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Abstract— In this paper, a survey has been carried out for 

the sar image data interpretation of CSK constellation and 

Terra sar-X for the effective flood monitoring. 

Cosmoskymed operation X- band, which is an earth 

observation system used for both military and civilian. It 

can deliver data with a spatial resolution of up to 1m. High 

resolution data is very much important in the analysis of 

flood monitoring and post disaster damage assessment. 

This paper compares & analyses sar data by exploiting its 

unique features. Sar data is used to obtain the intensity 

.This paper discusses the various techniques adopted to find 

the sar intensity theoretically. It also compares the 

backscattering variations of CSK with other satellite 

sensors such as terra sar X. It also compares four flood 

mapping algorithm in order to evaluate the performance in 

a cloud contaminated MODIS time  series data 

Index terms : Cosmo Sky med, intensity, Backscattering, 

Synthetic aperture Radar 

1. INTRODUCTION 

Numerous disastrous events happening in recent years 

in all over the world. Hence there is a necessity to monitor 

severe weather events which is increasing continuously. 

Major catastrophes occurring once a fortnight on an 

average. Floods are the most terrible natural hazard in both 

urban and rural areas. The flood monitoring system used all 

over the world not only to observe the flood parameter but 

also to forecast flood in future and awareness can be given 

to the people before time.  Remote sensing radars are a 

useful tool in flood monitoring. Now a days synthetic 

aperture radar is used for flood management rather than 

conventional beam scanning radars. The reason is that SAR 

uses the movement of the radar antenna over a target region 

to obtain higher resolution.  Radar is preferred than any 

other because these sensors can be used even when the 

atmosphere is cloudy as the microwaves can penetrate into 

it. It has an ability to acquire data in all climatic conditions, 

at day and night. SAR Systems transmit and receive own 

energy. SAR can get data even during extreme weather 

condition. Bad weather conditions like the heavy rainfall, 
the transmitted microwaves can penetrate through the 

clouds and acquire data from it.  

Several previous studies revealed that sar systems are 

suitable for flood mapping and currently numerous 

algorithm are available to produce near real time (NRT) 

flood maps which are very helpful for managing the flood. 

      Floods can be monitored in rural as well as urban areas.  

For rural areas ERS and ASAR satellites are used. These 

satellites images will give sufficient information about the 

flood areas. These satellites have low resolution of 25m.It 

is also important to detect the flood in urban area because 

of the belongings and people accompanying with it. Since 

most of the populations are in towns and cities therefore 

there is need to explore urban environments. It is extremely 

difficult to identify the urban flood with low resolution. 

Hence urban areas require high resolution satellites. Now a 

day, a number of sars with a high resolution of 3m are used 

that are capable of identifying the urban flooding. They are 

cosmoskymed (CSK), Radar Sat -2, Terra Sar –X and 

sentinel 1. Here cosmoskymed is considered for the 

effective flood monitoring.  

Cosmo skymed system is an earth observation satellite 

system funded by Italian ministry. It is constituted bya 

constellation of four satellites, which is operated in X – 

band. The reason for using these cosmoskymed satellites is 

it can acquire high class images with very high resolution.  

It acquires X- band sar data with a short revisited 4-6 hours 

with four satellites which can response fast in 18 hours. 

Observations of the target area will be repeated several 

times a day in all weather conditions. 

The principle behind all applications of sar data to flood 

monitoring is based on the active nature of sensor. If the 

target is a calm water or flood water, sensor will consider 

as a flat or smooth surface.  A flat surface acts like a mirror 

for the incident radar pulse. Most of the incident radar 

pulse is reflected away according to the law of surface, the 

incident radar pulse reflects in scattered back to the radar 

sensor.  The quantity of energy backscattered depends on 

the type and properties of the target. Only by means of 

backscattering wave intensity, the image is detected as a 

flood or non-flooded region. If it has a low back scattering 
level, then radar can be considered as a dark image.  If it is 

International Journal of Pure and Applied Mathematics
Volume 117 No. 22 2017, 307-311
ISSN: 1311-8080 (printed version); ISSN: 1314-3395 (on-line version)
url: http://www.ijpam.eu
Special Issue ijpam.eu

307



dark image then radar will be considered as a flooded 

region.  This is applicable for smooth areas. 

     For dry soil or wet soil, the radar beam either penetrated 

into the soil surface or high back scattering radar intensity 

will occur.  If it has high back scattering radar intensity will 

occur. If it has high backscattering intensity, the detected 

object is considered as a bright image. Bright image means 

the radar will considered as a non-flooded region. 

Several methods can be found in literature to classify the 

region as a flooded or not which includes simple visual 

interpretation, image thresholding, image change detection 

technique, automatic classification algorithm and region 

growing methods.  In this paper the analysis has been 

carried out for three methods. 

