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ABSTRACT

Aerial images from conventional aerial photogrammetry technique has been used to
produce photogrammetric map. Topographic map updating is necessary when there
are changes on the ground surface. The Department of Survey and Mapping Malaysia
(DSMM) policy states that topographic map scale of 1:50000 and 1:10000 need to be
updated in three, five and ten years for urban, developed and rural area respectively
especially for man-made features and infrastructures. Updating topographic map using
conventional aerial photogrammetry is tedious, timely and costly. However this
problem could be solved using other data sources. The aim of this research is to update
the 1:10000 topographic map in the area of study using WorldView-3 satellite
imaging, Unmanned Aerial Vehicle (UAV) data and Digital Elevation Model (DEM)
from Synthetic Aperture Radar (SAR). The study was conducted in Putrajaya where
certain areas that required updates on the existing topographic map published in 2012
were identified. The assessment for coordinate and orthometric height were carried out
by calculating the Root Mean Square Error (RMSE) for each component. Comparison
between orthometric heights showed the RMSE of £0.320 m and +1.323 m for
difference between check points (CP) and UAV and difference between SAR and
UAYV, respectively. The RMSE values for the planimetric coordinates differences
between conventional aerial photogrammetry and CP, UAV and CP and WorldView-
3and CP were £1.112m, 0.892 m and 1.160 m, respectively. Lower RMSE indicated
higher accuracy. In terms of cost and time comparison, UAV showed cost
effectiveness in data acquisition and processing. All data sets were in compliance with
large scale topographic map updating in accordance with DSMM’s Quality
Management System Profile MS 1SO 9001:2015. The study indicates that UAV is the

most economical tool to be used in updating a small area.
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ABSTRAK

Imej udara dari teknik fotografi udara konvensional telah digunakan untuk
menghasilkan peta fotogrametri. Pengemaskinian peta topografi diperlukan apabila
berlaku perubahan pada permukaan tanah. Polisi Jabatan Ukur dan Pemetaan Malaysia
(JUPEM) telah menyatakan bahawa peta topografi berskala 1:50000 dan 1:10000 perlu
dikemaskini pada setiap tiga, lima dan sepuluh tahun masing-masing bagi kawasan
bandar, membangun dan luar bandar terutama bagi butiran buatan manusia dan
infrastruktur. Pengemaskinian peta topografi menggunakan fotogrametri udara
konvensional adalah menjemukan, mengambil masa yang lama dan melibatkan kos
yang tinggi. Masalah ini boleh diatasi dengan mengunakan sumber data lain. Tujuan
penyelidikan ini adalah untuk mengemas kini peta topografi berskala 1:10000 di
kawasan kajian dengan menggunakan imej satelit WorldView-3, pesawat udara tanpa
pemandu (UAV) dan Model Ketinggian Berdigit (DEM) dari Radar Apertur Sintetik
(SAR). Kajian ini dijalankan di Putrajaya di mana kawasan tertentu telah dikenal pasti
yang perlu dikemas kini dari peta topografi sedia ada yang diterbitkan pada tahun
2012. Analisis terhadap koordinat dan ketinggian ortometrik dijalankan dengan
mengira ralat min punca kuasa dua (RMSE) untuk setiap komponen. Hasil
perbandingan ketinggian ortometrik telah menunjukkan RMSE sebanyak +0.320 m
antara titik semakan (CP) dan UAV, manakala RMSE sebanyak +1.323 m bagi
perbezaan antara SAR dan UAV. Nilai RMSE bagi perbezaan koordinat planimetri
bagi fotogrametri udara konvensional dan CP, UAV dan CP serta WorldView-3 dan
CP adalah masing-masing +1.112 m, +0.892 m dan +1.160 m. Nilai RMSE yang
rendah menunjukkan ketepatan yang lebih tinggi. Daripada segi perbandingan kos dan
masa, UAV menunjukkan keberkesanan kos dalam pemerolehan dan pemprosesan
data. Semua set data adalah mematuhi syarat ketepatan bagi pengemaskinian peta
topografi skala besar mengikut Profil Sistem Pengurusan Kualiti JUPEM MS 1SO
9001:2015. Hasil penyelidikan menunjukkan bahawa data UAV adalah yang paling

ekonomi untuk tujuan mengemas kini kawasan yang kecil.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Topographic maps are detailed and accurate graphic that represent features on
Earth’s surface including buildings, roads, railways, administrative boundaries,
hydrographic features, and commercial areas. It also shows contour lines that represent
elevation. The height of the ground is referring to Mean Sea Level (MSL) and can be
drawn at suitable interval depending on the map scale (Natural Resources Canada,
2017).

