
Sub-aperture Method for the Wide-Bandwidth Wide-Angle Inverse Synthetic 
Aperture Radar Imaging  

  
Caner OZDEM�R1, Ozkan KIRIK1, Betül YILMAZ1  

  
1Mersin University, Dept. of Electrical-Electronics Engineering Mersin University Ciftlikkoy 33343, Mersin, Turkey 

cozdemir@mersin.edu.tr, ozkan@mersin.edu.tr, betuly@mersin.edu.tr  
 
  

Abstract 
  

In this paper, a method for obtaining focused inverse 
synthetic aperture radar (ISAR) images of targets based on 
the radar backscattering measurements taken over wide 
bands and wide angles [1]. The proposed method divides 
wide angle and wide frequency band into small aperture 
bands in the spatial frequency or Fourier domain. This set-
up makes it possible to use fast calculation of ISAR images 
for every sub-aperture data set as in the case of standard 
ISAR case of small-bandwidth and small-angle. The details 
of the method are presented and numerical examples are 
given for the validation the method. The electromagnetic 
scattering estimation from the target is calculated via a 
hybrid simulator that uses both the physical optics [1-3] and 
the shooting & bouncing ray concepts [4].  

 
1. Introduction 

  
Inverse Synthetic Aperture Radar (ISAR) is a powerful signal 

processing technique for imaging moving targets in range and 
cross-range domains [5, 6]. The usual way of getting two-
dimensional ISAR images in down-range and cross-range 
domains is to collect the frequency and aspect diverse 
backscattered field data from the target [5].  For the monostatic 
arrangement, the back scattered data over frequencies and angles 
occupies a two dimensional data grid in the spatial-frequency 
domain (or in the !� � !�  plane) as illustrated in Fig. 1. In 
ISAR applications, the common practice is to collect the data in 
small frequency bandwidth and in narrow angular bandwidth. 
This selection makes it possible to use fast algorithms such as 
fast Fourier transform (FFT) in forming the final ISAR image 
(Fig.2).   It is also worthwhile to point out that the down-range 
resolution is inversely proportional the frequency bandwidth and 
the cross-range resolution is inversely proportional the aspect 
bandwidth. Therefore; although the selection of small angular 
and frequency bandwidth makes it possible to fast formation of 
the ISAR image, the resolutions in down and cross ranges 
cannot be improved much.  Furthermore, operation of radar 
within a narrow look-angle bandwidth can only provide 
information about the scattering centers from that looking angle, 
and other hot-point areas that could be imaged from other look 
angles cannot be show up in the ISAR image. For all these 
reasons, there is a need for finding an effective way of forming 
the ISAR image for wide-frequency and wide-angle 
measurements. With this construct, the following advantages 
will be attained: (i) Since the resolution in the image domain 
will be much better, the image quality will also be much better, 
(ii) since the radar illuminates the target from a wider look-
angle, the outline of the target in the ISAR image will be more 
apparent. This in turn; of course, will provide better information 

in recognizing and classifying the target. In most of the real-
world scenarios where the collected data is provided for large 
angles, i.e. larger than 5° in practice, the small-angle 
approximations cannot be readily used. Therefore, there is a 
need for a fast and effective technique for displaying good-
quality ISAR images for the data collected for angles larger than 
the small-angle approximation is not valid.  

 
 

 
Fig. 1. Collection of ISAR raw data in Fourier Domain [5] 

 

 
Fig. 2. Small band and small angle raw data over grid 

 
In this work, we are proposing a simple, but an effective 

method for forming ISAR images of targets by using wide-angle 
wide-bandwidth backscattered field data.  The details of the 
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algorithm are presented and numerical examples that illustrate 
the effectiveness of the proposed method are given.    

 
2. Sub-aperture Method for Wide-Angle Wide-

Bandwidth ISAR imaging 
 

For the traditional operation of ISAR, it is usually preferable 
to work with small frequency bandwidth and small bandwidth of 
look-angles for the reasons mentioned above.  When these 
conditions are not met, i.e., the frequency bandwidth is not small 
compared to center frequency of operation and the look-angles 
are wide, then the data set do not lie on a rectangular grid  on the 
two dimensional (2D) Fourier plane. Therefore, it is not possible 
to use fast Fourier transform (FFT) in calculating the ISAR 
image. If this is the case, usually a polar to rectangular 
transformation is done to form the data set on a Cartesian grid 
[7-9].  

