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Abstract.  Data mining with a multitude of methodolo-
gies is a good basis for the integration of intelligent 
systems.  Small, specialised systems have a large num-
ber of feasible solutions, but developing truly adaptive, 
and still understandable, systems for highly complex 
systems require domain expertise and more compact 
approaches at the basic level. This paper focuses on the 
integration of methodologies in the smart adaptive 
applications. Statistical methods and arti cial neural 
networks form a good basis for the data-driven analysis 
of interactions and fuzzy logic introduces solutions for 
knowledge-based understanding the system behaviour 
and the meaning of variable levels. 
Efficient normalisation, scaling and decomposition 
approaches are the key methodologies in developing 
large-scale applications. Linguistic equation (LE) ap-
proach originating from fuzzy logic is an efficient tech-
nique for these problems.  
The nonlinear scaling methodology based on advanced 
statistical analysis is the corner stone in representing 
the variable meanings in a compact way to introduce 
intelligent indices for control and diagnostics. The new 
constraint handling together with generalised norms 
and moments facilitates recursive parameter estima-
tion approaches for the adaptive scaling.  
Well-known linear methodologies are used for the 
steady state, dynamic and case-based modelling in 
connection with the cascade and interactive structures 
in building complex large scale applications. To achieve 
insight and robustness the parameters are de ned 
separately for the scaling and the interactions. 

Introduction
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1 Steady-State Modelling 

multiple input, multiple output 
MIMO

response surface methodology RSM
multiple input, single output MI-

SO

Fuzzy set theory

Extension principle

Type-2 fuzzy

Figure 1: Methodologies for modelling of complex system. 
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Linguistic fuzzy models

Takagi-Sugeno (TS) 
fuzzy models

Singleton 
models

Fuzzy relational  
models

Figure 2: Combined fuzzy modelling. 

Artificial neural networks ANN

Linear networks

multilayer 
perceptron MLP
backpropagation learning

Neurofuzzy systems

 

Figure 3: A fuzzy neuron. 

function expansion

Approximate reasoning

2 Decomposition Methodologies 
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Decomposition

Figure 4: Decomposition for modelling. 

Hierarchical clus-
tering

Partitioning-based clustering algorithms

fuzzy clustering
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Multiple 
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3 Adaptive Nonlinear Scaling 

Membership 

3.1 Working point and feasible ranges 

Figure 5: Nonlinear scaling [28]  
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3.2 Membership definitions  

linguistic range

linguistic values

• the corner points (Figure 5) are good for visualisa-
tion; 

• the parameters suit for tuning;  

• the coefficients  are used in the 

calculations. 

3.3 Adaptation of nonlinear scaling 
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4 Intelligent Systems 

4.1 LE models 

4.2 Hybrid LE systems 
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extension principle

linguistification

5 Conclusions 
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