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Abstract 

The Scan mode Synthetic Aperture Radar (ScanSAR) is a powerful and widely used acquisition mode for Earth observation due 

to its large imaging swath and short revisit time. These characteristics make ScanSAR mode more advantageous over strip and 

spotlight SAR aquisition modes. The particular ScanSAR operating mode can cause two major artifacts in processed imges 

known as scalloping and inter-scan banding (ISB). In this paper a novel technique proposed by mahboob and jie chan to remove 

scalloping using kalman filter is applied to RISAT-1 medium resolution (MRS) ScanSAR image. The obtained results show the 

effectiveness of proposed technique. 
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1. Introduction 

The space borne synthetic aperture radar (SAR) systems have attracted special interest in remote sensing 
tasks due to its high resolution[1][2], day/night operations, weather insensitivity and global coverage. The SAR 
system operate in various modes such stripmode, ScanSAR, spotlight etc. In order to achieve large swath in slant 
range, ScanSAR obtains multiple subswath by tilting the antenna pattern in elevation. Due to scanning mechanism 
of ScanSAR, its system transfer function is time variant. The overall gain of system exhibits periodical variation 
over azimuth direction. The resulting periodic variations of output signal intensity as function of azimuth time is 
called scalloping [9]. The ISB appears between two neighboring scans as intensity difference at the border of two 
scans. Even if range antenna pattern (RAP) is calculated exactly ISB may occur due to temporal variation of RAP, 
noise floor and background intensities [6]. 
 

The ScanSAR acquisition mode is operated by several SAR satellite sensors, and accordingly, a set of 
descalloping procedures has been developed [3]-[7]. These descalloping procedure can be sorted into two categories: 
processing [3]-[6] and postprocessing [7][8][9]. In the first case, descalloping procedure is applied over the SAR 
raw signal, in the second case, the procedure is applied over the SAR image since there is no availability of the SAR 
raw signal. 
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Bamler[3] introduce a new class of weighting functions for burst-mode and ScanSAR processing that 
correct the scalloping by summing the different looks in such a way as to suppress artifacts for the given azimuth 
antenna pattern (AAP) and multilook interval. Vigneron[5] evaluates the inverse antenna pattern method and 
conclude that a higher signal-to-noise ratio successfully suppressed the scalloping. In [6], a method to correct the 
scalloping, based on the AAP derived from data from the Amazon Rain Forest and its adaption to the weighted 
summation of the multilooking process, is presented. The most important drawback of the previous procedure is that 
all the above algorithms implemented descalloping technique for compensating the effect of the formation of 
scalloping right in the SAR processor. Therefore such techniques are not suitable to be applied to processed data. A 
postprocessing technique for scalloping correction has been proposed in [7][8][9]. Algorithm proposed in [7] is a 
computationally and logically complex procedure. In [8][9], a filtering method to correct scalloping, based on 
kalman filter is present. The proposed technique [8][9] is robust, and does not require knowledge about SAR 
antenna pattern or system calibration parameter. 

 
In this paper kalman filter based descalloping technique is applied to RISAT-1 medium resolution (MRS) 

ScanSAR image. The obtained results show the effectiveness of proposed technique. Descalloping using Kalman 
filter is discussed in Section 2. Implementation and experimental results are given in Section 3. Finally the paper is 
concluded in Section 4.  
 

2. Descalloping using Kalman Filter 
 

The single look complex (SLC) signal of ScanSAR in data domain corrupted with scalloping can be 
modeled by a following equation [8][9] 

 

S��r, x� = g�r, x�S
�r, x� + O�r, x�                                                Eq. (1) 

 

Where 
 is SLC signal of ScanSAR free of scalloping, ���, �� and ���, �� are gain and offset 
respectively. The variation of signal strength due to periodic changes of  ���� and ���� in azimuth direction cuases 
scalloping. similarly periodic changes of ���� and ���� in range direction causes ISB. In order to remove 
scalloping/to recover 
 , ���, �� and ���, �� should be accurately estimated. The recursive and minimum mean 
square error (MMSE) estimate of gain and offset parameters are found out for each azimuth location in a subswath 
by using corresponding range samples as observation vector using kalman filter. 