2. IMAGE PROCESSING TECHNIQUES IN 

MAPPING THE OVERWHELMED PIXELS 

2.1 Threshold of SAR backscattering value 
Thresholding of sar image is the most usually accepted 

method to distinguish the flooded and non – flooded 

region in digital image processing.  Among the various 

digital classification techniques, the most frequently 

method used to categorize the backscattering value is 

thresholding of sar image. 

An appropriate threshold selection is a challenging 

one in order to separate flooded and non-flooded pixels. 

SIDOC (Sar Images Dark Object Classifier) is an 

automatic flood mapping algorithm which is used to 

search for areas of low backscatter only. In SIDOC, the 

detection of the low backscatter region is achieved 

through 1) by dividing the SAR image in a set of non-

overlapping sub images or splits 2) the selection of 

subimages that consists of two population of pixels, one of 

which is formed by dark pixels and then finds the optimal 

threshold value to separate the flooded and non-flooded 

pixels. Selection of suitable threshold value is difficult. 

Many different algorithms are adopted to find optimal 

threshold value. It is a major aspect because it depends on 

many ecological parameters (land over) as well as system 

parameters (frequency band, polarization, observation 

angle) 

2.2 INUNDATION AREA MAPPING USING 

REGION GROWING ALGORITHM 
     Region based segmentation is splitting of an image into 

alike areas of associated pixels through the application of 

similarity criteria. Each of the pixels in a certain region 

must be same with respect to some criteria such as color, 

texture, intensity etc. 

In this, region growing method is a simple region based 

segmentation method. First step in region growing is 

selection of initial seed points. The next step is region is 

grown from the seed pixel by combining the neighboring 

pixels that are similar in some characteristics such as pixel 

intensity, gray level texture or color. This process is 

iterated when the development of one region stops and 

chooses another seed pixel which does not belong to any 

region. Appropriate option of seed selection and the 

tolerance criterion must take into account in order to get 

proper dark areas. Histogram analysis is done by 

considering number of sub images and its conforming 

thresholds which are combined to get the seed region and 

tolerance criterion to identify the dark regions 

2.3 IMAGE CHANGE DETECTION TECHNIQUE  
Change detection is a method of identifying changes in 

a region by taking the images of a particular part at several 

different times.  With the help of CD technique it is 

important to estimate the change mask. Change mask may 

result from a many factors which include appearance or 

disappearance of objects, movement of objects relative to 

the background, a change in the shape of objects. 

     The main goal of CD algorithm is to detect major 

changes while rejecting insignificant ones. CD is 

performed always by relating pre or post catastrophe data 

with flood images. 

Amplitude (intensity) and coherence change detection are 

also applied in the sar images.CD helps in removing the 

pixels from flood map that do not match to flood water. 

This is obtained by detecting the same images at different 

times, only pixels that significantly change their 

backscatter values are retained in the flood map, while 

pixels does not decrease their backscatter values by a 

smallest quantity are detached. This removed pixel shows 

it is a permanent water body and it is not a flooded area. 

 
 

Fig.2.1Block diagram shows flood area classification of 

sar data of cosmoskymed system 

1. The first step is acquiring the images from CSK radar 

sensor. 

2. After acquiring the images, the next step is the 

detection of low backscatter 

3. This can be done by dividing the sar image into set of 

non-overlapping subimages or splits. 
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4. Out of various sub images, the suitable selection of 

sub images must be done out of that it must contain 

two population of pixels, one of which is formed by 

dark pixels. 

5. An appropriate thresholding algorithm is applied to 

discriminate flooded and non flooded region    

2.4 FLOOD MAPPING ALGORITHM  

The one drawback of sar images is that high cost. Due to 

that it is not much attractive. Whereas moderate resolution 

imaging spectroradiometer(MODIS) sensor is a kind of 

medium resolution image sensor (250 m) which is used for 

land/water discrimination at free of charge. This kind of 

sensor is affected by cloud cover which is not like a CSK. 

To minimize the cloud coverage various   Markov random 

field (MRF) is used to clear the clouds with the help of 

MODIS data.                                                                                           

The MRF models are used in various applications such as 

forest area classification, land cover mapping, sea ice 

segmentation and land cover mapping for shadowy images. 

In this paper [13] Four flood mapping algorithms are 

compared inorder to evaluate the performance in a cloud 

contaminated modis data. These four flood mapping 

algorithms are 1. Thresholding (TH) method 2. The 

maximum likelihood detector (ML) 3.MRF on single 

image (MRFS) and 4) MRF on time series images 

(MRFTS) 

Here the studied site is located in Thailand where the 

flood had occurred in  September 2011. Out of the four 

algorithm, amplitude (intensity)  based image thresholding 

and ML algorithm produce a very low results with a less 

accuracy of 68% in detecting water and nonwater regions. 

