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Abstract

This paper investigates the problem of steel defects classification in smart infrastructure based on
the UCI Strip Steel Defects Public Database of the National Institute of Standards and Technology and
the Steel Industry Association. The samples are derived from 1941 samples from 3 North American
steel mills from 2018~2021, with a total of 27 types of features. Six algorithms are selected and data
preprocessing, feature engineering, and hyper-parameter tuning strategies are adopted to establish
an efficient and accurate intelligent classification scheme for steel defects. The innovations include:
building a fusion model of multiple algorithms; designing a feature classification screening and tun-
ing scheme; adopting SMOTE to solve the problem of unbalanced samples; and setting up a complete
experimental evaluation system. The results show that the precision and recall of LightGBM and neural
network are more than 96%. Ablation experiments and parameter sensitivity analysis demonstrate
the importance of these methods for feature selection and hyperparameterization. Subsequent re-
search will expand the number of collected samples and try to combine new technologies such as deep
learning and computer vision to make the model more pervasive, robust, and higher detection accuracy,
and promote the intelligent development of smart infrastructure more widely.
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om sklearn.model_selection i t train_test_split, cross_val_score
from sklearn.preprocessing i StandardScaler
imblearn.over_sampling t SMOTE
t warnings
t as pd

port metrics #

sklearn.linear_model import LogisticRegression
sklearn.ensemble import RandomForestClassifier
lightgbm import LGBMClassifier
sklearn.svm import SVC
sklearn.decomposition i rt TruncatedsvD
sklearn.svm import Li
sklearn.decomposition i
sklearn.neural_network t MLPClassifier

i onTreeClassifier

from plotly.subplots import make_subplots

warnings.filterwarnings('ignore')
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Figure 2. Box diagram
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Table 2. Results of sensitivity analysis of key parameters

=2 KPESRYBMSTER

Bk ZH WA G R fE of LK i 2 X N2 [m]
BENLARAR n_estimators 10~200 100 0.93 0.91
SVM C 0.1~10 1.0 0.90 0.88
SVM gamma 0.01~1 0.1 0.90 0.88
LightGBM S 0.01~0.3 0.1 0.97 0.96
LightGBM = 10~50 31 0.97 0.96
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