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Preface 
 

 
IWAMA – International Workshop of Advanced Manufacturing and Automation – began in 
2010 as a joint seminar between SFI Norman (SINTEF and NTNU) and Shanghai Key Laboratory 
of Manufacturing Automation and Robotics (Shanghai University). In 2013 IWAMA expanded to 
include academic and industrial experts in the fields of advanced manufacturing and automation 
worldwide when the University of Manchester and Tongji University joined as co-organizers. As 
IWAMA becomes an annual event, we expect more universities and industry sponsors will join the 
international workshop as co-organizers. 

Manufacturing and automation have assumed paramount importance and are vital factors for 
the economy of a nation and the quality of life. The field of manufacturing and automation is 
advancing at a rapid pace and new technologies are also emerging in the field. The challenges 
faced by today’s engineers are forcing them to keep on top of the emerging trends through 
continuous research and development. 

IWAMA aims at providing a common platform for academics, researchers, practicing 
professionals and experts from industries to interact, discuss trends and advances, and share ideas 
and perspectives in the areas of manufacturing and automation.  

IWAMA 2013 takes place in Trondheim, Norway, 27 November 2013, organized by 
Norwegian University of Science and Technology, SFI Norman/SINTEF, Shanghai University, 
University of Manchester and Tongji University. The program is designed to improve 
manufacturing and automation technologies for the next generation through discussion of the most 
recent advances and future perspectives, and to engage the worldwide community in a collective 
effort to solve problems in manufacturing and automation. Participants from different countries, 
such as Norway, China, UK, Germany, Italy and India attend the workshop. 

Manufacturing research includes a focus on the transformation of present factories, towards 
reusable, flexible, modular, intelligent, digital, virtual, affordable, easy-to-adapt, easy-to-operate, 
easy-to-maintain and highly reliable “smart factories”. Therefore, IWAMA 2013 has mainly 
covered 3 sessions in manufacturing engineering: 

 
1. Intelligent Manufacturing Technology 
2. Intelligent Logistics and Supply Chains 
3. Intelligent Diagnosis and Prognosis of Wind Turbines 

 
The proceedings of IWAMA2013 provide up-to-date, comprehensive and worldwide state-of-

the-art knowledge of the manufacturing and automation science and engineering. All papers 
submitted to the workshop have been subjected to strict peer-review by at least 2 expert referees. 
Finally, 28 papers have been selected to be included in the proceedings after a revision process. 
We hope that the proceedings will not only give the readers a broad overview of the latest 
advances, and a summary of the event, but also provide researchers with a valuable reference in 
this field. 

On behalf of the organization committee and the international scientific committee of IWAMA 
2013, I would like to take this opportunity to express my appreciation for all the kind support, 
from the contributors of high-quality keynotes and papers, and all the participants. My thanks are 
extended to all the workshop organizers and paper reviewers, NTNU and SFI Norman for the 
financial support, and co-sponsors for their generous contribution. Thanks are also given to Quan 
Yu, Yi Wang, Cecilia Haskins, Tonje Berg Hamnes, Line Holien, Jorurnn Auth, and Lilan Liu for 
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their hard editorial work of the proceedings and arrangement of the workshop. Thank also goes to 
Lasse Postmyr from Tapir Academic Press for producing the proceedings. 

 
 

 
Kesheng Wang, Ph.D. Professor of NTNU 
Chairman of IWAMA 2013 
Trondheim, Norway, 25th October, 2013 
 
 
 
 
  

II



© IWAMA 2013 & Akademika Publishing, 2013

Copyright is held by the respective authors.

ISBN 978-82-321-0377-5
ISSN 1892-8110

This publication may not be reproduced, stored in a 
retrieval system or transmitted in any form or by any 
means; electronic, electrostatic, magnetic tape, mechanical, 
photo-copying, recording or otherwise, without permission.

Layout: The authors
Cover layout: Akademika Publishing
Printed and binded by: AiT Oslo AS

We only use environmentally certified printing houses.

