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ABSTRACT

Beach erosion occurs continuously along the shoreline due to the interaction of 
natural processes. The beach volume aspect is critical to represent the entire profile of 
beach evolution. Most advanced survey techniques are costly, requiring arduous 
control survey setup effort to measure the beach volume. Unmanned Aerial Vehicle 
(UAV) systems have recently attracted interest in the mapping community, which 
provides similar products to aircraft systems and comes with Structure from Motion -  
Multi View Stereo (SfM-MVS) technology at a lower cost. The UAV 
photogrammetric beach volume mappings were mostly conducted by using non- 
optimal methods such as low altitude mapping, bundle amount of Ground Control 
Points (GCPs) distribution, and uncalibrated Ground Sample Distance (GSD). Hence, 
this study aims to invent an optimized volume determination method accurately using 
Unmanned Aerial Vehicle (UAV) photogrammetry mapping to minimize work time 
and perform less laborious beach mapping work for sustainable environment study 
through several objevtives, firstly, to investigate the camera calibrations, UAV 
altitudes, and GCPs distribution for optimized beach volume UAV mapping method, 
secondly, to modify the SfM-MVS photogrammetric volume formula for the 
development o f  accurate and optimized beach volume mapping method, and thirdly, 
to analyze the optimized beach volume mapping method produced. The study was 
conducted at Desaru Beach, Universiti Teknologi Malaysia (UTM), Irama Beach 1, 
and Irama Beach 2. Various GCP distributions (3, 4, 5, 6, 8, 10, 15, and 20 GCPs) and 
UAV mapping altitude differences at 10m, 20m, 30m, 40m, 50m, 60m, 80m, and 100m 
were studied. This study utilized robust statistical analysis to investigate the beach 
volume measurement trend and UAV mapping behaviour from various GCP 
distributions and different UAV altitude mapping. The study results indicated that 
4GCP and 100m altitude UAV mapping were the optimal methods for measuring 
beach volume using UAV with minimal mapping work. Based on the modified 
photogrammetric volume calculation methods in determining the beach volume, it is 
evident that the beach volume value is significant. In conclusion, this study shows that 
the modified photogrammetric volume formula provides better accuracy than the 
existing volume formula.
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ABSTRAK

Hakisan pantai berlaku secara berterusan di sepanjang garis pantai adalah 
disebabkan oleh interaksi proses alam semula jadi. Aspek isipadu pantai penting bagi 
mewakili keseluruhan perubahan profil pantai dalam kajian pemuliharaan 
persekitaran. Sebahagian besar kaedah pengukuran yang canggih adalah mahal, 
memerlukan usaha yang sukar dalam penyediaan ukur kawalan bagi mengukur isipadu 
pantai dengan tepat. Sistem Pesawat Udara Tanpa Pemandu (UAV) baru- baru ini 
menarik minat dalam komuniti pemetaan, yang menyediakan produk yang hampir 
sama dengan sistem pesawat udara dan disertakan dengan teknologi Struktur daripada 
Gerakan -  Stereo Berbilang Pandangan (SfM-MVS) pada kos yang lebih rendah. 
Pemetaan pantai UAV fotogrametri ini kebanyakannya menggunakan kaedah yang 
tidak optimum seperti pemetaan ketinggian rendah, jumlah pengagihan Titik Kawalan 
Bumi (GCP) yang banyak, dan Jarak Sampel Tanah (GSD) yang tidak dikalibrasi. Oleh 
itu, tujuan kajian ini adalah untuk mencipta kaedah penentuan isipadu yang optimum 
secara tepat mengunakan pemetaan UAV bagi mengurangkan waktu bekerja dan 
melakukan kerja pengukuran pantai yang kurang sukar bagi kajian persekitaran yang 
mampan melalui beberapa objektif, pertama, untuk mengkaji kalibrasi kamera, 
ketinggian UAV, dan taburan GCP bagi kaedah pemetaan pantai UAV yang optimum, 
kedua untuk mengubah suai rumus isipadu SfM-MVS fotogrametri bagi pembangunan 
pengukuran kaedah pemetaan isipadu pantai yang optimum dan tepat, dan ketiga, 
untuk menganalisis kaedah pengukuran optimum isipadu pantai yang dihasilkan. 
Kajian ini dilakukan di Pantai Desaru, dataran Universiti Teknologi Malaysia (UTM), 
Pantai Irama 1, dan Pantai Irama 2. Pelbagai taburan GCP (3, 4, 5, 6, 8, 10, 15, dan 20 
GCP) dan perbezaan ketinggian pemetaan UAV pada 10m, 20m, 30m, 40m, 50m, 
60m, 80m, dan 100m telah dikaji. Kajian ini menggunakan analisis statistik yang 
kukuh bagi menyelidik perubahan pengukuran isipadu pantai dan perubahan pemetaan 
UAV daripada pelbagai taburan GCP dan perbezaan tinggi penerbangan UAV. 
Keputusan kajian menunjukkan bahawa 4GCP dan 100m ketinggian pemetaan UAV 
adalah kaedah pengukuran optimum untuk mengukur isipadu pantai menggunakan 
UAV dengan penggunaan kerja pengukuran yang minimum. Berdasarkan kaedah 
pengiraan isipadu fotogrametrik yang diubah suai dalam menentukan isipadu pantai, 
ternyata nilai isipadu pantai adalah signifikan. Kesimpulannya, kajian ini 
menunjukkan bahawa formula isipadu fotogrametri yang diubah suai memberikan 
ketepatan yang lebih baik daripada formula isipadu sedia ada.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Volume determination method using photogrammetry approach is one o f  the 

advanced technology in survey and mapping study. The embedded Structure from 

Motion -  Multi View Stereo (SfM-MVS) technology in photogrammetry give the 

mapping applications possible for the volume determination (Nagendran & Mohamad 

Ismail, 2020).

Nowadays, aerial photogrammetry mapping can be performed anywhere with 

the close-range method. The presence o f  Unmanned Aerial Vehicle (UAV) technology 

gives aerial photogrammetry mapping more possible to handle inaccessible landform 

mapping such as the extremely eroded beach. Apart from that, the natural protection 

dealing with volume determination on the beach evolution monitoring for the eroded 

beach is important for sustainable environment research. One o f  the sustainable 

environment research is about the beach evolution prediction model studies with 

volume parameter as an essential parameter in dealing with natural beach protection 

propose, which have been studied by Nielsen and Hanslow (1991); Ruggiero et al. 

(2001); Stockdon, H.F. et al. (2006); and Mather et al. (2011). Hence, the important of 

the volume determination for sustainable environment research in beach evolution is 

important for the future beach protection and beach monitoring, especially on the 

beach erosion impact.

It is believed that beach erosion occurs continuously along the coastline due to 

interactions of mother nature processes like sea currents, heavy winds, tides change, 

extreme storms, and also because o f humans (Natesan et al., 2015). One of the 

prominent effects o f  beach erosion was due to the extreme storm, which leads to
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overwash, inundation, and erosion that affect the beach property, facilities, and loss o f  

human life (Ferreira et al., 2018). Some part of the worlds experienced extreme storms 

such as the Hercules Storm in England and France (Masselink et al., 2016; Castelle et 

al., 2015), Xynthia Storm (Burvingt et al., 2017); the Superstorm Sandy in the USA 

and Caribbean (Bennington and Farmer, 2015; Clay, 2016), Hurricane Katrina Storm 

in the USA (Link, 2010; Kantha, 2013), and Haiyan Typhoon in the Philippines.

In addition, some beach damages happened due to climate change and sea-level 

rise, which is predicted to impact the beach area, but it also happens because of human 

activities and coastal development (IPCC, 2014; Neumann et al., 2015). Beach erosion 

is also one of the common catastrophic phenomena happen among countries that have 

the coastal area, including Malaysia (Mohd Fazly, Maulud, Karim, Ibrahim, Benson 

and Wahab, 2018). Malaysia’s coastline area covers about 4,809 km, and 1,300 km of 

Malaysian beaches are experiencing coastal erosion impact (Ong, 2001).

Due to nature and humans’ activities that contributed to the beach erosion

phenomena, national authorities and many studies researched to monitor, predict and 

investigate the beach evolution erosion activities along the coastline (Davidson et al., 

2017). Among the studies, the coastal change studies are categorized as coastline 

changes, and beach volume changes (Yusoff et al., 2019). The authorities and many 

studies recently used to investigate the beach evolution using geospatial survey sensors 

implementation. Various types of geospatial survey sensors have been used to monitor 

the beach area, as well as beach volume measurement mapping like Unmanned Aerial 

Vehicle (UAV) (Ma et al., 2016; Yoshinao Matsuba, 2017; Uto et al., 2017; Yoo and 

Oh, 2016; Drummond et al., 2015; Turner et al., 2016; Kim et al., 2017; 

Papakonstantinou et al., 2016; Scarelli et al., 2017; Long et al., 2016; Suganuma et al., 

2017; Gonsalves and Henriques, 2015). Advanced geospatial sensors also one of the 

fewer used-sensors for a coastal survey and monitoring studies, such as Mobile LiDAR 

studied by Bitenc et al. (2011), bathymetry survey echo sounder technology such as 

Marinho et al. (2018), Permanent Laser Scanner (PLS) such as Vos et al. (2017), 

Terrestrial LiDAR such as Corbi et al. (2018) and Michael (2014), and UAV LiDAR 

such as Assenbaum (2018).
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The importance of beach volume measurement makes many advanced 

geospatial technologies are used to measure and calculate the beach volume for beach 

sustainable environment research. Most advanced survey techniques are expensive to 

implement such as LiDAR mapping, and some geospatial technology sensors have a 

problem measuring the beach volume accurately. It is because the eroded beach 

landform is inaccessible to be reached by many sensors. It also contributes to laborious 

work for control surveys along the beach area as difficulties happen for UAV 

photogrammetry (Ierodiaconou et al., 2016).

