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ABSTRAK

Kilat merupakan suatu fenomena yang berlaku di atas kawasan atmosfera. Kejadian
cahaya transien merupakan satu jenis kejadian kilat yang melebihi kelajuan kilauan
kilat dalam suatu kejadian rebut petir. la adalah kejadian yang sukar dilihat dan
berlaku dalam masa yang singkat. Maka, suatu alat foto dengan kadar bingkai tinggi
adalah diperlukan. Projek ini mengkaji tentang kebarangkalian berlakunya kejadian
transien cahaya di sekelilingi Universiti Malaysia Pahang (UMP) Kampus Pekan
dengan menggunakan alat yang ringkas dan sesuai untuk mengesan kejadian ini.
Fenomena cahaya transien terbahagi kepada beberapa jenis seperti “Elves”, “Sprites”,
Halos, “Blue Jets”, dan “Gigantic Jets”. Kejadian ini dikesan dengan menggunakan
satu kamera monokrom dalam jejari 100 km dari UMP Pekan berserta ketinggian
20 km agar kejadian tersebut dapat direkod dengan jelas dan ciri-cirinya dapat
dianalisa secara kategori dengan video dan bingkal yang direkod. Sprites adalah
keruntuhan dielektrik dalam lingkungan ketinggian 20 km hingga 95 km dan sentiasa
berlaku disebabkan oleh berlakunya kilat positif dari awan ke tanah (+CG). Setiap
proses penjejakan menetapkan kebarangkalian berlakunya TLEs di sekelilingi UMP
Pekan. Keputusan dihadkan dalam jejari 100 km dari kawasan UMP Pekan sahaja.
Daripada kajian ini, transien cahaya susah dapat dikesan. Numun begitu, satu jenis
kilat baru dapat dijumpa. Kilat baru adalah serupa dengan ciri-ciri Carrot Sprite
selepas semua ciri-cirinya dibandingkan dengan Jabatan Meteorologi Malaysia
(MMD). Kesimpulanya, transien cahaya dapat dijumpa di sekelilingi UMP Kampus
Pekan terutamanya Sprites.



ABSTRACT

Lightning is one of the phenomena that occur around the area above the atmosphere.
Transient Luminous Events (TLES) is a type of lightning events which take place
above the flash of lightning in a thunderstorm cloud. It is a very fast event that is
hardly seen and happens in a very short period of time. So, a high frame-rate
capturing device is required to record it. This project studies about the possibility of
TLEs occurrences around Universiti Malaysia Pahang (UMP) Pekan campus area by
selecting a simple and suitable device to detect the event. There are various types of
transient luminous such as Elves, Sprites, Halos, Blue Jets, and Gigantic Jets. By
setting a distance radius of 100 km from UMP Pekan with a minimum altitude height
of 20 km, the event was traced using a monochrome camera. This allowed the event
to be clearly recorded and analysed, namely by the characteristic of categories
captured with the video and frame. Sprites are dielectric breakdown at an
approximate altitude of 20 km to 95 km and are normally triggered by +CG lightning
events. Each of the tracking process results in the possibility of TLE occurrences in
the atmosphere of UMP Pekan campus. This result was limited to only a radius of
100 km away from UMP Pekan campus. The study revealed that, TLEs cannot be
easily captured. However, an unknown discharge lightning event was found. The
unknown event detected was possibly a Carrot Sprite upon comparing all the data
obtained with those available in Malaysian Meteorological Department (MMD).
Hence, TLEs can be observed around UMP Pekan campus, especially Sprites.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Recently, research on Transient Luminous Events (TLES) has attracted much
interest around the world. It began in 1989 and the findings can be considered as
new in studies related to the field of lightning over the last 27 years (Franz et al.,
1990). In this chapter, the background of study, research motivation, objectives,
significance of study, project scope, definition of terms, and intro to the project flow

related to the study are discussed.
1.2 Background Study

Global Electric Circuit (GEC) is described as an active system in the
atmosphere. The research in this area is numerous and mostly focus on theoretical
and experimental investigation into the phenomena. Scientists have long been
interested to discover numerous parts of the GEC although the system changes over
time and space (Singh et al., 2014). Lightning is one of the contributors to the GEC
system. It is one of the natural phenomena found on Earth and occurs between a
thundercloud and the ground. TLES are also active during the thunderstorm (Ebert,
2012). At the beginning, Franz, Nemzek, and Winckler (1990) intended to carry out
research on lightning activities. However, they recorded a unique lightning activity
which occurred in the upper atmosphere. The lightning recorded by Franz et al.
(1990) at the upper atmosphere was named Sprites. In the following years, there has
been a growing research on TLEs by William, Rokov, Uman, Pasko, Lynos, Yair,

Wescott, and other researchers, as stated in M. Hayakawa, Y. Hobara, and T. Suzuki



(2012). Serge Soula et al. (2009) found that +CG lightning has the ability to trigger
the happening of TLEs, especially Sprites.

Lightning does not only occur in the lower atmosphere but also on the upper
atmosphere which is located at the altitude of 40 km to 100 km above the earth’s
surface (Luque and Ebert, 2010). TLEs are flashes of light which occur at the upper
atmosphere or in the D region (60 km to 100 km) of the ionosphere. TLES occur

when reaction in excited gas molecules results in electrical breakdown.

Some of the TLEs occur at the lower region of the ionosphere area which is
located at the altitude of 80 km from earth’s surface while some of them are located
at the altitude of approximately 100 km above ground (Passas et al., 2014). The
types of TLESs include Sprites, Elves, Gigantic Jets, Blue Jets, and Halos. Figure 1.1
shows that there are several types of TLEs that can be observed. Each of them
happen independently at a specific altitude in the upper atmosphere. This research
however focuses on Sprites as to it can be triggered by +CG lightning (Lyons et al.,
2003b).

The main purpose of this project is to investigate +CG lightning and to verify
the occurrences of different TLEs within a height limit of 80 km. A monochrome
camera was used to record data on the image captured. This is to observe their shape
and time of occurrence. After that, a group of data for the image captured was
obtained through the data recorded by Malaysian Meteorological Department
(MMD) to determine the height of the event and the distance between the camera
panel setup and the event. In addition, the size can be calculated by using specific
equation. Further discussion on calculation is presented in Chapter 4. Lastly, the
characteristics and localisation of the specific event are determined from the data

recorded by MMD. Further discussion on methodology is presented in Chapter 3.
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Figure 1.1 Different TLEs occur below ionosphere.
Source: Luque & Ebert (2010).

1.3 Problem Statement

Lightning refers to a natural phenomenon that happens frequently during
thunderstorms (Williams, 1987); (Martin A. Uman, 1972). This phenomenon was
described as an event of electrical discharge at the rate where the discharge process
will deliver a large quantity of current and voltage. A large quantity of radio
frequency made up of electromagnetic field (E-field and H-field) is emitted during
lightning. TLEs are also known as a part of a lightning event that happened in the
upper atmosphere where the electrical discharge is visible as colourful lightning

strikes with a series of form.

In addition, lightning is categorized under visible light and its wavelength
ranges from 400 nm to 700 nm which can be seen by the human eye easily.
However, the wavelength for TLEs is 600 nm to 900 nm (Thomas Ashcraft, 2011).
This, wavelength of TLEs falls under the Infrared (IR) range with a wavelength from
750 nm to 1 mm, hence, it is hardly visible to the human eye. Therefore, a low light
condition monochrome camera is required to observe TLEs as it is capable to

highlight the flashes of the light clearly.



The survey and observation on TLEs have progressed frequently in other
countries since 1989, when the first Sprites is recorded (Franz et al., 1990). These
studies classified TLEs by the differences of colours and stroke patterns. Sprites and
Elves were commonly known TLEs in research studies. Yet, there are lesser specific
characteristics that justify the occurrence patterns of Sprites and Elves. Observation
results from the past decades are just merely event capturing and data analysis that
required justification on the varying attributes of the findings obtained from the

capture site.

In addition, the result by Dan Robinson (1995), Lyons et al. (2003), Serge
Soula et al. (2009), and V. P. Pasko, Yair, and Kuo (2012) highlight that +CG
triggers Sprites within a stratiform cloud region. According to Rocha, Diniz,
Carvalho, and Filho (1999), Pettegrew, Market, Holle, and Demetriades (2003), and
Arnone et al. (2008), most occurrence of +CG lightning take place during the winter
season in northern countries such as Italy, US, UK, and Japan and southern countries
such as Brazil. The winter month for northern countries starts from December to
February while for southern countries from June until August. However, the four-
season climate does not exist in Malaysia. Instead, Malaysia only experiences
monsoon seasons such as the Southwest Monsoon season and Northeast Monsoon
season. Hence, the occurrences of +CG lightning during these monsoon seasons
make an interesting topic to be discovered.

National Lightning Safety Institute (NLSI) (1988) reported that Malaysia is
ranked the third in having the most thunderstorms in the world. With the notion that
TLEs are a part of the lightning event, there is a high possibility that TLEs do occur
in Malaysian atmosphere based on the NLSI report. Thus, this studies seeks to

observe +CG lightning and the possibility of TLEs occurrence in Malaysia.

Nevertheless, observation of TLES requires a wide view to ensure that the
capturing process can be done smoothly. The location of UMP Pekan campus fulfils
the requirement of TLE image capturing event where the site is located near
seashores. Therefore, the university can be considered as a suitable base station for
TLEs image capturing. Besides, these observations also assist in validating the data

collected by researchers from abroad who observes TLEs from satellite.



1.4 Objectives of the Study
The main objectives of this research are:

I.  To investigate the occurrences of positive cloud to ground (+CG)
lightning from Malaysian Meteorological Department (MMD).

ii.  Toinvestigate TLEs in UMP Pekan campus area in Pahang.
1.5 Project Scope
This project includes the following scope:

I.  The project was limited to the area within 100 km radius from UMP

Pekan campus.

Ii.  The occurrence of lightning is recorded at an altitude of 20 km above

the earth’s surface.
iii.  Frame rate is at 25 fps.
1.6 Definition of Terms

For the purpose of explanation, the main terms used in this study have been

defined. The terms are the following:

Transient Luminous Events (TLES). Refer to the lightning occurring at the

upper atmospheres region such as Sprites, Elves, Halos, Blue Jets, and Gigantic Jets.

Positive Cloud to Ground (+CG) Lightning. Refers to milliseconds of
flashes of light occurring at the upper part of a thundercloud which are positively

charged and downward-moving to the ground.

Sprites. Refer to types of TLEs that are red in colour and shaped like a

jellyfish, carrot, and column.

Frame Rate. Denotes the number of frames or images that are displayed per

second throughout the video recording.

Frame per Second (fps). Expresses the unit of frame rate.



1.7 Outline of Thesis

This thesis consists of five chapters, organized as Chapter 1, Chapter 2,
Chapter 3, Chapter 4, and Chapter 5 to discuss and conclude the research on +CG
lightning and TLEs. The next chapter, Chapter 2 presents the background of the
research as well as details and information on lightning, TLEs characteristics, and
explanation of camera specification. Chapter 3 details on the methodology set up for
image capturing and the method used to collect the data of lightning events recorded.
Chapter 4 presents the result and discussion of the project. The collected data is
compared with findings from other studies conducted in the same research field. The
characteristics of +CG lightning and TLEs (Sprites) are discuss further in this

chapter. Lastly, Chapter 5 presents the conclusions of the research.
1.8 Summary

Throughout this chapter, the basic information on the background and
research motivation for the research was presented. Using this information, the
research is done to validate the possibility of detecting TLES in UMP Pekan with the

appropriate techniques and equipment.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Lightning, a sudden powerful flow of electricity, is one of the natural
phenomena that occur on earth. A lightning strike carries a current of 10 kA and a
voltage of 100 million Volt (Stormwise, 2002). The discharge of lightning can travel
between one cloud to another (Cloud to Cloud, CC), between a cloud and Earth’s
ground (Cloud to Ground, CG), or within a thundercloud (Intracloud, IC).
According to Martin A. Uman (2008), when positive charge and negative charge in a
thundercloud is equal to each other, a lightning flash occurs where the strikes happen

when the flash hits an object on the ground.

