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ABSTRACT

Throughout history, weather has always been a form of frightful uncertainty
to mankind. Other than that, it also has some negative impact on certain industries
and jobs including the clothing industry and food production, and it affect peoples’
lives in certain situations especially in terms of making travel plans. Hence, it can be
said that weather is always related to the daily human activities. Therefore, weather
prediction should be classified as an important factor in achieving better living. The
data regarding the distribution of weather is usually in a dynamic pattern and hard to
predict, which is why the weather classification be done to improve the prediction.
The rainfall classification model based on soft computing is feasible to implement
and could produce desirable result through the training and testing of the available
dataset. Soft computing techniques such as Fuzzy Rule Based (FRB) and Adaptive-
Neural Fuzzy Inference System (ANFIS) are investigated in this study to determine
which technique is most effective and can achieve higher percentage of accuracy for
the purpose of rainfall classification. A number of 720 Senai weather hourly datasets
are used in order to test the result of weather classification. The results of the
experiments done using both methods show that ANFIS is capable of producing
better result for classification with the accuracy percentage of 97.22% in first
experiment with FRB which only produce an accuracy of 2.08%. In second
experiment, FRB gave 53.47% classification rate, lower than ANFIS which produced
higher classifier rate 97.22% thus proving that is it better than FRB.



ABSTRAK

Menurut sejarah, cuaca dikatakan menjadi salah satu kebimbangan dalam
kehidupan manusia. Selain itu, cuaca juga dikatakan memberi impak negatif dalam
pekerjaan harian, seperti industri pakaian dan pengeluaran makanan, yang memberi
kesan kepada kehidupan manusia dan juga aktiviti perjalanan tempat dan situasi.
Oleh itu, boleh dikatakan cuaca adalah berkait dengan kehidupan manusia. Keadaan
cuaca adalah perlu dikelaskan bagi kemudahan masa depan. Data taburan cuaca
biasanya adalah dalam corak dinamik dan sukar untuk diramal, yang dimana proses
pengelasan cuaca dilakukan bagi meningkatkan kadar peramalan. Perkiraan model
cuaca berdasarkan perkomputeran lembut mudah untuk dilaksanakan dan
kebiasaannya akan menghasilkan pengelasan yang dikehendaki berdasarkan latihan
yang dijalankan pada set data. Kaedah perkomputeran lembut seperti Fuzzy Rule
Based (FRB) dan Adaptive-Neural Fuzzy Inference System (ANFIS) digunakan di
dalam kajian untuk menentukan kaedah yang paling berkesan dan dapat mencapai
peratusan ketepatan yang lebih tinggi untuk tujuan kajian pengelasan taburan hujan.
20 set data dari pangkalan data Senai digunakan di dalam kajian ini bagi
mendapatkan hasil kajian terhadap pengelasan cuaca. Selepas ujikaji dilakukan
terhadap kedua-dua kaedah, ANFIS telah memberi keputusan yang lebih baik untuk
pengelasan dengan mempamirkan 97.22 peratus ketepatan dalam ujian pertama
dengan FRB yang hanya menghasilkan ketepatan 2.08 peratus. Dalam ujian kedua.
FRB memberi kadar pengelasan 53.47 peratus iaitu lebih rendah berbanding ANFIS
yang menghasilkan kadar pengelasan 97.22 peratus dan membuktikan bahawa
ANFIS adalah lebih baik daripada FRB
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CHAPTER 1

INTRODUCTION

1.1 Overview

Theoretically, weather can be described as the condition of the air at a
particular time and place. There are various conditions of weather where it can be in
warm, cold, wet, dry, cloudy or windy. Throughout history, the condition of the
weather has always been a form of fear to mankind due to its uncertainty. Other than
that, it also has some negative impact on human lives as unpredictable weather can
be hazardous to certain occupations, especially those in the clothing and food
production industries, and it can affect peoples’ lives in terms of travelling.
Consequentially, weather can be considered always related to the daily human
activities. With this knowledge, meteorologists who are experts in understanding
weather, gather information which can hopefully help humanity cope with weather
unpredictability. The weather on earth is situated at the lowest level of the

atmosphere which is called the troposphere level, the lowest level of the sky.

