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Abstract

The Steel industry, as one of the vital pillars of the global economy,
faces challenges such as market fluctuations, rising energy costs,
the necessity to reduce pollutants, and increasing competition in
productivity. In this context, artificial intelligence (Al) serves as a
key driver of digital transformation, playing a significant role in the
optimization and intelligent automation of production processes.
This review explores the operational applications of Al in the steel
industry. It begins by introducing the fundamental concepts of
industrial intelligence and Al algorithms, followed by an
examination of various Al applications such as energy consumption
optimization, quality control, predictive maintenance, material
property prediction, supply chain decision-making, and production
line automation, along with the benefits of Al implementation.
Furthermore, the challenges of Al deployment, including the need
for accurate data, technological infrastructure, security concerns,
and model interpretability, are analyzed. Finally, emerging trends,
such as the integration of Al with technologies like digital twins,
federated learning, and interpretable models, are introduced. The
findings of this review indicate that the targeted use of Al not only
enhances productivity and reduces costs but also paves the way for
achieving sustainable and responsive production.
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Abstract

Steel, as one of the most critical materials across various industries, plays a
vital role in the global economy. However, its high price volatility, complex
and non-linear dependencies, and the inability of traditional models to
capture long-term correlations have made its accurate forecasting a serious
challenge. To overcome these shortcomings, this research proposes a
comprehensive deep learning approach for steel price time series
forecasting, structured in three main phases. First, the data undergoes
preprocessing, including handling missing values, normalization, and
creating time window inputs. Second, various deep learning models,
including Recurrent Neural Networks (RNNs), Transformer networks
(PatchTST), and Convolutional Networks, are trained and optimized.
Finally, the third phase involves evaluating and comparing the models'
performance using the R?, RMSE, and MAE metrics. Evaluation results
demonstrate that the PatchTST model, by utilizing its attention mechanism
and processing data in segments or “patches,” successfully identified
complex, long-term dependencies with superior accuracy compared to
other models. Specifically, PatchTST achieved a leading R2 value of
0.9815 and the lowest RMSE of 0.0304 in steel price prediction.
Conversely, standard RNN models exhibited significantly weaker
performance due to their sequential nature and inherent structural
limitations. These findings underscore the definitive superiority of
Transformer-based models for accurate forecasting of complex time series
data.
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Abstract

In this study, a novel approach is presented for the automatic detection of
delamination defects in steel rebar using artificial neural networks and
computer vision techniques. The delamination defect, which occurs due to
the separation of a thin surface layer of steel during the rolling process, can
lead to a reduction in mechanical properties and potential failure of the final
product. Traditional inspection methods, which are typically manual and
time-consuming, face significant challenges such as human error and low
processing speed. In this research, a machine vision—based system was
implemented immediately after the rolling process to identify delamination
defects. The system employs three industrial Basler cameras positioned at
120° intervals, along with controlled xenon lighting, enabling continuous and
synchronized imaging with the movement of the production line. In the initial
stage, image preprocessing techniques, including normalization and
segmentation, were applied to enhance image quality. Subsequently, several
deep learning models were trained to classify and detect delamination
defects. Evaluation of the models on real production-line data demonstrated
that the MobileNet model achieved the highest accuracy of 91.25%,
outperforming the other models under investigation. The obtained results
indicate that the proposed system possesses industrial deployment capability
and can serve as an effective and reliable alternative to traditional visual
inspection methods.
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Abstract

This study proposes a novel framework for energy optimization and
adaptive control of Electric Arc Furnaces (EAFs) in the steel industry, based
on the integration of a digital twin model and adaptive neural networks. The
main objective is to reduce energy consumption, enhance process stability,
and improve control accuracy under varying operational conditions. To
achieve this, a real-time updated digital twin of the steel melting process was
first developed. Subsequently, adaptive neural networks were employed to
estimate the nonlinear dynamics of the system and design an intelligent
controller. The proposed systtm was implemented in the
MATLAB/Simulink environment and evaluated under multiple operational
scenarios. Simulation results demonstrate that the proposed approach
achieves an average energy consumption reduction of 8.7%, a 24.3%
iImprovement in transient response, and a 14.12% increase in power tracking
accuracy compared to conventional controllers. These outcomes highlight
the effectiveness of the proposed method in enhancing energy efficiency and
operational stability in thermal processes within the steel industry and
suggest its potential as a scalable model for smart system implementation in
other industrial applications.
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Abstract

