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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Master of Science 
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By 

NUR 'ATIRAH BINTI MUHADI 

January 2018 

Chairman: Ahmad Fikri Abdullah, PhD 
Faculty: Engineering 

Digital elevation models (DEMs) play an important role in producing terrain-
related applications such as curvature and contour maps for planning and 
management of oil palm plantation. Compared to Light Detection and Ranging 
(LiDAR) data, Interferometric Synthetic Aperture Radar (IfSAR) has lower 
accuracy but the cost is much cheaper. In order to increase the accuracy of 
IfSAR data, fusion of IfSAR and terrestrial LiDAR (TLS) datasets was proposed 
in this study.  

The TLS data collection was carried out in TH Plantation in Muadzam Shah, 
Pahang using Faro 3D Laser Scanner. Two different stations were selected with 
different terrain characteristics. Station 1 was located in a relatively flat area 
while station 2 was located in a rolling and hilly area. Raw data of TLS were 
filtered using TerraScan software to extract the ground points from object points.  

In this study, the efficiency of filtering technique for TLS data was assessed and 
determined before being used for data fusion with IfSAR. The performance of 
data filtering was tested by using double filtering technique. Using this technique, 
20,977594 points were correctly identified as object points while 10804 object 
points were mistakenly classified as ground points. Statistically, 0.05% of type II 
errors (accept object points as ground points) were obtained in the study area. 
The result indicates that filtering algorithm in TerraScan was good enough to be 
used for TLS data in oil palm plantation.  

When the filtering was completed, data fusion of TLS and IfSAR-derived DEM 
was developed to increase the accuracy of IfSAR-derived elevation models and 
provide high quality data for plantation management especially for slope risk 
management. This study used fusion by weights based on the spatial errors after 
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applying regression equation. The results show a significant reduction in RMSEs 
after fusion. RMSEs of both stations reduced from 1.83 m to 0.35 m and from 
3.13 m to 0.41 m for station 1 and station 2 respectively. 
 
In addition, data fusion technique for area with no TLS data that located nearby 
the station was tested. Data fusion of these areas was carried out by using 
regression equation of their relative station but the weighted values were 
computed differently from the previous fusion technique. The weighted value was 
computed using mean error of the elevation of its relative station, the mean error 
of the elevation based on classified elevation range and the error pattern based 
on its relative station. All results proved that the proposed fusion technique could 
be done in relatively flat area but it could not be used in steep-slope area.  
 
A mobile application was also developed for field data collection and verification. 
The application has been successfully developed and tested in the field. On the 
whole, it is concluded that data fusion is a promising technique for increasing the 
accuracy of IfSAR-derived DEM in oil palm plantation.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Master Sains 

PENAMBAHANBAIKAN KETEPATAN BAGI KETINGGIAN MENEGAK 
MENGGUNAKAN TEKNIK FUSION DATA BAGI MENGHASILKAN BENTUK 

MUKA BUMI DALAM LADANG KELAPA SAWIT 

Oleh 

NUR 'ATIRAH BINTI MUHADI 

Januari 2018 

Pengerusi: Ahmad Fikri Abdullah, PhD 
Fakulti: Kejuruteraan 

Model ketinggian digital (DEMs) memainkan peranan penting dalam 
menghasilkan aplikasi yang berkaitan dengan kawasan seperti lengkungan dan 
peta kontur untuk perancangan dan pengurusan perladangan kelapa sawit. 
Berbanding dengan Light Detection and Ranging (LiDAR), Interferometric 
Synthetic Aperture Radar (IfSAR) mempunyai ketepatan yang lebih rendah tetapi 
kosnya lebih murah. Untuk meningkatkan ketepatan data IfSAR, gabungan data-
data IfSAR dan Terrestrial LiDAR (TLS) diperkenalkan dalam kajian ini. 

Pengumpulan data TLS diambil di TH Plantation di Muadzam Shah, Pahang 
menggunakan Faro 3D Laser Scanner. Dua stesen yang berbeza dipilih dengan 
ciri-ciri rupa bumi yang berbeza. Stesen 1 terletak di kawasan yang agak rata 
manakala stesen 2 terletak di kawasan tinggi dan berbukit. Data asal TLS telah 
ditapis menggunakan perisian TerraScan untuk mengekstrak titik bumi dari titik 
objek. 

