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Cotton Disease Detection Based on Improved Lightweight YOLO11

JIANG Bi-Bo, WANG Ming-Rui, QIAN Xiao-Hang, XU Han-Yu, YANG Chao
(School of Computer Science, Hubei University, Wuhan 430062, China)

Abstract: Cotton is an important economic crop in China, and its diseases have a significant impactyon"yield and quality.
Therefore, it is crucial to quickly and accurately identify the types of diseases. ngever, existing object detection models
mostly focus on improving detection accuracy while neglecting detection efficiency.These models typically have large
computational requirements and a large number of parameters, making it difficult to deploy them on resource-constrained
edge devices. To address this issue, this study proposes an. improved \:(OLOII algorithm——SDP-YOLO. The StarNet is
used as the backbone network structure to reduce the number of model parameters. A DRBNCSPELAN4 module is
proposed to replace C3K2 in the neck network, 'énhancing the semantic and positional information within the features to
improve the model’s feature .‘exfractioin capability. A lightweight partial convolution detection head, EPCD, is introduced
to improve the model’s ability to extract important features and significantly reduce complexity. The Wise-IoU bounding
box loss function is used to improve the network’s performance in bounding box regression and detection effectiveness
for target diseases. Experimental results show that the improved model demonstrates significant reductions in various
metrics: a 43.8% decrease in the number of parameters, a 96.9% decrease in the total floating-point operations, and a
39.6% decrease in model size, while increasing the detection accuracy by 1.3% and the FPS by 40 {/s, significantly
improving detection efficiency.

Key words: object detection; crop disease detection; YOLO11; lightweight
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BN 0, workers &N 4, Irf 34 0.01, weight_decay 1%
4 0.0005, momentum %4 0.937, warmup_momentum
90.8, 1r0 %4 0.01.
3.3 IFNERR

AL BRE L (P). A RIZ (R) M~ BINs
PE (mAP) RATEANERE. AP@0.5 /AL ToU RH
900.5 BB DL, x5 — 250 i) Re 8 pe A TSP
YIRS . mAP@O0.5 WETE IoU RME N 0.5 MITEIL T,
o I 2 Sl RS it R D A4, Bk TR RS i R

34@ﬂéﬁ@ﬂ%z@ﬁw+mﬁm
T N IBRAE AT TR AR T 2 iR E T AR M A
1 900 H A IR R, DR g A, S
. BRI, FPS PR RBREWIEMFRAR; FAS i
. AR, mAP@0.5. mAP@0.5:0.95 1F N PFfli
RUR I B8 B FE A5, K A 5T 52 HE 1) 5% SDP-YOLO
5 Faster R-CNN. SSD. YOLOv3. YOLOv5n.
YOLOv8n. YOLOv9t. YOLOvIOn. YOLOIlln.
Hyper-YOLOP S 1E AR [H] (1 SE 36 26 8 R b4 T % b, 52
AR 1 fis.

BT 1EY E— R A B, YOLO 4 i AT AR
AR A B AR M A AR R o503k 11 )5 10 22 5%,
REE 2 I AT B T AR R, il i o SRR AR
ERCE [ IBORT, HAR ¥ 45 5 A2 BOS B 4 J E. AT R
I 3o P € 1 3R 9 A A Ot R s A R Ko AR [ X 3 2
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VEREE, FLULH S BB R () 2 5] i R ARG I ROCR. L
AT, TN BT LLIE M i 000 SRR g N B i AT AL
] S Hx i A it B SBURRE BE, DA T 48 i A Y ) ]
Fp R, T WA A TR A Ak RSO0 I ) S B S A DX R,

AHFFFIFH Grad-CAMP 75 E A4 i B A il #4477
SIS B R BEALIEEL 5 AR E R E R,
S YOLO1 In A58 K AR S Sy b AT i AR 3 Al
WK 12 fis.

