% 47 K% 5 ISk T2 2018 45 A
Vol.47 No.5 Infrared and Laser Engineering May.2018

Relief-F i i R ER/NEZEE MR BB IZEHIAR
FHRALR RLKASLKEF LA AL RER

(1. EHBKRF EHARLESKHEIRTERE, M A0 230601;
2. AR EIRRST WHEERFR, LA dR 210044)

M OE: ATEABEMN DN EZOHRERTIRE SRS ERBEE AR T, L FRmm ek
FRVEABF R S B, AR ok ARSI, B IR E et R Bi&ﬁw%ﬁiﬁi&,iéﬁ
Homth = EE; R RIIN Relief-F £ %&Ex;w%%ﬁﬂ RBBOE B AR B £, T H R ah kR TR
PMDI(Powdery mildew disease mdex) St i 3L 5 A7 9% 5 45 4L DI(Disease index) 5 11 # 45 4% 45 2 (4
PMDI 35 4%) #9 48 X M B X AR R, 7 8 PMDI B2 7 5% & 69 2 5 & 4 (R°=0.839 9) A= i 4K 9 3 7 AR 3%
% (RMSE=4.5220), & R T L 9% T AL 35 4069 4 X (& F ,Normalized Difference Vegetation Index,
NDVI #9 £ A ik € % 45 & ,R*=0.777 1,RMSE=5.336 4) ; 3z /5 , £ & PMDI #= NDVI A5 4% 45 4 5 51 4
EhEAOBRERTHRE S EEG IR T IEE 2R E Y ZHK R T A &6 PMDI 45
FuyTom 45 R F 45, TR AL A 49 R?>=0.886 3, RMSE=3.5532, T A LI/ N F B sm T A A ML b7, XA
BTN R ER G R T ZH R AR I,

KR BEsE; REHIE; Relief-F; IHF@mzwa; SEXaHm

hESES,: TPT9 XEftREM: A DOl 10.3788/IRLA201847.0523001

Early diagnosis of wheat powdery mildew based
on Relief-F band screening
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Abstract: In order to inspect accurately the condition of early wheat powdery mildew, and also to
provide technical support for spraying pesticides, in this study hyperspectral imagery data of different
disease severity for wheat leaves were collected at the early infection stage. Firstly, the leaf area and
lesion area were segmented by image features, and then the disease severity was calculated quantitatively.
Secondly, the Relief-F algorithm was introduced to select the most sensitive band and band difference,
on the basis, the powdery mildew disease index (PMDI) was calculated. Moreover, the correlations
between disease index(DI) and 11 vegetation indices(Including PMDI index) were analyzed, it was found
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that the PMDI index has the highest coefficient of determination (R?=0.839 9) and the lowest root-mean-

square error(RMSE) which is 4.522 0. It was better than that of other disease vegetation indices, in which

the result of normalized difference vegetation index (NDVI) was the highest, the determination coefficient
is 0.777 1 and the RMSE equals 5.336 4. Finally, the support vector regression (SVR) models of PMDI
and NDVI indexes were established, respectively, to further compare the retrieval performance for disease

severity of early wheat powdery mildew. The result shows that the prediction model of PMDI index is
better than NDVI index, the R? is 0.886 3 with RMSE=3.553 2. It can be concluded that the developed
method can effectively realize nondestructive diagnosis of early wheat powdery mildew, and provide

important help for the spraying and disease control.
Key words: image segmentation;
wheat powdery mildew
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Fig.1 Images of wheat powdery mildew leaves with different

disease severity
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Tab.1 Main parameters of ImSpector V10E

Main parameters ImSpector V10E

Spectral range/nm 400-1 000
Spectral resolution/nm 2.8
Spectral sampling interval/nm 0.8
Exposure time/ms 0.01-10 000
Field of view/(°) 16
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Fig.2 Technical flow chart
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Tab.2 Vegetation indexes and formulas

Vegetation

. Formulas
indexes

References

NDVI Rouse, et al., 1973 (Reso—Re7s)/ (Reuot Rers)

NPCl  pen uelas, et al., 1994 (Rezo—Ruz)/ (Reso+ Ren)

SIPI Pen uelas, et al., 1995 (Raxo—Rus)/ (Reco= Ren)

Haboudane, et al., 3x[(Ryn—Re) = 0.2% (R = Reso) X

TCARI
c 2002 (Ruo/Rew)]
Ruu=Re)~0.2x(Ruy=Rss) ]/
MCARI  Daughtry, et al, 2000 LR~ Re)=0:2x(Rou-Ree)]
(R701/ RG71)]
M
RVSI erton and [(Rur#Ri)/2]-Re

Huntington, 1999

PSRI Merzlyak, et al., 1999 (Reso—Rs0)/R7so

PRI Camon, et al., 1992 (Rs70—Rsa1)/ (Rspo+ Rear)

Broge and Lebanc, 0.5x[120% (R0~ Res) -200x

TVI
2001 (Ren—Rs) ]

Thenkabail, et al.,

NBNDVI 2000

(Reso=Reso)/ (Reso+ Reso)
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Fig.3 Images of wheat powdery mildew leaves
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Fig.4 Gray histogram of original image
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Fig.5 Gray histogram of a and b component
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Fig.6 Background and segmented images of wheat leaves
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Fig.7 Extraction of diseased spots using 2R-G-B characteristics
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Fig.8 Images of diseased spots
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Fig.9 Spectral curves of different disease severity
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Fig.10 Weight values of each wavelength using Relief-F algorithm
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Tab.3 Statistical analysis results of different vege-

tation indexes

Vegetati
fege aton Regression equation R? RMSE
indexes
NDVI y=-220.699 1x+166.797 9 0.7771 5.336 4
NPCI y=145.704 9x+26.680 3 0.766 7 5.458 9
SIPI y=-350.452 9x+250.869 5 0.7287 5.887 2
TCARI y=65.543 3x-32.757 4 0.508 1 7.9377
MCARI y=523.519 5x-59.549 6 0.7650 5.484 2
RVSI y=650.305 9x+99.175 3 0.547 4 7.6103
PSRI y=636.239 4x+17.474 9 0.5495 7.592 6
PRI y=-675.182 9x+24.000 3 0.7408 5.758 9
TVI =-1.749 1x+173.053 5 0.6950 6.2476
NBNDVI  y=-222.973 7x+168.385 6 0.7758 5.3524
PMDI y=86.567 9x-10.169 1 0.8399 4.5220
60%
»=86.567 9x-10.169 1
50%F  R=0.8399
RMSE=4.5220 .
40%¢
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Fig.11 Correlation between PMDI and DI
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Fig.12 Performance comparison of two disease prediction models
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