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Research on surface defect detection of steel strip based on UAL-YOLO
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Abstract; Addressing the challenges of large parameter sizes, slow inference speeds, and the difficulty in balancing model lightweighting
with detection performance in existing steel surface defect detection models, this paper proposes a UAL-YOLO model based on
YOLOvlln. Firstly, a parameter-free unified 3D attention module (UAM) is integrated into the backbone. By deriving 3D weights from
second-order statistics, it identifies outlier defect features via linear separability, significantly enhancing the signal-to-noise ratio of
semantic information. Secondly, a novel attention-guided fusion ( AGF) neck network is designed, which utilizes deep features to
generate guiding weights, intelligently and selectively aggregating multi-scale features to improve the efficiency and accuracy of feature
fusion. Finally, a lightweight efficient offset-based up sampler (LEO) is developed using content-aware offsets to recover fine textures of
slender cracks and minute pits. This approach improves the extraction of low-contrast edges and effectively minimizes the missed
detection rate of tiny defects in industrial scenarios. Experimental results demonstrate that compared to the baseline YOLOv11 model, the
UAL-YOLO model achieves a 2. 1% improvement in mAP@ 0.5 and a 3. 7% increase in recall rate on the NEU-DET dataset, while
reducing the number of parameters, computational load, and storage capacity by 26.36%, 15.87%, and 23. 64%, respectively. The

UAL-YOLO model significantly enhances precision while achieving notable lightweighting, providing a new solution for the deployment of
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high-precision, low-cost steel defect detection technologies in industrial scenarios.

Keywords: YOLOv1l1n; defect detection; feature fusion; lightweighting
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Fig.2  Structure of the UAL-YOLO Model
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Table 1 Experimental setup

FEBHL 28l
Epoch 300
Batch size 16
Optimize SGD
Image size 640
Learn Rate 0.01
Momentum 0.937
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Table 2 Ablation study results

R HER/ %  PERGEME/ %  BHE/(x10°) T E/GFLOPs #ER#E fps (5 JHMEAF A it/ MB
YOLOv11n 72.9 77.4 2.58 6.3 90.9 5.5
YOLOv11n+UAM 68.0 78.5 2.58 6.3 90. 1 5.5
YOLOv11n+AGF 68.3 75.3 1.97 5.8 86.9 4.3
YOLOv11n+LEO 74.3 76.0 2.59 6.3 71 5.5
YOLOvI1n+UAM+AGF 72.2 75.9 1.97 5.8 84.7 4.3
YOLOvI 1n+UAM+LEO 73.8 77.3 2.59 6.3 73.4 5.5
YOLOvI1n+UAM+AGF+LEO 76. 6 79.5 1.90 5.3 84 4.2
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Table 3 Comparison with state-of-the-art detectors

Y B/ % FEREEE/ % S/ (x10°)  HHEE/GFLOPs  HEFREE/fps i I AP 45 1/ MB
YOLOvSn 73.0 75.6 2.18 5.8 104. 1 4.7
YOLOv8n 72.4 78.2 2.68 6.8 111 5.7

YOLOv11n 72.9 77. 4 2.58 6.3 91.7 5.5
YOLOvI2n 70.2 75.9 2.55 6.3 70.9 5.6
PIC2f-YOLO!'! — 78.0 10. 6 82 —
ESE-YOLO!!'! — 76.3 3.2 — —
YOLOv8n-CSG!'®] 73.0 76.8 1.95 5.1 — —
yoLox!"! — 77.0 7.23 20.7 100 —
UAL-YOLO 76.6 79.5 1.90 5.3 84 4.2

3.6 ZHEIE

F£ GC10-DET #Xb4 2 fi e g Bt 4 L b 45 17k — 2
MY SES , SCER R AN 4 iR, 78 GC10-DET A& Sk
M4gs B od ) A C B UAL-YOLO # % 4f %% T 5t i
YOLOv1 In #E5 JEBLH T 2w iyt se 3, H o rere
FEXFKBE M BESE D R B 2850 UAL-YOLO X
SYERHIERE R Y S R AR A AN TR S A T,
fif DR T A AR AR IR R LA ARG ), 3 e PR
JEE BT TR 2 R AR PR R A, B R
THT K B AERG 2 75 UAL-YOLO f%F 085 1 1 1k 3]
T 66. 8% A IEAERI R 64. 9% , 32T+ T 1.9% ; UAL-
YOLO FIAEANEE GC10-DET B A R A gRest | L
J A BT AR LSRR B T 22 SR AN A A [
T 4.9%, TEVERERR AL R T R I, S8R > T

