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  Abstract 

This review paper of fuzzy classifiers with improved interpretability and accuracy pa-
rameter discussed the most fundamental aspect of very effective and powerful tools in 
form of probabilistic reasoning, The fuzzy logic concept allows the effective realization 
of approximate, vague, uncertain, dynamic, and more realistic conditions, which is 
closer to the actual physical world and human thinking. The fuzzy theory has the com-
petency to catch the lack of preciseness of linguistic terms in a speech of natural lan-
guage. The fuzzy theory provides a more significant competency to model humans like 
common-sense reasoning and conclusion making to fuzzy set and rules as good mem-
bership function. Also, in this paper reviews discussed the evaluation of the fuzzy set, 
type-1, type-2, and interval type-2 fuzzy system from traditional Boolean crisp set logic 
along with interpretability and accuracy issues in the fuzzy system. 
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1. Introduction   

Making a machine or system with human intelligence that can have decision-making capabilities to justify and take actions that 

have the good possibility of achieving a specific goal and simulation of human intelligence in machines is quite complex. The 

crucial problem throughout the development of knowledge-based systems is the representation and manipulation of human 

knowledge due to its subjective nature [1][2][4]. The System that executes primary functions or recognizes texts through optical 

character recognition is no longer well-advised to represent artificial intelligence since this function is now conventional as a 
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deep-rooted computer function. Previously Bivalent logic was used to represent the knowledge in artificial intelligence appli-

cations that has only two states, True (T) and False (F). But this logic is not sufficient to represent the imprecision, uncertainty, 

and subjectivity of human knowledge. To overcome with the above problem, fuzzy logic is used to represent human knowledge 

having a strong mathematical framework [2][3]. 

  Traditional logic also called Crisp logic mainly uses three operations “AND, OR and NOT” and after functional completion 

that returns only 0 and 1. Similarly, Crisp set theory assigns objects to set as membership or non-membership in a class or 

group. That’s why it has strict mathematical boundaries. So that it is not to be intelligent as a machine that can behave similarly 

to human behavior. For example, if set to a function that has provision to consider that above the 90 degree Fahrenheit is hot 

the in crisp functional set return 89 is warm and 91 is hot. But in fuzzy logic same the three operations “AND, OR and NOT” 

return a degree of membership that is a number of the result between 0 and 1 [3][4]. This traditional approach is incapable to 

deal with this problem which was previously used in developing traditional artificial intelligence applications.  

  To prevail over the above problem, fuzzy logic is used to characterize human knowledge having a strong approach based on 

linguistics, computer science, mathematics, psychology, and more [5][7][16]. Interpretability and accuracy are the performance 

parameters of FRBS (Fuzzy Knowledge-Based Systems). They clearly expressed interpretability as the property of fuzzy systems 

that quantifies the comprehensibility of the system functioning by their users [16][17]. This is an overall subjective feature and 

its assessment is very complicated. Accuracy is another feature that shows the adjacency between the actual and modeled 

system. Its assessment is easy and mathematically well formulated which shows the performance of the system. The primary 

objective of this review is with some of the trendy proposals to attempt to address a good level between accuracy and inter-

pretability. The fuzzy Model community looks to increase and maintain a good balance between interpretability and accuracy 

fuzzy models [18]. 

  The review is enrolling as follows in section 2 define accuracy and interpretability. A fuzzy model analyzes the improvement 

of interpretability and accuracy and trying to find a good trade-off between them. In section 3, defines and introduces the type 

of fuzzy logic-based system. In section 4 points out the Outcomes of the Review and Research directions. And section 5 points 

out the same conclusions [18][21]. 

2. Interpretability and accuracy of fuzzy systems 

2.1. Interpretability 

Interpretability talks about the proficiency of the fuzzy model to explain the behavior of the system understandably. Interpret-

ability is the non-objective property depending on the following properties:  

i. Model Structure  

ii. Number of input variables  

iii. Number of fuzzy rules  

iv. Number of linguistic terms 

v. Shapes of fuzzy sets  

Several criteria are  

i. Compactness,  

ii. Completeness 

iii. Consistency 

iv. Transparency 
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2.2. Accuracy 

Accuracy talks about the proficiency of the fuzzy model to faithfully represent the modeled systems. The nearer the model to 

the system, the higher is its accuracy points. By closeness, we understand the sameness between the responses of the real 

system and the fuzzy model. To obtain a high degree of accuracy and interpretability is a contradictory thing. Fuzzy Modeling 

is divided into two sub-areas [14][19]. 