 
2.1 The Algorithm of the method  
 

Our approach of getting a focused image for the wide-band, 
wide-angle ISAR imaging is somewhat different than the usual 
approaches. In this alternative method, the disk-like data portion 
on the Fourier or  !� � !� plane is divided into small areas that 
look like rectangular portions as seen in Fig.3 (a).  The steps of 
the algorithm are then summarized as follows: 

 
(i) Collect the data for a wide range of frequencies and 

look-angles and record the complex backscattered 
field value as -�V�p eW. If all 360° azimuth angles are 
covered, the data set will be a ring in the Fourier 
domain as depicted in Fig. 3(a). 

(ii) Divide the data set in the !� � !� space into ÂD� sub 
data set that is almost rectangular in the Fourier 
domain as illustrated in Fig. 3(a). Here, Â represents 
the division ratio along the frequencies and � 
represents the division ratio along the angles. 

(iii) Apply FFT routine to get each sub image. At this 
stage, we have a total of ÂD�  ISAR image for 
different center frequencies and different look-angles. 
This stage is demonstrated in the Fig. 3(b). 

(iv) Transform each sub-ISAR image from its own local 
coordinate system to global coordinates. At this stage, 
an interpolation scheme has to be applied, since the 
transformed grid generally will not be uniform in the 
global coordinate system (see Fig. 3(c)). 

(v) Finally, sum up all transformed sub-ISAR images to 
get the final focused ISAR image as depicted in Fig. 
3(d). 

 
2.1. Signal processing aspects of the method 

 
While applying the above algorithm, several signal 

processing aspects have to be carefully applied as they are listed 
in order:   

 
(i) While dividing the whole block of data set into ÂD� 

times small data set, the new data set should satisfy the 
small-bandwidth small-angle approximation. This is 
the requirement for fast formation of the ISAR images 
by the help of FFT. Therefore, the center frequency of 
the each sub-data set should be at least ten times larger 
than the frequency bandwidth. Similarly, the angular 

bandwidth should be selected to be lower than at most 
6° in azimuth. 
 

 
(a) 

 

 
(c) 

 

 
(d) 

 
Fig. 3. (a) The backscattered field data is collected in wide-

angles, (b) FFT based ISAR image generation for each sub-data 
set, (c) transforming all sub-images from their own local 

coordinate system to global coordinates, (d) summing up all 
sub-image in the global x-y plane to form the final ISAR image 

(b) 
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(ii) After getting sub-ISAR images aft
transformation is needed since the
cross-range axis of each sub-ISAR
Cartesian to Polar transformation
Therefore, each sub-image shoul
azimuth direction by the value o
angle. 

(iii) After rotating the image pixel in 
system to the global coord
transformed images will not l
reference image’s grid because o
Polar-to-Cartesian transformation
interpolation scheme has to be a
sum all sub-ISAR images. The co
scheme for this type of applica
neighbor interpolation (NNI) [11]
 
The process of interpolation usin
demonstrated via Fig.4: If /Ã  is 
pixel point $gand Äjp Äbp ÄÅgandgÄÆ ar
point $  to the nearest grid poin
points are updated according to 
the original data point as follows: 

 
  X jÇw h jÇy h jÇÈ h jÇÉ 
 /j X /Ã¬VÄj_ W 
 /b X /Ã¬VÄb_ W 
 /Å X /Ã¬VÄÅ_ W 
 /Æ X /Ã¬VÄÆ_ W 

 
After this interpolation, the new d
sampled in the global down-rang
such that the image matrix is 
operation. 
 

Fig. 4. The first-order, nearest neighbo
 

(iv) As commonly applied in 
applications, applying a prior w
such as Hanning [10] or Kaiser 
either measured or numerical noise

(v) Now all sub-ISAR image 
dimensions. Finally, sum up all
final image. 

