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Abstract— The paper proposes a novel method for the 

detection of regions of interest of SAR images using selective 
region processing method. The regions of interest of a SAR image 
are selected by quantifying the run-length features computed 
using co-occurrence method. The regions selected are further 
processed to identify homogeneous subsets pertaining to objects 
present in the image using watershed segmentation algorithm. 
The method is tested on SAR images of ocean surface to detect 
features like ship, wake etc.  
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I.  INTRODUCTION  

Synthetic Aperture Radar (SAR) is a high resolution 
imaging radar mounted on aerial or satellite platform to capture 
images of Earth’s surface. Similar to a conventional radar, 
electromagnetic waves are sequentially transmitted and the 
backscattered echoes are processed by the radar antenna to 
generate comprehensive view for a multitude of applications  
ranging  from geoscience and  climate change  research,  
environmental  and  Earth  system  monitoring,  2-D and  3-
D mapping,  change  detection and security-related 
applications. In the case of SAR, the consecutive time of 
transmission/reception translates into different positions due to 
the platform movement. A virtual aperture is constructed by an 
appropriate coherent combination of the received signals. This 
aperture is much longer than the normal physical antenna 
length. This makes a virtually larger imaging radar. 

The SAR sensors operate in the microwave region of the 
electromagnetic spectrum with typical wavelengths between 
1cm and several meters. The measurements are transformed 
into a high resolution images. The different parameters that 
contribute information to the SAR imaging are Magnitude, 
Phase, Time interval between pulse emission and reception, 
Polarization and Doppler frequency.  

Some of the major applications of SAR are in military 
application (targeting a region of interest), over the oceans 
(detection of sea changes, oils slicks, analysis of bottom 
topography etc.), on land (forestry and agriculture, to monitor 
the landscapes) and on the atmosphere (to check ozone levels 
in the stratosphere). 

II. SAR IMAGES 

A. SAR Images for Ocean Applications 

The major advantage of SAR is that it can acquire pictures 
in all-weather conditions, day and night and has fine resolution 
capabilities. These capabilities make SAR an ideal remote 
sensing instrument for many applications from target detection 
mapping to earth resources management. 

Studies on oceanic waves provide information on surface 
wind speed, wind direction, significant wave height, etc. Wind 
speed, wind direction, depth of water, amount of pollution are 
some of the major factors that influence the oceanic surface. 
The ocean surface includes small capillaries, gravity waves, 
swell, orbital motion, specular surface area, specular surface 
curvature, etc.  

The ocean wave velocity vector direction relative to radar 
platform velocity vector and antenna beam direction influences 
the radar response. The signal response appears in terms of 
signal amplitude, phase, Doppler, time delay, etc. The SAR 
technology is independent of weather and sun illumination 
conditions.  SAR images are acquired day and night and 
under cloud cover, which is an advantage over other remote 
sensing sensors.  Synthetic Aperture Radar (SAR) has been 
widely used for Earth remote sensing for more than 30 
years.  

B. SAR Speckles 

The main drawback of SAR images is the speckles present 
in it .Speckle is a signal dependent granular noise which occurs 
in all active coherent imaging systems. Speckle reduces the 
quality of SAR images which makes processing, including 
segmentation and classification difficult on SAR images. 

In the recent years, a significant number of speckle 
suppression filters were developed. Some of the frequently 
used filters are Enhanced Frost filter, Enhanced Lee filter, 
Gamma filter, Kuan filter, Local-Sigma etc. 

Enhanced Frost filter reduces speckle in radar imagery 
while simultaneously preserving texture information. Enhanced 
Lee filter is a standard deviation based filter that filters data 
based on statistics calculated within individual filter window. 
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Gamma filter assumes that the data is gamma distributed and 
the pixel being filtered is replaced with a value calculated 
based on the local statistics. Kuan filter reduces speckle while 
preserving edges in radar images. It transforms the 
multiplicative noise model into an additive noise model. Local 
Sigma filter uses the local standard deviation computed for the 
filter box to determine valid pixels within the filter window. It 
replaces the pixel being filtered with the mean calculated using 
only the valid pixels within the filter box. 

