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2 Y] PRk EVY 9
Apple scab Cray leaf spot of Phytophthora Cherry powdery
maize infestans mildew
a. RERE

a. Serious disease

SRR FORIKBEI i AT BT L
Apple scab Cray leaf spot of Citrus yellow Tomato speck
maize shoot diease diease
b, —HoWE

b. General diease

B1 RELEEHSTH
Fig.1 Partial examples of disease data sets
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b. LIS c. KJu i H

d. B TE B
a. Rice leaf roller b. Yellow rice c. Blister beetle d. Therioaphis
borer maculata buckton
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Zond
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e. TEMEHL g FKIE h. BRI
e. Rice leaf f. Cleamatis g. Maize borer h. Peach borer
caterpillar

B2 RELKEEINSTH
Fig.2 Partial examples of pest data sets
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3. 9. 130 16,

Note: “@” represents Sigmoid function, “ ® ” represents weighting operation of
the matrix, “ @ ” represents combined array calculation of convolutional features
and multi-attentional features. C2-C5 denote the results of the residual block
output when Nis 3, 9, 13, and 16, respectively.

B3 AREFANEDERA
Fig.3 Structure diagram of disease and pest recognition model
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REEFE DELL Precision T7920 VA FE 2 3] TAEuEE4T,
Z TAEECE N 2.1 GHz f Intel(R) Xeon(R) Gold 5218
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2022 4F
Pl 2(PrecisionRecall)
- P . .
recmLon + Recall 7
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Table 1 Ablation results of disease and pest data sets

HERR FfE HRlE F11{H
jRis HifidE  Accuracy/% i  Presion Recall F1 value
Model  Data set Loss

Topl Top2 A i A i A i

ik 85502 95.734 0431 0.846 0.864 0.832 0.865 0.839 0.865

hdz 71.828 79.989 1479 0.666 0.694 0.634 0.716 0.650 0.718

ResNet50+ %3 87.318 97.236 0386 0.855 0.871 0.833 0.872 0.844 0.872
CNL e 72762 81632 1227 0673 0.719 0.636 0.723 0.654 0.727
ResNets0+ i 87.239 97.024 0394 0.854 0.866 0.848 0.849 0.851 0.832
CBAM iz 72748 81426 1242 0.671 0.709 0.645 0.716 0.658 0.723
ik 88.617 98.922 0348 0.886 0.875 0.868 0.874 0.877 0.874

PD-Net
1 74.668 83.298 1.154 0.686 0.745 0.702 0.738 0.694 0.732

AR 1056 45 5, PD-Net 1881 7695 & fl th = 4
1 Topl 1K 5 #ERE 22 73 7l ik B 88.617% M1 74.668% .
TESEAER R I AE 5] N CNL 585 , 76 Bl 4 -
P9 6 &h R X b 3 o X 4% 15 B ResNet50 43 7l 3 FF
1.816 AN 45 55 F1 0.934 ANH 4 i, TERAER AL Fin
CBAM EE NG, RIE R0 st 1.737 48
Iy BRI 0.920 N 4> fi. PD-Net BAY, 78 W5 AN H 4 4
ARG 45 B . ResNet50 0 42 7F 3.115 NE 2
L 2.840 N, Top2 IR BIHERR R 2 BT T
3.188 NEH 4 A5 FN 3.309 AN o BRAE T, it
MRS LE oAt 3 MRS AE R E R Lo BRI T
0.073~0.325, fEHRFHMEE L5 FFIK T 0.038~
0.083. 7EXEMIR. ARELUKL FIEF, HMsaH T
TE 97 5 R0 HE U 4R b iR A B AR n AL (1) Ak 5
R RIMBFEFR, KRR KT 0.04 F10.02, A
6] e KR TH T 0.036 £10.068, F1 {8 #e KR TH T 0.038
F10.044 . ALEE b, K B % B K FEFH 7 0.011 F1 0.051,
AR e KT T 0.009 1 0.022, F1 &K T
0.009 1 0.014. it 555 UF PD-Net B8 H
B

RIS UE AR SC T AESE H ) PD-Net B84 14 5E,
43 M4 iF PD-Net 7597 A1 i S 5005 55 LR B HERf 2R X 1)
T SRR . A5 RN 2 TR

ResNet50
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Table 2 Diease and pest confusion matrix statistics

5iH Item HERfGZE Accuracy
1.0 0.9~<1.0 0.8~<0.9 <0.8
I E PP JSHL Disease species number 4 18 16 21
HUEFAL Pest species number 1 6 13 82

