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Recognition and Classification of Rice Planthopper with Incomplete Image
Information Based on Dictionary Learning and SSD

LIN Xiangze ZHANG Junyuan XU Xiao ZHU Saihua LIU Deying
(College of Artificial Intelligence, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; In order to solve the problem of low accuracy and slow speed of identification of rice
planthopper caused by incomplete insect image in image acquisition process, a rice planthopper
identification and classification method with incomplete insect images based on dictionary learning and
single shot multibox detector (SSD) was proposed. Firstly, the field insect image acquisition device was
used to acquire rice planthopper images and a small image set was built by these images. Then, single-
inspect images were obtained by thresholding of the collected images of rice insects. Single-insect images
were divided into blocks to obtain a mixed sub-image blocks with background information and feature
information. The sub-image blocks were used as dictionary atoms to construct an over-complete
dictionary, and this initial dictionary was optimized and updated immediately. The updated over-complete
dictionary was trained as the training set of the SSD algorithm to obtain the training model. Finally, the
collected incomplete insect images were tested on the obtained training models, and results were
compared with back propagation neural network ( BPNN) , support vector machines ( SVM) and sparse
representation. Experimental results showed that the research on the identification and classification
method with incomplete images based on dictionary learning and SSD can identify and classify rice
planthopper accurately and quickly. Classification speed was 22 /s, the recognition accuracy was
89.3% . Hence, the method proposed can provide effective information and technical support for the
supervision, early warning and control of rice planthoppers.
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2.3 BEgnEEHEESIIE

SSD & —Ffr 3 T 4 45 BRI 2% 1) H A Ao T AEE 42
B AT LA FH A AR 22 I 4% 18 AN ) 45 FR 23 ) B A 0 AN
[l R/ H AR o 207 s Rl A T [l 0 R AR R X I8
WM 2, AT DL R ER M 2 A E B mEH H
B o B AN ], bR A 0 R R R ) A
R RGN T R

YT SSD B VA R G 1 G I S B RN TR RS R, A
SCR ] SSD B ik X TR R Y o o8 A% o B AT )
%', B, i A ES bR iE T A Labellmg %t 1%
HetArhn it 6 UG AR T H bR A B HE X H 347 28501
Fric, A xml SCAHIEARAE 75 3] VOC Fodii 4 JF 6
et R I 25 i 75 22 1) LMDB ¥4 48 | i A SSD 537k
PR N SR o I s 22 Wl L i B0 B AR I, 75 31 i
FEVIRAAY , I-f FHIZ I s B0k >R 48 3] 1) B e [RTHR
AT ALY o B AR TR R P 8 BT

3 iR

3.1 ahifag

He TR 0 58 4% 5 B AE D SSD Bk I
LHATIN LR, 222 FEE N 0.000 1, )& % &
0.9, ALK BB E Hy 10 000, 24451 2K fH /N T 35 E 14
{H 0.5 mF, W) 3 5 k&K EkiRi(E planthopper,

L =1

k-

g

&

i gl |z

LN Conv6 Conv7 : . . - S !‘ § > g
(300{2 % x VGG16(38x38) (FC6) #n || 1(6‘;“1‘0) (Li(j(n;; E;’:;‘) (Ll';f;“) L
300{2%) (19x19) (19x19) | ( e e | Z
|

:L Extra Convolution Feature Layers i §

K7 PZgaity

Fig.7 Network structure



%9

MARPE 55 TP o) 5 SSD A e B AR AT R B4 28 169

K8 Ry B HUbR 4G
Fig. 8 Part of insect labels

RPH), 7 W 2 4E #8 & &l ( no Rice planthopper,

nRPH) .
ﬁﬁ%ﬁ%%ﬂiﬁﬁll@%tﬁi"T%%%E%ﬂ%"
B HRARE CEIERE CE B G #1705, 34 I 3k
%ﬁnl’é‘l 9.10 Fmeo

(a) FAE R EL

-

(b) 24T K,
O A2 B o (R R

Fig.9 Test results of single incomplete insect image

w7

o

o

an

o AR
10 2 B ot P {50 i 2 3

Fig. 10 Image test results of multiple insects

WA 9 iR, BASRE RECAR 5E B AR A AN

A S B B B R IRT I 208 91%
ERUREMEEE TR IR g YR N IR L R
BN SR B T B R I R R IR AR R R LSS
BRI IR SRT BE 2 500 99% 15 94% 5 AN5E B KR
PN BE 7301 2 94 % 55 96%
PSRN 25 2R 5 7 25 RURS BE ANk 2 B

