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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of
the requirement for the degree of Philosophy

CHARACTERIZATION OF LIGHTNING-GENERATED ELECTRIC FIELDS
AND DEVELOPMENT OF AUTOMATED MEASURING SYSTEM FOR
CLOUD-TO-GROUND LIGHTNING IN MALAYSIA

By
SYAHRUN NIZAM BIN MD ARSHAD @ HASHIM
May 2017
Chair : Mohd Zainal Abidin bin Ab. Kadir, PhD
Faculty : Engineering

Lightning flash produces electric discharges naturally into atmosphere which somehow
result in negative consequences especially to power, electronic and communication
systems. Hence, the knowledge of such characteristic is crucial to be obtained to fulfil
the task of mitigating lightning problems that may occur. Furthermore, most studies
regarding this were done in the temperate and sub-tropical regions manually which
time consuming for analysing a timeframe purposes. This is due to the reason that an
automated system is not available in the present market. Thus, this study is aimed to
produce an automated measuring system for cloud-to-ground in Malaysia in order to
reduce the analysed time. Measurements of the generated electric fields were done
using parallel plate antenna system from May to October 2013 at Universiti Putra
Malaysia, Serdang, Selangor, Malaysia, where the measurement site has a geographical
coordinate of 2°59'19.9"N latitude and 101°43'29.8"E longitude. It is known that
Malaysia is generally a tropical climate country with maximum monsoon rain
occurring from October to December due to southwest monsoon and inter monsoon
period.

This thesis presents the characteristics of cloud-to-ground lightning generated vertical
electric field waveforms recorded in Malaysia using Automated Characterisation of
Lightning Electric Fields—Center of Electromagnetic and Lightning Protection
(ACLEF-CELP). A total of 142 return strokes of negative lightning and 34 return
strokes of positive lightning were found during the measurement period, and with
preliminary breakdown pulses. The main purpose of this study includes
characterisations of 12 and 4 types criteria to be considered for return stroke and
preliminary breakdown pulses, respectively.

Analysis of the measured cloud-to-ground lightning data is done using Matlab software
which is used to analyse the data and serves as a database. It is found that, the initial
peaks of electric field and its derivative for first return strokes are larger than those for
the subsequent return strokes for both positive and negative return strokes. Data were
analysed using ACLEF-CELP system and compared to another set of data with a
similar climate condition. Both manual and automated data were compared and it is
found that they are compatible with each other. Also, comparison of overall results
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with published data such as from Sri Lanka, Sweden, Germany, Japan and United
States of America shows that several electric field and its derivative parameters are
affected by geographical region. The ACLEF-CELP system could reduce analysis time
where cloud-to-ground lightning data could be easily characterized with increment of
efficiency. This is important specially when dealing with numerous data such as from a
cloud-to-ground lightning.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk ijazah Doktor Falsafah

PENCIRIAN MEDAN ELEKTRIK KILAT YANG DIHASILKAN DAN
PEMBANGUNAN SISTEM MENGUKUR AUTOMATIK UNTUK KILAT
AWAN-KE-BUMI DI MALAYSIA

Oleh
SYAHRUN NIZAM BIN MD ARSHAD @ HASHIM
Mei 2017
Pengerusi : Mohd Zainal Abidin bin Ab. Kadir, PhD
Fakulti : Kejuruteraan

Kilat menghasilkan pelepasan elektrik secara semulajadi ke atmosfera yang
mengakibatkan kesan negatif terutamanya kepada kuasa, sistem elektronik dan
komunikasi. Oleh itu, pengetahuan bahawa ciri-ciri mesti diperolehi untuk memenuhi
tugas meringankan masalah kilat yang mungkin berlaku. Selain itu, kebanyakan kajian
mengenai topik ini dilakukan di kawasan sederhana dan sub-tropika dengan
menggunakan sistem manual yang memakan masa terlalu lama untuk menganalisisnya.
Ini dilakukan dengan alasan sistem automatik tidak tersedia di pasaran. Oleh itu, kajian
ini bertujuan untuk mengurangkan masa untuk dianalisis data flash kilat awan ke tanah
yang diperhatikan di Malaysia di kawasan tropika. Pengukuran medan elektrik yang
dihasilkan telah dilakukan menggunakan sistem antena plat selari dari Mei hingga
Oktober 2013 di Universiti Putra Malaysia, Serdang, Selangor, Malaysia, di mana
tapak pengukuran mempunyai koordinat geografi 2°59'19.9 "N latitud dan 101°43 29
.8 "E longitud. Adalah diketahui bahawa pada umumnya Malaysia mempunyai iklim
tropika dengan maksimum hujan monsun yang berlaku dari Oktober hingga Disember
akibat musim monsun barat daya dan tempoh monsun musim panas.

