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Abstract: [ Objective ] Yellow—shoot disease, known as the cancer of citrus, is a devastating disease, and psyllid

is the main vector of yellow—shoot disease transmission, therefore, monitoring and precise disinfection and sterilization of
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psyllid is an effective way to prevent and control yellow—shoot disease and inhibit its transmission. [ Method ] The traditional
way to eliminate the psyllid was mainly to spray drugs manually, and the control effect was not ideal due to high labor costs. In
the study, we used an improved YOLOX based edge detection method for psyllid, added Convolutional Block Attention Module
(CBAM) to the backbone network, and further extracted important features in the channel and space dimensions. The cross
entropy loss in the target loss was changed to Focal Loss to further reduce the missed detection rate. [ Result ] The results
showed that the algorithm described in the study fitted in with the detection platform of psyllid. The data set of psyllid was
taken in Lianjiang Orange Garden, Zhanjiang City, Guangdong Province. It is deeply adapted to the actual needs of agricultural
and rural development. Based on YOLOX model, the backbone network and loss function were improved to achieve a more
excellent detection method of citrus psyllid. 85.66% of the AP value was obtained on the data set of citrus psyllid, which was 2.70
percentage points higher than that of the original model, and the detection accuracy was 8.61, 4.32 and 3.62 percentage points
higher than that of YOLOv3, YOLOv4-Tiny and YOLOv5-s respectively, which has been greatly improved. [ Conclusion ] The
improved YOLOX model can better identify citrus psyllid, and the accuracy rate has been improved, laying a foundation for the
subsequent real-time detection platform.

Key words: citrus; improved YOLOX model; prevention and control of psyllid; artificial intelligence; object detection
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Table 1 Structural design of various versions of YOLO

JEA ESRCES 2%
Version Backbone Neck
YOLOvl  GoogleNet with no inception modules -
YOLOv2  DarkNet19 -
YOLOv3  DarkNet53 -
YOLOv4  CSPDarkNet53 FPN, SPP, PAN

YOLOv5  Focus+CSPDarkNet53 FPN, SPP, PAN, CSP
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Model AP (%)
Ours 85.66
YOLOX 82.96
YOLOv3 77.05
YOLOv4-Tiny 81.43
YOLOv5-s 82.04
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Model CBAM Focal loss AP (%)
YOLOX 82.96
YOLOX + CBAM Vv 85.07
YOLOX + Focal Loss Vv 83.75
YOLOX + CBAM + Focal Loss Vv vV 85.66




48

A Focal Loss #125)5, AP LR 0.79 AN 485,
5| A Focal Loss 12 sREUE , flde T AR EEE 5
FEAR ARG IR, T TR R .

3 g

YOLOX J2& 240 AR #0575 HLAE Tl 45
PAG—BUFPE R ITFIRAGINE: , AR A 75 0
T Mosaic #l MixUp #1788 14 98, F T4 &
Bk ] Focus . CSP #5 Bt B Jmy & 9 2% 25 ¥4 F1 SPP
23 (0] G RS M A A A AL, T o 5 Z AT YOLO %
SIA LA IR K2 As, 3450 T 3 4> Decoupled Head
fil Rk, 2RSSR I, 5 0 25 R A RE
J15 BRESYECANS EXE OTA #4571 faifk, $RET
SimOTA, TEYIZRS e F W sl S L IEREA,
RRGG LIRS TE] . AT H AT/ H AR
FTERSREAR . BRA RS A M, L YOLOX 1K
FEMERTIYSE Y T — P A AR mUAS I B Y, 3l 5
e T RIZE ) 3 DA RBUREE NG B
He CBAM, i H XS T2 SEARAE J22 175 8] X U5 fin
KAE; fHH Focal Loss fi 28 R B e H g 2% h
AYAE SRR, BRI SR nte e, W BIGH E
R