MEAF T LR H, R0 E R, R e v
LE) 1.0 A 425, SN RSN EH, BkE
M — M FORMEERER DL AR . 75 0.9~<1.0 &
Bl 3ETE 18 2. HA &R @R, SR KB .
BefERE . B oRAEE Fomaem . A . BlER. 5
PR, ERE R, FAEE. B AR AL
10 KUERRIRIL R T 0.97~0.99, Hifth 8 ik H| T 0.90~
0.96, FARIEHIHTIHRLE 16 BUEMMEIEF] T 0.8~0.9,
A 21 IR ERSERT 0.87, Horb 8 2 48 BE — A
e AT R EL R o R AR AN R 0.33, AT LS ELa ik
WEFEA P N, B TR RE PR R 01 25 SR 5 T 46 %6 4 B
— A AR ) A A B B DA R R AN B A,
i B 557973 7 B W R 0 D A B U RN 3 b B A
— M. TEHRFEHRES, NAHERFRIAR] 1.0 FAREL
Ak #ERIR 0.9~1.0 I3LH 6 25, I viH . il
EAE IR/ SEE M R A 0 IR B A . A
216 KUEHIRIA R T 0.8~<0.9, [AIA 82 uknhx
&7 0.8, AR EARAKE BT 0.5 FESMAKE
FERRFRORAE, HAs 10 208 Pl - H 2k 450
WAL AERE D, @i ID BRI EUE AT LG H
PR ol R S LA AR B
3.2 XJtbikie

HE— BB UE A SCHE H ) PD-Net A= 84 (45 Rk, Xt
bb H RN 6 B 44 47 AlexNet. VGG16.
GoogleNet. Inception-v3. DenseNet121 Al ResNet50, X
P AR Y 2 2 2 R JRURAE 2L L R S Bk B kT . R A
Adam TERNLALSES, FEAHEIK (batch size) WE N 16, 2
19 0.0001. X L6 25 Rk 3 fior.

M 3 I, SEMUREES IR L, PD-Net #5144
TERBIAER % A B R RET . B EEIRE R+,
AL TAE#R ) PD-Net B8 TOP1 RAIHERIZRIE S T
88.617%, XLt AlexNet. VGG16+ GoogleNet. Inception-v3
DA} DenseNet121 75l T 4.331 M E SR 3473 4
B R 2117 ANE D AL 2495 DNE S LUK 1.748 N H
gy e fEHUEHIR LRI H, B Topl TR BT 2L F]
74.668%, X Lt HAMAIAY 73 Bl $- T+ 8.122 N 43 s 5.662
ANE S S 1.906 N E 5 A 2159 AN E A AL 2.931 4
B 47 4. PD-Net A 7E 95 A1 HUE SR 4 L Top2 iR 5I4E
T I ih 98.922%H1 83.298%, Nof b Hidth 18 FBF 2 =) 4
R SRR AR FAR B R T 1.469 NE 7 £1~6.076
ANE R R RFEHRE ESEE T 1.869 N H 7 5 ~6.644
ANE S A XA AR, A R E AR R R T
M, WEZMELT 0.100 A 0.317. FEHHZHE 72 BT+
0.02~0.036 F1 0.02~0.084. #[BIZR LA F1 EKH A0
BORIIAS 55 7 20AE 3 5 A o R 5 B33k A8 4271
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Table 3 Comparative experimental results of disease and pest

data sets
iATES sk st FEIEES F11{H
pomis HijEds Accuracy/% n Presion Recall F1 value
Model  Data set ESi ESin ESil
Topl Top2 Loss ik Tk ‘
opl Top! " AL " AL " piES
JAE  84.28692.846 0.448 0.801 0.839 0.787 0.841 0.794 0.842
AlexNet
HE 66546 76.654 1.471 0.598 0.661 0.592 0.663 0.595 0.665
VGGI6 i 85.14494.798 0.381 0.833 0.849 0.831 0.851 0.832 0.851
13 69.006 78.347 1.383 0.613 0.684 0.576 0.687 0.594 0.69
% 86.50096.706 0.348 0.853 0.873 0.845 0.874 0.849 0.875
GoogleNet
E 7276281429 1.197 0.678 0.722 0.652 0.723 0.665 0.726

. JiEE 86.12296.872 0.374 0.849 0.869 0.831 0.871 0.840 0.871
Inception-v3

HE 72,509 81.032 1.178 0.670 0.725 0.627 0.728 0.648 0.731

JRE 86.86997.453 0.355 0.854 0.866 0.834 0.868 0.844 0.868
DenseNet121

HigE 71.737 80.968 1.148 0.641 0.705 0.592 0.711 0.616 0.717

JRE 88.61798.922 0.348 0.886 0.875 0.877 0.874 0.868 0.874

5 74.668 83.298 1.154 0.686 0.745 0.702 0.738 0.694 0.732
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Table 4 Self-collected dataset test results
" iRTES JNELE Weighted
R Accuracy/% BURE —

