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About the Cover:

This report’s cover reflects the enduring arc
of innovation that defines NASA's Goddard
Space Flight Center’s leadership in science
and technology. Echoing Isaac Newton's
timeless acknowledgment, “If | have seen
further, it is by standing on the shoulders of
giants,” this year's design honors the confin-
uum of discovery powered by generations
of scientists, engineers, and technologists
who dared to explore the unknown.

At Goddard, our progress is built on alegacy
of curiosity, creative inquiry, and purposeful
technology investment. Research and De-
velopment initiatives not only enable break-
through missions—they spark new questions
that require technologies yet to be invent-
ed. This virftuous cycle of discovery, devel-
opment, and deployment is what propels
NASA forward.

The cover symbolizes our commitment to
that future-forward vision: seeding innova-
fions today so that tomorrow's explorers
can see further sfill.
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This year's report represents more than a snap-
shot of NASA's Goddard Space Flight Center’s
technology achievements—it reflects a con-
tinuum of purpose, innovation, and strategic
investment that has propelled the center’s
scientific leadership for decades.

It has been my profound honor to serve as
Goddard’s Chief Technologist and lead the
center’'s Independent Research and Devel-
opment (IRAD) program for the past 20 years,
culminating a 40-year NASA career devoted
to advancing science, exploration, and mis-
sion excellence. Throughout that time, God-
dard has remained the agency’s most com-
prehensive science and technology center;
home to groundbreaking work in Earth obser-
vation, astrophysics, heliophysics, planetary
science, communications and navigation,
and suborbital systems.

The technologies featured in this report, be-
yond being mission enablers, are force mul-
tipliers of mission value. From quantum sens-
ing and artificial intelligence to autonomous
systems, advanced materials, and next-gen-
erafion instruments, Goddard’'s technology
portfolio exemplifies the forward-leaning,
high-impact innovation that underpins NA-
SA’s future.

As | conclude my federal service at the end
of July 2025, | am pleased to share that Bha-
nu Sood will serve as Acting Chief Technolo-
gist. With deep technical insight and proven

National Aeronautics Space Administration
Goddard Space Flight Center

leadership, he is exceptionally well positioned to
guide the agency’s largest and most diverse sci-
ence and technology portfolio through its next
phase of growth.

Innovation is not a destination; it is a continuum.
| am confident that the foundation we have
built will continue to strengthen Goddard’s role
as a driver of discovery and elevate NASA's mis-
sion for years to come.

Rk

Peter Hughes
Chief Technologist
NASA's Goddard Space Flight Center

www.nasa.gov/goddard/technology
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Breakdown of FY24/25 IRAD Awards

Goddard’s IRAD program nurtures seed technologies
across the center’s strategic focus areas. These innovations enable new and future missions
while attracting, retaining, and cultivating tfalented scientists and engineers. Dual investment
in workforce and technologies positions Goddard to continue winning new missions and instrument
starts in areas important to NASA's mission priorities.

FY25 IRAD Allocations

% IRAD Resources

Advancing Solar
System Exploration
and Technology, 26%

Terrestrial Resource and
Hazard Prediction, 26%

Harnessing U.S.
Innovation for Tech.
Superiority, 48%

3 4 www.nasa.gov/goddard/technology
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NTRs capture information about technical discoveries,

NTRs Provide
Benchmark for Gauging Success

improvements, innovations, and inventions so that NASA

can disseminate these technologies appropriately under its
mandated technology-transfer program. Since many of these
NTRs result from IRAD- or CIF-funded efforts, they also gauge

the success of our research and development programs.
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autoNGC: From Inception to Flight, and Beyond

IRAD funds can carry through the years, making state-of-
the-art innovations a reality and allowing novel projects to

soar to new heights.

autoNGC Takes Flight

Autonomous Navigation, Guidance, and Con-
tfrol (autoNGC) began as a vision by Goddard's
Cheryl Gramling, former Associate Chief Tech-
nologist, circa 2018 and was awarded IRAD
funds in FY19, when the project’'s framework
construction began. After three additional
years of IRAD funding and other investments, a
tfeam led by Sun Hur-Diaz continued to develop
the autoNGC application suite. The project was
executed by engineers from mulfiple Goddard
divisions, and several opportunities for improve-
ments were identified through collaboration
with federal and industry partners and funding
from IRAD and others.

autoNGC's first flight (since its inception in 2018)
occurred during the week of May 19, 2025.
Through a partnership with NASA's Ames Re-
search Center, autoNGC aimed to demonstrate
onboard navigation, prediction, and maneu-
ver planning capabilities on the Ames Starling
mission. The autoNGC flight software — a suite
of core Flight System (cFS) apps and libraries —
was uplinked fo two of the four spacecraft in
the Starling swarm operating in a sun-synchro-
nous, low Earth orbit. Once initialized, autoNGC
provided onboard navigation by filtering Glob-
al Positioning System (GPS) pseudorange mea-
surements. The main navigation function of
autoNGC was provided by the Goddard En-
hanced Onboard Navigation System (GEONS)
liorary, another Goddard innovation with more
than 25 years of flight heritage.

cFS/cFE

ORBIT
DETERMINATION

y Plan
SENSING CONTROL &
- ACTUATION

x/“

Analyses

autoNGC coreflight system decision-making process loop

autoNGC core flight system decision-making
process loop.

Using GEONS’ high-fidelity dynamics and mea-
surement models, autoNGC delivered accurate
onboard navigation knowledge, even during
GPS outages. Post-processing of the navigation
telemetry showed excellent agreement with
the ground-based orbit determination solutions.

This successful demonstration of onboard navi-
gation will soon be followed by autoNGC's on-
board ephemeris and covariance predictions,
supporting Starling’s onboard orbit conjunction
assessment and space ftraffic management
experiment goals. Additionally, autoNGC's on-
board maneuver targeting capabilities will be
demonstrated for autonomous station keeping
and distributed system management.

National Aeronautics Space Administration

Goddard Space Flight Center

Autonomous Maneuver Planning to Enable Advanced Missions

Enabling a spacecraft to automatically plan
maneuvers is necessary for advanced missions,
such as distributed systems missions (DSM), with
large numbers of spacecraft in coordinated flight
where human-in-the-loop operations are prohibi-
five due fo time constraints.

Robert Pritcheft and his feam used FY24 IRAD
funds to develop a flight software (FSW) imple-
mentation of a maneuver-planning algorithm to
include in Goddard’s software for autoNGC. The
maneuver planning application is the first step in
equipping autoNGC with the algorithms required
for autonomous onboard guidance and conftrol.
The feam implemented and tested a single-shoot-
ing maneuver-planning algorithm within the NASA
core Flight System environment upon which au-
foNGC is built. This type of algorithm calculates
the precise maneuvers a spacecraff must exe-
cute to move from its current position fo a desired
destination in space while considering factors
like propellant usage, fime constraints, and or-

bital mechanics. The team also held discussions
with NASA's Johnson Space Center to determine
whether their existing maneuver planning FSW
could be infegrated into autoNGC.

