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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 

of the requirement for the Master of Science 

ABSTRACT 

HYBRID PRE-CLASSIFICATION TECHNIQUE – ARTIFICIAL NEURAL 

NETWORK FOR LIGHTNING SEVERITY CLASSIFICATION 

By 

 

MUHAMMAD AZHAR OMAR 

 

August 2014 

 

Chairman  : Mohd Khair Hassan, PhD 

Faculty  :  Engineering 

 

This thesis is presents the classification of lightning severity from meteorology 

characteristic using the computational intelligence; the Artificial Neural Network 

(ANN). The meteorology parameters used are very basic and economical as it is 

designed for public. The targeted user group is for those who have a higher risk to be 

strike by lightning and also for those users without any meteorology background. 

Examples of these targeted user groups are recognized as those who enjoys outdoor 

activities, the event organizer, building maintenance workers, and skyscraper crane 

operator. This group of user is prone to lightning strikes since their working 

environments are constantly exposed to the lightning strikes possibility.  

 

The weather forecast broadcasted on mass media does not fully describe the 

condition of the daily weather qualitatively. Hence, the qualitative interpretation 

given to the public usually too general and does not provide sufficient information 

needed, in this case the lightning severity information. Therefore, by analyzing the 

meteorology parameters quantitatively, the severity of lightning can be determined, 

thus revealing the risk of lightning strikes on that particular day. This piece of 

information may benefits user in order to avoid the risk of casualties and property 

losses due to lightning. 

 

During the study, three objectives are listed. First objective is to establish a practical 

scale; the Daily Lightning Severity Scale (DLSS). Second, the application of ANN in 
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classifies the severity of the lightning. And third, to propose and test a new technique 

of separating data for ANN Training, Validation and Testing (TVT) datasets, known 

as PreClass Test (PrCT) technique. 

 

The study outcome revealed that the proposed scale of DLSS is practical to be used 

for the study area. The DLSS listed out four levels of lightning severity denoted as 

Safe, Normal, Frequent, and Very Frequent. While developing ANN, two networks 

were prepared for this study based on two datasets, known as RandSet and PrCTSet. 

The RandSet utilize common method of separating the TVT dataset using random 

separation ratio whilst the PrCTSet applied the new proposed technique for TVT 

separation. The result indicates the PrCT techniques have faster training result at 

approximately 50% reduction of number of epochs required and shortening almost 

50% of training time compared to random separation method. It was observed that 

networks developed from both datasets yields good performance. PrCTSet score 

92.9% of accuracy, while the RandSet network scores similar accuracy at 92.9%. It is 

suggested that the PrCT method is suitable for ANN application which requires 

faster training time and at minimal computational effort.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

ABSTRAK 

TEKNIK HIBRID PRA-PENGELASAN-JARINGAN NEURAL BUATAN 

BAGI PENGELASAN KESERIUSAN KILAT 

Oleh 

 

MUHAMMAD AZHAR OMAR 

 

Ogos 2014 

 

Pengerusi  : Mohd Khair Hassan, PhD 

Fakulti  :  Kejuruteraan 

 

Kajian tesis ini membentangkan pengelasan keseriusan kilat dari sudut meteorologi 

menggunakan kepintaran pengkomputeran; rangkaian neural buatan (ANN). 

Parameter metereologi yang digunakan adalah amat mudah/asas dan berekonomi 

kerana ia direkabentuk untuk kegunaan awam. Kumpulan pengguna sasaran adalah 

pengguna yang berisiko tinggi akan bahaya panahan petir dan juga kepada pengguna 

yang tidak mempunyai latar belakang pengetahuan metereologi. Contoh kumpulan 

sasaran yang dikenalpasti adalah mereka yang melakukan aktiviti luar, pengurus 

acara program luar, penyenggara bangunan, dan operator kren bangunan pencakar 

langit. Kumpulan sasaran ini berisiko tinggi lantaran keadaan tempat bekerja yang 

seringkali terdedah kepada kemungkinan bahaya panahan petir. 

 

Penyiaran laporan ramalan cuaca yang disiarkan oleh media massa tidak 

menggambarkan sepenuhnya tentang keadaan cuaca harian secara kualitatif. Bahkan, 

interpretasi kualitatif yang disiarkan kepada orang awam selalunya terlalu umum dan 

tidak memberi maklumat yang diperlukan secara mencukupi, dalam konteks hal ini 

ia berkenaan maklumat darjah keseriusan kilat. Oleh yang demikian, dengan 

menganalisis parameter metereologi secara kuantitatif, darjah keseriusan kilat dapat 

diketahui, seterusnya mengenalpasti tahap risiko petir pada hari berkenaan. 

