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An objective wavelet based algorithm has been developed to Bnd the orientation of rolls in Synthetic
Aperture Radar (SAR) imagery using Radar Imaging Satellite (RISAT-1) data. The orientation of rolls
plays a very crucial role for the estimation of ocean surface wind direction. It also aAects the shape and
size of a tropical cyclone. In this manuscript, SAR image was decomposed using Haar Wavelet Transform
(HWT) and optimal thresholding was done to delineate the direction of propagating rolls. The roll
features were found oriented in the range 26°–31° from the along track direction. These features are very
useful to retrieve wind direction and hence the vector wind observation over the ocean surface.
Keywords. MABL rolls; synthetic aperture radar; wavelets; wavelet transform.

1. Introduction
Synthetic Aperture Radar (SAR) provides highresolution imagery of the Earth’s surface in day as
well as in night-time independent of weather
conditions. It senses the Earth in very Bne scale of
the order of few centimeters to meter level, and is
therefore able to provide Bne scale observation of
Marine Atmospheric Boundary Layer (MABL)
phenomena. MABL is the interface between ocean
and the lowest strata of the atmosphere, and is
the hub of several important phenomena like
atmospheric fronts, MABL rolls, convective cells,
gravity waves, raincells, etc. MABL rolls are helix
type secondary circulation which are usually
aligned with the mean wind Cow (Alpers 1997;
Sikora et al. 2006). These continuous or discontinuous lineaments are regarded as the surface
manifestation oA fault and fracture zones under

certain circumstances (Majumdar and Bhattacharya 1988). Recent studies (Gao et al. 2017;
Huang et al. 2018) have shown the inCuence of
MABL rolls on tropical cyclone. These are also
responsible for surface energy Cuxes as well as the
earth surface radiational balance (Levy 2001).
The linear features of rolls over the oceans are
related to wind streaks, which are very useful for
the estimation of wind direction, since the direction of these features are approximately in the
direction of mean wind (Etling and Brown 1993).
Several researchers have proved the capability of
retrieving wind direction from SAR data, main
methods include Fast Fourier Transform (FFT)
(Vachon and Dobson 1996) and Local Gradient
(LG) (Koch 2004) methods. Vachon and Dobson
(1996), perform spectral analysis to extract wind
direction through FFT, but it has the limitation
with small image, for example, 10 9 10 km (Zhou
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et al. 2017). However, the limitation in the FFT
method was improved and works better than
FFT with spatial sampling of 1 9 1 km. However,
the wind direction retrieved from SAR by FFT or
LG methods exists 180° ambiguity which can be
further removed by weather model output, Doppler shift or land shadows (Zhang et al. 2014).
However, studies on boundary rolls are limited
by very scanty observations. In this regard, SAR
imagery provides a very useful means to characterize the MABL rolls, mathematical tools and
techniques to extract valuable information.
Keeping the above in mind, in this manuscript, we
present the development of an objective wavelet
based technique to compute the orientation of
rolls using SAR data. The mathematical function
that cut up data into different frequency components and provide us opportunity to study each of
them with the resolution matched to its scale. The
selection of the best wavelet representation is
necessary for the signal under consideration to
study wavelet analysis. On this subject, there are
many texts available in the literature, for example, Foufola-Georgoiu and Kumar (1994), Lau and
Weng (1995), Sweldens and Schroder (1995),
Strang and Nguyen (1996), and Torrence and
Compo (1998). There are many atmospheric
applications described by Domingues et al. (2004).
Haar wavelet is one of the simplest type wavelet
function, most widely used for edge detection.
Thus, keeping the sake of simplicity and computational eDciency, we have chosen the Haar as the
mother wavelet to Bnd the orientation of rolls in
this study.
In this manuscript, the data used are described
in section 2. Section 3 discusses the development of
wavelet based algorithm followed by the applications of developed algorithms in section 4. Section 4 also discusses the analysis of RISAT-1 SAR
data with result obtained and Bnally the work is
summarized in section 5.

2. Data
Indian Space Research Organisation (ISRO)
launched its Brst SAR sensor RISAT-1 (C-band,
5.35 GHz) in the space onboard PSLV XL C-19
on 26 April, 2012. It was designed with the
capability to record the datasets in different
imaging modes and it caters to different polarization imaging capability like HH, VV, dual
polarization and circular polarizations ensuring a
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Figure 1. RISAT-1 SAR data acquired on August 27, 2012
over Bay of Bengal.

Figure 2. Flow chart of wavelet transform algorithm using
HAAR wavelet.

wide applicability in diverse Belds (Jagdish et al.
2018a, b, 2019). SAR can be considered as the
complement and supplement for the current
capability of the optical payloads of IRS (Indian
Remote Sensing) class of satellites (Misra et al.
2013). In the present study, we have used SAR
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Figure 3. A portion of SAR image of 721 9 752 pixels with spatial spacing 18 m, captured by RISAT-1 on August 27, 2012 at
0003 UTC over the Bay of Bengal.