Tesis ini membentangkan ciri-ciri kilat Awan ke Tanah yang menghasilkan bentuk
gelombang elektrik menegak yang direkodkan di Malaysia menggunakan Pencirian
Automatik Medan Elektrik Kilat-Pusat Elektromagnet dan Perlindungan Kilat
(ACLEF-CELP). Sebanyak 142 nyahcas sambaran kembali negatif dan 34 nyahcas
sambaran kembali positif yang didapati dengan denyutan permulaan pecah tebat (PBP)
hadir dan dianalisis. Tujuan utama kajian ini termasuk 12 dan 4 ciri-ciri kriteria untuk
dipertimbangkan untuk nyahcas sambaran kembali dan PBP.

Kajian ini dilakukan menggunakan perisian Matlab yang digunakan untuk menganalisis
data dan berfungsi sebagai pangkalan data. Puncak awal medan elektrik dan
derivatifnya untuk nyahcas sambaran kembali pertama adalah lebih besar daripada
mereka untuk nyahcas sambaran kembali berikutnya untuk kedua-dua nyahcas
sambaran kembali positif dan negatif. Data dianalisis dengan menggunakan sistem
ACLEF-CELP dan dibandingkan dengan set data yang lain di mana keadaan iklim
yang sama. Kaedah manual dan data automatik dibanding dan didapati ianya serasi
antara satu sama lain. Selain itu, perbandingan hasil keseluruhan dengan data terbitan
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seperti di Sri Lanka, Sweden, Jerman, Jepun dan Amerika Syarikat menunjukkan
bahawa beberapa medan elektrik dan parameter derivatifnya dipengaruhi oleh kawasan
geografi. Sistem ACLEF-CELP dapat mengurangkan masa analisis di mana data kilat
awan ke tanah dapat mudah dicirikan dengan peningkatan kecekapan. Ini penting
terutamanya apabila berurusan dengan banyak data seperti dari petir awan ke tanah.
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CHAPTER 1

INTRODUCTION
1.1 Background

Lightning is a transient and high current electrical discharge that travels between the
atmosphere and the earth or between different parts of the atmosphere. The main
sources of lightning are thunderclouds called cumulonimbus [1]. Lightning phenomena
has existed long before human life in the earth came to be and it may even have played
very important role in the progression of life in our world [2]. Lightning strikes involve
the formation of channels carrying tens of kilo-amperes (kA) of electric current with
channel peak temperatures in the order of 30,000 K.

It is therefore understandable that over the year, a large number of studies have been
conducted to measure and model various features and effects of lightning discharges
aimed at improving the understanding of the physics of the lightning phenomena and
processes, and the role of lightning in the global circuit. Thus, lightning can generally
be said to be a huge air electrical breakdown that can be categorized into Cloud-to-
Ground (CG), Cloud-to-Cloud or Inter-Cloud (CC), Intra-Cloud (IC), and Cloud-to-Air
(CA). Note that only CG will be considered in this study.