Therefore, the beach volume measurement using UAV photogrammetric 

technology is a significant study as it enables accurate mapping results with time- 

efficient without wasting laborious work. Hence, the fundamental research study is 

organized in this thesis focusing on optimizing the UAV mapping method for beach 

volume measurement and modifying the SfM-MVS photogrammetric volume formula 

for sustainable environment monitoring study.

1.2 Problem Statement

The volume measurement is crucial for the measurement of excavation land 

survey areas like mining places as studied by Nagendran and Mohamad Ismail, (2020). 

Subsequently, the volume measurement for sandy beach volume changes monitoring 

is necessary for beach monitoring and beach preservation study purposes (Martins and 

Pereira, 2014).

Among studies and mapping works, coastal change monitoring typically 

utilized using total station and Global Navigation Satellite System (GNSS) survey 

technique to acquire spot heights along interest area as studied by Zimmerman et al., 

(2020) and Booysen (2017). Apart from that, Yusoff (2019) discussed advanced 

geospatial survey technology used for coastal monitoring research, which can be 

categorized into two. The first category focuses on coastline changes, and the second 

category focuses on the beach volume and berm height change of the sandy beach. 

Most coastline change studies normally popular in utilizing satellite imagery, airborne
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photogrammetry, and airborne LiDAR mapping. Although, coastal volume changes 

and berm height changes are dominant to utilized UAV photogrammetry, GNSS 

observation, bathymetry echo sounder, UAV LiDAR, mobile LiDAR, and terrestrial 

Laser Scanner (TLS). Through all the geospatial technologies, accuracy is one of the 

important criteria that need to be considered for volume mapping. Overall advanced 

geospatial technologies criteria are summarized in Table 1.1.

Table 1.1 Geospatial-based survey technologies (Yusoff et al., 2018)

Technology Flight Flight
Restriction

Costing Production
Rate

Coverage
Area

Accuracy

Satellite
Remote
Sensing

- Tropical region 
cover with cloud

ten thousand Satellite
dependend

big area m

LiDAR complex Weather
condition

a hundred 
thousand

automated,
faster

Large area 
and not 
practical for 
a small area

cm and mm

Terrestrial
Laser
Scanner

No No a hundred 
thousand

automated 
and faster

Limited
coverage

cm

Airborne Overlap and side Must fly during a hundred Time- Large area cm
plane lap needs to be 

considered
day time and 
need a clear sky

thousand consuming and not 
practical to 
cover small 
area

Total
Station

No No thousand Time
consuming

Limited
coverage

mm

Mobile
Laser
Scanning

No No a hundred 
thousand

automated and 
faster

cm

GNSS No No thousand automated and Limited 
faster coverage

mm

UAV
(Drone)

Overlap and

side lap 
consideration

Fly during the 
day,

Weather
condition

thousand automated 

and faster

small

and large 
area

cm

Table 1.1 shows the advanced geospatial technologies of LiDAR, TLS, Total 

Station, and GNSS able to do millimeter level accuracy in survey mapping. Equally 

important, satellite imagery, manned aircraft mapping, MLS, and drone/UAV able to 

perform level mapping measurement. All advanced geospatial technologies are 

capable of gaining accurate maps. Among the advanced geospatial technologies, UAV 

photogrammetry technology is less expensive mapping, complying mapping at eroded 

beach landform and the inaccessible place.
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Table 1.2 shows the UAV mapping factors that have been studied by many 

researchers for the past few years (The detail of each literature review of Table 1.2 are 

depicted in section 2.7).

Table 1.2 Recent optimization UAV photogrammetry mapping

Factor No of Literature review
Camera setting 2
UAV altitude 5
Distance between GCPs 3
GCPs distribution 11
Image overlap 2
Conventional mapping 1
Point cloud process 3
UAV Image capturing 2
Flightpath 4
DEM 6
volume effect 1
Calibration approach 2
Linear Landform 5
Wide area landform 18
UAV Calibration 2

Table 1.2 lists the numbers o f literature reviews that included recent 

optimization UAV photogrammetry mapping methods. Table 1.2 also shows the 

research gaps that can be categorized into two aspects, optimization of UAV mapping 

method for beach volume measurement and modification of SfM-MVS 

photogrammetric volume formula for sustainable environment monitoring study at the 

linear beach area.

The first research gap aspect is about the optimization of UAV mapping 

method for beach volume measurement. The lack of studies on linear beach volume 

measurement by many aerial mapping and optimized UAV mapping method among 

studies is depicted in Table 1.2. Wide area landform mapping is the most popular UAV 

optimize mapping method with 18 studies and 5 of the UAV optimize mapping method 

for linear landform mapping. Hence, linear mapping such as beach coastline area is 

not a popular area and optimized method to investigate by many researchers. Apart 

from that, an optimization method for linear mapping sandy beach volume mapping
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using UAV has not described the effect of UAV camera parameters, GCPs distribution, 

and variation of UAV altitudes from the mapping. The evaluation by UAV 

photogrammetric practitioner of which UAV flying height altitude levels is optimum 

to implement is challenging, due to missing comparative work that assesses the UAV 

mapping different altitude measurements against a UAV camera parameter and GCPs 

distribution. Furthermore, indirect georeferenced UAV mapping using Ground 

Control Points (GCPs) is one o f the popular methods implemented by many UAV 

mapping user such as Long et al. (2016); Drummond et al. (2015); Uto et al. (2017); 

Kim et al. (2017); Ma et al. (2016); Papakonstantinou et al. (2016); Scarelli et al.

(2017); Suganuma et al. (2017); Turner et al. (2016); Gonsalves and Henriques,

(2015); Yoo and Oh (2016); Yoshinao Matsuba (2017). However, most of the UAV 

mapping done for beach mapping used a non-optimal method such as the low altitude 

mapping like La Salandra et al. (2020), and bundle amount of GCPs across the beach 

mapping area may increase the time work procedure and image processing as stated 

by Yu et al. (2020). Hence, further investigation needs to be achieved to understand 

the change of 3D morphology of beach volume over the effect of UAV camera 

parameter, GCPs, and variation of UAV altitudes on the linear beach volume mapping.

The second research gap aspect is about the modification o f SfM-MVS 

photogrammetric volume formula for sustainable environment monitoring study at the 

linear beach area. The proprietary SfM-MVS photogrammetric volume formula has no 

algorithms information used for particular software (Verhoeven et al., 2015; Smith et 

al., 2015;). Equally important, Fraser and Congalton (2018) and Rhodes (2017) 

suggested plenty of investigation need to be done based on SfM-MV S software with 

some parameters investigation. Apart from that, all UAV users have implemented the 

study on uncalibrated Ground Sample Data (GSD) parameter usage for 

photogrammetric SfM-MVS volume formula calculation, except for He et al. (2019) 

that used stockpile vessel as the dimension volume formula from UAV 

photogrammetry SfM-MVS volume formula. So, the investigation and modification 

of the SfM-MVS photogrammetric volume formula investigation on the calibrated 

Ground Sample Data (GSD) parameter supports the optimized volume determination 

method accurately using Unmanned Aerial Vehicle (UAV) photogrammetry mapping 

to minimize work time and less laborious beach mapping work for sustainable 

environment.
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Based on the two aspects of research gaps discussed, the invention of accurate 

beach volume measurement from optimized photogrammetric volume formula 

modification using optimal altitude UAV mapping, and optimal GCPs distribution are 

the novelty of this study. The methodological of this study is further to minimize 

working time, perform less laborious work, and produce more accurate volume 

measurement for beach volume mapping measurement.

1.3 Research Aim and Objectives

The aim of this research is to invent an optimized volume determination 

method accurately using Unmanned Aerial Vehicle (UAV) photogrammetry mapping 

to minimize work time and perform less laborious beach mapping work for a 

sustainable environment study. Hence, the three objectives of the study are as follow:

1) to investigate the camera calibrations, UAV altitudes, and GCPs distribution

for optimized beach volume UAV mapping method;

2) to modify the SfM-MVS photogrammetric volume formula for the

development of accurate and optimized beach volume mapping method; and

3) to analyze the optimized beach volume mapping method produced.

1.4 Scope and limitations

There are several limitations that needs to be addressed in this research. This 

study is focused on the development of the optimized and accurate method for beach 

volume measurement along the coastline. Moreover, this study is conducted within 

several scopes of area as stated below.
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1.4.1 Study Area

Malaysia’s coastline area covers about 1,300 km o f Malaysian beaches, and all 

of the beach area experiencing erosion effects (Ong, 2001). Therefore, the area of study 

only covers some parts of the Malaysian coastline beach area where beach erosion 

phenomena are commonly happened. The selected area to investigate as the datasets 

are Desaru Beach, Johor, UTM field, and two areas of Irama Beach, Kelantan as shown 

in Figure 1.1 below.