At Goddard, onboard autonomy is noft just bene-
ficial, but enabling for multiple mission concepfs.
One example is the Virtual Telescope for X-ray
Observations (VTXO) mission, which requires two
spacecraft to fly in a fightly confrolled formao-
fion. Additionally, potential servicing missions for
observatories such as the James Webb or Nancy
Grace Roman space telescopes will likely require
onboard maneuver planning for rendezvous and
proximity operations (RPO). The investment made
in this FY24 IRAD can be leveraged to support
these concepts or win new work through Science
Mission Directorate and Space Technology Mis-
sion Directorate funding opportunities.

www.nasa.gov/goddard/technology
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An Onboard Implementation of A{lifelglela [l ERS=1[35 (| W\ [e)Ylele] o]y

Orbit determination for interplanetary missions

primarily relies on radiometric fracking through

the Deep Space Network (DSN), which traces

the position and velocity of spacecraft. While

these measurements are powerful and accu- Observation Date: 2017-02-11 08:39:00.556000
rate, DSN’s use requires scheduling and plan-

ning, which can be burdensome to researchers

and inconvenient for active missions.

Matched Centroids

Matched Catalog

Unmatched Centroids An example of celestial navigation
Unmatched Catalog applied to arimage from OSIRIS-REx.
Observed CelNav Target The moons of Jupiter are identified against
a backdrop of stars and can be used to
estimate the location of the spacecraft

Andrew Liounis and his team are using FY25
IRAD funds to build celestial navigation (Cel-
Nav) capabilities info the autoNGC software
suite, which exists aboard spacecraft and au-
tomates and confrols dynamic spacecraft ma-
neuvers.

CelNav uses images of known solar system bod-
ies to locate spacecraft locations in the solar
system. The application is usable nearly any-
where and requires minimal hardware (i.e., only e
a camera and a processor) to produce in-situ
measurements capable of enabling autono-
mous spacecraft operations.CelNav provides
an alternative to traditional radiometric track- ST
ing for safety-critical missions, those part of the Ganyn.

Artemis campaign.

Including CelNav in the autoNGC onboard suite
will be a supporting and enabling measure,
supporting missions by reducing reliance on the
oversubscribed DSN — thus freeing up resources
for other missions, and enabling future missions
where the light-time delay between spacecraft
and Earth may hinder time-critical operations.
CelNav can also enable smaller missions that
would not usually be prioritized for significant
DSN time and could therefore benefit from an
alternative navigation technique while in deep
space.

NS

Photo Credit Courtesy: NASA

www.nasa.gov/goddard/technology
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Showcase of FY24 Successes
Enabling Automatic Responses to Events for

Advanced Missions

Autonomy has become an essential require-
ment for NASA missions beyond low Earth
orbit. The Distributed Systems Mission (DSM)
project, especially, needs autonomous sys-
tfems to support many different constella-
tion scenarios which require handling (e.g.,
communications delays, emerging science
opportunities, and rapid resolution of any
detected faults) and quick coordination
among many spacecraft in a constellation.

The DSM Event Driven Planning (EDP) mod-
ule uses an event-driven software architec-
ture, a software design where a program'’s
operation is determined by external events
such as sensor data or changes in the sys-
tem. Certain components of the program
report events to separate components,
which then respond to the reports by taking
appropriate action.

The DSM EDP module has the ability to han-
dle all requirements for autonomous con-
stellation operations via flexibility, asynchro-
nous messaging (where events are sent and
received without the sender needing to
wait for a response), and modern Al tech-
niques including: machine learning (where
algorithms learn from data and make pre-
dictions), reinforcement learning (where
an Al agent is frained to make decisions to
opfimize a desired outcome or achieve a
goal by interacting with data from the en-
vironment and receiving positive, negative
or neutral feedback on its decisions), and
modern planning algorithms.

Matthew Brandt and his team used FY24
IRAD funds to implement the EDP software
architecture in Python, a high-level, gen-
eral-purpose programming language. The
EDP software was used to demonstrate sev-
eral constellation-related autonomous sce-
narios in FY24. The primary scenarios were a
series of multi-drone demos in support of the
Network for Assessment of Methane Activity
in Space and Terrestrial Environments (NA-
MASTE). These scenarios involved the use
of two or three multi-rotor airborne drones
whose flight planning and execution was
controlled by EDP to perform coordinated
mapping of methane levels, both simulat-
ed and live in the field. EDP demonstrated
actual autonomous drone-path planning,
mapping, and control in Alaska in the sum-
mer of 2024.

The DSM EDP project demonstrated the fol-
lowing features essential to distributed con-
stellation missions: flexibility, autonomous
operations, asynchronous event-driven
actions, handling of communication de-
lays and faults, and modern planning and
scheduling algorithms. These results likely
position the module for use in several future
constellation missions, including Magneto-
spheric Constellation, Geospace Dynamics
Constellation, Enceladus-oriented missions,
and others.
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Toolkit to Analyze Formation Control of Small Spacecraft
Constellations for Advanced Missions

A constellation of spacecraft flying in
formation can assist with developing ad-
vanced mission concepts, includingthose
related to constellations, starshades, ser-
vicing, and synthetic telescopes. These
concepts can be realized through small
spacecraft (SmallSat) platforms, which
have low costs due to standardization
and low size, weight, and power require-
ments. Through coordination, individu-
al spacecraft flying in formation within
a constellation can execute advanced
mission concepts typically reserved for a
single large spacecraft.

While Goddard has extensive expertise
in formation flight, a common toolkit to
perform the necessary analysis for these
types of missions does not exist. Typically,
engineers will develop specific toolkits
for their respective missions, which is not
easily portable to other studies.

Pavel Galchenko and his team began in-
vestigating this frade space in 2021 and
started to develop the DeepThough

toolkit. The toolkit is built based on “NASA
42: A Comprehensive General-Purpose
Simulation of Atfitude and Trajectory Dy-
namics and Control of Multiple Space-
craft Composed of Multiple Rigid or Flexi-
ble Bodies'" simulation framework, which
is a powerful simulation tool for modeling
spacecraft attitude (i.e., orientation), or-
bit dynamics, and environmental models.
DeepThought expands these capabilities
to provide methods for orbit visualizo-
tion, selection, and analysis of SmallSat
formation-flying missions in a mulfi-body

regime. Using IRAD FY24 funds, the tfeam
contfinued the toolkit's development and
moved to release its first public version.

Specifically, the toolkit enables the DSM
architecture, where mulfiple spacecraft
can be used to achieve common goals.
The toolkit facilitates the mission design
process and helps identify propellant-ef-
ficient formations and control strategies
for both translational (i.e., movement of
a spacecraft from one place to another
without changing its orientation) and at-
titude dynamics, thereby enabling future
formation missions. DeepThought provides
users a simple graphical user interface to
generate common missions using the DSM
architecture, while providing the neces-
sary navigation, guidance, and control al-
gorithms to achieve the complex science
objectives demanded.