There are numerous types and forms of lightning. Some popular terms used
to classify it include ball lightning, black lightning, heat lightning, ribbon lightning,
bead lightning, coloured lightning, cloud to air lightning, sheet lightning,
stratospheric lightning, tubular lightning, silent lightning, meandering lightning, and
TLEs. TLEs are described as short lived electrical breakdown phenomena. TLEs
are broken down into many types as compared to other types of lightning such as
Sprites, Elves, Gigantic Jets, Blue Jets, and Halos, as mentioned in Chapter 1.
However, the current chapter focuses only on the descriptions of cloud to ground
(CG) lightning and TLEs. A review of literature on lightning formation, the
capability of the camera, and the function of all the components used in this project
are further discussed, specifically, the function of monochrome camera, digital video

recorder (DVR) card, and other related instrumentation for this research.



2.2 Lightning Generation

Typical lightning events are commonly visible to the human eye as the bolts
strike from clouds to the earth surface. This instant flash event happens within a
second or two before a thunderous sound is heard. In scientific terms, a lightning
generation is a form of electrostatic discharge. There are three stages of lightning
generation. The first stage is the separation of positive and negative charges within a
cloud. A strong static charge builds depending on the strong updrafts in the cloud
and causes the ice crystals inside the cloud rub against one another. Positively
charged crystals then rise to the top causing the cloud top to build up a positive static
charge while negatively charged crystals and hailstones drop to the middle and
bottom layers of the cloud building up a negative static charge. The reduced
production of ice crystals causes cumulonimbus cloud to fail in creating enough

static electricity for the lightning action (Martin A. Uman, 2008).

The second stage is the build-up of positive charge on the ground below the
clouds. The earth’s ground is normally negatively charged. The negative charge at
the bottom layers of cumulonimbus cloud pulls the positive charges from the ground
to gather along the surface for a few miles around the storm when the thunderstorm
passes over the ground. The charges then concentrate on vertical objects such as
trees and tall buildings. This is why during a lightning storm, people are reminded to
stay away from pole objects to prevent from being struck by lightning.

The third stage occur when the negative charges and positive charges are
equalised and gather together, creating an electrical discharge as a result of which
bolt occurs within the clouds or between the clouds and ground. Lastly, the lightning
is formed. Thomas Ashcraft (2011) stated that TLEs form after certain lightning
bolts are formed. The lightning strikes may result in very high currents that are able

to cause death.
2.3 Return Stroke

A lightning flash commonly starts with charge transfer in the cloud. A
process of neutralization occurs on small positive charge by the negative charge built
from ice or water particles. Then, the process is followed by a stepped leader which

transfers the charge from the cloud to the ground step by step. The process is fast



and happens in less than one-millionth of a second (<10 s) for each steps of the

stepped leader.

Next, the stepped leader carrying some coulomb charges reaches the ground
and connects with an upward-moving discharge which carries a large quantity of
positive charge from the ground. The stepped leader builds the step to reach the
ground while the upward-moving discharge of 30 m to 50 m long is directed upward
to meet it. When both of them meet, a complete connection is built. The discharge
from the ground moves up to the leader channel. As a result, a return stroke occurs.
The flash of light is produced mainly by the return stroke before it returns to their
normal state. Lastly, the process may repeat, starting with a continuous leader called
dart leader which has lesser charges than stepped leader. It has the ability to move
down the return stroke channel from the previous stroke (Rakov, 2007); (Blaes et al.,
2014).

2.4  Types of Lightning

There are 3 types of lightning, namely cloud to ground (CG) lightning, inter-
cloud lightning or cloud to air lightning, and intra-cloud (IC) lightning. Previous to
this, Uman (1994) informed that CG lightning can be separated into 4 categories
which are positive cloud to ground (+CG) lightning, negative cloud to ground (-CG)
lightning, positive ground to cloud (+GC) lightning, and negative ground to cloud (-
GC) lightning. A +GC lightning and -GC lightning occurrences are caused by an
upward-moving leader from the ground, as shown in Figure 2.1. However, both of
these are not discussed in this study due to their rarity and as they normally take

place at mountain peaks and tall built structures such as transmission towers.

In a review on inter-cloud lightning and intra-cloud lightning by Uman
(1994), they were categorised as cloud-to-cloud (CC) lightning and they occur due to
the electrical breakdown that takes place within the cloud without contacting the
ground. The electrical breakdown generates a weak return stroke within the clouds.
Inter-cloud lightning occurs between charges that are centred in two different clouds
or sometimes in between the air. Nevertheless, intra-cloud lightning occurs between
positively charged and negatively charged centres in the same cloud. Figure 2.2

shows the differences of inter-cloud lightning and intra-cloud lightning.



(a) (b)

Figure 2.1 (a) Upward-moving positively charged leaders; (b) Upward-moving
negatively charged leaders.

Source: Martin A. Uman (2008).
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Figure 2.2 (@) Inter-cloud lightning; (b) Intra-cloud lightning.
Source: Martin A. Uman (2008).

2.4.1 Negative Cloud to Ground (-CG) Lightning

As mentioned in the return stroke, lightning occurs due to the connection of
positive charges and negative charges between cloud and ground. A sudden
connection of positive and negative charges causes a light to be emitted for a few
milliseconds called lightning.  Furthermore, -CG lightning occurs due to the
electrical breakdown that takes place within the lower part of the thundercloud and
the ground. Martin A. Uman (2008) claimed that the negative charge at the lower
part of the thunderclouds experiences an electrical breakdown and form a downward-
moving negative leader travelling to the ground. Then, the electric field around the
ground produces a small breakdown and upward-moving discharge to contact the
downward-moving negative leader. A -CG lightning occurs when the upward-

moving discharge and the downward-moving negative leader meet. According to
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Uman (1994), 90% of CG lightning is initiated by downward-moving negative leader
while less than 10% of CG lightning is initiated by downward-moving positive
leader around the world. Figure 2.3 shows the downward-moving negatively

charged leaders.

A

Figure 2.3 Downward-moving negatively charged leaders.
Source: Martin A. Uman (2008).

2.4.2 Positive Cloud to Ground (+CG) Lightning

A review from Uman (1994) reported that +CG lightning occurs at the upper
part of a thundercloud which is positively charged. It starts with the electrical
breakdown at the upper part of thunderclouds and is initiated by a positively charged
downward-moving step leader. Only one return stroke occurs during the +CG
lightning event, where —CG lightning does not appear at the same time. In addition,
(Pawar and Kamra, 2004) reported that +CG lightning occurs during the last stage of
the thunderstorm. The thunderstorm ends after several +CG lightning. Arnone et. al
(2008) meanwhile claimed that most of the +CG lightning occurs in winter months.
Carey et al. (2003) concluded that the percentage of +CG lightning is less than —-CG
which is >15% for +CG and >90% for -CG and found that the occurrence of Sprites
events are usually related to the strong +CG lightning. Figure 2.4 shows the
downward-moving positively charged leaders. Henceforth, it was decided that the
focus of the research is to be placed on +CG lightning as it affects the occurrence of
TLEs.
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Figure 2.4 Downward-moving positively charged leaders.
Source:Martin A. Uman (2008)

25 Typesof TLEs

Some TLEs occur at lower altitudes of about 80 km from earth’s surface
while some of them at approximately 100 km above the ground, as stated by Mar &
Passas et al. (2014). It is an electrically induced form that occurs in the upper
atmosphere due to the various types of electrical discharge phenomena in the upper
atmosphere, which lack several characteristics of tropospheric lightning. They
belong to Extremely Low Frequency (ELF) group, as revealed by Bailey (2010). A
study on the occurrence rate of TLEs on land, coastal area, and ocean was carried out
by Chen et al. (2008). The result showed that Elves dominate most number of TLE
events and they are detected frequently above the sea surface compared to above the
land surface. Sprites and Halos have almost the same numbers of occurrence, yet
they appear more in different places like land surface and above the coastal surface
respectively.  Sprites and Halos have almost the same number of occurrence
probably because Sprites always appear together with Halo. Lastly, Gigantic Jets has
the least numbers of events and events often take place above the sea surface. Figure
2.5 indicates global occurrence of most TLEs. Different luminous transient produced

at different heights is shown in Figure 1.1.
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Figure 2.5 Global occurrence of most TLEs: (a) Sprite and Gigantic Jets, (b)
Elves, (c) Halos.

Source: Chen et al. (2008).
2.5.1 Sprites

Sprites are the first type of TLEs detected in 1989 by Franz et al. (1990). It
was then studied by other researchers who later found different types of Sprites such
as Carrot Sprites, Column Sprites, Jellyfish Sprites, and firework, as stated by V. P.
Pasko, Yair and Kuo (2012). According to Sentman et.al (1995), Sprite event
concludes as a large luminous discharge and its altitude ranges approximately 40 km
to 90 km. A large peak current can be detected when the event takes place. The
period of Sprites is 0.2 min™, as explained by S. Soula, van der Velde, and Montanya
(2012) and the duration is approximately 5s to 30 s, as stated by M. Hayakawa, Y.
Hobara, and T. Suzuki (2012). Sprites are red in colour due to the excitation of
nitrogen gas in the atmosphere (Mende, Rairden, Swenson, & Lyons, 1995); (Franz
et al., 1990). Haldoupis et al. (2010) found that second Sprites occurs after the
previous event takes place, so, it can last over several frames setting after the first
streamer is triggered at about 70 km away from earth’s surface. The shape of Sprites
can be horizontally displaced from the parent lightning or sometimes oriented
towards it. Sprites is triggered by +CG lightning and its flashes within the stratiform
region of the storm, as reported by Serge Soula et al. (2009), Lyons et. al (2003), and
V. P. Pasko et al. (2012).
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The Carrot Sprites have the combination of a bright “head” with a red glow
colour as their “hair” (M. Hayakawa et al., 2012). They are able to extend to as high
as an 95 km in altitude and their bluish tendrils always reached 20 km from the top
clouds with a width of approximately 25 km to 50 km (Sentman et al., 1995; V. P.
Pasko, Inan, and Bell, 1996). The Column Sprite was detected by E. M. Wescott,
Sentman, M. J. Heavner, and D. L. Hampton (1998) in year 1998 and it was found
that they appeared in a group form. The Column Sprite occurs without the hair-like
and tendrils structure. It is vertically oriented cylinder-shaped with a height of about
10 km. The diameter is less than 1 km. Yaniv et al. (2014) observed that the
Column Sprite might occur due to a weak +CG flashes produced. Thus, the current
study seeks to observe Sprites, namely those that are similar to the first TLEs
founded in the year 1989 as they are triggered by +CG lightning. Figure 2.6

summarizes the different types of Sprites.
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Figure 2.6 Different types of Sprites: (a) Carrot Sprits, (b) Column Sprite, (c)
Jellyfish Sprite

Source: (a) S. Soula et al. (2014); (b) Yaniv et al. (2014); (c) S. Soula et al. (2012).
2.5.2 Halos

Halos are defined as the decreasing glow with a side area of 40 km to 70 km
and are randomly produced together with Sprites. They are normally located at the
tops of Sprites (Barrington-Leigh, Inan, & Stanley, 2001). They were found to
escort the occurrence of more structured Sprites. Mar & Passas et al. (2014) claimed
that Sprites and Halos happen 25 km across an average horizontal distance source
from the first lightning strike. Figure 2.7 shows images of the Halos produced with

Sprites.
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Figure 2.7 Halos associated with Sprites.
Source: S. Soula et al. (2014).