Figure 1.1 Image of study areas; (a) UTM field, (b) Desaru Beach, Johor, and (3) 
Irama Beach 1, Kelantan, and (4) Irama Beach 2, Kelantan

Figure 1.1 shows the area of the study performed around Malaysia with linear 

mapping area mapping. Figure 1.1 (a) shows a UTM field with a 400 m x 25 m 

dimension area categorized as linear site mapping. This dimension is the same as the
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beach mapping space, but with a flat mapping area which is used to investigate 

optimized UAV volume mapping measurement. The other areas include Desaru Beach 

with 100 m x 15 m dimension area (Figure 1.1 (b)), Irama Beach 1 with 800 m x 15 m 

dimension area (Figure 1.1 (c)), and Irama Beach 2 with 1200 m x 15 m dimension 

area (Figure 1. 1 (d)). The investigations of the UAV beach volume measurement trend 

and mapping behavior from various GCPs distribution, different UAV altitude 

mapping, and optimized photogrammetric volume formula modification are performed 

at all study areas. However, the investigation of Desaru Beach and Irama Beach 2 

datasets are used for the validation area of the study development. Both two sides are 

the same morphology as the majority o f  Malaysia’s beach cover area.

1.4.2 Optimization Method

The optimization method in this study is the invention o f the less laborious 

work and accurate way on the determination of volume mapping measurement. This 

method is categorized to UAV mapping approach of GCPs distribution and UAV 

altitude mapping, and the volume formula calculation with more accurate, appropriate 

and trust method with modification of UAV camera parameters in volume formula 

determination.

This study highlights three optimized UAV mapping approach: the UAV 

volume mapping measurements specified in the GCP distributions, UAV altitude 

mapping, and photogrammetric volume formula. UAV various GCP distributions are 

implemented with 3, 4, 5, 6, 8, 10, 15, and 20 GCPs and well-distributed along the 

mapping area. Subsequently, different UAV altitude mapping is investigated 

according to study areas at 10 m, 20 m, 30 m, 40 m, 50 m, 60 m, 80 m, and 100 m 

altitude. Lastly, optimized photogrammetric volume formula modification is studied 

from modification of photogrammetric volume formula with calibrated GSD using 

calibrated laboratory camera focal length parameter and calibrated camera pixel size. 

The validations of the optimized beach volume UAV mapping method and the 

optimized photogrammetric volume formula are compared to TLS volume 

measurements.
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The SfM-MVS in-situ UAV camera calibration, GCPs distribution, and UAV 

altitude mapping are the optimized mapping condition that were studied to investigate 

the volume measurement mapping for objective 1, modification o f photogrammetric 

volume formula for accurate mapping are studied for objective 2, and analysis o f the 

produced optimized beach volume UAV mapping method for objective 3. All o f the 

objectives led to the invention o f the accurate optimized beach volume mapping 

method to minimize work time and less laborious beach mapping work.

1.4.3 Photogrammetric Volume Modification for Coastline Area

The area o f volume measurements is located along the beach berm that is close 

to seawater which indicates the coastline area studied by many beach erosion 

researchers, as shown in Figure 1.2. The areas o f study are Desaru Beach, Johor and 

Irama Beach, Kelantan area involved narrow width space o f beach berm which is 

approximately 15 meters. Figure 1.2 shows the eroded section of the beach that was 

investigated in this study.

Figure 1.2 Beach berm area
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The point cloud generation from UAV images produced DSM in raster format, 

and the photogrammetric volume measurement can be done in SfM-MVS based 

software. The Pix4D software volume calculation is based on the Digital Surface 

Model (DSM); the raster format of the area selection gives the amount of volume as 

depicted in Figure 1.3. The formula used to calculate the volume and PiX4D volume 

formula concept is derived in Sub-section 2.6.2.

Figure 1.3 Volume calculation cross-section based on Pix4D mapper software

Modification of photogrammetric volume formula is performed by deriving 

selected raster cell heights, Hi, and selected raster area dimension, (a x b) from volume 

and area measurement calculation in PiX4D mapper software. Then, expansion of the 

GSD formula from the existing volume formula is derived and modified for the 

development of optimized volume measurement formula (see Sub-chapter 3.5.4 for 

better understanding).

1.5 General Methodology

After deliberating on the scope and limitation of the study, a brief research 

method is depicted in Figure 1.4 for a better understanding of what the investigation 

methods are all-about to achieve the research aim and objectives.
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Figure 1.4 Brief research method

Figure 1.4 shows the brief research method involved in the study. Four areas 

of study with UAV camera calibration, various GCPs distribution numbers, different 

UAV altitude mapping are introduced to investigate the optimized UAV beach volume 

mapping measurement method. Post-processing of UAV datasets and modification of 

SfM-MVS photogrammetric are performed for the development of optimized volume 

formula with the comparison of the existing photogrammetric volume formula and 

validation using TLS volume measurement.

1.6 Research Contributions

The contribution of this study can be categorized into intellectual worldwide 

knowledge contribution and nation development contribution. The study envisaged the 

new invention o f accurate UAV beach volume measurement through an optimized 

beach volume mapping method that minimizes work time and less laborious work
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beach mapping. The invention method is advantageous and leads to intellectual 

worldwide knowledge contribution as follow:

i) UAV beach mapping application can save time and less control survey 

work when applying the optimized method introduced in this study.

ii) Increasing the UAV site mapping area with more working hours can be 

done with an occupied UAV battery power supply.

iii) The modification of photogrammetric volume formula for high altitude 

UAV mapping method contribute to minimized survey working time, and 

less laborious work could be performed with accurate beach volume 

mapping

iv) The optimized method in this study can improve the data collection method 

for excessive eroded coastal area monitoring that requires less working 

time.

v) The result of volume measurement in this study can also be used for the 

coastal change model that can be extended for the prediction model by 

adding other coastal behaviours parameters on the region study area.

vi) Optimized mapping planning guidances to the UAV linear mapping that 

gives an accurate volume output for many areas of linear mapping side like 

the lake, river hill, road line, and others.

Furthermore, the national development contribution also gets the benefit as the 

coastal environment behaviours and beach change pattern are the factors for the 

authorities’ decision-making to manage the coastal area. Some studies have discussed 

the relation of coastal change behaviours and coastal management as described by 

Tonyes et al. (2015), who states that the dynamics of sand changes is vital for coastal 

management care that indicates beach erosion and accretion as an important element. 

The detail of beach morphology changes and an island vulnerability understanding can
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give prediction models information as a guide for decision-makers by the authorities 

in the future, as stated by Brenner et al. (2018). Moreover, weather changes make the 

decision-makers, stakeholders, and engineers interested in the effect of future coastal 

development gain from productive and optimized beach volume mapping (Zikra et al., 

2015).

Apart from that, the local authorities like the Department of Irrigation and 

Drainage Malaysia, the housing development, the National Parliament with an annual 

budget can come out with the right decision to manage the coastal and beach area by 

applying a low-cost budget from optimized beach volume mapping. Besides, the 

residents along the coastal area can clearly see the coastal change behaviours to happen 

around them with fast result gain from the discovered method.

1.7 Structure of Thesis

This thesis is divided into five chapters: introduction, literature review, 

research methodology, results and analysis, and conclusions.

Chapter 1 (Introduction): The concept of the entire research is summarized in 

Chapter 1. It is outlined by the background of study, problem statement, research aim 

and objectives, scope and limitations (study area, optimization method, 

photogrammetric volume modification for coastline area), general methodology, 

research contributions, and structure of thesis.

Chapter 2 (Literature Review): The all-inclusive literature review about the 

thesis motivation, novelty, and research gaps are covered in Chapter 2. It consists of 

an introduction, beach erosion, beach mapping and monitoring (coastline errors and 

uncertainty, coastline change rate), recent beach monitoring studies, beach volume 

measurement, UAV photogrammetry beach mapping, (SfM and MVS in 

photogrammetry, UAV beach volume mapping), optimization of UAV 

photogrammetry mapping, UAV photogrammetric volume calculation studies, and 

chapter summary to conclude the reviews all-about.
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Chapter 3 (Research Methodology): This Chapter 3 explains the entire method 

o f  the research. The organized process and research activities include the introduction, 

research methodology, research instruments (UAV photogrammetry, Global 

Navigation Satellite System (GNSS) instrument, Ground Control Points (GCPs), 

Terrestrial Laser Scanner, camera calibration tools), data collections (data collection 

at Desaru Beach, Johor, data collection at Universiti Teknologi Malaysia (UTM) field, 

data collection at Irama Beach, Kelantan, GCPs coordinate processing, UAV image 

mapping processing), research stages (research stage 1, research stage 2, research stage

3, research stage 4, research stage 5, research stage 6), analysis method, and chapter 

summary to recapitulate the chapter.

Chapter 4 (Results and Analysis): The results, analysis, and discussion are 

explained in details with following sub-chapter; the introduction, analysis of in-situ 

SfM focal length camera calibrations parameter from UAV volume measurements, and 

comparison to initial camera focal length and laboratory camera focal length 

calibration, discussion for stage 1 data analysis, analysis o f UAV altitudes mapping 

effect on beach volume accuracy, discussion for stage 2 data analysis, analysis of 

GCPs distribution effect on beach volume accuracy, discussion for stage 3 data 

analysis, modification of photogrammetric volume formula for the development of 

optimized photogrammetric volume formula, discussion for stage 4 data analysis, 

comparison o f  optimized photogrammetric volume formula to the existing 

photogrammetric volume formula, discussion for Stage 5 data analysis, comparison of 

optimized photogrammetric volume formula measurement and existing optimized 

photogrammetric volume formula measurement to Terrestrial Laser Scanning (TLS) 

volume measurement, discussion for stage 6 data analysis, and ended with summary 

o f  the Chapter 5.

Chapter 5 (Conclusions and Recommendations): Finally, this chapter 

elaborates the research conclusion and the conclusion for each objective and 

recommendations for future related studies.

15



REFERENCES

Achiari, H., Wiyono, A. and Sasaki, J. (2015) ‘Current Characteristics and Shoreline 

Change at Pondok-Bali, North Coast-West Java o f Indonesia’, Procedia Earth 

and Planetary Science. Elsevier B.V., 14, pp. 161-165.

