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Fig.1 HyperSIS hyperspectral imaging system
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Fig.3 Reflectance spectrum of normal and blast regions

1.5 FtE ki E&ZE

99 BAE DX ok 43 1 1) 3 B H ) 0 K e BE X I S
I VAN = 5 =5 i RN O d BT RS U
2140 BERAE B 1w ek KR AE B, K R
ARG SHEEEG (AT ARG M2
B, ML SUE B R MR s s ik K
% il 4a fros) 5 AR JE1E L 550 A1 680 nm
B e HOS B b CnlEl 4b Fras) K RE R
95 B A2 4 (095 BXE R A €095 B D R I & A
DX o FFok, 43 21 B3 R I BRI v O S
(i 4c frn) o

a M EDGHE G

a. Hyperspectral image of leaf

3 BT IR 4k, a
Disease area
+ MPROIE T

Normal parts

=
n

=
=
T

0.05F

iz 4} # Reflectance(680 nm)

1 1 1
0 005 010 0.15 0.20 0.25
Jiz 4} #Reflectance( 550 nm)

b, 4EHUS K

b. 2-Dimension scatter plot

c. TP FDGHE EE
¢. Hyperspectral image of disease spots
e n ROREBAL x Ry FoR BRI HIAAKE .
Note: n were bands; x and y were the plane coordinates.
B4 JmsEd it B gRRTE
Fig.4 Process of leaf blast hyperspectral image extracting
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Table 1 Cumulative contribution rate of first 8 PC images
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Principal component Eigenvalue Cumulative contribution/%

1 1.5047 99.36

2 0.0053 99.71

3 0.0017 99.82

4 0.0008 99.88

5 0.0005 99.91

6 0.0002 99.92

7 0.0001 99.92

8 0.0000 99.93
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Note: White areas were brown disease spots and black areas were gray
disease spots in PC2 image.
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Fig.6 First four principal component images by PCA on blast
spots
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Fig.7 Binary image of rice leaf blast
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Table 2 Test results of rice leaf blast grading

p REAK PRAVEIEA YIRS
| il
G Sample Error Classification
rade - e
size classification accuracy/%
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8 10 0 100.00
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Grading method of rice leaf blast using hyperspectral imaging
technology

1,2%

Zheng Zhixiong®, Qi Long™?*, Ma Xu™?, Zhu Xiaoyuan®, Wang Wenjuan®

(1. College of Engineering, South China Agricultural University, Guangzhou 501642, China; 2. Key Laboratory of Key Technology
on Agricultural Machine and Equipment, Ministry of Education, South China Agricultural University, Guangzhou 501642, China,
3. The Plant Protection Research Institute, Guangdong Academy of Agricultural Science, Guangzhou 510640, China)

Abstract: Rice blast is one of the important diseases in rice production. Identification and classification of rice
blast is mainly completed by visual observation according to image contrast or literal description currently,
however, these methods are subjective and inefficient, besides requiring workers with high professional
knowledge. In order to quickly and accurately evaluate the disease level of rice leaf blast, a grading method of rice
leaf blast based on hyperspectral imaging technology was proposed. Hyperspectral images of leaf blast at different
levels were captured with a HyperSIS hyperspectral system. The logical AND operation was conducted by using
the original image and mask image (single leaf image) to remove the background information and a hyperspectral
image of a single leaf was obtained. Based on a whole leaf scale, the principal component analysis (PCA) method
was used, but the operation results showed that principal component images (PCI) cannot significantly reflect the
difference between brown disease spots and gray disease spots. To solve the above problem, a 2-D scatter chart
analysis with two sensitive bands (550nm and 680nm) was used to extract hyperspectral images which contained
only disease spots (brown disease spots and gray disease spots) through analyzing spectral features of leaf blast
areas and normal areas. Based on a disease spots scale, the second principal component image was obtained to
identify brown disease spots and gray disease spots by using a PCA method. On this basis, gray disease spots were
efficiently identified using an Otsu method. And disease levels of grade 1lor 2 and above grade 3 were classified
based on whether there existed gray disease spots. Combined with two parameters (elongation and infestation
rate), the disease level above grade 3 of rice leaf blast was classified. Through calculating the elongation of a set
of 30 spindle disease spots, the elongation of 0.3 was selected as the threshold to distinguish grade 3 and 4. If
elongation=0.3, the disease level was grade 3. If O<elongation<0.3, it was above grade 3. A disease level more
than grade 4 was classified according to the area occupied by the infestation area on a whole leaf. The testing
result showed that 160 samples could be accurately classified in the 166 test samples at different levels of rice leaf
blast and the overall classification accuracy was 96.39%. Classification as Grades 0, 1 or 2 and grade 3 are based
on discrete characteristic data, while above grade 4 is based on continuous characteristic data. Utilizing infection
rate as an evaluation criteria to artificially classify into grade 4~9, the result of the classification was affected by
the characteristics of the test samples and the distribution of data. The linear regression methods were developed
to analyze the correction between the measured and predicted values of the infestation rates within the disease
levels of 4~9. The validation results showed good performance with the determination coefficient (R®) between
actual measured and predictive value in the model being 0.934 and the root mean square error (RMSE) determined
to be 0.26. The result is able to satisfy the precision demand of the quantitative calculation. This research result
provided a foundation to evaluate the field disease level of rice blast and a new idea for resistance identification
method of rice blast.

Key words: principal component analysis, diseases, grading, rice leaf blast, hyperspectral imaging, Otsu method
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