25.3 Elves

Elves were first defined by Fukunishi et al. (1996). The speed of Elves is
faster than 1 ms while the speed of Elves’ downward movement to the ground is 1/10
to 1/3 of the speed of light (3 x 10® ms™). They occur at an altitude range of 75 km
to 105 km after a large peak current of CG lightning discharge is detected. The
rapidly horizontal expansion of Elves is characterized by the shape of luminous rings
with a diameter of up to 400 km or larger. Subsequently, Elves expand in a radially
outward direction by following the lower edge of the ionosphere which is located at
an altitude of about 80 km to 90 km (Newsome & Inan, 2010). They are composed
of lights in red colour and are triggered by a +CG lightning or a —CG lightning with a
large peak current. This is associated with the major percentage of —CG stroke found
by Barrington-Leigh and Inan (1999). Elves have possibly contributed a unique
polarity reversal when they produce a flash in a storm, as reported in the research
done by S. Soula et al. (2012). Elves’ thickness reach 10 km to 20 km and their
height can reach up to approximately 95 km, as reported by M. Hayakawa et al.
(2012).

The swift duration of Elves made it too hard to see them with the naked eye
and it is still difficult to capture them by using a video camera with 25 frames per
second (fps). However, a higher performance video camera with 100 fps or above is
more suitable to capture Elves event. It is a natural phenomenon that humans are
able to predict and prevent earlier because Elves are the type of TLEs that frequently
occur across the world. Large storms can produce hundreds of Elves in a few hours.
Figure 2.8 shows Elves captured by Van der Velde (2008).
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Figure 2.8 Elves.
Source: Van der Velde (2008)

2.5.4 Gigantic Jets

Gigantic Jets appear less frequently compared to Sprites and Elves. It can
spread across an altitude of as high as 80 km with upward-directed lightning
shooting out of the cloud tops and it is large in size (V. P. Pasko, 2010). S. Soula et
al. (2012) recorded the luminosity of Gigantic Jets that appeared blue in colour and
the event was estimated to have occurred at the altitude of 80 km to 90 km.
However, another new colour of Gigantic Jets was observed by Y. Yair et al. (2013)
which comprised of reddish-orange diffused arc and bluish colour at the lower part.
Gigantic Jets are mainly caused by intracloud discharges at the lower ionosphere
with the thundercloud and without a cloud to ground (CG) flash detected at the same
time (V. P. Pasko et. al, 2002; Su et al., 2003). Therefore, no charge transfer to the
Earth was detected during the occurrences of Gigantic Jets. On the contrary, Jing
and GuiLi (2014) found that Gigantic Jets was dominated by -CG lightning during
discharging. This shows that Gigantic Jets are one of the TLEs types that are
difficult to be determined (V. P. Pasko et al., 2002; Su et al., 2003; & Jing & Guili,
2014).

4 structures are needed to produce a huge Gigantic Jets. The first Gigantic
Jets structure is the leading jet. Its duration ranges from 33 ms to 167 ms and it
propagates at a higher altitude. During the second phase, a tailing jet appears with
decreasing luminosity in different parts such as the lower channels and transition
region. At the lower channels which are the third structure, it produces blue
luminosity at an altitude of approximately 20 km to 40 km. The blue luminosity then

diffuses with time as it decreases in altitude. Lastly, the transition region located
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around 40 km to 65 km, consisted of bright red luminous beads slowly going up and
retracing the initial leading jet channels (Soula et al., 2012). Figure 2.9 presents the

images of one of the physical characteristics of Gigantic Jets.

Figure 2.9 Gigantic Jets.
Source: (a) Su et al. (2003); (b) S. Soula et al. (2012)

255 Blue Jets

Blue Jets is a smaller sized version of Gigantic Jets. They are TLEs with
upward-directed lightning shooting out of the cloud tops. Thus, they extend only a
few kilometres from the top of thunderclouds up to the clear air above (E. M.
Wescott et al., 1996). E. M. Wescott et. al (1998) also emphasized that Blue Jets can
spread to an altitude of up to 40 km which is half the distance of Gigantic Jets. It
occurs when there is an electrical breakdown in-between the upper storm charge and
the screening charge that are attracted across the top of thunderclouds. The
phenomenon happens within approximately 5 s to 10 s or less, with the production of
a sudden imbalance charge in the storm due to the cloud to ground or intracloud
discharging, as indicated by Krehbiel et al. (2008). The duration of Blue Jets is
longer than Sprites and their intensity is also larger than Sprites, as reported by M.
Hayakawa et al. (2012). Moreover, the upward directed speed of Blue Jets achieved
up to 100 km/s (Sentman et. al, 1995). Blue Jets have a blue conical shape with an
angular cone at approximately 15< as discovered by E.M. Wescott, D.D. et. al
(2001).
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Blue starter is the initial stage of blue jets. It spreads upward from the cloud
top at an altitude of 17 km to 18 km, up to the altitude of 25.5 km, as reported by E
M Wescott et al. (1996). Gigantic Jets are described to occur as normal intracloud
discharge. The discharge process happens in between the dominant level charge and
screening-depleted upper level charge. The discharge process for both Blue Jets and
Gigantic Jets precedes the propagation on the top of the storm and no polarity is
found during the event (Sentman et al., 1995b). Figure 2.10 shows a Blue Jet
observed in Kanto, Japan in 2011.

Figure 2.10  Blue Jets.
Source: Suzuki, Hayakawa, Hobara, and Kusunoki (2011).

2.6 Camera

Many types of camera have been used in previous research to capture images
of TLEs. Earlier, the low-light level Television (LLTV) camera was used by Franz
et al. (1990) and Lyons et al. (2003) to observe TLEs in the year 1990 and year 2003
respectively. In the following year, a Xybion IMC-201 charge-coupled device
(CCD) camera was used by the researcher, Y. Yair et al. (2004) to observe the TLE

activities in the upper atmosphere.

In the year 2006, other types of low light and high-speed cameras such as
Vision Research Phantom 7.1 monochrome were used by Cummer et al. (2006) to
capture TLEs images. Later, a new type of camera, namely Watec 902H was used
by S. Soula et al. (2012) and S. Soula et al. (2014) in 2012 and 2014, and also Lang
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et al. (2010) in 2010. Currently, Watec 902H camera is the most frequently used in
the observation of TLEs. Last but not least, another type of camera, namely the
high-sensitivity CCD 1/3” camera was also used by Mar & Passas et al. (2014) in
2014.

To conclude, all the cameras used by previous researchers were monochrome
and very sensitive to low light conditions. Moreover, Watec 902H has been used to
observe meteor and other late night natural phenomena. For the same reason, Watec
Ultimate 902H2 camera was chosen by researcher for this research. The camera is

shown in Figure 2.11.
2.6.1 Watec Ultimate 902H2 Specification

Watec Ultimate 902H2 camera is a monochrome camera frequently used to
observe meteor and other natural phenomena in low light conditions (M. Passas,
Madiedo & Gordillo-V&aquez, 2016). The camera type of Committee Consultatif
International Radiotelecommunique (CCIR) was chosen instead of Electronics
Industry Association (EIA). CCIR is of a black and white television (TV) standard.
It is the ancestor of Phase Alternation by Line (PAL) system where PAL system
offers automated colour correction and 25 frame rate (Wood, 2004). The sensitivity
of Watec Ultimate 902H2 CCIR type camera is 0.0001 lux in aperture F1.4, which
means the specific camera can display the image to be captured very clearly under a
low light condition (Pillman, 2010). The figure of the full set camera specifications

with the parts can be found in the Appendix B.

Figure 2.11  Watec Ultimate 902H2 camera.
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2.7 Frames Rate

Frames rate is the frame frequency for a film, video camera, and motion
capture system. It is also called as frame per second (fps). Human eyes normally
can watch a video at 16 fps to 24 fps (David Neumeyer, 2014). A higher fps
produces a clear resolution as more frames are processed within one second.
Cummer et al. (2006) used 5000 fps for their research in 2006. The time acquires for
each frame is 0.2 ms. Hence, the process of electrical breakdown for TLES shown in
each frame was defined easily. In the same way, Mar & Passas et al. (2014) used 33
frames in their research in 2013. The image captured was blurred yet it was
acceptable for review and the TLESs discharge process was able to be concluded. The
image captured by Cummer et al. (2006) was clearer compared to Mar B Passas et
al.'s (2014). In this research, a camera with 25 fps was used to observe TLEs. The

calculation of fps for the current study is further discussed in Chapter 3.
2.8  Field of View (FOV)

Each camera has its own viewing coverage where the field of view is used to
describe the cameras’ viewing area. Field of View (FOV), also known as Angle of
View (AQV), is described as an area that can be observed under a camera’s
coverage. As explained by Galstian (2013), FOV depicts the image’s captured
range. It is separated into two sections of description, namely the object space and
the image space. Object space is defined as the scope of the captured object. It is
measured as an angle and is normally applied toward a faraway object. Image space
is defined from the camera sensor size. It measures the FOV that corresponds to the
camera sensor dimension such as the width, the height, and the diagonal dimension.
In a book written by Corsentino (2013), it was claimed that AOV is the area covered
by a lens and is measured in degree type. Moreover, it was found that a camera with

a couple of wide-angle lens and set zoom function can capture a wider AOV.

As identified by Robert Hirsch (2012), there are 5 types of angle view which
are eye-level angle view, low-angle viewpoint, wide-angle viewpoint, high-angle
shot, and bird’s eye views. Eye level angle view indicated the AOV covered under
human sight. Next, the low-angle viewpoint is described as an image captured by

adding wide-angle lenses to the camera and they are used to maximise the image
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view. Meanwhile, wide-angle viewpoint refers to the image focus of the viewer’s
observation in one specific direction. The fourth angle view is a high-angle shot
which is defined as the opposite effect of low-angle viewpoint. A high-angle shot
focuses on the surrounding environment or a bigger FOV area effective to the
portrait situation. Bird’s eyes view indicates an image captured from a higher
position or above a subject and can be confusing to viewers. Subsequently, oblique
angle is another special view angle which demonstrates an unstable camera position
on its horizontal line. When applied the oblique angle shot, a suitable position need

to be adjusted to capture the photos.

In addition, Kim, Jung, and Paik (2016) confirmed that FOV or AOV are
eligible to be changed by substituting them with a different size of focal length to the
camera. It was found that the FOV of camera did not change by replacing a normal
focal length to the fisheye lens. Hence, only the focal length size affects the

performance of FOV.

More importantly, the technique of low-angle and wide-angle viewpoints was
chosen for this research. Equation 2.1 explains the relationship between focal length
and AOV, where “d” represents camera sensor dimension and “f” represents
effective focal length (Ernest McCollough, 1893). A simplified calculation of AOV
is discussed in Chapter 3.

e d 2.1
AOV,p=2tan " —
2f
where,
d = camera sensor dimension;
f = effective focal length.
2.9 Summary

From this chapter explained the occurrences of lightning event, and types of
TLEs such as Sprites, Halos, Elves, Blue Jets, and Gigantic Jets. In addition, a
monochrome camera, Watec Ultimate 902H2, was used as the equipment to record
the occurrences of lightning event. Angle of view (AOV) act important role during
the research, it will be determined the height of the event. AOV defined by using
equation 2.1.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter discusses the research methodology by providing a guideline
and step taken to conduct the study by using certain methods, techniques and
instruments. The part is separated into two sections comprising the techniques
conducted to process the lightning map and the image captured. These two methods
were used to categorize the types of TLEs by finding out their unique parent
lightning, size, and shape. The function flow diagram of the research is explained in
Figure 3.1.

TLEs are natural phenomena located between troposphere and ionosphere.
They occur at the height of about 80 km to 100 km above the earth’s surface. The
data collected by the Malaysian Meteorological Department (MMD) as part of the
yearly lightning activities observed as well as to find out the parent lightning of
TLEs.