III. TEXTURE 

Image texture is the change and repeat of image grey levels 
in space. Texture is an important information in remote sensing 
as it contributes the textural information in addition to spectral 
information. Image texture, defined as a function of the spatial 
variation in pixel intensities (grey values), is useful in a variety 
of applications and has been a subject of intense study by many 
researchers.  There are four major application domains 
related to texture analysis namely texture classification, 
segmentation, synthesis and shape from texture. 

Texture classification produces a classified output of 

the input image where each texture region is identified with 

the texture class it belongs. Texture segmentation partitions an 

image into a set of disjoint regions based on texture properties, 

so that each region is homogeneous with respect to certain 

texture characteristics. Texture synthesis is a common 

technique to create large textures from usually small texture 

samples, for the use of texture mapping in surface or scene 

rendering applications. The shape from texture reconstructs 

three dimensional surface geometry from texture information. 

For all these techniques, texture extraction is important.  

 

In the case of SAR images of ocean surface, the 

roughness and related textural characteristics of the ocean 

surface affect the amount and radar backscatter in a SAR 

ocean image. There are many texture feature description 

methods to carry out texture analysis. 

Some of the texture analysis methods are based on 

GLCM (Grey Level Co-occurrence Matrices) [1]. GLCM is a 

statistical image analysis technique that is used to estimate 

image properties related to second-order statistics. It defines 

both the structural as well as spatial properties of an image 

texture. It considers the relation between two neighboring 

pixels in one offset, where the first pixel is called reference 

and the second one the neighbor pixel. When the image is 

transformed into the co-occurrence matrix, the neighboring 

pixel can be taken in any of the eight defined directions. 

Generally, 00, 450, 900 and 1350 are used. 

 There are various other standard local texture 

analysis patterns in literature for computing the texture 

patterns in an image [2], [3],[4]. In this study, gray level run 

length matrix is considered for feature extraction from SAR 

images. 

A. Gray Level Run-Length Matrix 

Galloway in 1975, proposed run-length matrix for 
extracting texture. For a given image, a run-length matrix, p(i,j) 
is defined as the number of runs with pixels of gray level i and 
run length j [5]. Various texture features can then be derived 
from this run length matrix. 

B. Gray Level Run-Length Features 

The eleven numerical texture measures that can be 

computed from the run-length matrix are listed below with 

their corresponding formula [6]. 

 

1. Short Run Emphasis (SRE) : 

 

                    (1) 
 

2. Long Run Emphasis (LRE) : 

              (2) 

3. Gray-Level Non-uniformity (GLN) : 

              (3) 

4. Run Length Non-uniformity (RLN) : 

            (4) 

5. Run Percentage (RP) : 

                           (5) 

6. Low Gray-Level Run Emphasis (LGRE) : 

           (6) 

7. High Gray-Level Run Emphasis (HGRE) : 

              (7) 

8. Short Run Low Gray-Level Emphasis (SRLGE) : 

           (8) 

9. Short Run High Gray-Level Emphasis (SRHGE) : 

 

           (9) 
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10. Long Run Low Gray-Level Emphasis (LRLGE) : 

            (10) 

11. Long Run High Gray-Level Emphasis (LRHGE) : 

          (11) 

 

Where MxN indicates the size of the image and p(i,j) indicates 

the number of runs and nr is the total number of runs. 

 
For reducing the search space, the original image is initially 

divided into non-overlapping regions or blocks. The above 
described run-length features are calculated for each block and 
the results are plotted. Each graph plots the value of a run-
length feature against each block of the image. By clearly 
analyzing the graph plots, the blocks containing the regions of 
interest are selected and further processing is done on the 
selected blocks, which reduces the search space potentially.  

