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Table1l Detailsof 35 analyzed insect species and pest recognition rate under different features and methods
ANRVRFAE T 1 35 HRR ) kA 2 ANIE) J5 T 3 RO R 2R
WAL Pest recognition rate under different Pest recognition rate under different
AR Y nE A features/% methods/%
ies 1D i , N - ,. IR
Species Species names SO Nwesmit 40RO Aoonk RERE WG ﬁ;f K
Color  Texture  Shape Ours JiiESC J1iENN SVI\;I > Ours
Bl .
1 Dolycoris baccarum (Linnaeus) A Adult 53 66.0 584 62.2 75.5 68.0 734 74.2 75.5
TEAC i s 5
2 Lycorma delicatula (Whitey L Addt 135 67.1 615 60.1 74.1 69.1 725 733 741
3 Dysmicoceus brevipes (Cockerell) A Adult 61 69.1 531 56.3 78.7 70.1 731 75.3 78.7
Sk 5
4 Eurydema dominulus (Scopoli) A Adult 125 64.0 57.6 53.6 72.0 68.0 70.6 71.6 72.0
5 Byt AR Adult 68 735 67.5 63.0 88,5 755 76.5 780 885
Pieris rapae (Linnagus) 4 Larva 89 76.7 69.7 65.7 90.1 77.2 784 80.3 90.1
6 &5 A Adult 60 66.3 61.2 56.1 83.3 69.3 74.2 76.1 83.3
Bruchus rufimanus Boheman
7 i A Adult 100 58.0 69.0 62.0 82.0 70.6 75.0 81.2 82.0
Halyomorpha halys (Stal) ' ' ’ ' ' ' ' ’
BTG IT s
8 Spilosoma obliqua (Walker) A Adult 78 63.9 61.3 60.0 76.9 65.9 69.3 75.6 76.9
9 Graphosoma rubrolineata AL Adult 90 58.0 71.2 69.0 80.0 717 73.2 78.0 80.0
(Westwood)
LR .
10 Eligma narcissus (Cramer) AL Adult 65 60.9 63.9 56.4 76.9 67.9 68.9 75.4 76.9
11 TR . A Adult 135 67.4 59.7 52.7 66.7 63.4 64.7 65.4 66.7
Luperomorpha suturalis Chen
12 ) Thrips tabaci Lindeman i H Adult 121 68.0 58.4 66.4 744 69.0 704 718 74.4
KFGLkiE .
13 Leptocorisa acuta (Thunberg) A Adult 152 63.0 58.8 63.7 65.8 63.1 63.8 64.3 65.8
14 KM ZhH Larva 69 65.4 61.7 67.8 71.2 68.5 69.4 70.4 71.2
Sesamia inferens (Walker) FH Adult 82 69.8 63.8 75.6 854 72.8 75.8 77.6 85.4
==
st -
15 Cicadella viridis (Linnaeus) A Adult 79 57.7 62.2 67.4 75.9 60.7 62.7 734 75.9
FEARDEA b .
16 Callitettix versicolor (Fabricius) A Adult 55 65.6 60.2 78.2 81.8 68.6 77.2 78.9 81.8
17 Scotinophara lurida (Burmeister) A Adult 64 68.5 60.5 590.8 78.1 69.5 70.5 76.8 78.1
18 FEWRGIE Cletus punctiger (Dallas)  F 4t Adult 79 56.4 68.1 61.6 75.9 66.4 69.1 71.6 75.9
19 TE&E Nezara viridula (Linnagus) & 4 Adult 127 65.2 60.4 70.0 77.2 67.2 69.4 70.8 77.2
ek .
20 Dicladispa armigera (Olivier) A Adult 124 71.0 65.2 61.2 80.6 75.0 78.2 79.8 80.6
21 TEHAE & Adult 126 72.0 68.0 70.6 79.4 74.0 78.0 78.6 79.4
Cnaphalocrocis medinalis (Guenée) %4JH Larva 92 71.3 67.2 68.2 74.6 69.2 71.8 73.2 74.6
GGG .
22 Riptortus pedestris (Fabricius) AL Adult 66 65.3 59.3 69.8 75.8 68.3 72.3 74.6 75.8
23 CE25E A Adult 75 74.8 63.1 722 80.0 76.8 79.1 73.2 80.0
Maruca testulalis Gryer 4 Larva 87 72.8 59.3 69.1 76.2 72.3 70.2 717 76.2
SRR K IE s
24 Chauliops fallax Scott A Adult 67 62.9 584 68.9 74.6 66.9 724 73.9 74.6
KN
25 %HA%ﬁﬁ.lmi ) A% Adult 59 72.9 64.4 74.6 814 76.9 774 79.6 814
Atractomorpha sinensis Bolvar
26 T AbIE i L Adult 135 68.5 58.0 65.0 74.1 69.5 72.0 73.2 74.1
Chilo supperssalis (Walker) %) Larva 127 64.2 55.7 64.2 70.6 65.7 66.4 68.6 70.6
N
27 R Ptk Adult 54 719 62.4 776 833 759 784 806 833
Phenacoccus solenopsis Tinsey
EE PR .
28 Agrius convolvuli (Linnaeus) A Adult 126 69.0 59.4 70.6 77.8 70.0 74.4 76.6 77.8
JRZRIE s
29 Diaphania indica (Saunders) FHL Adult 78 65.2 70.4 58.7 79.5 68.2 70.7 73.7 79.5
-t .
30 Stollia ventralis (Westwood) A Adult 125 59.2 64.4 57.6 71.2 63.2 64.4 67.6 71.2
31 ?Rﬁ'ﬁﬁq.ﬁ . FHL Adult 50 70.0 74.0 62.0 80.0 72.0 74.0 79.2 80.0
Rhopalosiphum padi (Linnaeus)
ey G .
32 Nilaparvata lugens (&) A Adult 156 69.5 60.5 755 82.1 725 75.8 785 821
AR ;
33 Diostrombus politus Uhler A Adult 63 63.8 62.6 66.2 79.4 65.8 68.6 76.2 79.4
34 W Aphis craccivora Koch A Adult 70 79.1 67.9 55.3 85.7 79.1 80.9 83.3 85.7
B 2Bk .
35 Phyllotreta striolata (Fabricius) A Adult 90 71.2 62.4 745 83.3 74.9 79.3 815 83.3
SRR AR 67.1 62.8 65.2 78.0 70.0 72.7 75.4 78.2
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Recognition for insects via spatial pyramid model using spar se coding