Information for the TLEs would be limited if the research was done only by
data collection. Hence, an image captured using a video camera was also analysed
simultaneously with the data collected by MMD. Data collected from both methods
were found to be more useful in making more reliable conclusions. Lastly, a data
comparison was done with results from MMD to perform a final check of the

accuracy of the result and to reach the final conclusion on the TLEs observed.
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3.2 Data Collection

Data is from Malaysian Meteorological Department (MMD). The specific
function and operation system are explained in the following subtopics.

3.2.1 Malaysian Meteorological Department (MMD)

A set of data collected by Malaysian Meteorological Department (MMD)
within an area of 100 km radius coordinated at the centre point of Universiti
Malaysia Pahang’s (UMP) Pekan campus was requested to find out the parent
lightning of the positive cloud to ground (+CG) lightning. Figure 3.2 clarifies the
function flow for the process of data collection. In addition, Figure 3.3 explains the
localization within the radius of 100 km, whereas Figure 3.4 presents the coverage

area of within 100 km radius.

mosTI e
4 @ QiGN
CUME Tuataysia »w A ANM=LN
Request Data from  Classify & Analysis Plot Lightning Map
MMD

Figure 3.2 Process of data collection.
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Figure 3.5 Microsoft Excel sort function.

After the calculation section ended, the data was transferred to Origin Lab
application to plot the lightning map as shown in Figure 3.6. Data such as lightning
direction in degree measurement from the centre point and distance in km from the
centre point were copied from Excel and pasted in the Origin Lab booklet, as shown
in Figure 3.7. These were copied and pasted separately based on the monthly
lightning events and separated into day and night. After being transferred, all the
data were selected and set to X1, Y1, X2, Y2 from the column properties to group
the data based on day and night occurrences.

Figure 3.6 Lightning map for 100 km radius.
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Figure 3.7 Origin Lab data booklet.

A system template was chosen from the plot tab as the sample to plot the
lightning map. The PolarXrYTheta type was selected, as shown in Figure 3.9 and it
was plot by clicking the “Plot” function. A lightning map was plotted successfully
using Origin Lab. A discussion on +CG parent lightning is presented in the
following Chapter.
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3.3 Image Capture

A highly sensitive camera model, Watec Ultimate 902H2, was chosen as the
image acquisition device. The camera was set up at the Keysight Lab which is
located at the second floor of Block 1, Faculty of Electrical and Electronics
Engineering (FKEE), UMP Pekan campus. The camera is a monochrome camera
frequently used in the past to capture natural phenomena such as meteor and full
moon events. It was operated in video mode only during night time for the recording
process. Only two techniques of fields of view (FOV) were used in the study,
namely the wide-angle viewpoint and low-angle viewpoint, as discussed in the
Chapter 2. After the video was captured by the camera, a Digital Video Recorder
(DVR) acted as a bridge to transfer the video to the desktop where the save-mode
operated automatically every 30 minutes. Furthermore, DVR converted the recorded
analogue video into digital format and transferred it to a disk drive. Then, the KM
player software was used to extract all the frames. Lastly, the results were displayed
at the specific folder. This was needed to ensure that all the frames have been
extracted one by one from the lightning event that had taken place to minimise the
error of leftover. A block diagram of images captured and the camera setup panel is

shown in Figure 3.10 and Figure 3.11 respectively.

The camera was set to shoot upwards at a“camera angle as explained in
Figure 3.12. The calculation was made according to Kozak et al. (2014) by using the
trigonometric method and explained further in Sub-topic 3.3.6 in detail. Then, the

camera was focused on the direction where lightning events were occurring.

_
«B-®

Camera Watec ~ Nikon 50mm
Ultimate 902H2 F1.4 Lens

A 4
— B3, e
- . b Result
(Digital Video ()
Recorder) N
Display, Save Frame Extract
and Convert

v

Figure 3.10 A block diagram of image captured.
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(b)

Figure 3.11  (a) Camera setup panel; (b) Camera locate beside window.

Table 3.1 Components used during the research.
Components Length (m) Quantity Uses
BNC male connector 2 1 To connect camera
and DVR.
Camera charger 2 1 To supply power to
camera.
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Figure 3.12  Explanation to capture a Sprite.
Source: Kozak et al. (2014).
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3.3.1 Camera Lens

The Watec Ultimate 902H2 camera was coupled with Nikon 50 mm focal
length with aperture f1.4 lens used to capture TLEs image. Then, the lens was
replaced by Brinno Lens 24 mm to 70 mm focal length with aperture f1.4 lens in
advance. Nikon lens can only focus at a specific area whereas Brinno Lens was able
to control the adjustment and can focus on a more specific field of view. A better
visual result was able to be produced by replacing a lens aplicable to adjust its focal
length. The user manual of Brinno Lens is attached in the Appendix section.

Firstly, the “zoom” screw was adjusted to capture a bigger or a smaller screen
image using Brinno Lens. Next, the “aperture” screw adjusted to make sure that the
amount of light intesity was acceptable as shown on the camera screen. Then, the
“focus” screw was rotated to focus on the object. Lastly, the screws were tightened
after each steps was done completely. Figure 3.13 showed Nikon lens and Brinno

Lens used in this study.

Adjust Focus,

7

just "Aperture"

Figure 3.13  Two different of lens: (a) Nikon lens 50 mm focal length with aperture
f1.4; (b) Brinno Lens 24 mm — 70 mm focal length with aperture f 1.4.

3.3.2 Digital Video Recorder (DVR)

High frame rate (frame per second — fps) relative to high resolutions ensures
high definition frames were captured during the occurrence of TLEs. This feature

was to ensure detail sequences of the event are captured and the nature of TLEs are
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exposed. A digital video recorder (DVR) with high fps was chosen as the connector
between the personal computer (PC) and the camera. It also controls the frames per
seconds (fps) for the video recorded or image captured. In addition, the video
recording was done in analogue mode. The recordings then needed to be transferred
to the PC but the analogue type videos were difficult to transfer. Hence, the
recordings were converted into digital mode in order to transfer it into the PC disk
drive easily. However, the conversion decreased the resolution of the images. Three
types of DVRs with different functions were used in the research. HD USB 2.0
DVR was used in the beginning, which was later replaced by the branded Jovision
(JVS C300Q DVR) since the recorded file size of the HD USB 2.0 DVR videos were
large and they need to be convert to .mp4 format after the recording. Lastly, JVS
C300Q DVR was replaced by UU-DVR as JVS C300Q DVR has low resolution and
low frame rate. In addition, results from JVS C300Q DVR were protected by the
related authority, requiring a software named “JFilter” to be installed before
reviewing the video by using KM player. The three types of DVRs are shown in
Figure 3.14 and a clearer comparison between the three DVRs is made in Table 3.2.
In addition, it was found that only the carrot Sprites events were captured during the
tenure of the study and this finding is presented in Sub-topic 4.5.1.

Figure 3.14  Three types of DVRs (a) HD USB 2.0 DVR; (b) Jovision (JVS C300Q
DVR); (c) UU-DVR.
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Table 3.2 Comparison of DVR.

Descriptions HD USB 2.0 DVR Jovision (JVS UU-DVR
C300Q DVR)

Format PAL PAL PAL

Frame rate (fps) 25 125 25

File Type .mp4 .Sv4 avi

Resolution 352 x 288 704 x 576 1920 x 1080

The three types of DVR have the same video system format, Phase
Alternation by Line (PAL). The PAL recording system is commonly used in
countries such as Malaysia, United Kingdom (UK), and Australia (Diffen, 2013).

HD USB 2.0 DVR has 25 fps and it records in .mp4 video format. Although
the recorded image is clear, the file size is large and takes up the space to store the
daily video. Meanwhile, JVS C300Q DVR has a clearer resolution at 704 x 576
compared to HD USB 2.0 DVR resolution which is only at 352 x 288. It records in
.sv4 video format which is a unique format and requires a special application to be
installed before the video can be viewed, as mentioned in the previous chapter. On
the other hand, the use of JVS C300Q DVR was rejected for the observation in this
study due to its lower fps (16 fps) compared to HD USB 2.0 DVR (25 fps) and UU-
DVR (25 fps). UU-DVR contained the clearest resolution at 1920 x 1080 compared
to HD USB 2.0 DVR and JVS C300Q DVR. It has 25 fps and records in .avi video
format. In addition, .sv4 and .avi record in smaller file size than .mp4. For these
reasons, UU-DVR was finally chosen as the connector to interface between PC and

camera.
3.3.3 Video Record Control Panel

As stated in Chapter 2, there are several types of recording system that apply
Phase Alternation by Line (PAL) system for the Malaysian region. The maximum
fps of PAL system is only 25. However, it was found that the fps was controllable
through the recording control panel. It was necessary to set the basic recording setup
before the video recording. Firstly, the recording control panel and setting setup was
opened through the “setting” tab as pointed out in Figure 3.15. In the setting page,
the tab “System Setting” needed to be setup first by the control to save the location
and video size. The video was set as saved in every 30 minutes. Figure 3.16
explains the setting details.  After that, the “Video Setting” tab was selected to
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determine the video format to be used and the fps value was then selected where the
colour adjustment was ignored, as shown in Figure 3.17. Next, the control panel
main page was referred and the number located at the right hand side was clicked on
to start recording as pointed out in Figure 3.15. It was enabled by double-clicking
the channel screen to enlarge the channel viewer. Figure 3.18 presents the viewer

result. Lastly, the recording of video was continued and switched off at 6:30 am.

DVRS

11:10:42

No Signal

- =200 Aw-});,;;g i 2016-06-02 20:55:28

No Signal No Signal

2016-06-02 20:55:25 2016-06-02 20:55:23

o]

Figure 3.15  Recording control panel.
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Figure 3.16  System setting.
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Figure 3.17  Video setting.
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Figure 3.18  Channel 1 was enlarged by double-clicking the channel screen.
3.3.4 Frames Extraction

The videos were recorded under two types of video format, .avi and .sv4
using three different digital video recorders (DVR). The .avi type video format was
recorded with HD USB 2.0 DVR and UU-DVR while .sv4 type video format was
recorded with Jovision (JVS C300Q DVR). Before the extraction was done using
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the KM player, the conversion of.avi video format for HD USB 2.0 DVR was
needed. After the conversion from .avi format to .mp4 format, the fps increased. In
addition, the video format conversion recorded by UU-DVR was not necessary as it
was able to playback the videos using KM player easily, with high resolution. On
the contrary, an extra software installer named “JFilter” needed to be installed to

playback video format .sv4, as stated in the previous sub-topic.

All frames extracted from the video recorded in different formats continued
to be processed by using the KM player. The function of frames extract was located
at the KM player’s “Main Control” tab. The main control tab was invoked by “right
clicking” the mouse at the video display screen. Then, the “Capture” option was
chosen from the “Main Control” tab, after which another control tab was invoked.
Lastly, a “Frame Extraction” control panel popped out by clicking “Frame Extract”.
Figure 3.19 shows the steps to invoke “Frame Extraction”. It enabled setting and

control frames extraction through the “Frame Extraction” control panel.

Firstly, the desired folder path that extracted the file to be saved was changed
by clicking the “Open” button. Secondly, the image format that needed to be
extracted was chosen. Image format “.bmp” was chosen in the project as showed in
Figure 3.20. Thirdly, the method was selected with capture image only, as shown in
Figure 3.21. Then, the number of frames was extracted continuously and all the
images were kept in their original size after the extraction. Next, “Every Frame”
button was checked in the “frames to extract column”. Lastly, “start” button was
clicked to start the extraction. Both “Frame Extraction” control panel and the video
display were ensured to be run at the same time as only then the frame extract can be

carried out. The steps and selection process are displayed in Figure 3.22.

37



KMPLAYER
Save As...

Make Storyboard... Ctrl+Alt+5

Open File(s)... Audio: Capture... Alt+A
Open Audio: Quick Capture

Album
Favorites

Close File Ctrl+Z

Video: Capture...

