
 
Fig. 4.  Illustration of SESAR antenna panel architecture. The elements in 
each antenna form subarrays that enable cross track scanning. The linearly 
polarized antenna elements (H and V pol) are based on a proven stack-patch 
design. 
  
After deployment, the antenna is oriented towards nadir, as 
illustrated in Fig. 2, permitting beamforming across the track 
over a large field of view (>45°). The antenna elements are 
based on a stacked-patch element design (see Fig 4) that 
permits horizontal (H) and vertical (V) polarization 
measurements over a 100 MHz bandwidth, and cross-
polarization isolation greater than 30 dB [11]. The antenna 
elements are grouped as subarrays aligned in the flight 
direction, permit cross-track beam steering over a range of ± 45 
degrees. 
 

B. Radar Trasnvceiver Modules (RTMs): 

SESAR’s RTMs build on the heritage of Goddard’s Digital 
Beamforming Synthetic Aperture Radar (DBSAR) and 
EcoSAR which miniaturized radar transceivers while 
improving system performance [6] [12]. SESAR’s RTMs 
employ surface mount components on printed circuit board 
(PCB) which yields a compact and robust design (see Fig. 5). 
The RTMs were designed for high efficiency and light weight. 
Ongoing efforts with the University of Oklahoma seek to 
increase the solid state power amplifiers (SSPA) to RF power 
while improving the efficiency to reduce the DC power.  
   
 

 
Fig. 5. SESAR’s compact and highly effcient Radar Trasncever Modules are 
distributed over the antenna panels drving each of the antenna elements.  
 

The primary function of the transceivers is to amplify the 
transmit signal to the necessary power level to feed the antenna 
subarrays and to amplify the very low power RADAR return 
signal for processing. In addition, the transceivers provide 
accurate means to calibrate the transmitter and receiver 
independently, and to reject out-of-band interference to the 
receiver. 
 
C. Radar Digital Units (RDUs): 
 
Each subarray in the radar is controlled by an RDU, as shown 
in Fig. 6. The RDUs are capable of arbitrary waveform 
generation, data acquisition, and onboard processing (see fig. 
5). These units are designed with Xilinx Kintex UltraScale 
FPGAs, low power digital-to-analog converters (D/As) and 
analog-to-digital converters (A/Ds). They synthesize based 
band signals with the appropriate phase and amplitude weights 
for transmit beam steering and side lobe control.  
Beamforming on receive is performed by coherently acquiring 
the raw complex data and processing them on board. They are 
also responsible for system synchronization, radar timing, and 
data transfers. 
 

D. Frequency Domain Multiplexing (FDM) Electronics. 

  SESAR achieves further reduction in power consumption by 
employing a novel FDM technique [13]. The FDM approach 
reduces the number of DACs and ADCs and enables 
centralized waveform generation and data acquisition with 
reduced power and mass (see Fig. 5). This approach preserves 
full array steering capabilities while reducing the number of 
DACs and ADCs by a factor of 5 or higher, resulting in a 
significant reduction of SESAR's power consumption. 
 
 

 
 
 
Fig. 6. SESAR’s RDUs designed for low power consumption, employ 
Kintex 7 FPGAs, and low power digital-to-analog converters (D/As) and 
analog-to-digital converters (A/Ds). Significnat power reduction is achieved 
by employeing a Frequency Domain Mutliplexing (FDM) Technique, which 
reduces the number of DACs and ADCs in the system.   


