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The near-equatorial earth observation satellite is a new-generation optical satellite that 

is expected to cater to the needs of many countries located in or near the equator. It 

does not move in a fixed row and path during capturing time. Therefore, in each visit, 

the images exhibit differences depending on the viewing angle, time, illumination, sun 

zenith and azimuth angles, sensor zenith and azimuth angles, altitude, and attitude (roll, 

yaw, and pitch) of the satellite. These factors result in near-equatorial imagery having: 

(a) mis-registration bands, (b) no geometric matching between features located in the 

sequences of two images even though they are captured from the same strip, and (c) no 

reflectance (radiometric) matching between features located in two images captured in 

the same area at different times. Conventional modeling does not able to process the 
near equatorial satellite images. The research aims is study the near equatorial satellite 

images and develop models that can overcome the difficulties that facing processing of 

near equatorial satellite imagery as follow:  

 

 

(1)  To develop band to band registration model for near equatorial image, to overcome 

the highly nonlinear band shifting of the near equatorial image bands.  

(2)  To develop geometric correction model for near equatorial images, to reduce the 
highly geometric correction between the near equatorial imagery. 

(3)  To design and implement remote sensing goniometer to simulate NEqO system 

images, to simulate the near equatorial satellite image. 

(4) To develop relative radiometric normalization model for NEqO images, to 
normalize the near equatorial images that have been captured at different time. 

 

 

A new technique to overcome band-to-band registration through the automatic 

generation of control points from satellite images via scale-invariant feature transform 

(SIFT) is proposed in this study. The SIFT generated control points are utilized to 

perform registration with first- and second-order polynomials and spline 
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Pemantauan satelit berdekatan  khatulistiwa bumi merupakan satelit optikal generasi 

baru yang dijangka akan memenuhi keperluan negara-negara yang terletak berdekatan 

atau di kawasan khatulistiwa. Satelit ini tidak bergerak dalam baris dan laluan yang 

tetap semasa waktu cerapan. Oleh itu, dalam setiap lawatan, imej-imej yang 

dipamerkan adalah berbeza bergantung kepada sudut penglihatan, masa, pencahayaan, 

nadir matahari dan sudut azimuth, nadir sensor dan sudut azimuth, ketinggian dan ciri-

ciri (roll, yaw dan pitch) satelit tersebut. Faktor-faktor ini menyebabkan imej 

berhampiran khatulistiwa mempunyai: (a) pendaftaran jalur yang salah, (b) tiada 

geometri yang sepadan antara ciri-ciri yang terletak diantara urutan kedua-dua imej 

walaupun ianya diambil pada jalur yang sama, dan (c) tiada pantulan (radiometrik) 
yang sepadan antara ciri-ciri yang terletak di kawasan yang sama pada waktu yang 

berbeza. Model konvensional tidak mampu untuk memproses imej satelit berdekatan 

khatulistiwa ini. Kajian ini bertujuan untuk mengkaji imej satelit berdekatan 

khatulistiwa dan membangunkan model yang dapat mengatasi kesukaran yang 

dihadapai semasa memproses imej satelit berhampiran khatulistiwa seperti yang 

berikut: 

 

(1) Untuk membangunkan model pendaftaran jalur ke jalur untuk imej 

berhampiran khatulistiwa, untuk mengatasi peralihan jalur yang sangat tidak 
linear pada jalur  imej berhampiran  khatulistiwa.  

(2) Untuk membangunkan model pembetulan geometri untuk imej berhampiran 

khatulistiwa, untuk mengurangkan pembetulan geometri antara imej 

berhampiran khatulistiwa.  

(3) Untuk merekabentuk dan melaksanakan goniometer penderia jarak jauh untuk  

mensimulasi sistem imej NEqO , untuk mensimulasi imej satelit berhampiran 
khatulistiwa.  

(4) Untuk membangunkan model radiometrik relatif normal untuk imej NEqO, 

untuk menormalkn kembali imej berhampiran khatulistiwa yang diambil pada 

masa yang berbeza.  
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Kajian ini mencadangkan satu teknik baru bagi mengatasi pendaftaran jalur ke jalur 

menerusi penjanaan automatiokautomatik titik kawalan dari imej satelit melalui ciri 

perubahan skala-tak berubah (SIFT). Titik kawalan yang dijana SIFT digunakan untuk 

melaksanakan pendaftaran dengan polynomial tertib pertama dan kedua dan perubahan 

Spline untuk membetulkan kesalahan pendaftaran antara jalur imej berdekatan orbit 

khatulistiwa. Imej yang digunakan dalam kajian ini adalah imej satelit RazakSAT yang 
diperoleh daripada Agensi Angkasa Negara Malaysia (ANGKASA). Penilaian 

ketepatan dilakukan dengan membandingkan hasil daripada kaedah yang dicadangkan 

dengan keputusan yang diperoleh daripada perubahan manual dan automatic 

menggunakan transformasi polynomial. Punca min ralat kuasa dua pertama dan kedua 

untuk transformasi polynomial masing-masing adalah 4 dan 3 m. Selain itu, 

transformasi spline menghasilkan RMSE 1.1 × 10-6 m.  