  When building a predictive model, focus on two main criteria i.e. predictive accuracy and interpretability, and between them 

generally find a trade-off relationship. There are 4 cases in the situation for Good Trade Off [14][16]. 

CASE 1: Magnificent Interpretability and Acceptable Accuracy  

CASE 2: Great Interpretability and Great Accuracy 

CASE 3: Acceptable Interpretability and Very Great Accuracy  

CASE 4: Bad Interpretability and Excellent Accuracy  

  In general, when building a predictive model using techniques of fuzzy modeling that are oriented to obtaining rule-based 

systems, there are two important criteria: predictive accuracy and interpretability were with high accuracy but rarely inter-

pretable in concurrence with the fuzzy logic principles. Both concepts conflict and it is essential to achieve a good trade-off 

between the two factors. Interpretability and accuracy are the performance parameters of FRBS. They defined interpretability 

as the property of fuzzy systems that quantifies the intelligibility of the system functioning by its users [18]. This is an overall 

subjective feature and its assessment is very complicated. Accuracy is another feature that shows the closeness between the 

real and modeled system. Its assessment is easy and mathematically well formulated which shows the performance of the 

system. 

 

 

 

 

 

 

3. Fuzzy systems and related system development 

3.1. Fuzzy Logic 

Fuzzy logic is the multi-valued logic that is first introduced in 1965 by Lotfi Zadeh. This logic provides a practical means to 

represent the approximate and vague knowledge. The knowledge-based systems developed using fuzzy logic is called Fuzzy 

Knowledge-Based Systems (FKBS). [4] Further improvements with FKBS have been carrying out in the theoretical frame-

work of fuzzy logic. To make it more proficient to deals with unclearness. Improve systems are known as type -2 fuzzy logic. 

[17] Type-2 fuzzy logic ware used to develop a knowledge-based model. But the problem with type-2 fuzzy logic is its 

computational cost is very expensive, resulting in the loss of system performance and interpretability. [16] Mendel has 

proposed an improved version of type-2 fuzzy logic named ‘interval type-2 fuzzy logic’. To remove the drawback of type-2 

fuzzy knowledge-based, Interval type-2 fuzzy knowledge-based logic, the membership degree is represented by an interval 

Fig.1 Improvements in Interpretability-Accuracy Trade-offs in Fuzzy Modeling [14] 
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as an alternative of a fuzzy set. [19] Interval type-2 fuzzy knowledge-based reduces the computational expensiveness. In 

this research work, interval type-2 fuzzy logic has been using for modeling knowledge-based systems. 

3.1.1. Type-1 fuzzy logic systems 

Type-1 fuzzy logic system or Fuzzy set membership function has certain values that lie between 0 and 1. That means in type-1 

fuzzy set experts can determine the degree of achieving the characteristics of the given object. In type-1 fuzzy set consequents 

of rules can be uncertain, a group of experts may not agree with the consequents. Measurements that activate a type-1 Fuzzy 

logic system may be noisy and therefore uncertain. Type-1 fuzzy sets are not able to directly model such uncertainties because 

their membership functions are crisp. if experts have 3 different red balls. The first is red by 65%, the second is red 74%, and 

the third is red 90%. 

There are three kinds of Fuzzy Knowledge-Based Systems (FKBS)  

a. Linguistic or Mamdani Fuzzy Knowledge-Based System (FKBS). 

b. Takagi-Sugeno (TS) Fuzzy Knowledge-Based Systems (FKBS). 

c. Approximate or scatter partition Fuzzy Knowledge-Based Systems (FKBS) 

3.1.2. Equations 

In Type -2 Fuzzy set, the Expert can't determine exactly the degree of achieving the characteristics. For example, if an expert 

has 3 different red balls. The first is red by 75%-80%, the second is red 85%-90%, and the third is red 95%-100%. So it presents 

an interval fuzzy set. Type-2 fuzzy sets are the sets and systems that can handle more uncertainty. There was some criticism 

made at the beginning of fuzzy sets, about the fact that the type-1 fuzzy set has no uncertainty associated with membership 

function, and this contradicts the definition of word fuzzy and is their uncertainty about the value of the membership function 

Prof. L. A. Zadeh inventor of fuzzy sets didn't stop with type-2 fuzzy sets; he also generalized all of this to type-n fuzzy sets. 

