






























































SweepSAR Implemented with Array-Fed Reflector  

• Implementing the SweepSAR 
technique using an Array-Fed 
Reflector Antenna has these 
benefits: 
– On Transmit, all Feed Array 

elements are illuminated 
(maximum Transmit Power), 
creating the wide elevation beam 

– On Receive, the Feed Array 
element echo signals are 
processed individually, taking 
advantage of the full Reflector 
area (maximum Antenna Gain) 

Transmit 

Receive 

all Tx on 

Rx signals 
processed 
individually 
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Mechanical Perf Modeling: 
• Configuration studies 
• Structural analysis 
• Thermal analysis 
• Alignment, Distortion, 
Dynamics errors 

Radar Design Process 

• SweepSAR with Array-Fed Reflector is a new type of Radar, requiring development of new tools for 
performance simulation and analysis 

• During the course of the pre-A study phase, analyses have been performed for 
– Repeat Periods 8 to 16 days;  Altitudes 540 to 761km 
– Reflector Diameters 6 to15 m;  F/D 0.75 to 1.0;  Feed Offset 0 to -2 m 
– Feed Lengths 2.5 to 5 m;  Number of elements 8 to 32;  Element Spacings 13 to 24 cm 
– Transmit Peak Power 800 W to 4.2 kW;  Bandwidths 5 to 80 MHz;  Pulsewidths 5 to 100µs 

Antenna Modeling: 
• Patterns calculated using 
HFSS, Grasp 
• Includes Feed Blockage, 
Feed/Reflector interaction, 
Boom Scattering 

• Geometry 
• Perturbations 

RF Performance Modeling: 
• Tx Power, Rx Noise Figure, 
Efficiency, error estimates 
• Includes Rx Protection, Built-
In Cal, RFI mitigation, 
integrated Energy Storage 

Digital Perf Modeling: 
• On-Board Processing 
Algorithms, errors 
• Includes Quantization, 
Timing, Rx Beamforming, 
Filtering, Calibration 

• Vendor data 
• Measurements 

Inst Performance 
Modeling: 
• Computes sensitivity, swath, 
ambiguities, datarate,… based 
on instrument parameters, 
antenna patterns, mode,… 

Mission Simulations: 
• Datatake scheduling, 
target coverage, 
telecomm & energy  
resource usage, science 
priority,… 

• Mode 
• Data-     

rate 

Mission 
Performance: 
• Science rqmt 
compliance based on 
model inversion  

 

Are resources 
affordable?  

no 

yes 

no 

yes 

. . . 

. . . 

Is Science 
met?   

parameters to be combined into Integrated Performance Model to 
streamline analysis in Phase-A 

• Vendor data 

• Ant 
Patterns 

• Perf Params 

• Perf Params 

• Perf 
Params 

• Perf Params 

• Coverage/ 
geometry 

• Observations 

Radar Engineering Datataking Geometry Science Compliance  and 
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Radar System Parameters 

• Instrument Parameters for selected point design 
– Repeat Period 13 days;  Altitude 609 km 
– Reflector Diameter  12 m;  F/D 0.75 
– Feed Length 3.25m;  Number of Elements 16 x 2;  Element Spacing 15cm el 13cm az 
– Fully Polarimetric;  8 Receive Beams per Polarization 
– Transmit Peak Power 1240W 

 
• Mode-Dependent Command Parameter Settings and Resource Usage 

• S/C Attitude Control System is required to perform Zero-Doppler Steering (yaw and pitch steering to 
remove the variation in Doppler centroid along the orbit due to earth’s rotation) 
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Some Radar System Performance Estimates 

• Performance over the swath for the Primary Modes:  Ecosystem Structure and 
Deformation 

• The Quasi-Quad-Pol mode (simultaneous H & V Tx, multiplexed in frequency) is used rather than “True” 
conventional Quad-Pol (time-interleaved H & V Tx) to mitigate ambiguities and gaps 

Ecosystem: Quasi-Quad-Pol (HH, HV, VH, VV) 
20 MHz Bandwidth 

Deformation: Single-Pol (HH) 20 MHz Bandwidth 

Sensitivity: 
  <-25 dB Ambiguity: 

