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Figure 1 Image cutting for the cotton aphid images
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Table 1 Model parameters
o W SiiBI:) SRR HRE
/times /times /M /B
YOLOv5n 0.33 0.25 1.9 4.5
YOLOV5s 0.33 0.50 7.2 16.5
YOLOv5m 0.67 0.75 21.2 49.0
YOLOVS5! 1.00 1.00 46.5 109.1
YOLOvV5x 1.33 1.25 86.7 205.7
YOLOv8n 0.33 0.25 3.2 8.7
YOLOVS8s 0.33 0.50 11.2 28.6
YOLOv8m 0.67 0.75 25.9 78.9
YOLOVSI 1.00 1.00 43.7 165.2
YOLOv8x 1.33 1.25 68.2 257.8
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Figure 2 Detection results with YOLOvS8] model
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Table 1 Quantitative results of evaluation indicators
using the models

T P R mAP50  mAP50-95
Yolov5n 0.881 0.781 0.876 0.421
Yolov5s 0.823 0.837 0.888 0.456
Yolov5m 0.859 0.865 0.901 0.484
Yolov5l 0.902 0.84 0.904 0.492
Yolov5x 0.901 0.847 0.901 0.5
Yolov8n 0.878 0.765 0.869 0.457
Yolov8s 0.856 0.821 0.89 0.47
Yolov8m 0.88 0.865 0.919 0.519
Yolov8l 0.917 0.847 0.926 0.552
Yolov8x 0.955 0.81 0.923 0.559
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Figure 3 Interface of the detection software and the excel
document of detection results
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Figure 4 Flowchart of the software design
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Table 3 Testing results with the software
MAE RMSE Accuracy
% A AF 1.60 2.68 0.96
BEA % 0.94 2.22 0.93
B 2.18 3.37 0.96
4 Wip

P30 371 IR 25 B B X I R W 5 B A
F14 SF- 257 6 RS 1B B 23k 51 0. 945, (AR A 4R TH 9 &8
] . MAE R % B W50 K60 S 0 A doF 5 B 5 B0 (8
- 24945 25, 45 R 2 T 003 P14 o O R A 5 B A 0 S
IFAE 1I~2 P BR 22 . LT RAR 2 = A i RN

1) AR A B 2ok /N S 0RG: T 25 e

FE 3.3 N T B sl B rh & L, — SR LS /N
AR I (1R 2 /N 20X 20) — B0l LA AG I 1 o . A%
BT A o R AU /N B T L, A SR T I LR A 6
(2X3) kT MG IEAT R I, Jnn SR AR aE — 2B 48 TG B L F
G  F FEURBR 22 DUDRS B2 s o (AR oy MGG 2 2 9 3
Bk ] R 19 d A I ] SEE K, AN A A A ASE BR FR0I I
] 2 K, X6F 5000 485 SR 3R A7 PR B2 L NMLS B 3% 3 Bk
& A I ) 2 K G S5 R R PR o 12
(35X 4) i P 4G A 0 fry st i) 76 2o 10 s, AG: T A i 3 AR
AN R AR SCERUG A BR T I e Bk — 2D 4R
o 3 5 B

2) B Al B (W RE AR AT A

4 PEIG rh BE R WF ) 500 7K B 40 DL 1 B b e T AR
U ¢ Sy 2 R U0 M B ) AR T B R R R
A 70%~80% o H T HUHE 4 v i A 0 15 BE AR I (4 25
PR 298 6: 1, RF A B AT, 5 B0 25 H ) 458 B8
A0 (9 TR BE R R T AR o FR AR A T b AR A
o B, I & — G 3 B8 3 3% (data augmentation)
S A P ) R, A SCRE RS YI R AL T YOLO A
Y A7 1 Mosaic 5 % I8 17 808 19 50, %A 147 N T4
o b ok o RO, A 0 B X BB A R AT B e A S
W TR SR S 0 B0 AR DT R B 5 SR AR I Y L
UEF 121, AT LA 0 TG 0 1 5 e