Aedla, R., Dwarakish, G. S. and Reddy, D. V. (2015) ‘Automatic Shoreline Detection 

and Change Detection Analysis of Netravati-GurpurRivermouth Using 

Histogram Equalization and Adaptive Thresholding Techniques’, Aquatic 

Procedia. Elsevier B.V., 4(Icwrcoe), pp. 563-570.

Aicardi, I., Chiabrando, F., Grasso, N., Lingua, A. M., Noardo, F. and Spano, A.

(2016) ‘UAV photogrammetry with oblique images: First analysis on data 

acquisition and processing’, International Archives o f the Photogrammetry, 

Remote Sensing and Spatial Information Sciences - ISPRS Archives, 2016- 

Janua(July), pp. 835-842.

Al-Tahir, R. and Arthur, M. (2012) ‘Unmanned Aerial Mapping Solution for Small 

Island Developing States’, Proceedings o f  Global Geospatial Conference 2012, 

(November), pp. 1-9.

Anon. (1993) ‘Coastal defence and the environment: a guide to good practice’, MAFF,

London.

Ariffin, E. H., Zulfakar, M. S. Z., Redzuan, N. S., Mathew, M. J., Akhir, M. F., 

Baharim, N. B., Awang, N. A. and Mokhtar, N. A. (2020) ‘Evaluating the 

effects of beach nourishment on littoral morphodynamics at kuala nerus, 

terengganu (Malaysia)’, Journal o f Sustainability Science and Management,

15(5), pp. 29—42.

Assenbaum, M. (2018) ‘Monitoring coastal erosion with UAV lidar’, GIM 

International, pp. 18-21.

Austin, R. (2010) ‘Unmanned Aircraft Systems. UAVS Design, Development and 

Deployment’, John Wiley & Sons, Inc.

177



Austin, R. (2011) ‘Unmanned aircraft systems: UAVS design, development and 

deployment’, Wiley, 54.

Baiocchi, V., Dominici, D., Milone, M. V. and Mormile, M. (2014) ‘Development o f

a software to optimize and plan the acquisitions from UAV and a first 

application in a post-seismic environment’, European Journal o f Remote 

Sensing, 47(1), pp. 477-496.

Bennington, B., Farmer, E. C. (2015) ‘Learning from the impacts o f Superstorm sandy. 

In: Bret Bennington, J., Farmer, E.Christa (Eds.).’, Academic Press, Elsevier, 

p. 123.

Bitenc, M., Lindenbergh, R., Khoshelham, K. and van Waarden, A. P. (2011) 

‘Evaluation o f a LIDAR land-based mobile mapping system for monitoring 

sandy coasts’, Remote Sensing, 3(7), pp. 1472-1491.

Bluman, A. G. (2004) ‘Elementary Statistics: A Step By Step Approach’, 5th ed. New 

York, NY: McGraw-Hill.139, 385-386.

Booysen, Z. (2017) ‘Berm Height at Temporarily Open / Closed Estuaries in South 

Africa: Analysis and Predictive M ethods, (December). Master Theses, Faculty 

of Civil Engineering, Stellenbosch University.

Brenner, O. T., Lentz, E. E., Hapke, C. J., Henderson, R. E., Wilson, K. E. and Nelson, 

T. R. (2018) ‘Characterizing storm response and recovery using the beach 

change envelope: Fire Island, New York’, Geomorphology. Elsevier B.V., 300, 

pp. 189—202.

Brunetaud Xavier, Livio De Luca, Sarah Janvier-Badosa, Kevin Beck, and M. A.-M.

(2012) ‘Application o f digital techniques in monument preservation’,

European Journal of Environmental and Civil Engineering 16, no. 5 (2012): 

543-556.

Brunier, G., Fleury, J., Anthony, E. J., Gardel, A. and Dussouillez, P. (2016) ‘Close-

range airborne Structure-from-Motion Photogrammetry for high-resolution 

beach morphometric surveys: Examples from an embayed rotating beach’, 

Geomorphology. Elsevier B.V., 261, pp. 76-88.

Bumingham, H. and French, J. (2017) ‘Understanding coastal change using shoreline 

trend analysis supported by cluster-based segmentation’, Geomorphology. The 

Authors, 282, pp. 131—149.

Burvingt, O., Masselink, G., Russell, P. and Scott, T. (2017) ‘Classification o f beach 

response to extreme storms’, Geomorphology, 295, pp. 722-737.

178



Casbeer, D. W., Beard, R. W., McLain, T. W., Li, S. M., & Mehra, R. K. (2005) ‘Forest 

fire monitoring with multiple small UAVs’, In American Control Conference,

2005. Proceedings of the 2005 (pp. 3530-3535). IEEE.

Castelle, B., Marieu, V., Bujan, S., Splinter, K. D., Robinet, A., Senechal, N. and 

Ferreira, S. (2015) ‘Impact o f the winter 2013-2014 series of severe Western 

Europe storms on a double-barred sandy coast: Beach and dune erosion and 

megacusp embayments’, Geomorphology. Elsevier B.V., 238, pp. 135-148.

Centre Barcelona Field Study (2018) Sitges Beach 18 Pilot Study, 2015.

Chao, H., Cao, Y. and Chen, Y. (2010) ‘Autopilots for small unmanned aerial vehicles: 

A survey’, International Journal o f Control, Automation and Systems, 8(1), pp. 

3 6 ^ 4 .

Ciavola, P., Ferreira, O., Van Dongeren, A., Van Thiel de Vries, J., Armaroli, C. and 

Harley, M. (2014) ‘Prediction o f Storm Impacts on Beach and Dune Systems’, 

Hydrometeorological Hazards: Interfacing Science and Policy,

9781118629(January 2016), pp. 227-252.

Clay, P.M., Colburn, L.L., Seara, T. (2016) ‘Social bonds and recovery: an analysis o f  

Hurricane Sandy in the first year after landfall.’, Mar. Policy 74, 33^340.

Corbi, H., Riquelme, A., Megias-B ^ os, C. and Abelian, A. (2018) ‘3-D 

Morphological Change Analysis of a Beach with Seagrass Berm Using a 

Terrestrial Laser Scanner’, ISPRS International Journal o f Geo-Information, 

7(7), p. 234.

Dadrasjavan, F., Zarrinpanjeh, N., Ameri, A., Engineering, G. and Branch, Q. (2019) 

‘Automatic Crack Detection o f Road Pavement Based on Aerial UAV 

Imagery’, Preprints (www.preprints.org), (July), pp. 1 -16.

Dandois, J. P., Olano, M. and Ellis, E. C. (2015) ‘Optimal altitude, overlap, and 

weather conditions for computer vision uav estimates o f forest structure’, 

Remote Sensing, 7(10), pp. 13895-13920.

Dandois JP and Ellis EC (2010) ‘Remote sensing o f vege- tation structure using 

computer vision’, Remote Sensing 2: 1157-1176.

Davidson, M. A., Turner, I. L., Splinter, K. D. and Harley, M. D. (2017) ‘Annual 

prediction o f shoreline erosion and subsequent recovery’, Coastal Engineering. 

Elsevier Ltd, 130(September), pp. 14-25.

Detchev, I. and Lichti, D. (2020) ‘Calibrating A Lens With A “ Local ” Distor Tion 

Model’, XLIII, pp. 765-770.

179

http://www.preprints.org


Drummond, C. D., Harley, M. D., Turner, I. L., Matheen, A. N. A. and Glamore, W. 

C. (2015) ‘UAV applications to coastal engineering’, Australian Coasts and 

Ports 2015 Conference, (August 2016).

Duru, U. (2017) ‘Shoreline change assessment using multi-temporal satellite images: 

a case study o f Lake Sapanca, NW Turkey’, Environmental monitoring and 

assessment, 189(8), p. 385.

Eisenbei, H. (2009) ‘UAV Photogrammetry’, Inst, fur Geodasie und Photogrammetrie. 

Inst. fur Geodasie und Photogrammetrie.

Eisenbeiss, H. (2004) ‘A Mini Unmanned Aerial Vehicle ( UAV ): System Overview 

and Image Acquisition’, International Archives o f Photogrammetry. Remote 

Sensing and Spatial Information Sciences, 36(5/W1).

Engin 1 C & Maerz N  (2016) ‘Blasting Results Terrestrial Laser Scanners (LiDAR) in 

Analysis’, Scientific Journal o f  Mining.

Escobar Villanueva, J. R., Iglesias Martinez, L. and Perez Montiel, J. I. (2019) ‘DEM 

Generation from Fixed-Wing UAV Imaging and LiDAR-Derived Ground 

Control Points for Flood Estimations’, Sensors, 19(14), p. 3205.

Farris, A. S. and List, J. H. (2007) ‘Shoreline Change as a Proxy for Subaerial Beach 

Volume Change’, Journal o f Coastal Research, 233, pp. 74^748.

Fazly Amri Mohd, Khairul Nizam Abdul Maulud, Rawshan Ara Begum, Siti 

Norsakinah Selamat and Othman A.Karim (2018) ‘Impact o f Shoreline 

Changes to Pahang Coastal Area by Using Geospatial Technology’, Sains 

Malaysiana, 47(5), pp. 991-997.

Ferreira, O., Viavattene, C., Jimenez, J. A., Bolle, A., das Neves, L., Plomaritis, T. A., 

McCall, R. and van Dongeren, A. R. (2018) ‘Storm-induced risk assessment: 

Evaluation o f two tools at the regional and hotspot scale’, Coastal Engineering, 

134(October 2017), pp. 241-253.