Maklumat ini mungkin dapat memberi manfaat kepada pengguna supaya mereka 

boleh mengelakkan diri daripada situasi yang berisiko serta kerugian harta benda 

yang berpunca daripada panahan petir. 
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Ketika kajian dijalankan, tiga objektif telah digariskan. Objektif pertama kajian 

adalah untuk membentuk satu skala yang praktikal iaitu Skala Keseriusan Kilat 

Harian (DLSS). Kedua, applikasi ANN didalam mengelaskan keseriusan kilat dalam 

sehari.  Dan yang ketiga, mencadang dan menguji kaedah baru dalam mengasingkan 

data latihan, pengesahan dan ujian yang dikenali sebagai kaedah ujian pengelasan 

awal, (PrCT).  

 

Hasil kajian menunjukkan bahawa piawaian/standard yang dicadangkan DLSS 

adalah praktikal untuk digunakan di kawasan kajian. DLSS menyenaraikan empat 

darjah keseriusan kilat yang ditanda/dilabel sebagai “Selamat”, “Normal”, “Kerap” 

dan “Sangat Kerap”. Ketika dalam proses membangunkan ANN, dua rangkaian 

untuk kajian ini telah disediakan berdasarkan dua set data yang dikenali sebagai 

RandSet dan PrCTSet. RandSet melalui kaedah biasa memisahkan data set TVT 

menggunakan nisbah pengasingan rawak, manakala PrCTSet pula diaplikasi 

menggunakan teknik baru yang dicadangkan untuk memisahkan TVT. Hasil dapatan 

kajian menunjukkan bahawa teknik PrCT mempunyai keputusan latihan pantas 

dengan hampir 50% pengurangan dalam nombor epok yang diperlukan serta hampir 

50% masa latihan dipendekkan apakala dibandingkan dengan teknik pengasingan 

rawak. Pemerhatian ini menunjukkan bahawa rangkaian yang dibangunkan melalui 

kedua-dua set data menghasilkan penilaian yang baik. PrCTSet mencatatkan skor 

ketepatan sebanyak 92.9%, manakala rangkaian RandSet juga mencatatkan skor 

ketepatan yang sama sebanyak 92.9%. Kaedah PrCT yang dicadangkan adalah 

bersesuaian untuk kegunaan ANN yang memerlukan masa latihan yang pantas serta 

penggunaan pengkomputeran yang minimal. 
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CHAPTER 1 

1 INTRODUCTION 
INTRODUCTION 

 

1.1 Research Background 

Lightning is known as the released energy resulted from collision of clouds (Ahmad, 

2001). The energy is released in the form of light and sound by making channels 

toward multiple directions. If any of the channel has reached the earth, it transfers 

huge amount of charges at thousands Ampere. The transferring energy at this rate is 

potentially harmful and potentially causes property losses, equipment burned-out, 

and even casualty.  

 

Globally, there were approximately 25,000 victims of lightning strikes and caused 

one billion USD of losses per year (Ibrahim, 2012). In Florida, a statistic record in 

1991 reveals that Florida has received 11 – 13 strikes per kilometre square in a year, 

putting the state at the top list for the most prone area to lightning strikes. Thus, upon 

worrying community safety, study of lightning has been advanced for better 

understand this natural disaster (Uman, 1986; Ab Kadir et al, 2012) 

 

According to Cooper and Ab Kadir, South East Asia region has been estimated with 

the annual rate of 6 deaths per million in lightning casualties (Cooper and Ab Kadir, 

2010). Malaysia is not exempted. Even, the country is estimated with 100 to 150 

lightning death per year (Holle, 2008). The estimation is further supported by the 

research study from Forensic Pathology Units of University Malaya. There were 27 

fatal cases of lightning strikes in year 1996 to 2005. Majority of the victims were 

construction workers (62.5%) are not survived. The highest number of cases (5 cases 

of 23) was in December 2004 most of the cases involving the lightning incidence 

occur in the evening (Murty et al, 2009). Casualties were also reported in 2011, in 

which the man was stroke by lightning after fishing prawns at Sungai Perak, 

followed by the case of land surveyor who died after the strike near an oil palm 

factory, and six Indonesian workers were stroke in separate incidents in Shah Alam 

and Hulu Selangor (Lean, 2011).  As in August 2012, two kids were stricken and 

died during helping their father farming (Azam, 2012; Ahmad et al, 2014). 

 

Some cases were reported regarding the damages caused by lightning strikes. For 

example, in 2006, a computerized highway supervision system in Ipoh has been 

burnt down. An oil storage tank at Port Dickson in year 2007 was ablaze due to the 

fire started by the lightning, and also caused the panicking situation when the strikes 

interrupted the power line and life support equipment in Putrajaya Hospital in 2009 

(Lean, 2011). Building as an example of property may be protected by well-designed 

protection devices. However, occasions like sport event, national parade, building 
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maintenance, fishery, land-surveying or any outdoor activities, are supposed to be 

scheduled at a proper time to avoid the lightning strike accidents. 

