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Abstract

This paper addresses the need for intelligent identification of pests and diseases in navel orange
orchards by conducting research on the optimization of a deep learning-based object detection
algorithm. A lightweight improved model named YOLOv11-SMALL is proposed, utilizing a con-
structed image dataset of navel orange pests and diseases under complex backgrounds. Based on
YOLOv11n, the model incorporates the A Down downsampling module to reduce parameters and
computational cost, embeds the HGNetV2 backbone network to enhance multi-scale feature ex-
traction, and employs the ASFF (Adaptively Spatial Feature Fusion) mechanism to improve detec-
tion performance for small targets and in complex environments. Experimental results show that
the improved model achieves an accuracy of 0.975, mAP@0.5 of 0.971, and mAP@0.5:0.95 of
0.912, with only 1.728K parameters and a model size of 3.6M. It achieves an inference speed of
25.1 FPS on an embedded chip, outperforming multiple versions of the YOLO series as well as
comparative models such as Faster R-CNN and RT-DETR in overall performance. This study pro-
vides an effective solution for the practical application of lightweight pest and disease detection
algorithms on edge devices.
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Figure 1. Images of diseases and pests of navel oranges (a) Huanglong disease (b) Red spider disease (c) Ulcer disease (d)
Rust mite disease (e) Anthrax disease (f) Split fruit disease
1. FAEmREE R ELHb) LHEERH(C) Fmmd) FEE(e) RERE)RRF

Table 1. Distribution of images in the dataset

1. BREEEGSH

P o RUE bR 4 LGS EYGEIE HEEE A
1 E P SL] ik 347 300
2 EWAT i 278 300
3 B i 284 300
4 CL IR HE 89 300
5 AL E 109 300
6 5 B E 263 300
7 e SR sk 100 300
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Figure 2. Architecture diagram of YOLOV11 network
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Figure 3. Architecture diagram of YOLOV11-SMALL network
& 3. YOLOV11-SMALL R4g 2244
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Figure 6. GHGNetV2 network
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F AR5 S50 IR B £k 1 55 00 A0 1R CHR B ) HME DA IR ORI s U P . e, AR NEIE
7S (A5 IE @A (daptively spatial feature fusion, ASFR)#ER, Ml 7 AR, ANZEREMSLEE b, g1
Refy 1 322 ) FF MR R AR REMFFIEE R, B2 RERIER R — 8 S S 8.
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Figure 7. ASFF module
B 7. ASFF &1

ASFF BB S50 25 5 H 1) levell . level2 Al leveld =25 BIBEAT S NALE AR e, LAIHH]
FAF R BRI HAMFAE . UL ASFF-1 9, L4 = ZRRAE P8 8 22 [ — R i 42 RS s ik 45 19
iR, ZI AR RIS A

ASFF=qa' X'+ x4yt A3)

Her, x'. ¥ P ORREBZEMANISME, xR X RN level2 Al level3 F54E_FRFEE S levell M
FIRSE, EARSIMERE . gy HREEM, ARESE R, BE . f.
y B % EE RN IR, EARS AL E EASITEL, BENS A R AN IR R Gt 24 AT 45 Tk
RIVRFAEE R o 2R R R TR R 238 L TS 25 e (R IR ERU (CAr e JEL Mo P SR B L B8l 1 2 A
R 5 RE B IR AR BB R B, ) BECRFFASE BRI BE 77, JUFA Bh 3Tt/ B AR FIASORA 93 B 1R 1 26,
AT A B S TR el TR 5 S 30 SR o 498 HR 3 TR )
2.2.6. EEIIZGSTTNIERR

A SCB YRR B 52507 6 S8 & 2 Fos, IZRseionik#f 7 sS4, NS HiKE
e 3 fis

Table 2. Parameters of the experimental platform

®2. KWFESHR

Items Types
Operating system Windows 11 64
CPU AMD Ryzen 7 7700 8-Core Processor
GPU NVIDIA GeForce RTX 3060 Ti 8G
Internal memory DDRS 32 GB
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Language Python 3.9
Accelerating environment CUDA 11.8
Framework Torch 1.12.1 +cul13

Table 3. Training parameter settings table

F 3. NGB HRER

Parameter Value
Epoch 300
Batch size 24
Image size 640 * 640
Optimizer SGD
Momentum 0.937
Learning Rate 0.01
Works 8

