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DISASTERS 

MAN MADE NATURAL 

Floods 

Landslides 

Drought 

Earth Quake 

Accidents 

Industrial mishaps 

  Natural Disasters result in loss of human life and property 

 

  Global Economy suffers a colossal loss due to inability to prevent natural 

and man-made disasters.  

 

 Among natural disasters world over ‘Flood’ is No-1 is 

divesting the hotspot both in turn of human loss and economic 

loss than any other natural disasters  

Introduction 
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Estimated economic damages reported by Flood related  disasters of 

India from 1993 to 2015 (in US$ X 1000 billion ranging from 20-180) 

Approx., hence with noise/error 



Role of effective Early Warning Systems 
(W.r.t Human loss) 

Source: World Watch 2001. 



Source: World Watch 2001. 

S A R 

Role of effective Early Warning Systems 
(W.r.t Human loss) 



Source: World Watch 2001. 

S A R 

Role of effective Early Warning Systems 
(W.r.t Human loss) 

What needs to be there 

for an effective  

early warning system 

(components ) ? 
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Components of SAR based Flood Early Warning System 
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1. Input data source             

2. Computing Clusters   

3. Image Processing Server @ Grid Head Node 

4. Master Server @ Grid Head Node   

5. Proclient Terminals @ Grid User/Partner locations  

6. Control Room Terminal @ on field disaster region 

7. Client Terminals/Display Units of disaster mitigation team 

Grid Clusters from  

Chennai 

Hyderabad 

Delhi ..etc 

PARAM Padma at Bangalore 

GG-RT-CS 

Proclient Terminals 

@ remote Grid user locations 

Inputs from Other Space  

& Research Centers 

Image Processing  

Server @ Grid Head Node 

Raw data processing at GARUDA HPC Clusters 

GG-RT-CS 

Control Room Terminals 

(Proclient + Client Terminals @ 

On field disaster region) 

GG-RT-CS 

Client Terminals/Display Unit 

(On field disaster Mitigation Team) 

GG-RT-CS 

Master Server  

@ Grid Head Node location 
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Overview of Grid enabled FAS 

….is there any method to map the inundated pixels with least manual intervention ?  



Objectives: - 

1.  To develop a RADAR (SAR) image analysis technique that 

can map the inundated information with least manual 

intervention and with maximum possible automation. 

 

2.  Evaluation of proposed model with different SAR data sets 

of different flood events, field database. 

o Deriving the precise backscattering range of fully inundated 

partially inundated and  non-flooded regions and its analysis.  
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Flood due to rain  during  

October 2013 

Flood due to Helen cyclone  

November 2013 

SLC data RADARSAT-2  RADARSAT-2  

Duration of downpour   22-27th Oct. 2013 19 – 23  Nov. 2013 

Acquisition date   28  October,   2013 24 November, 2013 

Beam Mode  ScanSAR Wide 

Swath Width (km) 500  

Pass Ascending Descending 

Image Incidence angle 20º  to 49º 33º  to 49º 

Polarization  HH 

Multilook 2:4 

Pixel spacing (m) 50 

About disaster event and dataset used 



Methodology - DEM based Flood Area Mapping Technique  
Sairam 

 Step1: SLC data Calibration and extracting land region of the image.  

 Step2: Terrain Bifurcation and extraction of region of interest 

 Step3: Bifurcating the Plain regions of image to extract the water layer  

 Step 4: Classification of Water Pixels 

 Dissemination of Critical information  



DEM 

 

 

#Step2: Terrain Bifurcation and extracting ROI 
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Step1: SAR Calibration 

     SLC Data  

 
Terrain Correction 

Output of Step1: Image covering only 

the land region  
Image overlay  Binary Mask 

Image under the Bitmap Operation 

Output of Step2: Image covering 

only plain geographical region (image 

devoid of high altitude) regions)  

 
#Step3: Bifurcating the plain 

regions of the image  

Output of Step3                                           

 KML 

Integration of results  
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#Step4: Classification of water layer 

Output of Step 4) 

Fully 

inundated 

regions*  
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inundated 

regions*  

  

 

Water Layer (or) 

overall inundated 

regions  

 

Non-flooded 
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KML 

Methodology – Flow Chart 



Step-1    SLC data Calibration and extracting the land region of the image 

Output of Step1: Image covering only the land region  

Step1: SAR Calibration 

DEM 

 

 

     SLC Data  

 
Terrain Correction 

RDTC  Algorithm 

• Calibration (using metadata of given SLC)  

• Image formation 

• Terrain Correction (using DEM) 

• Mask of sea surface & 

• dB image formation  
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Output of Step-1: October-2013, Flood event of AP, India 

RADARSAT-2 , ScanSAR wide beam data 

Data courtesy: CSA  under SOAR Project-5171 

MDA 



Step-2   Terrain Bifurcation and extraction of region of interest 

DEM 

 

 #Step2: Terrain Bifurcation and extracting ROI 

  

DEM of High 

Altitude Region 

 

 

DEM of Plain 

Region 

 

 
Output of Step1: Image 

covering only the land 

region  

overlay  
Binary Mask 

Image under the Bitmap 

Operation 

Output of Step2: Image 

covering only plain 

geographical region 

(image devoid of high 

altitude) regions)  

 

# ISODATA clustering 
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Data courtesy: SRTM – NASA Science Team 



Step-2: Bifurcated DEM 
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Masking of Elevated Regions 
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Output of Step-2: Plain Regions of the SAR image 

140 54! 26 !! N 

810 52! 26 !! E 

170 36! 47!! N 

780 05! 48 !! E 

140 54! 26 !! N 

780 05! 48 !! E 

170 36! 47 !! N 

810 52! 26 !! E 



 Step3    Bifurcating the Plain regions of image to extract the ‘water pixels/water layer’    

