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Abstract: Peanuts were susceptible to frost damage during harvesting, transportation, storage, and processing due to
temperature and humidity changes, which could affect the quality of peanuts and their products. In order to explore the
mechanism of peanut frost damage and improve the detection efficiency of frost-damaged peanuts, this study used near-
infrared hyperspectral technology to study the feasibility of non-destructive detection of peanut frost damage, optimization
methods based on feature variable screening discriminant models, and the mechanism of peanut frost damage. The effects
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of five preprocessing methods, including standard normalized variate (SNV), multiplicative scatter correction (MSC),
Savizkg-Golag (SG) smoothing, SG smoothing-SNV, and SG smoothing-MSC, on the original data were experimentally
studied. Then, eight variable selection methods, including competitive adaptive reweighted sampling (CARS), random frog
(RF), variable importance in projection (VIP), successive projections algorithm (SPA), Monte Carlo uninformative variable
elimination (MC-UVE), iteration retention information variable (IRIV), variable combination population analysis-iteration
retention information variable (VCPA-IRIV), and variable combination population analysis-genetic algorithm (VCPA-GA),
were used to screen the feature wavelengths related to peanut frost damage. Support vector machine (SVM) was used to
select the feature wavelengths that reached the discrimination accuracy threshold of 90% as the feature wavelengths of
peanut frost damage. The results showed that the detection of peanut frost damage based on near-infrared hyperspectral
imaging technology was generally feasible and had high accuracy. All variable selection methods can effectively screen the
feature wavelengths related to frost damage. Among them, the VCPA-GA algorithm selected the least 7 feature wave-
lengths, accounting for only 3.125% of all wavelengths in the dataset. The accuracy of the training set and the test set were
91.60% and 90.12%, respectively. The selected frostbite characteristic wavelength reflects information about oleic acid and
protein, verifying that excessively low temperatures can lead to a decrease in oleic acid content and an increase in protein
content in peanuts. This study provides a theoretical basis and technical support for the rapid non-destructive detection of
peanut frost damage.

Key words: peanut; frostbite; hyperspectral imaging; characteristic wavelength selection; support vector machine (SVM)
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Fig.2 Structure diagram of hyperspectral imaging system
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Fig.3 PCA distribution of original hyperspectral image
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Table I SVM model prediction results of different spectral pretreatment methods
) IS WA
sy 28 - - - -
TR LA MR (%) e LA e (%)
- log,c = 11.8 log,g = -23 1247/1299 95.99 302/324 93.21
SNV log,c =20 log,g = —12.2 1245/1299 95.84 304/324 93.83
MSC log,c =20 log,g = —24.4 1273/1299 97.99 305/324 94.13
SGSM log,c = 12.6 log,g = —23 1248/1299 96.07 303/324 93.52
SGSM-SNV log,c =21.2 logy,g = -17.2 1215/1299 93.53 296/324 91.36
SGSM-MSC log,c = 17.4 log,g = —24.6 1246/1299 95.92 304/324 93.83
TE: SNV: FifEIA—fbAE it MSC: ZIGHUNELIE; SGSM: Savizkg-Golag B T-# o
PEIZE IR . o 224 P IRAT IR 1~224 S3E47 BRI T .