IV. SEGMENTATION 

The blocks selected based on the run-length features are 
segmented using watershed segmentation which is a 
morphological segmentation that uses the original input and the 
gradient of the input image for segmentation. Watershed 
segmentation is one of the widely used techniques for 
segmenting images. In an image, the watershed transform finds 
intensity valleys, finds the catchment basins and the watershed 
ridge lines. Its major disadvantage is the excessive over-
segmentation. This happens because gradient image may 
contain unwanted regional-minima and flooding from these 
minima will result in unwanted segments. To remove unwanted 
minima, a marker-based watershed transform is applied [7],[8]. 

The watershed segmentation works better once we identify 
the internal or foreground markers and the external or 
background markers. The input image is processed to compute 
the foreground markers for which morphological techniques 
called “opening-by-reconstruction” and “closing-by-
reconstruction” are used. The former one is erosion followed 
by a morphological reconstruction while the latter one is a 
dilation followed by morphological reconstruction. This 
operation give flat maxima inside each object that can be used 
to locate the regional maxima resulting in foreground markers. 
The reconstructed image is thresholded using the gray-level 
threshold which gives a binary image where the background 
pixels are in black. The ridge lines are obtained from the region 
containing background pixels by computing the watershed of 
the distance transform of the above binary image. The ridge 
lines constitute the background markers. 

 The foreground and background markers obtained are used 
to modify the combined gradient such that its regional minima 
occur at the foreground and background marker pixels. The 
watershed transform of this modified gradient is computed to 
get the final watershed segmented image. The best way to 

visualize the result is to superimpose the final watershed 
segmented result on the original image. 

V. RESULTS AND DISCUSSIONS 

The original image as shown in Fig. 1(a) is divided into 25 

regions or blocks as shown in Fig. 1(b), and the above 

described features are calculated for each block represented by 

the graphs followed.  

 

     
             (a)                                               (b) 

Fig. 1. (a) Original image (b) Original image divided into 25 non-
overlapping regions 

 

The eleven run-length features are calculated for each of 

the 25 non-overlapping blocks of the image as shown in the 

graphs in Fig. 2, and the regions where most of the features 

converge (peak or valley) are selected. All the features need 

not uniquely converge at the same region always.  
 

   
                     (a)                                     (b)                                   (c) 

  
                     (d)                                     (e)                                   (f) 

   
                     (g)                                     (h)                                   (i) 

  
                 (j)                                    (k) 

Fig. 2. Graphs plotting the run-length features for each of the 25 blocks. 

(a)Short Run Emphasis (b)Long Run Emphasis (c)Gray-Level Non-
uniformity (d)Run-length Non-uniformity (e)Run Percentage (f)Low 

GRE (g)High GRE (h)Short Run Low GE (i)Short Run High GE (j)Long 

Run Low GE (k)Long Run High GE    
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The graphs of Low GRE, Short Run Low GE and Long 

Run Low GE show a peak value at block number 13 which 

indicates the presence of object in that block. Also, the graphs 

of High GRE, Long Run High GE and Short Run High GE 

show noticible variations at block numbers 1,2,7,8,11,18, 19 

and 24. The blocks numbered 1 ,2, 7, 8, 11, 13, 18, 19 and 24 

which are selected based on the run-length features are used 

for further processing.These seleceted blocks are shown in 

Fig. 3. 

 

 Each of the above blocks is segmented using marker 

controlled watershed segmentation . The segmented blocks 

numbered 1, 2, 7, 8, 11, 13, 18, 19 and 24  are shown in Fig. 4, 

in which the ship and the wake can be observed which are 

clearly segmented. This results in segmentation of an image 

with reduced search space. 
 

 
Fig. 3. Image with selected blocks 

 

 
Fig. 4. Image with segmented blocks 

 

VI. CONCLUSION 

  A new approach to segmentation on selected regions 

of an image is proposed in this paper. The search space 

reduction was achieved using selective region processing of 

images based on run-length features. The eleven described 

features of run-length could provide information on the 

regions containing objects in the image which was followed 

by watershed segmentation method to detect regions in an 

image. 
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