Dalam kajian ini, kecekapan teknik penapisan untuk data TLS dinilai dan 
ditentukan sebelum digunakan untuk gabungan data dengan IfSAR. Prestasi 
penapisan data diuji dengan menggunakan teknik penapisan berganda. Dengan 
menggunakan teknik ini, 20,977594 titik dikenalpasti dengan betul sebagai objek 
objek sementara 10804 titik objek tersilap dikelaskan sebagai titik bumi. Secara 
statistik, 0.05% ralat jenis II (menerima titik objek sebagai titik bumi) diperolehi di 
kawasan kajian. Hasilnya menunjukkan bahawa algoritma penapisan di 
TerraScan cukup baik untuk digunakan untuk data TLS dalam ladang kelapa 
sawit. 
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Apabila penapisan selesai, gabungan data TLS dan IfSAR telah dibangunkan 
untuk meningkatkan ketepatan model ketinggian yang dihasilkan oleh IfSAR dan 
menyediakan data yang berkualiti tinggi untuk pengurusan ladang terutamanya 
untuk pengurusan risiko cerun. Kajian ini menggunakan teknik pemberat 
berdasarkan purata ralat selepas menggunakan persamaan regresi. Keputusan 
menunjukkan penurunan yang ketara dalam RMSE selepas gabungan. RMSE di 
kedua-dua stesen dikurangkan dari 1.83 m hingga 0.35 m dan dari 3.13 m 
hingga 0.41 m untuk stesen 1 dan stesen 2. 
 
 
Di samping itu, teknik gabungan data untuk kawasan tanpa data TLS yang 
terletak berhampiran stesen telah diuji. Gabungan data kawasan ini dilakukan 
dengan menggunakan persamaan regresi dari stesen berhampiran tetapi nilai 
pemberat dikira dengan cara berbeza dari teknik gabungan yang sebelumnya. 
Nilai pemberat dikira menggunakan tiga cara iaitu purata ralat ketinggian stesen 
relatifnya, purata ralat ketinggian berdasarkan julat ketinggian yang telah 
dikelaskan dan corak ralat berdasarkan stesen relatifnya. Semua keputusan 
membuktikan bahawa teknik gabungan yang dicadangkan boleh dilakukan di 
kawasan yang rata tetapi tidak dapat digunakan di kawasan curam. 
 
 
Aplikasi mudah alih juga dibangunkan untuk pengumpulan dan pengesahan data 
lapangan. Aplikasi telah berjaya dibangunkan dan diuji di lapangan. Secara 
keseluruhan, disimpulkan bahawa gabungan data adalah teknik yang mampu 
meningkatkan ketepatan DEM yang diperolehi dari IfSAR di ladang kelapa sawit. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background Study 

Oil palm, or also known as Elais guineensis was brought to Malaysia from 
Africa during the British colonial. It was first introduced as an ornamental plant 
in the early 1870s. Oil palm tree, a tropical native tree in Africa, can grow well 
in Malaysia due to its favourable climate. A humid tropical climate with 24°C to 
32°C temperature throughout the year with 2000-2500 millimeter (mm) evenly 
distributed annual rainfall together with an adequate amount of sunshine, are 
the optimum climate criteria to grow oil palm trees (Corley and Tinker, 2003).  

Malaysia was the largest oil palm producer before the title was taken by 
Indonesia in 2005 (Malaysian Palm Oil Board, 2014). Indonesia decided to 
expand a thousand hectares of land for a new oil palm plantation each year 
between 2000 and 2006 (FAOSTAT, 2016). Because of abundant land and 
cheap labour cost, Indonesia has become the largest and most rapid growing 
producer. Since then, Malaysia is the second largest palm oil producer in the 
world (Malaysian Palm Oil Board, 2014).  

Nevertheless, oil palm is still the most important commodity crop in Malaysia. In 
early 1920, Malaysia had only 400 hectares of oil palm plantation (FAOSTAT, 
2016). The growth of oil palm plantation experienced a drastic expansion after 
Malaysia obtained independence from the British colonial in 1957. Statistics on 
oil palm plantation shows that the hectarage increased from 400 hectares to 54 
000 hectares in the 1960s (FAOSTAT, 2016). By December 2014, 5.39 million 
hectares of land use in Malaysia is under oil palm plantation, producing 19.67 
million tonnes of oil palm (Malaysian Palm Oil Board, 2014). Figure 1.1 shows 
oil palm production in Malaysia from the year 2000 until 2014. It is obvious from 
the graph that oil palm production has increased over the years. 
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Figure 1.1: Oil palm production in Malaysia (Source: Malaysian Palm Oil 
Board, 2014; FAOSTAT, 2016) 
 
