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Research on Defect Detection of Wind Turbine Blades
Based on Improved YOLOv10n

CHEN Zhirui', JIAO Liangbao'?, MENG Lin', GAO Yang', GU Jiawei!
(1. School of Computer Engineering, Nanjing Institute of Technology., Nanjing 211167, China;

2. Jiangsu intelligent perception technology and equipment Engineering Research Center, Nanjing 211167, China)

Abstract; To address the issues of low sensitivity to multi-scale targets, severe complex background interference, and
insufficient localization accuracy in wind turbine blade defect detection, an improved YOLOv10n defect detection algorithm is
proposed. In the SPPF module, a large-kernel attention mechanism (LLSKA) is embedded to construct a multi-scale feature
enhancement network, effectively solving the problem of false detections caused by reflections on the blade surface. A chan-
nel-priority attention mechanism (CPCA) is designed to enhance the response to small defect features by establishing a cross-
dimensional interaction channel selection model. The original loss function of the model is replaced with the Wise-MPDIoU
loss function, which integrates dynamic weight adjustment strategies and shape-aware constraints. Experimental results
show that on a dataset of wind turbine blades collected by drones, the improved algorithm achieves an mAP@0. 5 of 84. 1%,
representing a 2. 9 percentage point improvement over the baseline model. This provides a reliable technical solution for the
intelligent operation and maintenance of wind power equipment.
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i T LY B 0 2 245 ) S IR H AR X G i .
. G LM, TR SR PR T RS
TR BE AR, W T &AM WA,
5 YRS 5 278 R 0 WML B0 4 . Rl % [ 5 k47
Ji& 2 3 IBCHE ) Z R . AR AS A AR B — 3k 4467
Ko BUREMENFARE. 40k M4 (crack), 48
& (deformity), 3535 (dirt), % (oiD, FJE (peel-
ing), A4 (rusty) . B4R B A anlgl 4 Fros
3.2 HIEEHLIE

e, fiiH Labelimg K fF X EIQ #6417 b5 . IR AE
labels H 5% P AE AR G 1 XML 3CfF . Bifs, @it Py-
thon AR XML SCHF 4% 40y TXT SO B & R Ff

B4 B 4 b o A 15 92 i

NP FRIE SCAHZ IR 8. 1. 1 MBIy B =N 2R 4E . RF
LM, FE A 3 573, 447 Fl 447,
3.3 ZXW/WFSE

IR 55 4% AH G HC & 0 F . S R A & O Ubun-
tul8. 04. 6, CPU 2§ AMD Ryzen threadripper 3970x 32-
core processor x64, GPU i NVIDIA GeForce RTX3090
B *3, BAF 24 G, NAE 128 G, GiFEHE Sy Python
HE .

SEES T FH S B8 PR . K ER P (Precision) . #
[l R (Recall) . mAP (Mean Average Percision), H
Py R, mAP ZHERPRITE A X0 F Fios

P

P=71p+Fp (18
TP
R=Tp T~ (19
DIAP, !
mAP = "ZIN AP = JP(R) dR (20)

16 H bR DU PE B8 EAL AR R, QB EE AR Y L
T: TP (True Positives) X2 B 1 #6002 49 H 45 4L
H; FP (False Positives) 7 # 45 i% 1R 3 v H #r A9 52
PrEAR . #dER PR 1B A 1000 25 5 0 o o k.
WX E Rl N = R i o S RN E Ry D
M mAP YERNEEE VM e bR, k255 % AW & 15 2
(BN ARG R B, BB T A T PP A AR RE . — iR
KU, mAP BUE MR m . AC AT A A A I B T R
it AT RSl 640 % 640, IAR2 2 E N 0. 01,
3.4 LHHER

Y B BT S e S PR A, SR B
BAREINLR G, MG YOLOvIOn 45 58 F ok g J5 A A
XF JEE Hh s AR AT DO F X Ee g R, RS R b A 2
JRIE YOLOv1On #5780 % R il 45 2%, A ) )2 i 48 wle it )5
RERD AR 25 R 5 DX FE 43 B 45 SR T AW ol g2 3, 2l
HEJG B 26 A B UM BOR . % 228 H AR IR A A
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BRIG e, 4. Tt YOLOv1On i KL F B kG K 52 + 65