F 1 XLhsEIR g gt
LY P R mAP@0.5 mAP@0.5:0.95 FLOPs (G) Parameters (M) Size (M) FPS (f/s)
Faster R-CNN 0.87 0.72 0.78 — — 42 31.6 —
SSD 0.874 0.731 0.74 — — 27 19.8 —
YOLOV3 0.871 0.767 0.863 0.637 18.9 12.1 233 260
YOLOv5n 0.974 0.76 0.882 0.713 7.1 2.52 5.1 224
YOLOvS8n 0.955 0.907 0.9 0.727 8.1 3.01 2 6\ 253
YOLOVOt 0.952 0.816 0.907 0.732 7.6 1 97 ~45 95
YOLOv10n 0.881 0.811 0.869 0.69 p L 223 g - 55 213
YOLOl1n 0.95 0.842 0.885 0.712 \ \ 5.3 202
Hyper-YOLO 0.954 0.829 0.895 0.703 . \ \ 661 7.3 163
SDP-YOLO 0.963 0.82 0.898 0.718 i % ® 1.45 32 240
M BE
‘ E@v,
\ ‘t
\‘ \
4 ¥
YOLOI11n
SDP-YOLO

K 12

o~

1% 1 ix, Faster R-CNN H1 SSD [ 52 51 2
HORBUR, A AR SO (AR &fm; A AT 2 AL
USRI e A S A *‘a;z YOLOVO A S A1
b 2RI ﬁﬁﬁﬁﬁﬁi A IF s H R BUE , SER
LI e 7R 6T LU AR Y Hp i 22 HL 22 U R0 45 F st sl e
K. YOLOv8n HIK5ZHE T YOLOvVSn, {HHZH& |
I RIS F BB R /NS KT YOLOVSH. YOLO11n
A1 YOLOv10n [ #4845 AHIL, H YOLOL In 3
RS B2 5w, 207t 2%. Hyper-YOLO 1 A i i,
EORTERT DR B A 1271, (R B Ta b MK T
YOLOI11n. 5E#%: YOLOI1n #HEL, 243t SDP-YOLO
B, SRR TR S S R BN R A E S N, [
WA BE SR bR IR T 546 YOLO1 In.
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¥
A A

TEE 12 ST ETAAE Y, R YOLO1 In B8 #4
JIEEA, B R I e SRS X I A TR IR A RS
) fR. LR AR Z R A BE b, J YOLO11In WA
A AE VRN B . T SOt S AR Y R A8 7R 1R A B SS
(1) B bR R O B 23 RHAE, SOER B BT, OF
AR AT I G 0 2080, R SR I R M A
iz
3.5 HELSCIY

N B AIE AT S SO AR R A A R AT AT
P, DLFEHERA YOLO1In NS %, @I . Al
K. mAP@0.5. mAP@0.5:0.95. V7 izE Bk, &0
MK S B AR /NS SRARHEAT VR4, AH OG5
LEROER 2 H R
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i H AR SN A

K2 HESLEREAR

! P R mAP@0.5 mAP@0.5:0.95 FLOPs (G) Parameters (M) Size (M) FPS (fls)
YOLOl1n 0.95 0.842 0.885 0.712 6.3 2.58 53 202
YOLO1 In+StarNet 0.928 0.772  0.855 0.68 5 1.94 4.0 200
YOLO11n+StarNet+DRBNCSPELAN4 0.944 0.798  0.879 0.716 45 1.71 3.7 135
YOLO11n+StarNet+DRBNCSPELAN4+EPCD 0.946 0.811  0.884 0.709 32 1.45 3.3 240
YOLO!1 1n+StarNet+DRBNCSPELAN4+EPCD+Wise-IoU 0.963 0.820  0.898 0.718 32 1.45 32 240

R 2 fIsLib 45 51, 4% YOLO1 In FJESAE T M
48l StarNet Jo, 8 it 2 AL 1E SRR 4k RS 2 ) ah o
EYERHIE, TR E 5 A5 M, RIS EAH R R B
HFEAL, FER LGRS A SR THE R
K NY )R B 25% 21%- 25%, StarNet (/2305
b HR RS S R 4 B S m R IR AL, TR
BT R R AF, AR IE — e R A B
I 18] -4 R RRAE 1R B8, T T o7 55 4 ) 2 4 BT 5
P B AE SRR, F 8 mAP@0.5 T B 3%, 5 Ut
FET M5 -, F DRBNCSPELAN4 &4 C3K2
SRR, B A Y OLOVO RepNCSPELAN4
(122 43 32 FAT A FIRD UniRepLKNet [f14™ 5k 45 A0 L AR,
FIAEAIE T E R RTEE T, 32 T4 # B 22 X 38
NP RE /1, mAP@O0.5 $& T+ 2.4%, HIZki a8 it
BN JZ44 2 73 SCRHIEZ JC 3 AR N, SEI 4 Jay+ =) R AIE
RA; HEER N @ R B SR S, WG 2 S
NE AR, R TURTHE, RE R E R
B ZEENE KNG T 10%. 12%. 7.5%,
] DRBNCSPELAN4 7 - 15 84 1 g FIAR 1 P55 7 1D
HA BEMS, (HlF K& CSP 454418 H 55 FPS
B TR FEURERAS B, IR R Sk EPCD,

