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Detection Method of Defects on Inner Wall of Steel Pipe Based on Improved YOLOv11

QI Xiangjing, GAO Hongwei,ZHANG Xihan

( Shenyang Ligong University, Shenyang 110159 ,China)

Abstract: To detect the defects on the inner wall of steel pipes is crucial for product quality and
production safety. Traditional detection methods are limited by lighting conditions and spatial con-
straints , resulting in low detection efficiency and failure to meet industrial demands. In recent years,
deep learning techniques have made certain progress in the field of defect detection. However, chal-
lenges such as lighting variations, texture interference, and the similarity between defects and the
background still hinder detection accuracy and real-time performance. To address these issues, this
paper proposes an improved YOLOvl11-based defect detection model that integrates a Slim-neck
module with an efficient multi-scale attention( EMA ) mechanism. The Slim-neck module effectively
fuses features extracted by standard convolution and depthwise separable convolution, reducing
computational complexity while enhancing feature extraction capability. Additionally, the parallel
substructure design of the EMA mechanism reduces sequential dependencies, thereby improving de-
tection efficiency. Experimental results demonstrate that the proposed model improves the mean av-
erage precision( mAP@0. 5)by 11. 8% over the baseline model on a custom dataset. It also exhibits
excellent performance in terms of computational overhead and parameter count, validating its effec-
tiveness and application value in detection of defects on inner wall of steel pipes.

Key words; inner wall of steel pipe ;detection of defects; YOLOvVI11 ;feature extraction ;feature fusion

KR EE, 2025 -03 -25
EE£WMAB . I THUET R EFR AR H (1J232410144070)
YEZ BT . F1 6 (2000—) , Lo WEAFSE A s = 2 (1978—) il R, 53, 20 14 A 0,



8 % M

¥ I XK ¥ F Ik

% 44 %

B — b R 92 B Tl AR, R
Fergm Tolb Az p= I TRE R AT SE e e e, 4N
PIBEBR RIS 2 fE 5K, X A T RO
FEORUEE R BT,

H R AET PR ke o A 0 3 22 SR FH Vs i Sz 0
S ARG O RT3 TG T A5 GG I i, TR
R A 388 Aok T B A e 0 10 373 T A 1) e
BT R RE RS bR B A I A A e i S
AT R B 3 T RS [ Sh A A, {EX B
77 T ARG RGBT J2 ek A I
R, FEBEAEDVIRM T — RS T R RS I 5 e R
PRGN Y B A A% SR K, AT ) A0 G T AR R A
T B PRI RE R S A AR ) R D A%
PG P R O P T e A 2, LA ARSI LT )
RE RIS B ERES B T — R G
SEPAGIN I7 s | IF AR T HXh N A 1 S S
MIB RN TS 2 R4 SR (5 5 5
VAT, /NI o0 A B, S ORI oA N
) TR AN — i T e R RN U A A T
AR LERAE I S RE BB R 5 IO T — o ik
JELOT AR AT R T — R R LI AR
PRI 73, $ v 1RGN 2 R B TR 2 B
PRI RE T o AR BORANGE T2 1 A 26
BRBE |, T JEERE A A G I )G R, HL A2 A4k F e
{652 T2 N

W ORI 27 ) F AR (et &, HAe TS ML
R ATUR A 18 FH H 25 B, A K b HE 20 T e o A
MEE AR AR R T —Fh 3L T 5
e R L (CBAM) (1 435 AU 25 15000
2 2T R R EE T 4y B B T 24008, 31
T Z R RAESRICEE ) 20 T RS . B
R 20T B T — b 3 TR AE Bl 5 0] i 4R
[T R B FRAE IR 22 X 2% ( CRNN) #2781 3¢
AR, B T AR AR ICRE T, R T RROR
TR M B T — A Y YOLOvV4 Bk,
i 1 0 4 S B0 TR AR 4R BO 325, A 3L
BT T A ER N B bR A TRS B K B
FEFRMIP ) AR A R F ML A 6 R 4 R 4%
( CNN) FH AT A= BE A4 A ke e A i v B R AP 1Y
PERE, O] 4R A I Bk B R, {H NN ZE il
P4 Ry T AEAEAS 2, o AR b B /N R ) B,
s R S N E 5 AN
TESRECRE F7, 55 1 250 22 TR /DN D IsF 1 725 46
5 CNN AHEE G, 0T RhR SR W, 32w 7 A6
KGR M #E L, ResNet 8 i 5% 25 %% > i 1 b