Steel sheets are among the key components used in the automotive
industry. Accurate classification of surface defects in these sheets
plays a vital role in ensuring product quality. The main challenge in
this field lies in the inspection process, as traditional manual
inspection methods suffer from significant limitations caused by
human error. Although deep learning algorithms have recently
emerged as effective and automated approaches for defect detection,
the classification of small and complex defects remains challenging
and requires optimized modeling of spatial and channel
information.In this study, a novel model based on the VGG16
architecture and transfer learning is proposed. The model integrates
a two-dimensional spatial attention module and an attention-based
magnification mechanism to suppress background noise and focus on
the key regions of the image. After evaluation on two benchmark
datasets, NEU-CLS and NEU-DET, the proposed model achieved
classification accuracies of 99.98% and 99.92%, respectively—
showing an improvement of at least 4% over the baseline VGG16
model and approximately 0.018% compared with previous studies.
These results demonstrate the superior performance of the proposed
approach in accurately classifying steel surface defects. Finally, for
practical deployment, a web application was developed and made
available to industry experts.
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Abstract

In the modern world, electrical energy, as one of the most fundamental
needs of societies, plays a vital role in the industrial, economic, and social
sectors. Given the impossibility of large-scale storage and fluctuations in
supply and demand, accurate forecasting of electrical load consumption is
essential. Traditional time-series models often struggle to handle the
nonlinear and complex patterns of industrial data. This research presents a
novel hybrid framework for accurately forecasting electrical energy
consumption time series. The proposed approach is based on a Long Short-
Term Memory (LSTM) neural network; to maximize the model's
performance, the LSTM network's hyperparameters have been optimized
using the Optuna automatic optimization algorithm. The data used includes
time series of electricity consumption from the Baft steel factory, along with
exogenous Vvariables such as steel production volume, production
downtime, and weather and calendar conditions. The evaluation results
indicate that the hybrid LSTM-Optuna model, with a coefficient of
determination (R?) of 0.89 and a Mean Absolute Percentage Error (MAPE)
of 18.46%, not only demonstrates better performance than the baseline
model (with an R2 of 0.85 and a MAPE of 20.44%) but also outperforms
other machine learning methods such as Recurrent Neural Networks
(RNN) and both simple and optimized Support Vector Machines (SVM).
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! Efficient Intersection over Union (EloU)
2 Carafe Upsampling
3 SE-Net (Squeeze-and-Excitation Network)
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4 Scaling
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! Contrast-Limited Adaptive Histogram Equalization
2 Gaussian Blur
3 Correlation
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! Trajectory Length
2 Sum of Squared Deviations
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2 Acceleration’s Standard Deviation
3 True Positive Rate (TPR)
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Input: video, lines A/B, target points =M
Output: label € {Healthy, Defective}, features

1. video «— enhance(video: contrast, CLAHE); assert
fps=100
2. for each frame:
detect circle center ¢ = (cx cv) using Hough
if A < ex < B: centers append(c)
3. centers «+— uniform resample(centers, M) #
interpolation if needed
4. x +— centers[:,0]; v +— centers[:,1]

5. Extract Features:
trajectory_length =X |[c[i+1]-c[i]||
sum_sq dev =X d{point, line(start end))"2

sum_vertical_sq_dev =X (v[i] - line_y[i]y"2
vibration_std = std(diff{y))
ay = diff{(diff{y))

wavelet_vib_energy =X (DWT_details(ay))"2 / |ay|
acceleration std. = std(diff{~/(diff{x)"2 + diff(v)"2)))

6. features +— Zscore(features)