Akademika Publishing
Oslo/Trondheim
Norway
www.akademikaforlag.no

Publishing Editor: Lasse Postmyr (lasse.postmyr@akademika.no)



Organized and Sponsored by 
NTNU (Norwegian University of Science and Technology);  
SHU (Shanghai University);  
SINTEF (The Foundation for Scientific and Industrial Research)  
SFI Norman (Center for Research-based Innovation – Norwegian Manufacture Future) 
UM (The University of Manchester)  
TU (Tongji University) 

 
Honorary Chairs:  
Prof. Minglun Fang 
 
General Chairs:  
Prof. Kesheng Wang, Prof. Jan Ola Strandhagen and Prof. Dawei Tu  
 
Local Organizing Committee: 
Prof. Jan Ola Strandhagen, Prof. Kesheng Wang, Prof. Heidi Dreyer, Lars Tore Gellein, Quan Yu, 
Tonje Berg Hamnes, Associate Prof. Cecilia Haskins, Jorunn Auth 
 
International Program Committee: 
 
Prof. Jan Ola Strandhagen, Norway 
Prof. Kesheng Wang, Norway 
Associate Prof. Per Schjølberg, Norway 
Prof. Heidi Dreyer, Norway 
Associate Prof. Erlend Alfnes, Norway 
Lars Tore Gellein, Norway 
Geir Vevle, Norway 
Associate Prof. Hirpa L. Gelgele, Norway 
Associate Prof. Wei Deng, Norway 
Lecturer Yi Wang, UK 
Prof. Wladimir Bodrow, Germany 

Prof. Janis Grundspenkis, Latvia 
Prof. Hans Henrik Hvolby, Denmark 
Prof. Dawei Tu, China 
Prof. Minglun Fang, China 
Prof. Tao Yu, China 
Prof. Binheng Lu, China 
Prof. Ming Chen, China 
Prof. Yun Chen, China 
Prof. Xinguo Ming, China 
Prof. Yingjie Yu, China 
Prof. Yayu Huang, China 

 
Secretariat 
Tonje Berg Hamnes (Norway) and Prof. Lilan Liu (China) 
 

  

III



About Editors 
 
 
Prof. Kesheng Wang holds a Ph.D. in production engineering from the Norwegian 
University of Science and Technology (NTNU), Norway. In 1993 he was appointed 
Professor at the Department of Production and Quality Engineering, NTNU. He is a 
director of the Knowledge Discovery Laboratory (KDL) at IPK, NTNU at present. He is 
also an active researcher and serves as a technical adviser in SINTEF. He was elected 
member of the Norwegian Academy of Technological Sciences in 2006. He has published 
17 books, 10 book chapters and over 214 technical peer-reviewed papers in international 
journals and conferences. Prof. Wang’s current areas of interest are intelligent 
manufacturing systems, applied computational intelligence, data mining and knowledge 
discovery, swarm intelligence, condition-based maintenance and structured light systems 
for 3D measurements and RFID. 

 
Prof. Jan Ola Strandhagen is a research director of the research center SFI NORMAN at 
SINTEF. He is also Professor at Department of Production and Quality Engineering, the 
Norwegian University of Science and Technology (NTNU). He holds a PhD in 
Production Engineering from NTNU (1994). His research has focused on production 
management and control, logistics, manufacturing economics and strategies. He has 
managed and performed R&D projects in close collaboration with a wide variety of 
Norwegian companies and participated as researcher and project manager in several 
European projects.  
 
Prof. Dawei Tu received his bachelor’s degree, master’s degree and PhD from Zhejiang 
University in 1987, 1989 and 1993 respectively. Since 1993 he joined Shanghai 
University, and became a professor in 2000. Now he is the Executive Dean of the School 
of Mechatronics Engineering and Automation, Shanghai University. His research 
interests include optoelectronic detecting, precision mechanics and instrumentation, 3D 
vision and vision-based robot servo-control. 

IV



Table of Contents 

Preface ............................................................................................................................... I 

Keynotes 

Knowledge Dynamic in Software Applications for Process Controlling 
Wladimir Bodrow ......................................................................................................................... 1 

Toward Intelligent Manufacturing: a Label Characters Marking and Recognition 
Method for Steel Products with Machine Vision 
Qijie Zhao, Dawei Tu and Peng Cao ............................................................................................ 9 

The Development of Intelligent and Integrated RFID (II-RFID) System for 
Manufacturing Industries 
Kesheng Wang ........................................................................................................................... 25 

Responsible and Dynamic Logistics 
Jan Ola Strandhagen ................................................................................................................... 49 

Session IMT:  Intelligent Manufacturing Technology 

Development and Deployment of ACT System - RFID Solutions 
Jan Erik Evanger and Fredrik W. Goborg .................................................................................. 53 

Assessment of Geometric Tolerance Information as a Carrier of Design Intent to 
Manufacturing and Inspection 
Hirpa G. Lemu ........................................................................................................................... 59 

Phase to Depth Conversion Algorithm by Using Epipolar Restraint in Object-
adaptive Fringe Projection Technique  
Junzheng Peng, Yingjie Yu, Wenjing Zhou and Mingyi Chen .................................................. 71 

Computer Vision Supported by 3D Geometric Modeling 
Sven Fjeldaas ............................................................................................................................. 81 