Video: Quick Capture

Screen Controls Frame: Original Size... Ctrl+E

Pan & Scan
Playback

Subtitles Frame: What You See... Ctrl+Al+E
Video (Basic) Frame: Quick Capture Ctrl+Alt+A
Video (Advanced) Frame: Copyto Clipboard  Ctrl+Alt+C

Audio
Y i B Ctri+G

3D subtitle control Frame: Quick Extraction

Frame: Quick Capture Ctrl+A
Frame: Capy to Clipboard Ctrl+C

3D screen control Set as Wallpaper ’

WiDi Control Select Capture Folder...
Open Capture Folder...

Bookmarks / Chapter

»
»
3
Configuration Presets 4
Skins 3
Language 4

3

Filters

" ] Options 3
1 Playlist 3

Control Box.. Alt+G

Media Info... Alt+])

Exit Alt+F4

Figure 3.19  Steps to invoke “Frame Extraction”.
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Figure 3.20  Format selection of image frames extracted.
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Figure 3.21  Method selection of image frames extracted.
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Figure 3.22  “Frame Extraction” setting and control panel.
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3.3.5 Frames Rate Calculation

The formula to calculate time acquire for fps is shown in Equation 3.1 below:

Frames per second (fps) = 25, 3.1
Time acquire =1/25
= time acquire per frame
= 40 ms per frame

As a conclusion, each image frame was acquired 40 ms.
3.3.6 Angle of View (AOV) Calculation

The calculation of angle of view (AOV) was calculated by using
Equation 2.1. A general condition was tabulated to initialise the condition for FOV

calculation as in Table 3.3.

Table 3.3 Initial condition for FOV calculation.
Apparatus Description
Camera sensor (Watec 902H2 = 14") 6.4 mm (horizontal) x 4.8 mm (vertically)
Nikon Lens Focal length: 50 mm
Brinno Lens Focal length: 24 mm to 70 mm

Nikon lens is a fixed focal length with 50 mm. On the other hand, Brinno
lens is an adjustable lens with a focal length from 24 mm to 70 mm. Brinno lens has

a wider view compared to Nikon lens. The calculated result is shown in Table 3.4.

Table 3.4 Angle of view with different lenses.

Lens Angle of View (FOV), g
Nikon (50 mm) 7=

Brinno (24 mm) 15.2°

Brinno (70 mm) 5.2©

Nikon lens has a limited AOV. It is capable of observing at 7.3%%nly. In
contrast, Brinno lens has a larger AOV and its AOV capability is 5.2<%0 a maximum
of AOV of 15.22 An illustrated FOV coverage for Nikon lens and Brinno lens is
presented in Figure 3.23 and Figure 3.24 respectively.
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Figure 3.23  FOV coverage of Nikon lens.

5.2°-15.2°

4.8 mm
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Figure 3.24  FOV coverage of Brinno lens.

The calculation has proven that the AOV for Nikon lens covered a viewer
angle at approximately 7.3° while the AOV for Brinno lens covered a viewer angle

of within 5.2° until 15.2°. Brinno lens covers a larger viewing field than Nikon lens.
3.3.7 Camera Setting Calculation (Degree)

Based on trigonometry theorems, tangent function was used to calculate the
camera angle throughout the research. Equation 3.2 explains the tangent function.
The minimum height of 20 km and maximum height of 70 km were chosen for this
case where the distance was set at 100 km. The distance is the exact location of
lightning. Exact location of lightning should be detected by using B-field antenna

system.

__ opposite 3.2

tana = —;
adjacent

20km
a

Camera 100km
Figure 3.25  Camera condition.
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The calculated result of the camera setting in degree is presented in Table 3.5.

Table 3.5 Camera setting’s calculated result.

Height Condition (km) Degree
20 11°
70 37°

The calculated result of the camera setting in degree was set within the angle
of 11°to 37°upward, directed from its point of origin. Figure 3.26 presents the
camera setting before recordings began. The readings of the camera degree which
was upward directed from its point of origin were noted down every time before the

video start recording.

Figure 3.26  The setting of camera shooting upward at 119
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3.4 Summary

Throughout the chapter explained the apparatus used to capture lightning event
and the procedure for panel setup. Camera, DVR, and software use to extract frame is
explained though the chapter. Data obtained from Malaysian Meteorological

Department (MMD) is to verify the result and research on lightning characteristics.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

This chapter presents the result of lightning map data collected by Malaysian
Meteorological Department (MMD), and the TLES images captured using the Watec
Ultimate 902H2 camera.

The lightning map focused on positive cloud to ground (+CG) lightning only
for the year 2015. The data was traced within a radius of 100 km where midpoint
was set at Universiti Malaysia Pahang (UMP). It was able to track +CG parent
lightning through the lightning map and the results were separated into day and night
+CG lightning. Furthermore, a discussion covering most of the +CG events that had

occurred within the area is also presented in this chapter.

A series of result was obtained based on the images captured though the
images were not clearly visible. Therefore, the analysis was done based on the
progress of the frames captured by the Watec camera. The frames were extracted

from recorded video and the results are discussed throughout this chapter.
4.2 2015 Lightning Data Analysis from MMD

The following data was analysed according to the percentages of the
occurrence of positive cloud to ground (+CG) lightning compared to negative cloud
to ground (-CG) lightning for the lightning events in the year 2015. It mainly
focused on +CG, especially the number of occurrences of +CG based on monthly
and percentages during the day and night times. Furthermore, the highest and the

lowest lightning intensity are also discussed in the following sub-topic
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4.2.1 Occurrence of +CG Lightning and —-CG Lightning from MMD

Lightning data for the year 2015 was analysed based on occurrences of +CG
lightning and —CG lightning events by including the number of events that had taken
place and the percentages within the radius of 100 km from UMP Pekan campus. A
total lightning intensity of 2,602,823.30 kA was recorded in the year 2015. This
showed that an average lightning intensity of 7,131.02 kA was recorded daily. The
highest lightning intensity of +CG lightning achieved was 100.50 kA while the
lowest lightning intensity achieved was 1.90 kA. On the contrary, the highest -CG
lightning intensity recorded was up to 140 kA and the lowest lightning intensity was
1.80 kA. Table 4.1 shows the percentage and number of lightning events for the year
2015.

Table 4.1 Percentage of +CG lightning and —CG lightning for the year 2015.

Descriptions Total Lightning Event Percentage (%)
Lightning in year 2015 201,296 100.00
Occurrence of —CG lightning 157,200 78.09
Occurrence of +CG lightning 44,096 21.91

Based on the data collected by MMD, the total lightning events recorded
within 100 km radius from the midpoint at UMP Pekan was 201,296. -CG lightning
constituted 157,200 events or 78.09% while +CG lightning recorded 44,096 events
or 21.91%. The result clearly showed that +CG lightning might has lower possibility
to occur yet —-CG lightning has the capability to be captured easily. This finding
confirmed the claim that the percentage of +CG lightning are less than —CG lightning
(Rakov and Uman, 2003); (Carey et al., 2003).

4.2.2 Monthly +CG Lightning Events

A bar chart in Figure 4.1 displays the number of +CG lightning for each
month. It was found that +CG lightning events occurred most frequently in May
with 9065 events, followed by July and August with 8531 and 8266 events
respectively. The least number of +CG lightning event was found in February with
only 15 events. The result indicated that +CG lightning occurred most frequently
during the mid-year period, from May to September. According to Arnone et al.
(2008), +CG lightning occurs more often during winter months however the four

seasons climate does not exist in Malaysia due to its equatorial location. Instead,
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Malaysia experiences rainy season at the end of the year and dry season at the
beginning of the year. This indicates that rainy season does not affect the frequency

of lightning since it was found to be occurring frequently during dry weather.

Furthermore, Malaysia experiences two types of Monsoon seasons: the
Southwest monsoon season and Northeast monsoon season. The Southwest
monsoon season spans from May until September while the Northeast monsoon
starts from October and ends in March. The Northeast monsoon season brings more
rainfall than the Southwest monsoon season (Zawiah et al., 2010). The data in
Figure 4.1 shows that most of the +CG lightning in the study area occurred in the
mid-year but not during the rainy season. Hence, the rainy season does not have
much influence on the frequency of lightning events. The occurrence of lightning
event is triggered by the electrostatic charged as previously claimed by Martin A.
Uman (2008).

Numbers of +CG Lightning on Each Month
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] 8,5313 266
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= ] 4,042
= 4000 1 2,952 2,968 857
2.000 1 1,196
53 15 177
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Figure 4.1 Number of +CG lightning for each month in 2015.

A group of data for rainfall events occurring within Pekan area was obtained
from Pahang Department of Irrigation and Drainage. This data was used to find the
link between the lightning events and rainfall quantity of the area. A combined line
and bar chart in Figure 4.2 shows the comparison of rainfall quantity and numbers of
lightning occurrence around Pekan area. It showed that the lightning events,
including —CG lightning and +CG lightning were inversely proportional to the

rainfall quantity. Huge quantities of rainfall were detected towards the end of the
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year, starting from October 2015 to December 2015 which was during the Northeast
Monsoon season. However, the total number of lightning events showed a decrease

during the same period.

May 2015 had the highest lightning events with less rainfall. July 2015
showed the least amount of total rainfall, yet the total lightning events reached a
higher rate. From the results’ analysis of the real time data where the occurrences of
lightning events were recorded, it was clearly proven that the frequency of lightning

occurrence is not related to the amount of rainfall.

Comparison of Total Lightning Events and
Rainfall Quantity in Pekan for Year 2015
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Figure 4.2 Comparison of total lightning events and rainfall quantity in Pekan in
Year 2015.

Monthly percentage of +CG lightning events on day and night calculated
based on the total number of +CG lightning from overall percentage. The equation as

below:

No. of _Lightning 4.1

% _of _+CG _ Lightning =Toml +CG Lighmi x21.91%
otal _+CG _ Lightning
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Table 4.2 Percentage of +CG lightning for day time and night-time in Pekan for
2015.

Month Day (%0) Night (%0)
1 0.02 0.01
2 0.00 0.01
3 0.06 0.03
4 111 0.36
5 2.68 1.83
6 1.11 0.86
7 1.52 2.72
8 1.24 2.86
9 0.76 1.25
10 0.58 0.89
11 0.63 0.79
12 0.30 0.30
Total 10.01 11.90

Although +CG lightning events occurred most intensely in May as shown in
Figure 4.1, it was found that the +CG lightning events occurred the most at night in
the months of July and August as shown in Table 4.2. The total percentage during
day was 10.01% while at night was 11.90%. The result obviously shows that the
majority of +CG lightning events occurred at night. The percentage of occurrences
for +CG lightning events during night-time in August and July were 2.86% and
2.72% respectively in compared with —CG lightning, followed by May (1.83%) and
September (1.25%). The least +CG lightning events at night was recorded in

January and February which was 0.01%.

Figure 4.3 displays the percentage of +CG lightning for the day and night
times in a graph. It can be seen clearly that +CG lightning events occurred
frequently during the day in the first half of the year, from January to June. In the
same way, +CG lightning events were more often at night from July to November.
December almost had same quantity of +CG lightning events in day as well as night
times. According to Serge Soula et al. (2009), Lyons et al. (2003), and Victor P.
Pasko et al. (2012), Sprites produce a +CG lightning flashes when they occur.
Hence, this research targeted +CG lightning events during night time during the
second half of the year, especially during the months of July and August as these
periods were found to be more suitable to capture the required data, as shown in

Figure 4.3.
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Figure 4.3 Percentages of +CG lightning in the day and night times.
4.3  Lightning Map Analysis for 2015

The lightning map result mainly focused on positive cloud to ground (+CG)
lightning. The analysis were separated into two sections, namely the monthly day
and night occurrences of +CG lightning and the yearly occurrences of +CG
lightning. Duration for daytime and night-time was set to be within 7:00 am to
6:59 pm and 7:00 pm to 6:59 am respectively. Lightning events occurring within the
specific time were considered as a group. In addition, the lightning direction was
divided into eight groups: East, South, West, North, South-east, South-west, North-
west, and North-east to differentiate the exact parent lightning of +CG lightning

locations. Detailed information on the direction is shown in Figure 4.4,

North
North-west North-east
West East
South-west South-east
South

Figure 4.4 Vastu directions.
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4.3.1 Day and Night Lightning Map for 2015

Day and night lightning maps were formed to detect the exact location of
events of parent lightning for positive cloud to ground (+CG) lightning. It was
divided into different groups based on the month — from January to December.