  <-20 dB 

Swath: 
  >218 km 
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Radar Instrument Configuration 

RF Electronics Back-End Power 
Beamforming Processor / 

Control & Timing Distribution 

Transmit/Receive Module 

Digitizer / 
 Calibration Processor 

Radar Instrument 
Computer 

Feed RF Aperture 

Reflector/Boom 
Deployment Controller 

Radar Instrument  
Feed/Electronics Structure Boom 

S/C Bus 
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Technology Advancement Status 

• V5 and On-Board Processing Implementation: 
– Xilinx Inc, NEPAG (NASA EEE Parts Assurance Group), and XRTC (Xilinx Radiation Test Consortium) are 

performing radiation and reliability qualification testing of Xilinx flight V5 FPGA (XQR5VFX130);  flight part 
production is expected in June 2011 

– Prototype designs of the on-board processing algorithms and FPGA hardware using the Xilinx commercial V5 
FPGA (XC5VFX130T-1FF1738C) are in progress;  prototype design of the First-Stage Processor and 
Second-Stage Processor hardware, along with the timing circuits for implementation of on-board processing 
algorithms are underway   
 

• GaN and TRM: 
– GaN amplifiers have been designed and tested to demonstrate >60% power added efficiency, enabling 

increased transmit power and reduced DC power (and thermal dissipation);  several parts from 3 vendors are 
undergoing preliminary screening and radiation testing 

– Prototype designs for the TR module Transmit, Receive, Receive Protection, and Energy Storage subcircuits 
have been tested;  fabrication and assembly of the full TR prototype is underway 
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40 cm Reflector 16-element Receive 
 Array Feed 

Slotted-Waveguide 
Transmit Array  

Across Track Direction 

SweepSAR Airborne Demo 
Antenna Installation 
In DC-8 Cargo Bay 

 
• SweepSAR DES Algorithms and Airborne Demo: 

– The SweepSAR Demonstration is an airborne radar system using an array-fed 
reflector (Ka-Band) with digital beamforming to emulate the DESDynI 
SweepSAR measurement technique using scaled geometry and timing 

– The SweepSAR Airborne Demo is the first-ever demonstration of the 
SweepSAR technique, reducing DESDynI implementation risks by enabling 
evaluation of SweepSAR data collection in a real-world environment, to 
uncover issues and enable performance studies that cannot be done by 
simulation alone   



Outlook for DESDynI 

• DESDynI concept presented here passed its Mission Concept 
Review in January 2011    

• President’s FY12 Budget Proposal (February 2011) reset the go-
forward plan for DESDynI 
– Lidar mission to be contributed, not funded by NASA 
– Radar mission to be implemented more affordably 

• NASA continues to invest in DESDynI 
– Forming a Science Definition Team 
– Continuing trade studies at JPL 

• NASA is currently exploring options for reducing cost 
– Reducing number and scope of science requirements levied on 

DESDynI 
+ DESDynI in combination with other satellites to approach DESDynI 

requirements 
– Find international partners interested in the science and technology 
– Find domestic partners that would increase utility of DESDynI data 
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Summary 

• DESDynI as presented here would provide exciting scientific returns in three 
distinct science disciplines by exploiting the complementary power of wide-
area mapping radar and vertically-profiling lidar 

• DESDynI would provide direct benefits to society as its measurements are 
used to help forecast sea level rise and the likelihood of earthquakes or 
volcanic eruptions and to improve forest inventories and carbon monitoring 

• DESDynI measurements would be unique and available to the world for 
scientific use 
– L-band full-resolution, full-swath, 13 day repeat capability would revolutionize our 

ability to characterize natural hazards, quantify ice dynamics, and monitor Earth’s 
changing terrestrial carbon stocks 

– 5-beam 1-micron 25-m footprint profiling lidar in space was optimized to produce 
unprecedented estimates of terrestrial carbon storage and ice topography 

– Accuracy/resolution/coverage would be orders of magnitude improvement over 
existing scientifically available data 

• DESDynI is still in pre-formulation! 

• However, in light of recent budgetary direction, new ideas for implementing 
DESDynI more affordably must be explored vigorously 39 
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