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Fig.1 Structure diagram of equipment
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Fig.2 Sample images of rice planthoppers
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Fig.3 Gray images of rice planthoppers
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Fig.4 Binary images after morphological denoising
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Hu[0] =1, + 175,
Hull] = (7720 - 7702)2 + 4'77112
Hul2]= (175 +311,,)" + 311y +115)°
Hul3] = (173 +111,)° + (1 + 715)°
Hul4] = (173 = 310 ) (150 + 1) (120 + 102)° —
3071 +7700) 1+ (s =7100) s +11s) (5
[3(7, + 7712)2 (17, + 7703)2]
Hu[5] = (7720 + 7702)[(7730 + 7712)2 - (7721 + 7703)2] +
A1 (0 + 1102 ) (711 + 7055)]
Hul6] = (3174 — 1735 ) (1150 + 17,5 )[(170 + 7712)2 -
3(7721 + 7703)2] + (37712 - 7730)(7721 + 7703)
[3(7, + 7712)2 = (17, + 7703)2]
oy A2 Al ) DA — A (p+q) B 0, Hu[0]
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Table 1 Extracted eigenvalues of rice planthoppers by Hu

moment
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Eig:elrjl\faﬁliz;qfﬁHu F77 Ll Nﬁ;ﬁl&ta LA
moment Sogatella lugens Laodelphax
Hu [0] 6.944746 6.791726 6.597092
Hu [1] 14.45809 14.45675 13.44499
Hu [2] 24.82198 24.06297 17.86678
Hu [3] 28.30401 25.95675 18.67288
Hu [4] 58.56871 47.97946 37.34272
Hu [5] 35.82468 31.54792 25.97476
Hu [6] 55.36783 49.80338 34.54167

3.2 i Hu FEFHEEREE X

Hu MEAR . e A, (HRfediita
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B Hu, A Hu kR 8] B R 25 g EE B IR 7, Al
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10 4>, Bl 4 b 3 s K EU A GG IR AR A W3R 2.
ImpHu[0] = sqrt(hu[2]) | hu[1]
ImpHull] = (hu[1] + sqrt(hu[2]) I(hu[l]) — sqrt(hu[2])
ImpHu[2] = sqrt(hu[3]) / sprt(hu[4])
ImpHu[3] = sqrt(hu[3]) ] sqrt(sqrt(hu[5]))
ImpHu[4] = sqrt(hu[4]) | sqrt(sqrt(hu[5]))
ImpHu[5] = hu[6]/(hu[1] * hu[3])
ImpHu[6] = hu[6]/(hu[1] * sqrt(hu[5]))
ImpHu[ 7] = hu[6]/(hu[3] * sqrt(hu[2]))
ImpHu[8] = hu[6]/ sqrt (hu[2] * hu[5])
ImpHu[9] = hu[5]/(hu[3] * hu[4])
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Table 2 Extracted eigenvalues of rice planthoppers by
Improved Hu moment

i ‘

Eige;gl{is of EITE”EEL Nﬁsrfkata KKl

Improved Hu ogatella lugens Laodelphax

moment

ImpHu [0] 0.547519 0.559829 0.555812
ImpHu [1] 3.420074 3.543685 3.502595
ImpHu [2] 0.936471 0.962830 0.978177
ImpHu [3] 1.800951 1.863849 1.709904
ImpHu [4] 1.923125 1.935804 1.748051
ImpHu [5] 0.207821 0.193037 0.220370
ImpHu [6] 0.674052 0.670599 0.644312
ImpHu [7] 0.379569 0.344815 0.396483
ImpHu [8] 0.160865 0.172934 0.189699
ImpHu [9] 0.083365 0.076817 0.111930
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Table 3 Extracted eigenvalues of rice planthoppers by
Zernike moment
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nm
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A ELAT ALl
. . ilaparvata
Eigenvalues of Zernike ~ Sogatella lugens Laodelphax
moment

Zernike00 4.278247 2.618481 4.368115
Zernikell 3.710437 5.446516 4.650069
Zernike20 7.837067 9.262646 5.553780
Zernike22 2.459054 7.516454 3.688241
Zernike31 10.28060 12.01323 10.48174
Zernike33 1.776882 3.814905 2.584267
Zernike40 1.766383 4.372448 4.821760
Zernike42 8.769125 14.68893 14.21222
Zernike44 0.847999 2.337468 2.287772
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Table 4 Extracted eigenvalues of rice planthoppers by
Krawtchouk moment

Krawtchouk

HEAFAE i pryen MR i

. ilaparvata
Eigenvalues of Sogatella JUgens Laodelphax

Krawtchouk moment Y
Krawtchouk20 4.200667 2.847666 3.536139
Krawtchouk02 2.747325 1.441106 2.365436
Krawtchouk30 2.510750 0.933362 1.941789
Krawtchouk03 2.807168 1.545016 2.552545
Krawtchouk40 5.693896 4.558445 5.288110
Krawtchouk04 1.484964 1.117260 1.138372
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Fig.5 Three layers BP neuro network
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Fig.6 Actual value compared with test value by BP Neural
Network based on invariant moments
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Classification of rice planthopper based on invariant moments and BP
neural network

Zou Xiuguo™?, Ding Weimin™?*, Liu Deying™?, Zhao Sangin*?
(1. Department of Engineering, Nanjing Agricultural University, Nanjing 210031, China;
2. Key Laboratory of Intelligent Agricultural Equipment, Nanjing 210031, China)

Abstract: Aimed at the problem of the quality of images that were acquired by rice planthoppers remote real-time
recognition system, the shape feature values which were extracted by invariant moments to recognize a rice
planthopper. 160W self-ballasted high-voltage mercury lamp was used in the experiment to lure rice planthoppers
to the curtain, then a H-shape mobile photographing device which had been designed independently by us was
used to photograph the planthopper image. The device has the advantages of simple structure and low cost. The
USB interface camera of this device was less than 600 RMB. It will lay the foundation for the development of a
rice planthopper scene recognition system with low cost. The color images which had been photographed were
grayed with a weighted formula, and then were subject to binaryzation with an Otsu method. Finally, the
algorithms such as morphological operations were used for filtration to get a binary image with better quality. The
feature values of the rice planthopper binary images were respectively extracted by four invariant moments: Hu
moment, improved Hu moment, Zernike moment, and Krawtchouk moment, and then a BP nerve network was
used to train and test the four feature values respectively, so as to detect the recognition effect of extraction feature
values of the four moments. Matlab 2008a was used in the experiment. 240 samples of sogatella furcifera,
nilaparvata lugens, and small brown planthoppers had been trained, and then an additional 60 samples were
selected for testing. The test result was that the overall recognition rate of the Hu moment was only 76.7%, and
the recognition rate of the improved Hu moment was 85%, while the recognition rate of the Zernike moment was
86.7% and the recognition rate of the Krawtchouk moment was 91.7%. The recognition rate of the Krawtchouk
moment was the best of the four moments. The reason was that the Krawtchouk moment not only reflected the
global feature, but exhibits better locality. The experimental result showed that the Krawtchouk moment has the
highest recognition rate. It can be used for the extraction of rice planthopper feature values in the real-time system.
This study focused on the search of invariant moments to extract good feature values, but the use of a BP neural
network classification resulted in a recognition rate of sogatella furcifera and nilaparvata lugens that was not very
high. The identification of sogatella furcifera and nilaparvata lugens was worse than that of the small brown
planthoppers. It meant that recognition of two kinds of planthoppers based on a BP neural network needs further
study.

Key words: crops, image recognition, classification, BP neural network, OTSU, Hu moment, Zernike moment,
Krawtchouk moment, insects
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