TR P Y RSB I T AN e it
55, NATTAT AR A b o3 B 28 X SURN AN B L
DI, AR AR R TR L X £l
FJIAGFENRERLR, R EERAE, I HH
EEEAE L. CBAM 454 1 IR 8 18 4 Fn s
[IZERE, A5 R4 ] LIRS 4 5 BT AT 0 b,
AT B oG 3 Mg v iy HARE . 5T YOLOX
A4 AR TS U A 7R3 o A CBAML, {545 D) £ B
FAFEARBEN HFRITAE DR, DI T AR mUAe: I e
i, APEEE S T 210 A E e, HS BRI
RN

TESEBREg M b, NEASAHE T K ERA &
BRAERA RS, FEMETIN, A2 SRR pR AR
RGP B2 R BB /IS HAR A I BE 1, S 1 it —
AP AL/ B AR BRI AR, # B ARk b
128 SIS BCA 8 Focal Loss 5195 PREGTR.,
Fod— N HESE v R 28N AR SCTE
JE, R REA A, M ZETEYI SR B
A LA I OG I AR o A RDEREAS , 5540 AN
SRR, TR TR

ARHFFE 8 13 X YOLOX (R R A fk, &%t
MG AR TR 1 — ol 88 B g AR AT
ERPERETETRAT] A C QI AR 4 Ay a3t
BRI, et R AR B By AR
T E . Ak, AN TR E R S XA
SRy HE—E AR, AL L8 F SR i

4 #FHig

ERHE L RIS K, Rl BEb T 4%
Jy kA, mR A SR AR A PR — b i
I, ABFSEIET YOLOX Kl )7k, 1EJHL
UV R R B e ml L, i e TR 3 A4
HRRHEZ A G T I CBAM,  #i 5 L
T BOCHERREE  AR2E XEHK M Focal Loss
I, I SIREAANT- i [ 8, 35 /)N H bk i 68
J1, 253, AP {HR 85.66% , FUJFARRIRE 5 2.70
ANE ST, S H ARSI S0 m) 2 5 PR Y
7 ) Fe R

2%k ( References ) :

(1] HEREE, X GA, XAE I A DL R 25 B 42 5 AR X Bl

T 9 A A R S B FR 98 [J/OL] . Wi v Ak B2, 2022: 1-7

[2022-09-09] . DOL: 10.16178/j.issn.0528-9017.20220024.
SHEN G L, LIU J R, DENG Q T. Study on the improvement of citrus
fruit quality by organic cultivation and ecological control techniques [ J/
OL]. Zhejiang Agricultural Science, 2022: 1-7 [2022-09-09]. DOI:
10.16178/.issn.0528- 9017.20220024.

(2] RAAE, PRE, AL, VIS, MREEE, BB, TRk, BREEW,
SEIE R, SRART, XU, Al DR B0 A R gt
RPRSAE I R A SRERFTE (1] PIE R A, 2022, 51(2): 12-
17. DOI: 10.13938/j.issn.1007- 1431.20210551.
WUFN,XIES]J,LIHS,XUP B, LINR Z, HUANG R H, XU D Y,
CHEN J M, WU Q H, ZHANG F P, LIU L H, HUANG ] J. Occurrence
and population of citrus yellow—shoot pathogen and Diaphorina citri in
Chaoshan Area [ J]. Fruit Trees in Southern China, 2022, 51(2): 12—
17. DOI: 10.13938/j.issn.1007-1431.20210551.

(3] FEICA, /i, WO, 3 T8, AR IUE . BCEE YOLOVS 1

00 R B R A S sg BEL)/OL) . TG 4k L TORR, 2022:
1-10[2022-09-16] . http://kns.cnki.net/kems/detail/13.1097.
TN.20220908.2004.018.html.
WANG W J, HE X H, QING L B, DONG Z M, XIONG S H.I mproved
YOLOVS ship detection algorithm and embedded implementation [ J/
OL]. Radio Engineering, 2022:1-10 [2022-09-16]. http://kns.cnki.
net/kems/detail/13.1097. TN.20220908.2004.018 .html.

[4] GUOH Y, YANG X, WANG N N, SONG B, GAO X B. A rotational
libra R=CNN method for ship detection [J]. 1EEE Transactions
on Geoscience and Remote Sensing, 2020, 58(8): 5772-5781.
DOI: 10.1109/TGRS.2020. 2969979.