Xie Chengjun?, Li Rui*®, Dong Wei?, Song Liangtu®, Zhang Jie', Chen Hongbo', Chen Tianjiao®
(1. Institute of Intelligent Machines, Chinese Academy of Sciences, Hefei 230031, China;
2. Agricultural Economy and Information Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031, China)

Abstract: Automatic classification of insect speciesin field crops such as corn, soybean, wheat, and canola is more difficult
than the generic object classification because of complex background in filed and high appearance similarity among insect
species. In this paper, we propose an insect recognition system on the basis of advanced sparse coding and spatial pyramid
model. We firstly learn features from a large amount of unlabeled insect image patches to construct an over-complete
dictionary. The sparse coding of insect image patches is obtained by encoding over the dictionary. To enhance discriminative
ability of the sparse coding, we then apply multiple scales of filters coupled with different spaces. Finally, the multiple space
features of sparse coding are seamlessly embedded into a multi-kernel framework for robust classification. Traditionally, insect
recognition has mainly relied on manual identification by expert entomologists. However, for laymen without a thorough
understanding of the terminology of insect taxonomy and morphological characteristics, it is hard to discriminate insect
categories at the species level. Therefore, effective identification of insects is a key issue that needs to be well addressed. To
improve the recognition accuracy, we develop an insect recognition system using advanced sparse coding, spatial pyramid
model and multiple-kernel learning techniques. Different from traditional feature representation, a novel feature representation
that is multiple-space sparse coding of insect objects is proposed by this work. The work flow of our method can be
decomposed into 2 stages. The first stage focuses on image or insect object representation. At this stage, the features of insect
images are extracted using advanced sparse coding and spatial pyramid model. The second stage, which deals with effective
fusion of multiple insect-categorization features, constructs a kernel-level fusion classifier using all the sparse coding features.
At the first stage, for an insect image given, the features of insect images are extracted firstly. The features are then represented
as a linear combination of the corresponding training feature dictionary. Then, a multiple-space sparse coding with spatial
pyramid model is used to represent insect image in ajoint sparse way over all the features. In this process, for the object image,
an over-complete dictionary with unlabeled insect imagesis learned first. Then, the local image patches of the insect object are
represented by their sparse codes with the training dictionary. Despite the fact that appearance is modeled using local patches,
the global structure information is necessary for accurate insect identification. Consequently, insect appearance is represented
by concatenating the location and orientation sparse-coding of all image patches. To obtain the more compact representations
of insect images, we use spatial pyramid model at multi-scale levels, which achieves better robustness to noise and clutter, and
thus better copes with severe variations in the pose, scale or rotation. In this paper, we use the 3-scale level pyramid to
represent insect image. At the top level of the pyramid, there are 4 image patches which represent the whole image. Each
image block size is 50x50. The middle level contains 16 equa size non-overlapping image patches, for which each image
block size is 25%25; and the bottom level has 64 image patches for which each image block size is 12x12. Then, the local
image features of the 3-level pyramid are combined to represent the insect appearance. The larger scale level provides better
geometric features when the classifying insects undergo large appearance variations, while smaller scale level obtains finer
features. Finally, the features from fine to coarse levels across different scales are concatenated together to generate the final
feature representation of insect images for insect classification. At the second stage, the multiple-kernel learning approach is
adopted to combine multiple-space sparse coding. As different features of insect images contribute differently to the
classification of insect species, the multiple-space sparse coding technique can combine multiple features of insect species to
enhance the recognition performance. Given positive and negative insect samples, the features are extracted. Local image
patches of the samples are then represented by multiple-space sparse coding using the corresponding training dictionary.
Finally, the multiple-kernel learning classifier is constructed by learning the multiple-space sparse coding of the negative and
positive samples for insect categorization and recognition. To meet the need of practical insect image identification, we
collected insect images covering various species across several common field crops including corn, soybean, wheat, and canola.
Samples of 35 common pest species found in field crops were collected, such as Pieris rapae (Linnaeus), and Leptocorisa
acuta (Thunberg). Experimental results showed that our proposed method performed well on the classification of insect species,
and outperformed the state-of-the-art methods of the generic insect recognition. Our method improved the recognition rate by
more than 9% compared to other methods for the same data sets. In addition, the proposed method had also a good
performance and enhanced the average recognition accuracy by 14.1% for the different data sets.

K eywor ds: image recognition; algorithms; pest control; dictionary learning; sparse coding; spatial pyramid model
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