¥r%, 1T RF. VIP, SPA il MC-UVE J5 &0 1% #1Y
FRAE I AR A e LR THETY, S PRIETf Y
FRIE D AR A AR & 78 5 B BRI R/ &
KA T YA I, SRS g b AR R E R 28Ty
TRURE A RRIE R R LG 50 AR I
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Fig.6 Combination of variables filtered by different variable
selection algorithms after MSC preprocessing
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1329.70. 1371.97. 1375.50. 1403.73. 1531.21 #
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KT IRIV, 5t VCPA-GA ¥E£& H R AE I K
ZRFEARTEE, 0] LIS X T AR i35, VCPA-
GA A XA AT RRAE 53 P BEAR X 75 A28 B
PEFREE, X EE N VCPA 8B4 ] EDF X748
VAT RSN YE, 75 EDF 1B 4TI 2371 55 X0 45 S BTmik
e /INagIE AR, [FIET, BMS Fll MPA 435124t FH 7]
MIRAERE ), P AR AR S 2H A A A A,
FEEEBCFARAR R S AR ], Sl BT
YR B AR SRR R B R G — & Lh i iy B A B
ER AR G R 45 G R A (GA) i — 2
1b, FEoraE G LAY R Ay T R T
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Table 2 Prediction results of SVM model with different spectral preprocessing methods
bS5 AR AL I Mk AT (s)
i A - - . e PRIl
THER L A1 HER 2 (%) THER L £ MR (%)

MSC 224 1273/1299 97.99 305/324 94.13 590.97
MSC-CARS 49 1245/1299 95.843 306/324 94.44 237.22
MSC-RF 50 1240/1299 95.46 305/324 94.14 228.35
MSC-VIP 50 1224/1299 94.23 295/324 91.05 341.81
MSC-SPA 50 1237/1299 95.23 305/324 94.14 274.74
MSC-MCUVE 50 1231/1299 94.77 302/324 93.21 285.60
MSC-IRIV 68 1242/1299 95.61 302/324 93.21 249.59
MSC-VCPAIRIV 47 1249/1299 96.15 305/324 94.14 299.07
MSC-VCPAGA 66 1254/1299 96.54 306/324 94.44 219.21

115 MSC: ZICHU A IE; CARS: 564 F 385 N F AN, RF: REALIE:BE; BEHLIERE; VIP: A8 5 2k

55 SPA: SR 81, MCUVE: 2245 1% o5 B8

BEH R IRIV: AR R (5 SR i VCPAIRIV: ARt A RS AT- IS AR B A5 B8 ks VCPA-GA: ZE B SR RE M-8t 1
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Table 3 Validation results of peanut frostbite characteristic wavelength selection
AR AL SVMZ4§ WA M
R LL A1) MR (%) HER LA (%)
CARS 11 log,c =19 log,g = —20.2 1192/1299 91.1470 294/324 90.7407
RF 13 log,c = 18.8 log,g = —20 1211/1299 93.2256 294/324 90.7407
VIP 30 log,c = 19 log,g = —20 1193/1299 91.8399 297/324 91.6667
SPA 10 log,c = 17.6 log,g = —21.88 1214/1299 93.4565 294/324 90.7407
MC-UVE 19 log,c =23.2 logyg = -25 1202/1299 92.5327 293/324 90.4321
IRIV 30 log,c =22.8 log,g = —23.4 1222/1299 94.0724 303/324 93.5185
VCPA-IRIV 14 log,c =22.6 log,g=-21.2 1184/1299 91.1470 294/324 90.7407
VCPA-GA 7 log,c =20 log,g = —24.8 1190/1299 91.6089 292/324 90.1235
FNE R PESR S0, I VCPA-GA L5578 B 0
VB (A A 0 1D TR i ’/ﬂ\
0.6 7 = CARS R OH
0.5 1 « RF Bl 8 ANy ZS gl
8: v ;,/15; Fig.8 Spatial structural formula of carboxyl group
b 0.2 4 _+ MC-UVE o
= 0.1 <IRIV
X 0.0 4 VCPA-IRIV H
* VCPA-GA o
@ T Tl N e
e e ee H
LSS S S S @S o mbcs iy 2 4t
#K (nm) Fig.9 Spatial structure formula of amide bond

K7 &SRR RIEAE A B TP IR R R
Fig.7 Characteristic wavelength selected by various variable
selection algorithms in peanut dataset