[5] RENS Q, HE K M, GIRSHICK R, SUN ]J. Faster r—cnn: Towards real—

time object detection with region proposal networks [ J]. Advances in



[13]

[14]

Neural Information Processing Systems, 2015, 28: 2577031. DOI:
10.1109/TPAMI.2016. 2577031.
JEONG J, PARK H, KWAK N. Enhancement of SSD by concatenating
feature maps for ohject detection [J]. ArXiv Preprint, 2017, 1705:
09587. DOL: 10.5244/C.31.76.
JA e, E B, AR v e T UL A ) B H bR K D BT ik £
W d T Wi R, 2017, 40(11): 89-93. DOL: 10.3969/
J.issn.1002-7300.2017.11.020.
ZHOU X 'Y, WANG K, LI L Y. Review of object detection based on deep
learning [ J] . Electronic Measurement Technology, 2017, 40(11): 89—
93. DOI: 10.3969/}.issn.1002-7300.2017.11.020.
LICY,LILL,JIANGHL, WENG K H, GENG Y F, LIANG L, KE Z D,
LIQY, CHENG M, NIE W Q, LI Y D, ZHANG B, LIANG Y F, ZHOU
LY, XU X M, CHU X X, WEI X M, WEI X L . YOLOv6: A single—
stage object detection framework for industrial applications [ J] . ArXiv
Preprint, 2022, 2209: 02976. DOI: 10.48550/arX iv.2209.02976.
i &, B, DU, B, RAET, B . ST Gl YOLOv4-
tiny (945 M OCZE R MBS TR [ 1], 28 bRl 2%, 2022, 42(4): 549-560.
DOIL: 10.13305/j.enki.jts.2022.04.009.
FANG M R, LYU J, RUAN J Y, BIAN L, WU C Y, YAO Q. Tea buds
detection model using improved YOLOv4~tiny [J]. Journal of Tea
Science, 2022, 42(4): 549-560. DOI: 10.13305/j.cnki.jts.2022.04.009.
i e, WA, RE2hgh, VSR, RS0, BUKAL IMEDL . ST
YOLOX i HEBUR s SR 2R ik [0 ] T AR Al B2, 2022,
49(7): 49-56. DOL: 10.16768/].1ssn.1004-874X.2022.07.007.
YU L, HUANG C B, TANG J C, HUANG H Y, ZHOU Y F, HUANG Y Q,
SUN J Q.Tea bud recognition method based on improved YOLOX model
[J]. Guangdong Agricultural Sciences, 2022, 49(7): 49-56. DOI:
10.16768/j.issn. 1004-874X.2022.07.007.
RAL2F, SRR, WO, SR, WRi, BIER] . SR T RR AL B
FORBYLL IR [J] . A0l TR =R, 2022, 38(11): 344-
350. DOI: 10.11975/;.issn.1002-6819.2022.11.038.
ZHU L X, HUANG P F, HUANG W F, HAN Q X, CHEN P L,
ZENG D Z. Detection and recognition of red fire ant based on image
processing technology [ J]. Transactions of the Chinese Society of
Agricultural Engineering, 2022, 38(11): 344-350. DOI: 10.11975/
j-issn.1002-6819.2022.11.038.
B, 2R, SO, MRS, 2, BB . R YOLOv4-
Tiny B ARARTUR S (1], £l TR 2R, 2021, 37(17): 197-
203. DOI: 10.11975/;.issn.1002-6819.2021.17.022.
HU J P, LI Z, HUANG H Q, HONG T S, JIANG S, ZENG J Y.
Recognition of citrus psyllid using improved YOLOv4 tiny model [ J].
Transactions of the Chinese Society of Agricultural Engineering,
2021, 37(17): 197-203. DOI: 10. 11975/}.issn.1002-6819.2021.17.022.
JH 1, B, B . JE T YOLOVSs I Android A SR
FRBNRGEBT L] ARRM AR, 2022, 49(10): 155-163. DOL:
10.16768/j.issn.1004-874X.2022.10.018.
ZHOU Y B, MA Y T, ZHAO Y R. Design of mobile app recognition
system for apple bark disease based on YOLOv5s and android [J].
Guangdong Agricultural Sciences, 2022, 49(10): 155-163. DOI:
10.16768/j.issn.1004- 874X.2022.10.018.
PARTELI V, NUNES L, STANSLY P, AMPATZDDIS Y. Automated
vision-based system for monitoring Asian citrus psyllid in orchards
utilizing artificial intelligence [J]. Computers and Electronics in

Agriculture, 2019, 162: 328-336. DOI: 10.1016/j.compag.2019.04.022.

