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YOLO-DCS: An improved method for detecting surface defects
on wind turbine blades based on YOLOvl1n

XUE Nan'”, ZHANG Chao'**, LIU Caiye'”
(1. School of Mechanical Engineering, Inner Mongolia University of Science & Technology, Baotou 014010, China; 2. School of Digital
and Intelligent Industry, Inner Mongolia University of Science & Technology, Baotou 014010, China;3. Inner Mongolia Autonomous
Region Key Laboratory of Intelligent Diagnosis and Control of Electromechanical Systems, Baotou 014010, China)

Abstract: To address the issues of weak feature representation for wind turbine blade targets, complex backgrounds, and missed detec-
tions of small objects, this paper proposes an improved YOLOv11n-based detection algorithm named YOLO-DCS. In the backbone, a
diverse branch block (DBB) and cross-level channel attention (CLCA) are introduced to enhance key feature representation, where
DBB increases mAP@0.5 by 1.6% and CLCA improves mAP@0.5 —0.95 by 3.0% . Furthermore, a C2PSA_CLCA module is con-
structed by integrating the local aggregation mechanism of C2PSA with the global attention of CLCA, and thereby the multi-scale feature
learning is strengthened, leading to an improvement of 8. 0% in small-object mAP. In the neck, a Slim-Neck architecture with GSConv
and Vo-VGSCSP is adopted to improve feature fusion, resulting in an improvement of 5. 7% in overall mAP@0.5 - 0.95 with only ad-
ditional 0.4 M parameters. Experimental results show that YOLO-DCS attains 92.9% recall, 93.4% precision, 95.7% mAP@0.5,
and 76.8% mAP@0.5 —0.95, outperforming the baseline YOLOvl1n by 3.7% , 2.7% , 3.5% , and 5.7% , respectively, demon-
strating the effectiveness of the proposed method.
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1 89.2 90.7 93.2 71.1 2.6 6.4
2 VvV 92.3 91.3 94.8 73.1 3.2 9.0
3 VvV 89.5 9.6 94.7 74.1 3.1 7.0
4 vV 89.3 92.8 93.3 72.5 2.6 6.1
5 vV vV 90.9 91.6 95.2 73.1 3.7 9.6
6 vV vV 90. 4 9.1 94.3 74.0 3.2 8.6
7 VvV vV 91.8 91.3 95.6 75.4 3.1 6.6
8 VvV vV vV 92.9 93.4 95.7 76.8 3.7 9.2
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Table 3 Comparison of experimental results

ETY p Recall mAP @0.5 mAP@0.5 -0.95 Params/M
YOLOV3 63.8 62.3 67.8 35.8 5.2
YOLOvS 78.4 78.9 82.5 58.5 1.9
YOLOv7 79.8 70.5 76.2 58.7 4.4
YOLOV8 90. 4 87.4 92.6 65.8 2.9
YOLOv10 90.2 88.6 92.5 68. 4 3.2
YOLOv11 89.2 90.7 93.2 71.1 2.6
YOLO-DCS 92.9 93.4 95.7 76.8 3.7

2.4 AIMULERSH

SRk YOLO-DCS #AY (1 P fig , 7E ] 6. &
7.8 HXf g R T YOLOvI In A58 58U A1 2l i J5 1Y)
YOLO-DCS #AILE XL 7 AN [F] 453 19 28 51l v ) 46 DU
RO AL IEH RS 5 BB LR IZ %

WK 6 Pis, FEIEHE M R s, YOLOvl In 5
YRR 8 58 B EH Ar s, EAS DU B A B 430 A
62% 72% F84% . ML= T, YOLO-DCS B
B (ZRE R F] T 91% .90% 1 94% , 32 B YOLO-
DCS BERIEIN I TC T 505 B Ib a5 W R e ik 7
T B A IR,

WE 7 Fros  ETG S S, BTl Xk
XL REAI JE A KL, YOLOV] In AR S A AR
r LB S SO AS 5 R S 7 B 1 I 5 LA 1
{h 47% F160% , 1 YOLO-DCS 45 R Xk i 775 [X 5k
FEAE T S R L S I R AR ) N, BE A% B o A 7 55
R DX 8, AR A B R B R A AL A 4R R T 33 %
F118% , i 73~ H1 % 553 Sk 5 AR A B 52 114 5 R

mE 8 B R, 15U 2 WK G R
YOLOv1 In FEAYRE A Bl e DX 8l 94 w1 468 kg 1
HZ %8 475 st gt T S 850k & 15 B AU
68% F1 79% . YOLO-DCS # 5 I 58 4% & hi 1% 22 H
TR AT ) e 1 R 0 A I AR, A 45 R

B DS R A B e ) — B LA I A B R 2
80% M1 91% AN 54 & 1 12% .

LG KA, YOLO-DCS FRERL AL A [A] Bk g 2 BT
PR A rp A E LS VR 5 AL MR R, ) AL
ﬂ: UL T TR T I AR T BB R AL RE S AL

Yy St PRI T AT R

NG
=

YOLOv11n A&7

N
k.

YOLO-DCS#ER!

Bo EFEMRFHR

Fig.6 Normal wind turbine blade scenario
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Fig.7 Oil contamination defect scenario
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Fig.8 Coating peeling scenario
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