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Introduction	
q  MES’s roles in making productions 
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Industry 4.0	
q  Industry 4.0  

§  A strategic initiative of German government 
§  A part of the “High-Tech Strategy 2020 Action plan”  

q  Industry 4.0 and 4th Industrial Revolution 

q  CPS and IoT 



July 

www.incose.org/symp2016 

Systems Engineering	
q  Smart MES and SE 

§  Supporting systematic development process 
§  Organizing various requirement from stakeholders and reflecting them into system configura

tion  
q  SE technical process of system of interest and its life cycle 
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Interview	
q  In order to identify problems of legacy MES  

§  Focusing on data flow and control between legacy MES and shop floor 

Car door making Refractory making 

MES 

Workers Operators 

Discussion 

Field investigation 

Problems 
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Architecture for Smart-MES	
q  Architecture for Smart-MES 

§  Consisting of six main components 
§  Enterprise-Smart MES interface, Smart-MES function module, Data analysis platform, shop floor-Sm

art MES interface, Device Middleware, and Web application interface	
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Architecture for Smart-MES	
q  Enterprise-Smart MES interface 

§  Playing a role as an adapter between enterprise system and Smart-MES 
q  Shop floor-Smart MES interface 

§  Transforming different data type of shop floor into data type of smart-MES 
q  Device Middleware 

§  Supporting s various shop floor communication protocols and delivering data to Smart MES 
q  Data analysis platform 

§  Performing data storage, data analysis, data visualization, knowledge extraction, etc.  
q  Smart-MES function module 

§  Using data analysis result to determine actions properly to take in the shop floor 
q  Web application interface 

§  Supporting various user device protocol such as smart phone, tablet PC, laptop, etc.	
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Case study: cold rolling process in steel mill	
q  Company A 

§  Integrated steel mill which makes steel and iron product from raw ore and other materials wi
th blast furnace, steel converter, continuous casting, rolling mill 

q  Iron and steel making process 

q  SoI 
§  Quality management of cold rolling process in steel mill 
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Case study: cold rolling process in steel mill	
q  A pilot Smart-MES system for quality management as a To-Be model 

§  Describing a situation that Smart MES is applied 
§  In comparison with current manufacturing environment    
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Case study: cold rolling process in steel mill	
q  Data Collection 

§  1,941 data sets which are generated from quality control stage in cold rolling process 
§  Information concerning product name, product type, product specifications, product conditio

n, defective type, etc. 
§  Pastry, Z-Scratch, K-Scratch, Stains, Dirtiness, Bumps, Others 
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Case study: cold rolling process in steel mill	
q  Data Mining Algorithm 

§  Establishing classification models by applying separate learning algorithms for 
training data sets 

§  Decision tree, neural network and SVM 
ü  The most typical mining techniques in Classification forecast domain 

§  Modeling classification forecast using ECMiner software 
ü  ECMiner is a big data analysis solution 
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Case study: cold rolling process in steel mill	
q  Data Mining Algorithm 

§  Evaluating performance of classification models such as decision tree, neural network and 
SVM 

§  In CART learning model, average rate of classification is 67.54% 
§  In MLP learning model, average rate of classification is 90.06% 
§  In SVM learning model, average rate of classification is 98.35% 

CART	classifica,on	and	re
gression	Trees MLP	Neural	Network SVM 

Average	number	of	classi
fica,on 1,311 1,748 1,909 

Average	rate	of	classifica
,on 67.54% 90.06% 98.35% 



July 

www.incose.org/symp2016 

Case study: cold rolling process in steel mill	
q  Data Mining Modeling 

§  Establishing classification forecast models using SVM 
§  Conducting pre-evaluation on each fault type of cold roll  
§  Performing integrated analysis to distinguish the fault type of cold roll 
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Case study: cold rolling process in steel mill	
q  Data Mining Result 

§  Row with 0~6: Pastry, Z-Scratch, K-Scratch, Stains, Dirtiness, Bumps, Others 
§  Column with 0~6: data mining models 
§  Average number of classification: 1909 
§  Average rate of classification: 98.35% 
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A prototype system for quality management	
q  Developing Web-based prototype system for quality management using PHP, M

ySQL 
§  Consisting of five main components 

q  Conducting quality management service 
§  Utilizing ECMiner Software as a data mining tool to analyze data 
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A prototype system for quality management	
q  If the quality fault is related to machine breakdown 

§  Quality management application updates quality issue item list and requests maintenance  
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A prototype system for quality management	
q  Quality management web page 

§  Quality issue item list 
§  Quality management application updates fault information autonomously 

§  Maintenance request history 
§  When the quality issue is related to facility breakdown, this system notifies problems to maintainer in near real-time 
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A prototype system for quality management	
q  If the quality fault can be solved via parameter adjustment 

§  Quality management application updates operation parameter value automatically  
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A prototype system for quality management	
q  Roll Operation Set-up page 

§  Key configuration settings 
§  Number of roll, roll thickness, roll speed, roll radius, and strip width, and so on 

§  Operation parameters 
§  Roll force, roll gap, roll speed comes out in cold rolling process  

§  Offering the adjustment function dynamically according to the cold roll condition	
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Conclusion	
q  Summary 

§  The necessity for Smart MES by pointing out lack of analysing and  
interpreting shop-floor data, and responding shop-floor situation 

§  Proposing an conceptual design of Smart-MES based on systems engineering 
§  Developing A pilot system for quality management in steel making area  

q  Limitations 
§  Using 1,941 data sets and SVM to find out cause of problem 
§  Depending on how much data you have 

q  Further Research 
§  In order to apply smart MES technology to real field, 

The pilot system needs to be elaborated more and more	