 

 

Teknik baru telah dibangunkan untuk meningkatkan pengeluatan titik kawalan secara 

automatik. Teknik ini kemudiannya digunakan untuk melakukan pembetulan geometri 

bagi imej berhampiran khatulistiwa. Kaedah ini yang dipanggil penghalusan dan 

peningkatan ciri perubahan  skala-tak berubah (RI-SIFT). Imej  Razaksat dan SPOT-5 
telah digunakan. Pendekatan yang dicadangkan bermula dengan memilih rujukan dan 

imej yang dideria. Kemudian, skala kelabu dan pemampatan imej dilaksanakan. 

Pengekstrakan titik kawalan secara automatik kemudiannya dilakukan untuk menjana 

titik kawalan automatik. Titik kawalan yang dihasilkan ditapis dengan menggunakan 

sejumlah algoritma perbezaan mutlak (SAD), dengan bantuan ambang empirikal dan 

titik kawalan lokasi untuk mengelakkan daripada mendapat titik kawalan yang tidak 

tepat. Titik kawalan  yang diperhalusi digunakan dalam transformasi Spline untuk 

mengatasi kesilapan geometri imej berhampiran orbit khatulistiwa. Pengesahan 

kemudiannya dilakukan dengan membandingkan hasil daripada pendekatan yang 

dicadangkan dengan pembetulan geometri secara langsung melalui penggunaan 

transformasi polynomial. Keputusan menunjukkan bahawa nilai-nilai ketepatan 
diperolehi daripada menggunakan transformasi yang telah diperhalusi itu (RI-SIFT) 

dan transformasi polynomial adalah 7.08 × 10-9 m dan 104 m masing-masing. Model 

yang dicadangkan menunjukkan ketepatan dan kejituan. 

 

 

Model normalisasi relatif radiometrik ini dilaksanakan dalam tiga peringkat. Pertama, 

goniometer yang direka dan dibina untuk mensimulasi imej hampir khatulistiwa dan 

melaksanakan relatif radiometrik pemulihan.Kedua, goniometer yang digunakan untuk 

mengumpul imej dengan pencahayaan yang berbeza untuk menjalankan pemulihan 

radiometrik. Pada peringkat ketiga, penghalusan dan peningkatan ciri skala-tak 

berubah dibangunkan untuk mengekstrak titik kawalan radiometrik secara automatik 

antara jalur imej. Kaedah ini bertujuan untuk memperoleh nilai-nilai keamatan titik 
kawalan untuk digunakan sebagai pseudo ciri tak berubah (PIFs) antara rujukan dan 

jalur  imej  yang dikesan. Langkah seterusnya adalah untuk melaksanakan regresi 

linear statistik mengenai titik kawalan rujukan dan mengesan jalur gambar untuk 

menjana fungsi transformasi regresi untuk digunakan dalam menormalkan jalur  imej 

yang dikesan untuk rujukan jalur imej. Model yang dicadangkan disahkan dengan 

menentukan korelasi antara jalur imej normal dan rujukan. Rangkaian korelasi adalah 

0.69-0,85 pada imej slave. 
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Indonesia. The NEqO satellites have used to conduct frequent daily satellite orbit 

overpass over Indonesia. Near-equatorial earth orbit, at an inclination of between 6° to 

10° and altitude of 650 km (RazakSAT, 2011, Mazlan et al., 2013). LAPAN-ORARI 

Satellite supports disaster management by amateur radio communication as well as 

earth observation for natural resource, land use, and environment monitoring.  

 

 

RazakSAT satellite is an optical NEqO satellite system; it had a nominal altitude of 

685 km and 9° inclination after its launch. It is a Malaysian satellite with a high-

resolution camera. This NEqO satellite provides Malaysia and ER the highest imaging 

opportunity among all satellites. NEqO, unlike other sun-synchronous orbit satellites, 

does not have a fixed path and row during imaging, and the requirement of correcting 

RazakSAT images with varying illumination is vital for constant reflectance (Mazlan 

et al., 2013). RazakSAT was launched into orbit by a Falcon 1 rocket on July 14, 2009. 

