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Remote sensing technology can be used to collect large scale data on ocean areas 

and provide precise information on ocean surface dynamics and atmospheric 

interactions. Many other ocean surface features can be detected by utilizing this 

technology. In this study, a robust model was developed based on Doppler 

frequency that utilizes RADARSAT-1 SAR imageries in measuring and 

extracting ocean surface current patterns such as velocity and direction. The 

SAR data used in the study were acquired during the period 20-31 March 2005 

and supported with altimeter data of GEOSAT-2 and TOPEX/POSEIDON also 

collected at the same period. The study area is located between the longitudes 

102°50'00'' to 103°40'00'' East and latitudes 5°25'00'' to 5°40'00'' North, at the east 

coast of Kuala Terengganu. The area was divided into four main parts 
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comprising the onshore, fieldwork area, midshore, and offshore area witch is 

about 98 km. off the coast. The model was applied on the SAR image at three 

different modes (Wide- 3, High extended- 6 and Standard-2) with the objectives 

of 1) comparing between the modes and identifying the appropriate mode for 

coastal current modeling, 2) modeling the spectral intensity of the SAR data in 

the study area covering the onshore, midshore, offshore and the fieldwork area, 

3) examining the impacts of tide and wind speed and direction on surface 

current movements on the coastal water of Kuala Terengganu, Malaysia and 4) 

investigating the impact of the Doppler frequency shift and incidence angle on 

the sea surface current detection. The results of the study were validated   using 

TOPEX/POSEIDON satellite altimeter data for the same period and in situ data 

measurements taken with AWAC instrument during the fieldwork. The study 

did not only find that the incidence angle in SAR had an effect on the surface 

current patterns but also that, there is a strong relation between the image 

backscatter and Doppler frequency. It was again discovered that the velocity 

and direction of the current changed through the period of the study according 

to the changing of Doppler frequency shift used in the model to extract the sea 

surface current velocity and direction from the three SAR images. At the 

onshore area, the velocity of current extracted based on  the Wide-3 mode  

varied between 0.22 m/s to 0.25 m/s with the average of 0.24 m/s, while  based 

on the  Standard-2 mode it varied between 0.52 m/s to 0.65 m/s with an 
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average velocity of 0.56 m/s. The analysis of the spectral intensity of the SAR 

data in different modes showed variation among the four areas. The spectral 

intensity values were low in the onshore as against the high values recorded in 

the offshore.  Regression analysis was used to establish the coefficient of 

determination between the velocities extracted from SAR data and the AWAC 

in situ measurements. The analysis showed a fairly high correlation between 

them of R² of 0.753 with the highest velocity under 0.27 m/s, R² of 0.726 with the 

highest velocity under 0.32 m/s and R² of 0.863 with the highest velocity under 

0.75 m/s. These results were obtained from the regression between the AWAC 

data and the RADARSAT-1 SAR in Wide-3, Extended High-6 and Standard-2 

modes respectively. It can be said that the investigation between different radar 

systems should be used as geomantic tool to investigate water current 

movement.  
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Teknologi Penderiaan Jarak Jauh boleh digunakan untuk mengumpul data 

berkenaan kawasan laut yang berskala besar dan dapat memberikan maklumat 

terperinci dinamik permukaan lautan dan interaksi atmosfera. Ciri-ciri lain 

permukaan laut juga boleh dikenalpasti dengan menggunakan teknologi ini. 

Untuk penyelidikan ini, satu model tahan lasak dibina yang menggunakan imej-

imej RADARSAT-1 SAR dalam pengukuran dan pengasingan corak arus 

permukaan laut seperti kelajuan dan arah. Data SAR yang digunakan dalam 

penyelidikan ini diperolehi dalam tempoh 20-31 March 2005 dengan disokong 

oleh data altimeter GEOSAT-2 dan TOPEX/POSEIDON yang turut dikumpul 

dalam tempoh yang sama. Kawasan penyelidikan terletak di antara longitud 
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102o50’00” hingga 103 o40’00” Timur dan latitud 52 o5’00” hingga 5 o40’00” Utara, 