 
In order to produce a high oil palm yield productivity, the government and 
private sectors have allocated a huge amount of money for research and 
development in oil palm. Various studies on oil palm cultivation were carried 
out to investigate the best practices for a sustainable oil palm plantation. In oil 
palm industry, site selection for oil palm planting is critical because it will affect 
the yield productivity (Corley and Tinker, 2003). If the plantation is placed on a 
wrong site, it will bring a great loss to the plantation company. The best 
practices that management has to consider during oil palm cultivation 
development in terms of land selection was discussed by Paramananthan 
(2012). 
 
   
Site characterisation is initially required to determine the slope instability for 
potential plantation area. It is also periodically required throughout the life of oil 
palm plantation area because changes in slope stability can occur because of 
weather and plantation process especially during oil palm replanting stage. 
Information on the slope and elevation can be extracted from Digital Elevation 
Models (DEMs). DEM was used for many purposes. The digitised map, such 
as topographic map and contour map, can be used to collect and analyse 
information concerning the plantation. In 2012, there was 1:50,000 scale 
topographic maps available for the whole of Malaysia. Nevertheless, the 
reliability varies from Peninsular Malaysia and East Borneo Malaysia regions in 
terms of contour intervals (Paramananthan, 2012). The plantation map could 
be accurately produced if the DEM data is accurate. Thus, it is important to 
ensure that the DEM data obtained is as accurate as possible.  
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DEMs could be used for some analysis, specifically analysis based on 
elevation. Both elevation and slope are important in land selection and oil palm 
plantation management. In the plantation, the ideal conditions for oil palm 
cultivation are found in flat areas with 0-4° slope inclination and could be 
planted up to 16° (Corley and Tinker, 2003). It is suggested to avoid planting on 
a steep slope as it requires high planting, maintenance and harvesting cost. In 
addition, the risk of soil erosion and nutrient losses through runoff increases as 
slope increases. On the contrary, increase in elevation is strongly correlated 
with decrease in temperature. Furthermore, elevation is often correlated with 
slope inclination. It is recommended to avoid planting oil palm on more than 
200 meter (m) above mean sea levels (Rhebergen, 2012).  

For a new plantation or replanting area, DEM provides information on area 
topography that requires a study to avoid future problems. Felda and Felda 
Global Venture (FGV) have practiced oil palm replanting blueprint that involves 
several activities that require DEM data. DEM data is used in collecting data for 
planning purposes. Besides, the data is also required during lining and terrace 
construction. The workflow of replanting scheme used by Felda and FGV is 
shown in Figure 1.2. 

Figure 1.2: Workflow of oil palm replanting implementation 

DEM could be generated from many sources, ranging from no cost to high cost 
data sources depending on its accuracy. Terrestrial laser scanning (TLS) is a 
ground-based light detection and ranging (LiDAR) that rapidly acquired data 
using laser technology. The accuracy of TLS is the highest among all sources 
of DEM data with millimeter accuracy, depending on the parameter used when 
collecting data.  
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However, TLS could only cover small-scale area and not suitable for large 
plantation area. In addition, airborne LiDAR is another source that could 
provide DEM with centimeter accuracy and cover large-scale area. 
Nevertheless, the cost of acquiring data is around RM3000 per one square 
kilometer (sq km), which is very costly for data acquisition in oil palm plantation. 

Interferometric Synthetic Aperture Radar (IfSAR) is one of DEM generation 
methods, which could provide elevation data with accuracy up to 5-meter. 
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) 
and Shuttle Radar Topography Mission (SRTM) are another alternatives that 
could generate DEM data with accuracy up to 30 meter. Plantation 
management usually use contour lines produced by JUPEM to generate DEM 
data. However, the reliability of this source varies in term of location of area of 
interest and year of map produced. 

Therefore, a study on improvement of vertical height accuracy using data 
fusion technique for terrain mapping in oil palm plantation is carried out to 
assist oil palm plantation management in planning and decision-making. By 
having high accuracy information on elevation data, the management can 
supervise and manage the plantation more systematically especially during 
replanting stage.  

