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February 22, 2024

The first commercial Moon landing almost didn't happen

Intuitive Machines IM-1 Odysseus — en route to the Moon

Primary sensor fails NDL takes over
Laser rangefinder safety switch Navigation Doppler Lidar — tested
failed before launch. No altitude through FO 2013-2019 —

or velocity data for landing. reprogrammed as primary sensor.

$15.6M  $40M

Psionic NASA contracts VC funding raised

100% valid data to the surface

NDL provided altitude and velocity
from 10 km to touchdown. First
commercial soft landing on the Moon.

2 38

Missions on the Moon Employees (independent)
(IM-1 + IM-2)

Takeaway: Without Flight Opportunities, the first commercial Moon landing fails.

Source: FO Infusion KB sessions 3, 69. TechPort [91351], [106687]. USASpending contract data.



What is Flight Opportunities?

NASA's bridge across the valley of death

The flight testing program within STMD

Tests technologies on hosted orbital platforms, suborbital rockets,
parabolic flights, and high-altitude balloons

Bridges TRL 3-4 (lab) to TRL 6-7 (flight-proven) — the gap where
technologies die

Managed at Armstrong Flight Research Center
Budget: ~$18M/year — less than a single SLS engine test
430 projects since inception, 357 completed

76% of projects achieve +1 or +2 TRL gain (mean: +1.7)

www.nasa.gov/flightopportunities

Source: TechPort API. 429 projects with TRL data. FO Infusion KB portfolio tracker.
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Seven Technologies on the Lunar Surface

Every CLPS mission that landed on the Moon carried FO-tested technology

CLPS Lunar Landings with FO-Matured Technology

IM-1 Odysseus Blue Ghost M1 IM-2 Athena
Feb 2024 Mar 2025 Mar 2025
NDL, RFMG RadPC, PlanetVac ARMAS, AstroAnt*
LUGRE, LMS
Technologies on the Moon CLPS landings with FO tech More lunar missions Typical FO project cost
planned

Takeaway: FO is structurally the maturation pipeline feeding CLPS lunar delivery.

* AstroAnt: rover couldn't deploy (lander tipped). Source: FO Infusion KB sessions 3, 23, 27, 69, 90. TechPort API.



Five Meters on Mars, 300+ Landings on Earth

G-FOLD: the broadest downstream impact in the FO portfolio

From a $2M FO flight test to $60B+ in stakeholder value

2009-2012 Sep 2013 Dec 2014
JPL develops FO test on Integrated TRN +
lossless convexification Masten Xombie G-FOLD flight test

>$2.5B 300+

Mars 2020 mission value SpaceX landings using
convex optimization

Masten Space Systems — the company that provided the FO test vehicle — went bankrupt in 2022. The algorithms are still on Mars.

Feb 2021

Perseverance lands

— +5m, Jezero Crater

~$2M

FO investment
(2 projects)

Takeaway: One FO investment enabled a $2.5B Mars mission and the rocket landing revolution.

2015-now

SpaceX: 300+
Falcon 9 landings

Blackmore elected
2026



From Parabolic Flight to Billion-Dollar Company

The only FO technology that became a commercial constellation

FO Test NASA Mission Commercial Full Circle

2013-2016 2023-2025 2025-2026 2026

MIT parabolic flight: TROPICS: 4 CubeSats, MIT LL = Tomorrow.io 13 satellites launched, NOAA buys the data
dual-spinning CubeSat - 30-min cyclone revisit, - CRADA + FLC 2025 - 11 operational, - back from Tomorrow.io
bus validated first <60-min record Excellence Award NOAA validated Jan 2026 for hurricane forecasting

$500M+ 13 NOAA  JCSDA

Tomorrow.io valuation Satellites launched Operationally validated "Overwhelming positive
Jan 2026 impact" on forecasts

Takeaway: The government invested in R&D, enabled commercialization, and now buys the data back.

6
Source: FO Infusion KB session 25. TechPort [94156]. MIT LL FLC Award 2025. NOAA AWIPS2 integration.



How FO Technologies Reach the Market

Acquisition is the dominant commercial exit — not IPO

FFRDC — Mission _
(G-FOLD, TAGSAM)

Gov Tech — License — Mission _
(NDL/Psionic, RadPC)

Academic = Mission - Commercial _|
(TROPICS/Tomorrow.io)

SBIR = Acquisition
(Made in Space/Redwire)

SBIR — Phase Il _
(Giner, ADA Tech)

Proof of Concept Only _
(~35-40% of portfolio)

o -

FO Transfer Archetypes

70%

20 40 60 80
Approximate Success Rate (%)

100

Confirmed Acquisitions

Made in Space = Redwire (2020, NYSE: RDW)
Tyvak = Terran Orbital = Lockheed Martin
Honeybee Robotics — Blue Origin (2022)
Masten Space — Astrobotic (2022, bankrupt)
Nexolve = Applied Aerospace (Dec 2025)
Ventions = Astra Space

Final Frontier Design — Paragon

Base rate: 25-33% of industry-led completed FO projects have
confirmed positive downstream outcomes.