In 2025, with core functionality complet-
ed, the team focused on improving the
toolkit's features, functionality, and usabil-
ity by seeking feedback and working with
the open-source community and custom-
er base. The project is available open-
source on NASA 42's GitHub

website.

As Goddard advances interest in DSM ar-
chitectures, the importance of formation
flight cannot be overstated. Many scientif-
ic concepts require making multi-point ob-
servations, which can only be done using
constellations of spacecraft in formation
flight. Missions such as the Magnetospher-
ic Constellation mission plan to utilize over

13

National Aeronautics Space Administration
Goddard Space Flight Center

36 SmallSats in a series of various orbits to
allow a three-dimensional mapping of
the magnetosphere, giving valuable in-
sight info magnetic field dynamics and
interaction with solar weather. Another
mission in the DSM architecture that will
benefit from this work is the Virtual Tele-
scope X-ray Observatory. This mission
plans to utilize SmallSats flying in a one-ki-
lometer formation to image bright X-ray
sources to improve our understanding
of the universe. DeepThought allows for
the design and analysis of these mission
concepts in a high-fidelity environment,
providing great value to scientists and
engineers.

An example of constellation flight formations.

An example of constellation flight formations.

www.nasa.gov/goddard/technology
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Applying Advanced Al models to Earth
Science Image Reconstruction

Large language models (LLM), a type
of neural network foundation model,
like ChatGPT for example, have swept
through the world and changed the
landscape of artificial intelligence. LLMs'
core machine learning (ML) model is the
transformer neural network model, which
was first proposed by Google in 2017.

Using FM

SVTOA-Giant predicted cloud mask

0 20 40 60 80

Truth

CloudSat/CALIPSO "Truth"

Gong used FY24 IRAD funds to understand
whether the transformer framework could
overcome two common hurdles when ap-
plying the Al and ML techniques to NASA
data: cross-time and cross-mission knowl-
edge fransfer.

Cross-time knowledge transfer allows an Al

W/o FM

Baseline FCN predicted cloud mask

0 20 40 60 80

SatVisionTOA's reconstruction of a downstream, vertical cloud mask, providing insight into the structure of clouds.

Unlike other ML models, the transformer
neural network uses the multi-head atten-
tion mechanism to frain an ML model to
notice patterns in data, mimicking how
neurons work in the human brain. The
transformer model overcomes the mem-
ory-vanishing-gradient problems that are
often barriers for other deep-learning
models, allowing the transformer model
to prioritize important features and their
connections during training, even if they
are spatially or temporally distant from
one another. This unique advantage
makes the fransformer framework suit-
able for building satellite-image-based
foundation models.

A team led by Principal Investigator lJie

model to apply what it learned from past
data-processing experiences to its future
processes, while cross-mission transfer al-
lows an Al model to apply what it learned
from one mission to another. Successful-
ly demonstrating Al's capability in these
two domains could allow the power of
past NASA satellite observations to be har-
nessed and improve future satellite prod-
ucts using similar but better (e.g., smaller,
cheaper) instruments.

To test this proposition, the tfeam used ran-
domly cropped images from the Moder-
ate Resolution Imaging Spectroradiome-
ter (MODIS) instrument on the Terra Earth
Observing System satellite. The training
and testing dataset was composed of

15
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random images taken over a 10-year
period, representing different seasons,
surface situations and inter-annual vari-
abilities. The team built two MODIS all-
sky-radiance-based foundation models
(MODIS-Top-of-Atmosphere [TOA]-Huge
and MODIS-TOA-Giant). The models ad-
opted the Mask-Image-Modeling (MIM)
framework to frain and learn detailed
contextual representation of all-sky imag-
es (i.e., including clouds and other atmo-
spheric phenomena) through self-super-
vised learning without any labels. These
conditions make the models suitable for
a variety of downstream tasks, includ-
ing those related to the atmosphere.
The two models where trained based on
200 million all-sky MODIS images with 658
million (MODIS-TOA-Huge) and three bil-
lion (MODIS-TOA-Giant) parameters; the
latter, later re-named “SatVision-TOA",
is the largest foundation model trained
solely on satellite images (to the team’s
best knowledge).

The team found that SatVision-TOA, the
model with more parameters, performed
betfter than the model with fewer pa-
rameters in reconstruction, especially for
cloudy scenes. The team also proved
that the model’s tfransfer learning is func-
fional and that SatVision-TOA performed
better at transfer learning when it was

MODO021KM v6.1 Bands: [1, 3, 2]
0

MODO021KM Bands: [1, 3, 2], masked

E -
-+

80 100 120

40 60

Goddard Space Flight Center

applied to reconstructing images from
the Advanced Baseline Imager, which
is a MODIS-like instrument onboard the
Geostationary Operational Environmen-
tal Satellites (GOES)-R-series, but with
fewer channels than MODIS. In addition,
the team also tested the model’'s bene-
fit on a downstream task: three-dimen-
sional (3D)-cloud reconstruction, where
they proved that using SatVision-TOA
significantly improves the similarity score
for 3D-cloud-mask prediction over an
off-the-shelf, deep learning model, es-
pecially for complicated situations like
multi-layer cloudy scenes.

This project is one of the pioneer efforts
to infroduce the transformer model to
NASA-specific remote-sensing applica-
tions, and its outcomes will likely provide
constructive advice for including the
transformer framework into the ever-de-
veloping NASA digital-transformation
roadmap while revolutionizing the satel-
lite retrieval strategy for next-generation
missions. For Goddard, this project serves
as a significant steppingstone that will
enable the center to take full advan-
tage of frontier ML and Al technologies
and to prepare Goddard to capture
upcoming funding opportunities.

SwinV2-Huge (658M params) reconstruction SwinV2-Giant (3B params) reconstruction
0 0

120 Bl SSIM: 0.886 120
[ 20 40 60 80 100 120

o 20 40 60 80 100 120

SatVisionTOA's image reconstruction of the clouds based on the predicted cloud mask.

www.nasa.gov/goddard/technology
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Finding Treasure in an Ocean of Data

Astronomers analyze light curves — the
change in brightness of a celestial object
over time - to obtain information about
the object’s properties, including the
classification of the object and whether
it has companions, such as stars, or plan-
ets in its orbit.

However, due to the vast amounts of light
curve data available in research data-
bases (ranging from tens to hundreds of
millions of datapoints), researchers often
have difficulty identifying a light curve
containing their astrophysical signal of
interest. This obstacle will only grow as
improved observatories, such as Roman,
improve and build upon current light
curve datasets.

Brion Powell and his feam are employ-
ing Al to automate these highly specif-
ic light curve database searches. The
team developed a universally applica-
ble machine learning framework to as-
sist researchers in locating any known or
predicted astrophysical signal present
in Roman Space Telescope light curves.
The team built a neural network, an algo-
rithm that processes data similarly to the
human brain, and frained it to decom-
pose and reconstruct several million syn-
thetic Roman light curves that represent
different types of stellar variability.

