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Abstract

Aiming at the problem of low efficiency of manual detection in the field of metal surface
defect detection, a deep learning defect detection method based on improved YOLOv5
algorithm is proposed. Firstly, in the feature enhancement part, we replace the multi-head
self-attention module of the standard transformer encoder with the EVC module to improve
the feature extraction ability. Second, in the prediction part, adding a small target detection
head can reduce the negative impact of drastic object scale changes and improve the accu-
racy and stability of detection. Finally, the performance of the algorithm is verified by ablation
experiments and analogy experiments. The experimental results show that the improved
algorithm has greatly improved mAP and FPS on the data set, and can quickly and accu-
rately identify the types of metal surface defects, which has reference significance for practi-
cal industrial applications.

Introduction

‘With the development of artificial intelligence, more and more industries integrate enterprise
technology with artificial intelligence, such as Tesla. These phenomena reflect that artificial
intelligence has gradually become an indispensable part of the industrial field and has gradu-
ally become one of the world’s hot industries. In the industrial manufacturing industry, metal
workpieces are an important part of some products. The quality of metal workpieces not only
affects the life of products and the development of enterprises, but also involves the safety of
users. Therefore, adopting accurate and fast target detection algorithms plays an important
role in industrial manufacturing.

In recent years, with the development of deep learning, more and more studies have used
convolutional neural networks and other deep learning methods for metal defect detection.
These methods can automatically learn feature representation and perform well on large-scale
data sets. However, metal defect detection faces some major problems. First of all, since metal
defects are usually related to materials and construction techniques, there is a problem of class
imbalance, that is, the number of normal samples far exceeds the number of defective samples.
This may lead to the model biased towards normal samples and insufficient detection perfor-
mance for defect samples. Secondly, metal defects are often small, even small subtle changes,

PLOS ONE | hitps://doi.org/10.1371/journal.pone.0289179 December 7, 2023

1/186

86



PLOS ONE

4. 2.2 Research on oil boom performance based on Smoothed
Particle Hydrodynamics method

L)

Check for

[ updates

E OPEN ACCESS

Gitation: Liu J, Jiao P, Xu Y (2023) Research on oil
boom performance based on Smoothed Particle
Hydrodynamics method. PLoS ONE 18(7):
¢0289276. https:/doi.orgH0.1371/journal.
pone.0289276

Editor: Mohammad Mehdi Rashidi, Tongji
University, CHINA

Received: April 18,2023
Accepled: July 15, 2023
Published: July 27, 2023

Copyright: © 2023 Liu et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in
any medium, provided the original author and
source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting information
files.

Funding: Our research was funded by the Key
Research and Development Program of Shandong
Province (2019GNC106032). The funder Jiao
Peigang is the corresponding author of this article
and also plays the role of Study design Decision o
publish.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE
Research on oil boom performance based on
Smoothed Particle Hydrodynamics method

Jiagi Liug, Peigang Jiao(»*, Yuntao Xu

School of Construction Machinery, Shandong Jiaotong University, Jinan, Shandong Province, China

* jiaopeigang @ 163.com

Abstract

To address the issues of fluid-solid coupling, instability in the liquid two-phase flow, poor
computational efficiency, treating the free surface as a slip wall, and neglecting the move-
ment of oil booms in simulating oil spill containment, this study adopts the Smoothed Particle
Hydrodynamics (SPH) method to establish a numerical model for solid-liquid coupling and
liquid two-phase flow, specifically designed for oil boom containment and control. The Dualk
SPHysics solver is employed for numerical simulations, incorporating optimized SPH tech-
niques and eight different skirt configurations of the oil boom into the numerical model of
two-phase liquid interaction. By setting relevant parameters in the SPH code to enhance
computational efficiency, the variations in centroid, undulation, and stability of undulation
velacity for different oil boom shapes are observed. The experimental results demonstrate
that the improved oil boom exhibits superior oil containment performance. These findings
provide a theoretical basis for the design of oil boom skirt structures.