2.3.2 FEAEVRGHLE ST LM GE R T 4y
FHRB ARV IR AT 4315 3l A BREAS 1] i RE KA
B PEAE R0 FEIT LT AN GRS AL & T A
A2 A ISR SRS A S5 B, EW W25 E
FH X-H(X=C. N. O) WM& IE S =5, LT
SIS REHET LRI B R e A E B Y, dEE IS &
LGB T BRI T A 53T o

AN FEBEE SR SRR . SR ISR
fibfi e 3R, WA, BT & 7~8 B AT 11
SELR AV FNNEIER . 164 B BRI & T3
AR T L S R AT S i, iR A R
HESRAR, WY e GHAR/IV SR ER ) B . R REB2, fEAE
A FITIE D5 TR S22 v R, YIRS RIS,
HEREHIREL, H—MRIET . PSR T F—A
SURTH AL, A& —MREXGEE(C=0) . A
B (0=C-O) LI M & A 8 (O-H), H b2k R-
COOH, ALz Al A =CuniEl 8 PR,

A, feE FEE SR TR S LU OGR T E
J5 B A SR B T, L TR B R A S IR, A S — A
BRERERE(C=0) . A EHE(N-H), HAb2E " R-CO-
NH-R, Mfisd i as [aj gt =CaniE 9 prst,

R A VR 3 RRAE D A T 358 S 38, XA AR RT3

W BT Mk B A I S FE 959.81. 1329.70., 1371.97.
1375.50. 1403.73. 1531.21 A1 1573.87 nm &b . 7&
1350 nm BfHE, FEF N O-H EHH459R3IFT OCO Z5 il
PRBI—ATAR LS AT, L0 78 B8 1 BT AR iE 1S
A7 A 1500~1530 nm Bff#7 A9 N-H 8 45 38 3 — 2 fix
ABIA P T 2 FH RRIE D T HH AR R AR T
VBRI AR AUEE., FR UL AT ARy R AN 2R 1 B a7
BRI TS, SRR S e A PP AR A2
U, (MR & A EAUE O, SBONMR &2 T
B, FIRM e A PIFR AR BRI ERRL, S EE A&
M., RS EHEAE R R
3 HF5ERE

EEXTHEIZ T . A 1 R v 82 BIRTRSE ) = 2
HAHOAEE, ARSCRR T — ML 4 M e iz
PRI R R A SR A R0 125, SR\ R i
eIt MSC AL ER T B9 464 e Fon it
ATHRFE DA W12 0 2k, SR VIP S eX A\ A8 3%
PEOT HAI) A 07 12 1 PR AR R IR K 2 N AR I B A T
HEFIHAE, WUET “HEG IS A RETIE
AT E PR P IR A A IR AT, SR SVM. # s :A
PR, 358 H 35 B B I HER SR B(E > 90% M4
AEP A R S A AT AR S B e PR TE S, T
K VCPA-GA-VIP J7 ¥ i 1 H A9 AT 7 0
959.81.,1329.70,1371.97, 1375.50, 1403.73,1531.21
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F11573.87 nm {iff J& Z5 4, VIZREEFNI A ] 551 MERS)
A BIEF] T 91.6089% Fl 90.1235%, Al VE N AELE
RO FRFIEAS B, SR EY 3.125%. @l el
NGO X ARFE A IEA 7007, ik T AEAE R
P JE ERIIIR & b T e L A B s i . 524l
RIS BUR A | IELLIN IS H AR LA A VR
PR F SR AT AT, T L£LAM G AR B i e 7k
HORITSE AT A HARAE 9 5 AR (4 e 37 L RARFAIE
PSSR T L i, H Aottt i AE AR R
Pt AT S i 2 L BRI A RO R o' 42
PEEERLAT . (EAHTFEABES W IE 5 FARIAE2E N
FRM R A 25 57, TR E )RS R R AR, HERH—
A AP A A A TR 53T, R mT LAST XS 2200
AP A A VR RS I FEATBIFFE , I ST AR S o3 B et %2
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