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Note: p is the spectral reflectance, subscript number is the wavelength.
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Table 2 Maximum correlation between fractional-order differential spectrum and canopy disease severity and the corresponding

wavelength
B ix TR FHL K B ik FHR R EL igS W ix P Bk
Orders Correlation coefficient Wavelength/nm Orders  Correlation coefficient Wavelength/nm Orders  Correlation coefficient Wavelength/nm

0 0.637 676 0.7 0.722 634 14 0.697 646
0.1 0.669 670 0.8 0.724 628 15 -0.627 982
0.2 0.696 667 0.9 0.731 628 1.6 -0.652 982
0.3 0.717 667 1.0 0.741 628 17 -0.669 721
0.4 0.727 664 11 0.745 628 18 -0.622 721
05 0.731 643 1.2 0.770 481 1.9 0.635 760
0.6 0.728 637 1.3 0.751 481 2.0 0.639 760
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Fig.2 Distribution diagram of correlation coefficient between two-bands fractional-order differential spectral indices and
canopy disease index
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Table 3 Correlation coefficient between the best two-bands fractional-order differential spectral indices and canopy disease severity and the
corresponding band combination

Bk FDI FRI FNDI

Orders R ZE WAL M RH EBRALA W ZH EBRALA
Correlation coefficient  Band combination/nm  Correlation coefficient Band combination/nm  Correlation coefficient  Band combination/nm
0.3 0.760 (481,475) —-0.778 (733,967) 0.790 (673,400
0.4 0.774 (481,475) 0.778 (481,475) 0.794 (676,403)
0.5 0.759 (487,472) —0.782 (454,463) 0.790 (679,403)
0.6 0.746 (682,475) —0.784 (454,463) 0.788 (679,403)
0.7 0.722 (682,451) 0.782 (457,442) 0.783 (679,400
0.8 0.674 (637,652) -0.784 (451,481) 0.787 (640,541
0.9 0.688 (637,649) 0.789 (946,799 0.788 (637,538)
1.0 0.666 (595,400) 0.786 (664,481) 0.781 (637,685)
11 0.702 (775,850) 0.789 (556,673) 0.788 (628,673)
1.2 0.691 (556,865) 0.790 (481,670 0.795 (481,673)
13 0.713 (481,652) 0.803 (478,622) 0.776 (481,670
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Fig.3 Three-dimensional slice map of correlation coefficient distribution between 0.3-ordertindexhree-bandsindexfractional-order
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Wi eI FE 80 IFRI A1 PRI 5 /822 2450 7 20 1 7™
A LD THe %0 IFDI, Hih PFRI 5/ #4450 ©
JZ I T R AR O B R, R AE DR R A 0.802, X
N (R B4 4 661, 400 F1 967 nm, T IFDI 5/83 %%
994 7 J2 o 17 7 L R B B K AH SRR By &R 967
730 F11958 nm, JGiEFE % IFRI £E 0.3 Bk N A St ik B
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Y556k 2993 1 7 B (A O R A X B 1A #) 0.800 BA L,
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BB YIS HR 2L IFRI 55 /N2 26550 et 20 155 7™ B P PR A
KZHCH 0.842, AT HABK IR, THtE PFRI 4T
0.5 B, 2l ™ E R A S RECN 0.875, WEA A
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R4 ZERBEESENHSAEREHSEERETEENEXARRERRAS
Table 4 Correlation coefficient between the best three-bands fractional-order differential spectral indices and canopy disease severity and
the corresponding band combination

ik IFDI IFRI PFRI
Orders e BB e WRALA LES L BB AL
Correlation coefficient Band combination/nm Correlation coefficient  Band combination/nm  Correlation coefficient Bandcombination/nm
03 0.776 (967,730,958) -0.800 (442,460,433) 0.802 (661,400,967)
04 0.799 (958,709,694 -0.810 (442,457,436) 0.831 (643,400,958)
05 0.798 (595,523,955) -0.817 (442,460,436) 0.875 (646,400,955)
0.6 0.772 (676,982,979) 0.819 (487,493,475) 0.811 (961,721,925)
0.7 0.791 (961,526,925) 0.840 (640,961,925) -0.819 (442,457,676)
0.8 0.780 (979,982,676) 0.824 (637,946,805) -0.829 (886,946,640)
0.9 0.790 (481,442,481) 0.822 (946,799,634) -0.828 (781,946,580)
1.0 0.802 (460,442,481) 0.824 (628,664,538) -0.826 (535,493,637)
11 0.808 (481,442,454) 0.825 (553,667,496) —0.833 (670,556,487)
12 0.797 (481,442,445) 0.842 (880,670,481) -0.858 (670,880,481)
13 0.784 (481,472,478) 0.835 (880,628,481) —0.840 (628,880,481)
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05 05
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¥ MSR. SIPI. NPCI. ARI Al MCARI 57 25 15 ™ &
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SEHLPRAFERE . 8 /NS FOE ISR E TR PhRI A1
RVSI 55 /832 2% 4 93 ek J22 90 156 7™ 8 EE 1) AR 9% 1k SR o
(P<0.05) 4t, HAx 6 MRS S NEFFE R ™
AL A RIN R Z KT (P<0.001) , [K, AHT
TR 52 BINCR ZASCHT MSR 45 6 MBS 3Ot s

BUE RN SR 2 ™ R A S & .

