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ABSTRACT

Load forecasting play very important role in the operation of electricity companies. It
helps the electric utility to make unit commitment decisions, efficient energy planning,
reduce spinning reserve capacity and schedule device maintenance plan properly. It is
therefore necessary that the electricity companies should have prior knowledge of future
electricity demand with great accuracy. This dissertation focuses on study of short term
load forecasting using two different types of computational intelligence methods. It
includes fuzzy logic and artificial neural network based approach. In this dissertation, the
daily demand of Shahpura, Jaipur, India has been collected from Rajasthan Electricity
Board ( Shahpura Sub-station), India. To avoid the convergence problems, the input and
output load data are scaled down such that they remain within the range of (0.1-0.9).
The inputs of the fuzzy logic and ANN based models are the electrical demand during
the day for the four consecutive and the output or forecasted value is the demand of the
fifth day. The results obtained from fuzzy logic and ANN models have been validated
with the actual value and found accurate. The mean absolute percentage error (MAPE)
in the fuzzy logic model is 2.515% and using ANN 2.165%.



ACKNOWLEDGEMENT

I wish to express my profound sense of deepest gratitude to my guide and motivator
Dr. M. Rizwan, Assistant Professor, Electrical Engineering Department, Delhi
Technological University, Delhi for his valuable guidance, sympathy and co-operation
and finally help for providing necessary facilities and sources during the entire period of

this dissertation.

| wish to convey my sincere gratitude to Prof. Madhusudan Singh, HOD, Department of
Electrical Engineering and all the faculties of Electrical Engineering Department who

have enlightened me during my studies.

The facilities and co-operation received from the technical staff of Electrical

Engineering Department is thankfully acknowledged.

I would like to thank all my friends and especially my classmates, for all the thoughtful
and mind stimulating discussions we had, which prompted me to think beyond the

obvious. I’ve enjoyed their companionship so much during my stay at DTU, Delhi.

Last but not least | would like to thank my parents who provide me enormous support

during my whole stay in DTU, Delhi.

Dinesh Kumar
M.Tech (Power System)
Roll No. 2K11/PSY/06



Fig. No.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

4.1

4.2

4.3

4.4

4.5

4.6

4.7
4.8

4.9

LIST OF FIGURES

Description

Representation of a membership function

Fuzzy logic based model for STLF

MATLAB model of FIS

MATLAB model of membership function in FTB
MATLAB model of rule editor

MATLAB model of rule viewer corresponding to second rule
Load variation on 12" of November.

Load variation on 13" of November.

Load variation on 14™ of November.

Load variation on 15" of November.

Load variation on 16" of November.

Comparison of output and forecasted value

Input — output layers of neural network
Multilayer feed-forward neural network

A recurrent neural network

Neural model of learning process

Neural network fitting tool — Select data

Neural network fitting tool — training data

Neural network fitting tool — neural network
Neural network fitting tool - train network

Neural network training



Fig. 4.10
Fig. 4.11
Fig. 4.12
Fig. 4.13
Fig. 4.14

Fig. 5.1

Data fitting curves

Best validation performance
Regression curve to best fit
Plot of training state
Evaluate neural network

Comparison of Output, forecasted value using Fuzzy and ANN approach.

Vi



Table 3.1:

Table 3.2:

Table 3.3:

Table 3.4:

Table 4.1:

Table 5.1:

LIST OF TABLES
Input value of the load variation for the month of November 2012

Normalized value of input
Rule base
Percentage MAPE and MSE using fuzzy logic approach

Percentage MAPE and MSE using ANN approach

Comparison of results obtained from fuzzy logic and ANN approach

vii



CONTENTS

Certificate
Candidates Declaration
Abstract
Acknowledgement
List of Figures
List of Tables
CHAPTER 1: INTRODUCTION
1.1 General
1.2 Classification of Developed STLF Methods
1.3 Intelligent Approach
1.3.1 Fuzzy Logic
1.3.2 Neural Network
1.4 Significance of the STLF Process

1.5 Organization of Dissertation
CHAPTER 2: LITERATURE SURVEY

2.1 Introduction
2.2 Literature Review
2.2.1 Fuzzy Logic based Approach
2.2.2 ANN based Approach
CHAPTER 3: FUZZY BASED APPROACH FOR STLF
3.1 Introduction
3.2 Basics of Fuzzy Logic
3.3 Data Collection and Normalization
3.4 Model Development
3.4.1 Rule Base
3.5 Components in Fuzzy Tool Box
3.5.1 Fuzzy Inference System (FIS) Editor
3.5.2 Membership Function
3.5.3 Fuzzy Rule Editor
3.5.4 Rule Viewer

3.6 Simulation Results

viii

i
i1

v

vil

DN W W N NN

0o N N

11
12
20
22
25
25
26
27
28
29



3.7 Conclusion
CHAPTER 4: STLF USING ANN

4.1 Introduction
4.2 Necessity of using ANN
4.2.1 Merits of ANN
4.3 Mathematical Model of a Neuron
4.4 Architecture of Network
4.4.1 Single-Layer Feed forward Networks
4.4.2 Multilayer Feed Forward Networks
4.4.3 Recurrent Networks
4.5 Learning Processes
4.5.1 Supervised Learning
4.5.2 Reinforcement Learning
4.5.3 Unsupervised Learning
4.6 Back Propagation Algorithm
4.6.1 Basic Model of Learning Process
4.7 Steps of using ANN for STLF
4.7.1 Select Data
4.7.2 Validation and Test Data
4.7.3 Network Size
4.7.4 Train Network for Cure Fitting
4.8 Simulation Results
4.9 Conclusion
CHAPTER 5: CONCLUSION AND FUTURE SCOPE
5.1 Conclusion

5.2 Future Scope

Appendix

References

37

38
38
39
39
40
40
41
42
43
43
43
43
43
44
45
45
46
46
47
48
56

57
58

59
60