The present article focuses on the next step fuzzy sets in the logical progression i.e. on type-2 fuzzy sets he also introduced 

more fuzzy sets in the logical progression from type-1 to type-n fuzzy sets, where n = 1, 2. 

3.1.2. Interval Type-2 Fuzzy Systems 

The acceptance of Type-2 fuzzy sets is very broad in Rule-Based Fuzzy Systems (RBFSs) because they handled uncertainties be 

modeled by them while such uncertainties cannot be handled by type-1 fuzzy sets. This type of Fuzzy System is used in fuzzy 

logic control, fuzzy logic signal processing, and rule-based classification, etc. 

3.2. Related work 

In this section, we review the work concerned with fuzzy systems which have been explained into three steps.  

1.  Theories and discussion about accuracy & interpretability, fuzzy set, type -1, type-2 fuzzy system and interval type-2 

fuzzy system. 

2. Reviews the new systems developed using interval type-2 fuzzy sets and logic. 

3. The interpretability and accuracy issues about fuzzy systems 

  In 1965, Prof. L. A. Zadeh, generally known as the father of fuzzy logic introduced a new mathematical mechanism to repre-

sent human knowledge, coined the name of fuzzy logic. Fuzzy logic is the multi-valued logic. This logic provides a practical 

means to represents the approximate and vague knowledge. The knowledge-based systems developed using fuzzy logic are 

called Fuzzy Knowledge-Based Systems (FRBS).[1] 

In the early 1990s, the work in the area of EMOFS was oriented towards the development of accurate fuzzy systems, with less 

concentration on interpretability. However, in the late 1990s, interpretability became an important issue along with accuracy. 

Table 1 summarizes most of the work on the issues discussed above in the decade after 2010. 
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Table 1. Fuzzy logic related work after 2010. 

 

Approaches developed Focus References 

Conflating features of Fuzzy knowledge-based 
system during its design and development.  

Accuracy and Interpretability trade-off [1][2][3][4] 

Use of multi-dimensional fuzzy membership 
function.   

 Accuracy and Scalability Improve-
ment 

[5][6][7] 

Scalability and hierarchical fuzzy system Accuracy and Scalability Improvement [8][9][11] 

A qualified study of type-2 fuzzy logic systems. Efficiency and performance of fuzzy 
system. 

[3][12][13][14][15][16][
17][18] 

Use of GA to tune the interval type-2 fuzzy 
knowledge-based systems. 

Control based efficiency and perfor-
mance of fuzzy system. 

[5][14][15][19][20][21][
22][28][29] 

 

  Further improvements have been carried out in the theoretical framework of the fuzzy logic making it more capable to deal 

with uncertainty and are known as ‘type-2 fuzzy logic’. The type-2 fuzzy logic has also been used to develop knowledge-based 

systems, but this logic is computationally very expensive resulting in the loss of system performance and interpretability. 

  To remove this drawback, Liang and Mendel introduced the concepts of upper and lower bound for the interval type-2 fuzzy 

system are in along with an effective method of inference mechanism for Gaussian fuzzy membership functions. Their mem-

bership degree is represented by an interval in place of a fuzzy set. [65]  

The fundamental development and theoretical progress in interval type-2 fuzzy systems and type-2 fuzzy systems are discussed 

by Mendel [66]. In the interval type-2 fuzzy sets, the computation of centroids is an important operation that is a very time-

consuming task. To deal with this problem, KM iterative algorithm is used to execute this operation in Mendel. Further, it has 

been proved that this algorithm converges monotonically and fast super-exponentially [66]. A new mechanism for centroids 

type-reduction strategy is introduced [66], especially for type-2 fuzzy sets. This mechanism uses a α-plane representation and 

centroids type reduction is performed on each α-plane. The computational complexity is improved from exponential to linear 

using this approach. 

3.3. Type- 2 Fuzzy logic-based system overview and their applications 

A summary discussion about the most contemporary and successful research applications of type-2 fuzzy logic is provided in 

this section. The design of type-2 fuzzy logic systems has been mainly focused on handling the uncertainty in the information 

in an attempt to improve the performance of the system for the particular application it was built for. It has been shown that 

a type-2 fuzzy logic outperforms a type-1 in various ways; however, the construction of the type-2 fuzzy rules is the same as 

for the type-1 cases. [67]. 

