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Preface

Iron and steel industry is the basis for the development of a country. Its level of
development determines the economic level and comprehensive national power of a
country. However, accelerated energy consumption and significant CO, emissions
have limited the development of the iron and steel industry. Metallurgical
automation technologies have been developed to yield the green manufacturing
of the iron and steel industry.

The iron and steel industry involves complex processes, such as raw material
proportioning, sintering, blast furnace ironmaking, steelmaking, continuous casting,
and rolling. They have the common characteristics of strong nonlinearity and a
large number of parameters. In order to achieve the green manufacturing of the iron
and steel industry, we have to consider the problems of energy saving, emission
reduction, environmental protection, etc. These problems involve the modeling,
optimization, and control of complex processes. However, conventional methods of
modeling, optimization, and control are not suitable for actual applications for
complex processes with uncertainties. Advanced intelligent optimization and con-
trol technologies have been applied to the iron and steel industry to improve pro-
duction efficiency and reduce CO, emissions.

We summarized our work and experience in the control of complex metallur-
gical processes over the last two decades in this monograph. We hope that it would
be a useful reference for engineers in the field of metallurgical automation and
complex process control, and for graduate students interested in computational
intelligence and its applications of industrial process control.

The monograph consists of six chapters. Chapter 1 describes the current status of
metallurgy processes and explains conventional intelligent algorithms in the aspects
of modeling, optimization, and control. Chapter 2 describes the methods of how to
optimize the proportioning of a coal blending process in an iron ore sintering
process. An expert control strategy is designed based on a combination of back-
propagation networks, mathematical models, and rule models to accurately deter-
mine and track the target percentages for a coal blending process. An intelligent
integrated optimization system with a hierarchical configuration is devised to solve
the problem of optimizing the proportioning for an iron ore sintering process.
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Chapter 3 focuses on the problems of how to measure and control the coke-oven
temperature. An integrated soft-sensing model of the coke-oven temperature and a
hybrid hierarchical control system of a coke-oven combustion process are devel-
oped to solve these problems. Chapter 4 describes control methods of thermal state
parameters in sintering process. An intelligent control of a sintering ignition process
is designed to stabilize the ignition temperature. An intelligent control system for
the burn-through point is designed to stabilize the point in an actual sintering
process. Chapter 5 describes intelligent decoupling control methods for both the gas
collection process of multiple asymmetric coke-ovens and a gas mixing-and-
pressurization process in an iron and steel company. Chapter 6 focuses on the
problem of how to control the rolling temperature and reduce the energy con-
sumption of the process of a reheating furnace. An optimization and control system
for the heating furnace is devised to solve this problem.

We are grateful for the support of Natural Science Foundation of China under
Grant 61210011, the 111 project under Grant B17040, the Hubei Provincial Natural
Science Foundation of China under Grant 2015CFAO010, and the National High
Technology Research and Development Program of China (863 Program) under
Grant 2012AA040307.

We are also grateful for the support of scholars both in domestic and abroad. We
would like to thank Emeritus Professor Michio Nakano of Tokyo Institute of
Technology; Professors Deyao Shen, Zixing Cai, and Qi Lei of Central South
University; Professor Hongye Su of Zhejiang University; Professor Feng Qian of
East China University of Science and Technology; Dr. Yanguang Sun of
Automation Research and Design Institute of Metallurgical Industry; and Professor
Yonghua Xiong, Associate Professor Jianqi An, Drs. Zhentao Liu, and Luefeng
Chen of China University of Geosciences. We would also like to express our
appreciation for the great efforts of Drs. Xiaoxia Chen, Fang Gao, and Pan Yu of
Central South University, Drs. Jie Hu, Sheng Du and Yali Jin, Ms. Ting Wan and
Mr. Kexin Zhang of China University of Geosciences.

Wuhan, China Min Wu
Wuhan, China Weihua Cao
Wuhan, China Xin Chen
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