Topographic map is made to scale and it represents the distance on the map to
the actual distance on the ground. Large scale map represents smaller area in greater
details. When changes of the features on the ground happen in certain areas, a

topographic map should be updated to show the current information possible.

Currently, conventional aerial photogrammetry through large-format digital
aerial camera mounted on a conventional aircraft has been used to create topographic
map. To use this method, an aircraft needs to be leased. Thus, it will require a big
amount of money. In terms of data acquisition, it is not cost effective to update a small
area only because it is suitable to capture images of a large area. The maintenance of

the camera is also very high.

In Malaysia, Department of Civil Aviation (DCA) under the Ministry of
Transportation is in charge of all aviation related matters, including safety and
efficiency. It is also responsible ensure that all aviation activities in Malaysia is in

accordance to the standard and recommended practices of the International Civil

1



Aviation Organization (ICAQ). According to Civil Aviation Regulations (CAR) 1996,
P.U.(A) 139/96; aerial work is an aircraft operation used to provide services in a
variety of fields such as in agriculture, photography, construction, surveying,
observation and patrol, search and rescue, aerial advertisement, and in other similar

activities other than public transport services.

Nowadays, there are other sources of data that can be used to replace the
conventional aerial photogrammetry technique. For example, the use of satellite

images becomes more useful and convenient for mapping than using aerial images.

Satellite images may vary from high resolution images like Worldview-3,
Quickbird and Ikonos where their image resolution is up to 15cm, to low resolution
satellite images like Sentinel which gives up to 60 meters in resolution. The
performance indexes such as geo-referencing accuracy and mapping capability of high
resolution commercial satellite have a qualitative leap. High resolution satellite
imagery data has a lot of advantages and they can be used to update the available maps

in GIS software packages.

Unmanned aerial system (UAS) is a system where the vehicle flies without a
pilot onboard. It is known as autonomous flying where it is equipped with an autopilot
system and automatic method that can be used for aerial data acquisition. This system
makes it possible to fly at low altitude and under the cloud and could be used in various
applications. A compact and high resolution digital camera was used to acquire the
aerial images at an altitude in order to achieve high resolution imagery. (Darwin,
Ahmad and Zainon, 2014)

Synthetic Aperture Radar (SAR) is a remote sensing technique that uses radar
to obtain data by transmitting radiation from its antennas to the surface of an object
and the differences of its returned signals represent the information of the surface. SAR
has a weather and light independent capability and is suitable for tropical countries. It
allows operation in variable weather conditions because the signal can penetrate haze,
clouds, fog and rain with a very little attenuation by using suitable operating frequency
(Chan and Koo, 2008)



Digital Terrain Model (DTM) is an important feature in topographic map as it
represents the height of the area and in a very high demand for many applications.
Traditional methods for creating DTM are through land surveying which is very costly
and time consuming. After that, photogrammetry takes over and become one of the
major methods in generating DTM. Other than that, airborne Light Detection and
Ranging (LIDAR) system has become a powerful way to produce a DTM due to the
advantages it has in collecting a 3-dimensional information over a large area accurately
(Polat and Uysal, 2015). But the disadvantage of LiDAR data is that it is costly.

1.2 Problem Statement

Department of Survey and Mapping Malaysia (DSMM) states that the
topographic map update policy should be conducted every 3, 5 and 10 years
respectively for city, developing, and rural areas. Manned aircraft is not practical to be

used for 1:10000 map updating in a small area so other methods should be identified.

UAV has the ability to fly at a lower altitude and is very capable to fly for small
area thus it is suitable for map updating purposes where only certain areas need to be
updated. UAV is also a light weight aircraft so it is easier to operate. UAV doesn’t
need a pilot or an engineer and no aircraft hangar is needed. It is a low cost alternative

for many fields that require aerial photograph in the projects.

There are a few other methods that can be used to replace the usage of
conventional aerial photogrammetry for topographic map updating such as remote
sensing technique (satellite imaging and SAR) where the data acquisition is much
easier because the data can be directly purchased from supplier at an affordable price,
but between these three methods, it is imperative to identify which datasets have the

biggest potential in terms of accuracy and lowest cost for small area updating.



1.3 Research Aim and Objectives

The aim of this research is to identify the most suitable method which offers
both accuracy and cost effectiveness in updating large scale topographic map in a small

area. In order to achieve the aim, a few objectives need to be obtained:
i.  To evaluate the criteria of large scale topographic map at 1:10000 scale

ii.  To analyse the potential and accuracy between datasets
iii.  To analyse cost benefits between datasets

Table 1.1 listed the concerns or issues that lead to this study and the relationship with

the objectives.