  In 2010, Hosseini et al. recommended a genetic type-2 fuzzy logic system for pattern recognition in CAD systems. Their 

approach was accommodating in tuning and generating T2 Gaussian membership function (Type -2 GMF). Type -2 GMF param-

eters showing how the intervals type-2 fuzzy logic system (IT2FLS) methodologies based on the Mamdani rules model handles 

problems in pattern recognition [13]. 

  A new model was given by Chin Wang Lou, Ming Chui Dong in 2012. In their approach [36] they used type-2 Fuzzy sets to 

form a fuzzy neural network, which was self-adapting and self-developing in nature. The model proved to be accurate and 
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significant in comparison to other methods proposed in existing works for load forecasting. In 2010, Melin proposed the appli-

cation of interval type-2 FL for pattern recognition and processing of images [13][18]. 

  In 2012, a new model was given by Chin Wang Lou, Ming Chui Dong.[36] In their approach, they used type-2 Fuzzy sets to 

form a fuzzy neural network (FNN), which was self-adapting and self-developing in nature. The model proved to be accurate 

and significant in comparison to other methods proposed in existing works for load forecasting. Melin proposed the application 

of interval type-2 FL for the processing of images and pattern recognition [18]. 

3.4. Interpretability issues and interpretability-accuracy trade-off 

“Unfortunately, the predictive models that are most powerful are usually the least interpretable” [61]. 

When building a predictive model, focus on two important criteria, that is predictive accuracy and Interpretability, and between 

them generally find a trade-off relationship Interpretability. [36] And accuracy are two promising features of any fuzzy system. 

Interpretability demonstrates the proficiency of a human being to understand the functioning of any fuzzy system by inspecting 

its rule base and database [20]. Shukla and Tripathi discussed the interpretability and accuracy contradicting each other, i.e., 

the increment in one feature leads to the deterioration in another feature. This situation is also called interpretability accuracy 

trade-off [16].  

Fuzzy systems are extremely applicable in many applications in the context of smart cities. The interaction between intelli-

gent systems and people results into the development of cognitive cities. In the case of cognitive cities, the interpretable fuzzy 

systems are extremely utilized [12]. The review on interpretability and accuracy trade-off is carried out by Shukla and Tripathi 

[14][15]. They discussed interpretability issues in evolutionary multi-objective fuzzy systems and the uncertainty handling issue 

in FRBS.  

In evolutionary fuzzy systems, the interpretability accuracy trade-off is well discussed in the case of software deliverables by 

Shukla and Tripathi [19]. In Chandra et al., one FRBS named MOBI-CLASS is designed and implemented using Guaje Open Access 

Software [9][14][19]. A modified deep rule-based fuzzy model (DRBFS) has been developed in Davoodi and Moradi, which 

consists of the integration of static and temporal information of variables. The proposed system interpretability is preserved 

by using a stacked structure in DRBFS [40]. 

4. Outcomes of the Review and Research directions 

The fuzzy Logic approach withdraws from the rigid limitations of Boolean Logic and allows extraordinary flexibility. Fuzzy logic 

and Fuzzy sets are very strong tools for managing complexities. Their use encourages to built relation between mathematical 

models and the associated physical reality.  Interval type-2 fuzzy systems have shown the benefits of type-2 fuzzy, basically 

extended from the concepts of traditional type-1 systems with reduced computational cost and complexity. These systems are 

extremely applicable in control systems, optimization problems, machine learning, and other hybrid computational intelligence 

techniques. Interval type-2 fuzzy system reduced the cost of computation as compared to the fuzzy type-2 fuzzy system. For 

the Control system, optimization system, machine learning, and other hybrid computational intelligence technique there is 

Interval fuzzy system is extremely well suited. 

  Following are the challenging research issues in type-2 fuzzy systems. 

a. Improving the computational performance 

b. Improvement in the understanding and representation of uncertainty. 

c. Development of more effective type reducing techniques 

d. Quantification and formulation of interpretability and identification of its global Definition. 

e. Invention of new opportunities for the integration of evolutionary approaches. 

f. Integration of scaling parameters, i.e., linguistic hedges and linguistic modifiers. 
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g. Development of techniques for interpretable explanations for fuzzy reasoning, inference mechanism and quantifi-

cation of explanation ability. 

  The chart given in Figure-2 is showing the publications statistics. In this work, publications of three domains are studied and 

analyzed, i.e., type-1 fuzzy systems, interval type-2 fuzzy systems, and evolutionary interval type-2 fuzzy systems. 