 
 
 
 
 
 
 
 
 

ter FFT, a coordinate 
e down-range and the 
R image is different. 
n applied to image. 
ld be rotated in the 
of its center azimuth 

the local coordinate 
dinate system, the 
ie on a uniformly 
of the nature of the 
n.  Therefore, an 

applied to be able to 
ommon interpolation 
ation is the nearest 
.   

ng first order NNI is 
the amplitude of a 

re the distances from 
nts, then these grid 
their distances from 

 
 
 

(1) 

data set is uniformly 
ge cross-range plane 
ready for summing 

 
or interpolation [7] 

most SAR/ISAR 
windowing function 
[12] does filter out 

e. 
matrixes at same 

l matrixes to obtain 

 
3. Numerica

 
The success of the proposed t

numerical example. An airplane w
Fig.5 is selected as the target. 
simulation of this target was carr
EM simulator that used the both
shooting and bouncing ray (SBR) 
predict EM scattering from large 
frequencies with good fidelities.  

During the simulation, frequenc
to ª_¦g'¨© with 64 equally space
azimuth angle was altered from 0� 
incremental steps to get �¥« diffe
we had a total of �¥« backscatte
simulation.  Then, the proposed m
form the wide-angle ISAR image o
steps of the algorithm are the follow

 
(i) The angle bandwidth wa

for the sub-data set t
requirement. This select
different sub-data set e
value. 

(ii) Using regular small-an
imaging scheme [13,14]
the airplane model was g
the each of « different 
the inversion, a Hanning
was employed. Some 
displayed in Fig.6 wher
look-angles of 0�, 45�, 9
the airplane were shown 

(iii) Rotation and the interpol
as explained in the abo
application, the down-r
granularity were selected
respectively. The rotated
the ISAR images in Fig
where all images were ali
cross-range plane. 

(iv) Finally, all these align
summed up to form the 
shown in Fig.8. 

Fig. 5.Three dimensional CAD 
wide-angle ISAR image 

 

al Example 

technique was tested using a 
whose CAD model is shown in 

The electromagnetic (EM) 
ried out via a high frequency 
h the physical optics and the 

techniques [4]. This code can 
and complex objects at high 

cy was varied from «_«§g'¨© 
ed frequency steps.  Also, the 
to ¦«�� with �p�®ª¥� angular 

ferent angle points. Therefore, 
ered raw data points after the 

method was applied to be able 
of the model airplane. Applied 
wings: 

as selected as #�e X §_«Y§� 
to satisfy the small angle 
tion provided a total of  « 
each having «D«  raw data 

ngle small-bandwidth ISAR 
, « different ISAR image of 
get by taking the 2-D FFT of 
sub-data set. While applying 

g type windowing scheme [10] «D«  ISAR images were 
re the ISAR images for the 

90� and 135� from the nose of 
in order.   
ation procedures were applied 
ove algorithm. For the NNI 
range and cross-range pixel 
d as §p«®g"" and §p«®g"" 
d and interpolated versions of 
g. 6 were displayed in Fig. 7 
igned in the same down-range 

ned sub-ISAR images were 
final, focused ISAR image as 

 
model of a airplane to get the 
at high frequencies 
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Fig. 6. Some selected ISAR images for different look-angles 

 

 

 
Fig. 7. Aligned ISAR images after rotation and interpolation 

  

 
Fig. 8. Final ISAR image constructed via a wide-angle 

(�� � ¦«��) backscattered data collection  
 

4. Discussions and conclusions 
  

In this work, a simple but an effective method for forming 
the wide-band wide-angle ISAR image is introduced and 
applied. The details of the method are given and design aspects 
associated with signal processing matters are discussed. The 
effectiveness of the algorithm is tested via a numerical example. 
The selected target is an airplane model whose EM simulation is 

carried out with a PO-SBR simulation code. After applying the 
proposed algorithm to the numerical data has shown a successful 
formation of ISAR image for the wide-angle back-scattered 
electric field data. This algorithm is quite faster than the 
traditional ISAR imaging method that calculates the 2-D 
imaging integral numerically. Since our method uses a series of 
FFT routines, it is much faster. Only drawback of our method is 
the resolution. Since all sub-aperture ISAR images in our 
algorithm uses the resolution in the small-angle sub-data set, the 
algorithm provides worse resolution when compared to the 
traditional ISAR routine that calculates the imaging integral 
numerically.  

Since the routine is FFT-based, the image construction is 
almost real-time which is impossible with the conventional 
numerical integration based methods. Therefore, this is the main 
advantage of the proposed method. On the other hand, it does 
not provide as good resolution as the traditional methods since 
the resolution cell in the final image is determined by the 
bandwidth of the each sub-aperture which is way worse than the 
one that can be get via the numerical integral based wide-angle 
ISAR imaging techniques.  
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