










Since 1998, ESTO has sought to facilitate space demonstrations of key technology projects through 
partnerships, such as with the NASA CubeSat Launch Initiative (CSLI), and follow-on projects, particularly 
under other NASA programs such as the Earth System Science Pathfinder Program (ESSP). In 2012, ESTO 
created a nimble, competitive program called In-Space Validation of Earth Science Technologies (InVEST) 
to retire risk and space-validate technologies. The first InVEST solicitation, which sought small instru-
ments and instrument subsystems relevant to Earth science measurements, targeted the CubeSat*  
platform. Four (of 24) proposals were selected in April 2013. 

What follows is a look at a few ongoing ESTO space validation activities and the current InVEST projects.
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An Eye Toward Space
Validating Technologies in Orbit

Earliest possible launch: 2014 2015 and beyond

InVESTPre-InVEST

NASA has an ambitious vision for future Earth observations. Emerging technologies are paving the  
way toward new, and in some cases daring, Earth science measurements. With these promising new  
capabilities, however, come increased complexity and risk.

While ground and airborne testing of new technologies is common practice, the need for space-validation 
is critical and ongoing. More than ever, scientists and mission managers must be certain that expensive 
observing systems will operate as designed in the hazardous environment of space. Once validated in 
space, technologies are also generally more adoptable by a broad range of potential users beyond the 
intended mission.

COVE: CubeSat On-board processing Validation Experiment
No earlier than (NET): Dec 2013; Manifest: NROL-39; PI: P. Pingree, JPL

IPEX: Intelligent Payload Flight Experiment 
NET: Dec 2013; Manifest: NROL-39; PI: S. Chien, JPL

GRIFEX: GEO-CAPE Read Out Integrated Circuit 
(ROIC) In-Flight Performance Experiment

NET: Oct 2014; Manifest: NASA SMAP; PI: D. Rider, JPL

The M-Cubed/COVE-2 1U CubeSat (left) was developed by U. Michigan and JPL 
to take mid-resolution images of the Earth at approximately 200 m per pixel 
while carrying COVE-2. COVE-2 is a payload experiment that will validate an 
image processing algorithm designed specifically for the Multiangle Spectropo-
larimetric Imager (MSPI) and will utilize the first in-space application of a new 
radiation-hardened-by-design Virtex-5QV FPGA by Xilinx. This experiment will 
advance the technology required for the future spaceborne implementation of 
the MSPI instrument required for real-time high data rate instrument process-
ing relevant to future Earth observing missions. (Credit: D. Smith, U. Michigan)

The Intelligent Payload Experiment (IPEX) 1 unit (1U) CubeSat (left) was developed 
by Cal Poly San Luis Obispo and JPL. IPEX will validate autonomous science and 
product delivery technologies supporting TRL advancement of the Intelligent 
Payload Module (IPM) targeted for the proposed HyspIRI Earth Science Decadal 
Survey Mission providing a twenty-times reduction in data volume for low-latency 
urgent product generation. (Credit: J. Bellardo, Cal Poly)  

The GEO-CAPE ROIC In-Flight Performance Experiment (GRIFEX) 
is a 3-unit (3U) CubeSat in development at the University of 

Michigan that will validate a JPL-developed all-digital in-pixel 
high frame rate Read-Out Integrated Circuit (ROIC). At right is 

the GRIFEX ROIC focal plane array. Its high-throughput capacity 
could enable the proposed NASA GEO-CAPE mission to make 

hourly measurements of rapidly changing atmospheric  
chemistry and pollution. (Credit: D. Rider, JPL/Caltech)

Radiometer Assessment Using  
Vertically Aligned Nanotubes (RAVAN)

NET: 2015; Manifest: TBD; PI: W. Swartz, JHU-APL  

HyperAngular Rainbow Polarimeter (HARP) 
NET: 2015; Manifest: TBD; PI: J. Martins, UMBC 

The RAVAN project will demonstrate a bolometer radiometer that  
is compact, low cost, and absolutely accurate to NIST traceable  
standards. RAVAN could lead to affordable CubeSat constellations 
that, in sufficient numbers, might measure Earth’s radiative  
diurnal cycle and absolute energy imbalance to accuracies needed 
for climate science (globally at 0.3 W/m2) for the first time. At left, 
the bolometer radiometer to be flight tested. (Credit: W. Swartz, JHU  
Applied Physics Laboratory)

The HARP CubeSat will prove the capabilities of  
a highly-accurate, wide-field-of view, hyperangle,  
imaging polarimeter for characterizing aerosol  
and cloud properties and validate technology  
required by the Aerosol-Cloud-Ecosystem (ACE)  
mission concept. At left, a Philips prism in the  
HARP configuration. (Credit: J. Martins, UMBC)

*A CubeSat Primer
Normally launched as a secondary payload to a larger mission, a CubeSat is a type of nanosatellite 
often used for scientific research or technology validation. A basic 1 unit (1U) CubeSat measures 
10x10x11cm with a mass of up to 1.33 kg.  Multiple units can be combined to form 2U, 3U, and 
even 6U CubeSats. The CubeSat standard was created by California Polytechnic State University  
and  Stanford University following the first launch of 6 CubeSats in 2003. 