Model Loss MAHR  HEXR  FlH
Topl Top2 Presion  Recall F1 value
AlexNet 81.625 98.500 0.4790  0.846 0.816 0.826
VGG16 91.250 99.875 0.2221 0.917 0913 0913
GoogleNet 89.250  99.500 0.269 8 0.899 0.893 0.894
Incetion-v3 91.375  99.625 02198  0.941 0.936 0.937
DenseNet121  91.500 99.875 0.2019 0.929 0.925 0.926
PD-Net 93.625 99.875 0.1979  0.958 0.953 0.955
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Model for the recognition of large-scale multi-class diseases and pests

Wen Changji”*, Wang Qirui®, Chen Hongrui', Wu Jianshuang?, Ni Jun?, Yang Ce®, Su Henggiang™**
(1. College of Information and Technology, Jilin Agricultural University, Changchun 130118, China; 2. College of Agriculture, Nanjing

Agricultural University, Nanjing 210095, China; 3. University of Minnesota College of Food, Agricultural and Natural Resource Sciences,
Sdo Paulo 55108, USA; 4. Institute for the Smart Agriculture, Jilin Agricultural University, Changchun 130118, China)

Abstract: Diseases and pests have posed a huge loss to agricultural production in recent years. Food losses that resulted from
pests and diseases can be greater than 10% in the world, and even up to 30% in local areas, according to the latest statistics
from the World Food and Agriculture Organization (FAO). It is a high demand to early identify the pests and diseases for the
early warning, prevention, and control. However, an accurate identification of large-scale pests and diseases still remains a
great challenge, due to the wide variety of pests and diseases and trait characteristics, such as high inter-class similarity and
high intra-class variability of external morphology. This study aims to effectively extract and characterize the subtle features
between categories for the large-scale multi-category pest classification and recognition task. A typical fine-grained
classification was first established using the convolutional block attention mechanism, which was a visual attention mechanism
module with better performance in the benchmark network. The key features were extracted to represent in both channel and
spatial dimensions via blending across the feature channel and spatial domain. The feature dimension information with a high
contribution rate to the pest classification task was extracted in the channel domain, while, the location dimension information
with a high contribution rate was extracted in the spatial domain, where the benchmark network was achieved a fine-grained
differential enhancement and representation. Secondly, the multi-scale feature extraction and representation were also
particularly important for the fine-grained classification tasks. Since there were the different sizes and shapes of individuals to
be recognized in fine-grained classification tasks, the sensory field scales were fixed for the same layer of convolutional
kernels, indicating the influencing feature extraction when the sensory fields did not match the individuals. Therefore, a
cross-layer nonlocal module was introduced into the benchmark model, in order to select a deeper layer and multiple shallow
layers between multiple feature extraction layers of the benchmark network model. As such, the spatial response relationships
were established to learn more multi-scale features for the improved feature extraction and representation capability of the
benchmark model. Thirdly, a probability of default (PD)-Net model was also built in a large-scale multi-category fine-grained
pest and disease network. A total of 800 images were collected, including the cherry powdery mildew general and severe,
grape black rot general and severe, tomato spotted wilt general and severe, as well as citrus yellow dragon disease general and
severe. Finally, a pest identification APP was developed using the PD-Net model. A pest and disease identification APP was
developed on 61 categories of disease datasets and 102 categories of pests. After that, the 88.617% and 98.922% accuracies
were achieved for the Topl and Top2 recognition on the disease dataset, respectively, the 74.668% and 83.298% accuracy for
the Topl and Top2 recognition on the pest dataset. Respectively, compared with the AlexNet, VGG16, GoogleNet,
Inception-v3, and DenseNetl21 deep learning models. More importantly, the Topl and Top2 recognition accuracies were
improved by 1.748 percentage points to 4.331 percentage points, and 1.469 percentage points to 6.076 percentage points on the
disease dataset, respectively. By contrast, the Topl and Top2 recognition accuracies were improved by 1.906 percentage points
to 8.122 percentage points, and 1.869 percentage points to 6.644 percentage points on the pest dataset, respectively. Meanwhile,
the loss value, accuracy, precision, recall rate, and F'1 were all improved, compared with the others. The experimental data was
selected to verify the effectiveness of the PD-Net model. Consequently, a fine-grained recognition model can be widely
expected for large-scale multi-category pests and diseases.

Keywords: models; deep learning; diseases and pests; fine-grained classification; convolutional block attention module;
cross-layer non-local module
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