Output of Step2: Image covering 

only plain geographical region  

 
#Step3: Bifurcating the plain 

regions of the image                                           
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Results Integration   
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# ISODATA clustering 



Plain Regions of the SAR image 
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Step-3: Bifurcating the Plain regions of 

image to map the ‘water pixels/water layer’  

Non Flooded Regions 

Water  Pixels/Water Layer   
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Step 4    Classification of Water Pixels   

KML 

Integration of results  

(Google Earth /Open Street Map/GIS) 
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#Step4: Classification of water layer 
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# ISODATA clustering 



Mask of  Water Pixels over the Oct.2013 RADARSAT-2 image 
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Output of Step-4: Classification of Water Pixels 

Partially Inundated Regions 

Fully Inundated Regions 
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Non Flooded Regions 

Partially Inundated Regions 

Fully Inundated Regions 
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Integration of Step-3 & Step-4 Results 



Superimposing the Administrative units and 

Elevated regions of input image 
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Information dissemination  during a real time scenario - WMS Setup 



 To support the maximum possible automation process the 

clustering parameters is hardcoded throughout the model execution.  

 

 Due to sequential implementation of image clustering and focusing 

the next level operation at each stage the frequency of pixels has been 

gradually reduced as well as the backscattering range of object of 

interest has been narrowed down.  

 

 All these increases the accuracy of the classification.  

Few more details About  method of approach 



Field database information collected from 

ISRO-Bhuvan is used  

Courtesy: DMS Cell of NRSC, Hyderabad, and Bhuvan Portal, ISRO 



sairam 



Study of  

Helen Cyclonic Flood of November-2013 
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RADARSAT-2 image 

of Helen Cyclonic Flood 

Nov., 2013 

Data courtesy: CSA  under SOAR Project-5171 



Non Flooded Regions 

Partially Inundated Regions 

Fully  Inundated Regions 

DEM (Elevated Regions from 201m to  234m) 
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Helen Flood Area Mapping using 

the proposed 

DEM based SAR Image Flood Area 

Mapping Techniques 



Sairam 

Sairam 

Field Photographs 

Cyclone   : Helen 

Landfall   : 22 NOV 2013, 6pm Machilipatnam, AP, India 

Moderate Rainfall  : From 17 to 21, NOV. 2013 

Intense Rainfall and Flood  : From 22 to 23  NOV. 2013 

Field Trip to Machilipatnam : From 24- 27 NOV, 2013 

Date of SAR Acquisition : 24 NOV 2013, RADARSAT-2 , HH Pol.. Data 

Order Placed on  : 22 NOV, 2013 (RADARSAT – SOAR) 



Analyzing the integrated results 

(Integration of processed result and Field database) 



Helen:  Processed result and Field database study at …location 



Sairam 
Canal Breach 

Results ….on Topo map..it near to Vuyyuru  

Helen: Database study..Contin 

Vuyyuru 



Sairam 

Canal 

Cross Validating with Field Photographs 

Helen: Database study..Contin 

Inundation due  

to canal breach 

Vuyyuru 



Flood  due to  Oct.2013  Flood 

due to rain 

Nov, 2013 Helen Cyclonic 

Food 

Input SAR data C- band, RADARSAT-2, HH 

Overall  Water Inundated Regions  -8 to -35 -11 to -35 

Fully Inundated Regions  -15 to -35 -17 to -35 

Partially Inundated Regions  -8 to -14 -11 to -16 

Non Flooded Regions  -7 to -1 -10 to -1 

Backscattering Analysis 
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Backscattering  Coefficient (dB) 

Land region 

Plain region 

Elevated region 

Water layer 

Non-flooded region 

Fully inundated region 

Partially inundated region 

Backscattering Analysis 

Histogram of Oct.2013 end results 

C- band, HH, RADARSAT-2 image of  28 OCT, 2013 
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 The ‘SAR image based Flood Area Mapping technique’ has been 

demonstrated with the help of RADARSAT-2 data of Oct.2013 and 

Nov.2013 flood event of Andhra Pradesh state, India. 

 

 The proposed technique can differentiate and map the fully inundated, 

partially inundated and non-flooded pixels of  SAR image without the 

use of any multi-layer GIS techniques. 

 

 The derived results has been validated with the help of Field database 
(NRSC-Bhuvan for Oct.2013 and Real time field DB for Nov.2013)   

 

 Able to define the backscattering range of end results without 

overlapping with other classes than any other existing methods.  

 

 The suggested techniques will make available the end results within 

shortest possible time without much manual intervention. 

Conclusions 



Fully Inundated Regions 

Partially Inundated Regions 



 The ‘SAR image based Flood Area Mapping technique’ has been 

demonstrated with the help of RADARSAT-2 data of Oct.2013 and 

Nov.2013 flood event of Andhra Pradesh state, India. 

 

 The proposed technique can differentiate and map the fully inundated, 

partially inundated and non-flooded pixels of  SAR image without the 

use of any multi-layer GIS techniques. 

 

 The derived results has been validated with the help of Field database 
(NRSC-Bhuvan for Oct.2013 and Real time field DB for Nov.2013)   

 

 Able to define the backscattering range of end results without 

overlapping with other classes than any other existing methods.  

 

 The suggested techniques will make available the end results within 

shortest possible time without much manual intervention. 

Conclusions 



 Partially inundated and fully inundated regions of known and 

unknown disaster region can be identified with least manual 

intervention.  

 

 Logically eliminating elevated hilly regions and shadow 

pixels 

 

 Enhances the accuracy …due to adopting sequence of image 

extraction and subsequent processing approach  

 

 With all the above, supporting the disaster mitigation 

operations through shortest possible mapping process.   

Significance 
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