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ABSTRACT 

Nowadays, Unmanned Aerial Vehicle (UAV) technology is increasingly 

widespread in monitoring and tracking landslides. This technology can also produce 

high-resolution digital surface model (DSM), digital elevation model (DEM) and 

orthophoto which can help researchers in detecting land surface change, especially in 

small areas. In this study, the research methodology was designed by comparing two 

observation data with different flight altitudes of 50 and 60 meters. The main 

purpose of this study was to assess the accuracy of the registration method between 

Match Bounding-box Centers (MBBC) and Iterative Closet Point (ICP). For the first 

observation data, the data was retrieved in July 2018 while for the second 

observation data in November 2018. During the data collection process, DJI Phantom 

4 with high-resolution camera was used to take images according to predetermined 

flight planning. Registration process and georeferencing have been implemented 

using Pix4D software while point cloud comparison has been implemented using 

CloudCompare software. The Global Navigation Satellite System (GNSS) 

observation methodology has been implemented for the preparation of ground 

control points (GCPs) and check points (CPs). Image quality has been proven by 

comparing check points with GNSS observation method. Based on the results 

obtained, the RMSE for both observation data ranges from 0.017 meters to 0.040 

meters. The results of the registration method show that ICP registration method is 

better than MBBC registration method in detecting land movement. In fact, flight 

altitude also plays an important role in assessing accuracy of point cloud. In overall, 

UAV platform and ICP method is the best option to detect landslide movement in 

short time and save cost. 
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ABSTRAK 

Pada masa kini, teknologi penggunaan Pesawat Tanpa Pemandu (UAV) 

menjadi semakin meluas dalam pemantauan dan mengesan pergerakan tanah runtuh. 

Teknologi ini juga dapat menghasilkan model permukaan digital resolusi tinggi 

(DSM), model ketinggian digital (DEM) dan juga orthophoto yang mana boleh 

membantu penyelidik dalam mengesan perubahan permukaan tanah terutama di 

kawasan keluasan yang kecil. Di dalam kajian ini, metodologi kajian telah direka 

dengan membandingkan dua data cerapan dengan ketinggian penerbangan yang 

berbeza iaitu 50 dan 60 meter. Tujuan utama kajian ini dijalankan adalah untuk 

menilai ketepatan kaedah pendaftaran diantara Match Bounding-box Centres 

(MBBC) dan Iterative Closet Point (ICP). Bagi data cerapan yang pertama, data telah 

diambil pada Julai 2018 manakala bagi data cerapan kedua pada November 2018. 

Semasa proses kutipan data, DJI Phantom 4 yang dilengkapi dengan kamera 

beresolusi tinggi telah digunakan untuk mengambil imej mengikut perancangan 

penerbangan yang telah ditetapkan. Proses pendaftaran dan georeferencing telah 

dilaksanakan dengan menggunakan perisian Pix4D manakala perbandingan point 

cloud telah dilaksanakan dengan menggunakan perisian CloudCompare. Kaedah 

cerapan Global Navigation Satellite System (GNSS) telah dilaksanakan bagi 

penyediaan titik-titik kawalan daratan (GCPs) dan titik-titik semakan (CPs). Kualiti 

imej telah dibuktikan dengan membandingkan titik-titik semakan dengan kaedah 

cerapan GNSS. Berdasarkan daripada keputusan yang diperolehi, RMSE bagi kedua-

dua data cerapan adalah diantara 0.017 meter hingga 0.040 meter. Keputusan bagi 

kaedah pendaftaran menunjukkan kaedah pendaftaran ICP adalah lebih baik daripada 

kaedah pendaftaran MBBC dalam mengesan pergerakan tanah. Malah, ketinggian 

penerbangan juga memainkan peranan yang penting dalam menilai ketepatan point 

cloud. Keseluruhannya, menunjukkan bahawa UAV platform dan kaedah ICP adalah 

pilihan yang terbaik untuk mengesan pergerakan tanah runtuh dalam masa yang 

singkat dan jimat kos. 
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Background 

Over the last two decades, Malaysia embraces rapid growth in the 

infrastructure development and building construction. This phenomenon has 

encouraged development in new areas as well as hillside areas. Consequently, 

excavation in the hillside areas around the city has resulted in incidences of slopes 

instability causing numerous landslide tragedies. To keep the landslide prone area 

from inhabited and to save lives, monitoring of slope has become very important tool 

as a prevention of the landslide activities. Generally, slope monitoring is carried out 

before any landslide hazard and risk assessment is performed. 