YOLOT 1 A& 3k [y BE AT 43 B S AR+ AR ¥, SR AL

BRI 1 B B —RA 1, AU 1/4 Jl T gk
TFEBURAE, Hok 3/4 I RFFIE, TR,
PR I I TE W B AERE, R ) 2 B e, K
DR T R e TR AU SR AR Sk 1 27%; B
T mAP@0.5:0.95 W& T B A1, 5024 (1) 4 i FE AN
mAP@0.5 73 HARTE T 0.2% F1 0.5%, [F] B [ 2 8
BT B RO RN IR T 15% . 28% Fl
11%, FPS &7t 1 105 f/s. 12012k s s, il Bt
B A VR B B 43 IC, RO S AR PR 5 AL B BRI, [
K53 SRAB BB LoU THEE, B/ S8R I 5 80 i
FAHE[N A f 22, [ R RS A . H IR mAP@0.5
M mAP@0.5:0.95 4r HRTF 1.7%. 0.9%- 1.4% Al
0.9%, FE— 5 HETHF AL I M BE.

£ b, SDP-YOLO f A AHER 4R YOLO1 1n £ 45
RS RS . mAP@0.5 1 mAP@0.5:0.95 43 B3
1.3%- 1.3% 1 0.6%. [F, A K77 s H ok, &
B RV SO AN BIWEAIG 49.2% . 43.8% i
39.6%, FPS 271, 18%. 78 W1 SC GBI AL,

4 AwS5REE

ASCEPXARAEIH T 2 H AR Pud Al 7 5K, %t YOLO-
1n BEAREEAT TR BRSO, BARIT S, TR
R T W% B 4N StarNet 2514, DA R RL ) 24
B VE RS SBCRIIAURN, b4, 4 DRBNCSP-
ELAN4 FRAESREUSIH, 1R RURRAE SR ELRE 77 Ak
HGEWUPAE B2 P [ B, 9k 26 290 300 0 8% 1) S L. [ETT, 4 R 4%
RISk EPCD, i — A A S8 Az U 5
SVE DR RUARAR, AR RIS B AR ST 51N
T Wise-ToU #i 2% B3, LAINBUEAE 7 208 702845 Sk
AN LoU THE A TR 1 28 AS 47 o] 5L, B2 TH R AS 2
245 DL b I R H — P A A PO A s T e U AR
L S S HAA XS H o AT, 43 BA R 4518 7E [ —3F
BiHh, B ) SDP-YOLO fEAR{ER & Hrfis e rh, 18
ANATRALE ARG IMASCR 1) [T A 2 B k.

CRWPFRE T S AR B L SRS, DS

555k 5 SDP-YOLO 5 B4 I (1) S B s 3. 45 AR A,
SDP-YOLO #LAY (#EEINF5, > T IR mT fe,
FLAERAE R T R 7 AR T R 48 YOLO1 1n.

AR BT A FR R AT TR AR, JEAh 78 &
FREARAZ B LA, TR AR AT BY A A0 AR ZE TR A
1k, 20K R B 2L SR 2T & HEAT 50 E AN S0k,

SE Xk
| RXTANAT, 1 [ 7, i A, 5. KA AL 3 250 AR AL B bk
LR SR 2. o EARAE, 2016, 43(7): 19-23.
2 R RRAEHE W FH IR 5 B7iE . W R Rk, 2023(10):
18-19.
3 Bdh, EL ) LA 3R E AR AE 2 B s R AR R B A
I3H. MRTEREEE, 2020, 42(3): 13-19, 26.
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