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UNIT 3-FUZZY LOGIC & ANFIS

Topic : ANFIS

Adaptive Neuro-Fuzzy Inference System (ANFIS)

1. Introduction

1.1. Definition

e ANFIS: Adaptive Neuro-Fuzzy Inference System is a type of artificial neural network

that is based on the Takagi-Sugeno fuzzy inference system. It combines the learning

capabilities of neural networks with the interpretability of fuzzy systems.

1.2. Purpose

e To model complex, nonlinear relationships and systems using the strengths of both

fuzzy logic and neural networks.
2. ANFIS Architecture

2.1. Structure

o Layers: ANFIS consists of multiple layers, each with specific functions. The typical

ANFIS architecture includes the following five layers:

1.

Input Layer: Receives the input variables. Each node represents a linguistic
variable.

Fuzzification Layer: Applies membership functions to the input variables to
generate fuzzy values.

Rule Layer: Computes the firing strengths of each rule based on the membership
values.

Normalization Layer: Normalizes the firing strengths to obtain the normalized
firing strengths.

Defuzzification Layer: Computes the output based on the normalized firing

strengths and the parameters associated with the rules.

2.2. Basic Operations

e Layer 1: Each node in this layer corresponds to a membership function. The output is

the degree of membership of the input in each fuzzy set.

e Layer 2: Computes the firing strength of each rule, often using the minimum operator

(for AND) or maximum operator (for OR).



o Layer 3: Normalizes the firing strengths to obtain a normalized firing strength for each
rule.
o Layer 4: Calculates the weighted output for each rule by combining the normalized
firing strengths with the rule consequent parameters.
o Layer 5: Computes the final output by aggregating the weighted outputs.
3. ANFIS Training
3.1. Training Goals
o Adjust Membership Functions: Optimize the parameters of the membership functions
to best fit the data.
o Optimize Rule Parameters: Adjust the parameters associated with the fuzzy rules to
improve the system’s performance.
3.2. Training Methods
e Hybrid Learning Algorithm: Combines gradient descent and least-squares estimation
to adjust the parameters of the membership functions and rules.
o Gradient Descent: Optimizes the parameters of the membership functions by
minimizing the error using gradient descent.
o Least-Squares Estimation: Optimizes the rule parameters by minimizing the
least-squares error.
o Backpropagation: Used for adjusting the membership function parameters through
error propagation.
o Least-Squares Method: Applied to update the consequent parameters of the fuzzy rules.
4. ANFIS Applications
4.1. Control Systems
« Example: Used in adaptive controllers for dynamic systems where traditional control
strategies may not be effective.
4.2. System Identification
o Example: Identifying the underlying structure of complex systems by modeling their
behavior.
4.3. Pattern Recognition
o Example: Classifying data based on patterns and relationships learned from the training
data.
4.4. Time Series Prediction
o Example: Forecasting future values in time series data by learning from historical

patterns.



5. Advantages and Disadvantages

5.1. Advantages

Combines Strengths: Integrates the interpretability of fuzzy logic with the learning
capabilities of neural networks.
Flexibility: Can model complex and nonlinear relationships effectively.

Adaptability: Capable of adapting to changes in the data through training.

5.2. Disadvantages

Computational Complexity: Training can be computationally intensive, especially for
large networks.

Overfitting Risk: Can overfit the training data if not properly regularized.

Parameter Tuning: Requires careful tuning of membership functions and training

parameters to achieve optimal performance.

6. Example of ANFIS Implementation

6.1. Problem Statement

Objective: Develop an ANFIS model to predict the output of a nonlinear function based

on several input variables.

6.2. Steps

1. Define the Input Variables: Identify and preprocess the input data.

2. Set Up Membership Functions: Choose appropriate membership functions for
fuzzification.

3. Initialize Rules: Define the initial fuzzy rules based on domain knowledge or heuristic
methods.

4. Train the ANFIS: Use hybrid learning or other training methods to optimize
membership function parameters and rule consequents.

5. Evaluate the Model: Test the trained ANFIS model on validation data and assess its

performance.

6.3. Toolbox and Software

MATLAB Fuzzy Logic Toolbox: Provides built-in functions for designing and training
ANFIS models.

Python Libraries: Libraries such as anfis in Python can be used for implementing
ANFIS.



