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Abstract--- Various Algorithm techniques is proposed for 

beam forming of space borne Synthetic Aperture Radar 

(SAR), which is equipped with active phased array 

antenna (APAA). The basic idea of the approach is that the 

phase and amplitude distributions of the element 

excitations can be represented by a few basis functions, as 

any functions can be expressed by a set of the complete 

orthogonal basis functions. Furthermore, by optimizing the 

weights of basis functions, the beam shaping and side lobe 

notch can be achieved. In this algorithm, Legendre 

Polynomials (LP’s), sine and cosine are utilized to define 

phase and amplitude distribution, respectively.  

           Considering the difference between the 

transmitting and the receiving channels of T/R module, 

phase-only synthesis with uniform amplitude and complex 

excitation control are applied in the transmitting mode and 

the receiving mode, respectively. Based on the proposed 

algorithm, we achieved great reduction in the number of 

variables, obtained smoother curves of the phase and 

amplitude distributions and accelerated the convergence 

process, in comparison with conventional GA and PSO. 

Finally, numerical simulation results are presented to 

verify the effectiveness of the particular algorithm. 

I. INTRODUCTION 

   The Digital Beamforming Synthetic Aperture Radar (DB-

SAR) is an L-band airborne radar developed at National 

Aeronautics and Space Administration (NASA) Goddard 

Space Flight Center (GSFC) for the implementation and 

testing of  radar techniques.DBSAR combines phased array 

architecture,reconfigurable waveform generation, and Field 

Programmable Gate Array (FPGA)-based data acquisition 

and processing system in order to enable new remote 

sensing capabilities in support of Earth science and 

planetary exploration applications. DBSAR evolved from 

NASA’s Internal Research and Development efforts aimed 

at the development of active/passive spaceborne system 

concepts that combine an L-band imagining scatterometer 

and a synthetic thinned-array radiometer . Since then, 

DBSAR matured to include a number of enhancements that 

enable advanced radar techniques. 

        One of DBSAR’s main features is its operation 

using electronic beamforming on transmit and digital 

beamforming on receive. Both beamforming techniques use 

interference among the signals from each of the subarrays to 

generate far-field beampatterns with predefined scan angle, 

beamwidth, and sidelobe level. In electronic beamforming, 

the radar uses attenuators and phase shifters to control the 

amplitude and phase of the signals at each transmitter in 

order to create a pattern of constructive and destructive 

interference in the wavefronts. In digital beamforming, the 

radar uses digital signal processing to attenuate and phase 

shift the digitized radar returns and generate the far field 

beam patterns at the desired scan angles and characteristics. 

II. INSTRUMENT DESCRIPTION 

The DBSAR architecture consists of three main subsystems 

the radar electronics unit (REU), the radar digital unit 

(RDU), and the antenna, as illustrated in Fig. .4.1..The REU 

is made up of eight transmit/receive (T/R) modules. The T/R 

modules receive control signals from the RDU. The 

transmitter channels of the modules include digitally 

controlled attenuators and phase shifters for the 

implementation of electronic beamforming (or beam 

steering) on a pulse-to-pulse basis. This feature also allows 

the implementation of amplitude and phase tapering 

techniques on transmit to control the beamwidth, the 

sidelobe levels, and the location of the beam nulls. 

 
Fig. 1: DBSAR architecture showing array antenna, REU, 

waveform genera-tor, and data processor unit. The system 

performs electronic beam steering on transmit and digital 

beamforming on receive.[5] 

    The REU receiving channels do not include 

attenuators or phase shifters. Digital beamforming is 

performed on receive to synthesize beams and to control the 

beamwidth, sidelobe levels, and location of nulls in the 

receive pattern. The receiving channels are highly isolated 

from the transmit channels (> 90 dB isolation) and include 

low-noise amplifiers, band-pass filters, and a down-

conversion unit. Internal calibration is achieved by a 

calibration loop that routes the transmit signal into the down 

converter and by injecting noise into the receiver chain 

using a noise source diode. The calibration loop is used to 

monitor any power or phase fluctuations on the transmit 

signal. The noise source is used to monitor any power and 

phase fluctuations in the receiver chain and to calibrate the 

radar returns. 

                 The RDU consists of the radar controller, the 

waveform generator, and the data acquisition and processor 

unit. The radar controller is an FPGA-based digital board that 

generates digital codes to set the attenuators and phase 

shifters in the transmit channels and to provide the logic 

signals to control the T/R module’s solid-state switches. The 

waveform generator employs FPGA-based direct digital 

synthesis, allowing the generation of customized waveforms. 
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Linearly frequency modulated signals (chirp) can be 

generated with programmable bandwidths, pulse lengths, and 

pulse-repetition frequency (PRF). Pulsed monochromatic 

signals can be generated with variable pulse length and PRF. 

On reception, the microwave RF signals from each antenna 

sub array are conditioned and down converted to IF in the 

T/R modules. The IF signals are then digitized by the data 

acquisition system and transferred to the processor where 

various radar algorithms can be implemented. 