Residual

-«I

Light Curve Input

—_—

Convolution Layers

Normalization Layer

Activation Layer

Convolution Layers

Normalization Layer

Activation Layer

Convolution Layers

Normalization Layer

Activation Layer

Attention Layer (Identifies critical features
the light curve for further processing)

Repeat
~ this block
N times

Dropout Layer (Randomly
Activation Layer

inactivate neuro

Output Layer ([0,1] probability of

astrophysical signal in light curve)

The neural network structure of the team’s model, depicting the journey from light curve input to probability of presence of

astrophysical signal of interest.
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The team used the foundation of this
neural network model to train a differ-
ent type of neural network to classify
the light curves. Using the pre-trained
foundation, the model was able to
converge (i.e., reach a stable conclu-
sion) extremely quickly, within only a
few rounds of training, to nearly 75%
accuracy in classifying variable and
unfamiliar light curves. In contrast, the
model without the pre-trained foun-
dation was completely unable to con-
verge.

These results demonstrate the model’s
potential for fast training on unknown
signals. Powell and his team plan to
make this model publicly available to
scientists searching for signals in Ro-
man light curves, allowing for fast dis-
covery and amplifying the benefit of
Roman data.

www.nasa.gov/goddard/technology
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Digital Laser Beam Scanning for Space-Based Laser

Altimetry and Imaging

Laser altimetry, also known as light detec-
tion and ranging (lidar), calculates the dis-
tance from a laser’s origin point to a sur-
face by measuring the time a laser pulse
takes to travel from a laser emitter to a sur-
face and back to a sensor. Laser altimetry
datais invaluable for mapping the surface
topography and surface structure of Earth
and other planetary bodies and has sig-
nificantly enhanced our understanding of
Earth’s forests and the long-term changes
in ice sheets, shedding light on how the
planet’s surface responds to climate-driv-
en events.

As lasers have become more efficient, re-
liable, and higher in power and rep-rate
(i.e., the number of laser pulses emitted per
second), and as detectors continue to im-
prove, space-based laser altimeters must
overcome barriers related to laser scanning
in order to move beyond multi-beam im-
plementations to true imaging. For exam-
ple, to produce geodetic quality images
at higher resolutions, laser scanners need
sub-arcsecond accuracy, high efficiency,
long lifetimes, and microsecond switching
times.

Using FY24 IRAD funds, Bryan Blair and his
team built and demonstrated a three-
stage, eight-beam digital beam scanner
that is solid-state (i.e., has no moving parts),
highly efficient, fast, reliable, and accurate.
This scanner is a derivative of the Global
Ecosystem Dynamics Investigation (GEDI)
instrument’s beam dithering unit (which
changes the beams’ direction). GEDI is a
lidar installed on the International Space

Station that precisely measures forest can-
opy height, canopy vertical structure, and
surface elevation. By accurately measur-
ing forests in 3D, GEDI data plays an import-
ant role in understanding the amounts of
biomass and carbon forests store and how
much they lose when disturbed.

The successful demonstration of this
profotype solid-state laser scanner
has the potential to generate more
than an order of magnitude in-
crease in coverage from asingle la-
ser. The scanner is an enabling step
for future imaging lidar opportuni-
fies called for in the National Acad-
emies of Sciences, Engineering, and
Medicine 2017-2027 Decadal Sur-
vey for Earth Science and Applica-
fions from Space, including NASA's
Earth System Explorer (ESE) Program
and Surface Topography and Veg-
etation Study.

This successful prototype has also
improved the competitive position
of the Earth Dynamics Geodetic
Explorer (EDGE) mission, which has
been proposed for inclusion in ESE.
EDGE was selected as one of four
missions funded for Phase A and
is being considered for one of the
two available mission opportunities.
Specifically, the development process en-
abled Blair and his team to mature their un-
derstanding of component performance
sensitivity and assembly alignment sensi-
tivity and verify their performance models.
These outcomes reduce EDGE's implemen-

National Aeronautics Space Administration
Goddard Space Flight Center

tation risk and improve cost, risk posture, and the proposal’'s chances of selection overall.
Further, through IRAD funding, the tfeam demonstrated that this beam scanner technology’s
potential beam number capacity and two-axis scanning capability will allow for its applica-
tion in increasingly capable, next-generation imaging lidar following EDGE.

Laboratory prototype of digital beam scanner in its 8-beam configuration (L: setup, R: far-field test images of the 8 beam
paths). This IRAD-funded prototype demonstrated the required crosstalk isolation, throughput efficiency, and pointing
accuracy needed for space-based geodetic laser altimetry.

www.nasa.gov/goddard/technology
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Developing a New Laser
to llluminate Our Return
to the Moon

To support Artemis plans for continued hu-
man exploration of the Moon, the Lunar
Exploration and Science Orbiter (LExSO)
mission concept is being developed to
serve critical future lunar exploration and
science measurement needs. Continued
orbital presence at the Moon remains vi-
tal to lunar science. However, the Lunar
Reconnaissance Orbiter (LRO), one of the
most essential contributors to lunar science,
is beyond its design lifetfime and may not
be operational past the first few human Ar-
temis landing missions. LExSO will equip Ar-
temis with situational awareness, planning,
science gap coverage, and enhanced
capability by providing improvements to
LRO imagery and localized topography.

One of the primary payload instruments is
the Spectroscopic Infrared Reflectance
and Alfimetry Lidar (SpIRAL). SpIRAL has
a new requirement to provide submeter
spatial resolution and gapless topograph-
ic mapping of landing sites and other
high-valued areas, which will build upon
current requirements to map global surface
reflectance at the 3-micron and 1.6-micron
water bands (i.e., the specific wavelengths
that distinguish land from water), as seen
in the Lunar Volatiles Orbiter (LVO) mission
concept.

The new LEXSO requirements also called for
changes to the optical design of the pre-
viously considered laser, which consists of
an infra-cavity optical parametric oscillator
(IOPQO), an optical component utilized for

frequency conversion that functions inside
a laser cavity using a neodymium-doped
yttrium aluminum garnet (Nd:YAG) laser as
the pump. There are two major changes
from the LVO design. The first is to let out
the 1.064-micron residual pump laser light
for topographic mapping. The second is
to be able to pulse at a much higher rate
when flying over high-valued areas. Greg-
ory Clarke and his feam
used FY24 IRAD funds to
build two optical designs to
demonstrate these new la-
ser capabilities and perform
a tfrade study.

National Aeronautics Space Administration

team demonstrated that the laser can safe-
ly operate in burst mode for at least 10 sec-
onds, which corresponds to a 16-kilometer
ground track. The burst-mode testing suc-
cessfully demonstrated an innovative laser
that builds upon a design with a strong her-
itage of success in space-based applica-
fions and allows LExSO to map surface to-
pography at a high pulse rate on-demand.