di timur perairan Kuala Terengganu. Kawasan tersebut terbahagi kepada empat 

bahagian yang merangkumi persisiran dalam, kawasan lapangan kerja, 

persisiran tengah dan persisiran luar iaitu lebih kurang 98 km daripada 

persisiran pantai. Model tersebut digunakan ke atas imej SAR pada tiga mod 

yang berlainan (Wide- 3, High extended- 6 dan Standard- 2) berdasarkan objektif 

berikut 1) membandingkan antara mod dan mengenal pasti mod yang 

bersesuaian untuk model arus perairan, 2) memodelkan intensiti spektral data 

SAR dalam kawasan penyelidikan yang merangkumi persisiran dalam, 

kawasan lapangan kerja, persisiran tengah dan persisiran luar, 3) mengkaji 

impak kelajuan ombak dan angin dan arah ke atas pergerakan arus permukaan 

perairan Kuala Terengganu, Malaysia dan 4) mengenalpasti impak anjakan 

frekuensi Doppler dan sudut insiden ke atas pengenalpastian arus permukaan 

lautan. Keputusan penyelidikan disahkan menggunakan data altimeter satelit 

TOPEX/POSEIDON untuk tempoh masa yang sama dan data pengukuran in 

situ diambil menggunakan alatan AWAC semasa kerja lapangan. Penyelidikan 

ini tidak hanya menemui sudut insiden dalam SAR mempunyai kesan ke atas 

corak arus permukaan tetapi juga terdapat kaitan yang kuat antara imej 

serakan-belakang anjakan frekuensi Doppler yang digunakan dalam model 

untuk mengasingkan kelajuan arus permukaan laut dan arah daripada tiga imej 

SAR tersebut. Di kawasan persisiran dalam, kelajuan arus yang didapati 
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berdasarkan kepada mod Wide-3 berubah antara 0.22 m/s hingga 0.25 m/s 

dengan purata 0.24 m/s, manakala berdasarkan mod Standard-2 ia berubah 

antara 0.52 m/s hingga 0.65 m/s dengan purata kelajuan 0.56 m/s. Analisis 

intensiti spektral data SAR dalam pelbagai mod menunjukkan variasi antara ke 

empat-empat kawasan. Nilai intensiti spektral adalah rendah di persisiran 

dalam berbanding nilai yang tinggi di kawasan persisiran luar. Analisis regresi 

digunakan untuk mendapatkan pekali penentuan antara kelajuan yang 

diperolehi daripada data SAR dan pengukuran in situ AWAC. Analisis 

menunjukkan korelasi yang agak tinggi antara data tersebut di mana R2 = 0.753 

dengan kelajuan tertinggi pada 0.27 m/s, R2 = 0.726 dengan kelajuan tertinggi 

pada 0.32 m/s dan R2 = 0.863 dengan kelajuan tertinggi pada 0.75 m/s. 

Keputusan yang diperolehi adalah daripada regresi antara data AWAC dengan 

mod-mod RADARSAT-1 SAR pada Wide-3, Extended High-6 dan Standard-2. 
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LIST OF ABBREVIATIONS 
 
 

b  the chirp rate = Rkv /2 2  

bT  Received signal azimuthal bandwidth 

c  velocity of light = 3 × 108 

ƒ  frequency of an electromagnetic wave 

maxf  Doppler peak frequency shift 

 xf  spatial domain function 

DF  the change in the received frequency using AWAC 

sF  frequency of transmitted sound using AWAC 

 uF  frequency domain function 

k  Radar wave number 

1M  First target direction 

2M  Second target direction 

R  Radar slant range 

t  Amplitude of the coherent in the image 

T  Coherent integration time 

sT  Gaussian function with width 

u  spatial frequency 

V  satellite velocity = 6212 m/s 

cV  horizontal ocean current 

rv  Radial velocity of a target 

0x  location of a point target in the SAR image 

  delay time 

  Wavelength 

  Incident angle 

  Local modification of the incident angle  


