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ABSTRACT: 
 
NICT (National Institute of Information and Communications Technology, Japan) has developed an X-band high performance 

airborne SAR system (Pi-SAR2) since 2006, as a successor to the Pi-SAR (X-band). Pi-SAR2 system is installed to the Gulfstream II 
business jet. Pi-SAR2 has polarimetric and interferometric functions with high spatial resolution of 0.3-0.6 m in along track 
(azimuth) direction and 0.3-0.5 m in cross track (slant-range) direction. In this paper we report the ground based calibration 
experiments using corner reflectors (CR) in conjunction with the Pi-SAR2 test flights. The calibration experiments were carried out 
at the runway of the Taiki aerospace experiment field in Hokkaido, Japan in December 1-2, 2008 and February 2, 2010. We also 
report the backscattering characteristics of snow cover on the runway of the X-band high-resolution SAR image. 
 
 

1. INTRODUCTION 
NICT (National Institute of Information and Communications 
Technology, Japan) has developed a high performance airborne 
SAR system (Pi-SAR2) since 2006, as a successor to the 
Pi-SAR (X-band). Pi-SAR2 system is installed to the 
Gulfstream II business jet. Two antenna radomes are mounted 
under the base of both wings (Figure 1).  

 
 
 
 
 
 
 
 
 
 
 

Figure 1. Pi-SAR2 installed to the Gulfstream II 
 
Table 1 shows the observation mode and the specifications of 
Pi-SAR2. Pi-SAR2 has polarimetric and interferometric 
functions with high spatial resolution of 0.3-0.6 m in along 
track (azimuth) direction and 0.3-0.5 m in cross track 
(slant-range) direction at X-band. High resolution in range 
direction is achieved by wide transmission bandwidth of 500 
MHz (mode1). For optional experimental observation mode 
(mode0), sliding-spotlight beam steering of mechanical antenna 
movement in azimuth direction permits the high resolution in 
azimuth direction of 0.3 m with 2-looks. Noise equivalent 
backscattering coefficient (NEσ0) will be kept under -27 dB in 
slant-range distance of 5-10km between incidence angles from 

20 to 60 degree at the platform altitude of 12000 m (Nadai et al., 
2009). 
 
 
 
 
 
 
 
*In all modes, Pi-SAR2 acquires full polarimetric (HH/VV/HV/VH) and  
interferometric (VVs/HVs) data. 
*Values are estimated with the airplane altitude of 12000 m and the ground speed 
of 220 m/s 

Table 1. Observation mode of Pi-SAR2 
 
In this paper we report the ground based calibration experiment 
using corner reflectors (CR) in conjunction with the Pi-SAR2 
test flight. We also report the backscattering characteristics of 
snow cover on the runway of the X-band high-resolution SAR 
image. 
 
 

2. CALIBRATION EXPERIMENTS 
 
2.1 Calibration site 
 
The calibration experiments were carried out at the runway of 
the Taiki aerospace experiment field in Hokkaido, Japan (Figure 
2) in December 1-2, 2008 and February 2, 2010. We used 20 
CRs (different shape and radar cross section) for radiometric 
and polarimetric calibrations. Figure 3 shows the arrangement 
of CRs on the runway (red circles show the reflectors used for 
SAR flight direction of 73deg). Pictures of CRs are shown in 
Figure 4. 
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Figure 2. Map of calibration site 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Corner reflectors (CR) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2 Pi-SAR2 images 
 
Figure 5(a) shows Pi-SAR2 mode1 RGB power composite 
image (R:HH, G:HV, B:VV). Although the azimuth ambiguity 
images of the strong scattering from control towers are shown 
the center of the SAR image, the signal to ambiguity ratio 
(azimuth S/A) is over 40 dB in the SAR image. 
 