The team built broad-board
lasers based on the heri-
tage Lunar Orbital Laser Al-
fimeter laser, but replaced
one end mirror with a non-
linear crystal to convert it to

an IOPO laser. The crystal
required a complex opfical
coating that had not been
tested previously. This coat-
ing was difficult to produce,
and the coating vendor
required several attempts
and long lead-times. Never-
theless, the team success-
fully created and imple-
mented the optical coating on the IOPO’s
nonlinear crystal.

To test the laser’s performance, the team
conducted a burst-mode operation, in-
creasing the laser repetition rate from 100
fimes per second to 250 times per second
for a short period of time, long enough to
map a typical landing site but short enough
tfo maintain performance and avoid over-
heating the laser. After several tries, the

21
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The tests also reduced the risk of the new
design. IRAD funds supported these up-
dates to the current laser design, allow-
ing the laser to meet the new LEXSO laser
requirements and increasing Goddard’s
competitive edge in assisting with the up-
coming mission’s instrument construction.

LExSQO lidar brass-board laser.

www.nasa.gov/goddard/technology
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Selecting the Optimal Antenna for Next-Generation Solar
Wind Magnetic Field Observations

Transient structures in solar wind, such as
coronal mass ejections (CMEs) and stream
interaction regions (SIRs), can generate
geomagnetic storms capable of disrupting
power grids and satellites. The shape, inten-
sity, and orientation of magnetic fields car-
ried by these structures contribute to the
severity of these storms, so understanding
the emergence of magnetic flux from the
solar interior through the photosphere and
its global impact on the inner heliosphere
is a key scientific goal of the Heliophysics
community.

The Multiview Observatory for Solar Terres-
tfrial Science (MOST) mission concept will
make measurements of solar variability
from the solar interior, atmosphere, and the
interplanetary medium or solar wind. MOST
will be a four-spacecraft mission with one
at Lagrange point 4 (MOST1), one at Lo-
grange point 5 (MOST2), and the other two
(MOST3 and MOST4) at variable locations
along Earth's orbit. Each spacecraft will
have multiple instruments, and all four will
carry a novel radio package known as the
Faraday Effect Tracker of Coronal and He-
liospheric structures (FETCH), which will sys-
tematically probe the magnetic content
of tfransient solar wind structures, including
CMEs and SIRs. Faraday rotation measure-
ments will provide the magnetic content
of these structures at various heliocentric
distances from the outer corona to Earth’s
vicinity.

As polarized radio waves — low-energy
electromagnetic waves that are vibrating
in a preferred direction — travel through so-
lar wind and encounter magnetic fields,
the magnetic fields rotate the polarization
plane of the radio waves in a phenomenon

known as Faraday rotation. FETCH will be
the first instrument to transmit and receive
polarized radio waves in solar wind. By mea-
suring how radio signals are modified by
Faraday rotation as they encounter mag-
netic fields in solar wind, FETCH will provide
insights info the magnetic field configura-
fion of the inner-heliospheric structures that
will support the MOST mission concept. Due
to large spacecraft separation distances,
achieving a sufficient signal-to-noise ratio
(SNR) in FETCH data to allow for quantita-
five Faraday rotation measurements is dif-
ficult.

Natchimuthuk Gopalswamy and his feam
used FY24 IRAD funds to perform a trade
study to determine the optimal antenna
type that would ensure a sufficient SNR in
the FETCH data. In the investigation, the

tfeam modeled the SNR expected to be r

encountered by the FETCH receiver and
worked on analyzing and optimizing a

wideband, low-frequency (165-225 mega- § i U

hertz [MHz]) antenna for a radio frequency
fransceiver used in FETCH instrumentation.
An antenna must satisfy size, weight, and
power requirements without compromising
its electromagnetic performance in order
tfo detect the Faraday rotation of radio
waves passing through CME plasma. The
team explored the feasibility of using two
types of antennas: the Log Periodic Dipole
Array (LPDA) and the Yagi antenna, and
concluded that the LPDA best meets the
gain and bandwidth requirements.
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The experimental setup for simulating
the Faraday effect in the laboratory,
displaying the software defined radio
assembly (L), signal generator (bottom
R), transmitting and receiving antennas
(top R). The transmitting antenna is
rotated to simulate Faraday rotation.

www.nasa.gov/goddard/technology
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Taking Atmospheic Modeling to New Heights

The Goddard Earth Observing System
(GEQS) is a data assimilation system that
uses data from NASA's Earth science mis-
sions for atmospheric and climate model-
ing and prediction. However, the present
version of GEOS only holds atmospheric
data to 80 kilometers (km) high. Fabrizio
Sassi and his team used FY24 IRAD funding
to test the feasibility and benefits of adding
data from NASA's Heliophysics missions to
extend GEOS range to the upper regions
of Earth’'s atmosphere (i.e., beyond 80
km). These regions are directly influenced
by space weather from solar activity, such
as flares and coronal mass ejections, and
associated magnetic storms that can pro-
duce auroras and disrupt electrical, com-
munication, and navigation systems, in-
cluding spacecraft navigation.

The team added temperature data from
the stratopause (about 50 km) to the meso-
pause (about 90 km). The stratopause is the
region where ozone heating peaks, while
the mesopause is the region with the cold-
est temperatures in Earth’'s atmosphere
during solstices. They used data from the
Sounding of the Atmosphere using Broad-
band Emission Radiometry (SABER) instru-
ment on the Thermosphere lonosphere Me-
sosphere Energetics and Dynamics (TIMED)
mission.

Sassi and his team tested the system by
adding SABER temperature data to GEOS
Instrument Teams, a modeling project that
aids instrument teams by subtracting data
from specific sensors for comparison. The
test revealed that the integration of up-

per-atmosphere observations has similar
beneficial effects to those associated with
other datasets, and the combination of all
datasets (to be completed) can have ben-
eficial effects on upper-atmosphere simula-
tions using GEOS. These results will extend
the validity of

GEOS to the me-

sopause and the

first step toward

including other 0.01
Heliophysics ob-
servations in a ver-
fically extended
domain of GEOS.

Pressure (hPa)
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observations and

Earth-system mod- 0.01
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NASA Heliophys-
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ically with other
Earth observao- 1000
fions fto build a

0.1

Pressure (hPa)

100

tem view that can

be used to create

a climate record

from Earth’s surface to the upper atmo-
sphere and products that can be utilized in
planned spaceflight missions.
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The aspirational goal of this project is to produce atmospheric background states up to
the lower thermosphere (about 110-120 km) that can be utilized by upcoming space-
flight mission opportunities. Ultimately, this project will enable the inclusion of other He-
liophysics data in GEOS through follow-up efforts that will extend its capability to higher
altitudes and enable its use in space weather applications.

E 5
Pressure Altitude (km)

www.nasa.gov/goddard/technology
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Shrinking an Analytical
Laboratory for Solar System
Exploration

NASA's robotfic missions rely on instruments
that analyze the composition of samples
from remote worlds for clues of their past,
including their ability to support life. One
such instrument is the gas chromatograph,
a device that determines the composition
of a gaseous sample by separating com-
pounds in the sample through their interac-
tions with material in an analytical column
and identifying the compounds using sensi-
tive gas detectors.