Introduction

Oil booms are widely acknowledged as a critical measure in emergency response to oil spills,
with high practical value. They are effective in containing the spread of oil spills, thereby pre-
venting further pollution of the marine environment [1, 2].

In order to enhance the effectiveness of oil booms as a critical measure for emergency
response to oil spills and to address different scenarios, the Smoothed Particle Hydrodynam-
ics (SPH) [3-5] numerical simulation method can be utilized to accurately simulate the
undulation process and lift force of oil booms with various shapes. The undulation behavior
of oil booms, particularly significant undulations, can lead to reduced oil containment effec-
tiveness and potential failure. The findings of this research provide a scientific basis for the
design of oil booms. The SPH method discretizes a continuous medium into a set of parti-
cles, and the discrete Navier-Stokes equations are locally integrated at each particle’s position
based on the physical properties of the surrounding particles [6, 7]. The set of neighboring
particles is determined by a distance-based function, which can be two-dimensional or
three-dimensional, with the characteristic length or smoothing length denoted as h [8, 9]. In
each time step, new physical quantities are calculated for each particle, and they are then
updated to determine the movement of the particles [10]. Based on previous experimental
and numerical research, it has been consistently shown that an optimized skirt structure of
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Abstract: In response to the issues of low efficiency and high cost in traditional manual methods for
road surface crack detection, an improved YOLOv3s (you only look once version 5 small) algorithm
was proposed. Based on this improvement, a road surface crack object recognition model was
established using YOLOvS5s, First, based on the Res2Net (a new multi-scale backbone architecture)
network, an improved multi-scale Res2-C3 (a new multi-scale backbone architecture of C3) module
was suggested to enhance feature extraction performance. Second, the feature fusion network and
backbone of YOLOv5 were merged with the GAM (global attention mechanism) attention
mechanism, reducing information dispersion and enhancing the interaction of global dimensions
features. We incorporated dynamic snake convolution into the feature fusion network section to
enhance the model’s ability to handle irregular shapes and deformation problems. Experimental
results showed that the final revision of the model dramatically increased both the detection speed
and the accuracy of road surface identification. The mean average precision (mAP) reached 93.9%,
with an average precision improvement of 12.6% compared to the YOLOv3Ss model. The frames per
second (FPS) value was 49.97. The difficulties of low accuracy and slow speed in road surface
fracture identification were effectively addressed by the modified model, demonstrating that the
enhanced model achieved relatively high accuracy while maintaining inference speed.

Keywords: road surface crack detection; deep leamning; YOLOv5s; Res2-C3 module; attention
mechanism

1. Introduction

In recent years, China has maintained a relatively stable development trend in its highway
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Injection molded parts are increasingly utilized across various industries due to their cost-effectiveness,
lightweight nature, and durability. However, traditional defect detection metheds for these parts
often rely on manual visual inspection, which is inefficient, expensive, and prone to errors. To enhance
the accuracy of defect detection in injection molded parts, a new method called MRB-YOLO, based

on the YOLOvE model, has been proposed. This method intreduces | key impr 1 {1) the
MAFHead, a four-detection head based on multiplicative feature fusion, which replaces the original
detection head to enhance feature representation; {2) the RepGFPN-5E module, a re-parameterized
generalized feature pyramid network that improves detection of small objects by replacing the criginal
C2f. medule; (3) and the BiNorma module, employing a bi-level routing attention mechanism to
optimize the training process by reducing input distribution changes across layers. The effectiveness

of the MRB-YOLO model was validated through ablation and contrast experiments using a specially
constructed dataset of injection molded parts defects. The results demonstrated an accuracy of 88.8%,
a recall rate of 86.8%, and a mean average precision {mAP) of 91.5%. Compared to the YOLOv8n
model, the MRB-YOLO model shows an increase in accuracy by 8.2%, in recall rate by 17.2%, and in
mAF by 11.8%. These findings confirm that the MRB-YOLO model meets the requirements for accurate
detection of defects in injection molded parts.