FEHRA P B i o 0 2% R K 42 e 26/ H AR I 25 5 i
BT G 1] A, A i B R RE 06 v 0 R BT A F bR s T
VU K 7 6] S R B 22 A T A L i AR SR
S9N EL A R R R R AR T, X OR R TR
s, B RSB FXALE G AR T . R R OGS
PR SFERGARBUN AT 2, DT X S B 1 ot A
B R T U o/ AN L i T € R T e S A S R A
AEERMESGEL: fa. IR RRNETR FohL &
SRECESE . LT AR A i SR b R BRI o, T et e
R0 R LA ) 2 A O HLA B R AR . TR
SPPF i, fAGEE IHLE . Bk mis. &
T LS AL ARIBCRE T - T A SR AR T R AR AL . R
e 1 UUIRG

deformity 0.9

deformity 0.9

5 A ROCR X I

3.5 EESH

X H YOLOv1On Ji M 4%, AR 5255 347 1T = i el itk .
I LSKA 32 1 L ek it SPPE, 7E Neck [ 4% Him A
CPCA ¥ i, )5 Fi Wise MPDIoU #: % J5Uft 5k bR
B CloU, 5T 4 el AR He 21 & X AR AU M BE 1 R i, BR
¥ SPPF-LSKA #i# . CPCA ¥ J1#L# . Wise MPDIoU
PR REGX 3 e ilE A AT IH ML B, X HEAN R &
TR, R 1BARTIHMS AR .

#1 W@k

% | SPPF- CPCA Wise- |Precision| Recall |mAPO.5|Parameter
5| LSKA MPDIoU| /100% |/100% | /100% /M
0 80.7 73.6 81.2 2.3
1| 81.6 74.3 82.1 2.5
2 N 78.6 77.8 82.4 2.4
3 N 81.9 76.6 83.3 2.3

WA T AP BIE REAS 7 1 3 ZH 10 A o A5 R0 AG )

REA AT, 5 — ALK, £ YOLOv1On %]
1A SPPF-LSKA B8, 45 I 46 AR AH L T I b 165 70 4 A
B Bk, oy S AIs s rh, R JE W 4% 1Y Neck #43
A CPCA JERE LS. BEARME TR ML, Preci-
sion FRET 2.1%, {H Recall. mAPO.5 X W 38 br 43
BIARTE T 3.5% . 1.5% . Br LA RO, HZE A bk RE
il —EmiTt; B =4m P, ¥ YOLOvIOn
R CloU i 2% R 24 3 2k Oy Wise-MPDIoU, £ T 48 #5
MR T R B AR A T A WR T, mAP T+ T
2.1% . [A B ] BLFE H ok #F SPPF-LSKA #lfin A CPCA
T AL B 5 A 32 T A5 7RG W P R 1 [ B O I A K
TR TH S 80, BRBIR LT 0.1 F1 0. 2,

1) R I S50 60 b

T UEB B e CPCA VR WL A ok, ASk
Bkt CPCA V& 1 B He 3 i 8] Neck W2, Jf 5 A
EMA, CAFM, CBAM B3 47 %) L6 52 55, 55 50 45 £
M 2, LWEERFEY . A CPCA JEE b, Fm
AR B4 & mAP #2274 1. 2%, A 76 75 i 22 )5 T 8 R
W 2% 25 /NI BERRAIG 226 . A CBAM # 85 , BH [l
AT HETE, EAEEMER T R R, % mAP 27+
BORA R . EMA, CAFM BB 7E mAP J5 i 4% 4 12
Fho ZEARTHORE S R DL R R A S R A A R
Ja s ¥ CPCA {FE Sy HLEIIA TR M 45

F2 TETE MBI H S g R

. Precision | Recall | mAPO.5 | Parameter
ik /100% | /100% | /100% /M
YOLOv10n 80.7 73.6 81.2 2.3
YOLOv1On+EMA 76.1 76.3 81.0 2.5
YOLOv10n+CAFM 78.3 74.8 81.5 2.6
YOLOv10n+CBAM 75.7 78.7 81.6 2.2
YOLOv10n+CPCA 78.6 77.8 82.4 2.4

RIS F 24 . 1SR RIRET R E %, B CP-
CA 8 o 5 4 B2 A2 B R FE BN R AR B JE (24 5% 1) il %
FREEEIE . V5 0 60 25 Sl B . I T R SRR T
NEARIRRL; WE IR ROk B LSKA, Hit kot
ML 7 5% SOl Kl iR ) o A B I I

2) 1R AL IR L

R B GIE AN [ 453 2% eR O BSE TR PR R I 5 ), AR S I A
PRAE W 28 A 45 09 R AZ RT3 R . 43 9 R A EToU,
SloU. MPDIoU, Wise-MPDIoU #: 1t i ¥ 4% 1) CloU 1
KRBT LS, S5 N 3 Pron . Bl BoR . fil
J EloU B}, 8 mAP % 5 M4 T % 0.6%; SloU Fi
MPDIoU B fff mAP A Fr & 7. HIEiE A R; M Wise
MPDIoU /) $2& T+ 85 1 e b B %, mAP 555 W 4% $2 &
2.1% . LB & iR AR xt b, I & % B Wise-MPDIoU
1R AL CloU [ 41 2k pR 5L
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o34 %