 

 
Figure 1. Publications statistics of different domains 

5. Conclusion and future scope 

It is concluded after the review that type-2 fuzzy systems are more realistic than the simple type-1 fuzzy systems, but the 

interpretability of the system is compromised. To establish more accurate systems with better Interpretability fuzzy systems, 

interval type-2 fuzzy systems are found suitable which provide a well-defined mechanism to represent the degree of uncer-

tainty with low time complexity. But still there is a big scope to improve and define uncertainty. Also, Interpretability- accuracy 

tradeoff is another important research dimension in all types of fuzzy systems their problem needs to be addressed. In the 

future, authors are interested to develop a new mechanism for improvement in the representation of vagueness and uncer-

tainty with interpretability quantification and handling interpretability-accuracy trade-off.   

 

References 

[1]. L.A. Zadah, “Fuzzy sets”, Information and Control, vol. 8, No. 3, pp.338–353,1956.  

[2]. J. F. Baldwin, “A new approach to approximate reasoning using a fuzzy logic,” Fuzzy Sets and Systems, vol. 2, no. 4, pp. 309–325, 1979. 

[3]. J. F. Baldwin and N. C. F. Guild, “Feasible algorithms for approximate reasoning using fuzzy logic,” Fuzzy Sets and Systems, vol. 3, no. 3, 
pp. 225–251, 1980. 

[4]. R. Czabański, J. Jeżewski, K. Horoba, and M. Jeżewski, “Fetal state assessment using fuzzy analysis of fetal heart rate signals—
Agreement with the neonatal outcome,” Biocybern. Biomed. Eng., vol. 33, no. 3, pp. 145–155, 2013. 

[5]. E.Czogala, J.Leski,”Fuzzy and Neuro-Fuzzy Intelligent Systems”. Physica-Verlag, SpringerComp., Heidelberg vol.47,2000. 

[6]. E. Czogał a and J. Łęski, “On equivalence of approximate reasoning results using different interpretations of fuzzy if–then rules,” Fuzzy 
Sets and Systems, vol. 117, no. 2, pp. 279–296, 2001. 

[7]. W. T. Dobrosielski, J. Szczepański, and H. Zarzycki, “A proposal for a method of defuzzification based on the golden ratio—GR,” 
in Advances in Intelligent Systems and Computing, Cham: Springer International Publishing, vol. 401,pp. 75–84,2016,  

[8]. D.Dubois, & H.Prade,” Fuzzy sets in approximate reasoning - part 1: inference with possibilitydistributions”  Fuzzy Sets Syst.vol. 40,pp. 
143–202, 1991. 

[9]. D. Dubois and H. Prade, “What are fuzzy rules and how to use them,” Fuzzy Sets and Systems, vol. 84, no. 2, pp. 169–185, 1996. 

[10]. J. C. Fodor, “On fuzzy implication operators,” Fuzzy Sets and Systems, vol. 42, no. 3, pp. 293–300, 1991. 



Author, Author 

 

 

ISSN (Online) : 2582-7006   
International Conference on Artificial Intelligence (ICAI-
2021)                                                           

8 
Journal of Informatics Electrical and Electronics 

Engineering (JIEEE) 
A2Z Journals 

 

 

[11]. M.M.Ahmad, and N.A.M.Isa, “Knowledge base to fuzzy information granule: a review from the interpretability-accuracy perspective”, 
Applied Soft Computing, vol. 2017, pp.121–140 ,2017.  

[12]. J.M.Alonso, and L.Magdalena,“An experimental study on the interpretability of fuzzy systems”, in Proceedings of International Fuzzy 
Systems Association World Congress andEuropean Society of Fuzzy Logic and Technology Conference (IFSA-EUSFLAT), pp.125–130 ,July 
2009.  

[13]. R. Hosseini, J. Dehmeshki, S. Barman, et al., "A Genetic type-2 fuzzy logic system for pattern recognition in computer aided detection 
systems," International Conference on Fuzzy Systems, Barcelona, Spain, pp. 1-7, 2010. 

[14]. P. K. Shukla and S. P. Tripathi, "A Survey on Interpretability-Accuracy (I-A) Trade-Off in Evolutionary Fuzzy Systems," Fifth International 
Conference on Genetic and Evolutionary Computing, pp. 97-101,2011.  

[15]. J. C. Bansal, P. K. Singh, K. Deep, et al., Proceedings of seventh international conference on bio-inspired computing: Theories and 
applications (BIC-TA ). India: Springer India, 2013. 