Figure 4. Reconstruction of wavelet transform (subset A) after second level Haar transform (a) and characterization of rolls (b).
Blue and red colours refer to positive and negative wavelet coefBcients, respectively.

image acquired over the Bay of Bengal on August
27, 2012 at 0003 UTC. A snapshot of the same is
shown in Bgure 1.
3. Methodology
In previous studies, Haar wavelet is widely used for
edge detection, speech recognition, edge enhancements and for many applications. In this manuscript, we have tried to Bnd out the rolls
orientation in a SAR imagery using Haar wavelet
transform (HWT). A Haar wavelet is the simplest
type of wavelet deBned by
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where w(t) is a function of parameter t (t is the
temporal or spatial signal). A mathematical transformation that uses a Haar wavelet as its base
function is called the HWT. Being a simplest type
of wavelet, Haar serves as the prototype for all
other wavelets. Walker (1999) has implemented
HWT on one-dimensional signal. In the present
case, we apply 2-D HWT on SAR data on each row
and column to give four subcomponents of the SAR
data namely a1: the average and three details: h1
(the horizontal component), v1 (the vertical component), and d1 (the diagonal component) from the
Brst level HWT. Second level HWT consider a1 as
the signal and does in the similar to Brst level,
giving rise to a2, h2, v2 and d2. The schematic
diagram of algorithm is shown in Bgure 2. The
most important step in the algorithm is the selection of optimal threshold. We have made
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Figure 5. Reconstruction of wavelet transform (subset B) after second level Haar transform (a) and characterization of rolls (b).
Blue and red colours refer to positive and negative wavelet coefBcients, respectively.

Figure 6. Comparison of wind direction derived from SAR (left panel) and scatterometer (right panel).

experiment on the decomposed components (h, v,
and d) in order to arrive at an optimal thresholding. Then we apply the thresholding on the
decomposed component and after reconstruction
using these components provide optimum features.

4. Analysis and results
The discussed algorithm in the above section is
applied on the RISAT-1 SAR data. In this
method, one of the most important component is
the computation of optimal threshold. For this,
we have experimented on different thresholding
scheme as detailed below. For the selection
of threshold value, variable thresholds were

considered for different levels as well as the three
components. In the present case, 3/4 9
max(h) was found to be optimum, where
max(h) represents the maximum value of h component. Then, we apply threshold on h1, v1, and
d1 in the Brst level HWT and on a2, h2, v2, and
d2 in the second level HWT. Finally, the subsignal of second level HWT, i.e., a2, h2, v2, and
d2 are used to reconstruct the SAR image. In this
study, we have analysed up to 5-level HWT, but
the higher level HWT than the 2-level, smoothed
and averaged the Bner scale features. Therefore,
HWT was restricted to go up to 2-level only.
Figures 4(a) and 5(a) show the reconstructed
image of subset A and B as shown in Bgure 3
after applying series of thresholding described
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above. The detected features of MABL rolls are
clearly seen in Bgures 4(a) and 5(a) as compared
to subset A and B of Bgure 3. Figures 4(b) and
5(b) show the horizontal detailed component
(shown by red and blue dots) satisfying the
optimum threshold condition. The red and blue
dots are the negative and positive values of the
wavelet coefBcients, respectively. The linear Bt
for the transformed values are also plotted in
Bgures 4(b) and 5(b). Linear Bt show the orientation of rolls in the direction ranging from 26°
to 31° from the along track direction. Figure 6
shows the SAR and scatterometer derived wind
direction. There is a time gap of around 3 hrs
between SAR and scatterometer derived wind
direction. SAR derived wind direction are perpendicular to observed rolls in the SAR imagery
and are almost aligned along the scatterometer
wind direction. Here, we have shown only qualitative comparison between SAR and scatterometer wind direction. We have very limited
collocation points (around 15) as the SAR and
scatterometer data are at a spatial grid spacing
of approximately 1 km and 12.5 km. However,
the qualitative analysis shows better agreement
between SAR and scatterometer wind direction.
We are planning in near future to explore this
study with RISAT-1A SAR data for more numbers of observed images having rolls signature. In
this study, it was observed that some of the Bner
scale features have disappeared during the Bltering processes so the other complex wavelet
like Morlet using CWT is required to analyse the
intermittent phenomena.
5. Conclusions
In this paper, development of a new algorithm is
carried out using wavelet transform to objectively
Bnd the orientation of atmospheric rolls. The
identiBcation of MABL rolls is very challenging
and has been carried out using SAR data. The
wavelet transform considered here is Haar wavelet,
which is chosen due to its high computational
eDciency and ease of implementation for a potential operational application. A number of experiments have been performed to arrive at an optimal
threshold. Thereafter, wavelet based signal
decomposition and multi-level thresholding were
applied. Subsequent re-construction computes the
direction of orientation of rolls. In the present case,
it was observed that the rolls features were

oriented from the along track direction in the range
26°–31°. The development of this technique will be
very useful for wind direction retrieval in future
SAR missions: NISAR, RISAT-1A over the
tropical regions.
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