Engineering Applications of Computational
Methods

Volume 2

Series Editors

Liang Gao, State Key Laboratory of Digital Manufacturing Equipment
and Technology, Huazhong University of Science and Technology,
Wuhan, Hubei, China

Akhil Garg, School of Mechanical Science and Engineering, Huazhong University
of Science and Technology, Wuhan, Hubei, China



The book series Engineering Applications of Computational Methods addresses the
numerous applications of mathematical theory and latest computational or
numerical methods in various fields of engineering. It emphasizes the practical
application of these methods, with possible aspects in programming. New and
developing computational methods using big data, machine learning and Al are
discussed in this book series, and could be applied to engineering fields, such as
manufacturing, industrial engineering, control engineering, civil engineering,
energy engineering and material engineering.

The book series Engineering Applications of Computational Methods aims to
introduce important computational methods adopted in different engineering
projects to researchers and engineers. The individual book volumes in the series
are thematic. The goal of each volume is to give readers a comprehensive overview
of how the computational methods in a certain engineering area can be used. As a
collection, the series provides valuable resources to a wide audience in academia,
the engineering research community, industry and anyone else who are looking to
expand their knowledge of computational methods.

More information about this series at http://www.springer.com/series/16380


http://www.springer.com/series/16380

Xinyu Li - Liang Gao

Effective Methods
for Integrated Process
Planning and Scheduling

111 Science Press

4 Beijing @ Springer



Xinyu Li

School of Mechanical Science

and Engineering, HUST

State Key Laboratory of Digital
Manufacturing and Equipment Technology
Wuhan, Hubei, China

Liang Gao

School of Mechanical Science

and Engineering, HUST

State Key Laboratory of Digital
Manufacturing and Equipment Technology
‘Wuhan, Hubei, China

ISSN 2662-3366 ISSN 2662-3374  (electronic)
Engineering Applications of Computational Methods

ISBN 978-3-662-55303-9 ISBN 978-3-662-55305-3
https://doi.org/10.1007/978-3-662-55305-3

(eBook)

Jointly published with Science Press
The print edition is not for sale in China (Mainland). Customers from China (Mainland) please order the
print book from: Science Press.

© Springer-Verlag GmbH Germany, part of Springer Nature and Science Press, Beijing 2020

This work is subject to copyright. All rights are reserved by the Publishers, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.

The publishers, the authors, and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publishers nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein or
for any errors or omissions that may have been made. The publishers remain neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer-Verlag GmbH, DE part of
Springer Nature.
The registered company address is: Heidelberger Platz 3, 14197 Berlin, Germany


https://doi.org/10.1007/978-3-662-55305-3

Foreword

In the international academia and industry, scheduling theory and method of
manufacturing system is an interdisciplinary research direction, involving systems
engineering, operations research, artificial intelligence, control theory, computer
technology, management engineering, and other disciplines. Process planning and
shop scheduling are two highly important subsystems in the modern manufacturing
system. Process planning decides the process route and processing resource allo-
cation of the jobs, which can transform raw materials into finished form. Scheduling
system is to arrange the jobs to the actual processing machines properly, linking the
process designing and the production action. The integration of process planning
and scheduling in the manufacturing procedure can optimize the production pro-
cess, improving the efficiency and reducing the cost, which is a key to realize the
intellectualization of manufacturing system. The contents in book mainly include
the following problems, including flexible process planning problem, shop
scheduling problem, integrated process planning scheduling problem, etc. These
problems have a large amount of complexity, such as difficulty in modeling,
complexity in calculation, multi-constraint, uncertainty, multi-minimal, large
problem scale, multi-objective, coexistence of discrete and continuous variables,
etc. Therefore, the research of IPPS has important academic and engineering value.
This book is a monograph about the effective methods for IPPS. Based on the
research, teaching and engineering experience of the authors and their team for many
years, the book mainly classifies in the following three aspects: flexible process
planning, job shop scheduling, integrated process planning and shop scheduling.
Furthermore, the book also summarizes Genetic Algorithm (GA), Genetic
Programming (GP), Particle Swarm Optimization (PSO) algorithm, and other intel-
ligent algorithms for solving the above problems. In addition, this book systematically
describes the design thought of the intelligent algorithms, which may provide
effective methods for the researchers to solve the practical engineering problems.
This book is divided into five parts, the first part is from Chaps. 1 to 3, which
introduces the review of IPPS problem, including the models, methods, and appli-
cations. The second part mainly discusses the single-objective optimization of IPPS.
The third part introduces IPPS from the aspect of multi-objective optimization. As
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for the fourth part, it belongs to the dynamic scheduling problem. Finally, the fifth
part is the IPPS simulation prototype system. In general, the main contents of the
book are from the second part to the fourth part, where process planning, scheduling,
and IPPS will be discussed in details.

The second part is the single-objective optimization, which is discussed in the
order of Process Planning (PP), Job shop Scheduling (JSP), Flexible Job shop
Scheduling (FISP), Integrated Process Planning and shop Scheduling (IPPS). In
Chaps. 4 and 5, GP algorithm and PSO algorithm are used to solve the PP problem.
Chapter 6 introduces the application of hybrid PSO and Variable Neighborhood
Search (VNS) algorithm on JSP. In Chap. 7, a modified GA is introduced to solve
FISP, including total new Global Selection (GS) and Local Selection (LS) to
generate high-quality initial population in the initialization. Chapter 8 introduces a
Multi-Swarm Collaborative Evolutionary Algorithm (MSCEA) to solve FISP. In
Chap. 9, the mathematical model of IPPS and the application of evolutionary
algorithm are presented. In Chap. 10, an agent-based approach is applied to solve
IPPS. Chapter 11 introduces the application of modified GA on IPPS.

The third part is multi-objective optimization, which is introduced from FISP to
IPPS. Chapter 12 is the application of GA and TS algorithm in multi-objective
FISP. Chapter 13 introduces PSO and TS algorithm to multi-objective FJSP.
Chapter 14 presents a Multi-Objective Genetic Algorithm (MOGA) based on
immune and entropy principle to solve the multi-objective FISP. In Chap. 15, an
effective genetic algorithm is proposed to optimize the multi-objective Integrated
Process Planning and Scheduling (IPPS) problem with various flexibilities in
process planning. The research in Chap. 16 focuses on the multi-objective IPPS
problem, and a game theory based approach is used to deal with the multiple
objectives.

The fourth part focuses on the dynamic scheduling problem from Chaps. 17 to
20. In Chaps. 17 and 18, a genetic tabu search algorithm is developed for dynamic
rescheduling job shop problem, while Chap. 18 is considering multi-objectives. In
Chap. 19, Dynamic Flexible Job shop Scheduling Problem (DFJSSP) with job
release dates is studied, and an approach based on GEP also proposed. In Chap. 20,
a new dynamic IPPS model is formulated, the combination of hybrid algorithm and
rolling window technology is applied to solve the dynamic IPPS problem.

The fifth part, shown in Chap. 21, introduces a IPPS simulation prototype system
which is developed based on the practical requirements of the work shop and
theoretical research results. Firstly, the application background of the system is
introduced, and then the structure of the system is analyzed. Finally, the imple-
mentation and operation of the prototype system are represented through an engi-
neering example, verifying the availability and effectiveness of the prototype
system.
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