Takeaway: FO de-risks technology that larger companies then acquire. The most common exit is M&A, not IPO.



The 10-Year Maturation Cycle

Mean time from FO test to deployment: ~10 years

FO Test to Deployment Timeline Today

AMF (1ss) [ 1y
LUGRE (Moon) | 5y
c-FoLn (vars) N =Y
VIPIDSOC (Deep Space) [ 10y
rRopics (Earth) [ 10y
NoL (moon) | 11y
Planetvac (Moon) - N :v

RadPC (Moon)

RFMG (Moon)

Takeaway: For every $1 of FO funding, $25-50x flows downstream. Today's investments won't show returns until ~2035.

G-FOLD alone: ~$2M FO — $60B+ stakeholder value (Mars 2020 + SpaceX). Policy: sustain multi-year budgets. 8



The Invisible Program

95% of FO's downstream impact is missing from NASA's own database

22% 23+ ~95%

FO projects with any Actual confirmed Impact invisible
outcome record in TechPort mission infusions in metadata

What the audit found (Sessions 96-97):

LuGRE [106593]: Zero description in TechPort. Classified as dead end. Actually: first GNSS fix on the Moon.

Micro Sun Sensor [12284]: Marked "Mission Infusion" in TechPort. Actually: Prox-1 mission descoped the sensor in 2017.
RAVAN CubeSat: Listed as FO infusion. Actually: funded by ESTO/InVEST, not FO. FO flight likely never occurred.

4 projects with outcome linkages pointing to completely unrelated projects in different programs.

6 projects with outcome dates predating the project start — recording technology history, not outcomes.

Takeaway: Any FO program evaluation based solely on TechPort would massively underestimate impact.

Source: FO Infusion KB sessions 96-97 systematic audit. TechPort APl 2026-04-04 snapshot.



What's in the Pipeline

Active FO technologies approaching flight readiness

Giner NFTFC
(Lunar night fuel cell)

Interlune CRUMBLE
(Lunar He-3 extraction)

Space Dust R&T DUSTER
(Dust mitigation)

Astrobotic CubeRover
(Lunar night survival)

Momentus Vigoride
(Orbital testbed)

Near-Term FO Pipeline

TRL 6

TRL 4

TRL 5

[ I
> -

4
Current TRL

O
=
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Phase Il awarded
Aug 2025, $931K

Schmitt co-l
$300M+ Bluefors deal

Pl = DUSTER PI
Artemis IV ($24.8M)

TRL 5 (Mar 2026)
1 kg open payload slot

All TechLeap winners
have FO records

Concentration risk: Momentus (75% bankruptcy probability) is NASA's only orbital testbed partner for TechLeap payloads. If Momentus folds before

COSMIC and Juno RDRE fly, NASA loses the primary hosting partner.

Takeaway: The next generation is approaching flight readiness — but orbital testbed concentration risk is real.
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What This Means for NASA's Technology Strategy

What FO Proved What's at Risk What to Do

23+ mission infusions across Moon, Mars, deep 95% of impact invisible in TechPort — evaluators Fund a deliberate FO = CLPS graduation
space, Earth, and ISS don't see the ROI pathway

Every CLPS landing carries FO tech Momentus bankruptcy would strand TechLeap Fix outcome tracking: mandate post-mission

7 acquisitions — FO de-risks for buyers orbital pipeline TechPort updates

$1B+ commercial ecosystem (Psionic, :O—yélgar maturation cycles need sustained E/:VGFSIfS; orzltal tec'istbed providers (reduce
Tomorrow.io, Redwire) unding omentus dependency)

$25-50x downstream ROI per FO dollar No deliberate "FO graduation lane" into CLPS Protect the 10-year pipeline: stable multi-year

Outcome tracking is aspirational, not systematic budgets

Use dual-FO arc model (university = spinoff) as
a template

Takeaway: FO is the highest-ROI program in NASA's technology portfolio — and almost nobody knows it.
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About This Analysis

Built by Agent TechPort

Autonomous research agent: 100 sessions of systematic investigation
Powered by Claude (Anthropic) + Claude Code + TechPort MCP server
134 individual technology lineage pages covering all 430 FO projects

Every claim independently verified (TechPort + NASA FO Transitions + external
sources)

3-point confidence protocol: TechPort metadata + NASA documentation +
independent verification

Published Knowledge Base

tobedetermined.github.io/agent-techport/fo-transitions/

What this demonstrates

LLM agents can do sustained, rigorous research — not
just summaries

100 sessions of compounding knowledge discovery
Grounded in public data, fully reproducible

Surfaced $60B+ in hidden stakeholder value from a
$200M program

Available as a service: request a KB on any TechPort topic
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Agent TechPort

tobedetermined.github.io/agent-techport

Analysis based on NASA'’s public TechPort database. Project records may not reflect current status, partnerships, or outcomes.
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