Thus, lightning strikes have far reaching and frequently disastrous consequences
affecting important services such as aviation, power transmission and distribution
equipment, communication lines and equipment, as well as the day-to-day human life.
It has been recently established that the rate of lightning occurrence and the universal
electric circuit in general can be significantly influenced by changes in the earth’s
environment. Furthermore, lightning activities may have consequences to life due to
changes in the global balance of nitrogen oxides, mainly nitric oxide, and nitrogen
dioxide which largely controls the amount of ozone in the atmosphere [3]. Lightning
and other effects of thunderstorms have been a major concern for the aviation industry
as it has been reported that a typical commercial plane is struck by lightning once a
year on average e.g. plane struck by lightning after London, Gatwick airport take-off as
reported by Rachel [3,4]. On 3 April 2014, Maktab Rendah Sains Mara (MRSM)
student in Alor Gajah, Melaka, Malaysia died due to lightning strike. Over the years, a
large number of studies have been conducted to measure and model various features
and effects of lightning discharges, which served to improve our understanding of the
physics of the lightning processes and the role of lightning in the global circuit.

Each year some 320,000 CG lightning discharges occur in the Malaysia alone. CG
lightning can be further subdivided into four categories, based on the direction of the
initial step leader and the polarity of cloud charge lowered to ground. There are
downward negative, upward positive, downward positive and upward negative, which
yields opposite-polarity labels for upward negative and upward positive [1]. A leader
can be defined as a self-propagating discharge creating a channel with electrical
conductivity. All CG lightning discharges involve a step leader initiated from either the
cloud or the ground or a ground-based object, and this leader can carry either positive
or negative charges. The propagation of the leader is due to the ionization known as



dielectric breakdown of the air that results from the high electric field at the tip of the
leader. The electric field required for electrical breakdown of dry air between two
parallel plate electrodes at sea level is about 3MV m—1 and decreases with decreasing
pressure for example in higher altitudes and with the presence of hydrometeors [3].
Note that the downward negative and upward negative are refer as negative return
stroke, also the downward positive and upward positive are refer as positive return
stroke.

1.2 Problem Statement

Malaysia is well known as the “lightning crown of the world” especially in the Klang
Valley as it receives the third highest number of lightning strike in the world [5]. A
year’s lightning month with an average of 86,000 strikes was recorded and has killed
224 people and injured 2,000 more in the last eight years in Peninsular Malaysia alone
[5]. Most electrical outages as reported by TNB are due to lightning strike either in the
transmission system or distribution network [5]. The lack of knowledge of the physical
characteristics of such lightning phenomena, occurrence have accounted for millions of
dollars loss of property as well as aggressively affecting people lives.

Based on these outages, a database of lightning faults must be made available where it
can be used for several applications. However, this is only useful and fully utilized if a
full wave shape of the return stroke is acquired. Previously, researches are done to
characterize both negative and positive lightning return strokes manually, hence this
work is meant to introduce an automated CG lightning characterization process using
Automated Characterisation of Lightning Electric Fields—Center of Electromagnetic
and Lightning Protection (ACLEF-CELP) system. Both manual and automated data are
compared and it is found that the analysis could be found in chapter 4. The lightning
characteristics are manually divided into several criteria which are width half
maximum first derivative of return stroke 7wy ara Peak amplitude first derivative of
return stroke £,z time to peak first derivative of return stroke Tpeak dE/dt, full width
half maximum of return stroke Trymy, slow front amplitude of return stroke Ey;, slow
front time of return stroke 75 10 to 90 % time of return stroke 77.99, peak amplitude of
return stroke £, peak time of return stroke 7}, zero crossing time 7. of return stroke. It
also contains the PBP to RS time 7., and ratio of PBP to RS peak R,,.,,. By means
this automated lightning characterisation process will speed up the process of
characterization and reduce the data analysis time while increase the accuracy.

In Malaysia, normally lightning strokes considered are 2/50 ps and 8/20 ps for voltage
and current standard, respectively as in IEC60071 standard. This standard is used to
design lightning protection system such as for relay or surge arrestor for distribution
network and transmission system. Nowadays, the lightning electrical field are
determined conventional by analysing every frame of data acquired. This technique is
prone to the lack of number of data and can contribute imperfection of data analysis
due to human error. Problem occur when dealing with lightning characteristics
manually has been faced by [6,8], such problems are the sample size below than 100
sample. From this problem, the proposed system which is developed based on
comprehensive criteria that are manually implemented using GUI. It creates one-time
development algorithm and can process thousands of data for characterization. This



work is aimed at characterization analysis of lightning phenomena using the electric
field method.