Keywords Injection molded paris, Improved atention mechanism, Multiplicative feature Tusion, YOLOVS,
defect detection

Injection mokded parts are widely used aceoss various industiies due 1o their advantages of low material cost,
lightweight nature, and durability’. However, various defects such as bubbles, deformation, burns, short shots,
and weld lines can ocour during the injection molding process, resulling Tram Tactoes like mold desipn, mateeial
Properties, process 1 J'uametm\ and environmental conditions. These defects not only atfect the surtace quality
Tl alsan degrade e perdormance and usabilivy of e pacs®, Therelore, §is crucial o conduct s ringamil
inspections of injection melded parts’ ‘Traditional defect detection methods primarily rely on manual visual
inspeclion”. This approach is nal enly inelMcient and costly bul also inlroduces signilicant uncerlainty due 1o
the subjective mature of human assessment™. With the advancement of industrial automation and intelligent
manulaciuring lechnologivs, machine viston-bused defect deteation has become a prorminent wscarch ares®,
Machine vision technology captures images of injection molded parts wsing cameras and processes these imapes
Lo awlomatically detect and classile delvels”, This method ofers several advantages, including rapid delection
speed, high accuracy, and improved stability, making it 4 waluable toal In quality control for injection molded
parLs,

In recent vears, deep learning has made significant strides in the field of object detection?. Leveraging
advancements in convolutional neural networks {CNNs), deep learning-based approaches for defect detection
i injection molded parts have parnered extensive attention from heth academia and industrd. These methods
offer significant advantages by overcoming the limitations of traditional techniques, enhancing the generalization
abilily of image recognition syslema, and baing paclicularly well-suiled fore ldl‘nllr\-lll“ crrmplex sutface defects!™

In this ht‘ld several studies have made notable contributions: Shen et al'!. modified the YOLOW:
Ty replacing the C3 backlone with the Tighteeight SholfleMel V2, reducing model parameters and sive, which
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Abstract: 'The coordinated optimization of free-surface dynamics tracking and solid
deformalion compulation remains a persistent challenge in casting filling simulalions.
While the traditional smoothed particle hydrodynamics (SPH) method suffers from
prohibitive computational costs limiting practical applications, the delayed interface
updales of the fnile element method (FEM) compromise simulalion fidelity. This study
proposes a symmeteic SFH-TEM coupling algorithm that integrates real-time particle-grid
data exchange, and validation through ring filling simulations demonstrated close
agreement with Schinid’s benchmark experimenls, confirming flow licld reconstruclion
reliability. Turthermore, bottom-injection plate experiments verified the method’s thermal
meodeling stability, achieving tully coupled flow—thermal-stress simulations with
cnhanced compulational efliciency, The proposcd symmnelric coupling [ramework
arhieves engineering-ready simulation speeds without compromising accuracy, and this
advancement establishes a novel computational tool for predicting casting defects
including porosily and hot lears, signilicanlly advancing lhe implemenlalion of high-
fidelity numerical simulation in foundry engineering applications.

Keywaords: casting; numerical simulation; STH-TEM coupling method; symmetry;
temperature field

1. Introduction

As a historically significant metal forming technique, casting remains crucial in
modern manufacturing industries [1], Casting components find extensive applications in
strategic sectors, including acrospace, automoetive, and machinery manufacturing.
Hawever, persislenl challenges in convenlional casling processes— including mell (low
regulation, defect formation prediction, and process parameter optimivation—have
cmerired as axitical constraints impeding technological advancement. 1o address these
limilalions, numerical simulalion melhodelogies have been progressively implemenled
in casting research, establishing themselves as indispensable analytical touls [2,.3].

Fecent advances in casting simulation reveal complementary advantages botween
the 5P'H melhod and the FEM. The SI'H approach inherently circumvents mesh distorlion
via particle-based discretization, demonstrating superior capabilities in free-surface fow
tracking |4] and fluid-structure interaction modeling (5] This methodology proves
parlicularly efleclive [or liguid metal lilling processes involving abrupl geomelric
transitions, such as cavity expansions from marmow Tunmers, While SPH's meshless mature

Synonetey H025, 17, 494

hittpr:dfd o ergd L3380 5y i 17030494

90