However, these instruments
are typically too large, heavy,
and energy-intensive to be
practical for spaceflight. With
FY24 IRAD funding, Lu Chou
and her team are using fab-
rication fechnology to design
and build a microchannel
gas chromatograph analyti-
cal column to introduce gas
flow fo computer chips, seek-
ing a small and lightweight
approach to gas chroma-
tography. This device, God-
dard’s first micro gas chro-
matograph, willpave the way
toward incorporating similar
insfruments into future high
priority decadal survey-rec-
ommended missions.

Chou's team’s miniaturized
chromatography system,
and similar devices, can be
coupled to Goddard's flight-
ready mass spectrometers, instruments that
ionize molecules and identify them by their
signature mass-to-charge ratios. The

miniaturized instrument system can be used
to detect and characterize volatiles that
hold critfical information about planetary
habitability and biosignatures. The novel
chromatograph technology can be used
to support current and future life detec-
fion missions, such as Enceladus Orbilander,
Marrs Life Explorer, New Frontiers, Uranus Or-
biter and Probe, and Artemis.

The gas chromatograph analytical column is smaller than the
size of a credit card. This device will be used to characterize
the volatile chemistry of lunar and Martian surfaces, offering
insights into habitable environments and to search for signs
of life in the solar system.

27
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Spacecraft
Housekeeping on a Chip

Typically, sensors for data collectionrelated
to the functioning of a spacecraft (known
as “spacecraft housekeeping”), such as
temperature and power levels, are distrib-
uted across various sub-systems. The data
is collected using separate components,
such as analog-to-digital converters, an-
alog multiplexers, and amplifiers. Such dis-
crete implementations require additional
size, weight, and power, and interconnect
complexity with an integrated circuit solu-
tion.

Although commercial devices are readily
available, they are not suitable for space
applications due radiation tolerance and
quadalification requirements. Spacecraft en-
counter harsh, ionizing radiation from var-
ious sources, such as explosive activity on
the Sun from solar flares and coronal mass
ejections, and powerful events in deep
space, such as exploding stars.

A team led by George Suarez used IRAD
FY24 funds to continue developing the Ra-
diation Hardened Power System Electron-
ics Housekeeping (RH-PSEHK/HKSN) Appli-
cation Specific Integrated Circuit (ASIC),
a low-power data acquisition system on
a chip that is resistant to space radiation
and suitable for miniaturized instruments,
CubeSats (i.e., cube satellites; a class of
SmallSat), and spacecraft housekeeping
data collection. The project’s main objec-
tive was to access a new chip manufactur-
ing foundry, migrate the team’s intellectual
property core (i.e., the reusable unit of in-
tegrated circuit design), and advance the
design of the RH-PSEHK/HKSN.

In the short term, this effort seeks to produce
a flight-worthy, radiation-hardened ASIC
that will replace several discrete devices
in current and future science instruments,
power system electronics designs, and in-
struments and systems housekeeping, thus
reducing the instruments’ size, mass, power,
cost, and complexity.

In the long term, the proposed device is
a step toward enabling the development
of essential radiation-hardened ASICs that
support Goddard miniaturized instruments
and sub-systems, including particle instru-
ments, laser altimeters, astrophysics X-ray
energetic telescopes, power supplies, and
housekeeping. The device will also be ben-
eficial to projects proposed in the NASA Ex-
plorers Program Announcement of Oppor-
tunities list and SmallSat missions.

3 (4 NASA GSFC

) RH-HKSN
ASSY132-1

S/N 1-XX YY-MM

The RH-PSEHK/HKSN ASIC concept image and
size (compared to a quarter).
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A Low-Cost Navigation Solution for Solar System Exploration

The ability to accurately know a mission’s
location on the surface of an airless so-
lar system body is a necessity for science,
planning, and safety. However, building
a system of navigation satellites at these
bodies is expensive and lengthy.

For example, the Artemis campaign con-
tinues to progress toward permanent lu-
nar surface operations where one of the
driving needs for safety
and science is precision
localization. LunaNet s
currently under consid-
eration as a promising
concept solution to this
problem. LunaNet is a
framework that will allow
industry, academia, and
international partners to
build and operate net-
working nodes alongside
NASA, in essence extending the internet
and GPS to the Moon. These nodes will of-
fer missions four distinct services: network-
ing, navigation, detection and information,
and radio and optical science services.

Iteration 1

N Iteration 20

However, a team LED by Andrew Liounis
used FY24 IRAD funds to continue develop-
ment of a complementary and lower-cost
approach for geolocation technology
(which will be available before LunaNet
is established) utilizing in-situ observations
of the lunar horizon with only a monocu-
lar camera. This technology will be useful
during possible signal outages with Luna-
Net, during emergencies, and for use with
information-fusion techniques to refine lo-
calization estimates with better accura-

cy and more precision than what can be
achieved through LunaNet alone.

The team has developed and tested an
image processing pipeline capable of es-
timating surface location within tens of
meters using only a monocular camera,
an inerfial measurement unit, and a sin-
gle-board computer. The pipeline takes im-
age data from a camera and transforms

it into information about the user’'s position
and orientation. IN  photo Credit: Andrew Liounis
2024, they focused

on demonstrating

the pipeline's capabilities with simulated
images and data.

Results from the simulation were

excellent. The end-to-end pipeline was
successful and met performance expecta-
tions when applied to synthetic images ren-
dered from a surface user's perspective.
Additionally, analysis of the algorithms used
in the pipelines demonstrated that by mak-
ing use of star images to provide attitude,
localization performance can approach
5-10 meters, which meets the requirements
for Artemis surface operations.

31
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Future missions to the Moon will require self-sufficient and redundant onboard local-
ization for rover and human surface operations. Liounis's team held discussions with
colleagues at Johnson about their interest in this technology and their desire to include
it as a ground tool for Artemis lll and IV, and potentially as an onboard tool for Artemis
V+, presuming that the tool is proven to be a good solution.

Additionally, the team is partnering with Johnson to continue development of this tool,
which began in FY23 and has contfinued through the present with Goddard contribu-

tions funded through IRAD.
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New Radio Frequency Modulator to Enable High Data

Rates from Sounding Rockets

To date, maximum sounding rocket down-
link rates (i.e., the linking rate between sig-
nals moving from Earth to spacecraft) have
been limited to less than 50 megabits per
second (Mbps) when using commercially
available fransmitters and range telemetry
receivers. Higher data volumes generated
by sounding rocket science instruments re-
quire significantly higher downlink rates.
Briaon Banks and his team used FY24 IRAD
funds to develop a high-data-rate telem-
efry system that operates in the C-band
(the 4,400-4,940 megahertz  Aeronauti-
cal Mobile Telemetry band). This is a high-
er-frequency band in the electromagnetic
spectrum than the S-band, currently used
for suborbital rocket telemetry, allowing for
a much higher data rate, set to 300 Mbps
for the team’s system.