Classification refers to identifying the sub-population to which new
observations belong, where the identity of the sub-population is unknown, on the
basis of a training set of data containing observations whose sub-population is
known. Thus the requirement is that new individual items are placed into groups
based on quantitative information on one or more measurements, traits or

characteristics, etc.



In relation with the classification of weather, the synoptic weather-typing or
the classification of weather conditions or patterns into categories is known to be
popular where numerous methods have been developed over the past century. The
recent increase of interest in the procedure is attributed to its utility in solving a wide
array of applied climatologically problems. Concern over the impacts of weather,
especially for the purpose of understanding possible implications of climate change,
has driven the search for more, and better, weather-typing schemes.

One researcher (Yarnal, 1993) notes several different subdivisions of synoptic
classifications; among these is the distinction of manual versus automated
classification schemes. Manual procedures involve the subjective classification of
circulation patterns or weather types from visual analyses of individual synoptic
maps. Schemes such as these have several benefits. The investigator is in full control
of the process and classification. The classification system can thus be tailored
precisely to the researcher’s needs but manual classification schemes quite time

consuming and can be difficult to export to other locations.

It is found in related literatures, in particular soft computing techniques;
Artificial Intelligent (Al) has provided an alternative solution in doing weather
classification. This study investigates and compares the performance of Fuzzy Rule
Based (FRB) and the hybrid technique of Adaptive-Neural Fuzzy Inference System

(ANFIS) in weather classification.

Acquiring the expert knowledge of a skilled domain specialist in the form of
fuzzy values for each fuzzy rule is an arduous step in the design procedure of FRB
for modelling and control. It is desirable that the rules are formed in such a way that
each rule shows a dominant effect of the input-output mapping. Consequently, the
maximum efficiency of rules must be taken into account ensuring that the fuzzy rule
based is optimal. There are essentially two different approaches in the definition of
fuzzy rules for modelling or control employing FRB. The rules are either defined
using empirical experience or applying an adaptive scheme to adjust the parameters

of FRB. There are mainly two different types of FRB, such as (Mamdani,1974) and



(Takagi and Sugeno, 1985). In this work, Mamdani is applied due to its simple of

‘min-max’ operations.

It is discarding in literatures that hybrid techniques have been widely used
among researchers in many areas such as patterns recognition, making predictions,
medical diagnosis and such other applications. A hybrid technique is a potentially
powerful tool that may enable us to address and solve problems that are just too
complex for conventional approaches (Jackson, 1999). Some of the hybrid
techniques that have already been used by researchers include Neuro-fuzzy with
knowledge-based, fuzzy logic with case-based reasoning, fuzzy with artificial

immune system (Salfarina, 2008).

Therefore, it can be concluded that FRB and ANFIS are suitable techniques
for the purpose of weather classification and are capable of producing accurate

results.

1.2  Problem Background

The weather classification has always been known as one of the most popular
fields of study which require critical analysis. It is not an easy task to achieve
complete accuracy. Usually, there always will be an error either big or small cause
by chaotic weather data. This is one of the problems that humans hope to solve in
order to ensure better future and living. However, it is impossible to accurately
classify the weather all the time. Tiny changes in the atmospheric conditions can
have huge effects on weather that happens days later. These changes can be too small
to detect (Towe, 2004).

In meteorology, the small changes in the initial condition of the atmosphere
will lead to big changes in future weather classification. It is considerably really
sensitive as small changes in the state of the weather can cause big differences in the

future weather. These small differences can sometimes be too small to detect. That is



why scientists say that day-to-day classification of the weather for more than about
two weeks ahead will never be possible. Nowadays, based on previous experimental
results, five days is the limit of the time range to which the day-to-day classification
can be effectively done (Salfarina, 2008). The technique or method to be used
solving the problem of classification has to be a technique with strong computations
and complexity restrictions because the changes in the weather are always chaotic

and uncertain.