According to Ahmad (2006), the accuracy of measurements, cost and time 

required to perform these measurements are important considerations when produce 

landslides mapping. There is no need to achieve sub-centimeter accuracy when 

monitoring the shallow landslide because the impact is aimed at assessing the overall 

landslide (Marek, 2015). Due to financial and technical resource constraints, high 

accuracy measurement requirements cannot be met. Identifying the smallest affected 

area are important because of small landslides have a high probability to expanding 

due to heavy rainfall. 

Recently advances in digital mapping, navigation systems and software 

development have made it possible to reconstruct 3D surfaces accurately without 

using a data acquisition system that is expensive grade mapping. Additionally, 

advances in mobile mapping systems, such as Unmanned Aerial Vehicle (UAV), 

have made precise and accurate three dimensional (3D) surface reconstructions for 

anytime and when needed. When small target areas need to be checked, UAV is a 

better and cheaper option than other platforms because of its highly mobile UAVs 
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and dynamic acquisition platform.  UAVs have more potential to fly at low altitudes 

and slow speeds and also to reach areas that are cannot accessible from the ground or 

by aircraft transported. This system reduces the many limitations and increasing the 

effectiveness of the landslide mapping.  

1.2 Problem Statement 

In this era of technology, there are a few methods to produce the landslide 

mapping such as total station, LiDAR (Light Detection and Ranging), remote 

sensing, GPS (Global Positioning System) and aerial photogrammetry. However 

there are several advantages to these methods. The main problem lies in the ability to 

process clear images of the study area in a smaller time frame.  

In Malaysia, the extraction of aerial photogrammetry is widely used to map 

and monitor the landslide area. This technique is considered to be the easiest and 

most reliable way to obtain the required area data today. While it is a reliable 

technique, the process may take a lot of time and cost to take very high with a 

specific area especially for small coverage areas. To reduce cost and time, alternative 

techniques need to be met by using UAV as a platform. 

Therefore, UAV has become as an ideal tool to serve such a purpose since it 

offers very high resolution of spatial sampling in 3D measurement. In addition, 

without contact with the landslide area make it as a helpful observation in landslide 

assessment. 
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1.3 Aim 

The aim of this study was to assess the efficiency of point cloud registration 

methods by using Match Bounding-box Centres (MBBC) and Iterative Closet Point 

(ICP). Thus, to generate three-dimensional (3D) deviation analysis using UAV 

images.  

1.4 Research Objectives 

The research objectives are as follows: 

(a) To produce digital orthophoto, digital elevation model (DEM) and 3D 

coloured point cloud from UAV photogrammetry images with different 

altitudes. 

(b) To determine the accuracy of check points using UAV photogrammetric 

images.  

(c) To perform point cloud deviation analysis using MBBC and ICP methods for 

landslide monitoring task. 

1.5 Research Scope 

The scope of this study is divided into a several aspects. The aspects included 

the location of study area, hardware and software, and the technique or methods are 

used. In the implementation of this study, planning and determination processes are 

very important. Good procedures will create a good result. Among the steps of work 

implementation are as follows:  
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(a) The study area has been conducted at the residential area KTC Kulim, Kulim 

Hi-Tech Park, Kulim, Kedah (Figure 1.1). 

(b) The digital images are captured by high resolution digital camera attached at 

the UAV (DJI Phantom 4). 

(c) The ground control points (GCPs) will be established by Global Navigation 

Satellite System (GNSS) observation. The rapid static and real-time 

kinematic (RTK) are used. 

(d) The software such as Pix4D and CloudCompare were used to process the 

UAV images and point clouds data respectively of the study area. 

(e) The MBBC and ICP methods were used to detect the movement landslide 

surface.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: The study area is at the residential area KTC Kulim, Kedah 
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1.6 Significance of Study 

Generally, this study can provide benefit to Local Authority of Kulim Hi-

Tech, local residents and the faculty. Other benefits of this study that are follows: 

(a) Helps researcher or who are experts on disaster management especially on 

landslide field also knowing about more the potential UAV technology to 

detect movement surface. 

(b) An alternative of low cost technique and tools for landslide monitoring. 

(c) For the local residents themselves, their priorities are large-scale education 

campaign, awareness raising programs and resources in social environmental 

contexts.  

1.7 Outline of The Thesis 

This thesis consists of five (5) chapters. 

Chapter 1 describes the introduction to the research which includes the 

background, problem statements, aim, research objectives, and research 

scopes, significance of study and outline of the thesis.  

Chapter 2 covers the literature review which explains the concepts to be 

applied in this study and the related works based on previous study. 

Chapter 3 explains the methodology of this research. This includes the data 

acquisition, data processing and other important topic related to end 

production of data. 

Chapter 4 discusses the results obtained from this study and some conclusion 

of the task conducted. 
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