Microwave Radiometer Technology Acceleration 
NET: 2015; Manifest: TBD; PI: W. Blackwell, MIT Lincoln Lab 

Photon Counting Infrared Detector  
NET: 2015; Manifest: TBD; PI: R. Fields, Aerospace Corp.  

7.5 
mm

The Cubesat Flight Demonstration of a Photon Counting  
Infrared Detector project will demonstrate a new detec-
tor with high quantum efficiency and single photon level 
response at several important remote sensing wavelength 
detection bands from 0.9 to 4.0 microns. At left, a  
mechanical drawing of the 3U CubeSat.  
(Credit: R. Fields, Aerospace Corp)

Above, a mechanical drawing of the 3U 
Microwave Radiometer Technology  
Acceleration (MiRaTA) Cubesat. MiRaTA will 
validate multiple subsystem technologies  
and new sensing modalities that could  
enhance the capabilities of future weather 
and climate sensing architectures.  
(Credit: W. Blackwell, MIT Lincoln Lab)
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2013 in Review: Components
The Advanced Component Technology (ACT) program leads research, development, testing, and 

demonstration of component- and subsystem-level technologies for use in state-of-the-art Earth  

science instruments and information systems. The ACT program funding is primarily geared toward  

producing technologies that reduce the risk, cost, size, mass, and development time of future 

space-borne and airborne missions.

The ACT program often brings component technologies to a maturity level that allows their  

integration into other technology projects, such as those selected by the Instrument Incubator  

Program, or for further development by other NASA programs. In other cases, the ACT produces 

component technologies of sufficient readiness that they can be directly infused into mission  

development or science campaign activities. 

In FY13, the ACT program portfolio held a total of 28 investments. 15 of these were added in FY11 

through a competitive solicitation that received 96 proposals. The next ACT solicitation is expected 

in FY14.

One project graduated from ACT funding in FY13: Hybridized Visible-NIR Blind (Al, In) GaN Focal Plane 

Arrays, S. Janz, NASA Goddard Space Fight Center. The three-year effort advanced solar blind detector 

arrays for atmospheric trace-gas measurement systems by one Technology Readiness Level.
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SPOTLIGHT: Deployable Mast Design Chosen for the SWOT Mission
In July 2013, an ACT-funded space-deployable mast for radar antennas was 
selected as the baseline antenna mast design for the Surface Water and Ocean 
Topography (SWOT) mission.

NASA’s SWOT mission, targeted to launch in 2020, will provide critical  
information about Earth’s oceans, ocean circulation, fresh water storage, and 
river discharge. The SWOT mission concept calls for a dual-antenna Ka-band 
radar interferometer instrument, known as KaRIn, that will map the height of 
water globally along two 50 km wide swaths. The KaRIn antennas, which will be 
separated by 10 meters on either side of the SWOT spacecraft, will need to be 
precisely deployable in order to meet demanding pointing requirements.

Greg Agnes of the Jet Propulsion Lab is leading a two-year ACT task to design and 
prototype the lightweight, precision-deployable hinged masts for KaRIn. To date 
he has built and tested a full-scale hinge/latch mechanism. Testing on the  
complete, full-scale, deployable prototype mast will begin in Fall 2013. 

Web Feature: 
Watch an animation of the  
proposed SWOT deployment  
at ESTO’s YouTube channel:  
youtube.com/user/NASAESTO

Above: An artist’s rendering 	 of the SWOT spacecraft (Credit: J. Howard, JPL/
Caltech) and a metallic mock up of the 180-degree, mid-span hinge in the closed  
position. In this configuration, the mast sections would extend vertically from the  
top of the closed hinge and into the table. (Credit: G. Agnes, JPL/Caltech)

Above: A series of mechanical drawings depict  
the operation of the mid-boom, 180-degree hinge.

(Credit: G. Agnes, JPL/Caltech)

These optically polished silicon test prisms 
were fabricated by an ACT project that is 
developing silicon immersed gratings for  
infrared (1150 – 6500 nm) spectroscopy 
applications. The gratings are intended for 
use in compact ground-based, airborne, 
and space-based infrared spectrometers 
that study and monitor various greenhouse 
gases. Silicon micromachining and bonding 
techniques offer substantial advantages in 
compactness, formatting, and efficiency and 
the gratings are expected to have roughly 3 
times the resolving power of a conventional 
front-surface device.
(Credit: D. Jaffe, University of Texas)