Studies on the Intelligent Manufacturing Technologies of the Fan Blade 
Wenhua Zhu, Baorui Li, Bin Bai, Hu Han and Minglun Fang ................................................... 93 

Virtual Simulation of Production Line for Ergonomics Evaluation 
Ming Chen and Jinfei Liu ......................................................................................................... 113 

A Point Cloud Registration Strategy Combining Particle Swarm Optimisation 
and Iterative Closest Point Method  
Quan Yu and Kesheng Wang ................................................................................................... 123 

Graph Representation of N-Dimensional Space 
Tomasz Kosicki ........................................................................................................................ 135 

Study of the Role of Virtual Engineering Technologies in Design 
Hirpa G. Lemu ......................................................................................................................... 147 

V



Session ILSC: Intelligent Logistics and Supply Chains 

Lean Thinking in Product Development: Looking into Front-load Effects Using a 
System Dynamics Approach 
Alemu Moges Belay and Torgeir Welo.................................................................................... 157 

Ontology Based Interoperability Solutions within Textile Supply Chain: Review 
and Analysis  
Yi Wang, Rishad Rayyaan and Richard Kennon ..................................................................... 171 

A Framework for Real Time Production Planning and Control 
Emrah Arica and Daryl J. Powell ............................................................................................. 185 

Sources of Complexities in New Product and Process Development Projects 
Giedre Pigagaite, Pedro P. Silva, Bassam A. Hussein ............................................................. 197 

Investigating the Fit of Planning Environments and Planning Methods, the Case 
of an Automotive Part Manufacturer 
Philipp Spenhoff, Marco Semini, Erlend Alfnes and Jan Ola Strandhagen ............................. 211 

Investigating the Applicability of Lean Principles in a Small, One-of-a-kind 
Production Company 
Layli Dahir and Daryl Powell .................................................................................................. 221 

Introducing Portfolio Maps as Basis for Standardization and Knowledge-based 
Development 
Sören Ulonska and Torgeir Welo ............................................................................................. 235 

Incentive Regulation of Banks on Third Party Logistics Enterprises in Principal-
agent-based Inventory Financing 
Xuehua Sun and Xuejian Chu .................................................................................................. 249 

Automation in the ETO Production Situation: The Case of a Norwegian Supplier 
of Ship Equipment 
Børge Sjøbakk, Maria Kollberg Thomassen and Erlend Alfnes .............................................. 259 

Competing in the Shell Eco-marathon. Challenges and Lessons Learned 
Bassam A. Hussein and Fariborz Ali Haidrloo ........................................................................ 271 

Tackling the Storage Problem through Genetic Algorithms 
Lapo Chirici and Kesheng Wang ............................................................................................. 281 

Session IDPWT: Intelligent Diagnosis and Prognosis of Wind Turbines 
(WINDSENSE Project) 

Evaluation of Thermal Imaging System and Thermal Radiation Detector for 
Real-time Condition Monitoring of High Power Frequency Converters 
Anders Eriksen, Dominik Osinski and Dag Roar Hjelme ........................................................ 295 

SCADA Data Interpretation for Condition-based Monitoring of Wind Turbines 
Kesheng Wang, Vishal S. Sharma and Zhenyou Zhang ........................................................... 307 

VI



Wind Turbine Fault Detection Based on SCADA Data Analysis Using ANN 
Zhenyou Zhang and Kesheng Wang ........................................................................................ 323 

Models for Lifetime Estimation - An Overview with Focus on Applications to 
Wind Turbines 
Thomas M. Welte and Kesheng Wang ..................................................................................... 337 

VII



List of Authors 
 
Alfnes, E. 211, 259 
Arica, E. 49, 185  
Bai, B. 93 
Belay, A. M. 157  
Bodrow, W. 1 
Cao, P. 9 
Chen, M. 113  
Chen, M. 71 
Chirici, L. 281  
Chu, X. 249 
Dahir, L. 221  
Eriksen, A. 295 
Evanger, J. E. 53 
Fang, M. 93 
Fjeldaas, S. 81 
Goborg, F. W. 53 
Haidrloo, F. A. 271 
Han, H. 93  
Hjelme, D. R. 295 
Hussein, B. A. 197, 271 
Kennon, R. 171 
Kosicki, T. 135 
Lemu, H. G. 59, 147 
Li, B 93 
Liu, J. 113 