Fletcher, C., Rooney, J., Barbee, M., Lim, S., Richmond, B. (2003) ‘Mapping shoreline 

change using digital orthophotogrammetry on Maui, Hawaii’, J. Coast. Res. 

106—124.

Fonstad, M.A., Dietrich, J.T., Courville, B.C., Jensen, J.L. and Carbonneau, P.E.

(2013). Topographic structure from motion: a new development in 

photogrammetric measurement. Earth surface processes and Landforms, 38(4), 

pp.421-430.

180



Ford, M. (2011) ‘Shoreline changes on an urban atoll in the Central Pacific Ocean: 

Majuro Atoll, Marshall Islands’, J. Coast. Res. 28, 11-22.

Forsmoo, J., Anderson, K., Macleod, C. J. A., Wilkinson, M. E., & Brazier, R. (2018) 

‘Drone-based Structure-from-Motion photogrammetry captures grassland 

sward height variability’, Journal o f Applied Ecology, 55(6), 2587-2599.

Fraser, B. T., & Congalton, R. G. (2018) ‘Issues in Unmanned Aerial Systems (UAS) 

data collection of complex forest enviro^ e n t s ’, Remote Sensing, 10(6).

Garcia Carrillo, L. R., Dzul Lopez, A. E., Lozano, R. and Pegard, C. (2013) ‘Quad 

Rotorcraft Control’, Quad Rotorcraft Control, Advances in Industrial Control, 

Springer-Verlag London 2013. London: Springer London, pp. 1-22.

Genz, A.S., Fletcher, C.H., Dunn, R.A., Frazer, L.N., Rooney, J.J. (2007) ‘The 

Predictive Accuracy o f  Shoreline Change Rate Methods and Alongshore Beach 

Variation on Maui, Hawaii’, Journal o f  Coastal Research, 87-105.

Gonsalves, J. A. and Henriques, R. (2015) ‘UAV photogrammetry for topographic 

monitoring o f  coastal areas’, ISPRS Journal o f Photogrammetry and Remote 

Sensing, 104, pp. 101—111.

Hakkou, M., Maanan, M., Belrhaba, T., El Ouai, D. and Benmohammadi, A. (2018) 

‘Multi-decadal assessment of shoreline changes using geospatial tools and 

automatic computation in Kenitra coast’, Morocco. Ocean & Coastal 

Management, 163, 232-239.

Harwin, S., Lucieer, A. and Osborn, J. (2015) ‘The impact o f the calibration method 

on the accuracy of point clouds derived using unmanned aerial vehicle multi

view stereopsis’, Remote Sensing, 7(9), pp. 11933-11953.

Hausamann, Dieter, Werner Zimig, Gunter Schreier, and P. S. (2005) ‘Monitoring o f  

gas pipelines-a  civil UAV application’, Aircraft Engineering and Aerospace 

Technology 77, no. 5 352-360.

He, F., Habib, A. and Al-Rawabdeh, A. (2015) ‘Planar constraints for an improved 

UAV-image-based dense point cloud generation’, International Archives o f the 

Photogrammetry, Remote Sensing and Spatial Information Sciences - ISPRS 

Archives, 40(1W4), pp. 269-274.

He, H., Chen, T., Zeng, H. and Huang, S. (2019) ‘Ground control point-free unmanned 

aerial vehicle-based photogrammetry for volume estimation o f stockpiles 

carried on barges’, Sensors (Switzerland), 19(16).

181



Huang, Y., Yi, S., Li, Z., Shao, S. and Qin, X. (2010) ‘Design o f highway landslide

warning and emergency response systems based on UAV’, 8203, pp. 820317

820317—6.

Ierodiaconou, Daniel, Carmelo, Alexandre, Schimel and Gregory (2016) ‘A new 

perspective o f storm bite on sandy beaches using Unmanned Aerial Vehicles’,

Zeitschrift fur Geomorphologie, Vol. 60 (2016), Suppl. 3, 123—137.

IPCC (2014) Climate change 2014: synthesis report. In: Writing Team, Core, Pachauri, 

R.K., Meyer, L.A. (Eds.), Contribution of Working Groups I, II and III to the 

Fifth Assessment Report of the Intergovernmental Panel on Climate Change. 

IPCC, Geneva, Switzerland.

Jaafar, S. N., Yusoff M. M. and Ghaffar, F. A. (2016) ‘Ancaman hakisan pantai dan 

adaptasi komuniti pesisir pantai di Malaysia: Kajian kes Kampung Kemeruk , 

Kota Bharu , Kelantan Coastal erosion threat and the adaptation o f  coastal 

communities in Malaysia: A case study o f Kampung Kemeruk , Kota Bharu , 

Kela’, Malaysia Journal o f  Society and Space, 10(10), pp. 145-158.

James, M. R., James, M. R., Robson, S., D’Oleire-Oltmanns, S. and Niethammer, U.

(2017) ‘Optimising UAV topographic surveys processed with structure-from- 

motion: Ground control quality, quantity and bundle adjustment’, 

Geomorphology. Elsevier B.V., 280, pp. 51-66.

James, M. R. and Quinton, J. N. (2020) ‘Sediment source and volume o f soil erosion 

in a gully system using UAV photogrammetry’, November), pp. 1 -14.

James, Mike R., Robson, S. and Smith, M. W. (2017) ‘3-D Uncertainty-based 

Topographic Change Detection with Structure-from-motion Photogrammetry: 

Precision Maps for Ground Control and Directly Georeferenced Surveys’, 

Earth Surface Processes and Landforms, 42(12), pp. 1769-1788.

James, O. and Smith, M. (2016) A Review of Cameras: Popular Selecting Cameras for 

UAV Surveys, GIM International.

Jaud, M., Passot, S., Allemand, P., Le Dantec, N., Grandjean, P. and Delacourt, C.

(2018) ‘Suggestions to Limit Geometric Distortions in the Reconstruction of 

Linear Coastal Landforms by SfM Photogrammetry with PhotoScan® and 

MicMac® for UAV Surveys with Restricted GCPs Pattern’, Drones, 3(1), p. 2.

Jiang, S., Jiang, C. and Jiang, W. (2020) ‘Efficient structure from motion for large- 

scale UAV images: A review and a comparison o f SfM tools’, ISPRS Journal 

of Photogrammetry and Remote Sensing, pp. 230-251.

182



Jonah, F. E., Boateng, I., Osman, A., Shimba, M. J., Mensah, E. A., Adu-Boahen, K., 

Chuku, E. O. and Effah, E. (2016) ‘Shoreline change analysis using end point 

rate and net shoreline movement statistics: An application to Elmina, Cape 

Coast and Moree section o f Ghana’s coast’, Regional Studies in Marine 

Science. Elsevier B.V., 7, pp. 19-31.

Kankara, R. S., Selvan, S. C., Markose, V. J., Rajan, B. and Arockiaraj, S. (2015) 

‘Estimation o f long and short term shoreline changes along Andhra Pradesh 

coast using remote sensing and GIS techniques’, Procedia Engineering. 

Elsevier B.V., 116(1), pp. 855-862.

Kantha, L. (2013) ‘Classification o f hurricanes: lessons from Katrina, Ike, Irene, Isaac 

and sandy.’, Ocean. Eng. 70, 124-128.

Kekef, B., Bilim, N., Karakaya, E. and Ghiloufi, D. (2021) ‘Applications o f Terrestrial 

Laser Scanning (TLS) in Mining: A Review’, Turkey Lidar Journal, 3(1), 

pp.31-38.

Kilibarda, Z. and Shillinglaw, C. (2014) ‘A 70 year history o f coastal dune migration 

and beach erosion along the southern shore o f Lake Michigan’, Aeolian

Research. Elsevier B.V., 17, pp. 263-273.

Kim, B.-O., Yun, K.-H., Chang, T.-S., Bahk, J.-J. and Kim, S.-P. (2017) ‘A 

Preliminary Study on UAV Photogrammetry for the Hyanho Coast Near the 

Military Reservation Zone, Eastern Coast o f Korea’, Ocean and Polar 

Research, 39(2), pp. 159-168.

Kim, B. O., Yun, K. H., Chang, T. S., Bahk, J. J. and Kim, S. P. (2017) ‘A preliminary 

study on UAV photogrammetry for the hyanho coast near the military 

reservation zone, eastern coast o f Korea’, Ocean and Polar Research, 39(2), pp. 

159—168.

de Lalouviere, C. L. H., Gracia, V., Sierra, J. P., Lin-Ye, J. and Gartia-Leon, M. (2020) 

‘Impact o f climate change on nearshorewaves at a beach protected by a barrier 

reef, Water (Switzerland), 12(6).

Lambers, K., Eisenbeiss, H., Sauerbier, M., Kupferschmidt, D., Gaisecker, Th., 

Sotoodeh, S., Hanusch, T. (2007) ‘Combining photogrammetry and laser 

scanning for the recording and modelling of the late intermediate period site of 

Pinchango Alto, Palpa, Peru’, Journal o f Archaeological Science 34(10), 1702

1712, Amsterdam.

183



Link, L. E. (2010) ‘No TitleThe anatomy of a disaster, an overview of Hurricane

Katrina and new Orleans’, Ocean. Eng. 37, 4 - 12.

Liu, Q., Trinder, J. and Turner, I. (2016) ‘A Comparison of Sub-pixel Mapping 

Methods for Coastal Areas’, ISPRS Annals o f the Photogrammetry, Remote 

Sensing and Spatial Information Sciences, 3(July), pp. 67-74.

Long, N., Millescamps, B., Guillot, B., Pouget, F. and Bertin, X. (2016) ‘Monitoring

the topography o f a dynamic tidal inlet using UAV imagery’, Remote Sensing, 

8(5), pp. 1—18.

