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NASA Langley
Satellite Data Fusion

Jan 7, 2026

Louis Nguyen, Bill Smith, Anthony DiNorscia,
and SatCORPS Team

NASA Langley Research Center
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LEO to EPIC footprint to improve cloud retrievals and
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Satellite Data Fusion

» Geo-spatial Compositing
» SatCORPS Global Cloud Composites (GCC)

»  Optimally combines GEO and LEO radiances and
derived products into a seamless unified global dataset

+ DSCOVR EPIC
» Orbit: L1 Lagrange point
+ Earth Polychromatic Imaging Camera (EPIC): only

visible RGB channels; observes full disk sunlit side of
the Earth

» Fuse observations from IR sensors onboard GEO and
LEO to EPIC footprint to improve cloud retrievals and
scene identification

+ Pixel rating and bicubic interpolation for pixel
resampling
» AI/ML Assisted Fusion using KD-Tree Search
* Maintaining Instrument/Algorithm Continuity
+ Construction missing VIIRS IR absorption bands

» Geo-Leo Atmospheric Sounding System
(GLASS)

* Fusion of Polar hyperspectral IR, MW and GEO
sounders to create 4D atmospheric profile dataset

Images Credit: F. Valero, A. Marshak, P. Minnis, “Fusion of satellite-based imager and sounder data to construct supplementary
high spatial resolution narrowband IR radiances,” Front. Remote Sens., Vol. 2.

e

side view

EPIC cloud mask Pixel cloud fraction from GEO/LEO (%)

Spc  CIrHC CIrlC CIdLC CIdHC o 20 40 60 8 100

Satellite Data Fusion

* Geo-spatial Compositing
» SatCORPS Global Cloud Composites (GCC)

* Optimally combines GEO and LEO radiances and
derived products into a seamless unified global dataset

+ DSCOVR EPIC
+ Orbit: L1 Lagrange point
+ Earth Polychromatic Imaging Camera (EPIC): only

visible RGB channels; observes full disk sunlit side of
the Earth

* Fuse observations from IR sensors onboard GEO and
LEO to EPIC footprint to improve cloud retrievals and
scene identification

» Pixel rating and bicubic interpolation for pixel
resampling
» AI/ML Assisted Fusion using KD-Tree Search
* Maintaining Instrument/Algorithm Continuity
+ Construction missing VIIRS IR absorption bands

» Geo-Leo Atmospheric Sounding System
(GLASS)

* Fusion of Polar hyperspectral IR, MW and GEO
sounders to create 4D atmospheric profile dataset
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Satellite Data Fusion

» Geo-spatial Compositing
» SatCORPS Global Cloud Composites (GCC)
+  Optimally combines GEO and LEO radiances and
derived products into a seamless unified global dataset
+ DSCOVR EPIC
+ Orbit: L1 Lagrange point
+ Earth Polychromatic Imaging Camera (EPIC): only

visible RGB channels; observes full disk sunlit side of
the Earth

» Fuse observations from IR sensors onboard GEO and
LEO to EPIC footprint to improve cloud retrievals and
scene identification

+ Pixel rating and bicubic interpolation for pixel
resampling
» AI/ML Assisted Fusion using KD-Tree Search
* Maintaining Instrument/Algorithm Continuity
» Construction missing VIIRS IR absorption bands

» Geo-Leo Atmospheric Sounding System
(GLASS)

* Fusion of Polar hyperspectral IR, MW and GEO
sounders to create 4D atmospheric profile dataset

Construction of missing VIIRS IR Bands from CrIS Data
Table 2 MODIS, AIRS, VIIRS, and CrlS instrument specifications.

IR spectral # of IR bands/ Swath width Scanning Nadir FOV
Instrument range (um) channels (km) angle (deg) size (km)
MODIS 3.61t014.4 16 2300 +56 1
AIRS 3710154 2378 1650 +49.5 135
VIIRS 3610125 7 3000 +56 0.75
Cris 4610154 1305 2200 +50 14

