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Abstract: Problem statement: Sea surface current retrieving from Synthetic AperiRadar (SAR) is
required standard methods due to the complexityeaf surface ocean imaging in SAR datathis
context, various analytical models have been dgeslovhich describe overall effects of sea surface
roughness on the Doppler signal mechanisms. Nesleas, such models are limited in the complexity
of the sea surface current estimation that canskd.un fact, the resolution of the sea surfacedp
velocity in azimuth direction is typically coarsas compared to the normalized radar cross section
image. Approach: This study introduced a new method to retrieve sadace current from
RADARSAT-1 SAR Standard beam mode (S2) data. Thihadewas based on the utilization of the
Wavelength Diversity Ambiguity Resolving (WDAR) andulti Look beat Frequency (MLBF)
algorithms to remove Doppler centroigdf ambiguity.Results: The result showed that the proposed
methods are able to correct Doppler centroig)(BBmbiguity and produced fine spatial sea surface
current variations in S2 mode data. The curreroiéés were ranged between 0.18 and 0.78 it sec
with standard error of 0.11 m sécConclusion: In conclusion, RADARSAT-1 SAR standard beam
mode (S2) data can be utilized to retrieve reaktisea surface current. Both WDAR and MLBF
algorithms are able to provide accurately informraton Doppler Centroid ) in which accurately
real time sea surface current can be retrieved B&mR data.

Key words: RADARSAT-1 SAR, robust model, sea surface curremtyelength diversity ambiguity
resolving, algorithm, multi look beat frequencyg@iithm

INTRODUCTION sight velocity of the scatterers is associated wiith
Doppler spectrum within the radar resolution @elA
Synthetic Aperture Radar (SAR) has beenwide range of mathematically and physically based
recognized as powerful tool for environmental dyimam models, however, have been developed to convert a
studies. Ocean surface current is considered asrmajsurface Doppler velocity to be of geophysical arigi
element in marine environment. In fact, the climateAlthough various analytical models have been
change, marine pollution and coastal hazardous argeveloped which describe overall effects of sea
basically controlled by intensity of ocean curfenThe  surface roughness on the Doppler signal mechanisms,
main concept to model sea surface current from SARuch approaches are limited in the complexity & th
images is based on Doppler shiftin this context, sea surface current estimation that can be used. In
Doppler shift of the radar signal backscatterednftbe  azimuth direction, the resolution of the sea swgfac
sea surface is occurred by orbital motions of oceamoppler velocity is typically coarser as compared t
wave and surface currefits In fact, the surface the normalized radar cross section infdgdn fact
velocity relative to the SAR, or equivalently the Doppler frequency Centroid must be estimated from
Doppler shift, relies on the antenna view anglatreé  Doppler spectruf. The general geophysical
to the trajectory®. Therefore, the Doppler shift, interpretation of surface Doppler velocity, however
which can be used for determining the line-of-sightimperfect established. For instance, Shewmteal.'?
velocity of the scatterers and thus the surfaceeported that the surface drift current is sigrifitdy
current§’. Furthermore, the distribution of the line-of- different from the surface Doppler velocity. In
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contrast, Romeiseret al.*" stated that a surface using both Wavelength Diversity Ambiguity Resolving
Doppler velocity is well correlated with surface (WDAR) and Multi Look beat Frequency (MLBF)
currents with strong geostrophic or tidal currents.algorithms and (i) the robust model can be prodide
Because the imaging mechanism of ocean surfacaccurately estimation of sea surface current from
current gradients by SAR is complicated due to itSRADARSAT-1 SAR data. In doing so, this study
nonlinearity. This makes a difficult task to rettgesea extends the pervious theory of Doppler centrojg)(f
surface current information using a surface Doppleby implementing robust formula. In addition, it dse
velocity?. According to Inglanda and Garéflp the  one single RADARSAT-1 SAR beam mode data i.e.,
wave-current interaction and velocity bunching etife the Standard beam mode (S2).