Fx5 RERXTEBSEERRETEEZNEXME
Table 5 Correlation coefficient between reflectance spectrum
indices and canopy disease severity

Jeik R FHR R EL
Spectral indices Correlation coefficient

MSR —0.650**

SIPI 0.718**

NPCI 0.741**

ARI 0.693**
MCARI —0.551**

RVSI -0.012

PRI 0.604**

PhRI 0.219

VE: *RSAHRMELE 0.05 /KT EWE, LA GMEAE 0.001 K ERE.
Note: * indicates that correlations are significant at 0.05 level; ** indicates that
correlations are significant at 0.001 level.
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MEE TP 4 Fros. 4 v, 2 FhREAE DR 44 A
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0.100, % 4t 286 HE R HOB Y FE (K RMSE £ T 13.0%.
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Measured disease index

b. LA S s e i R O S
b. Using fractional-order differential
spectral indices as input variables
B4 DIGRESE DR EHRAERES RTINS R
Fig.4 Prediction results of canopy disease severity of wheat stripe
rust based on the training set data
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a. Using reflectance spectral indices
as input variables
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2 MURFER T3 T GPR Sk PR (/) 22 5645 0 ek J2
A7 77 L At O AE R o T I R 11 RO R A A B i 2 e
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P M 7S 40 2 ARG T, A SRR 1oy HE DA
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TRl 8-l 1 p EP S G
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Table 6 Prediction results of canopy disease severity of wheat
stripe rust based on validation set data

NI ¥Rz JRETERITR
TR AR e A Root Mean HRE ST 22
- Coefficient of Relative Prediction
Input variables of model S , Square Error S
determination R Deviation RPD
RMSE
o 5% S e
AR 0.744 0.158 1629
Reflectance spectral index
SRR A R
Fractional-order 0.886 0.105 3.103
differential spectral index
3 & ®

AHE FEAERT 5k J2 SR B G AT 3 F B o0 A HE 1)
Bt b, BRE T RE BB S MU EE i aE ) B A o B Ik
FILPeA, R T P BRI =3 B B B o e B HR AL
Hoks HAE MRt #2109 (Gaussian Process Regression,
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SRR

D I8 E UG AT 2 B o A ], B 1Ok
T S I 2 5 /N A T R A DR, B KA R R A
AT 1.2 By, WK 481 nm, BRIEGEE . —Fr i
Irs B RO SR R B R R T 20.9%. 3.9%
i 20.5%.
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e i3k % 14 48 % CImproved Fractional-order differential
Difference Index, IFDI) . 4354k 2 ook bb {8 F %k
(Improved Fractional-order differential Ratio Index, IFRID
F3 B 0 etk 22 46 5 (Photochemical Fractional-order
differential Reflectance Index, FPRI) 5/N32 454500 ™ &
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BUMY 5 7> B {E 48 # ( Fractional-order differential ratio
index , FRI D F1 4> # B i 75 0 — 4k % 180 48 %
(Fractional-order differential normalized difference index,
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Construction of remote sensing monitoring model of wheat stripe rust
based on fractional-order differential spectral index

Jing Xial, Zhang Teng!, Zou Qin?, Yan Jumei!, Dong Yingying?
(1. College of Geomatics, Xi’an University of Science and Technology, Xi’an 710054, China;
2. Aerospace Information Research Institute, Chinese Academy of Science, Beijing 100094, China)

Abstract: Hyper spectral data is the most vulnerable to environmental noise (such as soil background) when monitoring wheat
stripe rust. The first- and second-order differential processing of spectral data can be used to eliminate part of the noise, but it
is easy to ignore the detailed information of stripe rust. In this study, a fractional-order differential spectral index was proposed
to process the hyperspectral data of wheat canopy under the stress of stripe rust. Three two-band and three three-band
fractional-order spectral differential indices were constructed after the band combination optimization, according to the current
six types of spectral index. Gaussian regression was also applied to estimate the severity of stripe rust disease, compared with
the commonly-used reflectivity spectral index. The results showed that the correlation between the fractional-order differential
spectrum and the disease index of stripe rust was more significant than that of the original spectrum, where the most obvious
significance was found in the range of 0.3-1.3 order differential spectrum. The correlation coefficient was the largest for the
481 nm band of 1.2 order differential spectrum with the severity of wheat stripe rust, 20.9%, 3.9%, and 20.5% higher than that
of the original reflectance spectrum, the first-, and the second-order differential spectrum, respectively. Two-band
fractional-order differential spectral indices were determined by the maximum correlation coefficient. Specifically, the values
of the best order for the fractional-order differential-difference index, ratio index, and normalized difference index were 0.4,
1.3 and 1.2, respectively, where the band combination was 481 and 475 nm, 478 and 622 nm, as well as 481 nm and 673 nm,
respectively. In the three-band fractional-order differential-difference index, the best order of fractional-order differential
improved difference index was 1.1, and the band combination was 481, 442, and 454 nm. The best order of fractional-order
differential improved ratio index was 1.2, and the band combination was 880, 670, and 481 nm. The best order of
fractional-order differential photochemical reflectance index was 0.5, and the band combination is 646, 400, and 955 nm. The
correlation between the three-band fractional-order differential spectral index and the severity of wheat stripe rust was better
than that of the two-band fractional-order differential spectral index, where the fractional-order differential photochemical
reflectance index presented the highest correlation with the severity of wheat stripe rust. Furthermore, the Gaussian regression
model using the fractional-order differential spectral index indicated a better prediction accuracy for the stripe rust disease
index than that for the reflectance spectral index. The determination coefficient between the predicted and measured values of
Disease Index (DI) in the training and validation data set increased by 3.8% and 19.1%, respectively, where the Root Mean
Square Error (RMSE) decreased by 13.0% and 33.5%, respectively, compared with the reflectance spectral index.
Consequently, the fractional-order differential spectral index can be expected to improve the remote sensing detection accuracy
of wheat stripe rust. This finding can provide a promising feasible way for the hyper spectral remote sensing to monitor the
wheat stripe rust, thereby realizing the large-scale high-precision remote sensing monitoring of crop health.
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