January recorded the least number of +CG lightning events as shown in
Figure 4.5. +CG lightning happened between the directions of South (1809 and
Southwest (225 during daytime. However, they occurred between the directions of
Southeast (1359 and South (180< in the night-time. It was also found that a large

quantity of the +CG lightning events occurred during daytime more than night-time.

January 2015 (Day) January 2015 (Night)
Distance (km) 0 Distance (km) 0
100 330 —— 30 100
80 4 80
60+ 300 2 60 60
X

40 40 -

20 \ \ 20

0- | \ 90 0-

100 K 150 100

=
Figure 4.5 Day and night lightning map for January.

February experienced lesser +CG lightning events than January. There were
only 15 events as pointed out in Figure 4.1, whereas Figure 4.6 clearly shows that the
site experienced 15 +CG lightning events. It occurred between the directions of
North (0 and North-west (3159 during daytime and South-west (225 and North-
west (3159 during night-time.
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Most of the +CG lightning events occurred between the directions of South-
west (2259 and North-west (315 during the daytime and between North-west
(3159 and North-east (459 during the night-time in March. Details of the lightning
locations are presented in Figure 4.7. It was also found that +CG lightning events
occurred frequently during the daytime in March.
lightning events compared to January and February. January, February, and March

180

150

Day and night lightning map for February.
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can be grouped under the dry season with less rainfall during the months.
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Figure 4.7

More lightning events occurred in April as compared to January, February,
and March. This is due to the Southwest monsoon season that was bound to take
over the dry season in the coming months. Most of the events that took place were
near the western area, between South-west (2259 and North-west (3159 during the
daytime. However, the events happened between the directions of North-west (3159
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and East (909 during night-time. The +CG lightning events mostly occurred during
the daytime compared to the night-time. Figure 4.8 points out the location of +CG

lightning events during the daytime and the night-time.

April 2015 (Day) April 2015 (Night)
Distance (km) 0 Distance (km) 0
100 100

80 80
60 - 60 -

40

100

Figure 4.8 Day and night lightning map for April.

+CG lightning events in May occupied the West from the directions of South
(1809 to West (2709 to North (0 during daytime. In the same way, it covered
areas between South-west (2259 and West (2709 during night-time. These show
that +CG lightning occurred repeatedly during daytime as shown in Figure 4.9.
Additionally, +CG lightning events increased dramatically in May compared with
previous months. In summary, this may be caused by the approach of the Southwest
monsoon season on the specific month whereby the rainfall during the daytime

increased.
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Figure 4.9 Day and night lightning map for May.

More +CG lightning events occurred in June during the daytime compared to
the night-time as pointed out in Figure 4.10. +CG lightning in June was observed to
have regularly occurred between South-west (2259 and North-west (315 during the
daytime. Nevertheless, it occurred in two directions: between South (1809 and
South-west (2259, and between North (0 and North-east (45 during the night-
time. The occurrences of +CG lightning events in June decreased compared to May.

June 2015 (Night)
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Figure 4.10  Day and night lightning map for June.

The +CG lightning events occurred more frequently during the night-time
from July onwards as presented in Figure 4.11. It occurred frequently between South
(1809 and West (2709 during the daytime and between North-west (3159 and
North-east (45 during the night-time. It was also found that July recorded the most

+CG lightning events during the night-time compared to the previous month. To



conclude, July showed the potential for TLESs to be captured and the camera was set
to be pointing to the directions between North-west (3159 and North-east (459.

July 2015 (Day)
0

July 2015 (Night)
Distance (km) 0
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Distance (km)
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Figure 4.11  Day and night lightning map for July.

August occurred more +CG lightning events during night-time compared to
daytime as observed from Figure 4.12. The lightning occurred repeatedly from
directions South (1809 to West (270 during daytime yet it repeatedly occurred
from directions North-west (3159 to East (90< during night-time. On the other
hand, August experienced lesser lightning events on day while increased quantity of
lightning events on night compared to July. In short, due to TLES only can observe
during night-time, hence, directions from North-west (315 to East (90 are suitable
used to observe TLES in August.

August 2(())15 (Day) August 2015 (Night)
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Figure 4.12  Day and night lightning map for August.

September experienced +CG lightning events as shown in Figure 4.13. It was

found that +CG lightning events mostly covered the directions from North-west



(3159 to North (09 and from North-east (459 to East (909 during the daytime.
Similarly, it mostly occurred in the directions of North (09 and North-east (459
during the night-time. Moreover, +CG lightning events at night were more frequent
than in the day. In comparison with previous months, especially July and August,
September had lesser +CG lightning events in both the day and night times. This
might be due to the end of the Southwest monsoon season in September. In brief,
September was still found as a suitable month to observe TLEs due to the quantity of
lightning events at night compared to the daytime.

September 2015 (Day) September 2015 (Night)
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100 T 100 |

80 - 80 -

60 - 60 -

40 - 40+

20

100 : 100 150
1w x  Location_Day 180 % Location_Night

Figure 4.13  Day and night lightning map for September.

Lightning map for October is illustrated in Figure 4.14. The figure shows
that the quantity of +CG lightning events decreased significantly compared to
September. In October, +CG lightning events occurred between North-west (3159
and North (09 during the daytime and between North-west (3159 to East (909
during the night-time. Both +CG lightning conditions were not consistent and it may
be due to the commencement of the Northeast monsoon season in October.
Therefore, +CG lightning events in both the day and night times were mostly the
same quantity. In summary, October can be considered as a suitable month to

observe TLEs, yet the success of the observation decreased.
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Figure 4.14  Day and night lightning map for October.
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November experienced mostly similar quantity of +CG lightning events with
October. The frequency of occurrence was fairly distributed for both the day and
night times which as in November. However, they appeared in different locations.
During the daytime, lightning events normally happened between South-west (2259
and North-west (315 while lightning events occurred between North-west (315
and North-east (459 at night. November is the month that experiences the Northeast
Monsoon season and the quantity of rainfall only increases, as stated by Zawiah et al.
(2010). Thus, November showed a lesser possibility of occurrences of +CG
lightning events compared to previous months. Figure 4.15 showed +CG lightning

events in November 2015.
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Figure 4.15  Day and night lightning map for November.
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December recorded lesser +CG lightning events than November. Both day
and night conditions were almost the same. The events occurred repeatedly in the



directions of South (1809 to South-west (225< and North (09 to North-east (459
during the daytime. However, +CG lightning events occurred repeatedly in different
directions during the night-time, between North-west (3159 and North-east (459 and
South-east (1359 and South (1809. The +CG lightning events decreased
dramatically in December. Again, this might be due to Northeast Monsoon season
with the increase in the rainfall conditions. In fact, December showed a low
possibility to observe TLEs. Figure 4.16 indicates +CG lightning events in
December 2015.
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Figure 4.16  Day and night lightning map for December.

4.3.2 2015 Lightning Map Obtained from MMD Data

The daytime +CG lightning map for 2015 indicated that the lightning events
happened around the western area of UMP Pekan campus frequently, as shown in
Figure 4.17. Tt was also found that +CG lightning events occurred above the land’s
surface area more often than above the sea’s surface as shown in Figure 4.17 and
Figure 3.4 respectively. +CG lightning events during the daytime in 2015 also
occurred near the seaside and above the sea’s surface. Both conditions may have
activated the occurrences of Gigantic Jets, Blue Jets, and Elves as reported by Chen
et al. (2008).

+CG lightning events were also detected in the night-time, as illustrated in
Figure 4.18 for the year 2015. The majority of +CG lightning events occurred
around the North (09 area from UMP Pekan campus. During the night-time, the
quantity of +CG lightning were fairly detected on land surface, coastal surface, and
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ocean surface. In summary, the camera was pointed toward the Northern (09 zone
from the campus location. Last but not least, the possibility occurrences of TLES

around UMP Pekan campus are deemed possible.
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Figure 4.17  Daytime lightning map for 2015.
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Figure 4.18  Night-time lightning map for 2015.
4.4  Image Capture Analysis

The image captured using the camera and the Digital Video Recorder (DVR)
and the analysis are discussed in the following sub-topics.

4.4.1 Unknown Discharge Lightning Event

An unknown discharge lightning event was detected on 2" July 2015 in the
night time at 21:19 pm by using HD USB 2.0 DVR. Only the head of the unknown
event was observable. The full view of the unknown event was not observable may
be due to the condition of the clouds and the camera location on the ground. The
evolution of an unknown event up to the discharge time of t = 120 ms above a
thundercloud was filmed at 25 frames per second (fps) as shown in Figure 4.19.
Before the unknown event was captured, there were 41 lightning events observed in

the camera recording.

At the beginning of the recording, a lightning return stroke started to
transport electrical charge to earth and the electric field produced had formed an
event. The “head” of the unknown discharge lightning event observed appeared as a

clot and was small in shape due to the panel set up location near to where the event
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took place. The combination of bright “head” with a thin “hair” was similar to the
result obtained by M. Hayakawa et al. (2012).

The unknown discharge lightning event began to discharge and shot down
from the ionosphere at t = 40 ms. Then, the discharge was directed downward from
the parent lightning flash at t = 80 ms. Lastly, the unknown discharge activity event
disappeared at t = 120 ms. The lightning discharged process were similar to those
stated by Martin A. Uman (2008). According to the fps calculation, the whole
discharging process took approximately 160 ms. This finding is different with the
result obtained by M. Hayakawa et al. (2012) whereby the duration of Sprite was
approximately 5s to 30s. The unknown discharge lightning appeared after many
clouds to ground (CG) lightning events had occurred and the current event was
detected as +CG lightning discharged based on the observation. The finding is
similar with Serge Soula et al. (2009), Lyons, et al. (2003), and V. P. Pasko et al.'s
(2012) which reported Carrot Sprites have the characteristics with diameter less than
1 km, occurred at altitude from 20 km to 95 km, duration of occur is less than 16 ms
or 5sto 30 s, and it triggered by weak +CG produced. The unknown discharge
lightning has the characteristics with diameter 0.37 km at altitude 24.3 km from earth
surface. Duration of occur is approximately 160 ms. Hence, the unknown discharge

lightning event most probably is a Carrot Sprite.

A localisation of the unknown discharge activity event is presented in Figure
4.20. The figure demonstrated unknown discharge lightning only during the night-
time on 2" July 2015 and it showed that most of the lightning events occurred
between the directions of North-west and North-east, while the unknown discharge
lightning event was detected in the directions of West (270 and North-west (3159.

The unknown discharge lightning event was observed in July.
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Figure 4.19  An unknown discharge activity event observed on 2" July 2015 at
21:19 pm.
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Figure 4.20  Location of unknown discharge lightning event in the lightning map.
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4.4.2 Unknown Discharge Lightning Event Data Analysis

The time data presented in Figure 4.19 was compared with Malaysian
Meteorological Department (MMD) to find out the details of unknown discharge
lightning event. The data shown in Table 4.3 was extracted according to the time
zone identified in Figure 4.19 and the lightning event was coordinated with the same

lightning event that occurred on 2™ July 2015 during the night-time.

Table 4.3 Lightning event information.