are the main sources of nonlinearity in the imaging

mechanism of ocean surface current by SAR. This MATERIALSAND METHODS

impact is known as the tilt bias. Romeiser and

ThompsoH®, however, have implemented theoreticalData set: The SAR data acquired in this study are
linear modulation transfer function to express adtve ~ derived from RADARSAT-1 satellite that involve
the problem of tilt bias in order to estimate seeface  Standard beam mode (S2) image. RADARSAT-1 SAR
Doppler velocity. In this context, Chaprenal.”! have  data are C-band and have a lower signal-to-noiset@u
commanded that the exact shape of the high-frequendheir HH polarization with a wavelength of 6.6 cmda
spectrum and poor knowledge of linear modulationfrequency of 5.3 GHz. RADARSAT-1 SAR S2 mode
transfer function are perhaps the main sources iflata have 3.1 looks and cover an incidence angle of
uncertainty for this model. Moreover, they used23.7° and 31.0% . Further, S2 mode data covers a
guantitative forward model which is based on aswath width of 100 km and ground range resolutibn o
practical two-scale decomposition of the surface25%28 m (Table 1).

geometry and kinematics where the wind impacts

through the wave spectrum is considered. The asitholn Situ measurements: Field measurements are

have expressed this contribution as an amplifiedest performed between 1 am to 17.00 pm local time at
drift with a gain factor controlled by relative coastal water of Kuala Terengganu and have carried

modulation of radar cross section with incidentlasg out in March 29 till March 30 2005. Vertical curten
Furthermore, Chaproﬁ a|_[2] have acquired a surface measurements are obtained from Acoustic Wave and
Doppler velocity by using an average over the ramdo Current (AWAC) equipment (Fig. 1). The deployment
wave phases. In this context, the Doppler Centroidocation is at 5°31'16"N and 103°08'40"E in tfeste
frequency anomaly divided by the electromagneticcoast of Malaysia (Fig. 2) where the location of an
wave number assuming that Doppiei’ Centroid&ftiﬁCi&' reef. The deployment water depth wasb18.
frequency anomaly is a simple geometrical mearM. Two navigation buoys are used as guidance points
weighted by normalized radar section of eachto ensure the safety of AWAC equipment (Fig. 1)eTh
eiemeri[f’]_ Romiser and ThompsB?’i' nevertheless, procedures are used to calibrate the AWAC are
stated that when Doppler Centroid estimators arénvolved: a set up of one burst every half hout isa
appiied to SAR data, biased estimates are oﬁemeasured by AWAC, current velocity and direction
obtained because of anomalies in the received datare measured in bursts of 1024 samples at sampling
Typicai anomalies include areas of low SNR, Strongate 1 Hz which are made while the instrument is ou
discrete targets and radiometric discontinuities. of the water (Fig. 1). Information retrieved from

In this Study we address the question of DoppieAWAC are stored as ASCII format that are involved
centroid (BC) ambiguity impact on modeiing sea current V8|0City and direction data through the avat
surface current movement from RADARSAT-1 SAR column of 18.5 m. These data are used to validae t
standard beam mode (S2). Two hypothesis examinetgsults of the sea surface current patterns whieh a
are: (i) Doppler centroid can be acquired accuydtgl ~ extracted from RADARSAT-1 data.

Table 1: RADARSAT-1 SAR image description

Resolution
Start time Orbit Beam Swath area (km)  IncidencelAi(d Width (km) (Range x Azimuth, m)
03/30/2005 293D Standard-2 100 23.7-31 100 25%28

