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ABSTRACT 

Different types of algorithms are used for processing the SAR image. SAR image processing 

algorithms is mainly divided into two main parts: time domain & frequency domain algorithms. 

Fast factorized back projection is a time domain algorithm. Fast factorized back projection 

(FFBP) algorithm speeds up image formation in time domain. Radar echo store is made up of 

range cells in fast time & aperture count cells in slow time of azimuth direction. Ground 

reflections can occur from multiple places on the edge of different sectors for different range 

radii. FFBP algorithm helps in determining edge of echo generation in the angular plane by 

successively reducing the angle of each row of the sub-aperture. This algorithm combines three 

sub-apertures at a time such that each row in the new aperture represents one third of the angle of 

previous apertures. 
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INTRODUCTION 

For the last couple of decades, demand of synthetic aperture radar (SAR) systems has increased 

in the areas of geosciences, remote sensing and aerospace. Synthetic aperture radar systems are 

popularly used for surveillance application such as detection of airplanes, tanks etc. Three types 

of SAR operational modes are present depending upon the type of radar antenna’s scanning 

operation. The electromagnetic reflectivity of the region along which SAR travels is collected by 

the radar by observing the terrain parallel to the flight path. This mode is named as side looking 

SAR or strip-map SAR. When the radar collects the electromagnetic reflectivity of some fixed 

region or a particular area of interest, the type of mode is called spotlight SAR. Scan SAR is 

another mode of SAR operation. Scan SAR is specifically used when radar is flying at high 

altitude and to obtain a swath wider than the ambiguous range [1]. For the scan SAR mode 

illuminated area is divided into several segments and each segment observes the different swath.  

Block diagram of SAR system is shown in figure 1. Firstly waveform generator produces the 

stepped frequency, which is passed to the transmitter. SAR system uses either same or different 

antenna for transmission and reception. A SAR antenna is used to direct the main beam along the 

direction of target. When the transmitted signal is reflected back by the target, it is collected by 

the SAR antenna and passed to the receiver. Then, this signal after passing through the receiver 

is sampled and digitized with the help of analog/ digital converter. 
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Figure 1: Block diagram of SAR systems [2] 

 

This digital signal is processed by the signal processing unit for obtaining unfocused Synthetic 

aperture radar image. This unfocused SAR image contains error due to the instability of synthetic 

aperture caused by motion platform and range migration. To correct these errors caused by such 

instabilities, inertial measurement unit (IMU) & global positioning system (GPS) are used. The 

SAR raw image can be seen on operator interface & display unit. For future processing of this 

raw image and the information obtained by IMU/GPS unit are stored in storage unit. Focused 

SAR image can be obtained by post processing of the SAR raw data by the described FFBP 

algorithm. 

 

 

FAST FACTORIZED BACK PROJECTION ALGORITHM 

 

Fast factorized back projection (FFBP) algorithm speeds up image formation in time domain. 

Radar echo store is made up of range cells in fast time & aperture count cells in slow time i.e. 

azimuth direction. Ground reflections can occur from multiple places on the edge of different 

sectors for different range radii. FFBP algorithm helps in determining edge of echo generation in 

the angular plane by successively reducing the angle of each row of the sub-aperture.[9] This 

algorithm combines three sub-apertures at a time such that each row in the new aperture 

represents one third of the angle of previous apertures. The above technique is basically iterated 

until all the rows in the original radar echo matrix are combined to form one unique echo matrix. 

In this new matrix, each row represents actual aperture angle divided by the number of echoes 

degrees. It is represented in figure 2. FFBP takes three pixels from each of the three sub-

apertures and summarizes into one pixel in the new aperture.  
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Figure 2: Data focusing in between iterations 

 

The decision for choosing pixels demands calculations which are performed upon all the cells in 

the echo matrix. The calculation takes into account range and angle from the middle of each of 

the sub-apertures which are obtained by law of cosines and sinus. The total number of length and 

angle values calculated for sub-aperture length (Anr) and number of range bins (Rbins) of echo 

matrix is given by, 

Size=5*(Anr/2 + 0.5)*Rbins 

Depending upon the above constraints the length and angle can calculated before hand and can 

be saved in an index table for repeated use. The distances and angles are represented by integer 

values that are chosen so as to determine exact row and column of the summarized echo matrix, 

over repeated iterations. This approach results in reduced time for pixel calculations of the 

resulting image, but with increased storage requirements. The use of index table minimizes 

operations by eliminating requirement of multiplication and division for each cell. 

 

CONCLUSION 

 

Fast factorized back projection (FFBP) algorithm speeds up image formation in time domain by 

minimizing the processing burden and gives more accurate results. This algorithm is also helpful 

in improving the SAR raw data image quality by focusing technique adopted. Time taken to 

process an image depends upon the input image size & desired quality of SAR processed image. 
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