Table 1.1 : Research Questions

Subject | Research Questions Future Research

Accuracy | Which of these 4 is the most accurate? | The RMSE between all 4

datasets is calculated.
(Objective 2)

Cost and | Which of this 4 data sets offers the | Cost and time is calculated using
Time lowest cost in terms of data | the method and formula using by
acquisitions and processing? DSMM since DSMM is the
agency that in charge for

topographic mapping in

Malaysia. (Objective 3)




How much time is needed in

acquiring and processing each

dataset?

Which of these 4 datasets are giving
the lowest time in updating the

topographic map?

Updating
Large
Scale
Map

Which of these 4 datasets is the best
and the most suitable method to
update 1:10000 topographic map?

The results are compared to
DSMM’s Quality Management
System MS 1SO 9001:2015 for
1:10000
specifications (Objective 1)

topographic  map

1.4

Research Scope

This research will focus on the 1:10000 topographic map updating for DSMM

using four (4) types of data. It involves :

i Research Area is inside the red area as shown in Figure 1.1. It is a topographic

map scale 1:10000. The current topographic map is published in 2012 using

data from conventional aircraft method.
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ii. Evaluate other three datasets as shown in Table 1.2 ; unmanned aerial vehicle
(UAV) data, WorldView-3 satellite image and Synthetic Aperture Radar
(SAR) data. Details are below :

Table 1.2 : Details of unmanned aerial vehicle data, satellite image and synthetic
aperture radar datasets

Data Details

Unmanned Aerial | Year = 2018

Vehicle (UAV) Area = 3000m x 5000m

Equipment = Sensefly eBee employing compact
camera Sony Cybershot DSC-WX 220 RGB 18.2 MP
Altitude = 350 meter

Photo Overlap = 80% front overlap and 60% side

overlap.
GSD =0.09 m
SAR Year = 2017

Type = Airborne IFSAR
Altitude = 8534 m
Resolution =0.50 m
WorldView-3 Year = 2014

satellite image Altitude : 617 000 m

Resolution = 0.31 m panchromatic resolution, 1.24

m multispectral resolution, 3.7 m shortwave infrared

resolution and 30 m CAVIS resolution.

iii. Process UAV data using Agisoft Photoscan - image processing, DEM and

orthophoto generation.

iv. Establishment of Ground Control Point (GCP) and Check Point (CP) using
Trimble R8 receiver. Static technique (1 hour observation each point) for GCP

and rapid static technique (15 minutes observation each point) for CP.



V. Process GPS data using Trimble Business Centre. MyGeoid data application

for orthometric height.

Vi. Data integration and analysis using Global Mapper software

Vii. Calculate Root Mean Square Error (RMSE), time and cost involve in

topographic map updating

viil. Generate updated topographic features

iX. Limitation of Study — This study focus on DSMM’s topographic map updating

so the time and cost calculation is limited to DSMM’s environment.

1.5  Significant of Research

Currently, Department of Mapping and Survey spends more than one million
ringgit every year for data acquisition using aircraft in order to produce and update the
topographic map of Malaysia. Using manned aircraft for 1:10000 topographic map
updating is not practical because normally only a small area needs to be updated.
Besides time consuming, this method can also risk the men onboard and the cloudy
weather in Malaysia often resulted in wastage of images captured.. This study is done
to identify other data sources to replace the aircraft method in updating large
topographic map in terms of cost and accuracy in order to replace the usage of leased
aircraft. It is also to identify which method is the most time efficient in data acquisition
and processing. The outcome of this research is expected to benefit the DSMM in

terms of cost and time, on top of complying with the map update policy.



1.6 Chapter Outline

There are five chapters in this thesis. Chapter 1 discusses the overview of
research topics. It includes a problem statement, the objective, scopes involved and the
significance of this study.

Chapter 2 contains literature review of topographic map updating, conventional
aerial photogrammetry, UAV, SAR, WorldView-3, DEM, MyGeoid and its
applications. This literature reviews are from journals, articles, dissertations, books
and any relevant sources associated with the scope of the study. This will provide a
general overview about the difference in each method. Chapter 2 also entails the

research gap, or a research problem which has not been answered in previous studies.

Chapter 3 covers the research methodology carried out to achieve the
objectives of this study. This includes the data acquisition on site for UAV and GCP
while other data is from DSMM’s database, data processing which involves UAV data
processing using Agisoft Photoscan, GPS data processing using Trimble Business

Centre, and data integration using Global Mapper.

Chapter 4 encompasses the results and analysis of the research. In this chapter,
the assessment is carried out quantitatively and qualitatively. The RMSE of each
dataset will be compared with GCP and CP. Other than that, the assessment for image

resolution, contour pattern, feature positioning is conducted too.

Chapter 5 summarises the conclusion from the results and analysis. It also offers

recommendations for future studies.
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