FEIE R IR A, H HE VR )22 45 74 ] BE - BOBR B R A,
S R 45 B E 1, b LR T FC-ResNet' ' ( 4%
4 CBAM 2 FHFREAHE RE 7 , ol /D 3158 AR ) il
FFC-ResNet''* (444 fifl HL I 35 LR 38 42 J5) F51IF
PEULRE 7 ) A el S5 $R A TR AL B Wi S N
G M, YOLO R 505 5 32 21 75 bR, (HAE %
RS BFARI FRCRAE R E ST A
HEEDPUH SE YOLO, U5 2 2375 K
MEE T A2 TR 2 3T A B ARG T 45 38 B
197 —E 3k AR i — 20 42 TH R AE $2 B e
J7 W G 1 RTA DURS B A DA R Tl i
H PR

ASCHR H —Fh L Tl YOLOVIT 5K 1
BEGBE K I )7, 51 A Slim-neck A5 B! {1k
YOLOvV11 SR 4s 75 FE T M5 ARz R
1 5 /7 (efficient multi-scale attention, EMA ) .
0T A i AR R X A () 25 T B [ R IE A UK
B g 2 RE 2R EE R R, A
I AR 50 UE AR SCRLRY () P g

1 REGE

AR HA IR 22 2T A7 YOLOVI L 78 H ARk
DU Hp ELAG RS B v RN R I A ) R L, AR T oA
WA YOLO #i4 YOLOVI 1 7EA94 PN BE Bk FE 6
W7 R R R 1 i — 204 T A D
g, A SCTE YOLOvIL I ET ML 5| A EMA #l
il , LA i A5 A G SCRRRRAE 1 SR AR RE 7, R TG
K [R5 A Slim-neck % YOLOvI1 f) 55
DR £ AT DAL, FE PR AFABE AL S B P A T 2 3
oo L AN A P BE G A TR RE D L AR Skt
YOLOv11 BERY [ 48 545 an sl 1 s, K H SP-
PF RN P2 (0] 4 T35 Ak, C3k2 A& — Fil
MO B AR B GS % LA K VoV-GSCSP #i1
HeJe: Slim-neck A5 1) 20 BB 43, T 3C AR HLAA
Wik,
1.1 EMA #l#&

44: CBAM 5 SE {7 7 AL il 47 75 18 1 4 4
T UE B P AR A8 P i K it 52 O B v 4
[F) 0, XfE A SEPRTR oK . EMA BEHCR IR T+
SERVETT, WSS 7 /N H bR B AR AR SR BT R
(RGP AR | B8 T4 FRASCR | i ad 22 RUBE 25 [A] R AIE
filG 5 B [RGB A, A RO s A6 /) i
M5 R 2275 S HI A RE T, EMA 1Y SR S5+ 4
E 2 Fis



% 6 Fe % A TG YOLOVI 69407 1N B2 B8R T4 4 o7 sk A A, 9

VoV-GSCSP |
Mk

EFR% a I I
.
| NI ,-

VoV-GSCSP
B

\ 4

_| VoV-GSCSP
Tl R !

Slim-neckff it /

B1 it YOLOvI1 AR R &
Fig.1 The network structure of the improved YOLOv11 model
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Table 1 Ablation experimental results

EMA  Slim-neck mAP@O.5 ZHE WIS (FPS)
X x 0. 451 9 414 735 7.0
vV x 0. 463 9219 215 5.8
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Table 2 Comparative experimental results
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