5 Z£itERE

B X AR S 37 3 B BIF S 58 T A4 AR N T R Y
), BF 58 T — B IR R 2 2T TR0 R0 2% I 4 Ji ok R
BEXTYOLO R 2% A BT i 20 B R A b 9/ J AR
A I 5 R, 0l D PR AR R A 8 5T I R0 R 4G I 245 2R DF
e AT TRIOR R . M T YOLO #5314

B 2R 45 3R 2% ] YOLOvSI7E mAP50 Al mAP50-95
Te bR LHUAS T 0.926.0. 552 1y 0 ¥, 4 A VEREAE B A
PR R B . BT PYQTS BB IF & T %4 it
SEPE TR A TE B s R (2 SR AT AR S
Excel A8 25 #4E . KT python i 5 JF & 844 )5 o , fig
% A ) IO Sty iy A A5 B S5 R B I AR AT PRy — A
W —& I8 AE R gt R I B . BPF &l LI
MR, S 985 B 3k 2 0. 945, 8 % ik A 4 0F 31 BU1E 55 .
AT DL 4k 2 T[] K Y 22 b B TR 2% 1) Al 14500t 5
PHEAT AR AL B L B B T LS = i JF T R App
SEIES B A I, LA TR 1 S8 AN A

Z % x w

[1] A=, s, BAag, 4% RO X Dbk ol bR 960 E Sl fHe I e 24 1

M W B e M AL S HE R (T]. b AR AL, 2023, 50(2) :
1—5.
LI Yue, ZHU He, SHAN Ying, et al. Resistance
monitoring and resistant mechanism progress of Aphis
gossypii to imidacloprid and sulfoxaflor [J]. China Cotton,
2023, 50(2): 1—5.

[2] E/Nm, S0, 5k B4R, 55 . B BFE 5 (R A6 X AR 7 8 5%
R [T]. R R B2l 2022, 59(4) : 854—861.
WANG Xiaoli, WU Na, ZHANG Yudong, et al. Effects of
aphid damage to cotton plants on the nutritional metabolism
of Aphis gossypii [J].
Entomology, 2022, 59(4): 854—861.

[3] B, XUEHH, Wi, 5. 1 5 X H A8 1 AR o Fife b
K52 om0y B Bk [T] B W AR B, 2023, 49 (1) .
193—199.

WANG Chen, LIU Jinping, YANG Yizhong, et al. A

method for assessing the effects of drought stress on population

Chinese Journal of Applied

growth of Aphis gossypii Glover on cotton plants [J]. Plant
Protection, 2023, 49(1): 193—199.

IR, KA, B, SF L RH 30 2 JER N S R A =
B FH B IO 1 2 T A ARSI BV e A1 A= 49 B H 235 A WF T 1
FELI]. AP, 2022, 42(9): 2832—2839.

ZHANG Rui, CAI Zhihua, et al.

[4

[}

L1 Wenjuan,
Construction and insecticidal activities of trifluoromethylated
benzocyclicsulfoximine derivatives by [3+2] cycloaddition
reaction of beznyne [J]. Chinese Journal of Organic
Chemistry, 2022, 42(9): 2832—2839.

WS, =AM, SO, AL BT M nr bk B Sl 2 K H
Bi7 36 At I FH(R) 24 A e [T]. P E A AR, 2019, 46(10) -
25—29, 37.

SHI Yingshuang, GAO Youhua, CAI Chao, et al.

—
al
[

Imidacloprid residue dynamics in the cotton field of Xinjiang
and determination of its dosage for controlling cotton aphid [J].
China Cotton, 2019, 46(10): 25—29, 37.



48 B RE A A AR (RS0 2023 4F
(6] THmde, ARwete, Bisg B - BAh1, 45 N TR il 5 ik Development and experiment of the portable real-time

—
-3
[

—
oo
(e}

(9]

[10]

[11

[

—
—_
w

—

[15]

F 1) 37 36 A 5 28R W 5T L), AW fR 97, 2015, 41(2)
200—204.