7. Decision Methods:
(2) Single-threshold:
1+ argmax T { TPR(t) - FPR(T) } (Youden’s Jvia
ROC)
label = Bent if feature™ > 1 else Straight

(b) Multi-stage Thresholding:
For each feature fi:
Evaluate candidate thresholds by Recall, Precision,
TN, FB (=2)
Priority:
Step 1 — max(Ff) if Recall=0.90 A
Precision=0.60 A TN=50%
Step 2 — max(TP+=TN) if Recall=0.90 A TN=30%
Step 3 — max(Recall) under TN=30%
Step 4 — fallback to Youden's J
label = Bent if fi = i else Straight

(c) K-Means clustering:
X = all features_normalized
clusters +— kmeans(3{ k=2)
assign cluster with higher Bent ratio — label=Bent
label = cluster(video_features)

8. Report:

Confusion Matrix, Precision, Recall, Fl-score,
ROC/AUC, PCA-2D clusters

Golgig g, S ad (VY)Y

2 Precision
3 Accuracy
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Abstract

This paper addresses the problem of detecting defective round steel
billets during their rolling motion. In the finishing hall of the Iran
Alloy Steel Factory, one of the essential operations applied to round
billets is straightening. However, no system currently exists to
automatically assess the quality of the straightening machine’s
output. To address this challenge, videos of billets rolling on the
discharge table after leaving the straightening machine are recorded.
After preprocessing and illumination balancing, the cross-section of
each billet in every frame is detected using the Circular Hough
Transform method. The motion trajectory of the billet in each video
is then determined, and six motion-related features are extracted for
analysis. These features include Trajectory Length, Sum of Squared
Deviations, Sum of Squared Vertical Deviations, Vibration of
Standard Deviation, Wavelet Vibration Energy, and Standard
Deviation of Acceleration. The values of these features are computed
with normalization based on sampling per unit length. Experimental
results demonstrate that features such as Vibration of Standard
Deviation, Sum of Squared Vertical Deviations, and Sum of Squared
Deviations show strong discriminative power in separating healthy
billets from defective ones. Although the false negative rate is
somewhat high, the proposed method achieves an overall accuracy of
about 85%, which is considered acceptable for practical industrial
application.
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Abstract

In the steel industry, accurate and rapid detection of surface defects
plays a vital role in ensuring product quality and reducing waste.
However, the visual similarity between texture patterns and the
complexity of defective regions limit the effectiveness of
conventional machine vision methods. In this study, a multimodal
hybrid framework is proposed for the detection and classification of
steel surface defects. The proposed model integrates the region-
based detection capability of Faster R-CNN with the semantic
representations of CLIP, connected through a multi-head attention
module that jointly models the relationship between visual and
conceptual features. This synergy enhances the accuracy in
detecting small and scattered defects and improves class
separability in the feature space. The architecture employs three
complementary loss functions — region detection loss, region—text
alignment loss, and image-level loss — to enable simultaneous
learning of spatial and semantic information. Experimental results
on the NEU-DET benchmark dataset demonstrate that the proposed
model achieves 100% accuracy in image-level classification and
78.04% mAP@50 in region-level detection. These promising
results indicate that CLIP-based multimodal learning can
significantly enhance the accuracy and robustness of defect
detection in real industrial environments.
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Abstract

In recent years, the increasing competition in the steel industry and
the urgent demand for reducing costs while improving quality have
accelerated the adoption of artificial intelligence technologies. One
of the major challenges in this domain is ensuring accurate product
quality control and efficient energy management, both of which
directly affect productivity and sustainability. This study proposes
an integrated deep learning framework for simultaneous quality
inspection and energy optimization in steel manufacturing. High-
resolution surface images from the NEU surface defect dataset,
combined with simulated energy consumption records, were pre-
processed through filtering, normalization, and temporal alignment
techniques. A hybrid multi-branch architecture, combining
convolutional neural networks (CNN) for defect detection and
CNN-LSTM for energy prediction, was implemented and optimized
using the NSGA-I1I multi-objective algorithm. Experimental results
demonstrate that the proposed approach achieved 98.7% accuracy
and an F1-score of 98.5% in defect detection, while reducing the
prediction error of energy consumption to an RMSE of 0.082 and
MAPE of 2.1%. These improvements not only outperform recent
state-of-the-art methods but also contribute to reducing rework,
minimizing scrap rates, and achieving measurable energy savings.
The proposed methodology offers a practical step toward green steel
production and the realization of Industry 4.0 in heavy industries.
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Abstract

