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• Wideband, Digital Back-ends:  WE SHOULD ABSOLUTELY MOVE IN THIS DIRECTION
– It is a better solution (lower SWaP and performance) than analog back-ends

• COTS digital spectrometer ASICs now available with <1W/GHz @ ~8 GHz bandwidth
– It would permit configurable bandpasses, channel sets, etc.
– It would enable RFI mitigation
– It would enable “hyperspectral microwave” operation, if that is deemed a useful thing to do

• “Hyperspectral Microwave”:  What is it and do we need it?
– The term “Hyperspectral Microwave”, if taken literally, is borderline nonsensical

• Microwave absorption features are generally very broad and easily resolved with relatively few channels
– Microwave weighting functions are inherently broad (vertically), so hyperspectral schemes tend to 

require a deconvolution of a densely-spaced set of broad weighting functions
• This is a very noisy operation, and reasonable/realistic noise/correlation modeling is ABSOLUTELY CRITICAL

– HOWEVER, there is a significant amount of unused spectral content in the MW sounding bands 
(typical channel sets are non-contiguous)
• Tapping into this unused spectrum could offer a performance benefit

First, An Important Distinction:
There Are Really Two Separate Issues
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• HyMAS simulation study 
published in TGRS 8/9/2010

• Used a 10-element receiver 
array and analog filters to 
realize an 88 channel system 
(60 and 183 GHz)

• Temperature and moisture 
profiling performance of 
HyMAS beat AIRS+AMSU in 
clear air and in overcast 
conditions in the lower 
troposphere

• We proposed a HyMAS
technology demonstrator to 
NASA ESTO ACT and were 
selected (GSFC partner)

Some History
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Other Subsequent Studies
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• Hyperspectral microwave (HM) 
sounding has been proposed to 
achieve improved performance

• HM operation is achieved using 
multiple banks of RF spectrometers 
with large aggregate bandwidth

• A principal challenge is 
Size/Weight/Power scaling

• Objectives of this work:
– Demonstrate ultra-compact (100 cm3) 

52-channel IF processor (enabler)
– Demonstrate a hyperspectral

microwave receiver subsystem
– Deliver a flight-ready system to 

validate HM sounding

NASA ACT “HyMAS” Project Selected in 2011
Summary and Key Objectives

Factor of ten 
reduction in 

sensor volume!!

PI:  Bill Blackwell
Co-I’s:  Paul Racette (GSFC), Larry Hilliard (GSFC), Chris Galbraith (MIT LL)
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HyMAS Intermediate Frequency Processor
RF LTCC/PCB
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HyMAS Intermediate Frequency Processor
Mixed Signal/PCB
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HyMAS IFP Final Assembly

0.50 in (12.7 mm)

This technology was further developed and flown in MicroMAS-2, MiRaTA, and TROPICS
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Completed HyMAS Scanhead

Integrated HyMAS Drum features
• Three Gaussian Optics Lens Antennas 
• Four F- Band Low Noise Amplifiers and support 

brackets
• Six F- and G- Band Mixer/IF Amplifiers 

receivers and oscillators
• Accommodation for Intermediate Frequency 

Processor
• Accommodation for G-band RF LNAs

HyMAS technology was successfully developed and subsequently flown on multiple 
CubeSat missions, but hyperspectral flight demonstration hasn’t been funded yet
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• Digital back-end technology appears ready for in-space validation and subsequent 
mission infusion
– Many benefits:  SWaP, performance, agile spectral response functions, RFI mitigation, …
– Enables “full spectrum” contiguous observations
– On-board processing is progressing quickly and offers many clever CONOPS for observing 

and transmitting data to the ground

• HyMAS (NASA ESTO 2011) demonstrated key technologies, since used for CubeSat 
sounding missions, but rapidly becoming outdated in the age of digital spectrometers

• HyMS simulations and OSSEs are needed with realistic and complete characterizations 
of sensor noise/correlation.  A flight demonstration is the ultimate proof of concept.
– Beware of overly optimistic simulations with simplistic noise models

Summary and Recommendations


