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Fig.1 The diagram of image processing

12 HiERESTLE
121 DGR BUERAE
ASHTFEREBURHREU A LA, Ayt dr Aol
M AR, Fheotk. b TR AR R, K
PRSI BT LRI IR ;X BRI R Y 5
B, EEEAUBOT AR A TR SC g . AEA R
SRR R SRR 120 A EREIE N . JOIRE L R/
FEARAHIT . TG -3 BT 7 g SE gk
mho PR IULIR PRAIEIER IR, O T fR%
MIRICR, ARWFTERS BB R 2B T TR JoA
22 TR A B R A PR 7 NS 5
MR, SEXTITA B A R A T —
EOETE R R . LG FERE R AR, AR 12 bl
I BUHREE—RRDEIE R, LR EA L 80%
PAE BRI Fr i B PR AT UL BE, SR Vel M g
(IR B A 24 h 4kEE 2~3 YT SE LS ER il

1.2.2 g w2

TEREARLER] /0, K H Knnard-Stone (K-S)
TAE PRI IE AR A LRI I SE AR AR 25 (1] R
By oA ol % S 2 A W R RN S 55 0 he
12h, 24h, 36 h, 48h, 60h, 72h, 96h, 120 h,
144 h, 168 h 3L 120 MEAR R EDLIE G
e AL SR AL« BRI S =50 ¢ 70), TEH A BRI
FLRERR T B SR B 0T PN A B A 4 fl Rl R
PP EBIHATRI S, EFRAREATRE Sy “07, 42
FREREARGAE Y “17 SRS TR 20 h it B 4/5
FEARBAE R INAE, TR A /S FEASEON 4R o

H T RAIRI LI 0 T B 4 1) PR R AL AR R
KT L AR 2 B S Bt A
DX 38 A S ER [X 35 (region of Interest, ROI), 43
SR o BT R LE B F R LR
(PG, SR SG-MSC-MMN #EA TG iab#E, A
177 AP P I [] P A6 F B A



2025; 52 (D

MER, % BETRE-SURRHERNRRERRETHELEEGENIAR *235-

2 GRS

2.1 FAXEFEHNREREESHRETIRA
B[]

Wy i 4k 2 ] 1) 2 5 S BRI AE th £ e
ARFERE P71 . HAT, — ISR B R AR
Sk R 2= 5, RGBS A R OC R BOR R AE
HIEIL R 22 572 . AL ELE LIS A RTL-HC
FEOAYI 35 I B BRI B ik B 5, A
JE 24 h Ry B 0 v 7 o SR AT R A A ]
FEJG S AL #E B ET X RERI S 24 h A AY 120 4
M R REAS I R G R T 0 BT FIASS TR 8
22 BEREFHNEEES T

h T A AEY) R T B A S R RRE
B, I3 BT R S s R A T 4 2L
WEl, Horp ) BERS 24 sk £ e 4 R 2 B
MR B G R R 2 s o B 2a 2k 24 h B
FR-4ER it ek Ak, FTLUE L, A
AN 24 h B} BIFEASTE 400~1 000 nm 1% B2y
Bl N I B AR AR Al R 3R — 3. I BEARAE 500~
610 nm % BeAT — U0, %k 0 =2 50t A
WERSEMC, EH, S5 h 2 5H0EN
() FEEM R a Pt R b, LRI LEL D
Bt (610~720 nm) . OGP EL (400~520 nm), 1M
FERSEI B LT A W . st ul, X iE
Jt (400~520 nm) . £ (610~720 nm) IR IR
e, BRI B B B S R AIGEL 2 BRI

(2)

0.5
0.4

0.3

Spectral reflectance

0.2F

0.1

0.0

m] L L L L L L
400 500 600 700 800 900 1000

A/nm

2, IR R SO B T WX A AE
FHS R RO AT g5 . PR kit e A e e
L a T2 ZE b XTI 700 nm DL LRGP LT
AW, FFLATE 720~760 nm P B, MG R 5T
F2 I, 760~1 000 nm i Bt A RE R E T
TR, Hd, 670~760 nm )& T 0] WG S 4L
NSRBI AR X, % XIS T R 4L
N ALE, MEYOCE R R LRI, (L
(B SAEY )2 P SRR ARG, R THED
O ZORAS A RECR O P BRRE, ZLRPREK,
A RRIS L, B S HB “aB”, &
Z, WZUD7 &2 HHN “#EF87 . 780~1 000 nm J&
TN B, BB S R AR A B i i
KA E A EFRYITARSE, i Xz B
(A W AR A, R J U A0 0z %o 200 e il S8 1 P A
K, RirEYER, umHA R