Lundine, M. (2018) Optimizing UAV Surveys for Coastal Morphodynamics: 

Estimation of Spatial Uncertainty ss A Function of Flight Acquisition and Post

Processing Factors. Augustana College, Rock Island Illinois.

Ma, Y., Zhang, Jie and Zhang, Jingyu (2016) ‘Analysis o f Unmanned Aerial Vehicle 

(UAV) hyperspectral remote sensing monitoring key technology in coastal 

wetland’, Selected Papers o f the Photoelectronic Technology Committee 

Conferences held November 2015, 9796(November 2015), p. 97962S.

Marinho, B., Coelho, C., Larson, M. and Hanson, H. (2018) ‘Monitoring the evolution 

of nearshore nourishments along Barra-Vagueira coastal stretch, Portugal’, 

Ocean and Coastal Management. Elsevier, 157(May 2017), pp. 23-39.

Martins, K.A. and Pereira, P. S. (2014) ‘Coastal Erosion at Pau Amarelo Beach, 

Northeast o f Brazil’, Journal o f  Coastal Research, 10054.

Masselink, G., Castelle, B., Scott, T., Dodet, G., Suanez, S., Jackson, D., Floc’h, F. 

(2016) ‘Extreme wave activity during 2013/2014 winter and morphological 

impacts along the Atlantic coast o f Europe’, Geophys. Res. Lett. 43, 2135— 

2143.

Masselink, G., Scott, T., Poate, T., Russell, P., Davidson, M., Conley, D. (2016) ‘The

extreme 2013/2014 winter storms: hydrodynamic forcing and coastal response 

along the southwest coast o f England’, Earth Surf. Process. Landforms 41, 

378—391.

Mat Adnan, A., Darwin, N., Ariff, M. F. M., Majid, Z. and Idris, K. M. (2019) 

‘INTEGRATION between UNMANNED AERIAL VEHICLE and 

TERRESTRIAL LASER SCANNER in PRODUCING 3D MODEL’,

International Archives o f  the Photogrammetry, Remote Sensing and Spatial 

Information Sciences - ISPRS Archives, 42(4/W16), pp. 391-398.

184



Mather, A., Stretch, D. and Garland, G. (2011) ‘Predicting extreme wave run-up on 

natural beaches for coastal planning and management’, Coastal Engineering

Journal, 53(02), pp. 87-109.

Meinen, B. U. and Robinson, D. T. (2020) ‘Mapping erosion and deposition in an 

agricultural landscape: Optimization of UAV image acquisition schemes for 

SfM-^ ^ S ’, Remote Sensing o f Environment.

Mesas-Carrascosa, F. J., Garcia, M. D. N., De Larriva, J. E. M. and Garcia-Ferrer, A.

(2016) ‘An analysis o f  the influence o f flight parameters in the generation o f  

unmanned aerial vehicle (UAV) orthomosaicks to survey archaeological 

areas’, Sensors (Switzerland), 16(11).

Meyer, D., Fraijo, E., Lo, E., Rissolo, D. and Kuester, F. (2016) ‘Optimizing UAV 

systems for rapid survey and reconstruction o f  large scale cultural heritage 

sites’, 2015 Digital Heritage. IEEE, 1, pp. 151-154.

Michael A. O’Neal (2014) ‘Terrestrial Laser Scanner Surveying in Coastal Settings’, 

Remote Sensing and Modeling: Advances in Coastal and Marine Resources, 

Coastal Research Library 9, Springer International Publishing Switzerland 

2014.

Miller, R. G. (1997) ‘Beyond ANOVA: Basics o f Applied Statistics’, Boca Raton, FL:

Chapman and Hall.

Misra, A. and Balaji, R. (2015) ‘A study on the shoreline changes and Land-use/land- 

cover along the south Gujarat coastline’, Procedia Engineering. Elsevier B.V.,

116(1), pp. 381—389.

Mohd Fazly, A., Maulud, K. N. A., Karim, O. A., Ibrahim, M. A., Benson, Y. A. and 

Wahab, A. K. A. (2018) ‘Integrasi Kaedah Geospatial dan Pemodelan 

Hidrodinamik untuk Mengkaji Impak Kenaikan Aras Laut Terhadap Kawasan 

Pantai’, Jumal Kejuruteraan, 30(1), pp. 65 -75.

Mohd Noor, N., Abdullah, A. and Hashim, M. (2018) ‘Remote sensing UAV/drones 

and its applications for urban areas: A review’, IOP Conference Series: Earth 

and Environmental Science, 169(1).

Morton, R.A., Miller, T.A., and Moore, L. J. (2004) National assessment ofshoreline 

change: Part 1: Historical shoreline changes and associated coastal land loss 

along the US Gulf o f  Mexico. US Geological Survey Open-File Report 2004

1043. p. 42.

185



Nagendran, S. K. and Mohamad Ismail, M. A. (2020) ‘Application o f UAV 

photogrammetry for quarry monitoring’, Warta Geologi, 46(2), pp. 76—81.

Nahon, A., Molina, P., Blazquez, M., Simeon, J., Capo, S. and Ferrero, C. (2019) 

‘Corridor mapping o f sandy coastal foredunes with UAS photogrammetry and 

mobile laser scanning’, Remote Sensing, 11(11), pp. 1 -14.

Natesan, U., Parthasarathy, A., Vishnunath, R., Kumar, G. E. J. and Ferrer, V. A. 

(2015) ‘Monitoring Longterm Shoreline Changes along Tamil Nadu, India 

Using Geospatial Techniques’, Aquatic Procedia. Elsevier B.V., 4(Icwrcoe), 

pp. 325—332.

Neumann, B., Vafeidis, A T., Zimmermann, J., Nicholls, R. J. (2015) ‘Future coastal 

population growth and exposure to sea-level rise and coastal flooding - a global 

assessment’, LoS One 10 (3), p.e0118571.

Nielsen, P. and Hanslow, D. J. (1991) ‘No Titledistributions on natural beaches’, 

Journal of Coastal Research, pp. 1139-1152.

O’Connor, J., Smith, M. J. and James, M. R. (2017) ‘Cameras and settings for aerial 

surveys in the geosciences: Optimising image data’, Progress in Physical 

Geography, 41(3), pp. 325-344.

Ong, J. E. (2001) ‘Vulnerability o f  Malaysia to Sea Level Change’, in Proceedings of 

the 2001.

Ozdogan M V (2015) ‘Determination o f Surface Movements Caused by Mining 

Activities with New Technologies’, Dokuz Eylul University Institute o f

Science and Technology, Ph.D. Thesis.

Papakonstantinou, A., Topouzelis, K. and Pavlogeorgatos, G. (2016) ‘Coastline zones 

identification and 3D coastal mapping using UAV spatial data’, ISPRS

International Journal of Geo-Information, 5(6), pp. 1-14.

Petit, F. (2021) Volume Measurements Using LiDAR Revolutionizing Industries, 

https://www.blickfeld.com/blog/volume-measurements-using-lidar/.

Phillips, M. S., Harley, M. D., Turner, I. L., Splinter, K. D. and Cox, R. J. (2017) 

‘Shoreline recovery on wave-dominated sandy coastlines: the role of sandbar 

morphodynamics and nearshore wave parameters’, Marine Geology. Elsevier 

B.V., 385, pp. 146—159.

Pix4D support (2018) ‘How Pix4Dmapper calculates the Volume?’, 

https://support.pix4d.com/hc/en-us/articles/202559239-How-Pix4Dmapper- 

calculates-the-volume.

186

https://www.blickfeld.com/blog/volume-measurements-using-lidar/
https://support.pix4d.com/hc/en-us/articles/202559239-How-Pix4Dmapper-


Prasita, V. D. (2015) ‘Determination o f Shoreline Changes from 2002 to 2014 in the 

Mangrove Conservation Areas o f Pamurbaya Using GIS’, Procedia Earth and

Planetary Science. Elsevier B.V., 14, pp. 25-32.

Pucino, N. (2015) ‘Help from the sky: the UAVs contribution to climate change 

mitigation in the Pacific Island Countries.’, UOW Spring.

R. A. Armstrong, F. E. and B. G. (2002) ‘The application o f analysis o f variance 

(ANOVA)to different experimental designs in optometry’, Ophthal. Physiol. 

Opt. 2002 22: 248-256.

Raczynski, R. J. (2017) Accuracy analysis of products obtained from UAV-borne 

photogrammetry influenced by various flight parameters. Norwegian 

University o f  Science and Technology.

Raeva, P. L., Filipova, S. L. and Filipov, D. G. (2016) ‘Volume computation of a 

stockpile - A study case comparing GPS and uav measurements in an open pit 

quarry’, International Archives o f the Photogrammetry, Remote Sensing and 

Spatial Information Sciences - ISPRS Archives, 2016-Janua(July), pp. 999

1004.

Ranasinghe, R. (2016) ‘Assessing climate change impacts on open sandy coasts: A  

review’, Earth-Science Reviews. The Author, 160, pp. 320-332.

Remondino, F., Barazzetti, L., Nex, F., Scaioni, M., and D. S. (2011) ‘UAV 

photogrammetry for mapping and 3d modelling - current status and future 

perspectives. UAV-g Conference on Unmanned Aerial Vehicle in Geomatics’, 

International Archives of the Photogrammetry, Remote Sensing and Spatial 

Information Sciences, XXXVIII-1/C22, Switzerland.

Rhodes, R. K. (2017) ‘UAS as an Inventory Tool: A Photogrammetric Approach to 

Volume Estimation’, Theses and Dissertations. ScholarWorks @ UARK, p. 

115.

