-survival seedlings on the same day but also the two classifications of the same
type on different days and the multi-classification of different types on different days. In practical application, it can advance the
classification time to the first day after grafting (3 ~ 4 days for naked-eye observation and 1 ~ 2 days for machine vision
technology). At the same time, the third day is the difference between mutation days of grafted survival seedlings and non-
survival seedlings. The state of grafted survival seedlings can be divided into three stages: weak, medium strong, and the state
of non-survival seedlings can be divided into two stages: weak weaker. This conclusion can provide effective guidance for the

production of grafted melon seedlings and has a certain theoretical and practical value.
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* Corresponding author (Received Jul. 2, 2021; accepted Aug. 25, 2021)