DIS Diff. (Wm-2sr-ium)
- = a

. Images Credit: E. Weisz, B. A. Baum, and

. W. P. Menzel, “Fusion of satellite-based
imager and sounder data to construct

” supplementary high spatial resolution

“ narrowband IR radiances,” J. Appl. Remote

' Sens., 11 (3), 036022 (2017).
https://doi.org/10.1117/1.JRS.11.036022
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Geo-Leo Atmospheric Sounding System (GLASS
. Geo—spatial Compositing GLASS system fuses Polar Hyperspectral Sounding (PHS) and Microwave
. (MW) soundings with GEO soundings is to produce a Hi-Res 4D Fusion
* SatCORPS Global Cloud Comp03|tes (GCC) Sounding with 56 vertical levels at 2km spatial and 30min temporal res.
+ Optimally combines GEO and LEO radiances and RO— N —
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3 3 s i . ) SNPP 2 32 Figure 2. Schematic of the fusion process used to
+ Pixel rating and bicubic interpolation for pixel NOAA-20/-21 MM 2 a2 combine polar atelite soundings abservations with
resampling *** MW Can Penetrate through clouds geostationary satellite observations
A Simplified View of the Observation Retrieval & Data Fusion Technique
. . . Polar hyperspectral IR sounders + polar MW sounders + geostationary imagers
» Al/ML Assisted Fusion using KD-Tree Search _— . —
* Maintaining Instrument/Algorithm Continuity
+ Construction missing VIIRS IR absorption bands
» Geo-Leo Atmospheric Sounding System
(GLASS)
* Fusion of Polar hyperspectral sounder, MW and GEO . ;
sounders to create 4D atmospheric profile dataset SatCORPS GLASS: : T 5 e~
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Satellite Data Fusion

« Data Fusion Considerations

* No one size fits all

» Designed and developed for specific application
especially with AI/ML assisted fusion

» Standard data formats, projection, access
* Helps with data wrangling

* Need Commonality
» Spectral band overlap
» Geo-spatial overlap

» Future of sensor fusion for exploration
+ ?? Can we leverage any of these technologies?

e
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Josh Frock

Aerostar Program Manager — Stratospheric Operations

joshfrock@aerostarcom

AEROSTAR: Company Overview

With nearly 70 years of lighter-than-air innovation and expertise, we're dedicated to solving
challenges in Aerospace and Defense
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Capability Overview

AEROSTAR FAMILY OF SYSTEMS

HURRICANE THUNDERHEAD
Large Zero-Pressure Super-Pressure
Balloon System Balloon System

==

CYCLONE LIGHTNING
Zero-Pressure Tactical Zero-Pressure
Balloon System Balloon System
*
\

Aerostar mission planning and C2 systems could
be used with other stratospheric platforms

Family of Systems Share Common Operational Framework

« Lift-Gas Volume Payload Integration

BALLOON SYSTEM TRADE SERVICES PROVIDED TO Thunderstorm Payload
SPACE ENABLE BALLOONS ml | E C2 and Mission Integration and
« Payload Weight and Power « Launching gl ﬂ Planning ' Engineering

+ Duration and Navigation Piloting 3 |

+ Surface Winds Mission Planning Ay ! &=

~

Common

* Launch Site Size Worldwide Deployment P . )
+ Launch Team Size Satellite Communications FlelddDLepI?ytl:nent Electronics with
« Cost Recovery GHUECOIEHES Defined Interfaces
H J
17 J+ AEROSTAR
17

Thunderhead Flight System

SYSTEM OVERVIEW

The Thunderhead Balloon System is a low-cost, long-
duration, expeditionary, and navigable stratospheric

many advantages for a range of complex missions
by providing a uniquely high-SWaP platform. Aerostar
has integrated over 100 payloads and packages for
stratospheric operations, including SIGINT, SATCOM,
SAR, EO/IR, secured comms and comms relays.

At 60,000ft, the functional range of sensors on

a Thunderhead platform extends well beyond
terrestrial or typical fixed wing limits and often
extends all the way to or beyond the horizon.

Current Operational Focus:

» Maritime Domain Awareness (MDA)

» Hypersonic missile detection and tracking

+ Air Launched Effects (ALE)

+ Emergency/Natural Disaster response and
observation services

asset with a wide range of mission sets. That provides . go+ days

Standard Balloon System Package

Super Pressure Envelope

+ 50 - 75kft

Flight Control Unit

« Flight Electronics
« Li-lon Batteries

+ SATCOM or LoS C2
+ ADS-B (Mode S)