As part of the project, Banks and his team
developed a high-rate C-band radio fre-
quency (RF) modulator, a device that en-
codes data on the transmitted signal. The
RF modulator will be used on the main pay-
load of asuborbitalrocket flight that willhelp
evaluate the impacts of vehicle dynamics
and high roll rates on high-speed teleme-
try link performance. The sounding rocket
will implement a virtual reality (VR) demon-
stration to provide a real-time, 360-degree
view by stitching together data streams
from high-definition cameras. Banks and his
team built the RF modulator by modifying
an existing in-house design, performed test-

ing, and identified the software and hard-
ware needed for the VR demonstration. To
date, these ga me-changing data rates
have not been achievable using existing
sounding rocket technologies. With these
high data rate-capable systems, utilizing
high-bandwidth data, such as high-defini-
tion video or other high-bandwidth data
transfers, will be possible.

The team’s RF modulator (visible in bottom L) and spectrum
analyzer (top center) displaying a frequency spectrum of
~300MHz BW, using the laptop (bottom R) as the data

input source.
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Testing Advanced
Mirrors for Next-Generation
X-ray Telescopes

X-rays are produced by some of the uni-
verse's most violent events, such as when
the intense gravity of a neutron star or black
hole tears material away from a nearby
star. Achieving very detailed (arcsecond)
X-ray imaging in the 0.1-10 kilo-electron-volt
(keV) energy band to obtain a better un-
derstanding of such events is vital fo X-ray
astronomy’s future.

Iridium mirror coatings are the most effi-
cient for reflecting X-ray energies less than
10 keV and are the preferred coatings for
telescopes in the soft X-ray range (0.1-5
keV), but iridium coating displays compres-
sive stress under certain conditions, which
can cause the film to expand and impact
the mirror's imaging quality. Thus, con-
trolling coating stress is critical to achieving
arcsecond imaging performance.

A proven method to countering compres-
sive iridium stress involves placing a tensile
chromium layer underneath the iridium,
which encourages the film to shrink and
neutralizes the effects of the compressive
stress.

A team led by Kristin Madsen used FY24
IRAD funds to successfully measure the
coating properties of iridium and chromi-
um thin-film coatings deposited with direct
current (DC) magnetron sputtering, a tfech-
nique that applies coatings to a substrate
in a vacuum chamber using DC to create
a plasma from an inert gas. Accelerated
ions in the plasma hit the coating materi-
al, knocking off atoms which are directed
to the substrate. Madsen’s team produced

several iridium, chromium and iridium-chro-
mium bilayer samples using iridium possess-
ing the required low surface roughness for
future X-ray mirror coatings.

The iridium-chromium combination has
been baselined for the High Energy X-ray
Probe (HEX-P) proposal’s Low Energy Mirror
Assembly (LEMA). This research is also rel-
evant for the Line Emission Mapper (LEM)
and Advanced X-ray Imaging Satellite
(AXIS) X-ray probes, as well as future NASA
explorer calls. The Next Generation X-ray
Optics team at Goddard is providing op-
fics for all three concepts, and the efforts of
this proposal will advance mirror coatings’
Technology Readiness Levels across many
proposals.

Substrate with film under
compressive stress
(film wants to expand)

Ir+Cr

VS VAN Hpoi ciols

Substrate

Substrate with film under
tensile stress
(film wants to shrink)

7

Aeronautics Space Administration
Goddard Space Flight Center
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An Iridium (Ir) coating applies compressive stress
on the substrate and Chromium (Cr) a tensile

stress. By first laying down a tensile Cr layer
underneath the compressive Ir coating, the team

is able to cancel the stress.
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Showecase of FY25 Successes

Text-to-Spaceship: Revolutionizing Mission Development through Al and

Evolved Systems

Goddard’s current mission development pro-
cess could be greatly improved by using Al and
computational design to accelerate devel-
opment cycles and actualize essential perfor-
mance improvements. Ryan McClelland and
his feam are using FY25 IRAD funds to establish
a comprehensive Text-to-Spaceship framework
that would integrate Al intfo all aspects of mis-
sion development, facilitating a transition to
Al-enabled automation.

Evolved Systems is a key
component of the Text-to-
Spaceship framework that
will  automate complex,
multidisciplinary assem-
bly design, building upon
a similar paradigm estab-
lished by Evolved Struc-
tures, which uses Al to efficiently create space-
craft instruments and structures. Automating
these designs using the Text-to-Spaceship
framework will reduce development costs and

Uniting Physics and Machine Learning for Enhanced Heliophysics Insights

improve mission development and design ef-
ficiency across Earth science, planetary, and
astrophysics missions.

McClelland and his team will collaborate with
government, academic, and industry leaders
on this project, furthering Goddard’s position
at the forefront of Al applications to space
engineering.

Evolved Structures, featured at a 2025
satellite exhibition showcasing Goddard’s
industry collaborations and impact in
advancing manufacturing capabilities.

The Solar Neutron Tracking Instrument (SONTRAC) is a neutron spectrometer designed fo detect solar
flare neutrons by tracking recoil profons (i.e., protons whose directions change following their interac-
tions with neutfrons) and the ionization energies they deposit along their paths. To reconstruct SONTRAC
data, researchers must identify the energies and determine the protons’ directions, but this process is
currently fully manual and laborious.

74

National Aeronautics Space Administration

Cutaway schematic of the
SONTRAC instrument.
Shows orthogonal layers
of 1 mm scinfillating fibers
read out by SiPM linear
arrays on all sides. Fine
and coarse planes enable
3D neutron tracking.
Readout is hc:ndleaq by

Citiroc-1/A ASICs.

Using FY25 IRAD funds, Mark Moussa and his
team wiill leverage physics-informed machine
learning (PIML) to simplify SONTRAC data re-
construction, thereby increasing neutron inter-
action event reconstructions and improving
SONTRAC's efficiency. To do this, the team will
simulate SONTRAC and embed established
physical mathematics within . an ML model’s
fraining dataset to frain the model to predict

Goddard Space Flight Center

SONTRAC prototype
during lab testing.

visible scintillator bundle
and connected SiPM

accelerator.

particle paths and collisions that obey the
laws of physics.

The project’s goals are to improve SONTRAC
use cases via enhanced autonomous neu-
tron inferaction event reconstruction and
advance PIML in Heliophysics. This work could
also benefit current work, such as NASA's Ar-
temis mission, by supporting space weather
and solar activity monitoring and increasing
safety during hazardous solar particle events.