DING Ruifeng, ZHU Xiaohua, AKEDAN-WUWAISHI,
et al. Control effects on Aphis gossypii (Glover) by
releasing Chrysoperla carnea (Stephens) in cotton field [J].
Plant Protection, 2015, 41(2): 200—204.
KRIZHEVSKY A, SUTSKEVER [, HINTON
ImageNet
networks [J]. Communications of the ACM, 2017, 60 (6) :
84—90.

GIRSHICK R, DONAHUE J, DARRELL T, et al. Rich

G E.

classification with deep convolutional neural

feature hierarchies for accurate object detection and semantic
segmentation [ C]// Proceedings of the IEEE conference on
computer vision and pattern recognition. 2014: 580—587.
MR, PhERE, I, A BTk bR B0 R = R Al
PR35 iU 5 0 gy uk L], R st ol R 22 4, 2021,
44(2): 373—383.

BU Junyi, SUN Guoxiang, WANG Yingxu, et al.
Identification and monitoring method of tomato crop pests
in greenhouse based on trapping board image [ J]. Journal
of Nanjing Agricultural 2021, 44 (2)
373—383.

ZHU C H, WANG J J, LIU H, et al. Insect identification

University ,

and counting in stored grain: Image processing approach
and application embedded in smartphones [J]. Mobile
Information Systems, 2018: 1—5.

A, BTG, XM, AL R R S RS G A AT
T3 A 2R B AR G e LIRS [T]. el AE 5O 3E 4 A
2017, 37(10): 3193—3197.

YU hao, LU Meiqiao, LIU Limin, et al. Identification of
aphid infection on rape pods using hyperspectral imaging
combined with image processing [J]. Spectroscopy and
Spectral Analysis, 2017, 37(10): 3193—3197.
HAYASHI M, TAMAI K, OWASHI Y, et al
Automated machine learning for identification of pest aphid
species (Hemiptera: Aphididae) [J]. Applied Entomology
and Zoology, 2019, 54: 487—490.

SHAJAHAN S, SIVARAJAN S, MAHARLOOEI M,
et al. Identification and counting of soybean aphids from
digital images using shape classification [J]. Transactions
of the ASABE, 2017, 60(5): 1467—1477.

LIU T, CHEN W, WU W, et al. Detection of aphids in
wheat fields using a computer vision technique [J].
Biosystems Engineering, 2016, 141: 82—93.

FEAREL, 2B, XL, SF L 5 O L S A AG
ARG OGS [T]. Al TR %4, 2021, 37(9) -
282—288.

WANG Linhui, LAN Yubin, LIU Zhizhuang, et al.

[17

[

[18]

[19]

[20]

[21]

—
Do
Do

[

[23]

[24]

detection system for citrus pests [J]. Transactions of the
Chinese Society of Agricultural Engineering, 2021, 37(9):
282—288.
CHEN J, FAN Y Y, WANG T, et al. Automatic
segmentation and counting of aphid nymphs on leaves using
convolutional neural networks [J]. Agronomy, 2018, 8
(8):129.

AT, B, KT, AR R TR BE A ) R SR B H R
B 2l ) 5 A e [T, B RO R S R, 2019, 21
(12): 76—84.

DONG Wei, QIAN Rong, ZHANG lJie, et al. Vegetable
lepidopteran pest auto recognition and detection counting
based on deep learning [J]. Journal of Agricultural Science
and Technology, 2019, 21(12): 76—84.
YAN T Y, XU W, LIN J, et al. Combining multi-
dimensional convolutional neural network (CNN) with
visualization method for detection of Aphis gossypii Glover
infection in cotton leaves using hyperspectral imaging [J].
Frontiers in Plant Science, 2021, 12: 604510.

CHEN P, LI W L, YAO S J, et al. Recognition and
counting of wheat mites in wheat fields by a three-step
deep learning method [J]. Neurocomputing, 2021, 437:
21—30.

MRUA . PRI B, A, AR 6T ootk ok 2 0 455 1 el b o
BRIP4, 2019, 50(5): 187—195.

CHEN Juan, CHEN Liangyong, WANG Shengsheng, et
al. Pest image recognition of garden based on improved
residual network [J]. Transactions of the Chinese Society
for Agricultural Machinery, 2019, 50(5): 187—195.