Down Connect

« Altitude Control System
+ Termination System
« Parachute Pack

Solar Array

* Auto Solar-Tracking
* GNSS Antennas

: User Payload Budget

* 125 - 200lb

. 42ft

* 2,400 - 5500Whr/day
* 600-1200W

18
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Payload Integration

ON-SITE ENGINEERING AND TEST CAPABILITIES
» TVac Testing & Thermal Design
+ Electronics Lab
» Hangar and Launch Site
+ HiBandwidth Data Links
* Mechanical Integration
* Power Management
* In-Flight Video i
RF Modelling and Testing

J+ AEROSTAR

Harvard — Xiomas — NASA Ames Flight

AEROSTAR MISSION PLANNING
* Flight Planning

launch days
locations

burn ban status
launch days

dates, Flight Information Sheets
» Create launch NOTAMs

* Pre - Launch Coordination

and along the flight path with landowners
» Submit updated Flight Information Sheets

advisories

» Using Aerostar’s Thunderstorm mission planning models,
provide customer with flight projections for potential

+ Coordinate with local fire stations for controlled burn
» Coordinate with county Emergency Management offices on
» Provide local launch weather conditions for all potential

» Provide FAA with campaign overview, tentative launch

» Coordinated controlled burn locations at the launch site

» Call Watch Desk for final launch notice, obtain traffic

20

J+ A€ROSTAR

20
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Harvard — Xiomas — NASA Ames Flight

AEROSTAR MISSION PLANNING

* In-Flight Coordination
+ Check/confirm transponder operation
» Notify Watch Desk of any schedule change

» Communicate with appropriate ARTCC’s while transitioning
between airspaces

+ Provide 24/7 flight monitoring and on-call flight engineers
» Provide password-protected website that displays balloon
position, relevant flight details
+ Termination Coordination
+ Atleast 1 hour prior to termination, notify FAA

» 5 minutes prior to termination, provide final notification of
termination, obtain traffic updates

» Provide position updates as requested throughout descent
» Upon landing, notify FAA

« Coordinate with landowners for the retrieval of balloon and
payload hardware after flight

21 J+ AEROSTAR
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Harvard — Xiomas — NASA Ames Flight
MISSION SUMMARY [ Paamer | Fign |

Flight ID HBAL730

* Location: Mission ID 171

+ Launch Location: Hurley, SD F

- MOC Location: Hurley, SD ' Balloon Type Thunderhead 200

+ Mission Area: 100nmi radius of Sioux Falls, SD [ Launch Datetime (GMT) 23 April 2025 12:53
« Mission Schedule: _— ~———-  Launch Location (Decimal Degrees) 43.335,-97.059

» Readiness Review: 18 April 2025 ! N\ . . .

i Landing Datet GMT, 23 April 2025 22:37

- Launch Window: 22-25 April 2025 . a anding Datetime (GMT) [0

. G(?/N'O-GOZ‘ZZ April 2025} A S Landing Location (Decimal Degrees) 43.853,-94.518

* Mission Window: 23 April 2025 50 Mission Elapsed Time (HH:MM) 9:43

+ Mission Objectives: ~  —~ """ ~————"——"~—""—"—"———
» Launch HAB from Hurley, SD
» Fly over and collect data on fires
+ Communications:
+ HAB C2 - Aerostar Iridium
» Payload - Customer Iridium Solution
+ Stakeholders Involved:
+ Sponsor: NASA
» Platform and Integration: Aerostar
+ Payload Team: Harvard, Xiomas and NASA Ames SN

22 J+ AEROSTAR

22
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Atmospheric Structure Investigation (ASI)
Amanda Cook, NASA Ames Flight Instrument Group

12



Sensor-Fusion Flight Test: A Case Study with Exploration Community of Practice Webinar Series NASA Flight
Potential | Louis Nguyen | John Dykema, Ph.D. | Amanda Cook, Opportunities https://www.nasa.gov/stmd-flight-
Ph.D. | Joshua Frock | Anh Nguyen, Ph.D. opportunities/fo-resources/community-of-practice-webinars/

Laser Backscatter Instrument for Lofted
Dust Characterization on Planetary
Surfaces

particle size distribution, dust density

Optical Depth (OD) for 10 particles /cc

0.9 5000
0.8
0.7 4000
0.6
N 0.5
Q0.4 2
0.3 2000 .
0.2 1000
0.1
0 0
0 100 200 300 400
Sample length (m)

Signal

3000 ¢

imated

Esti

© 0D ®Prediced signal

Atmospheric Structure Investigation (ASI) for Descent Probe

UHF Patch

FIG Brain Coard, Power Board, Neph Board

13
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Atmospheric Structure Investigation - Balloon Demo Unit

