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Type-1 Fuzzy Logic System 
 Type-1 fuzzy sets handle the uncertainties associated 

with the FLS inputs and outputs by using “precise” and 
crisp membership functions that the user believes 
capture the uncertainties.  



Type-2 Fuzzy Logic System 
 Type-2 fuzzy set is characterized by a fuzzy 

membership function, i.e. the membership value (or 
membership grade) 

 

 for each element of this set is a fuzzy set in [0,1], unlike 
a type-1 fuzzy set where the membership grade is a 
crisp number in [0,1]  



Different between 
type-1 and type-2 fuzzy sets 
 The membership functions of type-2 fuzzy sets are 

three dimensional and include a footprint of 
uncertainty; it is the third dimension of type-2 fuzzy 
sets and the footprint of uncertainty that provide 
additional degrees of freedom that make it possible to 
model and handle uncertainties. 



Type-2 FLS applications 
  business and finance 

  electrical energy 

  automatic control 

  networks 

  medical/health sector 



 
 BUSINESS AND FINANCE DOMAINS 
 Type-2 FLS Applications in Intelligent Business 

Predictive Analytics 

 

 Type-2 FLS Applications in Investment Support 

 

 Type-2 FLS Applications to Stock Market Forecasting 



ELECTRICAL ENERGY DOMAIN 
 Type-2 FLS Application to Electricity Short Tem Load 

forecasting 

 

 Type-2 FLS Application in Thyristor controlled series 
Capacitor to Improve Power System Stability 

 

 Type-2 FLS Application in Risk Indexing of Power 
Transformer Failures due to External Short-Circuits 



AUTOMATIC CONTROL 
 Type-2 FLSs Application to Modeling and Control of Coiling 

Entry Temperature of a Steel Hot Strip Mill 
 

 Type-2 FLS Applications to Airplane Altitude Control 
 

 Type-2 FLS in the Modelling of Micromilling Cutting Forces 
 

 Type-2 TSK FLS for Neuro-Fuzzy Control of Linear 
Microstepping Motor Drives 
 

 Type-2 FLS for the Control of Modular and Reconfigurable 
Robots 



NETWORKS DOMAIN 
 Application to Congestion Control of Video 

Transmission across IP Networks 

 

 Type-2 FLSs Applications to Wireless Sensor Network 
Lifetime Analysis 

 

 Type-2 FLSs for Application in Cyber Security 



HEALTHCARE AND MEDICAL 
DOMAINS 
 Type-2 FLSs Applications to Diabetic Diet 

Recommendation 

 

 Type-2 FLSs Applications in Electroencephalogram 
(EEG) based Brain Computer Interface 

 

 Type-2 FLS Applications to Heart Failure Tele- 
treatment 
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Purpose 
 Using Interval Type-2 Fuzzy Logic System (IT2 FLSs) 

to solve Short Term Load Forecasting (STLF), with 
extra degrees of freedom, are improving the prediction 
accuracy. 



Load forecasting 
 traditional methods, such as Box-Jenkins models, 

regression models, Autoregressive Integrated Moving 
Average (ARIMA) (in general time series), Kalman 
filtering models, and splines. 

 

 Artificial Intelligence (AI) methods, such as Neural 
Networks (NNs), Fuzzy Logic Systems (FLSs), and 
expert systems 

 



Introduce IT2 TSK FLS model 
 A2-C1: Antecedents are IT2 FSs, and consequents are 

interval T1 FSs. 

 A2-C0: Antecedents are similar to the case of A2-C1 
model, however, consequent parameters are crisp 
(similar to the case of traditional type-1 TSK fuzzy 
models). 

 A1-C1: Antecedents and consequents are both type-1 
fuzzy sets. 



Genetic Algorithm for Training 
 GAs increase the probability of finding the global 

solution to the minimization problem.  

 

 The GA includes three main operators, namely 
reproduction (elitism), crossover, and mutation. 

 



Root Mean Squared Error 
 

 

 

 𝐴𝑐𝑡𝑖 and 𝑃𝑟𝑒𝑖 are the 𝑖th actual load and the 𝑖th 
forecasted load. 𝑛 is also the number of load samples 

 



Data 
 The purpose is to forecast the two-day-ahead loads 

based on past observations. 

 

 Input: 

 mean of loads in the last three hours 

 current temperature 

 day of week 

 



INPUTS OF IT2 TSK FLS FOR STLF 
Input Quanlity 

Load demand in the last three hours 3 

Current temperature 1 

Day of the week 1 



Performance Evaluation 
 

 

 

 𝐴𝑐𝑡𝑖, 𝑃𝑟𝑒𝑖, and 𝐴𝑐𝑡 are the 𝑖th actual load, the 𝑖th 
forecasted load, and the mean of loads, respectively. 

 



Compare Neural Network with  
IT2 TSK FLS (A2-C1) 
PERFORMANCE MEASURES FOR IT2 TSK FLS AND 

NN MODELS 

 

 
Performance Measure Neural Network IT2 TSK FLS (A2-C1) 

Correlation coefficient 86.48% 89.92% 

RMSE 0.1685 0.1394 

𝑅2 62.52% 77.02% 



Compare Neural Network with  
IT2 TSK FLS (A2-C1) 
 This superiority is due to use of IT2 MFs in our 

forecasting models. This supports the claim that T2 
FLSs have an excellent capability in handling 
uncertainties and minimizing their effects. 

 

 NNs are deterministic models and show a poor 
performance in case of multivalued targets. 
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Purpose 
 Designing a variable gain-based IT2 fuzzy controller 

which has managed to handle the inherent non-
linearity of a stressed power system in a better manner 
and thus has been found to be more suited vis-a`-vis 
fixed gain tuned controllers in the TCSC controller 
application. 



Introduction 
 Power system stabiliser (PSS), Thyristor controlled 

series capacitor (TCSC). In the case when TCSC and 
PSS are simultaneously operating in a power system, in 
our case we use  a method termed as bacteria swarm 
optimisation algorithm (BSOA) . This algorithm is 
more suitable with large numbers of parameters to be 
optimised.  

 This work therefore aims to explore the possibility of 
designing a novel variable gain TCSC controller, which 
may prove superior to previously designed fixed gain 
controller. 