Ridolfi, E., Buffi, G., Venturi, S. and Manciola, P. (2017) ‘Accuracy analysis o f a dam 

model from drone surveys’, Sensors (Switzerland), 17(8).

Rosnell, T. and Honkavaara, E. (2012) ‘Point cloud generation from aerial image data

acquired by a quadrocopter type micro unmanned aerial vehicle and a digital 

still camera’, Sensors, 12(1), pp. 4 5 3 ^ 80.

Rossi, P., Mancini, F., Dubbini, M., Mazzone, F. and Capra, A. (2017) ‘Combining 

nadir and oblique uav imagery to reconstruct quarry topography: Methodology

187



and feasibility analysis’, European Journal o f  Remote Sensing. Taylor &

Francis, 50(1), pp. 211—221.

Ruggerio, Kratzmann, G., M., Himmelstoss, A., E., Reid, D., Allan, J. and Kaminsky, 

G., P. (2013) National assessment of shoreline change: historical shoreline 

change along the Pacific Northwest coast (2331-1258) National assessment of 

shoreline change: historical shoreline change along the Pacific Northwest coast 

(2012-1007). Retrieved from Reston, V.

Ruggiero, P., Komar, P. D., Mcdougal, W. G., Marra, J. J. and Beach, R. A. (2001) 

‘Wave runup, extreme water levels and the erosion o f properties backing 

beaches’, Journal o f Coastal Research, pp. 407-419.

Ruiz, J. J., Diaz-Mas, L., Perez, F. and Viguria, A. (2013) ‘Evaluating the Accuracy 

o f Dem Generation Algorithms From Uav Imagery’, ISPRS - International 

Archives o f the Photogrammetry, Remote Sensing and Spatial Information 

Sciences, XL-1/W2(September), pp. 333-337.

La Salandra, M., Capolongo, D., Pennella, V., Nicotri, S. and Donvito, G. (2020) 

‘Application o f uav system and sfm techniques to develop high-resolution 

terrain models’, (September), pp. 1 -7.

Scarelli, F. M., Sistilli, F., Fabbri, S., Cantelli, L., Barboza, E. G. and Gabbianelli, G.

(2017) ‘Seasonal dune and beach monitoring using photogrammetry from 

UAV surveys to apply in the ICZM on the Ravenna coast (Emilia-Romagna, 

Italy)’, Remote Sensing Applications: Society and Environment. Elsevier B.V., 

7(March), pp. 27-39.

Septarini, A., Soeksmantono, B. and Wikantika, K. (2013) ‘Lidar application study to 

calculate mine excavation volume’, 34th Asian Conference on Remote Sensing

2013, ACRS 2013, 1(September), pp. 203-208.

Shin, B. and Kim, K  (2015) ‘Estimation o f shoreline change using high resolution 

images’, Procedia Engineering. Elsevier B.V., 116(1), pp. 994 -1001.

Small-Format Aerial Photography: Principles, Techniques and Applications. (2010) 

Elsevier Science.

Smith, M. W., Carrivick, J. L., & Quincey, D. J. (2016) ‘ture from motion 

photogrammetry in physical geography’, Progress in Physical Geography, 

40(2), 247-275. https ://doi.org/10.1177/03091 33315 615805.

188



Smith, M. W., Carrivick, J. L. and Quincey, D. J. (2015) ‘Structure from motion 

photogrammetry in physical geography’, Progress in Physical Geography,

40(2), pp. 247—275.

Specht, M., Specht, C., Lewicka, O., Makar, A., Burdziakowski, P. and Dabrowski, P.

(2020) ‘Study on the coastline evolution in Sopot (2008-2018) based on landsat 

satellite imagery’, Journal o f  Marine Science and Engineering, 8(6).

Stalin J. Leo and Gnanaprakasam (2017) ‘Volume Calculation from UAV based 

DEM’, International Journal o f Engineering Research and, V6(06), pp. 126

128.

Steven Earle, G. I. (2015) Physical geology Landforms of Coastal Deposition, Creative 

Commons Atribution 4.0.

Stockdon, H.F., Holman, R. A., Howd, P. A. and Sallenger, A. H. (2006) ‘Empirical 

parameterization o f setup, swash, and runup’, Coastal Engineering, 53(7), pp.

573-588.

Stott, E., Williams, R. D. and Hoey, T. B. (2020) ‘Ground control point distribution

for accurate kilometre-scale topographic mapping using an rtk-gnss unmanned 

aerial vehicle and sfm photogrammetry’, Drones, 4(3), pp. 1-21.

Sturdivant, E. J., Lentz, E. E., Thieler, E. R., Farris, A. S., Weber, K. M., Remsen, D. 

P., Miner, S. and Henderson, R. E. (2017) ‘UAS-SfM for coastal research: 

Geomorphic feature extraction and land cover classification from high- 

resolution elevation and optical imagery’, Remote Sensing, 9(10).

Suganuma, Y., Kawamata, M., Shiramizu, K., Koyama, T., Doi, K., Kaneda, H., 

Aoyama, Y., Hayakawa, H. and Obanawa, H. (2017) ‘Unmanned Aerial 

Vehicle (UAV)-based Survey in Antarctica for High-definition Topographic 

Measurements’, Journal o f Geography (Chigaku Zasshi), 126(1), pp. 1-24. 

Taddia, Y., Corbau, C., Zambello, E. and Pellegrinelli, A. (2019) ‘UAVs for structure- 

from-motion coastal monitoring: A case study to assess the evolution of 

embryo dunes over a two-year time frame in the Po river delta, Italy’, Sensors 

(Switzerland), 19(7).

Teppati Lose, L., Chiabrando, F. and Giulio Tonolo, F. (2020) ‘Are measured ground

control points still required in UAV based large scale mapping? assessing the 

positional accuracy of an RTK multi-rotor platfomi’, International Archives of 

the Photogrammetry, Remote Sensing and Spatial Information Sciences - 

ISPRS Archives, 43(B1), pp. 507-514.

189



Tonkin, T. N. and Midgley, N. G. (2016) ‘Ground-control networks for image based 

surface reconstruction: An investigation o f  optimum survey designs using 

UAV derived imagery and structure-from-motion photogrammetry’, Remote 

Sensing, 8(9), pp. 16—19.

Tonyes, S. G., Wasson, R. J., Munksgaard, N. C., Evans, K. G., Brinkman, R. and 

Williams, D. K. (2015) ‘Sand dynamics as a tool for coastal erosion 

management: A case study in Darwin Harbour, Northern Territory, Australia’, 

Procedia Engineering. Elsevier B.V., 125, pp. 220-228.

Tournadre, V., Pierrot-Deseilligny, M. and Faure, P. H. (2015) ‘UAV linear 

photogrammetry’, International Archives o f the Photogrammetry, Remote 

Sensing and Spatial Information Sciences - ISPRS Archives, 40(3W3), pp. 

327—333.

Trujillo, M. M., Darrah, M., Speransky, K., Deroos, B. and Wathen, M. (2016) 

‘Optimized flight path for 3D mapping o f an area with structures using a 

multirotor’, 2016 International Conference on Unmanned Aircraft Systems, 

ICUAS 2016. IEEE, pp. 905-910.

Turner, I. L., Harley, M. D. and Drummond, C. D. (2016) ‘UAVs for coastal 

surveying’, Coastal Engineering, 114, pp. 19-24.

Uto, K., Seki, H., Saito, G., Kosugi, Y. and Komatsu, T. (2017) ‘Coastal observation 

using new hyperspectral imager for UAVs’, in 2017 IEEE International 

Geoscience and Remote Sensing Symposium (IGARSS). IEEE, pp. 3614

3617.

VBOP (2009) Venus Bay Observation Project: The new beach profile, 

vboping.blogspot.com new-beach-profile. htmlnew-beach-profile.html.

Ventura, D., Bruno, M., Jona Lasinio, G., Belluscio, A. and Ardizzone, G. (2016) ‘A 

low-cost drone based application for identifying and mapping of coastal fish 

nursery grounds’, Estuarine, Coastal and Shelf Science. Elsevier Ltd, 171, pp. 

85—98.

Verhoeven, G., Karel, W., Stuhec, S., Doneus, M., Trinks, I., & Pfeifer, N. (2015) 

‘Mind your grey tones-Examining the influence o f de- colourization methods 

on interest point extraction and matching for architectural image-based 

modelling’, International Archives o f the Photogrammetry, Remote Sensing 

and Spatial Information Sciences, 40, 307-314. https://doi.org/10.5194/isprs 

archi ves-XL-5-W4-307-2015.

190

https://doi.org/10.5194/isprs


Villanueva, J. K. S. and Blanco, A. C. (2019) ‘Optimization o f ground control point 

(GCP) configuration for unmanned aerial vehicle (UAV) survey using 

structure from motion (SFM)’, International Archives o f the Photogrammetry, 

Remote Sensing and Spatial Information Sciences - ISPRS Archives, 

42(4/W12), pp. 167—174.

Vos, S., Lindenbergh, R. and De Vries, S. (2017) ‘Coastscan: Continuous Monitoring 

o f Coastal Change Using Terrestrial Laser Scanning’, Coastal Dynamics, 

(233).

Walsh, L. S. (2009) ‘Topographic signatures in the Himalaya: A geospatial survey of 

the interaction between tectonics and erosion in the Modi Khola valley, central 

Nepal’, [M.S. Thesis]: University o f Maryland, 218 pages.

Wdowinski, S., Bray, R., Kirtman, B. P. and Wu, Z. (2016) ‘Increasing flooding hazard 

in coastal communities due to rising sea level: Case study of Miami Beach, 

Florida’, Ocean & Coastal Management, 126, pp. 1 -8.