Due to the problems in weather classification and the possible suggested
solutions, there is a need to produce better classification of weather in order to obtain

more accurate classification results.

1.3 Problem Statement

In doing weather classification, the expert must have broad knowledge about
weather and the variability related with it and expert should be able to deal with
chaotic atmosphere. Based on that, weather classification requires massive
computational power in solving problems as it deals with weather classification

calculations.

First method in understanding the underlying pattern is recognizing that the
fuzzy logic provides the means of dealing with uncertainty; for example, the
extended concept of industrial process control is that it is expected to be applied to
systems in which the precise measurements of the state variables could not be
obtained. Fuzzy logic and rule based systems are a means of dealing with
imprecision, a method of modelling human behaviour, and a means of achieving
control of industrial systems that cannot be modelled rigorously (Mamdani and
Assilian, 1975).



Currently, such facility is possible by using a combination of a neural
network and Fuzzy logic system (Aldrian and Djamil, 2008). On the other hand,
ANFIS method, which is the integration of NN and fuzzy logic methods, has the
potential to capture the benefits of both these methods in a single framework. ANFIS
eliminates the basic problem in fuzzy system design through defining the
membership function parameters and design of fuzzy if-then rules by effectively
using the learning capability of NN for automatic fuzzy rule generation and

parameter optimization (Bacanli et al., 2009).

Hence, FRB and ANFIS can be considered techniques which are suitable to
be used in this investigation for classification of rainfall distribution and the
techniques will be compared to find out which technique is capable of providing

more accurate results.

1.4 Dissertation Aim

The aim of this study is to investigate whether rainfall classification problems
can be solved using the Fuzzy Rule Based technique and the ANFIS technique and to
evaluate the techniques in order to discover which technique can achieve higher

accuracy.

1.5  Dissertation Objectives

The objectives of this dissertation are:

i. To investigate rainfall classification problems and how they can be
solved using computational intelligence techniques.
ii. To develop a Fuzzy Rule Based and ANFIS techniques for classification

of rainfall distribution.



iii. To compare and evaluate which method will produce better results for

classification of rainfall in terms of percentage of accuracy.

1.6 Dissertation Scopes

The scopes of the study include:

I.  The techniques to be used for rainfall distribution calculation are Fuzzy
Rule Based and ANFIS.
ii. The type of data is hourly data from 1 November 2010 to 30 November

2010 obtained from the Senai Meteorology Department, Johor Bahru.

iii. The input data for Fuzzy Rule Based and ANFIS are Temperature,
Humidity, and Mean Wind Speed.

iv. The target output will be the rainfall data of the next hour (target
rainfall).

1.7 Significance of the Dissertation

The importance of this study is to prove how the classification of rainfall
distribution can be improved with the use of Fuzzy Rule Based and ANFIS
techniques with the percentage of accuracy produced by each method compared to
each other. This study uses Malaysia dataset for the purpose of weather classification
and will hopefully contribute to the future works in the study of rainfall distribution

based on soft computing approaches.



1.8  Organization of the Dissertation

This dissertation consists of five chapters. The first chapter presents the
introduction on the dissertation which includes the background of problem, the
objectives of the study, the scope as well as the significance of the dissertation.
Chapter two reviews the issues ef regarding weather and weather classification and
the techniques that have been widely used te in providing good classification of
rainfall distribution. The third chapter discusses about methodology used in this
dissertation and elaborates on the detailed process of the dissertation. Chapter four
presents the experimental results and the analysis of the experiments conducted. Last
but not least, chapter five concludes the dissertation and provide suggestions for

future works and further enhancements.
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