®2 HMOoBEKAINGE

Tab.2 Part of test results %
SR K% Ko s R
AL E
. B ERCE RKE R R
A 91 91
24 99 94 94 96
S BRI RS 96.5 93.0

W 2 Pros x50 BRI 52 8 R 0 B L ]
B AR SO 4 7 ¥R ok AR VR AR R R L Y U R
HHE 90% LI L, S ¥ 38 50K B2 23 B 24 96. 5% F
93.0% o P, TIELEHA 2 A B ATE R
B R PR, AR S5 i B AT B B Y R
KB o

TR EATOR R A i — AP T
24073 JE IR R EL A AP g R R R E A K
REL, DU T A [ B30 A A A B
AT %B%ﬁ%wﬂ%ﬂ%%ﬁu&l 11 R

12|
o
-
2|
£ = = =

(@) ZFF*EKT

(b) 3%“?‘*?@&

FIL [ Al 2 A9 R L R A 2R

Fig. 11  Classification results of different types of

rice planthoppers

W a Fros, BG R EN 22 81045 133 51
KRR A KA 100% , (47 KEl 100% , (475
KHEL 100% , K KE 100% o & 11b §H 51K B 5 5
s KT 99% , (47 KT 99% , K K& 100% , 175
KEl 100% ., FF CECE X o RN B AE 99% L I,



170 &l #Hl

L

2021 4

A DL RS I A ST B X )

A o 07 0, S 56 B H 80 M AE K LAY [R5 I )
HEATZE M R 43, ST g R AL 384 K XK E
3 MR REU A AT SR, B REL R
UK R B A B0 4> ) 235,103 .46 H, 34t 384
H 5 SbR R CEVECR AT o AT WL ST i
I 7 AT DA E — 20 X R R EL AT T AR 28 G )
G A B TR QB 9 R RS B AR, DA A 2 A
RN EEREE
3.2 IR

T UE B AR ST 5 0 0 R A R R A% 1
4 R B B 2 2% ( BPNN) | S fF 1) f AL
(SVM) Fl# g1 2 78 A7 A 58 B B R  4r 2, 3K
¥ F A5 55 AMD Ryzen 7 2700x Eigh — Core
Processor 4b ¥ &% b 17, Ho N 47 -y 32 GB, Horfr,
SVM FE5] Z ¥ B H 100, 1S58 0. 07 ; BP 4
D 28 i A9 ASUB0CR 20 B R sBOR 25 W1 IR BUE S
i 22 ¥ 05 Sigmoid SR 0. 5 7 i K7 1 7
BB Ty 12, AR 22 E R 0.1, 40 BB {A %
ok 14877

X F e R R R EVEME, B R 2% S )
LA B 2R 7 B TR R BE 4300 2 T8 % 65, 5% Al
93. 7% , i A< 3C 77 35 W9 P OKG BE vT 3k 95. 1% , t |
5 205 R B RIS BE 4 e 17.1.29.6 1.4 A~ F
Gy e X FRGEEAE RIS, Lk 3 Rk il
SRS BE AR, 40 1 63. 8% 54.0% Fl1 79.2% , 28 3C
J7 AR S BE R 89.3% , b bR Oy B 4 Wl

25.5.35.3 10. 1 N E 5. BLAh, AR SCT7 i 40 24
A GK 22 £/s, Ht BPNN SVM FIH3 i 26 718 1 3 2
R A3 i 21,21, 5 (16 /s, 43 28 TR i 8 T LA
SRR TTE .

Wk FRBHE A, TR R e R R ER L R
ANTEHE EMG A ST 15 3 0T DA HLAE H o e A
S, H R ) A G R ATk 89.3% , 43 3% i JE Al ik
22 £/, WP AR E Y W I | 7 45 A U ] DL AT A R
15 BRI AR 324

4 i

(1) MR 40 A FH S ol iy e el o AR AT BA 2
W2 110 B A B H T A5 R B 2 R IR B U RIS
JEA T /N AR 5

(2) % B {8 53 50 J5 1) B — e HH IR R A7 3 B b
B A S e R Beply g T 0k 58 £ T SO E X
HEAT TR AR B 5 6 5B IS 1 3 58 A% 7 B A SSD
BEVE AT ISR 45 2NN ZRBERY ;5 5 J5 7045 31 1 I 2R
A AT T

(3) 4% A R EUFTHE A 6 mU Y 58 2 A 58 4
B4 47 032k, I F1 BPNN  SVM | # B 35 7% & vk i
F1T XL, X L 25 3R B, AR SO 3k m LA A5 X A
P B2, A 1) 52 8 R 58 8 R AT PRl R0 43 28, %
TFog B B %, WL BE nl 3k 95. 1% , %F T A 58 3 &
4, R IR BE AT 3k 89. 3% ;e Ak 4% 2 il BE AT ik
22 f/s, REfE X e LA S U0 A I A 4R 4 —
F R AR L.

