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Abstract—This paper presents the initial results acquired
during the evaluation phase of the Spotlight mode of the Ku-
Band Synthetic Aperture Radar (SAR). The Spotlight mode
employs the Range Migration Algorithm (RMA) coupled with
the de-ramping operation to achieve fine-resolutions. The paper
elicits the preliminary results obtained during the flight trials
of the Spotlight mode of SAR on Dornier Flying Test Bed
(FTB). The RMA algorithm employed for the spotlight mode
of operation has produced promising results in terms of the
SAR image focussing and quality aspects. The conventional
2D Matched Filtering, Along Track Fourier Transform and
the Stolt Interpolation algorithms forms the bulk of the RMA
processing chain. Preprocessing operations viz:- range de-skew
and motion compensation to a line are performed on the input
data before being fed to the RMA component. Flight evaluation
of the same was carried out using the Dornier Flying Test Bed
(FTB). The paper brings out the results of the evaluation phase
demonstrating the effectiveness of RMA to obtain fine resolution
highly focussed SAR images.

I. INTRODUCTION

Synthetic Aperture Radar’s (SAR) have become a popular
choice for reconnaissance and remote sensing applications
due to its capabilities in producing high-quality images of
the earth’s surface while avoiding the shortcomings of other
forms of remote imaging systems. This stems from the ability
of radars to overcome the night-time limitations of optical
cameras and the cloud-cover limitations of both optical and
infrared imagers due to its inherent source of illumination
and the limited attenuation that it suffers. SAR’s operates
in different modes of operation [1] based on the resolution
requirements.

The spotlight mode of SAR is intensely researched primarily
due its capability in producing high quality imagery with spa-
tial resolutions that approaches that of remote optical imagers.
Several algorithms exist for reconstructing the Spotlight SAR
data [2],out of which the wave-number domain algorithms are
more popular image formation algorithms for the spotlight
mode due to their approximation free processing techniques
and their ability in processing the data in two dimensional
frequency domain (equivalent wave-number domain). This
paper discusses the use of one the wave-number domain
algorithms:- the Range Migration Algorithm (RMA) for the
spotlight mode of SAR. The RMA technique increases the
image quality by utilising the actual spherical wavefront as
opposed to the plane wave approximations as used in other

Fig. 1. Spotlight Data Collection Geometry

wave-number domain algorithms. The ability of RMA to
compress airborne radar data to obtain high resolution SAR
images is demonstrated in this paper. The evaluation of the
spotlight mode was carried out on a Dornier Flying Test Bed
(FTB) as part of the flight trials and evaluation of the Ku-Band
SAR system under development.

Section-II explains the spotlight mode data collection geom-
etry. The RMA is briefed in Section-III. The results obtained
during the testing and evaluation phase are brought out in
Section-IV.

II. SAR DATA COLLECTION GEOMETRY FOR THE
SPOTLIGHT MODE

The SAR data collection geometry is illustrated in Fig. 1.
The data collection model considers the SAR sensor installed
on a moving platform. The platform traverses a relatively
linear path along the positive Y direction with a velocity V.
The direction normal to the movement of platform and in
the same plane as the platform velocity vector is termed as
X-axis and elevation plane as the Z-axis. The origin of the
axes system is the point on the ground directly below the
midpoint of the Synthetic Aperture Length (SAL). The data
collection geometry is of two types :- Broadside,where Yc = 0
and Squinted,where Yc is non zero. The antenna phase center
(APC) is the point from which the energy transmitted by the
SAR antenna appears to originate based on its far-field phase
curvature and on which energy collected by the SAR antenna
focuses. The scene center is the point that will be the center
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Fig. 2. Block diagram of RMA algorithm

Fig. 3. De-Chirp on receive procedure

of the resulting image. The slant range Rt is the measured
distance from the scene center to the APC.

III. THE RANGE MIGRATION ALGORITHM

The RMA algorithm implemented for the spotlight mode
is given in Fig. 2. The RMA for the current system uses a
linear FM (chirp) waveform with de-chirp-on-receive proce-
dure Fig. 3. The received radar echoes are demodulated in
real time using a fixed time delay corresponding to the center-
range ”Rs” rather than the variable delay that spotlight SAR
usually employs. The de-chirping operation shown in Fig. 3
results in unwanted phase term called as Residual Video Phase
(RVP), which is removed in the frequency domain. The data
after the removal of RVP is transformed into Fourier domain
in the along-track direction. The data in the 2D frequency
domain is multiplied by a 2D reference phase function, which

Fig. 4. Focussed SAR Images generated using RMA algorithm

Fig. 5. Focussed SAR Images comparison with GoogleMaps

serves to correct the bulk range curvature. The targets, other
than close to scene center, still have residual range curvatures.
Interpolation is performed in the range spatial frequency
domain of the signal obtained in previous step to correct the
residual range curvatures. This is called as differential focusing
and the interpolation is referred to as Stolt Interpolation. A
final 2D IFFT is performed on the signal obtained after Stolt
interpolation to get the final complex output image.

IV. RESULTS OF SPOTLIGHT SAR DATA

The effectiveness of the RMA algorithm was validated using
real data collected using an airborne evaluation platform. Fig. 4
shows the focussed SAR images generated using the RMA.
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Fig. 6. Focussed SAR Images comparison with GoogleMaps

Fig. 5 and Fig. 6 shows the focussed SAR images using RMA
along with the corresponding area tagged in GoogleMaps. The
data was collected at various terrains with different reflectivity
in and around Bangalore (South India). The images, covering
an area of approximately 1.5Km x 0.5Km in range and azimuth
and has uniform weighting in both dimensions resulting in
processed resolutions of 1m x 1m in range and azimuth.

V. CONCLUSION

The paper has primarily brought out the effectiveness of the
RMA algorithm in processing fine resolution, small scene SAR
images using data sets acquired from an airborne platform. It
is evident from the quality of the processed images that the
RMA serves as a good choice for the processing of spotlight
SAR data. The paper also tries to set the stage for further
analysis and discussions in using RMA for correcting the
severe range curvatures of every scatterer in the processed
scene as well as its immunity to geometric distortions and
residual quadratic phase errors which are inherent in other
processing algorithms. Further analysis also needs to be carried
out using the available data sets on the ability of the RMA in
correcting for the range curvature of every scatterer in the
processed scene simultaneously thereby allowing the use of
RMA for both stripmap and spotlight modes of SAR.
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