26.36% , i ERIK /T 15. 87% K5 5 HIAEAE 75 HE b >
T 25.45%, L5 FRTRIZ AR SR A R T e T AR
SCHEH Y UAL-YOLO #5271 31 H 75 Bl 4 A3 5K,
L3 ) A T R ) A B S R A E LA B A R
Wz AR BEREAEAS W] BRI 7 55 R AU | e R 52 B
B F B A RINAT: 55

x4 ZhETH

Table 4 Generalization experiment

" TR SO HER, T
A HE%E% e
/% (x10°) GFLOPs ZH/MB
YOLOv11n 58.2 64.9  2.58 6.3 5.5
UAL-YOLO  63.1 66.8  1.90 5.3 4.1

3.7 HNZERAT AR L 5B S AT
0T UERA Y R 7S ACE B UAL-YOLO A5 8% ik



% 6 1]

FET UAL-YOLO B b4 2 T e a6 I 28 v 135 -

K AR N NEU-DET (985 45 BEN LA L 2 e
Z= BEH R R A CE AL B FRIE, 6 FhAS [H] Sk B i

X ]

A28 A YOLOvI In FIERHE Y UAL-YOLO #71 gk 47
AL SR ZE N 9~ 11 iR,

surf ’7 cratche:
ratches jpg

Ko srparE A
Fig.9 Defect images

B

ot dan
e %,
T

K10 YOLOvIIn F#64E 5
Fig. 10 Detection results of YOLOv11n

11 UAL-YOLO a2

Fig. 11

38 0T b S 25 S K 64T 43 BT, UAL-YOLO ke T
M0/ IN Bl B B TR A 1] S5, YOLOV L In 76 A6 I 0] 95 i 24 450 45
XF LG EEARAR U A A0 B SRR, 25 5 77 AR Tk, T
UAL-YOLO HEEL#E 5| A LEO e, LN 28 B 1Y 3h 4%
PR AL T AL B8 1) 5 &R e 8L, BT 4K [l 1 3 22 Jit
ARTCIAG BTN BRI S I AR T ) S M 5 |
IR SR 0 AU K 2800 ) R A A R 7
SO 2 T R A, B B 22 A A R A I
UAL-YOLO $EAff UAM 55 X 35 AF 25 (1) 325 B 0 A 4l 2 0
AGF BEHOGHR 2 AN W BB PE IR 1 |, B RN T (S L
BRI R M X 4 FLSE BB 5 1 S M TR TRk
EREZMAL " @it AGF 51 Rl &L, e THZ
W SOCIRZ A0 1 s s, AR B 5 B E 2
AR AR R A B P AR B T Al R IE Rk, E R
fif o T AL AR AR AT 2 Tl 15 5 RS JE S e i b L) 3
JIE 4 550

AT AL UAL-YOLO %, € NEU-DET
BAEAE 5 AR A YOLOvL In #E47%F 1, G (& 12 BF

Detection results of UAL-YOLO

[ YOLOv11n

80 +2.1% B UAL-YOLO

~15.87%
¢ -23.64%

-26.18%

R% mAP@0.5 GFLOPs Params/10° Storage/MB
EET

K12 BRGNP REXS L

Fig. 12 Comparison of model detection performance metrics

7, UAL-YOLO FRUSEIR 1R BE A 1] 238 0 WU 158, 4
MIRIETE T 3. 7% KT T 2. 1%, PERE M2 THS 25 T
UAL-YOLO #5 RS ARFAF 23 [1] 52 B st (404 VS B2 A 6t /)
KR A G 015 A RO 8 TR L BE | 4 24 S



