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Abstract

In this paper, in order to improve the detection effect of subtle and complex defects on the steel surface,
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amodel based on multi-head attention and lightweight YOLOv8 was proposed. Firstly, the MHSA atten-
tion module is added to the backbone detection network to suppress the interference information
and enhance the model’s ability to understand the complex spatial relationship of steel images, so as to
realize the effective feature capture of the model in complex environments. Then, in order to solve the
problem of subtle defects on the surface of steel, a small target detection layer was introduced to en-
hance the feature extraction ability, and the accuracy of steel detection was further improved, and the
RepGhost network was added to the C2f module to form a lightweight backbone network, which greatly
accelerated the detection speed. Compared with the original YOLOv8 model, the performance of the
improved model is superior, the mAP50 value is increased by 1.9%, the P value is increased by 8.2%,
and the mAP50-95 value is increased by 0.4%, which can provide an effective solution for the detection
of steel surface defects.
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Figure 1. Improved steel defect detection model
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Figure 2. Self-attention module

E 2. BIEENIEIER

DOI: 10.12677/airr.2025.143065 662 PNER ST IR YN


https://doi.org/10.12677/airr.2025.143065

R %

HiE R ANUENEE PRI, (EE AR RN T A I B 2 0, TSR TSR A e i,
FAT A SRA R B ARHOC R VR TT, A HAEDACIRBE 2 I B O 98 7 AR [10]. B R JIHLE
BRI 2 B
2.1.2. MHSA 153

% 3 HiE R JIHLH] (Multi-Head Self-Attention, MHSA)& FH 2 4™ H V£ & J1H1(Self-Attention) 2 & 1fij i
1, BN TiEE I E R EEH . A 2 MEE 3k, A KA ML &, BAE R
A -

ql.h = thx. k" = thxl., v[h = th,. 3)

BN SLER AT BERTINLE], 752
q" -k
head, =37’ softmax [ﬁ] V] 4)
k

A SR B BHEAE R, JFHHT RN, B EIRA R
MultiHead(xi) =W, [headl, head, ,- --,headh] 5)

X T B AP, 23k AERIHURRCRHEE 2, RS M a MR E 1], £kE
ERDPEL SIS IATIER Tk, SN DAEAPTRER, 3274/ LN X B EE 7],
(R S SRR AL S M I 2 ek o R NE R ST DL E TR AN IR RZ, ATl 30 = o AR5
Rl i 2 ANE R AT, R BE RS RN SR AL B b i 2 A X, S Sk E R TR
BRAE . IO A3 R R A 52 2 S RE S SE A M AL BE B ARKE AR 5%, $RTH 42/ bR SO R RE AR
AR (g5 . 2 Sk HVE R WU BB 40 T 15 3 B

Zi )
Z}%ead head
Zl .. Concat
\head =1
Self-attentional-layer Linear
Self-atte =
[ Self-atte T J
T
1 X1 '
X4 z
X4

Figure 3. Multi-head self-attention module
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Figure 4. RepGhost module
4. RepGhost &R

DOI: 10.12677/airr.2025.143065 664 PNER ST IR YN


https://doi.org/10.12677/airr.2025.143065

RepGhost
Bottleneck

n

— Conv e Spilt —

*»{ Concat }—» Conv E—>

RepGhost
Bottleneck

Figure 5. C2f-RepGhost module
[&] 5. C2f-RepGhost 1&ER

2.3. NBFRMEESOD &)

FERA R 2 T R B A A 55 b, TSR AE AR A PR B YOLOVS 5 ) T SR LU il Bt K & 2
YOLOV8 JsA7 tr ISk ot /s B AR fR I B J0 AN, 00 28 78 SR EBUU/IN BR B RPALE IR T I 2 2 B . Do i
— IR, ARSCERM T M ESHTR 2 R RHIER R 5. S, RS TPORTE T 160 x 160 Ry HEE
BRI 6 Fron, 2R8I G ER R T8 SUE BANRIR AL, AR OREE 1 AN 2 T A 1AL P R ey
ik, AS I 2 A5 RS BT B GRFAEAS I Sk E— 2P SR AE R/ INBORE R IR A RE ) SRS, FESERK 4 IR
BERFEIR, SR BN ABUE 2 OB H eIl 2 REERFER R RERl &, 0 2h AR BEAN R RUBERAIE A s ik L
WERTE T 28 SR RFAE O BUR S o SEIR AR RRW], 1207 AN 7R R BNk e X s U 2
AL PR AR e 1 1B 2R )[R I PR T R 3, O b TR AT ) /) H s ) e RS it 1 A RO R T 6
XA G v 7 H R A 2 A B & BRFE Rl B 2% B0, B TER AR ST AR TR R AR R A Bk
PR, SCHE 3R O R IR SR N R ) ) e

Detect
160x160x45

A ~

— > Upsample ——— concat caf CBS — concat —

Figure 6. Small object detection layer
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16 vCPU 24 GB RTX4090 Windows 11 11.8 2.1.2 3.10 4.11.0
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Table 2. Comparative experiments with different attention mechanisms
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Models P R mAP50 mAP50-95
base 71.6 76.3 78.4 48
+CBAM 72.5 71.6 77.8 48
+GAM 77.6 69.6 78.7 47.8
+BiFormer 73.1 71.0 71.3 477
+MHSA (ours) 78.6 69.3 78.4 48.5
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Table 3. Comparative experiment of different convolution modified C2f modules
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Models (I H ¥R E) P R mAP50 mAP50-95
Base 69 76.4 78.5 47.6
DCNv2 74.7 74.7 78.3 472
DySnakeConv 74 71.7 78.6 47.9
DCNv3 75.4 71.8 78.9 48.7
RepGhost (ours) 77.6 70.7 79.3 48
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Table 4. Ablation experiments
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Experiments MHSA C2f-RepGhost /)N HFriaill 2 P R mAP50  mAP50-95
0 71.6 76.3 78.4 48
1 \ 78.6 69.3 78.4 48.5
2 \ 75 74.2 78.3 48.1
3 V 69 76.4 78.5 47.6
4 \/ V 774 71.8 79.7 49.4
5 \/ V V 79.8 70.99 80.3 48.4
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T 0.5%; TEMLEEAL b, 7E C2f ik 5l n] A TE B RepGhost J&, P AT FIE, HRIEWRESE
BRI TE; B R gk S5 NN B EREIZE, R K mAPS0-95 /NEE R %, P EHIET 2.4%,
mAP50 {HH2F 0.6%. FEARIHRISLIR T, AN YOLOV8 #2Y, RfH. mAPS50{H. mAPS50-
95 [HINHTRIEAE, VEREIRA R EE.
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Table 5. Comparative experiment of object detection algorithm

5. BrREMEARS L SLag

Models P R mAP50 mAP50-95
YOLOv5 733 76.5 77.8 46.3
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Figure 7. Comparison diagram of model detection results
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