The pelletizing process is a key stage in the steel production chain,
during which iron ore concentrate is transformed into pellets suitable
for use in blast furnaces. The induration (firing) stage within the
furnace plays a critical role in determining product quality, as the
distribution of temperature and pressure directly affects the physical
and mechanical properties of the pellets. The objective of this study
is to develop a data-driven model to predict the behavior of the
pelletizing furnace at Golgohar Mining and Industrial Company
based on real operational data. To this end, process input and output
variables were collected and preprocessed, and feature selection was
performed using three methods: F-score, mutual information, and
Pearson correlation coefficient. Subsequently, Multiple Linear
Regression, random forest, k-nearest neighbors, and multilayer
perceptron neural network models were trained within a multiple-
input-multiple-output (MIMO) framework to simultaneously predict
36 temperature variables and 31 pressure variables. The results
indicated that the mutual information-based feature selection method
improved the performance of nonlinear models, while the multilayer
perceptron achieved the highest accuracy, with an average coefficient
of determination of 91.50% for temperature and 89.62% for pressure.
These findings demonstrate that data-driven learning approaches can
accurately model the complex behavior of the furnace and provide a
suitable foundation for designing intelligent control systems and
optimizing firing conditions.
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Abstract

In this study, the main challenges in detecting surface defects of steel
sheets—including data imbalance, feature overlap, and the difficulty
of identifying influential features—were investigated. The primary
objective of the research was to identify the most effective features
for improving the accuracy of defect classification models such as
scratch, stain, and bump detection. To achieve this, a three-stage
analysis was conducted. The first and second stages involved
applying the Random Forest and Extreme Gradient Boosting
(XGBoost) algorithms to the raw data, while the third stage applied
the same algorithms to data balanced using the SMOTE technique.
The results showed that employing SMOTE increased the accuracy
of the XGBoost model from 79.18% to 91.7%, and that of the
Random Forest model from 80.21% to 91.0%. The main innovation
of this study lies in integrating machine learning methods with data
balancing and numerical feature-importance analysis. Furthermore,
common features such as geometric dimension parameters, spatial
indices, and brightness characteristics were identified as stable
indicators that can serve as the foundation for designing intelligent
quality-control systems in the steel industry. The considerable
variation in the list of important features across algorithms and data
conditions demonstrated that feature selection in this problem is not
fixed but depends on the learning method and data preprocessing
approach. This methodology not only provides deeper scientific
insights into steel defect detection but also supports more precise
decision-making in selecting key features for similar industrial
applications.
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Abstract

In the steel industry, it is crucial to control surface quality and to promptly
detect defects such as cracks, pores, and impurities, as these flaws can
compromise the mechanical performance, durability, and reliability of
steel. In this study, a novel approach for image segmentation and
intelligent detection of steel surface defects is presented using a
combination of the Genetic Algorithm and Random Forest. In the
proposed method, image features are extracted using Gabor filters, and
then the pixels are classified into groups with similar characteristics
through the Random Forest algorithm. The hyperparameters of the Gabor
filters are considered as the genes of chromosomes in the Genetic
Algorithm and are optimized to enhance the segmentation performance.
The fitness function, based on the F1-score, measures the classification
performance. The results indicate that optimizing the Gabor filter
hyperparameters with the Genetic Algorithm enhances both the accuracy
and efficiency of steel surface defect segmentation, achieving an F1-score
of 0.9807 and an accuracy of 0.9810, and demonstrating that this method
is an effective and reliable tool for automated quality control in steel
production lines.
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