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Abstract: Interferometric Synthetic Aperture Radar (InSAR) is one of the recent techniques by which Earth’s topographic 
changes can be monitored remotely. The complexity associated with InSAR processing makes it not so popular unlike other 
remotely sensed geodetic techniques to calculate the ground surface changes. ‘ITG-tool’, a GUI based InSAR processing 
software, being developed at Indian Institute of Technology, Kharagpur is an educational tool for Synthetic Aperture Radar 
(SAR) data processing by which a small surface movements of any area can be measured. The software can process CEOS 
(Committee for Earth Observation Satellites) formatted raw SAR data to form a DEM and subsequently the difference map of the 
area imaged. This paper gives a brief overview of the InSAR principles and shows some results as obtained from the ITG-tool. 
This emphasizes the usefulness of the software as a research tool for InSAR and DInSAR processing. 
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Introduction: Interferometric Synthetic Aperture Radar (InSAR) is the synthesis of conventional Synthetic 
Aperture Radar (SAR) and interferometry techniques that have evolved over several years in radio astronomy 
(Rosen et al., 2000). One of the modern applications of InSAR lies in the extraction of the topographic height 
information as Digital Elevation Model (DEM) for monitoring ground surface changes using SAR data. DEM 
generation from SAR images is not a simple process like those from optical satellite imagery, as interferometric 
SAR processing is associated with complex data processing and analysis steps (Sefercik and Dana, 2008). To meet 
the purpose of developing a user friendly InSAR processing tool, a graphical user interface tool (ITG-tool) has been 
developed by the project scientists of IIT Kharagpur during the tenure of a purely R&D project sponsored by Indian 
Space Research Organization (ISRO). The ITG-tool has been designed in such a way that anyone with a preliminary 
knowledge of InSAR processing can process SAR data in step by step processing method to generate a differential 
DEM (DDEM) or a difference map of a particular are of interest for a definite time interval. 
 

Objective: To develop a user friendly GUI based InSAR processing tool to measure ground surface changes using 
ERS SAR data. Subsequently this will be extended to handle Interferometric data from different operating frequency 
based SAR sensors. 
 

Methodology: The SAR antenna transmits pulses at a certain pulse repetition frequency (PRF) towards the area 
to be imaged, and receives the pulses back scattered from the ground as echo. The data received from the echo 
signal is based on the reflectivity of the surface (intensity) and electromagnetic property of the wave (phase and 
polarisation). The raw data in the complex SAR image, is a coherent signal containing information about the 
distance between a ground point and the radar antenna as well as the information about texture of the terrain within a 
resolution cell (Richards, 2007). In SAR interferometry (InSAR), two SAR images acquired with nearly identical 
incidence angle (one regarded as master and the other as slave) are combined to produce a phase interference image 
called interferogram. Figure 1(a) shows the Interferometric mode of SAR operation. Using the phase information of 
the interferogram, topographic height of the area, as Digital Elevation Model (DEM) is estimated. Extending this, 
one can determine the surface change using differential InSAR (DInSAR) technique where the difference map can 
be obtained using two such DEMs either generated from three consecutive SAR data combinations, or one InSAR 
pair and a coarser DEM(SRTM DEM or ASTER DEM etc.) which is to be fed externally into the ITG-tool. 



Abstract13 
International Experts Meet on Microwave Remote Sensing, 16‐17 Dec 2013, Ahmedabad, India 

 

 
 
ITG-tool (a screenshot of it has been shown in Figure 1(b)), a LINUX based InSAR processing software, has two 
methods to process the SAR data. The first method is termed as ‘Piece-wise processing’. It is for those who want to 
realize the intermediate steps of InSAR processing and to analyze the intermediate outputs (files or images) 
generated in between the processing. The other processing method is ‘Two step processing’ where ‘data unpacking’ 
and ‘difference map generation’ from unpacked data form the process. To view the intermediate and end results, 
MATLAB codes have been written separately, and additionally one Python based viewer (RoiView) is embedded in 
it for viewing the results quickly. The ITG tool, thus developed, will be useful to monitor land subsidence, co-
seismic events, landslide hazard zonation, glacier movement, mining lease area etc. with sub-millimetric accuracy.  
 
Results and Discussions: To check the proficiency of the “ITG-tool”, one pair of ERS2 SAR data have been 
chosen. The study area is Borneo, Central Java, Indonesia (Lat: 6.952 – 7.178 S, Long: 110.330 – 110.325 E). The 
two images were taken on 28th July, 2010 (master image) and 1st Sept, 2010 (slave image). In Sept, 2009 there was 
an earth quake near western Java. These two images have been processed by ‘ITG-tool’ to observe the post-
earthquake effects in the surrounding area. The topographic changes have been identified in the geo-coded  

 
 
difference map as shown in Figure 2(b), where the surface elevation difference of any ground resolution cell during 
the interval between the two image acquisitions is interpreted using a specific colour. Each specific colour represents 
a distinct height difference in the colour bar in the difference map. Here blue colour pixels represent reduction in 
altitude in the slave image with respect to the master image and red colour signifies elevation increase of the pixels 
in the slave image with respect to master image.  
 
Conclusion: In this work a research tool for processing of InSAR data has been introduced. This tool would be 
regarded as a user friendly InSAR processing software by which a user with some knowledge of InSAR processing 
can process ERS Level-0 CEOS raw data and generate deformation map. In comparison with other InSAR 
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 Figure 1 (a): Schematic diagram of SAR interferometry; (b): Screenshot of main window of ‘ITG-tool’ 

Figure 2: (a) Interferogram generated using master and slave SLCs (b) Difference map generated using ITG-tool as 
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processing software, this may be one of the cheapest within its peers. The final version of this software is expected 
to be able to process different satellite based SAR data in future.  
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