- 136 - LSRR R e o

40 &

B St B A T 0 (ARG DA 3R 1) 1 B s A B 1)
FaxE . TEAERERR TR S8 I 26. 36% , 115
WA T 15. 87% , e LA RUAF i 25 [ /> T 23. 64%
XIS/ T UAL-YOLO 766 BRI ST, i i 5 A4 45
fERRA P, S0 T bE D b I 2% T 55 1) S 80F) 0%
AR TR T 5 R ARG T e i L ST ) e PR A
L BRSNS R N AT T 7 N e e T s )
FRIE IR BE 77, REAS 0 4y s I Tk B3 F 580 9 U6 37 PR
(]S4 e775 98

4 # it

BT AT B 2 THT e RG4S 28 A 56 SRR v A T Y [+
IR} T R R 45 4 52 2 B el v A LA B IR S A Y Tk 3
SOPFRE R IR, 42T UAL-YOLO #3815 5E, 7 &
TR AT G T UAM, f i J2 1 SCRHIEEAT 3D 1 &
TIeAl AT T AR SRS BRORARRE Sy . ok, Bt
T T AGF SRR 45, i TR R AR A2 15 | A R
AE A 45 P Z IR A Rl 5 e, S B T B e SR T Y
ZRIERIER G i, R T LEO B, DIgh s sk
FER B A AU G0 SRR TR 1, A DRALE 5 2% P A iy
T RORTEE K T /N BREE A9 415 S0 8], SCER 25
SRFWT AR SCHR Y UAL-YOLO BRI /2 NEU-DET 404
PR IR R T 79.5% 380 T 2. 1% ; 43 [ R
T 3. 7%, IR B SHC TR A
HEMTRET 26.36% .15. 87% Fl 23. 64% , Bl T 4%
SCOF AR e R R 1 [] e S B A T B U A
o RUEARSCHERRAG T RAFBIROR  BATA ALt — 40
PeAemzs 18], oK ok A AIF R 2R 45 T4 78 ol 5 v ek
AR AR R A U ME BE R B BRI A | LB TS AL )72
PBE 3 AT PRIERE A RO DUOKS JEE
5%
[ 1] GIRSHICK R, DONAHUE J, DARRELL T, et al. Rich
feature hierarchies for accurate object detection and
semantic segmentation [ C ]. Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition,
2014, 580-587.
GIRSHICK R. Fast R-CNN [ C]. Proceedings of the
IEEE International Conference on Computer Vision,
2015 1440-1448.
REN S, HE K, GIRSHICK R, et al. Faster R-CNN.

Towards real-time object detection with region proposal

(2]

[3]

networks [ J].
and Machine Intelligence, 2015, 39(6) ; 1137-1149.
HE K, GKOIARI G, DOILAR P, et al. Mask R-CNN [C].

Proceedings of the IEEE International Conference on

IEEE Transactions on Pattern Analysis

[4]

(5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

Computer Vision, 2017 2961-2969.

TAN M, PANG R, LE Q. Efficientdet: Scalable and
efficient object detection| C]. Proceedings of the IEEE/
CVF Conference on Computer Vision and Pattern
Recognition, 2020. 10781-10790.

REDMON J, DIVVALA S, GIRSHICK R, et al. You only
look once: Unified, real-time object detection [ C ].
Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition, 2016, 779-788.

RIS, XSRS R PRI £ T YOLOVS-NFMC ()74 4
FEIm B A A I 5 ()], A I R 2024,
43(7) :97-104.

ZHU CH J, LIU L L, ZHU H B. Surface defect
detection algorithm for strip steel based on YOLOv8-
NFMC[J]. Foreign Electronic Measurement Technology,
2024, 43(7): 97-104.

FE N, B RS BLA B S BT YOLOVSs
PR BRI [ 7], & A 3h 1k, 2024, 46 (11) :
126-132.

CUL J N, HUANG CH Y, LI Y L. Fusion of YOLOv5s and
dynamic convolution for steel surface defect detection|[ ] ].
Manufacturing Automation,2024,46(11) ;126-132.
A, B, S, A5 Bt YOLOVS B33 A X
HLH A BRBEAS I R R[], I 5 AR AR
2024,38(8) :26-35.

ZENG Y J, FAN B SH, YANG Y W, et al. Application of
improved YOLOVS algorithm in fan blade defect detection[ J].
Journal of Electronic Measurement and Instrumentation,
2024,38(8) :26-35.