Osinski, D. 295  
Peng, J. 71 
Pigagaite, D. 197 
Powell, D. J. 185, 221 
Rayyaan, R. 171  
Semini, M. 211 
Sharma, V. S. 307  
Silva, P. P. 197 
Sjøbakk, B. 259 
Spenhoff, P. 211 
Strandhagen, J. O. 49, 211 
Sun, X. 249  
Thomassen, M. K. 259  
Tu, D. 9  
Ulonska, S. 235  
Wang, K. 25, 123, 281, 307, 323, 337 
Wang, Y. 171 
Welo, T. 157, 235 
Welte, T. M. 337  
Yu, Q. 123  
Yu, Y. 71 
Zhang, Z. 307, 323 
Zhao, Q. 9 
Zhou, W. 71  
Zhu, W. 93 

 

VIII



Toward Intelligent Manufacturing: a Label Characters Marking 
and Recognition Method for Steel Products with Machine Vision  

Qijie Zhao1,2, Dawei Tu1,2 and Peng Cao1 
1 School of Mechatronics Engineering and Automation, Shanghai University, China 
2 Shanghai Key Laboratory of Manufacturing Automation and Robotics, Shanghai, 
China 

Abstract Correctly coding materials and identifying characters marked on materials is 
very important for steel manufacturing industry to realize informatization management 
and intelligent manufacturing. However, the steel products manufacturing is often in a 
high temperature environment, and there are a lot of material storage and retrieval 
processes, workers are not easily close to the environment and complete tasks, so it is a 
great challenge to automatically mark and identify characters on the steel products. This 
paper presents a framework of label characters marking and management for steel 
materials, furthermore, a kind of marked characters online detection and tracking method 
has been provided based on machine vision. In addition, some experiments have been 
done in BaoSteel to mark characters on hot billets and recognize them in multi situations, 
and the results show that the proposed method is practical, and has provided a helpful 
exploration in obtaining accurate fundamental data for the intelligent manufacturing 
system in steelworks. 
 
Keywords Intelligent manufacturing, Enterprises informatization, Label character 
marking, Machine vision, Marked character recognition 

1 Introduction 
Informatization and automation technology can rise up the competitiveness of a company, 
especially, for large manufacturing enterprises. Using intelligent manufacturing 
management method can not only improve the quality of products, but be effective and 
efficiency in organizing production, reducing product costs, strengthening market shares. 
By integrating informatization and automation technology, the production process is 
increasingly moving toward intelligent manufacturing [Wang, 2013]. The steel industry is 
the typical capital-intensive and large manufacturing industry, and the production process 
in steelworks usually consists of mining, beneficiation, coking, ironmaking, steelmaking, 
rolling, etc. Therefore, it is of great value for steelworks to enhance the 
comprehensive capacity by intelligent manufacturing. 

With development of computers and artificial intelligence, the application of AI in 
the steelworks had been concerned as far back as 30 years. During this period, AI was 
mainly used in equipment fault diagnosis, production planning, expert systems, etc, and 
gradually from theoretical research into practical applications[Iida, & Urakami, 1993; 
Huang, 1994]. In the past decade, the steel enterprises have paid more attention on 
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informatization and automation, and many large-scale steelworks applied ERP, MES, and 
other information management and control system[Wang, et al., 2006]. However, the 
effect of information and automation management system, to much more   extent, 
depends on the accuracy and timeliness of fundamental data acquired online, in which 
coding and identifying the marked information of materials is the key work to achieve 
information and automation management[Brewer, Sloan, &Landers, 1999].In order to 
facilitate in tracking and identifying the marked information, the label characters are 
generally printed on the surface of the steel materials. Because of the long production 
cycle and many material delivery processes, it is necessary to identify marked 
information in each process or different production stages for inventory management and 
logistics. However, it is not easy to manually identify and mark the label characters on the 
hot steel products in high temperature environment. Therefore, the non-contact 
measurement method in tracing and detecting the label characters of steel material has 
great value. Among the various non-contact methods of detecting and tracking, Machine 
vision is more suitable for long-distance detection and tracking in steelworks, so many 
steelworks have shown great interests in the application of machine vision to solve this 
kind of problem [Agarwal, 2013; Kang, 2008; Choi, et al, 2010]. 

The application of machine vision in steel enterprises generally includes the 
following two aspects: 1) Surface defect detection to achieve quality control. For 
example, in order to prevent the unqualified product entering the next manufacturing 
process. Periodical surface defect detection methods [Bulnes, Usamentiaga, & Garcia, 
2011]and the strip steel surface scratches detection methods [Jia, et al, 2004; Zhu, et al, 
2007], etc, have been proposed. 2) Marking characters and recognition to track the 
manufacturing of steel products. Some recognition methods that combined image 
segmentation with KLT, SVM, ANN or optical flow [Park, 2006; Yanagita, 1995;  Park, 
2007; Shim, 2010] have been proposed. However, most of the current methods focus on 
the information detection or recognition of natural temperature steel materials, and there 
are still no solutions to detect and recognize the marked information of high temperature 
steel materials. In practice, many hot manufacturing processes(e.g., continuous casting, 
hot rolling) in steelworks  are needed to automatically identify the steel material 
information in online states. Additionally, the weak contrast of hot steel surface and the 
marked information makes it difficult to identify the marked characters. Therefore, there 
are more challenges and values in identifying the marking information of hot steel 
materials. 