Extended SAR images of the calibrators on the runway are 
shown in the Figure 5(b). The intervals between CRs in azimuth 
direction were 10 m. Pixel spacing in the image is 0.25m x 
0.25m. Incidence angle is about 42deg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. (a) Pi-SAR2 mode1 RGB power composite image 
(R:HH, G:HV, B:VV)(‘08/12/1). Image area is 1.500m in 
azimuth x 900m in range. (b) Extended image of yellow 
rectangle in (a). Image area is 160m x 60m. Pixel spacing is 
0.25m x 0.25m. Incidence angle is about 42deg. 
 

Figure 3. Arrangement of ARCs and CRs on the runway 
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Figure 6. SAR images of the calibrators on the runway are 
shown with the gray scale ranges of σ0 from -25 to 15dB in 
parallel polarization images and from -35 to 5dB in cross 
polarization images. 
 
 

3. CALIBRATION AND VALIDATION 
 
For all polarization, SAR images of the calibrators on the 
runway are shown in Figure 6. No window functions were used 
in image processing to confirm the resolution. So, the side-lobe 
levels of point targets both in azimuth and range direction are 
relatively high. 
 
The brightest CR in parallel polarization images is 
50cm-square-trihedrals with the radar cross section over 
30dBm2. The cross polarization ratio is over 30dB (Figure 7), 
although the 50cm-CR image are also recognized in cross 
polarization images. Up-sampled azimuth and ground range 
profile of the 50cm-CR in HH-polarization showed the spatial 
resolutions of 0.29 m in azimuth and 0.41 m in ground range. 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Azimuth (upper) and ground range (lower) profiles of 
the 50cm-square-trihedral. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Radar cross section versus measured total power of 
CR in HH (upper) and VV (lower) polarization 

HH: σ0 : -25～+15 [dB] 

 

VV: σ0 : -25～+15 [dB] 

 

HV: σ0 : -35～+5 [dB] 

 

VH: σ0 : -35～+5 [dB] 
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3.1  Radiometric calibration 
 
For radiometric calibration, we used the integral method (Gray 
et al., 1990). Figure 8 shows the radar cross section versus 
measured total power of CR in HH and VV polarization. Using 
the result of radiometric calibration, we can estimate the 
backscattering coefficients (σ0). σ0 of runway surface and 
grass field were about -19dB and -13dB in the HH polarization 
SAR image, respectively. And the values are reasonable for 
X-band σ0. 
 
3.2  Polarimetric calibration 
 
For polarimetric calibration, we used the Quegan’s method 
(Quegan, 1994). Figure 9 shows the polarization signature of 
50cm-square-trihedrals CR before (a) and after (b) the 
polarimetric calibration. It seems that the polarization 
signatures after calibration agree well with the ideal 
polarization signature of the trihedral CR. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Polarization signature of 50cm-square-trihedrals CR 
before (a) and after (b) the polarimetric calibration. 
 
 

4. BACKSCATTERING FROM SNOW COVER 
 
Figure 10 shows the Pi-SAR2 RGB power composite image 
(R:HH, G:HV, B:VV) acquired in February 2, 2010. The image 
area is same as the red rectangle in Figure 5 (a). In February 
2010, the runway was covered with 50 cm-depth dense snow 
except for the dark area in the SAR image which was 
snow-removal area on runway. The backscattering coefficient of 
snow covered runway was 11dB larger than the backscattering 
coefficient of runway with no snow. This suggests that our 
X-band SAR can estimate the snow depth. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Pi-SAR2 mode1 RGB power composite image 
(R:HH, G:HV, B:VV)(‘10/2/2). Incidence angle is about 42deg. 
The runway and surrounding area were covered with 50 
cm-depth dense snow. 
 
 

5. SUMMARY 
 
We performed the calibration experiments using the calibrators 
(CR) for calibration and validation of our new airborne SAR 
(Pi-SAR2). We confirmed the spatial resolution of 0.29m in 
azimuth and 0.41m in ground range (incidence angle of 42 deg). 
The polarization signature of CRs after polarimetric calibration 
show good agreement with the ideal polarization signature of 
the trihedral CR. 
The large backscattering from snow cover suggests that our 
X-band SAR can estimate the snow depth. 
We will report the test results of the interferometric function 
and spot-light mode in the near future.  
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