CoordNate Lightning From Centre

Point
Date Time Latitude Longitude Intensity Direction Distance

(MST) (N) (E) (kA) (@) (km)
2/7/2015 8:47:09 PM 3.789 103.077 -17.1 305.3 48.1
2/7/2015 8:52:14PM  3.780 103.135 -17.4 309.3 42.3
2/7/2015 8:53:28 PM  3.782 103.134 -18.1 309.3 42.6
2/7/2015 8:53:29 PM 3.784 103.131 -12.2 309.3 42.9
2/7/2015 9:13:41PM 3.782 103.096 -7.6 306.1 45.9
2/7/2015 9:16:08 PM  3.783 103.086 -11.9 305.4 47.0
2/7/2015 9:16:08 PM  3.785 103.084 -11.4 305.4 47.3
2/7/2015 9:16:08 PM  3.784 103.084 -9.8 305.4 47.2
2/7/2015 9:16:08 PM  3.789 103.090 -10.4 306.3 46.9
2/7/2015 9:19:50 PM  3.788 103.107 -12.1 307.7 45.4
2/7/2015 9:19:50 PM  3.780 103.098 +4.8 306.0 45.7
2/7/2015 9:19:.50 PM  3.788 103.107 -10.0 307.6 45.3
2/7/2015 9:19:50 PM  3.782 103.103 -21.9 306.6 45.2
2/7/2015 9:24:04 PM 3.784 103.099 -4.4 306.5 45.8
2/7/2015 9:29:17PM  3.787 103.094 -4.1 306.5 46.5
2/7/2015 9:35:23PM  3.782 103.089 -11.2 305.5 46.6
2/7/2015 9:38:19PM  3.781 103.055 -4.8 302.9 49.6

The unknown discharge lightning took place at latitude 3.78 9 and longitude
103.098 E, as highlighted in Table 4.3. The location of the coordinate was defined
well, namely between Sungai Tulang and Sungai Belat, Gambang, Pahang. It was
located 45.7 km away from UMP Pekan Campus. The intensity represented the
characteristics for each lightning events where negative (-) represents —CG lightning
and positive (+) represents +CG lightning. Many —CG lightning events that occurred
before as well as the only one +CG lightning event that occurred during the time
before 9:19:50 pm. According to Sentman et al. (1995), a large peak current would
be detected during the occurrences of Sprite with the corresponding instantaneous
power of between 0.5 MW and 2.5 MW, whereas, a peak current of 4.8 kA was
detected for the specific event of this observation. Hence, the possibility of the
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unknown discharge lightning event to be Carrot Sprite is further strengthened. The
lightning information in Table 4.3 showed that a thunderstorm began at 8:47:09 pm
and ended at 9:38:19 pm. The thunderstorm ended with the occurrence a few —CG
lightning after +CG lightning was triggered. This event is parallel to the statement
reported by (Pawar and Kamra, 2004) that +CG lightning occurs during the last stage

of thunderstorms.

The unknown discharge lightning occurred at altitude 24.3 km. This was
calculated using the formula stated in Eq. (3.2). Camera angle pointed upward to the
sky, a, was 28° and the value set before the theory of observation stated in Figure
3.12 was defined. The altitude result was different with the result concluded by
Sentman et al. (1995) and V. P. Pasko et al. (1996) where Carrot Sprite can spread as
high as 95 km. However, the Carrot Sprite like event observed in this research

spread at the approximate altitude of 24.3 km.
4.4.3 Unknown Discharge Lightning Calculation

An initial condition was set up as described in the following subtopic to
validate the method to find out the actual size of the unknown discharge lightning.
In addition, the same method was applied to find out the actual size of the unknown

discharge lightning in subtopic 4.5.3.2.
4.4.3.1 Initial Condition

An initial condition was tabulated in Table 4.4.

Table 4.4 Initial condition for image calculation.
Description Condition
Camera lens, d; 50 mm
Distance between camera 200 cm, 300 cm, 400 cm, 500 cm, 600 cm,
and the object, d, 700 cm, 800 cm, 900 cm, and 1000 cm
Height 0
Camera degree 0e
Object actual size 17.4 cm (H) x 14.4 cm (V)

An illustration of the camera setup is shown in Figure 4.21. As indicated in
Figure 4.21, 50 mm focal length, d;, with d, at 200 cm were set for the actual FOV;
hence, the ratio of distance between the camera sensor to the lens, d; and the lens to

the object, da, is 4 cm mm™ as calculated in Equation 4.1. The ratio of d; and d, is
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changeable by replacing different actual FOV, as shown in Table 4.4. Next, the
camera sensor size is shown in Figure 4.22. This is to find out the actual object size

that was displayed on the monitor by passing it through the camera sensor.

Camera sensor Lens

d, || d, Object
Camera \/

Figure 4.21  Illustration of the camera setup.

The ratio of the distance between the camera sensor to lens, d; and the lens to

the object, d,, can be calculated as shown in Equation 4.1 below:

dli d2 4.1
50 mm : 200 cm
Imm:4cm
1:4cmmm?
4.8 mm
(c2)
6.4 mm ()

Figure 4.22  Camera sensor Size.

Figure 4.23 show the actual object size displayed on the monitor screen. The
full frame pixel of the image is 720 pixels (H) and 576 pixels (V) while the object
covered 246 pixels (H) and 224 pixels (V) of the full frame image. The actual object
size was able to be calculated by multiplying the actual object size on the camera and
the field ratio.
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1-16 17:52:16

Figure 4.23  Actual object size displayed on the monitor screen with distance, d
from camera.

Equation 4.2, Equation 4.3, and Equation 4.4 were used to calculate the
actual object size for horizontal (H) and vertical (V). Equation 4.2 shows the ratio of

the object size on the screen in pixel by or by, and full frame in pixel a; or a,.

a;:bjoray: b, 4.2

where,

a; = horizontal object size on screen in pixel;
a, = vertical object size on screen in pixel;
b; = horizontal full frame in pixel;

b, = vertical full frame in pixel.

Equation 4.3 used to calculate the actual object size on camera sensor.

Actual object size on camera sensor = ratio of object size on screen in 4.3
pixel, by or by, and full frame in pixel X camera sensor size (Cy Or C,)

where,
¢; = horizontal camera sensor size;
C, = vertical camera sensor size.
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Equation 4.4 used to calculate the actual size.

Actual size = Actual object size on camera sensor x Ratio of distance 4.4
between camera sensor to lens and lens to object

The calculated actual size was tabulated in Table 4.5. The actual horizontal

and vertical for the object found was 17.4 cm (H) and 14.4 cm (V) respectively.

Table 4.5 Calculated horizontal and vertical size in cm.
d; (cm) Horizontal size (cm) Vertical size (cm)
200 8.7 7.5
300 8.7 7.5
400 8.6 7.5
500 8.8 7.4
600 8.6 7.5
700 8.7 7.5
800 8.7 7.6
900 8.5 7.5
1000 8.7 7.3

The average value for horizontal size (H) was 8.70 cm and average value for
vertical size (V) was 7.50 cm. However, the real size of the object was 17.40 cm (H)
and 14.40 cm (V). This clearly shows that calculated horizontal size is twice as
smaller than the actual size and calculated vertical size is 1.92 smaller than actual
size. This is due to the data lost during the conversion of video from analogue into
digital type. To summarise, it is necessary to multiply twice the horizontal value and
1.92 for vertical value for the calculation of the unknown discharge lightning, as

indicated in the following sub-topic.
4.4.3.2 Actual Size Calculation

A calculation carried out to identify the actual size of the unknown discharge
lightning is presented in this sub-topic. Figure 4.24 demonstrates the location of the
unknown discharge activity while Figure 4.25 demonstrates the camera lens and
actual field. Furthermore, Figure 4.26 presents the actual view of +CG lightning

event from the PC monitor.
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Figure 4.24  Demostrated location of the unknown discharge lightning.

Camera sensor /

| 28°
£= 50 mm (dy) 45.70 km (d5)

Figure 4.25 Demonstrated camera lens and the actual field.

The 50 mm focal length is the distance between camera sensor to lens, d;, and

lens to object, d; is 45.70 km. By referring to Equation 4.1, the ratio of distance

between camera sensor to lens, di and lens to object, d,, was identified as

0.914 km mm™.

The full frame pixel of the image was 720 pixels (H) and 576 pixels (V) while

the unknown discharge lightning covered only 23 pixels (H) and 22 pixels (V). An

actual size calculation was calculated using Equation 4.2, Equation 4.3, and Equation

44.
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576 pixels

Figure 4.26  Actual view of the +CG lightning event from the PC monitor.
The calculated result as tabulated in Table 4.6.

Table 4.6 Calculated size of the unknown discharge lightning.

Unknown discharge lightning

Horizontal size (km) 0.37
Vertical size (km) 0.32

Since 0.37 km represents horizontal size. In conclusion, the diameter of

unknown discharge lightning is 0.37 km.

4.4.4 Horizon Distance

A calculation of the horizon distance is shown in this subtopic to find out the

actual altitude distance from the ground. Figure 4.27 describes the condition of the

unknown discharge lightning on the horizon distance where dy represents distance

from camera to the event taken place which is 45.7 km, Rearth represents earth’s

radius which is 6371 km, «; represents the angle of camera shooting upward to the

event which is 28°, and h; represents horizon distance.
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Figure 4.27  Condition of the unknown discharge lightning on the horizon distance.

Equation 4.5 is the Trigonometry Theorem used to find the horizon distance,
hs.

R 4.5
tana, = —(eja”h

0

_ 6371km

tane. = om

a, =tan '139.41

= 89.59°

Equation 4.6 is to find the angle, «,. For a triangle = 180 hence,

a, =180°-90° -, 4.6
a, =180°-90°-89.59°

a, =0.41°
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Equation 4.7 is to find horizon distance, h;.

Rearth 4.7
cosq, = —2i—
h1 + Rearth
cos0.4]1° = m
h, +6371km
h; =0.1639 km
hy =163.9 m

Since the height from the horizon line to the earth surface is small compared
to the horizon line to the object, it was deemed negligible. In short, the height of the
object is 24.3 km from earth surface.

45 Summary

As a summary, chapter 4 explained the result of the finding. Result proven
using some calculation especially to find out the size of the unknown discharge
lightning event. Data obtained from Malaysian Meteorological Department (MMD)
used to determine the exact location of the unknown discharge lightning. Data from
MMD prove the relationship between rainfall and lightning event. In short, result

explained in details and specific throughout chapter 4.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

According to the result obtained from Malaysian Meteorological Department
(MMD), the occurrence of positive cloud to ground (+CG) lightning showed a minor
percentage which is 21.91% compared to the occurrence of negative cloud to ground
(-CG) lightning which was reported at 78.09% from the overall lightning events in
the country. The analysis indicated that +CG lightning occurred more frequently at
night from July until November during the period of the study. Based on this, nights
in the month of July seem to indicate the highest possibility to observe TLEs.
November on the other hand has been shown to experience lesser +CG lightning
events than July even though the Monsoon season had a huge influence in
November. However, the findings show that Monsoon season is not related to
lightning event. It only influences the rainfall quantity. An occurrence of lightning
event is influenced by the collision of positive and negative static charges.
Furthermore, the +CG lightning mostly occurred in the northern area from UMP
Pekan as revealed in the yearly lightning map. Hence, the camera should be point to
the north direction. In addition, +CG lightning occurs due to the connection of
downward-moving positively charged step leaders and the ground which causes a

return stroke to occur.

An unknown discharge lightning event was detected at an approximate
altitude height of 24.3 km with the intensity of 4.8 kKA. The unknown event had
taken place at directions of West (2709 to North-west (3159 or between Sungai
Tulang and Sungai Belat, Gambang, Pahang. It was located 45.7 km from UMP

Pekan Campus. The unknown event was compared with the Carrot Sprite
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characteristics. The compared result has shown that both had a diameter of less than
1 km and occurred due to a weak +CG flashes produced. The altitude height of the
unknown discharge lightning event also ranged from 20km to 95km. In a
conclusion, the unknown discharge lightning is possibly a Carrot Sprite.

