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Abstract: There are several technics to model, control, predict or forecast nonlinear processes or where there is too much 
uncertainty. The Intelligent Systems have been used for this kind of processes. In the Intelligent Systems exists the 
methodology Fuzzy Logic System (FLS) which has been used intensively to model complex processes. Is recommendable to 
apply type-2 FLS in processes where there is too much uncertainty or nonlinearity. In this paper we analyzed and modeling a 
Gas Metal Arc Welding process applying an Interval type-2 FLS. Furthermore, in this paper, we established how to find the 
uncertainty intervals in the Membership Functions; this method was a hybrid approach between type-2 FLS and Genetic 
Algorithm. Hence this application can predict the performance of the welding process and the results indicate that the hybrid 
approach (type-2 FLS and Genetic Algorithm as complement) is a good alternative method to model and predict processes 
with uncertainty and nonlinear behavior.  
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1. Introduction 
 
The use of intelligent systems has increased over time because they have shown generate satisfactory results even 

when the uncertainty or lack of information is present in the process. In intelligent systems there are several tools to model, 
control, predict, forecast or optimize (Meziane et al., 2000). Among the Intelligent Systems are Fuzzy Logic (FL) and 
Genetic Algorithm (GA). In recent years, the use of intelligent systems with hybrid approach has intensified (Benyounis and 
Olabi, 2008).  

In modeling, FL has been recognized as a powerful tool that allows the use of combined information from different 
sources, which facilitates the development of models (Lin et al., 2008). In addition, the FL can be used when the data have 
imprecision. Nevertheless, to handle high level of uncertainty is necessary to apply higher order FL, i.e. Type-2 Fuzzy Logic 
(T2 FL). Then, T2 FLS are suited to deal with nonlinear processes or where high uncertainty and imprecision are present, 
such as the most real-world applications (Wagner and Hagras, 2010). Welding processes are been improved using different 
methodologies and approaches; however, “trial and error” procedure is a common practice (Tarng et al, 1999). Therefore is 
important to apply a methodology that improve, explain and model this kind of processes, such as FL and GA. 

The Type-2 Fuzzy Logic Systems (T2 FLS) are classified as: General Type-2 Fuzzy Logic Systems (GT2 FLS) and 
Interval Type-2 Fuzzy Logic Systems (IT2 FLS).These kinds of methodologies have been applied in different complex 
process e.g. among the T2 FLS applications in the industry; Mendez (2003) had been focused on the application of IT2 FLS 
for the modeling of the temperature in the hot rolling mill for steel sheets. Rong and Lahdelma (2008) applied a linear 
programming model with fuzzy constraints for optimizing the scrap charge to an electric furnace. FL has been applied in 
treatment in improving steel pot furnace units (Agapitov and Pokataeva, 2008). Chang and Low (2008) implemented FL to 
optimize a passive harmonic filter an electric furnace based on a neuro-genetic algorithm. Deo et al. (2005) compared 
strategies for the development of process control models in secondary metallurgy thread. Fazel et al. (2007) presented 
applications of GT2 FLS. Fazel et al. (2009) implemented an expert system based on fuzzy agents for steel making process. 
Fazel et al. (2012) proposed a type-2 fuzzy c-regression clustering algorithm in IT2 FLS applications in desulphurization 
steel process. Furthermore Dereli et al. (2011) published a review of the industrial applications of the fuzzy sets and FLS, the 
review covers from 1981 to 2009, which shows that there is a clear rising trend of publications concerning T2 FL. 

Wagner and Hagras (2010) mention that the IT2 FLS has higher efficiency than the Type-1 Fuzzy Logic System (T1 
FLS) because the Type-1 Fuzzy Sets (T1 FS) only offer limited scope for modeling uncertainty. On the other hand, one of the 
main challenges during the design of any fuzzy based system is the specification of membership functions and their specific 
parameters, which affect the performance of FLS (Wagner and Hagras, 2010). All FLS require precise specifications of the 
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