FAH, ZR8, BN, S5 Gk YOLOVT B3k
MR EFER T T]. WAV T RSN, 2024,
60(7) . 282-291.

GAO CH Y, QIN SH, LI M H, et al.
steelsurface defect detection with improved YOLOv7

Research on

algorithm [ J]. Computer Engineering and Application,
2024, 60(7) . 282-291.

I AR T . Bt YOLOVT 1940 A 32 T e B A6z 0
BRI T] LR S K ,2024,34(8) - 78-85.
LISS, GE H Y. Detection model of steel surface defect
based on improved YOLOv7 [ J]. Computer Technology
and Development,2024,34(8) .78-85.

RULR, FE AR, SRER AR, S5 OB R B b A Y
YOLOvSs SRk i migs (], HHL T4 5 5,
2024, 60(7) . 306-314.

XU H J, TANG Z Q, ZHANG ] D, et al. Research on
optimisation of YOLOvSs algorithm for steel surface defect
detection [J].
2024, 60(7) :306-314.

Computer Engineering and Application,



5 6 3]

[13]

[14]

[15]

[16]

[17]

(18]

KHANAM R, HUSSAIN M. YOLOI1: An overview of
the key architectural enhancements [ J]. ArXiv preprint
arXiv:2410. 17725, 2024.

WIRAE R, VFIRIR , %5 PIC2(-YOLO ; 4 J8 2 1 Bl [
Kz A v 1], Y6 T, 2025,52(1) :89-103.
HU Y L, YANG J, XU C Y, et al. PIC2f-YOLO:
Lightweight method for metal surface defect detection[J].
Opto-Electronic Engineering,2025,52(1) :89-103.
LKA, BB JET ESE-YOLO 4T 2 If Bl 1
WEsE ] I S AR 2, 2025, 39(8)
126-135.

SHEN B X, HUANG H Q. Research on surface defect
detection of steel strip based on ESE-YOLO[J]. Journal
of Electronic Measurement and Instrumentation, 2025,
39(8) :126-135.

A TR B, BB SY. YOLOV8n-CSG : 1% 12 1L 4N b 22
TSGR B A I B [ 0. s 0 5 AR A 4R, 2025,
39(8) . 115-125.

ZHAO B T, ZHANG M, JIA X F. YOLOv8n-CSG:
Lightweight steel surface defect detection algorithm[J].
Journal of Electronic Measurement and Instrumentation,
2025,39(8) :115-125.

LI C, XU A, ZHANG Q, et al. Steel surface defect

detection method based on improved YOLOX [J]. IEEE
Access, 2024, 12, 33748-33759.
ZHAO C, SHU X, YAN X, et al. RDD-YOLO: A

modified YOLO for detection of steel surface defects[J].
Measurement, 2023, 214, 112776.

BT UAL-YOLO f14 894 2 i e A 43 vk - 137 -

[19] REDMON J, FARHADI A. YOLO9000: Better, faster,
stronger [ C ]. Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition, 2017;
7263-7271.

[20] CUI'Y, REN W, CAO X, et al. Focal network for image
restoration [ C ]. Proceedings of the IEEE/CVF
International Conference on Computer Vision, 2023,
13001-13011.

EEE T

SHTE 2003 4F 1 2006 4F T 1L T T
BORRE A2 LR, LT T
FEHOAR KA ERIBER , EEWFFE T 1) AL
Mot N TR RER 4,

E-mail :64671356@ qq. com

Zhang Xinjun received her B. Sc. and
M. Sc. degrees from Liaoning Technical University in 2003 and
2006 respectively. She is currently an associate professor at
Liaoning Technical University. Her current research interests
include computer vision and artificial intelligent security.

RE B GEfFIEHA) 2024 4R T RSB
RGN R VAE: S U I 5 NS Y TR R
FEE , EEFIT T N UGALER BREERI
E-mail ; 2470433479@ qq. com

Zhao  Zhichuang
author ) B. Se.
Wenhua College in 2024. He is now a M. Sc. candidate at

His main research

(' Corresponding
received his degree from
Liaoning Technical University. interests

include image processing and defect detection.