&1 2b Sy Wil 24 b k9 R 5 HE A AR A T 3
TG HhZE . BAARTE , BeFP ALt B 02608 I 5
R THERRA M F PGS R, XM T
FHR YL RO SRR F AU ZE A 2 2IRR, ffifs
I X6 A I Wk 5 . BRI E, 7E 500~670 nm
B, AdRR SHRNM OBt 2 e i,
R G S R T A B L A
670~760 nm P B, FERP L F Y 210 7 B A Ak B
AR WA, 7 760~1 000 nm (YT LT A%
By, BRI By G S SR s TR A
I
()

—— :Health sample
—— :Vaccination sample

0.5

0.4F

0.3F

Spectral reflectance

0.2F

0.1F

400 500 600 700 800 900 1000

A/nm

Fig.2 Spectral curves of health and vaccination samples during incubation period (using hyperspectral images monitored

for 24 h as an example)

(a) Spectral curves of the whole sample; (b) average spectral curve.
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Table 1 Classification results of health and vaccination samples using a logistic regression model based on full spectrum

Vaccination time/h Number of input variables

Training set

Test set

Sample size Accuracy/% Sample size Accuracy/%

0 256 96 18.71 24 16.67
12 67.46 73.50
24 90.83 89.33
36 87.5 87.50
48 95.83 95.83
60 97.92 100
72 93.29 96.67
96 92.71 91.67
120 91.88 90.83
144 89.58 95.83
168 94.79 75.00
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Fig. 4 Correlation analysis of spectral reflectance at characteristic wavelengths
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Table 2 Comparison of modeling effects between full spectrum and characteristic wavelength

Model Number of input variables Training set Test set
Sample size Accuracy/% Sample size Accuracy/%
LR 256 96 90.83 24 89.33
GA-LR 18 96 92.71 24 95.83
OCWC-LR 13 96 93.75 24 95.83
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Table 3 Characteristic wavelength grayscale map of health (H) and inoculation (I) samples during incubation period
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Table 4 Comparison of recognition effects of latent period models for pepper early blight based on spectral texture features

Model Number of input variables Training set Test set
Sample size Accuracy/% Sample size Accuracy/%
OCWC-LR (spectral features) 13 96 93.75 24 95.83
LBP-LR (texture features) 10 96 98.96 24 100.00
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Abstract Objective Early blight is a common destructive disease in the growth process of Solanaceae crops,
which can lead to crop failure and serious losses. Traditional crop disease detection methods are difficult to detect
disease characteristics in a timely manner during the incubation period of disease, and thus take scientific and
effective prevention and control measures. This study obtained hyperspectral images of early blight of peppers at
different infection stages through continuous monitoring with a hyperspectral imager. The earliest identifiable
time during the incubation period of early blight in peppers (the earliest identifiable time during the incubation
period in this experiment was 24 h after inoculation) was determined using the spectral angle cosine-correlation
coefficient and Chebyshev distance. Methods Taking the symptoms of the latent period of early blight in
peppers as the research object, 13 characteristic wavelengths were selected using a genetic algorithm. An
identification model of crop disease latent period symptoms based on spectral features was established through
optimized combinations of characteristic wavelengths combined with a logistic regression model. Simultaneously,
a recognition model of the latent period of early blight in peppers based on image texture features was established
using local binary patterns. Results The experiment was tested with 120 samples. The accuracy of the
identification model of crop disease latent period symptoms based on spectral features reached over 93% in both
the training set and the test set. The accuracy of the identification model of crop disease latent period symptoms
based on texture features reached 98.96% and 100% in the training set and test set, respectively. Conclusion Both
spectral features and texture features can be used to detect and identify crop disease latent period symptoms.
Texture features more significantly revealed the characteristics of the latent period of the disease compared to
spectral features, effectively improving the detection performance of the model. The research results in this article

can provide theoretical references for monitoring and identifying other crop disease latent period symptoms.

Key words hyperspectral images, chili pepper early blight, incubation period, image and spectral features,
detection and recognition
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