The main object of this paper is to study the acquiring, recognition and management 
method of the marked information on steel products, and we will pay more attention on 
the label characters capturing and identifying process on hot steel materials with machine 
vision. The rest of the paper is arranged as follows. In section 2, the framework of label 
character marking and management is put forward. In section 3, the machine vision 
recognition methods of steel material marked information is illustrated. The experimental 
research and analysis are presented in section 4, and this work is summarized in section 5. 

2 Framework of Label Characters Marking and Management  
Due to the long production cycle and complex logistics transportation, the management 
information system of steel enterprise is often constructed by multi-layers. Figure 1 
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presents a steel material label information marking, identifying and management 
framework in intelligent manufacturing system, it is mainly composed of the CRM / ERP 
(Customer Relationship Management / Enterprise Resource Planning) system, MES 
(Manufacturing Execution System) , WMS (Warehouse Management System) and SCM / 
LMS (Supply Chain Management / Logistics Management System), etc.  

According to customer orders from CRM or the main production plan, the 
manufacturing tasks will be assigned by the ERP system through manufacturing forms, 
and the property of a manufacturing product will be defined by the BOM (bill of materiel) 
and manufacturing process, therefore, the marking information of a steel product is 
defined in ERP system and will be stored in a shared database. In the production process, 
MES system obtains information  or manufacturing commands from the ERP system, and 
the label characters of a product will be marked by the marking machine. In practice, 
there are often three kinds of  situations for marking the characters on steel materials, the 
first is marking the characters on billets in steelmaking factory, and the marking operation 
is instantly completed after the billets sheared; The second is marking the characters on a 
semi-product which is manufactured by the continuous casting and continuous rolling 
plant, and the marking operation usually can be done online; the third is marking 
characters on final steel products in rolling plants, and the marking operation will be 
executed after the product has passed the quality check. Finally, the marked information 
will be checked before the storage and then the checked information will be stored in the 
WMS. In addition, the marked information also need to be checked or identified in stock 
out process or in some manufacturing processes(e.g., the marked information identifying 
for reheat materials in hot rolling). By this way, every material can be tracked in 
manufacturing process with the marked information. Finally, after the product is sold, or 
in logistics delivery process, the tracing or tracking operation can be achieved in the SCM 
with the recorded and marked label information. 

 
Fig.1 Management framework of label characters in intelligent manufacturing system 
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The methods of label marking on the surface of steel products usually include 
templates marking, hand writing, printing by marking machine [Park, 2006; Yoshikatsu, 
et al, 1986]. Owing to high temperature and inaccessible to the environment in 
steelworks, the automatically marking and identifying methods are welcomed. However, 
the contrast of label information and steel background is very weak, especially for the hot 
steel materials. In order to decrease the difficulty in recognition, we proposed an image 
capturing system to enhance the contrast effect between marked characters and the steel 
surface, shown in Figure 2. A kind of lighting is used to illuminate the area of marked 
characters, and a filter which permits certain wavelength  light passing, is mounted before 
the camera lens, with the match of lighting and filters, the contrast of the marked 
characters and background can be increased. The captured images are  pre-processed and 
segmented as recognition sample images, and then the marked characters can be 
identified by the recognition algorithm. Following this process, the identified characters 
will be compared or stored in the corresponding EPR/MES/WMS system. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.2 Process of label characters marking and machine vision recognition 

3 Method of Marked Characters Recognition  
The label characters often marked on the rough interface of steel materials, and the 
captured images need to be further processed before segmentation and recognition. The 
characters recognition algorithm proposed in this paper mainly consists of three parts, 
image pre-processing, image segmentation, and characters recognition, shown in figure 3. 