Whittaker, C. N., Raby, A. C., Fitzgerald, C. J. and Taylor, P. H. (2016) ‘The average 

shape o f large waves in the coastal zone’, Coastal Engineering, 114, pp. 253

264.

Wiebe, J. and Frank, G. (2016) ‘Uav Technology Applications in Coastal 

Engineering’, pp. 1 -9.

Yoo, C. I. and Oh, T. S. (2016) ‘Beach volume change using UAV photogrammetry 

Songjung beach, Korea’, International Archives o f the Photogrammetry, 

Remote Sensing and Spatial Information Sciences - ISPRS Archives, 41(July), 

pp. 1201—1205.

Yoshinao Matsuba, S. S. and K. H. (2017) ‘RAPID CHANGE IN COASTAL 

MORPHOLOGY DUE TO SAND-BYPASSING CAPTURED BY UAV- 

BASED MONITORING SYSTEM’, Coastal Dynamics 2017 Paper No. 006.

Young, A. P. (2018) ‘Decadal-scale coastal cliff retreat in southern and central 

California’, Geomorphology. Elsevier B.V., 300, pp. 164-175.

Yu, J. J., Kim, D. W., Lee, E. J. and Son, S. W. (2020) ‘Determining the optimal 

number o f  ground control points for varying study sites through accuracy 

evaluation o f unmanned aerial system-based 3d point clouds and digital surface 

models’, Drones, 4(3), pp. 1 -19.

191



Yusoff, A. R., Darwin, N., Majid, Z., Ariff, M. F. M. and Idris, K. M. (2018) 

‘Comprehensive analysis of flying altitude for high resolution slope mapping 

using UAV technology’, International Archives o f the Photogrammetry, 

Remote Sensing and Spatial Information Sciences - ISPRS Archives, 42(3W4), 

pp. 583—589.

Yusoff, A. R., Mohd Ariff, M. F., Idris, K. M., Majid, Z. and Chong, A. K. (2017) 

‘Camera calibration accuracy at different UAV flying heights’, International 

Archives o f the Photogrammetry, Remote Sensing and Spatial Information 

Sciences - ISPRS Archives, 42(2W3), pp. 595-600.

Yusoff, A. R., Z. M. and N. D. (2019) ‘A Review: Advanced geospatial technologies 

application for Coastal Monitoring studies’, International Graduate Conference 

of Built Environment & Surveying, Universiti Teknologi Malaysia, Johor 

Bahru, Malaysia.

Zeybek, M. and §anhoglu, 1. (2019) ‘Point cloud filtering on UAV based point cloud’,

Measurement: Journal of the International Measurement Confederation, 133, 

pp. 99—111.

Zhang, K., Whitman, D., Leatherman, S. and Robertson, W. (2005) ‘Quantification o f  

Beach Changes Caused by Hurricane Floyd Along Florida’s Atlantic Coast 

Using Airborne Laser Surveys’, Journal o f  Coastal Research, 21 l(May 2002),

pp. 123—134.

Zikra, M., Suntoyo and Lukijanto (2015) ‘Climate Change Impacts on Indonesian 

Coastal Areas’, Procedia Earth and Planetary Science. Elsevier B.V., 14, pp. 

57—63.

Zimmerman, T., Jansen, K. and Miller, J. (2020) ‘Analysis o f UAS flight altitude and

ground control point parameters on DEM accuracy along a complex, developed 

coastline’, Remote Sensing, 12(14).

192



LIST OF PUBLICATIONS

Indexed Conference Proceedings

1. Yusoff, Ahmad Razali, Darwin, N., Majid, Z., Razali, A. F., & Mohd Ariff, 

M. F. (2020). Beach volume measurement on variation o f  UAV altitude 

mapping. 2020 IEEE 10th International Conference on System Engineering 

and Technology, ICSET 2020 - Proceedings, (November), 145-149. 

https://doi.org/10.1109/ICSET51301.2020.9265390 (Indexed by SCOPUS)

2. Yusoff, A. R ., Darwin, N., Majid, Z., Ariff, M. F. M., & Idris, K. M. (2018). 

Comprehensive analysis of flying altitude for high resolution slope mapping 

using UAV technology. International Archives of the Photogrammetry, 

Remote Sensing and Spatial Information Sciences - ISPRS Archives, 42(3W4), 

583-589.https://doi.org/10.5194/isprs-archives-XLII-3-W4-583-2018 

(Indexed by SCOPUS)

3. O. C. Wei, Z. Majid, H. Setan, M. F. M. Ariff, K. M. Idris, N. Darwin, A. R. 

Yusoff, K. Z. (2019). Three-Dimensional Recording and Photorealistic Model 

Reconstruction for Virtual Museum Application - An Experience in Malaysia. 

ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial 

Information Sciences, 42(2/W9), 763-771. https://doi.org/10.5194/isprs- 

archives-XLII-2-W9-763-2019. (Indexed by SCOPUS)

4. Russhakim, N. A. S., Ariff, M. F. M., Majid, Z., Idris, K. M., Darwin, N.,

Abbas, M. A., Yusoff, A. R . (2019). THE SUITABILITY of TERRESTRIAL 

LASER SCANNING for BUILDING SURVEY and MAPPING 

APPLICATIONS. ISPRS Annals of the Photogrammetry, Remote Sensing and 

Spatial Information Sciences, 42(2/W9), 663-670.

https ://doi. org/10.5194/isprs-archives-XLII-2-W9-663 -2019 (Indexed by 

SCOPUS)

193

https://doi.org/10.1109/ICSET51301.2020.9265390
https://doi.org/10.5194/isprs-archives-XLII-3-W4-583-2018
https://doi.org/10.5194/isprs-


5. Ahmad Fuad, N., Yusoff, A. R ., Ismail, Z., & Majid, Z. (2018). Comparing the

performance of point cloud registration methods for landslide monitoring using 

mobile laser scanning data. International Archives of the Photogrammetry, 

Remote Sensing and Spatial Information Sciences - ISPRS Archives, 

42(4/W9), 11—21. https://doi.org/10.5194/isprs-archives-XLII-4-W9-11-2018 

(Indexed by SCOPUS)

6. Fuad, N. A., Ismail, Z., Majid, Z., Darwin, N., Ariff, M. F. M., Idris, K. M., &

Yusoff, A. R. (2018). Accuracy evaluation of digital terrain model based on 

different flying altitudes and conditional o f  terrain using UAV LiDAR 

technology. IOP Conference Series: Earth and Environmental Science, 169(1). 

https://doi.org/10.1088/1755-1315/169A/012100 (Indexed by SCOPUS)

7. Fuad, N. A., Yusoff, A. R ., Zam, M. P. M., Aspuri, A., Salleh, M. F., Ismail,

Z., Majid, Z. (2018). Evaluating mobile laser scanning for landslide 

monitoring. International Archives of the Photogrammetry, Remote Sensing 

and Spatial Information Sciences - ISPRS Archives, 42(3W4), 211-219. 

https ://doi. org/10.5194/isprs-archives-XLII-3-W4-211 -2018 (Indexed by 

SCOPUS)

8. Mat Zam, P. M., Fuad, N. A., Yusoff, A. R., & Majid, Z. (2018). Evaluating

the performance of terrestrial laser scanning for landslide monitoring. 

International Archives of the Photogrammetry, Remote Sensing and Spatial 

Information Sciences - ISPRS Archives, 42(4/W9), 35-55.

https://doi.org/10.5194/isprs-archives-XLII-4-W9-35-2018 (Indexed by 

SCOPUS)

Book Chapter

1. Yusoff A.R ., Darwin N., Majid Z., Ariff M.F.M., Idris K.M., A. M. A. (2019).

Geospatial-Based Slope Mapping Studies Using Unmanned Aerial Vehicle 

Technology. In: Altan O., Chandra M., Sunar F., Tanzi T. (Eds) Intelligent 

Systems for Crisis Management. Gi4DM 2018. Lecture Notes in 

Geoinformation and Cartography. Springer, Cham.

Https://Doi.Org/10.1007/978-3-030-05330-7_8. (Indexed by SCOPUS)

194

https://doi.org/10.5194/isprs-archives-XLII-4-W9-11-2018
https://doi.org/10.1088/1755-1315/169A/012100
https://doi.org/10.5194/isprs-archives-XLII-4-W9-35-2018
Https://Doi.Org/10.1007/978-3-030-05330-7_8


Non-Indexed Conference Proceedings

1. Ahmad Razali Yusoff, Norhadija Darwin, Zulkepli Majid, M. F. M. A.

(2021). IN-SITU SFM-MVS FOCAL LENGTH CAMERA CALIBRATION 

PARAMETERS STUDY AT LINEAR BEACH AREA USING VARIOUS 

UAV ALTITUDE AND DIFFERENT GROUND CONTROL POINTS 

(GCPS) DISTRIBUTION. International Graduate Conference of Built 

Environment and Surveying 2021.

2. Ahmad Razali Yusoff, Zulkepli Majid, N. D. (2019). ADVANCED 

GEOSPATIAL TECHNOLOGIES APPLICATION FOR COASTAL. 

MONITORING STUDIES: A REVIEW. 1st International Graduate 

Conference of Built Environment and Surveying (1st GBES) 2019.

3. Ahmad Razali Yusoff, Zulkepli Majid, Mohd Farid Mohd Ariff, N. D. (2018). 

LOW-COST UAV-BASED MULTISPECTRAL IMAGING SYSTEM FOR 

COASTAL EROSION MONITORING -  A REVIEW. The 7 Th International 

Graduate Conference on Engineering, Science & Humanities Universiti 

Teknologi Malaysia, 13th -  15th August 2018.

195