[16]. P. K. Shukla and S. P. Tripathi, "On the Design of Interpretable Evolutionary Fuzzy Systems (I-EFS) with Improved Accuracy," 
International Conference on Computing Sciences, pp.11-14, 2012. 

[17]. P. K. Shukla and S. P. Tripathi,"A review on the interpretability-accuracy trade-off in evolutionary multi-objective fuzzy systems 
(EMOFS)."Information vol.3,no.3 ,pp.256-277,2012. 

[18]. P. K. Shukla and S. P. Tripathi, "A new approach for tuning interval type-2 fuzzy knowledge bases using genetic algorithms." Journal of 
Uncertainty Analysis and Applications vol.2,no.1 ,pp.1-15,2014.  

[19]. P. K. Shukla and S. P. Tripathi, "Interpretability and accuracy issues in evolutionary multi-objective fuzzy classifiers." International 
Journal of Soft Computing and Networking vol.1,no.1, pp.55-69,2016.  

[20]. P. K. Shukla, S. P. Tripathi, M.Darbari, et al. "A survey of fuzzy techniques in object-oriented data-bases." International Journal of 
Scientific and Engineering Research vol.2, no.11 ,pp.1-11,2011. 

[21]. P. K. Shukla and S. P. Tripathi, " Uncertainty handling using fuzzy logic in rule based systems,“International Journal of Advanced Science 
and Technology,vol 45 pp. 31-46,2012. 

[22]. P. K. Shukla and S. P. Tripathi, “A review on the Interpretability-Accuracy Trade-off in Evolutionary Multi-objective fuzzy systems 
(EMOFS),” Information (Basel), vol. 3, no. 3, pp. 256–277, 2012.  

[23]. J. Casillas, O. Cordón, F. Herrera, et al.., Interpretability Issues in Fuzzy Modeling. Berlin, Heidelberg: Springer Berlin Heidelberg, 2003. 

[24]. O. Castillo and P. Melin, “A review on the design and optimization of interval type-2 fuzzy controllers,” Appl. Soft Comput., vol. 12, no. 
4, pp. 1267–1278, 2012. 

[25]. O. Castillo and P. Melin, “A review on the design and optimization of interval type-2 fuzzy controllers”, Applied Soft Computing, vol. 
12, no. 4, pp.1267–1278,2012. 

[26]. Shukla, Praveen Kumar.” Development of Fuzzy Knowledge-Based System for Water Quality Assessment in River Ganga." Soft 
Computing for Problem Solving. Springer, Singapore, 2020. 17-26.  

[27]. M.Topaloghu,F. Yarkin, and T.Kaya, “Solid waste collection system selection for smart cities based on a type-2 fuzzy multi criteria 
decision technique", Soft Computing, vol. 22, No. 15, pp.4879–4890,2018. 

[28]. S.Tahilyani, M. Darbari, and P. K.Shukla, "Soft computing ap-proaches in traffic control systems: a review." Aasri Procedia vol.4 ,pp.206-
211, 2013. 

[29]. S.Tahilyani, M. Darbari, and P. K.Shukla, "A new genetic algorithm based lane-by-pass approach for smooth traffic flow on road 
networks." International Journal of Advanced Research in Artificial Intelligence, vol.1, no.3, pp.32-36, 2012. 

[30]. A. Tiwari, V. K. Singh, and P. K. Shukla, “Mobile handset selection using evolutionary multi-objective optimization considering the cost 
and quality parameters,” in Communications in Computer and Information Science, Singapore: Springer Singapore, , pp. 259–268,2018. 

[31]. A. Kaur and P. K. Shukla, "A review on evolutionary multiobjective optimization for routing problem of computer networks," Confluence 
, The Next Generation Information Technology Summit (4th International Conference), pp. 290-296,2013. 

[32]. G.K.Shankhdhar,V K Singh and M Darbari, “Legal Semantic Web- A Recommendation System, “ International Journal of Applied 
Information Systems ,vol.7, no.3, pp.21-27, May 2014 . 

[33]. P. Chandra, D. Agarwal, and P. K. Shukla, “MOBI-CLASS: A fuzzy knowledge-based system for mobile handset classification,” in Advances 
in Intelligent Systems and Computing, Singapore: Springer Singapore, , pp. 979–987,2019. 

[34]. J. R. Castro, O. Castillo and P. Melin, "An Interval Type-2 Fuzzy Logic Toolbox for Control Applications,"  IEEE International Fuzzy 
Systems Conference, pp. 1-6 ,2007. 