 
Fig 2: Flowchart for method of the adaptively weighted 

beam pattern mask based on a GA.[7] 

 An array Factor for Genetic algorithm of DBSAR A.

 During the operation of an array antenna system Of DBSAR, 

TRM failure can occur at any time. When a TRM failure 

occurs, the TRM is supposed to be turned off. When 

recalculation is done with the remaining TRMs, a 

resynthesized beam pattern is constructed within a beam 

pattern mask. Then, the newly calculated amplitude and 

phase distributions are reset. 

Array factor is the natural behavior of an array 

antenna, in array factor has information about antenna beam 

pattern. Using array factor we can measure beam pattern 

parameters.  

   ∑   
 
     {(   )         }, 

AF =  array factor, 

An = amplitude excitation 

n= number of element in array 

k = wave number 

d= spacing between two element 

βn =phase excitation  

 

Fig. 3: Antenna Array factor implementation andBeam 

pattern for it using Genetic algorithm 

 

  Masking Of Original Beam Pattern for  DBSAR B.

   The beam pattern mask based on genetic algorithm is 

useful for resynthesize beam pattern from the distorted beam 

pattern. Masking is requiring to mention the error in beam 

pattern. There are two types of masking in this project.  

1. Outer  Mask 

2. Inner Mask 

The masking is done in which manner the original beam 

pattern is fitted in the between two mask.  

 

Fig. 4:  The Inner & outer Masked Beam pattern for it 

using Genetic algorithm 

  Error Occur in TRM of DBFSAR C.

DBF  array antenna systems can detect or track targets and 

enable communication by electrically synthesizing the 

desired beam pattern and steering the beam direction. These 

array antenna systems are installed outdoors over long 

periods of time. Therefore, a number of factors such as 

degradation of the performance of solid-state devices, 

including semiconductor and integrated circuits and RF 

circuits, or changes in the characteristics of the active 

devices can deteriorate the performance of the entire system. 

The degradation of the capacity of transmitter/receiver 

module (TRM) distorts the beam pattern; that is, the 

sidelobe level (SLL) increases. Distortion of the beam 

pattern degrades the entire system performance. 

Here the error occur in physical system, but we 

have not any physical system because we work on only 

simulation programming. So we introduce the error 

manually using MATLAB programming. 

i.e. if 7
th

 element of the 18 element array antenna 

system TRM is failed then the amplitude and phase 

excitation has distorted hence error is occur in the system.  

 
Fig. 5:  Normalized masked beam pattern 
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  Error Finding D.

 As shown in above figure, the signal which exceeds the 

mask level is the error signal. As the SLL increases it goes 

out of outer mask and the main level decreases it goes out of 

inner mask. 

 The errors are defined for the side and main lobe 

regions as, 

 

III.   FLOWCHART DESCRIPTION: 

  In fig 2 shows a flowchart of the proposed adaptively 

weighted beam pattern mask method based on a GA for 

recalculating anew distribution. The GA has numerous 

iterations to reach an optimal solution. In the proposed 

method, the total number of iterations of the GA algorithm 

is divided into smaller groups called sub-iterations. For the 

specific experiments presented in this algorithm, the total 

number of iterations is fixed to 4000, and each sub-iteration 

consists of 40 GA iterations. The proposed method 

periodically calculates the average excess level (AEL)for 

each divided region at the every sub-iteration. 

 The AEL is 

 

      Where l is the  number of angles of damaged beam 

exceeded the mask for each region. These steps are repeated 

until an optimal solution has been found (AEL=0) or the 

maximum number of iterations (4000 in this case) has been 

reached. 

 After applying the proposed adaptively weighted 

beam pattern mask method based on a GA, the amplitude 

and phase distributions are rearranged to fit in the beam 

pattern mask. 

IV.            ADVANTAGES OF GA FOR DBSAR 

- High Resynthesize flexibility. 

- Good accuracy. 

- Faster calculation speed. 

- Genetic algorithm provides a cost-effective and 

less time-consuming solution for repairing the 

digital beam forming antenna systems. 

V.            CONCLUSION AND FUTURE WORK 

Genetic Algorithm for the beam forming of spaceborne 

SAR. In this algorithm, LP, cosine and sine are chosen to 

expand phase and amplitude distributions, respectively. By 

optimizing the weights of these basis functions, we are able 

to achieve the mainlobe shaping, sidelobe notch and the slop 

of the mainlobe. This algorithm is applicable to not only 

linear array but also planar array. Good results have been 

obtained with a small number of optimized variables. 

Furthermore, the method usually required less CPU time. In 

addition, the idea of the algorithm can be applied to PSO. 

      In futue work I need apply the mask to the selected 

lobes by considering main lobe side and ignore the side lobe 

for perfect directivity. Finaly need to compare result of all 

available algorithms for Digital beam forming techniques 

with Genetic Algorithms and planning to go for particle 

swarm optimization algorithm(PSO).   
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