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                    Abstract
Die-casting is a popular manufacturing process that produces precise metal parts with excellent dimensional accuracy and smooth cast surfaces. Recently die-casting process condition data can be acquired to be used as input for machine learning techniques for fault detection. The rapid development of complex and accurate machine learning algorithms, such as tree ensembles and deep learning, allows the accurate detection of faulty products. However, interpreting and explaining black-box models is crucial in the die-casting industry because the predictions provided by the machine learning solution can be adopted in practice only after understanding the internal decision mechanism of the model. To solve this problem, rule extraction methods generate simple rule-based predictive models from complex tree ensembles. Nevertheless, rulesets may contain numerous complex rules with redundant conditions, and the standard structure of rulesets does not clearly show the hierarchical relationships and frequent interactions among their elements. For this reason, in this study, a visualization tool based on formal concept analysis, called RuleLat (Rule Lattice), is proposed, which generates simple visual representations of rule-based classifiers. The generated models depict the hierarchical relationships of interactions among conditions, rules, and predicted classes in a modified concept lattice that is easy to analyze and understand. To demonstrate the applicability of the proposed method, a case study using real-world manufacturing data collected from a die-casting company in Korea is presented. RuleLat is adopted as a tool for interpretable machine learning, and the process conditions of three types of defects (porosity, material, and imprint) are analyzed and discussed.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        On machine learning and visual analysis for quality prediction of film metallization process
                                        
                                    

                                    
                                        Article
                                        
                                         23 November 2022
                                    

                                

                                Thiago M. R. Bastos, Luiz Stragevitch & Cleber Zanchettin

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Industry 4.0 Foundry Data Management and Supervised Machine Learning in Low-Pressure Die Casting Quality Improvement
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 March 2022
                                    

                                

                                Tekin Ç. Uyan, Kevin Otto, … Elvan Armakan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Quality Control of Die Castings by Machine Vision: A Case Study Exploiting Classic and Machine Learning Techniques
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2023
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    Abbreviations
	CL:
	
                      Control limit

                    
	FCA:
	
                      Formal concept analysis

                    
	LCL:
	
                      Lower control limit

                    
	LGBM:
	
                      Light gradient boosting machine

                    
	RF:
	
                      Random forest

                    
	SMOTE:
	
                      Synthetic minority oversampling technique

                    
	UCL:
	
                      Upper control limit

                    
	XAI:
	
                      EXplainable artificial intelligence

                    
	XGB:
	
                      EXtreme gradient boosting

                    
	
                                 \(\mathcal{R}\)
                              :
	
                      Rule-based classifier

                    
	
                                 \({\mathbb{R}}\)
                              :
	
                      Rule context

                    
	
                                 \({\mathbb{B}}\)
                              :
	
                      Set of all rule concepts

                    
	
                                 \({\mathbb{G}}\)
                              :
	
                      Rule lattice
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