Lighting 

Image capturing 
and pre-processing 

Image segmentation 
and character recognition 

ERP/MES/WMS 
DB 

Hot Billet  

Marking machine Filter Camera Marked characters 
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Fig. 3 Process of marked characters recognition  

3.1  Image Pre-processing 
The proposed image pre-processing method mainly includes image contrast enhancement, 
image binarization, and de-nosing operation. After images enhanced, the binarization 
processing and median filter operation are helpful to image segmentation. Among the pre-
processes, image contrast enhancement is the key operation, and the grey histogram and 
grey linear transformation enhancement are the common methods[Panetta, Agaian, 
&Zhou, 2011]. However, the grey value in characters marking area  non-linearly changes, 
it is caused by the uneven cooling and rough surface of steel materials. So we construct a 
non-linear operation model with top-hat transformation and gamma transform. The 
constructed Top-hat transformation is presented in formula (1). 

      )( sffh −=                                                                    (1) 

Where, f represents the image grey level and sf  means the open operation to the 
image with the structure element s. 

The expression of gamma transformation is shown as follow 
                                  γ)( espxy +=                                                                      (2) 

Where, esp represents the compensation coefficient, γ  means gamma coefficient, 
and the variation range of x and y are [0, 1]. 

 

                                
(a) Original image       (b) Structure element        (c) Open operation       (d) Hat-top 

operation 

Fig .4  The process of top-hat transformation operation 
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Fig. 5  The gamma transformation of grey level 

 
The top-hat transformation with appropriate structure elements can effectively 

eliminate the influence of uneven background. Figure 4 presents the process of top-hat 
transformation operation. Moreover, gamma transformation could selectively enhance the 
contrast of low grey region or high grey region based on γ . The gamma transformation is 
shown in figure 5.  

 1>γ ， contrast of high grey region is enhanced; 

 1<γ ， contrast of low grey region is enhanced; 

 1=γ ， original image remains unchanged. 

3.2 Image  Segmentation 
The recognition method can only identify a single character each time, therefore, 
characters in an image need to be segmented. We use vertical projection method finding 
the boundaries between characters to achieve the segmentation. After binaryzation and 
de-noising operation , the  integral has been done along vertical direction in the image, 
the results as following 

1

0
( , )

n

k k
i

f i jϕ
−

=

=∑
                                                               

(3) 

Where, kf  is the number of features in column kj , ( , )i jϕ  is the binaryzation 
image. 

By comparing the integral results, the minimum value  of local area minV can be 

determined , and ky  is one side of the character boundaries. 
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Fig . 6  Images segmentation with 
projection method 
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1

min
0

min ( , )
n

k
i

V i jϕ
−

=

 =  
 
∑  , min|k k ky j f V= =                        (4) 

Where, 0,1,..., 1kj m= − , and m, n are respectively the width and height of the 

image. By this way, the boundaries of each image can be determined by ky and the image  

can  be segmented into sampling image characters based on ky . Figure 6 presents the 
segmentation method. 

The segmented character images are different in sizes, in order to be identified with 
the recognition algorithm, it is necessary to make them with  same format[Jiao, Ye, 
&Huang 2009]. The operation is completed with image zooming and normalization 
transform in this paper. 

3.3 Recognition 
The character recognition methods based on different classifiers have been proposed in 
some literatures, and mainly include template matching method[Connell, & Jain, 2001], 
according to the structural features of characters  to recognize [Dubey, 2010; Kim, 2003], 
based on support vector machine [Rajkumar, 2012; Bhowmik, 2009] and neural network 
character recognition [Wei, 2011; Hussain, & Kabuka, 1994], etc. Among these methods, 
Bp neural network is advantage in  nonlinear data processing, fault tolerance and 
autonomous learning, it is suitable for steel label characters recognition. Consequently, a 
three layers Bp neural network algorithm is provided in this paper, and there are  input 
layer, hidden layer, and output layer in the Bp neural network , as shown in Figure 7. 

 
Fig. 7  Bp neural network topology 

    Defining ix  as the  input sampling information of one neuron in input layer, and the 

number of the input samples is n. The number of neurons in hidden layer and output layer 
are respectively s and m, and the corresponding transfer functions in  hidden layer and 
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output layer are respectively 1f  and 2f . Giving the input vector and target vector are  

respectively X and T. The process of  forward information transformation is as follow. 
The output of the neuron j in hidden layer is  

1
1

1 ( 1 1 ); 1,2,...,
n

j ji i j
i

y f w x b j s
=

= + =∑
                                           

(5) 

The output of the neuron k in output layer is 

2
1

2 ( 2 1 2 ); 1,2,...,
s

k kj j k
j

y f w y b k m
=

= + =∑
                                     

(6) 

The error function is  
2

1

1 ( 2 )
2

m

k k k
k

e t y
=

= −∑
                                                                        

(7) 

The values of weight factors and back propagation errors(BPE) are calculated with 
gradient descent method in this paper. Bp neural network weight adjusting process 
actually is the adjustment of the BPE. The BPE from the neuron k to neuron j is 
determined by the multiplying result between output layer error ke and the first-order 

derivative of 2f , so the BPE described as  '
2kj ke fδ = . Furthermore, the variation of 

weights 2kjw∆  in hidden layer  can be obtained by the BPE. In the same way, the 

variation of weights 1 jiw∆ in input layer can be obtained. In addition, the transfer 

function is 1( )
1 xf x

e−=
−

 in this paper. After the parameters are determined and some 

sample training executed, the characters recognition can be achieved with the BP neural 
network classifier. 

