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Fig.3 Partial data sample
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Fig.4 Experimental flow chart
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Table 1 Feature parameters of rice insect
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category Rice planthopper(RPH) Non-rice planthopper( NRPH)
M, JEHE 0.545.0.391.0.735.1.142, 0.224.2.147.0.003.0.027.
FeatureM, 0.513.0.486 2.848.1.976

[ LR .0.118.

1&}% THi - 0.570.0.118 1.248.0.374.0.259

M2 b 0.006
FeatureM, 0.510.0.028.

Hu AV 1.184.0.086.0.031
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Table 2 Reconstruction errors of feature M, and M,
under different sparsity 7,

FEAIEZ ) Feature category T=6 T=12 T,=18
0.0677 0.0061 0.0055

0.0494 0.0031 0.0028

0.0637 0.0117 0.0115

0.0548 0.0067 0.0052

M, 0.0456 0.0053 0.0024
0.0459 0.0075 0.0071

0.0512 0.0062 0.0034

0.0590 0.0094 0.0026

0.0656 0.0109 0.0093

0.0832 0.0055 0.0035

0.0297 0.0035 0.0032

0.0377 0.0097 0.0079

0.0363 0.0068 0.0046

0.0206 0.0050 0.0036

M, 0.0392 0.0048 0.0034
0.0315 0.0038 0.0023

0.0197 0.0048 0.0025

0.0230 0.0078 0.0051

0.0314 0.0051 0.0045

0.0238 0.0030 0.0027
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Fig.8 Reconstruction error variation trend of feature M,and M,
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Table 3 Reconstruction error of rice planthopper and
non-rice planthopper image(T,=12)

RPHI nRPH1 RPH2 nRPH2
0.0061 0.4683 0.0035 0.3742
0.0031 0.4997 0.0097 0.2675
0.0117 0.5001 0.0068 0.3003
0.0067 0.3852 0.0050 0.3407
0.0053 0.3869 0.0048 0.3022
0.0075 0.5173 0.0038 0.3195
0.0062 0.4854 0.0048 0.2911
0.0094 0.5903 0.0078 0.2354
0.0109 0.3686 0.0051 0.2586
0.0055 0.2947 0.0030 0.3196

7 :RPHL, nRPH1, RPH2, nRPH2 73 il g M, RHRFAE T HoAE ® E AR €l M,
JERFIE R RS R R AR K L.

Note: RPH1, nRPH1, RPH2, nRPH2 are the rice planthoppers and non-rice plan-
thoppers under the feature M,, the rice planthoppers and non-rice planthoppers un-
der the feature M,, respectively.
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Table 4 Comparative test results

Hi% Algorithm ) ﬁ%iﬁ%[’% ﬁi}ﬂljﬁ% »
Classificationaccuracy/%  Detection rate / (I5i-s!)
BPNN 78 1.0
SVM 65.5 05
i b 7

. 93.7 6.0
Sparse representation
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Sparse representation classification method of rice planthopper image
based on K-SVD and orthogonal matching pursuit algorithm

Lin Xiangze, Zhang Junyuan, Zhu Saihua, Liu Deying
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract: Rice is a staple crop in China. Controlling rice pests and diseases is important to safeguard its sustainable production, in
which classification and identification of rice planthoppers plays an important part. While there has been an increased interest over the
past few years in image-classification of the rice planthoppers, currently, this method is not automatic and susceptible to faulty recogni-
tion and low efficiency. To circumvent these shortcomings, a sparse-representation image-based classification method was proposed
based on the K-SVD and OMP. A field insect collection device was used to collect insect images, in which a high-pressure mercury
lamp was used to attract the insects to the collection workbench based on their phototaxis characteristics. A PLC was mounted on the top
of the three-phase adjustment device to control high-definition industrial cameras to take images of the insects. The images were then
segmented using the maximum inter-class variance method (OTSU threshold segmentation method) to extract the image of the insects.
Overall, 1186 single insect images were obtained from the field experiment. Two insect characteristics were selected as initial over-com-
plete dictionary and they were extracted from 500 images. K-SVD dictionary learning algorithm was used to iteratively update the over-
complete dictionary of the rice planthopper image features and the number of iterations was set at 500. 200 images of the rice planthop-
pers were selected as the original input comparing images, and 150 and 50 images of the rice and non-rice planthopper were used as test-
ing and verifying sets respectively. The appropriate sparsity is an important factor for improving efficiency and accuracy, and the errors
of the testing images was calculated from the OMP algorithm when the sparsity was 6, 12 and 18 respectively. Comprehensive analysis
of the errors and convergence rate showed that the optimal sparsity was 12. Finally, classification features of the rice and non-rice plan-
thoppers were sparsely reconstructed in line with the updated reconstruction dictionary, and the reconstruction error was calculated for
the sparsity of 12. Hundreds of experiments revealed that the classification threshold of 0.1 was quick and effective to classify the rice
and non-rice planthopper. Using the same experimental data, we compared the proposed method with the traditional image-based classi-
fication algorithms, SVM and BP neural network. The results showed that the accuracy and classification speed were 65.5% and 0.5
frames/s respectively for SVM, and 78.0% and 1.0 frames/s respectively for the BP neural network. In contrast, the proposed method im-
proved the accuracy to 93.7% and the classification speed to 6.0 frames/s

Keywords: image processing; classification; rice planthopper; sparse representation; K-SVD; orthogonal matching pursuit