6:57:16 AM (Descending)
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Fig. 1. AWAC for current measurements (a) real AWAEployment procedures at sea bottom
and (b) sketch of AWAC deployment
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Fig. 2: Location of study area and in situ measamrinby AWAC
Doppler centroid model description: In azimuth S(w)=|E,(cojz| H(wjz (1)

direction, SAR utilizes the Doppler shift of thengplex

received field to locate scatterers. This compleddf \yhere:

and its associated residual Doppler shift can lsel tis E(w) = A received signal
infer the velocity of these scatterers as advedted H(w) = System descriptor
ocean currentd. Further, the spectral density is defined
as the response from infinitesimal point scatterers The complex received signal in the frequency plane
located at ¥ Therefore, the Doppler spectral intensityis given by the Fourier transform of the received
can be given in closed form by assuming non-uniformbackscatter d(xo,t)) from an infinitesimal point
radar cross sectiow)”: scatterers located at positiogt3
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< ot where, SAR wavelengtli,is speed of light ;and\'is
E; (X0,00) = Io(xo,t)é dt @  giver by:
where,0(xo,t) can be given BY: 22
) 0y . ' 2 Awa
N =|1+(A 7
{+( %) [Awn]] )
—2(1)

A,
(2KVR ™Y e(i[KVﬁ'])(r) 246 off 2409) Equation 7 is considered equivalent to number of

olxo.) =€ (3) multiple looks which leads to degraded resolutiorro
Where: the full bandwidth resolution. The equivalent numbg

" . . 3 looks; therefore, decreases the bandWibitthe main
V. =The satelht(_e velocity of 6212 m sec problem is associated with Eq. 1 that is Doppler
t = The de'aY tlme. ) ) Centroid (bc) estimation. Robust model is one of the
@, = The received signal azimuthally bandwidth  giandard procedures that is required to estinate f
K = Radar wavenumber
R =Range Robust model: The term robust estimation means
fa = The Doppler frequency estimation techniques which are robust with respect
Afg = The gradient change in Doppler frequency  the presence of gross errors in the data. In thisext,

_..,
a

>

=
|

= The phase perturbation due to the long oceagross errors are defined as observations whichado n
waves with respect to azimuth directfn fit to the stochastic model of parameter estimation
Further, uncertainties in the estimation of Doppler
The system descriptor(«w) is obtained through a centroid frequency can lead to completely falsaltes
matched filter which is the complex conjugate of th of sea surface current modeling and might even
backscatter based on a point target located midbeamrevent convergence of adjustment. Robust estirmator
a(xo, ) is given by: are estimators which are relatively insensitive to
limited variations in the frequency distribution
[%] B function of the Doppler centroid frequencycf
Hw=e 5 JrikvR ) (4)  Chapronet al.”), however, did not take into account
the problems of estimating the Doppler Centroid

The first term in Eq. 2 is a Gussian function andwhich might be began from a range-compressed
Aw, is the processor bandwidth. dataset acquired by conventional single Pulse

The RADARSAT-1 SAR ocean current values Repetition Frequency (PFR) of ENVISAT-ASAR.

have been converted to the horizontal ocean surfac-gg.erefore’ tShtefano at\nd_ tGuaftrni?h Stf.‘ted that for
current \.. The radial component of ocean current€Mc1eNcy, theé constraint ot -operaling on range-
deduced from RADARSAT-1 SAR data is given in compres_sed data is required. Following Stefano and

; Guarnierf®, the ambiguous estimation and
term of the Doppler peak frequency shift,f therefore T . = . :
the horizontal ocean current is: Wavelength Diversity Ambiguity Resolving algorithm

(WDAR) and Multi Look beat Frequency (MLBF)
) have implemented to corregicfambiguity and to fit a
v _2 )\V(1+Afa/Afh) (Af )—1f ) fine polynomial estimate in SAR images. First, the
°"N| 2p,sin6sin® a/ = bC RADARSAT-1 SAR image is divided in several
blocks. In each blocks both a second order statisti
estimator (WDAR) and a higher order technique
where, Af, =(Aw,/2m), Af, =(Awy/2m)  have been  (vLBF) have been exploited to resolve coarse
used to compute the frequency angt s Doppler unambiguous. Doppler centroid. These techniques
Centroid frequency. The degraded azimuth resolutiomave been chosen due to the large variatiopoWwith
P, that is caused by orbital acceleratioy) (®given by:  range as can be noticed clearly in RADARSAT-1 SAR
data. The polynomial inversion model is given by
] }1/2 Stefano and Guarniér?, is used:

C A 1 [ MRSty 2
Pa=N 1+—-[—ar (6)

-1 2
4ve N A foc(@,r)= Xr2 +Yr+Za+h (8)
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Where: w = A weight that is assigned to each respective
a,r = Range and azimuth indexes of the observation

samples at the center of each block d = The number of degrees of freedom
X,Y,Zand h =The polynomial coefficients to be

estimated

The robust standard deviatiah is estimated by

Two steps have been required to achieve theombination of Least Median of Squares (LMedS)
polyn0m|3I |n\(/jer?_|_;)n ;echm%uelz: (rll) wrapped dplam 'hmethod with weighted least squares procedure which
regressed and (i) the model then inverted on t }
residuals (res). The selection between the bothsste an be expressed as:
mainly done by means of a threshold on the contrast
parameter which is based on the pixel intensitgaxth 0=1.5{1+5/n- p}med/ 2 (12)
block. For instance, unambiguouys s computed with
WDAR in low contrast blocks as compared to MLBF.
Taking into account that the value of the ambiggity ~ Where:

and the polynomial parameters (X,Y,Zh), thefi = Theresidual value

unambiguous g polynomial can be given by this med = Median absolute deviation of residual vale a

formuld®sh: the factor 1.4826 is for consistent estimation in
the presence of Gaussian noise and the term

foc(@n) = Xied*+ (Y o+ Y (ol +(Z #Z Qa+(h gh & (9) 5/(n-p) is recommended as a finite sample
correction

Finally, offset frequency is implemented by
subtraction of MLBF estimate from WDAR. This is Then, the parameters can be estimated by solving
done with an assumption of the ambiguity estimatethe weighted least squares problem:
based on the MLBF technique is correct. Following
Rufenchet al.”!, the RADARSAT-1 SAR ocean current )
values must be converted from radial componentoV mme(ri)ri (13)
the horizontal ocean component by a given equation: '

_C.0.5\ e (arn) Equation 13 can be used to modify the quasi-linear

Ve Sin@ sing (10)  ransform which adopted by Maged and MaZlaro
extract tidal current velocity (y from RADARSAT-1
Where: SAR standard mode S2. Therefore; ¥hould be

0 = An incidence angle of RADARSAT-1 SAR data  stratified:
¢ = The azimuth angle
c = Constant value which is determined , 2
. UV =HV s 14
by using least square method between in situ ' tVgmin Zw(rpr, W (14)
measured ocean current and the Doppler Centroid '

foc(a,r) which is a function of surface current Where:

velocity H = Represents the linear operator, which is tHalti
current-RADARSAT-1 SAR transform

Represents parameters of the tidal current-
RADARSAT-1 SAR map, which readily based on
the physical conditions of current pattern
movements (i.e., velocities and direction) and
RADARSAT-1 SAR properties such asf

The crucial issue can be raised due to th%—
performing of least square method is a lack of
robustness. The least squares error function to be
minimized is as follow3:

& (Vo) =d ™Y WV, = Ve(f o, (1)1 (11)
' Tidal current direction estimation: According to
Where: Maged and Mazfd, the tidal current has two
V; = Real measured of surface current by using AWACcomponents which are in azimuth and range direstion
equipment In this study, the edge of frontal zone is chosed a
I = Number of observation then divided into sequences of kernel windows with
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frame size of nxnDue to fact that the frontal zone
consists of several adjoining pixels which must éhav
highest signal amplitude than the surrounding gixel
Then, the Doppler spectrum of range compressed
RADARSAT-1 SAR data is estimated by performing a
Fast Fourier Transform (FFT) in the azimuth directi
Further details of this approach are in Maged and
Mazlar®. The current speed directio® can then be
estimated:

1 (Mpc(@,n)(2sin )t

O=tan | — 1
V(I1-(@Q-28x0xvg) ~@fpc(a, R )

1 (19)

Where:

V = Satellite velocity

R = Slant range

Ax = The displacement vector

0x = The pixel spacing in the azimuth direction

Prior to modeling dc from the amplitude
RADARSAT-1 SAR data, a radiometric correction has (0)
been performed. The radiometric correction esthbtls
a constant correlation between intensity in the SiaR
and backscatter in SAR data. The digital numben the
converted into the normalized radar cross seaiamd
incident angle to determine the spatial variatiérsea
surface feature pixels, being a function @ofand the
incident angle.