It was placed into a near equatorial orbit that presents many imaging opportunities for 

the equatorial region. It weighs over three times as much as TiungSAT-1 and carries a 

high-resolution Earth observation camera (RazakSAT, 2011). It was intended to 

provide greatly increased coverage of Malaysia compared with other earth observation 

satellites. Its capability of highly frequent passing (14 times per day) over Malaysia 

makes earth observation easier than ever (RazakSAT, 2011).  

 

 

The medium-sized electro-optical push broom camera (MAC) is a system that utilizes 

linear charge coupled devices (CCD) to produce images. The MAC system produces 

high-resolution images in one panchromatic and four multi-spectral bands with ground 

sampling distance of 2.5 and 5.0 m, respectively. Normally the ratio of PAN and multi-

spectral bands is (1:4) in term of spatial resolution of high spatial resolution satellite 

imagery. Howevere, for RazakSAT imagery the ratio is (1:2) (RazakSAT, 2011; 

Ahmad, 2013). Its MAC has a swath width of 20 km. The MAC system is designed for 

a three-axis stabilized platform, with tilting capability in the across- and along-track 

directions to support stereoscopic and target-specific imaging (Mazlan et al., 2013; Ng 

et al., 2009). 

 

 

1.3 Problem Statement  

 

A NEqO satellite is a new generation of optical satellite, it does not have fixed path 

and row in his journey around the equator such as the polar and geostationary satellite 

systems. So, will visit each equatorial region 14 times a day (Ahmad, 2013). Each visit 

exhibit differences depending on viewing point, solar zenith and azimuth angles, 

satellite zenith and azimuth angles, capture time, illumination, and attitude (roll, yaw, 

and pitch) of the satellite during imaging, for these reasons NEqO images are unusable 

and cannot be processed many errors encountered in NEqO Images. All these problems 

together make the NEqO satellite imagery unusable because it can not perform any 

analysis and processing with these imagery. Conventional modeling is insufficient and 

lacks the capability to process images. All these factors will constantly change over the 

time and make the NEqO imagery unusable and there is no ability to process this 

imagery with conventional models (RazakSAT, 2011; Ahmad, 2013). 
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manual registration, and the root mean square error (RMSE). Correlation calculation is 

also performed. The developed algorithms (RI-SIFT and PIFs-SIFT) are successfully 

applied to the data, and the verification result is promising.  

 

 

1.6 Thesis Organization  

 

The thesis is organized into six chapters. Chapter One presents a general overview of 

geometric correction and relative radiometric normalization. The focus is on the 

problems, objectives, and scope of the study. 

 

 

Chapter Two presents a detailed literature review of the NEqO satellite, band-to-band 

registration, geometric correction, relative radiometric normalization models, and 

feature extraction while focusing on the techniques and algorithms (e.g., SIFT, SAD, 

spline transformation, and polynomial transformation) applied in previous studies. The 

accuracy of these techniques is also assessed.  

 

 

Chapter Three presents the methodology of and the algorithms developed for this 

thesis. It presents and discusses the data utilized to perform a study of NEqO satellite 

images. The chapter includes the following. A band-to-band registration technique is 

proposed to overcome band shifting between NEqO satellite image bands. Then, an 

automatic algorithm is developed to refine the extracted control points (reference 

points extract from imagery to use in registration transformation) automatically for use 

in conducting geometric correction for NEqO images. Afterward, a goniometer is 

designed and built to simulate NEqO satellite images and NEqO satellite system 

movement and orientation with respect to the sun. The goniometer is also used to 

collect data to address the next objective. Relative radiometric normalization is 

conducted as follows: 

 

1- Laboratory data are collected. 

2- An automatic algorithm is developed to extract the intensities of pseudo 

invariant features that remain constant despite any change in rotation, 

skewing, shifting, and viewpoints. Illumination is employed as radiometric 

reference data, and regression is conducted to determine the regression 

functions to perform relative radiometric normalization. 

 

The proposed and developed models and algorithms are assessed and validated for 

accuracy assessment. Chapter Four presents the design and implementation of the 

developed goniometer for NEqO satellite images in detail. Chapter Five presents the 

results and a discussion of band registration, geometric correction, and relative 

radiometric normalization models. Chapter Six provides a summary and presents the 

research findings, limitations, and suggestions for future work. 
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