1.2 Problem Statements 

Climate, soil type, and slope are the main factors that influence land selection 
for oil palm cultivation. The slope can be extracted from digital elevation 
models (DEMs) to describe terrain morphology. Moreover, DEM plays a vital 
role in producing terrain-related applications such as slope map and curvature 
map. In oil palm industry, the required vertical accuracy is two feet or around 
0.6 meter. Among the DEM generation methods that available, airborne LiDAR 
and TLS provide the nearest accuracy that is needed by the plantation 
management application. Airborne LiDAR can provide highly accurate DEM 
data for large-scale area. However, the cost of acquiring airborne LiDAR is very 
expensive, which is not cost effective for oil palm plantation management.  

On the other hand, TLS produces high accuracy of DEM because the data is 
acquired from the ground. Nevertheless, it covers small-scale area and only 
few measurements can be made due to high steep and highly inaccessible of 
oil palm plantation area. On contrary, IfSAR is could provide 5-meter accuracy 
DEM source at RM300 per sq km. However, the accuracy of IfSAR does not 
meet the requirement of vertical accuracy for oil palm sector. To surmount 
these difficulties, a combination of airborne IfSAR and TLS data is proposed. 
IfSAR is chosen as a complimentary of TLS because of its reasonable price 
and large coverage area.  
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DEM is not the only issue that needs to be faced by the oil palm plantation 
management. Slow and inaccurate field data collection is also contribute to the 
non-productive planning and management. The conventional way of field data 
collection and validation is by using pen and paper. After completing the field 
data collection, the labours should return to the office and change the hard 
copy data to soft copy data format to enable further analysis.  

This process takes time and it is not cost-effective. Moreover, network 
connectivity is rarely available when using mobile application in the plantation. 
Therefore, a mobile application with the ability to collect field data and validate 
the elevation of study area during online and offline mode is introduced. An 
accurate DEM data as a base map can help in the process of data collection 
and validation. 

This study is carried out to produce a cheaper data for DEM generation with 
better accuracy. This work aims to reduce the DEM data cost so that plantation 
management can afford to purchase the data and thus will result in a wise 
plantation management and decision-making. In addition, a mobile application 
is developed to solve network connectivity problem when collecting data in the 
plantation.  

1.3 Objectives of Study 

The main goal of this research is to improve IFSAR-derived elevation models 
accuracy by integrating terrestrial LiDAR and IfSAR datasets. The specific 
objectives are: 

i. To assess the efficiency of filtering process by applying double filtering
technique.

ii. To fuse both airborne IfSAR and terrestrial LiDAR to provide high
quality DEM data for plantation management

iii. To develop a mobile application for data collection and validation using
the improved DEM as a base map.

1.4 Scope and Limitations 

This study focuses on DEMs generation for oil palm replanting program in the 
plantation. Single scan is used to cover the entire scan station using terrestrial 
laser scanner. Scanning area involved oil palm trees at the age of seven years. 
Therefore, this study is applicable for trees at the age of seven years and 
below. Besides, the object points that found in the study area were mostly oil 
palm trees. Therefore, objects other than trees were not classified. The manual 
classification of trees was done to determine the filtering algorithm efficiency 
used in TerraScan software. Assessment of filtering process would focus 
merely on Type II errors.  
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When performing data fusion technique, this study assumed that the 
acceptable errors of elevation were in the range of -1 < 0 < 1 because there is 
no perfect instrument or data that could get zero errors. Besides, the errors 
were accepted due to the fact that original data errors have errors that are 
more than those values. In the process of developing the mobile application, 
the accurateness of field location was out of the scope. From this perspective, 
this study is only focuses on the recording of field data collection and the ability 
of the mobile application to operate in an area without network connectivity. 
 
 
1.5  Thesis Overview 
 
 
This thesis contains five chapters. Chapter 1 is an introduction to the thesis, 
providing a background study, problem statements, objectives, and scope and 
limitation of study. Chapter 2 contains a literature review on several topics that 
are related to research project. Literature reviews on Light Detection and 
Ranging (LiDAR), Interferometric Synthetic Aperture Radar (IfSAR), filtering 
technique, Digital Elevation Model (DEM) generation, data fusion technique, 
and mobile applications are provided in Chapter 2. Besides, a summary of 
previously published articles is discussed in Chapter 2. Chapter 3 provides a 
description of materials and methods used in this study. Study area, data 
acquisition and data analysis are discussed in this chapter. Chapter 4 contains 
the results and discussions of the DEM generation and fusion as well as the 
development of mobile application. The conclusion and recommendation of 
study are discussed in Chapter 5. Additional figures for this thesis are provided 
in Appendices.  
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