[1]

[4]

[5]

& % x

KA DTN, RS, . A TN R A M A A UE S KRR A SRR [1/0L]. Rl HLAR 24, 2019, 50
(7): 313 -321.

ZHANG Zhongxue, FENG Zijia, QI Zhijuan, et al. Effects of compound microbial organic fertilizer with water-saving irrigation
on photosynthetic and yield of rice [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(7) : 313 -
321. http: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1 &file_no = 20190734 &journal_id = jesam. DOI ; 10.
6041/j. issn. 1000-1298.2019. 07.034. (in Chinese)

XK, HAES, X2, 45, 1 QRS 9 K Fi e 2 P B BGE BE ARAE AR 523 A5 7 ik [ /0L ). R HLma 4k, 2020, 51
(5): 165 -172.

LIU Youfu, XIAO Deqin, LIU Yalan, et al. Temperature eigenvalues evaluation method of rice canopy thermal image induced
by brown rice planthopper[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(5): 165 - 172.
http ; // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20200518 &journal _id = jesam. DOI; 10.
6041/j. issn. 1000-1298.2020. 05.018. (in Chinese)

s, £K58, R, F ETRHMARRECREBRDEIT]. BRI R, 2019, 42(4) . 767 - 774.

LU Jing, WANG Jialiang, ZHU Saihua, et al. Classification of rice planthoppers image based on feature optimition [ J].
Journal of Nanjing Agricultural University, 2019, 42(4) . 767 —774. (in Chinese)

SARIN W, ITHIPAN M. Mobile-device based image processing for rice brown planthopper classification and outbreak monitoring
[J]. Applied Engineering in Agriculture, 2019, 35(1) . 15 - 21.

TSAI T H, LEE T Y, CHEN P H. The ROI of rice planthopper by image processing[ C] //2017 International Conference on
Applied System Innovation (ICASI). IEEE, 2017 126 - 129.

MAHPE, RFEH, KRIE, &, ST EB2 T A Mask R — CNN B FF REUKE 22 3 (1701 ], R WL 3], 2019,
50(7): 201 -207.

LIN Xiangze, ZHU Saihua, ZHANG Junyuan, et al. Research on rice planthopper image classification via transfer learning and



59 3 MAREE 55 BT o] 5 SSD R o 8 B o R 8 A K mLR A 43 38 171

[7]

[8]

[9]

[12]

[13]

[25]