Let � be matrix representation of SLC data of ScanSAR, ���, �� represent element of � at i-th position in 
range direction and j-th location in azimuth direction corresponding to SLC signal, ���, ��. Let be comprised of L 
total numbers of subswaths acquired in 2-D. Let �� be l-th subswath in �. �� is an � × � matrix with M and N 
arenumber of samples in range and azimuth direction respectively in the subswath of ScanSAR signal. A column of 
�� comprises of M number of samples in range direction for a certain azimuth position j can be represented [8][9] 

 

S����� = g�����S
���� + O�
���� + V����			j ∈ 1, n                                             Eq. (2) 

 

Where �"#��� is gain of azimuth antenna pattern at j azimuth position in l-subswath and �"#��� is offset as a 

function of azimuth position for l-th subswath and $#��� is measurement noise. They assume that �"#���and �"#��� 
varies as function of azimuth only and it remains constant for all sample in range direction for a certain azimuth 
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location, j and subswath,l. In order to remove scalloping, gain and offset parameters should be estimated from range 
samples for each azimuth position. In order to find these unknowns, they employ kaman filtering technique. Kalman 

filter employs state space technique and iterative steps prediction and correction. In order to estimate 
#��� from (2) , 

They have find MMSE estimate of state vector %#��� = [�"#���, �"#���](for each azimuth sampling position in 

subswath. The problem is to find 2 × 1 sate vector z from * × 1	observation vector. The state equation can be given 
by simple stochastic diffrence equation[8][9] 

 

+,-. = /Z1 +W1                                                            Eq. (3) 

 

Where W1 are noise sources associated with gain and ofset and T is state transition matrix given by  

 

/ = 34, 0
0 6,7                                                                 Eq. (4) 

 

where 4, and 6, are parameters wich depends upon magnitude of drift between times k and k+1.as they have 
assumed , gain and offset remains constant in range direction at certain azimuth position for a subswath, the best 
estimation result are produced if 4, and 6, are set closer to unit magnitude. The observation model can be given 
as[8][9] 

 

�, = 8,%, + 9,                                                               Eq. (5) 

 

Where 8, = [
�:�,1] is observation vector and 9, is observation noise. If we assume that range samples 
at all azimuth locations follow same stastical characteristics, 8, can be kept same for all azimuth locations. Kalman 
filter recursive equations[8][9] are applied to estimate gain and offset for each azimuth position. once the gain and 
offset estimated for azimuth position than an element of scalloping fre ScanSAR signal matrix 
 for l-th subswath 
can be estimated as follows[8][9] 

 

;
��, ����� = ����, ����� − �"#����/	�"#���                                              Eq. (6) 

 

Where �"#���	and �"#���	are gain and offset for j-th location in azimuth direction for l-th subswath. 

 

 



Nilesh Patel, IJRIT  183 

 

3. Implementation and Results 

To illustrate the effectiveness of kalman filter based descalloping technique, number experiments have been 
performed on RISAT-1 ScanSAR images. Fig. 1(a) shows the HH/VV/VH/HV power image. In this image strong 

scalloping pattern is present. Fig. 1(b) shows the azimuth intensity profile of Fig. 1(a) for the pixels at 512 position 

in range direction at all azimuth position. The periodic variation in the intensity due to scalloping are quite visible in 

the intensity profile.  
 
 
 
 

    
 

(a)                                                                          (b) 

Fig1. (a) 1024 × 1024	RISAT-1 ScanSAR image with inherent scalloping effect (b) Azimuth intensity profile 
extracted from Fig 1(a) 

 

 

The image is descallop using the constant value of observation vector in range direction for each azimuth 

position. To descallop the Fig. 1(a), 512 is taken as constant value for observation vector. The resulting descallop 

image is shown in Fig. 2(a). Fig. 2(b) shows the azimuth intensity profile of Fig. 2(a) in which significant reduction 

in periodic variation is observed for the pixels at same position. If we change the value of observation vector ,  we 

get multiple images. Fig. 3(a) and Fig. 3(b) shows the images for value 5000 and 50000 respectively. Fig. 4(a) and 

Fig. 4(b) shows the gain variation in azimuth direction for Fig. 1(b) and Fig.3(b) respectively. From Fig. 4, as we 

increase the value of observation vector, gain variation in azimuth direction is also increase which result in poor 

descallop image. 
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(a)              (b) 

Fig 2. (a) Image after removal of scalloping (b) Azimuth intensity profile extracted from Fig 2(a) 

         

(a)              (b) 

Fig 3. Descallop image using observation vector value (a) 5000 (b) 50000 

 

                

(a)                                                                (b) 

Fig 4. (a) Gain variation in azimuth direction for Fig. 3(a) (b) Gain variation in azimuth direction for Fig. 3(b) 
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4. Conclusion and Future Work 

Kalman filter based descalloping technique is applied to RISAT-1 ScanSAR image. If the image is 
uniform then we can consider the same observation vector (true range samples at particular azimuth position ) for 
all azimuth position. For non-uniform image we cannot consider the same observation vector. In this paper 
Descallop image is obtained by considering the observation vector has constant value in range direction for each 
azimuth position.Value of observation vector is increased linearly in experiments then the descallop image quality 
is degrade. So for particular value of observation vector we can get the satisfactory result. To overcome this 
ambiguity one has to find out method to estimate the observation vector for each azimuth position. 
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