A THVTAG A SC AT i H AR A AE i BB R 55 TR 2R G R RE, MR RS 2 . AL 5 o S HE B
A, ARSI T ZHE BN TRAR . EBUNHERAYET T, R FHKS 26 (Precision). 7 [A1 2 (Recall) fI°T-3)
K B2 I ME (mAPYE A T BN IE[15]. A, Precision i & [ /2B T Ay IEAF AR S B oM IEREAS I B
], Recall W e BRASAY M BT ELSEIEFEA h s Dl i L], P& 20 i B A R4 RI(5)E Lo AP T3
LAY A B — 250 EAEAN IR BAE LA N LR aYERE, T mAP {E N2 AN AP BF3ME, TP
RUAE 2 AN B 2R AR RE s, 507 K 2 506) M(7) B «

TP

P rp @
TP
AT ©)
AP = P(R)dR (6)
mAP=13" AP (7)
n

R B SR 2, A0k S 308 (Params). BAL K /N (Size). V7 318 H IR E(FLOPs) I AE#5
M2 (FPS)IE A% O FR [ 16]. Params FEAEAY BTG rT I 2S5 a4, w7 F T B8 eSS 5 77 i o
H: Size FNBRAUBE U I SEBRAEE RN, B RBUSERLFT 5 ] AE 2%, FLOPs A TPl A B g 4T —
OCHIT 170 1% 48 P 75 ROV 538 S OB AR BB 2R B2 17 64, FPS HI T B2 B 7R HR A 3F & Rockehip
RK3588 L[k g, IR as b GsaE, HitE (A Re®)FR.
1

FPS = — (®)
Processing time per frame

3. SCIGZER
3.1. YOLOV11-CUS #8114 R
NISIEAS SCHR R R RE  YOLOV11-SMALL A &t 5sebritfe, EFMEVIZGE FxT H 5 FEG
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YOLOVI1n #47 T X tIZR. 23d 300 4125 )5, YOLOVI1-SMALL 7EMISE F#Effi2RIAF] 0.975,
mAP@0.5 fl mAP@0.5:0.95 43 7i5 %] 0.971 10.912, HET YOLOVI1In [ 0.968. 0.962 F10.910. Ml
it FE RS EE AR AL ZR ] 8 AT L, YOLOV11-SMALL 7E 884N 23k R rb i 284504 50 v 10 A0 ks P A
HPEAEL) 250 ek i@ T, R OTEE . RN RAERNRE R & o Pros.

Precision Recall
101 — yoLoviln 109 — voroviin
—— YOLOV11n-SMALL —— YOLOV11Nn-SMALL
0.8 4 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0.0 0.0
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Epoch Epoch
mAP at loU=0.5 mAP for loU Range 0.5-0.95
104 — voLoviln 5 — yoLoviln
—— YOLOV11n-SMALL —— YOLOV11n-SMALL
0.8
0.8 4
0.6
0.6 4
0.4
0.4
02 0.2
0.0 0.0
T T T T v T T T T T T T T T
o 50 100 150 200 250 300 0 50 100 150 200 250 300
Epoch Epoch

Figure 8. Curve of accuracy changes during training
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Figure 9. Test results of the test set
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3.2. jHRASEIREER

N T RGEPPAL A SO AR B B PE BE AU RE N, AR SCAE YOLOVIIn B2k AL EAK RGN ADown,
HGNetV2 fl ASFF fEHUBEATH L, Fra scim R R R S ESHE, 4R WE 4 Prs.

Table 4. Abandonment experiment of lightweight improvement algorithm

F 4. BEWUNHEIREMSIE

Hik params(K) GFLOPs size(M) FPS map50 precision
YOLOVIIn 2582 6.3 52 20.8 0.962 0.968
+ADown 2093 5.6 3.9 22.7 0.949 0.926
+HGNetV2 1802 53 3.7 249 0.932 0.921
+ASFF 3962 8.6 6.3 18.9 0.979 0.982
YOLOVI11-SMALL 1728 5 3.6 25.1 0.971 0.975

MR BRI KE, ADown HEL[F) 5] NS4 & (Params) FF1IK £ 2093K, GFLOPs Jik/b % 5.6, A
KN (Size) E4A 4 3.9M, [FIIF FPS #2722 22.7, RKUHIE VPl 5B A A H UK T HFEIUAR;
BE—E5I N HGNetV2 J&, S¥Eit—P %% 1802K, GFLOPs A 5.3, A K/NA 3.7M, FPS #5
24.9, AL 2 55 A5 AR S FALAIE 3E— D3 THER AR 00 [ B 4 R T 88 v RS B AT
FAE ] ASFF B B 2R TE TR IS FE(mAPS0 B2 0.979, Precision i& 0.982), {HEHEMEHIT
B4 KB4 (Params 3962K, GFLOPs 8.6), FPS [£% 18.9, Stk HAEN 58 2 KRR Ab & B 7 1 [F] st
D = RIEE

w4, B=IEdt 441 YOLOVI-SMALL 75 AR ¥R =k 5 /[ B (mAPS50 0.971, Precision 0.975),
SEHL T AR AR AL RE: S8R X 1728K, GFLOPs Jy 5, #i7% K/ 3.6M, FPS ik 25.1. 45 EH,
ADown 5 HGNetV2 UL T R8T % B - TR E, 1 ASFF AEHUE I [ 18 B2 (A RFAE A Y
R T RN 2 RO IR R AR ), =S AR SRR 2 NS T R AP, & Tk
o S 7] AR 455 v X S s e 5 o T e 40 L TSR P J R R S A AT 55