Fig. 3: Doppler spectra intensity (a): Traditional
algorithm and (b): Robust estimators WDAR
and MLBF

RESULTS

Doppler spectra intensity have acquired with
RADARSAT-1 SAR standard (S2) mode that are
showed in Fig. 3. In Fig. 3a, the Doppler spectra :
intensity is tended to varied along the azimuth and :
range directions in which is inducing ambiguitiBeth
azimuth and range directions are dominated by the
Doppler spectral peak of 0.018 in which is
corresponded to the frequency of 150 Hz.

In contrast, Fig. 3b shows that the sharp range
Doppler spectral intensity peak. The Doppler séctr ] ]
intensity peak is characterized by narrow peak.029 102°5927TE  103°1127E 10323°27°F 103°3527E  103%4727°E
and I];riZ?Jl:sn:ysE?)Cvdsvmjethsggsgul;:‘gce current pattern IJ;ig. 4: Sea surface current simulated by using sbbu
simulated based on robust technique. It is obvibas estimators for Doppler Centroid
the current movement patterns are shown clearlg. Th DISCUSSION
current velocity exceeds from offshore towards the
coastal within 0.78 m s&t The northeast current flow The results show the potent@l RADARSAT-
is a dominated feature along the coastal wateruzl& 1SAR standard S2 for retrieving sea surface current
Terengganu, Malaysia (Fig. 4). pattern which agree satisfactory with previously
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published result§™®**¥, In this context, present study o © Observed
confirms the study of Zelinat al.* | where, March is £ |Y-orssxouos — Exponential
represented northeast monsoon wind season, in whict ~ 2 ;;lga';;m,.zmsec-l ‘
the current flows from northeast direction and then £z
tends to move parallel to coasthihe Further, the — 307, -
current flows are deviated from the range direciion —f o
which confirms the study of Maged and Ma#tan =
The Doppler spectra are dominated by ambiguities. = = 020
In fact, the Doppler frequency estimated from S/AsRad 5 L
overcomes from the data are sampled with the Pulse =~ e P ™
Repetition Frequency (PRF) and an ambiguity abiwit t In situ current measurements m sec!

correct PRF bartf!. In addition, the maximum shift
along azimuth direction is due to strong nonlinyari Fig. 5: Regression model of surface current eséhat

occurred between radar signal and surface orbital from in situ measurements by AWAC and
velocity which can be called as velocity bunching robust model

effect"®. In contrast, WDAR and MLBF estimators

produced a clear and sharp Doppler spectra intensit CONCLUSION

peak. In fact that robust estimators (WDAR) and

MLBF) are estimators which are relatively insensiti It can be concluded that the robust model is

to limited variations in the frequency distribution examined with RADARSAT-1SAR standard S2 has
function of the Doppler Centroid frequencycf — provided an excellent improvement for extractingarc
Further, both algorithms are capable of retrievihg  surface current from RADARSAT-1 SAR data. This is
correct Doppler Centroid ambiguity and to fit aefin shown by positive correlation of r2 0.79 and lower
polynomial estimate both on uniform and contrastedstandard error of 0.11 m*'s The future work will aim
scenel’. Clearly, the sharp Doppler spectra peak haso improve the accuracy of modeling surface current
existed by using WDAR and MLBF algorithms as from SAR data by applying an appropriate algorithm
compared to one is estimated directly by usingand using random variation of spatial AWAC

traditional Doppler spectra algorithm. measurements.
Accuracy of this study is investigated by using th
the regression model between the robust statistical ACKNOWLEDGEMENT
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