4 Experiment 

4.1 Experimental Environment 
With the proposed methods, some experiments have been done in the Baosteel 
steelmaking plant, and the experimental environment is shown in Figure 8. The 
equipments mainly include a set of marking machine, one monochrome camera FLY-
PGE-13S2M-CS, one colour camera SQ-S20C-H30, a set of metal halide lamp, a set of 
MIDOPT FS 100 band-pass filters, and a computer( with CPU 3.0, Memory 2G).The 
molten copper is printed on the billet section to form the label characters in the 
continuous casting process, and the spectrum of the lighting  is  close to sunlight, the 
lamp is waterproof, dustproof, and high temperature resistance. The MIDOPT FS 100 
includes more than seven band pass filters , the filters can block or pass the light with 
wavelengths from the ultraviolet to infrared.  
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Fig. 8 Experimental environment 

4.2 Image Acquisition and Segmentation 
In order to compare the quality of images captured in different temperatures, with 
different filters and illuminations. Some marked information images were captured with 
the monochrome camera and colour camera respectively, and the effects of the images 
captured with filters(e.g., BP324,BP550, etc) and without filters are shown in figure 9, the 
temperature of the continuous casting billets is about 1100℃. Figure.10 partly presents 
the relationship between wavelength and transmission of band pass filters. In addition, to 
observe  the influence of filters to image quality under lower temperature, some images 
were captured with the colour camera, multi filters, and without illumination of the lamp 
for the billets cooling to 550℃, the comparison is  shown in Figure 11. 

         

         
  Without filter          BP324                  BP550                 BP590                BP850 

Fig. 9 Effects of billets images captured with filters and without filter at 1100℃ 
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Fig. 10 Curves of wavelength and transmission of band pass filters 

       
                Without filter                       BP324                                  BP525   

       
              BP550                                     BP590                             BP850 

Fig.11 Images captured for billets at 550℃ with different filters 
According to the effects of images captured in different situations(shown in figure 9 

and figure 11), we can see that there are some noises in the images captured without 
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filter, whether by the monochrome camera or colour camera. However, the contrast  of  
some images has been enhanced by using certain filters (such as BP550, BP590), these 
filters effectively blocked some wavelength light and let the light with wavelength around 
marked characters fully pass. In this experiment, the marked information is copper 
yellow, and the passing wavelength of filter BP550 and BP590 mainly includes this 
bandwidth light(shown in figure 10). Therefore, the images captured by cameras with 
filter BP550 and BP590 are more clear than others. Additionally, the quality of images 
also can be improved by the proposed pre-processing method. To compare the effects of 
segmentation for images captured in different situations, some segmentation experiments 
have been done, and Table 1 presents part of segmentation results for original images and 
enhanced images. Figure 12 presents the segmentation accuracy of images captured in 
different situations, segmented with or without pre-processing cases, and the WF means 
without filter. 

Table 1 Segmentation comparisons for original images and enhanced images 

Pre-processing 
operations 

BP590 BP324 

Enhancement Original image Enhanced image Original image Enhanced image 

Gray images 
    

Binaryzation and 
de-noised images     

Segmented 
images     

 

 

 

 

 

 

 

 

 

Fig.12 Segmentation accuracy of images with different capturing and processing 

situations 
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In term of the results in table 1 and figure 12, the segmentation accuracy of images 
captured by cameras with BP550 and BP590 filters is very high, and the filters have 
blocked some distracts from noises and the segmentation operation is more easy and 
effective. However, as for the images captured by cameras with other filters, the 
segmentation accuracy has improved after the pre-processing operation(e.g., 
Enhancement, de-noising, etc), but the total segmentation accuracy is still very low. 

4.3 Recognition Test 
According to the BP neural network recognition method proposed in this paper, each 
segmented sample image  was normalized into the same size 15 × 6 (height × width) 
pixels, and the grey value of every pixel is the input vector of each node in input layer, so 
there are 90 input nodes in the BP neural network. Furthermore, the candidate characters 
for recognition are the digital numbers 0~9, therefore, there are 10 nodes in output layer. 
Considering the convergence of the  learning and training process, designing 10 nodes in 
the hidden layer and setting the initial weights of neural network is a random number 
between -1 and + 1. 