Laser send and receive apertures L — \ k \'\:‘i I

Absolute and
differential pressure
Avionics (“Brain and acceleration
Board”), Power and S€1SOTS
NephEx boards
(lasers and sensors)

Temperature
sensors

ASI Team at Launch Site in North Dakota with Aerostar,
Harvard, & Xiomas Collaborators

14
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Ophelia
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HARVARD

UNIVERSITY

Coordinated Multi-sensor Observations and Platform-

Agnostic Interfaces for Planetary and Wildfire
Applications

John Dykema, Mike Greenberg, Norton Allen, Frank Keutsch

School of Engineering and Applied Sciences, Harvard University
January 7, 2026

*dykema@huarp.harvard.edu

31

Multi-platform Interface Demo on HAPS

Communications CALIPSO/EarthCARE

satellite OMPS
TechFlights hybrid X SAGE—II%
imaging/smoke AT

payload

(s High

bandwidth
satellite

datalink

AAA

“Sniffing” phase:

Imaging phase: verify

. and forecasting
imager performance

Image analysis =

~ Balloon float
time

sampling coincident with

satellite look
32
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Modular Equipment Design, Tested on Stratospheric Balloon

* Universal payload structure:
standard 6U Cubesat chassis
* Avionics include:
* DC/DC power conversion
* Power distribution
* Ancillary I/O and comms

Community of Practice Webinar Series NASA Flight

opportunities/fo-resources/community-of-practice-webinars/

» Satellite datalink

* single board computer

* power conditioning and
distribution

33

33

multiple emerging

®* Insitu:

Technology Overview: An Adaptive
Stratospheric Fire Observatory

* Demonstrate a scalable,
hybrid remote sensing/in situ
payload compatible with

stratospheric platforms

* Remote sensing: Xiomas TBIRD
for Fire Radiative Power

* Printed Optical Particle
Spectrometer (POPS) for
optical particle sizing

* NephEx/ASI for multi-
wavelength particulate
backscatter measurements

34
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Actual Results

POPS num cc Run 250424.1
T T

i |
—— POPS_num_cc _—— POPS2_num_cc
6 6.5

202 UTC Seconds since Midnight «10*

* Particle size data for POPS#1 and POPS#2 agree to 6%
throughout flight

* Provides a novel dataset to understand single particle
sampling

* Important for particles with varying composition
®* Modular avionics demonstrated on quadcopter (POPS#3) | 2

* Smoke plume structure from prescribed burn detected -
and mapped

35

Actual Results, Payload Technical Performance, Differences from Expectations

Validate payload during ascent, All instruments nominal until commanded v None
tropopause, float power-off just prior to descent
YE137 VEIND) & | U RRDETAEND Both sensors produced fulldata during 8-h float v None

functionality

Characterise satellite datalink bandwidth ~ Uplink nominal; final downlink failed after full e

& error rate integration A larger antenna + end-to-end
test planned
Cross-check in-situ aerosol data with - - | Finish satellite match-ups (ETA
satellite / airborne data POPS agrees with 2022 ER-2 statistics Q4 2025)
L Balloon integration met .
Demonstrate platform-agnostic interface thermal/mech./electrical specs: concept also v Extend interface to support

& avionics powered-descent data logging

proven on quadcopter

36
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Monitoring

Technology Transition: Path to Operational, Multi-platform Wildfire

Day 0; GOES ABI True Color
=" A

Day 5; GQESABI Cvi'rrusCh.

*  DCOTSS data + WRF-GC :
modelling confirm viability of
hybrid payload (in review at

Science Advances)

* POPS proposed for NASA
INSPYRE (EVS-4)

* Negotiating Aerostar “ride-
along” balloon this summer to
sample anomalous UTLS smoke
layer

= Total
sulfate-organics

18:07-18:19 UTC

697 particles I biomass burning

I mineral dust
others

38°N
* Building cloud-hosted pyroCb- o &
smoke forecast tool; early -
prototype Q4 2025

100°W 96°W 92°W

v O B H o D X
v O Q& Q Q
S ° Q_QQ IS
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WHAT QUESTIONS DO YOU HAVE?

Please put your
questions in
the chat
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Visit our websites for more information and
resources, including our newsletter and monthly
Community of Practice webinars.

Reach out:

NASA-FlightOpportunities @mail.nasa.gov

Community of Practice Webinar Series NASA Flight
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