Autonomous Science with a Collaborative Multi-Agent System Using Al

Mahmooda Sultana and her team plan to use
FY25 IRAD funds to develop and demonstrate
a methodology for autonomous science mea-
surement performance using Al in collaboration
with Michael Otte at the University of Maryland.
This work will leverage new advancements in Al
fo develop methodologies that maximize scien-
fific output in real fime for in situ instruments with
minimal sampling and will be potentially import-
ant for resource-constrained missions in plane-
tary and Earth sciences. This methodology will
be applicable to several in situ instruments, such
as mass spectrometers and gas sensors, and will
enable a variety of missions related to planetary
environment studies, habitability assessment,
sample return, human exploration, and others.
When the Al methodology is developed, the
team plans to demonstrate its capabilities in a
field campaign in Alaska (using separate and
already-awarded fravel funds) on a Multifunc-
fional Nanosensor Platform instrument, display-
ing its ability to efficiently identify localized
sources of carbon that are released from meli-
ing permafrost.

38

Multifunctional Nanosensor Platform, a highly miniatur-
ized in situ gas sensing platform, integrated with a custom
drone is flown over a remote permafrost site in Alaska
measuring carbon sources.

www.nasa.gov/goddard/technology

Compact fiber tracker with

readout boards via ribbon
cables. Tested at UC Davis
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Scoping Uses for Coastal Debris Data

Carlos Del Castillo and his team have proposed technologies and ML and Al, would be use-
to use FY25 IRAD funds to create hyperspectral, ful in many applications, from detection and
polarimetric libraries of foreign marine debris characterization of marine debris to national
(garbage) found in coastal environments. This security applications.

data, in combination with current measuring

An IRAD derivative of the hyperpolarimetric detector sys-
tem under construction (from SciGlob Inc.).

Example of Hyperspectral Data
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Planetary Defense: Potential Hazardous Object Mass Determinations

Gravimetry — the measurement of gravita-
tional pull — is one technique used to estimate
the direct masses of large (i.e., more than 250
meter in diameter), potentially hazardous as-
teroids during rapid flybys. However, using this
technique to estimate smaller asteroids’ (i.e.,
less than 150 meters in diameter) direct masses
was found to be impractical due to target ac-
quisition fimes, and thus alternate techniques
should be investigated. One potential alterna-
tive is using image-based volume estimations,
body spectral type determinations, and density
measurements to determine a target asteroid’s
mass. Other alternative technique options,
which include late target acquisition scenari-
0s, may require advancing current spacecraft
components.

Joshua Lyzhoft and his team are using FY25
IRAD funds to employ this image-based tech-
nique to reduce uncertainties in asteroid mass
calculations, which would allow for a better un-
derstanding of an asteroid’s trajectory and po-
tential risk to spacecraft in relation to an aster-
oid during rapid flyby reconnaissance missions.
This risk reduction could help support deflection
mission designs or civil defense plans, and may
help to understand asteroid intercept geom-
etfries that would reduce risk even further con-
sumption. To achieve these goals, the team will
pursue 3D active sensing in the form of imaging
lidar.

Unwrapping New Possibilities for Interferometric Data

Radar experts consistently reference two major
issues as the primary limitations in interferomet-
ric (i.e., the interactions of light, radio, or sound
waves with their surroundings) time-series anal-
yses: 1) atmospheric phase signal (APS) vario-
tions and 2) phase unwrapping (PU) errors. PU
is a mathematical operation that converts ob-
served wrapped phase values (i.e., restricted
or incomplete light, radio, or soundwave datal)
to unwrapped (i.e., complete or accurate)
geophysical location information. While the re-
searchers can use time-series techniques and
multi-static observations to mitigate APS-relat-
ed problems, no universal solutions to PU errors
exist.

To seek a solution, Batuhan Os-
manoglu and his team will use
FY25 funds to pursue a propos-
al that will leverage Quantum
Computing Inc.’s (QCI) Dirac-3
— a quantum optimization sys- B
tem — for efficient PU in prepa-
ration for data-intensive,

high-duty-cycle, and large-area mapping sys-
tems such as that used for the NASA-Indian
Space Research Organization Synthetic Aper-
ture Radar (NISAR) mission, which will closely ex-
amine Earth’s land-and ice-covered surfaces.

This project would allow missions like NISAR to
generate more interferometric SAR data than
any other past mission via Dirac-3, speeding
up phase unwrapping without poorly effecting
solution accuracies. Osmanoglu and his team
will seek to demonstrate quantum utility by
delivering a phase unwrapping performance
beyond what is possible with classical
computing.
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The project aims to generate unwrapped physical measure-
ments starting from 2- or 3D wrapped phase observations
(a). The project team is developing the mathematical formu-
lation (b) compatible with Dirac-3 (c) and will compare the
performance against state-of-the-art algorithms on classical
computers (d). Ultimately, the team’s goal is to obtain un-
wrapped geophysical observations (e).
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As NASA pursues its charge fo
explore the Moon, Mars, and
beyond, in situ navigational au-
tonomy for planetary surface
operations will be of paramount
importance. Not only is this au-
tonomy essential for the safety
and reliability of both robotic and
crewed missions, but it can also
cut costs and improve scientif-
ic return by decreasing ground
control requirements and com-
munication bandwidth require-
ments. Nathaniel Gill and his

Goddard Space Flight Center
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team will use FY25 IRAD funds in attempt to ad- A Wearable Active Sensing Processor (WASP), which will

dress known problems on existing, high-TRL rov-
er navigational lidar systems while setting the
stage for further increasing spacecraft capabil-
ity while reducing instrument size, weight, and
power consumption. To achieve these goals,
the team will pursue 3D active sensing in the
form of imaging lidar.consumption. To achieve
these goals, the team will pursue 3D active
sensing in the form of imaging lidar.

likely be flown on an industry lunar rover in 2026.

Maturation of Space-Wi-Fi Network Subsystem for Lunar Science and

Exploration

While spaceborne Wi-Fi does exist on the International Space Station, the current implementa-
fion uses commercial, off-the-shelf components that are unsuitable for high-reliability and mis-
sion-critical applications. The lunar environment presents even greater challenges than those

faced by the space station, presenting difficul-
ty in considerations for implementing a Wi-Fi in-
frastructure on the Moon.

Victor Marerro-Fontanez and his feam are us-
ing FY25 IRAD funds to create a low-profile,
dipole-like, 5-6GHz antenna, capable of with-
standing the extreme temperature swings, lu-
nar dust, and specific astronaut handling re-
quirements on the Moon. The antenna design
meets the needs for astronaut-operated instru-
ments on the lunar surface (identified by the Lu-
nar Experiment Survey System and Handling

5.3 GHz 5.8 GHz

5 0 15
-30 & T30

165 1gg 165 H:
e

Measured radiation pattern of antenna prototype unit.

Handheld Instrument Design Lab) and is based on previous technology currently deployed on
the space station. The team plans to assemble and test the antenna using FY25 IRAD funds, thus
establishing candidacy for environmental and vibrational testing in future project phases.

This project would enable remote science instruments and stations on the lunar surface (within
connectivity ranges) to connect to lunar Wi-Fi and would enable other researchers to establish

remote stations on the lunar surface.

www.nasa.gov/goddard/technology
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