In the recognition test, the marking information areas of billets were captured online 
by the monochrome camera with different filters and under the illumination of the metal 
halide lamp, and about 150 frames were segmented for recognizing the marked string. 
Table 2 presents recognition results of the marked string on billets. Furthermore, to check 
the character recognition efficiency of the proposed system, 80 frames captured with 
BP550 and BP590 filters were selected and segmented for identifying the single 
characters 0-9, the results were recorded in Table 3. 

Table 2 Recognition accuracy and time consumption with different filters 

Filters Central wavelength
（nm） 

Recognition Accuracy 
of Strings（%） 

consumption 
time（s） 

Without --- 59.25 0.2080 

BP324 324 63.27 0.2327 
BP505 505 78.82 0.2340 
BP525 525 83.66 0.2252 
BP550 550 87.75 0.2386 
BP590 590 93.34 0.2338 
BP660 660 0 0 
BP850 850 70.42 0.2447 

Table 3 Recognition accuracy and consumption time for single characters 

Characters Recognition accuracy 
of characters（%） 

consumption 
time （s） 

0 97.53 0.0598 
1 95.77 0.0593 
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2 96.83 0.0606 
3 96.41 0.0600 
4 97.12 0.0601 
5 95.46 0.0551 
6 95.29 0.0575 
7 96.16 0.0588 
8 96.67 0.0591 
9 95.43 0.0621 

  By the analysis of the results in Table 2, although the same image segmentation and 
recognition algorithm was applied, the identifying differences are significant for images 
captured in different situations. The recognition accuracy is higher for images captured 
with some filters(e.g., BP550, BP590, etc)  which let the wavelength of light around the 
colour of the marked information fully pass, and block out much of the background light. 
However, the recognition rate is very low for some images captured with filters mainly 
passing ultraviolet or infrared(e.g., BP324, BP850, etc.), some even can not  be 
segmented and identified (e.g., images captured with filter BP660). Consequently, to get a 
better segmentation and recognition effects, the performances of  the lighting and filters 
should be matching with the property of the marked information on steel materials. 
According to the statistical results in Table 3, the recognition accuracy of a single 
character is higher than 95%, and the consumption time of recognition was about 60 
milliseconds by using BP550 and BP590 filters. It suggested the proposed character 
recognition algorithm could effectively and efficiently identify the digital characters 
marked on the billets.  

5 Conclusions 
Due to the complex manufacturing processes and long production cycle in steel industry, 
it is valuable for steelworks to improve production efficiency, reduce costs, strengthen the 
market competitiveness of enterprises with the intelligent manufacturing system. In this 
paper, the label characters marking and management method for steel materials has been 
studied, furthermore, a kind of steel products coding, management and tracking 
framework in different manufacturing stages has been proposed. By this way, the full life 
cycle of a product,  from the billet manufacturing  to the final products, can be tracing 
with the marked information identifying and tracking system. 

The manufacturing environment of steel plants has many unfavourable factors for label 
information marking and identifying, such as high temperature and inaccessibility, so 
automatically printing the information on steel materials and recognized them is very 
necessary, especially for hot steel materials. In this paper, a kind of online marking 
and machine vision identifying method has been provided, and according to a variety of 
detection and recognition situations, a set of  images acquisition system has been 
designed to get higher quality images. 

With the proposed method, some experiments have been done in BaoSteel steelmaking 
plants to recognize the marked information on hot billets, and the results show that the 
differences of images quality are significant in different capturing situations(e.g., 
different temperature, with different filters, etc.), if the performances of  the image 
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capturing devices match with the property of marked information, it can improve the 
images contrast between the marked information and the steel materials background, and 
this is helpful for images segmentation and characters recognition. Moreover, the 
captured images were pre-processed, segmented, and identified with the proposed 
method, and the results also suggest that the enhancement operation can partly rise up the 
accuracy of image segmentation, the proposed character recognition algorithm could 
effectively and efficiently identify the digital characters marked on the billets. Finally, the 
proposed methods and framework have provided a helpful exploration in obtaining 
fundamental data with machine vision for the intelligent manufacturing system in 
steelworks. However, there are many kinds of marker information printing methods for 
different products in steel plants , for instance, the marking machines, the colour and  
character formats of the marked information are quite different, so there are still some 
challenges for the label characters marking and recognition. In the future study, it will be 
very important to develop the robust recognition algorithms for different kinds of marked 
information and set up a set of adaptive image capturing equipment suitable for high 
temperature, dusty environment.  
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