[15]

[17]

[20]

49

B, BB, RAFE, 2R, UL R E RS R PLE LR
BBMARGHHR ()], 4k T4, 2020, 36(15): 56-64. DOI:
10.11975/j.issn.1002-6819.2020.15.007.

LYUSL, WEIZ W, WU B L, LI Z, HONG T S. Development of
on—orbit status sensing system for orchard monorail conveyer [ J].
Transactions of the Chinese Society of Agricultural Engineering,
2020, 36(15): 56-64. DOI: 10.11975/j. issn.1002-6819.2020.15.007.
EAREL, M, XU, AR, Xy, SRR . U AR R
LA I R SRR S L] R TR, 2021, 37(9):
282-288. DOI: 10.11975/j.issn.1002-6819.2021.09.032.

WANG L H,LANY S, LIU Z Z, YUE X J, DENG S W, GUO Y J.
Development and experiment of the portable real-time detection
system for citrus pests [J]. Transactions of the Chinese Society of
Agricultural Engineering, 2021, 37(9): 282-288. DOI: 10.11975/
j-1ssn.1002-6819.2021.09.032.

HIWEA L IV, AR SC, BEK A . VLV A MEAR AR U AR A R 24 5
B2tk (1], N AR, 2022, 59(2): 419-425. DOL: 10.7679/
j-1ssn.2095-1353.2022.045.

HU Y Y, SUN Y, ZOU Z W, HUANG 8 J. Resistance of Diaphorina
citri Kuwayama to five conventional insecticides in Jiangxi province[ J ].
Chinese Journal of Applied Entomology, 2022, 59(2): 419-425. DOI:
10.7679/ j.issn.2095-1353.2022.045.

XUBFZ, HE2EBE, TR . YIRS A U AT AR B 2 A9 4 L)/
OL]. MM B4z, 2022:1-4[2022-09-14]. DOI: 10.13926/j.cnki.
apps.000657.

LIUK H, CUI X J, ZHOU Y. Identification of citrus yellow vein clearing
virus from Diaphorina citri [ JJOL] . Acta Phytopathologica Sinica,
2022: 1-4[2022-09-14] . DOI: 10.13926/j.cnki.apps.000657.

GE Z, LIU ST, WANG F, LI Z M, SUN J. Yolox: Exceeding yolo series
in 2021 [J]. ArXiv Preprint, 2021, 2107: 08430. DOI: 10.48550/
arXiv.2107.08430.

WOO S, PARK J, LEE J Y, KWEON I S. Cbam: Convolutional block
attention module//Proceedings of the European conference on computer
vision (ECCV)[C]. 2018: 3-19. DOI:10.1007/978-3-030-01234~
2_1.

LIN T Y. GOYAL P, GIRSHICK R, HE K, DOLLAR P. Focal loss
for dense object detection//Proceedings of the IEEE international
conference on computer vision [C].2017: 2980-2988. DOI:10.1109/
TPAMI.2018.2858826.

(i 4RA5L)

s, b R FE L,
J7HR R WA AR Ak Ay K R AT
RPCHEFRLR, AFARKE
BB ERRKEAE, 29
KBTI EXBEARIZRST T
%, THAETERABHAH 6 R, £
mBEAKRAFEE HE LA
EHER, AREHERFRRD 0K
R, <<Nature Communications>>

{ Genome Research) ¢ Frontiers in

Microbiology ) 4 #1F] & & SCI ¥ 3L 20 &%, K4HEAF
AABIT 5 A, R EF 6 R, THGEGRMAS RRHENL
#2100 7 7o