By considering other method such as MRFS algorithm in 

the flood detection with a single image, it produces an 

increase in accuracy of 8% when compared to the 

Thresholding and ML algorithm. A major drawback of 

this algorithm is that it fails to detect in the thick cloud 

contaminated regions in the image.  The next algorithm is 

MRF time series MODIS data which produces an increase 

in accuracy of 4% higher than the MRFS. Though it does 

not shows much more improvement in accuracy one 

advantage is that it is more robust to the cloud 

contaminated noise . Table 1 shows the overall accuracies 

for all the classification techniques for the given site 

 

 

 

 

 

 

 

Table 1 : Accuracies of various flood mapping 

algorithm 

 

 

from the table we understand most familiar methods such 

as threshold and maximum likelihood cannot precisely 

detect floods due of presence of cloud contaminated data. 

Among four algorithm MRFTS produces a maximum 

accuracy of 80% which is superior to other algorithms.  

2. FLOOD DETECTION IN 

URBAN AND RURAL AREAS USING HIGH 

RESOLUTION SAR IMAGES  

In this paper [4] a near real time flood detection algorithm 

in city and countryside areas using high resolution sar data 

was analysed.  Here flood in urban areas is obtained with 

the help of flood extent in rural areas. Flood extent can be 

detected in rural areas using SAR satellites such as ERS 

and ASAR,but which is having low resolution (25m) to 

identify the flooded area in urban regions. The use of high 

resolution radar such as terra sar-X is  to detect flooding in 

rural as well as urban area. These sar sensors have a high 

resolution (3m) to detect the flooded area. In the analysis it 

produces an accuracy of 97% of flooded pixels correctly in 

an rural area with a false positive percentage of 21%. The 

related false positive percentage is 3%. Of the urban water 

pixels which use terra sarX 75% were correctly detected as 

a water region with a false positive percentage of 24%. 

Table II indicates the accuracy of urban and rural water 

detection. 

From the table it is understood that if layover and shadows 

are considered then percentage of correctly classified water 

pixels has reduced to 57%, giving a false negative 

percentage of 43% and false positive percentage of 18%. It 

is important in urban area flood classification considering 

the layover and shadows. This becomes a great task in 

identifying the water and non-water pixels. Rather than 

considering the original SAR data, now if we consider the 

speckle filtered SAR data. The revised speckle filter SAR 

which also including flooded pixels in the shadow/stopover 

regions gives only35% of urban water pixels were correctly 

identified, with an false positive percentage of 7%. This is 

METHODS Accuracy 

Thresholding 68.2 

Maximum Likelihood 68.8 

MRFS 77.1 

MRFTS 80.0 

 

 Terra SAR-X 

% of water 

pixels 

correctly 

classified 

%false 

negativ

es 

%false 

positives 

Rural area 97% 3% 21 

Urban water 

(without layover 

and shadows 

75% 25 24 

Urban area 

(with layover 

and shadows) 

57% 43 18 

Urban area 
(speckle filtered 

SAR) 

35% 65 7 
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very much poor value when it is compared withoriginal 

SAR data(57%) 

 

3. COMPARISON OF 

BACKSCATTERING COEFFICEIENT 

VARIATIONS OF COSMO SKY MED AND 

TERRA SAR-X  

 
 Here the data of the two radar sensors have been 

compared. For the test data, series of both cosmosky med 

and terra sar –X images were taken from mountain and 

agricultural areas[2]. In this paper [2] ,the analysis was 

carried on 5 subareas covering of the  agricultural area of 

scrivia in northwest Italy. 

Table 3:  Backscattering coefficient value obtained from 5 

sub areas of the scrivia site using CSK and TSX images 

 
 

From the results indicated in table 3, it is known that 

average value of CSK backscattering coefficient was about 

2 dB lower than the TSX value. 

4. CONCLUSION 

This paper provides a brief knowledge about the various 

data interpretation of sar images for effective flood 

monitoring. In this paper the problem of flood detection 

from the cloud contaminated MODIS data using various 

flood mapping algorithm has been compared and it is found 

that the performance of the MRFTS algorithm is greater 

than other algorithms. This paper also discussed the results 

obtained from Terra SAR- X sensor in urban area and rural 

area about the capability of detecting the flood with 

accuracy. It is found that NRT algorithm is capable of 

detecting flooding in rural areas with good accuracy and in 

urban areas with nominal accuracy. The accuracy was 

reduced in urban areas because of Terra SAR-X’s poor 

visibility of the ground surface due to shadow and layover. 

It also compares TSX and CSK images on different areas. 

From that it has been concluded that backscattering values 

of about 2dB lower than TSX images. 
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