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PI-SAR INTERFEROMETRIC DATA 
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ABSTRACT 

 

The aim of this study is to demonstrate the use of Pi-SAR 

(polarimetric and interferometric synthetic aperture radar) data for the 

extraction of different relief topography related thematic information 

to be used for urban planning and management. The thematic maps 

related to terrain topography are generated from the interferometric 

information povided by the Pi-SAR. It was indicated that Pi-SAR 

interferometric data can be successfully used for generation of 

different terrain topography related thematic information. 

 

INTRODUCTION 

 

At present, the development stage of remote sensing (RS) is entering a 

new challenging era, the era of so called polarimetric and 

interferometric synthetic aperture radar (POLINSAR). The 

POLINSAR is an advanced imaging radar system that has 

multifrequency, fully polarimetric and interferometric observation 

functions. One of such systems is the Pi-SAR system, jointly 

developed by the National Institute of Information and 

Communications Technology (NICT, former CRL) and the Japan 

Aerospace Exploration Agency (JAXA, former NASDA). It has fully 

polarimetric X-band SAR and L-band SAR and the X-band has two 

receiving antennas located in cross-track direction for interferometric 

observation [4]. Compared to the single frequency radar systems, the 

Pi-SAR has a number of advantages, because some objects which are 

not seen on the image acquired at lower frequency can be seen on the 

image acquired at higher frequency, meanwhile, the height 

information about the classes of objects can be provided.  

 

For urban planning and management, the detailed spatial information 

can play an important role. For example, such information can be 

successfully used for many different disciplines including land 

cover/use change detection, property management, various network 

related analysis, neighborhood analysis, utility management and many 

others [1]. For proper management of urban environment, it is 
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necessary to integrate (or extract) the information from a wide range 

of sources and disciplines and compile them within a geographical 

information system (GIS) and develop a methodology for the effective 

and efficient usage of the compiled multisource data sets. From the 

fully polarimetric and interferometric Pi-SAR data, it is possible a) to 

extract the information related to land cover/use class distribution, b) 

to generate a digital elevation model (DEM), which in turn can be 

used for generation of different thematic information related to terrain 

topography. For the extraction of the information related to land 

cover/use class distribution, different classification methods can be 

used, while for the generation of a DEM, an interferometric 

processing should be applied.  

 

The aim of this study is to demonstrate the use of the Pi-SAR 

interferometric data for the extraction of different thematic 

information used for urban planning and management. Within the 

framework of the study, it was assumed that there is a (urban) GIS and 

there is a need to create new layers extracting different thematic 

information from the existing Pi-SAR data. For this end, different 

terrain related thematic information were generated from the 

interferometric DEM (InDEM) of the Pi-SAR. 

 

TEST SITE AND PI-SAR InDEM 

 

As a test site, the Sendai city located in northern Japan has been 

selected. The area is about 4.1kmx3.5km and represents complex 

urban environment. The Pi-SAR InDEM used in the present study was 

provided by the NICT/JAXA. It was generated from the 

interferometric data sets acquired on 30 August 2003 by the X-band 

SAR through interferometric processing. During the phase 

unwrapping process, to reduce the noise, a 2x2 averaging has been 

applied to the generated interferogram. Therefore, it has a spatial 

resolution of 5m along both azimuth and ground range directions and 

an elevation rms error of less than 2m.  

 

THE THEMATIC INFORMATION EXTRACTION FROM THE INDEM 

 

Unlike the ordinary DEM created from the digitized from a 

topographic map contours, the InDEM generated from the Pi-SAR 

data contains the height information of the natural and man-made 
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objects existing on the surface, thus representing the real world view 

of the scene. The original InDEM is shown in Fig. 1 (a).  

 

 
 

Fig. 1. (a) Original Pi-SAR InDEM (the heights increase from dark to 

white), (b) The slope map extracted from the InDEM, (c) The aspect 

map extracted from the InDEM, (d) 3D view of the test area.  

The size of the area is about 4.1kmx3.5km. 

 

For the analysis, firstly the original DEM data represented in a 

floating point format was converted to an 8 bit image. Then, different 

thematic information such as slope (a measure of change in surface 

value over distance, expressed either in degrees or percentage), aspect 

(indicator of direction towards which a slope faces and measured in 

degrees starting from 0 degree to the north and angles increasing 

clockwise direction), contour (isoline representing the equal surface 

height value) and shaded relief maps (indicators of shaded and 

illuminated relieves determined by defining the sun elevation and 

azimuth) as well as various convexities and curvatures (convexities 
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measure the rate of changes of the slopes and aspects, while 

curvatures measure the surface curvatures in different directions) were 

extracted from the InDEM by applying standard procedures (the 

procedures are based on gray level differentiation of neighboring 

pixels)  available within ArcGIS and ENVI systems [3,4]. The slope 

and aspect maps as well as the 3D view of the test area are shown in 

Fig. 1(b-d) and they were stored as individual layers within a (urban) 

GIS. 

 

To conduct efficient spatial analysis, these extracted information 

should be integrated with other spatial and socio-economic data sets. 

Specifically, when the extracted from the InDEM thematic 

information are integrated with other (historical) information stored in 

the GIS, can be successfully used for different activities related to 

research, planning and management.  

 

CONCLUSIONS 

 

The aim of this research was to demonstrate the use of the Pi-SAR 

InDEM data for the extraction of different thematic information used 

for urban planning and management. For this end, different terrain 

topography related thematic maps such as slope, aspect, contour and 

shaded relief maps as well as various convexities and curvatures were 

generated from the InDEM. As can be seen from the result of the 

analysis, the extracted information integrated with other information 

stored in a GIS can be used for different decision-making processes. 
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