[35]. J. R. Castro, O. Castillo, P. Melin,et al., “A hybrid learning algorithm for a class of interval type-2 fuzzy neural networks,” Inf. Sci. (Ny), 
vol. 179, no. 13, pp. 2175–2193, 2009.  

[36]. C. W. Lou and M. C. Dong, “A novel random fuzzy neural networks for tackling uncertainties of electric load forecasting,” Int. j. electr. 
power energy syst., vol. 73, pp. 34-44, 2015. 

[37]. T.Chen, C. Shang, P.Su, et al., “Induction of accurate and interpretable fuzzy rules from preliminary crisp representation”, Knowledge 
Based System, vol. 146, pp.152–166, 2018. 

[38]. R. Davoodi and M. H. Moradi, “Mortality prediction in intensive care units (ICUs) using a deep rule-based fuzzy classifier,” J. Biomed. 
Inform., vol. 79, pp. 48–59, 2018.  

[39]. M. E.Bardini and A. M. E.Nagar, “Interval type-2 fuzzy PID controller for uncertain nonlinear inverted pendulum system,” ISA Trans., 
vol. 53, no. 3, pp. 732–743, 2014. 

[40]. C. Fuchs, A. Wilbik and U. Kaymak, "Towards More Specific Estimation of Membership Functions for Data-Driven Fuzzy Inference 
Systems," IEEE International Conference on Fuzzy Systems (FUZZ-IEEE), pp. 1-8, 2018.  



Author, Author 
 

 

ISSN (Online) : 2582-7006       
International Conference on Artificial Intelligence (ICAI-
2021)                                                          

9 
Journal of Informatics Electrical and Electronics 

Engineering (JIEEE) 
A2Z Journals  

 

 

[41]. Y. Gao, F. Xiao, J. Liu et al., "Distributed Soft Fault Detection for Interval Type-2 Fuzzy-Model-Based Stochastic Systems With Wireless 
Sensor Networks," in IEEE Transactions on Industrial Informatics, vol. 15, no. 1, pp. 334-347, Jan. 2019.  

[42]. M. B. Gorzałczany and F. Rudziński, "ECG Time Series Classification via Genetic-Fuzzy Approach Based on Accuracy-Interpretability 
Trade-Off Optimization," IEEE International Conference on Fuzzy Systems (FUZZ-IEEE), pp. 1-8, 2018,. 

[43]. J. Huang, M. Ri, D. S. Ri,et al., "Interval Type-2 Fuzzy Logic Modeling and Control of a Mobile Two-Wheeled Inverted Pendulum," in IEEE 
Transactions on Fuzzy Systems, vol. 26, no. 4, pp. 2030-2038, Aug 2018.  

[44]. Y. Jarraya, S. Bouaziz, H. Hagras, et al., “A multi-agent architecture for the design of hierarchical interval type-2 beta fuzzy system,” IEEE 
Trans. Fuzzy Syst., vol. 27, no. 6, pp. 1174–1188, 2019.  

[45]. N.N.Karnik, and J.M.Mendel, “Centroid of type-2 fuzzy set”, Information Sciences, vol. 132, no.1, pp.195–220  2001. 

[46]. K. Łapa, K. Cpałka, and L. Rutkowski, “New aspects of interpretability of fuzzy systems for nonlinear modeling,” in Advances in Data 
Analysis with Computational Intelligence Methods, Cham: Springer International Publishing, vol.738,pp. 225–264,2018  

[47]. F.Olivas, F.Valdez, O.Castillo, et al., “Ant colony optimization with dynamic parameter adaptation based on interval type-2 fuzzy logic 
systems”, Applied Soft Computing, April, vol. 53, pp.74–87,2017.  

[48]. J.Perez, F.Valdez, O. Castillo, et al., “Interval type-2 fuzzy logic for dynamic parameter adaptation in the Bat algorithm”, Soft Computing, 
vol. 21, no. 3, pp.667–685,2017. 

[49]. M.Pota, M.Esposito, and G.D. Pietro, “Likelihood-fuzzy analysis: from data, through statistics, to interpretable fuzzy classifiers”, 
International Journal of Approximate Reasoning, vol. 93, pp.88–102 ,2018.  

[50]. S,Rajab, and V.Sharma, “An interpretable neuro fuzzy approach to stock price forecasting”, Soft Computing, vol. 28, pp.1–16, 2017. 