3.3. BEEXJEEsCIE

VAL AR SCEOE HEA A YOLOVILL-CUS MIZRatERe, o —SCME SHERE T, HHE 4F1
ZAE ) B PRI 54T 7T E, A3 YOLOV3 2 YOLOvI1 RAIHFALRA . Faster R-CNN. Mask
R-CNN Fll RT-DETR-X &, #5504 5 Pion. L4, Faster R-CNN. Mask R-CNN #1 RT-DETR-X %
T BRIIVEIE RO/ TSRS SR R FE S T R IAME . /E Rockehip RK3588
A E, BT IR R R TR &, BIEIE®IELT, FIbRAEIRA FPS £ . [FFE, YOLOV3-
tiny Al YOLOv8S A THE BHF 5 A KB EAE 108 & . £ YOLO ®41H, YOLOv!1n A H 45
LA, ERRIIREE LA BERTE, RN SEEMTTE R T R, A /E R 2 R %%
rhRaE mROBAT, BRI A SO B HAE AR . YOLOVI1-SMALL £ YOLOv1In Fy%&:AE ik —D4R
VRIS RS, IR RS TR R R A BT A, R AR SR G 1 RS ST

4. &g

AR G i b SR el g TR R 5 B K SE P 7 K, T e 2k T kit YOLOv11-SMALL FAz &AL IR
BFEIES RS I, IR S 5T RN BUE R SRS, 4G 2 A ISR, 1R
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Table 5. Algorithm comparison experiment
5. BUEXEE SRR

Hik S48 (K) GFLOPs size(M) FPS map50 precision
YOLOV3-tiny 12134 18.9 28.4 / 0.887 0.877
YOLOVSs 9116 16 15.2 3.2 0.924 0.928
YOLOV6n 4234 11.8 9.1 9.8 0.889 0.882
YOLOVSs 11132 28.8 21.5 / 0.931 0.919
YOLOV10n 2707 8.4 5.8 14.7 0.933 0.919
YOLOV11n (base) 2582 6.3 5.2 20.8 0.943 0.923
Faster R-CNN 41201 203.7 129.1 / 0.868 0.872
Mask R-CNN 44217 190 370.2 / 0.879 0.881
RT-DETR-X 65472 222.5 129.1 / 0.881 0.862
YOLOV11-CUS (ours) 1728 5 3.6 25.1 0.967 0.947

YOLOVI1-SMALL #5781, 75 {555 i kg B 10 () I 568 38 PRA O S OF . s e i, iz B AR A M 56
mAP@0.5. mAP@0.5:0.95 25545 r LI T IR YOLOvIIn JeHoAhxt LAY, [ S HE. AN
R AE IR 1) 0 kN, UEBR T AR S PR Sk a5 B R A1 AT M

ARWFFRIEH S EE AR BIE5I N ADown FRAEEBHUA MK TR M S HE 5 IIR: K
HGNetV2 {E N T T P48 i AR, 358 1 0 22 RBERBERFIE PR EAE /75 SR B IE B2 (A RRAE R A AL )
(ASFF), $&F T BIEEE A SOR/N Hbrd st RIS Fe k. THRsEI 45 R0, SRk
FEVER, BRAMEFR B — 08t m TR A R R E KRR ARG E .

JE T RGE R A S N HE R S 2 (A SEIL TR, BRI R EE R SR R T
I REATIAFAE — SR R o J5 B2 F0K B R R TR m U VR R U, R4S A s = B b s sk mg .  DASR
THERLEAS [R5 AF AN SRR B B2 A RE JI (18] [, Rk — 20 TT R 3 T 2 BS AL IBE B R A
FERETL, DAMERER O R B PE R BT 5E . ST K [19].

E&WE

BB B AR 22 B IR AB(X-2024-KXTS-16); TLFAEHE T RHEF AW AL H (GI12410305); #M
HRV 52 AR 22 B 5 A PR (X-2024-KXTS-01); - #5 HRMV F52 R 22 B 75 A PR (X-2024-K XTS-21).
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