 

Abd Kadir expects that in future the data could be worse, since our world today 

suffering from climate change and global warming which may cause the weather to 

be hardly predictable (Lean, 2011). According to the Centre of Excellence of 

Lightning Protection (CELP) study, Subang, a town near to Kuala Lumpur received 

362 days of lightning strikes in year 1987 (Johari et al, 2007). The increasing number 

of factories in Kuala Lumpur in recent decade may also affect the atmosphere of 

chemical composition, consequently affecting the pattern of lightning trend. Thus, 

there is a necessity to have a new perspective on lightning trends and specific 

meteorology pattern nowadays for Subang. Thus, by investigating and identifying 

lightning strike trend, it is hoped to give new information, as well as better guidance 

for society in protecting life and property. 

 

1.2 Problem statement 

It is compulsory to spread the awareness to society regarding the lightning severity 

(Murty et al, 2009; Holle, 2009; Cooper and Ab Kadir, 2010; Ibrahim, 2012; and Ab 

Kadir et al, 2012). The lightning study or also known as fulminology is not an easy 

subject to be taught to the community. In fact, the lightning study itself is not yet 

fully understood by the meteorologist or the fulminologist (McCall, 2003; Ackerman 

and Knox, 2007; Reynolds, 2007).  It does require deep knowledge and time to study 

the theory and mechanism underlying the lightning strike.   

 

Public citizen like fisherman, outdoor activist, maintenance manager and event 

organizer are those in needs for this information in their daily life. They are totally 

depending on their experience and guts to decide the best time to execute their 

activity. The closest technology to them is the daily forecast that has been freely 

available in mass media. However, the broadcasted info is practically too basic since 

it was generalized for wide area. Therefore, the accuracy of information obtained is 

compromised. 

 

It is suggested that there is a practical reference or scale of lightning to be used for 

those who are worked on the field. The standard should be based on measurable 

parameters and easy to obtain. (Accuweather.com, 2011). The scale, or the Daily 

Lightning Severity Scale (DLSS), is proposed by applying computational 

intelligence algorithm based on historical data given since there are a lot of 

uncertainty persisted in fulminology. The DLSS is best developed by black box 

approach like the ANN.  

 

Meanwhile, in applying supervised ANN, there is a necessity to separate the 

available data into three subsets, known as training set, validation set, and testing set. 
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The most important part is the training set. The training set will define the network 

behaviour and result. Thus, it is compulsory to ensure the training set is correctly 

selected and free from any outlier. The problem arises when selecting the outlier to 

be removed from training data. Therefore, a new method, called as PreClass Test, 

PrCT is suggested for this purpose (Gardner and Dorling, 1998).  

 

1.3 Research aim and objectives 

The aim of this study is to classify the severity of lightning strikes based on basic 

meteorology parameters, and practical for laymen users. The specific objectives can 

be outlined as follows; 

i. To establish a standard for Daily Lightning Severity Scale (DLSS) using 

quartile analysis for Subang area. 

ii. To develop an Artificial Neural Network (ANN) for classifying the severity 

of lightning strike in terms of daily application. 

iii. To propose and test a new technique of separating data for ANN Training- 

Validation-Training (TVT) datasets, called as PreClass Test, (PrCT) 

technique. 

 

1.4 Scope of work 

This thesis is concerned with the evaluation of lightning severity classification as 

according to the meteorological characteristic. The classification is done by using 

ANN with two methods of separation data technique; the Random Separation 

method, and the Pre-Class Test method. The Input and Output utilized in this study 

are assumed as; 

i. The numbers of meteorological parameters data are kept as minimal as 

possible. Only temperature and humidity parameters are selected due to its 

measurability and retrievable for laymen user. 

ii. Since the Global Lightning Network, GLN just operated since 2007, the three 

years data supplied are assumed accurate during the measurement and 

practical for this study. 

 

1.5 Thesis outline 

The thesis consists of five chapters; the first chapter describes the general idea of the 

study including the problem statement and the objectives. Chapter 2 is dedicated for 

discussing the literature review of lightning phenomena from meteorology 

perspective and also the application of ANN in meteorology. The review will discuss 

the theory of lightning, the ANN abilities, and the constructed hypothesis.  

 

Meanwhile, Chapter 3 discussed the methodology of the thesis. The methodology 

divided into three parts which is the data acquisition stage, design stage and also the 

experiment stage. The data acquisition describes the sources of data and how it is 
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synched. The next design stage illustrates how the output class is determined and 

parameters are calculated. Besides, the construction of ANN also will be described in 

this chapter. At the end of this stage, two datasets; PrCTSet and RandSet are yielded 

and ready for ANN training Process.  

 

The next Chapter 4 is briefly discussing the result of the experiment and concludes a 

comparison between two datasets prepared. The performance and validation of each 

set are well described. The advantages and disadvantages of the proposed technique 

also will be summarized in this chapter. 

 

The thesis conclusion is presented in Chapter 5. The chapter highlights the major 

finding of the study. Besides, the contribution, and future recommendation will be 

stated in this chapter. 
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