3 MR O Ll S g A R

. Precision Recall mAPO. 5

Sk /100% /100% /100 %
YOLOv10n 80.7 73.6 81.2
YOLOv1On+ EloU 79.3 72.2 80. 6
YOLOv10n+ SloU 77.4 77.5 82.4
YOLOv10n+ MPDIoU 80. 2 75.3 82.1
YOLOv10n+ Wise-MPDIoU 81.9 76.6 83.3

Wise-MPDIoU J& —F £ & ¥ 19 31 S AE [0l )9 451 2% b
B, HAUPEM S 7 24 E PG IR . 0K R B
EETHMES BLEZRMESXBMERERE X
B, BFEBHAAT L SIERME 2SS A
. BRI, Wise MPDIoU i i ft fb 55 &
AP T R Gs B . HAZO LR Ja /) A I AE
5 SIHEXS AR TS Z B A BE R . R i A5 0 FAE
] 5 5k oA o s R A LR A K R B, Wise-
MPDIoU 7 ff £ 11 58 fif 68 44 i [5] iy, $2 {1 58 4 1 1y
VAR LT .

3) BIEX L

Ry it — 25 0 IR AR ST H O S Bk O 8 A R
PR BEHL T — o 3 Bk #E AT X . 9 i Faster-RC-
NN. YOLOv5, YOLOv7, YOLOv8, 7£# il A& & A% 1y
FET . K& WS TE T SRG BE . R BR . A3 [l 5 1 AT
TXTL . ARG R WER 4 R,

F 4 ZRREEX L

- Precision | Recall | mAPO.5 | Parameter
4 /100% | /100% | /100% /M
Faster-RCNN 75.7 72.6 76.4 28.2
YOLOv5 77.8 69.7 78.6 2.5
YOLOv7 79.4 73.5 79.5 6.0
YOLOvVS 80.2 74.1 80.7 3.2
YOLOv10n 80.7 73.6 81.2 2.3
AR SCH 82.5 78.9 84.1 2.6

HEHE 22 6 FLW A Je B A SO0k Ja A A R AR A T
YOLOv10n JEGE R mAPO. 5 N T 2.9% ., IS#i%Mm
Bl EAETT 1.8% M 5.3%, BAESHE LE
R W A $2 T o AF PR ASE AR AR By ) 2 000 I R K A5 el ik
Je ARSI AE R RS2 BR A L T B AR R B T s 5
Faster R-CNN D) K& — £ %1 YOLO P g RIAH L. 1F %%
ANEFREA B B AR TE . X T IR AR B Y 25 S 4
bk mAPO.5 B MBEF T 7.7%. 5.5%. 4.6%.
3.AYOM 2,900 K ZE FE B UE T el ik J5 AR R Y AT Rk
B AL I Gk o A 000 9 A 32 190 20K o Gt T 1 A5 78 o
R R = FAAE B 8h . Tk, W LSKA
b T RO M S BB B Btk i AR TR AT L O 4y
BRI T 4y, B R MR X T S B E R
W IR AL A5, I CPCA S8 58 1 380/ B [ i 7

S BB A E A L TN DR B L (8 B PH RIS A R, (R
A A BT S mAP BRI

4 HRIE

N T SUIERR L PR U KB R b Y RS
TR SFEPE . P T — M 2T YOLOvIOn iy et #E7 ,
i i 1 SPPF A6 B i A R AZ 1 8 Jy HLil LSKA.
TN ZRPBERHESE R M 46 . T DU 2R RHR 1 25 2615
SV S A AR S AR T R R RO
SR TR AG A (R RN BT A S T I 5 R T AL
CPCA 3 i:d 3 25 98 B AN W)l 3l 9 A, S8 1 0 g Ay
LR 38 SN A R 2 RS 0 5 8. 34
S AR NS SRR R TS Y 45 Bl e B AR DR FE . BB A
& th 1y Wise-MPDIoU 45 2% pfi %000 2o #6218 1E HIL i1 A 24
SIS AR REAS 51D 110 SRR B IR AR MR T s, SRS
I REAS (A6 JEE 327 087 o DT 395 50 A58 TR X A TR R840 ) 32
CRETT > I B &R B RS BE 1 H AR E AL AR o i B g
I3 T AIAE TC A HILR S 9 RHL I J K 46 b i S 0 45 R 3%
B, S RIETE mAP@O.5 $5 45 Bk F T 84.1% . A
BT RMERIRTE T 2.9 N E oA, Bl T 8E Rk
AESE T . [, 5 H A b Ry 2 Fh i R AR TR A L
FUHEIR A AN T £ BLE RS I 25 R &
1, T i e A T X IXUAIL It R e B A N A e 1 K
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Bl ik — B SRR . RATW 2 HERAK . SLI & F
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