Woi5 . Weise, 575, G R TR ) g Rl AT
75 AR L ARARBIREFE T ] AR R, 2021, 54
(21): 4562—4572.

YAO Qing, YAO Bo, LU Jun, et al. Research on fine-
grained image recognition of agricultural light-trap pests
based [1].
Agricultura Sinica, 2021, 54(21): 4562—4572.
W, KSR, BRI, 4 . 25T SCResNeSt AR5 HF %
KRR E BRI Ok [T ] R LB 2 4, 2022, 53
(9): 277—285.

ZENG Weihui, ZHANG Wenfeng, CHEN Peng, et al.

on bilinear attention network Scientia

Low-resolution rice pest image recognition based on
SCResNeSt [J]. Transactions of the Chinese Society for
Agricultural Machinery, 2022, 53(9): 277—285.

ZHONG Y H, GAOJY, LEIQL, etal. A vision-based
counting and recognition system for flying insects in
intelligent agriculture[ J]. Sensors, 2018, 18(5): 1489.
PEI H R, LIU K, ZHAO X J, et al. Enhancing aphid

detection framework based on ORB and convolutional



53 oy 45« T YOLOVS 3 45 A W 1A A5 U5 5138 S ik R G it 49

neural networks [J]. Scientific Reports, 2020, 10 (1) : on ShuffleNetv2— YOLOv5—Lite—E [J. Agronomy, 2023,
18697. 13(2): 577.

[25] REDMON J, DIVVALA S, GIRSHICK R, et al. You [27] HRIEAE, SREF, FELUN, 4F . ST T YOLO HApRK
only look once: Unified, real-time object detection [C]// ZER([T]. B 5EBAH, 2022, 44(10): 3697—3708.
Proceedings of the IEEE conference on computer vision and SHAO Yanhua, ZHANG Duo, CHU Hongyu, et al.
pattern recognition. 2016: 779—788. A review of YOLO object detection based on deep

[26] ZHANG S H, YANG H K, YANG C H, et al. Edge learning [J]. Journal of Electronics &. Information
devicedetection oftealeaves with one bud and two leaves based Technology, 2022, 44(10): 3697 — 3708.

A new cotton aphid image recognition algorithm and
software based on YOLOVvVS
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XU Shengyong™ * *

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. Shenzhen Institute of
Nutrition and Health, Huazhong Agricultural University, Shenzhen 518000, China; 3. Shenzhen Branch,
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518000, China; 4. College of Plant Science & Technology of Huazhong Agricultural University, Wuhan 430070,
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Wuhan 430070, China)

Abstract: In order to solve the problems of high difficulty and low efficiency of manual counting in scientific research of cotton
aphid population prediction and control, a cotton aphid image recognition algorithm based on YOLO neural network was
proposed and developed into software. First, the images of artificially inoculated cotton aphids were taken by mobile phone
for 15 consecutive days, 50 clear images were selected and cut into 6 sub-images, and then the training set and test set were
obtained by using Labellmg software for manual labeling. Then, 10 models from the series of YOLOv5 and YOLOVS,
whose training parameters were set as the same (batch size was 32, iteration was 100 rounds, initial learning rate was 0. 01,
and periodic learning rate was 0.01) , were selected and trained by using the server of the AutoDL platform. Finally, the
trained models were tested, and the YOLOvS] model showed the best overall performance, with mAP50 reaching 0. 926. In
order to provide users with convenient and easy-to-use man-machine software, the front end of the software was developed by
using PYQTS5, to realize the functions of reading and counting of cotton aphid pictures, visualizing results and exporting
results to Excel. The back end of the software adopted an image processing method of "splitting-detection-merging", which
ensuring the efficient detection of YOLO model on small targets. After testing, the software had an average precision of
0.945 for counting dead cotton aphids and live cotton aphids, which was comparable to manual counting and had good
practical value. This research may provide an intelligent detection tool for researchers related to cotton aphid control and also
provided key operation information for precise operation in scenes such as unmanned farms.

Keywords: cotton aphid; counting; image recognition; image processing; YOLO