5.2 Recommendation

The camera control and monitoring system can become more effective and
simple in future research by adding a few features and functions. The following are
possible improvements that can be applied:

a. Replace the Digital Video Recorder (DVR) to a higher frame rate (fps) feature.

The frame rate must at least 100 fps or higher.

b. Apply online control system to monitor the camera status and observe the sky’s

condition anytime.

c. Implement software that can extract frames from the video which contains the

lightning event directly.

d. Use a digital single-lens reflex (DSLR) to observe TLEs, namely by focusing

more on their physical characteristics such as colour.
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APPENDIX B

TECHNICAL DATA SHEET

Wates

WAT- 902H 2 / 3 ULTIMATE

SPECIFICATIONS

Model

WAT-902H2 ULTIMATE (EIA)

WAT-902H2 ULTIMATE (CCIR)

Pick-up element

1/2" interline transfer CCD image sensor

Number of total pixels

811(H) x 508(V)

795(H) x 596(V)

Number of effective pixels

768(H) = 494(V)

752(H) x 582(V)

Unit cell size 8.4um(H) x 9.8um(V) 8.6um (H) x 8.3um(V)
El1: 1/60 sec. - 1/100000 sec. El1: 1/50 sec. - 1/100000 sec.
El2: 1/100 sec. - 1/100000 sec. El2: 1/120 sec. - 1/100000 sec.
Shutter speeds FL: 1/100 sec. FL: 1/120 sec.
OFF: 1/60 sec. FL: 1/50 sec.

1/250, 1/500, 1/1000, 1/2000, 1/5000, 1/10000, 1/100000 sec.

Minimum illumination

0.0001 Ix. F1.4

Model

WAT-902H3 ULTIMATE (EIA)

WAT-902H3 ULTIMATE (CCIR)

Pick-up element

1/3" interline transfer CCD image sensor

Number of total pixels

811(H) x 508(V)

T95(H) x 596(V)

Number of effective pixels

768(H) x 494(V)

752(H) x 582(V)

Unit cell size 6.35um(H) x 7 40um(V) 6.50um (H) x 6.25um(V)
El1: 1/60 sec. - 1/100000 sec. El: 1/50 sec. - 1/100,000 sec.
EI2: 1/100 sec. - 1/100000 sec. El2: 1/120 sec. - 1/100000 sec.
Shutter speeds FL: 1/100 sec. FL: 1/120 sec.
OFF: 1/60 sec. FL: 1/50 sec.
1/250, 1/500, 1/1000, 1/2000, 1/5000, 1/10000, 1/100000 sec.
Minimum illumination 0.0002 Ix. F1.4
Common specifications

Synchronizing system

Internal sync.

Video output 1Vp-p, 750hms, unbalanced
Resolution (H) 570TVL (Center)
SN ratio More than 50dB (AGC OFF)
AGC (DHI: 5-60dB @L0O: 5-32dB (3IMGC(5-60dB)

Back light compensation

(1)OFF(Default) (2)Center 3Lower 4 Center + lower

Gamma correction

(DHI (y=0.35) @LO (y=045) QOFF (y=1)

Power supply

DC12V=10%

Power consumption

1.32W (110mA)

Operating temperature

-10°C - +40°C

Storage temperature

-30°C - +70°C

Dimensions(WxHxL)

355 x40 = 63 (mm)

Weight

approx. 98g

Design and specifications are subject to change without notice.

Watec Co., Ltd.

1/2 P060215E-1
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Technical Specification Data Sheet

Nikon

Model: Nikon AF Nikkor 50 mm f/1.4 D

Focal Length 50 mm
Maximum Aperture /1.4
Minimum Aperture /16

Lens Construction

7 elements in 6 groups

Picture Angle

46931130 with Nikon digital
Cameras (Nikon DX format)]

Closest Focusing Distance

0.45m/15ft.

Maximum Reproduction Ratio 1/6.8
No. of Diaphragm Blades 7
Filter / Attachment Size 52 mm

Diameter x Length (extension
for lens mount)

Approximately 64.5 x 42.5 mm
or2.5x1.7in.

Weight

Approximately 230 g/ 8.1 oz.

Supplies Accessories

52 mm Snap-on front lens cap

Features:

P WD

/1.4 high-speed normal lens.
Compact and lightweight.

Provides high-contrast image even with maximum aperture.

Ideal for travel and full-length portraits in available light.




Lens Construction:

Source:
http://imaging.nikon.com/lineup/lens/singlefocal/normal/af_50mmf_14d/
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Technical Specification Data Sheet

brinno

brilliant innavation

BCS 24-70
IR Filter
@ Brinno Lens Af et
o=
24-70mmF1.4 WL
¢ 00 0
(D Top cover ® Zoom @ Glass
User Manual (@ Bottom cover (@ Aperture @ Driving Holes
® Focus
3. Installation
brﬁnno 3-1To remove the current lens kit(BCS 019) from TLC200 Pro

a. b.

_ S= e

3 = é E protect the lens.

1. Package contents

d. Turn TLC200 Pro face down to the floor to protect against dust getting on

r._ the sensor. b. Rotate counter-clockwise to unlock the BCS 019,
] @
= () o= 3-2 To Install IR Filter on TLC200 Pro
a. b. C
= T | + —
\ ® @
\ A ,.
@ erinno Lens 24-70 mm F1.4 (BCS 24-70) x 1 / i i
a. Rotate lens upwards, then place the IR filter horizontally. b. Screw in IR filter
@ LensBagx 1 with fingers. ¢ Insert the screwdriver® from TLC200 Pro into one of the driving
@ IR Filter x 1 holes, turn clockwise uniil tight.
. * For more information, please refer to the TLC200 Pro manual page 5(Package Content).
® IRFilter casex 1
A IR Filter works with BCS 019, BCS 18-55 and BCS 24-70. It's recommended to
® usermanual x1

keep IR Filter on TLC200 Pro.
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3. Installation

3-3 To Install Brinno Lens (BCS 24-70) on TLC200 Pro

Remove the bottom lens cover and turn the BCS 24-70 clockwise to
install the lens on the TLC 200 Pro.

3%

4. Focus Adjustment

Ba careful when using different lens, the TLC200 Pro may tip
over due to the gravity center shift especially without battries.

Focus ( . { Adjust the lens focus
[o]) |g28| 332 888
<ok >

Go to the “Focus”menu( Time Lapse Camera TLC200 Pro ), see the
enlarge preview screen. Rotate the lens to focus object.

A For more information, please refar to TLC200 Pro manual pagelé.

==~

0 - A
(®) @
W T Tighten the screw,
@ after satting.

5. Specification

MODEL
MOUNTTYPE
FOCAL LENGTH
APERTURE
ANGLE OF VIEW

BCS 24-70
CS-mount
24-70 mm
F14-~24

04~ 38

Tele 1cm ~ oo
Wide 10cm ~ oo
@32x40 mm
61g

FOCUS DISTANCE

SIZE
WEIGHT

To Insure Long Term Use

Avoid to storing the lens in
high-humidi
locations.

DUST

FINGERPRINT

Thank you for purchasing Brinno Time Lapse Camera Accessories!
If you have any questions or problems setting up your Brinno Timelapse Camera
please contact the sales staff where you purchased our product or email us at

Brinna Incorporated directly: customerservice@brinno.com

brinno

brilianT innavation

7F, No.75, Zhou Zi 5t., Taipei City 11493, Taiwan
Phone:+886-2-8751-0306 Fax+886-2-8751-0549
customerservice@brinno.com 301-D065-00 (EN AT)

Source: https://www.bhphotovideo.com/c/product/1021210-
REG/brinno_bcs 24 70 cs 24 70mm_f 1 4 lens.html
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https://www.bhphotovideo.com/c/product/1021210-

Technical Specification Data Sheet

Model: HD USB 2.0

Video Input 4 channels

Audio Input 2 channels

Video Standard PAL / NTSC

Resolution 352 x 288 /704 x 576
Maximum Frame Rate per 25 fps (PAL) / 30 fps (NTSC)
Channel

Data Format MPEG4

Screen set Resolution 1024 x 768
Colour Quality 16 bits / 32 bits

USB Port 2.0
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Technical Specification Data Sheet

Model: JVS-C300Q

Video Input 4 channels
Audio Input 4 channels
Video Standard PAL / NTSC
Video Compression H.264
Previewing Resolution 4 channel:

PAL (D1: 704*576 WD1: 960*576)
NTSC (D1: 640*480 WD1: 960*480)

Playback Resolution

4 channel:
PAL (D1: 704*576 WD1: 960*576)
NTSC (D1: 640*480 WD1: 960*480)

Previewing fps

4 channel: PAL:12.5 fps / NTSC: 15 fps

Playback fps

4 channel: PAL:12.5 fps / NTSC: 15 fps

Compression Bit Rate

16K~2Mbps adjustable

Sampling Capacity 10 bit
Power Consumption Less than 3W
Video Input Interface BNC port
Audio Input Interface RCA port
USB DVR Interface USB port
Features:
1. With functions of Privacy Masking, Motion Detection, E-mail alert, etc.
2. Supports remote view through IE.
3. Supports CV, CC, WebCC for remote view
4. Supports iPhone, iPad, Android Phone, etc.
5. Previewing resolution WD1 or D1 and compression resolution can be
WD1, D1, WCIF, or CIF.
6. Video preview applied the DirectDraw technology and video compression
standard is H.264.
7. Applies the newly developed CloudSEE transmission platform.
8. Adopts new coding and decoding technology with excellent performance.
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9. Using the newly designed Ul (User Interface).

10. Applies USB 2.0 interface, and compatible to various PC and laptop.
11. Supports PAL and NTSC.

12. With function of Dual-stream.

Source: http://en.jovision.com/Products/ProductView.aspx?id=96
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Technical Specification Data Sheet

Model

: Easy USB DVR (UU)

Video / Audio Channel

4 channels video & 4 channels udio

Video Format PAL / NTSC

Audio Format 4-CH

Data Format H.264

Network Support TCP /1P, UPNP

Frame Rate 4-CH 100 fps (PAL) / 120 fps (NTSC)
Resolution Maximum 1920 x 1080 pixel

Support Music Format

MP3, WMA, AAC, WAV, OGG,
ACS3, DDP, TrueHD, DTS, HD,
FLAC, APE

Support Media Format

MPEG, TS, VOB, ISO, ASF, FLV,
DAT, MPG, AVI, WMV, MKV,
MOV, RM, RMVB

Support Decoder
Format

HD MPEG 1/2/4, H.264, HD
AVC/VC-1, RM/RMVB,
Xvid/DivX3/4/5/6, RealVideo 8/9/10

Support Photo Format

HD JPEG, BMP, GIF, PNG, TIFF

Mobile Terminal
Support

iPhone, iPad, Android

Web Support

IE browser remote surveillance

Features:

1. 100% new and high quality.
2. Very convenient and practical.
3.

4
5.
6
7

Source: http://www.ebay.com/itm/4CH-USB-2-0-DVR-Security-Video-Audio-

Support Windows 7, Windows XP.

Specially developed for the USB interface.

Supports 4-channel real-time video input.

Elegant black appearance and small volume, and easy to carry.

Suitable for monitoring small systems or using a notebook computer to conduct

monitoring.

Recorder-H-264-Camera-System-Capture-Card-
/351467711258?hash=item51d51babla:g: XFIAAOSwWjVVVudSV
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http://www.ebay.com/itm/4CH-USB-2-0-DVR-Security-Video-Audio-Recorder-H-264-Camera-System-Capture-Card-/351467711258?hash=item51d51bab1a:g:XFIAAOSwjVVVudSV
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