Hence, the main purpose of this dissertation is to characterize lightning generated
electric fields of different CG lightning RS with the aim of improving the
understanding of the physical processes involved, infer various parameters of these
processes, and develop, design and construct new automated model analysis system
that can be used to describe their salient properties.

1.3 Aim an Objectives

The aim of this work is to characterize the lightning generated electric fields produced
by negative and positive lightning return strokes. These are done using a proposed
automated measuring system for CG lightning, named ACLEF-CELP. In order to
achieve this particular aims the following objectives are considered;

1. To determine a set of criteria for each lightning electric field characteristic based
on detected waveform (PBP, FRS, and SRS) for both negative and positive
lightning.

2. To develop a suitable algorithm to differentiate negative and positive types of
lightning return stroke.

3. To develop, design and construct a prototype of an automated lightning
characterisation and monitoring system for single detection system.

1.4 Assumptions and Limitation of the Study

In the course of this research work, some assumptions were made and limitations
encountered and set. The assumptions are made and the limitations set are in
accordance to previous literatures and standard, which are;

1. Only vertical electric field component was taken into account as it is assumed to
be sufficient to elaborate the lightning discharge behaviour.

2. The timeframe set for this study is limited to 200 ms due to the reason that this is
can note that maximum range that can be obtained by the available oscilloscope.
This is appropriate for analysing the data proposes.

3. The lightning discharge characterisations are based on 218 measured timeframes
using one station located in Universiti Putra Malaysia, Selangor, Malaysia where
the measurements are made within the period between May and October 2013.
The measured data is considered sufficient to represent the discharge behaviour in
tropical region and consist of lightning measurement campaign which are deal
with numerous data space.



1.5 Contributions of Research

In a modest effort, this study has tried to contribute the following to research;
Comparative understanding of lightning discharge processes in difference meteorology
conditions, such as tropics, subtropics and climates. This understanding will assist in
characterising CG lightning electric field as it would contain both negative and positive
return strokes. The automated characterisation system prototype named ACLEF-CELP
was proposed for an automated characterization process of negative and positive
lightning return strokes because it will overcome the manual characteristic which is
reduce the time consumption for doing characterize data and increase the efficiency
when it deal with huge number of data.

This thesis also characterizes Preliminary Breakdown Pulses (PBP), Return Stroke
(RS) and Subsequence Return Stroke (SRS). It contains duration before return stroke,
duration, peak and peak time of PBP. It also contains full width half maximum first
derivative of return stroke Trwmu aear peak amplitude first derivative of return stroke
Egar, time to peak first derivative of return stroke Teq apar» full width half maximum
of return stroke Tryyy, slow front amplitude of return stroke Ey; slow front time of
return stroke 7, 10 to 90 % time of return stroke 7.9y, peak amplitude of return stroke
E,, peak time of return stroke 7}, zero crossing time 7. of return stroke. It also contains
the PBP to RS time 7),.,; and ratio of PBP to RS peak R,,.,. This represent a new
method that identifies the specific slow front value and time that can be used to
compare with the previous research findings.

This ACLEF-CELP system has an advantage of selecting CG lightning activity
amongst many types of lightning activities. Its ability to obtain any captured data as
Undefined Return Stroke (URS) in dataset file and not include it in the analysis is also
an added advantage. It will define it as zero data parameter for the filtering signal to
make sure it is purely a CG flashes.

1.6 Thesis Organization

This thesis consists of 5 chapters, where Chapter 1 describes the background of this
project, problem statement, objectives and scope of work. Chapter 2 review of previous
published works in the literatures. This involves works on lightning signal on RS, SRS
and PBP. Also de-noising method for eliminates the noise in the signal are analysed
and discussed.

Chapter 3 describes the development of the method used in this research, where the
relationship between the developed method and findings from literature reviews is
presented. Chapter 4 presents the results of the appropriately designed model these



findings were compared and validated accordingly with previous findings. Finally,
Chapter 5 presents the conclusion of this study and suggestions for future works.
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