Mask R — CNN[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50 (7). 201 - 207. http; //
www. j-csam. org/jesam/ ch/reader/view _abstract. aspx? flag = 1&file _no = 20190721 &journal _id = jesam. DOI. 10. 6041/].
issn. 1000-1298.2019.07.021. (in Chinese)
WRE, FE, B —FMETE &R T IR I8 [T]. PUMBET 568 TR, 2019, 48(2) : 103 - 106.
GUO Junfeng, LI Yuliang, WANG Zhuo. An image denoising method based on over complete redundant dictionary [ J].
Machine Design and Manufacturing Engineering, 2019, 48(2) ;103 —106. (in Chinese)
WANG Y H, PENG Y L, LIU S G, et al. Sparsity adaptive matching pursuit for face recognition[ J]. Journal of Visual
Communication and Image Representation, 2020, 67:102764.
IR AR, BGE L JE T K — SVD 52 82 ) B0k i W i 35 R R 2 A5 5 R 4 D i E AR O i [T ] ML AR A,
2018, 54(7): 97 - 106.
GUO Junfeng, SHI Bin, WEI Xingchun, et al. A method of reconstruction of compressed measuring for mechanical vibration
signals based on K — SVD dictionary-training algorithm sparse representation[ J]. Journal of Mechanical Engineering, 2018, 54
(7):97 -106. (in Chinese)
ELW, BHRIL, B4, & ETREMS K SSD MWW /N HFA W [T]. AP TR 58, 2020,56(16) :31 -36.
WANG Dongli, LIAO Chunjiang, MOU Jinzhen, et al. SSD visual small target detection based on feature fusion[ J].
Computer Engineering and Applications,2020,56(16) : 31 —36. (in Chinese)
XCE B3R T 2 Pl L R SR 28 BE [T ] B HLRL - ,2020,47(6) 170 — 175.
LIU Shujun, WEI Lai. Block integration based image clustering [ J]. Computer Science,2020,47 (6):170 — 175. (in
Chinese)
YANG P, SONG W, ZHAO X B, et al. An improved Otsu threshold segmentation algorithm [ J]. International Journal of
Computational Science and Engineering, 2020, 22(1) ;146 - 153.
WoRE, Bk, e, 5 ST RS H R FAL I 9 SR T & iy S A RN [ T]. Al TR %4, 2020, 36(4) : 178 - 184.
MIAO Ronghui, YANG Hua, WU Jinlong, et al. Weed identification of overlapping spinach leaves based on image sub-block
and reconstruction[ J ]. Transactions of the CSAE, 2020, 36(4): 178 —184. (iin Chinese)
PENG Y, LIU S, WANG X, et al. Joint local constraint and fisher discrimination based dictionary learning for image
classification[ J]. Neurocomputing, 2020, 398 505 -519.
LI H, Al D, ZHU H, et al. An orthogonal matching pursuit based signal compression and reconstruction approach for
electromechanical admittance based structural health monitoring[ J]. Mechanical Systems and Signal Processing, 2019,133.
106276.
LU S, JIANG M, SU C, et al. Novel phase difference extraction method of FPP system based on DWT and OMP algorithm
[J]. Optoelectronics Letters, 2020, 16(2): 131 —136.
ZHAO L Q, MA K, JIA'Y F. Improved generalized sparsity adaptive matching pursuit algorithm based on compressive sensing
[J]. Journal of Electrical and Computer Engineering, 2020 :2782149. http: // doi. org/10. 1155/2020,/2782149.
YAO S, GUAN Q, WANG S, et al. Fast sparsity adaptive matching pursuit algorithm for large-scale image reconstruction[ J].
EURASIP Journal on Wireless Communications and Networking, 2018, 2018(1): 1 - 8.
LR, XA, FE%, . T CS M) SCRBEEE B & W ICACE Bk (1], 8 PL TR 5 )% ,2019,55(13) 207 -
211,245.
MA Yushuang, LIU Cuixiang, GUO Zhitao, et al. Generalized sparse adaptive matching pursuit algorithm for CS [J].
Computer Engineering and Applications, 2019, 55(13) : 207 -211,245. (in Chinese)
HE H, LI H, HUANG Y, et al. A novel efficient camera calibration approach based on K — SVD sparse dictionary learning
[J]. Measurement, 2020, 159 107798.
LENG J X, LIU Y. An enhanced SSD with feature fusion and visual reasoning for object detection[ J]. Neural Computing and
Applications, 2019, 31(10) : 6549 - 6558.
FFH, XA, Fhar i, 55, BT SSD R AL iy A K I 5 3k FR A AN TR A& A [T ] LR K% IR (AARR ) ,
2019, 40(4) . 451 —457.
FANG Yang, LIU Yingjie, SUN Libo, et al. Fusion algorithm of face detection and head pose estimation based on SSD model
[J]. Journal of Jiangsu University ( Natural Science Edition) , 2019, 40(4) : 451 —457. (in Chinese)
B B TR . 6 T VRN 2 STk R U R B9 5l [ 1) 3 AL TR 5 0 L 2020, 56(3) ; 127 - 133,
HUANG Haojie, DUAN Xianhua, HUANG Xinchen. Research and improvement of fruits detection based on deep learning[ J].
Computer Engineering and Applications, 2020, 56(3) . 127 — 133. (in Chinese)
XUE, AL, PRBR, A%, T ot SSD py SR AT N SLmHAG I 7 vk [ J/OL] . Rl HLB = 4 , 2019, 50(4) : 29 -35,101.
LIU Hui, ZHANG Lishuai, SHEN Yue, et al. Real-time pedestrian detection in orchard based on improved SSD[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2019,50(4) :29 —35,101. http: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file_no = 20190403 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2019. 04.
003. (in Chinese)
HOHIEE, TG0, AT, . ET K SVD A E 48 DG RLE B B 2% 00 RS € RU R 40 26 070k [0 ] K Ml TR R 4R
2019, 35(19) . 216 -222.
LIN Xiangze, ZHANG Junyuan, ZHU Saihua, et al. Sparse representation classification method of rice planthopper image
based on K~ SVD and orthogonal matching pursuit algorithm[ J]. Transactions of the CSAE, 2019, 35(19): 216 -222. (in
Chinese)