[51]. T. R. Razak, J. M. Garibaldi, C. Wagner, et al., "Interpretability and Complexity of Design in the Creation of Fuzzy Logic Systems — A 
User Study," 2018 IEEE Symposium Series on Computational Intelligence (SSCI), pp. 420-426, 2018. 

[52]. M. I. Rey, M. Galende, M. J. Fuente, et al., “Multi-objective based Fuzzy Rule Based Systems (FRBSs) for trade-off improvement in 
accuracy and interpretability: A rule relevance point of view,” Knowl. Based Syst., vol. 127, pp. 67–84, 2017.  

[53]. M. Ricatto, M. Barsacchi, and A. Bechini, “Interpretable CNV-based tumour classification using fuzzy rule based classifiers,” 
in Proceedings of the 33rd Annual ACM Symposium on Applied Computing, pp.54–59, 2018.  

[54]. H. Roubos and M. Setnes, "Compact and transparent fuzzy models and classifiers through iterative complexity reduction," in IEEE 
Transactions on Fuzzy Systems, vol. 9, no. 4, pp. 516-524, Aug. 2001 . 

[55]. Shalaginov,& Andrii. "Fuzzy logic model for digital forensics: A trade-off between accuracy, complexity and interpretability." IJCAI 
International Joint Conference on Artificial Intelligence, pp.5207–5208,2017.  

[56]. P. A. Herman, G. Prasad and T. M. M. Ginnity, "Designing an Interval Type-2 Fuzzy Logic System for Handling Uncertainty Effects in 
Brain–Computer Interface Classification of Motor Imagery Induced EEG Patterns," in IEEE Transactions on Fuzzy Systems, vol. 25, no. 
1, pp. 29-42, Feb. 2017. 

[57]. D. Yagyasen, M. Darbari, P. K. Shukla, et al., “Diversity and convergence issues in evolutionary multiobjective optimization: Application 
to agriculture science,” IERI Procedia, vol. 5, pp. 81–86, 2013. 

[58]. R. Asthana, N. J.Ahuja, M.Darbari, et al., "A critical review on the development of urban traffic models & control systems," Int. J. Sci. 
Eng. Res vol.3.no.1,pp.1-6,2012. 

[59]. S. R. M. M. Roveda, A. P. M. Bondança, J. G. S. Silva,et al., "Development of a water quality index using a fuzzy logic: A case study for 
the Sorocaba river," International Conference on Fuzzy Systems, pp. 1-5 ,2010,. 

[60]. D. Scannapieco, V. Naddeo, T. Zarra, et al., “River water quality assessment: A comparison of binary- and fuzzy logic-based 
approaches,” Ecol. Eng., vol. 47, pp. 132–140, 2012. 

[61]. L. M. Fleuren,Klaush,T.L.T,Zwgaer et al., “Machine learning for the prediction of sepsis: a systematic review and meta-analysis of 
diagnostic test accuracy,” Intensive Care Med., vol. 46, no. 3, pp. 383–400, 2020. 

[62]. Qilian Liang and J. M. Mendel, "Interval type-2 fuzzy logic systems: theory and design," in IEEE Transactions on Fuzzy Systems, vol. 8, 
no. 5, pp. 535-550, Oct. 2000. 

[63].  J. M. Mendel and F. Liu, "Super-Exponential Convergence of the Karnik–Mendel Algorithms for Computing the Centroid of an Interval 
Type-2 Fuzzy Set," in IEEE Transactions on Fuzzy Systems, vol. 15, no. 2, pp. 309-320, April 2007. 

[64]. J. M. Mendel and F. Liu, "Super-Exponential Convergence of the Karnik–Mendel Algorithms for Computing the Centroid of an Interval 
Type-2 Fuzzy Set," in IEEE Transactions on Fuzzy Systems, vol. 15, no. 2, pp. 309-320, April 2007. 

[65]. T. Rutkowski, J. Romanowski, P. Woldan, et al., “Towards interpretability of the movie recommender based on a neuro-fuzzy 
approach,” in Artificial Intelligence and Soft Computing, Cham: Springer International Publishing, pp. 752–762, 2018,  

[66]. B. Wu, T. L. Yip, X. Yan, et al., “Fuzzy logic based approach for ship-bridge collision alert system,” Ocean Eng., vol. 187, no. 106152, 
2019. 

[67]. S. Kambalimath and P. C. Deka, “A basic review of fuzzy logic applications in hydrology and water resources,” Appl. Water Sci., vol. 10, 
no. 8, 2020. 

 


